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Introduction

Breast cancer is a global health problem affecting mainly women. The worldwide incidence of 
breast cancer was 1.7 million in 2012.1 In the Netherlands, invasive breast cancer was diagnosed 
in 102 men and 14,449 women in 2015, resulting in a life time risk of 1 in 7 women.2,3 Improved 
treatment regimens have contributed to a better survival, resulting in a 10-year survival of 77% 
in 2015. However, although these numbers sound encouraging, 3,200 patients still die from the 
consequences of breast cancer in the Netherlands each year.2,3 Fortunately, the introduction 
of the national breast cancer screening program in 1989 in the Netherlands has led to earlier 
detection, resulting in a decline in death rate of approximately 775 patients each year.2

The management of breast cancer has evolved rapidly in the last decades. Treatment of breast 
cancer focuses on both the breast tumor as well as potential metastases in the ipsilateral axillary 
lymph node basin. Historically, patients with invasive breast cancer nearly always underwent 
a mastectomy with a complete axillary lymph node dissection (ALND), whereupon further 
treatment recommendations were based. In recent years the diagnostic work-up of the axilla 
has evolved to a minimally invasive approach. Instead of immediately performing an ALND, the 
axillary lymph node status is now routinely determined by sentinel lymph node biopsy (SLNB), 
introduced in the Netherlands in 1994, and the more recently introduced ultrasound-guided 
lymph node biopsy (UGLNB).4,5 In accordance with current Dutch guidelines, all patients in whom 
breast cancer is suspected are evaluated by ultrasound of both the tumor and the ipsilateral 
axillary lymph nodes. Biopsies are then taken from the tumor and morphologically suspicious 
lymph nodes in the axilla. In case of a negative or inconclusive pathological result of the lymph 
nodes following UGLNB, patients will undergo a SLNB. In case of a negative UGLNB and a 
subsequent negative SLNB further axillary treatment is no longer deemed necessary. Although, 
if after an UGLNB or a SLNB pathological examination shows metastases in one or more lymph 
nodes, patients are still advised to undergo a complete ALND for reasons of locoregional control. 
Furthermore, the axillary lymph node status is a very important prognostic indicator.6-11

However, an ALND can cause long-term morbidity, such as lymphedema, dysesthesia and 
impairment of mobility.7,8 Multiple studies have shown that in case of a positive SLNB up to 70% 
of the patients do not have additional axillary lymph node metastases after the ALND.7,8,12,13 This 
raised questions on the necessity to perform an ALND in breast cancer patients with a positive 
SLNB. As a result, in the last decade research has focused on identifying patients in whom the 
ALND could be omitted without affecting disease-free and breast cancer-specific survival. 
Multiple predictive tools have been developed to predict the extent of nodal involvement.14-20 The 
Memorial Sloan-Kettering Cancer Centre (MSKCC) was the first of many to develop a nomogram 
to predict a patient’s individual risk of having additional non-sentinel node metastases after a 
positive SLNB based on eight tumor characteristics.15 Moreover, the American College of Surgical 
Oncology Group (ACOSOG) published the Z0011 trial which showed no significant difference 
in (disease-free) survival between node-positive patients with an ALND after SLNB versus SLNB 
alone. Based on these results, the “Z0011 criteria” were formulated, which define the patients in 
whom ALND can be omitted: 1. invasive breast cancer, 2. tumor size clinically 5 cm or less (T

1-2
), 

3. no palpable lymphadenopathy, 4. just one or two positive sentinel nodes, 5. treated with 
lumpectomy, adjuvant systemic therapy and whole breast irradiation.21
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However, all of the published prediction models as well as the ACOSOG Z0011 trial concentrated 
mainly on SLNB positive patients with favorable tumor characteristics, thereby disregarding 
other populations of breast cancer patients, such as those with a positive UGLNB. This raises the 
question whether these models and studies may also be applied to other than SLNB positive 
patients, since identifying patients with extensive nodal disease may still be beneficial. 

General aims of this thesis

The general aim of this thesis was to study the diagnostic work-up of the axilla and to examine 
differences in patient and tumor characteristics and consequences for axillary treatment in 
patients with invasive breast cancer. 

The articles in this thesis were conducted to answer the following questions: 
1. Which changes have occurred in axillary diagnostic work-up of breast cancer 
 patients in the Netherlands in the last decades? 
2.  Which clinical and pathological characteristics can predict the extent of axillary 
 nodal involvement? 
3.  Do clinical and pathological characteristics differ between breast cancer patients   
 in whom positive lymph nodes were detected by UGLNB versus those in whom 
 positive lymph nodes were detected by SLNB? 
4. If so, are there differences in the survival of patients in whom positive lymph 
 nodes were detected by UGLNB versus those in whom the positive lymph nodes 
 were detected by SLNB? 
5. Is the method of axillary staging by which node positivity is determined, being 
 either UGLNB or SLNB, an independent predictive factor for the presence of 
 extensive nodal involvement in node-positive patients? 
6. What are the clinical implications of the “Z0011 criteria” when applied to Dutch 
 breast cancer patients? 
7. What are the clinical and pathological characteristics of patients in whom the 
 sentinel lymph node (SLN) cannot be visualized or retrieved? 
8. Which axillary treatment is currently being used in case of a non-visualized SLN by 
 Dutch surgical oncologists?

 
Outline of this thesis

Chapter 2 provides a global overview of the changing patterns of the surgical approach of 
the axilla over a 20-year period in the South-East of the Netherlands, by analyzing data from 
the former Eindhoven Cancer Registry including 34,037 women with invasive breast cancer 
diagnosed between 1993 and 2014.

Various studies recommend omitting the ALND in patients with low-volume SLN disease. 
However, the ALND remains of value in patients with extensive non-SLN involvement in order 
to improve regional control of the disease. Therefore, in our opinion it is imperative to be able 
to distinguish patients with minimal nodal involvement (i.e. 2 or less positive lymph nodes) 
after ALND from patients with extensive nodal involvement (i.e. 3 or more positive lymph 
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nodes). In an attempt to identify patients with and without extensive nodal involvement, in 
Chapter 3 we analyzed 911 node-positive patients from 10 different hospitals and developed 
and externally validated a tool that can be used to predict the extent of nodal involvement in 
clinically node-negative patients. 

Current recommendations for omitting the ALND in patients with a low tumor burden are based 
on studies including only patients with a positive SLNB, such as the Z0011 trial. Whether the 
ALND could also be omitted in patients found to be node-positive by UGLNB remains unclear, 
since these patients may represent a different patient population. Therefore, in Chapter 4 we 
performed a single-center study including a total of 302 node-positive breast cancer patients 
evaluating potential differences in patient and tumor characteristics and survival between 
patients found to be positive after UGLNB versus those with a positive SLNB. Because of the 
limited size of the study cohort of the single-center study presented in chapter 4, in Chapter 
5 we subsequently examined whether the differences between the two patient groups, as 
observed in the single-center study, were also present nationwide by performing retrospective 
analyses using a national database of the Netherlands Cancer Registry.  Based on these findings, 
in Chapter 6 we examined whether the method of axillary staging by which node-positive 
disease was diagnosed, either UGLNB or SLNB, was an independent predictor of extensive 
nodal involvement. 

All of the above mentioned studies were inspired by the findings of the ACOSOG Z0011 trial. 
However, what are the clinical effects when implementing the conclusions of this Z0011 trial 
in a Dutch setting? In Chapter 7 we examined to what extent the implementation of the 
conclusions of the Z0011 trial, and the selection criteria derived from it, might change clinical 
practice in the Netherlands by applying Z0011 derived criteria to a regional database of breast 
cancer patients.  

The majority of the studies from which the recommendations for axillary treatment have 
been derived was based on patients in whom the axillary status was known to be positive 
or negative after a sentinel node procedure. However, such evidence is lacking for patients in 
whom the SLN cannot be visualized or retrieved (non-vSLN), which explains why international 
guidelines differ in their treatment recommendations for these patients. Therefore, in Chapter 
8, we evaluated the prevalence of non-vSLN and examined which patient characteristics are 
associated with the occurrence of non-vSLN and the prognosis of these patients. For this 
study we retrospectively analyzed data from a nationwide database of the Netherlands Cancer 
Registry, including 116,920 patients with breast cancer diagnosed between 2005 and 2013. In 
addition, in Chapter 9 we performed a nationwide survey containing 10 questions which was 
distributed among 510 registered Dutch surgical oncologists to gain insight into the routine 
practice in case of a non-vSLN. 

Chapter 10 includes a general discussion and future perspectives, and finally, a summary of 
the various articles included in this thesis is provided in Chapter 11.
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Abstract

Background:
Axillary lymph node dissection (ALND) in patients with breast cancer provides prognostic 
information. For many years, positive nodes were the most important indication for adjuvant 
systemic therapy. It was also believed that regional control could not be achieved without axillary 
clearance in a positive axilla. However, during the past 20 years the treatment and staging of 
the axilla has undergone many changes. This large population-based study was conducted in 
the south-east of the Netherlands to evaluate the changing patterns of care regarding the axilla, 
including the introduction of sentinel lymph node biopsy (SLNB) in the late 1990s, implementation 
of the results of the American College of Surgeons Oncology Group Z0011 study, and the initial 
effects of the European Organization for Research and Treatment of Cancer AMAROS study.

Methods: 
Data from the population-based Eindhoven Cancer Registry of all women diagnosed with invasive 
breast cancer in the south of the Netherlands between January 1993 and July 2014 were used.

Results:
The proportion of 34037 women staged by SLNB without completion ALND increased from 0 per 
cent in 1993–1994 to 69.0 per cent in 2013–2014. In the same period the proportion undergoing 
ALND decreased from 88.8 to 18.7 per cent. Among women with one to three positive lymph 
nodes, the proportion undergoing SLNB alone increased from 10.6 per cent in 2011–2012 to 
37.6 per cent in 2013–2014.

Conclusion:
This population-based study demonstrated the radical transformation in management of the 
axilla since the introduction of SLNB and following the recent publication of trials on management 
of the axilla with a low metastatic burden.
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Introduction

Axillary lymph node dissection (ALND) in patients with breast cancer has been performed for 
disease control, tumour staging, and to aid in decision-making regarding the use of adjuvant 
systemic treatment and regional nodal irradiation1,2 An important reason for critical re-evaluation 
of the need for ALND was the postoperative morbidity associated with the procedure3–5. In 
the late 1990s this led to the introduction of sentinel lymph node biopsy (SLNB)6-9, which has 
become the standard of care in clinically node-negative early-stage breast cancer10-13. SLNB was 
considered to be reliable for staging of the axilla and for the decision to omit ALND in patients 
with a negative sentinel lymph node (SLN). 

The results of the American College of Surgeons Oncology Group (ACOSOG) Z0011 trial, published 
in 2011, have cast doubt on the need to perform completion ALND in patients with SLN 
metastases14,15. This trial showed that omitting ALND does not result in inferior overall and 
disease-free survival rates in patients with cT1-2 N0 breast cancer, with one or two SLN metastases 
treated with breast-conserving therapy as well as adjuvant systemic therapy. 

Recently, the results of the European Organization for Research and Treatment of Cancer (EORTC) 
AMAROS (After Mapping of the Axilla: Radiotherapy or Surgery) trial16 , published in 2014, showed 
that both completion ALND and axillary radiotherapy after a positive SLN procedure provided 
excellent and comparable axillary control for patients with T1-2 primary breast cancer and no 
palpable lymphadenopathy. 

The aim of the present study, using data from a large population-based cancer registry, was to 
evaluate patterns of care in treatment of the axilla with regard to the introduction of SLNB in 
1998, and the impact of the ACOSOG Z0011 and EORTC AMAROS trials on management of the 
axilla in daily clinical practice.

Methods

Data were retrieved from the Eindhoven Cancer Registry, which is part of the Dutch Cancer 
Registry and records data on all patients newly diagnosed with cancer in the south-east region 
of the Netherlands, an area with approximately 2.4 million inhabitants. Data were derived from 
ten hospitals: six large non-university teaching and four community hospitals. Data on patient 
and tumour characteristics, and treatment were collected based on the pathology reports and 
medical records. The patients were staged according to the TNM system of the International Union 
Against Cancer (UICC)17. Data were revised continuously to ensure completeness and accuracy.

To perform a truly population-based analysis, all women diagnosed with primary invasive breast 
cancer in the period from January 1993 to July 2014 were included in the analyses. Patterns of 
care for the axilla were studied for the group as a whole, and also according to age group and 
pathological axillary node status (pN category). The following age groups were defined: less 
than 50 years, 50 – 69 years, 70–79 years or 80 years and above. The following subgroups were 
defined according to pN category: pN0, patients without lymph node metastases; pN0(i+), 
patients with isolated tumour cells (metastases smaller than 0.2 mm); pN1mi, patients with 
micrometastases (metastases of 0.2–2.0mm in size); pN1a, patients with metastases in one to three 
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axillary lymph nodes, including at least one larger than 2 mm; pN>1a, patients with metastases 
in more than three axillary lymph nodes or macrometastases in either supraclavicular and/or 
internal mammary lymph nodes. Patients with pN1a disease were further subdivided with regard 
to type of breast surgery: mastectomy or breast-conserving surgery. Isolated tumour cells have 
been documented by the Dutch Cancer Registry only since 2003, following publication of the 
revised TNM system in 200217.

Statistical analysis

The χ2 test was used to determine whether observed trends in axillary management were 
statistically significant. Statistical analyses were performed using SPSS® version 21.0 (IBM, Armonk, 
New York, USA). P values less than 0.05 were considered significant.

Results

Between January 1993 and July 2014, a total of 34037 women were treated for primary invasive 
breast cancer in the south-east region of the Netherlands. Baseline characteristics are shown in 
Table 1. Overall, 51.8 per cent of the women had breast-conserving surgery, 39.4 per cent had 
a mastectomy, and 8.8 per cent did not undergo any definitive breast surgery or the type of 
surgery was not documented  properly.

Table 1: Characteristics at diagnosis of patients treated for primary breast cancer in south-east Netherlands,  
1993-2014

No. of patients (n = 34037)

Age (years) 
  < 50 
  50 - 69 
  ≥ 70

8217 (24.1) 
16514 (48.5) 
9306 (27.3)

Period of diagnosis 
  1993–1994  
  1995–1996  
  1997–1998  
  1999–2000  
  2001–2002  
  2003–2004  
  2005–2006  
  2007–2008  
  2009–2010  
  2011–2012  
  2013–2014 

2455 (7.2) 
2386 (7.0) 
2640 (7.8) 
2821 (8.3) 
3095 (9.1) 
3382 (9.9) 
3303 (9.7) 

3568 (10.5) 
3640 (10.7) 
3883 (11.4) 
2864 (8.4)

Tumour category 
  pT1  
  pT2  
  pT3  
  pT4  
  Not known

19111 (56.1) 
11199 (32.9) 
1200 (3.5) 
1724 (5.1) 
803 (2.4)
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Table 1: Continued
No. of patients (n = 34037)

Node category 
  pN0  
  pN0(i+)  
  pNmi  
  pN1a  
  pN>1a  
  Not known 

18181 (53.4) 
522 (1.5) 

1326 (3.9) 
7074 (20.8) 
2763 (8.1) 
4171 (12.3)

Histology 
  Ductal  
  Lobular mixed  
  Other  
  Unknown

26763 (78.6) 
5159 (15.2) 
1378 (4.0) 
737 (2.2)

Type of surgery 
  Breast-conserving surgery  
  Mastectomy  
  None/unknown 

17636 (51.8) 
13416 (39.4) 
2985 (8.8)

Type of axillary staging 
  None  
  ALND only  
  SLNB only  
  SLNB+ALND  
  Not known

3685 (10.8) 
13421 (39.4) 
12351 (36.3) 
4396 (12.9) 
184 (0.5)

Values in parentheses are percentages. pN0(i+), isolated tumour cells; pNmi, micrometastases; ALND, axillary 
lymph node dissection; SLNB, sentinel lymph node biopsy.

In 1997-1998, SLNB was used for the first time in patients treated in the Eindhoven region (Fig. 1). 
In this period, a total of 2621 women were treated for primary invasive breast cancer, of whom 80 
(3.1 per cent) had staging of the axilla with SLNB alone and 229 (8.7 per cent) with SLNB followed 
by completion ALND. In 2013-2014, a total of 2843 women were treated for primary invasive 
breast cancer, of whom 1961 (69.0 per cent) had axillary staging with SLNB alone and 192 (6.8 
per cent) with SLNB plus completion ALND. The proportion of women without axillary staging 
(no ALND or SLNB) ranged from 11.2 per cent in 1993-1994 to 12.4 per cent in 2013-2014 (Fig. 1).

Fig. 1 Trend in axillary staging and management for all patients, 1993–2014. Values in parentheses are numbers of 
patients. SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection.
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Trends in axillary staging according to age group
Among women aged 50 years or less, the proportion staged with SLNB alone increased from 
17.7 per cent in 1999-2000 to 64.3 per cent in 2013-2014 (Fig. S1a, supporting information). A 
similar trend was observed in the age groups of 50-69 and 70-79 years (Fig. S1b,c, supporting 
information). In contrast to the other three groups, the proportion of women aged 80 years 
or above who did not undergo axillary staging increased from 45.3 per cent in 1993-1994 to 
56.8 per cent in 2013-2014 (Fig. S1d, supporting information). In this age group, the proportion 
undergoing ALND decreased from 54.7 per cent in 1993-1994 to 9.8 per cent in 2013-2014.

Trends in axillary staging according to pathological axillary node status
Among women with pN0 disease, the proportion staged with ALND decreased from 100 per 
cent in 1993-1994 to 6.1 per cent in 2013-2014 (Fig. 2a). In 2003-2004, 47.4 per cent of the women 
diagnosed with isolated tumour cells by SLNB underwent completion ALND; by 2013-2014 this 
proportion had decreased to 1.7 per cent (Fig. 2b).

Fig. 2 Trend in axillary staging and management, 1993–2014, in patients with: a no axillary metastasis (pN0), b 
isolated tumour cells (metastases smaller than 0.2 mm, pN0(i+)), c micrometastases (metastases between 0.2 and 
2.0 mm, pN1mi), d metastases in one to three axillary lymph nodes, including at least one larger than 2mm (pN1a), 
e more than three axillary lymph nodes or macrometastases in either supraclavicular and/or internal mammary 
lymph nodes (pN>1a). Values in parentheses are numbers of patients. SLNB, sentinel lymph node biopsy; ALND, 
axillary lymph node dissection
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The use of SLNB alone in women with micrometastases increased from 34.9 per cent in 1999-
2000 to 86.2 per cent in 2013-2014. Until 2012, most patients with micrometastases demonstrated 
by SLNB also underwent completion ALND; by 2013-2014 this proportion had decreased to 6.9 
per cent (Fig. 2c).

Between 1999 and 2011, about 5 per cent of women with pN1a disease were staged by SLNB 
alone, compared with 37.6 per cent of those diagnosed in 2013-2014 (Fig. 2d). When analysed 
according to type of surgery, in 2013-2014 the proportion of women undergoing breast-conserving 
surgery who had SLNB alone was 49.6 per cent, compared with 22.4 per cent of women having 
a mastectomy (Fig. 3a,b). Among women with pN>1a disease, the proportion who had SLNB 
alone was 5.4 per cent in 2013-2014 versus 3 per cent or less before that period (Fig. 2e).

