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thesis

proefschrift-2015-definitief.indb   11 14-7-2015   11:06:40



proefschrift-2015-definitief.indb   12 14-7-2015   11:06:40



Introduction and outline of the thesis: supportive care

Central venous catheters (CVC) are essential for the treatment of cancer in children. CVCs 

are used for the administration of medication, blood products, total parenteral nutrition, and 

the withdrawal of blood. However, these CVCs also imply an increased risk of CVC-related 

complications such as CVC-associated bloodstream infections (CABSI), CVC malfunction, 

mechanical complications, or CVC-related venous thrombo-embolic events (VTE). CVC 

complications have been reported in up to 41% of patients [1]. These complications can cause 

delay of cancer treatment, contribute to morbidity and mortality, and result in increased 

healthcare costs [2].  

Central venous catheter associated bloodstream infections

The incidence of CABSI ranges between 0.1 and 2.3 per 1,000 catheter days depending 

upon the patients selected or the definition used [1,3-8]. The majority of CABSIs occur within 

the first 45 days following CVC placement, due to contamination through the skin insertion 

site. Other sources for colonization are the hub, the infusate, and hematogenous seeding [9]. 

These pathogens become embedded in a self-made polymeric matrix, called a biofilm. The 

extracellular polymers in the biofilm not only facilitate binding by other cells, but also protect 

pathogens against host defense mechanisms, thereby promoting antimicrobial resistance 

[10]. Prolonged treatment with systemic antibiotics is needed, and still only 24-66% of 

CABSIs is salvaged [1,11]. With lock treatments (antibiotic or other lock solutions), higher 

concentrations can be achieved without exposure to high concentrations systemically. 

Antibiotic lock treatments (using vancomycin and heparin) can prevent CABSI [12]. However, 

alternatives should be considered as antibiotic lock treatment may still contribute to 

antimicrobial resistance. Several alternatives have been described previously such taurolidine, 

minocycline-edetic acid (M-EDTA), and ethanol.

The taurolock contains taurolidine and citrate, taurolidine being a chemically modified 

amino acid taurine, which is endogenous in humans. In addition to antimicrobial activity, 

taurolidine has also been suggested to have anti-tumor activity [13]. Simon and colleagues 

conducted a cohort study with historical controls (taurolock, N=89; heparin, N=90) and 

found that taurolocks can reduce CABSIs caused by methicillin-resistant coagulase-negative 

Staphylococci (MRSE) or methicillin-sensitive coagulase-negative Staphylococci (CoNS)

[14]. However, they found no reduction in the total number of CABSIs between treatment 

groups, nor for CABSIs caused by other Gram positives or Gram negative organisms. In 

2012, Dümichen and colleagues published a randomized controlled trial (RCT) comparing 

taurolocks (N=36) with heparin (N=35) and found a significant reduction of CABSI in patients 

receiving taurolocks [15]. Handrup and colleagues conducted a similar RCT published in 2013, 

including 130 pediatric oncology patients (taurolock, N=64; heparin, N=65) and presented 

a significant reduction in CABSI [16]. Based on these results, implementation of prophylactic 

taurolock or further studies may be considered. However, previous studies have suggested 

Introduction and outline of part I of this thesis
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chapter 1

taurolocks may contribute to CVC malfunction. So, although no increase in CVC removal was 

observed in the RCTs, CVC occlusion and removal should be monitored closely when doing 

so [16].

Another alternative is locking the CVC with a combination of minocycline and edetic acid 

(M-EDTA). Until now, one RCT has been published in pediatric oncology patients with CVCs. 

This study by Ferreira-Chacon and colleagues, included 50 pediatric oncology patient with 

CVCs (M-EDTA, N=24; heparin, N=26) [17]. They found that that closing the CVC with 

M-EDTA after every chemotherapy course, reduced the number of positive blood cultures. 

Apart from the small number of patients included and the lack of a proper power calculation, 

blood cultures were routinely collected and thus more evidence is needed regarding the 

effect of M-EDTA on CABSI in pediatric oncology patients.   

When designing the study in chapter 2, evidence regarding prophylactic taurolock or 

M-EDTA did not yet seem convincing. Ethanol on the other hand, showed promising results 

in pediatric patients receiving total parenteral nutrition [18]. Also, ethanol is easily available, 

cheap, and bacterial resistance to ethanol is rare. Aim of chapter 2 was to investigate the 

efficacy and safety of 70% ethanol locks in pediatric oncology patients with tunneled CVCs 

for the prevention of CABSI. In addition, we conducted a systematic Cochrane review in 

chapter 3 investigating whether antibiotic locks or other lock solutions have a role in the 

treatment of CABSI. 

Central venous catheter related venous thrombo-embolic events

Children with cancer have an increased risk to develop VTE. The pathophysiology is 

multi-factorial: the malignant disease, the cancer treatment, but also the CVC, increase 

the risk of VTE [19,20]. Placement or manipulation of the CVC can damage the vessel 

wall, thereby activating the clotting cascade [21]. Following placement, the CVC may 

compromises blood flow and the material of the CVC itself is thrombogenic. Further damage 

can be caused by the administration of thrombogenic fluids, such as parenteral nutrition 

[22]. Incidences of VTE range between 2 and 50% [22-25]. This difference in incidence rates 

may be explained by the type of research (prospective vs retrospective), the type of patients 

included (patients with hematologic malignancies vs solid tumors), and the diagnostic used 

(ultrasound vs magnetic resonance imaging or venography). However, the data regarding 

the true incidence of symptomatic and asymptomatic VTE in pediatric oncology patients is 

limited and most studies are small. Aim of chapter 4 was to determine the true prevalence 

of symptomatic and asymptomatic CVC-related VTE in a large cohort of pediatric oncology 

patients with tunneled CVCs. 

CVC-related VTE may require CVC removal, increases the risk of recurrent VTE, and is 

associated with CABSI and the post-thrombotic syndrome [26,27]. Therefore prevention of 

VTE is considered for pediatric oncology patients. However, thrombo-prophylaxis also imposes 

an increased risk of bleeding. So the benefit of prophylactic treatments should be weighed 

14
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against the risk of adverse events such as bleeding. In pediatric patients often the use of 

low molecular weight heparins (LMWH) is preferred. LMWHs have shown to be effective 

and safe, and can easily be stopped during interventions, but require daily subcutaneous 

injections. In chapter 5 we performed a systematic Cochrane review evaluating the effect 

of systemic treatments, such as LMWH, antithrombin supplementation, and warfarin on the 

prevention of VTE in pediatric oncology patients with tunneled CVCs. 

Accrual in supportive care studies

While running the multi-center RCT the Aristocaths study, we noticed that accrual was much 

slower than expected in advance. Although historically accrual rates in pediatric oncology 

patients have been excellent, the opposite is true for supportive care or non-therapeutic trials 

[28]. Despite several interventions accrual rates remained low for the Aristocaths study. We 

therefore conducted an evaluation in chapter 6 of the reasons for families to refuse study 

participation. Secondly, we performed a review of literature in a search for recommendations 

for accrual improvement.  

Introduction and outline of part I of this thesis

15

1

proefschrift-2015-definitief.indb   15 14-7-2015   11:06:40



chapter 1
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chapter 2

Background

The prevention of central venous catheter (CVC) associated bloodstream infections (CABSI) 

in pediatric oncology patients is essential. Ethanol locks can eliminate pathogens colonizing 

CVCs and microbial resistance is rare. Aim of this study was to determine whether two hour 

70% ethanol locks can reduce CABSI in pediatric oncology patients. 

Methods

We conducted a randomized, double blind, multi-center trial in pediatric oncology patients 

(1-18 years) with newly inserted CVCs. Patients were randomly assigned to receive two hour 

ethanol locks (3 ml 70%) or heparin locks (3 ml 100 IU/ml), whenever it was needed to use 

the CVC, maximum frequency once weekly. Primary outcomes were time to CABSI, CVC 

removal, or death due to CABSI.

Results

We recruited 307 patients (ethanol, n=153; heparin, n=154). In the ethanol group, 16/153 

(10%) patients developed a CABSI versus 29/154 (19%) in the heparin group. The incidence 

of CABSI was 0.77/1,000 and 1.46/1,000 catheter days respectively (p=0.04). The number-

needed-to-treat was 12. In particular, Gram-positive CABSIs were reduced (ethanol, n=8; 

heparin, n=21; p=0.01). Fewer CVCs were removed because of CABSI in the ethanol group 

(p=0.08). The ethanol lock patients experienced significantly more transient symptoms 

compared to the heparin lock patients (maximum grade 2) (nausea, p=0.03; taste alteration, 

p<0.001; dizziness, p=0.001; blushing, p<0.001), no suspected unexpected serious adverse 

reactions (SUSAR) occurred.

Conclusions

This is the first randomized controlled trial to show that ethanol locks can prevent CABSI 

in pediatric oncology patients, in particular CABSI caused by Gram-positive bacteria. 

Implementation of ethanol locks in clinical practice should be considered.

2020

proefschrift-2015-definitief.indb   20 14-7-2015   11:06:41



2Introduction  

The use of central venous catheters (CVC) is indispensable in the modern-day treatment 

of children with cancer. Despite improved international guidelines on CVC placement and 

catheter care, CVC colonization is still an important problem in such patients [1]. Colonized 

CVCs can cause CVC-associated bloodstream infections (CABSI), with reported infection 

rates between 0.1 and 2.3 CABSIs per 1,000 catheter days [2]. CABSIs are often difficult 

to treat. Pathogens become embedded in a self-made polymeric matrix, a biofilm, and are 

difficult to eradicate with systemic antimicrobials: only 24% to 66% of CVCs are salvaged 

[2,3]. Therefore CABSIs require prolonged treatment with extended hospital admissions, 

leading to increased healthcare costs [1]. The prophylactic flushing of CVCs with vancomycin/

heparin locks has been reported to result in a significant reduction of Gram-positive CABSIs 

[4]. Nevertheless, such antibiotic locks may contribute to microbial resistance, and therefore 

alternative solutions need to be sought. Ethanol is a promising agent; it is easily available, 

cheap, and bacterial resistance to ethanol is rare. Several studies in pediatric patients receiving 

parenteral nutrition have presented promising results with ethanol locks for the prevention 

of CABSI [5]. This is the first randomized controlled trial (RCT) investigating prophylactic 

ethanol locks in pediatric oncology patients. The primary aim of the study was to investigate 

the use of 70% ethanol locks for preventing CABSI. A secondary aim was to register (a)

symptomatic thrombosis in pediatric oncology patients with tunneled CVCs. These results 

will be published in a separate manuscript.

Patients and Methods

Setting

Five pediatric oncology centers in The Netherlands participated in this study and the protocol 

was approved by their respective institutional boards. The trial was registered in the Dutch 

trial register (http://www.trialregister.nl): NTR 1275. Written informed assent or consent was 

obtained from all parents and patients >12 years. The study medication was manufactured 

by a central pharmacy. The placement and care of the CVCs was performed in accordance 

with international guidelines [1]. In the Netherlands, all CVCs in children with cancer are 

made of silicone. The data were collected prospectively, encoded, and stored centrally in 

the DCOG database PRoMISe. The protocol was also made available on the DCOG website 

(www.skion.nl). 

Patients

All pediatric oncology patients (1-18 years) with a newly inserted, tunneled CVC, placed 

between October 2007 and December 2012, were eligible. Within four weeks after CVC 

placement, the first study lock was inserted. Patients with any of the following criteria were 

Prevention of catheter infections using 70% ethanol locks
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excluded: ≤1 year at diagnosis, a primary immunological disorder, an ethanol allergy, or a 

CVC inserted in a vessel with previously confirmed thrombosis. In October 2010 the protocol 

was amended to include patients whose previous CVC had been removed for more than 12 

months. 

Study procedures

Patients were randomized to receive either 70% ethanol locks or 100 IU/ml heparin locks. 

Patients were randomized by an online randomization service: TenALEA (www.tenalea.

com/nkiavl/alea). We performed permuted block randomization with variable block size and 

stratified using the following factors: participating center, type of CVC (port-a-cath (PAC) or 

Broviac), and type of cancer (solid or hematological). Except for the pharmacists at the five 

sites, all the personnel involved was blinded.

The vials with lock solution were identical. Study locks were left to dwell in situ for two hours. 

To prevent unnecessary CVC manipulation for study purposes, locks were administered 

whenever it was needed to use the CVC: at least once every six weeks, but with a maximum 

lock frequency once weekly. Based on the size of the CVC, 1.5 or 3.0 ml of the lock solution 

was administered. After two hours the solution was flushed with saline and the CVC was 

closed with heparin.  

Outcome definitions and data collection

The primary outcomes were time to CABSI, CVC removal, or death due to CABSI, during 

a maximum follow-up period of six months. The secondary outcomes were: cultured 

pathogens, number of days admitted to hospital, PICU admission, and death due to other 

causes. All serious adverse events (SAE) and suspected unexpected serious adverse reactions 

(SUSAR) were documented. 

CABSI was defined using at least one of the following criteria: 1) recognized pathogen 

cultured from ≥1 blood cultures, not related to an infection at another site [1,6], 2) the 

patient had at least one of the following signs or symptoms: fever, chills, or hypotension, 

and a common skin microorganism (such as coagulase-negative staphylococci (CoNS), 

diphtheroids, Bacillus spp., or micrococci) cultured from ≥2 blood cultures drawn on separate 

occasions [1,6].

A list of predefined lock-related adverse events (AE) were scored by the nursing staff, after 

every lock instillation eg: nausea, vomiting, altered taste, dizziness, blushing, drowsiness, 

pain. Furthermore, we evaluated AEs (including hepatotoxicity), graded according to the 

Common Terminology Criteria for Adverse events (CTCAE) v4.0. SAEs were defined as 

described in the guideline for good clinical practice. 
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2Statistical methods

Assuming a CABSI rate of 20% we estimated 400 patients were needed to detect a 

relative risk reduction of 50%, with two sided α=0.05 and power 80%. A statistical plan 

was defined in advance, including rules for the interim analysis. After randomization of 207 

patients, an interim analysis was performed by an independent data and safety monitoring 

board (DSMB). A stopping rule was defined for the one sided test at level α=0.025 for: H0: 

experimental incidence ≥ control incidence. The stopping boundaries were based on α- and 

β-spending functions from the Jennison and Turnbull power family with parameters ρ=2.35 

for α and ρ=3.2 for β. After evaluation of SAEs and efficacy, the DSMB recommended study 

continuation. CVC-related thrombosis will be reported separately, but was included in the 

safety assessment of the interim analysis. 

Because of poor accrual rates we conducted a renewed power calculation. Assuming a 

relative risk reduction of 50% the power was estimated to be 69% when including 300 

patients. This power was considered to be sufficient to answer the study hypothesis and the 

study was stopped after inclusion of 307 patients. 

Differences between treatment groups in respect to patient and treatment characteristics 

were analyzed with the Chi square test, Fisher’s exact test, or Mann Whitney test, depending 

on the type of variable. The primary outcome CABSI was analyzed with Kaplan-Meier 

cumulative event curves and tested with the logrank test, according to the intention to treat 

principle. Patients who exited the study prematurely or who died were censored on the date 

that they exited the study. 

The number of study locks in patients with CABSI were compared between the two 

treatment groups using the Mann Whitney test. We performed multi-variable Cox regression 

analyses to estimate hazard ratios (HR) for internalized versus externalized CVCs and for 3.0 

versus 1.5 ml study medication, after adjustment for treatment group. As younger children 

with smaller CVCs received less study medication, we also adjusted for age at randomization. 

We compared the distribution of the pathogens between the two groups using the Fisher’s 

exact test and the number of hospital admissions and the average aspartate transaminase 

(AST) and alanine transaminase (ALT) values using the Mann Whitney test. We compared 

the number of patients who experienced an AE (at least once) between the two groups 

using the Chi square test and the proportion of locks a patient experienced an AE using the 

Mann Whitney test. Analyses were conducted using SPSS version 20.0 (SPSS Inc, Chicago Ill).  

Results

Patients

Between October 2007 and December 2012, 728 patients were screened for enrollment 

in the study, of which 134 were ineligible and 287 declined (Figure 1). The remaining 307 

patients were enrolled and 153 patients were allocated to the ethanol group and 154 to the 

Prevention of catheter infections using 70% ethanol locks
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heparin group. There were no significant differences in patient characteristics between the 

two groups (Table 1). The total number of catheter days was 40,831 days (ethanol, 20,916 

days; heparin, 19,915 days) and 60 study locks were administered per 1,000 catheter days. 

Of the 307 patients randomized, 237 completed the study according to protocol and in 70 

patients the study was discontinued prematurely (Figure 1). Significantly more patients in the 

ethanol group withdrew their informed consent (ethanol, n=20; heparin, n=8; p=0.03). 

728 Children were assessed for eligibility 

307 Children underwent randomization 

134 Did not meet inclusion criteria 

287 Declined to participate 

153 Children were assigned to 
receive ethanol locks 

• 6 Children received no 
locks (logistic reasons, 
n=2; withdrawal 
informed consent, n=3; 
CABSI suspected, n=1) 

Allocation 

Follow-Up 57 Children, intervention 
discontinued 

• 16 CABSI 
• 13 logistic reasons 
• 17 withdrawal 

informed consent 
• 9 CVC removed (other 

cause than infection) 
• 2 palliative care/death 

Analysis 

154 Children were assigned to 
receive heparin locks 

• 9 Children received no 
locks (logistic reasons, 
n=6; CABSI, n=2; 
palliative care, n=1) 

59 Children, intervention 
discontinued  

• 27 CABSI 
• 13 logistic reasons 
• 8 withdrawal informed 

consent 
• 7 CVC removed (other 

cause than infection) 
• 3 palliative care/death 

153 Patients analyzed 
(intention to treat analyses 
for primary outcomes) 

154 Patients analyzed 
(intention to treat analyses 
for primary outcomes) 

Figure 1: Study enrolment, randomization and follow-up
Abbreviations: CABSI: CVC-associated bloodstream infection; CVC: central venous catheter. 
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Primary end point

Patients receiving ethanol locks developed less CABSIs compared to patients receiving 

heparin locks (Table 2, Figure 2). In the ethanol group 16/153 (10%) patients developed a 

CABSI compared to 29/154 (19%) in the heparin group: the hazard ratio (HR) was 0.53 (95% 

confidence interval (CI) 0.29 to 0.98). The number-needed-to-treat to prevent one CABSI 

was 12. The incidence of CABSIs was 0.77/1,000 and 1.46/1,000 catheter days respectively 

(p=0.04; Figure 2). No patients died of CABSI.

Patients with internalized CVCs had a significantly lower risk of developing CABSIs than 

did patients with externalized CVCs (Supplementary Table 1 (Table S1); HR 0.22, p<0.001). 

Table 1: Baseline characteristics 

Ethanol (n=153) Heparin (n=154)

Age(years)

  Median (range) 9.8 (1.0-17.9) 7.8 (1.5-17.5)

Male sex, n (%) 89 (58) 86 (56)

Study locks/1,000 CVC daysa 59 63

Underlying malignancy, n (%)

  Solid 78 (51) 81 (53)

  Hematological 75 (49) 73 (47)

Type of CVC, n (%)

  Single lumen PAC 143 (94) 145 (94)

  Double lumen PAC 1 (1) 0

  Single lumen Broviac 2 (1) 0

  Double lumen Broviac 7 (5) 9 (6)

Insertion place, n (%)

  Right jugular vein 77 (50) 77 (51)

  Left jugular vein 15 (10) 12 (8)

  Right subclavian vein 15 (10) 12 (8)

  Left subclavian vein 38 (25) 45 (29)

  Unknown 8 (5) 8 (5)

Lock volume, n (%)

  1.5 ml 59 (39) 64 (40)

  3.0 ml 82 (54) 74 (48)

  Missing 6 (4) 7 (5)

Abbreviations: CVC: central venous catheter; PAC: port-a-cath
There were no significant between-group differences in baseline characteristics. Some percentages do not 
total 100% because of rounding.
aTotal number of CVC days was 20,916 in the ethanol group and 19,915 in the heparin group, 153 patients 
in the ethanol group had 1,234 study locks inserted and 154 patients in the heparin group had 1,246 study 
locks.

Prevention of catheter infections using 70% ethanol locks
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Younger patients with smaller CVCs received 1.5 ml study medication instead of 3.0 ml and 

after adjusting for age at randomization, the 3.0 ml lock volume did not result in a lower risk 

of CABSI (HR 0.57, p=0.17).

In 33/307 (11%) patients the CVC was removed; of which 17 were for a CABSI (Table 2, Table 

S2). In the ethanol group 5/153 (3%) CVCs were removed because of a CABSI compared to 

12/154 (8%) in the heparin group (p=0.08). 

Secondary end points

The majority of CABSIs were caused by Gram-positive pathogens (n=29, 64%), followed by 

Gram-negative pathogens (n=7, 16%), multiple pathogens (n=6, 13%), and fungi (n=3, 7%) 

Ethanol

Nr at risk 153 129 109 92

Cum events 0 7 13 16

Heparin

Nr at risk 154 118 106 87

Cum events 0 19 24 28

Figure 2: Kaplan-Meier plot representing cumulative incidence of CABSI for both treatment groups
Abbreviations: CABSI: central venous catheter-associated bloodstream infection.
Hundred days after CVC placement 37/45 CABSIs had occurred and 50% of the CABSIs occurred after 62 
(ethanol, n=8) and 38 days (heparin, n=15) respectively.
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(Table 3). Patients in the ethanol lock group developed less CABSIs caused by Gram-positive 

pathogens than patients in the heparin lock group (ethanol, n=8; heparin, n=21; p=0.01).

There was no significant reduction in days admitted to hospital for infections other than 

CABSIs in patients in the ethanol group compared to the heparin group. Twenty-two patients 

were admitted to PICU (ethanol, n=9; heparin, n=13).

Adverse events

During infusion of the study medication, more patients in the ethanol group reported 

nausea, taste alteration, dizziness, blushing, or other AEs (all maximum grade 2) compared to 

patients in the heparin group (Table S3: nausea, p=0.03; taste alteration, p<0.001; dizziness, 

p=0.001; blushing, p<0.001). All symptoms were transient, limited to the time of infusion 

or flushing of the lock solution, and did not exceed grade 2. 54/290 patients developed 

hepatotoxicity (any grade) (ethanol, n=28; heparin, n=26; p=0.85): 20/54 AEs were grade 

3 or 4 (ethanol, n=8; heparin, n=12; p=0.32). The average AST and ALT values, measured 

per patient, were not significantly different between the two groups (AST, p=0.38; ALT, 

p=0.35). 

Additionally, 132 SAEs (ethanol, n=65; heparin, n=67) were registered, not related to the 

intervention; no SUSARs occurred. Ethanol locks did not contribute to CVC occlusion (Table 

S2) or CVC-related (a)symptomatic VTE (data will be published in a separate manuscript).  

Table 2: Primary endpoint and reasons for study discontinuation

Ethanol Heparin 

n Ratea 95% CI n Ratea 95% CI P valueb HR

Primary end point

  CABSI 16 0.77 0.45 to 1.22 29 1.46 0.99 to 2.06 0.04 0.53

  CVC removedc 9 0.43 0.21 to 0.79 7 0.35 0.15 to 0.70 0.67 1.24

  Death due to CABSI 0 0

Study discontinued prematurely

  Withdrawal IC   20 0.96 0.60 to 1.45 8 0.40 0.19 to 0.76 0.03 2.40

  Logistic reasons 15 0.72 0.42 to 1.16 19 0.95 0.59 to 1.46 0.43 0.76

  Palliative care/death 2 0.10 0.01 to 0.35 4 0.20 0.06 to 0.48 0.37 0.47

  CABSI suspected 1 0.05 0.00 to 0.24 1 0.05 0.00 to 0.25 0.99 0.98

Abbreviations: CI: Confidence interval; HR: hazard ratio; CABSI: CVC-associated bloodstream infection; CVC: 
central venous catheter; IC: informed consent
Reasons for study completion, specified for patients reaching the endpoint as defined in the protocol (n=237) 
and for patients that discontinued the study prematurely (n=70). 176/307 patients completed the study after 
six months without reaching one of the endpoints (ethanol, n=90; heparin, n=86).
aIncidence per 1,000 catheter days
blogrank test
cRemoved for another reason than confirmed infection
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Discussion

This is the first multi-center, RCT in pediatric oncology patients investigating the use of 

ethanol locks for the prevention of CVC associated bloodstream infections (CABSI). We 

found a statistically significant 50% reduction of predominantly Gram-positive CABSIs in 

patients receiving ethanol locks compared to patients receiving heparin locks. 

Ethanol locks were safe: no SUSARs occurred. During the infusion of the ethanol solution 

patients reported symptoms of nausea, taste alteration, dizziness, and blushing. All symptoms 

were transient, limited to the time of infusion or flushing of the lock solution, and did not 

exceed grade 2. 

Table 3: Isolates from 45 CABSI cases

Ethanol (n=153) Heparin (n=154)

Gram-positive bacteriaa 8 21

  Staphylococcus epidermidis 2 1

  Other coagulase-negative staphylococci 4 8

  Staphylococcus aureus 2

  Streptococcus mitis 6

  Streptococcus parasanguis 1

  Other alpha-hemolytic streptococcib 1

  Enterococcus faecalis 1

  Bacillus sp. 2

  Streptomyces sp. 1

Gram-negativea 4 3

  Escherichia coli 1 3

  Citrobacter freundii 1

  Brevundimonas vesicularis 1

  Gram-negative rodb 1

Polymicrobiala,c 3 3

Fungia 1 2

  Candida sp. 1 2

Abbreviations: CABSI: CVC-associated bloodstream infection.
aGram-positive CABSIs: ethanol, 0.38/1,000 catheter days; heparin, 1.05/1,000 catheter days (p=0.01), 
Gram-negative CABSIs: ethanol, 0.19/1,000 catheter days; heparin, 0.15/1,000 catheter days (p=0.75), 
polymicrobial CABSIs: ethanol, 0.14/1,000 catheter days; heparin, 0.15/1,000 catheter days (p=0.96), fungi 
CABSIs: ethanol, 0.05/1,000 catheter days; heparin, 0.10/1,000 catheter days (p=0.54). There was no 
significant difference in distribution of Gram-positive, Gram-negative, polymicrobial and fungi between both 
groups (p=0.43). 
bNot further determined
cPathogens cultured in patients with polymicrobial CABSI: 1. coagulase-negative staphylococcus, Streptococcus 
mitis, Staphylococcus sp., 2. Escherichia coli, Streptococcus mitis,3. Acinetobacter sp., Micrococcus sp., 4. 
Streptococcus pyogenes, Bacillus spp., Staphylococcus aureus, 5. Streptococcus mitis, Enterococcus faecium, 
6. coagulase-negative staphylococcus, Streptococcus mitis.  
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2As the purpose of ethanol locks is prevention of CABSI, and thereby CVC preservation, 

compatibility of ethanol locks and CVCs is an important safety outcome. Previous cohort 

studies have suggested CVC malfunction due to ethanol precipitation [7]. However, none 

of the RCTs investigating ethanol locks, including our study, have reported a significant 

difference between treatment groups in regard to CVC removal for CVC malfunction [8,9]. 

Although withdrawal of the lock solution will cause less systemic side effects, withdrawal 

may also contribute to ethanol precipitation and CVC malfunction [7]. Furthermore, heparin 

may precipitate when combined with ethanol concentrations >40%, which resolves upon 

dilution [10]. Therefore, flushing with saline, before heparin is left to close the CVC, should 

be recommended. Using this approach, ethanol locks in our study did not contribute to CVC 

or CVC-related (a)symptomatic VTE.

Systematic bias has been minimized by the design of this study: the randomization was 

double blinded, data were collected prospectively, and a statistical plan was defined before 

unblinding. However, several limitations should be considered. 

First, accrual was slower than planned and an unequal number of patients withdrew their 

consent after randomization. In a previous study conducted by our group, we found that 

the predominant reason for poor accrual was the additional waiting time for the studylock 

to dwell [11]. This same reason was often mentioned for consent withdrawal. However, 

this information was not complete as patients were not obliged to provide a reason for 

consent withdrawal according to good clinical practice. We therefore cannot rule out 

that the occurrence of AEs may have contributed to consent withdrawal, especially since 

more patients in the experimental group exited the study prematurely. Nevertheless, as 

we conducted intention to treat analyses, we do not expect that the informed consent 

withdrawal by 28 patients has influenced the primary outcomes of this study.    

Ideally, the lock duration would be shortened, even flushes could be considered. Several in 

vitro studies have suggested 70% ethanol to be effective even with dwell times of only one 

minute [12]. Nevertheless, a significant effect in vivo has thus far only been observed with 

at least two hour lock durations (ethanol 70%) [5,8]. Slobbe et al investigated the reduction 

of endoluminal CVC-related bloodstream infections with daily 15 minute 3 ml 70% ethanol 

locks in 379 adult cancer patients, but no significant reduction was found [9]. 

A second challenge to this study was to find a uniform and feasible definition for CABSI. 

Since 2006, 54 definitions of CABSI or CRBSI were used in 42 studies [6]. Definitions as 

prescribed in the Infectious Diseases Society of America (IDSA) guidelines [3] and as applied 

by Slobbe et al [9] in adult cancer patients are not suitable for pediatric (cancer) patients. 

These definitions require peripheral blood cultures or the removal of the CVC for tip culture, 

which is often neither feasible nor desirable in pediatric practice [13]. An alternative definition 

uses the difference in time to detection between concurrently collected cultures from two 

lumina. However, this method is not applicable to patients with single lumen CVCs - 94% of 

our patients. 

Prevention of catheter infections using 70% ethanol locks
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We conclude that the prophylactic use of ethanol locks reduces CABSIs in pediatric oncology 

patients. Ethanol locks caused transient, mild side effects. No significant increase in CVC 

malfunction was observed, and no SUSARs occurred. 

We therefore recommend the implementation of prophylactic ethanol locks in current 

pediatric oncology practice with the following caveats. Firstly, as some patients may have 

withdrawn from the study because of AEs, patients should be well informed as to the 

potential side effects and their transient nature. Secondly, as the diagnosis of CABSI in 

pediatric oncology patients remains a challenge, for future studies we recommend standard 

definitions for CABSI applicable to pediatric patients such as the use of differential time to 

positivity. Lastly, while shorter lock durations would be more convenient for patients and 

their families, shorter dwell times/even ethanol flushes, should be compared to two hour 

locks for efficacy.
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Table S1: Multivariable analyses: hazard ratios for type of CVC and lock volume

Table S2: Reasons for CVC removal

Table S3: Adverse events during study locks graded according to the CTCAE

Table S1: Multivariable analyses: hazard ratios for developing CABSI by type of CVC and lock volume

Risk factors HR 95% CI P value

CVCa

Externalized 1 [reference]

Internalized 0.22 0.10-0.51 <0.001

Lock volumeb

1.5 ml 1 [reference]

3.0 ml 0.57 0.26-1.27 0.17

Abbreviations: CABSI: CVC-associated bloodstream infection; HR: hazard ratio; CI: confidence interval; CVC: 
central venous catheter.
aAdjusted for allocated treatment group 
bAdjusted for allocated treatment group and age at randomization

Table S2: Reasons for CVC removal

Ethanol (n=153) Heparin (n=154)

CABSI 5 12

CABSI suspected, not proven 1 1

CVC occlusion 3 1a

Thrombosisb 1 0

End of cancer treatment 1 3

Accident 1 2

New PAC placed, reason missing 1 0

Patient’s wish 1 0

Abbreviations: CVC: central venous catheter; CABSI: CVC-associated bloodstream infection; PAC: port-a-cath.
aCVC occlusion occurred, while this patient was on fraxiparine treatment for cerebral venous sinus thrombosis 
(occurred one month before CVC occlusion)
bSymptomatic central venous catheter (CVC) related thrombosis, symptoms: painful and swollen left arm, CVC 
dysfunction

Appendix A. Supplementary Data
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2Table S3: Adverse events during study locks graded according to the CTCAE

Ethanol (n=147) Heparin  (n=144) AE at least once 
p.p.

P valuea

Proportion of locks 
with AE p.p.

P valuebn % CI n % CI

Nausea 28 19 13-25 14 10 5-16 0.03 0.02

Vomiting 12 8 4-14 9 6 3-12 0.53 0.52

Taste 89 61 53-68 26 18 12-24 0.00 0.00

Dizziness 19 13 8-18 4 3 1-7 0.001 0.00

Blushing 31 21 15-28 4 3 1-7 0.00 0.00

Drowsiness 8 5 2-10 3 2 0-6 0.13 0.13

Pain with injection 8 5 2-10 4 3 1-7 0.25 0.26

Other 41 28 21-35 11 8 4-13 0.00 0.00

Abbreviations: CTCAE: common terminology criteria for adverse events; AE: adverse event; p.p.: per patient;  
CI: confidence interval.
List of predefined AEs scored by nursing personnel during every study lock. AEs were maximum grade 2.
aChi square test, comparing the number of patients who experienced a specific AE at least once between 
treatment groups
bMann Whitney test, comparing the percentage of locks a patient experienced a specific AE between 
treatment groups

Prevention of catheter infections using 70% ethanol locks
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Abstract

Background

The risk of developing a tunnelled central venous catheter (CVC)-related infection ranges 

between 0.1 and 2.3 per 1000 catheter days for children with cancer. These infections are 

difficult to treat with systemic antibiotics (salvage rate 24% - 66%) due to biofilm formation 

in the CVC. Lock treatments can achieve 100 - 1000 times higher concentrations locally 

without exposure to high systemic concentrations.

Objectives

Our objective was to investigate the efficacy of antibiotic and other lock treatments in 

the treatment of CVC-related infections in children with cancer compared to a control 

intervention. We also assessed adverse events of lock treatments.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane 

Library, issue 3, 2011), MEDLINE/PubMed (1945 to August 2011) and EMBASE/Ovid (1980 

to August 2011). In addition we searched reference lists from relevant articles and the 

conference proceedings of the International Society for Paediatric Oncology (SIOP) (from 

2006 to 2010), American Society of Clinical Oncology (ASCO) (from 2006 to 2010), the 

Multinational Association of Supportive Care in Cancer (MASCC) (from 2006 to 2011), the 

American Society of Hematology (ASH) (from 2006 to 2010) and the International Society of 

Thrombosis and Haematology (ISTH) (from 2006 to 2011). We scanned the ISRCTN Register 

and the National Institute of Health Register for ongoing trials (www.controlled-trials.com) 

(August 2011).

Selection criteria

Randomised controlled trials (RCTs) and controlled clinical trials (CCTs) comparing an 

antibiotic lock or other lock treatment (with or without concomitant systemic antibiotics) with 

a control intervention (other lock treatment with or without concomitant systemic antibiotics 

or systemic antibiotics alone) for the treatment of CVC-related infections in children with 

cancer. For the description of adverse events, cohort studies were also eligible for inclusion.

Data collection and analysis

Two authors independently selected studies, extracted data and performed ‘Risk of bias’ 

assessments of included studies. Analyses were performed according to the guidelines of the 

Cochrane Handbook for Systematic Reviews of Interventions.

3636
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Main results

Two RCTs evaluated urokinase lock treatment with concomitant systemic antibiotics (n = 56) 

versus systemic antibiotics alone (n = 48), and one CCT evaluated ethanol lock treatment with 

concomitant systemic antibiotics (n = 15) versus systemic antibiotics alone (n = 13). No RCTs 

or CCTs evaluating antibiotic lock treatments were identified. All studies had methodological 

limitations and clinical heterogeneity between studies was present. We found no evidence 

of significant difference between ethanol or urokinase lock treatments with concomitant 

systemic antibiotics and systemic antibiotics alone regarding the number of participants 

cured, the number of recurrent CVC-related infections, the number of days until the first 

negative blood culture, the number of CVCs prematurely removed, ICU admission and 

sepsis. Not all studies were included in all analyses. No adverse events occurred in the five 

publications of cohort studies (one cohort was included in two publications) assessing this 

outcome; CVC malfunctioning occurred in three out of five publications of cohort studies 

assessing this outcome.

Authors’ conclusions

No significant effect of urokinase or ethanol lock in addition to systemic antibiotics was 

found. However, this could be due to low power or a too-short follow-up. The cohort studies 

identified no adverse events; some cohort studies reported CVC malfunctioning. No RCTs 

or CCTs were published on antibiotic lock treatment alone. More well-designed RCTs are 

needed to further explore the effect of antibiotic or other lock treatments in the treatment 

of CVC-related infections in children with cancer.

This review is published as a Cochrane Review in the Cochrane Database of Systematic 

Reviews 2013, Issue 6. Cochrane Reviews are regularly updated as new evidence emerges 

and in response to comments and criticisms, and the Cochrane Database of Systematic 

Reviews should be consulted for the most recent version of the Review. 

Antibiotic and other lock treatments for catheter infections
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Background 

Description of the condition

Adequate venous access is necessary in the treatment of people with cancer, for frequent 

administration of chemotherapeutics, intravenous (IV) medication, fluids and blood products. 

Sixty per cent and 73% of adults and children with cancer respectively therefore receive a 

tunnelled central venous catheter (CVC) (Hann 1997). The disadvantages of such devices 

include the increased risk of CVC-related infections or the development of (a) symptomatic 

thrombosis. The risk of developing a CVC-related infection ranges between 0.1 and 2.3 per 

1000 catheter days (Adler 2006; Bagnall-Reeb 2004; Cesaro 2004; Fratino 2005; Maki 2006; 

Rotstein 1995; Simon 2000). As reported by Maki 2006, incidence rates are influenced by 

the heterogeneity of different patient populations, the great diversity in catheters and the 

definition of CVC-related infections. In a systematic review of 200 prospective studies in adult 

patients, a stricter definition of CVC-related infections led to an approximately 30% lower 

estimated risk (Maki 2006). However, (CVC-related) infections lead to significant morbidity 

and mortality in 5% to 10% of children with cancer and to subsequent additional hospital 

admissions (Fleischhack 2001a; Fleischhack 2001b). Most CVC-related infections occur within 

100 days after placement. In the first 45 days early CVC-related infections are often caused 

by skin pathogens colonising the catheter. Colonisation of the external surface of the CVC 

occurs through insertion. After 45 days luminal colonisation, originating from the hub, is 

more frequently the source of infection, or a disseminating infection elsewhere in the body 

(Hachem 2002; O’Grady 2002; Raad 1993).The most common causative organisms in children 

with cancer are Gram-positive organisms (70%), followed by Gram-negative organisms (15%) 

and fungi or anaerobic organisms (both 7%) (van de Wetering 2007).

Description of the intervention

Treatment of CVC-related infections is difficult: it often requires prolonged use of several 

antibiotics, and still 24% to 66% of the CVCs cannot be salvaged, and require replacement 

(Flynn 2000; Fratino 2005; Mermel 2009; Rubin 1999; Wiener 1992).Treatment of 

CVC-related infections is difficult because micro-organisms adhere to the CVC and become 

embedded in a self-produced polymeric matrix, called a biofilm. To achieve therapeutic 

concentrations of antibiotics needed to kill microbes growing in a biofilm, concentrations 

100 to 1000 times higher are required than for the killing of freely floating (planktonic) 

bacteria (Carratala 2002; Mermel 2009).These high concentrations can be achieved with 

lock treatments: antibiotics or other medications are installed in the CVC, thereby assuring 

high concentrations of the compound locally but without exposure to high concentrations 

systemically. Currently, antibiotic lock treatments (ALTs) are recommended in (immuno-

competent) children in conjunction with systemic antibiotic treatments for the salvage of 

Antibiotic and other lock treatments for catheter infections
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CVCs. No specific recommendations are given for immunocompromised patients (Mermel 

2009).

Why it is important to do this review

A definitive diagnosis of a CVC-related infection can be challenging, especially in children. In 

adults, simultaneous withdrawal of central and peripheral blood cultures is recommended to 

differentiate between CVC-related infections and bacteraemia unrelated to the CVC (Mermel 

2001). A CVC-related infection is defined either by a five-fold higher colony count in the 

culture obtained through the CVC or by differential time-to-positivity (DTTP). DTTP is the 

time taken between collection of the sample and the cultures becoming positive. Since the 

concentration of the micro-organisms is higher in the CVC, in the case of a CVC-related 

infection DTTP will be shorter for the culture obtained through the CVC. In paediatric oncology 

routine collection of peripheral blood samples is not feasible. Franklin 2004 reported that in 

St. Jude Children’s Hospital peripheral blood cultures were only obtained in 58% of children 

presenting with febrile neutropenia, even though it was required by hospital guidelines. 

The Infectious Diseases Society of America (IDSA) have even suggested that diagnosis of 

CVC-related infections in children is often not possible (Mermel 2009). For adults with any 

sort of catheter and underlying disease the IDSA recommends systemic antibiotic treatment 

and removal of the catheter in case of a complicated CVC-related infection. A CVC-related 

infection is considered complicated when associated with: severe sepsis, suppurative 

thrombophlebitis, endocarditis, bloodstream infections that continue despite more than 72 

hours of antimicrobial therapy, or infections due to Staphylococcus aureus, Pseudomonas 

aeruginosa, fungi or mycobacteria. In all other cases catheter salvage can be considered. 

For children these same recommendations apply, with an additional caveat that the benefits 

of catheter removal must be weighed against the difficulty of obtaining alternate venous 

access. Since vascular access in children is difficult to achieve, it is often necessary to attempt 

catheter salvage. Provided the clinical situation of the child permits salvage, treatment 

consists of systemic and antibiotic lock treatment simultaneously (Mermel 2009).

Evidence concerning the implementation of ALT is fragmentary. The first study describing 

it was published by Messing 1988, treating adults with CVC-related infections receiving 

home total parenteral nutrition (TPN). Thereafter, similar small case studies have investigated 

the use of ALT with or without concomitant systemic antibiotics. Segarra-Newnham 2005 

published an overview of case studies investigating ALT in different patient populations. The 

authors pooled data from all cases reported so far, regardless of the underlying disease, 

age, therapeutic agent, ALT concentrations or the addition of systemic antibiotics, and 

found a total of 383 patients who received ALT, of which 295 (77%) were reported as 

successful. However, even the definition of cure differed between these reports, as did 

the definition of a CVC-related infection. Rijnders 2005 undertook a randomised, placebo-

controlled trial in adults with cancer to investigate the addition of vancomycin (in case of 
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Gram-positive pathogens) or ceftazidime (Gram-negative) to systemic antibiotics. Failure to 

cure the CVC-related infection was reduced from 57% to 33%. Unfortunately, the study had 

to be stopped prematurely due to poor accrual rates, and the results were not statistically 

significant. Data on children are even more scarce. Two studies reported favourable results 

with ALT in children with CVC-related infections; most had a CVC for home TPN (Cuntz 2002; 

Johnson 1994). These results from children receiving TPN, or from adults with a range of 

underlying diseases can not be extrapolated to children with cancer. Pathogens are different; 

TPN stimulates the growth of pathogens such as Candida parapsilosis and Malassezia furfur 

(Hachem 2002). Children are often immunocompromised due to cancer treatment, and 

more susceptible to severe infections and complications. CVCs in children are therefore used 

intensively during admission, which leaves little time for the ALT to dwell. In haemodialysis 

patients, on the other hand, the ALT can dwell after dialysis for a few hours. Other lock 

treatments such as taurolidine, ethanol or the addition of urokinase to ALT have not been 

implemented in current guidelines, since reports are sparse (De Sio 2004; Koldehoff 2004; 

Onland 2006). We have therefore conducted this systematic review, to evaluate the current 

state of evidence on the use of lock treatments for the treatment of CVC-related infections 

in children with cancer.

Objectives 

The primary objective of this systematic review was to evaluate the efficacy of lock treatments 

(antibiotic or other) in the treatment of CVC-related infections in children with cancer 

compared to a control intervention: this could be another lock treatment with or without 

systemic antibiotics, or treatment with systemic antibiotics alone, without the addition of a 

lock treatment.

Secondary objectives of this systematic review were:

l	 To evaluate which micro-organisms could be successfully treated with lock treatments, 

and in which cases early CVC removal was needed. 
l	 To evaluate whether antibiotic lock treatments could be given alone, or if combination 

with systemic antibiotics was necessary. 
l	 To assess adverse events of lock treatments 

Methods 

Criteria for considering studies for this review 

Types of studies 
Randomised controlled trials (RCTs) or controlled clinical trials (CCTs) comparing one lock 

treatment with another, or with systemic antibiotics alone, to treat CVC-related infections in 

Antibiotic and other lock treatments for catheter infections
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children with cancer. For the assessment of adverse events, cohort studies were also eligible 

for inclusion.

Types of participants 
Children with cancer (0 to 18 years) with a CVC-related infection.

Types of interventions 
l	 Lock treatment (antibiotic or other) versus another lock treatment without systemic 

antibiotics. 
l	 Lock treatment (antibiotic or other) versus systemic antibiotics alone. 
l	 Lock treatment (antibiotic or other) versus another lock treatment with concomitant 

systemic antibiotics. 
l	 Lock treatment (antibiotic or other) with concomitant systemic antibiotics versus systemic 

antibiotics alone. 

Types of outcome measures 

Primary outcomes
Primary outcomes were:
l	 the number of children cured of their CVC-related infection; 
l	 the number of children experiencing a recurrence of their CVC-related infection. 

A ‘CVC-related infection’ is defined as:
l	 Bacteraemia or fungaemia in a person who has an intravascular device and more than one 

positive blood culture result obtained from the peripheral vein, with clinical manifestations 

of infection (e.g. fever, chills, and/or hypotension), and no apparent source of bloodstream 

infection other than the catheter. One of the following should be present: a positive result 

of semiquantitative (15 CFU per catheter segment) or quantitative (10² CFU per catheter 

segment) catheter culture, whereby the same species of organism is isolated from a 

catheter segment and a peripheral blood culture; simultaneous quantitative cultures of 

blood with a ratio of more than 3:1 CFU/ml of blood (catheter versus peripheral blood); 

differential time-to-positivity (growth in a culture of blood obtained through a catheter 

hub is detected by an automated blood culture system at least two hours earlier than a 

culture of simultaneously-drawn peripheral blood of equal volume) (Mermel 2009). 

A ‘CVC-associated infection’ is defined as:

l	 The person has a recognised pathogen cultured from one or more blood cultures, and the 

pathogen cultured from the blood is not related to an infection at another site. 
l	 The person has at least one of the following signs or symptoms: fever (over 38°C), chills, 

or hypotension, and at least one of the following: 
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1 Common skin contaminant (e.g. diphtheroids, Bacillus spp, coagulase-negative 

staphylococci, or micrococci) cultured from two or more blood cultures drawn on separate 

occasions. 

2 Common skin contaminant (e.g. diphtheroids, Bacillus spp, coagulase-negative 

staphylococci, or micrococci) cultured from at least one blood culture from a person with 

an intravenous line, and the physician institutes appropriate antimicrobial therapy. 

3 Positive antigen test on blood (e.g. Haemophilus influenzae, Streptococcus pneumoniae, 

Neisseria meningitides, or group B streptococcus). 

 and signs and symptoms with positive laboratory results were not related to an infection 

at another site. (O’Grady 2002; Simon 2006).

l	 In the absence of catheter culture, defervescence after removal of an implicated catheter 

from a person with a primary bloodstream infection was considered as indirect evidence 

of a catheter-associated bloodstream infection (Eggiman 2004). 

As the nomenclature and definition of catheter-related and catheter-associated infections 

differ between studies we will, for reasons of simplicity, from know on only use the term 

‘catheter-related infection’. Exact definitions used in the included studies will be summarised 

in Table 1.

A ‘cure’ is defined as:

Disappearance of fever and signs of catheter inflammation with negative follow-up blood 

culture(s). Removal of the CVC due to an infection within 30 days after discontinuation of the 

CVC-related infection-installed treatment was considered a treatment failure (Rubin 1999).

A ‘recurrence’ is defined as a new CVC-related infection with the same causative organism.

Secondary outcomes
We considered the following to be secondary outcomes:
l	 number of days until the first negative blood culture; 
l	 time to recurrence; 
l	 premature removal of the CVC; 
l	 mortality; 
l	 ICU admission; 
l	 sepsis; 
l	 adverse events (in cohort studies). 

Search methods for identification of studies 

See: Cochrane Childhood Cancer Group methods used in reviews (Module CCG).

Electronic searches 

Antibiotic and other lock treatments for catheter infections
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We searched the following electronic databases: the Cochrane Central Register of Controlled 

Trials (CENTRAL) (The Cochrane Library, issue 3, 2011), MEDLINE/PubMed (from 1945 to 

August 2011) and EMBASE/Ovid (from 1980 to August 2011).

The search strategies for the different electronic databases (using a combination of controlled 

vocabulary and text words) are presented in the appendices (Appendix 1; Appendix 2; 

Appendix 3).

Searching other resources 

We located information about trials not registered in CENTRAL, MEDLINE or EMBASE, 

either published or unpublished, by searching the reference lists of relevant articles and 

review articles. We handsearched the conference proceedings of the International Society 

for Paediatric Oncology (SIOP) (from 2006 to 2010), American Society of Clinical Oncology 

(ASCO) (from 2006 to 2010), the Multinational Association of Supportive Care in Cancer 

(MASCC) (from 2006 to 2011), the American Society of Hematology (ASH) (from 2006 to 

2010) and the International Society of Thrombosis and Haematology (ISTH) (from 2006 to 

2011).

We scanned the International Standard Randomised Controlled Trial Number (ISRCTN) 

register and the National Institute of Health (NIH) Register for ongoing trials (www.controlled-

trials.com) (August 2011).

We did not impose language restrictions. We will update the searches every two years.

Data collection and analysis 

Selection of studies 
After employing the search strategy described previously, two review authors (MvdW and 

RS) independently identified studies meeting the inclusion criteria for this review. They were 

not blinded to the journal title, study author or the Institution. We resolved discrepancies 

between authors by consensus. If no agreement could be reached we asked for the opinion 

of a third party arbitrator. We obtained any study seemingly meeting the inclusion criteria 

on grounds of title, abstract, or both, in full for closer inspection. We would have contacted 

study authors for additional information if necessary. We gave details of reasons for the 

exclusion of any study considered for review and documented all excluded studies in a flow 

chart (see Figure 1).

Data extraction and management 

Two authors (MvdW and RS) independently performed data extraction using standardised 

forms. Data extraction included characteristics of the participant group involved, the 

intervention described, the outcome assessed, and the duration of follow-up. If necessary we 

would have contacted study authors for additional information. We resolved disagreements 
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by consensus. If no agreement could be reached we asked for the opinion of a third party 

arbitrator.

Assessment of risk of bias in included studies

Two authors (MvdW and RS) independently undertook the assessment of risk of bias of 

the included studies (i.e. selection bias, performance bias, detection bias, attrition bias and 

reporting bias). We used the risk of bias items as described in the module of the Childhood 

Cancer Group (Module CCG), which are based on the Cochrane Handbook for Systematic 

Reviews of Interventions (Cochrane Handbook); to assess reporting bias we compared the 

methods section of included studies with their results section. We would have contacted 

study authors for additional information if necessary. We resolved discrepancies between 

authors by consensus. If no agreement could be reached we asked for the opinion of a third 

party arbitrator.

The results of the ‘Risk of bias’ assessment, i.e. how each trial scored on each risk of bias 

item, is presented in the ‘Risk of bias’ table and in a methodological quality summary. The 

risk of bias in included studies was taken into account in the interpretation of the review’s 

results. For cohort studies we did not perform a ‘Risk of bias’ assessment.

Measures of treatment effect

For dichotomous outcomes, we expressed the effect estimate as a risk ratio (RR). Each result 

was presented with its corresponding 95% confidence interval (CI).

Adverse events reported in the cohort studies were summarised descriptively using the effect 

measures as reported in the individual studies.

Unit of analysis issues 

If trials other than those with a simple parallel design, such as cluster-randomised trials or 

cross-over trials, had been included, we would have taken appropriate steps to avoid unit of 

analysis errors. However, since we included only studies with a parallel design this was not 

applicable.

Dealing with missing data

If relevant data had been missing, we would have attempted to contact the study authors to 

retrieve it, but since no relevant data were missing this was not necessary. We extracted data 

by allocation group, irrespective of compliance with the allocated condition, in order to allow 

an intention-to-treat analysis.

Antibiotic and other lock treatments for catheter infections
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Assessment of heterogeneity 

We assessed heterogeneity both by visual inspection of the forest plots and by a formal 

statistical test for heterogeneity, i.e. the I² statistic (Higgins 2003). If we detected significant 

heterogeneity (I² > 50%), we explored possible reasons for this and took appropriate 

measures. We used a random-effects model for the estimation of treatment effects 

throughout the review.

Assessment of reporting biases

In addition to the evaluation of reporting bias as described in the ‘Assessment of risk of 

bias’ section, we planned to assess reporting bias by constructing a funnel plot provided 

there were enough included studies (i.e. at least 10 studies included in a meta-analysis). 

Fewer than this would mean that the power of the test is too low to distinguish chance from 

real asymmetry (Cochrane Handbook). Since none of our meta-analyses included at least 10 

studies, this was not applicable.

We took the following measures to reduce reporting bias:

l	 we searched multiple electronic databases, proceedings of scientific meetings and trial 

registries to deal with location and time lag bias; 
l	 we applied no language restriction in the search strategy; 
l	 we excluded duplicate reports of the same study to avoid duplicate publication bias. 

Data synthesis

We entered data into Review Manager 5 and undertook analyses according to the guidelines 

in the Cochrane Handbook. The primary aim was to perform pooled analyses. However, if 

the included studies did not meet the criteria for good methodological quality and if groups 

were not comparable, we summarised the results descriptively. RCTs and CCTs were analysed 

separately. If people with more than one infectious episode were included in a study, we only 

included the results of the first episode in the analyses.

Subgroup analysis and investigation of heterogeneity 

We planned to look at participants with haematological and solid tumours separately, but 

the included studies did not provide the required data so this was not feasible.

Sensitivity analysis

We performed a sensitivity analysis based on the risk of bias criteria (i.e. excluding studies 

with a high risk of bias and studies for which the risk of bias was unclear) and compared the 

results of studies with a low risk of bias with those of all available studies, for all analyses that 

included more than one study.
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Results 

Description of studies 

Results of the search
See: Characteristics of included studies table; Characteristics of excluded studies table; 

Figure 1. The searches of CENTRAL, MEDLINE and EMBASE identified 508 titles of reports 

of potentially relevant studies. We excluded 424 reports based on title and abstract alone, 

since they clearly did not meet all inclusion criteria. We screened the remaining 84 reports 

by full-text analysis, and excluded 73. After searching the conference proceedings, the 

ISRCTN trial register, the NIH register and reference lists of the relevant studies and reviews, 

 

Number of records identified through 
database searching (PubMed, EMBASE 
and CENTRAL on 30 -08 -2011): 508 

Number of full-text articles assessed for 
eligibility: 85 

Number of records excluded based ont 
title and/or abstract: 423 

Number of studies included: 12 

Number of full-text articles excluded: 73 

Reference lists of included studies and 
relevant reviews: no additional studies 
identified 

Conference proceedings of SIOP (2006-
2010), ASCO (2006-2010), MASCC 
(2006-2011), ASH (2006-2010), ISTH 
(2006-2011): 1 additional study

Number of ongoing trials identified 
through the ISRCTN register and the NIH 
register: no additional studies identified 

Figure 1. Flow diagram of selection of studies. SIOP; International Society for Paediatric Oncology, ASCO; 
American Society of Clinical Oncology, MASCC; Multinational Association of Supportive Care in Cancer, ASH; 
the American Society of Hematology, ISTH; the International Society of Thrombosis and Haematology

Antibiotic and other lock treatments for catheter infections
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we selected 11 additional abstracts. One of these 11 abstracts was included. No relevant 

ongoing trials were identified. We present a complete list with reasons for exclusion in the 

Characteristics of excluded studies table. We include 12 studies. Nine did not contain a 

control group and are presented in a separate overview Table. The remaining three studies 

are included in analyses.

Included studies

Characteristics of the two included randomised controlled trials (RCTs) (Atkinson 1998; La 

Quaglia 1994) and one controlled clinical trial (CCT) (Dannenberg 2003), covering a total 

of 132 children, are presented in the Characteristics of included studies table. All studies 

evaluated lock treatments with concomitant systemic antibiotics versus systemic antibiotics 

alone. Different CVC devices were used. All studies applied different definitions for 

CVC-related/associated infections. These definitions are summarised in Table 1. Dannenberg 

2003 investigated bloodstream infections and episodes of sepsis and did not fulfil the strict 

definition of CVC-related/associated infections as presented in the methods. Two studies 

compared urokinase locks and concomitant systemic antibiotics with systemic antibiotics 

alone (Atkinson 1998; La Quaglia 1994), whereas the other study compared ethanol locks 

and concomitant systemic antibiotics with systemic antibiotics alone (Dannenberg 2003). All 

studies used different treatment schedules. For a detailed description of the interventions see 

the Characteristics of included studies table. Two studies included children with non-malignant 

diseases (Atkinson 1998; La Quaglia 1994); in La Quaglia 1994 children without malignant 

disease received chemotherapy. The follow-up duration was specified in two studies 

(Atkinson 1998; Dannenberg 2003). In Dannenberg 2003 the follow-up period consisted of 

“the subsequent leukopenic periods or within four weeks of finishing treatment”, while in 

Atkinson 1998 follow-up was completed when negative culture results were obtained and 

clinical signs resolved or when a failure was declared and the CVC removed. In La Quaglia 

1994 no information on follow-up duration was provided.

We found no eligible RCTs or CCTs for the following comparisons: one lock treatment versus 

another with systemic antibiotics; one lock treatment versus another without concomitant 

systemic antibiotics; lock treatment versus systemic antibiotics alone.

For the evaluation of adverse events we included nine publications of cohort studies (one 

cohort study described in two publications (Jones 1993; Jones 1996)). In five studies 

antibiotic locks with or without systemic antibiotics were evaluated; in four studies other 

lock treatments with or without systemic antibiotics were evaluated (i.e. 2M HCL, urokinase 

and ethanol locks). Different definitions of CVC-related/associated infections were used. All 

studies used different treatment schedules. For more detailed information on these studies 

see Table 2. Two studies used a CLC 2000 connector (Bernardi 2005; Cesaro 2004). This 

device creates a positive pressure forcing the flushing saline through the CVC distally and 

aims to prevent the distal CVC from clot occlusion (Cesaro 2007). Since it has been reported 

48

proefschrift-2015-definitief.indb   48 14-7-2015   11:06:46



3

that heparin can precipitate when added to antibiotics (Droste 2003), the connector device 

was meant to replace heparin in the antibiotic locks.

Risk of bias in included studies 

Data on the ‘Risk of bias’ assessment of the three included trials are described in the risk of 

bias section of the Characteristics of included studies table and presented in Figure 2. We 

did not assess the risk of bias in the included cohort studies. All studies were found to have 

methodological limitations. For the evaluation of internal validity we assessed the risk of 

selection bias, performance bias, detection bias, attrition bias and reporting bias.
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Figure 2. Risk of bias summary: review 
authors’ judgements about each risk of 
bias item for each included study.

Selection bias 
To evaluate selection bias we have assessed the random sequence generation and the 

allocation concealment. Two of the three studies were RCTs (Atkinson 1998; La Quaglia 

1994). However, neither study described the exact procedure for randomisation, and it 

therefore remains unclear whether sequence generation was random or whether the 

allocation sequence was concealed. The risk of selection bias in these studies is therefore 

rated as being unclear. The third study was a CCT (Dannenberg 2003). The risk for selection 

bias was high for this study, since randomisation was not performed.

Antibiotic and other lock treatments for catheter infections
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Performance bias and detection bias 
To evaluate performance bias we have assessed the blinding of participants and personnel. 

Two studies were open-label (one RCT and one CCT) and neither participants nor personnel 

were blinded (Atkinson 1998; Dannenberg 2003). The risk of performance bias in these 

studies was thus high. The third study was a double-blind RCT (La Quaglia 1994) and 

participants and personnel were both blinded, resulting in a low risk of performance bias.

To evaluate detection bias we have checked the blinding of outcome assessors for all separate 

outcomes. In Atkinson 1998 and Dannenberg 2003 outcome assessors were not blinded 

for any outcome, giving a high risk of detection bias in both studies. In La Quaglia 1994 

outcome assessors were blinded for all outcomes, resulting in a low risk of detection bias.

Attrition bias 
To evaluate attrition bias we have assessed incomplete outcome data for all separate 

outcomes. In all three studies follow-up was complete for all included participants for all 

outcomes, giving a low risk of attrition bias.

Reporting bias 
To evaluate reporting bias we have assessed selective reporting of outcomes. In all three 

studies the risk of reporting bias was judged to be low .

Effects of interventions 

Not all studies allowed data extraction for all endpoints; see Characteristics of included 

studies table for a more detailed description of the extractable endpoints of each study.

Number of children cured from their CVC-related infection 
We were able to extract data on the number of participants cured from all three included 

studies (Atkinson 1998; Dannenberg 2003; La Quaglia 1994).

We performed meta-analysis on results from the two randomised controlled trials (RCTs) 

with a total of 104 participant children (Atkinson 1998; La Quaglia 1994) (Figure 3). Thirty-

nine of 56 children (70%) randomised to urokinase lock and systemic antibiotics were cured 

from their CVC-related infection, compared with 33 of the 48 children (69%) randomised 

to systemic antibiotics alone. We found no significant difference between urokinase lock 

treatment with concomitant systemic antibiotics and systemic antibiotics alone (risk ratio (RR) 

1.02, 95% confidence Interval (CI) 0.79 to 1.32, P = 0.89). No heterogeneity was detected 

(I² = 0%).

Data extracted from the CCT (Dannenberg 2003) covering 28 children also showed no 

significant difference between those treated with ethanol locks and concomitant systemic 

antibiotics and those treated with systemic antibiotics alone (RR 1.06, 95% CI 0.66 to 1.70, 

P = 0.81) (see Figure 3; Analysis 1.1). Eleven children out of 15 (73%) randomised to ethanol 
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lock and systemic antibiotics were cured of their CVC-related infection, compared with nine 

of the 13 (69%) randomised to systemic antibiotics alone.

Please note that due to the nature of this outcome (i.e. the number of children cured from 

their CVC-related infection) a high event rate is favourable. Therefore, in the analysis graphs, 

“Favours systemic antibiotics alone” is on the left and “Favours lock treatment with systemic 

antibiotics” is on the right, in contrast with graphs for the other analyses.

None of the included studies reported which pathogens could be treated with lock 

treatments, with or without systemic antibiotics, and which pathogens required immediate 

CVC removal.

Study or Subgroup

1.1.1 Data extracted from RCTs (urokinase lock)

Atkinson 1998
La Quaglia 1994
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 0.05, df = 1 (P = 0.83); I² = 0%
Test for overall effect: Z = 0.14 (P = 0.89)

1.1.2 Data extracted from CCT (ethanol lock)

Dannenberg 2003
Subtotal (95% CI)

Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.24 (P = 0.81)

Events

24
15

39

11

11

Total

33
23
56

15
15

Events

21
12

33

9

9

Total

30
18
48

13
13

Weight

66.5%
33.5%

100.0%

100.0%
100.0%

M-H, Random, 95% CI

1.04 [0.76, 1.42]
0.98 [0.63, 1.52]
1.02 [0.79, 1.32]

1.06 [0.66, 1.70]
1.06 [0.66, 1.70]

LT with sAB sAB only Risk Ratio Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
sAB only LT with sAB

Figure 3. Forest plot of comparison: 1 Lock treatment with systemic antibiotics versus systemic antibiotics 
only, outcome: 1.1 Number of patients cured from CVC related infection.

Number of children experiencing a recurrence of their CVC-related infection 
Two studies reported the number of children experiencing recurrences of their CVC-related 

infections (Dannenberg 2003; La Quaglia 1994).

No significant difference was found in the number of children with a recurrent CVC-related 

infection between lock treatment with concomitant systemic antibiotics and systemic 

antibiotics alone. In the RCT evaluating urokinase locks (La Quaglia 1994) the RR was 1.04 

(95% CI 0.44 to 2.47, P = 0.92). There were eight children (35%) with a recurrence of 

their CVC-related infection from 23 randomised to urokinase lock and systemic antibiotics, 

compared with six from the 18 (33%) randomised to systemic antibiotics alone. In the CCT 

evaluating ethanol locks (Dannenberg 2003) the RR was 0.87 (95% CI 0.27 to 2.79, P = 

0.81). There were four children (27%) from 15 randomised to ethanol lock and systemic 

antibiotics with a recurrence of their CVC-related infection, compared with four from 13 

(31%) randomised to systemic antibiotics alone (Analysis 1.2; Figure 4).

Antibiotic and other lock treatments for catheter infections
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Number of days until the first negative blood culture 
Insufficient data were available to perform a meta-analysis, and we therefore provide 

descriptive results for this outcome measure. Two studies presented the number of days to 

achieve negative blood cultures (Atkinson 1998; La Quaglia 1994). Both studies evaluated 

urokinase locks. Atkinson 1998 presented the average number of days to achieve negative 

blood cultures (only salvaged catheters were included): 2.5 days for both the intervention and 

the control group (no P value reported). La Quaglia 1994 presented a graph representing the 

rate of fall of colony-forming units (CFU) of micro-organisms with time after the first positive 

blood culture. In the urokinase lock with systemic antibiotics group the number of CFUs 

reached zero after two days, compared with three days in the systemic antibiotics alone 

group. This difference was not statistically significant (no P value reported).

Time to recurrence 
Time to recurrence was not reported in any of the included studies.

Premature removal of the CVC 
Premature CVC removal was reported by all three included studies (Atkinson 1998; 

Dannenberg 2003; La Quaglia 1994). All CVCs were removed because of progressive 

or recurrent infections. In Atkinson 1998 CVCs were removed when cultures persisted 

positive for more than 72 hours beyond study entry, or when clinical signs suggested overt 

progression of the septic process. The policy regarding CVC removal was not specified in the 

remaining two studies (Dannenberg 2003; La Quaglia 1994), other than stating that catheter 

removal was due to infection.

Data extracted from the RCTs evaluating urokinase locks were pooled in a meta-analysis 

covering 104 children (Analysis 1.3; Figure 5). There were 17 CVC removals (30%) among 

56 children randomised to urokinase lock and systemic antibiotics, compared with 15 

Study or Subgroup

1.2.1 Data extracted from RCT (urokinase lock)

La Quaglia 1994
Subtotal (95% CI)

Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.10 (P = 0.92)

1.2.2 Data extracted from CCT (ethanol lock)

Dannenberg 2003
Subtotal (95% CI)

Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.24 (P = 0.81)

Events

8

8

4

4

Total

23
23

15
15

Events

6

6

4

4

Total

18
18

13
13

Weight

100.0%
100.0%

100.0%
100.0%

M-H, Random, 95% CI

1.04 [0.44, 2.47]
1.04 [0.44, 2.47]

0.87 [0.27, 2.79]
0.87 [0.27, 2.79]

LT with sAB sAB only Risk Ratio Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
LT with sAB sAB only

Figure 4. Forest plot of comparison: 1 Lock treatment with systemic antibiotics versus systemic antibiotics 
only, outcome: 1.2 Number of patients with a recurrence of the CVC-related infection.
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(31%) among the 48 randomised to systemic antibiotics alone. No significant difference 

was found between urokinase lock treatments with concomitant systemic antibiotics and 

systemic antibiotics alone: RR 0.97, 95% CI 0.54 to 1.72, P = 0.91. No heterogeneity was 

detected (I² = 0%).

Similarly, data extracted from the CCT evaluating ethanol locks and covering 41 children 

did not show a significant difference: RR 0.87, 95% CI 0.06 to 12.52, P = 0.92 (Dannenberg 

2003). There was one CVC removal among 15 children (7%) randomised to ethanol lock and 

systemic antibiotics, compared with one among 13 (8%) randomised to systemic antibiotics 

alone (Figure 5).

Figure 5. Forest plot of comparison: 1 Lock treatment with systemic antibiotics versus systemic antibiotics 
only, outcome: 1.3 Premature CVC removal.

Study or Subgroup

1.3.1 Data extracted from RCTs (urokinase lock)

Atkinson 1998
La Quaglia 1994
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 0.05, df = 1 (P = 0.82); I² = 0%
Test for overall effect: Z = 0.11 (P = 0.91)

1.3.2 Data extracted from CCT (ethanol lock)

Dannenberg 2003
Subtotal (95% CI)

Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.11 (P = 0.92)

Events

9
8

17

1

1

Total

33
23
56

15
15

Events

9
6

15

1

1

Total

30
18
48

13
13

Weight

54.8%
45.2%

100.0%

100.0%
100.0%

M-H, Random, 95% CI

0.91 [0.42, 1.98]
1.04 [0.44, 2.47]
0.97 [0.54, 1.72]

0.87 [0.06, 12.52]
0.87 [0.06, 12.52]

LT with sAB sAB only Risk Ratio Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
LT with sAB sAB only

Mortality 
Mortality was not reported in any of the included studies.

Intensive care unit (ICU) admission 
Intensive care unit (ICU) admission was reported by one study evaluating urokinase locks 

(La Quaglia 1994). In both treatment groups one child was admitted to the ICU because 

of haemodynamic instability almost immediately after study drug infusion (Analysis 1.4; 

Figure 6) (RR 0.78, 95% CI 0.05 to 11.67, P = 0.86). Because of these episodes, a premature 

statistical analysis was performed. No significant improvement in CVC salvage with urokinase 

could be identified, and the protocol was ended.

Sepsis 
Sepsis was reported in one study (La Quaglia 1994) and no significant difference was found 

between urokinase lock treatment with systemic antibiotics and systemic antibiotics alone 

Antibiotic and other lock treatments for catheter infections
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Study or Subgroup

La Quaglia 1994

Total (95% CI)

Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.18 (P = 0.86)

Events

1

1
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Events
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1

Total
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Weight

100.0%

100.0%

M-H, Random, 95% CI

0.78 [0.05, 11.67]

0.78 [0.05, 11.67]

LT with sAB sAB only Risk Ratio Risk Ratio
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0.01 0.1 1 10 100
LT with sAB sAB only
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Figure 6. Forest plot of comparison: 1 Lock treatment with systemic antibiotics versus systemic antibiotics 
only, outcome: 1.5 ICU admittance (urokinase lock).

Figure 7. Forest plot of comparison: 1 Lock treatment with systemic antibiotics versus systemic antibiotics
only, outcome: 1.4 Sepsis (urokinase lock).

(RR 0.78, 95% CI 0.18 to 3.43, P = 0.74). Three children (13%) were diagnosed with sepsis 

among the 23 randomised to urokinase lock treatment and systemic antibiotics, compared 

with three (17%) of the 18 allocated to the systemic antibiotics alone (Analysis 1.5; Figure 7).

Sensitivity analyses for the used risk of bias criteria 
The results of the sensitivity analyses were consistent among the trials and did not differ 

from the overall analyses.

Cohort studies for the evaluation of adverse events (no control group included) 
Cohort studies are described in detail in Table 2. Here we only present results for adverse 

events and CVC malfunction, as that was the purpose of including cohort studies. However, 

information on treatment results are included in Table 2. Five studies (including two studies 

describing the same cohort, i.e. Jones 1993 and Jones 1996) provided information on adverse 

events; none of the studies reported that any adverse events occurred. Five studies (four 

cohorts) provided information on CVC malfunctioning; in three studies CVC malfunctioning 

occurred in some of the children, while none occurred in the other two studies.

Discussion 

Central venous catheter (CVC)-related infections cause significant morbidity and mortality 

in children with cancer. As these infections are difficult to treat with systemic antibiotics, 
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alternative treatments are needed. This is the first systematic review investigating the efficacy 

of antibiotic lock and other lock treatments for tunnelled CVC-related infections in children 

with cancer.

In this review we identified two randomised controlled trials (RCTs) and one controlled 

clinical trial (CCT). All three studies investigated the efficacy of a lock treatment (urokinase 

in two RCTs and ethanol in one CCT) with concomitant systemic antibiotics, and compared 

this with systemic antibiotics alone. We identified no eligible trials for the other comparisons 

in which we were interested: one lock treatment versus another without systemic antibiotics, 

lock treatment versus systemic antibiotics alone, and one lock treatment versus another with 

concomitant systemic antibiotics.

For urokinase locks with concomitant systemic antibiotics versus systemic antibiotics alone, 

we found two RCTs. Our meta-analysis of these trials showed no evidence of a significant 

difference between the treatment groups in the number of children cured from their 

CVC-related infection. The number of children experiencing a recurrence of their CVC-related 

infection was assessed in one study, which also showed no significant difference between 

the treatment groups. The studies provided insufficient data to pool the results for the 

number of days until first negative blood culture, but neither study found a statistically 

significant difference between the treatment groups. Nor did the meta-analysis of premature 

removal of the CVC show a significant difference between the treatment groups; in both 

studies CVCs were removed because of either progressive or recurrent infections. One 

study evaluated intensive care unit (ICU) admission and sepsis, and found no significant 

differences between the treatment groups. None of the studies provided information on 

time to recurrence or mortality, nor on which pathogens could be adequately treated and 

which pathogens required CVC removal. It was not possible to perform subgroup analyses 

for haematological and solid tumours.

For ethanol locks with concomitant systemic antibiotics versus systemic antibiotics alone, we 

found one CCT. As presented in Table 1, this study did not completely fit the definition of a 

CVC-related or CVC-associated infection as specified in the Methods section of this review, 

and it is possible that the bloodstream infections treated may not have been related to the 

CVC. Our analysis of this trial showed no evidence of a significant difference between the 

treatment groups in the number of children cured of their CVC-related infection, nor in the 

number experiencing a recurrence of their CVC-related infection. The analysis of premature 

removal of the CVC also showed no significant difference between the treatment groups; 

all CVCs were removed because of either progressive or recurrent infection. No information 

was provided on the number of days until first negative blood culture, time to recurrence, 

mortality, ICU admission and sepsis; the study did not report which pathogens could be 

adequately treated and which pathogens required CVC removal. It was not possible to 

perform subgroup analyses for haematological and solid tumours.

For the evaluation of adverse events we included nine publications of cohort studies (one 

cohort study described in two publications). These studies did not have a control arm. In five 

Antibiotic and other lock treatments for catheter infections
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studies antibiotic locks with or without systemic antibiotics were evaluated; in four studies 

other lock treatments with or without systemic antibiotics (i.e. 2M HCL, urokinase and 

ethanol locks). Five studies (four cohorts) provided information on adverse events, reporting 

the occurrence of no adverse events. They also provided information on CVC malfunctioning, 

with three studies confirming this in some of the participants and two reporting that no CVC 

malfunctioning occurred.

Nevertheless, ‘no evidence of effect’, as identified in this review, is not the same as ‘evidence 

of no effect’. Our results do not imply that there is no effect of the addition of lock treatments 

to systemic antibiotics. The reason that no significant difference between treatment 

groups was identified could be that the number of included studies and participants was 

small (total number of children 132), i.e. low power. Also, the length of follow-up could 

have been too short to detect a significant difference between the treatment groups in 

the number experiencing a recurrence of their CVC-related infection. For one of the two 

studies evaluating this outcome (Dannenberg 2003) we felt that the length of follow-up was 

adequate, but for the other study no information was provided on the length of follow-up 

(La Quaglia 1994). Another limitation of this review is the significant clinical heterogeneity 

between studies: two studies included children with non-oncological diseases; one study 

excluded participants with (asymptomatic) thrombosis; the number of participants with 

haematological malignancies differed between the treatment groups in at least two studies; 

no information on pathogens was provided; the type of CVCs varied between studies; and 

studies employed different guidelines regarding systemic antibiotic treatment and follow-up 

duration. All these factors could influence the results of this review.

The risk of bias in the included studies varied. Sometimes bias could not be ruled out due 

to insufficient information in the trial report. However, at this time this is the best available 

evidence based on RCTs and CCTs comparing lock treatments and systemic antibiotics 

with systemic antibiotics alone for tunnelled CVC-related infections in children with cancer. 

Sensitivity analyses restricted to studies with a low risk of bias did not differ from the overall 

results. Although a RCT is the best study design to adequately ascertain efficacy, CCTs 

can also provide reliable information provided that the design and execution are correct. 

Due to the high risk of bias associated with other study designs, we did not include cohort 

studies without control groups in our efficacy analyses. These studies were included for the 

evaluation of adverse events, but without ‘Risk of bias’ assessment.

