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8 General introduction and outline of the thesis

INTRODUCTION

Improvements in locoregional treatment of breast cancer
Breast cancer represents the most common female malignancy in the developed world, affecting 
approximately one out of eight women during her lifetime. The incidence of breast cancer is still 
increasing. In the Netherlands, between 2001 and 2011, the incidence has increased from 144 
cases per 100,000 women to 166 cases per 100,000 women.1,2 Despite this increase in incidence, 
the mortality rates of breast cancer have been decreasing. This decrease started in the 1990s 
and is mainly attributable to the increased application of systemic treatment, to the nation-wide 
screening programmes, and to an improved local control.3-5 Nowadays local control is excellent6 
as a result of several improvements in diagnosis and treatment over the past few decades. Better 
imaging made possible by MRI and digital mammograms provides a more accurate pre-operative 
baseline assessment of the extent of the lesion and signs of microinvasion.7,8 Trends in surgical 
management, such as better localisation methods and oncoplastic techniques, have been shown to 
decrease the rate of incomplete excisions.9 More standardised margin assessment helps to better 
identify patients with a positive margin, who may need additional local treatment.10 Improvements 
in radiotherapy, in fields and dose, have improved outcome in terms of better local control and 
fewer side effects.11,12 Developments in systemic treatments both for early and for advanced disease 
should further decrease local recurrence rates.5 
The increase in incidence of breast cancer together with the decrease in mortality rates in the last 
decennia implies that relatively and absolutely more patients will survive their potentially life-
threatening disease and will finally die of other causes. This also means that more patients will live 
with the side effects of the – often aggressive – cancer treatments. Side effects of loco-regional 
treatment of breast cancer can be acute or late-onset, they can last a lifetime, and they often have a 
significant effect on a woman’s quality of life. A mastectomy, for example, will induce distortion of 
the body image, resulting in a psychological burden. Radiotherapy as part of the breast-conserving 
therapy can cause fibrosis and lymphedema of the breast and it can affect cosmesis. Moreover, in 
case of treatment of left-side breast cancer it can also increase the risk of cardiovascular events in 
the long term.13,14 And although infrequently seen, radiotherapy can induce radiation pneumonitis 
and plexopathy.15 Local treatment of the axilla such as an axillary lymph node dissection (ALND) can 
cause long-term morbidity including lymphedema, dysesthesia and neuropathy of the ipsilateral 
arm.16-18 This too might result in distortion of the body image and impaired shoulder function. 
Due to breast cancer screening and improved awareness, breast tumours nowadays are often 
found in an early stage. Consequently, the average size of the tumours is smaller and they have less 
frequently spread to the lymph nodes.19,20 This results in more patients being able to undergo breast- 
and axilla-conserving treatment and an overall better local control. 
The high survival rates, the overall reductions in local recurrence rate and the consequences of side 
effects of cancer treatment on quality of life raise the issue of overtreatment. In other words, can 
we sustain optimal loco-regional control with more conservative treatment approaches leading to 
fewer side effects, while maintaining these excellent locoregional control rates? 
The answer is yes. In the last few decades, surgical treatment of the breast has become more 
conservative. Forty years ago, the standard surgical treatment of the breast was a Halsted 
mastectomy, whereby not only the breast tissue was removed, but also the overlying skin, the 
pectoralis muscle and the ipsilateral lymph nodes.21 This type of surgery was replaced by changed 
into a modified radical mastectomy, which conserved the pectoral muscle. Large randomised trials 
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conducted in the 1970s and early 1980s showed that breast-conserving surgery with adjuvant 
radiotherapy was comparable to mastectomy in terms of local control and survival; thus it reduced 
morbidity and improved quality of life.22-27 
Further developments of this conservative treatment include a more precise excision with improved 
pre-operative localisation methods.28 Improved cosmesis can be obtained with oncoplastic breast 
surgery or an immediate reconstruction after a mastectomy. 
Decreasing the fields of radiotherapy to the breast can be accomplished by partial breast irradiation, 
or by omitting radiotherapy to the breast at all in a selected subgroup of patients.12,29 Furthermore, 
neoadjuvant systemic treatment can decrease the size of the cancer to such an extent that breast 
conservation is feasible in patients who would otherwise have an indication for a mastectomy.30-32 
Following more conservative treatment of the breast, more conservative treatment of the axilla 
became available after the introduction of the sentinel node biopsy that spared an ALND in node-
negative patients.33 However, for patients in whom the sentinel node harbours metastasis, an ALND 
has long been the standard of care. Although an ALND provides excellent regional control, it is 
associated with long-term and short-term side effects.16-18 Omitting surgery of the axilla in patients 
with a positive sentinel node, e.g. by irradiating the axilla, could decrease these side effects. For 
patients who are clinically node-positive at presentation, a more conservative treatment could be 
a safe option, e.g. after downsizing the metastatic load in the nodes with neoadjuvant systemic 
treatment. Accurately identifying patients with a good response to neoadjuvant systemic treatment 
is crucial to select those patients suitable for more conservative local treatment. 
Despite these developments, conservative surgery of the breast and/or the axilla is currently not 
an option for all patients, e.g. patients with large tumours or metastatic lymph nodes in the axilla. 
Research is required to carefully select those patients for whom more conservative surgery is 
possible, as such surgery decreases the risk of morbidity without compromising locoregional control. 

Local treatment of in situ breast cancer
Until the 1980s, ductal carcinoma in situ (DCIS) of the breast was usually treated by mastectomy. 
However, following the introduction of breast-conserving therapy for early-stage invasive breast 
cancer, local excision of DCIS started and several trials were initiated to investigate whether adjuvant 
radiotherapy should be part of this breast-conserving treatment. These trials unanimously showed 
that radiotherapy reduced the risk of both DCIS and invasive local recurrences.34,35 However, this 
reduction in local recurrences has never been translated into a significant difference in survival.36 
This seems to be counterintuitive since an invasive local recurrence is associated with a significantly 
worse prognosis in terms of overall survival and disease-free survival.37,38 Besides the decreased 
prognosis, prevention of a local recurrence is also very important for a patient’s well-being and 
medical costs. Adjuvant radiotherapy reduced the incidence of an (invasive) local recurrence by 
half. However, known side effects of radiotherapy such as cardiotoxicity, induction of second 
malignancies and contralateral breast cancer can occur. 39-42 
Therefore, the question has risen whether all women with DCIS should have radiotherapy as part 
of their conservative treatment.29 To answer this question, not only is the long-term prognosis 
important in terms of the risk of developing a local recurrence, but also the prognosis after a local 
recurrence and the possibilities of salvage treatment.
The EORTC 10853 trial analysed the effect of adjuvant radiotherapy after a local excision for DCIS 
on the local recurrence rate. In this thesis the 15-year outcomes of this trial are shown and salvage 
treatment and prognosis after a local recurrence will be analysed. 



10 General introduction and outline of the thesis

Treatment of the axilla in clinically node-negative breast cancer
A conservative method to stage the axilla is the sentinel node (SN) biopsy. This method is based on 
the theory of Rudolph Carl Virchow (1821–1902) who suggested that specific parts of the body drain 
to a common lymph node which is referred to as the SN, and subsequently to several other lymph 
nodes.43 In 1994 staging of the axilla in breast cancer patients by selectively removing the SN was first 
described by Giulliano.33 Since then, several trials have proved the accuracy of the SN in predicting 
the axillary lymph nodes’ status and SN-negative patients can be spared an ALND.44 There is some 
debate on the reliability of the sentinel node for certain subgroups, such as patients with large 
tumours or multifocal tumours. For these subgroups, as well as for patients with a macrometastasis 
in the SN, an ALND remained the standard practice.45

The shift towards earlier breast cancer after the introduction of the screening programmes resulted 
in the detection of smaller tumours, with limited tumour deposit in the sentinel node. Moreover, 
of the patients with a positive sentinel node, 50-70% of the patients had no additional involved 
lymph nodes in the axilla. Therefore the question arose whether all patients with a positive sentinel 
node had to be treated with an ALND or whether less invasive treatment of the axilla could provide 
comparable locoregional control with less morbidity. 
In 2001 the European Organisation of Research and Treatment of Cancer (EORTC) initiated the10981-
22023 AMAROS trial (After Mapping of the Axilla: Radiotherapy or Surgery?). In this trial patients 
with a positive sentinel node were randomised between a complete ALND and radiotherapy of 
the axilla. The aim of this trial was to show comparable local control and survival in both treatment 
groups, with decreased rates of side effects in the radiotherapy-group. In this thesis the results of 
this trial will be presented as well as the outcomes of the sentinel node procedure in patients with 
multifocal breast cancer.
Furthermore, a detailed analysis of the morbidity of patients treated with an ALND or ART after a 
positive SN is presented, including the predictive value of treatment factors for the development 
of morbidity.

Locoregional treatment after neoadjuvant systemic treatment 
Morbidity may be prevented not only by better selection of patients for and better tailoring of 
surgical and radiotherapeutic treatment, but this may also be achieved by optimising the sequence 
of the different treatments. The administration of systemic treatment before, instead of after 
surgery – the so called ‘neoadjuvant’ systemic treatment (NST) – results in an increase in the 
percentage of women who are suitable candidates for breast-conserving therapy, since high rates 
of responses – including complete pathological responses – in the breast are observed.30,46 Due 
to tumour shrinkage after treatment with NST, this strategy enables breast-conserving surgery in 
25-30% of the patients who were originally scheduled for mastectomy.30-32 To facilitate adequate 
resection of residual disease in the breast after NST, the original tumour area should be marked 
before the start of the systemic treatment.
In this thesis we analyse two methods of marking the tumour bed before NST and thereby facilitating 
breast-conserving surgery after the NST: Radioactive Seed Localisation (RSL) and Radioguided 
Occult Lesion Localisation (ROLL) with technetium. 
When NST does not result in a decrease in the tumour to such an extent that breast-conserving 
surgery can be performed, these women still have to undergo mastectomy. If immediate 
reconstruction is oncologically feasible, many of these women will be candidates for a combined 
skin-sparing mastectomy and immediate prosthetic reconstruction. Neoadjuvant chemotherapy 
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might have a negative influence on postoperative wound healing and thereby delay postoperative 
treatment.47 Consequently, such combined treatment is less likely to be offered to these patients.48 
Still, the influence of neoadjuvant chemotherapy for invasive breast cancer on the rate of surgical 
complications after skin-sparing mastectomy with an immediate prosthetic reconstruction has 
seldom been studied. In this thesis we analyse the risk of short-term surgical complications after 
skin-sparing mastectomy with immediate reconstruction in women treated with neoadjuvant 
chemotherapy.
In addition to the application of more breast-conserving strategies, strategies to reduce side 
effects of axillary treatment should be employed. Downstaging of metastatic axillary lymph nodes 
is observed in patients treated with NST. The rates of complete pathological responses (pCR) in the 
axillary nodes vary between 22-42%, depending on tumour subtype.49,50 If these patients with a pCR 
in the axillary nodes could be very accurately identified, they could be offered a more conservative 
therapy of the axilla that does not have the short-and long-term morbidity of an ALND.51,52 
We explore a novel minimal invasive surgical technique to provide axillary lymph node staging after 
NST using an 125I seed: the MARI procedure (Marking the Axillary lymph node with Radioactive Iodine 
seeds).53 Prior to NST, proven tumour-positive axillary lymph nodes were marked by ultrasound-
guided insertion of an 125I seed. This marked node is referred to as the MARI-node. During the surgical 
procedure after NST, the MARI-node was selectively excised using a gamma-detection probe. A 
complementary ALND was performed to assess whether the pathological response in the MARI-
node was indicative of a pathological response in the additional lymph nodes. The final analysis of 
the feasibility and predictive value of this surgical method in a prospective study is presented in this 
thesis.
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OUTLINE OF THE THESIS

In Part I we describe the results of the EORTC 10853 DCIS trial. In this trial local excision of DCIS 
was performed with or without postoperative radiation of the breast. Chapter 2 describes the 
outcome in terms of locoregional recurrence and survival in patients with a local excision of DCIS 
and the influence of post-operative radiotherapy on these outcomes. The effect of radiotherapy 
on the yearly hazard rate of local recurrences (both invasive and DCSI) is analysed. Furthermore, it 
describes the prognosis and treatment after recurrence in this group of patients. 

Part II focuses on patients with early breast cancer and a clinically negative axilla treated in the 
EORTC 10981-22023 AMAROS trial. Chapter 3 provides insight into the feasibility and outcome of 
the sentinel node biopsy in patients with multifocal breast cancer compared to patients with unifical 
breast cancer. Chapter 4 presents the results in terms of locoregional recurrence and survival in 
patients with a positive sentinel node treated with ALND or ART. Chapter 5 gives an overview of 
the incidences and risk factors of morbidity after an ALND, ART, and after the combination of both 
treatments. 

Part III provides new insights into several surgical aspects of patients treated with neoadjuvant 
systemic treatment. Chapter 6 describes the impact of NST on the postoperative complications of 
a mastectomy with immediate reconstruction with a prosthesis. Chapter 7 and 8 describe different 
methods used to localise a tumour before the start of systemic treatment in order to perform 
breast-conserving surgery after NST. Chapter 7 decribes the radioguided occult lesion localisation 
with radioactive technetium (the ROLL-Tc99) in patients treated with NST. In chapter 8 the ROLL-
Tc99 technique is compared with the radioactive seed localisation technique in which the tumour is 
localised with an iodine seed. 
In chapter 9 the results of the MARI (Mapping of the Axilla with Radioactive Iodine seeds) procedure 
are presented. In this study, proven metastatic axillary lymph nodes were marked before the start 
of NST and selectively removed after completion of the systemic treatment as a method of nodal 
staging after NST. 
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ABSTRACT

Background
Adjuvant radiotherapy (RT) after a local excision (LE) for ductal carcinoma in situ (DCIS) aims at 
reduction of the incidence of a local recurrence (LR). We analyzed the long-term risk on developing 
LR and its impact on survival after local treatment for DCIS. 

Patients and Methods 
Between 1986 and 1996, 1,010 women with complete LE of DCIS less than 5 cm were randomly 
assigned to no further treatment (LE group, n = 503) or RT (LE+RT group, n = 507). The median 
follow-up time was 15.8 years. 

Results 
Radiotherapy reduced the risk of any LR by 48% (hazard ratio [HR], 0.52; 95% CI, 0.40 to 0.68; P < 
.001). The 15-year LR-free rate was 69% in the LE group, which was increased to 82% in the LE+RT 
group. The 15-year invasive LR-free rate was 84% in the LE group and 90% in the LE+RT group (HR, 
0.61; 95% CI, 0.42 to 0.87). The differences in LR in both arms did not lead to differences in breast 
cancer–specific survival (BCSS; HR, 1.07; 95% CI, 0.60 to 1.91) or overall survival (OS; HR, 1.02; 95% 
CI, 0.71 to 1.44). Patients with invasive LR had a significantly worse BCSS (HR, 17.66; 95% CI, 8.86 
to 35.18) and OS (HR, 5.17; 95% CI, 3.09 to 8.66) compared with those who did not experience 
recurrence. A lower overall salvage mastectomy rate after LR was observed in the LE+RT group than 
in the LE group (13% v 19%, respectively). 

Conclusion 
At 15 years, almost one in three nonirradiated women developed an LR after LE for DCIS. RT reduced 
this risk by a factor of 2. Although women who developed an invasive recurrence had worse survival, 
the long-term prognosis was good and independent of the given treatment. 
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INTRODUCTION

Mammographic screening has substantially increased the incidence of ductal carcinoma in situ 
(DCIS) in the last few decades. A systematic review showed that the DCIS incidence in the United 
States increased from 5.8 per 100,000 in 1975 to 32.5 per 100,000 in 2004.1 DCIS currently makes up 
20% to 30% of mammographically detected breast cancers. After the introduction of radiotherapy 
(RT) after breast-conserving surgery for operable invasive breast cancer, several trials were initiated 
in the 1980s to investigate the addition of RT after a local excision (LE) of DCIS. Each of these trials 
unanimously showed that RT reduced the risk of both DCIS and invasive local recurrences (LR).2-4

Although RT has been proven to halve the risk of LR, this reduction has not translated into a survival 
benefit, as previously shown in the results of this trial from the European Organisation for Research 
and Treatment of Cancer (EORTC).5,6 Survival after DCIS is good, with breast cancer–specific 
survival (BCSS) rates of approximately 95% at 10 years as demonstrated in a recent meta-analysis of 
randomized trials of RT in DCIS.5-7 Therefore, the question arises of whether RT should be a standard 
part of the conservative treatment. Long-term follow-up of large clinical trials could help answer 
this question. In this report, we examined the effect of RT on the long-term outcomes of LR and 
survival in women treated with breast conservation for DCIS.

PATIENTS AND METHODS

Patients
In the EORTC 10853 trial, patients with DCIS treated with breast-conserving surgery, called here 
LE, were randomly assigned to adjuvant RT (LE+RT group) or no further treatment (LE group) in a 1:1 
ratio. Stratification was done by institution. Details of this study have been published previously. 
5,6 Briefly, patients age less than 70 years with unilateral lesions up to 5 cm in diameter and without 
evidence of invasion or Paget’s disease who underwent LE were considered eligible. The prescribed 
irradiation dose was 50 Gy in 25 fractions over a period of 5 weeks with tangential fields that 
included the whole breast. Although no boost was advised, 5% of the patients randomly assigned 
to RT received a boost. The use of tamoxifen was not specified in the protocol. The investigations 
were approved by the local institutional committee for medical ethics in each of the participating 
centers, and informed consent was obtained from all patients. 
Forty-one patients were randomly assigned who did not meet the criteria for inclusion (Fig 1). 
Furthermore, the trial included a central pathology review available on 863 patients that focused on 
the diagnosis and classification of the lesion. In this review, invasion was defined as a focus with the 
common feature of invasive carcinoma of at least 1 mm outside the periductal stromal cuff. DCIS was 
confirmed in 775 of the 863 patients. Pathology reports of these 775 patients have been reviewed 
for margin assessment. 8 For this review, the margin status was considered free if it was reported as 
free (> 1 mm) or if a re-excision was performed and no residual DCIS was found. The margin status 
was classified as not free when margins were reported to be close (< 1 mm) or involved or status 
was not specified. Patients with margins that were close/involved/NS composed 21% of the 775 
patients with confirmed DCIS. (table 1)
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Statistical analysis
The primary end point was time to LR, measured from the date of random assignment to the date 
of DCIS or invasive LR in the ipsilateral breast. The secondary end points included time to regional 
recurrence, contralateral breast cancer (CLBC), distant metastasis, BCSS, and overall survival 
(OS). Regional recurrence was defined as a recurrence in the ipsilateral internal mammary chain, 
supraclavicular, infraclavicular, or axillary lymph nodes. CLBC included both DCIS and invasive 
cancer. BCSS was defined as freedom from breast cancer–caused mortality. 
All analyses are based on the intent-to-treat principle. Analysis restricted to the subset of 775 
patients with confirmed DCIS showed similar results (data not shown). The time-to-event curves 
were calculated using the Kaplan-Meier method and compared between the treatment arms using a 
two-sided log-rank test with 5% significance level.9 An estimate of the size of the treatment effect 
is represented by the hazard ratio (HR) and its 95% CI. A Cox proportional hazards regression model 
was fitted for the multivariable analysis of time to LR.10

To identify periods with high risk of local relapse (including DCIS and invasive recurrence separately), 
the yearly hazard rates during different consecutive time windows were estimated. To study BCSS 
and OS after LR (DCIS or invasive), a landmark analysis at 5 years after random assignment was 
performed. This type of analysis was chosen to prevent lead-time bias induced by the known fact 
that some patients might not live long enough to be able to develop a recurrence.11 OS and BCSS 
were investigated starting from the landmark depending on the type of recurrence, using Kaplan-
Meier curves and log-rank tests.

RESULTS

Patient and disease characteristics
One thousand ten women were randomly assigned between March 1986 and July 1996, of whom 503 
patients were assigned to the LE group and 507 patients were assigned to the LE+RT group (Fig 1). 
Twenty-six patients (5%) randomly assigned to RT received a boost. Patient, lesion, and treatment 
characteristics per treatment group are listed in Table 1. The present analysis was performed with a 
median follow-up time for all patients of 15.8 years. The median follow-up time of patients who did 
not experience recurrence was 15.7 years.
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DCIS treated by BCT

1010 patients randomized

503 assigned to no further treatment (LE group)
• 25 ineligible
• 46 no DCIS on central pathology review

507 assigned to radiotherapy (LE+RT group)
• 16 ineligible
• 42 no DCIS on central pathology review

503 followed up
  61 deceased
  442 alive*

507 followed up
  63 deceased
  444 alive§

503 included in the analysis 507 included in the analysis 

Figure	1.	CONSORT diagram for the EORTC 10853 trial 15-year follow-up analysis. LE: local excision; RT: radiotherapy
* based of the follow up received after the cutoff date used for the previous analysis (August 8, 2005), 134 of the 442 
patients were lost to follow-up 
§ based of the follow up received after the cutoff date used for the previous analysis (August 8, 2005), 124 of the 444 
patients were lost to follow up
Reasons for ineligibility were: age > 70 years (n=11), lesion > 5 cm (n=11), previous malignancy (n=8), tumor margins not free 
at the time of randomisation (n=7), presence of invasion at the time of randomisation (n=4), Paget’s disease of the nipple 
(n=2), randomised after mastectomy (n=1). Note that three patients had more than one reason for ineligibility. 
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LE
(N	=	503)

N	(%)

LE+RT
(N	=	507)

N	(%)

Total
(N	=	1010)

N	(%)

Median	age	(range)
										>40	years	
										≤40	years

 
465 (92.4)
38 (7.8)

480 (94.7)
27 (5.3)

945 (93.6)
65 (6.4)

Method	of	detection
										Clinical	symptoms
										Mammographic	lesion	only

145 (28.8%)
350 (69.6%)

130 (25.6%)
373 (73.6%)

275 (27.2%)
723 (71.6%)

Mean	diameter	of	the	lesion	on	mammography	(mm) 20 20 20

Boost	received±	 - 26 (5%) -

LE*
(N = 427)

N (%)

LE+RT*
(N = 436)

N (%)

Total*
(N = 863)

N (%)

Pathologic	diagnosis
										Benign/LCIS
										DCIS
										(Suspicion	of)	invasion

22 (5.2)
381 (89.2)
24 (5.6)

26 (6.0)
394 (90.4)
16 (3.7)

48 (5.6)
775 (89.8)
40 (4.6)

LE**
(N = 381)

N (%)

LE+RT**
(N = 394)

N (%)

Total**
(N = 775)

N (%)

Histologic	type
										Well
										Intermediate
										Poor

147 (38.6)
100 (26.2)
134 (35.2)

137 (34.8)
99 (25.1)
158 (40.1)

284 (36.6)
199 (25.7)
292 (37.7)

Architecture
										Clinging/micropapillary
										Cribiform
										Solid/comedo
										Missing

105 (27.6)
140 (36.7)
135 (35.4)
1 (0.3)

99 (25.1)
129 (32.7)
164 (41.6)
2 (0.5)

204 (26.3)
269 (34.7)
299 (38.6)
3 (0.4)

Margins
										Free
										Closed/involved/NS
										Missing

280 (73.5)
82 (21.5)
19 (5.0)

298 (75.6)
81 (20.6)
15 (3.8)

578 (74.6)
163 (21.0)
34 (4.4)

Table	1. Patient, lesion and treatment characteristics per treatment group. Since treatment with tamoxifen was not 
advised, information about the administration was not collected.
LE = local excision; RT = radiotherapy; NS = not specified
±	Median dose of the boost: 10 Gy
*	Characteristics in 863 pathology reviewed patients
**	Characteristics in 775 DCIS confirmed patients
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Effect of radiotherapy on local recurrences
A total of 234 patients (23%) developed LR; 110 of these recurrences (48%) were DCIS and 121 
(52%) were invasive. Two patients with a DCIS recurrence as first failure had a subsequent second 
invasive LR; one patient developed LR without further information on the histology. LR occurred in 
149 patients (30%) in the LE group compared with 85 patients (17%) in the LE+RT group. Of these 
patients, 75 (50%) in the LE group and 48 (56%) in the LE+RT group had an invasive recurrence. 
Treatment with adjuvant RT after LE approximately halved the risk of LR (HR, 0.52; 95% CI, 0.40 
to 0.68; P < .001). The 15-year LR-free rates were 69% in the LE group and 82% in the LE+RT group 
(Fig 2). RT reduced the risk of pure DCIS LR (HR, 0.49; 95% CI, 0.33 to 0.73; P = .003) and invasive 
LR (HR, 0.61; 95% CI, 0.42 to 0.87; P = .007). The 15-year DCIS LR-free rate was 84% in the LE group 
compared with 92% in the LE+RT group; the 15-year invasive LR-free rates were 84% and 90% in the 
LE and LE+RT groups, respectively.
The risk of LR was highest during the first 5 years after random assignment with hazard rates of 
4.0% per year in the LE group and 2.0% per year in the LE+RT group (Data Supplement). The risk 
then decreased to 2.0% and 1.2% in the LE and LE+RT groups, respectively, in the next 5 years and 
to 1.3% and 0.6%, respectively, from 10 years onward. When hazard rates were analyzed for DCIS 
LR only, a similar trend was observed. Likewise, the highest risk of an invasive LR was also observed 
during the first 5 years after random assignment. However, this difference in risk between the two 
treatment groups disappears after 5 years. As was also observed previously,5,6 RT was effective (HR, 
0.51) in reducing any LR, independent of age, detection method, histologic type, architecture, and 
margin status.

Figure		2.	Time to local recurrence by treatment arm; O: observed; N: number of patients, RT: radiotherapy
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Risk factors associated with a local recurrence
In a multivariable analysis, the following independent high-risk factors for LR were identified: young 
age (< 40 years), DCIS detected by clinical examination (as opposed to mammography detection), a 
solid or cribriform growth pattern (as opposed to clinging/micropapillary subtypes), and margins 
that were not free (Table 2). Treatment with RT was related to both DCIS and invasive recurrences, 
whereas involved or close margin status was an independent factor only for invasive recurrence. 
However, the small number of events may have prevented detection of other independent risk 
factors for DCIS or invasive recurrences separately.
To identify a subgroup that would only marginally benefit from RT and could thus be spared the 
additional burden of RT, the absolute and relative risks of invasive LRs were analyzed in both 
treatment arms (Data Supplement). RT was found to reduce the risk of an invasive LR in all subgroups. 
The subgroup with the lowest risk of an invasive LR was the clinging/micropapillary DCIS group. In 
this group, RT still lowered the risk of an invasive LR from 12.4% to 5.1%.

Local	recurrence DCIS	local	recurrence Invasive	local	recurrence

Parameter
Hazard	
Ratio 95%	CI p-value

Hazard	
Ratio 95%	CI p-value

Hazard	
Ratio 95%	CI p-value

Age >	40	years 1 0.009 1 0.131 1 0.173

≤	40	years 1.94 1.18-3.17 1.74 0.85- 3.57 1.60 0.81-3.16

Method	of	
detection

X-ray	finding	
only

1 0.014 1 0.169 1 0.068

Clinical		
symptoms

1.48 1.08-2.04 1.38 0.87-2.19 1.49 0.97-2.29

Histologic	type Well 1 0.113 1 0.120 1 0.896

Intermediate 1.55 1.03-2.36 1.93 1.03-3.60 1.40 0.65-1.99

Poor 1.40 0.84-2.34 1.64 0.78-3.47 1.11 0.55-2.26

Architecture Clinging/		
micropapillary

1 0.008 1 0.095 1 0.103

Cribriform 2.03 1.28-3.21 1.95 0.96-3.99 1.89 1.05-3.39

Solid/comedo 2.06 1.18-3.62 2.42 1.06-5.51 1.51 0.70-3.25

Margins Free 1 0.001 1 0.261 1 0.001

Close/involved/	
NS

1.69 1.23-2.31 1.31 0.82-2.08 2.01 1.32-3.06

Treatment LE	 1 <.001 0.002 0.014

LE	+	RT 0.51 0.38-0.69 0.50 0.33-0.78 0.60 0.40-0.90

Table	2. Multivariable analyses of risk factors related to all local recurrences and related to DCIS- and invasive recurrences 
separately
NS: not specified; LE: local excision; RT: radiotherapy 



27 Chapter 2

Other Events and survival
There was no significant difference in the incidence of CLBC (7% in LE group v 10% in LE+RT group; 
HR, 1.36; 95% CI, 0.89 to 2.10; P = .157). Regional recurrences occurred in 28 patients (19 in the LE 
group and nine in the LE+RT group; HR, 0.46; 95% CI, 0.21 to 1.02; P = .051). In only two patients 
(one in each treatment group), recurrence consisted of an isolated regional recurrence without prior 
or concurrent LR. Distant metastases were observed in 33 patients in the LE group and 33 patients 
in the LE+RT group (HR, 0.99; 95% CI, 0.61 to 1.61; P = .982). Distant metastasis without prior or 
concurrent invasive LR occurred in 12 patients in the LE group and 20 patients in the LE+RT group. 
Overall, there were 124 deaths, including 46 breast cancer–related deaths (22 in the LE group and 24 
in the LE+RT group), 29 second primary tumor–related deaths (10 v 19, respectively), 15 deaths as a 
result of cardiovascular disease (10 v five, respectively), and 34 deaths as a result of other/unknown 
causes (19 v 15, respectively). None of the differences in cause of death were significant between 
both treatment arms. There was no statistically significant difference between the LE group and 
LE+RT group for BCSS (15-year BCSS: 95% v 96%, respectively; HR, 1.07; 95% CI, 0.60 to 1.91; P = 
.814) and OS (15-year OS: 90% v 88%, respectively; HR, 1.02; 95% CI, 0.71 to 1.44; P = .931). In the 
group of patients who died because of breast cancer, no prior or concurrent invasive recurrence was 
observed in 16 of the 22 patients in the LE group and 11 of the 24 patients in the LE+RT group.

Treatment after a local recurrence
After LR, the majority of the patients (97% in both treatment groups) underwent surgery of the 
breast (breast-conserving surgery with or without adjuvant RT or a mastectomy). In the LE group, 
fewer patients who developed LR were treated with a salvage mastectomy compared with patients 
in the LE+RT group (94 [63%] of 149 patients v 64 [75%] of 85 patients). However, women initially 
treated with LE had an ultimately higher risk of a mastectomy; 19% of women (94 of 503 women) in 
the LE group had mastectomy at 15 years compared with 13% of women (64 of 507 women) treated 
with LE+RT (HR, 0.66; 95% CI, 0.48 to 0.90; Fig 3).