All time trends in axillary staging described above were statistically significant (P<0.001). Of 110 
women with one to three positive axillary lymph nodes who had breast-conserving surgery 
and SLNB without completion ALND in 2013-2014, 108 (98.2 per cent) received adjuvant systemic 
treatment. In addition, of the 39 women with one to three positive axillary lymph nodes who 
had a mastectomy and SLNB without completion ALND in the same period, 32 (82 per cent) 
underwent postmastectomy radiotherapy.

Fig. 3 Trend in axillary staging and management, 1993–2014, in patients with one to three axillary lymph node 
metastases (pN1a) undergoing a breast-conserving surgery or b mastectomy. Values in parentheses are numbers 
of patients. SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection
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Discussion

In this large population-based study, the patterns of axillary staging based on a large and 
unselected patient population are presented. A major shift to less invasive axillary lymph node 
surgery was found over an interval of almost two decades.

SLNB was first introduced in Dutch national breast cancer treatment guidelines in 199918,19.  
Currently, SLNB is used in more than 70 per cent of all women with breast cancer. As a consequence 
of the implementation of SLNB, the proportion of women undergoing primary ALND has 
decreased. This replacement of ALND by SLNB has been described previously in several 
studies18,20,21.

Before publication of the results of the ACOSOG Z0011 trial, the finding of one or more positive 
SLNs was a clear indication for completion ALND. The situation was always less distinct when the 
SLN contained micrometastases or isolated tumour cells and no macrometastatic disease.22,23 The 
debate on the need for completion ALND in these patients is reflected by the treatment patterns 
observed in the present study, and has been described in more detail previously.23 In 2009, the 
St Gallen Consensus Panel recommended that completion ALND should not be performed in 
patients with micrometastases or isolated tumour cells in the SLN.24,25 According to the present 
data, in 2013-2014 more than 85 per cent of the women with SLN micrometastases were staged 
by SLNB alone, and for women with SLN isolated tumour cells this was almost 100 per cent.

Although the ACOSOG Z0011 trial has been criticized for several reasons, including a heavy 
selection of patients, too many participating centres with low accrual rates, and only half of the 
initially planned 1900 patients randomized, publication of its results in 2011 can be considered 
as a practice-changing event in the management of the axilla. The findings from this trial 
questioned the need for completion ALND in patients with SLNB metastases14. By also including 
the periods 2011-2012 and 2013-2014 in the present study, a comparison of the situation before 
and after the publication of the ACOSOG Z0011 trial can be made. It is clear that axillary staging 
radically changed for patients with pN1a disease, even though the results of the Z0011 trial 
had not been integrated in the Dutch breast cancer treatment guidelines. In 2013-2014, 37.6 
per cent of these women had axillary staging by SLNB alone, compared with about 5 per cent 
in 2009-2010. This difference was even more pronounced when the type of surgery was taken 
into account. Before publication of the ACOSOG Z0011 trial, 7.9 per cent of patients treated with 
breast-conserving surgery (one of the main inclusion criteria of the ACOSOG Z0011 trial) were 
staged by SLNB alone, compared with 49.6 per cent in 2013-2014.

The clinical impact of the ACOSOG Z0011 trial has been evaluated previously in several other 
studies. Wright and colleagues26 performed a retrospective population-based study to identify 
the impact of the ACOSOG Z0011 trial on breast cancer surgery in a community hospital setting. 
In this study significant changes in practice over time in the post-ACOSOG Z0011 trial era, 
including reduced rates of completion ALND, were observed. The rate of completion ALND 
in patients meeting ACOSOG Z0011 criteria decreased from 90 to 29 per cent. A limitation of 
this population-based study, compared with the present study, was its relatively small number 
of patients (n = 1125). A single-centre study by Caudle and co-workers27 found a decrease in 
the rate of completion ALND from 85 per cent in the years before publication of the ACOSOG 
Z0011 results to 24 per cent thereafter in patients with a positive SLN who met the ACOSOG 
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Z0011 eligibility criteria. Caretta-Weyer et al.28 suggested that 38 per cent of their patients could 
be spared a completion ALND, whereas Dengel and colleagues29 showed that completion 
ALND could be avoided in 84 per cent of patients having breast-conserving surgery. Two other 
single-institution studies30,31 have also reported rates of approximately 45 per cent. In another 
single-centre study, Robinson and co-workers32 , using a prospectively collected database of 
patients with cT1-2 N0 breast cancer, found that before publication of the ACOSOG Z0011 trial 84 
per cent of all patients with macrometastases discovered during SLNB underwent completion 
ALND, compared with 63 per cent afterwards.

Gainer and colleagues33 and Massimino et al.34 used questionnaire surveys to evaluate the impact 
of the ACOSOG Z0011 trial on surgical practice. Gainer and co-workers asked 2759 members of 
the American Society of Breast Surgeons to complete a questionnaire regarding the practice 
type and duration, familiarity with ACOSOG Z0011, and mode of receiving the trial results. The 
majority (97 per cent) of respondents indicated familiarity with the ACOSOG Z0011 trial, and 
many had incorporated it into their practice. Massimino and colleagues reported a 63 per cent 
decrease in completion ALND for patients in the Pacific north-west, similar to the patients in 
the ACOSOG Z0011 trial.

Recently, the EORTC AMAROS trial16 and the International Breast Cancer Study Group (IBCSG) 
trial35 challenged the need for completion ALND in patients with SLN metastases. The AMAROS 
trial compared completion ALND with axillary radiotherapy in patients with a positive SLN, T1-2 
primary breast cancer and no palpable lymphadenopathy, and showed that excellent axillary 
control can be achieved with radiotherapy. Before publication of the results of the AMAROS 
trial in 2014, and probably also as a result of early reporting of the results at the annual meeting 
of the American Society of Clinical Oncology (ASCO) in 2013, it could be observed from the 
present registry data that ALND was being omitted in an increasing number of patients with 
one to three positive lymph nodes undergoing mastectomy. In 2013-2014,22.4 per cent of these 
patients were staged by SLNB alone, versus about 6 per cent before publication.

Furthermore, the present study shows that elderly women with breast cancer (aged 80 years or 
above) underwent axillary staging less frequently than younger women, as has also been reported 
by others.36,37 The present study, using a large population-based registry, has demonstrated the 
radical transformation in management of the axilla since the introduction of SLNB and following 
the publication of recent studies.
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Fig. S1 Trend in axillary staging and management, 1993–2014, in patients aged: a less than 50 years, b 50–69 years; 
c 70–79 years, and d 80 years or more. SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection
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Abstract

Purpose: 
The axillary treatment for sentinel node positive breast cancer patients has undergone some 
important changes and clinical decision making regarding the axillary treatment, that has become 
more complex nowadays. The aim of this study was to develop an easy to use prediction model 
for the likely extent of nodal involvement of node positive breast cancer patients. 

Patients and methods: 
Data of 911 sentinel lymph node (SLN) positive breast cancer patients, from 10 participating 
centers were used for model development. Predictors associated with axillary lymph node 
involvement were evaluated by univariable and multivariable analysis. The model was validated 
externally in an independent patient population of 180 patients with SLN positive breast cancer. 

Results: 
A novel model was developed to predict the risk of having a total of 1-2, ≥3 or ≥4 positive 
lymph nodes, for patients with SLN positive breast cancer. Final pathology after ALND showed 
additional positive lymph nodes for 259 (28%) of the patients. 726 (81%) out of 911 patients had 
a total of 1-2 positive nodes and 175 (19%) had ≥ 3 positive lymph nodes. The model included 
three predictors: the tumour size (in mm), the presence of a negative SLN and the size of the 
SLN metastases (in mm). At external validation, the model showed a good discriminative ability 
(AUC 0.82, 95% CI 0.74-0.90) and good calibration over the full range of predicted probabilities. 

Conclusion: 
The proposed model can predict the extent of nodal involvement of node positive breast cancer 
patients. If further validated, this new tool will particularly be useful for counselling patients 
regarding their personalized axillary treatment.
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Introduction

The axillary treatment of breast cancer has changed significantly over time. Originally, all 
patients were treated with an axillary lymph node dissection (ALND) for locoregional control 
and for further treatment recommendations. After the implementation of the sentinel lymph 
node biopsy (SLNB) procedure, only patients with sentinel lymph node (SLN) metastases were 
selected for treatment by a completion ALND. Then, the International Breast Cancer Study 
Group (IBCSG) 23-01 study showed that a completion ALND could be omitted for patients with 
micrometastases.1 Furthermore, the American College Of Surgeons Oncology Group Z0011 trial 
showed that for a selected subgroup of patients, a small-volume disease left behind in the 
axilla does not compromise the oncological safety, in terms of recurrence and disease free and 
overall survival.2 Also the results of the AMAROS (After Mapping of the Axilla: Radiotherapy or 
Surgery?) trial changed our perspective on axillary treatment showing that both radiotherapy 
as well as surgery can provide excellent regional control.3 These studies have had a significant 
clinical impact concerning the axillary treatment. 

It is obvious that the trend is headed towards a less invasive surgical treatment of the axilla. 
ALND has lost its importance for determining the need of adjuvant systemic treatment 4 and 
gradually seems to lose its importance for locoregional control. However, there remain several 
subgroups of breast cancer patients for whom treatment of the axilla may still be necessary. These 
include patients who were found node positive with ultrasound-guided lymph node biopsy 
(UGLNB). This appears to be a different group of node positive patients with less favourable 
disease characteristics and a worse disease free and overall survival as compared to those with 
SLN positive disease.5, 6 Another group may be the patients who are treated with a mastectomy 
rather than breast conserving surgery (BCS), as radiotherapy may partially include the axilla 
when used as adjuvant treatment after breast conserving surgery.7 

In the last decade, the focus was set on finding patients with SLN positive breast cancer with 
a low risk of additional nodal involvement, for whom a completion ALND could be omitted. 
Several predictive systems have been developed to help identifying such patients.8-16 Now 
that also a low risk of limited nodal involvement is increasingly accepted to omit further axillary 
treatment, it is time to search for the patients at high risk for extensive nodal involvement that 
yet benefit from additional treatment of the axilla. Presently, three predictive models have 
been proposed, that predict the risk of having four or more positive axillary lymph nodes.17-19 
The main purpose of these models is to help decide on the extent of radiation and/or systemic 
therapy and whether an immediate breast reconstruction can be offered to these patients.17-19 
Following the Z0011 trial results, a completion ALND can be omitted for patients with limited 
nodal involvement (1-2 positive SLNs) who underwent BCS.2 However, there is no evidence that 
additional axillary treatment can be omitted in patients with a high risk of having more than 2 
positive lymph nodes (extensive nodal involvement). 

The aim of the present study was to develop a tool for predicting the extent of nodal involvement 
in node positive breast cancer patients. Such a tool may then be used for counselling in the 
clinical decision making process, in the present “treat none – unless” era, regarding the additional 
axillary treatment strategies.
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Methods

Study population
The study population consisted of three groups. The original patient series for model development 
were identified from the Netherlands Cancer Registry of the South region of the Netherlands 
in which 10 hospitals participated. The dataset included breast cancer patients with SLN 
metastases who were treated between January 2007 and December 2008. For two of these 
hospitals, including the Maxima Medical Center (MMC) and the Jeroen Bosch Hospital, data 
from the years 2000-2006 were also available as were data of MMC from the additional years 
of 2009-2011. The second group consisted of patients with SLN positive disease from another 
Dutch hospital and was used for external validation of the developed prediction model. The 
third group of patients were those found to have node positive disease by ultrasound-guided 
lymph node biopsy and who were treated at the MMC between January 2006 and December 
2011.5 In accordance with Dutch guidelines20 all patients had sonographic evaluation of the axilla 
after mammography and clinical evaluation. Ultrasound-guided lymph node biopsies (with 
cytological and/or histological sampling) were performed on suspicious axillary lymph nodes 
as previously described. 5 All patients included in the present study underwent a completion 
ALND. Patients receiving neo-adjuvant treatment, those with stage IV breast cancer and patients 
with a clinical N

2-3
 axillary status or without a completion ALND, were excluded from the study. 

Data accrual
Data were collected from the existing database of the South region of the Netherlands Cancer 
Registry and from the patients’ medical charts and pathology reports. The following data were 
entered into the database: age at time of diagnosis, lateralization of the tumour, type of surgery 
(breast conserving surgery (BCS) or mastectomy), tumour morphology, tumour size in millimetres, 
histological grade (conform the modified Bloom and Richardson classification), the presence 
of lymphovascular invasion, multifocality of the tumour, estrogen and progesterone receptor 
status and Her2Neu status. Histopathological data of the lymph nodes included: total number 
of resected and total number of positive/negatives nodes for both the SLNB procedure and 
the ALND, the size of the largest metastases of the SLN as a continuous variable (in millimetres) 
and categorised as macrometastases (>2mm), micrometastases (> 0,2 but ≤ 2 mm) or isolated 
tumor cells (ITC) (≤ 0,2mm) and the presence of extracapsular extension in the SLN. 

The total number of axillary lymph nodes was computed by adding the total number of lymph 
nodes harvested during SLNB to the number of lymph nodes that was found by ALND. The 
total number of positive axillary lymph nodes was divided into 3 categories: 1-2, ≥ 3 or ≥ 4 
positive lymph nodes. For tumour grade, lymphovascular invasion, hormonal receptor and 
Her2Neu status, the size of the SLN metastases and the presence of extracapsular extension 
there were some missing values. When values for lymphovascular invasion were missing and 
were not reported in the pathology report, it was assumed to be absent. Other missing values 
were multiply imputed with the mice algorithm in R software allowing all observed values to 
be analysed.21, 22 The imputation model included all predictors and the total number of positive 
axillary lymph nodes.

Predictors and model development 
Candidate predictors for axillary lymph node involvement were included in the statistical 
analysis based on the literature and previously reported models. These included the models 
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that predict the risk of having four or more involved axillary lymph nodes.8-19 We developed a 
model to predict the number of positive non-SLNs, and thus the total number of positive lymph 
nodes. We used proportional odds logistic regression analysis to model the association between 
predictors and the number of positive non-SLNs. The proportional odds model assumes that 
each predictor affects the log odds of having at least 1 positive non-SLN equally as it affects 
the log odds of having at least 2 (or any other number of) positive non-SLNs. We checked the 
proportional odds assumption graphically for all potential predictors. We evaluated the strength 
of each predictor by its univariable odds ratio, and by its multivariable odds ratio together with 
its likelihood ratio χ2 test statistic minus twice the degrees of freedom (number of regression 
coefficients used to model a predictor). The latter is consistent with Akaike’s Information Criterion 
(AIC) which balances the goodness-of-fit of a model with its complexity, and was also used to 
select predictors into a final model.23 For the patients in the ultrasound guided lymph node 
biopsy group, the overall probabilities of having a total of 1-2, ≥3 or ≥4 positive lymph nodes 
were derived from the data. 

Presentation of the prediction model
For easy calculation of the probability of having a particular number of positive lymph nodes 
we presented the final model with a score chart.23, 24 The score chart is based on the regression 
coefficients of the final proportional odds model. Predictor values were translated into a sum 
score that can be used to read the probability of having a total of 1-2, ≥3 or ≥4 positive lymph 
nodes from a table, given the number of positive SLNs.

Validation of the new prediction model
We validated predictions of having ≥3 positive lymph nodes for patients with less than 3 positive 
SLNs within the development data and within the external validation data. We used validation 
plots to visualise the performance of the model to predict the extent of nodal involvement. 
A validation plot represents the actual proportion vs. the predicted probability by quartiles 
of increasing risk predictions.25 The ability of our model to predict ≥4 positive lymph nodes 
was compared with the previously developed nomograms by Katz et al., Meretoja et al. and 
Chagpar et al.17-19 We assessed calibration of our prediction model by the calibration slope (the 
regression slope in a logistic regression model with solely the linear predictor from the prediction 
model) and the calibration-in-the-large (the logistic regression model intercept given that the 
calibration slope equals 1).24 We assessed discriminative ability of our prediction model by the 
area under the curve (AUC) of the receiver operating characteristic (ROC) curve. Since we are 
assessing predictions of binary outcomes, the AUC is equal to the c-index, which estimates the 
probability that the risk prediction of a randomly chosen patient with the outcome (e.g. ≥3 
positive lymph nodes) is higher than the risk prediction of a randomly chosen patient without 
the outcome (1-2 positive lymph nodes). 

For proportional odds regression analysis and validation of prediction models we used R package 
rms. (version 2.13.1; R foundation for Statistical Computing, Vienna, Austria) 
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Results

A total of 1230 patients with node positive breast cancer were included in this study. The model 
development population consisted of 911 patients, the external validation population of 180 
and the ultrasound guided lymph node biopsy group of 139 patients. Of the 911 patients from 
the model development population 349 (38%) underwent a mastectomy and 562 (62%) were 
treated with breast conserving surgery. For 259 (28%) patients, the final pathology showed 
additional positive lymph nodes after completion ALND. Of these, 175 (19%) had a total of 3 or 
more involved axillary lymph nodes (Table 1). The observed overall proportions of patients in 
the ultrasound guided lymph node biopsy group with a total of 1-2, ≥3 or ≥4 positive lymph 
nodes were 37%, 63% and 51% respectively .