Currently, despite the paucity of evidence for the efficacy of (antibiotic) lock treatments, the 

Infections Diseases Society of America (IDSA) recommends the use of antibiotic lock treatment 

for CVC salvage in paediatric patients (Mermel 2001). The authors compared data from 11 

cohort studies investigating antibiotic lock treatment with or without systemic antibiotics 

with 14 cohort studies treating CVC-related infections with systemic antibiotics alone 

(Mermel 2001). They found that in comparison to systemic antibiotics, treatment including 

antibiotic lock therapy was significantly more likely to result in CVC salvage, with a risk ratio 

(RR) of 1.24, 95% confidence interval (CI) 1.13 to 1.36. However, no ‘Risk of bias’ assessment 
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was performed and the patient populations were heterogeneous, consisting of both adults 

and children with different underlying diseases: patients with malignancies, patients with 

renal diseases needing haemodialysis, and patients with gastrointestinal diseases requiring 

total parenteral nutrition (TPN). As a result, this meta-analysis cannot reliably be used to 

answer questions on the efficacy of lock treatments for tunnelled CVC-related infections in 

children with cancer. Our systematic review was unable to identify evidence which supports 

the use of lock treatments in children with cancer, but an effect cannot be ruled out. The 

best study design to adequately ascertain the efficacy of lock treatments, provided that it is 

correctly executed, is a randomised controlled trial in which the only difference between the 

intervention and control group is the use of a lock treatment. We therefore recommend the 

development of new RCTs to answer this important question.

When developing a new randomised controlled trial with antibiotic or other lock treatments 

for CVC-related infections it is important to consider the following aspects: 1. the occurrence 

of episodes of haemodynamic instability during/after lock treatments; 2. potential CVC 

malfunction; 3. the difficulty of defining a CVC-related infection; and 4. microbial resistance.

Episodes of haemodynamic instability were reported by La Quaglia 1994. As a similar 

number of events occurred in both study arms, the authors assumed that a slow intravenous 

push of study medication dislodged bacteria and/or endotoxins into the central circulation 

and caused the haemodynamic instability. However, none of the other cohort studies 

reported symptoms of haemodynamic instability after administration of lock treatments 

(Table 2). Jones 1993 and Jones 1996 also investigated the use of urokinase locks with 

concomitant systemic antibiotics, and argued that, in contrast with La Quaglia 1994, the risk 

of releasing bacteria and endotoxins into the bloodstream was minimised in their protocol 

by administration of systemic antibiotics for 24 hours preceding urokinase treatment, so that 

antibiotics could reach high concentrations before bacteria and endotoxins were released 

into the bloodstream. However, a similar approach was defined in the protocol by La Quaglia 

1994. Systemic antibiotics were administered at presentation and study medication was 

started when the diagnosis of CVC-related sepsis was established. Mean duration of systemic 

antibiotic treatment preceding urokinase was two days. The method of administration of 

study medication was similar in both study groups (La Quaglia 1994; Jones 1993; Jones 

1996). Medication was instilled and left to dwell for one hour and subsequently aspirated. 

We therefore cannot explain why these participants became haemodynamic instable.

Since few in vitro and in vivo studies have mentioned CVC malfunction due to lock 

treatments, future lock treatment studies should systematically screen for CVC malfunction 

until sufficient data are available regarding the safety of antibiotic lock and other lock 

treatments. Two in vitro studies have suggested that ethanol lock treatments might have 

an effect on polyurethane and silicone CVC integrity, but the authors also argue that these 

changes might not be clinically relevant (Bell 2006; Maiefski 2009). Despite changes in 

mechanical properties, the catheter segments tested could still be stretched to 22 times their 

length and withstand 11.5 kg (113 N) of force (Bell 2006). Several in vivo studies have been 
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published on the effect of ethanol locks as preventive treatments for CVC-related infections. 

It has been suggested that withdrawal of ethanol through the CVC may induce precipitation 

and CVC malfunction (Wales 2011). Nine studies have been published describing preventive 

ethanol lock treatments in different patient groups; in four studies the ethanol was flushed 

(Dannenberg 2003; Mouw 2008; Slobbe 2010; Wales 2011) and in five the ethanol was 

withdrawn (Cober 2010; Jones 2010; Kayton 2010; Laird 2005; Onland 2006). None of 

the studies flushing the ethanol locks mentioned CVC malfunction, but of the five studies 

withdrawing ethanol two reported three participants with CVC malfunction after ethanol 

lock treatment (Kayton 2010; Laird 2005). Only one of the nine studies was a randomised 

controlled trial comparing preventive ethanol locks with placebo in adult haematology patients 

(Slobbe 2010). No significant difference was observed in the incidence of CVC malfunction in 

this study. It has been suggested that highly concentrated antibiotics may precipitate when 

combined with lower doses of heparin. Droste 2003, an in vitro study, showed that higher 

concentrations of heparin were compatible with a wider range of antibiotic concentrations. 

Two of the cohort studies presented in Table 2 reported CVC malfunction due to antibiotic 

lock treatment (Bernardi 2005; Jones 1993; Jones 1996 (the Jones studies described the 

same cohort)). Bernardi 2005 mentioned CVC obstruction in one participant after treatment 

with teicoplanin/heparin locks. This CVC obstruction was resolved with urokinase flushes. 

Jones 1996 reported CVC malfunction in six of 97 participants, but did not specify the type 

of malfunction (occlusion, tearing, dislocation, precipitation). However, the number of CVC 

complications reported in the studies included in this review is still lower than the incidence 

of CVC complications reported in three prospective observational studies of people without 

lock treatments (Adler 2006; Cesaro 2004; Fratino 2005). These numbers suggest that CVC 

complications may have been under-reported in the included lock treatment trials.

Lock treatment studies should use uniform definitions adapted to paediatric practice for 

CVC-related infections. As many hospitals do not have the facilities needed for quantitative 

techniques and because withdrawal of peripheral blood cultures in children with CVCs 

is not desirable, we should accept other non-quantitative definitions for the diagnosis of 

CVC-related infections in children. Currently, the Infectious Diseases Society of America 

(IDSA) recommends semi-quantitative or quantitative blood cultures for the diagnosis of 

CVC-related infections (Mermel 2001; Mermel 2009). However, only one of the studies 

included in our analyses (La Quaglia 1994) defined CVC-related infections by quantitative 

measures such as differential time-to-positivity (DTTP) or the number of colony forming units 

from CVC cultures exceeding the number cultured from peripheral cultures (Table 1), but 

the report contained no data describing peripheral blood cultures. In addition to clinical 

symptoms suggesting CVC-related infections, collection of at least two central blood cultures 

could further substantiate the diagnosis of a CVC-related infection (Simon 2006). However, 

other sources of the infection, such as the skin or gut, cannot be ruled out with this definition 

(Costa 2004).
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Finally, antibiotic resistance is a significant problem, especially in oncology where patients 

are immunocompromised, often need antibiotic treatments and spend many days in 

hospitals at risk of encountering multi-resistant pathogens. An advantage of antibiotic lock 

treatment over systemic antibiotics is the possibility of high local dosage without exposure 

to high systemic concentrations, thereby reducing antibiotic resistance. Nevertheless, despite 

these lower systemic concentrations, antibiotic lock treatments might still induce antibiotic 

resistance. New studies have therefore explored alternative lock solutions such as ethanol 

and taurolidine (Bradshaw 2008; Dümichen 2012; Oliveira 2012; Sanders 2008; Torres-

Viera 2000). Neither lock solution has known microbial resistance and both have shown 

activity against Gram-positive, Gram-negative rods and fungals (Chaudhury 2012; Chu 2012; 

Qu 2009; Rane 2012). Nevertheless, as pathogens and resistance patterns differ between 

patient groups, hospitals and countries, the optimal lock treatment should be determined by 

the pathogens cultured.

Authors’ Conclusions 

Implications for practice 

There is currently no evidence which supports the use of urokinase and ethanol lock 

treatments in addition to systemic antibiotics for tunnelled CVC-related infections in children 

with cancer, compared to systemic antibiotics alone. However, it should be noted that ‘no 

evidence of effect’, as demonstrated in this review, is not the same as ‘evidence of no effect’. 

Based on the currently available evidence we are not able to give recommendations for 

clinical practice.

No eligible randomised or controlled clinical trials addressed the other comparisons in which 

we were interested: one lock treatment versus another without systemic antibiotics, lock 

treatment versus systemic antibiotics alone, and one lock treatment versus another with 

concomitant systemic antibiotics. No conclusions can therefore be drawn about their efficacy 

in treating tunnelled CVC-related infections in children with cancer.

Implications for research 

More high quality research is needed before we can draw definitive conclusions about the 

efficacy of lock treatments for tunnelled CVC-related infections in children with cancer. Future 

studies should preferably be randomised controlled trials, performed in homogeneous study 

populations (e.g. by diagnosis or type of CVC), with long enough follow-up to detect recurrent 

infections. As few cases have described haemodynamic instability or CVC malfunction after 

lock procedures, future studies should closely monitor safety and perform interim analyses. 

The definition of CVC-related infections should be adapted to children, and should be based 

on clinical presentation and blood cultures. The number of participants should be sufficient 

to obtain the power needed for reliable results. However, the number of participants needed 
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to achieve enough power for a statistically significant result in randomised supportive care 

studies is often far beyond the number of patients locally available. International co-operation 

is therefore essential within paediatric oncology research.
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Additional table 1 Definitions of CVC-related infections 

Study Definitions of CVC related infections 

Atkinson 1998 Blood cultures drawn from the line positive for infection in the absence of any other 
source of infection including tunnel infections.

Dannenberg 2003 1) Bacteraemia: positive blood culture from the catheter and fever or a rise of 
infectious laboratory findings.

2) Sepsis: positive blood culture from the catheter and a least five of the following 
eight symptoms; fever/hypothermia, chills, tachycardia/bradycardia, tachypnoea, 
hypotonia, prolonged capillary refill time, oliguria, or altered mental status.

La Quaglia 1994 CVC-related sepsis was defined by quantitative cultures, i.e. 1) negative peripheral 
blood cultures, with simultaneous 1000 or more CFUs cultured from the CVC; or 2) 
CFUs from the catheter exceeded those from the peripheral blood by a factor of 10 
or more.

Footnotes CVC: central venous catheter; CFU: colony-forming units

Additional tables

Antibiotic and other lock treatments for catheter infections
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Additional table 2 Cohort studies to identify adverse events (no control group present)

Study Patients Interventions Outcomes

Barbaric 2004 42 children with cancer 
(including one with 
thalassaemia) with tunnelled 
CVC-related infections

Other lock treatment and 
systemic antibiotics: 
After 48 hours of systemic 
antibiotics, if positive blood 
cultures persisted; 2M HCL 
locks were administered, 
three times for ten 
minutes. No information 
was provided on type 
of antibiotic agents and 
dosage. We assume they all 
received systemic antibiotic 
treatment.

28/42 children cured, 14/42 
CVCs removed. Quote: “The 
most common reason for 
removal was the recurrence 
of positive blood cultures 
involving at least one of the 
initially cultured organisms”.

Two CVCs were removed 
because of mechanical 
complications (one 
CVC rupture and one 
extravasation of infusing 
fluids). Quote: “Because 
CVC removal occurred for 
reasons unrelated to sepsis, 
those two episodes were 
considered not evaluable 
and were excluded from 
subsequent analyses”. 
Comment: it is unclear if 
these CVC complications 
occurred during or after HCl 
administration.

No adverse events occurred.

Bernardi 2005 11 children with cancer with 
a (tunnelled) CVC-related 
infection.

Antibiotic lock treatment: 
ALT with vancomycin, 
vancomycin + amikacin, 
amphotericin B (2.5 mg/ml), 
teicoplanin (10 - 40 mg/ml) 
or ciprofloxacin, for at least 
12 - 24 hours, 5 - 10 days. 
In 9 of 11 children the CLC 
2000 connector was used, 
and the other two received 
ALT with heparin. No 
information was provided 
on dosage other than what 
we report here.

10 of 11 infectious episodes 
were cured. In one child the 
CVC was removed because 
fever persisted and another 
blood culture became 
positive.
Adverse events were not 
reported.
CVC malfunction: in one 
child (without a CLC 2000 
connector, treated with 
teicoplanin and heparin) the 
ALT solution precipitated, 
which was solved with 
urokinase flushes.

Cesaro 2007 Nine children with cancer 
with Broviac-Hickman CVCs 
using a CLC 2000 connector 
device, treated for recurrent 
bloodstream infections (n 
= 4) or CVC colonisation (n 
= 5).

Antibiotic lock treatment 
and systemic antibiotics: 
ALT with concomitant 
systemic antibiotic 
treatment. ALT consisted 
of vancomycin (5 mg/
ml), amikacin (5 mg/ml), 
teicoplanin (10 - 40 mg/
ml) or amphotericin B (2.5 
mg/ml),· dwell period at 
least 12 - 24 hours, for 5 
- 14 days. No information 
was provided on systemic 
antibiotic treatment.

All nine infectious episodes 
were cured initially. Three 
CVCs were removed; 
two because of fever of 
unknown origin (91 and 
145 days after ALT) and 
one because of a sepsis 
caused by Trichoderma sp. 
71 days after ALT for a CVC-
related infection with a 
different pathogen (Staph. 
epidermidis).
No adverse events and 
no CVC malfunctioning 
occurred.

62

proefschrift-2015-definitief.indb   62 14-7-2015   11:06:51



3

Jones 1993 59 episodes of blood culture 
positive sepsis in 45 children 
with cancer with tunnelled 
CVCs.
Please note that Jones 1996 
describes the same study.

Other lock treatment and 
systemic antibiotics: 
Systemic antibiotic 
treatment with concomitant 
1 - 2 ml urokinase locks 
(Abbokinase; Abbott, 
Chicago), left to dwell for 
one hour, for 2 days. No 
information was provided 
on systemic antibiotic 
treatment.

All infectious episodes 
initially responded; three 
children developed recurrent 
sepsis and required CVC 
removal. In total, eight CVCs 
were removed. Reasons 
for removal: two exit site 
infections, three sepsis 
recurrence, and three other: 
two elective removals 
and one because of CVC 
malfunction (not further 
specified).
No adverse events occurred.

Jones 1996 154 episodes of 
bacteraemia or candidaemia 
in 97 participants (including 
11% with non-malignant 
haematologic conditions) 
with 110 tunnelled CVCs.
Please note that Jones 1993 
describes the same study.

Other lock treatment and 
systemic antibiotics: 
Systemic antibiotic 
treatment with concomitant 
1 ml urokinase locks (5000 
IU/ml), repeated 12 - 24 
hours later. If the blood 
culture remained positive 
another course of the 
urokinase protocol was 
given. No information 
was provided on systemic 
antibiotic treatment and the 
duration of lock treatment.

In 12 of 154 episodes, 
blood cultures remained 
positive: in two children 
CVCs were removed, ten 
children were treated 
with a second course 
of urokinase and seven 
became negative in second 
instance. The remaining 
three CVCs were removed. 
Of the 142 episodes in 
which the bacteraemia was 
initially cleared (after the 
first course of urokinase) 
or in the seven episodes 
cleared in second instant 
(after the second course), 
24 CVCs were removed for 
the following reasons: exit 
site infection (n = 3), child 
or physicians wish (n = 8), 
mechanical complications 
(n = 6), death of the child 
as a result of progression 
of malignant disease (n = 6) 
or end of treatment (n = 1). 
Mechanical complications 
were not further specified. 
15 of 125 episodes recurred 
within 5 - 51 days after 
antibiotic treatment for 
the original infection was 
concluded.
No adverse events occurred. 
CVC malfunction occurred 
in six children.

Antibiotic and other lock treatments for catheter infections
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McCarthy 1995 19 episodes of Gram 
positive cocci CVC-related 
infections in 11 children with 
cancer.

Antibiotic lock treatment 
alone: 
15 episodes in nine 
children with negative 
peripheral blood cultures 
and neutrophil count > 1.5 
x 109/L were treated with 
66 mg or 145 mg (adjusted 
to catheter size) teicoplanin 
(Targocid 400 mg/3 ml, 
Marion Merrell Dow) locks. 
Locks were replaced every 
24 hours, mean treatment 
duration 6 days (range 4 - 
9 days). One CVC-related 
infection recurred and was 
treated in lock treatment 
and systemic antibiotics 
group.

Antibiotic lock treatment 
and systemic antibiotics: 
4 episodes in three children 
with CVC-related infections 
and either a positive 
peripheral blood culture 
or a neutrophil count less 
than 1.5 x 109/L were 
treated with teicoplanin 
locks (as described above) 
and concomitant systemic 
antibiotics.No information 
was provided on systemic 
antibiotic treatment.

Three of nine children in the 
antibiotic lock group alone 
experienced a recurrence 
of the CVC-related infection 
and one of two in the 
antibiotic lock and systemic 
antibiotics group. None 
of the CVCs was removed 
because of infections.
No adverse events or CVC 
malfunction occurred.

Plourde 2011 
Preliminary data; 
abstract only

80 children with cancer with 
CVC-related infections

Other lock treatment 
only: Retrospective study, 
investigating 70% ethanol 
locks, four hours daily for 
1 - 11 days. 39 children 
received ethanol locks. We 
assume participants were 
given concomitant systemic 
antibiotics. However, this 
was not specified in the 
report.

Treatment without lock: 
41 children received no 
ethanol lock treatment. We 
assume participants were 
given concomitant systemic 
antibiotics. However, this 
was not specified in the 
report.

36 of 169 infections 
(21.3%) were described as 
treatment failures, 6.5% 
occurred in the other lock 
treatment group, 14.7% in 
the treatment without lock 
group. Number of children 
with recurrent infections 
was not specified in the 
report.
Adverse events and CVC 
malfunction were not 
reported.
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Rao 1992 11 children with cancer with 
CVC-related infections

Antibiotic lock treatment 
alone: 
Eight episodes in six 
children with negative 
peripheral blood cultures 
and neutrophil count > 1.5 x 
109/L were treated with 40 
mg Amikacin locks (amikacin 
sulphate paediatric injection 
100 mg 2 ml-1, Bristol 
Myers). One episode was 
a recurrence of an episode 
treated in the control group. 
Also, one participant in 
the intervention group 
experienced a recurrence 
and was subsequently 
treated in the intervention 
group. Lock duration not 
specified.

Antibiotic lock treatment 
and systemic antibiotics: 
Six episodes in five children 
with CVC-related infections 
and either a positive 
peripheral blood culture 
or a neutrophil count less 
than 1.5 x 109/L were 
treated with amikacin locks 
and concomitant systemic 
antibiotics. No information 
was provided on type of 
antibiotic agents used for 
systemic treatment, dosage 
and lock duration.

One child out of six in the 
antibiotic lock alone group 
experienced a recurrence 
of the CVC-related infection 
and one out of five in the 
lock and systemic antibiotics 
group.
Adverse events and CVC 
malfunction were not 
reported.

Yazici 2007 
Preliminary data; 
abstract only

33 episodes of CABSI in 22 
children with cancer

Antibiotic lock treatment 
and systemic antibiotics: 
Systemic antibiotics with 
concomitant antibiotic 
lock treatment, containing 
vancomycin, teicoplanin, 
meropenem, teicoplanin 
with aminoglycoside or 
amphotericin B. Dose and 
lock duration not specified.
·

25 of 33 episodes were 
cured. Quote: “Device 
removal and recurrent 
infections were detected in 
five patients. Two patients 
died, with progressive 
disease and sepsis.” Further 
specification not reported.
Adverse events and CVC 
malfunction were not 
reported.

Footnotes CVC: central venous catheter; CABSI: CVC-associated blood stream infection; HCL: hydrochloric 
acid; ALT: antibiotic lock treatment; IU: international unit

Antibiotic and other lock treatments for catheter infections
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Characteristics of studies

Characteristics of included studies
Atkinson 1998

Methods Single-centre RCT conducted in Los Angeles, USA.

Participants 63 children with cancer and tunnelled CVCs with a CVC-related infection (for the 
exact definition of CVC-related infections in this study see Table 1) and without 
a gross thrombus of fibrin within or attached to the CVC. Thrombus and fibrin 
deposits were investigated with a dye study injection of the CVC. Not all children 
received chemotherapy; the exact number is not reported.

Type of CVCs; 11 single-lumen Broviac (7 intervention, 4 control), 41 double-lumen 
Broviac (18 intervention, 23 control) and 11 porth-á-cath (8 intervention, 3 control).

Underlying diseases: 5 neuroblastoma (3 intervention, 2 control), 9 haemophilia (4 
intervention, 5 control), 11 brain tumours (8 intervention, 3 control), 4 lymphomas 
(2 in each group), 11 ALL (4 intervention, 7 control), 8 ANLL (2 intervention, 6 
control), 7 sarcomas (5 intervention, 2 control), 8 other (not further specified; 5 
intervention, 3 control).

Interventions Urokinase locks and concomitant systemic antibiotics (n = 33, intervention group) 
versus systemic antibiotics only (n = 30, control group).

Lock treatment: intraluminal boluses of urokinase (Abbokinase Open-Cath, Abbott 
laboratories, Chicago IL) were instilled after at least 24 hours of systemic antibiotics. 
Children received 2 x 5000 IU boluses of urokinase administered 12 hours apart via 
each lumen of the catheter to dwell for one hour.

The choice of antibiotics was adjusted by the treating physician according to the 
sensitivities of the organisms that had been cultured.

Data and analyses 
Comparison 1 Lock treatment with systemic Comparison antibiotics versus systemic antibiotics alone

Outcome of subgroup Studies Participants Statistical Method Effect Estimate

1.1 Number of participants cured from CVC-related infection 3 Risk Ratio(M-H, Random, 95% CI) Subtotals only 

   1.1.1 Data extracted from RCTs (urokinase lock) 2 104 Risk Ratio(M-H, Random, 95% CI) 1.02[0.79, 1.32]

   1.1.2 Data extracted from CCT (ethanol lock) 1 28 Risk Ratio(M-H, Random, 95% CI) 1.06[0.66, 1.70]

1.2 Number of participants with a recurrence of the CVC-related infection 2   Risk Ratio(M-H, Random, 95% CI) Subtotals only 

   1.2.1 Data extracted from RCT (urokinase lock) 1 41 Risk Ratio(M-H, Random, 95% CI) 1.04[0.44, 2.47]

   1.2.2 Data extracted from CCT (ethanol lock) 1 28 Risk Ratio(M-H, Random, 95% CI) 0.87[0.27, 2.79]

1.3 Premature CVC removal 3   Risk Ratio(M-H, Random, 95% CI) Subtotals only 

   1.3.1 Data extracted from RCTs (urokinase lock) 2 104 Risk Ratio(M-H, Random, 95% CI) 0.97[0.54, 1.72]

   1.3.2 Data extracted from CCT (ethanol lock) 1 28 Risk Ratio(M-H, Random, 95% CI) 0.87[0.06, 12.52]

1.4 ICU admission (urokinase lock) 1 41 Risk Ratio(M-H, Random, 95% CI) 0.78[0.05, 11.67]

1.5 Sepsis (urokinase lock) 1 41 Risk Ratio(M-H, Random, 95% CI) 0.78[0.18, 3.43]
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Outcomes (1) Number of children cured of their CVC-related infection.

(2) Number of days until first negative blood culture (defined as time from initiation 
of antibiotic therapy to negative catheter culture).

(3) Premature removal of the CVC (defined as the number of catheters requiring 
removal because of persistent clinical or culture-documented (i.e. culture positive for 
more than 72 hours beyond study entry) catheter sepsis).

Children in both groups were monitored from the day of study entry with daily 
blood cultures drawn from all lumens of the catheters. They were also monitored 
for clinical signs of clearance or persistence of the infection including resolution of 
fever and leukocytosis.

Notes A maximum of 17 participants with non-malignant disease could have been 
included in this study (i.e. 9 with haemophilia; for 8 other participants their 
underlying disease was not mentioned in the article). Not all participants received 
chemotherapy.

The urokinase lock group contains fewer children (n = 8) with haematologic 
malignancies than the systemic antibiotics alone group (n = 15).

Quote: “Study follow-up was completed when negative culture results were 
obtained and clinical signs resolved or when a failure was declared and the catheter 
removed”. No further information regarding follow-up was provided.

Risk of bias table Atkinson 1998

Bias Author’s 
judgment

Support for judgment

Random sequence 
generation

Unclear risk Quote: “Randomisation was performed by the pharmacist who also 
supplied the urokinase for injection”

Comment: the sequence generation was probably done randomly, 
as this is the purpose of randomisation; however a description of 
the method of randomisation is missing.

Data and analyses 
Comparison 1 Lock treatment with systemic Comparison antibiotics versus systemic antibiotics alone

Outcome of subgroup Studies Participants Statistical Method Effect Estimate

1.1 Number of participants cured from CVC-related infection 3 Risk Ratio(M-H, Random, 95% CI) Subtotals only 

   1.1.1 Data extracted from RCTs (urokinase lock) 2 104 Risk Ratio(M-H, Random, 95% CI) 1.02[0.79, 1.32]

   1.1.2 Data extracted from CCT (ethanol lock) 1 28 Risk Ratio(M-H, Random, 95% CI) 1.06[0.66, 1.70]

1.2 Number of participants with a recurrence of the CVC-related infection 2   Risk Ratio(M-H, Random, 95% CI) Subtotals only 

   1.2.1 Data extracted from RCT (urokinase lock) 1 41 Risk Ratio(M-H, Random, 95% CI) 1.04[0.44, 2.47]

   1.2.2 Data extracted from CCT (ethanol lock) 1 28 Risk Ratio(M-H, Random, 95% CI) 0.87[0.27, 2.79]

1.3 Premature CVC removal 3   Risk Ratio(M-H, Random, 95% CI) Subtotals only 

   1.3.1 Data extracted from RCTs (urokinase lock) 2 104 Risk Ratio(M-H, Random, 95% CI) 0.97[0.54, 1.72]

   1.3.2 Data extracted from CCT (ethanol lock) 1 28 Risk Ratio(M-H, Random, 95% CI) 0.87[0.06, 12.52]

1.4 ICU admission (urokinase lock) 1 41 Risk Ratio(M-H, Random, 95% CI) 0.78[0.05, 11.67]

1.5 Sepsis (urokinase lock) 1 41 Risk Ratio(M-H, Random, 95% CI) 0.78[0.18, 3.43]

Antibiotic and other lock treatments for catheter infections
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Allocation 
concealment 
(selection bias)

Unclear risk The method of randomisation was not specified.

Incomplete outcome 
data (attrition bias)

Low risk Complete outcome assessment of all included participants for all 
outcome measures investigated.

Selective reporting 
(reporting bias)

Low risk Complete outcome reporting of all included participants for all 
outcome measures investigated.

Blinding of 
participants 
and personnel 
(performance bias)

High risk The study was open-label: neither participants nor personnel were 
blinded.

Blinding of outcome 
assessment 
(detection bias

High risk The study was open-label: outcome assessors were not blinded for 
any outcome evaluated.

Dannenberg 2003

Methods CCT conducted in a single centre in Germany. 

Participants 28 children with cancer with a CVC-related infection (for the exact definition 
of CVC-related infections in this study see Table 1). All were treated with 
chemotherapy. No information on the presence of a thrombus in the CVC was 
provided.

Types of CVCs: double-lumen or triple-lumen Broviac catheters (possibly one triple-
lumen catheter was used; not stated in which treatment group it might have been 
included).

Underlying disease: 9 ALL (6 intervention, 3 control), 2 AML (one in each treatment 
group), 3 neuroblastoma (2 intervention, 1 control), 4 osteosarcoma (1 intervention, 
3 control), 2 Ewing sarcoma (one in each treatment group), 1 Hodgkin lymphoma 
(intervention), 2 medulloblastoma (both intervention), 1 rhabdomyosarcoma 
(intervention), 1 schwannoma (control), 1 PNET (control), 1 nephroblastoma 
(control) and 1 ependymoma (control).

Interventions Ethanol locks and systemic antibiotics (n = 15, intervention group) versus systemic 
antibiotics alone (n = 13, control group).

Participants were treated between January 2000 and December 2001. The systemic 
antibiotics alone were standard care until the second half of 2000. The ethanol 
lock and systemic antibiotics treatment became standard policy during 2001. So 
in the second half of 2000 both interventions were used. Three children were 
treated in both treatment arms for different infectious episodes. However, we have 
only included the results of the first episode for each child in the analyses. Lock 
treatment: each port was alternately locked for three days with 2.3 ml of a 74% 
ethanol solution for 20 - 24 hours. The solution was then flushed through to prevent 
clotting inside the catheter. Systemic antibiotics were started concomitantly (initially 
empiric, and specific after antibiogram).

Outcomes (1) Number of children cured of their CVC-related infection.

(2) Number of children experiencing a recurrence of their CVC-related infection.

(3) Premature removal of the CVC (defined as catheter removal because of 
infection).
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Notes The ethanol lock group contained more children (n = 8) with haematologic 
malignancies than the systemic antibiotics alone group (n = 4).

Follow-up period consisted of “the subsequent leukopenic periods or within 4 
weeks of finishing treatment”.

Risk of bias table Dannenberg 2003

Bias Author’s 
judgment

Support for judgment

Random sequence 
generation

High risk CCT, so no randomisation was performed.

Quote: “Until the second half of the year 2000, all children who had 
a documented positive blood culture received systemic antibiotic 
therapy alone, whereas the ethanol-lock technique became 
standard procedure in our management plan during 2001.”

Comment: In the second half of 2000 participants were allocated to 
both the experimental and the control arm. The procedure for this 
selection was not specified. Also three children were treated in a 
different arm when presenting with a recurrence of the infection.

Allocation 
concealment 
(selection bias)

High risk CCT, so no randomisation was performed.

Incomplete outcome 
data (attrition bias)

Low risk Complete reporting for all outcomes investigated.

Selective reporting 
(reporting bias)

Low risk Complete reporting for all outcome measures investigated.

Blinding of 
participants 
and personnel 
(performance bias)

High risk No blinding of participants and personnel. 

Blinding of outcome 
assessment 
(detection bias

High risk No blinding of outcome assessors (for any outcome investigated).

La Quaglia 1994

Methods RCT conducted in a single centre in the USA.  

Participants 41 children undergoing chemotherapy with tunnelled external CVCs and CVC-
related sepsis (for the exact definition of CVC-related infections in this study 
see Table 1). The presence of a thrombus in the CVC was not assessed for all 
participants; the presence of a thrombus was not an exclusion criterion.

Types of CVCs: all Hickman catheters.

Underlying diseases: 6 neuroblastoma (4 intervention, 2 control), 16 ALL/AML/
monosomy 7/aplastic anaemia (9 intervention, 7 control), 8 osteosarcoma/
chondrosarcoma/Ewing’s sarcoma (4 in each treatment group), 3 
rhabdomyosarcoma (1 intervention, 2 control), 4 hepatoblastoma/Wilms’ tumour/
germ cell tumour (2 in each treatment group), 4 non-Hodgkin’s lymphoma/brain 
tumour (3 intervention, 1 control).

Antibiotic and other lock treatments for catheter infections
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Interventions Urokinase locks and systemic antibiotics (n = 23, intervention group) versus systemic 
antibiotics alone (n = 18, control group).

All participants were started with broad-spectrum antibiotics at diagnosis (usually 
ticarcillin/clavulanate (300 mg/kg/d) and gentamicin (2 mg/kg loading and 5 mg/
kg/d every 6 to 8 hours thereafter)). When the diagnosis of CVC-related sepsis was 
established, participants were randomised to receive urokinase (25,000 U/cm³/
catheter lumen) or a similar volume of placebo every 12 hours for a total of four 
doses. The study drug was instilled by a slow push from a syringe, then aspirated 
after 1 hour.

Outcomes (1) Number of children cured of their CVC-related infection.

(2) Number of children experiencing a recurrence of their CVC-related infection.

(3) Number of days until first negative blood culture.

(4) Premature removal of CVC (defined as removed during study because of 
infection).

(5) ICU admission.

(6) Sepsis. 

Notes A maximum of 16 children with non-malignant disease could have been included in 
this study (i.e. monosomy 7 and aplastic anaemia), but all participants included in 
this study received chemotherapy.

It was unclear if the number of haematological malignancies was comparable 
between the treatment groups.

Trial prematurely stopped because of results futility analysis and haemodynamic 
instability after flushing of catheters in both study groups.

Follow-up duration not specified. 

Risk of bias table La Quaglia 1994

Bias Author’s 
judgment

Support for judgment

Random sequence 
generation

Unclear risk Quote: “Randomisation was conducted by the central pharmacy”.

Comment: the method of randomisation was not described and it is 
therefore unclear if sequence generation was random.

Allocation 
concealment 
(selection bias)

Unclear risk Quote: “Randomisation was conducted by the central pharmacy”

Comment: the method of randomisation was not described and it is 
therefore unclear if allocation was concealed.

Incomplete outcome 
data (attrition bias)

Low risk Outcome assessment in all included patients for all outcomes 
investigated.

Selective reporting 
(reporting bias)

Low risk Reporting on all findings for all outcome measures investigated.

Blinding of 
participants 
and personnel 
(performance bias)

Low risk Quote: “the pharmacy dispensed the study drug in numbered vials, 
the contents of which were unknown to the medical staff”.

Comment: Although it is not mentioned if participants were 
blinded, it is very unlikely the participants were aware of the group 
they were allocated to, since the study was double-blind and the 
drug was dispensed in numbered vials. We have assumed they were 
blinded.
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Blinding of outcome 
assessment 
(detection bias

Low risk Outcome assessors were blinded (for all outcomes evaluated).

Quote: “the pharmacy dispensed the study drug in numbered vials, 
the contents of which were unknown to the medical staff”.

Abbreviations; RCT: randomised controlled trial; USA: United States of America; CVC: central venous catheter; 
ALL: acute lymphoblastic leukaemia; ANLL: acute non-lymphocytic leukaemia; IL: Illinois; ICU: intensive care 
unit; IU: international unit; CCT: controlled clinical trial.

Characteristics of excluded studies 
Study Reason for exclusion

Abdelkefi 2007 (1) Study group consisted mainly of adults. 
(2) Investigates prevention of CVC-related infections.
(3) Coated CVCs.

Abdelkefi 2008 (1) Study group consisted mainly of adults.
(2) Investigates prevention of CVC-related infections.
(3) Coated CVCs. 

Akyüz 2010 Investigates prevention of CVC-related infections, with taurolidine locks.

Al-Hathal 1989 Observational study of CVC-related complications; lock treatments not evaluated.

Albanese 1993 Review of CVCs in children with cancer.

Anoop 2009 Review of the role of ALT in the treatment of CVC-related infections.

Aquino 2002 Investigates prevention of CVC-related infections.

Arora 2010 (1) Investigates prevention of CVC-related infections.
(2) Systematic review.

Ascher 1993 (1) Case report.
(2) Urokinase flushes with systemic antibiotics.

Ashkenazi 1992 Observational study of risk factors for mortality due to bacteraemia and 
fungaemia in childhood.

Atay 2004 Systemic antibiotic treatment of CVC-related infection; lock treatments not 
evaluated.

Attal 1991 (1) Adult study population.
(2) Investigates prevention of Gram-positive infections.
(3) Systemic antibiotic treatment; lock treatments not evaluated.

Averbuch 2008 (1) Systemic antibiotic treatment; lock treatments not evaluated.
(2) Retrospective study.

Backeljauw 1991 (1) Case report.
(2) Treatment of CVC-related thrombus.

Bagnall-Reeb 1990 Observational study of CVC-related complications; lock treatments not evaluated.

Ball 1993 Systemic antibiotic treatment; lock treatments not evaluated.

Barriga 1997 Prevention of CVC-related infections.

Berger 2004 Systemic antibiotic treatment; lock treatments not evaluated.

Beutel 2005 Review of diagnosis and treatment of CVC-related infections.

Boughton 1989 (1) Systemic antibiotic treatment; lock treatments not evaluated.
(2) Febrile neutropenic participants.

Butt 2004 (1) Adult study population.
(2) Observational study of CVC-related infections; lock treatments not evaluated.

Antibiotic and other lock treatments for catheter infections
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Castagnola 2001 (1) Case report.
(2) Observational study of bacillus sphaericus bacteraemia.

Castagnola 2010 Investigates diagnosis of CVC-related infections.

Cesaro 2009 Investigates prevention of CVC-related complications.

Chamberlain 2005 (1) Systemic antibiotic treatment; lock treatments not evaluated.
(2) Audit investigating treatment of febrile neutropenia.

Chatzinikolaou 2003 Investigates prevention of CVC-related infections.

Chen 2009 (1) Diagnosis of CVC-related infections.
(2) Study group consisted mainly of adults.

Chen 2011 (1) Adult study population.
(2) Observational study of CVC-related infections; lock treatments not evaluated.

Cherif 2004 (1) Systemic antibiotic treatment; lock treatments not evaluated.
(2) Adult study population.
(3) Febrile neutropenic patients.

Cherrick 1995 (1) Case report.
(2) Systemic antibiotic treatment; lock treatments not evaluated.

Chiu 1998 Observational study of bacteraemia in children with neutropenic fever.

Daghistani 1996 Investigates prevention of CVC-related infections.

Dias 2008 (1) Investigates an outbreak of Pseudomonas putida and Stenotrophomonas 
maltophilia infections associated with contaminated heparin catheter-lock solution.
(2) Heterogeneous treatments; 27 different treatment regimens.

Dillon 2004 Investigates prevention of CVC-related complications.

Doganis 2007 Observational study of CVC-related infections; lock treatments not evaluated.

Douard 1991 (1) Investigates diagnosis of CVC-related infections.
(2) Heterogeneous group, including selected cases treated with ALT and systemic 
antibiotics (n = 2) or ALT alone (n = 3).

Dunn 2008 Children with malignancies were not included in this study.

Elting 1990 Observational study of Xanthomonas and non-aeruginosa Pseudomonas species.

Giacchino 2007 Systemic antibiotic treatment; lock treatments not evaluated.

Haffar 1984 Children with malignancies were not included in this study.

Haimi-Cohen 2001 Pharmacokinetics study.

Handrup 2010 Observational study of CVC-related infections; lock treatments not evaluated.

Henrickson 2000 Investigates prevention of CVC-related infections and thrombotic events.

Jones 2001 Investigates prevention of CVC-related infections and thrombotic events.

Kalmanti 2002 Investigates prevention of CVC-related complications.

Kaplan 2003 Systemic antibiotic treatment; lock treatments not evaluated.

Kefeli 2009 Investigates prevention of CVC-related complications.

Kethireddy 2008 (1) Investigates prevention of CVC-related complications.
(2) Meta-analysis.

Ketley 1995 (1) Study group consisted mainly of adults.
(2) Systemic antibiotic treatment; lock treatments not evaluated.

Kinsey 1998 Systemic antibiotic treatment; lock treatments not evaluated.

Lee 2005 Systematic review.
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Ley 1996 (1) Adult study population.
(2) Systemic antibiotic treatment; lock treatments not evaluated.

Menichetti 1990 (1) Adult study population.

Norville 2006 Observational study of hub colonisation; lock treatments not evaluated.

O’Brien 1988 (1) Study group consisted mainly of adults.
(2) Systemic antibiotic treatment; lock treatments not evaluated.

Paulus 2005 Systemic antibiotic treatment; lock treatments not evaluated.

Raad 1997 (1) Adult study population.
(2) Investigates prevention of CVC-related infections.
(3) Coated CVCs.

Raad 2003 (1) Study group consisted mainly of adults.
(2) Systemic antibiotic treatment; lock treatments not evaluated.

Reilly 2004 Observational study of atypical mycobacterial infections in children.

Riikonen 1993 Observational study in children with CVCs and febrile neutropenia.

Rubin 1999 Observational study of treatment of CVC-related infections; lock treatments not 
evaluated.

Russell 1990 Observational study of CVC-related complications; lock treatments not evaluated.

Ruud 2006 Investigates prevention of CVC-related thrombosis.

Safdar 2007 (1) Adult study population.
(2) Observational study of polymicrobial bloodstream infections.

Safdar 2006 (1) Adult study population
(2) Investigates prevention of CVC related infections, with vancomycin lock or flush 
solutions

Sanchez-Munoz 2005 Adult study population.

Scheinemann 2010 Diagnosis of CVC-related infections.

Schierholz 2010 (1) Adult study population.
(2) Investigates prevention of CVC-related infections.
(3) Coated CVCs.

Schmid 1991 (1) Mainly adult study population.
(2) Observational study of CVC-related complications; lock treatments not 
evaluated.

Schwartz 1990 Investigates prevention of CVC-related infections.

Shivnan 1991 Investigates prevention of CVC-related infections.

Simon 1994 (1) Mainly adult study population.
(2) Observational study of treatment of CVC-related infections; lock treatments not 
evaluated.

Simon 2006 Review.

Simon 2008a Investigates prevention of CVC-related infections with taurolidine-citrate lock 
solution.

Simon 2008b (1) Review.
(2) Investigates prevention of CVC-related complications.

Smith 1989 Systemic antibiotic treatment; lock treatments not evaluated.

Snaterse 2010 (1) Investigates prevention of CVC-related infections.
(2) Review.

Souza Dias 2008 Treatment of colonised CVCs; lock treatments not evaluated.

Antibiotic and other lock treatments for catheter infections
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Stoneham 2007 Diagnosis of CVC-related infections.

Tobiansky 1997 Observational study of CVC-related complications in children with and without 
cancer; lock treatments not evaluated.

Viscoli 1988 Review.

Wiener 1992 Observational study of CVC-related complications; lock treatments not evaluated.
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Appendices 

1 Search strategy for Cochrane Central Register of Controlled Trials (CENTRAL) 

1. For Antibiotic lock the following text words were used:

ethanol lock or citrate lock or taurolidine lock or taurolock or urokinase or lock solution or 

flush solution or flush or flushing or flush* OR antibiotic or antibiotics or antibiotic* OR lock or 

locks or locking or lock* OR lock therapy or lock treatment or lock regimen or lock technique 

OR antibiotic lock or antibiotic locks or antibiotic-lock or antibiotic-locks or antibiotic locking 

or antibiotic-locking OR antibiotic lock treatment OR ALT

2. For Catheter the following text words were used:

central venous catheter OR central venous catheters OR central venous catheter* OR CVCs 

OR catheter-related infections OR catheter related complications OR broviac OR port-a-

cath OR port acath OR port a cath OR hickman OR infuse a port OR catheterisation central 

venous OR tunnelled central venous catheter OR TCVC OR catheterization central venous OR 

peripherally inserted central catheter OR picc OR central venous line OR central venous device 

OR central venous access device OR CVAD OR CVC OR Indwelling Catheter OR Indwelling 

Catheters OR In-Dwelling Catheters OR In Dwelling Catheters OR In-Dwelling Catheter OR 

Venous Reservoirs OR Venous Reservoir OR Implantable Catheters OR Implantable Catheter 

OR Vascular Access Ports OR Vascular Access Port OR Intra-Arterial Lines OR Intra Arterial 

Lines OR Intra-Arterial Line OR Arterial Lines OR Arterial Line OR implantable port OR 

implantable ports OR implantable catheter OR implantable catheters OR totally implantable 

access port OR totally implantable access ports OR TIAP OR TIAPs

3. For Infection the following text words were used:

sepsis OR bacteremia OR bacteremias OR bacteraemia OR infection OR infections OR 

line infection OR line infections OR bloodstream infection OR bloodstream infections OR 

infectious diseases OR Pyemia OR Pyemias OR Pyohemia OR Pyohemias OR Pyaemia OR 

Pyaemias OR Septicemia OR Septicemias OR Septicaemia OR Septicaemias OR Severe Sepsis 

OR catheter-related bloodstream infection OR catheter-related bloodstream infections 

OR CRBSI OR CRBSIs OR catheter-related bacteremia OR catheter-related bacteremias OR 

catheter-related bacteraemia OR catheter-related bacteraemias OR BSI OR NSIs OR CABSI OR 

CABSIs OR catheter-associated bloodstream infection OR catheter-associated bloodstream 

infections OR catheter-related infections OR catheter related complications

4. For Children the following text words were used:

infant OR infan* OR newborn OR newborn* OR new-born* OR baby OR baby* OR babies 

OR neonat* OR perinat* OR postnat* OR child OR child* OR schoolchild* OR schoolchild OR 

school child OR school child* OR kid OR kids OR toddler* OR adolescent OR adoles* OR teen* 
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OR boy* OR girl* OR minors OR minors* OR underag* OR under ag* OR juvenil* OR youth* 

OR kindergar* OR puberty OR puber* OR pubescen* OR prepubescen* OR prepuberty* 

OR pediatrics OR pediatric* OR paediatric* OR peadiatric* OR schools OR nursery school* 

OR preschool* OR pre school* OR primary school* OR secondary school* OR elementary 

school* OR elementary school OR high school* OR highschool* OR school age OR schoolage 

OR school age* OR schoolage* OR infancy

5. For Childhood cancer the following text words were used:

(leukemia OR leukemi* OR leukaemi* OR (childhood ALL) OR AML OR lymphoma OR 

lymphom* OR hodgkin* OR T-cell OR B-cell OR non-hodgkin OR sarcoma OR sarcom* OR 

Ewing* OR osteosarcoma OR osteosarcom* OR wilms tumor OR wilms* OR nephroblastom* 

OR neuroblastoma OR neuroblastom* OR rhabdomyosarcoma OR rhabdomyosarcom* OR 

teratoma OR teratom* OR hepatoma OR hepatom* OR hepatoblastoma OR hepatoblastom* 

OR PNET OR medulloblastoma OR medulloblastom* OR PNET* OR neuroectodermal tumors, 

primitive OR retinoblastoma OR retinoblastom* OR meningioma OR meningiom* OR glioma 

OR gliom* OR pediatric oncology OR paediatric oncology OR childhood cancer OR childhood 

tumor OR childhood tumors OR cancer or neoplasms or tumor or cancers or neoplasm or 

tumors)

6. For Cancer the following text words were used:

cancer OR cancers OR cancer* OR oncology OR oncolog* OR neoplasm OR neoplasms OR 

neoplasm* OR carcinoma OR carcinom* OR tumor OR tumour OR tumor* OR tumour* 

OR tumors OR tumours OR malignan* OR malignant OR hematooncological OR hemato 

oncological OR hemato-oncological OR hematologic neoplasms OR hematolo*

Final search: 1 and 2 and 3 and 4 and (5 or 6)

The search was performed in title, abstract or keywords.

[*=one or more characters]

2 Search strategy for PubMed 

1. For Antibiotic lock the following MeSH headings and text words were used:

ethanol lock or citrate lock or taurolidine lock or taurolock or urokinase or lock solution or 

flush solution or flush or flushing or flush* OR antibiotic or antibiotics or antibiotic* OR lock or 

locks or locking or lock* OR lock therapy or lock treatment or lock regimen or lock technique 

OR antibiotic lock or antibiotic locks or antibiotic-lock or antibiotic-locks or antibiotic locking 

or antibiotic-locking OR antibiotic lock treatment OR ALT

2. For Catheter the following MeSH headings and text words were used:

central venous catheter OR central venous catheters OR central venous catheter* OR CVCs) 

OR (catheterization, central venous) OR (broviac OR port-a-cath OR port acath OR port a cath 
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OR hickman OR infuse a port) OR (catheterisation central venous OR tunnelled central venous 

catheter OR TCVC OR catheterization central venous OR peripherally inserted central catheter 

OR picc OR central venous line OR central venous device) OR (central venous access device 

OR CVAD OR CVC) OR (catheters, indwelling[mh]) OR (Catheter, Indwelling OR Indwelling 

Catheter OR Indwelling Catheters OR In-Dwelling Catheters OR Catheter, In-Dwelling 

OR Catheters, In-Dwelling OR In Dwelling Catheters OR In-Dwelling Catheter OR Venous 

Reservoirs OR Reservoir, Venous OR Reservoirs, Venous OR Venous Reservoir OR Implantable 

Catheters OR Catheter, Implantable OR Catheters, Implantable OR Implantable Catheter OR 

Vascular Access Ports OR Access Port, Vascular OR Access Ports, Vascular OR Port, Vascular 

Access OR Ports, Vascular Access OR Vascular Access Port OR Intra-Arterial Lines OR Intra 

Arterial Lines OR Intra-Arterial Line OR Line, Intra-Arterial OR Lines, Intra-Arterial OR Arterial 

Lines OR Arterial Line OR Line, Arterial OR Lines, Arterial) OR implantable port OR implantable 

ports OR implantable catheter OR implantable catheters OR totally implantable access port 

OR totally implantable access ports OR TIAP OR TIAPs 

3. For Infection the following MeSH headings and text words were used:

sepsis OR bacteremia OR bacteremias OR bacteraemia OR infection OR infections OR line 

infection OR line infections OR bloodstream infection OR bloodstream infections OR infectious 

diseases OR Pyemia OR Pyemias OR Pyohemia OR Pyohemias OR Pyaemia OR Pyaemias OR 

Septicemia OR Septicemias OR Septicaemia OR Septicaemias OR Severe Sepsis OR Sepsis, 

Severe OR catheter-related bloodstream infection OR catheter-related bloodstream infections 

OR CRBSI OR CRBSIs OR catheter-related bacteremia OR catheter-related bacteremias OR 

catheter-related bacteraemia OR catheter-related bacteraemias OR BSI OR NSIs OR CABSI OR 

CABSIs OR catheter-associated bloodstream infection OR catheter-associated bloodstream 

infections OR catheter-related infections OR catheter related complications  

4. For Children the following MeSH headings and text words were used:

infant OR infan* OR newborn OR newborn* OR new-born* OR baby OR baby* OR babies OR 

neonat* OR child OR child* OR schoolchild* OR schoolchild OR school child OR school child* 

OR kid OR kids OR toddler* OR adolescent OR adoles* OR teen* OR boy* OR girl* OR minors 

OR minors* OR underag* OR under ag* OR juvenil* OR youth* OR kindergar* OR puberty 

OR puber* OR pubescen* OR prepubescen* OR prepuberty* OR pediatrics OR pediatric* OR 

paediatric* OR peadiatric* OR schools OR nursery school* OR preschool* OR pre school* 

OR primary school* OR secondary school* OR elementary school* OR elementary school OR 

high school* OR highschool* OR school age OR schoolage OR school age* OR schoolage* 

OR infancy OR schools, nursery OR infant, newborn 

5. For Childhood cancer the following MeSH headings and text words were used:

(((leukemia OR leukemi* OR leukaemi* OR (childhood ALL) OR AML OR lymphoma OR 

lymphom* OR hodgkin OR hodgkin* OR T-cell OR B-cell OR non-hodgkin OR sarcoma 
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OR sarcom* OR sarcoma, Ewing’s OR Ewing* OR osteosarcoma OR osteosarcom* OR 

wilms tumor OR wilms* OR nephroblastom* OR neuroblastoma OR neuroblastom* OR 

rhabdomyosarcoma OR rhabdomyosarcom* OR teratoma OR teratom* OR hepatoma OR 

hepatom* OR hepatoblastoma OR hepatoblastom* OR PNET OR medulloblastoma OR 

medulloblastom* OR PNET* OR neuroectodermal tumors, primitive OR retinoblastoma 

OR retinoblastom* OR meningioma OR meningiom* OR glioma OR gliom*) OR (pediatric 

oncology OR paediatric oncology)) OR (childhood cancer OR childhood tumor OR childhood 

tumors)) OR (brain tumor* OR brain tumour* OR brain neoplasms OR central nervous 

system neoplasm OR central nervous system neoplasms OR central nervous system tumor* 

OR central nervous system tumour* OR brain cancer* OR brain neoplasm* OR intracranial 

neoplasm*) OR (leukemia lymphocytic acute) OR (leukemia, lymphocytic, acute[mh]) 

6. For Cancer the following MeSH headings and text words were used:

cancer OR cancers OR cancer* OR oncology OR oncolog* OR neoplasm OR neoplasms OR 

neoplasm* OR carcinoma OR carcinom* OR tumor OR tumour OR tumor* OR tumour* 

OR tumors OR tumours OR malignan* OR malignant OR hematooncological OR hemato 

oncological OR hemato-oncological OR hematologic neoplasms OR hematolo*

Final search: 1 and 2 and 3 and 4 and (5 or 6)

[mh = MeSH term; *=one or more characters;RCT = randomized controlled trial; CCT = 

controlled clinical trial]

3 Search strategy for Embase/Ovid 

1. For Antibiotic lock the following Emtree terms and text words were used:

1.  (ethanol lock or citrate lock or taurolidine lock or taurolock).mp.

2.  exp UROKINASE/ or urokinase.mp.

3.  (lock solution or flush solution).mp.

4.  exp flushing/

5.  (flush or flushing or flush$).mp.

6.  exp antibiotic agent/

7.  (antibiotic or antibiotics or antibiotic$).mp.

8.  (lock or locks or locking or lock$).mp.

9.  (lock therapy or lock treatment or lock regimen or lock technique).mp.

10.  (antibiotic-lock or antibiotic-locks or antibiotic locking or antibiotic-locking).mp.

11.  (antibiotic lock or antibiotic locks).mp.

12.  (antibiotic lock treatment or ALT).mp.

13. or/1-12

2. For Catheter the following Emtree terms and text words were used:
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1.  (broviac or port-a-catch or port acatch or port a catch or portacatch or port or port-a-cat 

or portacat or hickman or infuse a port).mp.

2.  exp central venous catheter/

3.  (central venous catheter or central venous catheters or central venous catheter$).mp.

4.  CVCs.mp.

5.  exp central venous catheterization/

6.  (central venous catheterization or central venous catheterisation).mp.

7.  (tunnelled central venous catheter or TCVC).mp.

8.  (peripherally inserted central catheter or PICC).mp.

9.  (central venous line or central venous device).mp.

10.  (central venous access device or CVAD or CVC).mp.

11.  exp indwelling catheter/

12.  (indwelling catheter or indwelling catheters or in-dwelling catheter or in-dwelling 

catheters).mp.

13.  (venous reservoir or venous reservoirs).mp.

14.  (implantable catheter or implantable catheters).mp.

15.  (vascular access port or vascular access ports).mp.

16.  (intra-arterial line or intra-arterial lines or intra arterial line or intra arterial lines).mp.

17.  (arterial line or arterial lines).mp.

18.  (implantable port or implantable ports).mp.

19.  (implantable catheter or implantable catheters).mp.

20.  (totally implantable access port or totally implantable access ports or TIAP or TIAPs).mp.

21.  or/1-20

3. For Infection the following Emtree terms and text words were used:

1.  sepsis.mp. or exp SEPSIS/

2.  exp BACTEREMIA/ or bacteremia.mp.

3.  (bacteremias or bacteraemia).mp.

4.  exp INFECTION/ or exp BLOODSTREAM INFECTION/

5.  (infection or infections or line infection or line infections or bloodstream infection or 

bloodstream infections).mp.

6.  infectious diseases.mp.

7.  (Pyemia or Pyemias or Pyohemia or Pyohemias or Pyaemia or Pyaemias or Septicemia or 

Septicemias or Septicaemia or Septicaemias or Severe Sepsis).mp.

8.  (catheter-related infections or catheter related complications).mp.

9.  catheter-related bloodstream infection.mp. or exp catheter infection/

10.  (catheter-related bloodstream infections or CRBSI or CRBSIs).mp.

11.  (catheter-related bacteremia or catheter-related bacteremias or catheter-related 

bacteraemia or catheter-related bacteraemias or BSI or NSIs).mp.
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12.  (catheter-associated bloodstream infection or catheter-associated bloodstream infections 

or CABSI or CABSIs).mp.

13.  or/1-12

4. For Children the following Emtree terms and text words were used:

1.  infant/ or infancy/ or newborn/ or baby/ or child/ or preschool child/ or school child/

2.  adolescent/ or juvenile/ or boy/ or girl/ or puberty/ or prepuberty/ or pediatrics/

3.  primary school/ or high school/ or kindergarten/ or nursery school/ or school/

4.  or/1-3

5.  (infant$ or newborn$ or (new adj born$) or baby or baby$ or babies or neonate$ or 

perinat$ or postnat$).mp.

6.  (child$ or (school adj child$) or schoolchild$ or (school adj age$) or schoolage$ or (pre 

adj school$) or preschool$).mp.

7.  (kid or kids or toddler$ or adoles$ or teen$ or boy$ or girl$).mp.

8.  (minors$ or (under adj ag$) or underage$ or juvenil$ or youth$).mp.

9.  (puber$ or pubescen$ or prepubescen$ or prepubert$).mp.

10.  (pediatric$ or paediatric$ or peadiatric$).mp.

11.  (school or schools or (high adj school$) or highschool$ or (primary adj school$) or (nursery 

adj school$) or (elementary adj school) or (secondary adj school$) or kindergar$).mp.

12.  or/5-11

13.  4 or 12

5. For Childhood cancer the following Emtree terms and text words were used:

1.  (leukemia or leukemi$ or leukaemi$ or (childhood adj ALL) or acute lymphocytic leukemia).

mp.

2.  (AML or lymphoma or lymphom$ or hodgkin or hodgkin$ or T-cell or B-cell or non- 

hodgkin).mp.

3.  (sarcoma or sarcom$ or Ewing$ or osteosarcoma or osteosarcom$ or wilms tumor or 

wilms$).mp.

4.  (nephroblastom$ or neuroblastoma or neuroblastom$ or rhabdomyosarcoma or rhabdo-

myosarcom$ or teratoma or teratom$ or hepatoma or hepatom$ or hepatoblastoma or 

hepatoblastom$).mp.

5. (PNET or medulloblastoma or medulloblastom$ or PNET$ or neuroectodermal tumors or 

primitive neuroectodermal tumor$ or retinoblastoma or retinoblastom$ or meningioma 

or meningiom$ or glioma or gliom$).mp.

6.  (pediatric oncology or paediatric oncology).mp.

7.  ((childhood adj cancer) or (childhood adj tumor) or (childhood adj tumors) or childhood 

malignancy or (childhood adj malignancies) or childhood neoplasm$).mp.

8.  ((pediatric adj malignancy) or (pediatric adj malignancies) or (paediatric adj malignancy) 

or (paediatric adj malignancies)).mp.
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9.  ((brain adj tumor$) or (brain adj tumour$) or (brain adj neoplasms) or (brain adj cancer$) 

or brain neoplasm$).mp.

10.  (central nervous system tumor$ or central nervous system neoplasm or central nervous 

system neoplasms or central nervous system tumour$).mp.

11.  intracranial neoplasm$.mp.

12.  LEUKEMIA/ or LYMPHOMA/ or brain tumor/ or central nervous system tumor/ or 

teratoma/ or sarcoma/ or osteosarcoma/

13.  nephroblastoma/ or neuroblastoma/ or rhabdomyosarcoma/ or hepatoblastoma/ or 

medulloblastoma/ or neuroectodermal tumor/ or retinoblastoma/ or meningioma/ or 

glioma/ or childhood cancer/

14.  or/1-13

6. For Cancer the following Emtree terms and text words were used:

1.  (cancer or cancers or cancer$).mp.

2.  (oncology or oncolog$).mp. or exp oncology/

3.  (neoplasm or neoplasms or neoplasm$).mp. or exp neoplasm/

4.  (carcinoma or carcinom$).mp. or exp carcinoma/

5.  (tumor or tumour or tumor$ or tumour$ or tumors or tumours).mp. or exp tumor/

6.  (malignan$ or malignant).mp.

7.  (hematooncological or hemato oncological or hemato-oncological or hematologic 

neoplasms or hematolo$).mp. or exp hematologic malignancy/

8.  or/1-7

Final search: 1 and 2 and 3 and 4 and (5 or 6)

[mp = title, abstract, subject headings, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer name; / = Emtree term; $=one or more characters ; RCT = 

randomized controlled trial; CCT = controlled clinical trial;]

Antibiotic and other lock treatments for catheter infections
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Abstract 

Pediatric oncology patients with tunneled central venous catheters (CVC) are at increased risk 

to develop venous thrombo-embolic events (VTE), but the true prevalence of (a)symptomatic 

VTE is unknown. We systemically evaluated the prevalence of (a)symptomatic VTE in pediatric 

oncology patients with tunneled central venous catheters (CVC) in the Aristocaths study: a 

randomized controlled trial investigating the prophylactic effect of 70% ethanol locks on 

CVC-associated bloodstream infections (CABSI). We assessed the following outcomes : (1) 

symptomatic VTE and (2) asymptomatic CVC-related VTE (using ultrasound). Follow-up was 

six months, unless patients developed one of the following events: VTE, CABSI, CVC removal, 

or death. 305 patients (hematologic malignancy, N=148; solid tumor, N=157) were included: 

8/305 (2.6%) patients developed symptomatic VTE (CVC-related, N=3). 185/305 patients 

were evaluated with US:  11/185 (6.0%) patients had asymptomatic CVC-related VTE. There 

was no significant difference in symptomatic and asymptomatic CVC-related VTE between 

the ethanol and heparin treatment group (p=0.25 and p=0.17). In conclusion, prevalence 

of both symptomatic VTE and asymptomatic CVC-related VTE was low compared to other 

studies, which may be explained by the inclusion of patients with solid tumors, the reduction 

of CABSI by ethanol, and the use of ultrasound. 
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Introduction 

Pediatric oncology patients are at increased risk to develop venous thrombo-embolic events 

(VTE).1 The pathogenesis of VTE in pediatric oncology patients is multifactorial. In addition 

to inherited prothrombotic risk factors, present in the general population, the oncological 

disease and treatment contribute to the thrombotic risk, in particular in patients with acute 

lymphoblastic leukemia (ALL), lymphoma, or sarcoma.2 The most important risk factor is the 

presence of a central venous catheter (CVC).3 CVCs are made of thrombogenic material, 

obstruct the venous flow, and irritate the vessel wall, thereby activating the clotting 

cascade.1,4 

Currently, there are no guidelines regarding antithrombotic prophylaxis in children 

with malignancies. Robust VTE incidence data are warranted to consider primary 

thromboprophylactic strategies in this patient group. Data about the incidence of VTE in 

pediatric oncology patients are limited, however, and most studies are small. Reported 

incidences vary widely and range from 2 to 50%.5-8 This inconsistency is mainly caused 

by differences in study type (prospective vs. retrospective), cancer type, and the methods 

used to diagnose thrombosis. As many of CVC-related thrombi remain clinically unnoticed, 

clinical endpoints alone are not sufficient to study the incidence of VTE. Particularly, as 

asymptomatic thrombi are of clinical importance: children with asymptomatic CVC-related 

thrombi have recurrent catheter complications, including CVC obstruction and infection.6 

The Aristocath study was a multicentre clinical trial evaluating the efficacy of 70% ethanol 

locks to prevent CVC-associated bloodstream infections (CABSI) in pediatric oncology 

patients. This study enabled us to perform a substudy to investigate the incidence of both 

symptomatic and asymptomatic VTE in a large population of pediatric oncology patients with 

tunnelled CVCs. Furthermore, we compared the incidence of (a)symptomatic CVC-related 

VTE between patients receiving ethanol locks with patients receiving placebo (heparin). 

Methods

Patients

All pediatric oncology patients (1-18 years) with a newly inserted tunneled CVC, placed 

between October 1st 2007 and December 31st 2012, were eligible. The following patients 

were excluded: < 1 year at diagnosis, previously radiographically confirmed VTE, an existing 

primary immunological disorder, an allergy for ethanol, or patients who had a previous CVC 

within one year before placement. 

Trial design

The determination of (a)symptomatic VTE prevalence was one of the objectives of the 

multi-center, double blind, randomized controlled Aristocaths study. In this study we 

Prevalence of symptomatic and asymptomatic thrombosis
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investigated the prophylactic effect of 70% ethanol locks on CABSI in pediatric oncology 

patients. These data will be published elsewhere. 

Institutional boards of the consecutive participating centers (N=5) approved the protocol 

and written informed consent was obtained from all patients (age ≥12 years) and patients’ 

guardians. The trial was registered in the Dutch trial register (http://www.trialregister.nl): 

NTR 1275. 

Patients were randomized in a double blinded manner by an online randomization service 

called TenALEA (www.tenalea.com/nkiavl/alea). We performed blocked randomization 

and stratified according to the following factors: participating center, type of CVC (port-a-

cath (PAC), Broviac or other) and type of cancer (solid or hematological). Except for the 

pharmacist, all personnel was blinded for the allocated treatment group. Patients were 

randomized between 70% ethanol locks and locks with 100 IU/ml heparin. Study locks were 

administered whenever it was needed to use the CVC, with a maximum lock frequency of 

once weekly. Study medication was left to dwell for two hours, flushed with saline, and 

heparin was left to close the CVC. Study participation was six months, or shorter if patients 

developed one of the following events: VTE, CABSI, CVC removal, or death. 

Data were collected prospectively, encoded, and stored centrally in a database of the Dutch 

Childhood Oncology Group (DCOG). 

Outcomes and analyses

We assessed the following outcomes : (1) symptomatic VTE (both related and unrelated to 

the CVC) and (2) asymptomatic CVC-related VTE. 

Symptomatic VTE  was detected by close monitoring of patients during study participation. 

Suspicion of symptomatic VTE was based on clinical symptoms and confirmed with radiologic 

imaging. Clinical symptoms included swelling, erythema, skin discoloration, increased 

warmth, pain, tenderness, venous distension, presence of subcutaneous collateral veins, loss 

of central venous catheter patency, catheter-related septicemia unresponsive to standard 

antibiotic treatment, or unexplained thrombocytopenia.

Asymptomatic CVC-related VTE was evaluated with bilateral US of the upper venous system 

at study completion. Screening was performed after six months or before, if an event 

occurred (being VTE, CABSI, CVC removal, or death) leading to discontinuation of the study 

in that particular patient. For peripheral veins, VTE was defined by non-compressibility of 

the vein (jugular, axillary and lateral subclavian veins). In the central venous system, VTE was 

defined by the presence of an intraluminal echogenicity or the absence of flow visualized 

by Doppler ultrasonography. One center did not perform ultrasonography examination 

for study purposes. Physicians and patients were blinded to the results of ultrasonography 

examinations in asymptomatic patients, and as a consequence these thrombi were not 

treated. 
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Lastly, we compared the prevalence of (a)symptomatic CVC-related VTE and CVC removal 

between treatment groups. 

Statistical analyses

A statistical plan was developed before deblinding. The confidence intervals were estimated 

using the exact Poisson test. The prevalence of symptomatic CVC-related VTE and 

asymptomatic CVC-related VTE was compared between treatment groups using the exact 

logrank test and the Fisher’s exact test, respectively. Analyses were conducted using SPSS 

version 20.0 (SPSS Inc, Chicago, Ill) and SAS version 9.3 (SAS Institute Inc, Cary, NC). Data 

describing CVC removal were presented in a descriptive manner. 

Results

Patients

We included 305 patients; 152 were randomly allocated to the ethanol group and 153 to the 

heparin group (Figure 1). Of 305 patients randomized, 168 were followed for the maximum 

study duration of six months. The remaining 137 patients ended the study before six months 

had passed and were followed-up for a median of 56 catheter days (range 0-182 days). There 

were no significant differences in patient characteristics between patients treated in the 

ethanol or heparin group. Significantly more patients without ultrasonography evaluation 

left the study prematurely (Table 1). One center did not perform ultrasonography evaluation 

for screening purposes (N=69). This same center employed a different policy regarding CVC 

placement: the majority of CVCs (53/67) were placed in the left subclavian vein, rather than 

the right jugular vein as was preferred by the other centers. 

Symptomatic VTE and asymptomatic VTE

In this cohort of pediatric oncology patients, 8/305 (2.6%) patients were diagnosed with 

symptomatic VTE: symptomatic CVC-related VTE (N=3), cerebral sinovenous thrombosis 

(N=3), thrombosis of the femoral vein (N=1), and thrombosis in a vascular interposition 

graft (N=1) (Table 2). Median number of days since randomization until the development of 

symptomatic VTE was 26 (range 9-125). 

185/305 patients were screened for asymptomatic CVC-related VTE: 11/185 (6%) were 

diagnosed with asymptomatic CVC-related VTE (Table 2). Five of these 11 VTEs were 

detected after six months were completed. The remaining six were detected in patients who 

left the study before six months had passed. In three of these patients, VTE was detected 

with routine cardiac ultrasound (cardiac thrombus), performed because of cardiotoxic 

chemotherapy. The remaining three patients were screened because they developed a 

CABSI, resulting in discontinuation of the study.   

Prevalence of symptomatic and asymptomatic thrombosis
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One additional patient was diagnosed with asymptomatic VTE, not related to the CVC. This 

patient had a thrombus in the portal vein, which was diagnosed with ultrasonography two 

days after an extended hemihepatectomy for hepatoblastoma. 

CVC-related VTE in ethanol versus heparin group

In total, 14 patients developed CVC-related VTE (ethanol; N=6, heparin; N=8), three 

symptomatic and 11 asymptomatic (Table 3). Symptomatic CVC-related VTE occurred in 

three patients in the ethanol group compared to none in the heparin group (incidence in 

ethanol group: 1.97/1000 catheter days), but this difference was not statistically significant 

(p=0.25). All three children had a single lumen PAC and a hematological malignancy (ALL, 

N=2; Morbus Hodgkin, N=1). None of these patients had a simultaneous CABSI. One CVC 

was removed, the other two remained in situ.

136 Did not meet inclusion criteria 

287 Declined to participate 

152 Children were assigned 
to receive ethanol locks 

728 Children were assessed for eligibility 

305 Children underwent randomization 

153 Children were assigned 
to receive heparin locks 

85 Patients monitored for six 
months 
• 72 screened with US 
• 13 not screened with US 

83 Patients monitored for six 
months 
• 63 screened with US 
• 20 not screened with US 

70 Children, intervention discontinued: 

• 28 screened with US (CABSI, N=19; VTE, 
N=2; withdrawal informed consent, N=2; 
CVC removal, N=2; logistic reasons, N=2; 
palliative care/death, N=0; CABSI 
suspected, N=1)    

• 42 not screened with US (CABSI, N=9; 
VTE, N=2; withdrawal informed consent, 
N=6; CVC removal, N=4; logistic reasons, 
N=17; palliative care/death, N=4) 

 

 67 Children, intervention discontinued: 

•
 

22
 
screened with US

 
(CABSI, N=9; VTE, 

N=4; withdrawal informed consent, N=4; 
CVC removal, N=2; logistic reasons, N=3; 
palliative care/death, N=0)  

  •
 

45
 
not screened with US

 
(CABSI, N=7; 

VTE, N=3; withdrawal informed consent, 
N=15; CVC removal, N=6; logistic reasons, 
N=11; palliative care/death, N=2; CABSI 
suspected, N=1)

 
 

Figure 1: Enrollment and randomization of patients and moment of evaluation of asymptomatic CVC-
related VTE
CVC, central venous catheter; VTE, venous thrombo-embolic event; US, ultrasound
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Three patients in the ethanol group developed asymptomatic CVC-related VTE compared to 

eight in the heparin group (prevalence in ethanol group: 1.97/1000 catheter days; prevalence 

in heparin group: 5.79/1000 catheter days; p=0.17). As CABSI, which is known to be 

associated with CVC-related VTE, was frequently the reason for leaving the study before the 

Table 1: Characteristics of patients screened or not screened for asymptomatic CVC-related VTE with 
ultrasonography

Screened Not screened P value

(N=185) % (N=120) %

Patients 

Median age (years) 8.9 9.2 0.48

Range 1.0-17.9 1.4-17.1

Male sex 111 60 62 52 0.16

Median catheter days 181 103 0.00

Range (5-229) (0-198)

Underlying malignancy 

Solid 100 54 57 48 0.26

Hematological 85 46 63 53

Treatment group 

Ethanol 94 51 58 48 0.67

Heparin 91 49 62 52

Type of CVC

Single lumen PAC 174 94 112 93 0.71

Double lumen PAC 0 0 1 0.8

Single lumen Broviac 1 0.5 1 0.8

Double lumen Broviac 10 5 6 5

Insertion place

Right jugular vein 124 67 29 24 0.00

Left jugular vein 13 7 13 11

Right subclavian vein 19 10 8 7

Left subclavian vein 19 10 65 54

Unknown 11 6 5 4

Center

EKZ 128 69 15 13 0.00

UMCG 2 1 67 56

SKZ 35 19 28 23

VUMC 18 10 10 8

WKZ 2 1 0 0

CVC, central venous catheter; PAC, port-a-cath
Continuous variables denoted as median (range), categorical variables as number (%). Some percentages do 
not total 100% because of rounding.

Prevalence of symptomatic and asymptomatic thrombosis
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Table 2: Patient characteristics of patients with VTE and description of symptoms and thrombus localization 

ID Age
(yrs)

Sex Malignancy Tx 
group

Symptoms Imaging 
technique

Localization

Symptomatic CVC-related VTE

1 16.8 Female Hematological Ethanol Painful arm US Right subclavian 
vein

2 1.4 Male Hematological Ethanol CVC 
malfunction

Venography Right jugular vein 
and superior vena 
cava

3 15.0 Male Hematological Ethanol Swollen arm and 
shoulder, CVC 
malfunction, 
collaterals

US Left subclavian 
vein

Asymptomatic CVC-related VTE

4 8.7 Male Solid Heparin US Right jugular vein

5 10.3 Male Hematological Ethanol US Right jugular vein

6 3.7 Male Hematological Heparin US Right jugular vein

7 2.6 Male Hematological Heparin US Right jugular vein

8 10.4 Male Hematological Ethanol US Left jugular vein 

9 6.8 Male Solid Heparin Cardiac US Right atrium

10 16.1 Female Hematological Ethanol Cardiac US Right atrium

11 9.3 Female Solid Heparin Cardiac US Right atrium

12 4.5 Male Hematological Heparin US Right jugular vein

13 3.2 Male Solid Heparin US Right jugular vein, 
collaterals

14 17.5 Male Hematological Heparin US Right sublclavian 
vein, right axillary 
vein, right basilica 
vein, collaterals

Symptomatic non CVC-related VTE

15 16.7 Female Solid Ethanol Pain right leg 
and oedema

US Vascular 
interposition graft 
of superficial 
femoral vein 
occluded

16 13.0 Male Hematological Ethanol Headache, 
seizures, 
rightsided 
hemiparesis

MRI brain Superior sagittal 
sinus, multiple 
cortical veins, 
cortical oedema

17 16.3 Male Hematologicial Heparin Left leg: 
increased 
circumference, 
warmer and 
slight difference 
in colour

US Posterior tibial vein
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maximum duration of 6 months (Figure 1), we analyzed patients screened prematurely and 

patients screened at six months separately. The prevalence of asymptomatic CVC-related 

VTE before six months seemed higher in the heparin group (prevalence in ethanol group: 

0.52/1000 catheter days; prevalence in heparin group: 2.26/1000 catheter days; p=0.30) 

and was similar between groups after six months (prevalence in ethanol group: 0.15/1000 

catheter days; prevalence in heparin group: 0.26/1000 catheter days; p=0.87). 

Table 2: Cont. 

