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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).



46 Sentinel node procedure in multifocal breast cancer

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.



52 Sentinel node procedure in multifocal breast cancer

REFERENCES

1. Giuliano AE, Kirgan DM, Guenther JM, Morton DL. 
Lymphatic mapping and sentinel lymphadenectomy for 
breast cancer. Ann Surg. 1994;220(3):391-8.

2. Rovera F, Frattini F, Marelli M, Corben AD, Dionigi G, 
Boni L, et al. Axillary sentinel lymph node biopsy: an 
overview. Int J Surg. 2008;6 Suppl 1:S109-S12.

3. van der Ploeg IM, Nieweg OE, van Rijk MC, Valdes 
Olmos RA, Kroon BB. Axillary recurrence after a tumour-
negative sentinel node biopsy in breast cancer patients: 
A systematic review and meta-analysis of the literature. 
Eur J Surg Oncol. 2008;34(12):1277-84.

4. Mansel RE, Fallowfield L, Kissin M, Goyal A, Newcombe 
RG, Dixon JM, et al. Randomized multicenter trial of 
sentinel node biopsy versus standard axillary treatment 
in operable breast cancer: the ALMANAC Trial. J Natl 
Cancer Inst. 2006;98(9):599-609.

5. Veronesi U, Paganelli G, Viale G, Luini A, Zurrida 
S, Galimberti V, et al. A randomized comparison of 
sentinel-node biopsy with routine axillary dissection in 
breast cancer. N Engl J Med. 2003;349(6):546-53.

6. Lucci A, McCall LM, Beitsch PD, Whitworth PW, 
Reintgen DS, Blumencranz PW, et al. Surgical 
complications associated with sentinel lymph node 
dissection (SLND) plus axillary lymph node dissection 
compared with SLND alone in the American College 
of Surgeons Oncology Group Trial Z0011. J Clin Oncol. 
2007;25(24):3657-63.

7. Land SR, Kopec JA, Julian TB, Brown AM, Anderson 
SJ, Krag DN, et al. Patient-reported outcomes in 
sentinel node-negative adjuvant breast cancer patients 
receiving sentinel-node biopsy or axillary dissection: 
National Surgical Adjuvant Breast and Bowel Project 
phase III protocol B-32. J Clin Oncol. 2010;28(25): 
3929-36.

8. Ashikaga T, Krag DN, Land SR, Julian TB, Anderson SJ, 
Brown AM, et al. Morbidity results from the NSABP 
B-32 trial comparing sentinel lymph node dissection 
versus axillary dissection. J Surg Oncol. 2010;102(2): 
111-8.

9. Rubio IT, Korourian S, Cowan C, Krag DN, Colvert M, 
Klimberg VS. Use of touch preps for intraoperative 
diagnosis of sentinel lymph node metastases in breast 
cancer. Ann Surg Oncol. 1998;5(8):689-94.

10. Krag DN, Anderson SJ, Julian TB, Brown AM, Harlow 
SP, Ashikaga T, et al. Technical outcomes of sentinel-
lymph-node resection and conventional axillary-
lymph-node dissection in patients with clinically 
node-negative breast cancer: results from the 
NSABP B-32 randomised phase III trial. Lancet Oncol. 
2007;8(10):881-8.

11. Krag DN, Anderson SJ, Julian TB, Brown AM, Harlow 
SP, Costantino JP, et al. Sentinel-lymph-node resection 
compared with conventional axillary-lymph-node 
dissection in clinically node-negative patients with 
breast cancer: overall survival findings from the 
NSABP B-32 randomised phase 3 trial. Lancet Oncol. 
2010;11(10):927-33.

12. Giuliano AE, Hunt KK, Ballman KV, Beitsch PD, 
Whitworth PW, Blumencranz PW, et al. Axillary 
dissection vs no axillary dissection in women with 
invasive breast cancer and sentinel node metastasis: a 
randomized clinical trial. JAMA. 2011;305(6):569-75.

13. Goyal A, Newcombe RG, Mansel RE, Chetty U, Ell 
P, Fallowfield L, et al. Sentinel lymph node biopsy 
in patients with multifocal breast cancer. Eur J Surg 
Oncol. 2004;30(5):475-9.

14. Ozmen V, Muslumanoglu M, Cabioglu N, Tuzlali S, Ilhan 
R, Igci A, et al. Increased false negative rates in sentinel 
lymph node biopsies in patients with multi-focal breast 
cancer. Breast Cancer Res Treat. 2002;76(3):237-44.

15. Meretoja TJ, Leidenius MH, Heikkila PS, Joensuu 
H. Sentinel node biopsy in breast cancer patients 
with large or multifocal tumors. Ann Surg Oncol. 
2009;16(5):1148-55.

16. D’Eredita’ G, Giardina C, Ingravallo G, Rubini G, 
Lattanzio V, Berardi T. Sentinel lymph node biopsy in 
multiple breast cancer using subareolar injection of the 
tracer. Breast. 2007;16(3):316-22.