Table 1: Characteristics of total study population

Variables Development group External validation 
group

UGLNB group

N % N % N %

Age at diagnosis (years) 
  ≤ 50  
  >50 ≤65 
  >65

 
297 
363 
251

 
32.6 
39.8 
27.6

 
59 
68 
53

 
32.8 
37.8 
29.4

 
42 
38 
59

 
30.2 
27.3 
42.4

Laterality 
  Left 
  Right 
  Missing

 
473 
437 

1

 
51.9 
48.0 
0.1

 
93 
87 
0

 
51.7 
48.3 

0

 
78 
61 
0

 
56.1 
43.9 

0

Type of surgery 
  BCS 
  Mastectomy

 
562 
349

 
61.7 
38.3

 
97 
83

 
53.9 
46.1

 
49 
90

 
35.3 
64.7

Tumor size (mm) 
  ≤5 
  6-10 
  11-20 
  21-30 
  31-50 
  >50

 
20 
72 

446 
270 
90 
13

 
2.2 
7.9 

49.0 
29.6 
9.9 
1.4

 
3 

12 
99 
50 
14 
2

 
1.7 
6.7 

55.0 
27.8 
7.8 
1.1

 
2 
3 

23 
102 

9 
0

 
1.4 
2.2 

16.5 
73.4 
6.5 
0

Multifocal 
  Yes 
  No 
  Missing

 
112 
799 

0

 
12.3 
87.7 

0

 
24 

156 
0

 
13.3 
86.7 

0

 
24 
111 
4

 
17.3 
79.9 
2.9

Morphology  
  IDC 
  ILC 
  Other

 
722 
156 
33

 
79.3 
17.1 
3.6

 
130 
30 
20

 
72.2 
6.7 
11.1

 
108 
23 
8

 
72.7 
16.5 
5.8

Tumor grade 
  1 
  2 
  3 
  Missing

 
263 
421 
155 
72

 
28.8 
46.2 
17.0 
7.9

 
34 
89 
52 
5

 
18.9 
49.4 
28.9 
2.8

 
23 
75 
38 
3

 
16.5 
54.0 
27.3 
2.2

LVI 
  Yes 
  No 
  Missing

 
179 
421 
311

 
19.6 
46.2 
34.1

 
26 
121 
33

 
14.4 
67.2 
18.3

 
34 
80 
25

 
24.5 
57.6 
18.0
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Table 1 continued

Variables Development group External validation 
group

UGLNB group

ER status 
  Positive 
  Negative 
  Missing

 
780 
114 
17

 
85.6 
12.5 
1.9

 
146 
34 
0

 
81.1 
18.9 

0

 
100 
39 
0

 
71.9 
28.1 

0

PR status 
  Positive 
  Negative 
  Missing

 
673 
183 
55

 
73.9 
20.1 
6.0

 
120 
60 
0

 
66.7 
33.3 

0

 
80 
59 
0

 
57.6 
42.4 

0

Her2Neu status 
  Positive 
  Negative 
  Missing

 
80 
613 
218

 
8.8 
67.3 
23.9

 
24 

125 
31

 
13.3 
69.4 
17.2

 
26 
113 

0

 
18.7 
81.3 

0

SLNs positive 
  1 
  2 
  3 
  >3

 
755 
124 
21 
11

 
82.9 
13.6 
2.3 
1.2

 
152 
23 
4 
1

 
84.4 
12.8 
2.2 
0.6

SLN Metastases (mm) 
  ITC (<0.2)  
  Micro (0.2-2.0) 
  Macro (>2.0) 
  Missing

 
37 

242 
485 
147

 
4.1 

26.6 
53.2 
16.1

 
9 

50 
118 

3

 
5.0 
27.8 
65.6 
1.7

ECE 
  Yes 
  No 
  Missing

 
184 
650 
77

 
20.2 
71.3 
8.5

 
29 
86 
65

 
16.1 
47.8 
36.1

Total number of positive  
lymph nodes 
  1-2 
  ≥3 
  ≥4

 
 

736 
175 
111

 
 

80.8 
19.2 
12.2

 
 

148 
32 
24

 
 

82.2 
17.8 
13.3

 
 

51 
88 
71

 
 

36.7 
64.0 
51.1

Overall 911 180 139
ILC: invasive lobular carcinoma, SLN(s): sentinel lymph node(s), LVI: lymphovascular invasion, ER: estrogen receptor 
status, PR: progesterone receptor status, ECE: extracapsular extension

Predictors and model development
The univariable analysis showed the following significant predictors for additional axillary lymph 
node involvement (Odds Ratio and 95% Confidence Interval): tumour size in mm, tumour grade, 
lymphovascular invasion, the presence of a negative SLN, >1 positive SLN, SLN macrometastases, 
a SLN metastases size > 5 mm and the presence of extracapsular extension. Predictor effects of 
age >65 years mulitfocality of the tumour, invasive lobular carcinoma morphology, a positive 
ER status, a positive PR status and a positive Her2Neu status were non-significant but in the 
expected direction (Table 2). 

The proportional odds assumption was well satisfied upon graphical inspection. The effects 
of the predictors were reasonably constant across any cut-off level for the extent of lymph 
node positivity (Supplementary Figure 1, constant horizontal distance between any two of 
the three symbols).
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Table 2: Univariable associations of the number of additional positive lymph nodes ≥1, 2, 3, respectively with 
predictors

Additional 
positive lymph 

nodes

% Odds  
ratio

Lower 
CI 

0.95

Upper 
CI 

0.95

Predictors Level N  ≥1 ≥2 ≥3 ≥1 ≥2 ≥3

Age at diagnosis 
(years) 

≤ 50 
>50 ≤65 

>65 

297 
363 
251

89 
104 
66

51 
56 
31

29 
40 
18

30 
29 
26

17 
15 
12

10 
11 
7

1.00 
0.94 
0.81

 
0.68 
0.56

 
1.31 
1.17

Laterality (left) No  
Yes 

437 
473

130 
129

70 
68

42 
45

30 
27

16 
14

10 
10

1.00 
0.89

 
0.67

 
1.18

Mastectomy No  
Yes 

562 
349

157 
102

82 
56

53 
34

28 
29

15 
16

9 
10

1.00 
1.07

 
0.80

 
1.43

Tumor size (mm) ≤15 
<15 ≤25 

>25 

327 
400 
184

65 
114 
80

30 
48 
60

19 
30 
38

20 
29 
43

9 
12 
33

6 
8 
21

1.00 
1.56 
3.52

 
1.10 
2.38

 
2.20 
5.22

Multifocal No  
Yes 

799 
112

223 
36

117 
21

72 
15

28 
32

15 
19

9 
13

1.00 
1.26

 
0.83

 
1.92

Morphology 
(ILC)

No  
Yes 

755 
156

210 
49

104 
34

65 
22

28 
31

14 
22

9 
14

1.00 
1.29

 
0.89

 
1.87

Tumor grade 1 
2 

3+ 

263 
421 
155

61 
134 
54

30 
73 
30

21 
43 
21

23 
32 
35

11 
17 
19

8 
10 
14

1.00 
1.54 
1.84

 
1.09 
1.21

 
2.18 
2.80

LVI No  
Yes 

732 
179

196 
63

100 
38

60 
27

27 
35

14 
21

8 
15

1.00 
1.55

 
1.10

 
2.18

ER positive No  
Yes 

114 
780

36 
223

22 
116

14 
73

32 
29

19 
15

12 
9

1.00 
0.84

 
0.55

 
1.27

PR positive No  
Yes 

183 
673

56 
194

31 
104

21 
64

31 
29

17 
15

11 
10

1.00 
0.91

 
0.64

 
1.29

Her2Neu 
positive

No  
Yes 

613 
80

158 
30

88 
14

54 
8

26 
38

14 
18

9 
10

1.00 
1.60

 
1.00

 
2.56

SLNs negative 0 
1 

2+ 

518 
260 
133

179 
54 
26

101 
24 
13

65 
16 
6

35 
21 
20

19 
9 

10

13 
6 
5

1.00 
0.49 
0.45

 
0.34 
0.29

 
0.69 
0.72

SLNs positive 1 
2+ 

755 
156

195 
64

96 
42

58 
29

26 
41

13 
27

8 
19

1.00 
2.15

 
1.52

 
3.05

Macrometastases No  
Yes 

279 
485

36 
177

12 
102

5 
65

13 
36

4 
21

2 
13

1.00 
4.05

 
2.73

 
6.00

Size of SLN  
metastases (mm)

≤2  
>2 ≤5  

>5 

218 
183 
207

24 
36 
97

7 
13 
58

3 
9 

32

11 
20 
47

3 
7 

28

1 
5 

15

1.00 
1.99 
7.56

 
1.14 
4.58

 
3.47 

12.47

ECE No  
Yes 

651 
184

156 
85

77 
51

47 
35

24 
46

12 
28

7 
19

1.00 
2.78

 
2.00

 
3.86

Overall  911 259 138 87 28 15 10    

ILC: invasive lobular carcinoma, SLN(s): sentinel lymph node(s), LVI: lymphovascular invasion, ER: estrogen receptor 
status, PR: progesterone receptor status, ECE: extracapsular extension, CI: confidence interval
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The most important predictors in the multivariable analysis were (Odds Ratio and 95% Confidence 
Interval, p-value): tumor size in mm (OR 1.04 95%CI 1.02-1.05) the presence of a negative SLN 
(OR 0.48 95%CI 0.35-0.67), the size of the SLN metastases (in mm) (OR 1.17 95%CI 1.13-1.22) and 
the presence of extracapsular extension (OR 1.50 95%CI 1.01-2.25) as showed in Table 3. 

Table 3: Multivariable associations of predictors for having a total of 1-2, ≥3 or ≥4 positive lymph nodes and 
model selection

 
Predictors

Odds ratio Lower CI 
0.95

Upper CI 
0.95

χ2 df p

Full model

Age at diagnosis (10 years) 0.94 0.83 1.07 0.8 1 0.3638

Laterality (left) 0.96 0.70 1.31 0.1 1 0.8057

Mastectomy 0.77 0.55 1.08 2.2 1 0.1362

Tumor size (mm) 1.04 1.02 1.05 20.7 1 <.0001

Multifocal 1.18 0.73 1.91 0.5 1 0.4947

Morphology (ILC) 1.16 0.75 1.81 0.4 1 0.5068

Tumor grade 2:1 1.42 0.96 2.11
4.2 2 0.1216

Tumor grade 3:1 1.65 0.98 2.79

LVI 1.14 0.78 1.69 0.5 1 0.4946

ER positive 0.92 0.52 1.65 0.1 1 0.7883

PR positive 1.09 0.68 1.77 0.1 1 0.7128

Her2Neu positive 1.35 0.82 2.23 1.4 1 0.2437

SLNs negative 0.47 0.34 0.66 19.3 1 <.0001

SLNs positive 1.41 0.95 2.10 2.9 1 0.0899

Size of SLN metastases (mm) 1.15 1.10 1.21 41.1 1 <.0001

ECE 1.50 1.01 2.25 4.0 1 0.0466

Selected model

Tumor size (mm) 1.04 1.02 1.05 26.6 1 <.0001

SLNs negative 0.48 0.35 0.67 19.3 1 <.0001

Size of SLN metastases (mm) 1.17 1.13 1.22 63.5 1 <.0001

ILC: invasive ductal carcinoma ,LVI: lymphovascular invasion, ER: estrogen receptor status, PR: progesterone 
receptor status, SLN(s): sentinel lymph node(s), ECE: extracapsular extension, CI: confidence interval

Presentation of the prediction model
In the final model the following three predictors were selected: the size of the tumor in mm, 
the presence of a negative SLN and the size of the SLN metastases in mm (Table 3). The model 
is presented as a simple score chart (Figure 1) and is also provided as an easy to use online 
(excel –based) calculator (Figure 2). For example, a patient with a SLN metastasis size of 8 mm, 
a tumour size of 25 mm and no negative SLN, has predicted probabilities of 73%, 27% and 17% 
of having a total of 1-2, ≥3 or ≥4 positive lymph nodes, respectively. 
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Sum score = 
Size largest SLN metastasis (mm) 

+ 0.25 x tumor size (mm) 
+ 5 if no negative SLN was found

LN+ when 1 SLN+ LN+ when 2 SLN+ LN+ when 3 SLN+

Sum score 1-2 ≥3 ≥4 1-2 ≥3 ≥4 1-2 ≥3 ≥4

<1 98 1.8 1.0 95 4.6 1.8 0 100 4.6

1 98 2.1 1.2 95 5.4 2.1 0 100 5.4

2 98 2.5 1.4 94 6.2 2.5 0 100 6.2

3 97 2.9 1.6 93 7.2 2.9 0 100 7.2

4 97 3.4 1.8 92 8.3 3.4 0 100 8.3

5 96 3.9 2.1 90 9.6 3.9 0 100 9.6

6 95 4.6 2.5 89 11 4.6 0 100 11

7 95 5.3 2.9 87 13 5.3 0 100 13

8 94 6.1 3.4 86 14 6.1 0 100 14

9 93 7.1 3.9 83 17 7.1 0 100 17

10 92 8.2 4.6 81 19 8.2 0 100 19

11 91 9.5 5.3 79 21 9.5 0 100 21

12 89 11 6.2 76 24 11 0 100 24

13 88 12 7.1 73 27 12 0 100 27

14 86 14 8.2 70 30 14 0 100 30

15 84 16 9.5 66 34 16 0 100 34

16 81 19 11 63 37 19 0 100 37

17 79 21 13 59 41 21 0 100 41

18 76 24 14 55 45 24 0 100 45

19 73 27 16 51 49 27 0 100 49

20 70 30 19 47 53 30 0 100 53

21 67 33 21 44 56 33 0 100 56

22+ 63 37 24 40 60 37 0 100 60
Fig.1 Score chart for the probability of finding a total of 1-2, ≥3 or ≥4 positive lymph nodes. LN+: lymph node(s) 
positive, SLN(s): sentinel lymph node(s)

Validation of the prediction model
The model predictions of having ≥3 positive lymph nodes (for patients with less than 3 positive 
SLNs) were validated within the development data and the external validation data (Figure 3). 
In both the apparent and external validation, the model showed a very good discriminative 
ability with AUCs of 0.80 (95% CI 0.76-0.84) and 0.82 (95% CI 0.74-0.90), respectively. Calibration 
was good over the complete range of predicted probabilities in both the apparent and external 
validation (Figure 3). When the actual size of the SLN metastases (in mm) is not provided, assigning 
8 points for a macrometastases gives a good approximation. The performance of the model 
then remained satisfactory with an AUC of 0.79 (95% CI 0.75-0.83) in apparent validation and 
0.80 (95% CI 0.72-0.88) at external validation (Supplementary Figure 2).
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Comparison with previously developed models
When predicting the probability of having ≥4 positive lymph nodes (for patients with less than 
4 positive SLNs), the discriminative ability of our new model was equally good or even better 
in the external validation data (AUC 0.82 95%CI 0.74-0.90) as compared to the three previously 
developed predictive systems 17-19(AUC’s of 0.82, 0.80 and 0.66 respectively). Furthermore, 
calibration was also superior for the newly developed prediction model. (Supplementary Figure 3)

Fig. 2 Print screen of online tool to predict the extent of nodal involvement. Example of predicted risks for having 
a total of 1-2, ≥3 or ≥4 lymph nodes positive for a patient with a sentinel node metastasis size of 8 mm, a tumor 
size of 25 mm and no negative sentinel node.
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Fig.3 Internal (left) and external (right) validation of the predicted probability of ≥3 positive lymph nodes (when 
the number of positive SLNs is <3) The distribution of predicted risks for ≥3 or more positive axillary lymph nodes 
is shown at the bottom of the graphs. The triangles indicate the observed proportions by quartiles of predicted 
risks.

Discussion

Early stage breast cancer patients, with limited nodal involvement are no longer subjected 
to a completion ALND, based on the results of the IBCSG 23-01, AMAROS and Z0011 trials.1-3 
Because the evidence for omitting further axillary treatment in patients with extensive nodal 
involvement is lacking, it is useful to predict the extent of nodal involvement. This will enable 
recommendations concerning a personalized treatment plan for the axilla. 

We have developed a novel model that predicts the risk of having a total of 1-2, ≥3 or ≥4 positive 
lymph nodes using only three predictors: tumor size (in mm), the presence of a negative SLN 
and the size of the SLN metastases (in mm). Although the presence of extracapsular extension 
also showed to be an important predictor in both univariable and multivariable analysis we 
choose to incorporate only the three most significant predictors. This did not affect model 
performance and was in line with the aim of this study to keep the model as simple and 
user-friendly as possible. The discriminative ability of the model was good (AUC of 0,80) and it 
showed adequate calibration over the complete range of predicted probabilities. Furthermore, 
the model was validated in an independent external patient population and showed good 
discrimination (AUC 0.82) and calibration. 

Because we wanted to provide risk predictions for all breast cancer patients that were found 
node positive, regardless of the method of detection, a group of patients that were found 
positive by ultrasound guided lymph node biopsy was analyzed. However, when the lymph 
node metastases are detected by ultrasound, this staging method by itself seems to be the 
most important predictor for extensive nodal involvement given the fact that 63% of these 
patients had ≥3 positive lymph nodes. These findings are in concordance with the results of a 
study from Schipper et al, which showed that the finding of suspicious nodes with ultrasound 
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resulted in pN2-pN3 disease in 41.2% of the patients.26 For this group of patients we found no 
additional predictors that could further discriminate between low risk and high risk patients. 
Consequently, we decided that the development of a separate model for this group was not 
relevant. Because these patients as well need counseling regarding the axillary treatment 
strategy, the overall risk estimates of having a total of 1-2, ≥3 or ≥4 positive lymph nodes are 
also visualized in our prediction tool. 

Previously published models were mostly developed prior to the publication of the Z0011 trial 
results and are intended to identify patients at low risk for additional nodal involvement for 
whom a completion ALND could be omitted.8-13, 15, 16 The few models that have been designed 
to predict the risk of having ≥4 involved lymph nodes were used to guide decisions on the 
extent of radiation and systemic therapy regimens.17-19 To our knowledge our model is the first 
that actually predicts the extent of nodal involvement, therefore easily classifying patients 
to have limited nodal involvement (1-2 positive lymph nodes, linking to the conclusions of 
Z0011) or extensive lymph node involvement (≥3 positive lymph nodes). Although it was not 
a primary goal of this study, our model also predicts the risk of ≥4 positive lymph nodes. This 
is another cut-off point for extensive nodal involvement, that is used to decide about the 
need for additional axillary irradiation. The new model was compared with the existing three 
models that predict ≥4 positive lymph nodes and outperformed the other models in terms of 
discriminative ability and calibration. 

The variables included in our new prediction tool already proved to be strongly associated 
with nodal involvement in other prediction models and validation studies. Furthermore, other 
previously reported models included up to 9 variables, resulting in more complex calculations 
and perhaps more importantly, in a less user-friendly model.14 The present study shows that 
model performance can still be very good when only a few but strongly prognostic variables 
are included. 

Our study has limitations. A retrospectively collected database was used that contained some 
missing values. The size of the SLN metastases (in mm) is a strong predictor for extensive nodal 
involvement, however, the actual size was not always provided. Although our model also works 
based on the presence or absence of a macro metastases in the SLN, with acceptable model 
performance, we recommend that the actual size of the SLN metastases should be reported 
by the pathologist to enable more accurate predictions. The risk predictions for patients that 
were found node positive by ultrasound guided lymph node biopsy are based on a relatively 
small sample size. Therefore, we are currently investigating whether these risks will be similar 
in a larger population. 

Some clinicians already abandoned the ALND for SLN positive patients and even so the 
prediction models to identify these patients. However, we must be aware for generalization 
of Z0011 conclusions while these results are only applicable to about 6% of the total breast 
cancer population.27 An advantage of the new model is that the online tool gives an informative 
visualization of risk predictions of the extent of nodal disease for an individual patient. Therefore 
the model can be a useful tool in counseling patients, to help them understand their risks. 
Together with their doctor they can subsequently decide what the best personalized axillary 
treatment would be for them. Because the model gives no actual treatment recommendations, 
or a given cut-off point, the risks and benefits of further axillary treatment need to be weighed 
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individually. Following the results of the Z0011 and AMAROS trials, it appears reasonable to give 
no further axillary treatment to patients that are likely to have limited nodal involvement (1-2 
positive lymph nodes) provided adjuvant systemic treatment is offered, and consider radiation 
therapy of the axilla or a completion ALND when they are at risk for extensive nodal involvement 
(≥3 positive lymph nodes). We strongly advise against the omission of further axillary treatment 
for patients with a high risk of having ≥4 positive lymph nodes.

In conclusion, we have developed and validated a new model that predicts the extent of nodal 
involvement in node positive breast cancer patients. This new tool will particularly be useful 
for counselling patients regarding their personalized axillary treatment.

Supplement

Supplementary Figure 1: Checking the proportional odds assumption 
ILC: invasive ductal carcinoma, LVI: lymphovascular invasion, ER: estrogen receptor status PR: progesterone 
receptor status, SLN(s): sentinel lymph node(s), ECE: extracapsular extension The circle, triangle, and plus sign 
correspond to the number of additional positive lymph nodes ≥ 1, 2, 3, respectively. The proportional assumption 
holds when the distances between any two of these three symbols are vertically constant.
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Supplementary Figure 2 Assigning 8 points to macrometastases instead of using continuous metastases size: 
internal (left) and external (right) validation of the predicted probability of ≥ 3 positive lymph nodes (when the 
number of positive SLNs is <3).The distribution of predicted risks for ≥3 positive axillary lymph nodes is shown at 
the bottom of the graphs. The triangles indicate the observed proportions by quartiles of predicted risks.