ID Age
(yrs)

Sex Malignancy Tx 
group

Symptoms Imaging 
technique

Localization

18 6.4 Male Hematological Ethanol Seizures MRI brain Superior sagittal 
sinus, right 
transverse sinus 
and sigmoid sinus, 
hemorrhagic 
infarct, cortical 
oedema

19 14.3 Female Hematological Heparin Seizures CT brain Superior sagittal 
sinus, hemorrhagic 
infarct

Asymptomatic non CVC-related VTE

20 2.2 Male Solid Ethanol Abdominal 
US

Portal vein

Tx, treatment; VTE, venous thrombo-embolic event; yrs, years; US, ultrasound; MRI, magnetic resonance 
imaging; CT, computer tomography scan; CVC, central venous catheter; VTE, venous thrombo-embolic event

Table 3: Prevalence of (a)symptomatic VTE specified by treatment group

Ethanol Heparin

Outcome N CVC 
days

Rate 95% CI† N CVC 
days

Rate 95% CI† P-value

Asymptomatic CVC related (N=185)

Premature* 1 1,906 0.52 0.01-2.92 5 2,214 2.26 0.73-5.27 0.30‡

After 6 mo, 2 13,347 0.15 0.02-0.54 3 11,596 0.26 0.05-0.76 0.87‡

All events 3 15,253 1.97 0.40-5.75 8 13,81 5.79 2.49-11.41 0.17‡

Asymptomatic non-CVC related (N=185)

Premature* 1 1,906 0.52 0.01-2.92 0 2,214 0.0 0-1.17 0.93‡

Symptomatic CVC related (N=305)

All events 3 20,119 1.49 0.03-0.43 0 19,469 0.0 0-0.20 0.25§

Symptomatic non-CVC related (N=305)

All events 3 20,119 0.15 0.03-0.44 2 19,469 0.10 0.01-0.37 1.00§

CVC, central venous catheter; VTE, venous thrombo-embolic event
*Patients that developed one of the study endpoints before six months
†Poisson exact test
‡Fisher’s exact test
§Exact logrank test

Prevalence of symptomatic and asymptomatic thrombosis
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CVC removal in ethanol versus heparin group

In total, 26 CVCs were removed (ethanol: N=11, heparin: N=15). Reasons for CVC removal 

were CABSI (ethanol: N=5, heparin: N=8), occlusion/malfunction (ethanol: N=3, heparin: 

N=1), end of oncological treatment (ethanol: N=1, heparin: N=3), thrombosis (ethanol: 

N=1), accident (ethanol: N=1, heparin: N=2), and CABSI suspected but not proven (heparin: 

N=1). 2/4 patients with CVC malfunction were evaluated with ultrasonography of the upper 

Table 4: CVC-related VTE in pediatric oncology patients reported in literature

Study Study type N Patient selection Radiological screening CVC-related VTE

N (%)

Asymptomatic 

N (%)

Type of cancer with VTE

Glaser 20012 Cross-
sectional

24 Patients with CVC removal* Venography, immediately 
before removal

12/24 (50%) 9/24 (38%) 4/10 hematological
8/14 solid tumors

Knöfler 199917 Cross-
sectional

77 Thrombophilic patients† US, after CVC removal 11/77 (14%) 2/17 (12%) 8/49 hematological
3/28 solid tumors

Male 200212 Cross-
sectional

66 ALL patients After four weeks induction 
chemotherapy: US and 
venography

19/66 (29%)‡ 9/66 (14%) 19/66 Hematological

Ociepa 201018 Cross-
sectional 

124 Pediatric oncology patients 
with CVCs

1-54 months after CVC 
removal or in case of 
symptoms of VTE

7/124 (5.6%) 16/37 (43%)** Unknown

Revel-Vilk 201015 Prospective 262 Pediatric oncology patients 
with CVCs

No screening performed 10/262 (3.8%) 5/147 hematological
5/115 solid tumors

Ruud 20025 Cross-
sectional

41 Patients with ALL, 
lymphoma, or brain tumor

US: at inclusion§, 3-5 
months later

18/41 (44%) 18/41 (44%) Unknown

Schiavetti 200319 Cross-
sectional

42 Solid tumors Once at any time before 
CVC removal

4/42 (9.5%) 3/42 (7.1%) 4/42 solid tumors

Wilimas 199820 Cross-
sectional

25 Patients with CVC removal¶ CT scan 2.3-122 months 
after CVC removal

3/25 (12%) 2/25 (8%) 0/2 hematological
3/23 solid tumors

Albisetti 201321 Cross-
sectional

114 Patients with PAC MRV 45/114 (39.5%) 40/114 (35%) 24/66 hematological
21/48 solid tumors

This study Cross-
sectional

305 Pediatric oncology patients 
with CVCs

US at six months, or before 
in case of symptoms of VTE

14/305 (4.6%) 11/182 (6.0%) 10/148 hematological 
4/157 solid tumors

CVC, central venous catheter; VTE, venous thrombo-embolic event; N, number; US, ultrasound; ALL, acute 
lymphoblastic leukemia; CT, computed tomography; PAC, Port-a-cath; MRV, magnetic resonance venography
*Reasons for CVC removal were: thrombosis (N=1), CVC malfunction (N=5), CABSI (N=3) and in nine 
additional patients, where the reason of removal was end of treatment the following symptoms were 
reported: difficulty withdrawing (N=1), difficulty infusing (N=1), collaterals (N=3), history of VTE, positive 
bloodcultures (N=2), maternal VTE (N=1). 
†Activated protein C (APC)-ratio, factor V, G 1691A, prothrombin G20210A mutation, protein C, protein S, 
antithrombin, coagulation fctor XII, lipoprotein (a) and homocysteine. 
‡Ten patients presented with collaterals (major collaterals, N=7; minor collaterals, N=3) and were classified as 
symptomatic CVC-related VTE. 
§Seven patients were included in the middle of their oncological treatment-period.
¶Two CVCs were removed because of a CABSI and one because this patient developed superior vena cava 
syndrome. 
**Defined as venous stenosis (N=12) and venous thrombosis (N=4). 
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venous system and no CVC-related VTE was detected. In the other two patients, the CVC 

was removed without further imaging. 

Discussion

This is the first large cohort of pediatric oncology patients systematically evaluated and 

screened for symptomatic and asymptomatic VTE. We detected VTE in 20 patients: 8 of 

305 (2.6%) patients developed symptomatic VTE (CVC-related: N=3), and 11 of 185 (6.0%) 

patients evaluated with ultrasonography had asymptomatic CVC-related VTE. 

The prevalence of symptomatic VTE in this study (2.6%) was lower than the prevalence 

reported in two other studies investigating symptomatic VTE.9,10 Revel-Vilk et al. detected 

symptomatic CVC-related VTE in 10/262 (3.8%) patients.9 However, almost half of the 

patients included (45%) had peripherally inserted central venous catheters (PICC), implying 

an increased risk of VTE, and symptomatic non-CVC related VTE was not reported.9 In the 

study by Wermes et al. 10/137 (7.3%) patients were diagnosed with symptomatic VTE.10 In 

this cohort, 70% of patients had hematological malignancies compared to 49% in our study 

and 56% in the study by Revel-Vilk et al., resulting in a higher risk of VTE. 

Table 4: CVC-related VTE in pediatric oncology patients reported in literature

Study Study type N Patient selection Radiological screening CVC-related VTE

N (%)

Asymptomatic 

N (%)

Type of cancer with VTE

Glaser 20012 Cross-
sectional

24 Patients with CVC removal* Venography, immediately 
before removal

12/24 (50%) 9/24 (38%) 4/10 hematological
8/14 solid tumors

Knöfler 199917 Cross-
sectional

77 Thrombophilic patients† US, after CVC removal 11/77 (14%) 2/17 (12%) 8/49 hematological
3/28 solid tumors

Male 200212 Cross-
sectional

66 ALL patients After four weeks induction 
chemotherapy: US and 
venography

19/66 (29%)‡ 9/66 (14%) 19/66 Hematological

Ociepa 201018 Cross-
sectional 

124 Pediatric oncology patients 
with CVCs

1-54 months after CVC 
removal or in case of 
symptoms of VTE

7/124 (5.6%) 16/37 (43%)** Unknown

Revel-Vilk 201015 Prospective 262 Pediatric oncology patients 
with CVCs

No screening performed 10/262 (3.8%) 5/147 hematological
5/115 solid tumors

Ruud 20025 Cross-
sectional

41 Patients with ALL, 
lymphoma, or brain tumor

US: at inclusion§, 3-5 
months later

18/41 (44%) 18/41 (44%) Unknown

Schiavetti 200319 Cross-
sectional

42 Solid tumors Once at any time before 
CVC removal

4/42 (9.5%) 3/42 (7.1%) 4/42 solid tumors

Wilimas 199820 Cross-
sectional

25 Patients with CVC removal¶ CT scan 2.3-122 months 
after CVC removal

3/25 (12%) 2/25 (8%) 0/2 hematological
3/23 solid tumors

Albisetti 201321 Cross-
sectional

114 Patients with PAC MRV 45/114 (39.5%) 40/114 (35%) 24/66 hematological
21/48 solid tumors

This study Cross-
sectional

305 Pediatric oncology patients 
with CVCs

US at six months, or before 
in case of symptoms of VTE

14/305 (4.6%) 11/182 (6.0%) 10/148 hematological 
4/157 solid tumors

CVC, central venous catheter; VTE, venous thrombo-embolic event; N, number; US, ultrasound; ALL, acute 
lymphoblastic leukemia; CT, computed tomography; PAC, Port-a-cath; MRV, magnetic resonance venography
*Reasons for CVC removal were: thrombosis (N=1), CVC malfunction (N=5), CABSI (N=3) and in nine 
additional patients, where the reason of removal was end of treatment the following symptoms were 
reported: difficulty withdrawing (N=1), difficulty infusing (N=1), collaterals (N=3), history of VTE, positive 
bloodcultures (N=2), maternal VTE (N=1). 
†Activated protein C (APC)-ratio, factor V, G 1691A, prothrombin G20210A mutation, protein C, protein S, 
antithrombin, coagulation fctor XII, lipoprotein (a) and homocysteine. 
‡Ten patients presented with collaterals (major collaterals, N=7; minor collaterals, N=3) and were classified as 
symptomatic CVC-related VTE. 
§Seven patients were included in the middle of their oncological treatment-period.
¶Two CVCs were removed because of a CABSI and one because this patient developed superior vena cava 
syndrome. 
**Defined as venous stenosis (N=12) and venous thrombosis (N=4). 
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The prevalence of asymptomatic CVC-related VTE in our cohort was also lower compared 

to previous studies investigating asymptomatic CVC-related VTE (Table 4).5,8,9,11,12-16 Two 

studies determined the prevalence of asymptomatic CVC-related VTE in patients after CVC 

removal.5,15 Considering the reason of CVC removal may have been related to CVC-related 

VTE, there is a potential selection of patients with an increased risk of VTE in both studies. 

Knöfler et al. screened patients with prothrombotic risk factors12 and two other studies 

included ALL patients only8,11, both patient populations having a well-known increased risk 

of VTE.  Also, imaging techniques and timing may have affected outcome.8,11,15,16 Albisetti et 

al. performed magnetic resonance venography studies to detect thrombosis in children with 

cancer at a median of 3.49 years after PAC placement.16 Ruud and colleagues performed 

two assessments and Male and colleagues compared venography with simultaneous 

ultrasonography, both increasing the chance of a positive finding.8,11 

In addition, the administration of ethanol locks in 152/305 patients may have affected 

outcome. Ethanol locks caused a 50% reduction in CABSI in this current study.17 CABSI 

is associated with asymptomatic CVC-related VTE in particular.6 This may explain the (non 

significant) lower rate of asymptomatic CVC-related VTE in the ethanol group. Reversely, 

there were three patients with symptomatic CVC-related VTE in the ethanol group compared 

to none in the heparin group (not significant). We cannot rule out that ethanol may have 

contributed to symptomatic CVC-related VTE. All three patients, though, had hematological 

malignancies with increased thrombotic risk. Nevertheless, future studies should continue to 

monitor CVC-related VTE in patients receiving ethanol locks. 

Fifty-five percent of the VTEs reported in this study were asymptomatic CVC-related VTEs. 

The clinical relevance of these asymptomatic thrombi is still a matter of debate. It has been 

suggested that, apart from loss of venous access, asymptomatic CVC-related VTE may lead 

to development of the post-thrombotic syndrome, an increased risk of pulmonary embolism, 

or recurrent VTE.18,19 Kuhle et al. reported signs of the post-thrombotic syndrome in 

approximately 50% of pediatric ALL patients radiographically diagnosed with asymptomatic 

CVC-related VTE.19 On the other hand, Albisetti et al. reported mild post-thrombotic 

syndrome in only 6 of 103 children (5.8%).16 Nonetheless, patients with asymptomatic 

CVC-related VTE may actually have severe consequences, as was shown by Journeycake et 

al..6 In a retrospective study, including 287 children with cancer, 16 patients were found to 

have asymptomatic CVC-related VTE. After review of patients’ records, the authors found 

that 14 of these patients had two or more CVC-related complications.6 

An important drawback of our study is the limited number of patients that underwent 

assessment of asymptomatic VTE: 182/305 (60%). One center did not perform ultrasound 

for study purposes (N=69). In the remaining patients additional investigations after patients 

withdrew their informed consent were not performed. Nevertheless, this is still the largest 

cohort of pediatric oncology patients systematically screened for (a)symptomatic VTE. 

Furthermore, we only monitored patients for a period of six months, so VTE occurring after 
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this period was missed, and we only assessed asymptomatic CVC-related VTE once. Ruud 

et al. showed that thrombi may disappear and new thrombi may be formed between two 

observations.8 Another limitation of this study is the difference in CVC location between 

patients with and without ultrasonography evaluation. In the center, which did not screen for 

asymptomatic VTE, more CVCs were placed in the left subclavian vein. As inserting CVCs in 

the left side of the body imposes a higher risk of VTE, this difference may have contributed 

to a underestimation of the true prevalence.22 Underestimation might also have occurred 

as result of the screening method. As most CVC-related thrombi occur in the upper venous 

system, radiological confirmation is a diagnostic challenge.20 In our study ultrasonography 

was used as a screening method. Ultrasonography is quick, cheap, and involves no radiation. 

Adult studies have found sensitivity rates for ultrasonography to detect VTE in up to 100% of 

patients.21 However, in the pediatric PARKAA study (prophylactic antithrombin replacement 

in kids with ALL treated with Asparaginase) sensitivity of ultrasonography was much lower 

(37%).11 Sensitivity of venography was better (79%), but implies radiation exposure. Both 

cohorts were relatively small including 58 and 66 patients respectively.

In conclusion, we here report the first systematic assessment of (a)symptomatic VTE in 

a large cohort of pediatric oncology patients. Prevalence of symptomatic VTE was 2.6% 

and of asymptomatic CVC-related VTE 6.0%. These rates were lower than the prevalences 

reported in the literature to date. This may in part be explained by the inclusion of patients 

with solid tumors, short follow-up, the reduction of CABSI by ethanol locks, and the use 

of ultrasonography for the detection of asymptomatic CVC-related VTE. Since the clinical 

relevance of asymptomatic CVC-related VTE has not yet been determined, studies preventing 

VTE should focus on prevention of symptomatic VTE in high risk patients, where rates are 

higher and adequate power with clinically relevant outcomes can be achieved.

Prevalence of symptomatic and asymptomatic thrombosis
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Abstract

Background

Venous thrombo-embolic events (VTEs) occur in 2.2% to 14% of paediatric cancer patients 

and cause significant morbidity and mortality. The malignant disease itself, the cancer 

treatment and the presence of central venous catheters (CVCs) increase the risk of VTE.

Objectives

The primary objective of this review was to investigate the effects of preventive systemic 

treatments in paediatric cancer patients with tunnelled CVCs on (a)symptomatic VTE. 

Secondary objectives of this review were to investigate adverse effects of systemic treatments 

for the prevention of (a)symptomatic VTE in paediatric cancer patients with tunnelled CVCs; 

and to investigate the effects of systemic treatments in the prevention of (a)symptomatic 

VTE with CVC-related infection in paediatric cancer patients with tunnelled CVCs.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane 

Library, Issue 8 2012), MEDLINE (1966 to August 2012) and EMBASE (1966 to August 2012). 

In addition, we searched reference lists from relevant articles and conference proceedings of 

the International Society for Paediatric Oncology (SIOP) (from 2006 to 2011), the American 

Society of Clinical Oncology (ASCO) (from 2006 to 2011), the American Society of Hematology 

(ASH) (from 2006 to 2011) and the International Society of Thrombosis and Haematology 

(ISTH) (from 2006 to 2011). We scanned the International Standard Randomised Controlled 

Trial Number (ISRCTN) Register and the National Institute of Health (NIH) Register for 

ongoing trials (www.controlled-trials.com) (August 2012), and we contacted the authors of 

eligible studies if additional information was required.

Selection criteria

Randomised controlled trials (RCTs) and controlled clinical trials (CCTs) comparing systemic 

treatments to prevent venous thrombo-embolic events (VTEs) in paediatric cancer patients 

with tunnelled CVCs with a control intervention or no systemic treatment. For the description 

of adverse events, cohort studies were eligible for inclusion.

Data collection and analysis

Two review authors independently selected studies, extracted data and performed risk of 

bias assessment of included studies. Analyses were performed according to the guidelines of 

the Cochrane Handbook for Systematic Reviews of Interventions. 
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Main results

Three RCTs and three CCTs (including 1291 children) investigated the prevention of VTE 

(low molecular weight heparin (LMWH) n = 134, antithrombin (AT) supplementation n = 37, 

low-dose warfarin n = 31, cryoprecipitate and/or fresh frozen plasma (FFP) supplementation 

n = 240, AT supplementation and LMWH n = 41). AT, cryoprecipitate and FFP were 

supplemented only in cases of AT or fibrinogen deficiency. Of the six included RCTs/CCTs, 

five investigated the prevention of VTE compared with no intervention (n = 737), and one 

CCT compared AT supplementation and LMWH with AT supplementation (n = 71). All studies 

had methodological limitations, and clinical heterogeneity between studies was noted.

We found no significant effects of systemic treatments compared with no intervention in 

preventing (a)symptomatic VTE and no differences in adverse events (such as major and/

or minor bleeding; none of the studies reported thrombocytopenia, heparin-induced 

thrombocytopenia (HIT), heparin-induced thrombocytopenia with thrombosis (HITT), death 

as a result of VTE, removal of CVC due to VTE, CVC-related infection, and post-thrombotic 

syndrome (PTS)) between experimental and control groups. Two studies with comparable 

participant groups and interventions were included for meta-analyses (n = 182). In the 

experimental group, 1/68 (1.5%) children were diagnosed with symptomatic VTE, as were 

4/114 (3.5%) in the control group (best case scenario: risk ratio (RR) 0.65, 95% confidence 

interval (CI) 0.09 to 4.78). These studies also evaluated asymptomatic CVC-related VTE: In 

the experimental group, 22/68 (32.4%) were diagnosed with asymptomatic VTE, as were 

35/114 (30.7%) in the control group (best case scenario: RR 1.02, 95% CI 0.40 to 2.55). 

Heterogeneity was substantial for this analysis: I2 = 73%.

The attribution of LMWH to AT supplementation resulted in a significant reduction in 

symptomatic VTE (Fisher’s exact test, two-sided P = 0.028) without bleeding complications; 

asymptomatic VTE, thrombocytopenia, HIT, HITT, death as a result of VTE, removal of CVC 

due to VTE, CVC-related infection and PTS were not assessed.

Four cohort studies were included for the evaluation of adverse events. Three studies provided 

information on bleeding episodes: One participant developed an ischaemo-haemorrhagic 

stroke. One study provided information on other adverse events: None occurred.

Authors’ conclusions

We found no significant effects of systemic treatments compared with no intervention in 

preventing (a)symptomatic VTE in paediatric oncology patients with CVCs. However, this 

could be a result of the low number of included participants, which resulted in low power. 

In one CCT, which compared one systemic treatment with another systemic treatment, we 

identified a significant reduction in symptomatic VTE with the addition of LMWH to AT 

supplementation.

All studies investigated the prevalence of major and/or minor bleeding episodes, and 

none found a significant difference between study groups. None of the studies reported 

Systemic treatments for the prevention of thrombosis 
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thrombocytopenia, HIT, HITT, death as a result of VTE, removal of CVC due to VTE, 

CVC-related infection or PTS among participants.

On the basis of currently available evidence, we are not able to give recommendations for 

clinical practise. Additional well-designed international RCTs are needed to further explore 

the effects of systemic treatments in preventing VTE. Future studies should aim for adequate 

power with attainable sample sizes. The incidence of symptomatic VTE is relatively low; 

therefore, it might be necessary to select participants with thrombotic risk factors or to 

investigate asymptomatic VTE instead.

Plain Language Summary

Prevention of thrombosis in children with cancer and tunnelled CVCs

Children with cancer are at higher risk of thrombosis than children without cancer. This is 

a result of the disease itself but also of the cancer treatment and the presence of a central 

venous catheter. In this review, we investigated whether systemic treatments can prevent 

thrombosis. We identified six studies; two studies investigated low molecular weight heparins, 

one antithrombin supplementation and one cryoprecipitate and/or fresh frozen plasma 

supplementation; one study compared antithrombin supplementation with low molecular 

weight heparin and antithrombin supplementation, and another investigated warfarin. The 

addition of low molecular weight heparins to antithrombin supplementation did result in a 

lower number of symptomatic thromboses. This was statistically significant. We could not 

detect an effect of systemic preventive treatments in comparison with no treatment, and 

no difference was noted in the number of participants who suffered from major or minor 

bleeding. However, the overall number of participants was very small; a similar study with a 

larger population of participants might yield different results.

112

proefschrift-2015-definitief.indb   112 14-7-2015   11:07:00



5

Background 

Description of the condition

Venous thromboembolic disease (VTE) is an important complication in paediatric cancer 

patients. VTE comprises both deep vein thrombosis (DVT) and pulmonary embolism (PE), and 

the incidence varies between 2.2% and 14% (Knofler 1999; Molinari 2001; Wilimas 1998). 

This wide range can be explained by inconsistencies amongst study groups with regard to 

selection of study participants, definition of asymptomatic or symptomatic VTE and different 

diagnostic techniques.

The aetiology of VTE in paediatric cancer patients is multifactorial, consisting of both genetic 

and acquired factors (Blom 2005). Various genetic alterations lead to congenital defects in 

the clotting cascade, thereby contributing to the risk of VTE (Young 2008). More important 

is the role of acquired conditions, including the malignancy itself, cancer treatment and the 

presence of a central venous catheter (CVC) (Farinasso 2007; Lee 1999). It is known from 

adult studies that tumour cells can influence the haemostatic system directly. On the one 

hand, tumour cells produce procoagulant molecules, fibrinolytic molecules and inflammatory 

cytokines, thereby inducing a prothrombotic state. On the other hand, tumour cells directly 

activate platelets and monocytes or macrophages, or stimulate endothelial cells, which results 

in down-regulation of anticoagulant properties and up-regulation of procoagulant properties 

(Athale 2003). In children, haematological malignancies, such as acute lymphoblastic 

leukaemia (ALL), are frequently associated with thrombosis (Mitchell 2010). In the induction 

phase of treatment, patients receive induction chemotherapy with asparaginase and 

steroids, both inducing a prothrombotic state by suppression of anticoagulant proteins and 

by elevation of factor VIII/von Willebrand factor complex, respectively (Van Ommen 2009). 

Finally, a very important risk factor for VTE is the presence of a CVC. Paediatric oncology 

patients receive a CVC for the administration of chemotherapy, antibiotics, blood products 

and total parenteral nutrition and for withdrawal of blood (Andrew 1994; Farinasso 2007; 

Massicotte 1998; Revel-Vilk 2009; Van Ommen 2001). Placement of the CVC and subsequent 

infused substances, such as total parenteral nutrition and chemotherapy, cause injury to the 

vessels and activate the clotting cascade (Cunningham 2006). The CVC itself also contributes 

to the development of thrombosis: The CVC compromises blood flow, and the material is 

thrombogenic (Athale 2007; Journeycake 2003).

Paediatric catheter-related VTE causes significant morbidity and mortality (Heit 2000). Up to 

4% of paediatric patients die as a direct result of VTE, predominantly because of pulmonary 

embolisms (Van Ommen 2009). These figures are not known for paediatric oncology patients. 

Morbidity includes mechanical obstruction of the CVC, CVC-related infection, PE, recurrent 

VTE and the post-thrombotic syndrome (PTS). Journeycake et al demonstrated an association 

between CVC-related DVT and both CVC-occlusion and CVC-related infection (Journeycake 

2006). In a retrospective study of 287 paediatric participants with malignancies and a 

Systemic treatments for the prevention of thrombosis 

113

proefschrift-2015-definitief.indb   113 14-7-2015   11:07:00



chapter 5

CVC, 21 participants developed DVT. Among these participants, CVC-occlusions occurred 

more frequently than in participants without DVT (6.2 vs 1.6 episodes per 1000 catheter 

days). Similarly, participants with a DVT were at higher risk for CVC-related infection (2.7 

vs 1.2 catheter-related infections per 1000 catheter days). Both CVC-related infections and 

mechanical obstructions often necessitate replacement of the CVC, resulting in additional 

anaesthesia, surgical interventions and subsequent treatment delay. Additionally, thrombi 

cause permanent damage to the vessel wall and make patients prone to recurrent VTE, 

especially as long as the risk factors, such as cancer treatment, persist. Besides, patients may 

develop PTS after symptomatic but also after asymptomatic thrombosis. The spectrum of 

PTS of the upper venous system is broad and varies from collateral veins in the skin to chronic 

superior caval vein syndrome (Van Ommen 2009).

Description of the intervention

As CVC-related VTE leads to significant mortality and morbidity in paediatric oncology 

patients, efficacious and safe preventive strategies, including systemic treatments, are of 

great importance. In this review, we evaluated the efficacy and safety of systemic treatments 

for the prevention of VTE in paediatric cancer patients with CVCs. Systemic treatments 

currently available for the prevention of VTE include anticoagulants such as unfractionated 

heparin (UH), low molecular weight heparin (LMWH), vitamin K antagonists and antithrombin 

concentrates (Akl 2007).

Why it is important to do this review

In 2007 a Cochrane review was published by Akl et al describing the systemic prevention 

of VTE in adult cancer patients. These investigators found a trend for heparin (UH and 

LMWH) versus no intervention or placebo towards a reduction in symptomatic VTE. When 

they pooled data from all available anticoagulants, they did find a significant result (i.e. 

a reduction in risk ratio of 0.56, 95% confidence interval (CI) 0.34 to 0.92) (Akl 2007). 

In this review, however, they excluded two paediatric studies: one because patients with 

non-malignant diseases were included and outcomes could not be retrieved for cancer 

patients separately (Massicotte 2003), and another by Ruud et al (Ruud 2006b) because of 

its focus on a paediatric population (Akl 2007).

Preventive treatments thus far have been studied most often in adult patients. The 

underlying malignancy and its treatment are important risk factors for VTE; therefore, these 

results cannot be extrapolated to paediatric patients. Children develop tumours that differ 

from adult tumours and are thus treated with different treatment regimens. Children with 

ALL, for example, are treated on protocols containing asparaginase. Asparaginase reduces 

antithrombin; supplementation of antithrombin would therefore be a suitable prophylaxis 

in these treatment regimens (Van Ommen 2009). In this way, haemostasis is different, 

especially in young children (Andrew 1994). Plasma values of the natural anticoagulant 
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protein C are 50% of adult plasma values after birth and reach adult values during puberty. 

Finally, some preventive anticoagulants used in adults might not be useful in children. Many 

paediatricians prefer to give LMWH instead of vitamin K antagonists to children with cancer. 

In contrast to vitamin K antagonists, LMWH can easily be stopped and restarted in cases of 

thrombocytopenia and lumbar puncture. On the other hand, daily subcutaneous injections 

can be stressful for children, and the risk of anticoagulant treatments in children with cancer 

should not be underestimated. In the light of this, we conducted a systematic review to 

investigate the efficacy and safety of systemic treatments for the prevention of VTE in 

paediatric cancer patients with tunnelled CVCs.

Objectives 

The primary objective of this review was to investigate the effects of preventive systemic 

treatments in paediatric cancer patients with tunnelled CVCs on (a)symptomatic VTE. 

Secondary objectives of this review were to investigate adverse effects of systemic treatments 

for the prevention of (a)symptomatic VTE in paediatric cancer patients with tunnelled CVCs; 

and to investigate the effects of systemic treatments in the prevention of (a)symptomatic 

VTE with CVC-related infection in paediatric cancer patients with tunnelled CVCs.

Methods 

Criteria for considering studies for this review 

Types of studies 
l	 Randomised controlled trials (RCTs) comparing participants given systemic treatments for 

the prevention of (a)symptomatic VTE with a control group.
l	 Controlled clinical trials (CCTs) comparing participants given systemic treatments for the 

prevention of VTE with a control group.
l	 Cohort studies investigating systemic treatments for the prevention of VTE without a 

control group. These studies were not used to evaluate the efficacy of prevention but to 

describe safety. The quality of cohort studies is considered by The Cochrane Collaboration 

to be too low for efficacy analyses (Higgins 2011).

Types of participants 
Paediatric oncology patients (0 to 18 years) with a tunnelled central venous catheter. 

Oncology patients should account for at least 50% of the study population.

Types of interventions 

Systemic treatments (in both prophylactic and therapeutic dosages) for the prevention of 

venous thrombo-embolic events.

Systemic treatments for the prevention of thrombosis 
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Types of outcome measures 
Primary outcomes
l	 (A)symptomatic VTE: deep venous thrombosis (diagnosis: clinical evaluation and 

confirmation by ultrasound or venography) and pulmonary embolism (diagnosis: clinical 

evaluation, angiography, ventilation/perfusion (V/Q) scan, spiral computed tomography 

(CT), magnetic resonance (MR) angiography, echocardiography) (Stein 2006; The PIOPED 

investigators 1990).

Secondary outcomes
l	 Different adverse events: major bleeding, minor bleeding, thrombocytopenia, heparin-

induced thrombocytopenia (HIT), heparin-induced thrombocytopenia with thrombosis 

(HITT) (Akl 2007).
l	 Death due to (a)symptomatic VTE.
l	 Removal of CVC because of (a)symptomatic VTE.
l	 CVC-related infection and CVC-related bacteraemia as defined by the authors of the 

original studies (Mermel 2009).
l	 Post-thrombotic syndrome (Goldenberg 2010).

Search methods for identification of studies 

See Cochrane Childhood Cancer Group methods used in reviews (Module CCG).

Electronic searches 

We searched the following electronic databases: the Cochrane Central Register of Controlled 

Trials (CENTRAL) (The Cochrane Library, issue 8, 2012); MEDLINE/PubMed (from 1945 to 

August 2012) and EMBASE/Ovid (from 1980 to August 2012).

The search strategies used for the different electronic databases (with a combination of 

controlled vocabulary and text words) are presented in the appendices (Appendix 1, 

Appendix 2, Appendix 3).

Searching other resources 

We located information about trials not registered in CENTRAL, MEDLINE or EMBASE, 

published or unpublished, by searching the reference lists of relevant articles and review 

articles. We handsearched the conference proceedings of the International Society for 

Paediatric Oncology (SIOP) (from 2006 to 2011), the American Society of Clinical Oncology 

(ASCO) (from 2006 to 2011), the American Society of Hematology (ASH) (from 2006 to 

2011) and the International Society on Thrombosis and Haemostasis (ISTH) (from 2006 to 

2011). We scanned the International Standard Randomised Controlled Trial Number (ISRCTN) 
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Register and the National Institute of Health (NIH) Register for ongoing trials (http://www.

controlled-trials.com; August 2012).

We did not impose language restrictions, and we will update the searches every two years.

Data collection and analysis 

Selection of studies 
After employing the search strategy described previously, two review authors independently 

identified studies meeting the inclusion criteria for this review. They were not blinded to the 

journal, author or institution. We resolved discrepancies between authors by consensus. If 

no agreement could be reached, we asked for the opinion of a third-party arbitrator. We 

obtained in full for closer inspection any study seemingly meeting inclusion criteria on the 

grounds of the title or abstract, or both. We contacted authors for additional information 

when necessary. We clearly stated details of reasons for exclusion of any study considered 

for review and showed all excluded studies in a flow chart.

Data extraction and management 
Two review authors independently performed data extraction using standardised forms. 

Data extraction included characteristics of the participant group involved, the intervention 

described, the outcome assessed and the follow-up provided. We contacted authors for 

additional information when necessary. We resolved disagreements by consensus. If no 

agreement could be reached, we asked for the opinion of a third-party arbitrator.

Assessment of risk of bias in included studies
Two review authors independently undertook the assessment of risk of bias of included RCTs 

and CCTs (i.e. selection bias, performance bias, detection bias, attrition bias and reporting 

bias). We used the risk of bias items as described in the module of the Childhood Cancer 

Group (Module CCG), which are based on the Cochrane Handbook for Systematic Reviews of 

Interventions (Higgins 2011); to assess reporting bias, we compared the methods section of 

included studies with their results section. We contacted authors for additional information 

when necessary. We resolved discrepancies between authors by consensus. If no agreement 

could be reached, we asked for the opinion of a third-party arbitrator.

We presented the results of the risk of bias assessment (i.e. how each trial scored on each 

risk of bias item) in the risk of bias table and in a methodological quality summary. We took 

the risk of bias in included studies into account in interpreting the results of the review.

For cohort studies, no risk of bias assessment was performed.

Measures of treatment effect
For dichotomous outcomes, we expressed the effect estimate as risk ratio (RR) and presented 

all results with corresponding 95% confidence intervals (CIs). When only one study was 

Systemic treatments for the prevention of thrombosis 
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available and no events were reported in one of the treatment groups, it was not appropriate 

to calculate the RR, its 95% CI and the corresponding P value. For these outcomes, we 

calculated Fisher’s exact P value instead, using PASW Statistics (SPSS) for Windows, version 

19 (SPSS Inc, Chicago, Illinois, USA).

Unit of analysis issues 
If trials other than those with a simple parallel design, such as cluster-randomised trials or 

cross-over trials, would have been included, we would have taken appropriate steps to avoid 

unit of analysis error. However, because only studies with a parallel design were included, 

this was not applicable.

Dealing with missing data
When relevant data were missing, we attempted to contact the authors to retrieve the 

missing data. We extracted data by allocation intervention, irrespective of compliance with 

the allocated intervention, to allow an intention-to-treat analysis. If this was not possible, we 

stated this and performed an ‘as treated’ analysis.

Assessment of heterogeneity 
We assessed heterogeneity both by visual inspection of the forest plots and by completion of 

a formal statistical test for heterogeneity (i.e. the I2 statistic). If significant heterogeneity (I2 

≥ 50%) occurred, we explored possible reasons for it and took appropriate measures, such 

as using a random-effects model to derive the estimation of treatment effects throughout 

the review.

Assessment of reporting biases
In addition to the evaluation of reporting bias as described in the ‘Assessment of risk of bias’ 

section, we planned to assess reporting bias by constructing a funnel plot when the number 

of included studies was sufficient (i.e. at least 10 studies included in a meta-analysis) because 

otherwise, the power of the tests is too low to distinguish chance from real asymmetry 

(Higgins 2011). Because none of our meta-analyses included at least 10 studies, this was not 

applicable.

We took the following measures to reduce reporting bias:
l	 We searched multiple electronic databases, proceedings of scientific meetings and trial 

registries to deal with location and time lag bias;
l	 We kept no language restriction in the search strategy; and
l	 We excluded duplicate reports of the same study to avoid duplicate publication bias.

Data synthesis
We entered data into RevMan and undertook analyses according to the guidelines of the 

Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011). The primary aim 
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was to perform a pooled analysis; however, if groups were not comparable, we summarised 

the results descriptively. RCTs and CCTs were analysed separately. Ruud et al performed 

ultrasonography for asymptomatic VTE at one, three and six months (Ruud 2006a). We did 

not incorporate the difference in time points in our analyses; we included in our analyses the 

number of participants with an event, not the number of events.

Subgroup analysis and investigation of heterogeneity 
We planned to look at patients with haematological and solid malignancies separately 

and to perform subgroup analyses for different age groups and for patients with inherited 

thrombophilia traits.

Sensitivity analysis
We performed a sensitivity analysis for the risk of bias criteria used (i.e. excluding studies 

with a high risk of bias for which the risk of bias was unclear and comparing the results of 

studies with a low risk of bias with the results of all available studies) for all analyses that 

included more than one study.

Results 

Description of studies 

See Characteristics of included studies table; Characteristics of excluded studies table; and 

Figure 1. Searches of CENTRAL, MEDLINE and EMBASE identified 450 titles of reports of 

potentially relevant studies. We excluded 400 reports on the basis of title and abstract. The 

remaining 50 reports were screened by full text analysis. Of these reports, 45 were excluded. 

After searching the conference proceedings, we identified an additional 42 potentially 

relevant abstracts. One of the 42 potentially relevant abstracts was published in full text in 

2010 (Harlev 2010), and another study was available as an abstract only (Brasseur 2007). 

The remaining 40 reports were excluded. We searched for ongoing studies in the ISRCTN 

Register and the NIH ClinicalTrials.gov register. None of the ongoing trials were relevant to 

this review. A complete list with reasons for exclusion is presented in the table Characteristics 

of excluded studies. Three studies were identified by searching reference lists of relevant 

studies and are included in this study (Abbott 2009, Elhasid 2001, Zaunschirm 1986). Thus 

we included ten studies. Four studies did not contain a control group and are presented in 

a separate overview Table (Table 1). The remaining six studies (three RCTs and three CCTs) 

were included for analyses.

Included studies

Characteristics of the included RCTs (n = 3: Massicotte 2003; Mitchell 2003; Ruud 2006) 

and CCTs (n = 3: Meister 2008; Elhasid 2001; Abbott 2009), including a total number of 

Systemic treatments for the prevention of thrombosis 
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1291 participants, are presented in the table Characteristics of included studies. Five studies 

compared systemic prophylactic treatment with no intervention. The following systemic 

treatments were investigated: LMWH (n = 2: Massicotte 2003; Elhasid 2001), antithrombin 

(AT; n = 1: Mitchell 2003), fresh frozen plasma (FFP) and/or cryoprecipitate (n = 1: Abbott 

2009) and warfarin (n = 1: Ruud 2006). One study compared LMWH and AT supplementation 

with AT supplementation only (Meister 2008).

Four studies included only patients with ALL (Meister 2008; Mitchell 2003; Elhasid 2001; 

Abbott 2009), one study included all patients with malignancies (Ruud 2006) and one study 

included 92/186 patients with other, non-malignant diseases (Massicotte 2003). All studies 

used different treatment schedules. Three studies investigated the effects of symptomatic 

VTE (Abbott 2009; Elhasid 2001; Meister 2008). Investigators monitored study participants 

closely and confirmed VTE with the appropriate radiodiagnostic test. One of these studies 

 

Number of records identified through 
database searching (PubMed, EMBASE 

and CENTRAL on 30-08-2012): 450

Number of full-text articles 
assessed for eligibility: 50 

Number of records excluded based 
on title and/or abstract: 400

 
 

Number of studies included: 10  

Number of full-text articles excluded: 45 

Reference lists of included studies and
relevant reviews: 3 additional studies 

Conference proceedings of SIOP 
(2006-2011), ASCO (2006-2011), ASH 

(2006-2010), ISTH (2006-2011): 
2 additional studies (40 studies excluded)

Number of ongoing trials identified 
through the ISRCTN register and the NIH 
register: no additional studies identified 

Figure 1. Flow diagram of selection of studies. SIOP; International Society for Paediatric Oncology, ASCO; 
American Society of Clinical Oncology, ASH; the American Society of Haematology, ISTH; the International 
Society of Thrombosis and Haematology
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reported symptomatic VTE only in the central nervous system (Abbott 2009). Three studies 

investigated the effects of systemic prophylactic treatment on both symptomatic and 

asymptomatic VTE (Massicotte 2003; Mitchell 2003; Ruud 2006). One study defined that 

patients with symptomatic VTE were included in the intention-to-treat analysis but were 

excluded from further analyses (Ruud 2006). Asymptomatic VTE was assessed by different 

radiographic techniques. Massicotte et al investigated asymptomatic VTE with venography 

(Massicotte 2003), and Ruud et al performed ultrasound examination at one, three and 

six months after inclusion (Ruud 2006). Mitchell et al screened for asymptomatic VTE 

after completion of the induction phase of chemotherapy and during follow-up (day 28 to 

a further three months) with the following radiographic tests: (1) bilateral venography or 

magnetic resonance imaging (MRI) of the upper body, (2) ultrasound of the upper body, 

(3) echocardiogram and (4) MRI of the head (Mitchell 2003). All studies investigated the 

occurrence of major and/or minor bleeding episodes.

For evaluation of adverse events, we included four publications on cohort studies (Table 1). 

All four studies investigated systemic treatments to prevent VTE: Two studies investigated 

LMWH (Harlev 2010; Mitchell 2010), one FFP supplementation (Brasseur 2007) and one FFP 

and/or AT supplementation (Zaunschirm 1986). Two studies selected patients who were at 

higher risk of VTE for systemic prophylaxis. Harlev et al selected ALL patients with a genetic 

predisposition for VTE (prothrombin gene mutation and heterozygosity for factor V Leiden 

mutation) (Harlev 2010). Mitchell et al developed a predictive model for identifying ALL 

patients at increased risk for VTE (Mitchell 2010). Patients with a score > 2.5 were eligible for 

systemic prophylaxis. All studies used different treatment schedules (Table 1).

Risk of bias in included studies 

Data on the risk of bias assessment of the six included RCTs/CCTs are described in the risk of 

bias section of the Characteristics of included studies table and are presented in Figure 2 and 

Figure 3. All studies were found to have methodological limitations. For evaluation of internal 

validity, we assessed the risks of selection bias, performance bias, detection bias, attrition 

bias and reporting bias. We did not assess the risk of bias in the included cohort studies.

Selection bias 
For evaluation of selection bias, we assessed random sequence generation and allocation 

concealment. Three of six studies were RCTs, and investigators performed random and 

concealed sequence allocation (Massicotte 2003; Mitchell 2003; Ruud 2006). The risk of 

selection bias in the three CCTs was high because no randomisation was performed (Abbott 

2009; Elhasid 2001; Meister 2008).

Systemic treatments for the prevention of thrombosis 
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Performance bias and detection bias 
For evaluation of performance bias, we assessed the blinding of participants and personnel. 

All studies were open label, and neither participants nor personnel were blinded; therefore 

the risk of performance bias was high in all studies (Abbott 2009; Elhasid 2001; Massicotte 

2003; Meister 2008; Mitchell 2003; Ruud 2006).

Figure 2. Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages 
across all included studies.
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Figure 3. Risk of bias summary: review authors’ 
judgements about each risk of bias item for 
each included study.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment symptomatic VTE (detection bias)

Blinding of outcome assessment asymptomatic VTE (detection bias)

Blinding of outcome assessment major bleeding, minor bleeding, thrombocytopenia, HIT, HITT, death due to (a)symptomatic VTE, removal of
CVC because of (a)symptomatic VTE, CVC-related infection and CVC-related bacteraemia and/or post-thrombotic syndrome (detection bias)

0% 25% 50% 75% 100%

Low risk of bias

Unclear risk of bias

High risk of bias
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For evaluation of detection bias, we assessed the blinding of outcome assessors for all 

outcomes separately. In three studies (all CCTs), the outcome assessors were not blinded 

for all evaluated outcomes (Abbott 2009; Elhasid 2001; Meister 2008). In two studies, 

radiographic tests were assessed for VTE by a central adjudication committee not involved 

in participant care and blinded to treatment group (Massicotte 2003; Mitchell 2003). In 

the third study, radiologists performing the ultrasound examination were blinded to the 

treatment assignment (Ruud 2006). Also, the results were not available to treating clinicians 

unless participants presented symptoms of VTE. All other outcomes (symptomatic VTE, major 

bleeding, minor bleeding, other adverse events) were not assessed by blinded clinicians. 

These outcomes were assessed by regular clinicians, and because these studies were open 

label, they were aware of the treatment group.

Attrition bias 
For evaluation of attrition bias, we assessed the completeness of outcome data for all 

outcomes separately. The risk for attrition bias was low in two studies (two CCTs) (Abbott 

2009; Elhasid 2001). In one study, the number of excluded patients and the reasons for 

exclusion were not specified; therefore the risk of attrition bias was unclear (Meister 2008). 

In the other three studies, outcome data were reported incompletely. In the study by 

Massicotte et al, 28/186 participants were not evaluable for the primary efficacy analysis 

(Massicotte 2003). Mitchell et al and Ruud et al excluded 24 and 11 participants, respectively, 

from analyses after randomisation (high risk of attrition bias) (Mitchell 2003; Ruud 2006).

Reporting bias 
For evaluation of reporting bias, we assessed selective reporting. All outcomes described 

in the method sections were evaluated. Thus, the risk of reporting bias was low in all six 

included studies (Abbott 2009; Elhasid 2001; Massicotte 2003; Meister 2008; Mitchell 2003; 

Ruud 2006).

Effects of interventions 

Not all studies allowed data extraction for all endpoints. See the Characteristics of included 

studies table for a more detailed description of the extractable endpoints of each study.

Symptomatic VTE
Data on the number of patients with symptomatic VTE could be extracted from all six 

included studies (Abbott 2009; Elhasid 2001; Massicotte 2003; Meister 2008; Mitchell 2003; 

Ruud 2006).

Three RCTs and two CCTs (Abbott 2009; Elhasid 2001; Massicotte 2003; Mitchell 2003; 

Ruud 2006) compared systemic intervention with no intervention. One CCT (Meister 2008) 

compared one systemic intervention with another systemic intervention.

Systemic treatments for the prevention of thrombosis 
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Systemic intervention versus no intervention 
Results from two RCTs were evaluated in a meta-analysis with a total of 182 participants 

(Mitchell 2003; Ruud 2006) (Figure 4). The RCT by Massicotte et al (Massicotte 2003)¬was 

excluded from the meta-analyses, as this study included 49% of participants with 

non-malignant disease.

Study or Subgroup
1.1.1 Best case scenario
Mitchell 2003
Ruud 2006
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = 0.00; Chi² = 0.63, df = 1 (P = 0.43); I² = 0%
Test for overall effect: Z = 0.43 (P = 0.67)

1.1.2 As treated analysis
Mitchell 2003
Ruud 2006
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = 0.00; Chi² = 0.37, df = 1 (P = 0.54); I² = 0%
Test for overall effect: Z = 0.43 (P = 0.67)

Events

0
1

1

0
1

1

Total

37
31
68

25
29
54

Events

3
1

4

3
1

4

Total

72
42

114

60
33
93

Weight

46.4%
53.6%

100.0%

46.5%
53.5%

100.0%

M-H, Random, 95% CI

0.27 [0.01, 5.18]
1.35 [0.09, 20.83]
0.65 [0.09, 4.78]

0.34 [0.02, 6.26]
1.14 [0.07, 17.39]
0.64 [0.09, 4.74]

Systemic treatment No intervention Risk Ratio Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours prophylaxis Favours no intervention

As outcome reporting was incomplete, we performed a best case scenario and an as treated 

analysis. A total of 68 participants were randomly assigned to systemic treatment (AT or 

warfarin) and 114 to no intervention. Outcomes were assessed in 54 participants in the 

experimental group and in 93 in the control group. One participant in the experimental 

group developed symptomatic VTE, along with four in the control group. We found no 

significant difference between systemic prophylactic treatment and no intervention (best 

case scenario: RR 0.65, 95% CI 0.09 to 4.78, P = 0.67, as treated; RR 0.64, 95% CI 0.09 to 

4.74, P = 0.67). No heterogeneity was detected (I2 = 0%).

In the RCT by Massicotte et al that was not included in the meta-analyses, 92 participants 

were randomly assigned to LMWH (78 analysed for all outcomes) and 94 to no intervention 

(80 analysed for all outcomes) (Massicotte 2003) (Figure 5). We found no significant 

difference between LMWH and no intervention (best case scenario: RR 1.02, 95% CI 0.21 to 

4.93, P = 0.98 as treated; RR 1.03, 95% CI 0.21 to 4.93, P = 0.97).

The two CCTs were evaluated separately because the study populations were not 

comparable. In the first CCT (Elhasid 2001), 41 participants were allocated to LMWH and 

50 to no intervention. No participants in the experimental group and one participant in the 

control group developed symptomatic VTE. We found no significant difference between 

LMWH and no intervention (Fisher’s exact test, two-sided P = 1.00) (Table 2). In the second 

Figure 4 (Analysis 1.1) Forest plot of comparison: 1 Systemic preventive treatment versus no intervention, 
symptomatic VTE, outcome: 1.1 Meta-analysis.
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study (Abbott 2009), 240 participants were randomly assigned to FFP and/or cryoprecipitate 

supplementation (if AT or fibrogen was too low) and 479 to no intervention. No participants 

in the experimental group and seven in the control group developed central nervous system 

VTE. This difference was not statistically significant (Fisher’s exact test, two-sided P = 0.10) 

(Table 2).

Systemic intervention versus another systemic intervention 
In one CCT (Meister 2008), 41 participants were randomly assigned to AT and LMWH and 

71 to AT only. No participants in the experimental group and nine in the control group 

developed VTE. This difference was statistically significant (Fisher’s exact test, two-sided P = 

0.028) (Table 2).

Symptomatic and asymptomatic VTE

Asymptomatic VTE was reported in three RCTs (Massicotte 2003; Mitchell 2003; Ruud 2006).

Systemic intervention versus no intervention 
We analysed the results from two RCTs in a meta-analysis, with a total number of 182 

participants (Mitchell 2003; Ruud 2006) (Figure 6). The RCT by Massicotte et al (Massicotte 

2003) was excluded from the meta-analysis as this study included 49% of participants 

with non-malignant disease. A total of 68 participants were randomly assigned to systemic 

treatment (AT or warfarin) and 114 to no intervention. Outcomes were assessed in 54 

participants in the experimental group and in 93 participants in the control group. In the 

experimental group, 22 participants developed asymptomatic or symptomatic VTE versus 

35 in the control group. We found no significant difference between systemic prophylactic 

treatment and no intervention (best case scenario: RR 1.02, 95% CI 0.40 to 2.55, as treated 

Study or Subgroup

1.2.1 Best case scenario
Massicotte 2003
Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.03 (P = 0.98)

1.2.2 As treated analysis
Massicotte 2003
Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.03 (P = 0.97)

Events

3

3

3

3

Total

92
92

78
78

Events

3

3

3

3

Total

94
94

80
80

Weight

100.0%
100.0%

100.0%
100.0%

M-H, Random, 95% CI

1.02 [0.21, 4.93]
1.02 [0.21, 4.93]

1.03 [0.21, 4.93]
1.03 [0.21, 4.93]

Systemic treatment No intervention Risk Ratio Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours prophylaxis Favours no intervention

Figure 5 (Analysis 1.2) Forest plot of comparison: 1 Systemic preventive treatment versus no intervention, 
symptomatic VTE, outcome: 1.2 Massicotte 2003.

Systemic treatments for the prevention of thrombosis 
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RR 1.05, 95% CI 0.62 to 1.78, P = 0.86). Heterogeneity was substantial: I2 = 73% in the best 

case analysis, and it was 30% in the as treated analysis.

In the RCT by Massicotte et al, 92 participants were randomly assigned to LMWH and 

94 to no intervention (Massicotte 2003) (Figure 7). Outcomes were measured in 78 and 

80 participants, respectively. A total of 11 patients in the experimental group and 10 in 

the control group developed asymptomatic or symptomatic VTE. We found no significant 

difference between LMWH prophylaxis and no intervention (best case scenario: RR 1.12, 

95% CI 0.50 to 2.52, P = 0.78 as treated; RR 1.13, 95% CI 0.51 to 2.50, P = 0.77).

Figure 6 (Analysis 2.1) Forest plot of comparison: 2 Systemic preventive treatment versus no intervention, 
asymptomatic VTE and symptomatic VTE, outcome: 2.1 Meta-analysis.

Study or Subgroup

2.1.1 Best case scenario
Mitchell 2003
Ruud 2006
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = 0.33; Chi² = 3.77, df = 1 (P = 0.05); I² = 73%
Test for overall effect: Z = 0.03 (P = 0.97)

2.1.2 As treated analysis
Mitchell 2003
Ruud 2006
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = 0.05; Chi² = 1.43, df = 1 (P = 0.23); I² = 30%
Test for overall effect: Z = 0.18 (P = 0.86)

Events

7
15

22

7
15

22

Total

37
31
68

25
29
54

Events

22
13

35

22
13

35

Total

72
42

114

60
33
93

Weight

46.6%
53.4%

100.0%

41.2%
58.8%

100.0%

M-H, Random, 95% CI

0.62 [0.29, 1.31]
1.56 [0.88, 2.79]
1.02 [0.40, 2.55]

0.76 [0.38, 1.55]
1.31 [0.76, 2.28]
1.05 [0.62, 1.78]

Systemic treatment No intervention Risk Ratio Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours prophylaxis Favours no intervention

Study or Subgroup
2.2.1 Best case scenario
Massicotte 2003
Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.28 (P = 0.78)

2.2.2 As treated analysis
Massicotte 2003
Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.30 (P = 0.77)

Events

11

11

11

11

Total
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78
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10

10

10

10

Total
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100.0%
100.0%

100.0%
100.0%
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1.12 [0.50, 2.52]
1.12 [0.50, 2.52]

1.13 [0.51, 2.50]
1.13 [0.51, 2.50]
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Figure 7 (Analysis 2.2) Forest plot of comparison: 3 Systemic preventive treatment versus no intervention, 
asymptomatic VTE and symptomatic VTE, outcome: 3.2 Massicotte 2003.
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Adverse events

Major bleeding 
Systemic intervention versus no intervention 

Major bleeding was mentioned as an outcome measure by all three RCTs and one CCT. We 

analysed the risk of major bleeding from two RCTs in a meta-analysis (Mitchell 2003; Ruud 

2006) (Figure 8). The RCT by Massicotte et al (Massicotte 2003) was excluded from the 

meta-analyses because this study included 49% of participants with non-malignant disease. 

A total of 68 participants were randomly assigned to systemic treatment (AT or warfarin) 

and 114 to no intervention. Bleeding complications were assessed in 54 and 93 participants, 

respectively. The risk of major bleeding was lower in participants receiving systemic 

prophylactic treatment compared with participants receiving no intervention, but this finding 

was not statistically significant (best case scenario: RR 0.39, 95% CI 0.05 to 3.31, P = 0.39 as 

treated: RR 0.38, 95% CI 0.05 to 3.08, P = 0.37). No heterogeneity was detected (I2 = 0%).

No significant difference in major bleeding was found in the RCT by Massicotte et al between 

participants (n = 92) receiving LMWH and those given no intervention (n = 94) (Massicotte 

2003). Bleeding complications were assessed in 78 and 80 participants, respectively (Fisher’s 

exact test, two-sided P = 1.00) (Massicotte 2003) (Table 2).

One CCT investigated only CNS haemorrhage, but no episodes of CNS haemorrhage occurred 

(Abbott 2009).

Study or Subgroup
3.1.1 Best case scenario
Mitchell 2003
Ruud 2006
Subtotal (95% CI)
Total events
Heterogeneity: Chi² = 0.15, df = 1 (P = 0.70); I² = 0%
Test for overall effect: Z = 0.86 (P = 0.39)

3.1.2 As treated analysis
Mitchell 2003
Ruud 2006
Subtotal (95% CI)
Total events
Heterogeneity: Chi² = 0.31, df = 1 (P = 0.58); I² = 0%
Test for overall effect: Z = 0.91 (P = 0.37)

Events

0
0

0

0
0

0

Total

37
31
68

25
29
54

Events

1
2

3

1
2

3

Total

72
42

114

60
33
93

Weight

32.5%
67.5%

100.0%

27.7%
72.3%

100.0%

M-H, Fixed, 95% CI

0.64 [0.03, 15.34]
0.27 [0.01, 5.41]
0.39 [0.05, 3.31]

0.78 [0.03, 18.57]
0.23 [0.01, 4.54]
0.38 [0.05, 3.08]

Systemic treatment No intervention Risk Ratio Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours prophylaxis Favours no intervention

Figure 8 (Analysis 3.1) Forest plot of comparison: 3 Systemic preventive treatment versus no intervention, 
major bleeding, outcome: 3.1 Meta-analysis.
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Systemic intervention versus another systemic intervention 

In one CCT, no major bleeding episodes were reported (Meister 2008).

Minor bleeding 

Systemic intervention versus no intervention 

In two RCTs, episodes of minor bleeding were reported (Massicotte 2003; Mitchell 2003). 

One study reported 48 episodes of minor bleeding in 92 participants randomly assigned to 

LMWH prophylaxis and 41 episodes of minor bleeding in 94 participants randomly assigned 

to no intervention (Massicotte 2003) (Figure 9). Analyses of bleedings were performed in 78 

and 80 participants, respectively. The difference was not statistically significant (best case 

scenario: RR 1.20, 95% CI 0.88 to 1.62, P = 0.24 as treated; RR 1.22, 95% CI 0.91 to 1.65, 

P = 0.19). In the other study, 2/37 participants randomly assigned to AT supplementation 

developed minor bleeding compared with 0 of 72 participants randomly assigned to no 

intervention (Mitchell 2003). Analyses of bleedings were performed in 25 and 60 participants, 

respectively. The difference was not statistically significant (best case scenario: Fisher’s exact 

test, two-sided P = 0.12, as treated; Fisher’s exact, two-sided P = 0.094) (Table 2).

Figure 9 (Analysis 4.1) Forest plot of comparison: 4 Systemic preventive treatment versus no intervention, 
minor bleeding, outcome: 4.1 Massicotte 2003.

Study or Subgroup
4.1.1 Best case scenario
Massicotte 2003
Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 1.16 (P = 0.24)

4.1.2 As treated analysis
Massicotte 2003
Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 1.31 (P = 0.19)

Events

48

48

48

48

Total

92
92

90
90

Events

41

41

41

41

Total

94
94

94
94

Weight

100.0%
100.0%

100.0%
100.0%

M-H, Random, 95% CI

1.20 [0.88, 1.62]
1.20 [0.88, 1.62]

1.22 [0.91, 1.65]
1.22 [0.91, 1.65]

Systemic treatment No intervention Risk Ratio Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours prophylaxis Favours no intervention

Systemic intervention versus another systemic intervention 

In one CCT, no minor bleeding episodes occurred (Meister 2008).

Any bleeding 
One CCT did not state whether bleeding episodes were major or minor or were characterised 

as a combination (Elhasid 2001); no bleeding episodes were reported.
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Thrombocytopenia 
None of the studies reported thrombocytopenia or heparin-induced thrombocytopenia and 

thrombosis (HITT) as an outcome measure.

Death due to (a)symptomatic VTE 
None of the studies reported deaths due to VTE. Probably, the prevalence of death due to 

VTE is 0% in all studies.

Removal of CVC because of VTE
Systemic intervention versus no intervention 

One study reported the number of CVCs prematurely removed because of CVC-related 

infection (Ruud 2006). Four CVCs were removed because of CVC-related infection. However 

among these four participants, two also had occlusive VTE, and one moderate jugular VTE. 

Whether these participants were treated in the experimental or the control group was not 

specified. No premature removal was mentioned in the other studies.

Catheter-related infection and catheter-related bacteremia
None of the studies provided adequate information on these outcomes.

Post-thrombotic syndrome
None of the studies reported the number of participants who developed a post-thrombotic 

syndrome.

Subgroup analyses
We planned to look at participants with haematological and solid malignancies separately 

or as specified by age group, but the included studies did not provide the data necessary, 

so no subgroup analysis was performed. None of the included studies provided outcome 

measures for participants with inherited thrombophilia traits, so no subgroup analyses were 

performed.

Sensitivity analyses for the used risk of bias criteria
No sensitivity analyses were possible because all studies included in the meta-analyses had 

the same score for all risk of bias criteria.

Cohort studies (no control group included)
Cohort studies are described in detail in Table 1. In this section, we present only results 

for adverse events and episodes of bleeding, as this was the objective of including cohort 

studies. Treatment results are presented in Table 1. Three studies provided information on 

bleeding episodes: One participant developed an ischaemo-haemorrhagic stroke. One study 

provided information on adverse events: No adverse events occurred.

Systemic treatments for the prevention of thrombosis 
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Discussion 

Paediatric oncology patients are at increased risk for the development of (a)symptomatic VTE. 

These thrombotic events cause significant morbidity and mortality in paediatric oncology 

patients during their cancer treatment.

In this review we evaluated the effects of systemic treatments in preventing VTE in paediatric 

cancer patients with tunnelled CVCs. We identified three RCTs and three CCTs. Five studies 

compared a systemic treatment with no intervention: two investigated LMWH, one warfarin, 

one AT and one FFP and/or cryoprecipitate supplementation. One CCT compared a systemic 

treatment with another systemic treatment: AT supplementation and LMWH prophylaxis 

with AT supplementation.

None of the studies comparing a systemic treatment with no intervention found a significant 

difference for (a)symptomatic VTE. Not all included studies were pooled. The meta-analyses 

of two RCTs (Mitchell 2003; Ruud 2006) showed no significant difference between systemic 

prophylactic treatment (AT or warfarin) and no intervention for both symptomatic VTE and 

asymptomatic/symptomatic VTE. One CCT comparing systemic treatment with another 

systemic treatment (LMWH and AT supplementation vs AT supplementation) found a 

statistically significant reduction in symptomatic VTE in participants treated with LMWH and 

AT supplementation (Meister 2008). All included studies investigated major and/or minor 

bleeding episodes. None of the studies found a significant difference in major or minor 

bleeding episodes between groups. A meta-analysis of two RCTs (Mitchell 2003; Ruud 2006) 

was performed, which showed no significant difference between systemic prophylactic 

treatment (AT or warfarin) and no intervention for major bleedings. None of the studies 

reported thrombocytopenia, HIT, HITT, death as a result of VTE, removal of CVC due to VTE, 

CVC-related infection or PTS among participants. The prevalence of PTS in only 13 of 29 

participants with catheter-related asymptomatic thrombosis in the RCT of Mitchell et al was 

reported in a cross-sectional study by Kuhle et al (Kuhle 2008). Seven of 13 participants (54%; 

95% CI 25% to 81%) developed symptoms of PTS, which were graded as mild in six patients.

For evaluation of adverse events, we included four publications on cohort studies (Brasseur 

2007; Harlev 2010; Mitchell 2010; Zaunschirm 1986). These studies did not have a control 

arm. Two studies investigated LMWH, one study FFP and/or AT III supplementation and one 

study FFP supplementation only. Three studies provided information on bleeding episodes: 

One participant developed an ischaemo-haemorrhagic stroke (Brasseur 2007; Mitchell 

2010; Zaunschirm 1986). One study investigated other adverse events: None occurred 

(Zaunschirm 1986).

Although we did not detect a significant effect of systemic preventive treatments, this does 

not imply that we proved there was no effect. We included six studies with a total number 

of 1291 participants. Because of different outcome definitions and heterogeneity in both 

study design and included participants, our meta-analysis comprised only 182 participants 

(two studies). Furthermore, all studies were underpowered individually. Three studies were 
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CCTs and included the maximum number of participants treated within a certain period 

of time without a pre-defined power analysis (Abbott 2009; Elhasid 2001; Meister 2008). 

Despite the relatively large number of participants included in the study by Abbott et al 

(n = 719), the number of events was still low, and the difference between cohorts was 

not statistically significant (Abbott 2009). Not all participants received the intervention (FFP 

supplementation n = 86, cryoprecipitate supplementation n = 163) because supplementation 

is administered only when AT or fibrinogen levels drop below pre-defined levels. Therefore 

in such studies, larger numbers are required to attain adequate power. The three RCTs 

did perform power calculations beforehand but were still underpowered. The PARKAA 

(Prophylactic Antithrombin Replacement in Kids with ALL Treated with Asparaginase) study 

was never developed to detect a significant difference (Mitchell 2003). The primary objective 

of this study was to determine the prevalence of (a)symptomatic VTE in the non-treated arm. 

The aim of the antithrombin supplementation was to achieve safety data, not to investigate 

efficacy. Investigators in the PROTEKT (Prophylaxis of Thromboembolism in Kids) study 

sought to include 600 participants (Massicotte 2003). The authors assumed that 25% of 

participants would develop CVC-related VTE and calculated a sample size (with a two-sided 

type I error of 5%; 80% power) of 600 participants to demonstrate a relative risk reduction 

of 40% for participants in the experimental group. However, the study was prematurely 

closed at the request of the sponsor because of low accrual. Ruud et al aimed to include 140 

participants (Ruud 2006). They assumed a 25% reduction in CVC-related VTE with low-dose 

warfarin (power 90%; significance level 5%) and calculated a sample size of 140 participants. 

After including 73 participants, they performed an interim analysis, and the study had 

to be stopped prematurely because of futility; the incidence of VTE was higher in the 

experimental group than in the control group. The sample size required for adequate power 

is determined by pretest probability and expected risk reduction. In cases of low pretest 

probability (i.e. low incidence), a larger sample size is required to detect a significant effect. 

We calculated the incidence of (a)symptomatic VTE in participants who received no systemic 

preventive treatments included in the RCTs of this review (as treated analysis). The incidence 

of symptomatic VTE was 4.0% (7/173), and the incidence of asymptomatic VTE was 22% 

(38/173). To detect a hypothetical 50% risk reduction in symptomatic or asymptomatic VTE 

(power 80%; two-sided type I error 5%), a sample size of 1239 or 196 participants per group 

is required. As can be learned from the studies included in this review, such samples and thus 

adequate power within paediatric oncology are very difficult to achieve.

In the light of the higher incidence rate of asymptomatic VTE, it might be reasonable to 

base power calculations on these incidence numbers. However, the clinical relevance of 

asymptomatic VTE is not well established thus far. A known complication of asymptomatic 

VTE is the post-thrombotic syndrome (PTS), which occurs in about 50% of ALL patients, as 

shown by Kuhle et al (Kuhle 2008). The precise prevalence of pulmonary embolism, death 

and recurrent VTE after asymptomatic VTE is still unknown. Thus, until the clinical relevance 

Systemic treatments for the prevention of thrombosis 

131

proefschrift-2015-definitief.indb   131 14-7-2015   11:07:06



chapter 5

of asymptomatic VTE is completely elucidated, prophylactic studies should be based on 

established clinical relevant outcomes (i.e. symptomatic VTE).

To get at least a partial answer on the question of whether systemic treatment prevents 

symptomatic VTE, it would be worthwhile to select a group of patients at higher risk for 

(symptomatic) VTE. Mitchell et al developed and validated a predictive model to identify 

children treated for ALL who were at increased risk for VTE (Mitchell 2010). In this model, 

participants were scored and were subsequently allocated to a low-risk group (score ≤ 

2.5) or a high-risk group (score > 2.5). Scores were based on potential risk factors for 

VTE (steroid treatment, treatment with Escherichia coli asparaginase, presence of CVC and 

genetic thrombophilic abnormalities) and were validated in a cohort of 339 participants 

with ALL. The rate of symptomatic VTE at 3.5 months was 2.5% in the low-risk group 

and 64.7% in the high-risk group with reduced thrombosis-free survival for children in the 

high-risk group (P < 0.001).

Adult studies, on the other hand, generally have less trouble including sufficient participants 

for adequate power. In a recently published Cochrane review by Di Nisio et al, the authors 

compared 1436 participants treated with LMWH with 1028 participants receiving placebo 

and found a significant reduction in symptomatic VTE in the group of participants treated 

with LMWH (RR 0.62, 95% CI 0.41 to 0.93) (Di Nisio 2012). In 2007 another systematic 

Cochrane review was published (and was updated in 2009) that investigated systemic 

treatments for the prevention of VTE (Akl 2007). Investigators also compared participants 

receiving LMWH (n = 465) with those given placebo (n = 313) and found a trend toward 

reduction in symptomatic DVT in the experimental group (RR 0.49, 95% CI 0.17 to 1.39). 

Both studies included one (other) paediatric study, included in this report (Ruud 2006, 

Mitchell 2003). However, neither of these reviews incorporated a full overview of paediatric 

evidence with the goal of making recommendations for paediatric oncology practise.

Similar to our findings, the reviews mentioned above did not detect a significant increase 

in major or minor bleeding among study participants receiving systemic prophylaxis (Akl 

2007; Di Nisio 2012). Although we did see a trend toward lower risk of major bleeding 

in the experimental group in one of the included studies, this is likely to be caused by 

chance rather than indicating a true difference (Massicotte 2003). Massicotte et al reported 

increased episodes of minor bleeding, compared with the other included studies, in both 

experimental and control groups (Massicotte 2003). The authors applied a broad definition 

of minor bleeding as described in the study protocol, and most of these episodes would 

not be registered if this was not explicitly required by a prospective study. Bleeding is an 

important known side effect of VTE prophylaxis; therefore, future studies should thoroughly 

investigate major and minor bleeding episodes, so the clinical relevance of VTE prophylaxis 

can be properly weighed against the risks of such treatments.

Finally, the risk of bias in the included studies varied. However, at this time, this is the 

best available evidence based on RCTs and CCTs that compared systemic treatment with 

no intervention and systemic treatment with another systemic intervention in paediatric 
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cancer patients with tunnelled CVCs. Although an RCT is the best study design for adequate 

determination of efficacy, provided that the design and the execution are correct, CCTs can 

also provide reliable information. Because of the high risk of bias associated with other study 

designs, we did not include cohort studies without control groups in our efficacy analyses. 

These studies were included for evaluation of adverse events, but no risk of bias assessment 

was performed.

Authors’ Conclusions 

Implications for practice 

In this systematic review, we found no significant effects of systemic treatments compared 

with no intervention for the prevention of symptomatic and/or asymptomatic VTE in paediatric 

oncology patients with CVCs. However, this might be caused by low power resulting from 

the small number of participants included. In comparing systemic treatment with another 

systemic treatment, investigators in one CCT found a significant reduction in symptomatic 

VTE with the addition of LMWH to AT supplementation compared with AT alone.

All studies investigated the prevalence of major and/or minor bleeding episodes, and 

none found a significant difference between study groups. None of the studies reported 

thrombocytopenia, HIT, HITT, death as result of VTE, removal of CVC due to VTE, CVC-related 

infection or PTS among participants.

On the basis of currently available evidence, we are not able to provide recommendations for 

clinical practice.