17. Madsen AH, Lauridsen MC, Garne JP, Iversen A, 
Lernevall A, Buhl L, et al. Sentinel lymph node biopsy 
technique and multifocal breast cancer--the Aarhus 
experience. Acta Oncol. 2007;46(5):691-6.

18. Bergkvist L, Frisell J, Liljegren G, Celebioglu F, Damm 
S, Thorn M. Multicentre study of detection and false-
negative rates in sentinel node biopsy for breast cancer. 
Br J Surg. 2001;88(12):1644-8.

19. Kumar R, Jana S, Heiba SI, Dakhel M, Axelrod D, 
Siegel B, et al. Retrospective analysis of sentinel node 
localization in multifocal, multicentric, palpable, or 
nonpalpable breast cancer. J Nucl Med. 2003;44(1): 
7-10.

20. Tousimis E, Van Zee KJ, Fey JV, Hoque LW, Tan LK, 
Cody HS, III, et al. The accuracy of sentinel lymph node 
biopsy in multicentric and multifocal invasive breast 
cancers. J Am Coll Surg. 2003;197(4):529-35.

21. Holwitt DM, Gillanders WE, Aft RL, Eberlein TJ, 
Margenthaler JA. Sentinel lymph node biopsy in 
patients with multicentric/multifocal breast cancer: 
low false-negative rate and lack of axillary recurrence. 
Am J Surg. 2008;196(4):562-5.

22. Straver ME, Meijnen P, van Tienhoven G, van de 
Velde CJ, Mansel RE, Bogaerts J, et al. Sentinel node 
identification rate and nodal involvement in the 
EORTC 10981-22023 AMAROS trial. Ann Surg Oncol. 
2010;17(7):1854-61.

23. Straver ME, Meijnen P, van Tienhoven G, van de 
Velde CJ, Mansel RE, Bogaerts J, et al. Role of axillary 
clearance after a tumor-positive sentinel node in the 
administration of adjuvant therapy in early breast 
cancer. J Clin Oncol. 2010;28(5):731-7.

24. Hurkmans CW, Borger JH, Rutgers EJ, van Tienhoven G. 
Quality assurance of axillary radiotherapy in the EORTC 
AMAROS trial 10981/22023: the dummy run. Radiother 
Oncol. 2003;68(3):233-40.

25. Bourez RL, Rutgers EJ. The European Organization 
for Research and Treatment of Cancer (EORTC) Breast 
Cancer Group: quality control of surgical trials. Surg 
Oncol Clin N Am. 2001;10(4):807-19, ix.

26. Andea AA, Wallis T, Newman LA, Bouwman D, Dey J, 
Visscher DW. Pathologic analysis of tumor size and 
lymph node status in multifocal/multicentric breast 
carcinoma. Cancer. 2002;94(5):1383-90.

27. Spillane AJ, Brennan ME. Accuracy of sentinel lymph 
node biopsy in large and multifocal/multicentric breast 



53 Chapter 3

carcinoma--a systematic review. Eur J Surg Oncol. 
2011;37(5):371-85.

28. Coombs NJ, Boyages J. Multifocal and multicentric 
breast cancer: does each focus matter? J Clin Oncol. 
2005;23(30):7497-502.

29. Andea AA, Bouwman D, Wallis T, Visscher DW. 
Correlation of tumor volume and surface area with 
lymph node status in patients with multifocal/
multicentric breast carcinoma. Cancer. 2004;100(1): 
20-7.

30. Van Zee KJ, Manasseh DM, Bevilacqua JL, Boolbol SK, 
Fey JV, Tan LK, et al. A nomogram for predicting the 
likelihood of additional nodal metastases in breast 
cancer patients with a positive sentinel node biopsy. 
Ann Surg Oncol. 2003;10(10):1140-51.

31. Goyal A, Douglas-Jones A, Newcombe RG, Mansel RE. 
Predictors of non-sentinel lymph node metastasis in 
breast cancer patients. Eur J Cancer. 2004;40(11): 
1731-7.

32. Mansel RE, MacNeill F, Horgan K, Goyal A, Britten 
A, Townson J, et al. Results of a national training 
programme in sentinel node biopsy for breast cancer. 
Br J Surg. 2013.

33. Goyal A, Newcombe RG, Chhabra A, Mansel RE. Factors 
affecting failed localisation and false-negative rates 
of sentinel node biopsy in breast cancer--results of the 
ALMANAC validation phase. Breast Cancer Res Treat. 
2006;99(2):203-8.

34. Brouwer OR, Vermeeren L, van der Ploeg IM, 
Valdes Olmos RA, Loo CE, Pereira-Bouda LM, et al. 
Lymphoscintigraphy and SPECT/CT in multicentric 
and multifocal breast cancer: does each tumour 
have a separate drainage pattern? Results of a Dutch 
multicentre study (MULTISENT). Eur J Nucl Med Mol 
Imaging. 2012;39(7):1137-43.


