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Abstract

Purpose

To evaluate the incidence and severity of symptomatic cerebrovascular accidents (CVAs) and 

treatment-related risk factors in long-term childhood cancer survivors.

Patients and Methods

The single-center study cohort comprised 1362 survivors treated for a wide range of diag-

noses. Physical radiation doses for cranial and supradiaphragmatic radiation therapy (CRT, 

SDRT) were converted into the equivalent dose in 2-Gy fractions (EQD2
) to assess dose-effect 

relationships. We used multivariable Cox regression analyses including sex, age at diagnosis, 

and treatment-related risk factors to evaluate risk factors.

Results

At a median age of 31.2 years, 28 survivors had a first CVA. The median time from primary 

cancer diagnosis was 24.9 years. The 35-year cumulative incidence in the CRT only group 

was 13.1% (95%CI, 3.5-21.8%), and in the SDRT only group 6.3% (95%CI, 0-12.3%). For the 

group treated with both CRT and SDRT, the 35 year cumulative incidence was 22.6% (95%CI, 

6.2-36.0%). The incidence rate for a first CVA was 108.2 per 100,000 person-years. The EQD2
 

was available for 411 (93.8%) of the 438 survivors treated with CRT and/or SDRT. Our analy-

ses showed that both treatment locations significantly increased the risk of CVA in a dose-

dependent manner (HR
CRT

 1.02 Gy-1; 95%CI, 1.01-1.03, and HR
SDRT

 1.04 Gy-1; 95%CI, 1.02-1.05).

Conclusion

Our study showed that survivors treated with CRT and/or SDRT have a very high risk of CVAs, 

as compared with survivors not exposed to these radiation locations. Continuing follow-up 

with special attention for preventive strategies to reduce the risk of CVAs is needed.
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Introduction

Owing to ongoing improving diagnostic and treatment techniques, childhood cancer sur-

vival rates have increased impressively over the last decades, resulting in a continuously 

growing population of long-term survivors.1,2 At the same time, survivors are at risk of nu-

merous tumor- and treatment-related late adverse events.3,4 Cerebrovascular accidents 

(CVAs) including ischemia, infarction, and hemorrhage in the central nervous system (CNS) 

are among the most serious events, since they often have life-threatening or disabling con-

sequences, or result in death.

Radiation-associated vascular disease is an adverse event that has been extensively 

described in several case reports, case series and cohort studies.5-8 A number of cohort stud-

ies that evaluated stroke as late effect in childhood cancer survivors identified cranial radia-

tion therapy (CRT) as main risk factor for stroke.9-13 In pediatric Hodgkin’s disease survivors, 

mantle field irradiation increased the risk of stroke.14 A study on adults treated for head-and-

neck cancer showed an increased risk of ischemic stroke after neck irradiation,15 but cervi-

cal irradiation was not identified as a risk factor for stroke in childhood cancer survivors.12 

However, asymptomatic carotid artery disease, an early risk factor for stroke, appeared to be 

more prevalent in childhood cancer survivors treated with neck irradiation.16,17

The aim of this study was 1) to determine the cumulative incidence and the incidence 

rate of a first symptomatic CVA 5 years or more after primary cancer diagnosis, 2) to investi-

gate potential risk factors, and 3) to assess dose-effect relationships for cranial and supradia-

phragmatic radiation therapy using the equivalent dose in 2-Gy fractions (EQD
2
).