Implications for research 

Future studies should preferably be RCTs with adequate power and attainable sample sizes. As 

the incidence of symptomatic VTE is relatively low, it might be necessary to select participants 

with thrombotic risk factors or to investigate asymptomatic VTE instead. Furthermore, several 

new oral anticoagulants have been developed that target factor X (endoxaban, rifaroxaban, 

apixaban) and factor IIa (dabigatran). One great advantage of these anticoagulants compared 

with LMWH is oral administration. However, no efficacy studies investigating prevention of 

CVC-related VTE in paediatric oncology have been published thus far.
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Characteristics of studies

Characteristics of included studies 

Abbott 2009

Methods Retrospective CCT conducted in two centres: the IWK in Halifax, Nova Scotia (Canada), 
and the BCCH in Vancouver, British Columbia (Canada)

Participants 719 paediatric patients with ALL, treated between 1990 and 2005. Type of CVC was not 
mentioned. Mean age of patients treated at the IWK was 6.1 years (range 0.2 to 17.6), 
and mean age of patients treated at the BCCH was 6.1 years (range 0 to 17.2)

Interventions FFP and/or cryoprecipitate supplementation (n = 240, experimental group) versus no 
supplementation (n = 479, control group)

Criteria for prophylaxis at the IWK changed over time: < 2001 FFP was supplemented 
when AT was < 50% of the lower limit of normal range, > 2001 FFP was supplemented 
when AT was < 50 U/mL. For the purpose of the study, any replacement provided at an AT 
level of 40 to 60 U/mL was deemed to be in accordance with these criteria

Cryoprecipitate was supplemented: < 2001 if fibrogen levels were < 50% of the lower 
limit of normal, > 2001 if fibrogen levels were < 1 g/L. For the purpose of the study, 
cryoprecipitate replacement at fibrinogen levels of 0.8 to 1.2 g/L was deemed to be in 
keeping with these criteria

86/240 participants received FFP supplementation and 163/240 cryoprecipitate

Outcomes Symptomatic VTE: central nervous system thrombosis, defined as one that presented with 
central nervous system-related symptoms and was documented by computed tomography 
or magnetic resonance imaging

Adverse events: major bleeding: central nervous system haemorrhage, defined as one 
that presented with central nervous system-related symptoms and was documented by 
computed tomography or magnetic resonance imaging

Notes Follow-up data (median 11.7 years) were available for 7 participants with CNS thrombosis

Risk of bias table

Bias Authors’ 
judgement

Support for judgement

Random sequence generation 
(selection bias)

High risk CCT, no randomisation was performed

Allocation concealment 
(selection bias)

High risk CCT, no randomisation was performed

Incomplete 
outcome data 
(attrition bias)

Low risk Complete reporting for all outcome measures 
investigated

Selective reporting 
(reporting bias)

Low risk Complete reporting for all outcome measures 
investigated

Blinding of participants and personnel 
(performance bias)

High risk No blinding of participants and personnel

Blinding of outcome assessment 
symptomatic VTE (detection bias)

High risk No blinding of outcome assessors

Blinding of outcome assessment 
asymptomatic VTE (detection bias)

Unclear risk 

Systemic treatments for the prevention of thrombosis 

135

proefschrift-2015-definitief.indb   135 14-7-2015   11:07:07



chapter 5

Elhasid 2001

Methods Single-centre CCT performed in Haifa, Israel

Participants 91 paediatric patients with ALL (> 12 months) treated between January 1989 and 
July 1999. Types of CVCs not mentioned

Interventions Enoxaparin prophylaxis (n = 41, experimental group; treated between June 1994 
and July 1999) versus no intervention (n = 50, control group; treated between 
January 1989 and January 1994)

Enoxaparin, an LMWH, was administered subcutaneously every 24 hours, 
median dose 0.84 mg/kg/d (range 0.45 to 1.33 mg/kg/d), starting with the first 
dose of asparaginase until one week after the last dose of asparaginase

Outcomes Symptomatic VTE, any location, defined as clinical symptoms and signs of VTE 
verified radiologically

Adverse events: any bleeding episode, no definitions provided

Notes Follow-up data available only during asparaginase therapy

Risk of bias table

Bias Authors’ 
judgement

Support for judgement

Random sequence generation 
(selection bias)

High risk CCT; no randomisation performed

Allocation concealment 
(selection bias)

High risk CCT; no randomisation performed

Incomplete outcome data 
(attrition bias)

Low risk Complete reporting on both groups

Selective reporting 
(reporting bias)

Low risk Complete reporting for all outcome measures 
investigated

Blinding of participants and personnel 
(performance bias)

High risk CCT with historical control group, no blinding 
performed

Blinding of outcome assessment 
symptomatic VTE (detection bias)

High risk No blinding of outcome assessors

Blinding of outcome assessment 
asymptomatic VTE (detection bias)

Unclear risk 

Blinding of outcome assessment 
major bleeding, minor bleeding, 
thrombocytopenia, HIT, HITT, death 
due to (a)symptomatic VTE, removal of 
CVC because of (a)symptomatic VTE, 
CVC-related infection and CVC-related 
bacteraemia and/or post-thrombotic 
syndrome (detection bias)

High risk Bleeding was evaluated (no specification for minor 
or major bleeding was provided); no blinding of 
outcome assessors

Blinding of outcome assessment 
major bleeding, minor bleeding, 
thrombocytopenia, HIT, HITT, death 
due to (a)symptomatic VTE, removal of 
CVC because of (a)symptomatic VTE, 
CVC-related infection and CVC-related 
bacteraemia and/or post-thrombotic 
syndrome (detection bias)

High risk Major bleeding was evaluated; no blinding of 
outcome assessors
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Massicotte 2003

Methods Multi-national, multi-centre open-label RCT conducted in Canada, Australia, United 
Kingdom, Germany and the USA

Participants 186 paediatric patients with CVCs treated between Aprill 22, 1998 and December 31, 
1999

Mean age of participants treated in the experimental group was 6.1 years (range 0.01 
to 16.8), and mean age of participants treated in the control group was 6.4 years (range 
0.05 to 16.7). Types of CVCs: 50 subcutaneous CVCs (27 in the experimental group and 
23 in the control group), 94 exteriorised CVCs (45 in the experimental group and 49 in 
the control group), 38 percutaneous intravenous central catheters (19 in the experimental 
group and 19 in the control group). Type of CVC was unknown in four patients (one in the 
experimental group and three in the control group)

Underlying diseases: 94 cancer (47 in the experimental group and 47 in the control group), 
42 congenital heart disease (23 in the experimental group and 19 in the control group), 
15 systemic disease (seven in the experimental group and eight in the control group), 35 
other (15 in the experimental group and 20 in the control group)

Interventions Reviparin-sodium, an LMWH (n = 92, experimental group) versus no intervention (n = 94, 
control group)

Participants in the experimental group received 30 IU/kg if ≥ 3 months of age or 50 IU/
kg if < 3 months of LMWH (Knoll, Germany) twice daily. Participants in both treatment 
groups received standard catheter care: UFH flushes or very low dose infusion of UFH < 3 
IU/kg/h

Outcomes Asymptomatic CVC-related VTE, confirmed by an exit venogram at day 30 or at the time 
of CVC removal (14 days later). If venography was not possible, ultrasound was used for 
radiological assessment

Symptomatic VTE, any location, within 30 days of CVC placement

Adverse events: major or minor bleeding. Major bleeding was defined as clinically 
significant overt bleeding that required immediate transfusion of red blood cells, or any 
retroperitoneal, intracranial or intra-articular bleeding. Minor bleeding events were defined 
in the context of the primary underlying disorder and what was “usually” expected, such 
as, but not exclusive to: bruising or oozing around intravenous sites and surgical wounds; 
small amounts of blood derived from suctioning an endotracheal tube; small amounts of 
blood in the urine and stool; minor nose bleeds

Notes The study was closed prematurely because of slow recruitment rates

The use of local thrombolytics should have been an outcome, because it can be a sign of 
(a)symptomatic VTE

CVC-related infections should have been an outcome because they coincide with CVC-
related thrombosis

Follow-up of participants lasted for 30 days

Risk of bias table

Bias Authors’ 
judgement

Support for judgement

Random sequence generation 
(selection bias)

Low risk Quote: “They were randomly assigned by a computer-
derived protocol”

Allocation concealment 
(selection bias)

Low risk Quote: “They were randomly assigned by a computer-
derived protocol”

Systemic treatments for the prevention of thrombosis 
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Meister 2008

Methods Single-centre CCT conducted in Insbruck, Austria

Participants 112 paediatric patients (> 12 months) with ALL, treated between June 1995 and January 
2006. Types of CVCs were not mentioned

Interventions Enoxaparin, an LMWH, and AT supplementation (n = 41, experimental group) versus AT 
supplementation (n = 71, control group)

LWMH was given subcutaneously every 24 hours during the induction and reinduction 
phases. LWMH was started with the first doses of CASP and was discontinued when AT 
levels resolved within 1 to 2 weeks after cessation of CASP. Doses of LMWH were weight 
adjusted (range 0.75 to 1.2 mg/kg BW). AT supplementation was given to all participants 
when the AT level fell by ≤ 50%. The amount of AT was calculated as follows: units 
required (IU) = (desired minus baseline AT levels) × weight (kg)/1.4, where baseline AT 
functional levels were expressed as percent of normal. Also, all participants received UFH 
flushes (100 IU/mL, up to tree times daily)

Outcomes Symptomatic VTE, any location, defined as objectively documented VTE during the 240-
day study period and confirmed by appropriate radiological tests. Participants with CVC-
related VTE or VTE at the CVC tip with no symptoms of swelling, tenderness, pain or 
venous dilatation were considered asymptomatic and were not included in the study. 
However, CVC-related VTE with associated symptoms or those requiring removal or 
revision of the CVC were considered symptomatic and were included in the study. Right 
atrial thrombi detected on routine echocardiography without associated symptoms were 
excluded from analysis. Standard radiological methods, based on institutional guidelines, 
were used to confirm the diagnosis of VTE: magnetic resonance imaging for central

Incomplete outcome data 
(attrition bias)

High risk 28/186 participants were not evaluable for the 
primary efficacy analysis. For 23 participants, the 
mandatory venogram was not done, usually because 
of an inability of the participant to be transported 
to the radiology department. For the other five 
participants, the venograms were indeterminate

Selective reporting 
(reporting bias)

Low risk Complete reporting for all outcome measures 
investigated

Blinding of participants and 
personnel (performance bias)

High risk Open-label study

Blinding of outcome assessment 
symptomatic VTE (detection bias)

High risk Quote: “An independent and blinded Central 
Adjudication Committee assessed all efficacy and 
safety outcomes”. However, as this study was open 
label and symptoms of symptomatic VTE were 
assessed by clinicians not blinded to the allocated 
treatment group, we assume a high risk of bias for 
this study

Blinding of outcome assessment 
asymptomatic VTE (detection bias)

Low risk Quote: “An independent and blinded Central 
Adjudication Committee assessed all efficacy and 
safety outcomes”

Blinding of outcome assessment 
major bleeding, minor bleeding, 
thrombocytopenia, HIT, HITT, death 
due to (a)symptomatic VTE, removal 
of CVC because of (a)symptomatic 
VTE, CVC-related infection and CVC-
related bacteraemia and/or post-
thrombotic syndrome (detection bias)

High risk Major bleeding and minor bleeding were evaluated. 
Quote: “An independent and blinded Central 
Adjudication Committee assessed all efficacy and 
safety outcomes”. However, as this study was open 
label and symptoms of major and minor bleeding 
were assessed by clinicians not blinded to the 
allocated treatment group, we assume a high risk of 
bias for this study
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VTE, Doppler ultrasonography and venography for deep venous thrombosis, ventilation-
perfusion scan and/or spiral computed tomography for pulmonary embolism and 
echocardiography for right atrial thrombo-embolism

Adverse events: major and minor bleeding. Major bleeding was defined as intracranial, 
intra-abdominal or pulmonary bleeding episodes and those with a drop in haemoglobin 
needing prompt transfusion. Minor bleeding was defined as all bleeding episodes that 
were not major

Notes AT supplementation is not standard care currently. Therefore a true control group is 
missing

Follow-up of participants was 240 days

Risk of bias table

Bias Authors’ 
judgement

Support for judgement

Random sequence generation 
(selection bias)

High risk CCT; no randomisation performed

Allocation concealment (selection bias) High risk CCT; no randomisation performed

Incomplete outcome 
data (attrition bias)

Unclear risk Number and reason for exclusion not specified

Selective reporting (reporting bias) Low risk Complete reporting for all outcome measures 
investigated

Blinding of participants and personnel 
(performance bias)

High risk No blinding of participants or personnel performed

Blinding of outcome assessment 
symptomatic VTE (detection bias)

High risk No blinding of outcome assessors performed

Blinding of outcome assessment 
asymptomatic VTE (detection bias)

Unclear risk 

Blinding of outcome assessment 
major bleeding, minor bleeding, 
thrombocytopenia, HIT, HITT, death 
due to (a)symptomatic VTE, removal of 
CVC because of (a)symptomatic VTE, 
CVC-related infection and CVC-related 
bacteraemia and/or post-thrombotic 
syndrome (detection bias)

High risk Major bleeding and minor bleeding were evaluated; 
no blinding of outcome assessors was performed

Mitchell 2003

Methods Multi-national, multi-centre open-label RCT conducted in Canada and the USA

Participants 109 paediatric patients with ALL, treated between July 1997 and May 1999. Types of 
CVCs were not mentioned

Interventions AT supplementation (n = 37, experimental group) versus no intervention (n = 72, control 
group)

Median age of participants treated in the experimental group was 3.8 years (range 1.6 to 
17.2), and median age of participants treated in the control group was 5.9 years (range 1.9 
to 16.7). Participants in the experimental group were treated with AT (Thrombate III, Bayer 
Corporation, USA) once weekly for four weeks to increase plasma concentrations to 3.0 
IU/mL, but no more than 3 IU/mL. The amount of AT required was calculated as follows: 
Units required = ((desired - baseline AT levels) × weight (kg))/1.4. All participants received 
standard catheter care: continuous infusion with UFH (1 to 3 IU/mL) or UFH flushes (50 to 
100 IU/mL, maximum four times daily)

Systemic treatments for the prevention of thrombosis 
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Risk of bias table

Bias Authors’ 
judgement

Support for judgement

Random sequence generation 
(selection bias)

Low risk Quote: “Patients were block randomised by hospital 
and stratified by ALL risk group (high or standard). 
Randomisation was performed by the pharmacist-on-
call using a computer-generated random number list”

Allocation concealment (selection 
bias)

Low risk Quote: “Randomisation was performed by the 
pharmacist-on-call using a computer-generated 
random number list”

Incomplete outcome 
data (attrition bias)

High risk 24 participants were excluded from the analysis, 12 
(17%) in the non－AT-treated group and 12 (32%) in 
the AT-treated group

Selective reporting (reporting bias) Low risk Complete reporting for all outcome measures 
investigated

Blinding of participants and personnel 
(performance bias)

High risk Open label

Blinding of outcome assessment 
symptomatic VTE (detection bias)

High risk No blinding of outcome assessors performed

Blinding of outcome assessment 
asymptomatic VTE (detection bias)

Low risk Quote: “All radiographic tests were assessed for 
the presence or absence of thrombosis by a central 
adjudication committee, which consisted of physicians 
with appropriate expertise who were not involved in 
the patient’s care, and who were blinded to treatment 
groups”

Blinding of outcome assessment 
major bleeding, minor bleeding, 
thrombocytopenia, HIT, HITT, death 
due to (a)symptomatic VTE, removal 
of CVC because of (a)symptomatic 
VTE, CVC-related infection and CVC-
related bacteraemia and/or post-
thrombotic syndrome (detection bias)

High risk Major bleeding and minor bleeding were evaluated; 
no blinding of outcome assessors was performed

Outcomes Symptomatic VTE, any location, was assessed by close monitoring of participants during 
the study period and was confirmed by appropriate objective radiographic tests. No 
definitions were stipulated for clinical presentation, which was left to the judgement of the 
attending physician

Asymptomatic VTE was assessed by radiographic testing after completion of the induction 
phases of chemotherapy. During the follow-up period (day 28 to a further three months), 
all participants were screened with radiographic tests consisting of: bilateral venography 
or magnetic resonance imaging of the upper body, ultrasound of the upper body, an 
echocardiogram and magnetic resonance imaging of the head

Adverse events: major and minor bleeding. Major bleeding was defined as overt bleeding 
requiring transfusion of red blood cells or any bleed in the central nervous system or the 
retroperitoneum. Minor bleeding was defined as any bleeding not considered major

Notes The study was powered to detect a trend

A quarter of the AT supplemented patients had plasma levels fall below normal, most likely 
as a result of the dosing schedule

Follow-up of participants lasted for 3 months
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Ruud 2006

Methods Open-label RCT conducted in two centres in Norway

Participants 73 paediatric oncology patients, treated between January 2002 and October 2003, 
were randomly assigned. Eleven participants were excluded from the analyses. Mean 
age of participants treated in the experimental group was 7.3 years, and mean age of 
participants treated in the control group was 6.2 years. Types of CVCs: 38 single lumen 
(16 in the experimental group and 22 in the control group), 10 double lumen (six in the 
experimental group and four in the control group) and 14 port (seven in the experimental 
group and seven in the control group)

Underlying diseases: 29 ALL (14 in the experimental group and 15 in the control group), six 
AML (four in the experimental group and two in the control group), seven brain tumour 
(three in the experimental group and four in the control group), five lymphoma (two in the 
experimental group and three in the control group) and 15 other solid tumours (six in the 
experimental group and nine in the control group)

Interventions Warfarin (n = 31, experimental group) versus no intervention (n = 42, control group)

Participants in the experimental group were treated with warfarin (Marevan, Nycome 
Pharma, Norway) for six months with an intended INR between 1.3 and 1.9. Participants 
were started on warfarin (0.1 mg/kg) on the same day that their CVCs were inserted

Outcomes Symptomatic CVC-related VTE, confirmed by ultrasonography of the central neck veins

Asymptomatic CVC-related VTE, assessed by ultrasonography of the central neck veins at 
one, three and six months after inclusion

Adverse events: major bleeding, defined as intracerebral or intra-abdominal haemorrhages 
or a fall in haemoglobin greater than 2 g/dL

Notes Subtherapeutic doses of warfarin

Follow-up of participants was 6 months

Risk of bias table

Bias Authors’ 
judgement

Support for judgement

Random sequence generation 
(selection bias)

Low risk Quote: “The randomisation was practically organised by 
the principal investigator by drawing closed envelopes 
from boxes. There were two boxes of envelopes: one 
for children for whom treatment with asparaginase was 
planned, and one for those who were not intended to 
receive asparaginase”

Allocation concealment (selection 
bias)

Low risk Quote: “The randomisation was practically organised by 
the principal investigator by drawing closed envelopes 
from boxes. There were two boxes of envelopes: one 
for children for whom treatment with asparaginase was 
planned, and one for those who were not intended to 
receive asparaginase”

Incomplete outcome data 
(attrition bias)

High risk 11 participants were excluded after randomisation: two 
in the experimental group and nine in the control group. 
Reasons for exclusion were: death (n = 3), removal of CVC 
before 6 months (n = 2), VTE in need forof antithrombotic 
treatment (n = 2), withdrawal (n = 2), prophylactic 
anticoagulation after major orthopaedic surgery (n = 1) 
and interaction with other drugs (n = 1)

Selective reporting (reporting 
bias)

Low risk Complete reporting for all outcome measures investigated

Systemic treatments for the prevention of thrombosis 
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Blinding of participants and 
personnel (performance bias)

High risk Open-label study

Blinding of outcome assessment 
symptomatic VTE (detection bias)

High risk No blinding of outcome assessors was performed

Blinding of outcome assessment 
asymptomatic VTE (detection 
bias)

Low risk Quote: “The radiologists who performed the 
ultrasonography were blinded to the treatment 
assignment, and, unless the child had symptoms of VTE, 
results from the scheduled ultrasonographies were not 
available for clinicians”

Blinding of outcome assessment 
major bleeding, minor bleeding, 
thrombocytopenia, HIT, HITT, 
death due to (a)symptomatic 
VTE, removal of CVC because 
of (a)symptomatic VTE, CVC-
related infection and CVC-
related bacteraemia and/or post-
thrombotic syndrome (detection 
bias)

High risk The following secondary outcomes were evaluated: 
major bleeding. No blinding of outcome assessors was 
performed

Footnotes. ALL: acute lymphocytic leukaemia; AT: antithrombin; BCCH: the British Columbia Children’s 
Hospital; CASP: Escheria coli asparaginase medac; CCT: controlled clinical trial; CNS: central nervous system; 
CVC: central venous catheter; FFP: fresh frozen plasma; HIT: heparin-induced thrombosis; HITT: heparin-induced 
thrombocytopenia and thrombosis; IWK: the Izaak Walton Killam Health Centre; RCT: randomised controlled 
trial; VTE: venous thrombo-embolic events; LMWH: low molecular weight heparin; UFH: unfractionated 
heparin; 

Characteristics of excluded studies 
Study Reason for exclusion

Abdelkefi 2000 (1) Observational study of CVC-related complications
(2) No investigation of systemic treatments to prevent VTE

Abdelkefi 2004 (1) Non tunnelled CVC
(2) Prophylaxis not systemic

Abdelkefi 2008 (1) Adult study population
(2) Prophylaxis not systemic; coated CVCs

Akl 2007 (1) Study population consisted mainly of adults
(2) Cochrane review

Andrew 1995 (1) Children with malignancies were not included in this study
(2) Observational study of CVC related thrombosis
(3) No investigation of systemic treatments to prevent VTE

Athale 2009 Observational study of the impact of CVC dysfunction on survival

Athale 2010 (1) Treatment of thrombotic events
(2) Observational study of management of thromboembolism

Athale 2012 Observational study of the impact of central venous line dysfunction on the 
outcome of children with cancer

Bagnall 1989 (1) Treatment of thrombotic events
(2) Treatment not systemic

Barzaghi 1995 Observational study of CVC-related clots in patients with haematologic malignancies

Bohlin 2009 Adult study population

Buller 2007 (1) Treatment of thrombotic events
(2) Adult study population

142

proefschrift-2015-definitief.indb   142 14-7-2015   11:07:08



5

Carrier 2007 Review of thromboprophylaxis for CVC related thrombosis in adult cancer patients

Cesaro 2002 (1) Treatment of thrombotic events
(2) Case report

Cesaro 2002a Letter to the editor

Cesaro 2009 Prophylaxis not systemic

Chatzinikolaou 2003 Prophylaxis not systemic

Coleman 2009 (1) Adult study population
(2) Observational study of predictors of deep vein thrombosis

Cortelezzi 2003 Prophylaxis not systemic

Couban 2005 Adult study population1 

Davenport 2010 Study population consisted of patients with non-malignant diseases

De Cicco 2006 Adult study population

Deady 2010 (1) Treatment of thrombotic events
(2) Review of thrombotic events in children receiving asparaginase

Dillon 2004 Treatment not systemic

Dümichen 2012 Prophylaxis not systemic

Eichinger 2008 (1) Adult study population
(2) Prophylaxis not systemic

Fagnani 2006 Adult study population

Faranoush 2007 Observational study of thrombotic risk factors in ALL patients without CVCs

Farge 2008 Guideline

Farhan 2008 Adult study population

Farinasso 2007 Observational study of thrombotic risk factors in ALL patients

Ferreira Chacon 2011 Prophylaxis not systemic

Fratino 2005 (1) Observational study of CVC related complications
(2) No investigation of systemic treatments to prevent VTE

Freytes 2003 Review of CVC related complications

Gabrail 2009 (1) Study population consisted mainly of adult patients
(2) Treatment of thrombotic events

Gerotziafas 2004 Review of risk factors for thrombotic events in children

Giordano 2007 Guideline for diagnosis and treatment of thrombotic events

Goldenburg 2009 Observational study of the post thrombotic syndrome and scale validation

Goldenburg 2009a Review of post thrombotic syndrome

Gonzalez 2010 (1) Observational study of CVC-related complications
(2) No investigation of systemic treatments to prevent VTE

Halton 2012 (1) Study protocol
(2) Observational study investigating the correlation between CVL dysfunction and 
symptomatic thromboembolism

Harney 2010 Observational study monitoring the initiation of prophylactic anticoagulation 
therapy and diagnosis of DVT

Henrickson 2000 (1) Prophylaxis not systemic
(2) Prevention of CVC related infections

Systemic treatments for the prevention of thrombosis 
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Hoppensteadt 2008 Animal model

Kakkar 2009 Adult study population

Kalmanti 2002 Prophylaxis not systemic

Kayton 2010 Prophylaxis not systemic

Kefeli 2009 (1) Patient population consisted mainly of adults
(2) Prophylaxis not systemic

Kenney 1996 Treatment of thrombotic events

Kethireddy 2008 Prophylaxis not systemic

Kovacs 2006 (1) Adult study population
(2) Treatment of thrombotic events

Kuhle 2008 Observational study of the post thrombotic syndrome in childhood cancer survivors

Lee 2009 Adult study population

Levine 2009 Adult study population

Malowany 2008 (1) Children with malignancies were not included in this study
(2) Review
(3) Treatment of thrombotic events in neonates

Masroujeh 2008 (1) Adult study population
(2) Patients with malignancies were not included in this study
(3) Observational study of the use of venous thromboembolism prophylaxis

Massicotte 2003a Dose-finding study

Massicotte 2006 Review on thromboprophylaxis of CVC related thrombotic events

Molinari 2004 Treatment blocked central venous catheters

Möricke 2009 (1) Observational study of thrombotic events
(2) No investigation of systemic treatments to prevent VTE

Nguyen 2008 Adult study population

Odabas 2010 (1) Adult study population
(2) Prophylaxis not systemic

Ragni 2008 Haemophilia patients

Riess 2009 Adult study population

Rodenhuis 1993 Treatment of thrombotic events

Ruud 2006a Observation study of the thrombotic effects of asparaginase

Savage 1999 (1) Treatment of thrombotic events
(2) Adult study population

Schiavetti 2006 (1) Observational study of CVC-related thrombosis
(2) No investigation of systemic treatments to prevent VTE

Sharathkumar 2010 Observational study of the post thrombotic syndrome and scale validation

Simmons 2011 (1) Adult study population
(2) Review of the risk/benefit ratio of LMWH to reduce the risk of thrombotic events

Simon 2008 (1) Prophylaxis not systemic
(2) Review of the use of urokinase in the prevention and management of CVAD-
related complications in paediatric oncology patients

Simons 2010 Adult study population
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Skinner 2008 Survey on prevention and management of CVC-related thrombosis

Tassinari 2007 Review of the role of LMWH as prophylaxis of CVC-related thrombosis

Terrill 2003 Treatment of thrombotic events

Tesselaar 2004 (1) Patient population consisted mainly of adults
(2) Observational study of risk factors for CVC-related thrombotic events

Traby 2009 (1) Adult study population
(2) Dose finding study

Trame 2009 Investigates pharmacokinetics of enoxaparin in children

Van Leeuwen 2009 (1) Adult study population
(2) Treatment of thrombotic events

Verso 2009 Adult study population

Verso 2009a Adult study population

Yamashita 2009 Investigates the safety of anti-thrombin supplementation

Young 2007 Non oncology patients

Young 2009 Treatment of thrombotic events

Footnotes. CVC: central venous catheter; ALL: acute lymphoblastic leukaemia; VTE: venous thrombo-embolic 
event; DVT: deep venous thrombosis; LMWH: low molecular weight heparin; CVAD: central venous access 
device 1Obtained from personal communication with the author

Systemic treatments for the prevention of thrombosis 
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Comparison 1 Systemic preventive treatment versus no intervention, symptomatic VTE

Outcome or Subgroup Studies Participants Statistical Method Effect Estimate

1.1 Meta-analysis 2  Risk Ratio(M-H, Random, 95% CI) Subtotals only 

1.1.1 Best case scenario 2 182 Risk Ratio(M-H, Random, 95% CI) 0.65[0.09, 4.78]

1.1.2 As treated analysis 2 147 Risk Ratio(M-H, Random, 95% CI) 0.64[0.09, 4.74]

1.2 Massicotte 2003 1  Risk Ratio(M-H, Random, 95% CI) Subtotals only 

1.2.1 Best case scenario 1 186 Risk Ratio(M-H, Random, 95% CI) 1.02[0.21, 4.93]

1.2.2 As treated analysis 1 158 Risk Ratio(M-H, Random, 95% CI) 1.03[0.21, 4.93]

Comparison 2 Systemic preventive treatment versus no intervention, asymptomatic VTE and symptomatic 
VTE

Outcome or Subgroup Studies Participants Statistical Method Effect Estimate

2.1 Meta-analysis 2  Risk Ratio(M-H, Random, 95% CI) Subtotals only 

2.1.1 Best case scenario 2 182 Risk Ratio(M-H, Random, 95% CI) 1.02[0.40, 2.55]

2.1.2 As treated analysis 2 147 Risk Ratio(M-H, Random, 95% CI) 1.05[0.62, 1.78]

2.2 Massicotte 2003 1  Risk Ratio(M-H, Random, 95% CI) Subtotals only 

2.2.1 Best case scenario 1 186 Risk Ratio(M-H, Random, 95% CI) 1.12[0.50, 2.52]

2.2.2 As treated analysis 1 158 Risk Ratio(M-H, Random, 95% CI) 1.13[0.51, 2.50]

Comparison 3 Systemic preventive treatment versus no intervention, major bleeding

Outcome or Subgroup Studies Participants Statistical Method Effect Estimate

3.1 Meta-analysis 2  Risk Ratio(M-H, Fixed, 95% CI) Subtotals only 

3.1.1 Best case scenario 2 182 Risk Ratio(M-H, Fixed, 95% CI) 0.39[0.05, 3.31]

3.1.2 As treated analysis 2 147 Risk Ratio(M-H, Fixed, 95% CI) 0.38[0.05, 3.08]

Comparison 4 Systemic preventive treatment versus no intervention, minor bleeding

Outcome or Subgroup Studies Participants Statistical Method Effect Estimate

4.1 Massicotte 2003 1  Risk Ratio(M-H, Random, 95% CI) Subtotals only 

4.1.1 Best case scenario 1 186 Risk Ratio(M-H, Random, 95% CI) 1.20[0.88, 1.62]

4.1.2 As treated analysis 1 184 Risk Ratio(M-H, Random, 95% CI) 1.22[0.91, 1.65]

Data and Analyses
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Additional tables 
Additional table 1 Cohort studies 

Study Patients Interventions Outcomes 

Harlev 
2010 

18 paediatric oncology 
patients with ALL and a 
genetic predisposition for 
VTE

LMWH prophylaxis: 3/18 participants receiving 
prophylaxis developed a CVC-
related VTE: two symptomatic 
and one asymptomatic 
(discovered by cardiac 
ultrasound)
Adverse events or episodes of 
bleeding were not reported

18 participants were found to 
harbour a genetic predisposition 
for VTE (heterozygosity for 
prothrombin gene mutation (n 
= 6), heterozygosity for factor 
V Leiden mutation (n = 12)) and 
received LMWH prophylaxis. 
Enoxaparin was administered 1 
dd, 1 mg/kg, subcutaneously

Mitchell 
2010 

8 paediatric oncology 
patients with ALL and 
increased risk of VTE

LMWH prophylaxis: 1/8 participants receiving 
prophylaxis developed a 
symptomatic VTE
No episodes of bleeding 
occurred. Adverse events were 
not reported

All participants with increased 
risk of VTE were eligible for 
enoxaparin prophylaxis. 8/19 
participants with increased risk 
of VTE received enoxaparin 
prophylaxis. The remaining 
11 participants refused study 
participationa¬
Enoxaparin was administered 1 
dd, 1 mg/kg

Zaunschirm 
1986 

13 paediatric oncology 
patients with ALL

FFP and/or AT III 
supplementation: 

0/10 participants receiving FFP 
supplementation developed VTE
0/13 participants receiving AT III 
supplementation developed VTE
One participant receiving FFP 
and AT III was diagnosed with 
disseminated intravascular 
coagulation preceding 
supplementation
No episodes of bleeding or 
adverse events occurred¬

Fibrinogen and AT III were 
determined every 2 to 3 
days. FFP was administered if 
fibrinogen < 100 mg/dL, the 
amount calculated to raise 
fibrinogen levels to at least 120 
mg/dL. FFP was given 3 dd. AT 
III was administered if AT III < 
80% of normal but fibrinogen > 
100 mg/dL, calculated to raise 
AT III levels to > 100% of normal 
(1 U/kg raises the level by 1%). 
AT III was given as a continuous 
infusion

Brasseur 
2007 

24 paediatric oncology 
patients with ALL

FFP supplementation: 1/24 participants developed a 
VTE of the superior longitudinal 
sinus with ischaemo-
haemorrhagic stroke. No other 
episodes of bleeding were 
reported
Adverse events were not 
reported

Fresh frozen plasma (FFP) was 
administered on alternate days 
(mean 11.5 ± 0.9 mL/kg).

Footnotes. ALL: acute lymphoblastic leukaemia; AT: antithrombin; CVC: central venous catheter; FFP: fresh 
frozen plasma; LMWH: low molecular weight heparin; VTE: venous thrombo-embolic event.
Be aware: These studies cannot be used to evaluate the efficacy of prevention but can be used for the 
description of safety. The quality of cohort studies is considered by The Cochrane Collaboration to be too low 
for efficacy analyses (Higgins 2011). aObtained from personal communication with the aut hor.
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Additional table 2 Fisher’s exact test of outcomes with no events in the 
experimental or control group 

Studya Intervention Experimental 
group (n) 

Control 
group (n) 

Outcome* Events 
(experimental) 

Events (control) Two-sided 
P value 

Systemic preventive treatment versus no intervention 

Elhasid (ITT) LMWH versus no 
intervention

41 50 Symptomatic VTE 0 1 1.00

Abbott (ITT) FFP and/or CRY 
supplementation versus no 
intervention

240 479 Symptomatic VTE 0 7 0.10

Massicotte
(best case scenario)

LMWH versus no 
intervention

92 94 Major bleeding 0 1 1.00

Massicotte
(as treated)

LMWH versus no 
intervention

78 80 Major bleeding 0 1 1.00

Mitchell (best case 
scenario)

AT versus no intervention 37 72 Minor bleeding 2 0 0.12

Mitchell (as treated) AT versus no intervention 25 60 Minor bleeding 2 0 0.094

Systemic preventive treatment versus other systemic treatment 

Meister (unclear 
whether ITT or best 
case scenario)

AT + LMWH versus AT 41 71 Symptomatic VTE 0 9 0.028

Footnotes. ITT: intention to treat; LMWH: low molecular weight heparin; AT: antithrombin; CRY: 
cryoprecipitate; VTE: venous thrombo-embolic event 
aThe definitions used in the different studies can be found in the table of included studies (Characteristics of 
included studies).
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Appendices 

1 Search strategy for Cochrane Central Register of Controlled Trials 

1. For Systemic treatments for the prevention of venous thrombo-embolic events, the 

following text words were used:

(Anticoagulant OR anticoagulants OR anticoagulant* OR anticoagulant agent OR 

anticoagulant agents OR oral anticoagulant OR oral anticoagulants OR Heparin OR 

heparins OR heparin* OR Heparinic Acid OR Liquaemin OR Sodium Heparin OR Heparin 

Sodium OR alpha-Heparin OR alpha Heparin OR 9005-49-6 OR unfractionated heparin OR 

unfractionated heparins OR LMWH OR LMWHs OR Low Molecular Weight Heparin OR 

Low-Molecular-Weight Heparin OR Tedelparin OR Kabi-2165 OR Kabi 2165 OR Kabi2165 

OR Fragmin OR Pharmacia Brand of Dalteparin Sodium OR Fragmine OR Pharmacia Spain 

Brand of Dalteparin Sodium OR Dalteparin Sodium OR Sodium, Dalteparin OR dalteparin OR 

FR-860 OR FR 860 OR FR860 OR Enoxaparin OR Enoxaparine OR PK-10,169 OR PK 10,169 OR 

PK10,169 OR PK-10169 OR PK 10169 OR PK10169 OR EMT-967 OR EMT 967 OR EMT967 OR 

Lovenox OR Clexane OR EMT-966 OR EMT 966 OR EMT966 OR nadroparin OR Nadroparine 

OR Nadroparin Calcium OR Calcium, Nadroparin OR Fraxiparin OR Fraxiparine OR CY 216 OR 

CY-216 OR CY216 OR LMF CY-216 OR LMF CY 216 OR LMF CY216 OR ardeparin OR normiflo 

OR tinzaparin OR logiparin OR innohep OR certoparin OR sandoparin OR reviparin OR clivarin 

OR danaproid OR danaproid sodium OR orgaran OR Antithrombin OR antithrombine OR 

antithrombin III OR atenativ OR thrombin inhibitor OR lepirudin OR argatroban OR bivalirudin 

OR dabigatran OR fondaparinux OR arixta OR idraparinux OR rivaroxaban OR apixaban 

OR vitamin K antagonist OR vitamin K antagonists OR vitamin K antagonist* OR VKA OR 

Coumarin OR coumarins OR coumarin* OR coumarin derivate* OR acenocumarol OR sintrom 

OR sinthrome OR fenprocoumon OR marcoumar OR marcumar OR Falithrom OR warfarin 

OR warfarins OR warfarin* OR coumadin OR Jantoven OR Marevan OR Lawarin OR Waran 

OR 4-hydroxicoumarins OR fresh frozen plasma OR FFP OR plasma substitute OR preventive 

therapy OR preventive treatment OR prevention OR thromboprophylaxis OR thrombosis 

prophylaxis OR preventive medicine OR preventive strategy OR preventive strategies)

2. For Catheter, the following text words were used:

central venous catheter OR central venous catheters OR central venous catheter* OR 

CVCs OR (broviac OR port-a-cath OR port acath OR port a cath OR hickman OR infuse 

a port) OR catheterisation central venous OR tunnelled central venous catheter OR TCVC 

OR catheterization central venous OR peripherally inserted central catheter OR picc OR 

central venous line OR central venous device OR central venous access device OR CVAD 

OR CVC OR Indwelling Catheter OR Indwelling Catheters OR In-Dwelling Catheters OR In 

Dwelling Catheters OR In-Dwelling Catheter OR Venous Reservoirs OR Venous Reservoir 

OR Implantable Catheters OR Implantable Catheter OR Vascular Access Ports OR Vascular 

Systemic treatments for the prevention of thrombosis 
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Access Port OR Intra-Arterial Lines OR Intra Arterial Lines OR Intra-Arterial Line OR Arterial 

Lines OR Arterial Line OR implantable port OR implantable ports OR implantable catheter OR 

implantable catheters OR totally implantable access port OR totally implantable access ports 

OR TIAP OR TIAPs

3. For Thrombosis, the following text words were used:

Venous thromboembolism OR venous thrombo-embolism OR VTE OR deep vein thrombosis 

OR DVT OR thrombo-embolic event OR thrombo-embolic events OR thrombo-embolic 

disease OR thromboembolic event OR thromboembolic events OR thromboembolic disease 

OR thromboembolism OR thromboembolism* OR pulmonary embolism OR blood clot OR 

blood clotting OR (mechanical obstruction AND blood) OR (mechanical obstruction AND 

pulmonary) OR catheter obstruction OR thrombus OR thrombosis OR post-thrombotic 

syndrome OR post-thrombotic syndrom* OR postthrombotic syndrome OR postthrombotic 

syndrom* OR post-phlebitic syndrome OR post-phlebitic syndrom* OR postphlebitic 

syndrome OR postphlebitic syndrom* OR Postphlebitic Syndromes OR Postphlebitic Disease 

OR Postphlebitic Diseases OR Postphlebitic Ulcer OR Postphlebitic Ulcers OR venous stasis 

syndrome OR venous stasis syndrom* OR venous insufficiency OR venous insufficiencies

4. For Children, the following text words were used:

infant OR infan* OR newborn OR newborn* OR new-born* OR baby OR baby* OR babies 

OR neonat* OR perinat* OR postnat* OR child OR child* OR schoolchild* OR schoolchild OR 

school child OR school child* OR kid OR kids OR toddler* OR adolescent OR adoles* OR teen* 

OR boy* OR girl* OR minors OR minors* OR underag* OR under ag* OR juvenil* OR youth* 

OR kindergar* OR puberty OR puber* OR pubescen* OR prepubescen* OR prepuberty* 

OR pediatrics OR pediatric* OR paediatric* OR peadiatric* OR schools OR nursery school* 

OR preschool* OR pre school* OR primary school* OR secondary school* OR elementary 

school* OR elementary school OR high school* OR highschool* OR school age OR schoolage 

OR school age* OR schoolage* OR infancy

5. For Childhood cancer, the following text words were used:

leukemia OR leukemi* OR leukaemi* OR (childhood ALL) OR AML OR lymphoma OR 

lymphom* OR hodgkin* OR T-cell OR B-cell OR non-hodgkin OR sarcoma OR sarcom* OR 

Ewing* OR osteosarcoma OR osteosarcom* OR wilms tumor OR wilms* OR nephroblastom* 

OR neuroblastoma OR neuroblastom* OR rhabdomyosarcoma OR rhabdomyosarcom* OR 

teratoma OR teratom* OR hepatoma OR hepatom* OR hepatoblastoma OR hepatoblastom* 

OR PNET OR medulloblastoma OR medulloblastom* OR PNET* OR neuroectodermal tumors, 

primitive OR retinoblastoma OR retinoblastom* OR meningioma OR meningiom* OR glioma 

OR gliom* OR pediatric oncology OR paediatric oncology OR childhood cancer OR childhood 

tumor OR childhood tumors OR cancer or neoplasms or tumor or cancers or neoplasm or 

tumors
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6. For Cancer, the following text words were used:

cancer OR cancers OR cancer* OR oncology OR oncolog* OR neoplasm OR neoplasms OR 

neoplasm* OR carcinoma OR carcinom* OR tumor OR tumour OR tumor* OR tumour* 

OR tumors OR tumours OR malignan* OR malignant OR hematooncological OR hemato 

oncological OR hemato-oncological OR hematologic neoplasms OR hematolo*

Final search: 1 AND 2 AND 3 AND 4 AND (5 OR 6)

The search will be performed in title, abstract or keywords

[*=zero or more characters]

2 Search strategy for MEDLINE /PubMed 

1. For Systemic treatments for the prevention of venous thrombo-embolic events, the 

following MeSH headings and text words were used:

(Anticoagulant OR anticoagulants OR anticoagulant* OR anticoagulant agent OR 

anticoagulant agents OR oral anticoagulant OR oral anticoagulants OR Heparin OR heparins 

OR heparin* OR Heparinic Acid OR Liquaemin OR Sodium Heparin OR Heparin, Sodium 

OR Heparin Sodium OR alpha-Heparin OR alpha Heparin OR 9005-49-6 OR unfractionated 

heparin OR unfractionated heparins OR Heparin, Low-Molecular-Weight OR LMWH OR 

LMWHs OR Low Molecular Weight Heparin OR Low-Molecular-Weight Heparin OR dalteparin 

OR Tedelparin OR Kabi-2165 OR Kabi 2165 OR Kabi2165 OR Fragmin OR Pharmacia Brand 

of Dalteparin Sodium OR Fragmine Or Pharmacia Spain Brand of Dalteparin Sodium OR 

Dalteparin Sodium OR Sodium, Dalteparin OR dalteparin OR FR-860 OR FR 860 OR FR860 

OR Enoxaparin OR Enoxaparine OR PK-10,169 OR PK 10,169 OR PK10,169 OR PK-10169 OR 

PK 10169 OR PK10169 OR EMT-967 OR EMT 967 OR EMT967 OR Lovenox OR Clexane 

OR EMT-966 OR EMT 966 OR EMT966 OR nadroparin OR Nadroparine OR Nadroparin 

Calcium OR Calcium, Nadroparin OR Fraxiparin OR Fraxiparine OR CY 216 OR CY-216 OR 

CY216 OR LMF CY-216 OR LMF CY 216 OR LMF CY216 OR ardeparin OR normiflo OR 

tinzaparin OR logiparin OR innohep OR certoparin OR sandoparin OR reviparin OR clivarin 

OR danaproid OR danaproid sodium OR orgaran OR Antithrombin OR antithrombine OR 

antithrombin III OR atenativ OR thrombin inhibitor OR lepirudin OR argatroban OR bivalirudin 

OR dabigatran OR fondaparinux OR arixta OR idraparinux OR rivaroxaban OR apixaban 

OR vitamin K antagonist OR vitamin K antagonists OR vitamin K antagonist* OR VKA OR 

Coumarin OR coumarins OR coumarin* OR coumarin derivate* OR acenocumarol OR sintrom 

OR sinthrome OR fenprocoumon OR marcoumar OR marcumar OR Falithrom OR warfarin 

OR warfarins OR warfarin* OR coumadin OR Jantoven OR Marevan OR Lawarin OR Waran 

OR 4-hydroxicoumarins OR preventive therapy OR preventive treatment OR prevention OR 

thromboprophylaxis OR thrombosis prophylaxis OR preventive medicine[mh] OR preventive 

strategy OR preventive strategies OR plasma substitute OR “fresh frozen plasma” OR FFP)

2. For Catheter, the following MeSH headings and text words were used:

Systemic treatments for the prevention of thrombosis 
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central venous catheter OR central venous catheters OR central venous catheter* OR CVCs) 

OR (catheterization, central venous) OR (broviac OR port-a-cath OR port acath OR port a cath 

OR hickman OR infuse a port) OR (catheterisation central venous OR tunnelled central venous 

catheter OR TCVC OR catheterization central venous OR peripherally inserted central catheter 

OR picc OR central venous line OR central venous device) OR (central venous access device 

OR CVAD OR CVC) OR (catheters, indwelling[mh]) OR (Catheter, Indwelling OR Indwelling 

Catheter OR Indwelling Catheters OR In-Dwelling Catheters OR Catheter, In-Dwelling 

OR Catheters, In-Dwelling OR In Dwelling Catheters OR In-Dwelling Catheter OR Venous 

Reservoirs OR Reservoir, Venous OR Reservoirs, Venous OR Venous Reservoir OR Implantable 

Catheters OR Catheter, Implantable OR Catheters, Implantable OR Implantable Catheter OR 

Vascular Access Ports OR Access Port, Vascular OR Access Ports, Vascular OR Port, Vascular 

Access OR Ports, Vascular Access OR Vascular Access Port OR Intra-Arterial Lines OR Intra 

Arterial Lines OR Intra-Arterial Line OR Line, Intra-Arterial OR Lines, Intra-Arterial OR Arterial 

Lines OR Arterial Line OR Line, Arterial OR Lines, Arterial) OR implantable port OR implantable 

ports OR implantable catheter OR implantable catheters OR totally implantable access port 

OR totally implantable access ports OR TIAP OR TIAPs

3. For Thrombosis, the following MeSH headings and text words were used:

Venous thromboembolism OR Thromboembolism, Venous OR venous thrombo-embolism 

OR VTE OR deep vein thrombosis OR DVT OR thrombo-embolic event OR thrombo-embolic 

events OR thrombo-embolic disease OR thromboembolic event OR thromboembolic events 

OR thromboembolic disease OR thromboembolism OR thromboembolism* OR pulmonary 

embolism OR embolism, pulmonary OR blood clot OR blood clotting OR (“mechanical 

obstruction” AND blood) OR (“mechanical obstruction” AND pulmonary) OR catheter 

obstruction OR thrombus OR thrombosis OR post-thrombotic syndrome OR post-thrombotic 

syndrom* OR postthrombotic syndrome OR postthrombotic syndrom* OR Syndrome, 

Postthrombotic OR post-phlebitic syndrome OR post-phlebitic syndrom* OR postphlebitic 

syndrome OR postphlebitic syndrom* OR Postphlebitic Syndromes OR Syndrome, Postphlebitic 

OR Syndromes, Postphlebitic OR Postphlebitic Disease OR Disease, Postphlebitic OR Diseases, 

Postphlebitic OR Postphlebitic Diseases OR Postphlebitic Ulcer OR Postphlebitic Ulcers OR 

Ulcer, Postphlebitic OR Ulcers, Postphlebitic OR venous stasis syndrome OR venous stasis 

syndrom* OR venous insufficiency OR venous insufficiencies OR insufficiency, venous OR 

insufficiencies, venous

4. For Children, the following MeSH headings and text words were used:

infant OR infan* OR newborn OR newborn* OR new-born* OR baby OR baby* OR babies OR 

neonat* OR child OR child* OR schoolchild* OR schoolchild OR school child OR school child* 

OR kid OR kids OR toddler* OR adolescent OR adoles* OR teen* OR boy* OR girl* OR minors 

OR minors* OR underag* OR under ag* OR juvenil* OR youth* OR kindergar* OR puberty 

OR puber* OR pubescen* OR prepubescen* OR prepuberty* OR pediatrics OR pediatric* OR 
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paediatric* OR peadiatric* OR schools OR nursery school* OR preschool* OR pre school* 

OR primary school* OR secondary school* OR elementary school* OR elementary school OR 

high school* OR highschool* OR school age OR schoolage OR school age* OR schoolage* 

OR infancy OR schools, nursery OR infant, newborn

5. For Childhood cancer, the following MeSH headings and text words were used:

(((leukemia OR leukemi* OR leukaemi* OR (childhood ALL) OR AML OR lymphoma OR 

lymphom* OR hodgkin OR hodgkin* OR T-cell OR B-cell OR non-hodgkin OR sarcoma 

OR sarcom* OR sarcoma, Ewing’s OR Ewing* OR osteosarcoma OR osteosarcom* OR 

wilms tumor OR wilms* OR nephroblastom* OR neuroblastoma OR neuroblastom* OR 

rhabdomyosarcoma OR rhabdomyosarcom* OR teratoma OR teratom* OR hepatoma OR 

hepatom* OR hepatoblastoma OR hepatoblastom* OR PNET OR medulloblastoma OR 

medulloblastom* OR PNET* OR neuroectodermal tumors, primitive OR retinoblastoma 

OR retinoblastom* OR meningioma OR meningiom* OR glioma OR gliom*) OR (pediatric 

oncology OR paediatric oncology)) OR (childhood cancer OR childhood tumor OR childhood 

tumors)) OR (brain tumor* OR brain tumour* OR brain neoplasms OR central nervous 

system neoplasm OR central nervous system neoplasms OR central nervous system tumor* 

OR central nervous system tumour* OR brain cancer* OR brain neoplasm* OR intracranial 

neoplasm*) OR (leukemia lymphocytic acute) OR (leukemia, lymphocytic, acute[mh])

6. For Cancer, the following MeSH headings and text words were used:

cancer OR cancers OR cancer* OR oncology OR oncolog* OR neoplasm OR neoplasms OR 

neoplasm* OR carcinoma OR carcinom* OR tumor OR tumour OR tumor* OR tumour* 

OR tumors OR tumours OR malignan* OR malignant OR hematooncological OR hemato 

oncological OR hemato-oncological OR hematologic neoplasms OR hematolo*

Final search: 1 AND 2 AND 3 AND 4 AND (5 OR 6)

[pt = publication type; tiab = title, abstract; sh = subject heading; mh = MeSH term; *=zero 

or more characters]
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3 Search strategy for EMBASE /OVID 

1. For Systemic treatments for the prevention of venous thrombo-embolic events, the 

following Emtree terms and text words were used:

 1.  exp anticoagulant agent/

 2.  (Anticoagulant or anticoagulants or anticoagulant$ or anticoagulant agent or 

anticoagulant agents).mp.

 3.  (oral anticoagulant or oral anticoagulants).mp.

 4.  exp HEPARIN/ or exp LOW MOLECULAR WEIGHT HEPARIN/

 5.  (heparin or heparins or heparin$).mp.

 6.  (Heparinic Acid or Liquaemin or Sodium Heparin).mp.

 7.  (Heparin Sodium or alpha-Heparin or alpha Heparin).mp.

 8.  9005-49-6.rn.

 9.  (unfractionated heparin or unfractionated heparins).mp.

 10.  (LMWH or LMWHs or Low Molecular Weight Heparin or Low-Molecular-Weight 

Heparin).mp.

 11.  (Tedelparin or Kabi-2165 or Kabi 2165 or Kabi2165 or Fragmin).mp.

 12.  (dalteparin or Fragmine or sodium dalteparin or dalteparin sodium).mp.

 13.  (FR-860 or FR 860 or FR860).mp.

 14.  (Enoxaparin or Enoxaparine or PK-10,169 or PK 10,169 or PK10,169 or PK-10169 or PK 

10169 or PK10169 or EMT-967 or EMT 967 or EMT967).mp.

 15.  (Lovenox or Clexane or EMT-966 or EMT 966 or EMT966).mp.

 16.  (nadroparin or Nadroparine or Nadroparin Calcium).mp.

 17.  (Fraxiparin or Fraxiparine or CY 216 or CY-216 or CY216 or LMF CY-216 or LMF CY 216 

or LMF CY216).mp.

 18.  (ardeparin or normiflo or tinzaparin or logiparin or innohep or certoparin or sandoparin 

or reviparin or clivarin or danaproid or danaproid sodium or orgaran).mp.

 19.  (Antithrombin or antithrombine or antithrombin III or atenativ).mp.

 20.  (thrombin inhibitor or lepirudin or argatroban or bivalirudin or dabigatran or 

fondaparinux or arixta or idraparinux or rivaroxaban or apixaban).mp.

 21.  exp antivitamin K/

 22.  (vitamin K antagonist or vitamin K antagonists or vitamin K antagonist* or VKA).mp.

 23.  (Coumarin or coumarins or coumarin$ or coumarin derivate$).mp.

 24.  exp COUMARIN/ or exp COUMARIN DERIVATIVE/

 25.  (acenocumarol or sintrom or sinthrome or fenprocoumon or marcoumar or marcumar 

or Falithrom).mp.

 26.  exp WARFARIN/

 27.  (warfarin or warfarins or warfarin* or coumadin or Jantoven or Marevan or Lawarin or 

Waran or 4-hydroxicoumarins).mp.

 28.  fresh frozen plasma.mp. or exp Fresh Frozen Plasma/
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 29.  (plasma substitute or plasma substitutes).mp. or exp Plasma Substitute/

 30.  or/1-29

 31.  preventive therapy.mp. or exp prophylaxis/

 32.  (preventive treatment or prevention or thromboprophylaxis or thrombosis prophylaxis).

mp.

 33.  preventive medicine.mp. or exp preventive medicine/

 34.  (preventive strategy or preventive strategies).mp.

 35.  or/31-34

 34.  30 or 35

2. For Catheter, the following Emtree terms and text words were used:

 1.  (broviac or port-a-catch or port acatch or port a catch or portacatch or port or port-a  

  cat or portacat or hickman or infuse a port).mp.

 2.  exp central venous catheter/

 3.  (central venous catheter or central venous catheters or central venous catheter$).mp.

 4.  CVCs.mp.

 5.  exp central venous catheterization/

 6.  (central venous catheterization or central venous catheterisation).mp.

 7.  (tunnelled central venous catheter or TCVC).mp.

 8.  (peripherally inserted central catheter or PICC).mp.

 9.  (central venous line or central venous device).mp.

 10.  (central venous access device or CVAD or CVC).mp.

 11.  exp indwelling catheter/

 12.  (indwelling catheter or indwelling catheters or in-dwelling catheter or in-dwelling  

  catheters).mp.

 13.  (venous reservoir or venous reservoirs).mp.

 14.  (implantable catheter or implantable catheters).mp.

 15.  (vascular access port or vascular access ports).mp.

 16.  (intra-arterial line or intra-arterial lines or intra arterial line or intra arterial lines).mp.

 17.  (arterial line or arterial lines).mp.

 18.  (implantable port or implantable ports).mp.

 19.  (implantable catheter or implantable catheters).mp.

 20.  (totally implantable access port or totally implantable access ports or TIAP or TIAPs).mp.

 21.  or/1-20

3. For Thrombosis, the following Emtree terms and text words were used:

 1.  Venous thromboembolism.mp. or exp venous thromboembolism/

 2.  (venous thrombo-embolism or VTE).mp.

 3.  deep vein thrombosis.mp. or exp deep vein thrombosis/

 4.  exp vein thrombosis/ or DVT.mp.

Systemic treatments for the prevention of thrombosis 
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 5.  (thrombo-embolic event or thrombo-embolic events or thrombo-embolic disease or  

  thromboembolic event or thromboembolic events or thromboembolic disease).mp.

 6.  exp VENOUS THROMBOEMBOLISM/ or exp THROMBOEMBOLISM/

 7.  (thromboembolism or thromboembolism$).mp.

 8.  pulmonary embolism.mp. or exp lung embolism/

 9.  blood clot.mp. or exp blood clot/

 10.  (mechanical obstruction and CVC).mp.

 11.  (mechanical obstruction and catheter).mp.

 12.  catheter obstruction.mp. or exp catheter occlusion/

 13.  thrombus.mp. or exp THROMBUS/

 14.  exp THROMBOSIS/ or exp CATHETER THROMBOSIS/ or thrombosis.mp. or exp 

PORTAL VEIN THROMBOSIS/

 15.  exp postthrombosis syndrome/

 16.  (post-thrombotic syndrome or post-thrombotic syndrom$).mp.

 17.  (postthrombotic syndrome or postthrombotic syndrom$).mp.

 18.  exp phlebitis/

 19.  (post-phlebitic syndrome or post-phlebitic syndrom$).mp.

 20.  (postphlebitic syndrome or postphlebitic syndrom$).mp.

 21.  (Postphlebitic Disease or Postphlebitic Diseases).mp.

 22.  (Postphlebitic Ulcer or Postphlebitic Ulcers).mp.

 23.  exp venous stasis/

 24.  (venous stasis syndrome or venous stasis syndrom$).mp.

 25.  exp vein insufficiency/

 26.  (venous insufficiency or venous insufficiencies).mp.

 27.  or/1-26

 4. For Children, the following Emtree terms and text words were used:

 1.  infant/ or infancy/ or newborn/ or baby/ or child/ or preschool child/ or school child/

 2.  adolescent/ or juvenile/ or boy/ or girl/ or puberty/ or prepuberty/ or pediatrics/

 3.  primary school/ or high school/ or kindergarten/ or nursery school/ or school/

 4.  or/1-3

 5.  (infant$ or newborn$ or (new adj born$) or baby or baby$ or babies or neonate$ or 

perinat$ or postnat$).mp.

 6.  (child$ or (school adj child$) or schoolchild$ or (school adj age$) or schoolage$ or (pre 

adj school$) or preschool$).mp.

 7.  (kid or kids or toddler$ or adoles$ or teen$ or boy$ or girl$).mp.

 8.  (minors$ or (under adj ag$) or underage$ or juvenil$ or youth$).mp.

 9.  (puber$ or pubescen$ or prepubescen$ or prepubert$).mp.

 10.  (pediatric$ or paediatric$ or peadiatric$).mp.
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 11.  (school or schools or (high adj school$) or highschool$ or (primary adj school$) or 

(nursery adj school$) or (elementary adj school) or (secondary adj school$) or 

kindergar$).mp.

 12.  or/5-11

 13.  4 or 12

 5. For Childhood cancer, the following Emtree terms and text words were used:

 1.  (leukemia or leukemi$ or leukaemi$ or (childhood adj ALL) or acute lymphocytic 

leukemia).mp.

 2.  (AML or lymphoma or lymphom$ or hodgkin or hodgkin$ or T-cell or B-cell or 

non-hodgkin).mp.

 3.  (sarcoma or sarcom$ or Ewing$ or osteosarcoma or osteosarcom$ or wilms tumor or 

wilms$).mp.

 4.  (nephroblastom$ or neuroblastoma or neuroblastom$ or rhabdomyosarcoma 

or rhabdomyosarcom$ or teratoma or teratom$ or hepatoma or hepatom$ or 

hepatoblastoma or hepatoblastom$).mp.

 5.  (PNET or medulloblastoma or medulloblastom$ or PNET$ or neuroectodermal 

tumors or primitive neuroectodermal tumor$ or retinoblastoma or retinoblastom$ or 

meningioma or meningiom$ or glioma or gliom$).mp.

 6.  (pediatric oncology or paediatric oncology).mp.

 7.  ((childhood adj cancer) or (childhood adj tumor) or (childhood adj tumors) or childhood 

malignancy or (childhood adj malignancies) or childhood neoplasm$).mp.

 8.  ((pediatric adj malignancy) or (pediatric adj malignancies) or (paediatric adj malignancy) 

or (paediatric adj malignancies)).mp.

 9.  ((brain adj tumor$) or (brain adj tumour$) or (brain adj neoplasms) or (brain adj cancer$) 

or brain neoplasm$).mp.

 10.  (central nervous system tumor$ or central nervous system neoplasm or central nervous 

system neoplasms or central nervous system tumour$).mp.

 11.  intracranial neoplasm$.mp.

 12.  LEUKEMIA/ or LYMPHOMA/ or brain tumor/ or central nervous system tumor/ or 

teratoma/ or sarcoma/ or osteosarcoma/

 13.  nephroblastoma/ or neuroblastoma/ or rhabdomyosarcoma/ or hepatoblastoma/ or 

medulloblastoma/ or neuroectodermal tumor/ or retinoblastoma/ or meningioma/ or 

glioma/ or childhood cancer/

 14.  or/1-13

 6. For Cancer, the following Emtree terms and text words were used:

 1.  (cancer or cancers or cancer$).mp.

 2.  (oncology or oncolog$).mp. or exp oncology/

 3.  (neoplasm or neoplasms or neoplasm$).mp. or exp neoplasm/

Systemic treatments for the prevention of thrombosis 
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 4.  (carcinoma or carcinom$).mp. or exp carcinoma/

 5.  (tumor or tumour or tumor$ or tumour$ or tumors or tumours).mp. or exp tumor/

 6.  (malignan$ or malignant).mp.

 7.  (hematooncological or hemato oncological or hemato-oncological or hematologic 

neoplasms or hematolo$).mp. or exp hematologic malignancy/

 8.  or/1-7

Final search: 1 AND 2 AND 3 AND 4 AND (5 OR 6)

[mp = title, abstract, subject headings, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer name; sh = subject heading; ti,ab = title, abstract; / = 

Emtree term; $=zero or more characters ;

168

proefschrift-2015-definitief.indb   168 14-7-2015   11:07:13



C h a p t e r   6

Accrual in supportive care trials in 
pediatric oncology, a challenge!

Reineke A. Schoot, C. Heleen van Ommen, Huib N. Caron, Wim J.E. Tissing, 

Marianne D. van de Wetering and SKION Aristocaths supportive care group the 

Netherlands

Support Care Cancer 2012 Dec;20(12):3149-53

proefschrift-2015-definitief.indb   169 14-7-2015   11:07:13



chapter 6

Abstract

Purpose

Treatment protocols in pediatric oncology have historically known high accrual rates, up to 

94%. Accrual for supportive care studies on the other hand appears to be a challenge. The 

aim of this study was to search for reasons explaining this poor accrual and for possible 

interventions to improve patient enrolment. 

Methods

The failure screen log of our supportive care study (the Aristocaths study) was analyzed and 

subsequently a literature search was performed. 

Results

The literature search (1985 – 2011) revealed three factors that can influence accrual. Firstly, 

study implementation and patient enrolment can be facilitated by appointing a dedicated 

clinical investigator in all participating centers and by facilitating clinical research nurses. 

Furthermore adequate and tailor made information is required for families to make a well 

informed decision regarding study participation. Lastly, sufficient time should be assured for 

the process of decision making, especially since the number of eligible studies is increasing 

rapidly. Concerning our study all three elements were met, but the most striking finding was 

the presumed burden of study participation by the majority of parents (82%) as the main 

argument against randomization.

Conclusions

Accrual of pediatric oncology patients in supportive care studies is challenging. Nevertheless, 

well designed randomized controlled trials in supportive care will be essential for the 

improvement of pediatric cancer care. Therefore we will need to increase awareness through 

(inter)national supportive care working groups regarding the need for supportive care trials 

and stimulate accrual when such trials are open. 
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Introduction

Participation in clinical trials clearly benefits the outcome of oncology patients. Pediatric 

oncology has historically known high accrual rates for treatment protocols and in the past 

decades extensive research and inclusion in treatment protocols has led to an increase in 10 

year survival from 10 to 80% for children with cancer [1-4]. Accrual for other types of clinical 

trials on the other hand, such as non-therapeutic trials or supportive care trials, appears to 

be a challenge in the same patient population [5]. An explanation for this disparity might 

be the fact that these studies do not involve the cancer treatment itself but supportive care 

interventions needed during and after treatment. It is well known that at the start of treatment 

both parents and the child receive a lot of information on the treatment and complications 

that can occur. This causes emotional distress making it difficult to realize what is coming. 

In the current pediatric oncology practice the child is eligible to more than one study at the 

same time. In our centre for example, children diagnosed with acute lymphoblastic leukemia 

(ALL) are eligible to five different studies: one treatment protocol and four supportive care 

or non-treatment protocols. Because decisions are often required within the first few days 

after diagnosis, some studies are mentioned in the same consultation as the actual diagnosis. 

All studies are approved for by the medical ethical committee. All are clinically relevant and 

aimed to improve cancer treatment. But how much information can one handle? Which 

study has priority? 

To gain insight in the reasons for the poor accrual in supportive care studies we analyzed 

the failure screen log of our supportive care study: the Aristocaths. Since the start of this 

study we have registered reasons to refuse study participation in the failure screen log. 

Subsequently, we performed a literature search to search for reasons explaining this accrual 

rate and focus on points of improvement. 

The Aristocaths Study

The Aristocaths study (NTR 1275) started in The Netherlands in 2007. This study investigates 

the role of 70% ethanol locks in the prevention of catheter related infections in pediatric 

cancer patients with tunneled central venous catheters (CVC) [6]. However, over the past 

three years accrual turned out to be lower than expected; i.e. about 50% of the projected 

accrual. 

Failure screen log

Since the start of the Aristocaths study eligible patients were registered at all four participating 

study sites. If patients were eligible but decided not to participate, the reason for their refusal 

was registered in the failure screen log. The study is still ongoing; failures reported in this 

study have been registered between October 2007 and December 2010. 

Accrual in supportive care trials in pediatric oncology, a challenge!
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Between October 2007 and December 2010, 458 patients were diagnosed in the four 

participating pediatric oncology centers (Fig. 1). Sixty-two patients (14%) were excluded for 

the following reasons: (1) age less than one year, (2) documented infection at the time of 

catheter insertion, (3) a previous central venous catheter, or (4) because study introduction 

took longer than a month. Since most catheter related infections occur within 45 days, 

randomization and placement of the first study lock shortly after central venous catheter 

(CVC) placement is aimed for. 

Considerations not to participate were grouped as “parents’ decision” or “physicians’ 

decision”. Failure rates ranged between 37 and 61%, with the lowest rate in the initiating 

centre (Table 1). In this centre (Table 1, centre nr. 1) these considerations were registered 

with a full text description of the reason for refusal. In total 57/182 failures (31%) occurred 

in this centre. In 44/57 (77%) failures the decision not to participate in the Aristocaths 

study was made by the parents. Main argument for 36/44 (82%) families was the potential 

burden of study participation. This burden was either explained as an actual time burden; 

2-h waiting for the study lock to take place, or as a psychological burden; to take in all 

new information and make a decision. Parents expressed the following considerations: 

“everything is too much”, “2-h waiting is too much”, “fear for CVC manipulation”.  Four other 

families were troubled by the experimental aspect of participation: “do not want my child 

to be used as a guinea pig”.  Other considerations were: “evidence unconvincing”, “enough 

other children to participate” or “risky, side effects are unclear”.  In 13/57 (23%) failures 

the treating oncologist decided not to ask the family for informed consent: most often 

because of language difficulties (six patients, 46%). Other reasons for treating oncologists to 

refrain from study introduction were: “palliative treatment”, “physical condition of the child”, 

“complicated treatment history,” and “autistic disorder”. 

Failure Analysis

Patient accrual in randomized clinical trials is a multi-factorial process. Several studies 

have described factors influencing accrual rates and employed the following classification: 

trial factors, physicians’ perspectives, parents’ perspectives and child factors [1,4,7]. This 

classification was used for evaluation of factors affecting the accrual rate of the Aristocaths 

study. 

Trial factors

The Aristocaths study is a national multicentre pediatric oncology study in supportive care and 

is supported by the Dutch Childhood Oncology Group, thereby prescribing study participation 

nationwide. Yearly, approximately 600 newly diagnosed patients are treated in The 

Netherlands. With an estimated accrual rate of 50%, randomization of 200 patients in both 

arms was calculated to be easily achieved within three years. Unfortunately, understaffing 

of research facilitating personnel and organizational issues have made implementation of 
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the Aristocaths study impossible for two out of six oncology centers, thereby leading to 

smaller numbers of eligible patients and longer study duration. This can in part be attributed 

to the study itself; implementation of the Aristocaths study is labor intensive and requires 

a lot of effort by the clinical research team, constantly monitoring the study patients for 

lock eligibility and the occurrence of infectious or serious adverse events. Limited staff and 

funding are common problems, especially for supportive care studies such as the Aristocaths 

study since these studies are given lower priority than therapeutic protocols [5]. 

Since the incidence of cancer in children is rare, national and international cooperation in 

multicentre trials is required. Such cooperation can be a logistic and methodological challenge: 

to obtain approval from different medical ethical committees, to organize research facilitating 

personnel, to conform to good clinical practice legislation, and to motivate clinicians about 

the relevance of the research question. Carter et al. reported successful interventions in non 

therapeutic Childhood Oncology Group studies, such as the implementation of coordinating 

centers, principal investigators and monetary reimbursements, leading to improved study 

execution and patient enrolment [5]. Although the abovementioned interventions were 

realized for the Aristocaths study, accrual remained poor because less centers were involved 

in this study as intended.

Physicians’ perspectives

Disbelief in the benefit of study participation by treating physicians has been mentioned one 

of the major barriers in adult medicine [8-10]. Caldwell et al. investigated the attitudes of 21 

patients diagnosed  
n = 458 

eligible patients  
n = 396  

excluded  
n = 62 

patients enrolled  
n = 214 

failure  
n = 182 

parents’ 
decision  

n = 44 

physicians’ 
decision
n = 13

other  
 

n = 4  

experimental 
element  

n = 4 

burden of 
participation  

n = 36  
 

language 
difficulties  

n = 6 

other  
 

n = 7  

center 3  
n = 81  

center 2  
n = 29  

center 4  
n = 15  

center 1  
n = 57  

Figure 1 flowchart patient selection. Analysis of patients diagnosed between 2007 and 2010 in four 
participating centers. Failure screen log, with full text registrations, was kept for the initiating center (nr. 1) 
only. 

Accrual in supportive care trials in pediatric oncology, a challenge!
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pediatric physicians towards randomized controlled trials in children. Physicians mentioned 

feeling uncomfortable with the chance of randomization to the placebo arm, particularly 

for terminally ill patients. Others thought disclosure of uncertainty in regard to the best 

available treatment would lead to mistrust by parents, expecting their doctor to know all 

the answers [11]. 

In case of the Aristocaths study, the 50% chance of being randomized to the placebo arm 

with 2-h waiting without treatment benefits was a strong argument for both physicians and 

families against study participation. 

Parents’ perspectives

Parents are responsible to decide upon trial participation in their child’s best interest, with 

or without the assent of the child itself. A truly informed decision is difficult and is even 

considered impossible by some [12]. The key ingredient for such decisions is the availability 

of adequate information, both by personal communication and in writing [13]. Nevertheless, 

Kodish et al. reported that despite oral and written explanation half of the parents in their 

cohort did not understand the principle of randomization. They observed explanations of 

randomization and parental understanding afterwards in 137 informed consent consultations. 

Although 83% of physicians explained the principle of randomization, 50% of parents did 

not comprehend this key aspect of their decision [14]. Partly, this knowledge gap can be 

attributed to the emotional distress parents experience, confining them from taking in new 

and complex information. Furthermore, patient informed consent forms (PIFs) often contain 

too many legal details, required by good clinical practice guidelines, which makes the PIFs 

unreadable. What is the optimal approach for study introduction and how can adequate 

information be delivered? Eder et al. interviewed 140 parents of children who had been 

offered participation in a randomized clinical trial for the treatment of their acute leukemia. In 

this study, parents expressed the desire for sufficient time to make a decision and to consult 

others. Furthermore, information should be tailor made and adjusted to parents’ desires [15]. 

Parents also advocated the need for repetition, honest and empathic communication, with 

limited jargon and plenty of opportunity and encouragement to ask questions [13]. 

Table 1 eligibility and failure per center. Excluded patients and number of failures per hospital

Center Eligible  N Excluded  N (%) Failure N (%)

1. 167 12/167 (7.2) 57/155 (37)

2. 88 15/88 (17) 29/73 (40)

3. 162 30/162 (19) 81/132 (61)

4. 41 5/41 (12) 15/36 (42)

Total 458 62/458 (14) 182/396 (46)
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Child factors

Child factors differ amongst age groups: being infants, (young) children or young adults. For 

the first two groups, decisions concerning treatment are predominantly made by parents. 

In the group of adolescents and young adults on the other hand, decisions are made by 

the young adult himself or with the adolescent’s assent. This group however, represents 

the lowest rate of trial participation: Ferrari et al reported in 2008 that rates in the age 

group of 15 to 19 year olds were lower than in any other 5-year age group below or above 

age 35 [16]. Apart from lower trial participation amongst adolescents and young adults in 

general, these patients often receive their cancer treatment in medical oncology centers, 

where accrual rates are lower and clinicians are less familiar with pediatric protocols [17]. 

This does not account for the Aristocaths study: in The Netherlands all pediatric oncology 

patients (until the age of 18) are treated in pediatric oncology centers and thus eligible for 

study participation. Median age of patients included in the Aristocaths study was 8.4 years 

(range 1.0 – 17.6 years) at randomization.  

Discussion

Although trial participation in pediatric oncology treatment protocols is excellent, with accrual 

rates up to 94%, accrual in supportive care protocols remains a challenge with accrual rates 

of less than 50% [18, 19]. 

This poor accrual can predominantly be attributed to trial factors: some trial factors cannot 

be overcome since they are part of the study hypothesis. Study participation by multiple 

centers, can be assisted by the allocation of an initiating centre and principal investigator. 

They can facilitate study implementation through study coordination and provide monetary 

reimbursements for research personnel. The principal investigator can increase awareness 

of the trial and elucidate the relevance of the trial’s hypothesis. Physicians’ and parents’ 

perspectives are based upon perceived benefits and burdens of study participation. 

Considering the Aristocaths study parents and physicians will balance the benefit of infection 

prevention against the burden of 2-h waiting for study locks. Therefore adequate and tailor 

made information is needed to facilitate a well-informed decision by family and child. Also, 

parents should be offered additional time to make a decision regarding trial participation of 

their child, especially given the current rapid increase in clinical trials [13].

The necessity and relevance of treatment protocols often need less explanation compared 

to supportive care protocols since they are considered standard of care by most pediatric 

oncologists. Nevertheless, morbidity during and after treatment still approaches 40 % and 

1% of pediatric oncology patients die of infections or other severe complications [20]. Well 

designed randomized controlled trials in supportive care are of great importance to improve 

outcome in pediatric oncology. Unfortunately, many questions concerning supportive care 

remain unanswered because trials were too small or prematurely stopped because of poor 

Accrual in supportive care trials in pediatric oncology, a challenge!
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accrual [21-23]. Therefore, explanation by principal investigators alone will not be enough 

to preserve studies in supportive care. National and international supportive care working 

groups should increase awareness regarding the need for well-designed randomized 

controlled trials in supportive care and stimulate accrual when such trials are open. 
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Summary and discussion of part I

The aim of this thesis was to investigate how central venous catheter (CVC) related 

complications can be prevented and treated. Chapter 2 and chapter 3 describe the 

prevention and treatment of CVC-associated bloodstream infections (CABSI). In chapter 4 

we describe the prevalence of venous thrombo-embolic events (VTE) in pediatric oncology 

patients with tunneled CVCs and in chapter 5 the systemic treatments for the prevention 

of VTE. While running the randomized controlled trial (RCT) described in chapter 2, we 

also learned that accrual in studies investigating supportive care issues can be challenging. 

Therefore we conducted a study, described in chapter 6, investigating reasons for poor 

accrual in supportive care studies and provided recommendations for future supportive care 

studies.

In this section we will discuss some of the issues raised by the chapters of this thesis

A. Prophylactic ethanol locks

B. Treatment of central venous catheter associated bloodstream infections

C. Venous thrombo-embolic events in pediatric oncology 

D. Accrual in supportive care studies

A. Prophylactic ethanol locks

In chapter 2 we present that prophylactic 70% ethanol locks resulted in a 50% reduction of 

CABSI in pediatric oncology patients. The number needed to treat (NNT) was 12: meaning 

12 patients required prophylaxis to prevent one CABSI. Furthermore ethanol locks were safe, 

adverse events were mild (maximum grade 2) and limited to the infusion or flushing of study 

medication. No increase in CVC malfunction or liver enzymes was observed. We therefore 

recommend implementation of ethanol locks in current practice, but with the following 

caveats. Two hours waiting for the ethanol to clean the CVC was perceived as an additional 

burden by patients and therefore shorter lock durations should be considered. However, thus 

far only in vivo data showed positive results following shorter lock durations [1]. So, before 

shorter locks can be considered for daily practice, further studies are needed. 

Significantly more patients withdrew their informed consent in the experimental group. 

Unfortunately, reasons for informed consent withdrawal were not collected in this study. 

Considering significantly more patients in the experimental group developed adverse events 

during infusion or flushing of the study medication, we cannot rule out that these adverse 

events may have contributed to consent withdrawal. One other RCT reported similar adverse 

events and reported that these events were for 11/226 patients the reason for consent 

withdrawal, compared to 1/222 in the control group [2]. Although uncomfortable, these 

adverse events were mild, maximum grade 2, and limited to the moment of infusion or 

flushing of the CVC. No additional hepatotoxicity, nor suspected unexpected serious 

adverse reactions were reported in the RCTs published thus far [2,3,4]. For future studies, 

we therefore recommend to inform patients on potential adverse events and its transient 

Summary and discussion of part I
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and mild nature, to prevent premature consent withdrawal. Ideally, the lock solution would 

be withdrawn and adverse events prevented. However, withdrawal of ethanol has been 

suggested to contribute to CVC malfunction. With the current approach, flushing the 

ethanol with saline and closing the CVC with heparin, we showed that ethanol locks did 

not cause an increase in CVC malfunction or removal (chapters 2 and 4). CVC occlusion 

and (a)symptomatic CVC-related VTE was equally distributed between treatment groups: 

in the ethanol group three CVCs were occluded (and removed), three patients developed 

symptomatic CVC-related VTE and three others asymptomatic CVC-related VTE. In the 

heparin group one CVC occluded (and was removed) and another eight patients developed 

asymptomatic CVC-related VTE. Although several cohort studies have suggested ethanol 

increases the risk of CVC malfunction and VTE [5,6], none of the RCTs published thus far 

presented data that support this assumption [2-4,7]. In the studies reported in this thesis we 

did not only closely monitor patients for CVC malfunction and symptomatic CVC-related VTE, 

but also screened patients with ultrasound (US) for asymptomatic CVC-related VTE. There 

was no significant difference in (a)symptomatic CVC-related VTE between treatment groups. 

Nevertheless, future studies should continue close monitoring for CVC-related complications, 

especially when considering longer dwell times, as many of the cohort studies suggesting 

CVC occlusion employed dwell times over 24 hours [5-8].

Lastly, future studies should employ standard definitions of CABSI applicable to pediatric 

patients. Current definitions as prescribed by the Infectious Diseases Society of Amerika 

(IDSA) require peripheral cultures which is not desirable in pediatric patients [9,10]. One 

alternative would be to use the difference in to detection between concurrently collected 

cultures from two lumina. However, as 94% of our patients had single lumen CVCs, this 

would mean a change in CVCs. 

B. Treatment of central venous catheter associated bloodstream infections

CABSIs are often difficult to treat, with salvage rates reported between 24% and 66% [10,11] 

and require prolonged antibiotic treatment. However, due to their immuno-incompetence 

and frequent use of antibiotics, pediatric oncology patients are at increased risk to develop 

antibiotic resistance. Antibiotic resistance has been appointed by the World Health 

Organization as one out of three greatest threats to human health [12]. So alternatives for 

(systemic) antibiotic treatments should be investigated. Antibiotic lock treatments have the 

advantage of delivering high concentrations locally, but low concentrations systemically. In 

chapter 3 we showed that no RCTs or controlled clinical trials have yet been published 

investigating antibiotic lock treatments. Several cohort studies have suggested antibiotic lock 

treatments may be beneficial for CABSI treatment, reason for the guideline published by 

the IDSA to recommend antibiotic locks for CVC salvage treatment [10]. Even though these 

results look promising, we feel that evidence from a well-designed RCT is needed before 

implementation is warranted. In addition to that, we recommend further exploration of 
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alternatives such as urokinase, taurolock, and ethanol [13-15], so systemic antibiotics can be 

saved for situations where no alternatives are available.  

C. Venous thrombo-embolic events in pediatric oncology

In chapter 4 we present the prevalence of CVC-related VTE in pediatric oncology patients. 

We detected symptomatic VTE in 8/305 patients, three were related to the CVC, and 

asymptomatic CVC-related VTE in 11/185 patients. The prevalence of VTE in this study was 

lower than rates reported in literature, presumably due to the inclusion of patients with 

solid tumors, and thus a lower risk of VTE, and the diagnostic that was used [17-22]. The 

specificity of ultrasound for the detection of asymptomatic CVC-related VTE is lower than for 

instance venography. Nevertheless, ultrasound is cheap and the burden for patients is low. 

Furthermore, as VTE and CABSI are correlated [23], we assume that the reduction of CABSI 

in patients receiving ethanol locks, may have further reduced asymptomatic CVC-related VTE 

in this study. 

As mentioned earlier, RCTs in supportive care are often challenged by poor accrual and 

premature study termination with underpowered results consequently. When investigating 

thrombosis prophylaxis in pediatric oncology patients it could therefore be advocated to 

include asymptomatic VTE as the primary outcome. Asymptomatic CVC-related VTE is more 

prevalent and less patients are needed to achieve adequate power. Nevertheless, the clinical 

relevance of asymptomatic CVC-related VTE is still uncertain. It has been suggested that 

asymptomatic CVC-related VTE may lead to pulmonary embolism, sinus thrombosis, and 

the post-thrombotic syndrome. However the true rate of the post-thrombotic syndrome 

is yet unclear and has been reported in 6% to 50% of patients following asymptomatic 

CVC-related VTE [24,25]. Thus, until the clinical relevance of asymptomatic CVC-related VTE 

is determined, other clinically relevant outcomes should be investigated. 

So, should we administer systemic thrombo-prophylaxis to pediatric oncology patients? 

Considering the prevalence of symptomatic VTE is low, administration of thrombo-

prophylaxis to high risk patients could be considered. Mitchell and colleagues validated a 

predictive model for the selection of patients with increased risk of symptomatic VTE [26]. 

Using this model, 339 patients were allocated to a low or high risk group. In the low risk 

group the prevalence of symptomatic VTE was 2.5% and in the high risk group 64.7%. 

However, contrary to adult studies, we found no significant reduction of (a)symptomatic 

VTE in pediatric oncology patients with CVCs receiving systemic thrombosis prophylaxis 

[27,28] (chapter 5). This lack of evidence may be due to the low number of included patients 

and consequent low power and further well-designed RCTs are needed to investigate the 

effect of anticoagulation in pediatric oncology patients with CVCs. Also, we found no 

significant increase in bleeding caused by anticoagulant treatment, similar to findings in  two 

other Cochrane reviews, including predominantly adult studies [27,28]. Several new oral 

anticoagulants have been developed that target factor X (edoxaban, rivaroxaban, apixaban) 
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and factor IIa (dabigatran). These anticoagulants have the advantage over low molecular 

weight heparins of oral administration but should still be evaluated in RCTs in pediatric 

oncology patients. We therefore encourage further studies, with the selection of high risk 

patients aiming for low numbers needed to treat, and clinically significant outcome measures 

such as symptomatic VTE. 