Prognosis after a local recurrence
No difference was observed in women who developed DCIS recurrence compared with women who 
remained free of recurrence in BCSS (HR, 0.65; 95% CI, 0.16 to 2.71) and OS (HR, 1.19; 95% CI, 0.59 
to 2.37). On the contrary, the hazard of dying after an invasive LR was five times higher compared 
with patients without an LR (HR, 5.17; 95% CI, 3.09 to 8.66). The hazard of BCSS was 17 times higher 
after an invasive LR (HR, 17.66; 95% CI, 8.86 to 35.18; Fig 4).
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Figure	3.	Time to mastectomy for all randomized patients. O: observed; N: number of patients; RT: radiotherapy

Figure	4.	Breast-cancer specific survival (BCSS) after a local recurrence; O: observed; N: number of patients, LR: local 
recurrence

Time to mastectomy

BCSS after a local recurrence
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DISCUSSION

This randomized trial demonstrates that adjuvant RT after LE for DCIS reduces the LR rate and this 
effect is maintained in the long term. After a median follow-up time of 15.8 years, the magnitude 
of this reduction (HR, 0.52) is comparable with the analysis performed at 10.5 years (HR, 0.53) and 
slightly larger compared with the analysis performed after 4.25 years (HR, 0.62).5,6 Approximately 
half of the LRs were invasive, and there was a comparable effect of RT in reducing the incidence of 
a DCIS recurrence (15-year LR rates reduced from 16% to 8%; HR, 0.49) compared with an invasive 
recurrence (15-year LR rates reduced from 16% to 10%; HR, 0.61).
A few other trials evaluated the effect of RT after LE for DCIS on the risk of LR. In the National 
Surgical Adjuvant Breast and Bowel Project (NSABP) B-17 trial2 (N = 813) and the SweDCIS trial3 (N = 
1,067), women with localized DCIS were randomly assigned to LE or LE+RT. In these two trials, with a 
median follow-up of 17.3 and 8.4 years, respectively, RT reduced the risk of LR by 52% (95% CI, 33% 
to 69%) to 60% (95% CI, 30% to 54%). In the United Kingdom/Australia and New Zealand (ANZ) 
DCIS trial, 1,030 patients were randomly assigned in a 2 × 2 factorial trial to RT, tamoxifen, or both.4 
With a median follow-up time of 12.7 years, the reduction was 59% (95% CI, 30% to 56%) when RT 
was given after LE for DCIS. There was no effect from tamoxifen on the incidence of invasive LRs 
(HR, 0.95; 95% CI, 0.66 to 1.38).
A meta-analysis of all four randomized trials (including the EORTC 10853 trial) revealed a risk 
reduction in LR after RT of 0.46 (SE, 0.05; P < .001).7 In all trials, there was a comparable magnitude 
of reduction in the incidence of invasive and noninvasive recurrences. RT reduced LRs irrespective 
of the age at diagnosis; the use of tamoxifen; the method of detection; tumor size, grade, and 
architecture; presence of comedonecrosis; focality; and margin status. Our analysis of risk factors is 
in line with results reported in the available literature.2,4,12 Local treatment including adjuvant RT was 
the strongest predictive factor for both DCIS and invasive LRs.
With the available data from this trial, it was not possible to identify subgroups of patients with 
an a priori low risk of an invasive LR. Moreover, RT reduced the incidence of an invasive LR in all 
subgroups.

There are a few limitations to this trial. First, this trial was too small to find an effect on OS. 
Second, the effect of tamoxifen was not investigated. Although no significant reduction in LRs 
with tamoxifen was found in the United Kingdom/ANZ trial4, in the NSABP B-24 trial with a median 
follow-up of 13.6 years, tamoxifen after LE+RT for DCIS reduced the incidence of an LR by 32% (P = 
.25).13 Third, in 10% of the patients with central pathology review available, DCIS was not confirmed. 
However, analysis restricted to only patients with confirmed DCIS showed similar results. Although 
negative margins were a requirement to enter the trial, 21% of patients with confirmed DCIS had 
close, involved, or not specified margins.

Finally, although the effect of RT is robust in reducing LR by half, it is possible that the overall 
risk of local relapses is decreasing in recent years because of a number of factors. Developments 
in preoperative assessment such as imaging, improvements in surgical management, and more 
standardized margin assessment are likely to reduce the overall incidence of LRs, as was also 
observed in invasive breast cancer.14-16 
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The majority of all LRs (83%) occurred in the first 10 years. For the onset of DCIS LRs, RT seemed 
to have a continuously protective effect, but for the onset of invasive LRs, this protective effect 
seemed to be restricted to the first 5 years after treatment. However, because the number of events 
was small and the CIs are wide, these outcomes should be interpreted with care. A meta-analysis of 
patients with invasive breast cancer revealed that the protective effect of RT was greatest in the 
first year (rate ratio, 0.31; 95% CI, 0.26 to 0.37) and diminished during the following years.17

In this trial, the reduction of 48% in the risk of developing LR in the LE+RT group did not translate to 
a survival benefit, which is in accordance with other large randomized trials.7 Several reasons might 
explain this observation. Survival after breast-conserving therapy for DCIS is good, with BCSS rates 
of 95% after 15 years. The current trial was not powered to find a difference in the occurrence of 
distant metastases, BCSS, or OS. Moreover, the definitive treatment after an invasive LR (ie, surgery 
and systemic treatment) has an important impact on prognosis, which could lead to this difference 
in the invasive LR having no effect on survival. Furthermore, RT is known to have a carcinogenic 
effect. RT-induced malignancy rates are estimated to compose 3% to 8% of all second primaries 
in irradiated patients. 18 In this trial, there was a nonsignificant trend toward a higher incidence of 
CLBC and of patients who died as a result of second malignancies in the LE+RT group. In the NSABP 
B-17 and United Kingdom/ANZ DCIS trials, no significant difference was observed in the onset of 
second malignancies or death as a result of second malignancy; in the SweDCIS trial, this was not 
investigated. 2-4,19 In none of these trials was a significant increase observed in the incidence of CLBC. 
Finally, adjuvant RT might not prevent tumors that are destined to cause distant metastases from 
metastasizing because identical numbers of distant metastases were observed.

Mastectomy has been historically the standard local treatment when LR occurs after breast-
conserving treatment that includes RT. One of the arguments in favor of omitting RT after excision 
of the primary DCIS lesion is the hypothetical ability to perform salvage breast-conserving 
treatment including RT in case of LR. Indeed, in the LE+RT group, a higher percentage of patients 
who developed LR was treated with a salvage mastectomy compared with the LE group (75% v 63%, 
respectively), as was also observed in other studies. 20-22 Overall, however, the LE+RT group had a 
lower mastectomy rate compared with the LE group (13% v 19%, respectively).  
A pure DCIS LR did not have a significant effect on survival compared with patients without LR. In 
contrary, being diagnosed with an invasive LR increased the mortality risk by a factor of five and the 
breast cancer–specific mortality by a factor of 17 compared with patients who did not experience 
LR. This effect is in accordance with the literature, although the prognosis seems to be worse in 
our trial. 2,23-26 In comparison, in the NSABP DCIS trials, the HR of OS in patients who developed an 
invasive LR was 1.75 and the HR for BCSS was 7.06. 2

Adjuvant RT after LE reduced the incidence of both in situ and invasive LRs by a factor of two, 
resulting in an overall lower risk of mastectomy. Although reduction was seen in all subgroups, it did 
not affect OS. However, patients with invasive LR had a significantly worse survival compared with 
patients without LR, and thus, invasive LR should be prevented. On the basis of the results of this 
trial, a subgroup of patients in whom RT can be withheld could not be identified.
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ADDENDUM 1 
Estimated	hazard	functions	to	identify	periods	with	high	risk	of	relapse

Objective
The objective of this analysis is the identification of periods with high risk of local relapse (including 
DCIS and invasive recurrence separately). 

Methods
The occurrence of a local relapse over time can be studied via the hazard rate (or hazard function). 
This rate expresses the risk or hazard of an event at time t, conditional upon the patient having 
survived to that time. If estimated in different consecutive time windows, the estimated hazard 
rates shows how the risk of an event evolves over time. 
Note that for such a method to provide a reliable estimate, a sufficient number of events need to 
occur in each time window. For the purpose of our analysis we have therefore considered windows 
from 0 to 5 years, from 5 to 10 years and from 10 years onwards. 

Results
Tables 1-3 and Figures 1-3 summarize the number of events and the estimated yearly hazard rates of 
local recurrence, local DCIS recurrence and local invasive recurrence in the three consecutive time 
windows. 

Period

Local	excision	
(N=503)

Local	excision	+	Radiotherapy	
(N=507)

Nr	of	events Hazard	(95%	CI) Nr	of	events Hazard	(95%	CI)

From	0	–	5	years 89 0.040 (0.032, 0.048) 47 0.020 (0.014, 0.026)

From	5	–	10	years 36 0.020 (0.014, 0.028) 24 0.012 (0.008, 0.017)

From	10	year	onwards 24 0.013 (0.008, 0.019) 14 0.006 (0.004, 0.010)

Total 149 85

Table	1.		Summary of the estimated piecewise yearly hazard rates over time for local recurrence by treatment arm. 

 

Observe that for patients undergoing local excision 60% (89/149) and 83% (125/149) of the events 
were reported during the first 5 and 10 years after treatment respectively. In comparison, for 
patients receiving radiotherapy as well 55% (47/85) and 83% (71/85) of the events were reported 
during the first 5 and 10 years after treatment respectively. 
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Period

Local	excision	
(N=503)

Local	excision	+	Radiotherapy	
(N=507)

Nr	of	events Hazard	(95%	CI)
Nr	of	
events

Hazard	(95%	CI)

From	0	–	5	years 45 0.019 (0.014, 0.025) 29 0.012 (0.008, 0.017)

From	5	–	10	years 20 0.010 (0.006, 0.015) 7 0.003 (0.001, 0.006)

From	10	year	onwards 9 0.004 (0.002, 0.007) 2 0.001 (0.0001, 0.003)

Total 74 38

Table	2.	Summary of the estimated piecewise yearly hazard rates over time for DCIS recurrence by treatment arm. 

 

A higher risk of DCIS relapse is observed within the first five years after treatment. Patients 
undergoing local excision only are estimated to have a higher risk of DCIS relapse over time as 
compared to patients receiving radiotherapy after surgery.
Note that only few DCIS recurrences occurred beyond 10 years after treatment, 12% (9/74) vs. 5% 
(2/38) for LE and LE+RT respectively. For patients undergoing local excision only, 61% (45/74) and 
87% (65/74) of the events occurred within the first 5 and 10 years after treatment. For patients 
receiving radiotherapy as well, 76% (29/38) and 94% (36/38) of the DCIS recurrences were reported 
within the same time frame.
Interestingly, a different trend is observed for the hazard rate of an invasive recurrence. During the 
first 5 years after treatment, patients receiving local excision only have a considerably higher risk 
of invasive recurrence as compared to patients receiving radiotherapy after surgery. However, the 
difference in risk disappears after 5 years. In fact, the risk of an invasive recurrence in the group of 
patients receiving radiotherapy appears to be relatively stable over time. 
Observe that for patients undergoing local excision, 59% (44/75) and 80% (60/75) of the events 
occurred within the first 5 and 10 years after treatment respectively. For patients undergoing local 
excision and radiotherapy, 37% (18/48) and 75% (36/48) of the events occurred within the first 5 
and 10 years after treatment respectively.

Period

Local	excision	
(N=503)

Local	excision	+	Radiotherapy	
(N=507)

Nr	of	
events

Hazard	(95%	CI) Nr	of	events Hazard	(95%	CI)

From	0	–	5	years 44 0.018 (0.014, 0.025) 18 0.007 (0.004, 0.011)

From	5	–	10	years 16 0.008 (0.005, 0.012) 18 0.008 (0.005, 0.013)

From	10	year	onwards 15 0.006 (0.004, 0.010) 12 0.005 (0.003, 0.008)

Total 75 48

Table	3.	Summary of the estimated piecewise yearly hazard rates over time for invasive recurrence by treatment arm. 
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Figure	2. Estimated piecewise yearly 
hazard rates over time for DCIS 
recurrence by treatment arm.

Figure	1.  Estimated piecewise yearly 
hazard rates over time for local 
recurrence by treatment arm.

Figure	3. Estimated piecewise yearly 
hazard rates over time for invasive 
recurrence by treatment arm.
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ADDENDUM 2 
Invasive	local	recurrence	rate	by	subgroup
 

For time to invasive local recurrence, many covariates were investigated. Due to the high level of 
multiplicity, these analyses should be regarded as potentially hypothesis generating, rather than 
confirmatory.

The prognostic factors were the following:
1.  On all 1010 patients:
-  Age (40 or less, more than 40)
-  Method of detection (X-ray only, clinical symptoms)
2.  On the 863 patients with central pathology review:
-  Pathological diagnosis (Benign/LCIS, DCIS, suspicion of invasion/invasion)
3.  On the 775 patients with confirmed DCIS:
-  Size (<10 mm, 10-20 mm, >20 mm)
-  Histologic type (well, intermediate, poor)
-  Architecture (clinging/micropapillary, cribriform, solid/comedo)
-  Margins (free, close/involved/NS)
-  Nuclear grade (low, moderate, high)
-  Necrosis (none, moderate/marked)
-  Van Nuys (1, 2, 3)

Table 1 shows the rates of invasive local recurrence within levels of factors, by treatment arm and 
overall. Figure 1 shows in a forest plot that RT reduced the risk of an invasive LR in all subgroups. 
After 15 years follow up, the risk on an invasive LR is more than 12% in all subgroups, and RT reduced 
the incidence of an invasive LR is all subgroups. This reduction is not significant in all subgroups, 
which may be due to the small number of events.  
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Table	1.	Invasive local recurrence events within levels of factors, by treatment arm and overall
NB: Patients for whom a specific factor is not available are left out of the table



37 Chapter 2

Figure	1.	Effect of radiotherapy on the invasive local recurrences by subgroup in DCIS-confirmed patients 
RT=radiotherapy, NS=non-significant
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ABSTRACT

Background
Multifocal breast cancer is associated with a higher risk of nodal involvement compared to unifocal 
breast cancer and the drainage pattern from multifocal localisations may be different. For this 
reason, the value of the sentinel node biopsy (SNB) procedure for this indication is debated. The aim 
of the current analysis was to evaluate the sentinel node identification rate and nodal involvement 
in patients with a multifocal tumour in the EORTC 10981-22023 AMAROS trial.

Patients and Methods
From the first 4000 registered patients, 342 were identified with a multifocal tumour on histological 
examination and compared to a randomly selected control group of 684 patients with a unifocal 
tumour. The outcome of the SNB was assessed.

Results
The sentinel node was identified in 96% of the patients with a multifocal tumour and in 98% of 
those with unifocal disease. In the multifocal group, 51% had a metastasis in the sentinel node 
compared to 28% in the unifocal group; and further nodal involvement after a positive sentinel node 
was found in 40% (38/95) and 39% (39/101) respectively.

Conclusion
In this prospective international multicentre study, the 96% detection rate indicates that the SNB 
procedure can be highly effective in patients with a multifocal tumour. Though the tumour-positive 
rate of the sentinel node was twice as high in the multifocal group compared to the unifocal group, 
further nodal involvement after a positive sentinel node was similar in both groups. This suggests 
that the SNB procedure is safe in patients with multifocal breast cancer.
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INTRODUCTION

Sentinel node biopsy (SNB) is the standard staging method for evaluating the axillary lymph node 
status in early-stage breast cancer patients and has replaced the axillary lymph node dissection 
(ALND) in the majority of the institutes. SNB in breast cancer patients has been extensively studied 
since its introduction in 1994 and many studies have proven the accuracy and the high negative 
predictive value of the SNB procedure in patients with small and unifocal tumours.1-3

Several randomised trials have shown that patients with a negative sentinel node can be spared the 
substantial short- and long-term morbidity of an ALND.4-8 

More importantly, omitting an ALND in patients with a negative sentinel node is appropriate, 
safe and effective for breast cancer patients.3 Despite the fact that the SNB has a false negative 
rate between 5 and 15%, the local recurrence rate in the axilla is less than 1% in 7 years and it does 
not affect patients’ disease-free survival or overall survival.2,3,9-11 The evolution of breast cancer 
treatment is such that the ACOSOG Z0011 trial suggested that even patients with limited metastasis 
in the sentinel node who were treated with breast conserving therapy and systemic treatment could 
be spared an ALND without compromising outcome.12 
However, the reliability of SNB in patients with multifocal breast cancer is under debate. Most of 
the studies addressing the accuracy and safety of SNB have excluded patients with multifocal breast 
cancer under the assumption that tumours located in different sites of the breast drain to different 
lymph nodes. Therefore the hypothesis is that SNB would result in inaccurate axillary staging in this 
group of patients.
The few studies that have analysed the feasibility and accuracy of the SNB in patients with multifocal 
breast cancer were performed in the validation period (learning phase) of the SNB when there was 
relatively little experience with the procedure,13 or included small cohorts with sub-optimal detection 
methods.14 Most important, the majority of these studies did not properly define multifocal breast 
cancer or did not distinguish between multifocal (one invasive tumour with multiple invasive foci 
in one quadrant, sharing the same histological characteristics) and multicentric (multiple distinct 
lesions involving at least two quadrants) breast cancer.15-21 

In the European Organisation for Research and Treatment of Cancer (EORTC) 10981-22023 AMAROS 
trial (After Mapping of the Axilla: Radiotherapy Or Surgery?) patients with primary invasive breast 
cancer and a clinically negative axilla underwent SNB. The trial was closed in April 2010 after the 
successful accrual of 4823 patients. In a previous publication on the first 2000 registered patients, it 
was already shown that the SNB procedure in all tumours was highly effective with a 97% detection 
rate.22 In this report, we focus on the feasibility and outcome of the SNB in patients with multifocal 
breast cancer in the first 4000 registered patients.

PATIENTS AND METHODS

Between 2001 and 2010, 4823 patients with primary invasive breast cancer and a clinical negative 
axilla were randomised between ALND and axillary radiotherapy (ART) when the sentinel node was 
positive. The study design and eligibility criteria of the AMAROS trial were previously described by 
our group.22,23 Patients were not eligible in the presence of metastatic disease, previous treatment 
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of the axilla or a history of invasive cancer. Until an amendment in the trial in February 2008, patients 
with a multifocal tumour on pre-operative imaging or a tumour over 3 cm were not eligible for this 
trial. After February 2008, patients with a tumour up to 5 cm and/or with a radiological multifocal 
tumour were allowed to enter the trial, provided that tumour was restricted to one quadrant. 
Patients with multicentric breast cancer were not eligible for this trial. Tumour size was defined as 
the size of the largest lesion (index lesion). The AMAROS trial was approved by the institutional 
ethics committees, and informed consent was required for all patients.
After obtaining permission from the EORTC Independent Data Monitoring Committee, data from 
the first 4000 patients enrolled into the AMAROS trial were analysed for the purpose of this side 
study. These patients were entered in the trial between February 2001 and December 2008 by 34 
participating centres in Europe. All 342 patients from this cohort who had a multifocal tumour on 
pathology examination were selected as the experimental group. A randomly selected, unmatched 
group of 684 patients with a unifocal tumour on pathology was selected as the control group (1:2 
ratio). Multifocal breast cancer was defined as one invasive tumour with multiple invasive foci in one 
quadrant, sharing the same histological characteristics.

Sentinel node biopsy
The SNB was performed by the combined method of blue dye and isotope with intraoperative 
detection using a gamma probe and lymphoscintiscans in the vast majority of patients. In a 
minority of the patients (n = 6) the SNB was performed with isotope or blue dye only. Removal of 
a sentinel node at sites outside the axilla, e.g. in the internal mammary chain, was not mandatory. 
Subsequently, mastectomy or breast-conserving surgery was carried out.

Axillary treatment 
For patients with a tumour-positive sentinel node, axillary treatment had to start within 12 weeks 
after the SNB. Patients who were allocated to the ALND arm underwent at least a level I and II 
ALND and patients allocated to the ART arm were irradiated on all three levels of the axilla and 
the supraclavicular fossa. Further information about the surgery and radiotherapy guidelines and 
quality assurance has been given previously.22-25

Pathology
As a minimal requirement, three histological levels (500 micron distance) for each sentinel node were 
examined. On each level, two parallel sections were performed, one for immunohistochemistry and 
one for haematoxylin and eosin staining. Immunohistochemical staining was required only when 
haematoxylin and eosin staining was negative. Tumour deposits were categorised as isolated 
tumour cells (<0.2 mm), micrometastases (0.2–2 mm) or macrometastases (>2 mm). The sentinel 
node was considered tumour-positive if any tumour deposit “isolated tumour cells, micro- or 
macrometastases” was found in the node or in the afferent or efferent lymph vessels by H&E, 
immunohistochemistry or both. After the amendment of February 2008, sentinel nodes that 
contained solely isolated tumour cells were considered negative.
Pathological tumour size was defined as the largest diameter of the largest invasive part, 
irrespectively of the total area of invasive tumour (aggregate tumour size) or in situ component.
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Adjuvant treatment
Adjuvant systemic treatment and adjuvant radiotherapy to the breast or chest wall was not specified 
in the protocol and given according to the institutional guidelines.

Statistical Analysis
Associations between the identification rate and patient- (age), tumour- (type, histology, size 
and grade) and procedure-related (method of detection) factors were evaluated by a multivariate 
logistic regression model. To avoid bias, patients in whom the sentinel node was not performed 
were excluded. All P-values were two sided, with P = 0.05 or lower considered significant. Since 
this analysis did not include any endpoints of the trial and the eligibility criteria were to prevent a 
potential bias on the final outcome, no patients were excluded because of ineligibility.

RESULTS 

The patient and tumour characteristics of the selected subgroup of patients are shown in Table 
1. Patients with a multifocal tumour tended to be younger than patients with a unifocal tumour 
(median age 54 versus 58 years, P = 0.002) and consequently more patients in the multifocal group 
were premenopausal (37% versus 28%). The tumour location was homogenously distributed over 
the two groups with approximately 44% of the patients having their tumour in the upper outer 
quadrant. The multifocal group presented with a larger tumour compared to the unifocal group 
(32% versus 21% respectively had a pathological tumour size >2 cm), had more often an invasive 
lobular carcinoma (24% versus 8% respectively) and more often a grade 2 tumour (49% versus 41% 
respectively).
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Patient	characteristics,	initial	tumor	work-up

Type

Total	
(N=1026)

Multifocal	
(N=342)

Unifocal	
(N=684)

p-value		
chi-square	test

N	(%) N	(%) N	(%)

Age	(years)																																																																																																																																											
																																																		

                                                      < 0.001

								<	50
								50-69
								>=	70

113 (33.0)
198 (57.9)
31 (9.1)                                                                                      

 172 (25.2)
423 (61.8)  
89 (13.0)                                                                                    

285 (27.8)  
 621 (60.5)
120 (11.7)                                                                                          

								Median																																																																																																																																											
																																															

53.8              57.9              56.8              

								Range																																																																																																																																												
																																															

29.1 - 81.3       27.7 - 82.5       27.7 - 82.5       

Menopausal	status																			                                                                                                                                                                                                                                                                                                             0.001

								pre-menopausal														  128 (37.4)                                                                                          188 (27.5)                                                                                          316 (30.8)                                                                                         

								perimenopausal														   25 (7.3)                                                                                            32 (4.7)                                                                                            57 (5.6)                                                                                          

								post-menopausal													  173 (50.6)                                                                                          430 (62.9)                                                                                          603 (58.8)                                                                                         

								unknown																		    16 (4.7)                                                                                            34 (4.9)                                                                                            50 (4.8)                                                                                          

Tumor	location 0.894

								Upper	outer														 149 (43.6) 292 (42.7) 441 (43.0)

								Upper	inner										 50 (14.6) 96 (14.0) 146 (14.2)

								Other	quadrant	or	combination												 141 (41.3) 293 (42.8) 434 (42.3)

								missing																		 2 (0.6) 3 (0.4) 5 (0.5)

Pathological	tumor	size <0.001

								<=	2	cm																					  226 (66.1)                                                                                          528 (77.2)                                                                                          754 (73.5)                                                                                         

								2<-5	cm																					  101 (29.5)                                                                                          141 (20.6)                                                                                          242 (23.6)                                                                                         

								>5	cm																							    9 (2.6)                                                                                             1 (0.1)                                                                                            10 (1.0)                                                                                          

								Missing																					    6 (1.8)                                                                                            14 (2.0)                                                                                            20 (1.9)                                                                                          

Histology																	                                                                                                                                                                                                                                                                                                             <0.001

								Invasive	ductal	carcinoma						  187 (54.7)                                                                                          529 (77.3)                                                                                          716 (69.8)                                                                                         

								Invasive	lobular	carcinoma					   82 (24.0)                                                                                           57 (8.3)                                                                                           139 (13.5)                                                                                         

								other																	   72 (21.1)                                                                                           91 (13.3)                                                                                          163 (15.9)                                                                                         

								Missing															    1 (0.3)                                                                                             7 (1.0)                                                                                             8 (0.8)                                                                                          

Grade																                                                                                                                                                                                                                                                                                                             0.030

								I																					   83 (24.3)                                                                                          210 (30.7)                                                                                          293 (28.6)                                                                                         

								II																				  168 (49.1)                                                                                          280 (40.9)                                                                                          448 (43.7)                                                                                         

								III																			   77 (22.5)                                                                                          164 (24.0)                                                                                          241 (23.5)                                                                                         

								missing																			   14 (4.1)                                                                                          30 (4.4)                                                                                          44 (4.3)                                                                                         

Table	1.	Patient and tumor characteristics of all patients
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Sentinel node identification rate  
The results of the sentinel node identification rate and nodal involvement are summarised in Fig. 
1. The SNB was not performed in 4 of the 342 patients with a multifocal tumour and in 6 of the 684 
patients with a unifocal tumour as a result of patient refusal or a medical decision. In 96% (324/338) 
of the patients in the multifocal group and in 98% (664/678) of the patients in the unifocal group, 
the sentinel node was successfully identified. The drainage pattern from those tumours was mainly 
to the ipsilateral axilla (97% in both groups). A multivariate logistic regression analysis on patient 
and tumour characteristics that could affect the identification rate was performed on all patients 
in whom the SNB was performed (Table 2). The identification rate was higher in large and unifocal 
tumours, patients younger than 70 and when the combination of blue dye and radioactive tracers 
was used. Histology and grade were not found to be independent predictors for the identification 
rate.

Figure	1.	Identification rate of the sentinel node and nodal involvement.
SN: sentinel node; ALND: axillary lymph node dissection; NI: nodal involvement

All patients
N = 4000

Multifocal 
N = 342

SN performed
N = 338

SN positive
N = 171 (51%)

ALND performed
N = 95

Further NI
N = 38 (40%) 

Unifocal
N = 684

SN performed
N = 678

SN positive
N = 192 (28%)

ALND performed 
N = 101

Further NI
N = 39 (39%)

SN not performed: 4

SN not identified: 14

SN negative: 153

SN not performed: 6

SN not identified: 14

SN negative: 472
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Effect
(N	=	970)
N

%	identified Odds	Ratio	
Point	Estimate

95%	Wald	
Confidence	Limits

p-value*

Age	(years)
										<50 267 98.9 7.50 2.72 20.7

<0.001

										50-69	 591 97.6 6.85 3.07 15.3

										>=	70 112 91.1 1.00

Tumor	type		
														Unifocal
														Multifocal

649
321

98.0
95.6

1.00
0.44 0.20 0.93

0.032

Histology
														Invasive	ductal
														invasive	lobular	

704
122

97.3
97.5

1.00
0.65 0.23 1.79

0.136

														other												 144 96.5 0.43 0.18 1.00

Pathological	tumor	size
										<=	2	cm
										2	–	5	cm	

731
230

96.7
98.7

1.00
1.23 0.51 2.98

<0.001

										>5	cm			 9 100.0 -

Grade
														I
														II		

291
439

96.2
97.3

1.00
1.26 0.55 2.85

0.738

														III	 240 98.3 0.89 0.33 2.37

Method	of	detection
														Both	blue	dye	and	radioactive	tracer
														Blue	dye	only

780
6

97.4
100.0

1.00
-

<0.001

														Radioactive	tracer	only	 184 96.2 0.43 0.20 0.93

Table	2.	Variables affecting the sentinel node identification rate for patients in whom the SNB was performed (*multivariate 
logistic regression analysis on 970 out of 1016 with available information for all variables)

Nodal tumour involvement
Characteristics of the sentinel nodes are summarised in Table 3. A median of 2 lymph nodes 
was examined in each group. The sentinel node was positive in 51% (171/338) of the patients in 
the multifocal group and in 28% (192/678) of the patients in the unifocal group (Fig. 1). The size 
of the metastasis in the sentinel node in the multifocal group was a macrometastasis in 61%, a 
micrometastasis in 30% and isolated tumour cells in 8%. For the patients in the unifocal group this 
was 57%, 29% and 14% respectively. Further nodal involvement after a positive sentinel node could 
only be determined in the group of patients randomised to the ALND arm. In 95 patients with a 
multifocal tumour and 101 patients with a unifocal tumour an ALND was performed after a positive 
sentinel node (Fig. 1). The other patients with a positive sentinel node received axillary radiotherapy 
or no further axillary treatment (e.g. when the sentinel node contained only isolated tumour cells or 
was not located in the axilla).
Additional nodal metastases in the ALND specimen of sentinel node positive patients were found in 
40% (38/95) of the patient with multifocal disease and 39% (39/101) in the unifocal disease group. 
Additional nodal metastasis after non-identification of the sentinel node was found in 3 of the 11 
multifocal patients and 2 of the 12 unifocal patients in whom an ALND was performed.
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Type

Total	
(N=1016)

Multifocal	
(N=338)

Unifocal	
(N=678)

N	(%) N	(%) N	(%)

Number	of	SN	examined

0   14 (4.2)                                                                                          14 (2.1)                                                                                           28 (2.8)                                                                                          

1  144 (42.6)                                                                                          322 (47.5)                                                                                          466 (45.9)                                                                                         

2  103 (30.5)                                                                                          205 (30.2)                                                                                          308 (30.3)                                                                                         

≥	3   77 (22.8)                                                                                          136 (20.1)                                                                                          213 (21.0)                                                                                         

Not	reported -    1 (0.1)                                                                                             1 (0.1)                                                                                          

Median 2 2 2

Range 0-6 0-8 0-8

A

Type

Total	
(N=363)

Multifocal	
(N=171)

Unifocal	
(N=192)

Number	of	positive	nodes

1  116 (67.8)                                                                                          144 (75.0)                                                                                          260 (71.6)                                                                                         

2   41 (24.0)                                                                                           35 (18.2)                                                                                           76 (20.9)                                                                                         

≥	3   13 (7.6)                                                                                            12 (6.3)                                                                                            25 (6.9)                                                                                          

Not	reported    1 (0.6)                                                                                             1 (0.5)                                                                                             2 (0.6)                                                                                          

Median 1 1 1

Range 1-3 1-5 1-5

Positivity	of	SN

macro  105 (61.4)                                                                                          109 (56.8)                                                                                          214 (59.0)                                                                                         

micro   52 (30.4)                                                                                           55 (28.6)                                                                                          107 (29.5)                                                                                         

cluster    9 (5.3)                                                                                            23 (12.0)                                                                                           32 (8.8)                                                                                          

Single	isolated    4 (2.3)                                                                                             4 (2.1)                                                                                             8 (2.2)                                                                                          

Not	reported    1 (0.6)                                                                                             1 (0.5)                                                                                             2 (0.6)                                                                                          

B

Table	3. Characteristics of the sentinel node in 1016 patients in whom a SNB was performed (A); and in 363 patients with  
a positive sentinel node (B)
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DISCUSSION

Sentinel node identification rate
With an identification rate of 96%, the SNB procedure in patients with a multifocal tumour was 
highly effective in this multicenter, randomised trial. The identification rate was comparable to 
that of patients with unifocal breast cancer in this trial (98%) and in two large randomised trials that 
compared SNB with ALND: the NSABP-B32 trial (97%) and the ALMANAC trial (98%).4,10 
In an analysis from patients entered in the validation phase of the ALMANAC trial when all the SNB 
procedures were followed by sampling or axillary clearance, an identification rate of 95% was found 
in 75 patients with multifocal breast cancer.13 

Nodal involvement
Half of the patients with multifocal breast cancer were found to have metastatic spread in the sentinel 
node. A number of other studies found comparable sentinel node positivity rates in patients with a 
multifocal tumour (42–59%).13-15,18-20,26,27 The percentage of tumour spread to the sentinel node in 
the multifocal group was significantly higher than in the unifocal group: 51% versus 28%. The most 
likely explanation for this is that multifocal tumours have in general a larger invasive tumour burden. 
It is important to realise that for this analysis the size of the multifocal tumour was defined as the 
size of the index lesion, irrespective of the number and size of the additional foci. So not only did 
the patients in the multifocal group have on average a larger tumour compared to the patients in 
the unifocal group, but this larger tumour was also accompanied by an additional tumour burden 
which may also increase the ability to metastasise.28 We also have to realise that these patients 
with a multifocal tumour were selected after the final pathology examination. This makes them a 
selected subgroup with a probable worse prognosis compared to patients with a multifocal tumour 
on radiological examination. Another explanation for the higher percentage of tumour spread to the 
sentinel node might be that the capacity of the tumours to form multiple invasive foci is associated 
with a higher propensity for lymphatic invasion. It has been shown that multifocal breast lesions 
disseminate at an earlier stage compared with unifocal tumours of the same volume, suggesting that 
tumour burden is not the only factor playing a role in the spread to the lymph nodes.29 
Both the rate of further nodal involvement after a positive sentinel node and the mean number of 
additional positive nodes that were found in the ALND-specimen were comparable between both 
groups. This demonstrates that although the sentinel node is more often found to be positive in 
patients with a multifocal tumour, the risk of finding additional positive nodes in the ALND specimen 
is equal in both groups. This is in accordance with the literature where multifocality was found not to 
be a significant predictor for further nodal involvement after a positive sentinel node.30,31

Accuracy
The false negative rate of the SNB can be determined by performing a ‘back up’ ALND in all patients 
as was done in the older trials, or by determination of the clinically false negative rate defined as 
the axillary recurrence rate. Since a complementary ALND after a negative sentinel node was not 
part of this protocol and the axillary recurrence rate will not be disclosed before the final analysis 
of the trial, we cannot yet provide an estimate of the false negative rate of the SNB. Nevertheless, 
the false-negative rates were 8.8% in the ALMANAC trial and 9.1% in the larger New Start training 
programme13,32 Moreover, in the ALMANAC trial multifocality was not an independent risk factor for 
false-negative sentinel nodes.33
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The assumption that tumours located in different sites of the breast drain to different lymph nodes 
and therefore the sentinel node would result in inaccurate axillary staging was investigated in the 
MULTISENT trail.34 With lymphoscintigraphy and single-photon emission computed tomography 
(SPECT)/computed tomography (CT) after consecutive intratumoural injections of a tracer, lymphatic 
mapping of each tumour separately could be analysed. Although several additional sentinel nodes 
(64%) were found draining from tumours other than the largest one, this did not lead to a difference 
in staging, nor in clinical management.