Patients and Methods

Study cohort

The original study cohort consisted of 1362 children, who were diagnosed and treated for a 

primary cancer at the age of 18 years and younger between January 1st 1966 and January 1st 

1996 in the Emma Children’s Hospital/Academic Medical Center (EKZ/AMC), Amsterdam, and 

who survived 5 years or more after diagnosis. Details on the methods of patient selection 

and data collection have been described earlier.3,18

Data collection and follow-up

The EKZ/AMC Childhood Cancer Registry that was established in 1966, contains complete 

data on survivors’ characteristics, cancer diagnosis and therapy, including treatment for 

recurrences and second tumors. For each patient, we collected data on surgery, chemo-

therapy and radiotherapy for the primary cancer, metastatic or recurrent disease and for 

subsequent tumors preceding the first CVA. Specific and detailed information on radiation 

schedules, fractionation and total dose were obtained from patient’s individual treatment 

sheets. 
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Since 1996, all 5-year survivors are invited to the Outpatient Clinic for Late Effects of 

Childhood Cancer (Polikliniek Late Effecten Kindertumoren; PLEK) for the assessment and care 

of late tumor- and treatment-related adverse events. Information on follow-up and the preva-

lence of CVAs were retrieved form the PLEK database and clinical records. CVAs were defined 

and graded independently by two of the authors (HvdP, YR) using the Common Terminology 

Criteria for Adverse Events (CTCAEv3.0).19 Discrepancies were solved by consensus, and when 

no consensus was reached, final resolution was achieved by a third author (LK). The end of 

follow-up date was defined as 1) date of first CVA, 2) date of death, 3) date of last follow-up.

Outcome definition

The outcome definition was first and recurrent CVAs occurring 5 years or more after primary 

cancer diagnosis, including symptomatic cerebrovascular ischemia and hemorrhage. The 

CTCAEv.3.0 classifies symptomatic CVAs as CNS cerebrovascular ischemia Grade 3 as TIA (≤ 

24 hours), Grade 4 as a cerebral vascular accident (CVA, stroke) with neurologic deficit >24 

hours, and Grade 5 as an event-related death. Symptomatic CNS hemorrhage distinguishes 

Grade 2 through 5: Grade 2 indicates a medical intervention, whereas Grade 3 indicates ven-

triculostomy, ICP monitoring, intraventricular thrombolysis, or surgery. Grade 4 hemorrhagic 

events have life-threatening or disabling consequences, and Grade 5 is an event-related 

death. Ischemia Grade 2 and hemorrhage Grade 1 are asymptomatic, radiographic findings 

that were registered as non-cases.19

Calculation of equivalent dose in 2-Gy fractions for radiotherapy

We converted the physical doses delivered for all treatments preceding the outcome into the 

equivalent dose in 2-Gray fractions (EQD
2
). The EQD

2
 for external beam radiation was calcu-

lated with the formula below, based on the linear-quadratic (LQ) model:

	 EQD
2 
= D • d + α/ß

2 + α/ß
	 [1]

The total dose D represents the number of fractions multiplied by the fractionation dose d. 

We used an α/β ratio of 3 Gy for late responding vascular tissues.20,21 The rationale and meth-

odology of using the EQD
2
 has been described previously (Van Dijk et al; submitted).

The current study also includes survivors treated with continuous low dose rate (LDR) 

brachytherapy. When treated with LDR brachytherapy, exposed tissues do not have a chance 

to repair completely. Consequently, to convert physical dose received by means of continu-

ous LDR brachytherapy into the EQD
2
, formula [1] needs to be modified. The modified EQD

2
 

formula for continuous irradiation incorporates a factor g to allow for incomplete repair:

	 EQD
2 
= D • (d • g + α/ß)

	 2 + α/ß
	 [2]

In case of a continuous single exposure, the fraction dose d equals D; D is the total dose, i.e. 
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dose rate multiplied by exposure time. As in formula [1], we used an α/ß of 3 Gy. The incom-

plete repair factor g depends on the exposure time and the repair half time. The formula to 

calculate g is:

	 g = 2 • [μ • t – 1 + exp(-μ • t)]
	 (μ • t)2 	  [3]

in which t = exposure time; μ has to be calculated as well:

	 μ = log
e
2

 T½
	 [4]

where T½ represents the half repair time, i.e. the time needed to repair half of the DNA dam-

age caused by radiation.21 For late responding tissue such as blood vessels, the T½ is esti-

mated at 3.5 hours.22,23

Statistical analysis

The outcome of interest was a first symptomatic CVA occurring at least 5 years after primary 

cancer diagnosis. Asymptomatic CVAs (i.e., ischemia Grade 2, and hemorrhage Grade 1) were 

defined as non-cases. Two survivors with symptomatic events that occurred within 5 years 

after primary cancer diagnosis were excluded from all analyses.