D. Accrual in supportive care studies

Accrual rates in pediatric oncology treatment protocols have historically known excellent 

accrual rates [29,30]. This is in contrast with adult oncology trials and other research fields 

in pediatrics [31]. Nevertheless, accrual for supportive care studies or non treatment trials in 

pediatric oncology patients has appeared to be challenging [32]. Extended accrual periods 

result in additional costs and may result in premature ending of the trial, increasing the 

chance on a non significant outcome. There is no need for a cost effect analysis to conclude 

that underpowered studies are a waste of time and money, but most importantly these 

studies are a unnecessary burden for families that already endure a cancer diagnosis and its 

treatment. In the recent decades, the number of studies has increased significantly. These 

studies are indispensable for further cancer treatment optimization, but we suggest that 

the introduction of studies should be coordinated. Not only the number of studies should 

be coordinated but also the moment studies are introduced to patients. As we described in 

chapter 6, supportive care studies are often introduced after other studies have already been 

mentioned and consent fatigue is thus an important reason for poor accrual in supportive 

care studies. Another barrier for adequate accrual is disbelief in the benefit of a study by 

both families and clinicians, or being uncomfortable with the idea of randomization. This 

lack of understanding may be overcome by good communication and sufficient, readable 

information. Most importantly, however, will be to increase the awareness regarding the 

importance of supportive care in pediatric oncology. Cancer treatment-related morbidity 

still approaches 40% and 1% of patients die of infections or severe complications. Future 

well-designed RCTs in supportive care studies are therefore of utmost importance for further 

optimization of cancer cure and improvement of childhood cancer survival. 

Implications for clinical practice

• Ethanol locks caused a 50% reduction in CABSI. Adverse events were mild and transient 

and limited to infusion or flushing of the study medication. No suspected unsuspected 

serious adverse reactions were observed. Therefore implementation of prophylactic 

ethanol locks should be considered. 

• Several cohort studies have suggested ethanol locks may contribute to CVC occlusion 

or CVC-related VTE. None of the randomized controlled trials reported an increase in 

either CVC occlusion or CVC-related VTE. Nevertheless, when designing new studies 
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or implementing ethanol in daily practice these potential adverse events should be 

monitored closely.

• There is yet no evidence warranting the implementation of antibiotic lock treatment for 

CABSI in pediatric oncology patients. 

Recommendations for future studies

• No clinical evidence is currently available on dwell times shorter than two hours. 

Therefore we recommend further clinical studies to investigate the efficacy of shorter 

dwell times for ethanol locks. Also, less concentrated solutions could be considered than 

70% ethanol. 

• We encourage studies investigating alternatives to systemic antibiotics such as 

taurolidine, urokinase, and ethanol for the prevention and treatment of CABSI in 

pediatric oncology patients.  

• Future studies investigating anticoagulation in high risk patients should be considered. 

We recommend the investigation of the efficacy and safety of old (low-molecular-

weight heparin) and new anticoagulants that target factor Xa (edoxaban, rivaroxaban, 

apixaban) and factor IIa (dabigatran). 

• The informed consent process should be coordinated, facilitating optimal accrual for all 

studies running simultaneously.

Summary and discussion of part I

185

7

proefschrift-2015-definitief.indb   185 14-7-2015   11:07:16



chapter 7

References

 1.  Qu Y, Istivan TS, Daley AJ, Rouch DA, 
Deighton MA. Comparison of various 
antimicrobial agents as catheter lock 
solutions: preference for ethanol in 
eradication of coagulase-negative 
staphylococcal biofilms. J Med Microbiol 
2009;58:442-50.

 2. Slobbe L, Doorduijn JK, Lugtenburg PJ, et al. 
Prevention of catheter-related bacteremia 
with a daily ethanol lock in patients with 
tunnelled catheters: a randomized, placebo-
controlled trial. PLoS One 2010;5:e10840.

 3. Pérez-Granda MJ, Barrio JM, Muñoz, et 
al. Ethanol lock therapy (E-Lock) in the 
prevention of catheter-related bloodstream 
infections (CR-BSI) after major heart surgery 
(MHS): a randomized clinical trial. PLoS One 
2014;9:e91838.

 4. Sanders J, Pithie A, Ganly P, et al. A 
prospective double-blind randomized 
trial comparing intraluminal ethanol with 
heparinized saline for the prevention of 
catheter-associated bloodstream infection in 
immunosuppressed haematology patients. J 
Antimicrob Chemother 2008;62:809-15.

 5. Kayton ML, Garmey EG, Ishill NM. 
Preliminary results of a phase I trial of 
prophylactic ethanol-lock administration 
to prevent mediport catheter-related 
bloodstream infections. J Pediatr Surg 
2010;45:1961-6.

 6. Mermel LA, Alang N. Adverse effects 
associated with ethanol catheter lock 
solutions: a systematic review. J Antimicrob 
Chemother 2014;69:2611-9. 

 7. Broom JK, Krishnasamy R, Hawley CM, 
Playford EG, Johnson DW. A randomised 
controlled trial of heparin versus ethanol 
lock therapy for the prevention of catheter 
associated infection in haemodialysis. BMC 
Nephrol 2012;13:146. 

 8.  McGrath EJ, Salloum R, Chen X, et al. 
Short-dwell ethanol lock therapy in children 
is associated with increased clearance 
of central line-associated bloodstream 
infection. Clin Pediatr 2011;50:943-51. 

 9. Franklin JA, Gaur AH, Shenep JL, Joan Hu X, 
Flynn PM. In situ diagnosis of central venous 
catheter-related bloodstream infection 
without peripheral blood culture. Pediatr 
Infect Dis J 2004;23:614-8

 10. Mermel LA, Allon M, Bouza E, et al. Clinical 
Practice Guidelines for the Diagnosis and 
Management of Intravascular Catheter-
Related Infection: 2009 Update by the 
Infectious Diseases Society of America. Clin 
Infect Dis 2009;49:1-45.

 11. Fratino G, Molinari AC, Parodi S, et 
al. Central venous catheter-related 
complications in children with oncological/
hematological diseases: an observational 
study of 418 devices. Ann Oncol 
2005;16:648-54.

 12. Howard DH, Scott RD 2nd, Packard R, Jones 
D. The global impact of drug resistance. Clin 
Infect Dis 2003;36:S4-10.

 13. Atkinson JB, Chamberlin K, Boody BA. A 
prospective randomized trial of urokinase 
as an adjuvant in the treatment of proven 
hickman catheter sepsis. J Pediatr Surg 
1998;33:714-6.

 14. Dannenberg C, Bierbach U, Rothe A, Beer 
J, Körholz D. Ethanol-lock technique in 
the treatment of bloodstream infections 
in pediatric oncology patients with 
broviac catheter. J Pediatr Hematol Oncol 
2003;25:616-21.

 15.  Dümichen MJ, Seeger K, Lode HN, et al. 
Randomized controlled trial of taurolidine 
citrate versus heparin as catheter lock 
solution in paediatric patients with 
haematological malignancies. J Hosp Inf 
2012;80:304-9.

 16. La Quaglia MP, Cladwell C, Lucas A, et al. 
A prospective randomized double-blind 
trial of bolus urokinase in the treatment 
of established hickman catheter sepsis in 
children. J Pediatr Surg 1994;29:742-5.

 17. Glaser DW, Medeiros D, Rollins N, Buchanan 
GR. Catheter-related thrombosis in children 
with cancer. J Pediatr 2001;138:255-9.

186

proefschrift-2015-definitief.indb   186 14-7-2015   11:07:16



 18. Knöfler R, Siegert E, Lauterbach L, et al. 
Clinical importance of prothrombotic risk 
factors in pediatric patients with malignancy 
– impact of central venous lines. Eur J 
Pediatr 1999;158:S147-50.

 19. Lipay NV, Zmitrovich AI, Aleinikova OV. 
Epidemiology of venous thromboembolism 
in children with malignant diseases: a 
single-center study of the Belarusian Center 
for Pediatric Oncology and Hematology. 
Thromb Res 2011;128:130-4.

 20. Male C, Chait P, Ginsberg JS, et al. 
Comparison of venography and ultrasound 
for the diagnosis of asymptomatic deep vein 
thrombosis in the upper body in children. 
Results of the PARKAA study. Thromb 
Haemost 2002;87:593-8.

 21.  Revel-Vilk S, Yacobovich J, Tamary H, et 
al. Risk factors for central venous catheter 
thrombotic complications in children 
and adolescents with cancer. Cancer 
2010;116:4197-4205.

 22.  Wermes C, von Depka Prondzinsky, 
Lichtinghagen R, Barthels M, Welte K, 
Sykora K-W. Clinical relevance of genetic 
risk factors for thrombosis in paediatric 
oncology patients with central venous 
catheters. Eur J Pediatr 1999;158:S143-6.

 23. Journeycake JM, Buchanan GR. Catheter-
related deep venous thrombosis and other 
catheter complications in children with 
cancer. J Clin Oncol 2006;24:4575-80.

 24. Kuhle S, Koloshuk B, Marzinotto V, et al. 
A cross-sectional study evaluating post-
thrombotic syndrome in children. Thromb 
Res 2003;111:227-33.

 25.  Albisetti M, Kellenberger CJ, Bergsträsser E, 
Niggli F, et al. Port-a-cath-related thrombosis 
and postthrombotic syndrome in pediatric 
oncology patients. J Pediatr 2013;163:1340-
6.

 26.  Mitchell L, Lambers M, Flege S, et 
al. Validation of a predictive model 
for identifying an increased risk for 
thromboembolism in children with acute 
lymphoblastic leukemia: results of a 
multicenter cohort study. Blood;115:4999-
5004.

 27. Akl EA, Barba M, Rohilla S, et al. 
Anticoagulation for the long term treatment 
of venous thromboembolism in patients 
with cancer (review). Cochrane Database 
Syst Rev 2008;2: CD006650. 

 28. Di Nisio M, Porreca E, Ferrante N, Otten 
HM, Cuccurullo F, Rutjes AWS. Primary 
prophylaxis for venous thromboembolism 
in ambulatory cancer patients receiving 
chemotherapy (Review). Cochrane Database 
Syst Rev 2012;2:CD008500.

 29. Ablett S, Pinkerton CR. Recruiting children 
into cancer trials-role of the United Kingdom 
Children’s Cancer Study Group (UKCCSG). 
Br J Cancer 2003;88:1661-5.

 30. Bleyer WA, Tejeda H, Murphy SB, et al. 
National cancer clinical trials: children have 
equal access; adolescents do not. J Adolesc 
Health 1997;21:366-373.

 31. Schroen AT, Petroni GR, Wang H, et al. 
Challenges to accrual predictions to phase III 
cancer clinical trials: a survey of study chairs 
and lead statisticians of 248 NCI-sponsored 
trials. Clin Trials 2011;8:591-600.

 32. Whitlow PG, Caparas M, Cullen P, et al. 
Strategies to improve success of pediatric 
cancer cooperative group quality of life 
studies: a report from the Children’s 
Oncology Group. Qual Life Res 2014 Nov 29 
[Epub ahead of print].

Summary and discussion of part I

187

7

proefschrift-2015-definitief.indb   187 14-7-2015   11:07:16



proefschrift-2015-definitief.indb   188 14-7-2015   11:07:16



Part II

proefschrift-2015-definitief.indb   189 14-7-2015   11:07:20



proefschrift-2015-definitief.indb   190 14-7-2015   11:07:20



C h a p t e r   8

Introduction and outline of part II of this 
thesis

proefschrift-2015-definitief.indb   191 14-7-2015   11:07:20



proefschrift-2015-definitief.indb   192 14-7-2015   11:07:20



8

Introduction and outline of part II of this thesis

Epidemiology

Rhabdomyosarcoma (RMS) is the most common soft tissue sarcoma in childhood and occurs 

in about 20 children in The Netherlands, every year. It is assumed that RMS originates 

from mesenchymal cells that are destined to develop into striated muscles. RMS can occur 

anywhere in the body; approximately 40% of these tumors occur in the head and neck area. 

This area is further defined as parameningeal, orbit and head and neck non-parameningeal, 

each subarea having a different prognostic impact on survival. Other prognostic factors in 

RMS patients with localized disease are: histology (predominantly embryonal or alveolar), 

FOXO1 status, age at diagnosis, tumor size, lymph node involvement, and post-surgical status 

[1-4]. These patient- and treatment characteristics demand a specific risk-based treatment 

stratification for each patient.  

Response assessment after induction chemotherapy

In the Netherlands, patients are currently treated according to the European paediatric Soft 

Tissue Sarcoma group (EpSSG) protocol and before according to the International Society 

of Paediatric Oncology-Malignant Mesenchymal Tumour group (SIOP-MMT) protocols [1-4]. 

RMS treatment starts with initial surgery (often incisional biopsy) and induction chemotherapy. 

After two (past) or three courses of chemotherapy, the radiological response of the tumor 

is evaluated; in the head and neck area usually with magnetic resonance imaging (MRI). 

These European protocols prescribe three-dimensional (3D) assessment of the primary tumor 

and define response as the percentage increase or decrease after induction chemotherapy, 

compared to the baseline measurements at diagnosis. In adult oncology however, 

one-dimensional measurements (1D) are used. Advantage of 1D measurements is the ease of 

the measurement: one measurement takes less time than three, but the disadvantage may 

be that 1D-measurements may not be suitable for the response assessment of (pediatric) 

solid tumors. The 1D response assessment method was developed and validated in adult 

oncology patients, mostly with metastatic disease [5,6]. The mathematical assumption behind 

1D measurements is that diameter correlates with volume in spherical tumors [7]. Pediatric 

tumors however, are often not spherical in shape. Hypothetically, an elongated tumor may 

shrink in one diameter, but not in the other two. In these cases the longest diameter will 

not change, while volume changes significantly, indicating adequate response [8]. Such a 

response to chemotherapy is clinically important as it may facilitate surgical resectability, 

which is a major component of local treatment in pediatric soft tissue sarcoma.     

When the European Union implemented a new regulation in 2006, facilitating the 

development of new medicines in pediatric patients, pharmaceutical industries became 

interested in designing pediatric investigational plans, thereby extending their patent [9]. 

These pharmaceutical industries, used to adult oncology methods, also brought along 1D 
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response assessment methods. As there was no evidence available regarding the validity 

of 1D measurements in pediatric patients with solid tumors, we decided to conduct a 

retrospective study (chapter 9). Aims of this study were: 1. to evaluate the interobserver 

variability of both 1D and 3D response assessment methods, 2. To compare 1D and 3D 

response assessments (intermethod variability), and 3. To evaluate clinical consequences of 

interobserver and intermethod variability. 

Local treatment 

The majority of head and neck RMS patients need radiotherapy to achieve local control. In 

the past decades, the European study groups have tried to select patients in whom (local) 

treatment could be reduced. In 1999 Koscielnak and colleagues reported that treatment 

reduction based on initial response on chemotherapy in the German Cooperative Soft Tissue 

Sarcoma study (CWS-86) did not compromise survival [10]. In the MMT 84 and MMT 89 

protocols, patients achieving local control with chemotherapy with or without surgery (with 

the exception or patients ≥ 3 years with parameningeal RMS) did not receive radiotherapy 

or further extensive surgery. This approach resulted in 33% of patients being cured with 

limited local treatment [4]. Nevertheless, this treatment approach is not similar for all sites of 

disease. Oberlin and colleagues presented in 2001 the results of an international workshop 

with pooled data of orbital RMS patients from four large international groups [11]. The 

authors showed that in a subgroup of patients with orbital RMS local treatment can be 

withheld, without compromising overall survival. Patients not receiving local treatment had 

higher relapse rates, but could be salvaged with radiotherapy, since they had not received 

radiotherapy initially (salvage gap). In the end, 41% of patients treated according to the 

SIOP-MMT studies was cured without radiotherapy. In patients with parameningeal RMS 

on the other hand radiotherapy cannot be omitted. Merks and colleagues. described the 

results of another international workshop, pooling data from parameningeal patients 

treated in three different study groups [12]. The authors showed that, contrary to orbital 

RMS, radiotherapy cannot be withheld in patients with parameningeal RMS. The event free 

survival was lower in patients who received no radiotherapy compared with patients who 

did. Overall survival remained significantly lower (49.6% and 71.4% respectively), indicating 

salvage treatment for this group of relapsed patients was often not successful. 

The AMORE approach

In 1990, an innovative local treatment approach was developed in the Emma Children’s 

Hospital-Academic Medical Center (EKZ-AMC): the AMORE protocol [13]. AMORE is an 

acronym for Ablative surgery, MOulage technique after loading brachytherapy, and surgical 

REconstruction. This treatment is delivered in seven days. On day one, a surgical resection is 

performed. Due to the position and infiltrative nature of the tumor, a complete, microscopic 

radical surgical resection is often not possible in the head and neck area (image 1). The 
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potential microscopic remnants are therefore treated with brachytherapy. Following surgery 

on day one, the tumor cavity is obliterated using a gutta percha (or after 2007 FastForm-

Percha) mold (image 2). Flexible polyethylene catheters are positioned between the layers 

of percha for afterloading with iridium-192 sources. The wound is then closed, with the 

catheters protruding through the closed incision (image 3). On the second day, the catheters 

are filled with radio-opaque dummies and a CT is made. Based on the pre-surgery MRI and 

post-surgery CT a three-dimensional dose distribution is designed (image 4, 5), with the 100% 

dose targeting 5 mm from the mold surface. Radiotherapy then commences on the second or 

third day. Initially radiotherapy was delivered with the low dose rate technique (1990-2001), 

meaning a continuous dose was delivered and patients remained in radio-protective isolation 

for the full treatment. From 2002, radiotherapy is delivered in 1.25 Gy pulses every 2.1 hours. 

With this technique, patients only remain in radio-protective isolation for the duration of a 

pulse (max. 15 minutes). Brachytherapy is delivered over a 3-4 day period, depending on 

the dose and dose rate. Doses range between 40 and 50 Gy, depending on risk factors for 

relapse and patient age; young patients receive lower doses. Also, when mold placement is 

suboptimal, due to for instance the anatomic position of the tumor, a higher dose is delivered 

to achieve an effective dose to the complete target volume. On day 8, the brachytherapy 

mold is removed and a reconstructive surgical procedure performed. A free vascularized 

or pedicled muscle is transplanted to the tumor cavity. Goal of this transplantation is to fill 

up the defect, but also to optimize oxygenation of the wound bed after surgery and high 

dose radiotherapy. In the majority of patients the galea or temporal muscle is rotated into 

the tumor cavity. However, in some patients more muscle is needed or previous irradiation 

(in case of a salvage AMORE treatment after relapse after EBRT) has made the galea or 

temporal muscle less suitable. In these patients a vascularized muscle can be transplanted 

from other sites such as the latissimus dorsi muscle.  

In chapter 10 we present an evaluation of surgery and brachytherapy in patients with orbital 

RMS, with the aim to further optimize the AMORE approach. A similar evaluation of 22 

patients with non-orbital RMS (parameningeal or head and neck non parameningeal) was 

Image 1: orbital tumor with invasion  
 maxillary sinus
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Image 2: mold with flexible catheters Image 3: catheters protruding through the closed 
incision

Image 4: three-dimensional dose distribution Image 5: isodose distribution
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conducted by our group in 2005 [13]. Aim was to identify factors associated with local 

treatment failure. This evaluation included factors such as tumor site, size, and extent, 

response to chemotherapy, surgical risk factors, and radiotherapy fields. As a result from 

this study the eligibility criteria for AMORE were adapted. As no such evaluation had been 

performed for patients with orbital RMS, we conducted a similar evaluation of factors 

possibly associated with local treatment failure (chapter 10).   

The hypothetical advantage of brachytherapy is the focused dose delivery to the tumor bed 

and rapid fall-off of the dose beyond the treatment volume. Sparing of surrounding tissues 

may reduce morbidity, allowing organ preservation and bone growth, and theoretically, 

improve functional and cosmetic outcome. Nevertheless, ablative surgery and reconstructive 

surgery both may introduce additional adverse events. Survival analysis showed similar 

survival for patients treated according to the AMORE protocol compared to international 

figures [14]. However, adverse events of local treatment in head and neck RMS survivors 

had never been described in a prospective and systematic manner. Therefore three large 

pediatric oncology centers developed a multi-disciplinary adverse event clinic for adverse 

events of local treatment; the EKZ-AMC (Amsterdam, The Netherlands), Great Ormond 

Street Hospital for Children NHS Foundation Trust (GOSH: London, United Kingdom) and the 

Royal Marsden Hospital (RMH: Sutton, United Kingdom) (chapter 11). All three centers, as 

part of SIOP-MMT and later EpSSG, used the same treatment protocols, the only difference 

being that in case local treatment was indicated GOSH/RMH patients received external beam 

radiotherapy (EBRT) and EKZ-AMC patients received AMORE if feasible, otherwise EBRT. So 

in addition to the assessment of adverse events following local treatment, second aim of the 

study described in chapter 11 was to compare adverse events following AMORE with the 

international standard EBRT.

Adverse events

Previous studies in large cohorts of childhood cancer survivors have already indicated that 

a sarcoma diagnosis and radiotherapy in the head and neck area are important risk factors 

for the development of adverse events [15-17]. Although several studies have attempted 

to investigate adverse events in head and neck RMS survivors, no systematic assessments 

have been performed thus far. Previous studies were mainly based on chart reviews, 

questionnaires, or database queries [11,18-24]. In addition to the overview of adverse events 

following local treatment in chapter 11, we conducted several sub studies. Two of these 

studies are presented in chapter 12 and 13. 

In chapter 12 we describe the prevalence of hearing loss in head and neck RMS survivors. 

Previous studies in head and neck RMS survivors reported hearing loss 10-50% of survivors. 

However none of these studies employed a clear definition of hearing loss, or a validated 

grading scale [19,22,23,25]. Aims of chapter 12 were to conduct a systematic assessment 

of hearing loss in head and neck rhabdomyosarcoma survivors and to compare hearing loss 
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between survivors following AMORE-based treatment with survivors treated with EBRT-based 

treatment.  

In chapter 13 we describe the prevalence of endocrine disorders in head and neck RMS 

survivors. From previous retrospective chart studies we know that endocrine disorders are 

prevalent in up to 44% of head and neck RMS survivors [26,27]. Due to the limited space in the 

head and neck area, radiotherapy plans often involve (stray) irradiation of the hypothalamus 

or pituitary gland. This may result in growth hormone deficiency (GHD), thyroid stimulating 

hormone (TSH) deficiency, adrenocorticotropic hormone (ACTH) deficiency, gonadotropin 

deficiency, or precocious puberty [23,24,27,28]. Additionally, chemotherapy regimens often 

contain alkylating agents which may contribute to gonadal damage [29,30]. Aim of chapter 

13 was to conduct a systematic assessment of endocrine disorders among head and neck 

RMS survivors. Second purpose was to compare endocrine disorders between survivors 

treated with AMORE-based treatment with survivors following EBRT-based treatment.
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Abstract

Purpose

To investigate (a) interobserver variability for three-dimensional (3D)  (based on European 

paediatric Soft Tissue Sarcoma Study Group [EpSSG] guidelines) and one-dimensional (1D) 

(based on Response Evaluation Criteria in Solid Tumors [RECIST]) response assessments, (b) 

intermethod variability between EpSSG and RECIST, and (c) clinically relevant consequences 

of interobserver and intermethod variability in pediatric patients with rhabdomyosarcoma. 

Materials and Methods

The study was approved by the Academic Medical Center Ethics Committee and the Great 

Ormond Street Hospital Ethics Committee; both committees waived the requirement for 

informed consent because of the retrospective nature of the study. Data were analyzed 

from 124 consecutive male and female children and young adults (age range, 1–18 years) 

with rhabdomyosarcoma at two institutions (1999–2009) with relevant imaging studies. 

Tumors were measured by two radiologists (1D and 3D measurements) at diagnosis and after 

induction chemotherapy. Interobserver variability was analyzed by using three different tests, 

and the inter-method variation calculated.

Results

Sixty-four eligible patients were included (median age, 4.6 years). Agreement between 

observers for EpSSG and RECIST was moderate (κ = 0.565 and 0.592, respectively); 

interobserver variation led to different potential treatment decisions in nine (14%) and 

11 (17%) of the 64 patients, respectively. Comparison of EpSSG guidelines and RECIST 

resulted in 13 discrepant response classifications (20%), which were equally distributed 

(under and overestimation of response) and led to consequences for treatment choice in 

five patients (8%).

Conclusion

EpSSG guidelines and RECIST are not interchangeable; neither technique demonstrated 

superiority in this study. These findings should be taken into account in future study protocol 

design. 

202202

proefschrift-2015-definitief.indb   202 14-7-2015   11:07:26



Introduction 

Historically, response in pediatric soft tissue sarcoma trials has been defined by 

two-dimensional and, later, three-dimensional (3D) tumor measurements (1–4). In current 

adult oncology trials, however, response assessment is defined according to one-dimensional 

(1D) measurements based on the Response Evaluation Criteria In Solid Tumors (RECIST) 

guidelines (5,6). As the European Union introduced a new pediatric regulation to facilitate 

the development and availability of new agents for children in 2006, pharmaceutical 

industries have  been using RECIST methodology for response assessment (7,8). However, 

these guidelines were developed for, and validated in, adult oncology patients, of whom the 

majority suffered from metastatic disease (6,9). It remains unclear whether it is appropriate 

to use the 1D RECIST guidelines for pediatric solid tumor response assessments, which are 

currently based on 3D measurements (10,11).

The rationale of RECIST, that is, the correlation between diameter and tumor load, is based 

on the mathematical approximation of tumors as spherical lesions. In spherical lesions, the 

logarithm of cell number correlates with diameter, independently of the initial tumor size (9). 

Many pediatric solid tumors are irregular in shape and lack a spherical appearance. When 

the length of an irregularly shaped tumor becomes more than twice its width, diameter 

becomes inaccurate as an estimation for tumor size (12,13). Furthermore, when treated with 

chemotherapy these tumors can remain stable in the longest diameter, while the tumor 

regresses in one or two other dimensions (11,14). Such a response to chemotherapy is 

clinically important as it may facilitate surgical resectability, which is a major component of 

local treatment in pediatric soft tissue sarcoma. 

To gain further insight into the effect of using RECIST response assessment, we initiated a 

retrospective cohort study in pediatric patients  with rhabdomyosarcoma treated according 

to the International Society of Paediatric Oncology-Malignant Mesenchymal Tumour 

(SIOP-MMT) and, later, European paediatric Soft Tissue Sarcoma Study Group (EpSSG) 

protocols (4,15). The aims of the study were to investigate (a) interobserver variability 

for EpSSG (3D measurement) and RECIST (1D measurement) response assessments 

individually, (b) intermethod variability between EpSSG and RECIST, and (c) clinically relevant 

consequences of interobserver and inter-method variability for both methods in pediatric 

patients with rhabdomyosarcoma.

Materials and Methods

Travel and accommodation costs were funded by Roche. The authors had control of the data 

and the information submitted for publication. Those authors who are not consultants for 

Roche had control of inclusion of any data and information that might present a conflict of 

interest for those authors who are consultants for Roche. 

Response assessment in pediatric rhabdomyosarcoma

203

9

proefschrift-2015-definitief.indb   203 14-7-2015   11:07:26



chapter 9

Patients 

This study was approved by the Academic Medical Center Ethics Committee and the Great 

Ormond Street Hospital Ethics Committee; both committees waived the requirement for 

informed consent because of the retrospective nature of the study. We used clinical data 

from the medical records of consecutive patients (aged 0–18 years) presenting at Hospital 

1 (Emma Children’s Hospital-Academic Medical Center, Amsterdam, The Netherlands) or 

Hospital 2 (Great Ormond Street Hospital for Children NHS Trust, London, England) with 

a biopsy-proved rhabdomyosarcoma. We included patients with measurable disease at the 

primary tumor site after initial surgery (primarily incisional biopsy) (determined by J.H.M.M. 

and J.C., with 11 years and 14 years of experience as consultant pediatric oncologists, 

respectively) diagnosed between January 1999 and December 2009. 

Tumors were classified according to the clinical TNM system (16) and the Intergroup 

Rhabdomyosarcoma Study postsurgical staging system (17). Localization of the primary 

tumor was defined as described in the EpSSG Rhabdomyosarcoma 2005 protocol (4). 

Patients were treated according to the guidelines of SIOP-MMT 95 from 1999 to 2005 and 

according to the EpSSG Rhabdomyosarcoma 2005 protocol from 2006 to 2009 (4,15).

Tumor Measurements

The maximal computed tomographic (CT) section thickness permitted was 5 mm. When 

possible, the same magnetic resonance (MR) imaging sequence was used for sequential 

measurements in the following order of preference: contrast material-enhanced T1- and 

T2-weighted sequences and unenhanced T1-weighted sequences (Appendix E1 [online]). 

Primary tumors were measured on CT or MR images at diagnosis and after induction 

chemotherapy (two or three courses). Imaging studies were prospectively and independently 

evaluated by two experienced pediatric radiologists (K.M. and R.R.v.R., with 22 and 10 years 

of experience as pediatric radiologists, respectively).

To minimize interobserver variability, a concise guideline was developed summarizing the 

EpSSG and RECIST measurement protocols (Appendix E2 [online]). 

Tumors were measured according to EpSSG Rhabdomyosarcoma 2005 and RECIST protocols 

(4–6). For EpSSG, the two maximal perpendicular diameters of the primary tumor were 

measured in the axial plane on the section with the largest tumor surface area. The 

craniocaudal tumor dimension was measured at MR imaging with the sagittal or coronal 

sequences and, if available in the original dataset, on coronal reconstructions at CT. 

Otherwise, this was derived from the sum of the number of sections containing visible tumor 

(calculated as X times the section thickness and interval minus one section interval). The 

longest diameter for 1D RECIST was measured in any plane on MR images or CT scans. For 

CT scans without coronal reconstructions, the longest diameter was measured in the axial 

plane only (6).
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Response Classification

Response of the primary tumor after induction chemotherapy was calculated as the 

proportional increase or decrease in volume (3D measurement) or diameter (1D measurement) 

compared with the size of the tumor at diagnosis. EpSSG response assessment is based on 

the volume of the primary tumor (in cubic centimeters), which is calculated as follows: π/6 

x a x b x c = 0.52 x a x b x c, where a = height (in centimeters), b = width (in centimeters) 

and c = depth (in centimeters) (4). Because the change in volume is often larger than an 

equivalent change in diameter, the proportional change in tumor volume does not show a 

linear relationship with the proportional change in diameter. 

EpSSG and RECIST protocols use different response cutoffs. Therefore, to facilitate a direct 

comparison between 3D and 1D tumor response assessment, RECIST was adjusted to EpSSG 

cutoff values and definitions (Table 1). Equivalent cutoff values that do not exist in RECIST 

were calculated with a translation formula (Table 1). 

Table 1. Response Classification for 3D and 1D Measurements

Response Class EpSSG (3D) RECIST (1D) Adjusted RECIST (1D)

CR 100% decrease 100% decrease 100% decrease

PR ≥66% but <100% decrease ≥30% but <100% decrease ≥30% but <100% decrease

mPR >33% but <66% decrease NA >12%* but <30% decrease

SD Neither mPR nor PD Neither PR nor PD Neither mPR nor PD

PD ≥40% increase ≥20% increase ≥12%* increase

Note.–1D = one dimensional, 3D = three dimensional, CR = complete remission, mPR = minor partial response, 
NA = not applicable, PD = progressive disease, PR = partial response, SD = stable disease.
*Adjusted to EpSSG guidelines. Equivalent changes for maximum diameter and volume in spherical tumors: 
radius = r, diameter = 2r, volume = 4/3 πr3. Considering a decrease in volume of 33%: Old volume = 4/3 
πr3; the new volume after 33% decrease = 0.67 x (4/3 πr3), where 4/3 π = a constant = k, 0.67 x k x r3 = k 
(0.67r3). So the new r =3√0.67 = 0.88 of the original, that is, a decrease in 12% in diameter.

Statistical Analyses

Interobserver Variability and Clinical Consequences for EpSSG and RECIST 
Measurements

The interobserver variability of response assessments according to EpSSG and RECIST was 

calculated by using three different methods: the intraclass correlation coefficient, limits of 

agreement and κ statistics.

First, we visualized the correlation between the two observers in response assessment (as 

continuous outcome variables; proportional change in size) in a direct correlation plot. To 

correct for differences between the observers (under- or overestimation), the intraclass 

correlation coefficient was calculated (18). Meaningful agreement is attained if the intraclass 

correlation coefficient is at least 0.75 (18). Second, we visualized the scale of the difference 

Response assessment in pediatric rhabdomyosarcoma
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between the observers for EpSSG and RECIST measurements in a Bland–Altman plot by 

plotting the mean value of both observers against the difference between the observers 

(19). To estimate the 95% confidence interval (CI) of the difference between the observers, 

we calculated the corresponding limits of agreement (mean difference between observers 

± 2 standard deviations). Third, we used κ statistics to assess the correlation between both 

observers for categoric outcomes (complete remission, partial response, stable disease, 

progressive disease) for EpSSG and RECIST measurements separately. κ values of 1.0–0.81 

indicate almost perfect agreement, 0.61–0.8 substantial agreement, 0.41–0.60 moderate 

agreement, 0.21–0.40 fair agreement, and 0–0.2 slight agreement (20).

To evaluate the clinical consequences of the interobserver variability, we calculated the 

proportion of patients who were classified differently along with the corresponding 95% 

CI. Subsequently, we compared the proportion of response classifications that would have 

resulted in different treatment decisions owing to interobserver variability: responders (minor 

partial response, partial response, complete remission) versus nonresponders (stable disease, 

progressive disease). In current EpSSG protocols, this achievement of response is decisive in 

treatment continuation (responder) or switch to second-line therapy (nonresponder). 

Inter-Method Variability and Clinical Consequences

Discrepant measurements (for each method) between the two observers were resolved 

in a consensus meeting. Measurements from this meeting were used in the analysis of 

intermethod variability.  

To evaluate the clinical relevance of the differences between the two methods, we calculated 

the proportion of patients who were classified differently along with corresponding 95% 

CI. Subsequently, we analyzed the proportion of patients who would require a different 

treatment decision when another response assessment method was used. For these 

comparisons, we used the definitions of EpSSG (3D measurement) and the above-mentioned 

adjusted RECIST (1D measurement) (Table 1). 

We also investigated the consequences of implementing unadjusted RECIST, as requested in 

pharmaceutical trials, in EpSSG soft-tissue sarcoma protocols and its influence on response-

based treatment decisions. Response rate was defined as the proportion of patients achieving 

at least partial response.

Results

Patient Characteristics

During a period of 10 years, 124 consecutive patients were identified. Sixty of these patients 

were excluded, leaving 64 patients (Fig 1). There were 33 boys (median age, 4.5 years; 

age range, 0.07–16.1) and of 31 girls (median age, 5.0 years; age range, 0.28–14.0). One 

hundred seventeen MR images and 11 CT scans were analyzed by the two observers. Eight 
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patients had undergone imaging with a different imaging modality for response assessment. 

Coronal reconstructions were not available in in four of the 11 CT scans (36%). The median 

interval between studies was 9.1 weeks (interquartile range, 7.9–10.8 weeks). The median 

age at diagnosis was 4.6 years (range, 0.1–16.1 years) and 54 patients were younger than 10 

years (Table 2). Thirty-one patients were treated according to the EpSSG Rhabdomyosarcoma 

2005 protocol (including all five patients with metastases) and 33 were treated according to 

SIOP-MMT-95. 

Hospital 1

Patients (N=71)

Patients (n=37)

Missing studies* (n=15)

Other FUP** (n=3)

Poor quality*** (n=4)

Radiotherapy (n=1)

Hospital 2

Patients (N=69)

Patients (n=27)

Missing studies* (n=18)

Other FUP** (n=13)

Poor quality*** (n=4)

Radiotherapy (n=2)

Non-measurable disease;
IRS group I–II (n=11)

Non-measurable disease;
IRS group I–II  (n=5)

Patients (N=64)

Figure 1: Flowchart shows patient enrollment. FUP = follow-up, IRS group I-II = Intergroup Rhabdomyosarcoma 
Study clinical groups I and II (ie, patients with microscopic and macroscopic radical surgery at diagnosis, 
respectively [17].* = Images were not available digitally or in hard copy because they were sent back to 
referring hospitals, were not retrievable from archives, or were not obtained at prescribed time point.** = An 
imaging modality other than MR imaging or CT was used for follow-up. *** = Images were of poor quality 
because hard copies were not suitable for adequate measurements, images were obtained elsewhere, often 
not expecting malignant disease, and therefore not adequate for rhabdomyosarcoma imaging. Poor image 
quality was determined by K.M. and R.R.v.R. (with 22 and 10 years of experience in pediatric radiology 
respectively).  
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Interobserver Variability and Clinical Consequences for EpSSG and RECIST 
Measurements

The interobserver variability, which was investigated with different statistical methods, 

is presented in Figure 2. Agreement between observers for both the EpSSG and RECIST 

response assessments was moderate (intraclass correlation coefficient: 0.676 and 0.732, 

respectively; 95% CI: 0.518, 0.790 and 0.594, 0.828; mean difference ± 2 standard deviations: 

–3.96 ± 67.40 and 1.47 ± 41.87; κ = 0.565 and 0.592). For EpSSG, the mean difference was 

1.45 ± 32.28 for responders and –28.48 ± 141.65 for nonresponders. For RECIST, the mean 

difference was 2.80 ± 41.73 for responders and –3.29 ± 42.53 for nonresponders. 

Table 2. Patient characteristics.

Parameter Hospital 1 (n = 37) Hospital 2 (n = 27) All (n = 64)

Sex

    M 17 16 33

    F 20 11 31

Age

    No. of patients <10 y 28 26 54

    Age (y)* 5.4 (0.8-16.1) 3.2 (0.07-11.1) 4.6 (0.07-16.1)

Histologic finding

    Embryonal 26 16 42

    Alveolar 10 7 17

    Not otherwise specified 1 4 5

Localization

    Parameningeal 14 9 23

    Orbit 8 4 12

    Head and neck1 3 1 4

    Extremity 4 3 7

    Genitourinary 2 0 2

    Nonbladder prostate 1 5 6

    Bladder prostate 5 5 10

    Other

TNM status 21 12 33

    T1 16 15 31

    T2 7 2 9

    N1 4 1 5

    M1

Time between studies (wk)* 8.7 (7.9-10.5) 9.7 (8.3-12.0) 9.1 (7.9-10.8

Note.–Except where indicated, data are number of patients. * Data are medians. Numbers in parentheses are 
ranges. † Nonparameningeal nonorbit head and neck.

208

proefschrift-2015-definitief.indb   208 14-7-2015   11:07:27



Figure 2: Interobserver variability between EpSSG and adjusted RECIST response assessments. (a, b) Direct 
correlation plots and (c, d) Bland-Altman plots show interobserver variability in response assessment in 64 
tumors, with 3D (a, c) and 1D (b, d) measurements. Horizontal and vertical lines in a and b differentiate 
between response classes of partial response (PR), minor partial response (mPR), stable disease (SD), and 
progressive disease (PD). Horizontal lines in c and d represent mean difference between observers 1 and 2 an 
limits of agreement. 
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The correlation for EpSSG response assessments seemed lower for poor versus good 

responders, whereas correlation for RECIST was similar for responders and nonresponders (Fig 

2a, 2b). A similar pattern was seen in the Bland–Altman plots (Fig 2c, 2d) and corresponding 

limits of agreement. This difference in distribution between EpSSG and RECIST is inherent 

to the formula used to calculate volume (π/6 x a x b x c). The same measurement error in a 

good responder results in a smaller absolute difference in the percentage decrease in volume 

than in a patient with stable disease or progression of the lesion.

Clinical consequences of the interobserver variability of both individual methods are 

presented in Figure 2a and 2b. Lines in the correlation plots mark the consecutive response 

cutoffs (progressive disease, stable disease, minor partial response and partial response) 

for the EpSSG and adjusted RECIST response assessments. Interobserver variability led to a 

similar proportion of patients with differences in response categories for both methods: 22 

of 64 patients with EpSSG (34%; 95% CI: 23, 46) and 24 of 64 patients with adjusted RECIST 

(38%; 95% CI: 26, 49). These interobserver differences would lead to different treatment 

decisions (responders vs nonresponders) in nine of the 64 patients (14%; 95% CI: 6, 23) with 

EpSSG and in 11 of the 64 patients (17%; 95% CI: 8, 26) with adjusted RECIST (Fig 2a, 2b).
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Intermethod Variability and Clinical Relevance

Comparison of the two response assessment methods with the use of the EpSSG definitions 

for 3D measurements and the adjusted RECIST definitions for 1D measurements (Table 1) 

resulted in 13 discrepant classifications (20%; 95% CI: 10, 30) (Table 3). In seven patients 

(11%; 95% CI: 3, 19), response assessed with adjusted RECIST resulted in a worse response 

category than that assessed with EpSSG. In six other patients (9%; 95% CI: 2, 17), adjusted 

RECIST resulted in a better response category than EpSSG. These findings would lead to 

Table 3. Intermethod variability for EpSSG and Adjusted RECIST (n = 64).

Adjusted RECIST

CR (100% 
decrease)

PR (≥30% 
but <100% 
decrease)

mPR (>12% but 
<30% decrease)

SD (neither 
mPR nor PD)

PD (≥12% 
increase)

CR (100% decrease) 0 0 0 0 0

PR (≥66% but 
<100% decrease)

0 35 5 0 0

mPR (>33% but 
<66% decrease)

0 3 7 2 0

SD (neither mPR 
nor PD)

0 0 3 8 0

PD (≥40% increase) 0 0 0 0 1

Note.–CR = complete remission, mPR, minor partial response, PD = progressive disease, PR = partial response, 
SD = stable disease.

different treatment decisions in five patients (8%; 95% CI: 1, 14), switching from responders 

(at least minor partial response) to nonresponders (stable or progressive disease) or vice versa.

The 13 discrepant cases between 3D EpSSG and adjusted RECIST were evaluated for 

common characteristics predisposing for discrepant measurements. Median tumor size did 

not predispose for discrepancies between 1D and 3D measurements at diagnosis (P = .28) or 

follow up (P = .72). Forty tumors (63%) had a nonspherical shape (ratio ≥1.5). Discrepancies 

were seen in five of 40 patients (13%) with a ratio of at least 1.5 and four of 24 patients 

(17%) with more spherical tumors (P = .59). Discrepant cases were located in the extremities 

(two cases), orbit (two cases), and in the parameningeal area (five cases) (P = .065). 

Implementation of 1D measurements with use of the unadjusted RECIST definitions resulted 

in 18 differences in response classifications (28%; 95% CI: 17, 39) compared with EpSSG 

(Table 4). These findings would lead to different treatment decisions in 14 patients (22%; 

95% CI: 12, 32), who were classified as responders (five with partial response and nine with 

minor partial response) according to EpSSG but with stable disease according to RECIST; 

these patients would be switched to second-line chemotherapy according to current EpSSG 

rhabdomyosarcoma treatment protocols. 
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Response rates according to EpSSG (where partial response is defined as ≥66% but 

<100% decrease) measurements and RECIST (where partial response is defined as  ≥30% 

but <100% decrease) measurements were not significantly different (63% and 59%, 

respectively; (P = .86).

Discussion

The results of this study call into question the reliability of tumor response assessments 

in pediatric patients with rhabdomyosarcoma and demonstrate that both EpSSG (3D 

measurement) and RECIST (1D measurement) methodologies should be judged with 

caution. Interobserver variability for individual guidelines led to different treatment decisions 

in a considerable number of patients. Nevertheless, response rates according to EpSSG 

and RECIST were similar in our study, indicating that 1D response assessments did not 

underestimate response in pediatric patients with rhabdomyosarcoma, as had been feared 

by many pediatric oncologists and radiologists (10,11,21).   

Agreement between observers was moderate for both EpSSG and RECIST methods. Similar 

interobserver variability has been reported in adult oncology patients with metastatic 

disease (22–24). However, some of the papers discussing radiologic response assessment 

did not analyze interobserver variability (9,25–29). The development and validation of the 

RECIST 1.0 and 1.1 criteria, for instance, were based on measurements retrieved from a 

database (9,25,29). Furthermore, although three study groups evaluated prognostic value 

of early response, a key issue in pediatric RMS protocols, none reported on interobserver 

variability (26–29). 

We did not assess intraobserver agreement in our study as several studies in other 

malignancies (22–24, 30) have shown that interobserver variability is consistently greater 

than intraobserver variability and, therefore, more relevant for clinical decision making.  

A potential limitation of our study is the retrospective nature of our cohort. Images were 

acquired during a 10-year period and, inherent to the retrospective nature of our study, 

Table 4. Intermethod variability for EpSSG and Unadjusted RECIST (n = 64).

Unadjusted RECIST

CR (100% 
decrease)

PR (≥30% but 
<100% decrease)

SD (neither mPR 
nor PD)

PD (≥20% 
increase)

CR (100% decrease) 0 0 0 0

PR (≥66% but <100% decrease) 0 35 5 0

mPR (>33% but <66% decrease) 0 3 9 0

SD (neither mPR nor PD) 0 0 11 0

PD (≥40% increase) 0 0 1 0

Note.–CR = complete remission, mPR, minor partial response, PD = progressive disease, PR = partial response, 
SD = stable disease.
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there was no imaging protocol implemented specifically for this study on comparison of 

response assessment methods. However, all patients were included in the same consecutive 

international prospective trials, all with guidelines for imaging protocols. Furthermore all 

original MR imaging and CT studies were prospectively and independently studied by two 

experienced pediatric radiologists. Therefore, we believe that the retrospective nature of our 

study will have had only minimal impact on the results.

EpSSG (3D measurement) and RECIST (1D measurement) were not interchangeable in our 

study. This can be partly explained by differences in response classifications. Minor partial 

response, an important response category in EpSSG protocols, does not exist in RECIST. 

Similar subcategories of partial response are also used in other, nonrhabdomyosarcoma, 

pediatric oncology trials (eg, neuroblastoma). In EpSSG, patients with minor partial response 

continue first-line treatment, whereas those with less than minor partial response switch to 

second-line therapy. 

International cooperative pediatric soft-tissue sarcoma study groups use different response 

requirements to continue with standard chemotherapy or switch to second-line treatment. 

This is the result of a continuing debate on the prognostic value of early response in patients 

with rhabdomyosarcoma. The EpSSG treatment regimen requires tumor reduction to at least 

minor partial response (>33% decrease in volume) to allow treatment continuation, whereas 

the North American Clinical Oncology Group only advises to switch to second-line therapy 

in the case of progressive disease. Implementation of early response is standard practice in 

European soft-tissue sarcoma protocols since Koscielniak et al (29) reported that treatment 

reduction in Intergroup Rhabdomyosarcoma Study III patients showing early response did 

not compromise survival. This practice was further continued and confirmed in the German 

Collaborative Soft-Tissue Sarcoma 91 study (27). Thus, if RECIST was to be implemented in 

current EpSSG protocols, RECIST response classification would need adjustment to include 

minor partial response. 

Concerns regarding the ease with which a patient may be considered mistakenly to have 

progressive disease has led several groups to adopt a higher cutoff for progressive disease 

in order not to erroneously deny patients effective chemotherapy (9,11,31). So perhaps 

in future protocols, only patients with clear and significant progressive disease should be 

switched to second-line chemotherapy and minor partial response should be abolished as a 

response category, as is current practice in adult oncology and Children’s Oncology Group 

rhabdomyosarcoma protocols (32-34).

It is debatable whether results from this study, which deals with chemosensitive tumors, can 

be translated into phase II settings where patients generally have refractory, relapsed, or 

metastatic disease. Our findings suggest that RECIST measurements have lower interobserver 

variability than EpSSG in poor responders (ie, stable or progressive disease). However, this is 

based on very small patient numbers owing to the nature of the cohort under investigation. 

In addition, the selection of target lesions in patients with metastatic disease causes further 

interobserver variability (22,24). In phase II studies, response serves a different purpose; 
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response rate (complete remission + partial response) is often the primary or secondary 

endpoint as it indicates some degree of biologic antitumor activity (6). Conclusions regarding 

potential efficacy of a new drug are sometimes based on only a few responding patients. 

Therefore, a reliable method for response assessment is of utmost importance in phase II 

studies. The considerable interobserver variability of both EpSSG and RECIST response 

assessment methods shown in this study underlines the need for central review of imaging 

at decisive time points in phase II studies. Functional imaging techniques, such as fluorine 18 

fluorodeoxyglucose positron emission tomography, are promising as predictors of outcome 

and might assist in future response assessments (35,36).

Simplification of methodology was one of the goals of RECIST (6), and indeed using only 1D 

measurement is slightly less time consuming. It is of interest to note that there are software 

packages, although not widely available, or used in daily practice, that can assess both 

RECIST and volume measurements in a semiautomated fashion.

In conclusion, although neither method came out as superior, interobserver variability for both 

EpSSG (3D measurement) and RECIST (1D measurement) was significant in this retrospective 

cohort study resulting in different response classifications with treatment consequences 

in a considerable proportion of patients. In chemosensitive patient cohorts, switching to 

second-line therapy only in the case of progressive disease could prevent decisions being 

made on the basis of arbitrary error-prone radiologic response assessments in a substantial 

proportion of patients. A large cohort study of consecutive patients with rhabdomyosarcoma 

treated according to uniform and modern guidelines, with recommendations to decrease 

the risk of inter- and intraobserver variability, is needed and should test the hypothesis 

that radiologic response is correlated with survival. For consistency and standardization of 

response assessments in future pediatric oncology trials, central review of imaging is strongly 

advocated.
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Appendix E1: Imaging Protocol Guidelines

MR Imaging Protocol

Intravenous gadolinium administration (0.2 ml/kg to 0.1 mmol/kg) is mandatory for all MR 

imaging examinations (post-contrast T1-weighted sequences should ideally be performed 

with fat saturation).

Tumor measurements should be performed with postgadolinium T1- or T2-weighted 

sequences (but not with short inversion time inversion-recovery or unenhanced T1-weighted 

sequences).

Fast dynamic sequences (eg, spoiler 3D T1-weighted imaging: fast low-angle shot 3D, 

volumetric interpolated brain examination, fast spoiled gradient echo, 3D fast field echo, 

volume radiofrequency spoiled Fourier-acquired steady state technique) to assess early tumor 

vascularity are recommended at diagnosis (can help differentiate between vascularized 

and necrotic areas), after biopsy (helps differentiate between residual disease and fibrosis), 

and after chemotherapy (helps depict residual disease) and for suspected relapse (helps 

differentiate between residual disease and fibrosis).

Sedation or general anesthesia should be used for children aged 6 months to 5 years 

according to local protocols.

It is good practice to obtain a cutaneous localizer image for small superficial lesions or in 

front of scars on limbs.

Additional recommendations according to primary location are as follows: In he orbit, 

bilateral MR studies should be obtained with 2-4 mm-thick sections. In the head and neck, no 

sedation is necessary if there is an airway obstruction. In limbs, imaging should be performed 

with a surface coil and cutaneous localizer. For craniospinal MR imaging, imaging should be 

performed form C1 to S3 with anterior presaturation

Technical Recommendations for CT 

CT should be performed with apnea if possible for chest and abdominal CT, with a 

minimum reconstruction section width of 3-5 mm and 100-120 kV.  The milliampere second 

should be adjusted according to patient size, pitch, and rotation time, and a volume CT 

dose index of 5-15 mGy is recommended according to age, location, and local technical 

options. Reconstruction filters should be used for soft tissue, bone, and lung. Oral contrast 

opacification is recommended for all abdominal and pelvic studies. Intravenous contrast 

material should be administered at a dose of 1.5 – 2 mL per kilogram of iodinated contrast 

agent (300 or 350 mg of Iodine per liter), a rate of 0.7 - 2 mL/sec, and a scan delay of 35 - 

40 sec.
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Appendix E2: Measurement and Response Assessment 
Guidelines

Recist 1.1

Planes and techniques

The same method of assessment and the same technique should be used to characterize 

each identified and reported lesion at baseline and during follow-up (5). Lesions should be 

measured and/or assessed in the same plane and wit the same pulse sequence (Table E1). 

The longest diameter of selected lesions should be measured in the plane in which the images 

were acquired. For body CT, this is the axial plane. In the event isotropic reconstructions are 

performed, measurements can be made on these reconstructed images. There are some 

tumors that are better measured in the coronal or sagittal plane. It would be acceptable to 

measure these lesions in these planes if the reconstructions in those planes were isotropic 

or the images were acquired with MR imaging in those planes. With use of the same plane 

of evaluation, the maximal diameter of each target lesion should always be measured at 

subsequent follow-up time points even if this results in measuring the lesion at a different 

section level or in a different orientation or vector compared with the baseline study. 

Measurements

Diagnosis.– For target lesions, measurements should be obtained of all measurable lesions 

(masses with longest axis ≥10 mm, or lymph nodes with shortest axis ≥15 mm), up to a 

maximum of two per organ and five in total. In general, the largest lesions representative 

of involved organs are selected to follow up as target lesions. However, in some cases, the 

largest lesions may not be easily measured and are not suitable for follow-up because of 

their configuration. In these cases, identification of the largest most reproducible lesions is 

advised. 

All other lesions (or sites of disease) including pathologic lymph nodes should be identified as 

nontarget lesions and should also be recorded at baseline.

To be considered pathologically enlarged and measurable, a lymph node must be at least 

15 mm in short axis. At baseline and in follow-up, only the short axis will be measured 

and followed up. All other pathologic nodes (those with short axis ≥10 mm but <15 mm) 

should be considered nontarget lesions. Nodes that have a short axis less than 10 mm are 

considered nonpathologic and should not be recorded or followed. 

Truly nonmeasurable lesions include leptomeningeal disease, ascites, pleural or pericardial 

effusion, inflammatory breast disease, lymphangitic involvement of skin or lung, and 

abdominal masses and/or abdominal organomegaly identified by means of physical 

examination that are not measurable with reproducible imaging techniques.

Response assessment in pediatric rhabdomyosarcoma
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Measurable lesions (but considered nonmeasurable in RECIST 1.0) in bone include lytic 

bone lesions or mixed lytic-blastic lesions, with identifiable soft-tissue components, that can 

be evaluated with cross-sectional imaging techniques such as CT or MR imaging and can 

be considered as measurable lesions if the soft-tissue component meets the definition of 

measurability described earlier.

Measurable cystic lesions thought to represent cystic metastases can be considered 

measurable lesions. However, noncystic lesions are preferred for selection as target lesions.

A sum of the diameters for all target lesions will be calculated and reported as the baseline 

sum diameters (Table E1). All other lesions (or sites of disease), including pathologic lymph 

nodes, should be identified as nontarget lesions and should also be recorded at baseline. 

In addition, it is possible to record multiple nontarget lesions involving the same organ as a 

single item on the case record form (eg “multiple enlarged pelvic lymph nodes”).

Follow-up of target lesions.–Overall response is based on response of both target and 

nontarget lesions and is presented in Table E2. For target lesions, complete response is 

defined as disappearance of all target lesions. Any pathologic lymph nodes (whether target 

or nontarget) must have reduction in short axis to less than 10 mm. Partial response is defined 

as at least a 30% decrease in the sum of diameters of target lesions, taking as reference the 

baseline sum diameters. Progressive disease is defined as at least a 20% increase in the sum 

of diameters of target lesions, taking as reference the smallest sum on study (this includes 

the baseline sum if that is the smallest on study). In addition to the relative increase of 20%, 

the sum must also demonstrate an absolute increase of at least 5 mm (note: the appearance 

of at least one new lesion is also considered progression). Stable disease is defined as neither 

sufficient shrinkage to qualify for partial response nor sufficient increase to qualify for 

progressive disease, taking as reference the smallest sum diameters while on study. 

Lymph nodes identified as target lesions should always have the actual short axis measurement 

recorded (measured in the same anatomic plane as the baseline examination), even if the 

nodes regress to less than 10mm on study. This means that when lymph nodes are included 

as target lesions, the “sum” of lesions may not be zero even if complete response criteria 

are met because a normal lymph node is defined as having a short axis of less than 10 mm. 

When lesions “fragment”, the individual lesion diameters should be added together to 

calculate the target lesion sum. Similarly, as lesions coalesce, a plane between them may be 

maintained that would aid in obtaining maximal diameter measurements of each individual 

lesion. If the lesions have truly coalesced such that they are no longer separable, the vector 

of the longest diameter in this instance should be the maximal longest diameter for the 

“merged lesion”. 

For target lesions that become too small to measure, all lesions (nodal and nonnodal) recorded 

at baseline should have their actual measurements recorded at each subsequent evaluation, 

even when very small (eg, 2 mm). However, sometimes lesions or lymph nodes that are 

recorded as target lesions at baseline become so faint on CT that the radiologist may not feel 

comfortable assigning an exact measure and may report them as being too small to measure. 
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When this occurs it is important that a value be recorded in the case report form. If it is the 

opinion of the radiologist that the lesion has likely disappeared, the measurement should be 

recorded as 0 mm. If the lesion is believed to be present and is faintly seen but too small to 

measure, a default value of 5 mm should be assigned. To reiterate, however, if the radiologist 

is able to provide an actual measure, that should be recorded, even if it is below 5 mm. 

If a lesion disappears and reappears at a subsequent time point it should continue to be 

measured. However, the patient’s response at the point in time when the lesion reappears 

will depend upon the status of his or her other lesions, that is, the reappearance of an 

apparently “disappeared” single lesion amongst many that remain is not in itself enough to 

qualify for progressive disease: That requires the sum of all lesions to meet the progressive 

disease criteria. 

Follow-up of nontarget lesions.–For nontarget lesions (all other lesions), measurements 

are not required and these lesions should be followed up as “present”, “absent”, or in rare 

cases “unequivocal progression”. Complete response is defined as the disappearance of 

all nontarget lesions and normalization of tumor marker level (Table E3). All lymph nodes 

must be nonpathologic in size (<10 mm in the short axis). Noncomplete remission and/or 

nonprogressive disease are defined as persistence of at least one nontarget lesion and/or 

maintenance of tumor marker level above the normal limits. Progressive disease is defined 

as unequivocal progression of an existing nontarget lesion (note: the appearance of at least 

one new lesion is also considered progression). To achieve “unequivocal progression,” there 

must be an overall level of substantial worsening in nontarget disease that is of a magnitude 

that, even in the presence of stable disease or partial response in target disease, the treating 

physician would believe it is important to change therapy. A useful test that can be applied 

when assessing patients for unequivocal progression is to consider if the increase in overall 

disease burden based on the change in nonmeasurable disease is comparable in magnitude 

to the increase that would be required to declare progressive disease for measurable disease, 

that is, an increase in tumor burden representing an additional 73% increase in “volume” 

(which is equivalent of a 20% increase diameter in a measurable lesion). 

EpSSG Rhabdomyosarcoma 2005

Planes and Techniques

Tumor dimensions should be recorded in three diameters choosing, as far as possible, the 

three maximum diameters (sagittal, coronal and axial), V=π/6 x l x w x d, where V = volume, l 

= height, w = width, and d = depth (Table E4). The same lung window setting should be used 

when pulmonary nodules are being measured at diagnosis and follow-up. Assessment must 

include a radiologic evaluation using comparable techniques to those used at diagnosis (MR 

Response assessment in pediatric rhabdomyosarcoma
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imaging and/or CT). Assumption: measurement of maximum five target lesions. Locoregional 

and distant lymph nodes are both mentioned under “target lymph node volume”. 

Measurements

Diagnosis.–For primary tumors, tumor dimensions should be recorded in three diameters, 

choosing, as far as possible, the three maximum diameters (sagittal, coronal and axial), 

V=π/6 x l x w x d.

For metastasis, a pulmonary lesion considered metastatic if there is (a) at least one 

pulmonary nodule at least 10 mm in diameter, (b) at least two well-defined nodules 5-10 mm 

in diameter, or (c) at least five well-defined nodules smaller than 5 mm. Hence, four or fewer 

small nodules (<5 mm) at diagnosis will not be considered as pulmonary metastatic disease 

and should be classified only as “non-specific pulmonary lesions.” 

For lymph nodes, nodes with an oval shaped (with a preserved hilum at sonography) and 

a short axis diameter of less than 1 cm are considered normal nodes. Local-regional nodes 

that show only peripheral enhancement on CT or MR imaging (probable necrotic centers) 

are likely to be involved by tumor, even if the short-axis diameter is less than 1 cm. Mildly 

enlarged local-regional nodes pose a diagnostic challenge; however,  if they are round and 

have a short-axis diameter of more than 1.5-2 cm with a heterogeneous appearance, they 

are likely invaded by tumor. 

Follow up.–For primary tumor and metastasis tumor dimensions should be recorded in three 

diameters and can be compared choosing, as far as possible, the diameters selected at 

diagnosis. Primary tumor response definitions are presented in Table E5.

Residual disease should be defined as macroscopic measurable residue. Residual ill-defined 

areas of high attenuation on CT scans or residual signal intensity abnormalities on MR 

images (eg, low intensity on T1-weighted images, high intensity on T2-weighted images, and 

ill-defined margins of enhancement areas) are commonly observed after chemotherapy. If no 

measurable mass, these may be regarded as posttherapeutic residue, and should not exclude 

the classification as complete remission. 
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Appendices E1-E2

Supplemental Tables

Table E1. RECIST 1.1

Sum longest diameter(s)

Target lesions (≥ 10 mm)

Maximum of two per organ, total of five

Planes: - For primary tumors; any plane, same at follow up
- Axial plane should be used for other tumors

Measurements: - Nontarget lesions: record
- Lymph nodes: shortest ≥ 15 mm, adds to target sum. Note: all lymph nodes with short 
axis ≥10 mm but <15 mm should be considered pathologic but nontarget

Table E2. Overall Response Definition

Target lesions Non-target lesions New lesions Overall response

CR CR No CR

CR Incomplete response/SD No PR

PR  (≥30% - 100% decrease) Non-PD No PR

SD  (<30 decrease- <20% increase) Non-PD No SD

PD  (≥20% increase) Any Yes or No PD

Any PD Yes or No PD

Any Any Yes PD

Note.–CR = complete remission, PD = progressive disease, PR = partial remission, SD = stable disease

Table E3. Nontarget Response Definition

Response Definition

Complete remission Disappearance nontarget lesions. Lymph nodes <10 
mm short axis. 

Noncomplete remission/nonprogressive disease Persistence of at least on nontarget lesion

PD Appearance at least one new lesion and/or 
unequivocal progression of existing nontarget lesions.  

Table E4. EpSSG RMS 2005

Sum total volume
Maximum of five

Planes: - For primary tumors and others: tumor dimensions should be recorded in three diameters, 
choosing, as far as possible, the three maximum diameters (sagittal, coronal and axial)

Measurements: - Nontarget lesions: record
- Lymph nodes are considered pathologic if they have (a) peripheral enhancement (even 
if short axis <10 mm) and (b) a round shape, heterogeneous appearance, AND measure 
15-20 mm in short short axis. Note: locoregional and distant lymph nodes are both 
mentioned under “target lymph node volume”

- Pulmonary lesions are considered metastatic if there is (a) at least one nodule ≥ 10 mm in 
diameter, (b) at least two nodules, 5-10 mm in diameter, or (c) at least five well-defined 
nodules <5 mm in diameter.

Response assessment in pediatric rhabdomyosarcoma

223

9

proefschrift-2015-definitief.indb   223 14-7-2015   11:07:31



chapter 9

Table E5. Primary Tumor Response Definition (Tumor Volume Measurements)

Response Definition

CR CR all visible disease

VGPR ≥90% but <100% decrease

PR≥ 2/3 ≥66% but <89% decrease

Minor PR <2/3 >33% but <66% decrease

SD Neither PR nor PD (<33% decrease)

PD Any increase > 40% in volume of any measurable lesion or appearance of new lesions. 

Note.–CR = complete remission, PD = progressive disease, PR = partial remission, SD = stable disease, VGPR = 
very good partial response.
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Abstract 

Purpose

Survival in patients with orbital rhabdomyosarcoma (RMS) is excellent. Therefore, new local 

treatment modalities, such as brachytherapy, have been developed to minimize adverse 

events.  

Since 1990, patients with orbital RMS and a residual tumor after induction chemotherapy 

were eligible for resection and brachytherapy. Otherwise patients received external beam 

radiotherapy (EBRT). In this study we describe the outcome for 20 patients with primary 

orbital RMS. Aim was to assess risk factors for treatment failure in this single center cohort.

Methods 

In this retrospective cohort study we reviewed imaging studies, surgery reports, histology 

reports and radiotherapy plans in a multi-disciplinary setting. We included 20 consecutive 

patients with orbital RMS, treated between 1990 and 2007, (median age 7.4 years, range 

0.7-16.1; median follow-up 11.5 years). 

Results

After induction chemotherapy, 12 patients were treated with surgery and brachytherapy, 

two with EBRT, and in five patients who achieved complete remission, local treatment was 

withheld. In one patient brachytherapy was incorrectly withheld after delayed surgery. Seven 

patients relapsed (no local treatment; N=2, surgery and brachytherapy; N=2, EBRT; N=2, 

surgery only; N=1). We found no patient, tumor or treatment characteristics that predisposed 

for treatment failure. Ten year overall survival and event free survival were 89% and 65% 

respectively.

Conclusions

Overall survival in this cohort of orbital RMS patients was good; including surgery and 

brachytherapy as treatment modality for orbital RMS resulted in an effective local treatment 

approach with fewer adverse events than EBRT. We could not identify factors predisposing 

for treatment failure. 
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Introduction 

Rhabdomyosarcoma (RMS) is the most common soft tissue sarcoma of childhood and 

constitutes 3–5% of all malignancies.1 RMS tend to occur in young children, with a median 

age at diagnosis of 6.8 years.2 About 10% of these tumors develop in the orbit, a known 

favorable localization for RMS with a good prognosis: overall survival (OS) is over 85%.2,3 

Current RMS treatment guidelines encompass a combination of surgery, chemotherapy and 

radiotherapy. Radiotherapy induces significant adverse events, especially in young children.4,5 

Therefore new, and less toxic, radiotherapy techniques are being developed with 3D 

planning systems facilitating better sparing of healthy tissue. In 1990, surgery combined with 

brachytherapy was introduced as a novel local treatment modality in our center for patients 

with orbital RMS. In the orbit, complete resection of the residual lesion with oncological 

sound margins is often not possible without harming important structures. Therefore surgery 

only encompasses a macroscopic radical resection and is followed by brachytherapy, to take 

care of microscopic remnants. Due to an exact dose calculation and rapid radiation dose fall 

off, brachytherapy can deliver an adequate therapeutic dose to treat microscopic remnants 

while sparing surrounding healthy tissue. By reducing irradiation of healthy tissue, this 

approach induces less adverse events than conventional external beam radiotherapy (EBRT).6 

In this retrospective cohort study we describe the outcome for 20 consecutive patients 

with primary orbital RMS treated in our center between 1990 and 2007. Aim of this study 

is to describe a series of orbital rhabdomyosarcoma patients and search for potential risk 

factors associated with failure of this local treatment strategy, including surgery followed by 

brachytherapy if feasible, otherwise EBRT.

Methods

Diagnostic work-up and systemic treatment 

Staging and diagnostic work-up were performed according to successive SIOP-MMT 

(International Society of Paediatric Oncology-Malignant Mesenchymal Tumour; SIOP-MMT-89 

and -95)7,8 and later EpSSG (European paediatric Soft tissue sarcoma Study Group; 

EpSSG-RMS-2005)9 protocols. Patients’ tumors were classified according to the clinical TNM 

system10 and the Intergroup Rhabdomyosarcoma Study (IRS) post-surgical staging system.11 

Histological diagnosis was based on material obtained through fine needle aspiration (FNAC) 

or open surgical biopsies (i.e. incisional- or excisional biopsies) and classified according to the 

SIOP-MMT/EpSSG pathology guidelines. Central pathology review was performed as part 

of the successive international trials. Tumor localization and extension were assessed with 

magnetic resonance imaging (MRI) and/or computed tomography (CT). 

Subsequently, patients were stratified and treated with chemotherapy according to the then 

prevailing protocols. Induction chemotherapy consisted of a combination of ifosfamide, 

Failure pattern analysis in orbital rhabdomyosarcoma
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vincristine and actinomycin D. Response definitions and guidelines for local treatment were 

delineated within the respective protocols.7-9 

Local treatment

In patients achieving complete remission (CR) after initial surgery and induction chemotherapy 

(two or three courses) local treatment was withheld according to SIOP-MMT and EpSSG 

guidelines. Patients with residual disease after initial (diagnostic) surgery and induction 

chemotherapy were evaluated by a multi-disciplinary team (head and neck radiologist, orbital 

surgeon, radiation oncologist, reconstructive surgeon and pediatric oncologist) for feasibility 

of surgery followed by brachytherapy. Patients were considered eligible for this combined 

approach when a macroscopic complete resection of the residual tumor mass and adequate 

placement of brachytherapy catheters for optimal brachytherapy fields seemed feasible. The 

alternative local treatment was EBRT. The choice for surgery and brachytherapy or EBRT was 

based on 1) the feasibility of both treatments and 2) the hypothetical local adverse events 

caused by either treatment modality. 

Brachytherapy was administered as described previously.6,12-14 In case of surgery and 

brachytherapy the wound bed was treated with post-operative brachytherapy for possible 

microscopic remnants. For this purpose, molds (made of 5-7 mm thick soft silicon slices) were 

constructed for each individual to fit exactly into the surgical defect. Channels were drilled 

in the molds enabling the insertion of flexible catheters for after loading with iridium-192 

sources. The wound was carefully closed over the mold, with the open ends of the catheters 

protruding through the closed incision. To enable catheter reconstruction for brachytherapy 

planning, radio-opaque dummies were placed in the catheters. Subsequently, catheter 

positions were visualized with orthogonal X-rays and later with CT scans (starting in 1993). 

The wound bed was treated to a dose of 40-50 Gy, comparable to regular EBRT doses. 

Choice for 40, 45 or 50 Gy was based on risk factors for recurrent disease and patient age; 

young patients received lower doses. Furthermore, the space in the orbit is often limited and 

in case of suboptimal mold placement, higher doses were given to achieve an effective dose 

to the complete target volume. Dose prescription was at five mm from the surface of the 

mold, respecting anatomical boundaries.

Until 2001 patients were treated with continuous low-dose-rate (LDR) brachytherapy 

and starting in 2002 with pulsed-dose-rate (PDR) brachytherapy. In cases where surgery 

combined with brachytherapy was considered not feasible, patients were treated with EBRT 

according to respective study protocols (Supplementary Appendix eI).7-9 

Eligible patients and data analyses

All patients with primary orbital, non-metastasized RMS treated in our center between 

January 1990 and July 2007 with a minimal follow up of five years were eligible for this study. 
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In this time period, 24 patients were treated for a primary orbital RMS at our center; 4/24 

patients were excluded because imaging studies were missing (three were treated without 

radiotherapy or delayed surgery and one with surgery and brachytherapy); all four are alive 

without disease (follow-up 18-20 years). Patients who died within five years after diagnosis 

were included in the analyses. Patients who were referred to our center for salvage treatment 

only were excluded. Medical records, imaging studies, surgery reports, histopathology 

reports and radiotherapy treatment plans were reviewed by a multi-disciplinary panel. 

Event-free survival (EFS) and overall survival (OS) were calculated using Kaplan–Meier 

statistics. Survival data were analyzed with SPSS version 20.0 (SPSS Inc, Chicago Ill). OS 

was calculated from diagnosis to the date of death from any cause. EFS was calculated from 

diagnosis to the date of the first event, defined as progressive disease, relapse or death from 

any cause. The cut-off point of the analysis was 5th of March 2015. Statistical evaluation 

could not be performed because of small patient numbers: results will be presented in a 

descriptive manner. 

Definitions 

Patient characteristics
Classical prognostic risk factors for RMS patients were evaluated (Supplementary Appendix 

eII). Primary tumors were measured in three dimensions at diagnosis and after induction 

chemotherapy. Response definitions are presented in the Supplementary Appendix eIII. 

Tumor site and extension
We described the localization of the tumor in the orbit and the relation with orbital structures 

(specified in Supplementary Appendix eIV). 

Surgical risk factors
Preoperative imaging was evaluated by a multi-disciplinary panel to assess surgical risk 

factors. Firstly, we evaluated the method for obtaining histology at diagnosis (initial surgery).  

Following excisional biopsy (in the orbit by definition microscopic irradical) we considered 

the orbit potentially contaminated with tumor cells because of intra-lesional surgery. As 

brachytherapy only treats the residual tumor volume, tumor cells spilled at initial excisional 

biopsy could be left untreated. 

Secondly, we evaluated surgical risk factors of delayed surgery. Preoperative imaging 

and completeness of surgical resections were evaluated (defined as: microscopic radical, 

macroscopic radical but with microscopic remnants, or macroscopic irradical). Macroscopic 

incomplete delayed resections were scored as ‘in-adequate’. 

Failure pattern analysis in orbital rhabdomyosarcoma
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Adequacy of dose distribution
Mold position and isodose distribution were reconstructed based on pre- and postoperative 

imaging and radiotherapy plans. The therapeutic brachytherapy dose was determined at five 

mm distance from the mold surface. If the therapeutic treatment area adequately covered 

the clinical target volume (CTV) plans were defined as adequate. 

Table 1: Patient and tumor characteristics grouped according to 1. local treatment received and 2. remission 
status

Patient Age (yrs) IRS group T stage Localization Apex Sinus BE BI Lacrimal system Conal Origin Histology Alive

Surgery and brachytherapy

Local control

1 7.6 III T1a S - - + - LG Both Orbit E +

4 7.1 III T1a IN - - - - LG Extra Eyelid E +

8 7.6 III T2a ST - - + + LS Extra Bone E +

9 7.8 III T2a SN - - - - LG Extra Orbit E +

14 0.7 III T2a IN - + + + LS Extra Orbit A +

15 16.1 III T1a IT - - - - NI Extra Orbit E +

17 12.1 III T1a SN - - - - NI Both Orbit E +

19 4.9 III T2a N + + + + NLd Both Orbit E +

21 5.3 III T1a T - - + - LG Both Orbit E +

22 1.1 III T2a N + - - - NI Both Orbit E +

Local recurrence

2 9.1 III T1a ST - - - - NI Extra Orbit E -

7 13.1 III T1a IN - - - - NLd Extra Orbit E +

No radiotherapy

Local control

6 4.0 II T1a N - - - - NI Extra Eyelid E +

11 8.4 II T2a S - - - - NI Extra Orbit E +

18 10.0 III T1a N - - - - NI Extra Orbit E +

Local recurrence

12 13.7 III T1a SN - - - - NI Extra Orbit E +

16 4.9 III T1a S - - - - NI Both Orbit E +

23 2.7 III T1a SN - - - - NI Both Orbit E -

External beam radiotherapy

Local recurrence

5 4.8 III T1a SN + - - - NI Both Orbit E +

20 1.1 III T1a N - - - - LS Both Orbit A +

Yrs, years; IRS group, Intergroup Rhabdomyosarcoma Study postsurgical/clinical group11, T stage; primary 
tumor stage according to TNM classification10; BE, bony erosion; BI, bone involvement; S, superior; SN, supero-
nasal; ST, supero-temporal; T, temporal; IT, infero-temporal; IN, infero-nasal; N, nasal; LG, lacrimal gland; NLd, 
naso-lacrimal duct; LS, lacrimal sac; NI, lacrimal system not involved; E, embryonal; A, alveolar; +, yes; -, no
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Results

The 20 included patients (14 boys, six girls) had a median age at diagnosis of 7.4 years (range 

0.7-16.1 years) (Table 1). Three patients were referred from abroad (patients 14, 21, 22). 

These patients had extensive disease at young age (age at diagnosis: 0.7, 5.3 and 1.1 years).

5/20 patients achieved complete remission (CR) after initial surgery (excisional biopsy) 

and induction chemotherapy, 7/20 had a very 

good partial response (VGPR), 6/20 a partial 

response >2/3 and 2/20 a minor partial response 

(Supplementary Appendix eIII,Table 2).

Twelve patients underwent delayed surgery 

followed by brachytherapy (Figure 1). One of 

these patients (patient 21, treated in 2002) 

underwent an exenteration of the orbit followed 

by brachytherapy for a multi-focal orbital tumor. 

The team at that time assumed EBRT for this 

multi-focal tumor would result in more severe 

adverse events than the combination of surgery 

and  brachytherapy. 

In another patient (patient 23, treated in 1993), 

brachytherapy was withheld because no vital 

tumor was found during delayed surgery, while 

a residual mass was present on pre-operative 

imaging.  

Two patients were treated with EBRT. In patient 5 

(treated in 2004) a macroscopic radical resection 

was considered not feasible: the tumor was located 

in the orbital apex. The other patient (patient 

20; treated in 2003) underwent an incomplete 

excisional biopsy at diagnosis; the entire orbit was 

therefore considered potentially contaminated; 

hence EBRT was preferred. 