CONCLUSION 

SNB in patients with multifocal breast cancer is feasible with high identification rates. Patients with 
a multifocal tumour have higher rates of sentinel node positivity but the same frequency of further 
nodal involvement when compared to patients with a unifocal tumour. Together with an adequate 
pre-operative work-up including ultrasound of the axilla and an optimal SNB technique, omitting 
an ALND in those patients with multifocal breast cancer and a tumour-negative sentinel node will 
result in low axillary relapse rates.
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ABSTRACT 

Background
If treatment of the axilla is indicated in breast cancer patients with a positive sentinel node (SN), 
axillary lymph node dissection (ALND) is the current standard. Though ALND provides excellent 
regional control, it is associated with harmful side effects. Axillary radiotherapy (ART) was 
hypothesised to provide comparable regional control with fewer side effects. 

Patients and methods
From 2001 to 2010, 4806 patients with T1-2 primary breast cancer and no palpable lymphadenopathy 
were enrolled in the EORTC phase III non-inferiority AMAROS trial. Patients were randomised 
between ALND and ART in case of a positive SN. Stratification was done for institution. The primary 
endpoint was the time to axillary recurrence. Secondary endpoints were disease-free survival (DFS), 
overall survival (OS), shoulder mobility and lymphoedema at 1 and 5 years, and quality of life (QoL). 
Analyses were done both by intention-to-treat and per protocol. The AMAROS trial is registered 
with Clinicaltrials.gov Identifier: NCT00014612.

Results
Of the 1425 patients with a positive SN, 744 patients were randomised to the ALND-group and 681 
to the ART-group. Patients and tumour characteristics were comparable between both groups. In 
the ALND-group, additional positive nodes were found in 32·7% (220/672) of the patients. With 
a median follow up of 6·1 years (IQR 4·1-8·0), the 5-year axillary recurrence rate was (4/744) 0·43% 
(95%CI 0·00-0·92) after ALND versus 1·19% (7/681) (95%CI 0·31-2·08) after ART. The planned non-
inferiority test was underpowered because of the unexpectedly low number of events. The 95% 
1-sided confidence interval for the underpowered non-inferiority test on the hazard ratio is [0,5.27], 
with a non-inferiority margin of 2. The 5-year axillary recurrence rate after a negative SN was 0·72% 
(25/3131) (95%CI 0·39-1·04). There were no significant differences between treatment groups 
regarding OS  and DFS. Lymphoedema was observed significantly less often after ART as opposed 
to ALND. There were no significant differences in shoulder mobility, or in QoL. 

Conclusion
ALND and ART after a positive SN provide excellent and comparable axillary control. The incidence 
of lymphoedema was significantly lower after ART than after ALND. ART should be considered 
the recommended treatment for these patients with T1-2 primary breast cancer and no palpable 
lymphadenopathy.
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INTRODUCTION

Sentinel node (SN) biopsy has replaced axillary lymph node dissection (ALND) as the standard 
method in evaluating the axillary lymph node status in clinically node-negative breast cancer. Many 
studies have proven the accuracy and high negative predictive value of the SN procedure.1, 2 Several 
randomised trials have shown that patients with a negative SN can be spared the short- and long-
term morbidity of ALND and this translates into a better Quality of Life (QoL).3-6 ALND is associated 
with harmful and often persistent side effects, particularly lymphoedema and restriction in shoulder 
mobility.7-9 ALND has long been considered standard in case treatment of the axilla is indicated for 
patients with a positive SN.10 Recently, the ACOSOG Z0011 and the IBCSG 23-01 trial showed that 
patients with limited disease in the sentinel node(s), treated with breast-conserving surgery, whole 
breast irradiation and adjuvant systemic treatment, can be spared an ALND without compromising 
locoregional control or survival. The strategy to omit ALND in patients with low-risk axillary 
involvement treated with breast-conserving surgery, whole breast irradiation and adjuvant systemic 
treatment is now adapted in the ASCO guidelines.11 However, a subset of patients with sentinel 
node involvement exists for whom axillary treatment is still considered useful. It is suggested that 
further involvement of the axillary lymph nodes is predictable based upon factors such as tumour 
size, type, grade, vascular invasion and extracapsular extension of cancer in the sentinel node(s).12-14 
Patients with a high risk would still need axillary treatment.12 
In the pre-sentinel node era, axillary radiotherapy (ART) had been described as an alternative for 
ALND in clinically node-negative patients.15-17 Satisfactory local control was observed with fewer 
side effects.8, 17 However, ALND and ART have never been compared prospectively in patients with 
a positive SN.
In 2001 the European Organisation for Research and Treatment of Cancer (EORTC) initiated the 
10981-22023 AMAROS trial (After Mapping of the Axilla: Radiotherapy Or Surgery?). In this trial, 
breast cancer patients with a positive SN were randomised between ALND and ART. ART was 
hypothesised to be non-inferior in terms of efficacy compared to ALND, with fewer side effects. The 
final results of the primary endpoint (axillary recurrence rate) and the secondary endpoints (survival 
and morbidity) are reported here.

METHODS

Study design
This randomised, multicentre, phase 3 non-inferiority trial included patients with primary, unifocal, 
invasive breast cancer, with no palpable lymphadenopathy. The study design of the AMAROS trial 
was previously described.18 Women with tumours of up to 3 cm were eligible. Bilateral breast cancer 
was not an exclusion criterion and there was no age-limit. Included patients had to be fit to undergo 
any of the treatment procedures and be able to comply with the follow-up schedule. Patients were 
not eligible in case of a medical history with previous malignancy, if they had received neoadjuvant 
systemic treatment for the primary breast cancer or if they had received treatment of the axilla 
by surgery or radiotherapy. After a protocol amendment in February 2008, the eligibility criteria 
were broadened to include tumours up to 5 cm and/or multifocal disease. Furthermore, SN with 
only isolated tumour cells (ITC) were no longer considered SN positive. The intention-to-treat (ITT) 
analysis included patients with only ITCs in the SN who were randomised before the amendment.  
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In the per protocol (PP) analysis, patients with only ITCs in the SN have been excluded.
Patients were asked to participate before SN biopsy. After written informed consent and registration 
in the trial, randomisation in this open-label trial was performed at the EORTC headquarters in a 1:1 
ratio between ALND and ART in case of a positive SN. Stratification was done by institution using a 
minimisation method. The reason to perform the randomisation before the SN biopsy was threefold. 
First, this strategy prevented a selection bias, for instance by inclusion of patients with limited 
tumour deposit in the SN. Second, after randomisation to ALND, a one-stage procedure with SN 
biopsy, frozen section and in case of a positive SN immediate ALND could be done. Third, omitting 
axillary treatment in a non-selected group of patients with a negative SN could be prospectively 
analysed. 
Before participating in the trial, every centre had to fulfil the surgical quality control criteria 
as described previously.19 The SN procedure had to be performed with a radioactive isotope, 
preferably combined with blue dye (Patent Blue Dye). Local treatment of the breast consisted of 
breast-conserving therapy including whole breast radiotherapy or mastectomy with or without 
irradiation of the chest wall. The use of adjuvant systemic treatment was applied at the discretion of 
the treating multidisciplinary team. 
Collection of patients-, tumour- and treatment characteristics and analysis of the data was performed 
at the EORTC headquarters. At the time of the design of the trial, the risk of axillary recurrence was 
thought to be determined by the presence of a positive SN. For this reason, data on tumour biology 
such as hormonal status, lymphvascular invasion, and extranodal extension of the sentinel node(s) 
were not registered.
The Independent Data Monitoring Committee (IDMC) reviewed accrual, safety and maturity every 
6 months. The AMAROS trial was approved by the institutional ethical committees and registered 
with Clinicaltrials.gov (NCT00014612).

Axillary treatment 
Axillary treatment for patients with a tumour-positive SN had to start within 12 weeks after the SN 
biopsy. Consequently, systemic treatment, if indicated, was administered after completing the 
axillary treatment. ALND had to be performed according to the manual of the EORTC Breast Cancer 
Group20 and was defined as a dissection of at least anatomical levels I and II including  at least 10 
nodes. The protocol ART included the contents of all three levels of the axilla as well as the medial 
part of the supraclavicular fossa. The prescribed dose was 25 fractions of 2 Gy. Adjuvant ART after 
ALND was allowed when ≥ 4 positive nodes were found. Further information about surgery and 
radiotherapy guidelines and quality assurance has been published previously.18, 19, 21

Study endpoints and follow up
The primary endpoint in the group of patients with a positive SN was the time to axillary recurrence 
(ARR). Axillary recurrence was defined as tumour recurrence in lymph nodes in the ipsilateral axilla, 
infraclavicular fossa, or interpectoral area. Supraclavicular lymph node recurrences were considered 
distant metastases. Recurrences had to be confirmed with histological- or fine needle examination. 
Additionally, in the group of patients with a negative SN the axillary recurrence rate was analysed.
Secondary endpoints were axillary recurrence free survival (ARFS), disease free survival (DFS), and 
overall survival (OS), as well as shoulder mobility, lymphoedema, and QoL. ARFS was defined as time 
to axillary recurrence or death of any cause. An event for DFS was defined as any sign of disease 
progression including second malignancy (contra-lateral breast or non-breast cancer), or death. 
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Patients were assessed for disease recurrence according to standard clinical practice. Annual patient 
history, physical examination and mammography were required, additional testing was done on 
indication.
Assessments of lymphoedema and shoulder mobility had to be performed at baseline and at the 1, 3, 
5, and 10 year follow ups. This assessment included recording any sign of lymhoedema. Furthermore, 
arm circumference 15 cm above the medial epicondyle (upper arms) and 15 cm below the medial 
epicondyle (lower arms) were measured. An increase in arm circumference of ≥ 10% in the lower 
arm and/or the upper arm compared to the contralateral arm at the same time point was considered 
clinically significant lymphoedema. 
For the shoulder mobility the range of motion in both arms was measured in four excursions: 
abduction, adduction, anteversion, and retroversion. For each of the excursions, the range of 
movement was compared between both arms. The four relative excursions were combined in a 
multivariate (composite) endpoint, at 1 and 5 years.
QoL was assessed using the EORTC-QLQ-C30 (version 3) and QLQ-BR23 (breast cancer module). 
The selected scales were pain, body image, and arm symptoms, where the arm symptoms scale was 
composed of three items: pain in arm/shoulder, swollen arm/hand, and difficulties moving arm. 
Questionnaires had to be completed at baseline and at the 1, 2, 3, 5, and 10 year follow ups. 

Role of the funding source
The funding sources had no role in the design or conduct of the study; collection, management, 
analysis or interpretation of data; preparation, review, or approval of the manuscript; nor in the 
decision to submit the manuscript for publication. MD, LS, JB, CC and ND had full access to the 
raw data in the study. The corresponding author had full access to all of the data and the final 
responsibility to submit for publication.

Statistical Analysis
The clinical cut-off date for this analysis was October 31st, 2012. A complete statistical analysis plan 
was designed and approved before any analysis was executed.22 All analyses were performed with 
SAS 9.3. All described analyses are restricted to the patients with a positive SN, unless specified 
otherwise.
 
For the efficacy endpoints ARR, DFS, ARFS, and OS, patients without an event were censored at the 
last date known alive. The 5-year ARR is reported using the cumulative incidence method with death 
as a competing risk; for the other endpoints the Kaplan Meier approach was used. 
The primary objective of the trial was to demonstrate non-inferiority of ART compared to ALND with 
respect to ARR in patients with a positive SN. A 5-year ARR of 2% was assumed in the ALND arm and 
non-inferiority was defined as an ARR not higher than 4% in the ART arm. With a one-sided log-rank 
test on the hazard ratio for non-inferiority (non-inferiority margin=2) with alpha=0·05, 52 events 
were required to ensure a power of 80% under the latter assumptions. Due to an – unexpectedly – 
low event rate, it became apparent that the projected number of events would likely never occur. 
Therefore the IDMC gave permission for the current timing of the final analysis, leaving the primary 
non-inferiority test underpowered. A multivariate Cox proportional hazard model was fitted for 
DFS to assess the impact of important covariates on the main analysis (appendix). Additionally a 
subgroup analysis was performed to see whether the results would be applicable to different 
subgroups (Addendum 1). 
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Since this is a non-inferiority trial, all efficacy analyses were performed in both the PP population, 
which excluded among others patients with an SN that contained only ITCs, and the ITT population 
(Figure 1). As the results of both analyses are qualitatively the same for the primary and all secondary 
efficacy endpoints, only the ITT results are reported here and the PP results are reported in the 
addendum 2.
The 1 and 5 year lymphoedema endpoints were analysed using Fisher’s exact test. For the composite 
shoulder mobility endpoints a multivariate analysis of variance (MANOVA) was performed based on 
Hotelling’s T² test on the log scale. A significance level of 5% was considered for all tests. All safety 
analyses were performed on the safety population, defined as those patients with a positive SN who 
received at least the randomised treatment. 
The main QoL objective was to compare the selected scales over time between the two arms on 
all patients with a positive SN. A linear mixed model with treatment, a (linear) time effect, a time-
treatment interaction as fixed effects, and patient specific random effects was fitted. A general 
F-test for differences between the two treatment arms at all post baseline time points was obtained 
from the model. Differences of at least 10 points (on a 0-100 scale) were classified as clinically 
relevant23, with the study being more than adequately powered to detect such differences.

RESULTS 

Between February 2001 and April 2010, 34 centres from nine European countries, which included 
affiliations of the ALMANAC (Axillary Lymphatic Mapping Against Nodal Axillary Clearance) Trialists 
Group and the Dutch Breast Cancer Trialists Group (BOOG), enrolled 4823 patients. Seventeen 
patients were excluded because their informed consent was not documented, leaving 4806 patients 
for further analysis (Figure 1). 
Of these, 1425 patients (29·7%) were SN-positive; 744 of these patients were randomised to the 
ALND-group and 681 to the ART-group. In 132 patients the SN was not identified, resulting in an 
identification rate of 97·3% (4674/4806). Since a sentinel node was defined as a lymph node that 
was radioactive and/or blue, nodes that were only suggestive of disease on palpation were excluded. 
If those nodes had been included as sentinel nodes, this would not have changed the current results 
(data not shown).
Patient- and disease baseline characteristics of patients with a positive SN were well balanced 
between the two treatment arms (Table 1). In 60·3% (859/1425) of the patients with a positive SN, 
pre-operative staging of the axilla included ultrasound examination.
The median follow up was 6·1 years (interquartile range [IQR]: 4·1-8·0) in the SN-positive group and 
5·1 (IQR: 3·9-6·3) years in the SN-negative group (forms were only due up to 5 years in the latter 
group). 
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Figure	1.	Patients flow in the EORTC 10981-22023 AMAROS trial. 
Abbreviations: R = randomisation; SN = sentinel node; ALND = axillary lymph node dissection; ART = axillary radiotherapy; 
ITC = isolated tumour cells. 
*’SN other’ includes patients in the ALND-group and ART-group who did not undergo SN or the SN-results were unknown 
(n=12 and n=12 respectively), had only a positive non-SN (n=16 and n=6 respectively), had a positive SN that was not located 
in the axilla (n=9 and n=13 respectively), or only ITC’s in the SN (n=27 and n=23 respectively).

All registered patients
N=4823

Included in analysis
N=4806

No informed consent:
N = 17

Arm 1: ALND
N= 2402

Arm 2: ART 
N= 2404

SN negative: : 1532
SN not identified: 62
SN other*: 64

SN negative:  1599
SN not identified: 70
SN other*: 54

Positive SN 
N= 744

Positive SN
N= 681

R
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ALND
(N	=	744)

N	(%)

ART
(N	=	681)

N	(%)

Total
(N	=	1425)

N	(%)

Baseline	characteristics

Age		(median	[IQR]) 56 (48-64) 55 (48-63) 56 (48-64)

Menopausal	status
											Pre-menopausal
											Post-menopausal
											Missing

283 (38·0)
449 (60·3)
12 (1·6)

289 (42·4)
384 (56·4)
8 (1·2)

572 (40·1)
833 (58·5)
20 (1·4)

Pre-operative	ultrasound	axilla
											Performed
											Not	performed

440 (59·1)
304 (40·9)

392 (61·5)
262 (38·5)

859 (60·3)
566 (39·7)

Tumour	on	dominant	side
											Yes
												No
												Bilateral
												Missing

377 (50·7)
352 (47·3)
8 (1·1)
7 (0·9)

329 (48·3)
336 (49·3)
2 (0·3)
14 (2·1)

706 (49·5)
688 (48·3)
10 (0·7)
21 (1·5)

Clinical	tumor	size	
											Median	[IQR]
												0-2	cm
												2-5	cm
												>	5	cm	
												Missing

17 mm (13 – 22)
612 (82·3)
132 (17·7)
0 
0 

18 mm (13 – 23)
533 (78·3)
143 (21·0)
1 (0·1)
4 (0·6)

17 mm (13 – 22)
1145 (80·5)
275 (19·3)
1 (0·1)
4 (0·3)

Tumour	type
										Infiltrating	ductal
										Infiltrating	lobular
										Other
										Missing

563 (75·7)
100 (13·4)
81 (10·9)
0 

515 (75·6)
99 (14·5)
66 (9·6)
1 (0·1)

1078 (75·6)
199 (14·0)
147 (10·3)
1 (0·1)

Grade
										I
										II
										III	
										Missing

179 (24·1)
356 (47·8)
192 (25·8)
17 (2·3)

154 (22·6)
311 (45·7)
200 (29·4)
16 (2·3)

333 (23·4)
667 (46·8)
392 (27·5)
33 (2·3)

Type	of	breast	surgery
										Breast-conserving	surgery
										Mastectomy
										Missing

609 (81·9)
127 (17·1)
8 (1·1)

557 (81·8)
121 (17·8)
3 (0·4)

1166 (81·8)
248 (17·4)
11 (0·8)

Adjuvant	radiotherapy
										Breast
										Chest	wall
										Internal	mammary	chain

597 (80·2)
34 (4·6)
72 (9·7) 

546 (80·2)
51 (7·5)
65 (9·5)

1143 (80·2)
85 (6·0)
137 (9·6)

Systemic	treatment	administrated
										Chemotherapy
										Hormonal	therapy
										Immunotherapy
Any	systemic	treatment

453 (60·9)
585 (78·6)
45 (6·0)
666 (89·5)                                                                                         

418 (61·1)
525 (77·1)
44 (6·4)
612 (89·9)                                                                                         

871 (61·2)
1110 (77·9)
89 (6·3)
1278 (89·7)                                                                                         
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Treatment outcomes
The median number of SN removed in both groups was 2 (IQR: 1-3). The median number of SN 
with proven metastasis (including ITC) was 1 in both groups (IQR, 1-1). In both the ALND and ART-
group the majority of the patients had a macrometastasis in the SN (59·4% and 61·5% respectively)   
(Table 1).
In the ALND-group, a median of 15 additional nodes were removed besides the SN (IQR, 12-20); 
histological examination revealed additional metastatic lymph nodes in 32·7% (220/672) of those 
patients, 7.8% (52/672) having four or more additional metastatic nodes. Combined axillary 
treatment (ALND followed by ART) was administered to 41 patients randomized to the ALND-group 
and 12 patients in the ART-group. Adjuvant systemic therapy was delivered to 666 women (89·5 %) 
in the ALND-group and 612 women (89·9%) in the ART-group.

Sentinel	node	characteristics

Number	of	sentinel	nodes	removed
										1
										2
										3
										≥4

332 (44·6)
201 (27·0)
127 (17·1)
84 (11·3)

293 (43·0)
217 (31·9)
105 (15·4)
66 (9·7)

625 (43·9)
418 (29·3)
232 (16·3)
150 (10·5)

Number	of	positive	sentinel	nodes
										1
										2
										3
										≥4

581 (78·1)
127 (17·1)
29 (3·9)
7 (0·9)

512 (75·2)
134 (19·7)
27 (4·0)
8 (1·2)

1093 (76·7)
261 (18·3)
56 (3·9)
15 (1·1)

Size	of	the	largest	SN	metastasis	
										Macrometastasis
										Micrometastasis
										ITC

442 (59·4)
215 (28·9)                                                                                         
87 (11·7)                                                                                         

419 (61·5)
195 (28·6)    
  67 (9·8)                                                                                                                                            
                                                                                                                           

861 (60·4)        
410 (28·8)     
154 (10·8)                                                                                                                                            
                                                                                                                   

Number	of	positive	additional	
nodes	(besides	SN)
										0
										1-3
										>4
										Missing
										No	ALND	performed

451 (67·1)
168 (25·0)
52 (7·8)
1 (0·1)
72

-*
-
-
-

Table	1. Baseline and treatment characteristics 
The number of patients and percentages are provided, unless specified otherwise. 
ALND = axillary lymph node dissection; ART = axillary radiotherapy; IQR = interquartile range; ITC = Isolated Tumour Cells
*Additional metastatic lymph nodes in the ART-group were found in a group of patients who crossed over from ART to 
ALND and are thus not representative for the number of additional nodes in the whole group. In the group of patients 
randomised to ART, but who underwent ALND, 0 additional positive nodes were found in 26 patients, 1-3 positive nodes 
were found in 24 patients, >4 positive nodes were found in 17 patients and for 2 patients this information was missing

ALND
(N	=	744)

N	(%)

ART
(N	=	681)

N	(%)

Total
(N	=	1425)

N	(%)
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Axillary recurrence
The 5-year axillary-recurrence rate was 0·43% (95%CI 0·00-0·92) in the ALND-group and 1·19% 
(95%CI 0·31-2·08) in the ART-group. The 95% 1-sided confidence interval for the underpowered 
non-inferiority test on the hazard ratio is [0,5.27], with a non-inferiority margin of 2. Absolute 
numbers were 4/744 in the ALND-group and 7/681 in the ART-group. Isolated axillary recurrence as 
a first event comprised 2 of these 4 recurrences in the ALND-group and 2 of the 7 recurrences in the 
ART-group. The axillary recurrences occurred with a prior or concurrent local recurrence in 1 patient 
in the ALND-group and 2 patients in the ART-group. 
The 5-year axillary recurrence rate in the SN-negative group was 0·72% (95%CI 0·39-1·04) (25/3131 
patients).

Survival
There were no significant differences in DFS and OS. There were 71 deaths (9·5%) in the ALND-
group and 76 (11·2%) in the ART-group. Death due to breast cancer occurred in 53 patients (7·1%) in 
the ALND-group and 54 patients (7·9%) in the ART-group. The 5-year DFS rates were 86·9% (95%CI 
84·1-89·3) in the ALND-group and 82·7% (95%CI 79·3-85·5) in the ART-group (HR:1·18; 95%CI 0·93-
1·51, p=0·18) (Figure 2A). The 5-year OS rate was 93·3% (95%CI 91·0-95·0) in the ALND-group and 
92·5% (95%CI 90·0-94·4) in the ART-group (HR:1·17; 95%CI 0·85-1·62, p=0·34) (Figure 2B). Because 
of the low number of axillary recurrences, ARFS is analogous to OS and is not reported.
The 5-year DFS and OS rate in the SN-negative group were 87·9% (95%CI 86·6-89·1) and 95·4% 
(95%CI 94·4-96·1) respectively. 

Morbidity and Quality of Life
Lymphoedema was observed significantly more often after ALND than after ART at every measured 
time point (Table 2). Increase in arm circumference was also observed more frequently after 
ALND. There was a small group of patients who received both radiation and surgery to the axilla. 
Lymphoedema was significantly more frequently observed in this subgroup as compared to patients 
who were treated with ALND or ART only. When those patients who received both treatments were 
excluded, the difference in rates of lymphoedema between the ALND and ART-group remained 
highly significant.24 
The range of motion in the four excursions (abduction, adduction, anteversion, and retroversion) did 
not differ significantly between the two treatment arms at both time points (1-year: p=0·29; 5-year: 
p=0·47). There was a non-significant trend towards a decreased range of motion in retroversion in 
the ART-group at one year after treatment that disappeared afterwards. 
For the QoL, no statistically significant or clinically relevant difference was observed between any of 
the selected scales: arm symptoms, pain or body image. Sensitivity analyses confirmed the primary 
analyses, adding a level of robustness to the primary findings. Although the arm symptom scale as 
a whole did not differ between the two treatment arms, in two items of the arm symptom scale a 
non-significant trend was observed: ART favourable for swollen arm/hand and ALND favourable for 
difficulties moving the arm (Addendum 3). 
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Figure	2.	The (A) disease-free survival, and (B) overall survival in both treatment groups
O = observed events, N = number of patients at risk; ALND = axillary lymph node dissection; ART = axillary 
radiotherapy
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DISCUSSION

In this randomised, phase III trial, ART and ALND provided both excellent and comparable 
locoregional control in breast cancer patients with a positive SN with a 5-year axillary recurrence 
rate of 1·19% and 0·43% respectively. There were no significant differences between the two 
groups observed in 5-year axillary recurrence rate, DFS, and OS and this observation was similar 
in all subgroups. There was, however, a significant difference in the incidence and measurement 
of lymphoedema in favour of the ART-group, even when the patients who received the combined 
treatment (ALND + ART) were excluded.24    
These results are in accordance with two randomised trials of the pre sentinel node era that 
compared ART with ALND in clinically node-negative patients: the NSABP-04 trial and a French trial 
initiated by the Breast Carcinoma Collaborative Group of the Institut Curie.15, 16 Since in these trials 
no SN biopsy was performed, ALND and ART were the only treatments indicated to treat the axilla. 
In the NSAPB-04 trial the axillary recurrence rate after a 25-year follow up was 4% in both treatment 
groups.15 In the French trial with a 15-year follow up a better axillary control was found in the ALND-
group (1% versus 3% in the ART-group, p=0·04).16 Although in this trial initially a survival benefit 
was observed in favour of ALND,25 the long-term results of both trials did not show a significant 
difference in DFS and OS between both treatment groups. 
The results of the AMAROS trial confirm that the type of axillary management (ART or ALND) in 
patients with a positive SN does not have an impact on survival. However, it can significantly 
influence the outcome in terms of morbidity. In this trial signs of lymphoedema were observed at 
five years in 23·2% of the patients after ALND and in 10·8% of the patients after ART. The same 

ALND		
N	(%)

ART		
N	(%)

P-value

Clinical	sign	of	lymphoedema
											Baseline
											1	year
											3	years
											5	years

3  (0·5)
114 (27·8) 84 
(22·5)
76 (23·2)

0  (0·0)
62 (15·1) 47 (13·8)
31 (10·8)

0·2517
< 0·001
= 0·003
< 0·001

Arm	circumference	increase	≥	10%
											Baseline
											1	year
											3	years
											5	years

33 (5·0)
32 (7·8)
38 (10·2)
43 (13·1)

24 (4·1)
24 (5·9)
22 (6·5)
16 (5·6)

0·497
0·332
0·080
< 0·001

Compliance (%)

Number	of	forms	received
											Baseline
											1	year
											3	years
											5	years

655
410
373
328

586
410
341
286

98
65
62
69

Table	2. Lymphoedema 
Number and fractions of patients with a clinical sign of lymphoedema on the ipsilateral arm; rates of patient with an 
increase of ≥ 10% in the arm circumference of the ipsilateral upper and/or lower arm; and the number of forms received 
and the compliance. The compliance was calculated as the number of received forms as fraction of the number of expected 
forms for that time point. 
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trend was observed in the NSABP-04 trial, although this trial showed higher rates of lymphoedema 
in both treatment groups.8 
No significant differences in range of motion were recorded between the two treatment arms in all 
4 excursions. The trend towards more restriction in arm mobility in the ART-group compared to the 
ALND-group at one-year follow up disappeared in the following years. These lymphoedema and arm 
mobility results were reflected in the patient-reported answers to the arm symptom scale, yet did 
not lead to differences in QoL. 
It is remarkable that the 2-fold less observed and measured lymphoedema in the ART-group does not 
translate into a clinically significant difference in QoL. It is possible that the current QoL measures 
were not sensitive enough to detect a change in QoL resulting from lymphoedema. There is some 
evidence that lymphoedema is simply not affecting QoL as much as anticipated.26 Based on the arm 
circumference measurements, we also observe that the rate of severe lymphoedema is a lot lower 
than the rate of lymphoedema cases reported by the clinician. Therefore, the majority of cases could 
correspond to mild edema that is not very bothersome to the patient. Another possible explanation 
is usually referred to as “response shift” in QoL. Patients adapt to their conditions and change their 
internal standards. Such response shifts affect QoL outcome measurement as changes over time 
represent not only the symptom itself, but also the coping and acceptance level of that symptom.27

The design and the results of the AMAROS trial may raise some discussion. First, the extensive field 
of irradiation including the periclavicular area may be considered overtreatment since, apart from 
level 1 and 2, which are also treated in an ALND, level 3 and the supraclavicular nodes were also 
treated. ART of level 1 and 2 only might have been sufficient. Second, an imbalance was observed in 
the distribution of SN-positive patients in the two treatment groups: more patients with a positive 
SN were allocated to the ALND-group than to the ART-group. An independent committee approved 
by the IDMC investigated this imbalance during the accrual-period of the trial. No plausible cause 
could be determined to explain this imbalance and no indication of a possible bias was identified, 
which is illustrated by the multivariate analysis confirming the randomised comparison results. 
Finally, the 5-year axillary recurrence rate was far below what was hypothesised and therefore 
the trial’s primary test was underpowered. The AMAROS trial was designed to test non-inferiority 
based on an assumption of a 2% 5-year axillary recurrence rate in the ALND-group. As per our data, 
that rate was an overestimation in both arms since both groups performed better than this baseline 
assumption. That in itself constitutes trial results that directly answer the trial’s objectives. Since 
axillary recurrence seems to be an early event with a median timing of 15-30 months 15, 28, it is unlikely 
that further follow-up would result in enough axillary recurrences to create sufficient power to test 
for a statistically and clinically significant difference between the two treatment groups. 
The excellent regional control after both treatments fits corresponds with the results of the 
ACOSOG Z0011 trial and IBCSG 23-01 trials that showed that patients with limited SN metastasis 
who were treated with breast-conserving therapy, including whole-breast irradiation and adjuvant 
systemic treatment, could be spared an ALND without compromising locoregional control or survival 
outcome.29-31 The results of these trials led to a swift adaption of clinical practice: patients with early 
breast cancer and limited SN involvement, receiving whole breast irradiation and adjuvant systemic 
treatments no longer need an ALND. However, there are still subgroups of patients in whom 
treatment of the axilla is deemed necessary, e.g. patients that do not fit into the criteria of the Z0011 
trial.12 The results of the AMAROS trial indicate that for those patients, ART is a validated treatment.
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CONCLUSION 

In this randomised controlled trial, both ART and ALND provide excellent axillary control in breast 
cancer patients with a positive SN. With a median follow up of 6·1 years, no differences were 
observed in ARR, ARFS, DFS and OS. Although no clinically relevant difference was observed 
regarding shoulder function and QoL, the incidence of lymphoedema was higher in the ALND-group. 
Therefore, if treatment of the axilla is indicated, ART is a validated, less toxic, alternative to ALND.
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ADDENDUM 1

In addition to making univariate comparisons using the Wald test, a multivariate Cox proportional 
hazard model was fitted for DFS and OS to assess the impact of important covariates on the main 
analysis. 