We estimated the cumulative incidence for a first CVA using survival analyses. The incidence 

rate for a first symptomatic CVA was calculated as the number of survivors with a CVA divided 

by the number of person-years at risk. Person-years at risk were computed starting 5 years from 

the date of primary cancer diagnosis to the date of the first CVA, death, or last follow-up.

In crude multivariable Cox regression analyses we investigated different radiation therapy 

locations, including head (brain and/or facial), neck, thorax, (mini)mantle field, spine, and total 

body, each in a separate models adjusted for sex, age at diagnosis, and the treatment-related 

risk factors brain surgery and chemotherapy. We then captured the aforementioned locations in 

two main treatment groups: cranial radiotherapy (CRT) and supradiaphragmatic radiotherapy 

(SDRT). CRT included irradiation of (a part of) the brain as a consequence of brain only, and/or as 

part of the combinations craniospinal irradiation (CSI), (mini)mantle field irradiation (including 

the occiput), and/or TBI. CRT also included anterior-posterior orbital radiation fields and orbital 

brachytherapy. SDRT included irradiation of the neck, and/or thorax, and/or (mini)mantle field, 

and/or spine (whether or not as part of CSI), and/or TBI. We also investigated the correlation 

between the locations CRT and SDRT by calculating Pearson’s correlation coefficient.

In the first model, CRT and SDRT were evaluated dichotomously (yes/no), and in the sec-

ond model we evaluated the association between radiation dose (EQD2
) and symptomatic 

CVAs per treatment location. Assumptions for linearity were evaluated and were not violated.

All data were analyzed with SPSS version 21.0.1 (Statistical Package for the Social 

Sciences, Chicago, IL) for Windows, and the statistical program R, version 2.13.1 (http://

www.R-project.org).
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Results

Study cohort

Table 1 presents the characteristics of the childhood cancer survivors with and without a 

CVA. The median follow-up duration for the whole cohort was 23.8 (range, 5.0-45.3) years 

and the median attained age was 31.0 (range, 5.2-56.0) years. Of the 1360 survivors included 

in the analyses, 217 (16.0%) developed subsequent tumors. Radiotherapy was part of the 

treatment in 56 (25.9%) of these survivors, of whom 14 did not receive radiotherapy for their 

primary tumor. Of the 28 survivors with a CVA, one did not receive any radiotherapy, and 23 

(82.1%) had CRT for the primary and/or subsequent tumor preceding the CVA.

Table 1. Characteristics of the EKZ/AMC childhood cancer survivor cohort (N = 1360*) 

Characteristic Survivors with CVA
N = 28 (%)

Survivors without CVA
N = 1332 (%)

Sex

Male 15 (53.6) 728 (54.7)

Female 13 (46.4) 604 (45.3)

Age at primary cancer diagnosis (years)

Median (range) 6.2 (1.0-12.7) 6.0 (0-17.8)

0-5 10 (35.7) 585 (43.9)

>5-10 13 (46.4) 364 (27.3)

>10-15 5 (17.9) 304 (22.8)

>15 0 79 (5.9)

Primary cancer diagnosis

Brain/Central nervous system 9 (32.1) 100 (7.5)

Leukemia 5 (17.9) 328 (24.6)

Lymphoma 10 (35.7) 249 (18.7)

Soft tissue sarcoma 3 (10.7) 148 (11.1)

Kidney/Wilms’ tumor 1 (3.6) 188 (14.1)

Other† 0 319 (23.9)

Calendar year of primary cancer diagnosis

1966-1975 8 (28.6) 204 (15.3)

1976-1985 17 (60.7) 527 (39.6)