Brachytherapy dose to the primary tumor was 

40 Gy (six patients), 45 Gy (four patients) or 50 

Gy (two patients). The first two patients with 

orbital RMS to receive brachytherapy in our center 

were treated with 50 Gy. Because of skin toxicity 

observed in these two patients, dose was lowered 

to 40 or 45 Gy in subsequent patients. Six patients were treated with LDR, with a median 

dose rate of 60 cGy/hr (range 50-73). Six other patients were treated with PDR; three patients 

Table 1: Patient and tumor characteristics grouped according to 1. local treatment received and 2. remission 
status

Patient Age (yrs) IRS group T stage Localization Apex Sinus BE BI Lacrimal system Conal Origin Histology Alive

Surgery and brachytherapy

Local control

1 7.6 III T1a S - - + - LG Both Orbit E +

4 7.1 III T1a IN - - - - LG Extra Eyelid E +

8 7.6 III T2a ST - - + + LS Extra Bone E +

9 7.8 III T2a SN - - - - LG Extra Orbit E +

14 0.7 III T2a IN - + + + LS Extra Orbit A +

15 16.1 III T1a IT - - - - NI Extra Orbit E +

17 12.1 III T1a SN - - - - NI Both Orbit E +

19 4.9 III T2a N + + + + NLd Both Orbit E +

21 5.3 III T1a T - - + - LG Both Orbit E +

22 1.1 III T2a N + - - - NI Both Orbit E +

Local recurrence

2 9.1 III T1a ST - - - - NI Extra Orbit E -

7 13.1 III T1a IN - - - - NLd Extra Orbit E +

No radiotherapy

Local control

6 4.0 II T1a N - - - - NI Extra Eyelid E +

11 8.4 II T2a S - - - - NI Extra Orbit E +

18 10.0 III T1a N - - - - NI Extra Orbit E +

Local recurrence

12 13.7 III T1a SN - - - - NI Extra Orbit E +

16 4.9 III T1a S - - - - NI Both Orbit E +

23 2.7 III T1a SN - - - - NI Both Orbit E -

External beam radiotherapy

Local recurrence

5 4.8 III T1a SN + - - - NI Both Orbit E +

20 1.1 III T1a N - - - - LS Both Orbit A +

Yrs, years; IRS group, Intergroup Rhabdomyosarcoma Study postsurgical/clinical group11, T stage; primary 
tumor stage according to TNM classification10; BE, bony erosion; BI, bone involvement; S, superior; SN, supero-
nasal; ST, supero-temporal; T, temporal; IT, infero-temporal; IN, infero-nasal; N, nasal; LG, lacrimal gland; NLd, 
naso-lacrimal duct; LS, lacrimal sac; NI, lacrimal system not involved; E, embryonal; A, alveolar; +, yes; -, no

Failure pattern analysis in orbital rhabdomyosarcoma
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received 40 Gy and three 45 Gy in pulses of 1.25 Gy. Duration between PDR pulses was 2.1 

hours, which were administered over 24 hours until the required dose was met. Median 

duration of radioprotective isolation was 69 hours (range 61-100 hours). Patients receiving 

PDR treatment only required isolation during the actual pulse, the remaining time nursing 

staff and parents were allowed within the room. Two patients were treated with EBRT (45 

Gy in 25 daily fractions of 1.8 Gy). In one patient the entire orbit received 36 Gy plus local 

boost (patient 20);  the other patient (patient 5) received stereotactic radiotherapy.  

Median follow up was 11.5 years (range 0.9-20.8 years). Seven patients developed a 

recurrence (Figure 1). Two patients died (patient 2 and 23), 4.5 and 0.9 years after diagnosis 

23 patients 

20 patients 

3 excluded 

5 CR 1 VGPR 1 PR             
1 VGPR 

7 PR             
5 VGPR 

no local 
treatment 

surgery & 
brachytherapy 

surgery only EBRT 

2 local 
relapses 

2 local 
relapses 

1 local 
relapse 

2 local 
relapses 

Figure 1: Local treatment and treatment failure
CR, complete remission; PR, partial response; VGPR, very good partial response; EBRT, external beam 

respectively. The remaining five patients were salvaged with surgery and brachytherapy. 

One of these patients developed a second recurrence. This patient initially received no 

radiotherapy, was treated with surgery and brachytherapy for a first recurrence and finally, 

with EBRT for a second recurrence. Ten year OS was 89%, 10 year EFS was 65% (Figure 2).

Factors possibly related to treatment failure

Patient characteristics, tumor site and extension
Patients treated with surgery and brachytherapy:
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Patient and tumor characteristics were not predictive for recurrence in this relatively small 

patient cohort (Table 1). Patients with tumors involving the apex or with parameningeal 

extension (involvement of the sinus or bone invasion), both putative risk factors for 

recurrence, all achieved and remained in CR.

Patients with other treatments:

Similarly, none of the patient and tumor characteristics were predictive with regard to 

recurrence risk in patients in whom radiotherapy was omitted or in patients treated with 

EBRT (Table 1). 

Surgical risk factors
Patients treated with surgery and brachytherapy:

None of the surgical risk factors were predictive of recurrent disease (Table 2). Of 12 

patients, two underwent an excisional biopsy at diagnosis, considered a potential risk factor 

because of possible contamination of the orbit; 1/2 relapsed and 1/2 is in persistent CR. Both 

excisional biopsies were macroscopically incomplete and therefore considered ‘in-adequate’. 

After induction chemotherapy, parameningeal extension and invasion in the orbital apex 

persisted in 1/12 patients. This patient is in persistent CR. Invasion of the lacrimal system 

persisted in 4/12 patients: three achieved persistent local control (two nasolacrimal duct, one 

lacrimal sac) and one relapsed (nasolacrimal duct). 

One (delayed) explorative surgical procedure was considered ‘in-adequate’ in retrospect 

(patient 2, diagnosed in 1998). The multi-disciplinary study panel considered a peribulbar 

lesion suspect for tumor extension, based on preoperative imaging. This lesion was not 

resected nor treated with brachytherapy. So, in retrospect, this treatment was considered 

‘in-adequate’. This patient relapsed three times and eventually died of disease 4.5 years after 

diagnosis.

Figure 2a: Overall survival     Figure 2b: Event free survival

Failure pattern analysis in orbital rhabdomyosarcoma
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The presence of vital tumor cells at delayed surgery was not predictive of recurrent disease: 

vital tumor cells were detected in 8/10 patients with persistent local control, and in 1/2 

patients developing a relapse after surgery and brachytherapy. 

Table 2: Treatment evaluation grouped according to 1. local treatment received and 2. remission status

Initial surgery Chemotherapy and response Delayed surgery Radiotherapy

Patient Biopsy Adequate IRS group Nr of CT Response 
induction

Extent 
pre-operatively

Macroscopic 
radical

Microscopic 
radical

Vital tumor Adequate RTH Adequate

Surgery and brachytherapy

Local control

1 IB + III 3 PR NI + - + + BT +

4 IB + III 4 VGPR NI Explorative NA - + BT +

8 IB + III 9 mPR NLd + - + + BT +

9 EB -* III 4 VGPR NI + - + + BT +

14 IB + III 3 VGPR LS + - + + BT +

15 IB + III 6 PR NI + - + + BT +

17 IB + III 6 PR NI Explorative NA - - BT +

19 IB + III 6 VGPR A, NLd, BI, Sinus, BE + - + + BT +

21 IB + III 6 mPR NI + - + + BT +

22 IB + III 6 PR NI + - + + BT   -∫

Local recurrence

2 IB + III 3 PR NI + - +     -‡ BT     -‡

7 EB -* III 6 VGPR NLd Explorative NA - + BT +

No radiotherapy

Local control

6 EB + II 3 CR NI NA NA NA NA - NA

11 EB -* III   6† CR NI NA NA NA NA - NA

18 EB -* III 3 CR NI NA NA NA NA - NA

Local recurrence

12 EB -* III 3 CR NI NA NA NA NA - NA

16 EB -* III   6† CR NI NA NA NA NA - NA

23 IB + III 3 VGPR NI Explorative NA -   -¶ - NA

EBRT

Local recurrence

5 IB + III 6 VGPR A NA NA NA NA EBRT +

20 EB -* III 6 PR NI NA NA NA NA EBRT +

IRS group, Intergroup Rhabdomyosarcoma Study postsurgical/clinical group11; Nr of CT, number of (induction) 
chemotherapy courses; RTH, radiotherapy; IB, incisional biopsy; EB, excisional biopsy; CR, complete remission 
(see Supplementary Appendix e III); VGPR, very good partial response; PR, partial response; mPR, minor partial 
response; NA, not applicable; NLd, naso-lacrimal duct; LS, lacrimal sac; A, apex; BI, bone involvement; BE, bony 
erosion; NI, no orbital structures involved; BT, brachytherapy; EBRT, external beam radiotherapy; +, yes; -, no
*Macroscopic irradical resection
†No imaging available after 3 courses. 
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Patients with other treatments:
Out of six patients in whom radiotherapy was omitted, three remained in CR (Table 2). In all 

three an excisional biopsy was performed at diagnosis; two macroscopically incomplete and 

one macroscopically complete. 3/6 patients relapsed locally: two had an excisional biopsy 

at diagnosis (both macroscopically incomplete) and one an incisional biopsy. We found no 

relation between type of initial surgery followed by wait and see policy and subsequent risk 

of treatment failure. The decision to withhold brachytherapy in patient 23, specified above, 

was considered ‘in-adequate’ as this decision should be based on pre-operative imaging, not 

on findings during surgery. 

Table 2: Treatment evaluation grouped according to 1. local treatment received and 2. remission status

Initial surgery Chemotherapy and response Delayed surgery Radiotherapy

Patient Biopsy Adequate IRS group Nr of CT Response 
induction

Extent 
pre-operatively

Macroscopic 
radical

Microscopic 
radical

Vital tumor Adequate RTH Adequate

Surgery and brachytherapy

Local control

1 IB + III 3 PR NI + - + + BT +

4 IB + III 4 VGPR NI Explorative NA - + BT +

8 IB + III 9 mPR NLd + - + + BT +

9 EB -* III 4 VGPR NI + - + + BT +

14 IB + III 3 VGPR LS + - + + BT +

15 IB + III 6 PR NI + - + + BT +

17 IB + III 6 PR NI Explorative NA - - BT +

19 IB + III 6 VGPR A, NLd, BI, Sinus, BE + - + + BT +

21 IB + III 6 mPR NI + - + + BT +

22 IB + III 6 PR NI + - + + BT   -∫

Local recurrence

2 IB + III 3 PR NI + - +     -‡ BT     -‡

7 EB -* III 6 VGPR NLd Explorative NA - + BT +

No radiotherapy

Local control

6 EB + II 3 CR NI NA NA NA NA - NA

11 EB -* III   6† CR NI NA NA NA NA - NA

18 EB -* III 3 CR NI NA NA NA NA - NA

Local recurrence

12 EB -* III 3 CR NI NA NA NA NA - NA

16 EB -* III   6† CR NI NA NA NA NA - NA

23 IB + III 3 VGPR NI Explorative NA -   -¶ - NA

EBRT

Local recurrence

5 IB + III 6 VGPR A NA NA NA NA EBRT +

20 EB -* III 6 PR NI NA NA NA NA EBRT +

IRS group, Intergroup Rhabdomyosarcoma Study postsurgical/clinical group11; Nr of CT, number of (induction) 
chemotherapy courses; RTH, radiotherapy; IB, incisional biopsy; EB, excisional biopsy; CR, complete remission 
(see Supplementary Appendix e III); VGPR, very good partial response; PR, partial response; mPR, minor partial 
response; NA, not applicable; NLd, naso-lacrimal duct; LS, lacrimal sac; A, apex; BI, bone involvement; BE, bony 
erosion; NI, no orbital structures involved; BT, brachytherapy; EBRT, external beam radiotherapy; +, yes; -, no
*Macroscopic irradical resection
†No imaging available after 3 courses. 

Failure pattern analysis in orbital rhabdomyosarcoma
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Both patients treated with EBRT relapsed. 

Dose distribution
Brachytherapy dose distribution was considered ‘in-adequate’ in 2/12 patients; one patient 

remained in CR (patient 22) and one relapsed (patient 2). In retrospect, the brachytherapy 

field did not match the residual tumor volume completely in patient 22. As mentioned above, 

in patient 2 the extension of the residual tumor was assessed differently on preoperative 

imaging by the multi-disciplinary study panel. The peribulbar lesion, suspect for tumor, 

was not covered by brachytherapy. Subsequently, the tumor recurred in the border of the 

brachytherapy field. Brachytherapy dose distribution was considered adequate in 10/12 

patients; 1/10 developed a relapse (patient 7). The relapse developed within the initial 

tumor volume (gross total volume) and outside the (post-chemotherapy) residual tumor 

volume. This patient underwent a macroscopic incomplete excisional biopsy at diagnosis. 

Brachytherapy treating the residual tumor area might be insufficient when the orbit is 

potentially contaminated by tumor spill. Another patient (patient 9) did achieve persistent 

local control after an initial excisional (macroscopic incomplete) biopsy and delayed surgery 

followed by brachytherapy. 

Both patients treated with adequate EBRT fields relapsed. 

Discussion

When surgery combined with brachytherapy is implemented as the preferred local treatment 

modality for orbital RMS, OS and EFS figures remain comparable with European SIOP-MMT 

results.2 We performed a failure pattern analysis in a single center cohort of 20 consecutive 

patients with orbital RMS where surgery combined with brachytherapy was performed when 

feasible within the framework of a SIOP-MMT approach. We did not find patient, tumor or 

treatment characteristics that predisposed for treatment failure. 

Therefore, no adjustment of the inclusion criteria for surgery and brachytherapy in patients 

with orbital RMS is required. In a previous analysis performed by our group, investigating 

failure patterns of surgery and brachytherapy in patients with non-orbital head and neck 

RMS, certain tumor localizations appeared to be at risk for macroscopically incomplete 

resections and subsequent local failure.15 

Nevertheless, we feel our strategy was further improved as a result of this current analysis. 

In 2/3 cases with in retrospect in-adequate local treatment, optimization of communication 

between the specialists involved might have prevented treatment failure. We therefore 

introduced two additional perioperative multidisciplinary team meetings; one right before 

surgery, discussing preoperative imaging, defining exact surgical approach and mold 

placement. The other, the day after the procedure, to discuss intraoperative findings, 

postoperative therapy planning and potentially adjust the proposed isodose distribution. 
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The third patient, in whom treatment was considered in-adequate, was treated in 1993 while 

the surgery and brachytherapy procedure was still being developed. Although a residual 

lesion was present at preoperative imaging, no tumor mass was found during surgery and 

at that time it was therefore decided to withhold brachytherapy. A year later Godzinski and 

co-workers published results from the SIOP MMT-84 study and reported that confirmation 

of complete remission with biopsy was not predictive for the achievement of local control.16 

These results were later confirmed by our group.14  

Another patient that might be treated differently in current practice, is patient 21. The team 

at that time assumed EBRT for this multi-focal tumor would result in severe corneal dryness 

with a definite need for enucleation in due course. Although surgery and brachytherapy 

would imply exenteration of the orbit,  brachytherapy was assumed to induce less outgrowth 

disturbances to the bony orbit than EBRT. Not until later, several studies were published 

reporting that enucleation because of radiotherapy induced adverse events is only rarely 

required.17-21 Nevertheless, in some patients enucleation or exenteration is considered 

inevitable at initial presentation, as was recently shown by Boutroux et al., where 5/82 

(6%) patients with orbital RMS underwent enucleation or exenteration of the orbit at initial 

presentation.21 

A microscopic radical resection without significant mutilation is often not feasible in the orbit. 

Therefore incisional biopsy is recommended by international cooperative pediatric sarcoma 

study groups.7,9,22 In this study 8/20 patients underwent an excisional biopsy at diagnosis. 

Our center is a tertiary care hospital; the majority of excisional biopsies reported in this study 

were performed in referring centers. Despite the hypothetical increased risk of tumor spill, 

excisional biopsy did not predispose for treatment failure in this study. Moreover, excisional 

biopsy seemed to facilitate achievement of local CR upon induction chemotherapy. 5/6 

patients who received no radiotherapy as initial local therapy achieved CR after an excisional 

biopsy at diagnosis followed by induction chemotherapy. Whether excisional biopsy adversely 

affects outcome through tumor spill, or contrary improves outcome, through tumor volume 

reduction, could be investigated in an international study, with larger series of consecutive 

patients treated according to uniform guidelines.    

OS and EFS in this study (89% and 64% respectively) were comparable to results of other 

SIOP-MMT studies.2,21 EFS was lower compared to North-American studies, but since a 

significant proportion of relapsed patients was still radiotherapy naïve, these patients could 

be salvaged with adequate radiotherapy. Nevertheless, patients with a relapse also received 

additional chemotherapy. The burden of additional chemotherapy and the psychological 

burden of a recurrence should be weighed against the benefits of curing 41% of patients 

without radiotherapy.2,23 OS was appropriate and comparable to both European and 

North-American figures. We therefore conclude that surgery and brachytherapy is an 

effective treatment modality for orbital RMS, comparable to results achieved with EBRT 

within the European treatment philosophy.7,21

Failure pattern analysis in orbital rhabdomyosarcoma
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Survivors of orbital RMS are at risk to develop radiotherapy induced adverse events.6,21,22 

Boutroux et al. conducted a retrospective single center study and reported diminished visual 

acuity in 42/52 survivors, cataract in 21/52 survivors with the need for surgery in 12, and 

ocular surface lesions in 21/52 survivors. In four additional survivors the eye was removed 

because of pain caused by chronic keratitis. 31/78 survivors were reported to have late 

structural abnormalities of the face, requiring plastic surgery in 12 survivors. In a recent 

prospective multi-disciplinary study conducted by our group, investigating adverse events 

following local treatment in head and neck RMS survivors, we showed that combined 

surgery and brachytherapy reduced adverse events compared to EBRT in this at risk patient 

population.6

In the current era the policy in many centers is to refer patients with orbital RMS to receive 

proton beam treatment, as it often allows for a more conformal dose distribution compared 

to conventional EBRT, sparing important structures. However, brachytherapy facilitates 

a very precise dose distribution with a rapid dose fall-off close to the target area often 

resulting in more conformal dose distributions than current proton beam radiotherapy plans. 

Only systematic prospective assessments of adverse events following novel local treatment 

modalities will show what local treatment strategy is optimal concerning prevention of 

adverse events. 

An important limitation to this study is the potential bias of the multi-disciplinary team 

evaluating this cohort of patients; some team members were also involved in the treatment 

of patients included in this study. Data were anonymized, but patients might still have 

been recognized due to specific tumor or treatment characteristics. However, surgery and 

brachytherapy is a novel technique and its application in the orbit unique internationally. 

Another limitation of this study was the small sample size, impeding statistical analyses; this 

is however inherent to this rare tumor and unique novel treatment type at this localization.  

 

Surgery combined with brachytherapy is an effective local treatment modality for orbital 

RMS. In this cohort of 20 patients treated for orbital RMS, with combined surgery and 

brachytherapy when feasible, we found that EFS and OS were comparable to European 

SIOP-MMT survival figures. Furthermore, we found no risk factors associated with local 

treatment failure. This might be a consequence of the small sample size, inherent to a new 

technique in a rare disease. Nevertheless, as a result of this retrospective failure pattern 

analysis, we implemented additional multi-disciplinary team meetings directly before and 

after resection and mold placement, to optimize the definite resection, mold placement 

and radiotherapy treatment plans. An important advantage of surgery and brachytherapy 

over EBRT is the reduction of local adverse events.6 The potential risk of tumor spill and 

subsequent recurrent disease caused by excisional biopsies and its influence on further local 

treatment policy should be evaluated in larger series, such as the EpSSG-RMS 2005-protocol 

and compared to international results. 
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Appendix eI: Radiotherapy guidelines for orbital rhabdomyosar-
coma as defined in the EpSSG RMS 2005 protocol9

The decision for or against radiotherapy in patients with group II and group III embryonal 

rhabdomyosarcoma and clinical complete remission following induction chemotherapy is 

made individually following full informed consent. Patients in this treatment situation who 

receive radiotherapy have a lower risk of local relapse, an improved event free survival but 

experience radiation associated side effects. Patients in this treatment situation who do not 

receive radiotherapy have a higher risk of local relapse, less good event free survival but 

no radiation associated side effects in case there is no local relapse and increased toxicity 

due to salvage treatment including radiotherapy if a relapse occurs. Overall survival in both 

approaches is equivalent. This is due to effective salvage treatment. The decision for or 

against radiotherapy is therefore a question of priorities of the treating physician and of the 

patient/parents. Two options are given in this protocol.

When given, radiation of the entire orbit is performed up to 36 Gy, then the PTV (planning 

target volume) is reduced to the initial tumor size and an additional margin of 1 cm, if 

possible sparing the lacrimal gland. Patients with favorable histology and clinical complete 

remission following induction chemotherapy receive 41.1 Gy, patients with partial response 

(see “Response classification as defined in the EpSSG RMS 2005 protocol”, specified below) 

45 Gy, patients with minor partial response, stable disease or progressive disease receive 

50.4 Gy. 

Appendix eII: Risk factors evaluated

Classical prognostic risk factors for rhabdomyosarcoma: age at diagnosis, histology, 

primary tumor site, size, extent, erosion of bony boundaries (including cranial base bony 

erosion (CBBE)), bone involvement, chemotherapy regimen (agents and number of courses), 

response to induction chemotherapy 

Tumor site and extension: the orbit was divided into the following areas: superior, supero-

nasal, supero-temporal, temporal, infero-temporal, inferior, infero-nasal and nasal. Relation 

of the tumor with the following orbital structures was evaluated: lacrimal gland, nasolacrimal 

duct, lacrimal sac, extra-ocular muscles), involvement of the apex, bony erosion and bone 

invasion; these are all factors that may affect resectability and eye function. If the tumor 

invaded parameningeal sites (Appendix eIII), localization was considered parameningeal. 

Surgical risk factors: type of initial surgery (fine needle aspiration (FNAC), incisional biopsy, 

excisional biopsy), surgical risk factors, completeness of tumor resection, histopathologic 

analysis of the resected specimen (microscopic remnants, vital tumor cells),

Radiotherapy risk factors: adequacy of isodose distribution of brachytherapy/EBRT (external 

beam radiotherapy), dose and dose rate or fractionation. In patients with local recurrent 

Failure pattern analysis in orbital rhabdomyosarcoma
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disease, the site of recurrence was described as being within the residual (post-chemotherapy) 

area or initial (pre-chemotherapy) tumor area.

Appendix eIII: Response classification as defined in the EpSSG RMS 
2005 protocol9

Complete remission (CR) Complete disappearance of all visible disease

Very good partial response (VGPR) Tumor volume reduction ≥ but <100%

Partial response (PR) Tumor volume reduction ≥66% but <90%

Minor partial response (mPR) Tumor volume reduction >33% but <66%

Stable disease (SD) No criteria for PR or PD (<33% tumor volume reduction)

Progressive disease (PD) Any increase of more than 40% in volume (or >25% in 

area) of any measurable lesion, or appearance of new 

lesions.

Appendix eIV: Parameningeal extension as defined in the EpSSG 
RMS 2005 protocol9

Middle ear

This refers to a primary that begins medial to the tympanic membrane. This tumor is often 

advanced at presentation and because of extension laterally may present with a mass in front of 

or under the ear suggesting parotid origin. It may also extend through the tympanic membrane 

and appear to be arising in the ear canal. When there is doubt about the site of origin, the 

“middle ear” designation should be picked as it implies more aggressive therapy required of 

parameningeal sites. 

Nasal cavity and Para nasal Sinuses

The three Para nasal sinuses are the maxillary sinuses, the ethmoid sinuses, and the sphenoid 

sinus. These surround the nasal cavity, and a primary in one will frequently extend to another. It 

can be difficult to determine the exact site of origin, but the choice is academic as the treatment 

is not affected. The site designation will have a bearing on the design of radiotherapy portals. 

Tumor arising in the maxillary or ethmoid sinuses may invade the orbit. This is much more likely 

than a primary in the orbit invading one of the sinuses. When the distinction betwee orbit and 

Para nasal sinus is unclear, the selected should be Para nasal sinus as it is the more likely primary 

site and requires appropriately more aggressive therapy. A primary arising in the sphenoid sinus 

(rare) may extend inferiorly to involve the nasopharynx.
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Nasopharynx

This refers to the superior portion of the pharynx which is bounded anteriorly by the back of the 

nasal septum, superiorly by the sphenoid sinus, inferiorly by a level corresponding to the soft 

palate, and laterally and posteriorly by the pharyngeal walls. 

Infatemporal Fossa/Pterygopalatin and Parapharyngeal Area

This refers to the tissues bounded laterally by the medial lobe of the parotid gland and medially 

by the pharynx. Large tumors in this region may extend through the parotid gland and present 

as a mass of the lateral face, sometimes extending even to the cheek. Where there is doubt 

as to the primary, the parameningeal designation should be chosen as it confers appropriately 

more aggressive treatment. The superior boundary of this tissue volume is the base of skul just 

under the temporal lobe, hence the term “infratemporal’. The distinction between this and the 

“parapharyngeal” area is academic. 

Orbital tumors with bone erosion

Tumors arising in the orbit but with intracranial extension or important bone erosion are 

included in the parameningeal group.

In addition the following are classified as parameningeal tumors:

l	 Tumors involving vessels or nerves with with direct intracranial connection (arteria carotis 

interna, vertebralis, N. opticus, trigeminus, facialis etc).
l	 All intracranial and intraspinal tumors (but tumors arising from the paraspinal muscles with 

intraspinal extension should be designated as paraspinal, see “Other site” definition).
l	 All tumors with cranial nerve paresis (excluding parotid tumors with facial nerve palsy).
l	 CSF Tumor cell positive patients. 
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Abstract 

Background 

Radiotherapy is a well-known cause of adverse events (AEs). To reduce AEs, an innovative 

local treatment was developed in Amsterdam: Ablative surgery, MOuld brachytherapy and 

surgical REconstruction (AMORE). 

Aims: (1) to determine the prevalence of AEs in HNRMS survivors and (2) to compare AEs 

between survivors treated with the international standard: external beam radiotherapy 

(EBRT-based: London) and survivors treated with AMORE if feasible, otherwise EBRT 

(AMORE-based: Amsterdam). 

Methods

All HNRMS survivors, treated in London or Amsterdam between January 1990 and December 

2010 (n=153), and alive ≥2 years post-treatment were eligible (n=113). A predefined list of AEs 

was assessed in a multidisciplinary clinic and graded according to the Common Terminology 

Criteria for Adverse Events. 

Results

Eighty HNRMS survivors attended the clinic (median follow-up 10.5 years); 63% experienced 

≥1 severe or disabling event, and 76% had ≥5 AEs (any grade). Survivors with EBRT-based 

treatment were, after adjustment for site, age at diagnosis, and follow-up duration, at 

increased risk to develop any grade 3/4 event or ≥5 AEs (any grade) compared with survivors 

with AMORE-based treatments (p=0.032 and 0.01, respectively). Five year overall survival 

(source population) after EBRT-based treatment was 75.0%, after AMORE-based treatment 

76.9%, p=0.56. 

Conclusion

This study may serve as a baseline inventory and can be used in future studies for prospective 

assessments of AEs following the introduction of novel local treatment modalities. 

AMORE-based local treatment resulted in similar overall survival and a reduction of AEs 

secondary to local treatment. 
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Introduction 

Rhabdomyosarcoma (RMS) constitutes 3-5% of malignancies in childhood, of which 40% 

occur in the head and neck (HN) area [1]. With current multi-modality treatments, 79-97% 

of patients with localised RMS survive long term [2-4]. In the HN area, the position and 

infiltrative nature of the tumour often precludes complete surgical resection. Therefore 

radiotherapy is often necessary to achieve local control. Radiotherapy, however, is known 

to cause damage to tissues and may cause growth abnormalities and impaired function 

[5-10]. Since RMS primarily occurs in young children, adverse events (AEs) may be more 

severe. Published reports on AEs of local treatment in HNRMS survivors were predominantly 

retrospective or based on questionnaires [6,8,9,11-16]. For adequate follow-up and treatment 

of the often complex AEs, a systematic prospective assessment is essential. Therefore, three 

large paediatric oncology centres developed a multi-disciplinary outpatient clinic for AEs of 

local treatment; Great Ormond Street Hospital for Children NHS Foundation Trust (GOSH), 

London, Royal Marsden Hospital (RMH), Sutton and the Emma Children’s Hospital-Academic 

Medical Centre (EKZ-AMC), Amsterdam. These centres, as part of SIOP-MMT (International 

Society of Paediatric Oncology-Malignant Mesenchymal Tumour group) and later EpSSG 

(European paediatric Soft tissue sarcoma Study Group), used the same treatment protocols 

[3,17,18]. 

In 1990, the EKZ-AMC developed an innovative local treatment approach: Ablative surgery, 

MOuld technique after loading brachytherapy, and surgical REconstruction (AMORE). The 

theoretical advantages of brachytherapy over external beam radiotherapy (EBRT) include 

a conformal dose delivery to the tumour bed with rapid fall-off of the dose beyond the 

treatment volume. Sparing radiation exposure to surrounding tissues may reduce morbidity, 

and improve functional and cosmetic outcome and health related quality of life (HRQoL). 

Nevertheless, ablative and reconstructive surgery each may introduce additional AEs. Survival 

for patients treated with AMORE was similar to international results [19]. 

Aims of this study were to investigate the prevalence and severity of AEs caused by local 

treatment in a large cohort of HNRMS survivors and to compare AEs and HRQoL between 

survivors with EBRT-based local treatment (the international standard, GOSH/RMH) and 

AMORE-based treatment (AMORE if feasible, otherwise EBRT, EKZ-AMC). To prevent bias 

due to potential selection of most favourable patients for AMORE treatment, we compared 

the complete EKZ/AMC cohort of HNRMS survivors, including patients not eligible for 

AMORE that received different local treatments, with the GOSH/RMH cohort. Additionally, 

we analysed survival of both cohorts.

Adverse events of local treatment in head and neck rhabdomyosarcoma survivors
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Methods

Patients

All children (diagnosis age 0-18 years) presenting between 1990 and 2010 at GOSH or the 

EKZ-AMC with newly diagnosed HNRMS (n=148) with ≥2 years follow-up post-treatment 

were eligible (n=108). The AMC cohort contained relatively more survivors of orbital RMS. 

Therefore, survivors of orbital RMS treated at RMH (between 1990-2010) were also invited to 

visit the multi-disciplinary clinic in London (n=5). Patients living abroad at time of assessment 

were excluded. Written informed consent was obtained from survivors treated in London. 

In Amsterdam, the institutional review board decided that the Act on Medical Research 

Involving Human Subjects did not apply, because data were collected during regular follow-

up clinics. 

RMS treatment

Patients were staged and treated according to subsequent SIOP-MMT-89, -95, -98, 

and EpSSG-RMS-2005 protocols [3,17,18,20]. Tumour localisations were classified as 

parameningeal, orbit, or head and neck non-parameningeal. After induction chemotherapy 

(two or three courses) patients were evaluated for local treatment. SIOP-MMT and EpSSG 

protocols withhold radiotherapy in patients with favourable prognostic characteristics in 

complete remission at this time point. When local treatment was indicated, GOSH/RMH 

patients received EBRT (EBRT-based treatment); EKZ-AMC patients received AMORE if feasible 

(AMORE-based treatment), i.e. if macroscopic radical resection and adequate brachytherapy 

mold placement seemed possible. If not, EKZ-AMC patients received EBRT. Details on the 

AMORE strategy are provided in Supplementary Document 1 (Document S1) [19,21-23]. 

Multi-disciplinary outpatient clinic: assessment of AEs

In this cross sectional study, all eligible HNRMS survivors were evaluated once (2009-2012) 

at the outpatient multidisciplinary clinic using the same protocol. One author (RS) attended 

clinics in both centres to ensure consistency of AE scoring. Systematic clinical assessments were 

performed by the following specialists: head and neck surgeon, audiologist, ophthalmologist, 

radiation oncologist, reconstructive surgeon, dentist and paediatric oncologist. In addition to 

a comprehensive history and extensive physical examination of the head and neck area, 

the following assessments were performed: orthoptic examination, slit lamp examination 

of anterior segment and fundoscopy, Schirmer test, exophthalmometry, nasendoscopy 

(for tumour localisation: nasal cavity, nasopharynx), otoscopy and audiometry. As thyroid 

function and growth hormone secretion are often first to deteriorate after radiotherapy, 

relevant hormones were screened (FT4, TSH, IGF-1, IGF-BP3). 

A selection of predefined AEs was graded according to the Common Terminology Criteria 

for Adverse Events (CTCAEv4.0, available at http://evs.nci.nih.gov/ftp1/CTCAE/About.html). 
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We selected all potential AEs of local treatment in the head and neck area. In 2009, we 

performed a pilot study in 14 survivors of HNRMS; essential items not listed in CTCAEv4.0 

were added and graded according to the same system (Table S1). Ophthalmological AEs 

were scored for each eye separately. 

In addition, survivors were invited to complete a questionnaire to assess their self-reported 

health-related quality of life (HRQoL). 

Outcome measures and analyses

CTC AE

We assessed the following primary outcomes: highest toxicity grade, number of patients 

with a grade 3/4 event, number of patients with multiple conditions (any grade) and a 

burden score adapted from Geenen et al. [5], which combines the number and severity of 

AEs. Subsequently, we compared these outcomes between treatment groups. 

HRQoL

The PedsQL is a valid standardised questionnaire to assess HRQoL in the physical, emotional, 

social and school domain [24]. In this study the total scale score (0-100) and psychosocial 

scale score (0-100) were used; higher scores expressing better self-reported HRQoL. We used 

country-specific weighted norm values, adjusted for sex and attained age [25-27], except for 

the subgroup of ≥18 year olds from London. Since norm values of <18 year olds from the 

Netherlands and United Kingdom were comparable, we decided to use the Dutch ≥18 years 

norm values for the ≥18 years London subgroup, adjusted for sex and age distribution in the 

≥18 years London subgroup. 

Statistical analyses

AEs

Differences between treatment groups were analysed with the Chi square test, Fisher’s 

exact test or Mann-Whitney test, depending on the type of variable. We compared the most 

common AEs (occurring in ≥15 survivors) between treatment groups in a regression model 

and adjusted for sex and attained age. 

We compared the prevalence of grade 3/4 AEs, ≥5 AEs (any grade), or a higher burden score 

between treatment groups in a multi-variable binary (3/4 AEs, ≥5 AEs) and multi-nominal 

(burden score) logistic regression model and adjusted for the following outcomes: age at 

diagnosis, site, and follow-up duration. Age at diagnosis was grouped as: 0-7 and 8-17 years. 

Follow-up duration was grouped in five year bands. 

We compared overall (OS) and failure free (FFS) survival rates between treatment groups 

using the logrank test [28]. Data were analysed using IBM SPSS Statistics version 20.0 (IBM 

Corp., Armonk, NY). 

Adverse events of local treatment in head and neck rhabdomyosarcoma survivors
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HRQoL

One-sample t-tests were used to test whether HRQoL of survivors differed from the weighted 

norm [25-27]. Analysis of variance by group, age and sex were performed to test differences 

between treatment groups. We considered effect sizes of 0.2 indicative of a small, 0.5 a 

moderate and 0.8 a large effect respectively [29].

Results

Patients

One hundred and fifty three patients were treated for HNRMS between 1990 and 2010, 

including five patients with orbital RMS treated at the RMH. Of these 153 patients 113 were 

alive ≥2 years after treatment. Four survivors moved abroad, 14 could not be reached, 14 

declined to participate and one died of a third primary tumour (Fig. S1). We included 80 

survivors (EBRT-based, n=31; AMORE-based, n=49). There were no statistically significant 

differences concerning patient characteristics between treatment groups (Table 1). Primary 

tumour localisations are specified in Table S2

RMS treatment

Thirty eight survivors were initially treated with EBRT, 25 with AMORE, 15 without local 

treatment and two with proton radiotherapy (PR) (Fig. 1). Median radiotherapy dose 

administered as initial treatment in 63/65 survivors was 45.0 Gy (IQR 41.4-50.0 Gy) (Table 

1). Median radiotherapy dose given in 17 survivors for a first recurrence was 45.0 Gy (IQR 

40.0-52.0 Gy). Median fraction dose for EBRT was 1.80 Gy (IQR 1.67-1.80 Gy). Between 

1990 and 2001 brachytherapy was administered with low-dose-rate (LDR; n=22), and from 

2002-2009 with pulsed-dose-rate (PDR; n=16). Median dose rate (LDR) was 0.70 cGy/h (IQR 

0.61-0.80 cGy/h), PDR was administered with 1.25 Gy pulses every 2.1 h. 

No survivors with EBRT-based treatment received more than one radiotherapy treatment 

compared to 10/49 (20%) survivors with AMORE-based treatment. 

Median age at evaluation was 16.0 years (range 5.0-34.9 years) with a median follow up of 

10.5 years (IQR 6.2-15.9 years). 

Survival analyses

Five year FFS and OS for the complete cohort of HNRMS patients were 58.2% and 76.0% 

respectively and 63.8% (FFS) and 75.0% (OS) for EBRT-based and 53.2% (FFS) and 76.9% 

(OS) for the AMORE-based treatment groups (p=0.37 and p=0.56). Additional analyses are 

presented in Table S3. 
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Adverse events

Number and grade of adverse events

After a median of 10.5 years follow-up, 63% (50/80) of survivors experienced at least one 

grade 3/4 AE (Table S4, Figure 2). Survivors with EBRT-based treatment were significantly more 

likely to experience grade 3/4 AEs (n=24/31, 77%) compared to survivors with AMORE-based 

treatment (n=26/49, 53%; p=0.028). Significantly more survivors with EBRT-based treatment 

developed at least ten AEs (n=15/31, 48%) compared to survivors with AMORE-based 

treatment (n=9/49, 18%; p=0.04). 

In the complete cohort of survivors, 22/80 (28%) had a high burden of AEs and five (6%) a 

severe burden (Table S4, Table S5). EBRT-based treatment was associated with a statistically 

significant higher burden than AMORE-based treatment (p=0.04). 

When we considered the effect of year of diagnosis as a continuous variable for any of the 

three outcome measures, we could not detect a significant trend in the odds ratio (OR) (data 

available on request). 

Most common adverse events

Most common AEs (any grade) were musculoskeletal deformities of the face (48/80; 60%), 

followed by scarring (41/80; 51%), induration and/or fibrosis of the skin (38/80; 48%) and 

hearing loss (31/73; 42%) (Fig. S2). For these four AEs, we found no significant differences 

between treatment groups (Table 2). Risks of dry eyes, alopecia, dysarthria, growth hormone 

deficiency and cataract were significantly higher for survivors with EBRT-based treatment. A 

detailed description of AEs is presented in Document S2.

Multivariable analysis of associated risk factors 

Survivors with EBRT-based treatment were, after adjustment for site, age at diagnosis 

and follow-up duration, at increased risk to develop any grade 3/4 event or ≥5 AEs (any 

grade) compared with survivors with AMORE-based treatments (Table 3: p=0.032 and 

0.01 respectively). Furthermore, parameningeal site was an independent risk factor for 

development of ≥5 AEs (p=0.002). 

HRQoL

In total, 65/80 (81%) survivors completed the PedsQL questionnaire (EBRT-based; n=29 (94%), 

AMORE-based; n=36 (73%)). Survivors (all ages >8 years) with EBRT-based treatment scored 

significantly lower than the weighted norm on the psychosocial scale (p=0.037) (Table 4). Scores 

of survivors ≥18 years with EBRT-based treatment were lower than the weighted norm (Total, 

p=0.03; Psychosocial, p=0.022). Scores of survivors 8-17 years with EBRT-based treatment 

were lower than the weighted norm, although this did not reach statistical significance (Total, 

effect size 0.64, p=0.091; Psychosocial, effect size 0.55, p=0.084). Scores of survivors with 

AMORE-based treatment did not differ from their weighted norm. No differences were found 

in mean values between treatment groups, after adjustment for sex and age. 

Adverse events of local treatment in head and neck rhabdomyosarcoma survivors
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Table 1: Characteristics of survivors (population evaluated in the multidisciplinary clinic) according to treatment 
group (EBRT-based versus AMORE-based) 

GOSH/RMH: 
EBRT-based
(n=31) N (%)

EKZ-AMC: 
AMORE-based 
(n=49) N (%)

p-value

Diagnosis age (yrs) Median (range) 5.1 (1.0-11.9) 5.9 (0.0-13.6) 0.28e

<10 yrs 29 (94%) 39 (80%)

Attained age (yrs) Median (range) 15.8 (8.4-27.5) 16.6 (5.0-34.9) 0.90e

≥18 yrs 12 (39%) 23 (47%)

Follow-up (yrs) Median (IQR) 11.0 (6.0-18.1) 9.7 (6.3-15.8) 0.61e

n % n % p-value

Gender Male
Female

24 
7 

(77%)
(23%)

28 
21 

(57%)
(43%)

0.11f

Primary site PM
ORB
ORB & PM
HNNPM

17 
9 
2 
3 

(55%)
(29%)
(7%)
(10%)

21 
19 
2 
7 

(43%)
(39%)
(4%)
(14%)

0.66g

Side Left
Right
Midline

10 
16 
5

(32%)
(52%)
(16%)

21 
21 
7 

(43%)
(43%)
(14%)

0.47g

Metastases M1
N1

1 
4 

(84%)
(13%)

0 
6 

(0%)
(12%) 

0.57g

Histology ERMS
ARMS
RMS NOSa

23 
5 
3

(74%)
(16%)
(10%)

44 
5 
0 

(90%)
(10%)
(0%)

0.098g

Nr of RT Tx 0
1
2
3

2
29
0
0

(7%)
(94%)
(0%)
(0%)

4 
35 
8 
2 

(8%)
(71%)
(16%)
(4%)

0.008g

Initial local Tx No RTH
AMORE
EBRT
Proton

3
0
28
0

(10%)
(0%)

(90%)
(0%)

12
25
10
2

(24%)
(51%)
(20%)
(4%)

<0.0001g

Median RT dose (Gy)c,h Initial Tx (IQR) 50.0 (45.0-50.1) 45.0 (40.0-50.0) 

1st recurrence (IQR) 45.0 b 50.0 (40.0-53.0)

Major surgery Yes
No
Unknown

11 
19 
1 

(36%)
(61%)
(3%)

36 
13 
0 

(74%)
(27%)
(0%)

0.001g

Treatment protocol MMT 89
MMT 95
MMT 98
RMS 2005
Otherd

9 
15 
1 
6 
0 

(29%)
(48%)
(3%)
(19%)
(0%)

12 
28 
0 
7
2

(25%)
(57%)
(0%)
(14%)
(4%)

0.56g

Data are n (%), median (range), or median (interquartile range). Some percentages do not total 100% 
because of rounding.

GOSH, Great Ormond Street Hospital; RMH, Royal Marsden Hospital; EKZ-AMC, Emma Children’s Hospital, 
Academic Medical Centre; EBRT, external beam radiotherapy; AMORE, Ablative surgery, MOld brachytherapy 
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Discussion

In this cross sectional study, AEs of local treatment in HNRMS survivors were highly prevalent. 

This is not unexpected in a population where the majority is treated with radiotherapy at 

young age and radiation fields involve many critical organs. This study may serve as a baseline 

inventory and can be used in future studies for prospective assessments of AEs following 

recently introduced treatment modalities, such as PR. Furthermore, it may give guidance 

to clinicians in making well-considered choices concerning local treatment approaches for 

individual patients and in designing appropriate clinically focused follow-up strategies. 

AMORE-based local treatment for HNRMS resulted in fewer and less severe AEs compared 

with the international standard: EBRT-based treatment. These findings suggest that the 

additional AEs introduced by surgery, as part of AMORE, do not outweigh the reduction 

of AEs achieved with brachytherapy. Overall survival was similar for both treatment 

groups and comparable to international figures [8,30]. The (non-significant) difference in 

FFS between treatment groups may be explained by the higher number of patients that 

initially received no local treatment in the AMORE-based treatment group compared to the 

EBRT-based treatment group (19/80 (24%) versus 5/73 (7%), p=0.006), as is allowed in the 

SIOP approach. This may also partly explain the difference in FFS between the two time 

eras in the AMORE-based treatment group (Table S3); local treatment was more rigorously 

applied in the most recent decade. The advantage of withholding radiotherapy in patients 

achieving complete remission (CR) with chemotherapy alone is that a number of patients 

with favourable prognostic characteristics can be cured despite withholding radiotherapy 

[8,30]. However, this gain should be weighed against the increased burden of (systemic) 

treatment in patients suffering a relapse [31]. AEs of systemic treatment were not the subject 

of our study. In the complete survivor cohort only 6/80 patients are in persistent CR without 

radiotherapy (Fig. 1).

and REconstruction; yrs, years; IQR, interquartile range; PM, parameningeal; HNNPM, head and neck 
non-parameningeal; M1, distant metastases; N1, locoregional lymph node extension; ERMS, embryonal 
rhabdomyosarcoma; ARMS, alveolar rhabdomyosarcoma; RMS NOS, rhabdomyosarcoma not otherwise 
specified; Nr, number; RT, radiotherapy; Tx, treatment; proton, proton treatment; MMT, consecutive 
Malignant Mesenchymal Tumour group protocols of the International Society of Pediatric Oncology (SIOP); 
RMS 2005, EpSSG (European paediatric Soft Tissue Sarcoma group) RMS 2005 protocol 

aNOS also contains one patient with undifferentiated sarcoma (EBRT-based treatment)
bNo interquartile range calculated: only one survivor with EBRT-based treatment had suffered a relapse after 
no initial local treatment
cMedian radiotherapy dose for patients receiving brachytherapy as initial treatment was 40.0 Gy (range 
40.0-50.0) and for patients treated with brachytherapy as salvage treatment was 43.50 (range 40.0-50.0)
dIncludes one patient treated according to the Cooperative Weichteilsarcom (CWS) 91 protocol and one 
according to the Pediatric Oncology Group (POG) D9803 protocol
eMann Whitney test
fChi square test
gFisher’s exact test
hRadiotherapy dose missing for two patients (one each centre)

Adverse events of local treatment in head and neck rhabdomyosarcoma survivors
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This study is the first to report a multi-disciplinary and prospective assessment of AEs of 

local treatment in a large cohort of HNRMS survivors. Two important studies reported AEs 

following both systemic and local treatment in large cohorts of childhood cancer survivors 

(any diagnosis), evaluated in specialised late effects clinics [5,7]. The first study by Geenen 

et al. [5] showed that survivors treated with radiotherapy in the HN area, were at increased 

risk to develop endocrine or neurologic AEs. The second study by Hudson et al. [7] reported, 

similar to our study, growth hormone deficiency, central/primary hypothyroidism, cataract, 

retinopathy and hearing loss, especially if the organ at risk was located in the radiation field 

[7]. 

Survivors with EBRT-based treatment reported reduced HRQoL, while HRQoL of survivors 

with AMORE-based treatment appeared not to be affected. However, when comparing 

treatment groups we did not find a significant difference. This may be a result of the relatively 

small cohort sizes. 

A potential drawback of our study is that AEs were scored by two separate multidisciplinary 

teams. Aware of potential inter-observer variability, one of the researchers attended both 

clinics to ensure uniformity. 

  

80 survivors 

31 EBRT-based 

3 no local Tx 28 EBRT 10 EBRT 2 proton 25 AMORE 12 no local Tx 

1 AMORE 3 EBRTa 4 AMORE 

1 EBRTa 

7 AMORE 1 EBRT 

Initial treatment  

First recurrence  

Second recurrence  2 EBRT 

1 AMORE Third recurrence  

1 EBRT 

49 AMORE - based 

Figure 1: Flowchart describing local treatment in survivors treated with EBRT-based (London) and 
AMORE-based (Amsterdam) treatment

EBRT, external beam radiotherapy; AMORE, Ablative surgery, Mold brachytherapy and REconstruction; Tx, 
treatment; proton, proton treatment
aTwo patients with second malignant neoplasm: one survivor, initially treated with chemotherapy and AMORE 
for a rhabdomyosarcoma of the parotid gland, developed a muco-epidermoid carcinoma of the contra-lateral 
parotid gland five years later, for which he was treated with surgery and EBRT. The other survivor was initially 
treated for a rhabdomyosarcoma in the middle ear with chemotherapy and EBRT and developed a local 
recurrence which was treated with AMORE (no chemotherapy). This survivor developed a medulloblastoma 
nine years after the initial rhabdomyosarcoma diagnosis, for which he received surgery, chemotherapy and 
cranio-spinal radiotherapy. 
In the EBRT-based treatment group 3/31 survivors received no local treatment initially compared to 12/49 
survivors in the AMORE-based treatment group (p=0.17). In the source population this difference in 
withholding local treatment became statistically significant (5/73 (7%) versus 19/80 (24%), p=0.006). 

254

proefschrift-2015-definitief.indb   254 14-7-2015   11:07:37



11

A second limitation of this study is that some of the local treatment techniques investigated 

are now historical by current standards. However, there was no significant trend in the 

severity, number, or burden of AEs with year of diagnosis over the period 1990-2010. 

Thus far only few studies were conducted evaluating local AEs caused by intensity modulated 

radiotherapy (IMRT) [32-34] or PR [11,35]. Most studies were retrospective, with small and 

heterogenic cohorts, short follow-up and lacked a systematic assessment of AEs [11,32-34]. 

One prospective study investigated AEs following PR and reported promising results showing 

less severe AEs (maximum grade 3) [35]. However, comparison with the current study is 

difficult as the median follow-up duration in the PR study was 47 months and certain AEs 

such as facial asymmetry, second malignancies and endocrine AEs may require more time 

to develop. Furthermore the multidisciplinary clinical assessment, as done in our study, will 

probably lead to a higher AE detection rate. 
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Figure 2: Total number of adverse events plotted against highest grade (graded according to the Common 
Terminology for Adverse Events) in survivors with EBRT-based and AMORE-based local treatment
EBRT, external beam radiotherapy; AMORE, Ablative surgery, MOld brachytherapy and REconstruction; 
EBRT-based treatment, EBRT preferred local treatment (London); AMORE-based treatment, AMORE if feasible, 
otherwise EBRT (Amsterdam) 
Circles represent the contributing numbers of survivors as follows:
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This is the first prospective study investigating AEs of local treatment in a large cohort of 

HNRMS survivors in a multi-disciplinary setting. The prevalence of AEs was high and most 

survivors experienced at least one severe or disabling adverse event. This study suggests that 

performing AMORE treatment, when feasible, results in a significant reduction of AEs and 

adequate overall survival. Results generated by this study may serve as baseline for newer 

local treatment techniques and can be used in future studies for prospective multidisciplinary 

assessment and comparison of AEs caused by such techniques. 

Table 2: Comparison of prevalence of most common adverse events (any grade) between survivors with 
EBRT-based and AMORE-based local treatment

Outcomes GOSH/RMH: 
EBRT-based (n=31) 

N (%)

EKZ-AMC: 
AMORE-based (n=49) 

N (%)

OR (95% CI)a

Musculoskeletal deformityb 19 (61%) 29 (59%) 1.30 (0.49-3.47)

Hearing lossc 12 (44%) 19 (41%) 1.18 (0.45-3.11)

Induration and/or fibrosis 15 (48%) 23 (47%) 1.07 (0.43-2.67)

Scar 13 (42%) 28 (57%) 0.59 (0.23-1.49)

Dry eye 17 (55%) 12 (25%) 4.20 (1.55-11.40)

Enophthalmos 13 (42%) 14 (29%) 1.92 (0.74-4.96)

Skin and/or fat atrophyd 12 (39%) 15 (31%) 1.52 (0.59-3.93)

Alopecia 13 (42%) 10 (21%) 2.99 (1.10-8.15)

Cataract 12 (39%) 9 (19%) 2.95 (1.05-8.28)

Eyelid deformitye 7 (23%) 13 (27%) 0.85 (0.30-2.46)

GH deficiency 15 (48%) 6 (12%) 7.56 (2.42-23.58)

Epistaxis 10 (32%) 9 (18%) 2.44 (0.84-7.15)

Pigmentationf 6 (19%) 11 (22%) 0.86 (0.28-2.64)

Telangiectasis 5 (16%) 12 (25%) 0.62 (0.19-1.99)

Infectiong 9 (29%) 7 (14%) 2.79 (0.90-8.69)

Rhinolalia aperta 9 (29%) 6 (12%) 3.08 (0.97-9.80)

Dysarthria 10 (32%) 5 (10%) 4.63 (1.39-15.40)

Keratitis 6 (19%) 9 (18%) 1.13 (0.36-3.58)

Data are n (%). GOSH, Great Ormond Street Hospital; EKZ-AMC, Emma Children’s Hospital, Academic Medical 
Centre; RMH, Royal Marsden Hospital; EBRT, external beam radiotherapy; AMORE, Ablative surgery, MOuld 
brachytherapy and REconstruction; OR, odds ratio; CI, confidence interval; GH, growth hormone.
Adverse events and subsequent grading are specified in supplementary Table S1.
aOR estimated using logistic regression analysis, adjusted for attained age (as continuous variable). When we 
adjusted for both sex and attained age, the OR for rhinolalia aperta became statistically significant (3.69, 95% 
confidence interval 1.07-12.69) the other analyses were similar to the results described above (data available 
on request).
bMusculoskeletal deformity of the face comprises: deformity, hypoplasia and asymmetry
cAudiology data missing in 7/80 patients (EBRT-based, n=4; AMORE-based, n=3)
dSkin and/or fat atrophy comprises: fat atrophy, atrophy skin. 
eEyelid deformities comprises: ectropion, entropion, eyelid retraction and ptosis
fPigmentation comprises: hypopigmentation, hyperpigmentation
gInfection comprises: infection ‘gastro-intestinal’ and infection ‘respiratory’
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Table 3: Multi-variable analyses comparing the development of a grade 3/4 AE, ≥5 AEs (any grade) or a 
higher burden score, between survivors with EBRT-based and AMORE-based treatment, adjusted for primary 
tumour site, age at diagnosis and follow-up duration

OR (95% CI)

Risk factors Grade 3/4 AEs n ≥5 AEs Burden score

Protocol

EBRT-based 1 [reference] 1 [reference] 1 [reference]

AMORE-based 0.29 (0.10-0.90) 0.11 (0.02-0.60) 0.49 (0.20-1.21)

Site

orbit 1 [reference] 1 [reference] 1 [reference]

HNNPM 0.53 (0.10-2.64) 0.49 (0.08 -3.13) 0.45 (0.11-1.85)

PM 2.42 (0.82-7.17) 13.34 (2.52-70.60) 1.84 (0.72-4.65)

Age at diagnosis (yrs)

0-7 1 [reference] 1 [reference] 1 [reference]

8-17 2.19 (0.67-7.18) 2.75 (0.47-16.21) 0.97 (0.36-2.59)

Follow-up duration (yrs)

0-4 1 [reference] 1 [reference] 1 [reference]

5-9 2.26 (0.53-9.62) 0.72 (0.10-5.36) 2.72 (0.76-9.69)

10-14 3.34 (0.65 -17.11) 0.18 (0.02-1.41) 1.13 (0.29-4.42)

15-19 3.41 (0.68 -16.98) 3.66 (0.37-36·.45) 3.46 (0.89-13.49)

≥20 1.97 (0.23-16.89) 0.12 (0.01-3.03) 3.71 (0.66-21.89)

OR, odds ratio; CI, confidence interval; AE, adverse event; EBRT, external beam radiotherapy; AMORE, 
Ablative surgery, MOuld brachytherapy and REconstruction; HNNPM, head and neck non-parameningeal; PM, 
parameningeal; yrs, years.
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Appendix A: Supplementary material

Adverse events of local treatment in head and neck rhabdomyosarcoma survivors after 

external beam radiotherapy or AMORE treatment

Supplementary Figure S1: Flowchart describing the selection of patients

Supplementary Figure S2: Most common adverse events

Supplementary Table S1: Predefined lists of adverse events

Supplementary Table S2: Primary tumour localisations

Supplementary Table S3: Survival analyses for two time eras

Supplementary Table S4: Prevalence and severity of adverse events

Supplementary Table S5: Burden score combining number and severity of adverse  

 events

Supplementary Document S1: Treatment details AMORE treatment

Supplementary Document S2: Detailed description of adverse events
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Supplementary Figure S1: Flowchart describing the selection of patients

113 Alive ≥2 years after treatment  
• 48 GOSH 
• 60 EKZ-AMC 
• 5 RMH  

80 Children included for assessment 

14 Declined to participate 
• 8 GOSH 
• 6 EKZ-AMC 
• 0 RMH 

14 Could not be reached 
• 10 GOSH 
• 4 EKZ -AMC 
• 0 RMH 

4 Moved abroad 
• 3 GOSH 
• 1 EKZ-AMC 

 

31 EBRT-based  
• 26 GOSH 
• 5 RMH 

49 AMORE-basedb 

153 Children diagnosed with RMS  
• 68 GOSH 
• 80 EKZ-AMC 
• 5 RMH (with orbital RMS) 

40 Children died  
• 20 GOSH 
• 20 EKZ-AMC 
• 0 RMH 

Source population 

Eligible survivors 

Evaluated survivors 

1 patient died (recurrence) 
• 1 GOSHa 
• 0 EKZ-AMC 
• 0 RMH 

GOSH, Great Ormond Street Hospital; RMH, Royal Marsden Hospital; EKZ-AMC, Emma Children’s Hospital, 
Academic Medical Center; EBRT, external beam radiotherapy; AMORE, Ablative surgery, MOuld brachytherapy 
and REconstruction 

aThis patient was diagnosed with Li-Fraumeni syndrome and developed a basal cell carcinoma seven years after 
the initial rhabdomyosarcoma diagnosis and an osteosarcoma that same year. This patient died eventually of 
relapsed osteosarcoma.
bOne patient developed a recurrence after clinical assessment and died of tumour progression. 
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Supplementary Figure S2: Most common adverse events (any grade) for survivors with EBRT-based and 
AMORE-based treatment 
EBRT, external beam radiotherapy; AMORE, Ablative surgery, MOuld brachytherapy and Reconstruction; GI, 
gastro-intestinal; pulm, pulmonal; GH, growth hormone; musc/skel, musculo-skeletal
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Supplementary Table S1: Predefined lists of adverse events, graded according to the Common Terminology 
Criteria for adverse events version 4.0. Conditions are classified as mild (grade 1), moderate (grade 2), severe 
(grade 3), life-threatening or disabling (grade 4) or fatal (grade 5)

ENT:

Adverse event

Grade

0 1 2 3 4

Ear, nose, throat: 

Epistaxis
(within last month)

- Mild symptoms -Moderate symptoms
-Medical intervention 
indicated (e.g. 
nasal packing, 
cauterization, topical 
vasoconstrictors)

-Transfusion, 
radiologic, 
endoscopic, 
or operative 
intervention 
indicated

-Life-threatening 
consequences
-Urgent intervention 
indicated

Otitis, external 
ear 

- -Erythema
-Dry desquamation

-Moist desquamation
-Edema
-Enhanced cerumen
-Tympanic membrane 
perforation

-Mastoiditis
-Stenosis*
-Osteomyelitis*
-Necrosis soft tissue 
or bone

Urgent operative 
intervention 
indicated

Otitis, middle ear - Serous otitis Serous otitis, 
medical intervention 
indicated

-Mastoiditis
-Necrosis of the canal 
soft tissue or bone

-Life-threatening 
consequences
-Urgent intervention 
indicated

Sinus disorder* -Crusting
-Blood-tinged 
secretions 

-Symptomatic 
stenosis
-Edema
-Narrowing 
interfering with 
airflow

-Significant nasal 
obstruction
-Limiting self care 
ADL**

-Necrosis of soft 
tissue or bone
-Urgent operative 
intervention 
indicated

Gastro-intestinal:

Dysphagia - Symptomatic, able 
to eat regular diet

Altered eating/
swallowing

-Severely altered 
eating/swallowing
-Tube feeding, TPN 
or hospitalization 
indicated

-Life-threatening 
consequences
-Urgent intervention 
indicated

Head soft tissue 
necrosis,
Specify

- - -Local wound care
-Medical intervention 
indicated (e.g. 
dressings or topical 
medications)

-Operative 
debridement or other 
invasive intervention 
indicated (e.g. tissue 
reconstruction, flap 
or grafting)
-Hyperbaric O2*

-Life-threatening 
consequences
-Urgent intervention 
indicated

Infection* : gastro-
intestinal
(within last month)

Mild Moderate Severe Life-threatening/ 
disabling

*Not available in CTCAEv4.0, description as defined in CTCAEv3.0
**Activities of Daily Living (ADL)
Instrumental ADL refer to preparing meals, shopping for groceries or clothes, using the telephone, managing 
money etc.
Self care ADL refer to bathing, (un)dressing, feeding self, using the toilet, taking medications and not 
bedridden.
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ENT:

Grade

Adverse event 0 1 2 3 4

Stricture/ 
Stenosis/
Obstruction
(esophageal, 
laryngeal, 
pharyngeal, 
tracheal)

- -Asymptomatic
-No intervention 
indicated

-Symptomatic
-Limiting 
instrumental ADL**
 GI:
-Altered GI function
Respiratory:
-Noisy airway 
breathing no 
respiratory distress
-Medical 
management (e.g. 
steroids)

GI:
-Severely altered GI 
function
-Tube feeding
-Hospitalization
-Elective operation
Respiratory:
-Stridor
-Limiting self care 
ADL**
-Endoscopic 
intervention (stent, 
laser)

-Life-threatening 
consequences
(such as airway 
compromise)
-Urgent intervention 
indicated (such 
as tracheostomy/ 
intubation)

Specify stricture, stenosis or obstruction:

Taste alteration* 
(Dysgeusia)

- Altered taste -Changed diet
-Noxious, unpleasant 
-Loss of taste

- -

Trismus - Decreased range of 
motion (ROM)

Decreased ROM, 
requiring small bites, 
soft foods or purees

Decreased 
ROM, inability to 
adequately aliment 
or hydrate orally

-

Specify trismus: Active …………. mm Passive …………. mm 

Xerostomia 
(dry mouth)

- Symptomatic (e.g. 
dry or thick saliva) 
without significant 
dietary alterations

-Moderate symptoms
-Oral intake 
alterations

-Inability to 
adequately aliment 
orally
-TPN/tube feeding 
indicated

-

Upper respiratory:

Cough -Mild symptoms
-Nonprescription 
intervention 
indicated

-Moderated 
symptoms
- Medical 
intervention 
indicated
-Limiting 
instrumental ADL**

-Severe symptoms
-Limiting self care 
ADL**

-

Dysarthria/
voice alteration 

-Mild slurred speech
-Mild or intermittent 
change from 
normal voice

-Moderate 
impairment of 
articulation or slurred 
speech
-Moderate or 
persistent change 
from normal voice; 
still understandable

-Severe impairment 
of articulation or 
slurred speech
-Severe voice 
changes including 
predominantly 
whispered speech
-May require 
frequent repetition 
or face-to-
face contact for 
understandability
-May require assistive 
technology

-

**Activities of Daily Living (ADL)
Instrumental ADL refer to preparing meals, shopping for groceries or clothes, using the telephone, managing 
money etc. Self care ADL refer to bathing, (un)dressing, feeding self, using the toilet, taking medications and 
not bedridden.
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ENT:

Grade

Adverse event 0 1 2 3 4

Edema, larynx Asymptomatic -Symptomatic
-Medical intervention 
indicated (e.g. 
dexamethasone, 
epinephrine, 
anthistamines) 

-Stridor
-Respiratory distress
-Hospitalization 
indicated

-Life-threatening 
airway compromise
-Urgent intervention 
indicated (e.g. 
tracheotomy or 
intubation)

Fistula 
(within last month)

-Asymptomatic
-No intervention 
indicated

-Symptomatic
-Limiting instrumental 
ADL

GI:
-Altered GI function

Respiratory:
Medical management 
indicated, tube 
thoracostomy

GI :
-Severely altered GI 
function
-TPN or hospitalization 
indicated
-Elective operative 
intervention indicated

Respiratory:
-Endoscopic or 
operative intervention 
(stent, primary closure)

-Life-threatening
-Urgent intervention 
indicated (such as 
thoracoplasty, chronic 
open drainage, 
multiple thoracostomy)

Specify anatomical site:

Infection* : 
respiratory
(within last month)

Mild Moderate Severe Life-threatening/ 
disabling

Rhinolalia aperta 
(nasal aspirate 
sound)†

Mild change of 
speech, no effect on 
audibility

Moderate change of 
speech, influences 
audibility 

Barely understandable, 
verbal communication 
limited

-

† item added based on results from pilot study
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ENT:

Surgical intervention, please describe:

Surgical procedure: Date:

.........................................………………………........... .................................................................

.........................................………………………........... .................................................................

.........................................………………………........... .................................................................

.........................................………………………........... .................................................................

Please specify structures surgically removed: SKIN:

Specify: .................................................................

AUDITORY/EAR::

– Outer ear NOS ………………………….. MUSCULOSKELETAL:

– Outer ear-Pinna ………………………….. – Bone ..................................................

– Middle ………………………….. – Cartilage ..................................................

– Inner ear ………………………….. – Joint ..................................................

– Ligament ..................................................

HEAD AND NECK: ………………………….. – Muscle ..................................................

– Gingiva ………………………….. – Soft tissue NOS ..................................................

– Larynx ………………………….. – Tendon ..................................................

– (Para) Thyroid …………………………..

– Lip/perioral area ………………………….. NEUROLOGY:

– Face NOS ………………………….. – Brain ..................................................

– Nasal cavity ………………………….. – Meninges ..................................................

– Nasopharynx ………………………….. – Spinal cord ..................................................

– Neck NOS …………………………..

– Nose ………………………….. OCULAIR:

– Oral cavity NOS ………………………….. – Conjunctiva ..................................................

– Parotid gland ………………………….. – Cornea ..................................................

– Pharynx ………………………….. – Lens ..................................................

– Salivary duct ………………………….. – Retina ..................................................

– Salivary gland ………………………….. – Eye NOS ..................................................

– Sinus …………………………..

– Teeth ………………………….. VASCULAIR:

– Tongue …………………………..  – Artery (Specify) ..................................................

– Upper aerodigestive NOS …………………………..  – Vein (Specify) ..................................................

*Not available in CTCAEv4.0, description as defined in CTCAEv3.0
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ENT:

Please specify type of deficit (neuropathy or paresis) and then further specify paresis (partial or complete) or neuropathy 
(explanation of grading at the end of this page). Cause has to be specified for all neurological deficits, please be as 
detailed as possible. 

Neurology*:

Neurological 
deficit

Paresis Neuropathy Cause

Nerve Neuropathy/
Paresis

Partial/complete Grade Iatrogenic/
Tumour

Brachial plexus N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN I (olfactory) N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN V (trigeminal) motor N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN V (trigeminal) sensory N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN VIII (vestibulocochlear) N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN IX (glossopharyngeal)
Motor: pharynx 

N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN IX (glossopharyngeal)
Sensory: ear, pharynx, tongue 

N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN X (vagus) N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN XI (spinal accessory) N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN XII (hypoglossal) N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

Peripheral motor NOS N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

Peripheral sensory NOS N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

Recurrent laryngeal N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

Explanation grading 0 1 2 3 4

Neuropathy
Specify:

- Asymptomatic -Moderate 
symptoms
-Limiting 
instrumental 
ADL**

-Severe 
symptoms
-Limiting self 
care ADL**
-Assistive device 
indicated

-Life-threatening 
consequences
-Urgent 
intervention 
indicated

*Not available in CTCAEv4.0, description as defined in CTCAEv3.0
**Activities of Daily Living (ADL)
Instrumental ADL refer to preparing meals, shopping for groceries or clothes, using the telephone, managing 
money etc.
Self care ADL refer to bathing, (un)dressing, feeding self, using the toilet, taking medications and not 
bedridden.
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Audiologist:

Grade

Adverse event 0 1 2 3 4

Auditory: 

Hearing; 
(with audiogram)

adults
1, 2, 3, 4, 6 and 
8 kHz audiogram

- -Threshold shift of 
15-25 dB averaged 
at 2 contiguous 
test frequencies in 
at least one ear or
-Subjective change 
in the absence of 
grade 1 threshold 
shift

- Monitoring 
program: >25dB 
averaged at 2 
contiguous test 
frequencies in at 
least one ear
- Non-monitoring: 
hearing loss but 
hearing aid or 
intervention not 
indicated
- Limiting 
instrumental ADL**

-Monitoring 
program: >25 dB 
averaged at 3 
contiguous test 
frequencies in at 
least one ear
-Therapeutic 
intervention 
indicated
-Non-monitoring: 
hearing loss 
with hearing aid 
or intervention 
indicated
- Limiting self care 
ADL**

-Profound bilateral 
hearing loss (>80 
dB at 2 kHz and 
above)
-Non-serviceable 
hearing

pediatrics
1, 2, 3, 4, 6 and 
8 kHz audiogram

>20 dB at any 
frequency tested 
and does not meet 
criteria for >grade 2

>20 dB at >4kHz -Hearing loss 
with need for 
therapeutic 
intervention, 
including hearing 
aids
->20 dB at 3 kHz 
and above in one 
ear
-Additional speech 
language related 
services indicated

-Audiologic 
indication for 
cochlear implant 
and additional 
speech-language 
related services 
indicated

Hearing*
(subjective) 

- - Hearing loss Hearing loss 
requiring 
intervention

Profound bilateral 
hearing loss 
(>90dB)

Tinnitus - -Mild symptoms, 
intervention not 
indicated

-Moderate 
symptomatic

-Severe symptoms -

-Limiting 
instrumental ADL**

- Limiting self care 
ADL**

*Not available in CTCAEv4.0, description as defined in CTCAEv3.0
**Activities of Daily Living (ADL)
Instrumental ADL: refer to preparing meals, shopping for groceries or clothes, using the telephone, managing 
money etc.
Self care ADL: refer to bathing, (un)dressing, feeding self, using the toilet, taking medications and not 
bedridden.
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Ophthalmologist: (OD and OS were scored on separate forms)

Grade

Adverse event 0 1 2 3 4

Eyelid dysfunction:

Canthus 
displacement†

- -Asymptomatic -Symptomatic
-Non-operative 
intervention indicated
-Limiting instrumental 
ADL**

-Limiting self care ADL**
-Operative intervention 
indicated

-

Ectropion* - -Asymptomatic -Symptomatic
-Non-operative 
intervention indicated
-Limiting instrumental 
ADL**

-Limiting self care ADL**
-Operative intervention 
indicated

-

Entropion* - -Asymptomatic -Symptomatic
-Non-operative 
intervention indicated
-Limiting instrumental 
ADL**

-Limiting self care ADL**
-Operative intervention 
indicated

-

Lid retraction† - -Asymptomatic -Symptomatic
-Non-operative 
intervention indicated
-Limiting instrumental 
ADL**

-Limiting self care ADL**
-Operative intervention 
indicated

-

Ptosis† - -Asymptomatic -Symptomatic
-Non-operative 
intervention indicated
-Limiting instrumental 
ADL**

-Limiting self care ADL**
-Operative intervention 
indicated

-

Trichiasis,
Dystrichiasis

- -Asymptomatic -Symptomatic
-Non-operative 
intervention indicated
-Limiting instrumental 
ADL**

-Limiting self care ADL**
-Operative intervention 
indicated

-

Displacement:

Diplopia* - Intermittently 
symptomatic, 
intervention not 
indicated

Symptomatic and 
interfering with function 
but not interfering with 
ADL

-Symptomatic and 
interfering with ADL
-Surgical intervention 
indicated

Disabling

Enophtalmus* - Asymptomatic -Symptomatic
-Limiting instrumental 
ADL**

-Limiting self care ADL**
-Disabling

-

Exophtalmus† - Asymptomatic -Symptomatic
-Limiting instrumental 
ADL**

-Limiting self care ADL**
-Disabling

-

Hertel : ………………. mm

† item added based on results from pilot study
*Not available in CTCAEv4.0, description as defined in CTCAEv3.0
**Activities of Daily Living (ADL)
Instrumental ADL refer to preparing meals, shopping for groceries or clothes, using the telephone, managing 
money etc.
Self care ADL refer to bathing, (un)dressing, feeding self, using the toilet, taking medications and not 
bedridden.
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Ophthalmologist:

Grade

Adverse event 0 1 2 3 4

Esotropia† - Asymptomatic -Symptomatic
-Limiting 
instrumental ADL**

-Limiting self care 
ADL**
-Disabling

-

Exotropia† - Asymptomatic -Symptomatic
-Limiting 
instrumental ADL**

-Limiting self care 
ADL**
-Disabling

-

Hypertropia† - Asymptomatic -Symptomatic
-Limiting 
instrumental ADL**

-Limiting self care 
ADL**
-Disabling

-

Hypotropia† - Asymptomatic -Symptomatic
-Limiting instrumental 
ADL**

-Limiting self care 
ADL**
-Disabling

-

Horizontal 
displacement†

- Asymptomatic -Symptomatic
-Limiting instrumental 
ADL**

-Limiting self care 
ADL**
-Disabling

-

Displacement: ………………. mm

Vertical 
displacement†

- Asymptomatic -Symptomatic
-Limiting instrumental 
ADL**

-Limiting self care 
ADL**
-Disabling

-

Displacement: ………………. mm

Dry eye/tears:

Dry eye - -Asymptomatic
-Mild symptoms 
relieved by lubricants

-Symptomatic
-Multiple agents 
indicated
-Limiting instrumental 
ADL**

-Decrease in visual 
acuity (<20/40)
-Limiting self care 
ADL**

-

Watering eyes - Symptomatic Intervention indicatedOperative 
intervention indicated

-

Specify cause: stenosis caniculus / distal stenosis nasolacrimal duct / …………………………….

Ocular surface/globe:

Blurred vision - Symptomatic Limiting instrumental 
ADL**

Limiting self care 
ADL**

-

Cataract - Asymptomatic -Symptomatic: 
moderate decrease 
visual acuity (20/40 
or better)

-Marked decrease 
visual acuity (20/40-
20/200)
-Operative 
intervention indicated

-Blindness (20/200 
or worse) in affected 

eye

† item added based on results from pilot study
**Activities of Daily Living (ADL)
Instrumental ADL refer to preparing meals, shopping for groceries or clothes, using the telephone, managing 
money etc.
Self care ADL refer to bathing, (un)dressing, feeding self, using the toilet, taking medications and not 
bedridden.
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Ophthalmologist:

Grade

Adverse event 0 1 2 3 4

Conjunctivitis - -Asymptomatic
-Intervention not 
indicated

-Symptomatic 
-Limiting instrumental 
ADL**
- Topical intervention 
indicated

Limiting self care 
ADL** 

-

Flashing lights/ 
floaters

- Symptomatic Limiting instrumental 
ADL**

Limiting self care 
ADL**

Glaucoma - -Elevated 
intraocular 
pressure with 
single topical 
agent 
-No visual field 
deficit

-Early visual field 
deficit
-Multiple agents 
indicated (oral/topical)
-Limiting instrumental 
ADL**

-Marked visual field 
deficits
-Operative 
intervention indicated
-Limiting self care 
ADL**

-Blindness (20/200 
or worse)

Keratitis 
(corneal 
inflammation, 
ulceration)

- - -Symptomatic
-Medical intervention 
indicated
-Limiting instrumental 
ADL**

-Limiting self care 
ADL**
-Decline in vision 
20/40-20/200

Perforation or 
blindness (20/200 
or worse) 

Optic nerve 
disorder

- Asymptomatic Limiting vision of the 
effected eye (20/40 or 
better)

-Limiting vision of the 
affected eye (20/40-
20/200)

Blindness (20/200 
or worse)

Papilledema - -Asymptomatic
-No visual field 
defects

-Symptomatic decline 
in vision
-Visual field defect 
present sparing the 
central 20 degrees

-Marked visual field 
defect (20/40-
20/200)

Blindness (20/200 
or worse)

Photophobia - Symptomatic Limiting instrumental 
ADL**

Limiting self care 
ADL**

-

Retinal 
detachment

- Asymptomatic Exsudative and visual 
acuity (20/40 or 
better)

-Rhegmatogenous 
or exsudative 
detachment
-Operative 
intervention indicated
-Decline in vision 
(20/40-20/200)

Blindness (20/200 
or worse)

Retinal vascular 
disorder

- - Topical medication 
indicated

-Intravitreal 
medication
-Operative 
intervention indicated

-

**Activities of Daily Living (ADL)
Instrumental ADL refer to preparing meals, shopping for groceries or clothes, using the telephone, managing 
money etc.
Self care ADL refer to bathing, (un)dressing, feeding self, using the toilet, taking medications and not 
bedridden.
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Ophthalmologist:

Grade

Adverse event 0 1 2 3 4

Retinopathy - Asymptomatic -Symptomatic
-Moderate 
decrease in visual 
acuity (20/40 or 
better)
-Limiting 
instrumental ADL**

-Marked decrease 
in visual acuity 
(20/40-20/200)
-Disabling
-Limiting self care 
ADL**

Blindness (20/200 
or worse)

Scleral disorder - Asymptomatic -Symptomatic, 
limiting 
instrumental ADL**
-Moderate 
decrease in visual 
acuity (20/40 or 
better)

-Symptomatic, 
limiting self care 
ADL**
-Marked decrease 
in visual acuity 
(>20/40)

-Blindness (20/200 
or worse)
-Painful eye with 
enucleation 
indicated*

Vitreous 
hemorrhage

- -Asymptomatic
-Mild symptoms

-Symptomatic
-Limiting 
instrumental ADL**

-Limiting self care 
ADL**
-Vitrectomy 
indicated

Blindness (20/200 
or worse)

Uveitis - Asymptomatic -Anterior uveitis
-Medical 
intervention 
indicated

-Posterior/ 
Panuveitis

Blindness (20/200 
or worse)

Neurology*:

Neurological 
deficit

Paresis Neuropathy Cause

Nerve Neuropathy/
Paresis

Partial/complete Grade Iatrogenic/
Tumour

CN II (optical) N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN III (oculomotor) N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN IV (trochlear) N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN V (trigeminal) motor N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN V (trigeminal) sensory N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN VI (abducens) N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

Peripheral motor NOS N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

Peripheral sensory NOS N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

Explanation grading 0 1 2 3 4

Neuropathy 
Specify:

- Asymptomatic -Moderate symptoms
-Limiting instrumental 
ADL**

-Severe symptoms
-Limiting self care 
ADL**
-Assistive device 
indicated

-Life-threatening 
consequences
-Urgent intervention 
indicated

*Not available in CTCAEv4.0, description as defined in CTCAEv3.0
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Ophthalmologist:

Surgical intervention, please describe:

Surgical procedure: Date:

.........................................………………………........... .................................................................