A subgroup analysis was performed to analyse whether the randomized treatment effect (ALND 
versus ART) would be consistent across subgroups. This analysis showed that there was no DFS 
difference (ALND versus ART) irrespective of the type of breast surgery (mastectomy versus BCS), 
the size of the metastasis in the SN, age, tumour size, menopausal status, HR status and Her2 status 
surrogates, or tumour location (Figure 1). 
Factors that may affect disease-free survival were analysed including age, local treatment of the 
breast and the axilla, pathological tumour size, histological grade and type, menopausal status, 
hormonal therapy, adjuvant chemotherapy, anti-HER2 therapy, year of enrolment (before or 
after 2003), and the interaction of tumour location (location including upper outer quadrant and/
or axillary tail versus other) with local treatment of the axilla (ALND versus ART). Treatment arm 
was not an independent predictor of disease-free survival (p=0.179). In the multivariate analysis, 
the disease-free survival was significantly associated with tumour size, grade, menopausal state, 
adjuvant chemotherapy and year of enrolment (<2003 versus >2003) (Table 1).
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Figure	1. Effect of type of axillary treatment (ALND versus ART) on duration of disease-free survival between the two 
treatment groups on local control by subgroup.
ALND = axillary lymph node dissection; ART = axillary radiotherapy; HR = hazard ratio; SN = sentinel node

Duration of DFS
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Duration	of	disease	Free	Survival	(ITT)

Univariate Multivariate

N HR	(95%	CI) p	value HR	(95%	CI) p	value Selection

Treatment 0.1788 0.7896 .

ALND	 744 1.00 . 1.00 .

ART	 681 1.18 (0.93,1.51) . 1.04 (0.81,1.33) .

Tumour	size	on	pathology <0.0001 <0.001 98.2%

T1	 943 1.00 . 1.00 .

T2-3	 480 1.84 (1.44,2.35) . 1.81 (1.38,2.37) .

Histological	grade <0.0001 0.0004 91.5%

I	 333 1.00 . 1.00 .

II	 667 1.69 (1.17,2.43) . 1.71 (1.18,2.47) .

III 392 2.30 (1.58,3.35) . 2.30 (1.52,3.46) .

Histological	type 0.0105 46.6%

ductal 1078 1.00 .

lobular 199 1.22 (0.88,1.68) .

other 147 0.51 (0.30,0.84) .

Menopausal	status 0.0011 0.0174 75.4%

premenopausal 572 1.00 . 1.00 .

postmenopausal 833 1.56 (1.19,2.03) . 1.43 (1.07,1.92) .

Hormonal	therapy 0.1348 0.0500 53.0%

Not	administerd 304 1.00 . 1.00 .

Administered 1121 0.80 (0.60,1.07) . 0.74 (0.54,1.00) .

Adjuvant	Chemotherapy 0.0350 <0.0001 90.1%

no 539 1.00 . 1.00 .

yes 871 0.77 (0.60,0.98) . 0.53 (0.39,0.73) .

Year	of	enrollment 0.0810 0.0209 60.9%

After	2003 174 1.00 . 1.00 .

Before	2003 1251 1.32 (0.97,1.80) . 1.46 (1.06,2.01) .

Age	(at	enrollment) 0.0088 43.6%

.	≤	50 455 1.00 .

50	<	.	≤65 660 1.03 (0.77,1.38) .

.	>	65 310 1.55 (1.12,2.14) .

Anti-HER2	therapy 0.0209 0.0053 72.7%

Not	administerd 1325 1.00 . 1.00 .

Administered 100 1.70 (1.08,2.67) . 1.97 (1.22,3.17) .

Primary	tumor:	surgery	
±	RT

<0.0001 < 0.0001 97.1%

BCS	+	RT 1143 1.00 . 1.00 .

Mastectomy 160 1.01 (0.68,1.51) . 0.82 (0.54,1.25) .

BCS 20 3.41 (1.68,6.92) . 4.24 (2.07,8.67) .

Mastectomy	+	RT 85 2.23 (1.48,3.36) . 2.13 (1.37,3.29) .

Largest	metastasis	in	SN 0.0043 0.0015 87.8%

macrometastasis 681 1.00 . 1.00 .

micrometastasis 410 0.62 (0.40,0.96) . .

ITC	 154 0.65 (0.48,0.88) . .

Table	1.	Multivariate analysis of risk factors related to duration of disease-free survival.
HR, hazard ratio; ALND = axillary lymph node dissection; ART = axillary radiotherapy; HR = 
hormone receptor; RT = radiotherapy; BCS = breast conserving surgery; SN = sentinel node, ITC = isolated tumour cells 
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ADDENDUM 2 
Per protocol analysis for patients with a positive sentinel node 

As this is a non-inferiority trial, the primary analysis is performed on the patients deemed to be 
sufficiently treated as stated in the protocol (PP-population), as opposed to the intention-to-treat 
(ITT) population.

This is a subset of the patients with a positive sentinel (SN) node in the ITT population where the 
following groups of patients are excluded: 
(1)  Not eligible
(2)  SN with ITC only 
(3)  Non-compliance with the randomized treatment

79.5% of the patients with a positive SN in the ITT population are part of the PP population. The 
exclusion reasons are listed in order of assessment timing and an excluded patient is classified into 
the first applicable category. 

ALND
N=	744
(%)

ART
N	=	681
(%)

Total
N=1425
(%)

Ineligible 10 (1·3) 8 (1·2) 18 (1·3)

ITC-only	 85 (11·4) 67 (9·8) 152 (10·7)

Treatment	non-compliance 51 (6·9) 71 (10·4) 122 (8·6)

Reasons to exclude patients from the ITT-population
ALND = Axillary Lymph Node Dissection; ART = Axillary radiotherapy, ITC = Isolated Tumour Cells

In the ALND-group 10 patients were ineligible. Reasons for ineligibility include prior malignancy 
(n=3), neoadjuvant systemic treatment (n=1), pregnancy (n=1), results of SN known before 
randomisation (n= 4), or disease progression before the start of randomised treatment (n=1). 

In the ART-group 8 patients were ineligible. Reasons for ineligibility include clinical tumour size >5 
cm (n=1), multicentric tumour (n=1), neoadjuvant systemic treatment (n=2), pregnancy (n=1), results 
of SNB known before randomisation (n=3). 

In the ALND-group treatment non-compliance was due to cross over (n=37), no axillary treatment 
given (n=5), both axillary treatments given for reasons not specified in the protocol (n=7), or 
unknown treatment (n=2).

In the ART-group, treatment non-compliance was due to cross-over (n=63), no axillary treatment 
given (n=7), or both axillary treatments given for reasons not specified in the protocol (n=1).
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Most common reasons for cross-over in the ALND-group were patient refusal (n=30) and 
investigator’s decision due to tumour characteristics/SNB outcome (n=3). Most common reasons 
for cross-over in the ART-group were investigator’s decision due to tumour characteristics/SNB 
outcome (n=26), patient refusal (n=18), because a mastectomy was performed (n=9) and mistake 
(n=8).       

Efficacy endpoints in PP population           
Thus, the PP- population consisted of 598 patients in the ALND-group and 535 patients in the ART-
group. The outcome of the primary and secondary efficacy endpoints are listed below. The 95% 
1-sided confidence interval for the non-inferiority test is (0,14·47] in the PP population with a non-
inferiority margin of 2. 

Endpoint Treatment
received

Patients	
(N)

Observed	
Events	
(O)

Hazard	Ratio	
(95%	CI)

(2	sided)
p-value

Cumulative	Incidence
%	at	5	Year(s)	
(95%	CI)

ARR
ALND 598 2 1·00                0·35 (0·00,0·83)

ART 535 7 3·87 (0·80, 18·63)  0·09 1·53 (0·39,2·67)

DFS
ALND 598 103 1·00                86·36 (83·13, 89·00)

ART 535 104 1·13 (0·86, 1·48)   0·39 83·38 (79·60, 86·52)

OS
ALND 598 60 1·00                92·82 (90·23, 94·74)

ART 535 56 1·04 (0·72, 1·50)   0·82 93·26 (90·47, 95·25)
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ADDENDUM 3
Results from the Quality of Life (QoL) analysis
 
There were two items in the arm symptom scale that showed a trend favouring one of both treatment-
groups. Those results are presented below. The lower the score, the better the QoL.

Figure	1. The mean QoL score by treatment group (with their 95% confidence intervals) over time for the swelling item 
(“Did you have a swollen arm or hand?”) of the arm symptom scale.  

Figure	2. The mean QoL score by treatment group (with their 95% confidence intervals) over time for the shoulder 
movement item (“Was it difficult to raise your arm or to move it sideways?”) of the arm symptom scale.

Swollen hard or arm

Difficulty to raise the arm
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ABSTRACT

Background
In breast cancer patients with a tumor-positive sentinel node, axillary lymph node dissection 
(ALND) and axillary radiotherapy (ART) provide both comparable and excellent axillary 
control. For determination of the optimal treatment, information about morbidity is crucial. 
The AMAROS (After Mapping of the Axilla: Radiotherapy or Surgery?) phase III trial compares ALND 
and ART in early breast cancer patients with a tumour-positive sentinel node biopsy (SNB). In this 
safety analysis, we studied morbidity of ALND compared to ART and identified risk factors for 
morbidity.

Patients and methods 
Of the 4823 patients enrolled between 2001 and 2010, the 1274 patients with a tumour-positive 
SNB who received axillary treatment were included in this analysis. Patients were randomized to 
undergo ALND or ART including the medial part of the supraclavicular fossa. The incidence of surgical 
complications was analyzed, as well as the presence of paraesthesia of the arm. Lymphedema and 
shoulder mobility were analyzed at 1 and 5 years follow-up, by treatment received (at one year for 
edema; ART: n= 406, ALND: n= 387, ALND+ART: n=27). Lymphedema was analyzed as reported by 
the investigator (yes/no). Shoulder mobility was analyzed using the range of motion (anteversion, 
retroversion, abduction and adduction), comparing the ipsilateral side to the contralateral side. The 
predictive value of patient related factors as well as treatment factors (extent of ALND, the addition 
of radiation to ALND) was analyzed in a multivariate model.
 
Results
Surgical complications were observed in 23% of the patients in the ALND-group versus 9% in the 
ART-group (P<0.001). Paraesthesia of the arm was observed in 10% of the patients in the ALND-
group and 9% in the ART-group. Lymphedema at 1 year post-treatment in patients treated with ART, 
ALND and ALND+ART was recorded in 15%, 25% (p<0.001 vs ART), and 59% (P<0.001 vs ART) of the 
patients respectively. After 5 years these rates were 10%, 21% (P<0.001 vs ART) and 58% (P<0.001 
vs ART). Independent risk factors for the development of lymphedema within the first year were 
treatment with ALND (vs ART; OR 2.2) or ALND+ART (vs ART; OR 7.6), a BMI > 25, pre-menopausal 
status and treatment on the dominant side. Shoulder mobility decreased temporarily, in particular 
during the first year in both treatment arms. Independent risk factors for reduced abduction, 
anteversion and/or retroversion at 1 year post-treatment were the addition of supraclavicular 
radiotherapy after ALND, and an extensive ALND (level I+II+III). An ALND level I+II showed a better 
shoulder function compared to ART.

Conclusions 
Post-operative complications and lymphedema were significantly higher after ALND than after 
ART. Combining ALND and ART further increased the risk of lymphedema. Patient-related factors 
contributed to a higher risk of lymphedema, but not to reduced shoulder mobility. The latter was 
influenced by the type and extent of the axillary treatment. ART is the preferred treatment over 
ALND in patients with a tumor-positive SNB. The combination of axillary surgery and radiation 
should, if possible, be avoided.
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INTRODUCTION

Since the end of the last century, sentinel lymph node biopsy (SNB) has become the standard 
procedure to stage the axilla in breast cancer patients. Several trials have shown that patients with 
a tumour-negative SNB can be spared axillary treatment with its associated morbidity.1-5 However, 
in patients with a tumour-positive SNB and indication for axillary treatment, an axillary lymph 
node dissection (ALND) has long been the standard therapy. Although an ALND provides excellent 
locoregional control in these patients, it is associated with significant morbidity with high rates 
of lymphedema, peripheral neuropathy and restricted arm mobility. This has led investigators to 
search for more conservative strategies of treating the axilla after a tumour-positive SNB. Before 
the introduction of the SNB, axillary radiotherapy (ART) has been shown to provide satisfying 
locoregional control in patients without palpable lymphadenopathy, and this locoregional control 
was not inferior to that of an ALND in those patients. 
The European Organisation for Research and Treatment of Cancer (EORTC) Breast Cancer Group 
therefore initiated a trial comparing ALND with ART in patients with a tumour-positive SNB: the 
AMAROS (After Mapping of the Axilla: Radiotherapy or Surgery?) trial (EORTC 10981-22023 trial). 
This non-inferiority trial was designed to compare the 5-years axillary recurrence rate in both 
groups. The first results showed that with a median follow-up of 6.1 years, both ALND and ART 
provided excellent and comparable locoregional control.6 No significant differences were seen in 
axillary recurrence rate or survival. For both treatments, knowledge of incidence and magnitude 
of side effects could guide us towards optimal axillary treatment in those patients. Therefore the 
secondary objective of the AMAROS trial was to compare morbidity associated with ALND versus 
ART.  

PATIENTS AND METHODS
 
This multicenter, phase III randomized non-inferiority trial included patients with primary invasive 
breast cancer up to 5 cm and a clinically negative axilla. The study design was previously described.7, 8 

 Patients were not eligible in case of previous treatment of the axilla or a history of cancer, except for 
adequately treated basal cell cancer. Bilateral breast cancer was not an exclusion criterion. Patients 
were randomized centrally at the EORTC headquarters in a 1:1 ratio between ALND and ART if they 
were found to have a tumour-positive SNB. Local treatment of the breast consisted of breast-
conserving surgery or mastectomy. Use of adjuvant systemic treatment was not specified in the 
protocol and this treatment was given at the discretion of the treating physician. The institutional 
ethical committees approved the AMAROS trial, and informed consent was obtained from all 
patients. This trial is registered with Clinicaltrials.gov Identifier: NCT00014612.

Axillary treatment
Axillary treatment had to start within twelve weeks after the SNB. ALND had to be performed 
according to the manual of the EORTC Breast Cancer Group9 and was defined as an anatomically 
level I and II dissection including at least 10 nodes. Level III dissection was optional. 
All three levels of the axilla together with the medial part of the supraclavicular fossa were considered 
ART clinical target volume. The prescribed dose to the axilla was 50 Gy in 25 fractions of 2 Gy, 5 days 
a week. Postoperative axillary irradiation in patients undergoing ALND was allowed in patients with 



82 Analysis of morbidity in the EORTC 10981-22023 AMAROS trial

≥4 tumour-positive nodes and applied according to the institutional protocols. Further information 
about surgery and radiotherapy guidelines and quality assurance has been provided previously.7-10 

Clinical measurements
Postoperative adverse effects for all surgical procedures were assessed. These complications were 
a result of surgical treatment of the breast and SNB with or without ALND. Complications related to 
axillary radiotherapy were not collected. The presence of long-term complications was determined 
and recorded by the treating physician. 
Lymphedema was reported in two ways. Any sign of lymphedema, and treatment for lymphedema 
irrespective of the magnitude, was assessed at baseline (before surgery), and at the 1, 3, 5 and 
10-year follow-up. An unblinded clinician carried out this clinical assessment. During the same 
assessment, the arm circumference 15 cm above the medial epicondyle (upper arm) and 15 cm below 
the medial epicondyle (lower arm) was measured on both arms. An increased arm circumference of 
the ipsilateral arm ≥10% compared to the contralateral arm at the same time moment was defined 
as severe lymphedema. Besides these measurements, early lymphedema of the arm (onset within 3 
months after surgery) was recorded.
The maximum shoulder range of movement in both arms was measured in four directions: abduction, 
adduction, anteversion and retroversion. The patient was asked to stand straight and to move the 
arm in the maximal excursion without assistance. Measurements on both arms had to be performed 
at baseline and after 1, 3, 5, and 10-year follow-up. The maximal range of movement on the affected 
side was compared to the contralateral side at any time point to exclude inter-observer variation 
and physiological changes in flexibility. Furthermore, the presence of winged scapula was recorded. 
The analysis of lymphedema and shoulder function excluded patients who also had received therapy 
on the contralateral side. The 10-year follow-up assessments of lymphedema and shoulder function 
are not part of this analysis, since there is still insufficient follow-up data.

Statistical analysis
The safety endpoints included post-operative complications, range of shoulder movement and 
lymphedema. These safety analyses are performed in the safety population, which is defined as 
those patients who received at least the randomized treatment. 
Short term (1-year) and long-term (5-year) lymphedema and shoulder movement endpoints were 
defined as secondary trial endpoints in the statistical analysis plan. Lymphedema was analyzed using 
Fisher’s exact test. The four relative shoulder directions were combined in a multivariate (composite) 
endpoint on the log scale. A multivariate analysis of variance (MANOVA) was performed based on 
Hotelling’s T test. For all tests, results <0.05 were considered significant. 
For edema a multivariate Logistic regression model fitted for clinical sign of edema yes/no after 1 
year. For the shoulder mobility, separate linear models are fitted for each of the 4 relative excursions 
on log scale. In the multivariable analyses, factors that may affect morbidity were analyzed including 
age, menopausal status, tumour size on pathology, location of tumour, local treatment of the breast 
and the axilla (local therapy, ART/ALND/ART+ALND, type of ALND, supraclavicular RT if no ART), 
total number of nodes removed (SNB + ALND), treatment on the dominant site versus contralateral, 
adjuvant chemotherapy, and BMI at baseline.  BMI was not collected but estimated via the formula: 
BMI= 1.10*upper arm circumference-6.7.11 Backward model selection (significance level = 5%) was 
performed only on those variables that were significant at the 20% level in the univariate model. 
‘Axillary treatment/combination received’ is kept in the multivariate model at all times.
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A longitudinal analysis for relative arm circumference was performed. We investigated whether the 
presence and the severity of lymphedema differed between the groups in the follow up. A linear 
mixed model was fitted on the relative arm circumference measurements (the maximum of that of 
the lower and upper arm). Including only those patients that were reported as having edema (by 
local clinical assessment, excl baselin edema) and restricted to all measurements after onset for that 
patient. A fixed treatment effect, linear time effect, linear time-treatment interaction effect and 
patient specific random intercepts will be fitted. For the spatial covariance structure the simple, 
power, exponential, and Gaussian type were considered. The exponential type was selected based 
on Akaike’s Information Criterion (AIC).
SAS version 9.3 was used for all analyses. Analyses were restricted to those patients with non-
missing assessments. 

RESULTS

Treatment outcomes
Basic patient, tumour, and treatment characteristics were reported in the previous chapter in the 
intent-to-treat population (ALND: n=744, ART: n=681). No significant baseline differences were 
observed between the ALND and ART groups. The median ages in the ALND and ART-group were 56 
and 55 years, respectively. 
In both treatment groups the median number of removed sentinel nodes was 2 (interquartile range 
[IQR], 1-3) and the median number of positive sentinel nodes was 1 (IQR, 1-1). In the ALND-group, 210 
patients (31.3%) underwent a level I+II dissection and 459 patients (68.3%) a level I+II+III dissection. 
In the majority of these dissections (60%), between 10 and 19 additional nodes were removed.
In the ALND-group, 672 (out of 744) patients received at least the randomized treatment, compared 

to 602 (out of 681 patients) in the ART-group. In the ALND-group, The combination of both axillary 
treatments (ALND followed by ART) was administered to 41 patients (6.1%) in the ALND-group and 
to 12 patients (2.0%) in the ART-group. In the ALND-group, the majority of patients treated with 
additional ART after ALND received this treatment because of the presence of ≥4 tumour-positive 
lymph nodes as allowed per protocol. In the ART-group, these were all but one patients who crossed 
over to the ALND-group, after which ART was added. Isolated radiotherapy of the periclavicular 
nodes (in absence of radiotherapy of the other nodal fields in the axilla) after ALND was administered 

ALND
(N=672)
N	(%)

ART
(N=602)
N	(%)

Total
(N=1274)
N	(%)

P-value

Haemorrhage	requiring	re-operation	or	drainage 21 (3.1) 10 (1.7) 31 (2.4) 0.1026

(Local)	wound	infection	requiring	drainage	or	AB 72 (10.7) 23 (3.8) 95 (7.5) <0.0001

Persistent	seroma	formation 70 (10.4) 8 (1.3) 78 (6.1) <0.0001

Early	lymphedema	of	arm	(<3	months) 11 (1.6) 1 (0.2) 12 (0.9) 0.0070

Any	complication 152 (22.6) 54 (9.0) 206 (16.2) <0.0001

Table	1. Surgical complications.
ALND = axillary lymph node dissection, ART = axillary radiotherapy, AB = antibiotics
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to 70 (10.4%) patients. In 17 of the 602 patients (2.8%) in the ART-group the radiation treatment was 
interrupted for more than 1 week. For 11 of these patients this interruption was due to toxicity. For 2 
patients the ART was never completed due to toxicity. 

Surgical complications
Adverse effects after surgery were observed in 152 of the 672 patients (23%) in the ALND-group 
compared to 54 of the 602 patients (9%) in the ART-group, due to the SNB. The complications 
occurring most often were infection and persistent seroma (Table 1). There was no difference in the 
overall complication rate when the SNB and ALND were performed in the same session, versus SNB 
followed by ALND at a later date.

Long-term complications
Radiation pneumonitis was observed in 9 patients in the ALND-group (1.3%) and 20 patients in the 
ART-group (3.3%). Neuropathy of the ipsilateral arm was noted in 65 patients (9.7%) in the ALND-
group and in 56 patients (9.3%) in the ART-group.

Lymphedema of the ipsilateral arm
Some sign of lymphedema in the first 5 years after treatment was observed in 26.0% of patients 
after ALND, in 13.1% of patients after ART (p<0.001) and in 58.3% of the patients after ALND+ART 
(p<0.001). 

ALND
(N=387)
N	(%)

ART
(N=406)
N	(%)

ALND+ART
(N=27)
N	(%)

Total
(N=820)
N	(%)

P-value

1	year Any	sign	of	LE	 99 (25.6) 61 (15.0) 16 (59.3) 176 (21.5) <0.0001

Any	treatment	for	LE 116 (30.0) 65 (16.0) 14 (51.9) 195 (23.8) <0.0001

Any	sign	and/or	treatment	
for	LE

148 (38.2) 88 (21.7) 17 (63.0) 253 (30.9) <0.0001

(N=348)
N (%)

(N=337)
N (%)

(N=29)
N (%)

(N=714)
N (%)

3	year Any	sign	of	LE 73 (21.0) 45 (13.4) 13 (44.8) 131 (18.3) 0.0027

Any	treatment	for	LE 64 (18.4) 32 (9.5) 15 (51.7) 111 (15.5) <0.0001

Any	sign	and/or	treatment	
for	LE

95 (27.3) 55 (16.3) 18 (62.1) 168 (23.5) <0.0001

(N=308)
N (%)

(N=282)
N (%)

(N=24)
N (%)

(N=614)
N (%)

5	year Any	sign	of	LE 64 (20.8) 29 (10.3) 14 (58.3) 107 (17.4) <0.0001

Any	treatment	for	LE 46 (14.9) 18 (6.4) 10 (41.7) 74 (12.1) 0.0001

Any	sign	and/or	treatment	
for	LE

80 (26.0) 37 (13.1) 14 (58.3) 131 (21.3) <0.0001

 
Table	2.		Lymphedema
Abbrevations: LE: Lymphedema; ALND = axillary lymph node dissection; ART = axillary radiotherapy
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Relative circumference of the lower arm

Relative circumference of the upper arm

A

B

Figure	1. The (A) relative circumference of the lower arm, and (B) relative circumference upper arm
ALND = axillary lymph node dissection; ART = axillary radiotherapy; SNB = Sentinel Node Biopsy
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After 5 years of follow-up, lymphedema as a clinical observation was observed in 20.8%, 10.3%, and 
58.3% of the patients respectively (Table 2). 50 out of the 130 (38%) edema cases at 3 years and 17 
out of the 107 (16%) cases at 5 years (by clinical assessment) were reported for the first time.
The averages and 95% confidence intervals of the logarithm of the relative arm circumference are 
plotted in Figure 1. The increase in arm circumference is higher in the ALND-group, although there 
is considerable overlap in the confidence intervals at each time point. A longitudinal analysis for 
relative arm circumference at onset of lymphedema and for persistent lymphedema showed that 
the severity of lymphedema at onset is worse for patients who received ALND compared to ART (p 
= 0.026). If lymphedema persisted, the severity increased over time in an equal manner for ALND 
and ART. Since the severity of lymphedema was worse in the ALND group at onset, it also remained 
worse than ART during the follow up. The area under ROC curve for clinical assessment versus arm 
circumference was 0.60.
In multivariable analysis for lymphedema at 1 year (n=820), factors that were identified as 
independent risk predictors were type of axillary treatment (ALND and ALND+ART), BMI >25, pre-
menopausal status and treatment on the dominant site (treatment on the right axilla in right-handed 
women and treatment of the left axilla in left-handed women) (Table 3).

Univariate	logistic Multivariate	logistic
Multivariate	
log-binomial

N
Odds	ratio	
estimate

P-value
Odds	ratio	
estimate

P-value
Relative	Risk	
estimate

Axillary	treatment/combination <0.0001 <0.0001

					ALND	only 387 1.94 2.19 2.02

					ART	only 406 1.00 1.00 1.00

					ALND+ART 27 8.22 7.55 3.25

BMI	 0.0133 0.0152

					30	<	. 113 2.04 2.07 1.69

					25	<	-	≤30 363 1.53 1.64 1.52

					.	≤	25 320 1.00 1.00 1.00

Menopausal	status 0.1571 0.0409

					Pre-menopausal 335 1.28 1.48 1.22

					Post-menopausal 473 1.00 1.00 1.00

Side	of	primary	tumor 0.0316 0.0484

					Not	dominant 405 0.69 0.69 0.77

					Dominant 413 1.00 1.00 1.00

Table	3. Multivariate analysis for clinical lymphedema at 1 year
ALND = axillary lymph node dissection; ART = axillary radiotherapy; BMI = Body Mass Index
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Shoulder function
For shoulder range of motion no significant difference between ALND and ART was seen regarding 
the composite endpoint of the 4 movements (p=0.29 at 1 year; p=0.47 at 5 years). The highest 
incidence of patients with a decreased range of motion in the treated shoulder compared to the 
contralateral shoulder was found at 1-year follow-up for both treatment groups (Figure 2). At this 
time point a trend towards a worse shoulder function in the ART-group as compared to the ALND-
group was found. This difference was not significant and had largely disappeared by the 5-year 
follow-up. 

Anteversion Retroversion

AbductionAdduction

Figure	2.	The average (A) anteversion, (B) retroversion, (C) abduction, and (D) adduction and 95% Confidence Intervals.  
ALND = axillary lymph node dissection; ART = axillary radiotherapy, SNB = sentinel node biopsy
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In the multivariate analysis (n=748), factors that significantly affected the range of movement at 1 
year were level of ALND (I+II versus I+II+III) and inclusion of the supraclavicular fossa in the radiation 
field. The latter was only analyzed in the ALND-group, since this field was already included in all 
patients receiving ART. Effect on the range of motion was observed in anteversion, retroversion, 
and abduction. No effect was seen on the different aspects of axillary treatement for the range of 
motion for adduction. 
In the multivariate analysis for anteversion, isolated irradiation of the periclavicular nodes in 
patients treated with ALND decreased the relative range of anteversion with on average 7.8% 
(model-based estimate) compared to those patients treated with an ALND without irradiation of the 
periclavicular nodes (7.1% for retroversion and 9.4% for abduction). Patients who were treated with 
an ALND including level III were found to have a decreased range of motion compared to those who 
underwent an ALND including only level I+II. Their average relative decrease in range of anteversion 
was 5.6% (model-based estimate) compared to those patients treated with an ALND level I+II (not 
significant for retroversion and 5.8% for abduction). Patients with ALND level I+II and no irradiation 
of the periclavicular nodes had a better range of motion compared to those patients treated with ART 
only. Their average relative increase range of anteversion was  6.1% higher (model-based estimate) 
compared to those patients treated with ART (3.3% for retroversion and 7.6% for abduction). For 
patients treated with ALND including level III the range of motion was similar compared to patients 
treated with ART only. 