1986-1995 3 (10.7) 601 (45.1)

Primary and subsequent cancer treatment‡

Brain surgery

Yes 10 (35.7) 115 (8.6)

No 18 (64.3) 1217 (91.4)

Chemotherapy

Yes 20 (71.4) 1155 (86.7)

No 8 (28.6) 175 (13.1)

Unknown 0 2 (0.2)

Radiotherapy

CRT 23 (82.1) 320 (24.0)

Brain 15 (53.6) 213 (16.0)
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Table 1. Characteristics of the EKZ/AMC childhood cancer survivor cohort (N = 1360*) (continued)
Brain as part of (mini)mantle field 1 (3.6) 18 (1.4)

Brain as part of CSI 7 (25.0) 77 (5.8)

Brain as part of TBI 1 (3.6) 31 (2.3)

SDRT 17 (60.7) 237 (17.8)

Neck (incl. mini mantle field) 3 (10.7) 48 (3.6)

Thorax (excl. mantle field) 5 (17.9) 67 (5.0)

Mantle field 1 (3.6) 15 (1.1)

Spine, ± CSI 7 (25.0) 85 (6.4)

TBI 1 (3.6) 31 (2.3)

Follow-up time since primary cancer diagnosis (years)

Median (range) 24.9 (5.6-41.2) 23.8 (5.0-45.3)

5-15 3 (10.7) 149 (11.2)

>15-25 11 (39.3) 594 (44.6)

>25-35 13 (46.4) 445 (33.4)

>35 1 (3.6) 144 (10.8)

Attained age at end of follow-up time (years)

Median (range) 31.2 (15.1-46.5) 31.0 (5.2-56.0)

5-15 0 53 (4.0)

>15-25 6 (21.4) 308 (23.1)

>25-35 11 (39.3) 521 (39.1)

>35-45 10 (35.7) 367 (27.6)

>45 1 (3.6) 83 (6.2)

Vital status at end of follow-up

Alive 22 (78.6) 1178 (88.4)

Deceased 6 (21.4) 154 (11.6)

EKZ/AMC Emma Children’s Hospital/Academic Medical Center, CVA cerebrovascular accident (symptomatic 
only as graded according the CTCAEv.3.0),19 CSI craniospinal irradiation, TBI total body irradiation
*2 survivors who had a CVA within 5 years after primary cancer diagnosis were excluded from the complete 
cohort (N=1362).
†Includes 116 bone tumors, 85 neuroblastoma, 21 retinoblastoma, 43 germ cell tumors, 13 thyroid carcinoma, 
12 hepatoblastoma, 11 mailgnant histiocytosis, 18 miscellaneous.
‡Brain surgery, chemotherapy and/or radiotherapy for the primary malignancy and/or subsequent tumors pre-
ceding the CVA.

Radiotherapy

Table 2 shows detailed information on radiation location and dose for all treatments includ-

ed. In total, 184 survivors had CRT without SDRT, 95 had SDRT without CRT, and 159 survivors 

received both CRT and SDRT. Calculation of Pearson’s coefficient showed that the locations 

CRT and SDRT were weakly correlated (r2 = -0.198).

We retrieved detailed information about radiation schedules for 411 (93.8%) of the 438 

survivors treated with CRT and/or SDRT. The high dose values and wide dose ranges are the 

result of dose summations for all treatments, including brachytherapy. The median doses for 

CRT dose and SDRT were higher among survivors with a CVA (39.2 Gy vs. 26.3 Gy, and 33.2 

Gy vs. 24.2Gy, respectively).
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Figure 1. Cumulative incidence and 95%CI of CVAs in the EKZ/AMC childhood cancer survivor cohort, for survi-
vors treated with (A) CRT and/or SDRT, and for survivors in the separate treatment groups (B) CRT only, SDRT only, 
and CRT and SDRT combined, as compared with survivors who had neither CRT nor SDRT.
CI confidence interval, CVA cerebrovascular accident (symptomatic only as graded according the CTCAEv.3.0)19, 
EKZ/AMC Emma Children’s Hospital/Academic Medical Center, CRT cranial radiation therapy, SDRT supradia-
phragmatic radiation therapy
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Incidence and severity of symptomatic CVA

After a median follow-up of 24.9 years (range 5.6 – 41.2 years), and at a median age of 31.2 

years (range 15.1 – 46.5 years), 28 survivors experienced a first symptomatic CVA (Table 3). 