Supplementary Figure 3 External validation of models predicting the risk of ≥4 positive lymph nodes (when the 
number of positive SLNs is < 4) (n=180).The distribution of predicted risks for ≥4 positive axillary lymph nodes is 
shown at the bottom of the graphs. The triangles indicate the observed proportions by quartiles of predicted risks
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Abstract

Background:
Axillary status in invasive breast cancer, established by sentinel lymph node biopsy (SLNB) or 
ultrasound-guided lymph node biopsy (UGLNB), is an important prognostic indicator. The 
ACOSOG Z0011 trial showed that axillary dissection may be redundant in selected sentinel 
node-positive patients, raising questions on the applicability of these conclusions on ultrasound 
positive patients. The purpose of this study was to evaluate potential differences in patient and 
tumor characteristics and survival between axillary node positive patients after ultrasound 
(US group) or sentinel lymph node procedure (SLN group).

Methods:
Patients diagnosed with invasive breast cancer at the Máxima Medical Center between January 
2006 and December 2011 were studied.

Results:
In total, 302 node-positive cases were included: 139 and 163 cases in the US and SLN groups, 
respectively. Patients in the US group were older at diagnosis (p<0.001), more often had 
palpable nodes (p<0.001), mastectomy (p<0.001), larger tumors (p<0.001), higher tumor grade (p 
= 0.001), lymphovascular invasion (p = 0.035), a positive Her2Neu (p = 0.006), and a negative 
hormonal receptor status (p = 0.003). Also, they were more likely to have more lymph nodes with 
macrometastases (p<0.001), extranodal extension (p<0.001), and involvement of level-III-lymph 
node (p<0.001). Finally, they showed a worse disease-free survival [hazard ratio (HR) = 2.71; 95 
% confidence interval (CI) = 1.49–4.92] and overall survival (HR = 2.67; 95 % CI = 1.48–4.84) 
than the SLN group.

Conclusions:
These results suggest that ultrasound-positive patients have less favorable disease characteristics 
and a worse prognosis than SLN-positive patients. Therefore, we conclude that omitting an 
ALND is as yet only applicable, as concluded in the Z0011, in patients with a positive SLNB. 
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Introduction

Axillary lymph node status in patients with invasive breast cancer is still an important prognostic 
indicator. It can be determined by ultrasound-guided lymph node biopsy (UGLNB) or sentinel 
lymph node biopsy (SLNB).1,2 There are differences in European versus American guidelines 
concerning the axillary workup.3–5 Current American guidelines dictate to perform the UGLNB 
only in patients with palpable lymphadenopathy, although clinical palpation has a false-negative 
rate of 30-50 %.6,7 In European guidelines, however, the axillary ultrasound is a routine element 
in all breast cancer patients with or without palpable lymph nodes.3,4

Multiple studies have shown that in 40-70 % of sentinel node positive patients additional lymph 
nodes do not contain any metastases.8–11 The ACOSOG Z0011 trial showed that an axillary lymph 
node dissection (ALND) may be safely omitted in selected patients with a positive SLNB.12 
However, questions are raised whether these criteria can be applied to patients with a positive 
UGLNB. This may be the case if no clinically relevant differences are present in tumor and/or 
patient characteristics or survival between both groups. If differences exist, however, this could 
mean that a distinction has to be made in the management of the axilla between patients with 
a positive UGLNB versus those with a positive SLNB.

Hence, the purpose of this study was to evaluate potential differences in patient, tumor, and 
lymph node characteristics and outcome between patients with a positive UGLNB and patients 
with a positive SLNB.

Patients and methods

This study included patients diagnosed with primary invasive breast cancer between January 
2006 and December 2011 at the Máxima Medical Center. Data were retrieved from the population-
based Eindhoven Cancer Registry and medical charts of patients. In accordance with Dutch 
guidelines, after mammography and clinical evaluation all patients were referred to the radiologist 
for sonographic evaluation of the breast tumor and ipsilateral axilla. Ultrasound-guided lymph 
node biopsies were performed on the tumor and on suspicious axillary lymph nodes. If 
pathological analysis showed that the biopsy was negative or inconclusive, patients underwent 
a SLNB. Patients were included if they had cytologically or histologically proven axillary lymph 
node metastases after either an UGLNB or a SLNB. Patients with stage IV breast cancer, those 
treated within the neoadjuvant setting, patients with a clinical N2 or N3 axillary nodal status, or 
patients who did not undergo an ALND were excluded. Patients with bilateral carcinoma were 
considered as separate observations.

Ultrasound-guided lymph node biopsy
Licensed radiologists performed the UGLNB using a Toshiba Aplio XG machine for sonographic 
evaluation. A green 21-or blue 23-gauge needle was used for cytological samples of the axillary 
lymph node and, on indication, a 14-or 18-gauge needle to obtain histological samples, after 
injecting approximately 10 cc of lidocaine-1 % for local anesthesia. The lymph nodes were 
evaluated with respect to following characteristics: diffuse or focal cortical enlargement, 
loss of lymph node fatty hilum, and nodal size (long and short axis).3,13,14 In case of multiple 
morphologically abnormal axillary lymph nodes, the largest or most malignant imposing lymph 
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node was biopsied. Cytological samples of the lymph node were stained with a Papanicolaou 
stain and with a Giemsa-stain for cytological analysis. Histological analysis was performed by 
hematoxylin and eosin (H&E) staining and immunohistochemistry.

Sentinel Lymph Node Biopsy
Analysis of the sentinel lymph node was performed with a combined colorimetric-radioisotope 
method. This procedure has been extensively illustrated in previous publications.15,16 The 
sentinel lymph nodes were analyzed by routine histopathological analysis (H&E-staining and 
immunohistochemistry).

Data Analyses
Clinical data included in the analysis were age, body mass index, year of diagnosis, lateralization 
of the tumor, clinical palpability of the axillary lymph nodes, and type of surgery (mastectomy 
or breast conserving). Histopathological data collected on the tumor included tumor size in 
millimeters, tumor type, tumor grade using the Nottingham-modification-scale, lymphovascular 
invasion, Her2Neu status, and the presence of estrogen or progesterone receptors. Estrogen and 
progesterone receptor status were considered positive if 10 % or more of the material contained 
the appropriate receptors. The variable multifocality also was included in the analysis and was 
defined as tumors occurring in multiple sites in the breast. Due to lacking data in the pathological 
reports, it was not possible to make a clear distinction between multifocality and multicentricity. 
Histopathological data on both the sentinel and axillary lymph nodes included total number of 
resected lymph nodes, total number of positive nodes, size of largest metastases in the sentinel 
lymph node, divided in macrometastases (>2 mm) or (sub)micrometastases (≤ 2 mm), extranodal 
extension, and involvement of the level-III-axillary lymph node. The total number of resected 
lymph nodes was computed by adding the total number of resected lymph nodes during ALND 
to the number of resected lymph nodes during the SLNB. The total number of positive axillary 
lymph nodes was categorized as minimal nodal involvement (≤ 2 positive nodes) or extensive 
nodal involvement (≥3 positive lymph nodes), as proposed by the Z0011 trial.

Chi square analyses or a Fisher’s exact test were used to assess differences in patient and tumor 
characteristics between the ultrasound group and the sentinel node group. A p value of ≤ 
0.05 was considered statistically significant. Survival and disease-free survival analyses were 
conducted using the life-table method, the Kaplan–Meier Curve, and Cox regression analysis. 
Disease-free survival was calculated from date of diagnosis until date of occurrence or metastases 
and/or locoregional relapse. Overall survival was calculated from date of diagnosis until death 
or last documentation. Follow-up was updated until April 2014. Loss of follow-up was defined 
as death or lack of documentation on health status for more than 1 year, without having a new 
appointment in the near future at the breast center. Thirteen patients were considered lost to 
follow-up.

Results

From January 2006 until December 2011, 1,281 cases of invasive breast cancer without metastatic 
disease were treated. In 431 (33.6 %) cases axillary metastases were found. Of these, 78 cases 
receiving neoadjuvant systemic therapy, 5 cases with clinical nodal status N

2–3
 and 17 cases 

which immediately underwent an ALND without a previous axillary biopsy were excluded. Of 
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the remaining 331 cases, 151 had a positive axillary ultrasound (US group), whereas 180 cases 
had a positive sentinel node (SLN group). Subsequently, another 29 cases were excluded for 
various reasons listed in Fig. 1. Hence, a total of 302 cases, representing 301 patients, were 
analysed including 139 cases in the US group and 163 cases, equalling 162 patients, in the SLN 
group. The median age was 60 years; all patients, except one in the SLN group, were female.

Fig. 1 Flowchart of patient selection showing the inclusion of 163 cases in the sentinel node group and 139 
cases in the ultrasound group. SLN group = sentinel node positive patients, US group = patients with a positive 
ultrasound guide lymph node biopsy

Univariate Analyses on Differences in Characteristics
Patients in the US group were older and more likely to have palpable lymphadenopathy than 
those in the SLN group. Patients in the US group also had larger tumors with a higher tumor 
grade and more patients had a negative estrogen and/or progesterone receptor status (38 
vs 10%, respectively) and a positive Her2Neu receptor status (Table 1). Furthermore, in the US 
group, the number of lymph nodes removed from the axilla was higher, as were the number 
of positive lymph nodes with macrometastases, the risk of extranodal extension and level-III 
lymph node metastases compared to the SLN group (Table 2). Multifocality and a triple negative 
receptor status were borderline not significantly different between the groups. When selecting 
only patients without palpable lymphadenopathy, a total of 184 cases, all differences presented 
in Table 1, receptor status and the presence of lymphovascular invasion, remained statistically 
significant. In addition, a significant difference in the proportion of patients with triple negative 
disease was observed (p = 0.043) between the US versus the SLN group.
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Table 1: Univariate analysis of patient and tumor characteristics showing significant differences between axillary 
node positive patients identified by ultrasound versus sentinel node biopsy.

Patient characteristics Ultrasound (n=139) Sentinel node (n=163) p-value

Age 
  Median [Range] 
  <50 years 
  50-69 years 
  ≥70 years

 
64  
38  
48  
53 

 
[23-89]  
(27.3%) 
(34.5%) 
(38.1%)

 
57  
38   
92   
33  

 
[27-89] 
(23.3%) 
(56.4%) 
(20.2%)

<0.001

BMI 
  Normal weight 
  Overweight 
  (Morbid) Obesity

 
62   
49   
28  

 
(43.4%) 
(35.3%) 
(20.2%)

 
68   
62   
33  

 
(41.5%) 
(38.0%) 
(20.2%)

0.859

Year of diagnosis 
  2006-2008 
  2009-2011

 
75 
64

 
(54.0%) 
(46.0%)

 
78 
85

 
(47.9%) 
(52.1%)

0.290

Palpability of axillary nodes 
  No 
  Yes 
  Unknown

 
54  
82  
3  

 
(38.8%) 
(61.2%) 
(2.2%)

 
130  
18   
15  

 
(79.8%) 
(11.0%) 
(9.2%)

<0.001

Side of tumor 
  Right 
  Left

 
61  
78 

 
(43.9%) 
(56.1%)

 
80   
83  

 
(49.1%) 
(50.9%)

0.367

Type of surgery 
  Breast conserving  
  Mastectomy

 
49  
90 

 
(35.3%) 
(64.7%)

 
112 
51

 
(68.7%) 
(31.3%)

<0.001

Tumor size in mm 
  Median [Range] 
  <20mm 
  20-30mm 
  >30mm

 
25  
23 
64 
52

 
[5-79] 

(16.5%) 
(46.0%) 
(37.0%)

 
18  
95 
49 
19

 
[2-76] 

(58.3%) 
(30.1%) 
(11.7%)

<0.001 

Morphology of tumor  
  Ductal carcinoma 
  Lobular carcinoma 
  Other types

 
108  
23   
8  

 
(77.7%) 
(16.5%) 
(5.8%)

 
122  
27  
14  

 
(74.8%) 
(16.6%)  
(8.6%)  

0.635

Tumor grade 
  Grade 1 
  Grade 2 
  Grade 3 
  Unknown

 
23   
75   
38   
3  

 
(16.5%) 
(54.0%) 
(27.3%) 
(2.2%)

 
58   
74   
30   
1  

 
(35.6%)  
(45.4%)  
(18.4%)  
(0.6%) 

0.001

ER-status 
  Negative 
  Positive

 
39   

100 

 
(28.1%) 
(71.9%)

 
17   

146 

 
(10.4%) 
(89.6%)

<0.001

PR-status 
  Negative 
  Positive

 
59   
80  

 
(42.4%) 
(57.6%)

 
41 

122

 
(25.2%) 
(74.8%)

0.001

Her2Neu-status 
  Negative 
  Positive 
  Unknown

 
113  
26   
0  

 
(81.3%) 
(18.7%) 

(0%)

 
149  
13   
1   

 
(91.4%) 
(8.0%) 
(0.6%)

0.006
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Table 1 Continued

Patient characteristics Ultrasound (n=139) Sentinel node (n=163) p-value

Triple negative  
  No 
  Yes

 
117 
22 

 
(84.2%)  
(15.8%)

 
148 
15  

 
(90.8%)  
(9.2%)

0.080

Multifocality 
  No 
  Yes 
  Unknown

 
111  
24  
4  

 
(79.8%) 
(17.3%) 
(2.9%)

 
119  
42   
2   

 
(73.0%) 
(25.8%) 
(1.2%)

0.087

Lymphovascular invasion 
  No 
  Yes 
  Unknown

 
80   
34   
25  

 
(57.5%) 
(24.5%) 
(18.0%)

 
118  
27   
18  

 
(72.4%) 
(16.6%) 
(11.0%)

0.035

ER-status: Estrogen receptor status, PR-status: Progesterone receptor status

Table 2: Univariate analysis of characteristics of axillary lymph nodes showing significant differences  
between axillary node positive patients identified by ultrasound versus sentinel node biopsy.

Axillary lymph nodes Ultrasound  (n=139) Sentinel node  (n=163) p-value

Lymph nodes removed 
  Median [Range]

 
15 

 
[3-41]

 
13 

 
[3-27]

0.001

Total positive lymph nodes 
  Median [Range] 
  1-2 nodes 
  3 or more nodes

 
4  
51    
88   

 
[1-41]  

(36.7%) 
(63.3%)

 
1 

126   
37  

 
[1-16]  

(77.3%) 
(22.7%)

<0.001 

Size of axillary metastasis 
  Macro 
  Micro 
  Unknown

 
126  

4     
9    

 
(90.5%) 
(2.9%) 
(6.5%)

 
109   
54    
0     

 
(66.9%) 
(33.1%) 

(0%)

0.000

Extranodal extension 
  No  
  Yes

 
74  
65   

 
(53.2%) 
(46.8%)

 
142 21   

 
(87.1%)  
(12.9%)

<0.001 

Metastasis level-III-node 
  No 
  Yes 
  Unknown

 
89  
40    
10   

 
(64.0%) 
(28.8%) 
(7.2%)

 
151 
12 
 0 

 
(92.6%)  
(7.4%) 
(0%)

<0.001 

Survival analysis
The median follow-up time was 4 years. During follow-up, a total of 54 patients (18 %) died 
of whom 33 (61 %) as a result of breast cancer and 12 (22 %) due to unrelated causes. In nine 
patients, the cause of death was unknown. Locoregional relapse, solely or before the occurrence 
of metastases, occurred in seven patients: five patients (three in US group and two in SLN group) 
had a local recurrence in the breast and two patients had a regional relapse (one in both groups). 

In the US group, 33 patients suffered from distant metastases and/or locoregional relapse 
compared to 16 patients with a positive SLNB. Survival analysis on the included patients showed 
a 5-year disease-free survival of 72.6 % (95 % CI, 71.8–73.4) in the US group versus 87.7 % (95 % CI, 
87.2–88.2) in the SLN group (p<0.0001). Subsequent Cox regression analysis resulted in a hazard 
ratio (HR) of 2.71 (95 % CI, 1.49–4.92) for the US group compared with the SLN group (Fig. 2).
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Figure 2.  

Kaplan-Meier curve of disease-free survival of patients with a positive SLNB and patients with a 

positive UGLNB (p=0.001). 

Abbreviations: SN group = sentinel node positive patients, US group = patients with a positive ultrasound guide lymph node biopsy 

 

Fig. 2 Kaplan-Meier curve of disease-free survival of patients with a positive SLNB and patients with a positive 
UGLNB (p=0.001). SLN group = sentinel node positive patients, US group = patients with positive patients, US 
group = patients with a  positive ultrasound guide lymph node biopsy

 

 

Figure 3.  

Kaplan-Meier curve of overall survival of patients with a positive SLNB and patients with a positive 

UGLNB (p<0.001).  

Abbreviations: SN group = sentinel node positive patients, US group = patients with a positive ultrasound guide lymph node biopsy 

 

Fig. 3 Kaplan–Meier curve of overall survival of patients with a positive SLNB and patients with a positive UGLNB 
(p<0.001). SLN group = sentinel node-positive patients; US group = patients with a positive ultrasound-guided 
lymph node biopsy

Furthermore, the 5-year overall survival rate was 73.0 % (95 % CI, 72.3–73.8) in the US group 
versus 82.4 % (95 % CI, 81.7–83.1) in the SLN group (p <0.001). Cox regression, adjusted for age at 
diagnosis, resulted in a HR of 2.67 (95 % CI, 1.48–4.84) for the US group compared with the SLN 
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group (Fig. 3). When excluding patients with palpable lymphadenopathy, both overall survival 
and disease-free survival remained significantly worse for patients of the US group compared 
with the SLN group (HR = 2.84; 95 % CI = 1.13–7.17) with respect to the disease-free survival and, 
after adjusting for age at diagnosis, a HR of 3.36 (95 % CI, 1.45–7.77) for overall survival.

Discussion

The present study compared patient, tumor, and lymph node characteristics and differences in 
survival between patients with a positive UGLNB and patients with a positive SLNB. The results 
show that US-positive patients more often had clinically palpable lymphadenopathy and larger 
tumors with worse prognostic factors, such as a higher tumor grade and lymphovascular invasion. 
Consequently, these differences may explain the higher proportion of radical mastectomies 
and the larger tumor burden in the axilla, resulting in a worse disease-free and overall survival in 
patients diagnosed by ultrasound. Similar differences were observed after exclusion of patients 
with clinical palpable axillary nodes, indicating that patients selected by ultrasound represent 
a different breast cancer population.

Results from the ACOSOG Z0011 trial caused a paradigm shift in future management of invasive 
breast cancer. Due to the Z0011 trial, many breast cancer patients with a positive SLNB, treated with 
breast conservational therapy, may now be spared an ALND. The question of which technique is 
used to diagnose an axilla as node positive is therefore very relevant. Whether the conclusions 
of the Z0011 trial also could be applied to patients selected by ultrasound should be established 
by firstly examining whether these patient populations are comparable with regards to patient 
and tumor characteristics. Our findings show that patients whose axillary nodal status is proven 
to be positive by either the SLNB or UGLNB differ substantially from each other with respect 
to various characteristics, even when excluding patients with palpable lymphadenopathy. The 
literature has shown that increased tumor size, higher tumor grade, lymphovascular invasion, 
extranodal extension, size of metastases, ER/PR negativity, and number of positive lymph nodes 
are predictive factors for a worse prognosis.2,8,9,17,18 

In our study population, US-positive patients more often had tumors with the majority of these 
characteristics and a higher number of metastasized lymph nodes than SLN positive patients, 
which can obviously explain the worse prognosis. These results are in accordance with the 
results of Wely et al., who concluded that patients diagnosed after an UGLNB more often had 
extensive nodal involvement.19 However, Cools-Lartigue et al. also compared characteristics 
between such groups but did not find any significant differences, except for size of axillary 
metastases and Her2Neu status.20 This, however, might be due to the small study population 
of only 76 patients.