.........................................………………………........... .................................................................

.........................................………………………........... .................................................................

.........................................………………………........... .................................................................

Please specify structures surgically removed: SKIN:

Specify: .................................................................

AUDITORY/EAR::

– Outer ear NOS ………………………….. MUSCULOSKELETAL:

– Outer ear-Pinna ………………………….. – Bone ..................................................

– Middle ………………………….. – Cartilage ..................................................

– Inner ear ………………………….. – Joint ..................................................

– Ligament ..................................................

HEAD AND NECK: ………………………….. – Muscle ..................................................

– Gingiva ………………………….. – Soft tissue NOS ..................................................

– Larynx ………………………….. – Tendon ..................................................

– (Para) Thyroid …………………………..

– Lip/perioral area ………………………….. NEUROLOGY:

– Face NOS ………………………….. – Brain ..................................................

– Nasal cavity ………………………….. – Meninges ..................................................

– Nasopharynx ………………………….. – Spinal cord ..................................................

– Neck NOS …………………………..

– Nose ………………………….. OCULAIR:

– Oral cavity NOS ………………………….. – Conjunctiva ..................................................

– Parotid gland ………………………….. – Cornea ..................................................

– Pharynx ………………………….. – Lens ..................................................

– Salivary duct ………………………….. – Retina ..................................................

– Salivary gland ………………………….. – Eye NOS ..................................................

– Sinus …………………………..

– Teeth ………………………….. VASCULAIR:

– Tongue …………………………..  – Artery (Specify) ..................................................

– Upper aerodigestive NOS …………………………..  – Vein (Specify) ..................................................

*Not available in CTCAEv4.0, description as defined in CTCAEv3.0
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Radiation oncologist:

Grade

Adverse event 0 1 2 3 4

Dermatology

Alopecia - -Hair loss up to 
50% of normal 
for that individual, 
only visible on close 
inspection
-No wig etc required

-Hair loss of >50% 
normal for that 
individual, readily 
apparent
-Wig required for 
camouflage
-Associated with 
psychological impact

- -

Atrophy skin - -Covering <10% 
BSA
-Associated with 
telangiectasias or 
changes in skin 
color

-Covering 10-30% 
BSA
-Associated with 
striae or adnexal 
structure loss

-Covering >30% 
BSA
-Associated with 
ulceration 

-

Dermatitis, 
associated with 
radiotherapy 

- -Faint erythema 
-Dry desquamation

-Moderate erythema
-Moist desquamation 
confined to skin folds
-Moderate edema

-Moist 
desquamation other 
than skin folds
-Bleeding induced by 
minor trauma

-Skin necrosis or 
ulceration of full 
thickness dermis
-Spontaneous 
bleeding

Dry Skin - Covering <10% BSA 
and no associated 
erythema or pruritus

-Covering 10-30% BSA 
and associated with 
erythema or pruritus
-Limiting instrumental 
ADL**

-Covering >30% BSA
-Painful blisters
-Limiting self care 
ADL**

-

Fat atrophy - Covering <10% BSA 
and asymptomatic

-Covering 10-30% 
BSA and associated 
with erythema or 
tenderness
-Limiting instrumental 
ADL**

-Covering >30%BSA
-Associated with 
erythema or 
tenderness
-Limiting self care 
ADL**

-

Induration/ 
Fibrosis

- -Mild induration; 
able to move 
skin parallel to 
plane (sliding) and 
perpendicular to 
skin (pinching up)

-Moderate impairment 
of function
-Able to slide, but 
unable to pinch the 
skin
-Limiting instrumental 
ADL**

-Limiting self care 
ADL**
-Unable to slide or 
pinch the skin
-Limiting joint or 
orifice movement

-Generalized; 
associated with 
signs or symptoms 
of impaired 
breathing or feeding

BSA=body surface area
**Activities of Daily Living (ADL)
Instrumental ADL refer to preparing meals, shopping for groceries or clothes, using the telephone, managing 
money etc. Self care ADL refer to bathing, (un)dressing, feeding self, using the toilet, taking medications and 
not bedridden.
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Maxillo facial surgeon:

Grade

Adverse event 0 1 2 3 4

Lymphatics

Dermal 
change due to 
lymphedema

- -Trace thickening 
-Faint 
discoloration 

-Marked discoloration
-Leathery skin texture
-Papillary formation
-Limiting instrumental 
ADL**

-Severe symptoms
-Limiting self care 
ADL**

-

Edema head and 
neck

- -Localized -Moderate localized 
facial edema
-Limiting instrumental 
ADL**

-Severe swelling
-Limiting self care 
ADL (difficulty in 
turning neck or 
opening mouth*)

-

Musculoskeletal/ soft tissue

Induration/ 
Fibrosis

- -Mild induration; 
able to move skin 
parallel to plane 
(sliding) and 
perpendicular to 
skin (pinching up)

-Moderate 
impairment of 
function
-Able to slide, but 
unable to pinch the 
skin
-Limiting instrumental 
ADL**

-Limiting self care 
ADL**
-Unable to slide or 
pinch the skin
-Limiting joint or 
orifice movement

-Generalized; 
associated with 
signs or symptoms 
of impaired 
breathing or 
feeding

Specify induration or fibrosis:

Musculoskeletal 
deformity

- Cosmetically 
and functionally 
insignificant 
hypoplasia

Deformity, 
hypoplasia, or 
asymmetry able to be 
covered

-Significant 
deformity, 
hypoplasia or 
asymmetry, not 
covered
-Disabling

Orbital exenteration

Osteonecrosis 
of jaw

- Asymptomatic -Symptomatic
-Medical intervention 
indicated
-Limiting instrumental 
ADL**

-Severe symptoms
-Limiting self care 
ADL**
-Elective operative 
intervention 
indicated

-Life-threatening
-Urgent intervention 
indicated

Scar† - Asymptomatic, 
cosmetic and 
functionally 
unimportant

- Symptomatic,
- Functionally 
uncomfortable

-Loss of function 
-Impairment of ADL

Life-threatening

Soft tissue 
necrosis,

- -Local wound care -Operative 
debridement 

-Life-threatening 
consequences

Specify -Hyperbaric O2* -Reconstruction/ 
flap/graft indicated

Specify necrosis: 

† item added based on results from pilot study, **Activities of Daily Living (ADL). Instrumental ADL refer to 
preparing meals, shopping for groceries or clothes, using the telephone, managing money etc. Self care ADL 
refer to bathing, (un)dressing, feeding self, using the toilet, taking medications and not bedridden.
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Maxillo facial surgeon:

Surgical intervention, please describe:

Surgical procedure: Date:

.........................................………………………........... .................................................................

.........................................………………………........... .................................................................

.........................................………………………........... .................................................................

.........................................………………………........... .................................................................

Please specify structures surgically removed: SKIN:

Specify: .................................................................

AUDITORY/EAR::

– Outer ear NOS ………………………….. MUSCULOSKELETAL:

– Outer ear-Pinna ………………………….. – Bone ..................................................

– Middle ………………………….. – Cartilage ..................................................

– Inner ear ………………………….. – Joint ..................................................

– Ligament ..................................................

HEAD AND NECK: ………………………….. – Muscle ..................................................

– Gingiva ………………………….. – Soft tissue NOS ..................................................

– Larynx ………………………….. – Tendon ..................................................

– (Para) Thyroid …………………………..

– Lip/perioral area ………………………….. NEUROLOGY:

– Face NOS ………………………….. – Brain ..................................................

– Nasal cavity ………………………….. – Meninges ..................................................

– Nasopharynx ………………………….. – Spinal cord ..................................................

– Neck NOS …………………………..

– Nose ………………………….. OCULAIR:

– Oral cavity NOS ………………………….. – Conjunctiva ..................................................

– Parotid gland ………………………….. – Cornea ..................................................

– Pharynx ………………………….. – Lens ..................................................

– Salivary duct ………………………….. – Retina ..................................................

– Salivary gland ………………………….. – Eye NOS ..................................................

– Sinus …………………………..

– Teeth ………………………….. VASCULAIR:

– Tongue …………………………..  – Artery (Specify) ..................................................

– Upper aerodigestive NOS …………………………..  – Vein (Specify) ..................................................

*Not available in CTCAEv4.0, description as defined in CTCAEv3.0
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Maxillo facial surgeon:
Please specify type of deficit (neuropathy or paresis) and then further specify paresis (partial or complete) or 
neuropathy (explanation of grading at the end of this page). Cause has to be specified for all neurological 
deficits, please be as detailed as possible. 

Neurology:

Neurological 
deficit

Paresis Neuropathy Cause

Nerve Neuropathy/
Paresis

Partial/
complete

Grade Iatrogenic/
Tumour

CN IX (glossopharyngeal)
Motor: pharynx 

N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN IX (glossopharyngeal)
Sensory: ear, pharynx, tongue 

N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN X (vagus) N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN XI (spinal accessory) N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

CN XII (hypoglossal) N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

Peripheral motor NOS N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

Peripheral sensory NOS N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

Recurrent laryngeal N / P Par / Comp 0 / 1 / 2 / 3 / 4 Iatrog / Tumour

Explanation grading 0 1 2 3 4

Neurological deficit 
cranial nerves; 
Specify:

- Asymptomatic -Moderate 
symptoms
-Limiting 
instrumental 
ADL

-Severe symptoms
-Limiting self care 
ADL
-Assistive device 
indicated

-Life-threatening 
consequences
-Urgent 
intervention 
indicated

**Activities of Daily Living (ADL)
Instrumental ADL refer to preparing meals, shopping for groceries or clothes, using the telephone, managing 
money etc.
Self care ADL refer to bathing, (un)dressing, feeding self, using the toilet, taking medications and not 
bedridden.
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Oncologist:

Grade

Adverse event 0 1 2 3 4

General:

Anorexia Loss of appetite -Oral intake altered, 
without significant 
with loss/malnutrition
-Oral supplements 
indicated

-Associated with 
significant weight loss 
or malnutrition
-Tube feeding or TPN 
indicated

-Life-threatening 
consequences 
-Urgent intervention 
indicated

Vascular:

Thrombo-embolic 
event
Specify:

- Venous 
thrombosis (e.g. 
superficial)

-Venous thrombosis 
(e.g. uncomplicated 
deep vein)
-Medical intervention 
indicated

-Thrombosis (e.g. 
uncomplicated 
pulmonary embolism 
[venous], non-embolic 
cardiac mural [arterial])
-Medical intervention 

-Life-threatening 
(e.g. pulmonary 
embolism, CVA, art. 
Insufficiency)
-Hemodynamic or 
neurologic instability
-Urgent medical 
intervention 

Endocrine

ACTH deficiency* - Asymptomatic -Symptomatic
-Intervention indicated

-Symptoms 
interfering with ADL 
-Hospitalization

Life-threatening 
consequences (i.e. 
severe hypotension)

ADH secretion 
abnormality* (i.e. 
SIADH, low ADH)

- Asymptomatic -Symptomatic 
-Intervention indicated

Interfering with ADL Life-threatening 
consequences

Adrenal 
insufficiency

- Asymptomatic Intervention indicated Hospitalization -Life-threatening
-Urgent intervention 
indicated

Cushingoid 
appearance

- -Mild symptoms
-Intervention not 
indicated

-Moderate symptoms
-Medical intervention 
indicated

-Severe symptoms
-Medical intervention or 
hospitalization indicated

-

Feminization 
(acquired)

- -Mild symptoms
-Intervention not 
indicated

-Moderate symptoms
-Medical intervention 
indicated

- Present

Gonadotropin* 
secretion abnormal

- Asymptomatic Intervention indicated -Interfering with ADL
-Osteopenia
-Fracture
-Infertility

-

Growth hormone 
secretion 
abnormality

- Asymptomatic -Symptomatic
-Medical intervention 
indicated
-Limiting instrumental 
ADL**

- -

*Not available in CTCAEv4.0, description as defined in CTCAEv3.0, **Activities of Daily Living (ADL), Instrumental 
ADL refer to preparing meals, shopping for groceries or clothes, using the telephone, managing money etc. Self 
care ADL refer to bathing, (un)dressing, feeding self, using the toilet, taking medications and not bedridden.
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Oncologist:

Grade

Adverse event 0 1 2 3 4

Hot flashes/ flushes* - Mild symptoms, 
intervention not 
indicated

-Moderate symptoms
-Limiting instrumental 
ADL**

-Severe symptoms
-Limiting self care 
ADL**

-

Hyperparathyroidism - -Mild symptoms
-Intervention not 
indicated

-Moderate symptoms
-Medical intervention 
indicated

- -

Hypoparathyroidism - -Asymptomatic
-Clinical or diagnostic 
observations only
-Intervention not 
indicated

-Moderate symptoms
-Medical intervention 
indicated

-Severe symptoms
-Medical intervention 
or hospitalization 
indicated

-Life-threatening 
consequences 
-Urgent 
intervention 
indicated

Puberty (delayed) - - -♀: no breast 
development by age 
13 yrs
-♂: testes volume <3cc 
or no Tanner stage 2 
by age 14,5 yrs

-♀: no breast 
development by age 
14 yrs 
♂: no increase in testes 
volume or no Tanner 2 
at 16 yrs
-Replacement indicated

-

 Puberty (precocious) - -Physical signs of 
puberty with no 
biochemical markers 
(♀:<8yrs, ♂:<9yrs)

Physical signs and 
biochemical markers 
of puberty (♀< 7 yrs, 
♂<9 yrs)

- -

Thyroid function, high - -Asymptomatic
-Clinical or diagnostic 
observations only
-Intervention not 
indicated

-Symptomatic
-Thyroid suppression 
therapy indicated
-Limiting instrumental 
ADL**

-Severe symptoms
-Limiting self-care 
ADL**
-Hospitalization 
indicated

-Life-threatening 
consequences 
-Urgent 
intervention 
indicated

Thyroid function, low - -Asymptomatic
-Clinical or diagnostic 
observations only
-Intervention not 
indicated

-Symptomatic
-Thyroid replacement 
indicated
-Limiting instrumental 
ADL**

-Severe symptoms
-Limiting self-care 
ADL**
-Hospitalization 
indicated

-Life-threatening 
consequences 
-Urgent 
intervention 
indicated

Virilization - -Mild symptoms
-Intervention not 
indicated

-Moderate symptoms
-Medical intervention 
indicated

- -

Short stature* - <-2SD Altered ADL - -

Height patient: ……….. m Father: ……….. m Mother: ……….. m 

*Not available in CTCAEv4.0, description as defined in CTCAEv3.0, **Activities of Daily Living (ADL). Instrumental ADL 
refer to preparing meals, shopping for groceries or clothes, using the telephone, managing money etc.
Self care ADL refer to bathing, (un)dressing, feeding self, using the toilet, taking medications and not bedridden.
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Oncologist:

Grade

Adverse event 0 1 2 3 4

Secondary malignancy

Leukemia secondary 
to oncology 
treatment

- - - - Present

Myelodysplastic 
syndrome

- - - - -Life-threatening 
consequences
-Urgent 
intervention 
indicated

Treatment related 
secondary malignancy

- - Non life-threatening 
secondary 
malignancy

Acute life-threatening 
secondary malignancy; 
blast crisis in leukemia

Neoplasms benign, 
malignant and 
unspecified (incl cysts, 
osteochondro-mas and 
polyps)

- -Asymptomatic or 
mild symptoms
-Intervention not 
indicated

-Moderate
-Minimal, local 
or noninvasive 
intervention 
indicated
-Limiting 
age-appropriate 
instrumental ADL**

-Severe or medically 
significant but 
not immediately 
life-threatening
-Hospitalization or 
prolongation of 
existing hospitalization 
indicated

-Life-threatening 
consequences
-Urgent 
intervention 
indicated

Pain:

Pain Mild -Moderate
-Limiting 
instrumental ADL**

-Severe pain
-Limiting self care 
ADL**

-

Pain-specify*:

GENERAL: LYMPHATIC:

–      Pain NOS, specify: –      Lymph node

GASTROINTESTINAL: MUSCULOSKELETAL:

–      Dental/teeth/periodontal –      Bone

–      Lip –      Extremity-limb

–      Gingiva –      Join

–      Oral cavity –      Muscle

–      Neck

AUDITORY/EAR: 

–      External ear NEUROLOGY:

–      Middle ear –      Head/headache

–      Neuralgia/peripheral nerve

SKIN/DERMATOLOGY:

–      Face OCULAR:

–      Lip –      Eye

–      Oral-gums

–      Scalp OTHER:

–      Skin –      Mandible

–      Maxilla

–      Throat/larynx/pharynx

*Not available in CTCAEv4.0, description as defined in CTCAEv3.0

Adverse events of local treatment in head and neck rhabdomyosarcoma survivors
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Supplementary Table S2: Primary tumour localisations

Localisations GOSH/RMH: 
EBRT-based (n=31)      

N (%)

EKZ-AMC: 
AMORE-based (n=49) 

N (%)

Parameningeal Paranasal sinus 0 4

Middle ear 4 2

Nasopharynx 3 2

Nasal cavity 3 2

Parapharyngeal 2 5

Pterygopalatine/infra-temporal fossa 4 6

Scalpa 1 0

Head and neck Cheek 0 2

Scalp 1 2

Oropharyx 1 2

Parotid gland 0 1

Neck 1 0

Orbit Orbit 9 19

Orbit with parameningeal extension 2 2

awith parameningeal extension 

Supplementary Table S3: Survival analyses for two time eras (source population)

Number of patients in subgroups

EBRT-based  
n

AMORE-based 
n

1990-2000 37 41

2000-2010 36 39

1990-2010 73 80

EBRT-based AMORE-based

1990-2000
%

2000-2010
%

Total
%

1990-2000
%

2000-2010
%

Total
%

5 year FFS 70.3 57.1 63.8 41.5 68.7 53.2

10 year FFS 70.3 57.1 63.8 41.5 65.2 53.2

5 year OS 78.4 71.4 75.0 68.3 86.2 76.9

10 year OS 78.4 59.5 71.2 68.3 78.5 73.9

FFS, failure free survival; OS, overall survival; EBRT, external beam radiotherapy; AMORE, Ablative surgery, 
MOuld brachytherapy and Reconstruction
Please note the difference in FFS between the two time eras in the AMORE-based treatment group; local 
treatment was more rigorously applied in the most recent decade. 
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Supplementary Table S4: Prevalence and severity of adverse events in HNRMS survivors treated with EBRT- 
and AMORE-based local treatment

EBRT-based (n=31) AMORE-based (n=49) p-value

Highest grade N (%) N (%)

No condition 0 2 (4%) 0.07

Grade 1 4 (13%) 9 (18%)

Grade 2 3 (10%) 12 (25%)

Grade 3 18 (58%) 26 (53%)

Grade 4 6 (19%) 0 (0%)

Highest grade

Grade 3-4 24 (77%) 26 (53%) 0.028

Multiple conditions

≥2 31 (100%) 42 (86%) 0.039

≥3 31 (100%) 39 (80%) 0.06

≥4 30 (97%) 36 (74%) 0.08

≥5 28 (90%) 33 (67%) 0.019

≥6 27 (87%) 29 (59%) 0.08

≥7 24 (77%) 24 (49%) 0.011

≥8 19 (61%) 22 (45%) 0.15

≥9 18 (58%) 13 (27%) 0.05

≥10 15 (48%) 9 (18%) 0.04

Burden score [5] 

Severe 5 (16%) 0 (0%) 0.04

High 7 (23%) 15 (31%)

Medium 15 (48%) 23 (47%)

Low 4 (13%) 9 (18%)

None 0 (0%) 2 (4%)

EBRT, external beam radiotherapy; AMORE, Ablative surgery, MOuld brachytherapy and REconstruction; 
HN, head and neck; RMS, rhabdomyosarcoma

Adverse events of local treatment in head and neck rhabdomyosarcoma survivors
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Supplementary Table S5: Burden score, adapted from Geenen and colleagues [5], combining number and 
severity of adverse events to substantiate the total burden of events. AEs were graded according to the 
Common Terminology Criteria for Adverse Events. 

Number and grade of adverse events (all survivors)

Burden score Survivors, n Grade 4 Grade 3 Grade 2 Grade 1

Severe (n=5) 2 ≥ 2

3 1 ≥2

High (n=18) 1 1 1

1 1 0 ≥2

2 1 0 1

1 1 0 0

15 0 ≥2 ≥2

2 0 ≥2 1

0 ≥2 0

Medium (n=42) 13 0 1 ≥2

3 0 1 1

7 0 1 0

4 0 0 ≥2

11 0 0 1

Low (n=13) 10 0 0 0 ≥2

3 0 0 0 1

None (n=2) 2 0 0 0 0
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Supplementary Document S1: Treatment details AMORE treatment

AMORE is an acronym for Ablative surgery, MOuld technique after loading brachytherapy, 

and surgical REconstruction. After a macroscopic radical resection, the wound bed is treated 

with post-operative brachytherapy for possible microscopic remnants. For this purpose, the 

surgical cavity is obliterated using a thermoplastic gutta percha (or after 2007 FastForm-

Percha) mould in which flexible polyethylene catheters are embedded. The mould exactly fits 

the surgical cavity ensuring a maximal coverage of the wound bed. For orbital cases, with 

inherent little space for mould placement, 5-7 mm thick soft silicon slices are constructed for 

each individual to fit exactly into the surgical defect (Image S1). Channels are drilled in the 

moulds enabling the insertion of flexible catheters for after loading with iridium-192 sources. 

The wound is carefully closed over the mould, with the open ends of the catheters protruding 

through the closed incision (Image S2). The clinical target volume is set 5 mm from the 

mould surface. To enable catheter reconstruction for brachytherapy planning, radio-opaque 

dummies are placed in the catheters. Subsequently, catheter positions were visualized with 

orthogonal X-rays and later with computed tomography (CT) scans (starting in 1993) (Image 

S3). After calculation of the desired dose and dose rate, radiation commences on the second 

or third postoperative day. The patient remains in radiation protective isolation and the 

catheters are loaded with Iridium-192 line sources. The determined dose is administered 

over a 3–4 day period, depending on the dose and dose rate. Doses delivered to the wound 

bed ranged from 40 to 50 Gy, comparable to regular EBRT doses. Choice for 40, 45 or 50 

Gy was based on risk factors for recurrent disease and patient age; young patients received 

lower doses. Furthermore, the space in the head and neck area was often limited and in 

case of suboptimal mould placement, higher doses were given to achieve an effective dose 

to the complete target volume. Until 2001 patients were treated with continuous low-dose-

rate (LDR) brachytherapy and starting in 2002 with pulsed-dose-rate (PDR) brachytherapy. 

In the second surgical session, the mould is taken out and after debridement and rinsing of 

the wound bed, the defect is reconstructed using a free vascularised or a regional pedicled 

muscle or musculocutaneous flap.

Adverse events of local treatment in head and neck rhabdomyosarcoma survivors
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Brachytherapy planning using CT imaging. The residual tumour mass has been removed and the surgical 
cavity is  filled by the brachytherapy mould. The catheters are filled with radio-opaque dummies for proper 
catheter reconstruction. The coloured lines represent the brachytherapy dose distribution in percentages of 
the reference dose.

Image S1: brachytherapy mould

Image S2: brachytherapy catheters

Image S3: isodose distribution
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Supplementary Document S2: Detailed description of adverse events

The risk of dry eyes, alopecia, dysarthria, growth hormone deficiency and cataract was 

significantly higher for survivors of EBRT-based local treatment (Table 2). 29/80 survivors 

(36%) had at least one dry eye; 17/31 (55%) survivors with EBRT-based and 12/49 (24%) 

survivors with AMORE-based local treatment (OR 4.20, 95% CI 1.55-11.40). We tested tear 

production with Schirmer tests, confirming decreased tear production in 20/23 (missing 

tests, n=6). In 2/3 with normal tests dryness was caused by incomplete eyelid closure, 1/3 

had simultaneous stenosis of the nasolacrimal duct. Keratitis was reported in 15/80 (19%) 

survivors; 12/15 (80%) also had dry eye(s), supposedly contributing to keratitis. 4/80 (5%) 

survivors were blind in one eye (all after EBRT-based local treatment), most likely caused 

by optic nerve atrophy. 3/80 (4%) underwent orbital exenteration as part of oncological 

treatment for recurrent disease (AMORE-based, n=3). Blindness due to orbital exenteration 

was scored as grade 4. 23/80 survivors experienced speech difficulties (EBRT-based, n=14, 

AMORE-based, n=9), scored as: rhinolalia aperta (n=8), dysarthria (n=8) or both (n=7). More 

survivors with EBRT-based treatment experienced rhinolalia aperta or dysarthria compared 

with survivors with AMORE-based treatment; this difference was statistically significant for 

dysarthria (OR 4.63, 95% CI 1.39-15.40).

Growth hormone deficiency was scored as grade two in all cases, e.g. symptomatic and/or 

requiring growth hormone supplementation. 10/20 (EBRT-based, n=5; AMORE-based, n=5) 

were also deficient for other pituitary hormones: panhypopituitarism (n=2), hypothyroidism 

(n=2), precocious (n=2) or delayed (n=2) puberty, combined precocious puberty and 

secondary hypothyroidism (n=1) or adrenal insufficiency (n=1). Three survivors suffered from 

primary hypothyroidism after neck irradiation. 

Twenty-two survivors had ≥1 cranial nerve palsies (EBRT-based, n=14; AMORE-based, n=8). 

Most often cranial nerves II, III, V, VII and VIII were affected. Facial palsy was reported in 8/80 

(10%) survivors (EBRT-based, n=3; AMORE-based, n=5). Whether these cranial nerve palsies 

were caused by tumour or subsequent tumour treatments was often difficult to distinguish. 

One survivor (EBRT-based) developed a transverse myelitis ten years after EBRT for RMS 

located in the petrous bone, presumably caused by radiation vasculopathy. Three other 

survivors (AMORE-based) developed epilepsy. Epilepsy was not included in the predefined list 

of AEs but was reported during clinical assessment. One survivor received two radiotherapy 

treatments (EBRT followed by AMORE) and two received three radiotherapy treatments 

(one without initial local treatment and one initially treated with EBRT). Two survivors were 

treated for orbital RMS and one for RMS of the middle ear. 

Adverse events of local treatment in head and neck rhabdomyosarcoma survivors
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Abstract 

Objectives: 

To determine the hearing status of survivors treated for head and neck rhabdomyosarcoma 

(HNRMS) at long-term follow-up. We compared hearing loss between survivors treated 

with the international standard: external beam radiotherapy (EBRT-based local therapy: 

London) and survivors treated with AMORE (Ablative surgery, MOld technique afterloading 

brachytherapy and surgical REconstruction) if feasible, otherwise EBRT (AMORE-based local 

therapy: Amsterdam). 

Design: 
Cross-sectional long-term follow-up study

Setting: 
Tertiary comprehensive cancer center  

Participants: 
Survivors treated for head and neck rhabdomyosarcoma during childhood

Main outcome measures: 
We assessed hearing status of HNRMS survivors at long-term follow-up. Hearing loss was 

compared between survivors treated with external beam radiotherapy (EBRT; London-cohort) 

and survivors treated with AMORE if feasible (Amsterdam cohort).  

Methods: 

A prospective analysis was conducted of hearing thresholds obtained by audiometry. 

Differences were assessed using linear regression analyses. 

Results: 
Seventy-three survivors were included (median follow-up 11 years). We found clinically 

relevant hearing loss at speech frequencies in 19% of survivors. Multivariable analysis showed 

that survivors treated with EBRT-based treatment and those with parameningeal tumors had 

significantly more hearing impairment, compared to survivors treated with AMORE-based 

treatment and non-parameningeal tumors. 

Conclusions:
One in five survivors of HNRMS developed clinically relevant hearing loss. The AMORE-based 

treatment resulted in less hearing loss compared to the EBRT-based treatment. As hearing 

loss was highly prevalent and also occurred in survivors with orbital primaries, we recommend 

systematic audiological follow-up in all HNRMS survivors. 
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Introduction

Rhabdomyosarcoma (RMS) is the most common soft-tissue sarcoma in children.1 Forty 

percent of RMS are located in the head and neck region (HNRMS). Patients with HNRMS are 

treated with a combination of multidrug chemotherapy, surgery and radiotherapy.2,3 Due 

to the position and infiltrative nature of the tumor into vital structures in the head and neck 

area, a complete surgical resection is often impossible without severe morbidity. Therefore, 

radiotherapy is needed in the majority of patients to obtain local control. Radiotherapy is 

known to result in long-term adverse events (AE) such as impaired growth of bone and soft 

tissue leading to facial asymmetry and deformity, trismus, decreased vision, xerostomia, and 

hearing loss.4-7 

In order to minimize radiation-induced AEs in these young children (median age 5 years8), 

an innovative multidisciplinary local treatment strategy was developed in Amsterdam in 

1990.9 This strategy consists of consecutive Ablative surgery, MOld technique afterloading 

brachytherapy, and surgical REconstruction (AMORE). Earlier reports showed that the 

AMORE strategy is an effective local treatment modality in HNRMS patients, with survival 

figures comparable to other international study groups.9-14 

The purpose of this study is to evaluate long-term hearing loss in survivors of pediatric HNRMS. 

We performed audiological examinations in survivors treated at four large pediatric oncology 

centers: Great Ormond Street Hospital (GOSH), London, the Royal Marsden Hospital (RMH), 

Sutton, University College London Hospitals (UCLH), London, and the Emma Children’s 

Hospital-Academic Medical Center (EKZ-AMC), Amsterdam. All four centers have used the 

same treatment protocols in the past 20 years being part of the International Society of 

Pediatric Oncology-Malignant Mesenchymal Tumor group (SIOP-MMT) and since 2005 the 

European pediatric Soft Tissue Sarcoma Study Group (EpSSG). There was only one difference 

between local treatment strategies in London and Amsterdam; patients in London were 

treated with external beam radiotherapy (EBRT) (EBRT-based treatment) whereas patients 

in Amsterdam were treated with AMORE or with EBRT in case AMORE was considered not 

feasible (AMORE-based treatment). Audiological evaluation was part of a multi-disciplinary 

outpatient clinic, investigating AEs of local HNRMS treatment. Results on the complete 

overview of adverse events of local treatment in this cohort, including survival figures, are 

presented elsewhere.15

Aim of this study is to assess hearing loss in HNRMS survivors. Second aim is to compare 

hearing loss between survivors treated with EBRT-based and AMORE-based local treatment. 

Materials and Methods

Patients 

Children, treated for HNRMS between 1990 and 2010 in London or Amsterdam and at 

least two years after completion of treatment, were eligible for this study. Written informed 

Hearing loss in head and neck rhabdomyosarcoma survivors
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consent was obtained from survivors treated in London. In Amsterdam, the institutional 

review board decided that the Act on Medical Research Involving Human Subjects did 

not apply, because data were collected during regular follow-up clinics. Tumor sites were 

classified as parameningeal, orbital, and non-parameningeal, as described in the EpSSG RMS 

2005 protocol (online table S1). 

Rhabdomyosarcoma treatment

Both cities treated patients according to the same guidelines of the successive SIOP-MMT16,17 

and EpSSG18 protocols. Treatment started with initial surgery (biopsy) and induction 

chemotherapy. The chemotherapy regimens did not include cisplatinum. The maximum 

carboplatin dose administered was 3600 mg/m2,8,16  mean doses administered per patient 

were not available. After induction chemotherapy (two or three courses), patients qualified 

for delayed local treatment. Within the SIOP-MMT philosophy it is allowed to withhold 

radiotherapy in favourable patient groups that achieve complete remission after initial surgery 

and induction chemotherapy. Local treatment consisted of EBRT (London: EBRT-based 

treatment) or AMORE if feasible, otherwise EBRT (Amsterdam: AMORE-based treatment). 

AMORE was considered feasible if a macroscopic radical resection seemed possible without 

severe mutilation, to be followed by adequate brachytherapy mold placement.9 

Audiometry

This prospective study was a cross sectional assessment of hearing loss in HNRMS survivors: 

baseline audiometry was not available. We measured both ears at follow-up. Air conduction 

(AC) thresholds were measured at 0.125, 0.25, 0.5, 1, 2, 3, 4, 6, 8 kHz and bone conduction 

(BC) thresholds at 0.5, 1, 2, 4 kHz. We calculated the average threshold at Pure Tone Average 

(PTA) 0.5-1-2 kHz AC and BC and the average thresholds at 4 kHz. Middle ear (dys)function 

was assessed by calculating air bone gaps (ABGs) as the difference between AC and BC at 

PTA 0.5-1-2 kHz. 

If measurements at 3 and 6 kHz were missing we calculated those frequencies by 

interpolation of the data.19 Tympanometry and audiology took place within the same visit. 

Otoscopy was part of the examination performed by the head and neck surgeon attending 

the multi-disciplinary clinic. Speech audiometry was not available. 

Outcome measures and analyses

We assessed the following primary outcomes: hearing thresholds, the number of patients 

with clinically relevant hearing loss, and hearing impairment graded according to the 

Common Terminology Criteria for Adverse Events version 4.0 (CTCAEv4.0) and Boston 

criteria (table 1).20,21

Firstly, we compared measured hearing thresholds for all HNRMS survivors to age-corrected 

normal hearing levels as determined by the International Organization for Standardization 
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(ISO).22 We assumed hearing levels to be zero in survivors <18 years. Secondly, we compared 

the primary outcomes between the EBRT-based and AMORE-based treatment group. Clinically 

relevant hearing loss was defined as a deterioration of ≥20 decibel (dB) at PTA 0.5-1-2 kHz or 

at 4 kHz. We compared hearing thresholds using univariable regression analysis, adjusted for 

ear, for the following variables: treatment group, tumor localization, age at audiometry, and 

follow-up time. Furthermore we conducted a multivariate analysis, adjusted for treatment 

group and tumor localization. 

To prevent potential selection bias by selecting patients with more favorable prognosis for the 

AMORE procedure, we compared the complete cohort of HNRMS treated with EBRT-based 

treatment, with the complete cohort of patients treated with the AMORE-based treatment 

(including patients not eligible for AMORE).

Statistics

Patient characteristics were compared using the Pearson’s Chi-square test for categorical 

variables, the T-test for continuous variables, and the Linear-by-linear test for ordinal 

variables. Since audiometry was performed for both ears, the difference between hearing 

thresholds for both treatment groups was assessed using repeated measurements linear 

regression analyses. Audiometric thresholds were logarithmically normalized after adding 1 

dB to improve normality. Statistical analyses were performed using IBM SPSS version 20 and 

SAS version 9.2. 

Table 1: Grading scales

CTCAEv4.0 (Pediatrics)* CTCAEv4.0 (Adults)* Boston

Grade 1 >20 dB at any frequency tested 
and does not meet criteria 
>grade 2

Threshold shift of 15-25 dB 
averaged at 2 contiguous test 
frequencies in at least one ear

>20 dB HL SNHL above 4 kHz 
(i.e. 6 or 8 kHz)

Grade 2 >20 dB at >4 kHz Threshold shift of >25 dB 
averaged at 2 contiguous test 
frequencies in at least one ear

>20 dB HL SNHL at 4 kHz and 
above

Grade 3 >20 dB at 3 kHz and above 
in one ear, indication for 
therapeutic intervention

Threshold shift of >25 dB 
averaged at 3 contiguous test 
frequencies in at least one ear

>20 dB HL SNHL at 2 or 3 kHz 
and above

Grade 4 Indication for cochlear implant Profound bilateral hearing loss 
(>80 dB at 2 kHz and above); 
non-serviceable hearing

>40 dB HL SNHL at 2 kHz and 
above

*Measured frequencies: 1, 2, 3, 4, 6, 8 kHz 
Abbreviations: CTCAEv4.0; Common Terminology Criteria for Adverse Events version 4, HL; Hearing Level, 
SNHL; Sensorineural hearing loss, dB; decibel 

Hearing loss in head and neck rhabdomyosarcoma survivors
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Results

Patient and treatment characteristics

We evaluated 80 HNRMS survivors for local AEs; 31 were treated with EBRT-based treatment 

and 49 with AMORE-based treatment. Audiological assessment was not performed in seven 

survivors (too young, n=1, logistical reasons, n=6). Hence, 73 survivors (91%) were included 

in this study: EBRT-based, n=27, AMORE-based, n=46, table 2. We found no statistically 

significant differences between patient characteristics of both groups. Median follow-up was 

11 years (range 2.6 – 21.7). 

Table 2: Patient and treatment characteristics

Total 
n=73

EBRT-based 
n=27

AMORE-based 
n=46

p-value

Age at diagnosis Mean (range) 5.9 (0.03-13.7) 5.3 (1.0-12.7) 6.3 (0.03-13.7) 0.367a

Median 5.2 5.2 5.7

Age at follow-up Mean 17.4 (5.9-33.6) 16.8 (8.5-27.9) 17.8 (5.9-33.6) 0.552a

Median 16.8 16.7 17.6

Age ≥18 No 42 (58%) 18 (67%) 24 (52%) 0.227b

Yes 31 (42%) 9 (33%) 22 (48%)

Follow-up (year) Mean (range) 11.5 (2.6-21.7) 11.5 (2.8-21.7) 11.5 (2.6-21.0) 0.914a

Median 11.0 11.0 11.0

Gender Male 48 (66%) 21 (78%) 27 (59%) 0.097b

Female 25 (34%) 6 (22%) 19 (41%)

Tumor histology Embryonal 61 (84%) 20 (74%) 41 (89%) 0.055b

Alveolar 9 (12%) 4 (15%) 5 (11%)

Other 3 (4%) 3 (11%) 0

Tumor localization Parameningeal 40 (55%) 17 (63%) 23 (50%) 0.472b

Orbit 24 (33%) 8 (30%) 16 (35%)

Non-parameningeal 9 (12%) 2 (7%) 7 (15%)

Radiotherapy No RT 6 (8%) 2 (7%) 4 (9%) <0.001b

Brachytherapy 22 (30%) 0 24 (50%)

EBRT 32 (44%) 25 (93%) 7 (15%)

Multiple RT 11 (11%) 0 9 (20%)

Proton 2 (3%) 0 2 (4%)

Abbreviations: Abbreviations: EBRT; external beam radiotherapy, AMORE; Ablative surgery, MOld 
brachytherapy and REconstruction,  RT; Radiotherapy
a T-test
b Pearson Chi-Square test
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Patients were treated according to guidelines of the SIOP-MMT89 (n=20), SIOP-MMT95 

(n=40) and EpSSG RMS 2005 (n=11) or other (n=2). In the EBRT-based treatment group, 

radiotherapy was initially withheld in 2/27 (7%) patients, as is allowed by the SIOP-MMT 

and EpSSG protocols.15 25/27 patients (93%) were treated with EBRT. In the AMORE-based 

treatment group, radiotherapy was initially withheld in 11/46 patients (24%), 23/46 patients 

(50%) were treated with AMORE, 10/46 patients (22%) with EBRT, and 2/46 patients 

(4%) with proton therapy. When including relapse treatment: 26/27 patients (96%) in the 

EBRT-based treatment group received EBRT. In the AMORE-based treatment group 4/46 

patients (9%) never received local treatment, 24/46 patients (52%) were treated with 

AMORE, 7/46 patients (15%) with EBRT, 2/46 patients (4%) with proton beam treatment 

and 9/46 patients (20%) received a combination of AMORE and EBRT (five primarily AMORE 

salvaged by EBRT at relapse, four EBRT salvaged by AMORE at recurrence). Survival was 

similar for the EBRT-based and the AMORE-based treatment group.15

Audiometry 

For logistical reasons, measurements at 0.125 kHz were not conducted in survivors of 

EBRT-based treatment. Measurements at 3 and 6 kHz AC were missing in 40/146 ears (27%) 

and 58/146 (40%) ears respectively, and were interpolated. Bone conduction thresholds 

were missing in 42/54 ears (80%) in survivors with EBRT-based treatment and in 6/92 ears 

(7%) in survivors with AMORE-based treatment. We were able to calculate ABGs in 98/146 

(67%) ears with BC measurements available at PTA 0.5-1-2 kHz. 

Overall hearing thresholds

Hearing loss is presented in mean values and plotted against age-corrected normal hearing 

status (ISO) in figure 1. Hearing thresholds were significantly higher in HNRMS survivors 

compared to the ISO standard (p<0.0001, figure 1a), implying treatment-induced hearing 

loss. Hearing thresholds were higher in survivors with EBRT-based treatment compared to 

survivors with AMORE-based treatment (p=0.002, figure 1b). 

In this cohort of HNRMS survivors, the median hearing threshold at PTA 0.5-1-2 kHz AC was 

6.7 dB (table 3). This median hearing threshold was higher in the EBRT-based treatment 

group compared to the AMORE-based treatment group (10.0 dB and 5.0 dB respectively; 

p=0.0002). At 4 kHz the median hearing threshold was 5.0 dB in the complete cohort of 

HNRMS survivors; 10.0 dB for survivors with EBRT-based treatment and 5.0 dB for those with 

AMORE-based treatment (p=0.0007). 

Hearing loss in head and neck rhabdomyosarcoma survivors
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Clinically relevant hearing loss

At PTA 0.5-1-2 kHz AC, 14/73 survivors (19%) had clinically relevant hearing loss: 7/27 (26%) 

in the EBRT-based treatment group versus 7/46 (15%) in the AMORE-based treatment group 

(p=0.26). At 4 kHz AC, we found clinically relevant hearing loss in 18/73 survivors (25%): 

Figure 1: Mean air conduction hearing thresholds with standard errors in dB hearing level at long-term follow-
up. Abbreviations: EBRT; external beam radiotherapy, AMORE; Ablative surgery, MOld brachytherapy and 
REconstruction, ISO; International Organization for Standardization

Table 3: Hearing level in decibel at pure tone averages

Total EBRT-based AMORE-based p-valuea

PTA 0.5-1-2 kHz AC

Number of ears 146 54 92

Mean 11.7 15.4 9.6 0.0002

Median 6.7 10.0 5.0

Std. dev 17.0 15.7 17.4

Range 0-118.3 0-75 0-118.3

4 kHz AC

Number of ears 146 54 92

Mean 12.1 15.9 9.9 0.0007

Median 5.0 10.0 5.0

Std. dev 18.8 18.3 18.8

Range 0-115 0-85 0-115

Abbreviations: EBRT; external beam radiotherapy, AMORE; Ablative surgery, MOld brachytherapy and 
REconstruction. 
PTA = Pure Tone Average; AC = Air Conduction; Std. dev = standard deviation 
arepeated measurements analysis of log (PTA kHz HL + 1 dB) for each PTA
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9/27 (33%) in the EBRT-based treatment group versus 9/46 (20%) in the AMORE-based 

treatment group (p=0.19).   

To distinguish between conductive, sensorineural, or a mixed type of hearing loss, we 

evaluated ABGs in ears with clinically relevant hearing loss (i.e. ≥20 dB loss), combined 

with results from the tympanometry and/or otoscopy. Of the 15 ears with clinically relevant 

hearing loss at PTA 0.5-1-2 kHz, 14 ears (93%) had an ABG, an abnormal tympanogram, 

or an abnormal otoscopy, implying a conductive or mixed type of hearing loss. In one ear, 

hearing loss was assumed to be sensorineural since the tympanogram and otoscopy were 

normal. 

Grading scales

Hearing impairment graded according to CTCAEv4.0 and Boston criteria is presented in table 

4. We used AC thresholds for toxicity assessment as BC thresholds were missing in 48/146 

ears. We detected hearing loss in 42% according to the CTCAEv4.0 and in 55% according to 

the Boston scale. We found no statistically significant differences between treatment groups. 

Table 4: Number of survivors with ototoxicity scored by grading scales

Scale Grade Total cohort     
n=73

EBRT-based    
n=27

AMORE-based 
n=46

p-value

CTCAEv4.0 0 42 (58%) 15 (56%) 27 (59%) 0.55a

1 9 (12%) 3 (11%) 6 (13%)

2 5 (7%) 1 (3%) 4 (8%)

3 17 (23%) 8 (30%) 9 (20%)

4 0 (0%) 0 (0%) 0 (0%)

Total 1-4 31 (42%) 12 (44%) 19 (41%)

Boston 0 33 (46%) 11 (41%) 22 (48%) 0.669a

1 17 (23%) 7 (26%) 10 (22%)

2 1 (1%) 0 (0%) 1 (2%)

3 14 (19%) 6 (22%) 8 (17%)

4 8 (11%) 3 (11%) 5 (11%)

Total 1-4 40 (55%) 16 (59%) 24 (52%)

Abbreviation: EBRT; external beam radiotherapy, AMORE; Ablative surgery, MOld brachytherapy and 
REconstruction. 
CTCAEv4.0 = Common Terminology Criteria for Adverse Events version 4.0
aLinear-by-Linear Association Test

Regression analysis

In the univariate analysis the hearing threshold was approximately 6.6 dB higher for survivors 

in the EBRT-based treatment group compared to survivors in the AMORE-based treatment 

group (p=0.002; table 5). Hearing threshold in survivors with parameningeal tumors was 

Hearing loss in head and neck rhabdomyosarcoma survivors
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7.3 dB higher compared to survivors with non-parameningeal tumors (p=0.006). Age at 

diagnosis, age at audiometry, and follow-up time did not correlate with post-treatment 

hearing loss. 

In the multivariate analysis, the difference in hearing threshold between treatments 

groups remained significant after adjustment for localization (5.4 dB, p=0.001). Also, the 

parameningeal tumor localization still predisposed to a higher threshold, after adjustment for 

treatment group (6.6 dB, p=0.008). 

Table 5: Expected hearing threshold based on a repeated measurements analysis (146 ears, univariate 
analysis)

Characteristic Expected hearing 
threshold, in dB (95% CI)

Difference in Expected 
hearing threshold, in dB

p-value

Treatment group

    AMORE-based 5.9 (4.0-8.4) Ref.

    EBRT-based 12.5 (8.6-18.0) 6.6 0.002

Tumor localization

    Parameningeal 10.5 (7.6-14.4) Ref.

    Orbit 6.9 (4.2-11.0) -3.6 0.13

    Non-parameningeal 3.2 (1.2-7.2) -7.3 0.006

Age at diagnosis (years)

    <=7 9.6 (6.8-13.4) Ref.

    8-17 6.4 (3.9-9.9) 3.2 0.12

Age at audiometry (years)

    <=7 7.5 (1.5-27.9) -0.4 0.94

    8-17 8.7 (5.9-12.6) 0.8 0.73

    >=18 7.9 (5.2-11.9) Ref.

Follow-up time (years)

    <=4 14.3 (6.6-30.0) 7.3 0.11

    5-9 7.0 (4.3-11.0) Ref.

    10-14 8.1 (4.7-13.5) 1.1 0.67

    15-19 7.5 (4.2-12.7) 0.5 0.85

    >=20 11.9 (5.0-26.8) 4.9 0.27

Abbreviations: EBRT; external beam radiotherapy, AMORE; Ablative surgery, MOld brachytherapy and 
Reconstruction, dB; decibel 
Results are based on a repeated measurements linear regression of log(PTA 0.5-1-2 kHz HL + 1 dB) . 
Regression p-values and expected hearing threshold for the left ear are reported. Results for right ear are 
similar. Difference in expected hearing threshold is calculated within each characteristic as expected hearing 
threshold in the corresponding category minus the expected hearing threshold in the reference category in 
the regression analysis.
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Discussion 

Clinically relevant hearing loss (i.e. ≥20 dB loss) occurred in 19% of HNRMS survivors at 

speech frequencies (PTA 0.5-1-2 kHz) and in 25% of survivors at 4 kHz. When graded 

according to the CTCAEv4.0 and Boston scale criteria we detected hearing loss in 42% and 

55% of HNRMS survivors, respectively. Hearing thresholds were 5.4 dB higher in survivors 

with EBRT-based treatment compared to survivors with AMORE-based local treatment 

(p=0.001), after adjustment for tumor site. Parameningeal site predisposed for higher 

hearing thresholds in both treatment groups. 

Remarkably, the hearing loss reported in this study was mainly conductive. Radiation-induced 

growth inhibition of the skull bones, may lead to deformities in the area of middle ear and 

Eustachian tube, causing obstruction of discharge of middle ear effusions. This could finally 

lead to fibrosis of the Eustachian tube, sclerosis of the tympanic membrane, and ankylosis 

of the ossicles. Literature regarding hearing loss in HNRMS survivors is sparse. Incidence 

rates of hearing loss varied between 10% and 50%.5,6,23,24 However, none of these studies 

systematically assessed hearing loss in a prospective setting. In addition, neither a clear 

definition of hearing loss, nor a validated grading scale was used. This study suggests an 

advantage of the AMORE approach for long-term hearing status in survivors of HNRMS 

compared to the international standard: EBRT. Nevertheless, the difference in hearing loss 

we detected in this study was small. 

Limitations of the study

Ototoxic chemotherapeutics or antibiotics may have contributed to the sensorineural 

component of the hearing loss. No information regarding ototoxic medication was available 

for either cohort. However, the maximum dose of carboplatin was 3600 mg/m2. The exact 

carboplatin dose causing ototoxicity is yet unknown: some studies reported no hearing loss 

after median carboplatin doses up to 8400 mg/m2, while others reported ototoxicity after 

carboplatin doses between 1020 to 4710 mg/m2.25 Hence, carboplatin-induced ototoxicity 

cannot be ruled out completely. However, the type of hearing loss in our survivors was 

mainly conductive while carboplatin induced ototoxicity would cause sensorineural hearing 

loss instead. 

An important limitation of this study is that the EBRT techniques used are now historical by 

current standards. The earliest patients in this study received conventional radiotherapy with 

fields defined by simulation and two dimensional radiotherapy planning. Three dimensional 

conformal radiotherapy only became available in the mid 1990s. Intensity modulated 

radiotherapy (IMRT) for instance, allows a higher degree of conformity and homogeneity 

than was possible with previous techniques, and so will possibly carry a significantly lower 

risk of hearing loss. However, this inaccuracy is inherent to studying late AEs, where AEs will 

occur when newer treatments already have been developed. Therefore, ongoing studies 

are required to study radiotherapy induced hearing loss in survivors treated with newer 

Hearing loss in head and neck rhabdomyosarcoma survivors
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techniques, such as IMRT and proton beam, and compare these results with survivors treated 

with AMORE. 

In this cohort of HNRMS survivors, hearing loss was predominantly conductive. BC 

measurements were missing in 33% of survivors, making adequate comparisons between 

treatment groups concerning sensorineural hearing loss impossible. Furthermore, we could 

not determine exact threshold shifts, as baseline audiograms were not available. Therefore, 

we assumed that the children had normal hearing levels at the start of therapy and that the 

decreased hearing level after therapy was the result of treatment. It would have been more 

accurate if a threshold shift could have been measured. 

The results of this study would be of more value when radiation doses to the specific organs 

at risk were reconstructed and a more homogeneous group was tested. We realize that this is 

an important limitation of the study. Nevertheless, we are the first in presenting a prospective 

audiometric assessment in a consecutive cohort of HNRMS survivors in an international 

setting. Our results indicate that not only survivors with HNRMS sites surrounding the hearing 

apparatus are at risk for radiation damage, but also the other non-parameningeal head and 

neck sites. This study may serve as a baseline study for future international collaborative 

efforts, investigating hearing loss in HNRMS survivors. 

Conclusion

Nineteen percent of HNRMS survivors developed clinically relevant hearing loss at speech 

frequencies. AMORE-based treatment resulted in a reduction of 6.6 dB compared to 

EBRT-based treatment. This study emphasizes that HNRMS survivors are at risk to develop 

hearing loss. Therefore, we recommend systematic audiological follow-up in this specific 

patient population. 

Table S1: Tumor sites 

Parameningeal Non-parameningeal Orbit

Nasal cavity Oral cavity Orbit

Nasopharynx Oropharynx Eyelid

Paranasal sinuses Hypopharynx

Middle ear / mastoid Larynx

Pterygoid fossa Parotid region

Infratemporal fossa Buccal region

Orbit with intracranial extension Thyroid and parathyroid

Soft tissues of the neck

Cheek 

Scalp

Supplementary data
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Abstract

Purpose

Head and neck rhabdomyosarcoma (HNRMS) survivors are at increased risk of developing 

pituitary dysfunction as an adverse event of radiotherapy. Our aim was to investigate the 

frequency and risk factors for pituitary dysfunction in these survivors. Secondly, we aimed 

to compare the prevalence of pituitary dysfunction between survivors treated with external 

beam radiation therapy (EBRT) and survivors treated with the AMORE procedure (Ablative 

surgery, MOulage technique after loading brachytherapy, and surgical REconstruction). 

Methods

Eighty HNRMS survivors treated in London (EBRT-based) and Amsterdam (AMORE-based: 

AMORE if feasible, otherwise EBRT) in the period 1990-2010 and alive ≥2 years 

post-treatment, were evaluated. Survivors were evaluated in multi-disciplinary late effects 

clinics, with measurement of linear growth, determination of thyroid function, and growth 

hormone parameters. Additional data such as baseline characteristics, anthropometrics, 

pubertal stage, and the results of additional laboratory investigations were retrieved from 

patient charts.

Results

Pituitary dysfunction was diagnosed in 24/80 (30%) of survivors, after a median follow-

up time of 11 years. Median time to develop pituitary dysfunction after HNRMS diagnosis 

was 3.0 years. Risk factors were EBRT-based therapy (odds ratio (OR) 2.06; 95% confidence 

interval (CI) 1.79-2.46), parameningeal tumor site (OR 1.83; 95% CI 1.60-2.17) and embryonal 

RMS histology (OR 1.49; 95% CI 1.19-1.90). 

Conclusions

Radiotherapy used for the treatment of HNRMS confers a significant risk of the development 

of pituitary dysfunction. AMORE-based treatment in children with HNRMS resulted in less 

pituitary dysfunction than treatment with conventional EBRT. Our findings underscore the 

importance of routine early endocrine follow-up in this specific population. 
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Introduction 

Rhabdomyosarcoma (RMS) is a highly malignant mesenchymal tumor accounting for 3-5% of 

all malignancies diagnosed in children [1]. Approximately 40% of RMS arises in the head and 

neck region (HNRMS) [2]. For the majority of children diagnosed with HNRMS radiotherapy 

(RT) and chemotherapy (CT) are essential for effective local control and survival. Survival 

in children with HNRMS has improved substantially over recent decades with a current 

expected 5-year overall survival rate of 79-97%, depending on risk category [3–5]. Survivors 

of HNRMS are at increased risk of late treatment related side effects, including both medical 

and psychosocial sequelae [6–8]. Endocrine disorders are prominent among long-term 

survivors, with rates as high as 44% [9]. Incidental irradiation of the hypothalamic-pituitary 

region is often inevitable because of the close anatomical relationship between it and the 

clinical target volume for RT. This may result in growth hormone deficiency (GHD), thyroid 

stimulating hormone (TSH) deficiency, adrenocorticotropic hormone (ACTH) deficiency, 

and gonadotropin deficiency, and sometimes precocious puberty may be seen [7,10–12]. 

Radiation therapy to the field including the thyroid gland may result in thyroid dysfunction, 

nodules or cancer [7]. CT regiments for patients with HNRMS often contain alkylating agents 

[3,4,13], which may induce gonadal damage in both sexes [14,15]. 

The aim of this study was to evaluate the frequency and nature of endocrine abnormalities, 

especially pituitary dysfunction, in childhood HNRMS survivors, and to identify possible risk 

factors for an adverse endocrine outcome among children treated in three large academic 

centers (Great Ormond Street Hospital (GOSH) London, Royal Marsden Hospital (RMH) Sutton, 

and the Emma Children’s Hospital-Academic Medical Center (EKZ-AMC) Amsterdam). Since 

the local treatment approach of HNRMS differs between London/Sutton and Amsterdam a 

second aim of this study was to compare the prevalence of pituitary dysfunction between 

survivors treated on  protocols including external beam radiation therapy (EBRT) and patients 

treated in a center choosing, where possible, to use the AMORE procedure (Ablative surgery, 

MOulage technique after loading brachytherapy, and surgical REconstruction) [13,16]. 

Methods

Patients 

The study included all patients who were 1) diagnosed and treated for HNRMS in GOSH, 

RMH or the EKZ-AMC; 2) newly diagnosed from January 1990 to December 2010; 3) aged 

<18 years at time of diagnosis of a HNRMS; and 4) >2 years from end of treatment at the 

time of follow-up. A total of 80 survivors fulfilled these criteria. Written informed consent 

was obtained from all survivors (>12 years) and their guardians that were treated in GOSH/

RMH. The local institutional review board of EKZ-AMC decided that the Act on Medical 

Research Involving Human Subjects did not apply, since data were collected during regular 

follow-up clinic. 

Endocrine disorders following local treatment for rhabdomyosarcoma
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Treatment protocol

Patients were classified to a specific tumor subsite: parameningeal (PM), head and 

neck non-parameningeal (HNNPM), or orbital (ORB). Staging was defined according 

to the International Society of Paediatric Oncology (SIOP)-TNM system. The details of 

treatment protocols (SIOP-Malignant Mesenchymal Tumour group (MMT)-89, -95, -98, 

and European paediatric Soft tissue sarcoma Study Group (EpSSG)-RMS-2005) have 

been described previously [4,17–20]. All patients were initially treated with alkylating 

multi-agent induction CT (2 or 3 courses). Afterwards, patients were evaluated for 

local treatment; SIOP-MMT and EpSSG protocols allowed to withhold RT in lower risk 

patients in complete remission after induction CT. Local treatment consisted of EBRT 

for patients treated at GOSH or the RMH (EBRT-based treatment). Patients treated at 

the EKZ-AMC received AMORE treatment if feasible, otherwise EBRT (AMORE-based 

treatment). Details on the AMORE strategy have been described previously [13,16,21–

23]. To avoid selection bias due to possible selection of most favorable patients for 

AMORE treatment, we compared the entire EKZ-AMC cohort of HNRMS survivors, 

including survivors not selected for AMORE who received different local treatments 

with the entire GOSH/RMH cohort. The differences between RT planning for AMORE 

vs. EBRT are shown in Appendix Figure A1.  

Data collection 

Baseline characteristics and treatment modalities were collected from the medical records. 

Survivors were evaluated in multi-disciplinary late effects clinics for HNRMS survivors, using 

a standard protocol [16]. Endocrine function was routinely checked during the oncologic 

follow-up, usually performed annually, or at the multi-disciplinary late effects clinic in case 

endocrine function had not been assessed in the preceding year. Between January 2009 and 

December 2012 all survivors were evaluated at least once for hypothalamic-pituitary damage 

(by evaluation of linear growth and determination of TSH, FT4 (free thyroxine), IGF-1 (insulin-

like growth factor), and IGF-BP3 (insulin-like growth factor binding protein) [16]. 

Additional clinical data, anthropometrics (weight, height, parental height), pubertal stage 

according to the criteria of Tanner, endocrine laboratory measurements, and the results of 

additional investigations (e.g. results of GH stimulation tests) were retrieved from patient 

charts. Details on the definitions of endocrine disorders are provided in Appendix Document 

A1. 

Statistics 

Baseline factors, cancer-related characteristics and treatment modalities in patients with and 

without endocrinopathies were compared using a student T-test or Mann-Whitney U test 

for continuous measurements and chi-square test or Fisher’s exact test for categorical data, 

as appropriate. Univariate analysis of possible patient and treatment related risk factors of 
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pituitary dysfunction was performed; then the variables with statistical significance of ≤ 0.2 

were retained in the subsequent multivariable analysis (Firth’s penalized likelihood logistic 

regression for rare event data). All p-values were based on two-sided testing and a p-value of 

<0.05 was considered statistically significant. 

Results 

Study population 

Between 1990 and 2010, 153 children with newly diagnosed HNRMS were treated at 

GOSH/RMH or EKZ-AMC, of whom 112 were alive 2 years after treatment and fulfilled the 

inclusion criteria. Of these, 18 survivors were ineligible for inclusion in the current study due 

to emigration (N=4) or lack of current address (N=14). Of the remaining 94 eligible survivors, 

80 (85%) agreed to participate in the present study. A complete overview of adverse events 

of local treatment, including survival figures, are presented elsewhere [16]. 

Patient characteristics

Clinical patient characteristics have been described previously and are listed in Table 1 [16]. 

Table 1. Patient characteristics (N=80)

Characteristic 

Sex, N (%)

  Male 52 (65.0)

  Female 28 (35.0)

Age at HNRMS diagnosis, median (range) (yrs) 5.2 (0.0-13.6)

Attained age, median (range) (yrs) 16.8 (6.3-35.6) 

Follow-up time, median (range) (yrs) 11.8 (2.4-22.9)

Histology, N (%)

  ERMS 67 (83.75)

  ARMS 10 (12.5)

  RMS NOS* 3  (3.75)

  Primary site, N (%)

  PM 38 (47.5)

  ORB 28 (35.0)

  ORB & PM 4  (5.0)

  HNNPM 10 (12.5)

Side, N (%)

  Left 31 (38.75)

  Right 37 (46.25)

  Midline 12 (15.0)

Endocrine disorders following local treatment for rhabdomyosarcoma
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Endocrine disorders 

28/80 survivors (35%) had been diagnosed with an endocrine disorder at some time after 

treatment, of whom 10 were diagnosed with >1 endocrine disorder. None of the patients 

had been diagnosed with an endocrinopathy before cancer treatment. Median time from 

HNRMS diagnosis to the diagnosis of the first endocrine disorder was 3.0 years (range 

0.3-9.8 years). 

Table 1. Cont.

Characteristic 

Treatment protocol, N (%)

  MMT 89 21 (26.25)

  MMT 95 43 (53.75)

  MMT 98 1 (1.25)

  RMS 2005 13 (16.25)

  Other** 2 (2.5)

Initial local treatment, N (%)

  No RT 15 (18.75)

  AMORE 25 (31.25)

  EBRT 38 (47.5)

  Proton 2 (2.5)

Number of RT treatments, N (%)

  0 6 (7.5)

  1 64 (80)

  2 8 (10)

  3 2 (2.5)

Recurrence, N (%)

  Yes 15 (18.75)

  No 65 (81.25)

RT dose (Gy), median (range) 

  Initial local treatment (N=63/65) 45 (36.0-57.75)

  1st recurrence local treatment (N=17) 45 (40-60)

Vital status at end of follow-up, N (%)

  Alive 79 (98.75)

  Deceased 1 (1.25)

Abbreviations: ERMS: embryonal rhabdomyosarcoma,; ARMS: alveolar rhabdomyosarcoma; RMS NOS: 
rhabdomyosarcoma not otherwise specified; PM: parameningeal; ORB: orbit, HNNPM=head and neck 
non-parameningeal; MMT: consecutive Malignant Mesenchymal Tumor group protocols of the International 
Society of Pediatric Oncology (SIOP); RMS 2005: EpSSG (European peadiatric Soft Tissue Sarcoma group) RMS 
2005 protocol; AMORE: Ablative surgery, MOulage brachytherapy and REconstruction; EBRT: external beam 
radiotherapy; Gy: Gray 
* Also contains one patient with undifferentiated sarcoma (EBRT-based treatment)
** Includes one patient treated according to the Cooperative Weichteilsarcom (CWS) 91 protocol and one 
according to the Pediatric Oncology Group (POG) D9803 protocol 
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Pituitary dysfunction 

Pituitary dysfunction was diagnosed in 24/80 (30%) of the survivors at a median of 3.0 

years (0.3-9.3 years) after HNRMS diagnosis; the GH-axis was most frequently affected (see 

Figure 1). 
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Figure 1. Analysis of time interval between HNRMS diagnosis and onset of pituitary dysfunction (expressed as 
median and range (minimum-maximum) per hormonal-axis) in N=24 HNRMS survivors.  

Twenty-two survivors (27.5%) had been diagnosed with GHD after a median time from 

HNRMS diagnosis of 3.2 years (range 2.0-11.1 years). Of the 22 survivors with GHD, 21 had 

been started on GH treatment. Height at start of GH treatment and follow-up were available 

for 16, which showed significant improvement in H-SDS after a median time of 7.6 years of 

GH treatment (-1.05 H-SDS at start vs. H-SDS of -0.27 at last point of follow-up; P=0.008). 

At univariate analysis PM tumor site revealed to be a risk factor for occurrence of GHD 

(P=0.003). 

Seven survivors (9%) had been diagnosed with a TSH deficiency after a median follow-up of 

4.5 years (range 0.3-11.9). The prevalence of TSH deficiency was significantly associated with 

PM site (P=0.048) at univariate analysis. 

Three survivors (4%) had been diagnosed with ACTH deficiency after a median follow-

up of 6.6 years (range 2.5-8.7). All three were given hydrocortisone substitution therapy. 

Gonadotropin deficiency was diagnosed in 3 patients (4%; 1 female) after a median follow-

up time of 10.2 years (range 5.5-11.6). All received sex hormone replacement therapy. No 

significant risk factors for the occurrence of ACTH deficiency or gonadotropin deficiency 

could be identified.
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Table 2. Differences in patient characteristics according to pituitary dysfunction (univariate analysis) (N=80)

Variables Pituitary dysfunction 
(N=24) 

No pituitary dysfunction 
(N=56) 

P-value

Sex, N (%) 0.80

  Male 15 (62.5) 37 (66.1)

  Female 9 (37.5) 19 (33.9)

Age at Dx, median (range)(yrs) 4.8  (0.0-11.2) 5.3  (0.5-13.6) 0.53

Attained age, median (range) (yrs) 16.6 (8.6-27.9) 17.4 (6.3-35.6) 0.62

Follow-up, median (range) (yrs) 11.2 (4.6-21.8) 11.8 (2.4-22.9) 0.96

  Histology, N (%) 0.01

  ERMS 20 (83.3) 47 (83.9)

  ARMS 1 (4.2) 9 (16.1)

  RMS NOS 3 (12.5) -

  Primary site, N (%) <0.01

  PM 20 (83.3) 21 (37.5)

  ORB 4 (16.7) 25 (44.6)

  HNNPM - 10 (17.9)

Side, N (%) 0.80

  Left 8 (33.3) 23 (41.1)

  Right 12 (50.0) 25 (44.6)

  Midline 4 (16.7) 8 (14.3)

Type of RT, N (%) <0.01

  EBRT based 17 (70.8) 14 (25.0)

  AMORE based 7 (29.2) 42 (75.0)

Treatment protocol, N (%) 0.64

  MMT 89 6 (25.0) 16 (28.6)

  MMT 95 13 (54.2) 28 (50.0)

  MMT 98 1 (4.2) -

  RMS 2005 4 (16.7) 10 (17.9)

  Other - 2 (3.6)

Number of RT treatments, N (%) 0.29

  0 - 6 (11.5)

  1 22 (78.6) 44 (76.9)

  2 - 6 (11.5)

  3 2 (22.2) -

Abbreviations: Dx: diagnosis; ERMS: embryonal rhabdomyosarcoma; ARMS: alveolar rhabdomyosarcoma; 
RMS NOS: rhabdomyosarcoma not otherwise specified; PM: parameningeal; ORB: orbit; HNNPM: head 
and neck non-parameningeal; MMT: consecutive Malignant Mesenchymal Tumor group protocols of the 
International Society of Pediatric Oncology (SIOP); RMS 2005: EpSSG (European peadiatric Soft Tissue 
Sarcoma group) RMS 2005 protocol; AMORE: Ablative surgery, MOulage brachytherapy and Reconstruction; 
EBRT:external beam radiotherapy. Parameningeal site (PM) consists of two groups: patients with PM site 
(N=38) and patients with PM &ORB site (N=3)
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Precocious puberty had been diagnosed in 3 girls at a median of 3.8 years (2.3-3.9 years) 

after HNRMS diagnosis, and was treated with GnRH agonists. 

Penalized multivariable logistic regression was performed on parameters that were 

associated with the occurrence of pituitary dysfunction in univariate analysis (Table 3). EBRT 

based therapy vs. AMORE-based therapy (odds ratio (OR) 2.06; 95% confidence interval 

(CI) 1.79-2.46), PM site (OR 1.83; 95% CI 1.60-2.17) and embryonal RMS (OR 1.49; 95% CI 

1.19-1.90) revealed to be significant risk factors for pituitary damage (Table 4). 

None of the patients with HNNPM tumors, regardless of RT-type, developed pituitary 

dysfunction nor did AMORE-treated patients with orbital tumors (N=20). Following 

EBRT-based treatment, 4 patients (40%) with orbital tumors and 13 patients (72%) with 

PM tumors were diagnosed with pituitary dysfunction vs 0 and 7 (30%), respectively, after 

AMORE-based treatment. 

Table 3. Firth’s penalized likelihood multivariable logistic regression for the occurrence of pituitary dysfunction

Characteristic# OR (95% CI)

Type of RT

   AMORE-based 1

   EBRT-based 2.06 (1.79-2.46)*

Histology 

   ARMS 1

   ERMS 1.49 (1.19-1.90)*

   RMS NOS 41.6 (n.e.)

Primary site 

   ORB 1

   PM 1.83 (1.60-2.17)*

   HNNPM 1.03 (0.77-1.25)

Abbreviations: OR: odds ratio; CI: confidence interval; AMORE: Ablative surgery, MOulage brachytherapy and 
Reconstruction; EBRT: external beam radiotherapy, ARMS: alveolar rhabdomyosarcoma; ERMS: embryonal 
rhabdomyosarcoma; ORB: orbital; PM: parameningeal; HNNPM: head and neck non-parameningeal; n.e: not 
evaluable (due to a low number of patients in this category)
#When we adjusted for follow-up time the estimates of the covariates were similar to the results described 
above (data available on request).
*Significant  OR’s

Thyroid gland disorders 

Thyroidal hypothyroidism was detected in 3/80 (4%) survivors after a median period of 1.7 

years (range 1.3-6.7) after HNRMS diagnosis. All of them were treated with T4 replacement 

therapy. Thyroidal hypothyroidism was significantly associated with the presence of regional 

lymph node metastasis (P=0.040) and therefore the need for neck irradiation. Routine 

ultrasound investigation of the thyroid gland was not performed. Two patients were 

diagnosed with a multi-nodular goiter and in 1 patient a thyroid nodule was found. 

Endocrine disorders following local treatment for rhabdomyosarcoma
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Gonadal damage 

LH/FSH values were available for 58/80 (72.5%) survivors. Two male survivors were 

diagnosed with hypergonadotropic hypogonadism respectively 9.3 and 9.8 years after 

HNRMS diagnosis. 

Growth and attainment of final height

Height at most recent follow-up was available for 74/80 (92.5%) survivors, including parental 

height data for 63 among them. Mean last measured H-SDS of the 74 survivors was -0.64 + 

1.1 with a mean TH-SDS of -0.52 + 1.1 (N=63). Growth had been severely affected in 8/80 

(10%) survivors, expressed as < -2.0 (T)H-SDS. Short stature was not associated with any of 

the explanatory factors evaluated (diagnosis age, primary tumor site, histology, AMORE/

EBRT based treatment, or endocrine disorders). Data on final height were available for 33 

survivors, the mean final H-SDS was -0.70 + 1.2, mean final TH-SDS was -0.47 + 1.0 (N=30). 

Underweight, overweight and obesity

BMI at most recent follow-up was available for 72/80 (90%) survivors; eight (10%) were 

underweight, 13 (18%) were overweight, of which 5 were obese. Under-and overweight 

were not associated with the prevalence of endocrinopathies. Obesity was more prevalent 

in the EBRT-based cohort compared to the AMORE-based cohort (N=5 vs. N=0; P=0.005). 

Discussion 

In the present multicenter study we investigated the prevalence and nature of endocrine 

disorders, with special attention to pituitary dysfunction, in long-term survivors of childhood 

HNRMS. Our data indicate that, at a median follow-up time of 11 years after diagnosis of a 

HNRMS, more than one third of survivors suffer from at least one endocrine disorder. Survivors 

treated with the standard international EBRT-based treatment protocol were at higher risk for 

pituitary dysfunction compared to survivors treated according to the AMORE-based protocol 

(55% vs. 14%, respectively; OR 2.06 (95% CI 1.79-2.46)). This suggests that intraoperative 

brachytherapy may be beneficial in the reduction of pituitary damage in childhood HNRMS 

survivors. 

One of the most important challenges in pediatric oncology is balancing the potential for 

cure with the possibility of incurring side effects. Few studies described the prevalence of 

endocrine disorders in HNRMS survivors. These studies mainly focused on a specific type 

of HNRMS or on particular endocrine disorders such as GHD [6–11,24]. This is the first 

systematic assessment of the prevalence and risk factors of endocrine disorders in a large 

cohort of HNRMS survivors. 

Our study confirmed that childhood HNRMS survivors, successfully treated with RT involving 

the hypothalamic-pituitary area, are at high risk for the development of endocrinopathies. 
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Twenty-four out of 80 HNRMS survivors (30%) were diagnosed with pituitary dysfunction. 

Our data support the fact that GH producing cells in the pituitary gland are most vulnerable 

to radiation treatment as GHD was the most common anterior pituitary abnormality. This 

was followed by TSH deficiency (9%). ACTH and gonadotropin producing cells were the least 

affected. 

Our results demonstrate that pituitary dysfunction was mainly diagnosed in the first 5 

years after diagnosis, underlining the importance of early adequate endocrine follow-up in 

this specific population with at least annually measurements of height, weight, pubertal 

development and laboratory investigations (including serum concentrations of IGF-1, IGF-BP3, 

TSH and FT4). 

Multivariable logistic regression analyses revealed that EBRT-based treatment was the most 

important risk factor to develop pituitary dysfunction. In 1990, the AMORE technique was 

designed in the EKZ-AMC hospital for childhood HNRMS patients using brachytherapy as 

RT technique. The theoretical advantages of brachytherapy over EBRT include a conformal 

dose delivery to the tumor bed with rapid fall-off of the dose beyond the treatment volume. 

Sparing radiation exposure to surrounding tissues may reduce late adverse effects. [13]. 

Follow-up of these patients showed good results in terms of local tumor control and survival 

[16,22]. Our study results indicate that brachytherapy-based protocols compare favorably 

to conventional EBRT treatment protocols with respect to pituitary damage. Patients with 

orbital tumors (AMORE-based 0% vs. EBRT 40%) benefited from AMORE-based treatment 

with regards to pituitary dysfunction as well as patients with PM site (AMORE-based 30% vs. 

EBRT-based 72%). 

Parameningeal site was shown to be as a risk factor for the occurrence of pituitary damage; 

this was expected as parameningeal site is inherently associated with higher radiation dose 

to the pituitary gland. Interestingly, embryonal histology (ERMS) emerged as a risk factor 

in our multivariable analysis. This was unexpected since patients with ERMS and alveolar 

(ARMS) histology receive initially the same RT dose. If patients with ERMS are in complete 

remission after initial therapy with surgery and chemotherapy, they are treated with a lower 

RT dose in comparison to ARMS patients (41.4 versus 50.4 Gy, respectively). 