DISCUSSION

This study shows that, in patients with a tumour-positive SNB, ART results in fewer post-operative 
complications and lower incidence of lymphedema compared to ALND. Lymphedema was observed 
significantly more often after ALND compared to ART at every time point. Moreover, the magnitude 
of lymphedema increased after ALND. Thus, not only did more patients experience lymphedema 
after ALND, but the severity of lymphedema in terms of arm circumference also increased. 
Patients treated with ALND had an estimated relative risk of developing lymphedema of 2.02 
compared to ART. Moreover, additional ART after ALND increased the estimated relative risk to 
3.25 compared to ART. A confounding factor for the higher risk of lymphedema after ALND+ART 
may be the higher tumour stage, which is generally associated with the administration of both 
axillary treatments. The presence of positive axillary lymph nodes in itself is identified as an 
independent risk factor for lymphedema.12 We did not include the positivity of axillary lymph nodes 
in our analysis since all patients had positive (sentinel) nodes and additional positive nodes could 
not be determined in the ART-group. In a meta-analysis of Tsai et al. the pooled risk ratios of ART as 
opposed to no axillary treatment was RR 2.97 (95%CI 2.06-4.28).12 Since no group of patients was 
included without axillary treatment after SNB, we cannot estimate the risk factor of ART. 
For patients with a tumour on the dominant side, the risk of lymphedema was 30% higher compared 
to women with a tumour on the non-dominant side. This has also been found elsewhere, although 
treatment on the dominant side has only been sparsely linked with increased risk of LE.13 The reason 
for this correlation is not fully understood. A higher level of physical activity with the dominant arm 
as opposed to the non-dominant arm is not found to be a risk factor for lymphedema.13 Moreover, 
exercise can even improve the function in the treated arm.14,15 Possibly, the correlation is due to a 
higher incidence of injury and infection on the dominant side.
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For patient that are overweight (BMI>25) or obese (BMI>30) at baseline, the risk of developing 
lymphedema is respectively 50% and 62% higher compared to normal weight (BMI<25) patients. 
This strong correlation is also found in several other studies.13, 15, 16 For premenopausal women the 
risk is 22% higher compared to post-menopausal women. There might be a link with increased 
administration of systemic treatment, since chemotherapy and hormonal therapy may alter the 
composition of bodily fluids. However, there is conflicting evidence about the link between systemic 
treatment and the occurrence of lymphedema.12, 15 Furthermore, after an artificial menopause this 
group may experience more weight gain, which can contribute to the onset of lymphedema. 
The type of breast-surgery and administration of adjuvant RT to the breast did not significantly 
affect the risk of lymphedema at one-year follow up. This finding is in contrast to other studies.12 
An explanation for this finding might be that all patients in our study received axillary treatment in 
addition to a tumour-positive SNB. The effects of axillary treatment might overrule the more subtle 
effects from treatment to the breast. Also the number of nodes removed or the level of ALND was 
not an independent predictor of lymphedema. This is also in contrast to other studies.15 
A major obstacle in studies of lymphedema is the choice of an objective measurement of arm 
volume. Several techniques have been used to measure difference in the involved arm compared 
with the non-operated arm. McLaughlin and colleagues argued that several symptom assessments 
and objective measurements are needed to determine the true incidence of clinically significant 
lymphedema.17 Since the correlation between different methods of measurement is poor,18 it is 
important to incorporate more than one method.
The discrepancy we observed, between lymphedema as a clinical observation and lymphedema 
defined as an increase of >10% in arm circumference could be influenced by several factors. For 
example, patients with isolated lymphedema of the hand could have been omitted, as well as 
patients with a normal arm circumference due to adequate treatment. Furthermore, the clinical 
assessment of lymphedema could also take into account patients’ symptoms and complaints of 
heaviness or tightness that is not reflected in the arm circumference. Moreover, a subtle increase in 
arm circumference might be recorded as lymphedema, while it was <10% and thus not included as 
increased arm circumference. 
The relatively high rates of lymphedema in this study compared to other studies may be 
explained by several factors. First, there is only limited correlation between different methods of 
lymphedema assessment. This was also observed in the current trial. Studies using only one method 
of measurement may therefore underestimate the true magnitude of the problem. Second, a 
substantial number of the patients developed lymphedema after the 3-year follow-up. In studies 
with shorter follow-up periods, those cases would not be detected patients and the true incidence 
will be underestimated.19, 20 Thirdly, two-thirds of the patients were treated with an ALND including 
level III, which is high compared to other studies. However, in this study, an ALND including level III 
was not a significant risk factor for lymphedema compared to an ALND level I+II. 
In the ALMANAC trial, shoulder and arm morbidity was carefully ascertained at multiple time points 
following axillary surgery.1 ALND was associated with significant reductions in shoulder flexion and 
abduction at 1 month but range of movement had returned to near baseline by 12 months. Similarly, 
62% of women reported arm pain or numbness at 1 month and 31% still reported these symptoms at 
12 months. Clinicians rated these symptoms as severe in only 1% of the women at 12 months. Women 
may develop measurable arm swelling after axillary surgery without symptoms; consequently, 
lymphedema rates are generally higher for studies that measure arm volumes or circumferences 
than for studies that rely on patient-reported symptoms.5
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The present study shows a steady decrease in the incidence of lymphedema in the ART-group, while 
in the ALND-group women seem to recover more slowly from lymphedema. Thus it is very possible 
that the differences become even larger after the 10-year follow-up. The same trend was observed 
in the NSABP-04 where a larger decrease was noted in lymphedema over time after ART compared 
to ALND.21 
In conclusion, this analysis of the AMAROS trial shows that in patients with a tumour-positive 
SNB, treating the axilla with ART instead of ALND will result in significantly less post-operative 
complications and lymphedema. Combining lymph node dissection and radiotherapy further 
increased the risk of lymphedema and should, if possible, be avoided. 
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ABSTRACT 

Background
Neoadjuvant chemotherapy is gaining acceptance as an option for breast cancer treatment, 
particularly in young women. These women may seek immediate breast reconstruction after 
mastectomy even though it is not known whether such preoperative chemotherapy may be 
detrimental to post-reconstruction wound healing. Therefore, we set out to assess the influence 
of neoadjuvant chemotherapy for invasive breast cancer on the short-term complications after skin 
sparing mastectomy and immediate prosthetic reconstruction.

Patients and methods
The short-term surgical outcome of 48 immediate breast reconstructions in 37 women treated 
with neoadjuvant chemotherapy from 2006 through 2009 was prospectively compared to that 
of 215 immediate reconstructions in 176 women who were operated in the same period without 
neoadjuvant chemotherapy.

Results
The overall rate of short-term postoperative complications was significantly less among 
neoadjuvantly treated women (15% vs. 29%; p = 0.042) but this did not result in a reduction of loss 
of prostheses (8% vs. 11%; p = 0.566).

Conclusion
Because neoadjuvant chemotherapy is not associated with an increase in short-term complications 
after skin sparing mastectomy and immediate prosthetic reconstruction in patients with invasive 
breast cancer, such combined surgical therapy may be offered as treatment option for this particular 
group of patients also.
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INTRODUCTION

Neoadjuvant chemotherapy is defined as adjuvant systemic therapy administered prior to, rather 
than following, locoregional treatment. It is also known as primary, induction or preoperative 
therapy, all of which terms indicate that subsequent treatment is intended.1 Neoadjuvant 
chemotherapy regimens are equivalent with conventional adjuvant chemotherapy regimens in terms 
of overall survival2,3 and permit the assessment of response of the primary tumour to a particular 
cytotoxic regimen.4 In breast cancer patients, the resulting preoperative decrease of tumour load 
may allow breast conserving therapy in 25–32 percent of women who were initially scheduled for 
mastectomy.3,5 Hence, a majority of women still have to undergo mastectomy following neoadjuvant 
chemotherapy. In case immediate reconstruction is oncologically feasible, many of these women 
will be candidates for a combined skin sparing mastectomy and immediate breast reconstruction 
by use of a temporary or permanent implant. Out of concern that the neoadjuvant chemotherapy 
might hamper postoperative wound healing,6 however, such combined treatment is less likely to 
be offered to them.7 Still, the influence of neoadjuvant chemotherapy for invasive breast cancer 
on the rate of surgical complications after combined skin sparing mastectomy and immediate 
prosthetic reconstruction has hardly been studied to date. Therefore, we compared the short-
term surgical outcome in women treated with neoadjuvant chemotherapy to the surgical outcome 
of a control group of women who underwent skin-sparing mastectomy with immediate prosthetic 
reconstruction without neoadjuvant chemotherapy. To assess the short-term surgical outcome, 
postoperative complications that occurred within six weeks after surgery were recorded.

PATIENTS AND METHODS

Patients
From January 1st, 2006, through December 31st, 2009, 659 women underwent 864 skin-sparing 
mastectomies combined with immediate breast reconstruction by subpectoral prosthetic 
implantation in the Netherlands Cancer Institute-Antoni van Leeuwenhoek hospital. Forty-four of 
these women (57 mastectomies) had had neoadjuvant chemotherapy and the data on the remaining 
615 women was considered for inclusion in the control group. Data on women who underwent skin 
sparing mastectomy for other reasons than an invasive malignancy in that breast was excluded, 
except when this mastectomy was combined with a contralateral skin-sparing mastectomy for an 
invasive tumour. Furthermore, the data on women who had undergone previous breast surgery, 
previous radiotherapy, or previous chemotherapy other than the neoadjuvant chemotherapy 
for breast cancer, was excluded (Fig. 1). Consequently, we were able to include the prospectively 
gathered data of 37 women (48 mastectomies) who were treated with neoadjuvant chemotherapy 
and the data of 176 women (215 mastectomies) as controls. We included the data on all these women 
even though this resulted in a much larger number of women in the control group as compared to 
the number of neoadjuvantly treated women. This was done to prevent any bias that might have 
occurred with the selection of a case-matched control group. The study was approved by the 
institutional ethical committee.
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Figure	1. Flowchart showing the inclusion, exclusion, and distribution over both groups of women who underwent skin 
sparing mastectomies combined with immediate prosthetic reconstruction in the Netherlands Cancer Institute – Antoni van 
Leeuwenhoek hospital, from 2006 through 2009

Neoadjuvant chemotherapy
Neoadjuvant chemotherapy was given for histologically proven infiltrating breast cancer with either 
a primary tumour of over 3 cm in clinical size, or cytological proven spread to the axillary lymph 
nodes, in accordance to protocol.8 Treatment consisted of six courses of dose-dense doxorubicin 
and cyclophosphamide (ddAC) (n = 23) or six courses of capecitabine and docetaxel (CD) (n = 2). 
If the therapy response was considered unfavourable by contrast-enhanced MRI evaluation after 
three courses, ddAC was changed to CD or vice versa.9 Patients with HER2+ tumours received three 
8-week courses of trastuzumab, paclitaxel and carboplatin (PTC) (n = 9). Three women had been 
treated in other hospitals with comparable neoadjuvant regimens. The median interval between the 
last cycle of neoadjuvant chemotherapy and surgery was 4.4 weeks (range, 2.4–7.7 weeks).

Surgical technique
All women were operated in the standardized fashion previously reported by our group.10 The 
mastectomy included resection of the areolar complex. Because the periareolar incision usually did 
not allow adequate entrance to the glandular and axillary tissue to be resected, it was extended in 
most patients. For cosmetic reasons, this extension was preferably directed caudally or laterally.11 
Care was taken to optimally resect all mammary glandular tissue. Apart from the areolar complex, 
this involved resection of the inframammary ligament and filleting of the mammary skin at the level 
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of the superficial thoracic fascia. In 29 of the 263 mastectomies in both groups, an axillary lymph 
node dissection was performed en bloc with the mastectomy in accordance with the preoperative 
plan, whereas 176 mastectomies were combined with a sentinel lymph node procedure. Because 26 
of these 176 sentinel node procedures led to additional axillary lymph node dissection, a total of 55 
axillary lymph node dissections were performed (Table 1).

Characteristic	 Neoadjuvant	group	 Controls	 p-value	

Mean	age	(SD) 40 year (10.9) 47 year (9.7) 0.001
BMI	(SD) 22.9 kg/m2 (2.9) 23.3 kg/m2 (3.4) 0.443
Smoking 0.14   (5/37) 0.20 (36/176) 0.332
Co-morbidity 0.05   (2/37) 0.14 (24/176) 0.166
Bilateral	surgery 0.30 (11/37) 0.23 (39/176) 0.324
Fellow	oncologic	surgeon 0.17   (8/48) 0.18 (38/215) 0.869
Resident	plastic	surgeon 0.23 (11/48) 0.21 (45/215) 0.761
Weight	of	specimen	(SD) 509 gr (256.2) 513 gr (263.1) 0.919
Axillary	dissection 0.44 (21/48) 0.16 (34/215) 0.000 

Table	1. Patient-related and procedure-related characteristics of the 37 women in the neoadjuvantly treated group and 
the 176 women in the control group. Please, note that patient-related characteristics may be expressed as a fraction of 
the number of women in each group, whereas the procedure-related characteristics may be expressed as a fraction of the 
number of mastectomies. Significant p-values are depicted in bold print.
SD: standard deviation; BMI: body mass index

Immediately following the skin sparing mastectomy, a subpectoral cavity was created to allow for 
implantation of a permanent endoprosthesis (n = 224) or a temporary tissue expander (n = 39). To 
prevent cranial displacement of the implants and to allow for a more naturally projecting lower part of 
the reconstructed breast, the origin of the major pectoral muscle was detached from the lower costal 
arch and the caudal part of the sternum. The mean weight of the implanted BioDimensional, textured, 
high-cohesive gel-filled prostheses (Natrelle style 410; Allergan, Marlow, Buckinghamshire, United 
Kingdom) was 400 g (range, 170–625 gr) in the neoadjuvantly treated group and 420 gr (range, 
170–775 gr) in the controls. The mean intraoperative filling volume of the tissue expanders (Natrelle 
style 133; Allergan, Marlow, Buckinghamshire, United Kingdom) was 173 cc (range, 100–200 cc) in 
the neoadjuvantly treated group and 215 cc (range, 50–450 cc) in the controls. The caudal edge of 
the major pectoral muscle was subsequently sutured to the subcutaneous tissue of the caudal skin 
flap. In women in whom the periareolar incision had been extended, the skin was closed in a double-
breasted fashion to create an extra covering layer over the lower part of the implant that was not 
covered by the muscle flap. 11 Antibiotic prophylaxis and wound drainage were routinely applied in 
all patients. 10 The mean operation time of the combined procedure was 146 min (range 55–250 min) 
in the intervention group and 149 min (range, 65–300 min) in the controls.

Outcome measures
All complications that occurred during the first 6 postoperative weeks were recorded for each 
reconstructed breast as outcome measures of surgical therapy. This fixed period was accepted 
because adjuvant treatment in general starts after 6 weeks. Still, the time period between surgery 
and the start of possible adjuvant radiotherapy was recorded to assess whether there was any 
significant difference between both treatment groups in time between surgery and adjuvant 
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irradiation. We considered adjuvant radiotherapy to have been delayed in cases where it was started 
later than six weeks postoperatively due to wound healing or patient’s non-compliance.
For the present analysis no distinction was made between permanent or temporary implants as this 
has previously been proven not to influence the short-term surgical outcome in our hands.10 Data on 
this outcome was included in the prospectively maintained database by two of the plastic surgeons 
of our institute (JJH and LAEW). We considered the surgical outcome to have been complicated 
in cases where seroma, haematoma, skin necrosis, or infection was diagnosed by the plastic 
surgeon. Seroma was defined as a clinically obvious collection of serous fluid within the surgical 
cavity requiring aspiration. Haematoma was defined as any collection of blood requiring surgical 
re-intervention. Necrosis was scored when local loss of circulation and viability of the mammary 
skin indicated conservative or surgical treatment. Infections were clinically diagnosed or proven 
by bacterial cultures and led to antibiotic or surgical treatment. Clinically, however, the loss of an 
implant is the most relevant measure of the outcome of breast reconstruction.10

Statistical analysis
To establish comparability between the neoadjuvantly treated women and the controls, we 
statistically compared the distribution among both groups of women, of the patient-related 
potential risk factors age, general health risk factors, smoking habits, body mass, and whether the 
patient was operated on unilaterally or bilaterally.10 As procedure-related potential risk factors we 
compared the distribution over both groups of the level of experience of the oncologic surgeon 
(staff versus fellow) and the plastic surgeon (staff versus resident), of the weight of the resected 
specimen, and of complementary axillary lymph node dissection.10 The Student’s t-test was used for 
continuous variables,12 and the two-tailed ²2 test for dichotomous variables.13

The prevalence of postoperative complications and loss of implant among both groups was 
statistically compared using the ²2 test.13 Odds ratios and 95% confidence intervals (95% CI) 
were computed using logistic regression analysis. A p-value of 0.05 was accepted as indicative of 
statistical significance.

RESULTS

Patient-related and procedure-related factors
Except for the neoadjuvant chemotherapy and the fraction of axillary lymph node dissections, the 
age of the 37 women in the intervention group was the only pre-operative or procedure-related 
characteristic that differed significantly from that of 176 women in the control group (Table 1). 
The distribution of histopathological types of tumours among both groups was similar although, 
obviously, other tumour-related characteristics significantly differed between neoadjuvantly 
treated and non-neoadjuvantly treated women (Table 2). There was no difference in terms of level 
of experience of the surgeon or plastic surgeon or other procedure-related characteristics between 
both groups (Table 2).



101 Chapter 6

Characteristic	 	 Neoadjuvant	group	 Controls	 p-value	

Clinical	tumor	stage
 T0 0.19   (9/48) 0.13   (29/215) 0.350
 T1 0.10   (5/48) 0.49 (106/215) 0.000
 T2 0.63 (30/48) 0.32   (69/215) 0.002
 T3 0.06   (3/48) 0.00     (0/215) 0.002
 Tis 0.02   (1/48) 0.05   (11/215) 0.364
Clinical	nodal	stage
 N0 0.75 (36/48) 1.00 (215/215) 0.000
 N+ 0.23 (11/48) 0.00     (0/215) 0.000
 Nx 0.02   (1/48) 0.00     (0/215) 0.034
Tumor	histopathology
 Ductal carcinoma 0.63 (30/48) 0.70 (152/215) 0.267
 Lobular carcinoma 0.02   (1/48) 0.08   (17/215) 0.150
 Other invasive type 0.13   (6/48) 0.07   (15/215) 0.203
 In situ carcinoma 0.06   (3/48) 0.02     (4/215) 0.088
 No malignancy 0.17   (8/48) 0.13   (27/215) 0.449
Receptor-based	subtype*
 ER- / PR- / Her2- 0.35 (17/48) 0.08   (17/215) 0.000
 ER+ / Her2- 0.27 (13/48) 0.62 (134/215) 0.000
 Her2+ 0.15   (7/48) 0.15   (33/215) 0.894
 No invasive malignancy 0.23 (11/48) 0.14   (31/215) 0.147 

Table	2. Tumor-related characteristics of the 48 mastectomies in the 37 women of the neoadjuvantly treated group 
compared to those of the 215 mastectomies in the 176 women of the control group. Please note that the 50 contralateral 
mastectomies that were done for preventive reason or in situ carcinoma are included in both groups. Significant p-values 
are depicted in bold print.
Tis: in situ carcinoma; N0: no clinical evidence of lymph node metastasis, including a negative ultrasound; N+: Axillary 
lymph node metastasis diagnosed by fine needle aspiration; Nx: lymph node status unknown; ER: estrogen receptor; PR: 
progesterone receptor; Her2: human epidermal growth factor receptor.
* Receptor-based subtype as established on the pre-chemotherapy biopsy in the neoadjuvantly treated group and on the 
surgical specimen in the controls. 

Short-term surgical outcome
The short-term postoperative course was uneventful in 41 of the 48 mastectomies performed 
after neoadjuvant chemotherapy (Table 3). Three of the 7 implants subject to a complicated post-
operative course could be salvaged by additional conservative (n = 1) or surgical (n = 3) treatment.
In the control group, an eventful postoperative course was observed significantly more often (62 out 
of 215). Seven of the 62 implants involved could be salvaged by additional conservative treatment, 
while 31 were salvaged by re-operation.
The loss of the implant encountered after neoadjuvant chemotherapy (4 out of 48) did not differ 
significantly from that in the control group (24 out of 215).
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Characteristics			 Neoadjuvant	group				 Controls	 Odds	Ratio	(95%	CI)	 	 p-value

Uneventful		     41/48 (0.85) 153/215 (0.71) 0.421 (0.179 - 0.990)  0.042
Seroma	             1/48 (0.02) 4/215 (0.02) 1.122 (0.123 - 10.27)  0.918
Haematoma      0/48 (0.00) 11/215 (0.05) 5.455 (0.316 - 94.18)  0.160
Infection             4/48 (0.08) 29/215 (0.13) 0.583 (0.195 - 1.744)  0.330
Skin	necrosis	     2/48 (0.04) 36/215 (0.17) 0.216 (0.050 - 0.931)  0.025
Salvaged	cons.   1/48 (0.02)           7/215 (0.03) 0.632 (0.076 - 5.262)  0.670
Surgical	re-int.  6/48 (0.13)          55/215 (0.26) 0.416 (0.168 - 1.031)  0.052
Salvaged	by	re-op.   2/6 (0.33)     31/55 (0.56) 0.387 (0.065 - 2.293)  0.287
Implant	loss		     4/48 (0.08) 24/215 (0.11) 0.724 (0.239 - 2.191)  0.566
by	infection	 4/48 (0.08) 23/215 (0.11) 0.759 (0.759 - 2.305)  0.626
by	necrosis	 0/48 (0.00) 1/215 (0.00) 0.678 (0.027 - 16.91)  0.636 

Table	4. Short-term surgical outcome of the 48 mastectomies in the neoadjuvantly treated group (37 women) and the 215 
mastectomies in the control group (176 women). Please note that the numbers are expressed as a fraction of the number of 
mastectomies. Odds ratios under 1.00 indicate a risk reduction in favor of the neoadjuvantly treated women. Significant 
p-values are depicted in bold print.
OR: odds ratio; 95% CI: 95% confidence interval
Salvaged cons. = Salvaged conservatively; Surgical re-int. = Surgical re-intervention; Salvaged by re-op. = Salvaged by 
re-operation

Delay in start of the adjuvant radiotherapy
Adjuvant chest wall radiotherapy was indicated in seven of the 37 neoadjuvantly treated women 
and in nine of the 176 women in the control group. Because we limited our observations to the first 
six weeks after surgery, such therapy did not influence our observations. The median time between 
surgery and the start of adjuvant radiotherapy did not differ significantly in both groups. The start 
of radiotherapy was not delayed in any of the neoadjuvantly treated women, whereas it was delayed 
in three of the 176 women in the control group. One of these women initially refused radiotherapy 
while for the other two women radiotherapy was postponed because of implant-related wound 
healing problems.

DISCUSSION
Although chemotherapy is increasingly being applied in a neoadjuvant setting for the treatment of 
breast cancer, little is known of its possible influence on short-term outcome of the breast surgery 
to follow. Recently, Hu et al7 reported the odds of undergoing immediate reconstruction to be 
significantly reduced in women treated with neoadjuvant chemotherapy, even after controlling for 
age, disease stage and treatment with postoperative radiotherapy. This difference was irrespective 
of the length of the chemotherapy or complications during the neoadjuvant chemotherapy 
treatment. Furthermore, no increase of the number of delayed reconstruction was observed among 
these women. According to these authors, the difference might be explained by the surgeon’s fear 
for increased postoperative complications after treatment with neoadjuvant chemotherapy.

Surgical complications after neoadjuvant chemotherapy
Some twenty years ago, a comparison of the outcome of mastectomies in 106 neoadjuvantly treated 
women to that of the mastectomies in 91 women not treated with neoadjuvant chemotherapy showed 
no significant difference in postoperative rates of wound infection, wound ischemia, or delay of 
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adjuvant chemotherapy.14 The authors even reported that the prevalence of seroma formation was 
significantly less among the neoadjuvantly treated women. A later review of the relevant literature 
showed some preclinical animal models to suggest that neoadjuvant chemotherapy might cause 
significant wound healing complications, but the authors concluded that this has not been borne 
out in clinical practice.15 Their review showed that neoadjuvant chemotherapy did not increase the 
morbidity associated with breast surgery when the operation was scheduled during or after the third 
week after chemotherapy when the white blood cell count had returned to appropriate levels.15 A 
subsequent meta-analysis showed that a significantly lower rate of chemotherapy-related infectious 
complications may be found after breast surgery in neoadjuvantly treated women.3 Another study, 
however, contradicted this observation as a higher rate of seroma development was observed.16 
Still, none of these studies regarded the outcome of mastectomy in combination with immediate 
breast reconstruction.

Complications of immediate reconstruction after neoadjuvant chemotherapy
Immediate reconstruction is increasingly being offered to women who need to undergo 
mastectomy.17 In a study on complications of skin sparing mastectomy and various techniques of 
immediate reconstruction following neoadjuvant chemotherapy, Mitchem et al6 observed the 
loss of 13 out of 39 (0.33) implants in 30 stage II/III breast cancer patients receiving a uniform 
neoadjuvant chemotherapy regimen. Gouy et al17 reported the need of additional surgery in 24 of 
the 48 (0.50) women after some sort of immediate breast reconstruction following neoadjuvant 
chemotherapy. Because both these reports lacked information on the rate of complications in 
woman who underwent immediate reconstruction without receiving neoadjuvant chemotherapy, 
it remained unknown to what extent these rates could be attributed to the neoadjuvant treatment.
Azzawi et al18 concluded that neoadjuvant chemotherapy did not influence the rate of severe 
postoperative complications of 58 immediate breast reconstruction done by various techniques in 
comparison to 140 immediate reconstructions in women who had not been treated neoadjuvantly. 
The same applies to the analysis performed by Liu et al19 of the effects of neoadjuvant chemotherapy 
on the outcome of 12 immediate breast reconstructions that were compared to the outcome of 63 
immediate reconstructions in women who had not had chemotherapy preoperatively. These data 
seem to be consistent with ours but are difficult to interpret as various techniques of reconstruction 
were included and only a minority of patients was reconstructed with an implant.
Hence, our analysis is unique since it focuses solely on immediate prosthetic reconstruction in 
a large cohort of identically operated patients of whom part was treated neoadjuvantly, and 
part was not. We observed significantly less postoperative complications among woman treated 
with neoadjuvant chemotherapy compared to the controls but this did not result in a significant 
difference of the most relevant outcome measure: loss of implant.

Potential methodological limitation
Before we present the clinical implication of this observation, a potential limitation of our 
methodology needs to be addressed. As such, the selection of women to undergo neoadjuvant 
chemotherapy may have influenced our observations. In our study, these women were significantly 
younger than the women in the control group. Furthermore, the initial clinical tumour stage of the 
neoadjuvantly treated women was unfavourable compared to that of the controls and a higher rate 
of axillary lymph node dissections was performed in this group. This is in line with the differences 
observed by Azzawi et al.18 The effect of the patients’ age is the most likely explanation for our 
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counterintuitive observation. Previously, we found only age to be positively correlated with the 
prevalence of short-term complications and loss of implant after combined skin sparing mastectomy 
and immediate prosthetic reconstruction.11 In the current study, we observed a non-significant trend 
towards a lower percentage of co-morbidity and smoking after neoadjuvant chemotherapy. The 
impact of the differences in initial clinical tumour stage and rate of axillary dissections between both 
groups, again, appears to be counterintuitive. The explanation for this impact remains unclear. The 
initially unfavourable tumour stages and axillary lymph node dissections among the neoadjuvantly 
treated women may negatively influence the healing conditions. However, a pathological complete 
response to neoadjuvant chemotherapy was observed in 12 of the 37 (0.32) breasts with invasive 
malignancy, whereas all pathological specimens of the controls contained tumour cells.

CONCLUSION
Although neoadjuvant chemotherapy may permit breast conserving surgery in some women who 
were initially scheduled for mastectomy, this is still not an option for the majority of the women with 
locally advanced breast cancer. Like other women who have to undergo mastectomy, this particular 
group of woman can potentially benefit from skin sparing mastectomy combined with immediate 
prosthetic breast reconstruction. We found that neoadjuvant chemotherapy is not associated with 
an increase of short-term postoperative complications or implant loss.
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ABSTRACT

Background
An important benefit of neoadjuvant chemotherapy, as compared to adjuvant chemotherapy, 
in breast cancer patients is down staging of the primary tumour, which allows for more breast-
conserving surgery. When a tumour becomes non-palpable after this down staging, precise 
localisation of the original tumour bed is crucial to be able to perform breast-conserving surgery. 
Radioguided Occult Lesion Localisation with 99mTechnetium (ROLL-99mTc) is commonly used to 
perform breast-conserving surgery in patients with non-palpable breast tumours. We modified 
this technique to use it in the neoadjuvant setting. The present analysis was performed to assess its 
feasibility and analyse the number of patients in which a mastectomy was correctly withheld using 
this technique

Patients and methods
A retrospective analysis was performed for all patients who were treated with neoadjuvant 
chemotherapy between 2007 and 2010 in our institute and underwent breast-conserving surgery 
with the ROLL-99mTc technique afterwards. The status of the margins and the weight of the resected 
specimen were assessed.

Results
The median weight of the resected specimen in these 83 patients was 53 g (range: 11–204 g). Eleven 
of the 58 patients with residual disease revealed positive margins at pathological examination. 
However, in only 5 of those 11 patients a secondary mastectomy was indicated. This means that in 
94% of all included patients a mastectomy was correctly withheld.

Conclusion
The ROLL-99mTc technique is a feasible technique that can be used to perform breast-conserving 
surgery after neoadjuvant chemotherapy in a carefully selected group of patients.
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INTRODUCTION
Neoadjuvant chemotherapy, also known as primary, induction, or pre-operative chemotherapy, is 
the standard of care for the management of locally advanced breast cancer and is also increasingly 
used for women with early stage breast cancer.1 A proven advantage of neoadjuvant chemotherapy 
is a reduction in tumour size which enables breast-conserving treatment (surgery + radiotherapy) in 
25–40% of the patients who were initially scheduled for mastectomy.2,3

In breast-conserving treatment after neoadjuvant chemotherapy three aspects are important. 
First, adequately removing all residual tumour cells after neoadjuvant chemotherapy is the best 
predictive factor for a good prognosis in terms of loco-regional recurrence or ipsilateral breast 
tumour recurrence.4 Consequently, performing breast-conserving surgery in patients with initially 
large tumours, can only safely be done in case of a good response to neoadjuvant chemotherapy. 
Secondly, the predictive value of a radiological response is limited.5 Therefore, a radiological 
response should always be confirmed by pathological examination of a lumpectomy taken from the 
original tumour bed.
Thirdly, pathological complete response rates after neoadjuvant chemotherapy can be as high as 
50%, while clinical complete response rates are even higher.5-7 In these cases the previously palpable 
tumour may become non-palpable. Therefore it is crucial to mark the tumour prior to the start of 
neoadjuvant chemotherapy in order to be able to localise the original tumour bed and perform a 
lumpectomy afterwards.
Table 1 provides an overview of the different techniques that are used to localise non-palpable 
breast lesions with or without previous administration of neoadjuvant chemotherapy: implantation 
of metallic markers with or without additional wire localisation,8-10 skin tattooing,11,12 Radioguided 
Occult Lesion Localisation with 99mTechnetium (ROLL-99mTc)13,14 and localisation with a radioactive 
iodine seed (125I seed localisation).15,16 When using the ROLL-99mTc technique, a small amount of 
macroaggregate albumin labelled with radioactive technetium (99mTc) is used to identify the tumour. 
Under ultrasound guidance, the 99mTc is injected into the tumour and intraoperatively a gamma 
probe is used to detect the 99mTc in order to perform a wide local excision around the tumour. If 
there is an indication for a sentinel node biopsy (SNB) as well, this can be performed in the same 
procedure after one single intratumoural injection, without compromising the identification rate of 
the sentinel node.17,18
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Blunt	metallic	mark-
ers	+/-	wire

Skin	tattoo 125I	seed	localisation ROLL-99mTc

Procedure 1-4 markers in or 
around the tumour 
before neoadjuvant 
chemotherapy. 
WLE guided by 
ultrasound or with 
additional wire 
localisation 

Marking position 
of the tumour on 
the skin before 
start neoadjuvant 
chemotherapy. 
WLE guided by 
tattoo marks

Intratumoural iodine 
seed (I131) before 
start neoadjuvant 
chemotherapy WLE 
guided by gamma 
probe on I131 setting

Intratumoural twist 
marker before start 
neoadjuvant che-
motherapy. Intratu-
moural 99mTc injection 
before surgery. WLE 
guided by gamma 
probe on Tc-setting

Number	of	interven-
tions

1 or 2 1 1 2

Invasive	procedure Yes No Yes yes

Negative	margins	at	
first	resection

89% 91% 94% 87%

Precision	of	localisa-
tion

not precise not precise very precise very precise

Table	1.	Overview or different techniques to localize non-palpable breast tumours after neoadjuvant chemotherapy

We have adjusted the ROLL-99mTc technique to use it in the neoadjuvant chemotherapy setting 
with the addition of a radiopaque twist marker, which is placed in the tumour prior to the start of 
the neoadjuvant chemotherapy. If neoadjuvant chemotherapy leads to a complete radiological 
response, this twist marker is still detectable by ultrasound and thereby enables injection of the 
99mTc at the original tumour site (Fig. 1). In this way a local excision of the original tumour bed can be 
also be performed in case of a radiological and/or clinical complete response.

Figure	1.	Overview of the ROLL-99mTc technique.
A: before the start of the neoadjuvant chemotherapy a twist marker is placed intratumoural. B: pre-operative scintigraphy 
anterior view. C: The wide local excision is guided by the gamma-probe (Neoprobe®, Johnson & Johnson Medical, 
Hamburg, Germany).