The 35-year cumulative incidence for survivors treated with CRT only, SDRT only, or CRT and 

SDRT combined was 13.8% (95%CI, 7.7-19.4%) (Fig.1A). The 35-year cumulative incidence in 

the CRT only group was 13.1% (95%CI, 3.5-21.8%), and in the SDRT only group 6.3% (95%CI, 

0-12.3%). For the group treated with both CRT and SDRT, the 35 year cumulative incidence 

was 22.6% (95%CI, 6.2-36.0%) (Figure 1B). The incidence rate was 108.2 per 100,000 person-

years (95%CI, 74.6-156.7 per 100,000 person-years).

Eighteen survivors had ischemic events Grade 3 or 4, and 10 had hemorrhagic Grade 

2 through 5 CVAs. Two patients had one or more recurrent CVAs, of whom one a recurrent 

Grade 3 CVA (i.e., TIA) shortly after discontinuation of prophylactic anticoagulation. Six of 

the hemorrhagic CVAs occurred from cavernous malformations, of which one was located in 

the thoracic spine (Id.3).

Twenty-two (78.6%) of the 28 survivors with CVAs received any form of CRT for their pri-

mary malignancy, and one had CRT for subsequent tumors, without being irradiated for the 

first malignancy (Id.26). Two survivors received chest irradiation without CRT, one of whom 

was diagnosed with heart failure (Id.18), and the other with cardiomyopathy and stenosis 

of the internal carotid artery (Id.28). Two other survivors were treated with neck irradiation 

only (Id.22, 23). One survivor had no radiotherapy at all (Id.25). At the end of follow-up, six 

survivors had died. Two due to their hemorrhagic CVA, one due to second tumor compli-

cations, and two because of other reasons. One survivor without any radiotherapy died of 

cardiomyopathy (Id.25).

Treatment-related risk factors for symptomatic CVA

The first crude multivariable models including sex, age at diagnosis, and the treatment-relat-

ed risk factors brain surgery and chemotherapy, showed that radiotherapy to the head sig-

nificantly increased the risk of CVA (HR 10.65; 95%CI, 3.81-29.77). Investigation of brain and 

facial RT separately showed that brain RT was a significant risk factor for developing a CVA 

(HR 10.24; 95%CI, 3.66-28.65), whereas facial RT was not (HR 2.46; 95%CI, 0.32-18.84). Radia-

tion of the thorax and the neck did not significantly increase the risk of CVA (HR 2.67; 95%CI, 

0.97-7.37, and HR 3.40; 95%CI, 0.96-12.09, respectively), nor did mantle field irradiation and 

TBI (HR 3.78; 95%CI, 0.47-30.63, and HR 5.32; 95%CI, 0.69-40.80, respectively). Spinal RT did 

significantly increase the risk of CVA (HR 3.16; 95%CI, 1.03-9.73), but adding brain RT to this 

model showed that brain RT was the only significant risk factor (HR 9.65, 95%CI 3.42-27.23) 

whereas spinal RT was not. Craniospinal irradiation (CSI) significantly increased the risk of 

CVA (HR 3.37; 95%CI, 1.06-10.70).