No correlation could be found between number of RT treatments or side (left, midline, right) 

and the development of pituitary dysfunction in our cohort. EBRT treatment planning and 

delivery have developed significantly in the past 25 years, from 2D orthogonal simulator films 

to 3D CT planning, intensity modulated RT techniques, and most recently, proton therapy. 

As current RT techniques differ substantially from the RT treatment techniques investigated 

in this study our conclusions may not apply to contemporary patients treated with current 

techniques. No deleterious effect of CT in addition to RT regarding the occurrence of pituitary 

dysfunction could be analyzed since all survivors received CT according to the same protocols 

in this study cohort. 

Short stature was diagnosed in 10% of our survivors. The etiology of suboptimal growth in 

HNRMS survivors is multifactorial, involving poor nutrition, chemotherapy, GHD, precocious 
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puberty, and other endocrinopathies. In our cohort, the mean Ht-SDS of the survivors was 

lower than their mean THt-SDS. This underlines the importance of expressing the child’s 

height relative to their parents’ height. 

Because of its retrospective nature, the timing and type of endocrine evaluation were not 

standardized in this study. Therefore the reported prevalence might be an underestimation 

of the frequency of endocrine disorders. 

In conclusion, RT used for the treatment of HNRMS confers a significant risk for the 

development of pituitary dysfunction. AMORE-based treatment in children with HNRMS 

resulted in less pituitary dysfunction than treatment with conventional EBRT. Results 

generated by this study may serve as baseline to continuously monitor endocrine function 

after introduction of newer RT techniques such as proton beam RT. Our findings underline 

the importance of routine early endocrine screening in this specific patient group. 
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Supplementary Document A1 

Definitions of endocrine disorders

Clinical data 

For analysis of data, the most recent height measurement was used, expressed as the 

standard deviation score (H-SDS) for age and sex. If parental height was documented, the 

target height standard deviation score was calculated (TH-SDS). Short stature was defined as 

height SDS < -2 (T)H-SDS. Final height was defined as the last measured height in girls age 

> 17 years and menarche > 1 year ago in the history and > 18 years or unchanged height > 

1 year in boys < 18 years of age. Body mass index (BMI) was calculated by dividing weight 

in kilograms by height in meters squared. Overweight in adults was defined as BMI > 25 kg/

m2, obesity as BMI > 30 kg/m2, and underweight as BMI < 18 kg/m2, for children overweight 

was defined according to the international cut off points for children proposed by Cole et al. 

[25,26]. 

Laboratory measurements 

GHD was defined as an insufficient peak response to GH stimulation tests (Arginine, 

L-dopa propranolol, Clonidine or Glucagon) in combination with low IGF-1 and declining or 

insufficient growth chart, if performed. 

TSH deficiency was defined as a FT4 concentration below the reference range, in combination 

with an inadequate low, normal or mildly raised TSH level or use of thyroxine (T4) at the last 

moment of follow- up for the diagnosis TSH deficiency. 

ACTH deficiency was defined as a peak cortisol concentration of < 550 nmol/L in response to 

stimulation with Synacthen or Glucagon or as a peak 11-deoxycortisol of < 200 nmol/L after 

administration of Metyrapone or use of hydrocortisone at the last moment of follow-up.

Gonadotropin deficiency was defined as low FSH/LH (follicle stimulating hormone/luteinizing 

hormone) concentrations in the absence of pubertal development (girls > 12 years B1, boys > 

13 years testes volume < 4 ml) and decreased sex hormone levels (estradiol and testosterone, 

respectively). 

Central precocious puberty was defined as spontaneous pubertal development (girls < 8 

years Tanner stage B2 (beginning of breast development), boys < 9 years testes volume > 4 

ml) in combination with a peak LH concentration of > 5 mU/L in response to gonadotropin 

releasing hormone (GnRH). 

Thyroidal hypothyroidism was defined as a plasma TSH concentration above the institutional 

age-related reference ranges in combination with a normal to low FT4 concentration. 

Gonadal damage (hypergonadotropic hypogonadism) was defined as plasma FSH and LH 

concentrations above the institutional age-related reference ranges (according to pubertal 

stage). 

Endocrine disorders following local treatment for rhabdomyosarcoma
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Supplemental Figure 1A. Example of an AMORE vs. EBRT dose distribution in a patient with embryonal 
rhabdomyosarcoma located in the ethmoidal sinuses with extension to the left orbit. 

Legend:
AMORE (A coronal, C transversal): PTV (red): Surgical cavity with 5 mm margin respecting anatomical barriers. 
Dose prescription is 36 pulses of 1.25 Gy (total 45 Gy) every 2.1 hours PDR. Isodose distribution from outward 
to inward: 15 Gy (blue), 25 Gy (orange), 35 Gy (turquoise), 45 Gy (pink), 53 Gy (yellow), 80 Gy (red), 90 Gy 
(blue). 
EBRT (B coronal, D transversal): PTV 1 (red): Original tumor volume before chemotherapy with 5 mm margin  
(CTV) and 5 mm margin (PTV).  PTV 2 (blue): Residual tumor volume after chemotherapy with 5 mm margin 
(CTV) and 5 mm margin (PTV). CTV is less than 5 mm when respecting anatomical barriers. Dose prescription 
is 28  daily fractions of 1.8 Gy (total 50.4 Gy) on PTV 1 and a boost dose of 3 daily fractions of 1.8 Gy 
(total 55.8 Gy) on PTV 2. Isodose distribution from outward to inward: 15 Gy (blue), 25 Gy (orange), 35 Gy 
(turquoise), 45 Gy (pink), 53 Gy (green), 56 Gy (yellow).
Abbreviations: 
AMORE: Ablative surgery, MOulage brachytherapy and Reconstruction; EBRT: external beam radiotherapy; 
PTV: planning target volume; CVT: clinical target volume; PDR: pulsed dose rate
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Summary and discussion of part II 

First aim of this thesis was to evaluate different methods of radiological response assessment 

in rhabdomyosarcoma (RMS) patients, as early response is used to qualify for protocol 

continuation or, in case of poor response, to switch to second line chemotherapy. In addition, 

response is an important primary endpoint in phase II trials. In chapter 9 we evaluated 

the reproducibility of image-based response definitions and compared one dimensional and 

three dimensional assessment methods. 

Second aim of this thesis was evaluate and optimize the current local treatment approach 

for head and neck RMS patients. Local treatment in (head and neck) RMS patients consists 

of radiotherapy with or without surgery. However, radiotherapy is known to cause damage 

to surrounding tissues and may cause growth abnormalities and impaired function. 

Brachytherapy can deliver a more conformal dose distribution and may result in less damage 

to tissues surrounding the tumor. Therefore, an innovative local treatment approach 

including brachytherapy was developed in 1990 in the Emma Children’s Hospital, aiming to 

reduce radiotherapy induced adverse events (AE): Ablative surgery, MOld technique after 

loading brachytherapy, and surgical REconstruction: AMORE. In chapter 10 we searched 

for patterns of local treatment failure in patients with orbital RMS, treated according to the 

AMORE approach. The results of this study were used to further optimize local treatment in 

patients with orbital RMS. In chapter 11 we present an overview of the AEs head and neck 

RMS survivors endure. In this chapter, we also compared AEs between the AMORE approach 

and the international standard for local treatment: external beam radiotherapy (EBRT). We 

conclude that the AMORE approach resulted in similar overall survival and survivors treated 

with the AMORE approach developed less AEs secondary to local treatment compared to 

survivors treated with EBRT. In chapters 12 and 13 we present a more detailed analysis 

of specific AE categories, focused on hearing loss (chapter 12) and endocrine disorders 

(chapter 13). 

In this section we will discuss some important issues raised by the chapters of this thesis

A. Image-based decision making and future recommendations

B. Adverse events in head and neck RMS survivors secondary to local treatment

C. The additional benefits of a multi-disciplinary follow-up clinic for head and neck RMS 

survivors; how should follow-up care for head and neck RMS survivors be organized?  

D. Role for AMORE treatment in this current era with the availability of IMRT and proton 

beam treatment

A. Image based decision making

RMS treatment in Europe starts with initial surgery (mostly incisional biopsy) followed by 

induction chemotherapy [1]. After induction chemotherapy (two or three courses), tumor 

response is measured using magnetic resonance imaging (MRI). Response of the primary 
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tumor is calculated as the proportional decrease or increase in volume (three dimensional: 

3D), with volume being calculated as follows: π/6 x height x width x depth. In the current 

protocol, to continue with the same first line chemotherapy regimen, a reduction of at least 

33% (minor Partial Response: minor PR) is required. If less reduction is achieved, patients are 

switched to second line chemotherapy. Contrary, the North American Children’s Oncology 

Group (COG) employs a different response category for treatment continuation: only in case 

of progressive disease, patients are switched to second line chemotherapy. This difference 

is the result of an ongoing debate on the prognostic value of early response [2-6]. Adult 

oncology study groups perform one dimensional measurements (1D), using the response 

evaluation criteria in solid tumors (RECIST), and patients are switched to second line 

chemotherapy in case of progressive disease [7]. 

In chapter 9 we showed that the reproducibility for both 1D and 3D image-based response 

assessments is limited. Interobserver differences led to different response classifications 

for 1D and 3D response assessments in 34% and 38% of patients respectively. These 

differences resulted in different treatment decisions in 14% and 17% of patients using 1D 

or 3D. Furthermore, 1D and 3D response assessment methods were not interchangeable: 

in 13/64 (20%) of patients, using a different response assessment method, resulted in a 

different response category. This resulted in different treatment decisions for 5/64 (8%) of 

patients. Although these response assessment methods differed in response category in one 

out of five patients, neither method systematically under- or overestimated response. With 

1D measurements 6/13 patients had a better response than with 3D and for 7/13 patients 

1D measurements resulted in a worse response category. So, both response assessment 

methods have poor reproducibility and neither response assessment method resulted in a 

structural underestimation of response. Considering three measurements take more time 

than one, especially in patients with metastatic disease, 1D measurements seem more 

suitable for response assessment in pediatric RMS than 3D. Moreover, adult oncology groups 

historically have been using 1D measurements, just like pharma sponsored studies (used to 

adult oncology methodology). Using uniform response assessment methods may facilitate 

future (international) cooperation. 

Considering the interobserver and intermethod variability of the response assessments 

described above we suggest reconsideration of the response category currently used to 

qualify for protocol continuation. Second line chemotherapy means application of potentially 

second best chemotherapeutics, as the most promising chemotherapeutics are included in 

first line regimens. It should be prevented that the decision to alter chemotherapy is based 

on error prone response assessments. Contrary to the European EpSSG protocol, the COG 

soft tissue sarcoma studies regard only progressive disease as indication to decide to switch 

to second line treatment. The concern that a patient may be considered mistakenly to have 

progressive disease, has already caused RECIST to adopt an ever higher cutoff for progressive 

disease than the cutoff originally prescribed by the World Health Organization (WHO). Several 

retrospective studies have thus far investigated the correlation between early response and 
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survival [4-7]. Two COG studies found that early response did not correlate with prognosis. 

Whether patients achieved complete remission, partial response or stable disease, did not 

affect survival [4,6]. Patients with progressive disease were excluded, so no patients were 

switched to second line treatment in the cohorts under investigation, unless clear progressive 

disease. Both studies were large prospective multi-center studies and contained a significant 

number of patients (n=444 and n=338), treated in a uniform way. Two European studies 

suggested the opposite: they did find a correlation between early response and survival 

[5,7]. Ferrari and colleagues (n=108) showed that both response defined by 1D and 3D 

measurements showed good correlation with survival [5]. No response classifications were 

used for this study; response was defined as a continuous outcome measure. However, 

data from this study were single center and did include patients switched to second line 

treatment based on poor response. The recently published multi-center study by Dantonello 

and colleagues (n=529) showed that patients with at least 33% volume reduction (i.e. minor 

PR) had better outcome than patients with poorer response [7]. Nevertheless, 30% of the 

eligible patients was excluded from analyses for unclear reasons, patients were treated 

over a long period of time (1980-2005), and more importantly no separate analyses was 

performed excluding patients with progressive disease. Therefore, additional studies are 

needed, evaluating the correlation between early response and survival for the European 

data. A retrospective analysis of the SIOP-MMT data is currently being initiated. 

Another issue is the use of radiological response rate (complete response + partial response) 

as primary endpoint in phase II studies. As the interobserver variability is considerable 

we recommend central review of imaging in future phase II trials. More importantly, the 

validity of imaging-based response rates for the selection of new chemotherapeutics may 

be questioned. In the past decades, several new medicines have been selected, based on 

promising  response rates, and subsequently added to the chemotherapy backbones of COG 

and EpSSG (COG: Vincristine, Dactinomycin, Cyclophosphamide (VAC), EpSSG: Ifosfamide, 

Vincristine, Dactinomycin (IVA)). Despite these promising response rates, the randomized 

addition of new medicines did not result in improved survival rates. Apparently, adequate 

response rates do not necessarily imply further improvement of already effective regimens. 

So, possibly we should search for alternative surrogate endpoints. An alternative method for 

early response-based risk stratifications may be the use of [18F]fluorodeoxyglucose positron 

emission tomography (FDG-PET) [8-10]. However, these findings need further confirmation 

in prospective trials. In the meantime, phase II studies should employ the use of event 

free survival (EFS) instead of image-based response. Important disadvantage of using the 

EFS is that this often needs much longer follow-up and hence prevents early decisions on 

continuation or discontinuation of early phase trails.  
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B. Adverse events in head and neck rhabdomyosarcoma survivors secondary to 
local treatment

In chapters 11, 12, and 13 we provided an overview of AEs in head and neck RMS 

survivors following local treatment. Furthermore, we compared AEs between survivors that 

received local treatment according to the AMORE approach with survivors that received the 

international standard: EBRT. 

Musculoskeletal deformity
One of the most visible adverse events for the outside world is the facial asymmetry or 

deformity caused by irradiation of growing bone and soft tissue at young age. This was 

also the most common AE scored in both (UK and NL) survivor cohorts. We graded 

‘musculoskeletal deformity’ as: cosmetically and functionally insignificant hypoplasia (grade 

1), deformity, hypoplasia, or asymmetry able to be covered (grade 2), significant deformity, 

hypoplasia or asymmetry not covered or disabling (grade 3), orbital exenteration (grade 4). 

However, this grading is still susceptible to interobserver variability. We therefore included 

3D photography in the multi-disciplinary assessments, to objectify asymmetry and deformity, 

and to be able to compare between treatment groups. With 3D photography, mathematical 

software, and statistics 25,000 three-dimensional surface points of a face can be reduced 

to vectors and numbers representing the actual image and its asymmetry [11].  The analyses 

of this current study are ongoing and we expect to finalize the manuscript in the coming 

months. However, as all faces have a certain measure of asymmetry, these asymmetry 

indexes should be compared with sex, age, and ethnically matched controls. A recent study 

by our group showed there are statistically significant differences between Dutch and English 

Caucasian controls [12]. Considering both cohorts included survivors with ethnically diverse 

backgrounds, extensive control groups are needed for proper comparisons. 3D photography 

facilitates an objective comparison of facial differences and when correlated to radiation 

doses to organs at risk, we may be able to predict the effect of radiation on facial outgrowth 

in future patients. This information could be used to choose the optimal local treatment 

modality (AMORE/IMRT/proton) for each specific patient.   

Considering the visibility of facial differences and the impact of physical appearance in 

today’s society, we hypothesized these AEs may affect the quality of life and body image 

perception in head and neck RMS survivors. We therefore included questionnaires as part of 

the multi-disciplinary assessments, investigating health related quality of life and body image 

perception. As was shown in chapter 11, survivors treated with EBRT reported lower quality 

of life on the psychosocial core (PedsQL) than the weighted norm. The adult subgroup 

(survivors ≥ 18 years at evaluation) scored lower on both the psychosocial scale and the 

total score. Contrary, quality of life in survivors following the AMORE approach did not differ 

from the weighted norm. This is not surprising as previous studies have reported similar 

results, where quality of life in childhood cancer survivors was similar to controls or peers 
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with chronic illnesses [13,14]. Currently, the analyses for the other questionnaires are still 

ongoing and it is of great interest to see whether these findings can be related to the body 

image perception in these survivors of head and neck RMS.

Ophthalmological adverse events

The eye is a vulnerable organ and susceptible to radiation induced adverse events. Although 

the lacrimal gland is ideally blocked from radiotherapy plans, still 36% of survivors developed 

at least one dry eye. We assessed global dryness with slit lamp examination, based on 

symptoms secondary to global dryness, and used the Schirmer test. Remarkably, not only 

survivors treated for orbital RMS developed dry eyes: 14 survivors had parameningeal tumors, 

four survivors were head and neck non parameningeal , nine were orbital and two orbital 

with parameningeal extension. Dry eyes can lead to corneal ulceration and (chronic) keratitis, 

which can cause severe pain. Pain may be so severe, that enucleation is required [15]. As 

routine ophthalmological follow-up may prevent ulceration or keratitis, we recommend 

ophthalmological follow-up, not only in survivors treated for orbital primaries, but for all 

survivors of head and neck RMS, including systematic use of the Schirmer test. 

Cataract is common after irradiation of the head and neck area [15,16] and radiotherapy-

induced cataract formation has been reported after doses of only 2 Gy [17]. Although only 

little stray irradiaton is needed for cataract formation, cataract barely occurred in survivors 

treated for non-orbital primaries; only three survivors with non-orbital primaries developed 

cataract. Contrary, the prevalence of cataract was 56% for survivors treated for orbital RMS, 

which is similar to rates reported in literature [15-17]. Furthermore, significantly less survivors 

developed cataract following the AMORE approach compared to EBRT-based treatment 

(chapter 11). Considering younger survivors may develop amblyopia when (unnoticed) 

unilateral cataract is left untreated, we recommend ophthalmological evaluation for early 

detection of cataract in head and neck RMS survivors. 

Hearing loss
One in five survivors developed clinically relevant hearing loss (e.g. ≥ 20 dB) at speech 

frequencies and when graded according to the CTCAE or Boston criteria almost half of 

the survivors was diagnosed with some grade of hearing loss (42% and 55% respectively). 

Hearing loss in childhood cancer survivors is predominantly sensorineural, due to ototoxic 

chemotherapeutics. However, RMS protocols generally do not include cisplatin and 

carboplatin only to a limited extent. Therefore audiological evaluation is not standard of 

care for RMS survivors. Previous studies have shown that irradiation of the ear [19] or cranial 

irradiation in survivors of central nervous system tumors increases the risk for hearing loss 

[19,20]. However, as presented in chapter 12, all survivors of head and neck RMS are at 

increased risk to develop conductive hearing loss, not only after direct irradiation of the 

middle ear. When tissues surrounding the hearing apparatus are irradiated, outgrowth of 

the facial bones may be affected, resulting in deformities of the middle or external ear or the 

Eustachian tube. This may cause middle ear dysfunction and recurrent ear, nose and throat 
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infections. These recurrent infections can result in sclerosis of the tympanic membrane or 

ankyloses of the ossicles. We therefore recommend systematic audiological follow-up in all 

head and neck RMS survivors. We also recommend audiological evaluation at the start of 

treatment, for baseline assessment and for hearing status to be taken into account when 

prescribing ototoxic medication (e.g. antibiotics, carboplatin) or when designing radiotherapy 

plans.  

Endocrine adverse events
35% of survivors (n=28) in our cohort developed an endocrine disorder: 22 of these 28 

survivors developed growth hormone deficiency. These findings confirm that the growth 

hormone secreting cells in the anterior pituitary gland are often the first to deteriorate 

after irradiation. However, we also showed in chapter 13, that with the AMORE approach 

a significant reduction in growth hormone deficiency can be achieved. We recommend 

systematic endocrine follow-up for head and neck RMS survivors with regular measurements 

of height, weight, pubertal development and laboratory investigations. Findings of physical 

examination should be combined with the laboratory results as precocious puberty for 

instance may conceal growth hormone deficiency. Early interventions are required to improve 

final height. 

C. Additional benefits of a multi-disciplinary clinic

With the improvements in cancer cure in the past decades, prevention, follow-up and 

treatment of cancer treatment-related adverse events has become of utmost importance 

[21]. Clinics have been developed with specialized cancer survivor clinicians and guidelines 

for cancer survivor follow-up [22]. As childhood cancer survivors often suffer from several 

adverse events, usually more than one clinician is involved in the follow-up. Having several 

specialist involved requires coordination, but in the head and neck area especially, the fields 

of expertise between the different specialists involved may often overlap. Aims of the 

multi-disciplinary clinic described in this thesis were to reduce the number of hospital visits, 

to stimulate communication and exchange of knowledge between the different experts 

involved, and to coordinate follow-up care. Survivors were examined while all specialists 

were present in the same examination room. Survivors appreciated having the opportunity 

to ask their questions to the entire team, to be informed about treatment possibilities, and 

to have all visits combined in one day. However, as many investigations took place, survivors 

spent several hours in the hospital and the multi-disciplinary visits were perceived as chaotic 

or busy by some. So, should we continue with these labor-intensive multi-disciplinary clinics? 

Hudson and colleagues showed in a cohort of 1713 cancer survivors that specific AEs 

are often subclinical and can only be detected by systematic risk-based screening [19]. 

More hearing loss was detected after systematic audiological examination in a selection 

of survivors with an increased risk of developing hearing loss. In contrast, no additional 
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pituitary disorders were detected after clinical and laboratory examination in survivors that 

received hypothalamic-pituitary irradiation for their cancer treatment. It would have been 

interesting to evaluate how many subclinical or previously undetected AEs were detected 

by evaluation in the multi-disciplinary clinics described in this thesis. However, due to the 

innovative nature of the AMORE treatment, a dedicated team was already involved in follow-

up care. Therefore, most examinations described in chapter 11 were already standard of 

care for this survivor cohort and a comparison of AEs detected before and during this study 

would have been biased. 

Although the evidence-based follow-up guidelines are of utmost importance to improve 

follow-up care in childhood cancer survivors, these risk-based screenings are often based 

on large survivor populations. In the study by Hudson and colleagues, such a risk-estimated 

screening was performed: survivors with hypothalamic-pituitary irradiation were evaluated 

for pituitary disorders, survivors with ear irradiation or cisplatin/carboplatin chemotherapy 

underwent audiological evaluation [19]. In contrast, we showed in chapter 11 that these 

risk-based screenings may still miss (subclinical) AEs: ophthalmological AEs such as dry eyes 

can also occur in survivors treated for non-orbital primaries and survivors of orbital RMS 

can develop conductive hearing loss. We therefore recommend additional and detailed AE 

evaluations, preferably in a multi-disciplinary setting, in high risk survivor populations such as 

head and neck RMS survivors. 

Preferably, this assessment would take place in a multi-disciplinary setting, because most 

of the ophthalmological AEs and AEs located in the ear, nose, and throat area can only 

be detected with physical examination by an ophthalmologist or ear, nose, and throat 

specialist. Furthermore, survivors of head and neck RMS often need or desire reconstructive 

procedures for treatment-related adverse events. However, following radiotherapy and/or 

surgery, survivors are at increased risk to develop (post)surgical complications such as tissue 

necrosis, impaired wound healing, infections, and failure of bone or soft tissue engraftment. 

Therefore the surgeons and radiation oncologists that previously treated the survivors 

should be involved in these complex reconstructive procedures. These requests for surgical 

reconstructions can best be considered in multi-disciplinary teams as the broad range of 

AEs often involve several fields of expertise. Furthermore, providing systematic feedback on 

treatment-related AEs to the treating team may facilitate further optimization of the local 

treatment applied in future patients. 

D. Role for AMORE treatment in this current era with the availability of IMRT 
and proton beam treatment

In chapters 11, 12 and 13 we showed that including the AMORE approach resulted in 

similar survival and a reduction of AEs. We therefore recommend continuation of the 

AMORE approach, performed by a dedicated and experienced multi-disciplinary team. 

Since the AMORE treatment requires cooperation of multiple experienced specialists, this 
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treatment should only take place in few international centers with this specific expertise. 

Since the start of the AMORE treatment in 1990, radiotherapy techniques have evolved, 

with the development of (IMRT) and proton beam radiotherapy. Aim of these techniques 

is, similar to AMORE, to reduce radiotherapy-induced AEs. Brachytherapy, however, can 

provide a more conformal dose delivery opposed to IMRT and proton beam radiotherapy. 

Additionally, these treatment modalities still deliver external irradiation, entering through 

healthy tissue before the tumor is reached. AMORE on the other hand also includes surgery, 

potentially contributing to the development of new AEs. For newly diagnosed patients we 

therefore propose to design radiotherapy plans using all three techniques: AMORE, IMRT, 

and protons. These plans can be used to choose the optimal treatment for each specific 

patient. Additionally, the introduction of newer local treatment techniques requires future 

studies for prospective assessment and comparison of AEs caused by such techniques. 

Although all three modalities show promising radiotherapy plans reducing stray irradiation to 

healthy tissue, proper comparisons of AEs are needed.  The results generated by the study 

described in chapter 11 may serve as baseline for future studies investigating these local 

treatment-related AEs.

Lastly, we recommend prospective assessment of dose effect relations for specific AEs. With 

current radiotherapy planning systems the maximum tolerated dose can be calculated for 

specific tissues or organs at risk. This information can be used for the design of radiotherapy 

plans of newly diagnosed patients, but also for relapsed patients: cumulative doses can be 

calculated and feasibility of a second or third salvage radiotherapy treatment considered. 

Furthermore, using these dose effect relations, the risk of specific AEs can be predicted. This 

information could be used in follow-up care and facilitate personalized screening schedules, 

based on radiotherapy plans and chemotherapy regimens. 

Implications for clinical practice

l Both 1D and 3D response assessment methods have poor reproducibility and neither 

response assessment method resulted in a structural under- or overestimation of response. 

As 1D measurements are less time consuming and already used by adult oncology groups 

and pharma sponsored studies, we recommend the use of 1D response assessments in 

future pediatric soft tissue sarcoma protocols. 
l Based on the currently available COG analyses, we expect that future studies may 

abolish the use of minor partial response for the decision of protocol continuation and 

will prescribe a switch to second line treatment only in case of progressive disease. 

We recommend to await the analysis of the SIOP-MMT data, to see whether these 

assumptions are supported by comparable European data. 
l Response assessments in phase II studies should include central review of imaging.  
l We recommend that all head and neck RMS survivors are routinely evaluated by an 

ophthalmologist and ear, nose and throat specialist, radiation oncologist, plastic surgeon/
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maxillo-facial surgeon, and a pediatric or medical oncologist. Follow-up should include 

audiological evaluation, slitlamp examination, Schirmer tests, regular measurements of 

height, weight, pubertal development, and endocrine laboratory investigations. 
l In addition to clinical assessments of AEs, we recommend 3D photography to facilitate an 

objective assessments and comparison of facial asymmetry and deformity. Furthermore 

we recommend quality of life assessments using questionnaires. 
l The AMORE approach resulted in similar survival compared to EBRT and caused less 

local treatment-related AEs in head and neck RMS survivors. Therefore we recommend 

the AMORE approach as one of the local treatment modalities for head and neck RMS 

patients, next to intensity modulated radiotherapy (IMRT) and proton beam treatment. 

For newly diagnosed patients we therefore propose to design radiotherapy plans using 

all three techniques: AMORE, IMRT, and protons. These plans can be used to choose the 

optimal treatment for each specific patient. 

Recommendations for future studies

l Prospective studies are needed investigating the use of [18F]fluorodeoxyglucose positron 

emission tomography (FDG-PET) in early response assessment to evaluate it’s potential 

role as surrogate marker for event free survival (EFS).
l Until predictive surrogate markers become available replacing inadequate radiological 

response assessment methods, the primary endpoint in phase II studies should be event 

free survival (EFS). 
l Radiotherapy techniques have evolved in the past decade, with the development of 

IMRT and proton treatment. Prospective studies with systematic assessments of AEs by 

multi-disciplinary teams are needed to continuously monitor and compare AEs caused by 

these newer local treatment modalities including AMORE. 
l The studies described in this thesis were cross sectional. For future studies we recommend 

prospective collection of radiotherapy data, so doses to organs at risk can be correlated 

to AEs. These data can be used for predictive models, to facilitate individual treatment 

choices and to develop risk-based, personalized follow-up schedules. 
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In dit proefschrift worden twee verschillende onderwerpen besproken. Het eerste deel 

bespreekt onderwerpen uit de supportive care. Supportive care betreft de ondersteunende 

behandelingen die naast de kanker behandeling gegeven worden, zoals bijvoorbeeld de 

(preventieve) behandeling van infecties, trombose, bloedarmoede et cetera. Het tweede deel 

beschrijft de behandeling van patiënten met een weke delen tumor (rhabdomyosarcoom) in 

het hoofdhals gebied. 

I. Supportive care

Bijna alle kinderen met kanker hebben een permanent infuus nodig, dat we een centraal 

veneuze catheter noemen. De catheters zijn onmisbaar om de chemotherapie over te 

geven, om over te voeden, of om bloed uit af te nemen. Ze worden in een groot bloedvat 

geplaatst in de hals waarbij de catheter net boven de rechterkant van het hart ligt. Het 

probleem met deze catheters is dat zij een verhoogd risico op complicaties kunnen geven, 

zoals infecties of trombose. Dit komt doordat de catheters van kunststof gemaakt zijn, waar 

vervolgens cellen of eiwitten uit het bloed, bacteriën, schimmels, of gisten aan kunnen 

blijven plakken. De bacteriën maken vervolgens een beschermende laag (biofilm), waardoor 

ze minder goed bereikbaar zijn voor de afweer (het immuun systeem) of medicijnen zoals 

antibiotica. Daarom is het moeilijk deze infecties of bloedstolsels (trombus) te behandelen. 

Een groot probleem in de huidige samenleving is het voorkomen van antibiotica resistentie. 

Idealiter zou je voor de (preventieve) behandeling van catheter-infecties dus geen antibiotica 

gebruiken, zodat antibiotica bewaard kunnen worden voor situaties dat er geen andere 

behandelingen zijn. Een van die alternatieven is alcohol (ethanol). Ethanol is goedkoop, we 

hebben er veel ervaring mee, is dodelijk voor bacteriën, en er is nog weinig resistentie tegen 

ethanol beschreven. De ethanol wordt dan in kleine hoeveelheden (bijvoorbeeld 1.5-3 ml) 

in de catheter gespoten, blijft daar een tijdje achter om de catheter schoon te maken, en 

vervolgens wordt de ethanol doorgespoten of teruggehaald en weggegooid. Dit noemen we 

een ethanol lock. Uit eerdere studies in kinderen die een centraal veneuze catheter hadden 

om over gevoed te worden, was al bewijs dat ethanol locks goed lijken te werken voor 

het voorkomen of behandelen van infecties. Er was echter nog geen onderzoek gedaan in 

kinderen met kanker. In hoofdstuk 2 laten we zien dat preventieve ethanol locks het aantal 

catheter infecties kunnen halveren in kinderen met kanker. We beschrijven hier de resultaten 

van een nationale gerandomiseerde studie (de Aristocaths studie), waar we preventieve 

ethanol locks hebben vergeleken met heparine (placebo). Ook hebben we laten zien dat 

ethanol locks veilig zijn. De kinderen in de ethanol groep meldden tijdens het plaatsen of 

doorspuiten van de lock vaker bijwerkingen zoals rode wangen of een vreemde smaak in 

de mond dan de kinderen in de placebo groep. Echter, alle bijwerkingen waren mild, van 

voorbijgaande aard, en gerelateerd aan het moment van inspuiten of doorspuiten van de 

studie medicatie. Derhalve zou de ethanol lock een geschikt middel zijn om in de dagelijkse 

zorg voor kinderen met kanker te implementeren.
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In hoofdstuk 3 beschrijven we vervolgens de resultaten van een literatuur studie naar 

alternatieven voor de behandeling van catheter infecties. Aangezien het lastig is om 

micro-organismen te bereiken in een biofilm, is er vaak een langdurige behandeling nodig met 

hoge dosis antibiotica om van een catheter infectie te genezen. Een langdurige behandeling 

met hoge doseringen geeft echter weer het probleem van de antibiotica resistentie en 

daarnaast een verhoogde kans op bijwerkingen. Net als bij de ethanol lock, kan er ook 

een lock gegeven worden met andere middelen, zoals antibiotica of bijvoorbeeld urokinase. 

Het voordeel is dat er lokaal in de catheter een hele hoge concentratie ingespoten kan 

worden, zonder dat deze hoge dosis in de rest van het lichaam terecht komt. In hoofdstuk 

3 hebben we een literatuur studie gedaan volgens een nauwkeurige methode (Cochrane) 

en beschreven dat er nog onvoldoende bewijs is voor het gebruik van de antibiotica lock: 

er zijn nog geen gerandomiseerde studies of controlled clinical trials gedaan naar het effect 

van antibiotica locks in kinderen met kanker met catheter infecties. Wel zijn er drie andere 

studies gedaan naar het effect van een lock techniek: twee studies onderzochten het effect 

van urokinase locks met systemische (via het bloedvat in het gehele lichaam) antibiotica en 

vergeleken dit met alleen systemische antibiotica. De derde studie keek of het toevoegen 

van ethanol locks aan systemische antibiotica resulteerde in een verbeterde behandeling van 

de catheter infecties. Geen van de bovengenoemde studies heeft kunnen bewijzen dat het 

toevoegen van een lock (urokinase of ethanol) aan systemische antibiotica de behandeling 

van catheter infecties verbetert. 

Naast een verhoogd risico op catheter infecties geeft het plaatsen van een centraal veneuze 

catheter een verhoogd risico op het ontwikkelen van trombose. Hier komt bij dat het hebben 

van kanker op zichzelf en de daarbij horende kanker behandeling al een verhoogd risico 

op trombose geven ten opzichte van gezonde kinderen. Hoe groot het aantal kinderen is 

dat trombose ontwikkelt (prevalentie) is echter nooit in een grote en systematische studie 

onderzocht. In hoofdstuk 4 laten we de resultaten zien van een studie waarbij we alle 

kinderen nauwkeurig vervolgd hebben tijdens de eerste zes maanden van hun kanker 

behandeling en daarnaast met een echo gekeken hebben of er trombose aanwezig was. 

Van de in totaal 305 kinderen ontwikkelden 20 kinderen een trombus. Acht (2.6%) kinderen 

hadden een trombus die werd herkend doordat de trombus klachten gaf (symptomatische 

trombose). Drie van deze trombi waren gerelateerd aan de catheter. Van de 305 kinderen 

die mee deden aan de studie, werd bij 185 kinderen een echo verricht. Bij 11/185 (6%) 

kinderen werd een catheter-gerelateerde trombus gevonden, zonder dat deze klachten 

gaf (asymptomatische trombose). Wat opvalt is dat de asymptomatische trombose vaker 

voorkomt dan de symptomatische trombose. Wanneer een studie opgezet wordt om 

bijvoorbeeld een middel te onderzoeken dat trombusvorming voorkomt (een anticoagulant), 

is het voor de power van de studie beter om een uitkomstmaat te kiezen die relatief vaak 

voor komt (hoge prevalentie). In het geval van trombose is echter nog niet duidelijk wat de 

klinische relevantie is van asymptomatische trombose. Een andere manier om een populatie 

te onderzoeken met een hogere prevalentie, is de selectie van patiënten met een verhoogd 
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risico op deze aandoening. Eerdere studies hebben hiervoor modellen ontwikkelt waarmee 

aan de hand van bepaalde risicofactoren een patiënten groep verdeeld kan worden in een 

groep met een laag risico op trombose en een groep met een verhoogd risico. Deze laatste 

groep zou dan geselecteerd kunnen worden voor trombose-profylaxe. 

In hoofdstuk 5 hebben een systematische literatuur studie gedaan (Cochrane review) naar 

het effect van systemische trombo-profylaxe in kinderen met kanker. Hieruit kwamen zes 

studies naar voren die verschillende interventies onderzochten: suppletie van antitrombine, 

cryoprecipitaat met/zonder fresh frozen plasma, laag moleculair gewicht heparine, of 

warfarine. Alleen één van deze studies kon een significante afname van trombose laten 

zien, waarbij laag moleculair gewicht heparine samen met antitrombine suppletie werd 

vergeleken met alleen antitrombine suppletie. In geen van de geïncludeerde studies werd 

een verhoogde bloedingsneiging waargenomen door het geven van trombose profylaxe. 

Het aantal patiënten in deze studies was klein en de power vaak laag, verschillende studies 

moesten stoppen omdat de inclusie te traag verliep of de kans op het vinden van een effect 

te klein was. Dit kan een verklaring zijn voor het feit dat alleen bij één studie een significante 

afname gezien werd van trombose. Vervolg studies met grotere patiënten getallen zijn dus 

nodig vóór er een uitspraak gedaan kan worden over het effect van trombose profylaxe in 

kinderen met kanker.   

Ook tijdens het beloop van de Aristocaths studie, beschreven in hoofdstuk 2, hebben 

we gemerkt dat inclusie van patiënten moeizaam kan verlopen. Over het algemeen is de 

inclusie van patiënten in de kinderoncologie geen probleem: het grootste gedeelte van de 

patiënten neemt deel aan een studie. Voor studies in de supportive care blijkt dit anders te 

liggen. De Aristocaths studie heeft twee keer zo lang gelopen als te voren beoogd en de 

helft van het aanvankelijk geschatte aantal patiënten is geïncludeerd. Uiteindelijk bleek de 

incidentie van catheter infecties relatief hoog te zijn en het effect van de ethanol lock groot 

genoeg, zodat ook met dit aantal een significante uitkomst behaald kon worden. Wanneer 

een studie langer duurt en er een mogelijkheid bestaat op een niet significante uitkomst 

is de kans groot dat hierdoor de kosten ook hoger uit zullen vallen. Bovendien is een niet 

significante uitkomst zonde van de tijd en de belasting die het de deelnemende patiënten 

gekost heeft. In hoofdstuk 6 hebben we gekeken naar de redenen die families opgaven 

om niet deel te nemen aan de Aristocaths studie en vervolgens in de literatuur gezocht 

naar aanbevelingen voor het verbeteren van inclusie in (supportive care) studies. Voor de 

Aristocaths studie was het van groot belang dat families twee uur langer moesten blijven in 

het ziekenhuis, de tijd die de lock nodig had om de catheter schoon te maken. Verder viel op 

dat er veel verschillende studies tegelijkertijd aangeboden werden. Voor patiënten en ouders 

ligt de focus op onderzoeken welke gaan over de kanker behandeling zelf, en is er minder 

behoefte mee te doen aan studies over ondersteunende behandeling. Het aantal studies dat 

geïntroduceerd wordt aan de familie, die net het nieuws van de kanker diagnose ontvangen 

heeft, is een grote belasting in tijd en energie. Het is derhalve van groot belang dat families 

voldoende tijd krijgen om over studies na te denken, dat ze daarbij voldoende en op maat 
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gemaakte informatie ontvangen, en met voldoende mogelijkheden om hier vervolgens 

vragen over te stellen.   

II. Rhabdomyosarcoom

Het rhabdomyosarcoom (RMS) is een wede delen tumor die jaarlijks bij 20 kinderen in 

Nederland vastgesteld wordt. 40% van deze tumoren bevindt zich in het hoofdhals gebied, 

wat weer verder onderverdeeld wordt in: orbita, parameningeaal en hoofd hals niet 

parameningeaal. RMS behandeling in Nederland wordt gegeven volgens een internationaal 

protocol, aanvankelijk was dit een protocol van de International Society of Paediatric 

Oncology-Malignant Mesenchymal Tumour group (SIOP-MMT), tegenwoordig is dat een 

protocol van de European paediatric Soft Tissue Sarcoma group (EpSSG). Deze behandeling 

bestaat uit chirurgie (meestal een biopt), inductie chemotherapie (twee of drie kuren), lokale 

therapie (radiotherapie met/zonder chirurgie) en vervolgens weer chemotherapie. In Europese 

protocollen wordt de respons van de tumor op de eerste twee/drie kuren chemotherapie 

gebruikt in de evaluatie of de behandeling goed aanslaat. Als de respons voldoende is (minor 

Partial Response = minimaal 33% afname in volume) dan wordt het protocol verder vervolgd. 

Indien de afname onvoldoende is (dus minder dan 33% afname in volume) dan wordt er 

overgegaan naar een ander chemotherapie regime. Dit beleid is niet overal hetzelfde. Het 

verschil wordt veroorzaakt door een voortgaande discussie ten aanzien van de prognostische 

waarde van vroege respons op de uiteindelijke overleving. Zo wordt in Noord Amerika in de 

protocollen van de Children’s Oncology Group (COG) pas van therapie gewisseld wanneer er 

sprake is van progressieve ziekte, evenals gebruikelijk is in de volwassen oncologie. Nadeel 

van het onterecht wisselen, zoals bijvoorbeeld bij een meetfout, is dat het alternatieve regime 

meestal chemotherapeutica bevat die minder effectief zijn of waar minder bewijs voor is dan 

voor het regime van de eerste keus. Het is dus van belang dat dit besluit op betrouwbare 

meetmethoden en afkapwaarden berust.

In Europa wordt voor het beoordelen van tumor respons in kinderen met RMS dus gebruik 

gemaakt van volume veranderingen. Het volume wordt berekend door op een MRI scan de 

tumor in drie verschillende richtingen te meten en vervolgens met een formule het volume 

te berekenen (drie dimensionaal, 3D). In de volwassen oncologie is het gebruikelijk om de 

respons te bepalen op basis van één meting (een dimensionaal, 1D). De rationale hierachter 

is de mathematische aanname dat het aantal cellen in een sferische tumor correleert met 

de diameter. In kinderen hebben tumoren echter vaak geen sferische vorm en wanneer 

een tumor bijvoorbeeld in één richting krimpt, maar niet in de andere twee richtingen, 

bestaat de kans dat respons op basis van diameter adequate response suggereert, maar 

respons op basis van volume niet. Om dit te onderzoeken hebben we in hoofdstuk 9 in 64 

kinderen met een RMS (uit Amsterdam en Londen) de respons bepaald met zowel 1D als 

3D metingen. Beide metingen werden door twee ervaren kinderradiologen verricht. Hieruit 

kwam naar voren dat beide methodes matig betrouwbaar waren. Wanneer de metingen 
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door een tweede radioloog herhaald werden, resulteerde dit bij 3D metingen in 22/64 (34%) 

patiënten in een andere respons classificatie en bij 1D metingen voor 24/64 (38%) patiënten. 

Dit resulteerde in een andere behandelkeuze bij respectievelijk negen en 11 patiënten. 

Verder werd duidelijk dat deze twee meet methoden niet zonder meer uitwisselbaar zijn: 

in 13/64 (20%) kinderen was de uiteindelijke respons verschillend wanneer deze in 1D of in 

3D gemeten was. Dit had gevolgen voor de behandelkeuze in vijf patiënten. Geen van deze 

meet methodes resulteerde echter in een structurele onder- of overschatting van de respons. 

Aangezien geen van deze methodes als superieur naar voren kwam en één meting minder 

tijd kost dan drie, zeker in patiënten met gemetastaseerde ziekte, lijkt het aan te raden in 

toekomstige protocollen gebruik te maken van 1D respons metingen. Verder is het goed 

om op basis van de hierboven beschreven resultaten, te overwegen of het continueren van 

een protocol of wisselen naar een ander chemotherapie regime wel gebaseerd moet zijn op 

dergelijke triviale meetmethodes en afkapwaarden. Wellicht is het beter is te wisselen van 

therapie in geval van (duidelijke) progressieve ziekte en niet bij minor PR. Omdat de Europese 

literatuur hieromtrent nog geen uitsluitsel heeft gegeven, wordt momenteel een nieuwe 

analyse opgezet naar de prognostische waarde van vroege respons in Europese patiënten. 

Verder is het aan te raden om response te laten beoordelen door een panel van radiologen, 

om de betrouwbaarheid van de uitkomst te verhogen. 

De volgende stap in de RMS behandeling bestaat uit lokale therapie. Eerdere studies 

hebben laten zien dat bestraling (radiotherapie) onmisbaar is voor een groot deel van 

patiënten met een RMS in het hoofdhals gebied. Nadeel van radiotherapie is dat ook gezond 

omliggend weefsel bestraald wordt wat kan leiden tot verschillende late effecten, zoals 

uitgroeiproblemen van het gezicht (bijvoorbeeld een asymmetrisch gelaat), droge ogen of 

droge mond, uitval van hormonen, gehoorverlies et cetera. Daarom is in 1990 in het Emma 

Kinderziekenhuis-Academisch Medisch Centrum (EKZ-AMC) een innovatieve behandeling 

ontwikkeld, de AMORE behandeling. AMORE is een acroniem voor Ablatieve chirurgie 

MOulage brachytherapie en REconstructie. Met brachytherapie kan gericht bestraald worden, 

waardoor minder straling op het omliggende weefsel terecht komt. Eerder onderzoek 

heeft laten zien dat dit een effectieve behandeling is voor patiënten met een hoofdhals 

RMS en dat de overleving vergelijkbaar was met de internationale standaard: external beam 

radiotherapy (EBRT). In hoofdstuk 10 hebben we gekeken in patiënten met orbitale RMS 

of er bepaalde factoren zijn die een verhoogd risico geven op het ontwikkelen van een 

recidief na deze behandeling. We hebben hierbij naar verschillende factoren gekeken: de 

lokalisatie en grootte van de tumor, de chirurgie bij diagnose (biopt), chirurgie ten tijde van 

de AMORE behandeling, en de velden van de radiotherapie. Uit deze analyse kwamen geen 

risicofactoren naar voren voor het ontwikkelen van een recidief. Wel zijn naar aanleiding van 

deze studie een tweetal extra besprekingen ingevoerd waarbij de radioloog, de chirurgen, 

de radiotherapeut en de kinderoncoloog elkaars bevindingen delen en het uiteindelijk te 

bestralen gebied wordt vastgelegd. Aangezien dit gebied bij brachytherapie nauwkeurig 

ingetekend wordt is het van belang dat het gehele tumor gebied hierdoor omvangen wordt.   
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Zoals eerder genoemd wat het doel van de AMORE behandeling om een behandeling te 

ontwikkelen welke tot minder late effecten zou leiden dan EBRT. Alleen was nog niet eerder 

in een systematische en prospectieve studie bekeken welke late effecten men überhaupt kan 

verwachten bij overlevers van hoofdhals RMS. Derhalve hebben drie grote kinderoncologische 

centra een multi-disciplinaire polikliniek opgezet (hoofdstuk 11) waarbij verschillende 

specialisten de overlevers onderzochten en volgens een internationale score de late effecten 

vastlegden en gradeerden: het EKZ-AMC (Amsterdam, Nederland), Great Ormond Street 

Hospital for Children NHS Foundation Trust (GOSH: London, United Kingdom) en The Royal 

Marsden Hospital (RMH: Sutton, United Kingdom). Deze centra hebben in de afgelopen 

jaren dezelfde behandel protocollen gebruikt, met als enig verschil dat in het EKZ-AMC men 

de beschikking had over de AMORE behadeling. Dit houdt in dat wanneer patiënten in 

GOSH/RMH kwalificeerden voor lokale therapie ze in principe behandeld werden met EBRT 

(EBRT-based treatment), in het EKZ-AMC kregen ze AMORE, mits ze voldeden aan bepaalde 

criteria, anders kregen ze ook EBRT (AMORE-based treatment). Doel van de late effecten 

polikliniek was dus om allereerst te onderzoeken welke late effecten optreden bij hoofdhals 

RMS overlevers. Tweede doel was om de late effecten als gevolg van lokale therapie te 

vergelijken tussen de twee behandelgroepen: EBRT-based treatment en AMORE-based 

treatment. Uit deze studie kwam naar voren dat late effecten als gevolg van lokale therapie 

frequent voorkomen in overlevers van hoofdhals RMS. Er werden 80 overlevers onderzocht, 

31 waren behandeld met EBRT-based treatment en 49 met AMORE-based treatment. Van 

de 80 overlevers had 63% één of meer ernstig of invaliderend laat effect en 76% van de 

overlevers had minimaal 5 late effecten. Ook kwam naar voren dat in de AMORE-based 

groep er significant minder late effecten voorkwamen dan in de EBRT-based groep, met 

gelijke overlevingskansen. Indien de AMORE behandeling dus mogelijk is in een centrum 

waar een toegewijd team met voldoende expertise de behandeling kan uitvoeren, is dit 

een goed alternatief voor EBRT. Verder kan de studie beschreven in hoofdstuk 11 gebruikt 

worden als voorbeeld en als uitgangssituatie voor verdere vervolg studies waarin de late 

effecten van nieuwere vormen van radiotherapie, zoals protonen en intensity modulated 

radiotherapy (IMRT), met EBRT en AMORE vergeleken kunnen worden. 

In hoofdstuk 12 en 13 hebben we vervolgens de resultaten van twee sub studies 

beschreven, die onderdeel waren van de late effecten polikliniek. In hoofdstuk 12 hebben 

we onderzocht hoe vaak en in welke mate er gehoorverlies voorkomt bij overlevers van 

hoofdhals RMS, door middel van een gehoortest. Bij 73/80 overlevers is uiteindelijk een 

gehoortest gedaan. Dit onderzoek liet zien dat 19% van de overlevers klinisch relevant 

gehoorverlies had ontwikkeld. Ook bij deze studie zijn de twee behandelgroepen vergeleken: 

overlevers na AMORE-based treatment hadden 5.4 dB minder gehoorverlies dan overlevers 

na EBRT-based treatment. In hoofdstuk 13 zijn vervolgens de endocriene (hormonen) late 

effecten beschreven. Ook endocriene late effecten kwamen frequent voor, 28/80 (35%) 

overlevers waren gediagnosticeerd met een endocriene stoornis sinds de RMS behandeling. 

Het grootste gedeelte van de overlevers had een uitval van (een van de hormonen van) 
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de hypofyse. In totaal waren er 24 overlevers met een stoornis in de hypofyse functie, 

22/24 hadden uitval van het groeihormoon, zeven van het schildklier stimulerend hormoon 

(thyroid stimulating hormone: TSH) en drie van het hormoon dat de bijnier aanstuurt 

(adrenocorticotropic hormone: ACTH). Risicofactoren voor het ontwikkelen van hypofyse 

problemen waren: parameningeale tumor lokalisatie, EBRT-based treatment en embryonale 

histologie.  

Conclusie

We hebben in deel I van dit proefschrift verschillende alternatieven besproken voor het 

voorkomen en behandelen van catheter infecties en catheter trombose. Gezien het steeds 

groter wordende probleem van antibiotica resistentie is het van belang dat alternatieven voor 

antibiotische behandelingen verder uitgezocht worden en de implementatie van preventieve 

ethanol locks kan hierbij overwogen worden. Verder onderzoek naar de preventieve 

behandeling van trombose kan overwogen worden in een selectie van patiënten met een 

verhoogd risico op trombose. 

Vervolgens is in deel II van dit proefschrift de behandeling van kinderen met hoofdhals RMS 

besproken. De huidige evaluatie van respons op chemotherapie berust op weinig betrouwbare 

meetmethoden. Aangezien 1D en 3D respons metingen vergelijkbare variabiliteit lieten zien 

en 1D metingen minder tijd kosten dan 3D metingen, is het aan te raden om in toekomstige 

protocollen gebruik te maken van 1D respons metingen. De huidige (Europese) literatuur 

geeft nog geen uitsluitsel ten aanzien van de prognostische waarde van vroege respons 

in relatie tot overleving. Verder onderzoek is nodig om deze relatie binnen de Europese 

protocollen te onderzoeken en een aanbeveling te kunnen doen omtrent afkapwaarden 

voor het wisselen naar tweedelijns chemotherapie. De AMORE behandeling is een effectieve 

behandeling voor hoofdhals RMS patiënten en daarbij ontwikkelden overlevers na de 

AMORE behandeling minder late effecten dan na EBRT. Dus, mits de AMORE behandeling 

uitgevoerd kan worden door een toegewijd team met voldoende expertise, is dit een goed 

alternatief voor EBRT. Vervolg studies zijn nodig om late effecten als gevolg van AMORE of 

EBRT te vergelijken met recent ontwikkelde lokale therapie alternatieven zoals protonen en 

IMRT. De studie beschreven in dit proefschrift kan dienen als een goede uitgangswaarde en 

als voorbeeld voor dergelijke toekomstige studies. 

Nederlandse samenvatting

343

proefschrift-2015-definitief.indb   343 14-7-2015   11:08:04



proefschrift-2015-definitief.indb   344 14-7-2015   11:08:04



List of affiliations

proefschrift-2015-definitief.indb   345 14-7-2015   11:08:04



proefschrift-2015-definitief.indb   346 14-7-2015   11:08:04



Affiliations

F.C.H. Abbink Department of Pediatric Oncology/Hematology, VU University 

Medical Center, Amsterdam, The Netherlands

C. Abela Craniofacial Unit, Great Ormond Street Hospital for Children NHS 

Foundation Trust, London, United Kingdom

A.J.M. Balm Department of Head and Neck Oncology and Surgery, The 

Netherlands Cancer Institute, Amsterdam, The Netherlands

L.E.C.M. Blank Department of Radiation Oncology, Academic Medical Center, 

Amsterdam, The Netherlands

J. Bras Department of Pathology, Academic Medical Center, Amsterdam, 

The Netherlands 

M.W. van den Brekel Department of Head and Neck Oncology and Surgery, The 

Netherlands Cancer Institute, Amsterdam, The Netherlands

W.B. Breunis Department of Pediatric Oncology, Emma Children’s Hospital, 

Academic Medical Center, Amsterdam, The Netherlands

H.N. Caron Department of Pediatric Oncology, Emma Children’s Hospital, 

Academic Medical Center, Amsterdam, The Netherlands

Y. Ch’ing Chang Department of Oncology, University College London Hospitals NHS 

Foundation Trust, London, United Kingdom

J.C. Chisholm Children and Young People’s Department, The Royal Marsden 

Hospital NHS Foundation Trust, Sutton, United Kingdom

S.C. Clement Department of Pediatric Oncology, Emma Children’s Hospital, 

Academic Medical Center, Amsterdam, The Netherlands

E.C. van Dalen Department of Pediatric Oncology, Emma Children’s Hospital, 

Academic Medical Center, Amsterdam, The Netherlands

R. Davila Fajardo Department of Radiation Oncology, Academic Medical Center, 

Amsterdam, The Netherlands

W.A. Dreschler Department of Audiology, Academic Medical Center, University of 

Amsterdam, Amsterdam, The Netherlands

D. Dunaway Craniofacial Unit, Great Ormond Street Hospital for Children NHS 

Foundation Trust, London, United Kingdom

N.J. Freling Department of Radiology, Academic Medical Center, Amsterdam, 

The Netherlands

J.E. Gains Department of Oncology, University College London Hospitals NHS 

Foundation Trust, London, United Kingdom

E. Gajdosova Department of Ophthalmology, Great Ormond Street Hospital for 

Children NHS Foundation Trust, London, United Kingdom

M.N. Gaze Department of Oncology, University College London Hospitals NHS 

Foundation Trust, London, United Kingdom

List of affiliations

347

proefschrift-2015-definitief.indb   347 14-7-2015   11:08:04



J.N.B. van der Grient Department of Radiation Oncology, Academic Medical Center, 

Amsterdam, The Netherlands

M.A. Grootenhuis Pediatric Psychosocial Department, Emma Children’s Hospital, 

Academic Medical Center, Amsterdam, The Netherlands

S. Gupta Department of Otorhinolaryngology, Great Ormond Street Hospital 

for Children NHS Foundation Trust, London, United Kingdom

P. Hammond Molecular Medicine Unit, UCL Institute of Child Health, London, 

United Kingdom

B. Hartley Department of Otorhinolaryngology, Great Ormond Street Hospital 

for Children NHS Foundation Trust, London, United Kingdom

H.A. Heij Pediatric Surgical Center Amsterdam, Academic Medical Center & VU 

University Medical Center, Amsterdam, The Netherlands

L.C.M. Kremer Department of Pediatric Oncology, Emma Children’s Hospital, 

Academic Medical Center, Amsterdam, The Netherlands

M. van Lennep Department of Pediatric Oncology, Emma Children’s Hospital, 

Academic Medical Center, Amsterdam, The Netherlands

G.A. Levitt Department of Pediatric Oncology, Great Ormond Street Hospital for 

Children NHS Foundation Trust, London, United Kingdom

J.A. Lieverst Dutch Childhood Oncology Group, The Hague, The Netherlands   

M. Lopez-Yurda Department of Epidemiology and Biostatistics, The Netherlands 

Cancer Institute, Amsterdam, The Netherlands

H.C. Mandeville Department of Radiotherapy, The Royal Marsden NHS Foundation 

Trust, Sutton, United Kingdom     

C. Mason      Dental and Maxillofacial department, Great Ormond Street Hospital 

for Children NHS Foundation Trust, London, United Kingdom       

H. Maurice-Stam Pediatric Psychosocial Department, Emma Children’s Hospital, 

Academic Medical Center, Amsterdam, The Netherlands                                     

K. McHugh Department of Radiology, Great Ormond Street Hospital for Children 

NHS Foundation Trust, London, United Kingdom

J.H.M. Merks Department of Pediatric Oncology, Emma Children’s Hospital, 

Academic Medical Center, Amsterdam, The Netherlands

E. Michiels Department of Pediatric Oncology/Hematology, Erasmus MC-Sophia 

Children’s Hospital, Rotterdam, The Netherlands

C.H. van Ommen Department of Pediatric Hematology, Emma Children’s Hospital, 

Academic Medical Center, Amsterdam, The Netherlands

B.R. Pieters Department of Radiation Oncology, Academic Medical Center, 

Amsterdam, The Netherlands

K. Rajput Department of Audiology, Great Ormond Street Hospital for Children 

NHS Foundation Trust, London, United Kingdom

348

proefschrift-2015-definitief.indb   348 14-7-2015   11:08:04



M.F. Raphael Department of Pediatric Oncology/Hematology, Wilhelmina 

Children’s Hospital, Utrecht, The Netherlands

R.R. van Rijn Department of Pediatric Radiology, Emma Children’s Hospital, 

Academic Medical Center, Amsterdam, the Netherlands

C.M. Ronckers Department of Pediatric Oncology, Emma Children’s Hospital, 

Academic Medical Center, Amsterdam, The Netherlands

P. Saeed Orbital center, Department of Ophthalmology, Academic Medical 

Center, Amsterdam, The Netherlands

H.M. van Santen Department of Pediatric Endocrinology, Wilhelmina Children’s 

Hospital/ University Medical Center, Utrecht, The Netherlands

R.A. Schoot Department of Pediatric Oncology, Emma Children’s Hospital, 

Academic Medical Center, Amsterdam, The Netherlands

O. Slater Department of Pediatric Oncology, Great Ormond Street Hospital for 

Children NHS Foundation Trust, London, United Kingdom

L.E. Smeele Department of Oral and Maxillofacial surgery, Academic Medical 

Center, Amsterdam, The Netherlands

L. Spanjaard Department of Medical Microbiology, Academic Medical Center, 

Amsterdam, The Netherlands

T. Stijnen Department of Medical Statistics and Bioinformatics, Leiden 

University Medical Center, Leiden, The Netherlands

C.A. Stiller The Childhood Cancer Research Group, Department of Pediatrics, 

University of Oxford, Oxford, United Kingdom

S.D. Strackee Department of Plastic, Reconstructive and Hand Surgery, Academic 

Medical Center, Amsterdam, The Netherlands

R. Talwar Department of Otorhinolaryngology, Great Ormond Street Hospital 

for Children NHS Foundation Trust, London, United Kingdom

W.J.E. Tissing Department of Pediatric Oncology, Beatrix Children’s Hospital, 

University Medical Center Groningen, Groningen, the Netherlands

E.A.R. Theunissen Department of Head and Neck Oncology and Surgery, The 

Netherlands Cancer Institute, Amsterdam, The Netherlands

M.D. van de Wetering Department of Pediatric Oncology, Emma Children’s Hospital, 

Academic Medical Center, Amsterdam, The Netherlands

C.L. Zuur Department of Epidemiology and Biostatistics, The Netherlands 

Cancer Institute, Amsterdam, The Netherlands 

C.M. Zwaan Department of Pediatric Oncology/Hematology, Erasmus MC-Sophia 

Children’s Hospital, Rotterdam, The Netherlands

A.H. Zwinderman Department of Clinical Epidemiology and Bio-Statistics, Academic 

Medical Center, Amsterdam, The Netherlands

List of affiliations

349

proefschrift-2015-definitief.indb   349 14-7-2015   11:08:04



proefschrift-2015-definitief.indb   350 14-7-2015   11:08:05



Dankwoord

proefschrift-2015-definitief.indb   351 14-7-2015   11:08:05



proefschrift-2015-definitief.indb   352 14-7-2015   11:08:05



Dankwoord

Het werk van de afgelopen jaren had ik niet kunnen verrichten zonder de steun van velen, 

te veel om hier allemaal te kunnen noemen. Een aantal mensen wil ik graag in het bijzonder 

bedanken.

Als eerste wil ik mijn dankwoord richten aan de families die hebben deelgenomen aan de 

studies in dit proefschrift. Zonder jullie was het niet mogelijk dit zo nodige onderzoek te 

doen, en de behandeling voor de toekomst te verbeteren.  

 

Mijn promotor, prof. dr. H.N. Caron. Huib, dank dat je me de kans hebt gegeven dit 

proefschrift te schrijven, voor het vertrouwen en de ruimte om de projecten uit te bouwen 

met Hans en Marianne naar wat ze nu geworden zijn, maar bovenal voor het feit dat ik 

mijn favoriete projecten zelf mocht afronden. Zes jaar inclusie was best lang. Het was een 

leuke uitdaging om met je van gedachten te wisselen. Ik heb grote bewondering voor jouw 

talent om ten aanzien van elk willekeurig project, met of zonder achtergrond informatie, een 

haarscherpe helikopter view te vormen en de kleine of grote fouten er direct uit te vissen. 

Mijn co-promotores dr. J.H.M. Merks en dr. M.D. van de Wetering. Hans en Marianne, 

voor mij vormden jullie de afgelopen jaren een rotsvast koppel. Met eindeloos vertrouwen 

en goede moed heb ik me geweldig gesteund en veilig gevoeld. Ik had me geen betere 

(co) promotores kunnen wensen dan jullie. Marianne, van jou heb ik geleerd dat 100% 

voorbereiding niet goed genoeg is en dat je met rust en vastberadenheid toch altijd verder 

komt, ook al lijkt alles er op te wijzen dat het niet zo is. Ik heb bewondering voor hoe jij voor 

je patiënten zorgt en de mensen om je heen, met volledige toewijding en warmte, ik hoop 

dat ik ooit een klinische dokter als jij word. Hans, van jou heb ik geleerd de politieke nuances 

in situaties te zien en om in je werk precies te zijn; alles moet tot op de bodem uitgezocht 

worden, en dan nog iets beter. Bij, voor mij, grote doorbraken in, voor de meesten, saaie 

algebra en statistiek, was jij altijd net zo enthousiast als ik. Dankjewel dat je me de vrijheid 

gaf om telkens weer een nieuw project aan onze AMORE poli te breien, het was leerzaam 

en vooral heel erg leuk. Vol bewondering zie ik hoe jij de dagen rond werkt en ik hoop dat 

ik ooit jouw niveau van wetenschap zal kunnen behalen. Ik vond het een eer om met jullie 

samen te werken en ik besefte het kortgeleden pas voor het eerst: ik vind het eigenlijk best 

jammer dat dit proefschrift nu dan echt helemaal klaar is. 

Mijn co-promotor, dr. C.H. van Ommen. Heleen, jij hebt mij geholpen bij het trombose deel 

van dit proefschrift. Je was altijd even vlug door de bergen met abstracts van onze (helaas) 

verschillende searches heen. Je bewaakte de grote lijnen tijdens het schrijven en stond altijd 

klaar met adviezen op allerlei vlakken. Het was fijn met je samen te werken, ik heb genoten 

van je vrolijke enthousiasme! 

The members of the defense committee; prof. dr. A.G. Becking, prof. dr. G. Bisogno, 

prof. dr. J.B. van Goudoever, prof. dr. T.W. Kuijpers, prof. dr. T. Lehrnbecher, prof. 
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dr. C.R.N. Rasch, thank you for your critical review of this thesis, I feel honored you are 

willing to be present at my dissertation. Special thanks to prof. dr. G. Bisogno and prof. dr. 

T. Lehrnbecher for travelling all the way to Amsterdam to discuss the studies in this thesis.

Olga, I remember the first meeting we had, where you decided to implement the late effects 

study in the UK. You were full of energy and ready to go. Your energy helped us through the 

many challenges we encountered, applying for ethical approval and funding, finding team 

members for the clinical assessments and spending evening hours to reach and inform the 

survivors and their families. Thank you Olga, for all your help setting up our (time consuming) 

study, but also for a good glass of wine and a chat at the end of a long day. Without you this 

study would have been impossible! 

Peter, thank you for making the complex world of mathematics understandable. And thanks 

to both you and Eileen for making me feel welcome in London. I hope we will finalize our 

3D manuscript in the coming months!

AMORE teamleden, Fons, Michiel, Peerooz, Leo, Bradley, Raquel, Simon, Nicole, Maartje, 
Eline, Ludi, Hans. Dank voor de kijk in jullie keuken, dat ik op jullie vakgebied dit onderzoek 

mocht doen, en voor jullie begeleiding in de verschillende uithoeken die inmiddels bij dit project 

horen. Ik heb met groot plezier met jullie samen gewerkt en vooral bijzonder veel geleerd. 

Lotje, Wout, dank voor jullie hulp en begeleiding bij ons audiologie project. Door jullie kennis 

en ervaring is het de paper geworden die het nu is, hopelijk wordt het snel voor publicatie 

geaccepteerd! Hanneke, dank dat jij je expertise ten aanzien van endocriene late effecten met 

ons wilde delen. Het was heel leerzaam, en ik hoop dat ook dit manuscript snel voor publicatie 

geaccepteerd zal worden! Martha en Heleen, uiteindelijk is alleen een klein stuk van ons 

geploeter in dit boekje terecht gekomen. Dank aan jullie beiden voor het onderwijzen in de 

psychosociale onderzoeksmethoden en vragenlijsten, jullie geduld en bereidheid tot discussie. 

Ik hoop dat we snel de rest van de data in een manuscript kunnen omvatten. Dank aan velen 

die meegewerkt hebben aan de opzet en het voortzetten van de AMORE behandeling, in 

het bijzonder wil ik de Emmie’s, Hans vd G, Vera, Wouter, Christos, Yvonne, Marit, Ilse, 
Karin, Marsha, Tessa, Jean-Paul, Geertrui, Monique, Willemijn, Drikje  en de verwijzend 
kinderarts-oncologen uit de academische centra bedanken. 

De oncologen van het Emma kinderziekenhuis, Cor, Hans, Henk, Huib, Jozsef, Kathelijne, 
Lianne, Lieve, Marianne, Natasha, Netteke, Rutger, dank voor de afgelopen jaren die 

ik op jullie afdeling heb mogen doorbrengen, voor het meedenken bij de verschillende 

projecten, het includeren van patiënten en voor de bijzonder leerzame klinische en 

wetenschappelijke discussies die ik heb mogen bijwonen. De teamsfeer die jullie gecreëerd 

hebben op de afdeling F8 heeft er mede toe geleid dat ik de afgelopen jaren huppelend naar 

mijn werk ben gegaan.

De verpleging van F8, dank voor jullie inzet voor de Aristocaths studie, voor het plaatsen 

van de locks, de registratie van de bijwerkingen en het informeren van de families, maar 
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bovenal, jullie warme en toegewijde zorg voor de patiënten. Een bijzonder woord van 

dank aan überschwester Inge, Birgit en Charlotte, voor de adoptie in jullie zomerzotte 

verpleegkundigen team. 

Nelia, Jane, Marieke, Ilse en Jenny. Jullie hebben me welkom geheten en rondgeleid bij 

de oncologie. Het voelde als een warm bad. Dank dat jullie met zo veel enthousiasme de 

Aristocaths het succes hebben laten worden wat het is. 

Marit, Ilse en Antoinet, dank voor jullie hulp op zo veel vlakken; de organisatie van 

onderzoeksprojecten, van de AMORE behandeling, van onverstaanbare multi-disciplinaire 

dictaten en van mijn promotie!

The late effects team in the UK, dr. O. Slater, dr. G. Levitt, dr. J. Chisholm, dr. B. Hartley, 

dr. S. Gupta, dr. R. Talwar, dr. K. Rajput, dr. E. Gajdosova, dr. M. Gaze, dr. Y. Ch’ing 
Chang, dr. J. Gains, dr. H. Mandeville, dr. D. Dunaway, dr. C. Abela, dr. J. Syme-Grant, 
dr. C. Mason, dr. C. Stiller, dr. P. Hammond. Thank you all for your enthusiasm and your 

tremendous efforts to set up the late effect clinic in London. Your clinical evaluations were 

indispensable for the studies presented in this thesis. Hopefully this project was a start for 

many more to come! 

Dear Marinde and Natalia, thank you for all your help with the organization of the late 

effect clinics. You kept track of time, made sure all appointments were set and all pictures 

were taken.  

Prof. dr. A.H. Zwinderman en prof. dr. T. Stijnen, dank voor jullie hulp bij de analyses 

in dit proefschrift. Je blijkt vaak ver te kunnen komen met boeken en google, maar jullie 

sturing, uitleg en bevestiging was onmisbaar. Prof. dr. T. Stijnen en dr. B. Rijnders, dank 

voor het vormen van de data and safety monitoring board voor de Aristocaths studie. 

Dear Keiran and Rick, thank you for sharing your expertise setting up our 3D vs RECIST 

study and for measuring (and re-measuring) all the imaging. En Rick, dank in het bijzonder 

voor de kopjes koffie in de vroege ochtenduren. 

Cécile, wat fijn dat je met jouw enorme berg aan kennis van late effecten als gevolg van 

radiotherapie en epidemiologie wilde meedenken over ons project. Je inbreng was bijzonder 

waardevol en gaf me vertrouwen dat we op de goede weg waren, dank daarvoor. 

Dr. W.J.E. Tissing, dr. E. Michiels, dr. G.J. Kaspers, dr. F.C.H. Abbink, dr. C.M. Zwaan, 

dr. M. Bierings, dr. M.F. Raphael, dr. M.S. Gordijn, dr. H. Blufpand, Martine Oostra, 
Wilma de Vries, Marian Cavazza, Inekee van der Vaart, Anke van der Heiden, Sandra 
Diepenhorst, Martine van Engelen; dank voor jullie energie en goede moed om de 

Aristocaths te continueren en te blijven streven naar een goede inclusie, het is uiteindelijk 

gelukt!

Dankwoord
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Leontien, jouw ervaring en kennis hebben op vele manieren bijgedragen aan dit proefschrift. 

Je heb ons geholpen bij de Cochrane reviews, maar ook bij het vergelijken van diagnostische 

methodes en bij de opzet, het uitvoeren en opschrijven van de late effecten studies in dit 

proefschrift. Dank voor je verfrissende inzichten.

Sarah en Noortje, dank dat jullie een artikel met mij wilden schrijven. Er waren zo veel data 

en er was zo weinig tijd, zonder jullie hulp hadden deze twee projecten het niet in dit boekje 

gered!

Beste dr de Kraker, Lieve, ook al staat er geen letter MIBG of neuroblastoom in dit boekje, 

toch wil ik jullie beiden bedanken voor onze twee neuroblastoom studies. Ik heb samen met 

Gitta veel van jullie mogen leren over onderzoek doen, archiveren, patiënten zorg en het 

schrijven van een manuscript. 

Datamanagers van SKION, AMC, UMCG, SKZ, WKZ, en VUMC, dank voor het verzamelen 

van alle benodigde data en het meedenken bij de monitoring visits. In het bijzonder wil ik 

Jan Lieverst bedanken, voor de real life cursus good clinical practice en het meedenken over 

allerlei praktische studiezaken, met vooral veel oplossingen! Marlies, Jacqueline, Lenie, 
Hester, Joke en Cindy, dank voor jullie toewijding en harde werk, en vooral voor jullie 

geduld bij de eindeloze data checks. Dank ook aan Jaap, Merian en Marlous voor het 

nauwkeurig vastleggen van de AMC data. Richard en Jeanette, jullie hebben de AMORE 

database gebouwd, die het invoeren van data en de analyses zo veel makkelijker maakte. 

Maar bovenal waren jullie altijd bereid om extra WKT searches te doen of mij te bevrijden 

uit mijn zelf gebouwde onmogelijke databases. Huub en Jamal, dank voor het coördineren 

van de financiële tak van de studie. Marleen Kemper, Willem Veenstra, Laureen ten 
Berg, Emily Brans, dank voor jullie hulp rondom de studiemedicatie, de verzendingen en de 

eindeloze verlengingen.

 

Meneer Bor, dank voor het ontwerpen van dit boekje. Zelfs met de vele tabellen en 

onmogelijke Cochrane reviews ziet er heel mooi en ook nog heel echt uit! Claudi, dankjewel 

dat je me met je mooie ideeën kwam redden toen ik op het laatste moment in zak en as 

terecht gekomen was, met de kaft van dit boekje. 

Het spaarneziekenhuis, waar ik weer het a b c van de kliniek kon ophalen, maar vooral 

met heel veel plezier gewerkt heb! Dank in het bijzonder voor mijn collega assistenten, de 

opleiders Marlies en Peter en mijn mentor Marieke, voor de steun en ruimte die jullie me 

gaven om de laatste loodjes van mijn promotie af te leveren. En aan de verpleging van het 

spaarne, die me door de eerste dagen kliniek en diensten hebben heen geholpen, na best 

veel jaren onderzoek. 

Gitta, helemaal in het begin van ons onderzoek stonden we, en ik was vooral eindeloos 

onder de indruk van jouw organisatie talent. We hebben ons samen door de eerste stappen 
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geworsteld van het opzetten en uitvoeren van onderzoek. Bovenal Git, vond ik het een 

hele leuke periode, waarbij we met de onco meisjes en jongen Berlijn en Boston ontdekten 

of plotseling met zijn tweeën in Florida waren. R(utger), samen met Natas, mijn langste 

kamergenoot. Dank voor het levend houden van de kliniek, de coca cola light breaks, de vele 

muziekontdekkingen, en de awesomeness. Mag ik nog een miljoen keer met je mee naar 

zomerzotheid? Saskia, Elske, Odette, Renée, Janine, Fieke, Irma, Lieke, Anna, Jop, Joep; 

mede-promovendi. Dank voor het plezier op het AMC, de (uiteindelijk helaas spaarzame) 

lunches, de R&R events, de congressen en de kopjes thee. 

Lieve Nikie en Natas, wat fijn dat jullie bij deze gelegenheid mijn paranimfen willen zijn. 

Natas, zelfs toen ik nog in de verduisterde kamer van het research team rondwaarde was jij al 

mijn buurvrouw en dat is gelukkig heel lang zo gebleven. Ik bewonder je stoïcijnse rust, daar 

word ik zelf ook heel rustig van, en de manier waarop je voor je patiënten en de mensen om 

je heen zorgt. Je immer luisterende oor en adviezen hebben me door de afgelopen jaren heen 

geholpen en ik hoop dat ik ooit weer een kamer met jou en dr K mag delen. Niek, op ons 14e 

heeft Rob de Jong jou gebombardeerd tot mijn beste vriendinnetje. Sindsdien ben je dat ook. 

Herinneringen te over, van Afrikaanse avonturen tot spelen met Siem en Tygo op de bank. 

Ook al zijn onze carrière paden zo verschillend, toch zaten we plots weer samen op de fiets 

naar school en deden we beiden promotie onderzoek bij het AMC. Ik ben heel blij dat ook op 

deze dag jij vlak naast mij komt staan. 

Sanna, Lotte, Oscar, Bir & Sir, Jacob, Rosalie, Sophie, Eva, Guigne, Irene, Matt, Jet, 
Juul, Anne, Barbara, Roos, Nicole en alle lieve vrienden die ik hier onmogelijk allemaal 

kan noemen. Dank voor het inkleuren van de dagen. Voor het eindeloos ouwehoeren en 

de flauwe grapjes. Sirik en Greg, zonder jullie waren er geen (werkende) laptops, zonder 

laptop(s) geen boekje. Lieve Gerleen, dank voor het wekelijks terugbrengen op de wereld 

en voor je mooie filosofieën die eigenlijk overal op slaan. Dank Ron en A.B.O.V. voor de 

trainingen de afgelopen jaren en natuurlijk jullie geklets en gegiechel. 

Lieve Ton, Breg, Martijn, Bart, Aly, Robin en Iris, dank voor jullie steun de afgelopen jaren, 

voor de gezellige avonden en jullie altijd geïnteresseerde vragen naar gekke medische dingen, 

waar ik nooit een antwoord op heb.
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