A B C
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The aim of the local excision in the neoadjuvant chemotherapy setting is to confirm the response of 
the tumour to the chemotherapy that was seen on pre-operative imaging. In this way, patients with 
a large tumour before the chemotherapy and a good response afterwards – which is confirmed at 
pathological examination – can be spared a mastectomy.
A Pubmed search (with terms breast cancer, Radioguided Occult Lesion Localisation, ROLL, 
neoadjuvant chemotherapy, primary systemic therapy) resulted in not a single study describing 
the feasibility of the ROLL-99mTc localisation technique in the neoadjuvant chemotherapy setting. 
Therefore we analysed the results of patients who underwent breast-conserving surgery using the 
ROLL-99mTc technique after neoadjuvant chemotherapy.

PATIENTS AND METHODS

Patient and tumour characteristics
In our institute, patients with invasive breast cancer larger than 3 cm and/or proven involved 
lymph nodes are eligible for neoadjuvant chemotherapy. The tumour size was assessed with 
mammography, ultrasound, and contrast-enhanced MRI. Prior to neoadjuvant treatment, 14-gauge 
biopsies of the breast tumour were taken under ultrasound guidance to determine the histological 
subtype and receptor status. Tumours were classified according to the standard criteria of the 
World Health Organization. Estrogen receptor (ER) status and Progesterone receptor (PgR) status 
were determined by immunohistochemistry and interpreted as positive if more than 10% of the 
nuclei stained positive. The Her2 status was assessed by scoring the intensity of membrane staining 
using immunohistochemistry. Tumours with a score of 3+ (strong homogeneous staining) were 
considered Her2-positive. In case of 2+ scores (moderate homogeneous staining) chromogenic in 
situ hybridization (CISH) was used to confirm amplification.
Nodal status prior to neoadjuvant chemotherapy was determined by ultrasound-guided fine-needle 
aspiration or, when negative, sentinel node biopsy prior to the start of chemotherapy.
This study was approved by the institutional ethical committee and informed consent was obtained 
from all patients.

Tumour localisation
Prior to chemotherapy, all patients had a radiopaque O-shaped twist marker (BARD GmbH, 
Türkenfeld, Germany) inserted centrally in the tumour under ultrasound guidance at the time of 
the biopsy. After this localisation procedure, a mammography was performed to confirm correct 
placement of the twist marker.

Neoadjuvant chemotherapy and response evaluation
The majority of patients received neoadjuvant chemotherapy in a clinical study in which contrast-
enhanced MRI (Philips Medical Systems, Best, the Netherlands) was used for response evaluation. A 
baseline MRI was made before the start of the chemotherapy.
The treatment regimen was assigned to each patient, consisting of six courses of dose-dense 
doxorubicin/cyclophosphamide (ddAC) or six courses of capecitabine/docetaxel (CD). If the 
therapy response was considered unfavourable by contrast-enhanced MRI evaluation after three 
courses, ddAC was changed to CD or vice versa.6 Tumour response to neoadjuvant chemotherapy 
was evaluated as reported previously by our group.19 Patients with Her2+ tumours received three 
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8-week courses of trastuzumab, paclitaxel and carboplatin (PTC). Outside the context of this study 
some other regimens were used.
After completing of the chemotherapy and just prior to surgery, a MRI was performed which was 
used to decide whether breast-conserving surgery could be offered to the patient. The largest 
diameter of the tumour (in three planes) was assessed at the initial enhancement series (90 s after 
contrast injection) and in the late enhancement series (450 s after contrast injection). Patients with 
no enhancement in the original tumour area after completing the chemotherapy were considered as 
complete radiological responders.

Planning and accomplishment of breast surgery
Surgery was planned three to four weeks after completion of the neoadjuvant chemotherapy. A 
multidisciplinary team consisting of breast cancer specialists including surgeons, radiologists, 
pathologists, radiotherapists and medical oncologists assessed for every individual patient whether 
breast-conserving surgery was feasible. Patients with a residual tumour area smaller than 3 cm 
and without multicentric disease and/or extensive DCIS were considered suitable candidates for 
breast-conserving surgery. To localise the original tumour bed pre-operatively, 0.2 ml nanocolloid 
(Amersham Cygne, Eindhoven, the Netherlands) labelled with 99mTc (average net dose 37 MBq) 
was administered under ultrasound guidance into the centre of the residual tumour bed or, in case 
of a complete radiological response, at the site of the twist marker. After this 99mTc injection, the 
patient went to the nuclear medicine department where a scintigraphy with planar anterior and 
prone lateral images with hanging breast was obtained with a dual-head gamma camera (Siemens, 
Symbia T, Erlangen, Germany) in order to check the correct placement of the tracer at the site of the 
injection and to exclude leakage.
After localisation with 99mTc and the subsequent scintigraphy, the surgical excision procedure 
followed the same day (n = 28), or the next day (n = 55). The wide local excision was guided by the 
gamma-probe (Neoprobe®, Johnson & Johnson Medical, Hamburg, Germany) at its lowest sensitivity 
setting. The point of maximum activity was identified with the gamma-probe in the anterior 
projection, to assess the surgical approach, and in the lateral projection to determine the depth of 
the lesion. This way, a three dimensional localisation of the 99mTc within the breast can be achieved. 
The wide local excision included the breast parenchyma from the skin to the pectoral fascia. In these 
patients with a good radiological response, only a limited wide local excision was taken around 
the marker and the residual tumour. There was no intention to remove the complete volume of the 
tumour bed as it was defined prior to chemotherapy. Adequate removal of the 99mTc-marked tumour 
bed was confirmed by the absence of background radioactivity in the remaining breast tissue.
In patients with a positive sentinel node (>0.2 mm) or axillary lymph node metastases proven by fine 
needle aspiration prior to neoadjuvant chemotherapy, an axillary lymph node dissection at levels I 
and II with level III sampling after neoadjuvant chemotherapy was performed. Adjuvant treatment 
was given according to the Dutch national guidelines

Pathology examination
Margins of the excised specimen were inked with four different colours. The specimen was sliced 
in 3-mm sections, fixed overnight in buffered formalin and embedded in paraffin. Perpendicular 
slices were made on the central peripheral axis. X-rays of all specimens and extensive sampling of 
the (former) tumour bed, the nearest margins, and any other X-ray abnormalities were performed. 
Sections were stained with haematoxylin and eosin. The tumour margins were defined as a clear 



113 Chapter 7

pathologic margin when no invasive cells or carcinoma in situ cells were present in the margin on 
microscopic evaluation. Pathological complete response was defined as the absence of any invasive 
carcinoma in the breast at microscopic examination of the specimen, regardless of the presence of 
carcinoma in situ.20 Pathological partial response was defined as residual tumour in the specimen 
at pathological examination. In each specimen the smallest distance from the invasive part of the 
tumour to the nearest edge was measured. Furthermore the weight of each specimen was recorded 
as a substitute for the total amount of excised volume

RESULTS

Patient characteristics
Between January 2007 and December 2010, 405 breast cancer patients were treated with 
neoadjuvant chemotherapy at our institute. In 205 of these patients a mastectomy was performed 
after chemotherapy, 178 patients underwent breast-conserving surgery and no breast surgery was 
performed in 22 patients due to the presence of distant metastasis (n = 15), patient refusal (n = 5), 
or because of occult breast cancer (only dissection for axillary lymph node metastases, n = 2). In 
95 out of the 178 patients who underwent breast-conserving surgery, the tumour was still palpable 
or a wide local excision was performed using a different localisation method. In the remaining 83 
patients a wide local excision was performed with the use of the ROLL-99mTc technique. Demographic 
and clinical characteristics of these 83 patients as well as the neoadjuvant chemotherapy regimen 
administered, are summarized in Table 2.

Tumour localisation
No radiologists experienced any difficulty with placing the twist marker before neoadjuvant 
chemotherapy. In one patient haemorrhage occurred after the twist marker was placed which was 
treated conservatively. In 100% of the cases the twist marker was placed in the correct position, as 
confirmed by mammography

Radiological response
Complete radiological response was seen in 51% of the patients, while the remainder of the patients 
showed a partial or near complete radiological response (Table 3).
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Mean	age	in	years	(range)  50   (28-69) 

Radiological	tumour	stage	prior	to	chemotherapy

 T1  5 (6%) 

 T2  61 (73%) 

 T3  17 (20%) 

Nodal	stage	prior	to	chemotherapy

 N0 (SNB-)  15 (18%) 

 N+ (SNB+/FNA+)  65 (78%) 

 Nx  3 (4%) 

Tumour	histopathology

 Ductal carcinoma  74 (89%) 

 Lobular carcinoma  6 (7%) 

 Adenocarcinoma NOS  3 (4%) 

Receptor-based	subtype*

 ER- / PgR- / Her2-  16 (19%) 

 ER+ / Her2-  38 (46%) 

 Her2+  29 (34%) 

Neoadjuvant	chemotherapy	regimen

 ddAC1  48 (58%) 

 CD2  4   (5%) 

 PTC3  25   (30%) 

 Other  6  (7%) 

Table	2.		Patient- and tumour-related characteristics (n=83)
N0: no evidence of lymph node metastasis, including a negative ultrasound and sentinel node biopsy negative or only 
isolated tumour cells; N+: Axillary lymph node metastasis diagnosed by fine needle aspiration (FNA) or metastasis ≥0.2 mm 
in sentinel node biopsy (SNB) ; Nx: lymph node status unknown; ER: estrogen receptor; PgR: progesterone receptor; Her2: 
human epidermal growth factor receptor.
*Receptor-based subtype as established on pre-chemotherapy biopsy.
1Doxorubicine 60 mg/m2 and Cyclophosphamide 600 mg/m2 q 2 weeks x 6
2Docetaxel 75 mg/m2 and Capecitabine 2 x dd 1,000 mg/m2 orally during 14 days, q 3 weeks x 6
3Paclitaxel 70 mg/m2, Trastuzumab 2 mg/m2 and Carboplatin 3 AUC mg/ml/min
on days 1, 8, 15, 22, 29, 35 q 8 weeks x 3.

Surgery
Surgery was performed by an oncologic surgeon specialized in breast cancer surgery or by a fellow 
oncologic surgeon. The short-term postoperative course was uneventful in 82 patients: one patient 
had a haemorrhage, which was treated conservatively. No major postoperative complication occurred.
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Axillary	dissection 65 (78%)

Radiological	response	after	chemotherapy

 Partial response 41 (49%)

 Complete response 42 (51%)

Pathological	response	after	chemotherapy

 Residual tumour 58 (70%)

 Complete response 25 (30%)

Margins

 Negative 72 (87%)

 Positive 11 (13%)

Minimal	margin	of	resected	invasive	part

 Median in mm (range) 3.5 (0.4-15.0)

Weight	of	resected	specimen

 Median in g (range) 53 (11-204)

Surgical	intervention	necessary	for	irradicality

 Total 6 (7%)

 Re-resection 1 (1%)

 Mastectomy 5 (6%)

Table	3.		Outcome parameters (n=83)

Pathological results
The median weight of the excised specimen was 53 g (range: 11–204 g) and the median of minimal 
margin of the resected invasive part was 3.5 mm (range 0.4–15.0 mm).
Thirty percent (25 patients) of the 83 patients achieved a pathological complete response after 
neoadjuvant chemotherapy, leaving 58 patients with residual tumour for further analysis. From 
these 58 patients, 11 patients displayed positive margins at pathological examination. In five patients 
the positive margin involved the pectoral fascia or the margin was only focally positive. In those 
patients a surgical re-excision was not performed and they were treated with adjuvant radiotherapy 
with a boost dose on the original tumour bed. The remaining six patients needed a second surgical 
intervention to obtain negative margins: a mastectomy in five cases and an additional local excision 
in one case (Table 3).
In two of the six re-resection specimen no tumour cells were found, in two specimens residual invasive 
lobular carcinoma was found and the remaining two patients had an invasive ductal carcinoma.
When the pathology results were correlated to the pre-operative imaging in these six patients, the 
MRI showed a complete response in three of these patients and a partial response in the other three 
patients. These characteristics are summarized in Table 4.
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Radiological	response Histology
Residual	tumour	in
re-resection	specimen

Patient	1 Complete response IDC No

Patient	2 Complete response ILC Yes

Patient	3 Complete response IDC Yes

Patient	4 Partial response IDC No

Patient	5 Partial response ILC Yes

Patient	6 Partial response IDC Yes

Follow up
During the follow up, which ranged from 4.5 to 54.3 months (median, 37.9 months), one local 
recurrence, one second primary, and seven distant metastases were observed in nine patients and 
one patient presented with loco-regional recurrence and distant metastasis. Seven women died as a 
result of their disease recurrence.

DISCUSSION

Achieving tumour-free margins in breast surgery after treatment with neoadjuvant chemotherapy 
is the most important factor to prevent local recurrences. Predicting the residual tumour burden 
with imaging such as MRI is unreliable.6,7 This was also seen in the present study: three of the six 
patients who required additional surgery because of positive margins had complete response on 
MRI. Therefore it is crucial to precisely localise the tumour prior to starting chemotherapy using a 
reliable, safe, and patient-friendly localisation technique to enable resection of the original tumour 
bed after neoadjuvant chemotherapy.
The ROLL-99mTc technique is an easy procedure and incorrect placement of the radiotracer is 
extremely rare.14,21 In prior studies an average lower weight of the excised specimen (34 and 64 g) 
has been reported compared to other localisation techniques.13,22-25 Furthermore, this technique has 
shown excellent results in terms of tumour-free margins after a wide local excision for non-palpable 
lesions.23 As a result, the ROLL-99mTc technique helps to achieve an overall reduced need for surgical 
re-interventions with a good cosmetic outcome.
In the present study, breast-conserving surgery after neoadjuvant chemotherapy performed with the 
ROLL-99mTc technique resulted in 11 of 58 patients with residual tumour who revealed positive margins 
at pathology. However, the aim of the local excision was to accurately identify the patients with a good 
response to the chemotherapy that could be spared a mastectomy. When looking to the whole group 
of treated patients, only small percentage (7%) required a second surgical intervention. Furthermore, 
an even smaller proportion of these patients (6%) had to be treated with a secondary mastectomy. This 
means that 94% of the patients with initial large tumours (94% of all patients had initial T2–T3 tumour) 
had a correct indication for breast-conserving surgery and could thus be spared a mastectomy.
The median weight of the resected specimen was 53 g (range 11–204). It is difficult to put this in 

Table	4.		Characteristics of the patients with a surgical re-intervention (n=6)
Abbreviations; IDC: invasive ductal carcinoma; ILC: invasive lobular carcinoma
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perspective since no comparison could be made with patients who underwent breast-conserving 
surgery after e.g. the commonly used wire localisation. There are no studies comparing these two 
techniques in the neoadjuvant chemotherapy setting. However, in a review from Lovrics et al., the 
radioguided surgery with the ROLL technique or with 125I seed localisation was compared to wire 
localisation in primary surgery.26 From the 5 studies reporting the weight of the specimen, only one 
study found that the surgical specimens in the group of patients treated with the ROLL technique 
were significantly smaller compared to the group of patients treated with wire localisation. The 
weight of the specimens ranged from 34.0 g to 68.1 g in the ROLL group and from 31.0 g to 73.5 g in 
the wire localisation group. Furthermore, in this systematic review the ROLL technique yielded lower 
positive margins and re-operation rates and showed improved cosmetic outcomes compared to wire 
localisation. The authors suggested that radioguided surgery with ROLL or 125I seed localisation may 
be the preferred technique to guide surgical resections of non-palpable breast tumours.
In a study from Espinosa et al., two different localisation methods were compared: marking the 
tumour with either skin tattoo or a metallic marker before the start of neoadjuvant chemotherapy.27 
They reported positive margins in 7 from the 118 patients treated with skin tattoo and in 1 patient 
from the 31 patients in which the tumour was marked with a metal marker. Since patients who 
required a secondary mastectomy to obtain negative margins were excluded from this analysis, it is 
hard to interpret the results.
In patients undergoing neoadjuvant chemotherapy in our institute, the SNB is performed before 
the start of the chemotherapy. Nevertheless, if there is an indication to perform the SNB after the 
chemotherapy, this can be done synchronous with the surgery of the breast. Both SNB and probe-
guided excision of the breast tumour are feasible with the aid of a single intratumoural tracer 
administration.17,18

A minor disadvantage of the localisation procedure with 99mTc is the relative short half-life time (6 h) 
of the radioactive labelled technetium. Therefore the 99mTc should be injected the same day or the 
day before the surgical intervention, which can lead to scheduling conflicts. This can be overcome 
with the use of alternative techniques such as 125I seed localisation where an 125I seed instead of a 
radiopaque twist marker is placed intratumoural (Table 1). Because of the long half-life of the 
radioactive 125I seed of 60 days, it can be placed prior to the start of the neoadjuvant chemotherapy 
and will still be traceable after completion of the chemotherapy regimens.28 However, the general 
experience with 125I seed localisation is limited and thus more research should prove its usefulness. 
Finally, since it considers radioactive material, the rules and regulations may discourage hospitals to 
use the 125I seeds and in that case, the ROLL-99mTc technique provides a good alternative.

CONCLUSION

An important benefit of neoadjuvant chemotherapy is a considerable tumour reduction prior to 
surgery that often allows breast-conserving surgery instead of mastectomy.2 In the present study 
we evaluated the feasibility of the ROLL-99mTc technique to perform a wide local excision after 
neoadjuvant chemotherapy. Based on the low percentage of re-interventions and relative small 
excision volume, the ROLL-99mTc technique appears to be a valuable option in the neoadjuvant 
setting as it frequently makes it possible for breast-conserving surgery to be safely performed.
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ABSTRACT

Background
Radioguided occult lesion localization (ROLL) with technetium-99 m colloid (ROLL- 99mTc) is 
commonly used to perform breast-conserving surgery in patients with nonpalpable breast tumors. 
Radioactive seed localization is a relatively new technique that localizes the tumor with a radioactive 
iodine-125 (125I) seed. The feasibility and outcome of these techniques after neoadjuvant systemic 
treatment has not been widely investigated.

Methods
All patients treated with neoadjuvant systemic treatment between 2007 and 2010 in the Netherlands 
Cancer Institute who underwent breast-conserving surgery with the ROLL-99mTc technique (n = 83) or 
with 125I seed localization (n = 71) were analyzed. The weight of the resected specimen, the margins, 
and the percentage of patients requiring a second surgical intervention as a result of positive 
margins were assessed.

Results
Patient and tumor characteristics and systemic treatment regimens were comparable between both 
groups. The median weight of the resected specimen (53 vs. 48 g), the median smallest margin (3.5 
vs. 3.0 mm), and the risk for additional surgery for incomplete resections (7 vs. 8 %) did not differ 
significantly between patients treated with the ROLL-99mTc technique and 125I seed localization.

Conclusions
The ROLL-99mTc technique and 125I seed localization demonstrate comparable results when used 
to perform breast-conserving surgery after neoadjuvant systemic treatment. Because 125I seed 
localization does not require additional radiological localization shortly before surgery, it simplifies 
surgery scheduling. Therefore, we prefer 125I seed localization to perform breast-conserving surgery 
after neoadjuvant systemic treatment.
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INTRODUCTION 

Neoadjuvant systemic treatment, also known as primary, induction, or preoperative systemic 
treatment, is considered the standard of care for the management of locally advanced breast cancer 
and is also increasingly used for women with earlier stage disease.1-4

An important aim of neoadjuvant systemic treatment is to decrease the size of the primary tumor, 
thereby allowing breast-conserving therapy. Indeed, neoadjuvant chemotherapy results in a 
decrease of tumor volume to such an extent that breast-conserving surgery can be performed in 25 
to 32 % of the patients who were originally scheduled for mastectomy.3,5,6 Complete pathological 
response rates after neoadjuvant systemic treatment vary across histological subtypes and can be 
as high as 65 %, while complete clinical response rates are even higher.3,7-9 Because it is difficult 
to localize the original tumor bed after a complete clinical and radiological response, marking the 
tumor before the start of neoadjuvant systemic treatment is required to enable breast-conserving 
surgery afterwards. The pathological confirmation of the response of the original cancer bearing 
area is mandatory because even after a complete radiological response about half of the patients 
do have residual microscopic cancer.8 Wire localization is currently the standard method for surgical 
excision of nonpalpable breast lesions. However, this localization technique is associated with high 
rates of positive margins, leading to reoperations, an increased risk of local recurrences and a poor 
cosmetic outcome.10,11 In the Netherlands Cancer Institute (NKI–AVL), two alternative methods 
are used to localize nonpalpable breast cancer after primary systemic treatment. With the ROLL-
99mTc technique a twist marker is inserted into the tumor before the start of neoadjuvant systemic 
treatment. Before surgery, a small amount of nanocolloid labelled with technetium (99mTc) marks the 
original tumor bed.12 The second localization technique uses a radioactive iodine (125I) seed to mark 
the tumor before the start of the systemic treatment.13 When comparing these techniques, most 
studies demonstrated a lower rate of positive margins after breast-conserving surgery with 125I seed 
localization or with the ROLL-99mTc technique as compared to wire-localization.14-20. 
In the present observational study, we compared the ROLL-99mTc technique and 125I seed localization 
in patients who were treated with breast-conserving surgery after neoadjuvant systemic treatment. 
Outcome parameters were the weight of the resected specimen, the rate of tumor free margins and 
the percentage of patients requiring a second surgical intervention due to positive margins.

PATIENTS AND METHODS

Patients
All patients treated with neoadjuvant systemic treatment for invasive breast cancer between 
January 2007 and December 2010 at the NKI–AVL were eligible for this study. During the inclusion 
period, patients with invasive breast cancer >3 cm and/or involved lymph nodes were eligible for 
treatment within a neoadjuvant systemic treatment protocol. The tumor size was assessed clinically 
and with contrast-enhanced magnetic resonance imaging (MRI).
Before neoadjuvant treatment, biopsies of the breast tumor were performed to determine the 
histological subtype and receptor status. Tumors were classified according to the standard 
criteria of the World Health Organization. Nodal status before neoadjuvant systemic treatment 
was determined by ultrasound-guided fine-needle aspiration or, when negative, sentinel node 
biopsy before the start of systemic treatment. This study was approved by the institutional ethical 
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committee and informed consent was obtained from all patients. Adjuvant radiotherapy and 
systemic treatment were given according to Dutch national guidelines.

Tumor localization
Before the start of the systemic treatment, the tumor was localized under ultrasound guidance. In 
case of the ROLL-99mTc technique, a radiopaque O-shaped twist marker (BARD GmbH, Türkenfeld, 
Germany) was inserted in the centre of the tumor. In case of 125I seed localization, an iodine-125-
radiolabelled (125I) seed (STM1251, Bard Brachytherapy, Inc., Carol Stream, IL, USA) with a half-life 
time of 60 days used. The 125I seeds arrived at the Department of Radiology in a single lead vial and 
were inserted into the tumor via an 18 gauche needle. In general one 125I seed was used to mark 
the tumor, except for two patients with a multifocal tumor in whom three 125I seeds were inserted 
to mark the different lesions. The 125I seed is a source of photon radiation with an average energy 
of 27 keV. The titanium-encapsulated seeds are 4.5 × 0.8 mm and are available with a minimum 
apparent activity of 0.2 mCi. Although the dose of the 125I seeds used for localization of breast 
tumors is low, it requires authorization by the Dutch government. Furthermore, some safety issues 
need to be addressed. Storage and surveillance of the 125I seeds is organized in our Nuclear Medicine 
Department. Radiation safety protocols and detailed documentation regarding the acquisition, 
handling and storage including guidelines for patients and hospital staffs are described previously.21 
In both procedures a mammography was performed to confirm correct placement of the twist 
marker (Fig. 1a) or the 125I seeds (Fig. 1e).

Neoadjuvant systemic treatment and response evaluation
All patients received neoadjuvant systemic treatment (Table 1). Contrast-enhanced MRI (Philips 
Medical Systems B.V., Best, the Netherlands) was used for response evaluation as reported 
previously by our group.9,22 After completion of the systemic treatment and just before surgery, an 
MRI was performed to determine the response and decide whether breast-conserving surgery could 
be offered to the patient. Patients without enhancement in the original tumor area on MRI after 
systemic treatment were considered complete radiological responders.

Planning and accomplishment of breast surgery
In case of the ROLL-99mTc technique, on the day before (n = 55) or on the day of surgery (n = 28), 
a dose of 0.2 ml nanocolloid (Amersham Cygne, Eindhoven, the Netherlands) labelled with 99mTc 
(average dose of 37 MBq) was injected into the centre of the residual tumor or, in case of a complete 
radiological response, at the site of the twist marker. After this injection, a scintigraphy with planar 
anterior and prone lateral images with hanging breast was obtained with a dual-head gamma-camera 
(Siemens, Symbia T, Erlangen, Germany) in order to check the correct placement of the tracer at the 
site of the injection and to exclude leakage (Fig. 1b). In case of 125I seed localization, surgery was 
performed after the systemic treatment without additional localization procedures.
The wide local excision was guided by a handheld gamma-probe (Neoprobe, Johnson & Johnson 
Medical B.V., Hamburg, Germany) at its lowest sensitivity setting. This gamma-probe is equipped 
with a 99mTc setting as well as an 125I setting and can therefore be used for both procedures by 
switching the setting (Fig. 1c, f). The excision was performed from skin to the pectoral fascia. The 
extent of the excision was based on the results of the MRI that was made after completion of the 
systemic treatment and before surgery. In patients with a complete radiological response, only 
a limited excision was performed around the 99mTc or the 125I seed, and no intention was made to 
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remove the complete initial tumor bed. In these patients the aim of surgery was to confirm this 
response by pathological examination of a specimen from the former tumor bed. In case of a partial 
radiological response, the aim of the local excision was to remove all residual enhancing tumor seen 
on MRI. Adequate removal of the marked tumor bed was confirmed by the absence of background 
radioactivity in the remaining breast tissue. A specimen mammography was performed after excision 
of the breast tumor in both procedures to confirm the presence of either the twist marker or the 125I 
seed in the specimen (Fig. 1d, g). In case of 125I seed localization, the specimen was stored in a lead 
container equipped with a radioactivity warning sticker before being transported to the pathology 
department.
In patients with a positive sentinel node (>0.2 mm) or axillary lymph node metastases proven by fine 
needle aspiration before neoadjuvant systemic treatment, an axillary lymph node dissection was 
performed during the same operation.

Characteristic	 ROLL-99mTc	(n=83)	 125I	seed	(n=71)		 p-value
Age	[Median	(range)]	 50	(28-69)	 49	(31-68)	 0.219

Clinical	tumor	stage	prior	to	systemic	treatment
 T1 8 (10%) 6 (7%) 0.133
 T2 53 (73%) 61 (72%) 
 T3 10 (14%) 18 (21%) 
 T4 2 (3%)  0 (0%) 
Clinical	nodal	stage	prior	to	systemic	treatment
 N0 (SNB-) 18 (22%) 20 (28%) 0.352
 N+ (SNB+/FNA+) 65 (78%) 51 (72%) 
Tumor	histopathology
 Ductal carcinoma 74 (89%) 65 (92%) 0.652
 Lobular carcinoma 6 (7%) 3 (4%) 
 Other invasive type 3 (4%) 3 (4%)
Receptor-based	subtype*
 ER- / PR- / HER2- 16 (19%) 19 (27%) 0.540
 ER+ / HER2- 38 (46%) 30 (42%) 
 HER2+ 29 (35%) 22 (31%) 
Neoadjuvant	systemic	treatment	regimen
 ddAC# 48 (58%) 48 (68%) 
 CD^ 4 (5%) 3 (4%) 
 PTC† 25 (30%) 19 (27%) 
 Other 6 (7%) 1 (1%)

Table	1.		Patient- and tumor-related characteristics
N0: no clinical evidence of lymph node metastasis, including a negative ultrasound and sentinel node biopsy negative or 
only isolated tumor cells; N+: Axillary lymph node metastasis diagnosed by fine needle aspiration or metastasis ≥0.2 mm in 
sentinel node biopsy ; Nx: lymph node status unknown; ER: estrogen receptor; PR: progesterone receptor; HER2: human 
epidermal growth factor receptor.
*Receptor-based subtype as established on the pre-systemic treatment biopsy.
# Doxorubicine 60 mg/m2 and Cyclophosphamide 600 mg/m2 q 2 weeks x 6.
^ Docetaxel 75 mg/m2 and Capecitabine 1,000 mg/m2 BID orally during 14 days, q 3 weeks x 6
† Paclitaxel 70 mg/m2, Trastuzumab 2 mg/m2 and Carboplatin AUC=3 mg/ml/min on days 1, 8, 15, 22, 29, 35 q 8 weeks x 3
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Pathological examination and outcome parameters
The total weight of each specimen was recorded. In case of 125I seed localization the pathologist 
extracted the 125I seed from the specimen with benefit of a gamma-radiation detector. Consequently, 
the 125I seed was placed in a lead container and transported to the long-term storage facility at the 
Nuclear Medicine Department.
For the analysis of the tumor response to the systemic treatment, we defined a complete 
pathological response of the breast as the absence of invasive carcinoma in the specimen at 
microscopic examination, regardless of the presence of carcinoma in situ.23 The response was 
classified as pathological partial response when residual invasive tumor was still present. In case of a 
pathological partial response, the margins of the specimen were examined. The margin was defined 
as the smallest distance from the invasive part of the tumor to the nearest edge of the excised 
specimen. The margins were defined as clear when no invasive cells or carcinoma in situ cells were 
present in the margin on microscopic evaluation.

Statistical analysis
The outcome of patient- and tumor characteristics and postoperative parameters between both 
groups was compared using a ²2 test for dichotomous variables and Wilcoxon rank sum test for 
continuous variables. A p value of <0.05 was considered statistically significant.

RESULTS

Patient characteristics
A total of 178 breast cancer patients underwent breast-conserving surgery after neoadjuvant 
systemic treatment during the inclusion period. In 24 patients, the tumor was still palpable or 
excision was performed using a different localization method. From the remaining 154 patients, 
breast-conserving surgery was performed with the use of ROLL-99mTc technique in 83 patients and 
with the use of 125I seed localization in 71 patients. There was no significant difference between both 
groups in patient and tumor characteristics (Table 1).

Tumor localization
In all cases the twist marker or 125I seeds were placed in the correct position, as confirmed by 
mammography. No radiologist experienced difficulties with placing the twist marker or the 125I seed, 
and no complications occurred.