Intuitively, it seems logical that patients with more axillary tumor burden are more easily 
discovered or identified by radiologists than those with less tumor load. However, with increasing 
improvement of radiological techniques, facilities, and experience the chance of finding axillary 
metastases will increase. Currently, various studies show that the overall sensitivity, specificity, 
positive predictive value, negative predictive value, and accuracy of the UGLNB is 50–70, 
100, 100, 64–75, and 75 %, respectively, when conducted by an experienced radiologist.19,21–23 
However, these rates vary widely in published articles because of its high operator dependency. 
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To improve the accuracy in preoperative diagnosis Swinson et al. recommended sampling 
multiple lymph nodes with an abnormal morphology.13 Consequently, increasing sensitivity 
of axillary ultrasound will result in identifying more lymph node positive patients and thereby 
fewer differences with SLN positive patients. This could lead to a larger group of patients being 
denied the chance of selection for the criteria described in the Z0011 trial, putting them at risk 
to the morbidity of an ALND, such as pain, loss of function, and edema.9,10 This brings us to the 
present diagnosis-treatment paradox: the better the radiologist (or imaging procedure) can 
identify axillary metastases, the worse the surgical consequences for the patient.

Throughout the years, multiple prediction models have been developed to identify patients 
with a positive SLN in whom the ALND can be omitted safely.8,10,24–27 However, it is important to 
realize that due to the current differences in international guidelines with respect to the axillary 
workup, SLN-and US-positive patients may represent a different patient population throughout 
the international literature. This may partially explain why existing prediction models are poorly 
implementable worldwide.25,26,28

Based on our findings, showing a substantial difference between US-and SLN-positive breast 
cancer patients, the role and application of ultrasound in axillary staging needs to be redefined. 
In our opinion, axillary ultrasound should be employed to identify patients with extensive nodal 
involvement who may still benefit from nodal treatment, either by regional radiotherapy or 
surgery.19,29,30 The radiologist therefore should focus on describing the number of suspected 
involved axillary lymph nodes.

Some considerations have to be taken into account. In our center, from 2006 until 2011 radiological 
examinations of the axilla were performed by general radiologists, without specific specialization 
in breast cancer imaging at that time. In centers with more specialized radiologists, however, the 
findings may be significantly different from ours. Moreover, we used retrospectively collected 
data. As a result, missing values occurred especially in the descriptive parameters of ultrasound 
findings and histopathological characteristics of the sentinel node biopsy. Furthermore, this study 
is a single-center study resulting in a relatively small population of only 302 cases over a period 
of 6 years. Nevertheless, the present analysis reflects a common and general patient population 
with invasive breast cancer as can be seen in most peripheral nonacademic (teaching) hospitals.

Conclusions

The results of this study suggest that patients with positive axillary lymph nodes identified by 
ultrasound are substantially different with respect to tumor characteristics, extent of axillary 
nodal disease and (disease-free) survival compared with patients selected by a sentinel lymph 
node procedure, regardless of clinical palpability of the axillary lymph nodes. Considering 
these differences in characteristics, the conclusions of the ACOSOG Z0011 trial seem as yet only 
applicable to patients with a positive axilla found by SLNB. However, to establish conclusively 
whether the Z0011 conclusions also could be applied to US-positive patients, further research 
comparing both axillary US-and SLN-positive patients should be performed. Also, based on 
these results, we recommend that the role of ultrasound in axillary staging has to be redefined 
to identify patients with extensive node involvement.
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Abstract 

Background
The Z0011 trial initiated a paradigm shift in the axillary treatment of breast cancer patients with 
a positive sentinel lymph node biopsy (SLNB), disregarding patients with a positive ultrasound-
guided lymph node biopsy (UGLNB). We examined whether relevant differences exist between 
these patients to determine if the conclusions of the ACOSOG Z0011 trial are applicable to 
UGLNB positive patients. 

Methods 
Patients diagnosed with invasive breast cancer in the Netherlands between January 2008 and 
December 2014 were selected form the Netherlands Cancer Registry.

Results 
A total of 11,820 cases were included; 9,149 cases in the SLNB group and 2,671 in the UGLNB 
group. Multivariate analyses show that UGLNB positive patients were older (p<0.001), more 
likely to have a poorly differentiated tumor (p<0.001) and had a negative hormone receptor 
(p<0.001). However, they were less likely to undergo adjuvant radiation (p=0.004) or systemic 
therapy (p<0.001). Even after adjusting for these factors, UGLNB positive patients had a worse 
overall survival (HR=1.38; 95%CI, =1.23-1.56) than SLNB positive patients.

Conclusion 
This nationwide retrospective study shows that patients found positive by UGLNB have less 
favorable disease characteristics and a worse prognosis compared to patients with a positive 
SLNB. Selection by ultrasound plays an important role when axillary treatment strategies are 
considered. Hence, the conclusions of the Z0011 trial cannot unconditionally be applied to 
patients with a positive UGLNB.
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Introduction 

Determining the axillary lymph node status is still an important element in the diagnostic 
work-up of patients with invasive breast cancer. This is mostly done by ultrasound-guided 
lymph node biopsy (UGLNB) or sentinel lymph node biopsy (SLNB).1 Until recently, a positive 
lymph node was immediately followed by an axillary lymph node dissection (ALND) to obtain 
locoregional disease control and to determine the need for adjuvant systemic treatment.1-4 
However, multiple studies have shown that in 40-70% of the patients with a positive SLNB the 
remaining non-SLNs do not contain any metastases.5-7 As a consequence, the indication for 
adjuvant treatment has become increasingly dependent on other prognostic factors, such as 
age, tumor size, tumor grade, hormone and HER2 receptor status and gene-expression profiles.1, 

8-10 These developments raised questions on the necessity of performing an ALND in patients 
with a positive SLNB.6, 11

Results from the American College of Surgeons Oncology Group (ACOSOG) Z0011 trial initiated 
a paradigm shift in the management of invasive breast cancer. This study showed that an ALND 
can be safely omitted in patients with a positive SLNB, treated with breast conserving surgery 
(including radiotherapy) and adjuvant systemic therapy, even after a follow-up of nearly 10 years.12, 

13 However, UGLNB positive patients were excluded in this study. In order to assess whether the 
conclusions of the Z0011 trial can also be applied to these patients, we previously conducted 
a study among 302 node positive patients to examine whether UGLNB positive patients were 
comparable to SLNB selected positive patients with respect to important clinicopathological 
factors and prognosis. That study showed that UGLNB positive patients had worse tumor 
characteristics and consequently had a worse disease-free and overall survival compared to 
patients with a positive SLNB.14 

However, these results were based on a small patient population treated in only one, non-
academic teaching hospital. We therefore performed this study in a nationwide population 
based data set containing data of breast cancer patients without palpable lymphadenopathy 
to examine whether relevant differences in disease characteristics and prognosis exist between 
patients selected by UGLNB versus SLNB to determine if the conclusions of the ACOSOG Z0011 
trial are applicable to UGLNB positive patients. 

Patients and Methods

This population based study included patients diagnosed with clinical stage T1 or T2 node positive 
invasive breast cancer between 2008 and 2014 in the Netherlands. Data were retrieved from 
the population-based Netherlands Cancer Registry (NCR), which is a prospectively maintained 
database of all malignancies diagnosed in the Netherlands, based on notification by the Dutch 
nationwide pathology archive (PALGA) since 1989, containing information directly from patients’ 
medical records in all hospitals in the Netherlands. The use of this data was approved by the 
NCR Committee of Privacy. 

Historically, all breast cancer patients underwent an ALND for axillary staging. The SLNB was 
officially incorporated in the Dutch guideline in 2004. 15 Ever since the guidelines of 2008, it was 
recommended to perform sonographic evaluation of the axilla in all breast cancer patients with 
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ultrasound-guided biopsies of the tumor and of suspicious axillary lymph nodes, irrespective of 
the palpability of the lymph node, prior to the SLNB.1, 16 Histological biopsies of the breast tumor 
were performed using a 14-Gauge or 18-Gauge needle, whereas suspicious lymph nodes were 
biopsied for cytological analysis using a 21-Gauge hollow needle. If pathological analysis showed 
that the ultrasound-guided biopsy was negative or inconclusive, patients underwent a SLNB. 
For the current analysis, only patients without clinically palpable lymphadenopathy (cN0) who 
had node-positive disease after an ALND were included. Patients with stage IV breast cancer, 
with clinical stage T3-T4 breast tumor according to the TNM-classification1, those receiving neo-
adjuvant systemic treatment, patients with palpable axillary nodes (cN≥1) and patients who did 
not undergo an ALND were excluded.

Data analyses
Clinical data included in the analysis were: age, year of diagnosis, lateralization of the tumor, and type 
of surgery (mastectomy or breast conserving) and clinical TNM-classification. Histopathological 
data collected on the tumor included tumor size according to the TNM-classification1, tumor 
morphology, tumor grade according to the Notthingham grading scale, hormone and HER2 
receptor status. Estrogen and progesterone receptor status were considered positive if 10% or 
more of the material contained the appropriate receptors. The presence of a multifocal tumor 
was also included in the analysis and was defined as tumors occurring in multiple sites in the 
breast. Information on whether or not patients had received an axillary ultrasound was not 
available in the NCR. Therefore, the group “UGLNB positive patients” consisted of those patients 
who had a positive nodal status after an ALND, but did not undergo a previous SLNB. The total 
number of resected lymph nodes and the total number of positive lymph nodes included all 
nodes, either found after SLNB or after ALND. The total number of positive axillary lymph nodes 
was used to define the extent of nodal involvement, which was categorized as minimal nodal 
involvement (one or two positive nodes) or extensive nodal involvement (three or more positive 
lymph nodes), as proposed by the Z0011 trial. 

In univariate analyses, the Chi-square test was used to compare differences in patient and 
tumor characteristics between patients who possibly had a positive UGLNB (UGLNB group) 
versus those with a positive SLNB (SLNB group). Survival analyses were conducted using the 
Kaplan-Meier Method and a multivariate Cox Regression analyses to calculate the Hazard Ratio 
(HR). A p-value of ≤0.1 in univariate analysis was considered statistically significant and used as 
a threshold for inclusion of a covariate in the multivariate Cox Regression analysis to establish 
whether the significant association between method of axillary staging and overall survival 
was influenced by these covariates. Overall survival was calculated from date of diagnosis until 
death or last documentation. Follow-up was updated until December 2015. A p-value of ≤0.05 
multivariate analysis was statistically significant

Results

From January 2008 until December 2014, a total of 95,454 patients were diagnosed with invasive 
breast cancer in the Netherlands. Their median age was 59 years, ranging from 21-97 years. After 
applying in- and exclusion criteria, as summarized in Figure 1, a total of 11,820 patients had one 
or more positive lymph nodes and underwent an ALND. Of these patients, 9,149 had a positive 
SLNB and the remaining 2,671 were included in the UGLNB group
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Fig. 1 Flowchart of patient selection, using TNM-classification1, showing the inclusion of 2,671 cases in the UGLNB 
group and 9,149 cases in SLNB group with positive lymph nodes after ALND.  
Abbreviations: ALND = axillary lymph node dissection; SLNB group = patients with positive sentinel lymph node 
biopsy; UGLNB group = patients with a positive ultrasound guide lymph node biopsy

Differences in characteristics
Table 1 shows the distribution of patient and tumor characteristics between non-vSLNs patients 
versus those with vSLNs and the results of univariate analyses. These results show a shift from 
node positive diagnoses by ultrasound in the earlier years to a positive SLNB later on. Furthermore, 
analyses of patient and tumor characteristics showed that node positive patients diagnosed 
by SLNB significantly differed from patients in the UGLNB group; the UGLNB group was older, 
more often diagnosed in the period 2008-2011, had a larger tumor, had a poorly differentiated 
tumor, was more likely to have a negative hormone receptor status, had a multifocal tumor, 
had undergone a mastectomy and was less likely to receive adjuvant radiation therapy or 
systemic therapy.
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Table 1: Univariate analysis of patient and tumor characteristics in patients staged pT
1
-T

2
 with positive axillary 

lymph nodes identified by ultrasound versus sentinel node biopsy.

Patient characteristics UGLNB  
(n=2671)

SLNB 
(n=9149)

p-value

Gender 
  Male 
  Female

 
21 

2650

 
(0.8%) 

(99.2%)

 
78 

9071

 
(0.9%) 
(99.1%)

0.741

Age 
  Median [Range] 
  <50 years 
  50-69 years 
  ≥70 years

 
63 

590 
1155 
926

 
[23-97] 
(22.1%) 
(43.2%) 
(34.7%)

 
58 

2305 
5045 
1799

 
[21-95] 
(25.2%) 
(55.1%) 
(19.7%)

<0.001

Year of diagnosis 
  2008-2011 
  2012-2014

 
2246 
425

 
(84.1%) 
(15.9%)

 
6788 
2361

 
(74.2%) 
(25.8%)

<0.001

Side of tumor 
  Right 
  Left

 
1310 
1361

 
(49.0%) 
(51.1%)

 
4494 
4655

 
(49.1%) 
(50.9%)

0.932

Type of surgery 
  Breast conserving  
  Mastectomy

 
649 

2022

 
(24.3%) 
(75.7%)

 
4464 
4685

 
(48.8%) 
(51.2%)

<0.001

Tumor stadium (TNM) 
  pT1a 
  pT1b 
  pT1c 
  pT2

 
51 

247 
1082 
1291

 
(1.9%) 
(9.2%) 

(40.5%) 
(48.3%)

 
88 

801 
4222 
4038

 
(1.0%) 
(8.8%) 
(46.1%) 
(44.1%)

<0.001

Morphology of tumor  
  Ductal carcinoma 
  Lobular carcinoma 
  Other types

 
1970 
351 
350

 
(73.8%) 
(13.1%) 
(13.1%)

 
7116 
1097 
936

 
(77.8%) 
(12.0%) 
(10.2%)

<0.001

Tumor grade 
  Grade 1 
  Grade 2 
  Grade 3 
  Unknown

 
497 

1235 
838 
101

 
(18.6%) 
(46.2%) 
(31.4%)

 
1948 
4414 
2518 
269

 
(21.3%) 
(48.2%) 
(27.5%)

<0.001

ER-status 
  Negative 
  Positive 
  Unknown

 
302 

2254 
115

 
(11.3%) 
(84.4%)

 
579 

8080 
490

 
(6.3%) 

(88.3%)

<0.001

PR-status 
  Negative 
  Positive 
  Unknown

 
578 

1825 
787

 
(21.6%) 
(68.3%)

 
1327 
6571 
1251

 
(14.5%) 
(71.8%)

<0.004

HER2-status 
  Negative 
  Positive 
  Unknown

 
2271 
328 
72

 
(85.0%) 
(12.3%)

 
7912 
1089 
148

 
(86.5%) 
(11.9%)

0.474

Multifocality 
  No 
  Yes 
  Unknown

 
1726 
928 
17

 
(64.6%) 
(34.7%)

 
7291 
1808 

50

 
(79.7%) 
(19.8%)

<0.001
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Table 1 Continued

Patient characteristics UGLNB  
(n=2671)

SLNB 
(n=9149)

p-value

Total positive lymph nodes 
  Median [range] 
  1-2 nodes 
  3 or more nodes 
  Unknown

 
1 

2243 
413 
15

 
[1-29] 

(84.5%) 
(15.4%)

 
1 

7169 
1944 

36

 
[1-34] 

(78.7%) 
(21.3%)

<0.001

Radiotherapy 
  No 
  Yes

 
1650 
1021

 
(61.8%) 
(38.2%)

 
3722 
5427

 
(40.7%) 
(59.3%)

<0.001

Adjuvant therapy 
  No 
  Yes 
     *  Chemotherapy 
     *  Hormone therapy 
     *  Both

 
647 
2024 
284 
833 
907

 
(24.2%) 
(75.8%) 
(14.0%) 
(41.2%) 
(44.8%)

 
876 

8273 
1109 
2468 
4696

 
(9.6%) 

(90.4%) 
(13.4%) 
(29.8%) 
(56.8%)

<0.001

Abbreviations: UGLNB = ultrasound guided lymph node biopsy; SLNB = Sentinel lymph node biopsy;  
ER-status = Estrogen receptor status; PR-status = Progesterone receptor status

Overall survival
The median follow-up time was 5 years, ranging up to 8 years. During follow-up, a total of 1,542 
patients (12.2%) died. The 5-year survival was 81.6% for the UGLNB group and 89.6% for the 
SLNB group (p<0.001) (Figure 2). Univariate Cox regression of the overall survival resulted in a 
hazard ratio (HR) of 1.82 (95%CI = 1.64-2.02) for the patients with a positive UGLNB compared 
to patients with a positive SLNB. 

Fig. 2 Kaplan-Meier curve of overall survival in years; SLNB group versus UGLNB group (p<0.001).  
Abbreviations: SLNB group = patients with a positive sentinel lymph node biopsy; UGLNB group = patients with a 
positive ultrasound guide lymph node biopsy
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Multivariate backward Cox regression analysis, adjusting for age at diagnosis, year of diagnosis, type 
of surgery, hormone receptor status, tumor morphology, tumor size, tumor grade, multifocality, 
number of positive lymph nodes, radiation therapy and adjuvant systemic therapy, showed that 
a positive UGLNB remained significantly associated with a worse overall survival compared to 
a positive SLNB (HR=1.38; 95%CI, =1.23-1.56; p<0.001) (Table 2). 