We then classified the different treatment locations into two main groups, i.e. CRT ((part 

of the) brain only, or as part of CSI and/or TBI), and SDRT (RT of the neck, thorax, (mini)

mantle, and/or spine). In Table 4, the results of the multivariable Cox regression models 
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are presented. The first model shows that CRT and SDRT were the only determinants that 

significantly increased the risk of a symptomatic CVA (HR
CRT

 8.74; 95%CI, 3.04-25.11, and 

HR
SDRT

 4.19; 95%CI, 1.84-9.57). The second model shows significant independent dose-effect 

associations for both locations (HR
CRT

 1.02 Gy-1; 95%CI, 1.01-1.03, and HR
SDRT

 1.04 Gy-1; 95%CI, 

1.02-1.05, respectively). None of the other variables included was significant in any of the 

two models.

Discussion

In our cohort of long-term childhood cancer survivors, we identified 28 survivors who ex-

perienced a first symptomatic CVA after a median follow-up time of 24.9, and at a median 

age of 31.2 years. Our study demonstrated CRT and SDRT to increase the risk of CVAs, and 

we assessed significant dose-effect relationships for these two treatment locations and the 

occurrence of CVAs. The incidence rate of 108.2 per 100,000 person-years was remarkably 

higher as compared to crude rates ranging from 5.8 to 39.8 per 100,000 person-years that 

have been reported among young adults in the general population.24

Other studies that have evaluated stroke in childhood cancer survivors are summarized 

in Table 5. They focused on specific diagnoses,9,10,14 or radiation treatment locations,11,13 

whereas we evaluated CVAs in childhood cancer survivors treated for a wide range of pri-

Table 4. Multivariable Cox regression models* for a first symptomatic CVA in the EKZ/AMC childhood cancer 
survivor cohort

Model 1 HR (95%CI)

Sex (F/M) 0.87 (0.40-1.87)

Age at diagnosis (years) 0.93 (0.84-1.03)

Brain surgery (yes/no) 1.33 (0.56-3.12)

Chemotherapy (yes/no) 0.51 (0.21-1.23)

CRT† (yes/no) 8.74 (3.04-25.1)

SDRT† (yes/no) 4.19 (1.84-9.57)

Model 2

Sex (F/M) 0.82 (0.37-1.81)

Age at diagnosis (years) 0.94 (00.85-1.04)

Brain surgery (yes/no) 2.04 (0.81-5.11)

Chemotherapy (yes/no) 0.75 (0.29-1.91)

CRT† (EQD2
 per Gy) 1.02 (1.01-1.03)

SDRT† (EQD
2
 per Gy) 1.04 (1.02-1.05)

CVA cerebrovascular accident, EKZ/AMC Emma Children’s Hospital/Academic Medical Center, HR hazard ratio, 
CI confidence interval, F female, M male, CRT cranial radiation therapy (i.e., (a part of ) brain only, and/or brain 
as part from (mini)mantle field (including the occiput), and /or craniospinal irradiation, and/or total body ir-
radiation), SDRT supradiaphragmatic radiation therapy (i.e. irradiation of the neck, thorax, (mini)mantle, spine, 
and total body)
*Two survivors with a symptomatic CVA <5 years after primary cancer diagnosis were excluded from the cohort 
and the analyses. 
†Treatment groups are not mutually exclusive.
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mary cancer diagnoses, including more than one treatment location. In agreement with 

other studies,9-13 we demonstrated that the risk of CVAs increased with higher CRT dose. 

Bowers et al showed a CRT dose-dependent association for the risk of late-occurring stroke 

by using dose categories,9 whereas we used EQD
2
 values on a continuous scale. In contrast 

to our study, in which we did not include radiation volumes, Campen et al used information 

from medical records to categorize CRT fields in order to estimate the prescribed radiation 

dose to the circle of Willis. They showed that higher doses to the circle of Willis increased 

the risk of stroke.10 In another study that evaluated long-term cerebrovascular mortality, 

absorbed doses to specific anatomical sites in the brain were estimated in childhood cancer 

patients treated with any radiotherapy. The authors concluded that higher radiation dose 

to the brain significantly increased the risk of cerebrovascular mortality.11 Two studies by 

Mueller et al. also confirmed a CRT dose-dependent relationship for stroke risk.12,13 One of 

these studies investigated the risk of stroke after cranial and neck RT, and showed that none 

of the patients with neck RT alone had a stroke. In contrast, we identified two survivors with 

neck RT alone having a CVA, however, these events were too few to demonstrate a signifi-

cant increased risk of CVA after neck RT.