Radiological and pathological response
Complete radiological response occurred in 42 of 83 (51 %) patients treated with the ROLL-99mTc 
technique, a complete pathological response was observed in 25 patients (30 %). Among patients 
treated with 125I seed localization, complete radiological response occurred in 36 of 71 (51 %) patients 
and a complete pathological response was seen in 27 patients (38 %) (Table 2).
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Characteristic	 ROLL-99mTc	(n=83)	 125I	seed	(n=71)	 p-value

Axillary	dissection 65 (78%) 49 (69%) 0.190
Radiological	response	MRI	after	systemic	treatment
 Partial response 41 (49%) 35 (49%) 0.990
 Complete response 42 (51%) 36 (51%) 
Pathological	response	after	systemic	treatment
 Residual tumor 58 (70%) 44 (62%) 0.301
 Complete response 25 (30%) 27 (38%) 
Weight	of	resected	specimen
 Median in g (range)  53 (11-204) 48 (9-346) 0.895
Margin
 Median in mm (range) 3.5 (0-15) 3.0 (0-12) 0.428
Resection	of	invasive	part
 Radical 72 (87%) 62 (87%) 0.915
 Irradical 11 (13%) 9 (13%) 
Number	of	surgical	interventions
 Resected in prim surgery 77 (93%) 65 (92%) 0.778
 Resected in 2nd surgery 6 (7%) 6 (8%) 
Intervention	needed	for	incomplete	excision
 Total 6 (7%) 6 (8%) 
 Re-resection 1 (1%) 3 (4%) 
 Mastectomy 5 (6%) 3 (4%) 

Table	2.	Treatment outcome

Surgical outcome
At the time of surgery, the 125I seeds were in situ for a median time of 17 weeks (range, 8–31 weeks). 
Because of the long half-life time of 60 days, the seed is still traceable during surgery. None of the 
surgeons experienced difficulties in performing a local excision around the 125I seed, nor when the 
lesion was localized with 99mTc. At the Pathology Department, the presence of the inserted twist 
marker or 125I seed in the specimen was confirmed in all patients.
The surgical outcomes are listed in Table 2. The median weight of the specimen was comparable 
for both study groups: 53 g (range, 11–204 g) in the group of patients treated with the ROLL-99mTc 
technique and 48 g (range, 9–346 g) in the group of patients treated with 125I seed localization.
Eleven of the 83 patients (13 %) treated with the ROLL-99mTc technique had positive margins at 
pathology examination. Five of these patients were treated with adjuvant radiotherapy with a boost 
on the original tumor bed, because of a positive margin involving the pectoral fascia (n = 1) or only 
focally positive margins (n = 4). The remaining six patients with positive margins underwent a second 
surgical intervention. One patient was treated with an additional local excision and the other five 
patients underwent a mastectomy.
Nine of the 71 patients (13 %) treated with 125I seed localization had pathologically positive margins. 
Three of these patients were treated with adjuvant radiotherapy with a boost on the original tumor 
bed, because of a positive margin involving the pectoral fascia (n = 2) or only focally positive margins 
(n = 1). The remaining six patients with positive margins underwent a second surgical intervention. 
Three patients were treated with an additional local excision and the other three patients underwent 
a mastectomy.
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The median margin of resected residual tumor was 3.5 mm (range, 0–15 mm) in the group of patients 
treated with ROLL-99mTc technique and 3.0 mm (range, 0–12 mm) in the group of patients treated 
with 125I seed localization.

Follow-up
No major postoperative complication occurred in both groups. After a median follow-up of 
51 months (range, 5–67 months), 15 of the 83 patients treated with the ROLL-99mTc technique 
experienced recurrence of their disease: one DCIS local recurrence in the ipsilateral breast, two 
regional recurrences in the periclavicular region with concurrent distant metastasis, and twelve 
patients presented with distant metastases without evidence of loco-regional recurrence. Six 
women died as a result of their distant disease recurrence after a mean follow-up of 22 months 
(range, 4–45 months).
The median follow-up of the 71 women treated with 125I seed localization was 32 months (range, 
11–53 months). Seven patients developed distant metastases and one patient presented with 
a locoregional recurrence and concurrent distant metastases. Those eight patients died within 
24 months of follow-up. No isolated local recurrences occurred in this group.

DISCUSSION

One of the most important goals of neoadjuvant systemic treatment as opposed to adjuvant systemic 
treatment is to increase the chance for breast-conserving surgery in women who were originally 
scheduled for a mastectomy.3,5,6 To safely omit a mastectomy, reliable measurement of the tumor 
response is required. Although the imaging modalities for response monitoring are improving, 
histological examination of a biopsy of the former tumor bed remains the golden standard. To 
enable a local excision of the former tumor bed after a clinical complete response, it is crucial to 
precisely mark the tumor before admission of neoadjuvant systemic treatment.
As described in the introduction, there are several methods to localize nonpalpable breast cancer. 
Localization with an 125I seed or with the ROLL-99mTc technique have several advantages in common 
as opposed to the more commonly used wire-localized excision, which is currently the standard 
method of excision of nonpalpable breast lesions. Both 125I seed localization and the ROLL-99mTc 
technique are easy radiological and surgical procedures to perform, and the tumor can be identified 
in three dimensions offering great flexibility in making a cosmetic incision. Incorrect placement of 
the marker, the radiotracer or the 125I seed is rare and an average lower weight of the specimen has 
been reported. When compared to wire-localization, both the ROLL-99mTc technique and the 125I 
seed localization were the preferred method by surgeons and ranked by patients as less painful.14,24 
And most importantly, excellent results in terms of tumor-free margins were observed with both 
125I seed localization and the ROLL-99mTc technique. Although in a randomized trial from Lovrics 
et al.14-20 Similar results were reported with regard to involved margins, when 125I seed localization 
was compared to wire localization, most other studies demonstrated a lower rate of positive 
margins after 125I seed localization or the ROLL-99mTc technique compared to wire localization. 
Because of these advantages we currently use these two methods in our institute. Van Riet et al.13 
demonstrated that 125I seed localization in breast cancer patients who underwent breast-conserving 
surgery after neoadjuvant chemotherapy, was a successful technique leading to a high percentage 
of negative margins. When comparing this new method to the ROLL-99mTc technique, we did not see 
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a significant difference in the percentage of patients who required a second surgical intervention to 
obtain negative margins (8 vs. 7 %). Furthermore the median weight of the lump (48 vs. 53 g) and the 
median smallest margin (3.0 vs. 3.5 mm) were comparable.
The ROLL-99mTc technique has the advantage that it is in general easy to introduce in a centre as a 
localization technique because it uses techniques and materials that are already used in most clinics, 
e.g., for the sentinel node procedure. A disadvantage of the ROLL-99mTc technique is the short half-
life time of 6 h of the 99mTc. The injection of the 99mTc is conducted under ultrasound guidance and 
this radiological intervention has to be performed shortly before surgery. This may therefore lead 
to scheduling conflicts for the surgeon, the radiologist, and hospital staff. Moreover, this technique 
requires two separate invasive procedures for the patient: marking the tumor with a metal marker 
before the start of systemic treatment and an injection with 99mTc to visualize the tumor bed before 
surgery. This disadvantage can be overcome with the use of 125I seed localization. Because of the 
long half-life of the 125I seed of 60 days, the 125I seed can be placed before the start of the neoadjuvant 
systemic treatment, e.g., directly after a breast biopsy procedure or standard imaging, it will still be 
traceable after completion of the systemic treatment, and does not interfere with the sentinel node 
procedure.
In none of the patients the surgeons experienced difficulties to trace the 125I seed, even when it had 
been in situ for more than half a year. In addition, the 125I seed is a point source of radiation unable 
to diffuse, as opposed to the fluid used in the ROLL-99mTc technique, and migration of the seed is 
rarely seen.15,21,25 Theoretically, this enables a more precise excision, without unnecessary removal 
of healthy tissue.
We concluded that 125I seed localization is an attractive method for localizing breast tumors before 
neoadjuvant systemic treatment to enable breast-conserving surgery and has essentially replaced 
the traditionally placed twist marker in our tertiary-care medical center. In hospitals without 125I 
seed availability, the ROLL-99mTc technique is a good alternative provided that a radiopaque marker 
is placed before the start of the systemic treatment.
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ABSTRACT

Background
The MARI procedure (Marking the Axillary lymph node with Radioactive Iodine (125I) seeds) is a new 
minimal invasive method to assess the pathological response of nodal metastases after neoadjuvant 
systemic treatment (NST) in breast cancer patients. This method allows axilla-conserving surgery in 
patients responding well to NST.

Patients and methods
Prior to NST, proven tumor-positive axillary lymph nodes were marked with a 125I seed (the MARI-
node). After NST, the MARI-node was selectively removed using a gamma-detection probe. A 
complementary ALND was performed in all patients to assess whether pathological response in the 
MARI-node was indicative for the pathological response in the additional lymph nodes.

Results
A tumor-positive axillary lymph node was marked with a 125I seed in 100 patients. The MARI-node 
was successfully identified in 97 of these 100 patients (identification rate 97%). Two patients did 
not undergo subsequent ALND, leaving 95 patients for further analysis. The MARI-node contained 
residual tumour cells in 65 of these 95 patients. In the other 30 patients, the MARI-node was free of 
tumor, but additional positive lymph nodes were found in five patients. Thus, the MARI-procedure 
correctly identified 65 out of 70 patients with residual axillary tumor activity (false negative rate 
5/70=7%).

Conclusions
This study shows that marking and selectively removing metastatic lymph nodes after neo-adjuvant 
systemic treatment has a high identification rate and a low false negative rate. The tumor-response 
in the marked lymph node may be used to tailor further axillary treatment after NST.
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INTRODUCTION

Neoadjuvant or primary systemic treatment is increasingly applied in the treatment of operable 
breast cancer. Down staging of the primary tumor is one of the important goals of neoadjuvant 
systemic treatment, thereby permitting breast-conserving treatment without affecting the risk 
for a local relapse.1-6 Complete pathological response rates after neoadjuvant systemic treatment 
vary across histological subtypes and can be over 50% in HER2 positive disease. Down staging of 
the axilla is also observed in patients initially presenting with metastatic lymph nodes. Complete 
pathological response rates in the axilla vary between 22-42% in reported series, again depending 
on tumor subtype.7,8 
The therapeutic effect of a complete axillary lymph node dissection (ALND) is limited in case of a 
complete pathologic response in the axilla. If reliably identified, such patients can be offered a more 
conservative therapy of the axilla, sparing them the substantial short-and long-term morbidity of an 
ALND.9,10 Physical examination and imaging such as ultrasound or PET-CT have insufficient sensitivity 
and specificity to discriminate between residual disease and a complete pathological response in 
the axilla.11-13 Post-chemotherapy sentinel (SN) node biopsy (SNB) in patients with proven metastatic 
lymph nodes prior to NST is under debate since different rates of identification rates (between 68 
and 100%) and false-negative rates (between 5 and 30%) are reported.14,15 In many of the studies 
described, the presence of nodal metastasis before the neoadjuvant systemic treatment was a 
predictive factor for failure of the SNB. 
We aimed to develop a new technique to assess the response to neoadjuvant systemic treatment 
in patients presenting with nodal metastasis. For this purpose, radioactive iodine (125I) seeds were 
used. The use of 125I seeds is increasingly applied in breast conserving surgery.16,17 Recent studies 
have described the use of 125I seed localisation to facilitate breast conserving surgery also after 
neoadjuvant systemic treatment.18,19 Before the start of systemic treatment, a 125I seed is placed in 
the center of the tumor. In case of a good clinical response after systemic treatment, a local excision 
can be performed around the 125I seed to remove residual disease or confirm the complete response 
by histological examination. 
125I seed localisation can also be performed in lymph nodes. It has previously been shown in a 
feasibility study with fifteen patients, that it is technically possible to mark tumor-positive axillary 
lymph nodes with a 125I seeds prior to neoadjuvant systemic treatment and selectively remove them 
afterwards: the ‘Marking of the Axilla with Radioactive Iodine-125 seeds’ (MARI)-procedure.20 In this 
report the final analysis of the predictive value of this novel surgical technique to identify residual 
axillary lymph node metastasis in a prospective study is presented.

PATIENTS AND METHODS

Patients and systemic treatment regimens
From October 2008 until November 2012, patients with proven axillary lymph node metastases 
who were scheduled to undergo neoadjuvant systemic treatment were asked to participate in this 
study. One-hundred-and-three patients agreed and signed informed consent. Prior to the start 
of neoadjuvant treatment, tumor size was assessed with MRI and biopsies of the breast tumor 
were performed to determine the histological subtype and receptor status. Axillary staging was 
performed with ultrasonography and in suspect lymph nodes fine-needle aspiration (FNA) cytology 
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was performed. Tumors were classified according to the standard criteria of the World Health 
Organization and the neoadjuvant systemic treatment regimen depended on the presence or 
absence of HER2 amplification (table 1).21

The institutional ethical committee approved this study. Adjuvant radiotherapy and systemic 
treatment were given according to Dutch national guidelines.

Seed localisation
A detailed overview of the MARI-procedure was given previously.20 A titanium encapsulated 125I 
seed (STM1251, Bard Brachytherapy Inc., Carol Stream, IL, USA) with an average energy of 27 keV 
and a half-life time of 59.6 days was placed in an 18-gauche needle. Under ultrasound guidance, the 
125I seed was placed in a previous proven metastatic lymph node by one of 15 different radiologists 
(Figure 1A, B). This marked lymph node is further referred to as the MARI-node. At the moment of the 
implantation, the 125I seeds have an apparent activity varying from 0.04 to 0.19 mCi (1.6-7.0MBq) and 
the dose rate constant is 1.018 cGy h-1 U-1. Although the dose of the 125I seeds used for localization 
of metastatic lymph nodes is low, it requires authorization by the Dutch government. Furthermore, 
some safety issues need to be addressed. Radiation safety protocols and detailed documentation 
regarding the acquisition, handling and storage including guidelines for patients and hospital staff 
are described previously.19,22

In the same procedure as the 125I seed localisation in the axillary lymph node, a 125I seed was placed 
in the breast tumor, which is in our institute standard practice for patients undergoing neoadjuvant 
systemic treatment. Afterwards a conventional X-ray was performed to confirm the presence of the 
125I seed in the axilla and in the breast.

Surgical procedure
After completion of neoadjuvant systemic treatment, surgery of the breast and axilla was executed 
in the same session. One of eight different surgeons performed the procedure. The surgical part 
of the MARI- procedure has been described before in detail.20 In short: with the gamma-probe 
(neo2000®, Neoprobe Corporation, Dublin) on the 125I setting the point of greatest activity was 
detected on the skin of the axilla. The incision to remove the MARI-node was made in the planned 
incision for the ALND, close to the point of highest activity. Guided by the gamma probe the MARI 
node was intraoperatively detected and selectively removed (Figure 1C). Removal of the correct 
lymph node was ensured by detecting the 125I source of radioactivity within the lymph node ex vivo 
and by detecting the absence of radiation in the axilla within the area of the excision. After removal 
of the MARI-node, an ALND was performed in all patients and consequently surgery to the breast 
was performed.

Pathology examination
The pathologist extracted the 125I seed from the MARI-node using a gamma-radiation detector. After 
removal of the seed, the MARI-node was bisected and completely embedded. All paraffin blocks 
were cut at three levels with minimally 150-µm intervals. The MARI-node was assessed according 
to the routine pathological assessment in SNB procedure. H&E staining was performed in all cases. 
Immunohistochemical-keratin staining was only done in lymph nodes with a tumour-negative H&E 
staining. Lymph nodes in the axillary dissection specimen were evaluated at one level and stained 
with H&E; immunohistochemical staining was not routinely performed. A specialized breast cancer 
pathologist (JW) revised all MARI nodes and classified them according the response to the systemic 
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Median	age	in	years	(range)  49   (24-67)

Radiological	tumor	stage	prior	to	systemic	treatment

 T0  1 (1%) 

 T1  24 (23%) 

 T2  51 (50%) 

 T3  20 (19%) 

 T4  7 (7%) 

Clinical	lymph	node	stage	prior	to	systemic	treatment

 N1  62 (60%) 

 N2  13 (13%) 

 N3  28 (27%) 

Tumor	histopathology

 Ductal carcinoma  88 (85%) 

 Lobular carcinoma  8 (8%) 

 Adenocarcinoma NOS  7 (7%) 

Receptor-based	subtype*

 ER- / PgR- / Her2-  22 (21%) 

 ER+ / Her2-  54 (52%) 

 Her2+  27 (26%) 

Neoadjuvant	systemic	treatment	regimen

 ddAC1  72 (70%) 

 CD2  3 (3%) 

 PTC3  24 (23%) 

 Other  4 (4%) 

Table	1.		Patient- and tumor-related characteristics (n=103)
*Receptor-based subtype as established on histological biopsy prior to neoadjuvant systemic 
treatment.
ER: estrogen receptor; PgR: progesterone receptor; Her2: human epidermal growth factor receptor.
1Doxorubicine 60 mg/m2 and Cyclophosphamide 600 mg/m2 q 2 weeks x 6
2Docetaxel 75 mg/m2 and Capecitabine 2 x dd 1,000 mg/m2 orally during 14 days, q 3 weeks x 6
3Paclitaxel 70 mg/m2, Trastuzumab 2 mg/m2 and Carboplatin 3 AUC mg/ml/min on days 1, 8, 15, 22, 29, 35 q 8 weeks x 3.
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treatment. For this study, pathologic complete response was defined as no vital tumor cells present 
in the lymph node, irrespectively of the response in the breast.

Figure	1. (A) Insertion of a radioactive iodine seed in an axillary lymph node under ultrasound guidance. The black arrow 
indicates the tip of an 18-G needle through which the iodine seed is inserted in the lymph node. (B) Position of the iodine 
seed in the lymph node. (C) Excised lymph node with the iodine seed in situ. 

Statistical analysis
The primary endpoints used for statistical analysis were the success rate for identifying and 
selectively removing the MARI node and the correlation of the response observed in the MARI-node 
on pathology with the ALND specimen.
To calculate the sample size needed for the prediction model of response of the axilla we 
hypothesized that the expected true positive rate for the localization method would be 95% and 
that the observed true positive rate will be above a minimally acceptable limit of 90% with a 1-sided 
95% confidence interval. Based on these hypothesis 52 patients were required with a tumor-positive 
lymph after neoadjuvant systemic treatment, so, patients with residual disease. 
The identification rate of the MARI node was analysed in all patients who underwent surgical 
removal of the MARI-node. Correlation between the pathologic responses observed in the MARI-
node and in the ALND specimen was estimated using false-negative rates, sensitivity, specificity, 
positive predictive value, negative predictive value, and accuracy.

RESULTS

Patient characteristics and seed localisation
Table1 illustrates patient and tumor characteristics of the 103 patients prior to the systemic 
treatment. The median age at the time of enrollment was 49 years (range 24-67) and most patients 
had a T1 or T2 tumor. The majority of the patients (85%) had an invasive ductal carcinoma and 52% 
was estrogen receptor positive.
In all patients an attempt was made to mark one proven pathological axillary lymph node. No 
complication occurred during the ultrasound guided positioning of the 125I seed. In two patients 
misplacement of the seed had occurred during the radiological localisation procedure.

A B C
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Surgical procedure and identification rate of the MARI-node
In three of the 103 patients selective surgical removal of the MARI-node was not attempted due to 
the presence of distant metastasis before surgery (n=2) or switch to primary surgery (n=1) (Fig 2). The 
resulting 100 patients underwent the surgical part of the MARI-procedure. At the time of surgery, 
the 125I seed had been in place for a median of 17 weeks (range 9-31 weeks) and had an apparent 
activity varying from 0.006 to 0.06 mCi (0.2-2.1 MBq). All seeds could be easily detected using the 
gamma probe. The median time of the identification and excision of the MARI node was 6 minutes 
(range: 3 -20 minutes). In all 100 patients, the 125I seed was identified and removed during surgery. 
In three patients the MARI-node could not be identified since the 125I seed was not properly located 
into a lymph node. This resulted in an identification rate of the MARI-node of 97% (97 out of 100 
patients; 95%CI: 91-99). In two of these three patients with non-identification, misplacement of 
the seed had occurred during the radiological localisation procedure. In the third patient, a reason 
for the presence of the seed outside the lymph node was not found. A complementary ALND was 
not performed in 2 patients due to the presence of distant metastasis (n=1) and patient refusal (n=1). 
Thus, the correlation between response in the MARI-node and the additional lymph nodes could be 
assessed in 95 patients.

Figure	2.	Flow chart for all included patients. ALND = axillary lymph node dissection; pCR = complete pathological response 
125I = radioactive iodine seed

All included patients
with 125I localisation
n = 103

MARI-procedure attempted
n = 100

No MARI-procedure per-
formed 
- M1 disease (n=2)
- Primary surgery (n=1)

No ALND performed 
- M1 disease (n=1)
- Patient refusal (n=1)

MARI-node with 
residual tumor

n = 65

MARI-node with 
pCR

n = 30

MARI-node identified 
 n = 97 

(identification rate: 97%)

MARI-node identified 
 and ALND performed

n = 95

MARI-node not identified
n = 3



140 Marking Axilary Lymph Nodes with Radioactive Iodine seeds 

Accuracy of the MARI-node
Overall, the neoadjuvant systemic treatment resulted in a pathologic complete response of all 
axillary lymph nodes (MARI-node + additional nodes) of 26% (25/95).
The correlation between the response in MARI-node and the response in the additional lymph nodes 
is presented in table 2. The MARI node was tumor positive in 65 patients. Additional positive nodes 
in the ALND specimen were found in 46 of these 65 patients (71%). The median number of positive 
additional nodes was three (range 1 - 28).
In the remaining 30 patients with a negative MARI node, residual disease in the additional lymph 
nodes was found in five patients (negative-predicting value: 83%; 95%CI: 65-94). Of these 
five patients, the additional nodes contained only isolated tumor cells in two patients and a 
macrometastasis in three patients.
The MARI node accurately predicted axillary nodal status after neoadjuvant systemic treatment in 
90 of the 95 patients (overall accuracy: 95%; 95%CI: 88-95). The false negative rate of the MARI 
procedure was 5/70 = 7% (95% CI: 2-16).

Outcome	additional	lymph	nodes

Positive Negative Total

Outcome	MARI-node

				
					Positive 46 19 65

						
					Negative 5 25 30

Total	 51 44 95

Table	2.	 Pathology results of the MARI node and additional axillary lymph nodes in patients in who the MARI node was 
identified (n=95)
False negative rate: 5/70=7% (95%CI: 2-16); overall accuracy: 90/95=95% (95%CI: 88-95); negative predicting value: 
25/30=83% (95%CI: 65-94); positive predicting value: 100% (by definition); sensitivity: 46/51=90% (95%CI: 79-97); 
specificity: 100% (by definition)

DISCUSSION

The MARI-procedure (Marking Axillary lymph nodes with a Radioactive Iodine seed) has a high 
identification rate of 97% and a low false-negative rate of 7%. It is safe, feasible and promising as 
a new technique to assess axillary lymph node involvement after neoadjuvant systemic treatment. 
The present study is the first to investigate the use of 125I seeds to mark positive lymph nodes before 
the start of neoadjuvant systemic treatment and selectively removing them afterwards.
Another more commonly method used to assess axillary lymph node involvement after neoadjuvant 
systemic treatment is the post-chemotherapy SNB. Currently, this method in patients who present 
with metastatic lymph nodes prior to the start of neoadjuvant systemic treatment is debated since 
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different results regarding identification rates and false negative rates are reported.8,14 Recently, 
two large prospective, multicenter trials investigated the role of the SNB after neoadjuvant 
systemic treatment: the ASOCOS Z1071 trial and the German SENTINA trial. The ACOSOG Z1071 
trial was designed to evaluate SNB after neoadjuvant systemic treatment in clinical T0-4, N1-2, 
M0 breast cancer patients. With an accrual of 756 patients, the identification rate was 93%, the 
accuracy was 84% and the false-negative rate was 13% in patients with pre-chemo cN1 disease and 
two or more SN’s reviewed.23 The SENTINA trial is a 4-arm trial evaluating the timing of the SNB in 
patients undergoing neoadjuvant systemic treatment.24 The identification rate of the SN in patients 
who converted from cN1 pre-chemo to cN0 after the chemotherapy was 80% (474/595) and the 
false-negative rate was 14%. They concluded that post-chemo SNB as a diagnostic procedure is not 
a reliable tool in patients who are clinically node-positive before the systemic treatment.
The identification rate as well as the false-negative rate of the MARI-procedure appears favorable 
compared to results of the post-chemotherapy SNB in patients presenting with node-positive breast 
cancer. The high false-negative rate of the SNB after systemic treatment may be caused by residual 
tumor cells obstructing the lymphatic channels or altering lymphatic flow. This disadvantage does 
not exist in the MARI-procedure, since the identification of the affected lymph node is independent 
of changes in lymphatic flow due to treatment.
The MARI procedure is a safe technique and easy to learn. Radiological insertion can be challenging 
if the node is small, and therefore confirmation of the localization with ultrasound is necessary. 
Surgical removal of the MARI-node requires skills comparable to the removal of a SN. The surgeons 
performing the MARI-procedure in our institute found the technique even easier than removing a 
SN, since there was no background radiation.
A few limitations of the MARI procedure were identified and modified. First, since the FNA was 
performed in a separate intervention from the seed localisation, it is very important to document 
the localisation of the pathological lymph node to avoid seed localisation in a tumour-negative 
lymph node. Repeating FNA of the node after insertion could confirm localisation in the correct 
node. Second, ultrasound-guided localisation of the seed in a small lymph node can be difficult, as 
was illustrated by the two patients in whom the seed was not properly located in the lymph node. 
Therefore, training of the radiologists and confirmation of the location of the seed by ultrasound 
is very important. Third, the iodine seed is - however minimal - radioactive and can in theory itself 
sterilize tumor-positive lymph nodes. We lowered the radiation dose to such an extent that any 
radiation effect to the lymph node was minimized without the seed getting untraceable. Finally, 
the iodine seed is a radioactive source and although the dose of these iodine seeds is low, it requires 
authorization by the government and safety issues need to be addressed. However, when safety 
protocols are taken into account, the iodine seed is an easy and patient-friendly localisation 
method. Marking of the axillary lymph node was performed in the same procedure as marking of 
the breast lesion, so no separate visit had to be scheduled. Furthermore, since the half-life time of 
the iodine seed is 60 days, there is no strict time frame in which the 125I seeds have to be placed. 
This is in contrast with the SNB in which radiocolloid is injected, where the halftime is about eight 
hours. Therefore the injection of the radiocolloid has to be done one day before or at the same day 
of surgery, and may cause scheduling conflicts.
With an identification rate of 97% and false-negative rate of 7% the MARI-procedure is a reliable 
measurement of the axillary response and may be used to tailor further axillary treatment after 
neo-adjuvant systemic treatment. How to treat the axilla after a negative MARI-node is yet 
undetermined. Theoretically, the axilla can be left untreated when all nodal metastasis responded 
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completely to systemic therapy. In primary breast surgery, there is even trend towards omitting 
axillary treatment in patients with a positive SN because some studies showed no survival benefit 
of ALND.25,26 Furthermore, it has been shown that axillary radiotherapy in patients with primary 
breast surgery and a positive SNB gives the same rates of axillary recurrences and survival compared 
to ALND, with less side effects.27 Therefore axillary radiotherapy could be a good option in these 
patients. Whether axillary treatment can be completely omitted in patients with a tumor negative 
MARI node will be subject of future research.  
 

CONCLUSION

It is technically possible to mark tumor-positive axillary lymph nodes with an iodine seed before 
the start of the neoadjuvant systemic treatment and selectively remove them afterwards. The 
MARI-procedure is a safe and patient-friendly method with a high identification rate and low 
false-negative rate. We believe that this method can be used to select patients with a complete 
pathological response in the axillary lymph nodes and omit an ALND in these patients.
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Improvements in locoregional treatment of breast cancer
The improved prognosis of breast cancer patients and consequently longer life expectancy 
increases the importance of keeping long-term side effects of treatment as low as possible without 
jeopardising cure rates and local control. Therefore, the realisation that the side effects of local and 
regional cancer treatment seriously affect patients’ quality of life led to an ongoing trend towards 
less invasive locoregional treatments, indeed with the preservation of optimal locoregional control. 
To further boost this trend, new diagnostic and treatment options should be investigated, and when 
clinically relevant, fast implementation should be encouraged. 
In this thesis several strategies for improving locoregional treatment were analysed, with the aim of 
decreasing side effects while preserving optimal locoregional control.