 
Table 2: Significant results of multivariate backward Cox regression analyses on association between method of 
axillary staging and overall survival

Characteristics HR 95% CI p-value

Method of axillary staging 
  SLNB 
  UGLNB

 
1 

1.38

 
 

1.23-1.56

<0.001 
 

Age at diagnosis 
  <50 years 
  50-69 years 
  ≥70 years

 
1 

1.56 
4.39

 
 

1.30-1.88 
4.07-5.88

<0.001

Tumor grade 
  Grade 1 
  Grade 2 
  Grade 3

 
1 

1.21 
1.82

 
 

1.03-1.43 
1.52-2.22

<0.001

ER-status 
  Negative 
  Positive

 
1 

0.70

 
 

0.58-0.86

0.001

PR-status 
  Negative 
  Positive

 
1 

0.77

 
 

0.66-0.90

0.001

Total positive lymph nodes 
  1-2 nodes 
  3 or more nodes

 
1 

1.89

 
 

1.64-2.19

<0.001

Radiotherapy 
  No 
  Yes

 
1 

0.77

 
 

0.64-0.92

0.004

Adjuvant therapy 
  No 
  Yes

 
1 

0.70

 
 

0.60-0.82

<0.001

Abbreviations: UGLNB = ultrasound guided lymph node biopsy; SLNB = Sentinel lymph node biopsy;  
ER-status = estrogen receptor status; PR-status = Progesterone receptor status

 
Discussion

The present nationwide, population-based study aimed to examine whether node positive breast 
cancer patients found by UGLNB differ from those with a positive SLNB. It should be noticed 
that only patients without clinically palpable lymph nodes (cN0) and with small tumors (pT1-T2) 
were studied. It appears that pathologically node positive patients selected by ultrasound had 
significantly worse disease characteristics and a worse overall survival compared to patients 
selected by SLNB, even after correction for possible confounders. Thus, selection by axillary 
ultrasound appears to be an independent prognostic factor.
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In a previous small single center study, we examined this question in all breast cancer patients 
with and without clinically palpable lymphadenopathy. It was shown that patients with a positive 
UGLNB had worse disease characteristics and a higher axillary tumor burden.14 This resulted in a 
worse disease-free (HR=2.71; 95%CI = 1.49-4.92) and overall survival (HR=2.67; 95%CI = 1.48-4.84) 
compared to patients with a positive SLNB. However, due to the small study population it was 
not possible to perform multivariate analyses to correct for confounding factors, as was done 
in the current study. The above formulated question is of course most relevant for patients with 
a clinically negative axillary nodal status. The difference in overall survival shown in the present 
multicenter study between patients selected by a positive UGLNB or SLNB remained significant, 
even after adjustment for known predictors of a worse prognosis, such as tumor size, tumor 
grade, hormone status and number of positive lymph nodes.6, 11, 17-19 Thus, being node positive 
after an UGLNB is a very important prognostic indicator.

Furthermore, the present data demonstrate the ongoing shift in diagnostic work-up of the 
axillary lymph nodes over time. This has previously been described by Beek et al., demonstrating 
the radical transformation in the work up and management of the axilla in the southern 
Netherlands.26 Ever since 2004, Dutch guidelines recommend to perform a SLNB prior to an 
ALND for axillary staging. Although the axillary ultrasound was not yet a standard element of 
the diagnostic work-up, the guideline considered it to be useful for patient selection prior to the 
SLNB. In the guideline of 2008, the UGLNB was officially introduced as an additional diagnostic 
method preceding the SLNB.15, 16 Therefore, since sonographic data were missing, patients who 
did not have a SLNB were included in the UGLNB group. The UGLNB group could therefore 
contain patients who underwent an immediate ALND, although this number should be limited. 

Since the Z0011 trial has caused a paradigm shift in the management of invasive breast cancer, one 
might wonder whether the selection process of the axillary status may affect the applicability of 
its conclusions. The Z0011 demonstrated that in patients with T1-2 invasive breast cancer treated 
with breast conserving therapy, including radiotherapy, and two or less positive sentinel nodes, 
the ALND could be omitted without affecting the prognosis.12 However, some doubts were 
raised regarding the applicability of these Z0011 criteria in general practice, since this trial only 
included a selected group of node positive patients detected by the SLNB.27, 28 Multiple studies 
have shown a large variability in the proportion of patients who fulfill the inclusion criteria of 
the Z0011 trial, ranging from 9-75%.29-32 This wide range is caused by differences in methods of 
inclusion and differences in the axillary work-up. Nevertheless, a number of health care centers 
have already implemented the Z0011 criteria into clinical practice, not only on patients who fit 
the Z0011 criteria, but also on other subgroups.26, 31, 33-37 Unquestionably, application of the Z0011 
criteria results in a substantial reduction of the number of unnecessary ALNDs within a specific 
group of node positive patients.38, 39 However, in patient categories which were not included 
in the Z0011 trial, such as patients who need a mastectomy or those with a positive UGLNB, 
ALND or axillary radiotherapy might still be necessary and recommended.27, 38 These patients 
therefore remain at risk for the morbidity associated with these axillary treatment strategies.

Various studies have been performed on the clinical utility of UGLNB and on the applicability of 
the conclusions of the Z0011 trial on UGLNB positive patients. Farrel et al. examined the role of 
axillary ultrasound as a pre-operative staging method. They performed subgroup analyses on 
patients who would be eligible for application of the Z0011 criteria if they were primarily staged 
by the SLNB.39 It was concluded that patients with a positive UGLNB had a larger axillary nodal 
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burden and were therefore not suitable for application of the Z0011 criteria. On the other hand, 
patients with a negative UGLNB had minimal axillary nodal burden and were thus probably good 
candidates for treatment according to the conclusions of the Z0011 trial. In addition, Zgajnar 
et al. compared node positive patients who, prior to their SLNB, had either a negative physical 
examination or a negative UGLNB and concluded that patients with a negative ultrasound had 
a lower axillary tumor burden than patients who were classified as node negative after physical 
examination.40 Therefore, we advise to adhere to the use of UGLNB as a pre-operative staging 
method, since the number of suspicious lymph nodes visualized during axillary ultrasound is 
predictive for the extent of nodal positivity which may still be relevant for determining the most 
optimal axillary treatment strategy.20, 21, 24, 26 

The results of the present study show that implementing the conclusions of the Z0011 trial 
should be done with caution, especially since international guidelines differ with regards to the 
axillary work-up. In the United States, an axillary ultrasound is only performed in patients with 
clinically palpable lymph nodes, whereas patients without palpable nodes will immediately 
undergo a SLNB.3 On the contrary, in Europe basically all breast cancer patients receive an 
axillary ultrasound and will only undergo a SLNB in case of a negative or inconclusive UGLNB, 
irrespective of lymph node palpability.1, 2, 4 Therefore, the patient cohorts underlying the studies, 
in which axillary nodal status plays a role, differ considerably between the US and Europe, due 
to the bias introduced by the differences with respect to axillary work-up.

The present retrospective study has some draw backs. Specific data on the axillary sonographic 
evaluation were lacking, such as whether the UGLNB was performed at all and the sonographic 
results (like number of visible nodes, number and results of the biopsy, etcetera). In order to 
distinguish patients with a positive UGLNB versus SLNB, we assumed that patients who underwent 
an ALND, but did not undergo a SLNB, had a positive UGLNB. As stated previously, the current 
UGLNB group may therefore also contain patients in whom an ALND was performed directly 
without prior axillary staging. However, this number should be limited, since both the UGLNB 
and the SLNB were a standard element of the axillary work-up, in the years included in this 
study. Furthermore, the follow-up of this study is limited. Also, it is possible not all confounders, 
were identified due to the retrospective character of this study. Nevertheless, based on the high 
number of included patients in this study and the fact that these results confirm the findings 
of a previous study, to our opinion the conclusion of the present analysis should be considered 
valid and clinically relevant for the selection of node positive breast cancer patients

Conclusion

This multicenter population based study shows that clinically node negative breast cancer patients 
with pathological node positivity found by UGLNB have less favorable disease characteristics and 
a worse survival compared to patients selected to be node positive by a SLNB. This diagnostic 
selection process thus plays an important role when axillary treatment strategies are considered. 
Therefore, we conclude that the conclusions of the Z0011 trial cannot yet be applied to patients 
with a positive UGLNB.



Different outcome in node positive breast cancer patients

67

 
   5

References

1. NABON national guideline breast cancer 2.0; Comprehensive Cancer Centre Netherlands (2012). www.oncoline.
 nl/mammacarcinoom. Accessed September 15th, 2016. 
2. Senkus E, Kyriakides S, Ohno S et al (2015) Primary breast cancer: ESMO Clinical Practice Guidelines for diagnosis, 
 treatment and follow-up. Ann Oncol 26 Suppl 5:v8-30
3. National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines); 
 Breast cancer. 1.2016. www.nccn.com. Accessed September 15th, 2016
4. Mayor S (2009) NICE updates guidance on early and advanced breast cancer. BMJ 338:b815
5. Gur AS, Unal B, Ozbek U et al (2010) Validation of breast cancer nomograms for predicting the non-sentinel lymph 
 node metastases after a positive sentinel lymph node biopsy in a multi-center study. Eur J Surg Oncol 36:30-35
6. Coutant C, Olivier C, Lambaudie E et al (2009) Comparison of models to predict nonsentinel lymph node status 
 in breast cancer patients with metastatic sentinel lymph nodes: a prospective multicenter study. J Clin Oncol 
 27:2800-2808
7. Nath J, Sami N, Massey J et al (2013) Selection for axillary clearance in breast cancer (ultrasound negative, sentinel 
 node positive patients have low rates of further metastases). Eur J Surg Oncol 39:450-454
8. Arpino G, Generali D, Sapino A et al (2013) Gene expression profiling in breast cancer: a clinical perspective. Breast 
 22:109-120
9. Drukker CA, Schmidt MK, van Dalen T et al (2014) Gene expression classifiers in the prognosis of breast cancer. 
 Ned Tijdschr Geneeskd 158:A7001
10. Reis-Filho JS, Pusztai L (2011) Gene expression profiling in breast cancer: classification, prognostication, and 
 prediction. Lancet 378:1812-1823
11. Coufal O, Pavlik T, Fabian P et al (2009) Predicting non-sentinel lymph node status after positive sentinel biopsy 
 in breast cancer: what model performs the best in a Czech population? Pathol Oncol Res 15:733-740
12. Giuliano AE, Hunt KK, Ballman KV et al (2011) Axillary dissection vs no axillary dissection in women with invasive 
 breast cancer and sentinel node metastasis: a randomized clinical trial. JAMA 305:569-575
13. Giuliano AE, Ballman K, McCall L et al (2016) Locoregional Recurrence After Sentinel Lymph Node Dissection With 
 or Without Axillary Dissection in Patients With Sentinel Lymph Node Metastases: Long-term Follow-up From the 
 American College of Surgeons Oncology Group (Alliance) ACOSOG Z0011 Randomized Trial. Ann Surg 264:413-420
14. Verheuvel NC, van den Hoven I, Ooms HW et al (2015) The role of ultrasound-guided lymph node biopsy in axillary 
 staging of invasive breast cancer in the post-ACOSOG Z0011 trial era. Ann Surg Oncol 22:409-415
15. NABON national guideline breast cancer; Comprehensive Cancer Centre Netherlands (2004). www.oncoline.nl/
 mammacarcinoom. Accessed September 15th, 2016.
16. NABON national guideline breast cancer; Comprehensive Cancer Centre Netherlands (2008). www.oncoline.nl/
 mammacarcinoom. Accessed September 15th, 2016.
17. van Wely BJ, de Wilt JH, Schout PJ et al (2013) Ultrasound-guided fine-needle aspiration of suspicious nodes in 
 breast cancer patients; selecting patients with extensive nodal involvement. Breast Cancer Res Treat 140:113-118
18. Katz A, Smith BL, Golshan M et al (2008) Nomogram for the prediction of having four or more involved nodes 
 for sentinel lymph node-positive breast cancer. J Clin Oncol 26:2093-2098
19. van la Parra RF, Ernst MF, Bevilacqua JL et al (2009) Validation of a nomogram to predict the risk of nonsentinel 
 lymph node metastases in breast cancer patients with a positive sentinel node biopsy: validation of the MSKCC 
 breast nomogram. Ann Surg Oncol 16:1128-1135
20. Abe H, Schacht D, Sennett CA et al (2013) Utility of preoperative ultrasound for predicting pN2 or higher stage 
 axillary lymph node involvement in patients with newly diagnosed breast cancer. AJR Am J Roentgenol 200:696-
 702
21. Hieken TJ, Trull BC, Boughey JC et al (2013) Preoperative axillary imaging with percutaneous lymph node biopsy 
 is valuable in the contemporary management of patients with breast cancer. Surgery 154:831-8; discussion 838-40
22. Amonkar SJ, Oates E, McLean L et al (2013) Pre-operative staging of the axilla in primary breast cancer. By redefining 
 the abnormal appearing node can we reduce investigations without affecting overall treatment? Breast 22:1114-
 1118
23. Schipper RJ, van Roozendaal LM, de Vries B et al (2013) Axillary ultrasound for preoperative nodal staging in breast 
 cancer patients: is it of added value? Breast 22:1108-1113
24. Caudle AS, Yi M, Hoffman KE et al (2014) Impact of identification of internal mammary sentinel lymph node 
 metastasis in breast cancer patients. Ann Surg Oncol 21:60-65



Chapter 5

68

 
    5

25. Verheuvel NC, Ooms HW, Tjan-Heijnen VC et al (2016) Predictors for extensive nodal involvement in breast cancer 
 patients with axillary lymph node metastases. Breast 27:175-181
26. Beek MA, Verheuvel NC, Luiten EJT et al (2015) Two decades of axillary management in breast cancer. Br J Surg 
 102:1658-1664
27. Gatzemeier W, Bruce Mann G (2013) Which sentinel lymph-node (SLN) positive breast cancer patient needs an 
 axillary lymph-node dissection (ALND) - ACOSOG Z0011 results and beyond. Breast
28. Olsen S, Amr B, Omar A et al (2011) Are the findings of ACOSOG Z0011 applicable to district general hospital unit- 
 and how should they change our practice. Cancer Res 71:355s-356s
29. Guth U, Myrick ME, Viehl CT et al (2012) The post ACOSOG Z0011 era: does our new understanding of breast 
 cancer really change clinical practice? Eur J Surg Oncol 38:645-650
30. Yi M, Kuerer HM, Mittendorf EA et al (2013) Impact of the american college of surgeons oncology group Z0011 
 criteria applied to a contemporary patient population. J Am Coll Surg 216:105-113
31. Delpech Y, Bricou A, Lousquy R et al (2013) The Exportability of the ACOSOG Z0011 Criteria for Omitting Axillary 
 Lymph Node Dissection After Positive Sentinel Lymph Node Biopsy Findings: A Multicenter Study. Ann Surg 
 Oncol
32. Ngui NK, Elder EE, Jayasinghe UW et al (2013) Relevance of the American College of Surgeons Oncology Group 
 Z0011 Trial to breast cancer in the Australian setting. ANZ J Surg 83:924-928
33. Caudle AS, Hunt KK, Tucker SL et al (2012) American College of Surgeons Oncology Group (ACOSOG) Z0011: impact 
 on surgeon practice patterns. Ann Surg Oncol 19:3144-3151
34. Gainer SM, Hunt KK, Beitsch P et al (2012) Changing behavior in clinical practice in response to the ACOSOG Z0011 
 trial: a survey of the American Society of Breast Surgeons. Ann Surg Oncol 19:3152-3158
35. Joyce DP, Lowery AJ, McGrath-Soo LB et al (2015) Management of the axilla: has Z0011 had an impact? Ir J Med 
 Sci
36. Caretta-Weyer H, Greenberg CG, Wilke LG et al (2013) Impact of the American College of Surgeons Oncology 
 Group (ACOSOG) Z0011 trial on clinical management of the axilla in older breast cancer patients: a SEER-medicare 
 analysis. Ann Surg Oncol 20:4145-4152
37. Kommission Mamma der Arbeitsgemeinshaft Gynäkologische Onkologie (2015). Diagnosis and treatment of 
 patients with primary and metastatic breast cancer. Deutschen Gesellschaft für Gynäkologie und Geburtshilfe. 
 2015. www.ago.online.de. Accessed September 15th, 2016. 
38. Ahmed M, Douek M (2013) Life beyond Z11. Breast 22:1226-1227
39. Farrell TP, Adams NC, Stenson M et al (2015) The Z0011 Trial: Is this the end of axillary ultrasound in the pre-operative 
 assessment of breast cancer patients? Eur Radiol
40. Zgajnar J, Hocevar M, Podkrajsek M et al (2006) Patients with preoperatively ultrasonically uninvolved axillary 
 lymph nodes: a distinct subgroup of early breast cancer patients. Breast Cancer Res Treat 97:293-299



 Chapter 6

Predictors for extensive nodal involvement 
in breast cancer patients with axillary lymph 
node metastases

N.C. Verheuvel

H.W.A. Ooms

V.C.G. Tjan-Heijnen

R.M.H. Roumen

A.C. Voogd

The Breast, 2016 Jun; 27:175-81



Chapter 6

70

 
    6

Abstract

Purpose 
Various prediction models have been developed to predict the risk of having no additional 
axillary metastases in patients with a positive sentinel lymph node biopsy (SLNB), thereby 
disregarding patients with a positive ultrasound-guided lymph node biopsy (UGLNB). However, 
in the post-Z0011 trial era it is important to identify all patients with extensive nodal involvement 
for whom axillary treatment might still be beneficial. Therefore, the aim of this study is to identify 
factors predicting extensive nodal involvement (≥3 positive nodes) in the axilla, with the emphasis 
on the method of axillary staging: node positivity by UGLNB versus SLNB.

Methods 
All patients diagnosed with invasive breast cancer between January 2006 and December 2011 
at the Máxima Medical Center were included. Univariate and multivariate logistic regression 
analyses were performed.

Results
We included 302 cases, representing 301 node positive patients, of whom 177 cases had 1 or 2 
positive lymph nodes and 125 cases had ≥3 positive lymph nodes. Multivariate analyses showed 
that a positive UGLNB (OR  =  5.10; 95%CI = 2.78-9.36), lymphovascular invasion (OR = 3.60; 
95%CI = 1.79 -7.23) and a larger tumor size (OR = 1.03 per mm increase; 95%CI = 1.00-1.06) were 
significantly associated with extensive nodal involvement in patients with invasive breast cancer.

Conclusion
This study shows that a positive axilla, determined by UGLNB, is the most important factor for 
predicting further extensive nodal involvement. Hence, the role of axillary staging by ultrasound 
should be redefined since it might play an important role in selecting patients who may still 
benefit from axillary treatment.
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Introduction

Axillary status is the strongest prognostic indicator in invasive breast cancer.1-5 Prior to the 
introduction of the sentinel lymph node biopsy (SLNB) and the ultrasound guided lymph 
node biopsy (UGLNB), axillary lymph node staging was performed through a complete axillary 
lymph node dissection (ALND). However, an ALND can cause significant morbidity, such as 
lymphedema, dysesthesia, impairment of mobility and paresthesia. The American College of 
Surgeons Oncology Group conducted a randomized trial (ACOSOG Z0011 trial) in which they 
studied the disease-free survival and mortality in selected patients with sentinel node positive 
breast cancer treated with versus without an ALND. This trial showed that an ALND may be 
omitted in patients with clinical T

1-2
N

0
M

0
 breast cancer, a positive sentinel node and treated with 

breast conservation therapy and adjuvant systemic therapy.6 The question is whether these 
results are also applicable to patients with a positive UGLNB, since current guidelines state that 
a positive UGLNB is an indication for an immediate ALND. In a previous article we described 
that patients with a positive UGLNB had poorer/less favorable tumor characteristics and a worse 
(disease-free) survival, irrespective of clinical palpability of the axillary lymph nodes. We therefore 
concluded that omitting an ALND is as yet only applicable in patients with a positive SLNB.7

Treatment of the axilla in patients who do not fit the criteria of the Z0011 trial conclusions and/or 
in case of extensive nodal involvement might therefore still be of importance for local disease 
control. However, there is still some ambiguity on the definition of extensive nodal involvement, 
since the Z0011 trial defined extensive nodal involvement as having 3 or more positive axillary 
lymph nodes, whereas international guidelines concerning the necessity for additional (axillary) 
treatment define it as having 4 or more positive nodes (pN

2
 in the TNM-classification).