The only study that evaluated supradiaphragmatic RT was a study including pediatric 

Hodgkin’s disease survivors. In that study, mantle field irradiation was associated with an 

increased risk of stroke,14 in contrast with our crude models in which we analyzed differ-

ent treatment locations separately. In our cohort we could not demonstrate significantly 

increased risks of CVAs after (mini)mantle field RT, nor after thoracic RT and TBI. Spinal RT, 

however, did increase the risk of CVAs, but when we added CRT to the model with spinal RT, 

CRT was the only significant risk factor.

Because of the complexity of different combinations of radiation locations per survivor, 

we captured the locations in the two treatment groups CRT and SDRT. Dichotomously, CRT 

was the strongest predictor as compared with SDRT (model 1), however, the HRSDRT
 per Gy 

EQD
2
, expressing the dose-effect relationship, was slightly higher than the HR

CRT 
per Gy EQD

2
 

(model 2). One of the explanations for this seemingly reversal of the association includes 

the relatively larger dose range for CRT as compared with SDRT. Additionally, the greater 

number of missing dose values might partly have influenced this effect, however, when 

we repeated the analyses excluding the cases with brachytherapy or the ones with miss-

ing dose values, results were similar. Nevertheless, our results reflect the interest of using 

continuous dose values when evaluating radiation-associated effects, especially when more 

than one treatment location is involved.

Six of the 10 hemorrhagic CVAs occurred from cavernous malformations. Furthermore , 

our data showed that survivors who experienced a first ischemic CVA and who used antico-

agulants, did not have recurrent events. One patient developed a TIA shortly after discon-

tinuation of the anticoagulant; it is not clear, though, whether a causal relationship exists.

Strengths of our study include the nearly complete treatment data for the primary 

malignancy and subsequent tumors. To our knowledge, we are the first to include treatment 
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data for subsequent tumors, and we succeeded in collecting detailed information about 

radiation schedules for almost 94% of the survivors treated with CRT and/or SDRT. We con-

verted physical prescribed dose into the EQD
2
 to assess the relationship between the doses 

for two treatment locations and the occurrence of CVAs. Doing so allowed us to summate 

radiation doses delivered by different treatment modalities, such as external beam radiation 

and brachytherapy. Another strength is the standardized definition and grading according 

to the CTCAEv.3.0.19

An important limitation of our study is the unavailability of a healthy control population, 

which restricted us to comparisons with non-exposed cancer survivors within the cohort, 

i.e., the survivors not treated with CRT and/or SDRT. However, we calculated the incidence 

rate for CVAs, which we compared to population-based reference values. Another limitation 

is the lack of information about patient-related risk factors for CVAs, such as hypertension, 

smoking and obesity. Furthermore, we must realize that the EQD2
 represents the prescribed 

dose, which is not the same as the actually absorbed dose in organs at risk. It would be 

preferable to combine EQD
2
 calculations with dose reconstruction methods.11 In addition, 

we did not consider the time between treatments when adding up the doses for the primary 

malignancy, recurrences, and/or subsequent tumors. Nevertheless, using the EQD
2
 enabled 

a uniform comparison of different radiation schedules and treatment modalities, which is 

not possible when the prescribed dose is used.

In summary, our study showed both CRT and SDRT to increase the risk of CVAs in child-

hood cancer survivors, as compared with survivors not exposed to these radiation loca-

tions. Larger cohort studies are warranted to investigate the risk of exposed survivors in 

combination with patient-related risk factors such as smoking, hypertension and obesity. 

Furthermore, continuing follow-up and additional research with special attention for pre-

ventive strategies to reduce the risk of CVAs is needed.
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