Local treatment of in situ breast cancer
The first part of this thesis describes the long-term results of treating ductal carcinoma in situ 
(DCIS) with breast conservation by complete local excision with or without adjuvant radiotherapy 
in the EORTC 10853 DCIS trial. Historically, mastectomy was the standard treatment for DCIS 
until breast-conserving therapy was introduced for invasive breast cancer. The replacement of 
mastectomy with breast-conserving surgery in patients with localised DCIS and invasive cancer was 
an important improvement in the quality of care for these patients. The question that rose following 
the introduction of breast-conserving surgery was whether adjuvant radiotherapy after a local 
excision for DCIS was indicated. Long-term outcomes of several randomised trials addressing this 
issue showed that adjuvant radiotherapy halved the incidence of a local recurrence (either DCIS or 
invasive), but there was no demonstrable effect on survival.1 The 15-year results of the EORTC 10853 
DCIS trial were consistent with these findings. Furthermore, the results showed that patients with an 
invasive local recurrence had a 5-times higher risk of mortality, and a 17-times higher risk of breast-
cancer specific mortality compared to patients who did not experience a local recurrence. Therefore, 
the prevention of a local recurrence remains very important and for that reason radiotherapy is a 
standard part of the breast-conserving therapy for DCIS. 
However, not all DCIS lesions treated with surgery alone will lead to (invasive) local recurrences. 
In this trial, 84% of the patients treated with local excision only did not develop an invasive local 
recurrence within 15 years, and they were spared the adjuvant radiotherapy. The challenge is to 
accurately identify the patients with DCIS who can safely be treated with surgery alone and those 
who can even safely be left untreated. 
The introduction of nation-wide breast cancer screening and the implementation of digital 
mammography have resulted in a significant increase in the incidence of DCIS.2-4 
The rise in DCIS incidence has not resulted in a decrease in the incidence of invasive breast cancer. 
This implies that part of the screen-detected DCIS lesions can be considered as overdiagnosis, i.e. 
lesions that would never have led to symptoms during the patient’s lifetime if they had not been 
detected. 
Because clinicians do not know which patients will be overdiagnosed at the time of diagnosis, all 
DCIS lesions are treated alike by ablative or breast-conserving treatment, putting many women 
at risk of overtreatment. Not only do overdiagnosis and the resulting overtreatment contribute 
to the problem of escalating health-care costs, but patients can also be harmed by unnecessary 
treatment.5,6 The challenge for the future is to identify a subgroup of patients with localised DCIS 
in which (part of) the standard treatment could be safely omitted since they have a very low risk of 
developing an invasive tumour. With the data of the EORTC 10853 trial presented in this thesis, it 
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was not possible to identify a subgroup of patients with a low risk of recurrence so that adjuvant 
radiotherapy could be withheld. Thus, apparently other features of DCIS with a very low risk of an 
invasive local recurrence are required to justify local excision only, or even a wait-and-see policy. 
To determine for which patients with low risk proliferative in situ lesions treatment can be omitted, 
it is crucial to conduct a randomised clinical trial that includes women participating in a breast 
cancer screening program. Such a trial is currently being endorsed by the European Organisation 
for Research and Treatment of Cancer (EORTC 1401) in collaboration with the Dutch Breast Cancer 
Research Group (BOOG 2014-04): the LORD trial. The LORD trial is a randomised, international, 
multicenter, phase III non-inferiority trial, accruing women aged ≥ 49 years with primary low-grade 
DCIS detected by microcalcifications upon screening. Patients will be randomised between active 
surveillance and standard treatment according to local guidelines. Active surveillance comprises 
monitoring by annual mammography and treatment if there is progression to an invasive lesion. 
The aim of the trial is to investigate whether active surveillance of low-grade DCIS is as safe as the 
current standard treatment, and to study the effects on the quality of life of these women by sparing 
them from intensive treatment. 
New insights into the molecular biology of in situ lesions will further improve the selection of 
harmless versus harmful DCIS lesions and guide local treatment.7-10 

Treatment of the axilla in clinically node-negative breast cancer
The second part of this thesis focuses on the treatment of the axilla in patients treated with primary 
surgery and who are found to have a positive sentinel node.
The introduction of the sentinel node biopsy (SNB) has been a major step towards more conservative 
axillary surgery, thereby preventing the morbidity of an axillary lymph node dissection (ALND) 
in patients with a negative sentinel node (SN).11-14 However, performing a SNB is not possible 
in all breast cancer patients. Current contra-indications for performing a SNB are lymfangitis 
carcinomatosa, large tumour burden and clinically positive lymph nodes. Relative contra-indications 
include recurrent breast cancer and multifocal breast cancer. Multifocal breast cancer is associated 
with a higher risk of nodal involvement compared to unifocal breast cancer and the drainage pattern 
from multifocal localisations may be different. For this reason, the value of the SNB in patients with 
multifocal breast cancer is debated. The EORTC AMAROS trial showed that with a 96% detection 
rate the sentinel node biopsy procedure was highly effective in patients with a multifocal tumour. 
Although the tumour-positive rate of the sentinel node was twice as high in the group of patients 
with a multifocal tumour, compared to the patients with a unifocal tumour, the location of the 
sentinel nodes and further nodal involvement after a positive sentinel node were similar in both 
groups. This suggests that a sentinel node biopsy is safe in patients with multifocal breast cancer.
The AMAROS trial investigated the optimal local treatment of patients with a positive sentinel node. 
The trial showed that axillary radiotherapy (ART) as well as ALND provides excellent axillary control in 
these patients. At a median follow up of 6.1 years, the 5-year recurrence rate in both groups was very 
low (0.43% after ALND versus 1.19% after ART). Additionally, no significant difference was found in 
disease-free survival and overall survival. When analysing morbidity, post-operative complications 
and lymphedema were significantly higher in the group of patients treated with ALND compared to 
ART. Combining ALND and ART further increased the risk of lymphedema. Patient-related factors 
contributed to a higher risk of lymphedema, but not to reduced shoulder mobility. The latter was 
influenced by the type and extent of the axillary treatment. Therefore we conclude that, for patients 
in whom axillary treatment is indicated, ART can be considered a validated alternative to an ALND.
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Since the results of the AMAROS have shown that the type of axillary treatment (ALND or ART) does 
not significantly influence survival, the next question would be whether any axillary treatment in 
patients with a positive sentinel node would significantly influence the prognosis. In other words: 
Is axillary treatment always indicated after a positive sentinel node? The additional value of axillary 
treatment (ALND or ART) has been questioned, since the ACOSOG Z0011 trial and IBCSG 23-01 trial 
showed that patients with early breast cancer and limited metastases in the SN, who were treated with 
breast-conserving therapy, could be spared an ALND without compromising locoregional control or 
survival outcome.15,16 In 13-27% of the patients treated with an ALND, additional metastases were 
found. In the group of patients not treated with an ALND, leaving those metastatic nodes in situ 
seemed not to influence the locoregional recurrence rate or the survival rate. It is suggested that 
the adjuvant systemic therapy and the tangential breast irradiation, covering a substantial part of 
the axillary content, contributed to these results.17 However, a recent planning study, evaluating 
dose distribution and coverage of the axilla levels I–II and the SN area, has indicated that the current 
tangential radiation does treat part, but certainly not all, of the axillary levels I-II of the axilla.18 

Therefore, the results of these trials cannot simply be extrapolated to all early breast cancer patients 
with a positive SN. It is important to prevent overtreatment, but it is not yet clear in which subgroup 
of patients treatment of the axilla can be omitted. 
Of special interest in this issue are patients who are not treated with whole breast irradiation, e.g. 
patients treated with a mastectomy or partial breast irradiation. One study designed to address this 
question is the BOOG 2013-07 trial, which is currently accruing patients in the Netherlands.19 In this 
prospective randomised trial, patients with cT1-2N0 breast cancer and 1-3 axillary SLN metastases 
treated with a mastectomy will be randomised between complementary axillary treatment or no 
further local treatment of the axilla. 
Following the outcome of these trials, one could argue whether every breast cancer patient with 
a clinically negative axilla needs to undergo an SNB. Although the SNB is a less invasive procedure 
compared to an ALND, it is still associated with morbidity.12,14,20 Several trials are currently initiated 
to address the question of whether the SNB can be omitted in a selected group of patients. One of 
these is the Italian multi-centre randomised SOUND trial.21 In this trial, patients with cT1N0 disease 
are randomised to SNB or no axillary staging. As per June 2014, this trial has accrued over 500 patients 
(personal communication Dr Viviana Galimberti). The results of this trial are awaited. A similar Dutch 
randomised phase III trial (the BOOG 2013-08 trial) is currently being initiated for patients with 
unilateral cT1-2N0 (clinically and by ultrasound) tumours treated with breast-conserving therapy 
including whole breast radiotherapy.22  
Another way to select a group of patients in whom an SNB can be omitted, is to find predictive 
factors that can accurately predict nodal involvement. The Memorial Sloan Kettering Cancer Center 
has developed such a model.23 Since several predictive factors of this nomogram are only known 
after surgery of the primary tumour (e.g. lymphovascular invasion, multifocality), this nomogram 
has only limited clinical utility. Ideally, it should be possible to obtain all prognostic factors for 
such a model from a core needle biopsy. We are currently developing a model for predicting a 
positive sentinel node, based on the pre-operative variables assessed at diagnostic biopsy of the 
primary tumour of patients included in the AMAROS trial. The molecular biological aspects of the 
primary tumour may further enhance the clinical criteria to select patients who do not need invasive 
axillary staging. If the nodal status could be predicted with a high accuracy, a patient group could 
be identified with such a low risk of clinically relevant macroscopic nodal involvement that an SNB 
could be safely withheld. 
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Locoregional treatment after neoadjuvant systemic treatment 
The third part of this thesis focuses on treatment of the breast and the axilla after neoadjuvant 
systemic treatment (NST). In general, systemic treatment is given prior to surgery with the main 
goal of reducing the tumour load. In a substantial proportion of the patients, the tumour volume 
may decrease to such an extent that breast-conserving surgery can be performed in patients who 
were originally scheduled for a mastectomy.24,25

When after NST a mastectomy is still indicated and if oncologically safe, this mastectomy can be 
performed in a skin-sparing manner and combined with an immediate reconstruction with direct 
subpectoral implantation of a temporary tissue expander or permanent endoprothesis.
Due to a fear of more postoperative and long-term complications, reluctance exists to treat patients 
with a skin-sparing mastectomy with immediate reconstruction after neoadjuvant chemotherapy 
26, although the effect on post-operative complications has hardly been studied. In this thesis the 
prospectively gathered data of 37 women undergoing a skin-sparing mastectomy with immediate 
reconstruction after neoadjuvant chemotherapy are presented. The post-operative complications 
within the first six weeks after surgery of these women were compared to an unmatched group 
of 176 women treated with skin-sparing mastectomy with immediate reconstruction without prior 
systemic treatment. 
In this analysis NST did not increase the prevalence of postoperative complications. Thus, NST should 
not be a contra-indication for skin-sparing mastectomy with immediate prosthetic reconstruction. 
Ideally, this observation should be confirmed in a prospective, randomised trial in which patients 
with an indication for systemic treatment and who were scheduled for an SSA would be randomised 
to pre-operative or post-operative systemic treatment. However, since it would be not ethical to 
withhold the pre-operative systemic treatment from women when it is deemed indicated, such a 
trial is not an option. Therefore, results of case control studies will be the highest evidence that can 
be achieved for this clinical question.
For patients with a favourable response to the NST resulting in the option of breast-conserving 
surgery, identification of the initial tumour-bearing area in the breast after NST can be challenging. 
Therefore, localisation of the original tumour bed prior to the systemic treatment is crucial. In this 
thesis, both radio-guided occult lesion localisation with technetium (ROLL-Tch) and radioactive 
seed localisation (RSL) have been shown to be adequate procedures with comparable outcomes 
when used to perform breast-conserving surgery after NST. There were no significant differences 
between the two groups in the median weight of the resected breast specimen (53 vs. 48 g), in the 
median smallest margin from the residual tumour to the edge of the specimen (3.5 vs. 3.0 mm), or in 
the risk for additional surgery for incomplete resections (7 vs. 8%). Due to the 60 day half-life of the 
125I seed, RSL does not require additional radiological localisation shortly before surgery, as opposed 
to ROLL-Tch where a twist marker is inserted before the systemic treatment, and technetium 
is injected shortly before surgery. Thus, RSL simplifies surgery scheduling and it is therefore an 
attractive localisation procedure, also in the neoadjuvant setting. 
To improve the rate of negative margins in breast-conserving surgery, several new strategies are 
being developed, for example the use of near-infrared fluorescence and Methylene Blue for real-
time identification of breast cancer using Methylene Blue.27 With this technique, Methylene Blue is 
administered before surgery. During surgery, the mini-FLARE imaging system is used to identify the 
near-infrared fluorescent signal in the surgical field, resected specimen and wound bed after resection. 
With this technique, positive resection margins can be identified intra-operatively, making an 
immediate resection of the remaining tumour feasible.27 However, with initial complete resection rates 
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of over 90%, it is unlikely that new localisation techniques will have a big impact on the percentage of 
patients treated with NST and who have negative resection-margins after the first excision. 
Other developments related to breast-conserving therapy are in the field of minimally invasive 
ablation techniques that aim to be as effective as breast-conserving therapy, but with better patient 
outcome in terms of cosmesis and morbidity, and reduced health care costs. Five different techniques 
are currently being investigated in clinical trials.28 (1) With cryoablation cell-death is achieved by 
freezing breast tumour tissue with a percutaneous probe. (2) Microwave ablation accomplishes 
heating by electromagnetic agitation of tissue. (3) With focused ultrasound surgery (FUS) or high-
intensity focused ultrasound (HIFU), transducers are used for highly conformal delivery of heat 
to a target within the breast. (4) With radiofrequency ablation (RFA) heat is delivered within the 
breast tumour via interstitial placement of a metal electrode, which is attached to a radiofrequency 
generator. (5) And finally, laser ablation is an interstitial technique in which an applicator is used to 
deliver a high-power density of light, resulting in very high temperatures near the laser applicator. 
All of these techniques are still in an experimental phase and their appropriateness for use in patients 
treated with NST is not yet clear. 
Using an 125I seed as a guide not only simplifies surgery of the breast, but it can also facilitate axilla-
conserving surgery. In the MARI-procedure (Marking Axillary Lymph nodes with Radioactive Iodine 
seeds) one of the proven metastastic lymph nodes was marked with an 125I seed before the NST, 
and selectively removed afterwards.29 An additional ALND was performed in all patients to analyse 
the accuracy of the MARI-node in predicting the response in all lymph nodes. With this method the 
marked MARI-node could be identified in 97% of the patients and resulted in a false-negative rate 
of 7%. Thus, this MARI technique is technically feasible, it is applicable for patients who present 
with clinically N1-3 disease and it is an accurate staging method for the response of all axillary nodes 
after systemic treatment. With this method, patients with a complete pathological response of 
the lymph nodes can be spared the morbidity of an ALND. This MARI procedure is now used in our 
clinic for all patients who present with pathologically confirmed node-positive breast cancer and 
who are treated with NST. So far, an ALND is omitted for patients in whom the MARI-node shows 
a complete pathologic response. However, since the false negative rate was 7% and because the 
clinical effect of leaving nodes with residual metastatic disease in situ in this population is unknown, 
the patients for whom an ALND is omitted will receive adjuvant radiotherapy to the axilla. The 
next step forward would be to carefully select a group of patients with a complete pathological 
response in the MARI-node for whom axillary treatment could be completely omitted. To improve 
this selection of patients, we are currently investigating whether staging with an 18-FDG PET/CT 
scan prior to the start of the NST could help identify this subgroup of patients. The 18-FDG PET/CT 
has been shown to be an accurate staging procedure of regional lymph node involvement before 
the start of NST.30 In addition, the 18-FDG PET/CT has been shown to be useful for axillary response 
monitoring in patients treated with NST.31 We are currently analysing the combined data of the 
18-FDG PET/CT performed before the NST and the MARI-procedure performed after NST, to see 
whether the combination of these two staging modalities could improve the selection of patients 
for whom axillary treatment could safely be omitted. 
In conclusion, there is a continuous trend towards more conservative treatment in the locoregional 
treatment of breast cancer patients. Since the overall prognosis of breast cancer patients has been 
improving over the years, there is an increasing need for the prevention of long-term side effects. 
This thesis describe several developments in breast cancer treatment towards a more conservative 
treatment that preserves optimal locoregional control and reduces side effects.
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SUMMARY

This thesis describes advances towards more conservative locoregional treatment in breast cancer 
patients. In part I the breast-conserving treatment of patients with localized DCIS is described. Part 
II focuses on improving the conservative treatment of the axilla in patients with a positive sentinel 
node. Part III describes developments in conservative treatment of the breast and the axilla in 
patients treated with neoadjuvant systemic therapy. 
Chapter 1 provided a general introduction to the developments in locoregional treatment of breast 
cancer and the rationale for more conservative treatment. 

Part I of the thesis discusses local treatment of in situ breast cancer. Chapter 2 reported the long-
term results of local recurrences and salvage treatment of patients treated in the EORTC 10853 
DCIS trial. In this trial, patients with a complete excision of ductal carcinoma in situ (DCIS) < 5 cm 
were randomized to no further local treatment or adjuvant radiotherapy to the whole breast of 50 
Gy. At 15 years, almost 1 in 3 women developed a local recurrence after excision alone for DCIS. 
Adjuvant radiotherapy reduced this risk by 50%, equally divided over invasive or DCIS recurrences. 
The differences in recurrences in both arms did not lead to a difference in distant metastasis or 
death. Although no survival difference was seen between the two treatment groups, women who 
experienced an invasive recurrence had a significantly lower survival rate compared to women 
who had a DCIS recurrence or no recurrence at all. Therefore, the prevention of an invasive local 
recurrence remains an important goal in the treatment of patients with DCIS. 

Part II of this thesis describes the local treatment of the axilla in patients with early breast cancer and 
several analyses are shown from the EORTC AMAROS trial. In this trial patients with primary breast 
cancer and a clinically negative axilla underwent sentinel node biopsy. Patients with a positive SN 
were randomized between an axillary lymph node dissection (ALND) and axillary radiotherapy (ART). 
The aim of the side-study described in chapter 3 was to evaluate the identification rate of the 
SN and non-SN involvement in patients with a multifocal tumour as compared to patients with a 
unifocal tumour. Multifocal breast cancer is associated with a higher risk of nodal involvement and 
the drainage pattern of multifocal sides may be different. For this reason, the value of the sentinel 
node for this indication is debated. In this side-study, the sentinel node biopsy was highly effective 
in patients with a multifocal tumour with an identification rate of 95.8%, compared to 97.9% in the 
group of patients with a unifocal tumour. The distribution and identification rate of the sentinel 
node appeared to be similar in both groups. The sentinel node was more often positive in patients 
with a multifocal tumour; however, further nodal involvement after a positive sentinel node was 
similar in both groups. Therefore, the sentinel node biopsy seems to be an adequate procedure in 
patients with multifocal breast cancer.
In chapter 4, the final analysis of the AMAROS trial was presented. In this trial it was hypothesized 
that, for breast cancer patients with a positive sentinel node, ART instead of ALND would provide 
comparable regional control with fewer side effects. Of the 4806 patients entered in the trial, 744 in 
the ALND-arm and 681 in the ART-arm had a positive sentinel node. With a median follow up of 6.1 
years, the axillary recurrence rate after a positive sentinel node was 0.43% after ALND, versus 1.19% 
after ART. The planned non-inferiority test was underpowered because of the unexpectedly low 
number of events. There were no significant differences between treatment arms regarding overall 
survival and disease-free survival. Lymphedema was found significantly more often after ALND. 
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There was a non-significant trend towards more early shoulder movement impairment after ART. 
These findings were compatible with a trend in two Quality of Life items in the arm symptom scale: 
swelling (ART better) and movement (ALND better). There were no other differences in the Quality 
of Life. Thus, ALND and ART after a positive sentinel node provided excellent and comparable 
regional control. ART reduced the risk of lymphedema compared to ALND.
In chapter 5 a detailed analysis of morbidity after axillary treatment in the AMAROS trial was 
provided including the predictive value of several patient and treatmentfactors. The trial recorded 
the short-term incidence of surgical complications, as well as the presence of long-term paraesthesia 
of the arm, lymphedema and shoulder mobility. In this analysis, post-operative complications 
and lymphedema were significantly higher after ALND than after ART. Combining ALND and ART 
further increased the risk of lymphedema. Patient-related factors contributed to a higher risk of 
lymphedema, but not to reduced shoulder mobility. The latter was influenced by the type and 
extent of the axillary treatment. Thus, regarding morbidity, ART is the preferred treatment over 
ALND in breast cancer patients with a positive sentinel node. The combination of axillary surgery 
and radiation should, if possible, be avoided.

In part III, several aspects of local treatment of the breast and axilla after neoadjuvant systemic 
treatment are analysed. 
In chapter 6 the influence of neoadjuvant chemotherapy on short-term complications after skin-
sparing mastectomy and immediate prosthetic reconstruction was assessed. For this purpose, the 
surgical outcome observed in 37 patients treated with neoadjuvant chemotherapy between 2005 
and 2009 was compared to that observed in 176 patients without preoperative chemotherapy who 
were operated on in the same period. The overall complication rate was similar in both groups 
and resulted in an 11.4% loss of prostheses in the neoadjuvantly treated patients, which is not 
significantly different from the 16.1% loss among the controls. Thus, neoadjuvant chemotherapy did 
not increase the rate of overall immediate postoperative complications or loss of prosthesis after 
skin-sparing mastectomy and immediate reconstruction in patients with invasive breast cancer. 
Therefore, immediate prosthetic reconstruction after neoadjuvant chemotherapy is an equally 
attractive option in this particular group of patients. 
An important benefit of neoadjuvant systemic treatment – as opposed to adjuvant systemic 
treatment – in breast cancer patients is downstaging of the primary tumour, which allows for more 
breast-conserving surgery in case of a good clinical response. In this setting, precise localisation 
of the original tumour bed is crucial to be able to perform breast-conserving surgery. The use of 
localisation with Radio Guided Occult Lesion Localization (ROLL) with 99mTc-colloid in this setting 
was described in chapter 7. The ROLL technique is commonly used to perform breast-conserving 
surgery in patients with non-palpable breast tumours undergoing primary surgery. To modify this 
technique for the neoadjuvant setting, breast lesions were marked with a twistmarker prior to the 
start of the neoadjuvant systemic treatment. After the neoadjuvant systemic treatment, localization 
of the original tumour bed was done shortly before surgery with a 99mTc-nanocolloid injection near 
the twistmarker. Since only a small number of re-interventions were required with an average low 
weight of the resected specimen, it can be concluded that the ROLL-99mTc technique is a feasible 
technique that can be used to perform breast-conserving surgery after neoadjuvant systemic 
treatment. 
A relatively new technique is Radioactive Seed Localization (RSL) where the tumour is localized with 
a radioactive Iodine-125 (125I) seed. In chapter 8 we compared the Radioactive Seed Localization with 
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the ROLL-99mTc technique in breast-conserving surgery after neoadjuvant systemic treatment. With 
radioactive seed localization, 125I seeds are placed intratumourally to mark the tumour before the 
start of NAC. Due to their 60 day half-life, these seeds are still traceable after completion of the 
systemic treatment, thereby reducing the need for an extra localisation procedure prior to surgery. 
In a retrospective analysis of patients treated with either the ROLL-method or RSL, there were no 
significant differences in the mean weight of the resected specimen, nor in the rate of re-resections 
required for irradical margins. ROLL and RSL are thus both attractive localization techniques to 
enable breast-conserving surgery after neoadjuvant systemic treatment. An advantage of RSL with 
125I is that radiological localization is no longer needed prior to surgery, which reduces scheduling 
conflicts. 
Besides downstaging of the primary tumour after neoadjuvant systemic treatment, downstaging of 
metastatic lymph nodes occurs as well. The question arises whether an ALND is needed in all patients 
with proven metastatic lymph nodes prior to neoadjuvant systemic treatment, or whether less 
invasive surgery can reliably identify patients with a pathological complete response in the lymph 
nodes. In chapter 9 we assessed a new minimally invasive surgical method to provide axillary lymph 
node staging after neoadjuvant systemic treatment with an 125I seed: the MARI procedure, which 
stands for Marking the Axillary lymph node with Radioactive Iodine seeds. Prior to neoadjuvant 
systemic treatment, proven tumour-positive axillary lymph nodes were marked by ultrasound-
guided insertion of an 125I seed. This marked node is referred to as the MARI-node. During the surgical 
procedure after neoadjuvant systemic treatment, the MARI-node was selectively excised using a 
gamma-detection probe. A complementary ALND was performed to assess whether the pathological 
response in the MARI-node was indicative of the pathological response in the additional lymph 
nodes. This study showed that marking proven metastatic lymph nodes with an 125I seed before 
neoadjuvant systemic treatment and selectively removing these nodes after neoadjuvant systemic 
treatment is feasible. The MARI-procedure had a high identification rate of 97% and a low false 
negative rate of 7%. Thus it can be used to identify patients with residual disease or with a complete 
pathological response in the axillary lymph nodes. This procedure helps to optimize patient-tailored 
axillary treatment after neoadjuvant systemic treatment.
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SAMENVATTING

Dit proefschrift beschrijft een aantal ontwikkelingen richting een meer sparende behandeling van 
de borst en de oksel bij borstkankerpatiënten.
  
Deel I beschrijft de lokale behandeling van in-situ borstkanker. In hoofdstuk 2 word het lange 
termijn effect van adjuvante radiotherapie op het ontstaan van lokale recidieven en de behandeling 
daarvan geanalyseerd bij patiënten die behandeld zijn in de EORTC 10853 DCIS studie. In deze 
studie zijn patiënten met een radicale lokale excisie van DCIS < 5 cm gerandomiseerd tussen wel 
of geen adjuvante radiotherapie van de borst (50 Gy in 25 fracties). Na 15 jaar had bijna 1 op de 3 
patiënten een lokaal recidief ontwikkeld na een lokale excisie van DCIS. Radiotherapie halveerde 
het risico op zowel een invasief als een DCIS recidief met ongeveer 50%. Het verschil in percentage 
lokale recidieven leidde niet tot een verschil in percentage patiënten met metastasen op afstand of 
verschil in overleving. Ondanks dat er geen verschil in overleving is gezien tussen de twee groepen 
patiënten, hadden patiënten na het ontwikkelen van een invasief recidief een significante slechtere 
prognose ten opzichte van de patiënten met een DCIS-recidief of zonder een recidief. De preventie 
van een invasief recidief blijft daarom een belangrijk doel bij de behandeling van patiënten met DCIS. 

Deel II van dit proefschrift beschrijft een sparende behandeling van de oksel bij patiënten met een 
vroeg stadium van borstkanker en rapporteert de uitkomsten van verschillende analyses uit de 
EORTC AMAROS studie. In deze studie zijn borstkankerpatiënten geïncludeerd met een klinisch 
negatieve oksel. Patiënten met een tumor-positieve schildwachtklier zijn gerandomiseerd tussen 
een okselklierdissectie (OKD) en axillaire radiotherapie (ART).
In hoofdstuk 3 is er nagegaan of er een verschil bestond tussen patiënten met een multifocale en een 
unifocale tumor in de borst met betrekking tot de technische uitvoerbaarheid van de schildwachtklier 
procedure, het percentage tumor-positieve schildwachtklieren en het percentage positieve klieren 
in de aanvullende OKD. Multifocale tumoren in de borst zijn geassocieerd met een hoger risico 
op positieve schildwachtklieren en het drainagepatroon kan bij deze tumoren afwijkend zijn. Om 
deze redenen is er over de indicatie van de schildwachtklier bij patiënten met multifocale tumoren 
geen consensus. In deze sub-analyse had de schildwachtklier procedure in de multifocale groep 
een identificatiepercentage van 95,8% en in de unifocale groep een identificatiepercentage van 
97.9%. De locatie en het identificatiepercentage verschilden niet van patiënten met een unifocale 
tumor. De schildwachtklier was vaker positief in patiënten met een multifocale tumor. Echter, het 
percentage positieve klieren in het aanvullende OKD was gelijk in beide groepen. Daarom lijkt de 
schildwachtklier procedure zeer geschikt voor patiënten met een multifocale tumor in de borst.
In hoofdstuk 4 worden de eindresultaten van de AMAROS studie gepresenteerd. De hypothese van 
de EORTC AMAROS studie was dat bij borstkankerpatiënten met een positieve schildwachtklier, 
behandeling met ART in plaats van een OKD resulteert in vergelijkbare regionale controle met 
minder morbiditeit. Van de 4806 patiënten die deelnamen aan deze studie, hadden 744 patiënten 
in de OKD-groep en 681 patiënten in de ART-groep een positieve schildwachtklier. Met een 
mediane follow up van 6.1 jaar was percentage okselrecidieven 0.43% na een OKD versus 1.19% 
na ART. Dit verschil was niet significant. Omdat het aantal okselrecidieven veel lager was dan 
verwacht, is de analyse van dit eindpunt underpowered. Er was ook geen significante verschil in 
de overleving tussen beide groepen. In de ART-groep is significant minder vaak lymfeoedeem 
waargenomen vergeleken met de OKD-groep. Er waren geen significante verschillen tussen 
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beide groepen in de schouderbeweging en de kwaliteit van leven. Concluderend resulteerde 
ART in uitstekende locoregionale controle, welke vergelijkbaar was met een OKD, maar met 
minder morbiditeit. Daarom is ART een goed alternatief voor een OKD in deze groep patiënten.  
In hoofdstuk 5 wordt een gedetailleerde analyse gemaakt betreffende de morbiditeit na 
behandeling van de oksel in de AMAROS studie, inclusief de voorspellende waarde van patiënten- 
en behandelfactoren. Er is gekeken naar het optreden van postoperatieve complicaties op 
korte termijn en het optreden van gevoelsstoornissen, lymfoedeem en schouderfunctie op de 
lange termijn. In deze studie was de incidentie van postoperatieve complicaties en lymfoedeem 
significant hoger na een OKD dan na ART. De combinatie van beide behandelingen (OKD + 
ART) zorgde voor een toename in het risico op het optreden van lymfoedeem. Patiëntfactoren 
droegen bij aan een verhoogd risico op het optreden van lymfoedeem, maar niet aan een 
beperking in schouderfunctie. Deze laatste is beïnvloed door het type en de uitgebreidheid van 
de okselbehandeling. Met betrekking tot de morbiditeit heeft ART de voorkeur ten opzichte van 
een OKD. De combinatie van een OKD en ART zou, indien mogelijk, moeten worden vermeden. 

In deel III van dit proefschrift worden verschillende aspecten bekeken van de lokale behandeling van 
de borst en de oksel na neoadjuvante chemotherapie.
 In hoofdstuk 6 is de invloed onderzocht van neoadjuvante chemotherapie op de chirurgische 
complicaties van een huidsparende mastectomie in combinatie met een directe reconstructie met 
een implantaat. Hiervoor zijn de complicaties die optraden na deze gecombineerde behandeling 
bij 37 patiënten met borstkanker, die zijn behandeld met neoadjuvante chemotherapie, 
vergeleken met 176 patienten met borstkanker die geen neoadjuvante chemotherapie hadden 
gekregen. Het percentage complicaties was vergelijkbaar in beide groepen en resulteerde 
in 11% verlies van protheses in de groep van vrouwen die met neoadjuvante chemotherapie 
was behandeld. Dit percentage was statistisch vergelijkbaar met 16% protheseverlies 
in de controle groep. Neoadjuvante chemotherapie veroorzaakte dus geen toename in 
postoperatieve complicaties of protheseverlies na een huidsparende mastectomie met een 
directe reconstructie met een prothese. Een directe reconstructie na een huidsparende 
mastectomie blijft daarom voor deze groep patiënten eveneens een aantrekkelijke mogelijkheid.  
Eén van de belangrijkste voordelen van neoadjuvante -ten opzichte van adjuvante-chemotherapie 
bij borstkanker is dat bij een goede respons het tumorvolume preoperatief afneemt, waardoor 
borstsparende chirurgie vaker mogelijk wordt. In deze setting is het belangrijk om voorafgaand aan 
de chemotherapie het originele tumorgebied te markeren, zodat het peroperatief geïdentificeerd 
kan worden. De ‘Radio Guided Occult Lesion Localization’ (ROLL)-methode voor het preoperatief 
lokaliseren van de tumor wordt beschreven in hoofdstuk 7. De ROLL-methode wordt veel gebruikt 
ten behoeve van primaire borstsparende chirurgie bij patiënten met een niet-palpabele borsttumor. 
In de neoadjuvante setting is de tumor in de borst gemarkeerd met een twistmarker voorafgaand 
aan de start van de neoadjuvante chemotherapie. Lokalisatie van het originele tumorgebied na 
afloop van de chemotherapie operatie is gedaan door kort voor de operatie 99mTc-nanocolloid te 
injecteren bij de twistmarker. Met deze methode was er met een relatief klein resectievolume slechts 
een beperkt aantal heroperaties nodig vanwege een niet-radicale resectie. De ROLL-methode ten 
behoeve van borstsparende chirurgie is dus technisch mogelijk na neoadjuvante cheotherapie. 
Recentelijk is een nieuwe methode geïntroduceerd voor het lokaliseren van niet palpabele 
borsttumoren die gebruik maakt van een radioactieve jodiumbron. In hoofdstuk 8 is deze methode 
vergeleken met de ROLL-methode bij patiënten die een borstsparende operatie ondergingen 
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na neoadjuvante chemotherapie. Bij lokalisatie middels een radioactieve jodiumbron, wordt 
de jodiumbron voorafgaand aan de neoadjuvante systemische therapie in de tumor geplaatst. 
Omdat de jodiumbron een halfwaardetijd heeft van 60 dagen, is de jodiumbron na afloop 
van de systemische therapie nog steeds traceerbaar, wat een extra lokalisatie procedure 
voorafgaand aan de operatie overbodig maakt. In een retrospectieve analyse van patiënten 
die zijn geopereerd met de ROLL-methode of na plaatsing van een radioactieve jodiumbron 
zijn geen verschillen gevonden in het resectievolume of in het percentage patiënten dat 
een heroperatie moest ondergaan vanwege een niet-radicale resectie. Concluderend is een 
lokalisatie met een jodiumbron vergelijkbaar met de ROLL-techniek als het gaat om radicale 
chirurgie bij een borstsparende operatie na neoadjuvante chemotherapie. Een voordeel van het 
lokaliseren met een jodiumbron ten opzichte van de ROLL-methode is dat er geen lokalisatie 
procedure nodig is voorafgaand aan de operatie, wat de preoperatieve logistiek vergemakkelijkt. 
Naast het downstagen van de tumor ten behoeve van een borstsparende operatie, treedt 
downstagen van lymfekliermetastasen ook op in een aanzienlijk deel van de patiënten. Als 
deze patiënten met een pathologisch complete respons in de lymfeklieren door middel van een 
betrouwbare methode geïdentificeerd zouden kunnen worden, zou de oksel conservatiever 
behandeld kunnen worden. In hoofdstuk 9 zijn de resultaten beschreven van een nieuwe methode 
voor de responsmeting van okselkliermetastasen op neoadjuvante chemotherapie met behulp van 
radioactieve jodiumbronnen: ‘Marking of the Axillary lymph nodes with Radioactive Iodine seeds’ 
(= de MARI-procedure). Bij patiënten is voorafgaand aan de neoadjuvante chemotherapie een 
bewezen okselkliermetastase gemarkeerd met een radioactieve jodiumbron: de MARI-klier. Na 
afloop van de chemotherapie is deze MARI-klier separaat verwijderd met behulp van de gamma-
probe en bij de pathologie onderzocht volgens het schildwachtklierprotocol. Vervolgens is bij alle 
patiënten een OKD verricht om na te gaan of de respons in deze MARI-klier op de chemotherapie 
representatief was voor de respons in de overige lymfeklieren. Deze studie liet zien dat het technisch 
mogelijk is om een okselkliermetastase te markeren met een radioactieve jodiumbron en deze na 
afloop van de neoadjuvante chemotherapie separaat te verwijderen. Met de MARI-procedure was 
het identificatiepercentage van de gemarkeerde MARI-klier 97% en het fout-negatief percentage 
was 7%. Met de MARI-procedure is het mogelijk geworden om een groep patiënten te selecteren 
waarbij na neoadjuvante chemotherapie de oksel conservatief kan worden behandeld.
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