Hence, this study aims to identify factors predicting the presence of extensive nodal involvement 
in patients with node positive breast cancer, with the emphasis on the method of axillary staging 
(ultrasound guided lymph node biopsy versus sentinel node procedure), in order to select 
patients who might still benefit from additional axillary treatment by either ALND or radiotherapy.

Patients and methods

This study included patients diagnosed with primary invasive breast cancer in the period between 
January 2006 and December 2011 at the Máxima Medical Center. Data were retrieved from the 
population-based Eindhoven Cancer Registry and medical charts of patients. In accordance 
with Dutch guidelines, all patients with newly diagnosed breast cancer were also referred to the 
radiologist for sonographic evaluation of the breast tumor and ipsilateral axilla. Ultrasound guided 
biopsies were performed on the breast tumor and suspicious axillary lymph nodes. Multiple 
histological biopsies of the breast tumor were performed using a 14 Gauge or 18 Gauge needle. 
Suspicious lymph nodes were biopsied for cytological analysis using a 21 Gauge hollow needle. 
If pathological analysis showed that the axillary biopsy was positive, patients were referred for 
an immediate ALND. If the results were negative or inconclusive, patients underwent a SLNB. In 
the period described in this study, a SLNB was considered to be ‘positive’ if macrometastases, 
micrometastases and/or isolated tumor cells had been proven by pathological evaluation after 
which these patients underwent an ALND. For the current research question, patients were 
eligible if they had cytologically or histologically proven axillary lymph node metastases after 
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an UGLNB or after a SLNB, respectively. Patients with stage IV breast cancer, those treated with 
neo-adjuvant systemic therapy, patients with a clinical N

2
 or N

3
 axillary nodal status or patients 

who did not undergo a complete ALND were excluded. Patients with bilateral carcinoma were 
considered as separate observations.

Data analyses
Clinical data included in the analysis were age, body mass index (BMI), year of diagnosis, 
lateralization of the tumor, clinical palpability of the axillary lymph nodes, method of axillary 
staging and type of surgery (mastectomy or breast conserving). Histopathological data collected 
on the tumor included tumor size in millimeters, tumor type, tumor grade using the Nottingham-
modification-scale, lymphovascular invasion and the presence of estrogen or progesterone 
receptors and HER2-status. Estrogen (ER) and progesterone (PR) status were considered positive 
if 10% or more of tumor cells contained the appropriate receptors. Multifocality was also 
included in the analysis as a covariate and was defined as tumors occurring in multiple sites 
in the breast. Due to missing data in the pathological reports, it was not possible to make a 
clear distinction between multifocality and multicentricity. When available, sonographic data 
retrieved by UGLNB consisted of number of visible lymph nodes, size of lymph nodes, described 
sonographic characteristics of lymph nodes (pathologically enlarged, suspicious, enlarged 
cortex, irregular shaped) and method of biopsy (cytological or histological). Histopathological 
data on the axillary lymph nodes included the number of resected (positive) sentinel lymph 
nodes and the number of resected (positive) non-sentinel lymph nodes.

The total number of resected (positive) lymph nodes was computed by adding the total number 
of resected lymph nodes during axillary lymph node dissection to the number of resected 
lymph nodes during the sentinel node procedure, if applicable. In this study extensive nodal 
involvement was defined as the presence of 3 or more positive lymph nodes as proposed by 
the ZOO11 trial. In addition, we performed analyses in which extensive nodal involvement was 
defined as 4 or more positive lymph nodes, as stated in the guidelines for axillary treatment. 
All analyses were performed on patients with a positive SLNB and UGLNB combined, as well 
as subgroup analyses within the ultrasound positive group. We also performed subanalyses 
on the value of lymph node palpability in predicting extensive nodal involvement. Univariate 
analyses were performed using logistic regression analysis. Variables with a p-value of ≤ 0.10 in 
univariate analyses were entered in a stepwise backward procedure in the multivariate logistic 
regression model. In this multivariate model a p-value of ≤ 0.05 was considered statistically 
significant. Data were analyzed using IBM SPSS statistics version 21.

Results

From January 2006 until December 2011, 1281 cases of invasive breast cancer without metastatic 
disease were treated at the Máxima Medical Center, with a median age of the patients of 54 
years (22-97 years). In 431 (33.6%) cases metastases were found in the axillary lymph nodes of 
which 129 cases were excluded for various reasons as listed in Fig. 1.
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Fig. 1 Flowchart of patient selection showing the inclusion of 177 cases with 1-2 positive axillary lymph nodes* 
and 125 cases with ≥3 positive lymph nodes*. 
* Total positive lymph nodes = number of positive sentinel nodes and/or number of positive lymph nodes after 
ALND. Abbreviations: ALND = axillary lymph node dissection, cN = clinical N-stage of TNM-classification.

Hence, a total of 302 cases with breast cancer, representing 301 patients, were analyzed including 
177 patients with 1 or 2 positive lymph nodes and 125 patients with 3 or more positive lymph 
nodes. The median age of this study population was 60 years. All patients except one were female.

Descriptive analyses
Table 1 shows frequencies of clinicopathological characteristics in relation to the extent axillary 
lymph node involvement. Of the 302 patients with positive axillary lymph nodes removed during 
ALND, 86 (28.5%) had extranodal extension, 235 (77.8%) had macrometastases in one or more 
of the lymph nodes and 52 (17.2%) had metastases in one or more level-III-nodes. Subanalyses 
on the value of lymph node palpability in predicting extensive nodal involvement (3 or more 
positive nodes) showed a sensitivity of 66.7%, a specificity of 64.3%, negative predictive value 
of 68.5% and a positive predictive of 62%.
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Table 1: Frequencies of patient and tumor characteristics for extent of nodal involvement.

Patient characteristics 1-2 positive nodes (n = 177) ≥3 positive nodes (n = 125)

Method of axillary staging 
  UGLNBa 

  SLNBb

 
51 (28.8%) 
126 (71.2%)

 
88 (70.4%) 
37 (29.6%)

Age 
  Median [Range] 
  <50 years 
  50-69 years 
  ≥70 years

 
59 [23-89] 
41 (23.2%) 
90 (50.8%) 
46 (26.0%)

 
60 [27-89] 
35 (28.0%) 
50 (40.0%) 
40 (32.0%)

BMI 
  Normal weight 
  Overweight 
  Obesity

 
78 (44.1%) 
69 (40.0%) 
30 (16.9%)

 
52 (41.6%) 
42 (33.6%) 
31 (24.8%)

Palpability of axillary nodes 
  No 
  Yes 
  Unknown

 
126 (71.2%) 
38 (21.5%) 
13 (7.3%)

 
58 (46.4%) 
62 (49.6%) 

7 (5.6%)

Side of tumor 
  Right 
  Left

 
81 (45.8%) 
96 (54.2%)

 
60 (48.0%) 
65 (52.0%)

Type of surgery 
  Breast conserving 
  Radical mastectomy

 
108 (61.0%) 
69 (39.0%)

 
53 (42.4%) 
72 (57.6%)

Tumor size in mm 
  Median [Range] 
  <20 mm 
  20-30 mm 
  >30 mm

 
21 [2-76] 

90 (50.8%) 
61 (34.5%) 
26 (14.7%)

 
29 [5-79] 

28 (22.4%) 
52 (41.6%) 
45 (36.0%)

Morphology of tumor 
  Ductal carcinoma 
  Lobular carcinoma 
  Other types

 
142 (80.2%) 
24 (13.6%) 
11 (6.2%)

 
88 (70.4%) 
26 (20.8%) 
11 (8.8%)

Tumor grade 
  Grade 1 
  Grade 2 
  Grade 3 
  Unknown

 
56 (31.6%) 
83 (46.9%) 
36 (20.3%) 

2 (1.1%)

 
25 (20.0%) 
66 (52.8%) 
32 (25.6%) 

2 (1.6%)

ER-statusc 

  Negative 
  Positive

 
22 (12.4%) 
155 (87.6%)

 
34 (27.1%) 
91 (72.9%)

PR-statusd 

  Negative 
  Positive

 
52 (29.2%) 

125 (70.8%)

 
48 (38.8%) 
77 (61.2%)

HER2-status 
  Negative 
  Positive 
  Unknown

 
156 (88.2%) 
20 (11.2%) 
1 (0.6%)

 
106  (85.3%) 
19 (14.7%) 

0 (0%)

Triple negative receptor status 
  Yes 
  No

 
15 (8.4%) 

162 (91.6%)

 
22 (17.8%) 

103 (82.2%)
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Table 1 Continued

Patient characteristics 1-2 positive nodes (n = 177) ≥3 positive nodes (n = 125)

Multifocality 
  No 
  Yes 
  Unknown

 
139 (78.1%) 
34 (19.1%) 
5 (2.8%)

 
91 (72.1%) 
32 (26.4%) 

2 (1.5%)

Lymphovascular invasion 
  No 
  Yes 
  Unknown

 
132 (74.7%) 
23 (12.9%) 
22 (12.4%)

 
66 (52.7%) 
38 (31.0%) 
21 (16.3%)

 
a UGLNB: Ultrasound guided lymph node biopsy. b SLNB: Sentinel lymph node biopsy. c ER-status: Estrogen status.  
d PR-status: Progresterone status.

Univariate and multivariate analyses
Table 2 shows the results of both the univariate and multivariate regression analyses. After 
univariate analyses the following variables were entered into the multivariate model: method 
of axillary staging (ultrasound versus sentinel lymph node procedure), palpability of axillary 
lymph nodes, type of surgery (breast conserving therapy versus radical mastectomy), tumor 
size in millimeters, tumor grade according to the modified Nottingham grading scale, ER-status, 
PR-status and finally lymphovascular invasion. In the multivariate analysis, the following factors 
remained significantly associated with extensive nodal involvement: a positive axillary ultrasound 
(OR = 5.10; 95%CI = 2.78-9.36), lymphovascular invasion (OR = 3.60; 95%CI = 1.79-7.23) and tumor 
size (OR = 1.03, per mm increase; 95%CI = 1.00-1.06). Additional analyses on predictive factors 
of extensive nodal involvement, defined as 4 or more positive nodes, showed an association 
with a positive axillary ultrasound (OR = 4.36; 95%CI = 2.23-8.53) and lymphovascular invasion 
(OR = 3.40; 95%CI = 1.66-6.96). Furthermore, when conducting analyses within the group of 
patients with a positive axillary ultrasound, lymphovascular invasion (OR = 6.15; 95%CI = 1.96-
19.31) and a negative estrogen receptor status (OR = 2.85; 95%CI 1.02-8.00) were predictive 
for extensive nodal involvement. The number of suspicious lymph nodes observed during 
sonographic examination was nearly statistically significantly associated with extensive nodal 
involvement (p = 0.053).

Table 2: Univariate and multivariate analyses on extent of nodal involvement showing predictive characteristics 
for extensive nodal involvement (3 or more positive nodes).

Characteristics Univariate analysis Multivariate analysis

OR (95%CI) p-value Adjusted OR (95%CI) p-value

Method of axillary staging 
  SLNBa 

  UGLNBb

 
1 

5.88 (3.55-9.72)

 
<0.001

 
1 

5.10 (2.78-9.36)

 
<0.001

Age 
  <50 years 
  50-69 years 
  70 years

 
1 

0.65 (0.37-1.15) 
0.95 (0.55-1.89)

 
0.178

BMI 
  Normal weight 
  Overweight 
  (Morbid) Obesity

 
1 

0.91 (0.54-1.54) 
1.55 (0.87-2.86)

 
0.236



Chapter 6

76

 
    6

Table 2 Continued

Characteristics Univariate analysis Multivariate analysis

OR (95%CI) p-value Adjusted OR (95%CI) p-value

Palpability of axillary nodes 
  No 
  Yes

 
1 

3.54 (2.13-5.90)

 
<0.001

Side of tumor 
  Right 
  Left

 
1 

0.91 (0.58-1.44)

 
0.701

Type of surgery 
  Breast conserving operation 
  Modified radical mastectomy

 
1 

2.13 (1.33-3.39)

 
0.002

Tumor size in mm 1.05 (1.03-1.07) <0.001 1.03 (1.00-1.06) 0.025

Morphology of tumor 
  Ductal carcinoma 
  Lobular carcinoma 
  Other types

 
1 

1.61 (0.87-2.95) 
1.57 (0.64-3.71)

 
0.231

Tumor grade 
  Grade 1 
  Grade 2 
  Grade 3

 
1 

1.78 (1.00-3.16) 
1.99 (1.02-3.89)

 
0.080

ER-statusc 

  Positive 
  Negative

 
1 

2.632 (1.45-4.78)

 
0.001

PR-statusd 

  Positive 
  Negative

 
1 

1.499 (0.92-2.43)

 
0.102

HER2-status 
  Negative 
  Positive

 
1 

1.398 (0.71-2.75)

 
0.330

Multifocality 
  No 
  Yes

 
1 

1.44 (0.83-2.49)

 
0.196

Lymphovascular invasion 
  No 
  Yes

 
1 

3.30 (1.82-6.00)

 
<0.001

 
1 

3.60 (1.79-7.23)

 
<0.001

a SLNB: Sentinel lymph node biopsy. b UGLNB: Ultrasound guided lymph node biopsy. c ER-status: Estrogen 
receptor status. d PR-status: Progesterone receptor status

Discussion

The results of this study show that the risk of extensive nodal involvement is strongly associated 
with the method of axillary staging that is used to determine the presence of positive lymph 
nodes. Patients with a positive UGLNB were 5 times more likely to have extensive nodal 
involvement (≥3 positive nodes) compared to those with a positive SLNB. Lymphovascular 
invasion and tumor size were also significantly associated with extensive nodal involvement. 
Within the ultrasound selected group both lymphovascular invasion and an ER-negative status 
of the tumor were associated with extensive nodal involvement. 
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When the arbitrarily chosen cut-off point of 3 positive nodes was replaced by 4 positive nodes 
(pN

2
 according to TNM staging system) the conclusions did not change substantially.

The publication of the ACOSOG Z0011 trial changed the view on the axillary management of 
breast cancer patients with a positive sentinel node, since the trial showed that an ALND is 
redundant in a selected group of sentinel node positive patients.6 As a consequence, axillary 
staging and the ability to select patients with a high risk of non-sentinel node metastases has 
become crucial in the treatment of the axilla. The literature has shown that in patients with 
a positive SLNB a larger tumor size, higher tumor grade, lymphovascular invasion, extranodal 
extension, larger size of sentinel node metastases, a negative ER or PR status and a higher 
number of positive sentinel lymph nodes increase the likelihood of having positive lymph nodes 
elsewhere in the axilla. In these patients axillary treatment, either by surgery or radiotherapy, 
may still contribute to a better disease-free survival.8-13

Numerous nomograms and prediction models have been developed to predict the absence of 
non-sentinel node metastases incorporating the above mentioned factors.1,14,15 However, their 
predictive value turned out to be low in external populations, which may be due to the fact 
that sentinel node positive patients in Europe differ from American patients, since there are 
substantial differences with respect to the axillary work-up of breast cancer patients between 
European and American guidelines.1,2,14,16-19 In the United States, current guidelines state to only 
perform the UGLNB in patients with palpable axillary lymph nodes.19 Even though it has been 
reported that clinical palpation of the axillary lymph nodes has a notoriously high false-negative 
rate of approximately 30-50%, which was 31.5% in the present study.20-23 In European guidelines, 
however, the axillary ultrasound is a routine element of breast cancer work-up in all patients 
with or without palpable axillary lymph nodes.2,18,24 Patients with a positive ultrasound then 
immediately undergo an ALND without the need for a sentinel node procedure.

The present study shows that the axillary ultrasound is the key factor in identifying patients 
with extensive nodal involvement. Moreover, ultrasound positive patients with lymphovascular 
invasion and an ER-negative status of the tumor have a higher likelihood of having 3 or more 
metastasized lymph nodes. However, patients with a positive ultrasound are excluded in all 
currently available models.15,25,26 Various studies show that the overall sensitivity of the UGLNB 
varies between 50% and 70% and that the specificity reaches up to 100%, when conducted by 
an experienced radiologist.13,27-29 The outcome that a positive UGLNB is the strongest predictive 
factor of extensive nodal involvement correlates well with other observations. Wely et al. showed 
that patients with a positive ultrasound have significantly more positive involved nodes compared 
to sentinel node positive patients, due to a higher number of nodes with macrometastases.29 
Caudle et al. concluded that patients with a positive UGLNB were 3 times more likely to have 
extensive nodal involvement (≥3 positive nodes) compared to sentinel node positive patients.30 
The focus of axillary staging should lie on identifying patients with extensive nodal involvement 
and not merely on determining node positivity. This can be achieved by utilizing the ultrasound 
as a detailed staging method. Abe et al. already showed that pre-operative axillary assessment 
by ultrasound is highly accurate to differentiate between 1 and 3 positive nodes versus 4 or more 
in breast cancer patients.31 To be able to objectify the results of the sonographic examination, 
Kaur et al. formulated a grading system for axillary nodal sonographic findings, similar to the 
BI- RADS-system.32 In addition, Swinson et al. recommended cytological or histological sampling 
of multiple lymph nodes with an abnormal morphology to get pathological confirmation.33 
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Finally, Houssami et al. estimated the clinical utility of the UGLNB in triaging patients for axillary 
treatment in a meta-analysis including 35 observational studies. They showed that patients 
with a positive UGLNB were at least four times more likely to have extensive nodal involvement 
compared to patients with a negative UGLNB, whereby the clinical utility of the UGLNB was 
higher in patients with larger primary tumor sizes.34 This makes it possible to objectively select 
patients in whom axillary treatment might still be necessary.

Several studies have examined alternative methods of axillary staging. The use of the PET-scan 
has been studied as a non-invasive method of axillary staging.35-38 Originally, the FDG-PET scan 
has been used for detection of distant metastases. With respect to axillary staging, literature 
has shown that FDG-PET has a high positive predictive value, but that a negative FDG-PET 
should be followed by a sentinel node procedure, similar as the ultrasound.35,36,39,40 Taking this 
into account combined with the higher costs and the exposure of patients to nuclear material, 
the FDG-PET is not (yet) a standard element of the axillary work-up. In addition, Sever et al. 
investigated the preoperative use of a microbubble injection and contrast-enhanced ultrasound 
(CEUS) in identifying the sentinel node.41 Preliminary results showed that more patients were 
positively identified using this method, but further research is necessary to examine the clinical 
value of this technique.

There are some considerations which have to be taken into account when looking at our results. 
From 2006 until 2011 radiological examinations of the axilla in our hospital were performed by 
general radiologists in a peripheral non-academic hospital, without specific specialization in 
breast cancer imaging at that time. In centers with specialized breast radiologists, however, the 
outcome may be significantly different from ours. Moreover, we used retrospectively collected 
data. As a result, missing values occurred especially in the descriptive parameters of ultrasound 
findings and histopathological characteristics of the sentinel node biopsy. Furthermore, this 
study is a single-center study resulting in a relatively small population of only 302 cases over 
a period of 6 years.

Conclusion

In conclusion, the ability to predict extensive nodal involvement in node positive breast cancer 
patients depends largely on the staging procedure used: patients found positive by ultrasound 
are 5 times more likely to have ≥3 positive nodes compared to those selected by a sentinel node 
biopsy. Other associated factors were lymphovascular invasion and tumor size of the primary 
tumor. Based on these results and what is known from the literature, we recommend that axillary 
ultrasound should be used in a detailed way in all breast cancer patients to identify high risk 
patients with extensive nodal involvement for whom a more aggressive treatment of the axilla 
by either surgery or radiation might still be beneficial. It might be worthwhile conducting a 
prospective study to further examine this issue.
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Abstract

Background: 
The ACOSOG Z0011 trial, a randomized controlled trial among patients with sentinel node 
positive breast cancer treated with breast conserving therapy, concluded that axillary lymph 
node dissection (ALND) can be omitted in these patients. However, questions were raised on 
the general applicability if the results of the Z0011 trial. Therefore, the aim of this study was to 
assess the practice changing effect of the Z0011 trial by quantifying the proportion of all node 
positive breast cancer patients who meet the inclusion criteria which are based on the Z0011 
trial, thus in whom an ALND could be omitted.

Methods: 
A multicenter population based study including patients with clinical T

1-2
N

0-1
M

0
 invasive non-

metastatic breast cancer, a positive sentinel node or ultrasound guided lymph node biopsy, 
treated with breast conserving therapy and adjuvant systemic therapy between January 2007 
and December 2012.

Results: 
A total of 11,031 patients had invasive breast cancer including 3051 cases treated with breast 
conserving therapy and adjuvant systemic therapy. Subsequently, 916 cases with a positive 
nodal status underwent an ALND of whom 558 cases (60.9%), representing 5.1% of the total 
breast cancer population, would potentially have fulfilled the Z0011 criteria.

Conclusion: 
Application of Z0011 based criteria is practice changing in nearly 61% of all node positive 
patients, which could result in omission of the ALND in a substantial number of patients in the 
future. Further research has to be performed on the applicability of these conclusions to other 
categories of breast cancer patients.
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Introduction

According to current international guidelines for the treatment of breast cancer, patients with a 
positive axillary nodal status either by sentinel lymph node biopsy (SLNB) or ultrasound guided 
lymph node biopsy (UGLNB) should have a complete axillary lymph node dissection (ALND) 
to optimize locoregional control in the axilla.1-4 However, an ALND is associated with serious 
complications such as lymphedema, infection, seroma and dysesthesia.5-7 Moreover, in 40-70% 
of sentinel node (SN) positive patients additional lymph nodes do not contain metastases.5,8 In 
case of micrometastases in the SN, the rate of additional positive nodes after ALND is about 20%, 
whereas with isolated tumor cells this rate is only 12%.9,10 Multiple studies have been conducted 
with the intention to identify a group of patients in whom an ALND could be omitted without 
negatively affecting the prognosis.11-13 However, the majority of these studies were based on 
retrospectively collected data, except for the recently published European Organization for 
Research and Treatment of Cancer (EORTC) AMAROS trial which states that axillary treatment 
in patients with a positive SN can also be done by radiotherapy.14

From 1999 until 2004, the American College of Surgeons Oncology Group performed a 
randomized controlled trial (Z0011 trial) to determine the effects of ALND after SLNB versus 
SLNB alone on both survival and 5-years disease- free survival. After a follow-up period of 6.3 
years, the risk of locoregional recurrence was 2.8% in the SLNB group and 4.1% in the ALND 
group, which was not significantly different.15 Based on these results, criteria were formulated 
describing patients in whom the ALND could be omitted without negatively impacting the 
prognosis. These “Z0011 criteria” are: 1. invasive breast cancer, 2. tumor size clinically 5 cm or 
less (T

1-2
), 3. no palpable adenopathy, 4. one or two positive sentinel nodes, 5. treated with 

lumpectomy, adjuvant systemic therapy and whole breast irradiation.16

Publication of the Z0011 trial has caused a paradigm shift in the axillary treatment of invasive 
breast cancer. The National Comprehensive Cancer Network (NCCN) even incorporated the 
Z0011 criteria in their guidelines.3 However, despite the practice changing potential of the Z0011 
trial, some doubts were raised regarding its methodological quality, the external validity and 
its applicability on other patient populations.17-19 Some studies have attempted to determine 
the external validity of the Z0011 trial by applying the inclusion criteria on domestic breast 
cancer patients, however, their conclusions vary widely.18,20,21 This may be due to differences 
in international guidelines regarding axillary work-up and the selection of patients who meet 
the Z0011 criteria.1-3

The present study aims to evaluate the practice changing effect of the main conclusions of 
the Z0011 trial in Dutch node positive breast cancer patients. However, in this study we have 
adjusted the Z0011 criteria based on the axillary work-up according to the Dutch guidelines in 
order to quantify the proportion of T

1
-T

2
 breast cancer patients, treated by breast conservation 

and radiotherapy and with only one or two positive axillary nodes, who might potentially 
benefit from omission of ALND.
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Methods

Study population
This is a multicenter retrospective population based study, including patients with non-metastatic 
invasive breast cancer treated between January 2007 and December 2012 in 10 general hospitals 
in the Netherlands, affiliated with the Dutch National Cancer Registry. In accordance with Dutch 
guidelines, after mammography and clinical evaluation all patients were referred to the radiologist 
for sonographic evaluation of the breast tumor and ipsilateral axilla. Ultrasound guided biopsies 
were performed on the tumor and suspicious axillary lymph nodes. If pathological analysis 
showed a negative or inconclusive biopsy, patients underwent a SLNB. Usually, in this time 
frame, a positive UGLNB or SLNB subsequently resulted in a complete ALND.

As described before, criteria used to select patients for this study were based on the Z0011 
trial conclusions but were adapted in accordance with the axillary work-up in the Netherlands, 
which includes a sonographic evaluation and possibly an UGLNB of the axillary lymph nodes 
of all breast cancer patients. Therefore, in this study we included patients with clinical stage 
T

1-2
N

0-1
 non- metastatic invasive breast cancer treated with lumpectomy followed by adjuvant 

systemic therapy and radiotherapy. To be able to calculate the proportion of patients in whom 
the ALND theoretically could be omitted, we retrospectively included all node positive patients, 
either found after SLNB (including those with a non-retrieved SN) or after UGLNB, with one or 
two metastatic lymph nodes after ALND. This is in contrast with the Z0011 trial inclusion itself, 
which selected only patients after a SLNB. Patients treated with neo-adjuvant systemic therapy 
or those who did not undergo an ALND were excluded (Fig. 1). Application of these in- and 
exclusion criteria resulted in the study population of interest, resulting in a hierarchic diagram 
subdividing patients in multiple categories (Fig. 2).

Fig. 1 Flowchart of patient selection including patients with invasive breast cancer treated with breast conserving 
therapy.
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Fig. 2 Flowchart of patient selection differentiated by method of axillary staging and final and total number of 
positive axillary lymph nodes.* SN = Sentinel node, ** cALND = complete axillary lymph node dissection, *** 
Number of positive axillary lymph nodes found after SN and ALND

Of all patients the following information was collected: age at time of diagnosis, year of diagnosis, 
side of the tumor, clinical TNM-classification, type of surgery (mastectomy versus lumpectomy) 
and (neo-)adjuvant systemic treatment and radiotherapy. Histopathological data on the tumor 
included pathological TNM-classification, tumor size, tumor histology, tumor grade using the 
Nottingham- modification-scale and hormonal and HER2 receptor status. Histopathological data 
on the lymph nodes included size of axillary metastases in the SN and total number of resected 
(positive) axillary lymph nodes. The number of resected (positive) lymph nodes consisted of the 
total number of resected lymph nodes during ALND added to the number of resected lymph 
nodes during the sentinel node procedure. Data on radiological and histopathological results 
of the UGLNB were not existent.

In the initial dataset histological results of the SN-procedure were reported in 5 categories: 1. 
negative, 2. isolated tumor cells (<0.2 mm), 3. micrometastases (0.2-2 mm), 4. macrometastases 
(>2 mm) and 5. non-retrieved SN. For the purpose of this article, the variable was recoded into: 
“negative” (1+2+3), “positive”4 and “not retrieved”.5 Although micrometastases in the lymph nodes 
are classified as node positive (N

1(mi)
) in the TNM-classification, in the current study nodes with 

micrometastases or isolated tumor cells were “negative” based on the results of the International 
Breast Cancer Study Group (IBCSG) 23-01 trial and current guidelines stating that an ALND is no 
longer necessary in such cases for locoregional disease control.2,13

Data analyses
Descriptive statistics were performed using IBM SPSS statistics version 22. Chi-square analyses or 
a Fisher’s exact test was used to assess differences in patient and tumor characteristics between 
patient groups. A p-value of ≤0.05 was considered statistically significant.



Chapter 7

86

 
    7

Results

A total of 11,031 cases with non-metastasized invasive breast cancer underwent treatment in the 
10 general hospitals in the Netherlands between January 2007 and December 2012. Application 
of the in- and exclusion criteria resulted in the basic population of 3051 cases treated with breast 
conserving therapy and adjuvant systemic therapy (see Fig. 1). The median age of this population 
at incidence was 59 years, ranging from 25 to 88 years of age. All patients were female. More 
basic characteristics are listed in Table 1. Data of 52 cases were missing, accounting for only 1% 
of potentially eligible patients.

Fig. 2 shows the subsequent flowchart of patient selection differentiated by method of axillary 
staging. In 90.1% (2749/3051) axillary diagnosis was performed by the SN-procedure. In the 
remaining 9.9% (302/3051) without a SN-procedure, we assumed that the axillary status has been 
established by UGLNB. In 291 (96.4%) of these 302 cases an ALND was performed which was 
positive in 250 (85.9%) cases. The remaining 41 cases had a negative axillary status. Furthermore, 
134 cases of this subgroup had 3 or more positive nodes, accounting for 46%.

Table 1: Characteristics of patients treated with breast conserving therapy and adjuvant systemic therapy and 
selected node positive breast

Patient characteristics Basic population N=3051 Z0011 eligible patients N=558

Age at diagnosis 
  Median [Range]

 
59

 
[25-88]

 
58

 
[26-86]

Side of tumor 
  Right 
  Left

 
1480 
1571

 
(48.5%) 
(51.5%)

 
285 
270

 
(48.9%) 
(51.1%)

Tumor size in mm 
  Median [Range]

 
17

 
[0.3-230]

 
19

 
[2.1-80]

Morphology of tumor  
  Ductal carcinoma 
  Lobular carcinoma 
  Other types

 
2535 
281 
235

 
(83.1%) 
(9.2%) 
(7.7%)

 
469 
44 
45

 
(84.1%) 
(7.9%) 
(8.0%)

Tumor grade 
  Grade 1 
  Grade 2 
  Grade 3 
  Unknown

 
499 
1557 
947 
48

 
(16.4%) 
(51.0%) 
(31.0%) 
(1.6%)

 
156 
244 
152 

6

 
(28.0%) 
(43.7%) 
(27.2%) 
(1.1%)

ER status 
  Negative 
  Positive 
  Unknown

 
432 

2597 
22

 
(14.2%) 
(85.1%) 
(0.7%)

 
57 

497 
4

 
(10.2%) 
(89.1%) 
(0.7%)

PR status 
  Negative 
  Positive 
  Unknown

 
841 
2117 
93

 
(27.6%) 
(69.4%) 
(3.0%)

 
125 
412 
21

 
(22.4%) 
(73.8%) 
(3.8%)

HER2-status 
  Negative 
  Positive 
  Unknown

 
2604 
383 
63

 
(85.3%) 
(12.6%) 
(2.1%)

 
483 
63 
12

 
(86.6%) 
(11.3%) 
(2.2%)

Abbreviations: ER status: Estrogen receptor status; PR status: Progesterone receptor status.
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Sentinel lymph node biopsy
Of the study population, 21.1% had a positive SN of whom 582 cases (90.2%) underwent an 
ALND. This resulted in 75.1% (437/582) with 1 or 2 metastasized lymph nodes and 145 cases 
having 3 or more lymph node metastases.

During the SN-procedure the SN could not be retrieved in 54 cases, of whom 43 (80%) cases 
underwent an immediate ALND which was positive in 48.9% (21/43).

In 2050 cases the SLNB was considered histologically negative (pN0) or contained micrometastases. 
An ALND was still performed in 217 (10.6%) cases of whom 11 cases were node negative, 162 cases 
had 1 positive lymph node, 25 cases had 2 positive lymph nodes and 19 cases had 3 or more 
positive lymph nodes. This high percentage of axillary dissections may be due to micrometastases 
in 87.6% of the cases (190/217), which in that time frame was still an indication for ALND.2

Application of Z0011 based criteria
As stated, we chose to apply the Z0011 criteria to all node positive patients treated with breast 
conserving therapy, including adjuvant systemic and radiotherapy, who are, according to current 
guidelines, still eligible for ALND. Of these 916 included cases, 558 cases (437 plus 5 plus 116) 
had 1 or 2 positive nodes and therefore fulfilled the Z0011 criteria. This accounts for 5.1% of the 
total breast cancer population and 60.9% (558/916) of all presumed node positive cases who 
had undergone an ALND.

Furthermore, 32.2% (145 plus 16 plus 134 = 295/916) of the selected patient population (n = 
916) had 3 or more positive lymph nodes. The relative contribution of this group with extensive 
nodal disease was significantly larger after the UGLNB than after a SLNB (46% versus 26%; 
p-value = 0.013). Further analyses comparing tumor characteristics between patients included 
in the original Z0011 trial and patients in the present study showed no significant differences 
between these groups (Table 2).

Table 2: Univariate analyses comparing patients eligible for the Z0011 criteria from the present study compared to 
the Z0011 trial. Differences were calculated using the Chi-square test.

Characteristics Present study (n=558) Z0011 trial (n=436) p-value

Median age at diagnosis [Range] 58 [26-86] 54 [25-90] 0.705

Median tumor size in mm [Range] 19 [2.1-80] 16 [0-50] 0.731

Clinical tumor stage 
  cT1  
  cT2  
  Missing

 
422 
136

 
(75.6%) 
(24.4%) 

 
303 
126 

7

 
(70.6%) 
(29.4%)

0.423

Hormone receptor 
  ER/PR positive 
  ER/PR negative 
  Other

 
406 
51 

101

 
(72.8%) 
(9.1%) 

(18.1%)

 
270 
64 
58

 
(68.9%) 
(16.3%) 
(14.8%)

0.310

Grading 
  1 
  2 
  3 
  Missing

 
156 
244 
152 

6

 
(28.0%) 
(43.7%) 
(27.2%) 

 
81 
48 
87 
120

 
(25.6%) 
(46.8%) 
(27.5%)

0.918
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Table 2 Continued

Characteristics Present study (n=558) Z0011 trial (n=436) p-value

Histological subtype 
  IDC 
  ILC 
  Other 
  Missing

 
469 
44 
45

 
(84.1%) 
(7.9%) 
(8.0%)

 
356 
36 
32 
12

 
(84.0%) 
(8.5%) 
(7.5%)

0.973

ER: Estrogen receptor; PR: Progesterone receptor; IDC: Invasive ductal carcinoma; ILC: Invasive lobular carcinoma

Discussion

In this study we applied clinical criteria which were based on the conclusions of the ASOCOG 
Z0011 trial to a population based dataset of 11,031 patients with invasive non-metastatic breast 
cancer. In total, 3051 patients with T

1-2
N

0-1
M

0
 were treated with breast conserving therapy 

(including radiotherapy) and adjuvant systemic therapy. Of them, 916 underwent an ALND 
after nodal staging by either a SLNB or UGLNB. In retrospect, 558 of these patients (60.9%) 
could potentially have been spared an ALND, since they only had one or two positive axillary 
nodes. This represents 5% of the total breast cancer population, which is a substantial number 
of women. We therefore conclude that implementing these Z0011 trial based criteria have a 
practice changing effect in selected patients.

Various papers reported on the impact of the Z0011 trial in clinical practice. Their conclusions 
on the applicability of the Z0011 criteria vary widely, which is mainly caused by differences in 
definitions of the studied cohorts and the selection process, resulting in different denominators. 
Guth et al. retrospectively applied the Z0011 criteria on 593 patients with a positive SLNB and 
found that 9% of all SN positive patients fulfilled the Z0011 criteria. Therefore, these authors 
considered the Z0011 criteria not to be practice changing.22 Ngui et al. performed a similar 
single center one-year follow-up study and found that 26 of the 280 patients fulfilled the 
Z0011 criteria, accounting for 21.5% of the node positive patients, which was called a relevant 
practice changing result.20 Yi et al. concluded that the Z0011 trial could be implemented since 
they found that an ALND could be omitted in 75% of the SN positive patients eligible for the 
Z0011 criteria.23 However, the number of patients with 3 or more non-sentinel lymph node 
metastases is unknown, making it unclear whether an ALND could safely be omitted. Delpech 
et al. reported that, of all patients with a positive SN, 69% would have been eligible for omitting 
the ALND when applying the Z0011 criteria and therefore the Z0011 criteria could be exported 
to other populations.24 However, although Ainsworth et al. found that 14.2% of patients treated 
by breast conserving therapy were eligible for the Z0011 trial, they concluded that the eligibility 
of 6.9% of all breast cancer patients is too small to be considered as practice changing.25

Nevertheless, it is important to also realize that implementing the Z0011 criteria in clinical 
practice may result in undertreatment of women with extensive nodal disease, being those 
with 3 or more positive axillary nodes. In the present study, this group represented a relatively 
large proportion, accounting for 9.7% (295/3051) of the cases with breast conserving therapy 
and adjuvant systemic therapy and 32.2% of the node positive patients. 
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This number roughly corresponds with the 23% reported by Ngui et al. and the 27.3% of patients 
in the ALND-group of the Z0011 trial.16,20

Some differences should be noted regarding patients in the Z0011 trial and patients eligible 
for our analysis. Firstly, our setting was the routine clinical practice of 10 general hospitals. We 
intentionally included patients in whom the axilla was staged positive by UGLNB in order to 
evaluate the extent in which the Z0011 criteria could also be applied to this patient category. 
Under current European guidelines, axillary ultrasound is a routine diagnostic procedure in patients 
with or without palpable axillary lymph nodes,1,2,4 which is in contrast with the current guideline 
of the United States which state to only perform an UGLNB in patients with palpable lymph 
nodes, despite the fact that clinical palpation of the axillary lymph nodes has a false-negative 
rate of approximately 30-50%.26,27 Due to these differences between international guidelines 
regarding the standard use of the axillary ultrasound, SN positive patients in the United States 
may differ from the SN positive patients in Europe with respect to axillary nodal burden. This 
study shows that even after selecting patients according to our Z0011 derived criteria, a relatively 
large percentage of UGLNB positive patients have extensive nodal involvement and are thus 
not suitable for application of the Z0011 trial criteria. This emphasizes the essential role of the 
UGLNB in preselecting patients with gross axillary disease and indicates the importance of 
only applying the Z0011 criteria to patients with a positive SLNB. The Z0011 conclusions should 
thus not be generalized to patients considered to be at low risk of axillary nodal involvement. 
Combining the Z0011 criteria and the results of the number and morphology of the lymph 
nodes seen during the UGLNB may be worth considering.

Secondly, in some patients considered to be eligible for the Z0011 criteria the SN could not 
be retrieved. In current guidelines, patients with a non-retrieved SN should undergo an ALND 
because axillary disease cannot be ruled out safely.2,3 However, it is not clear whether the Z0011 
criteria could also be applied to this patient category. In order to prevent undertreatment the 
Z0011 criteria should not automatically be applied to these patients until more research has 
been performed. However, since there is also a high percentage of patients who would, in 
hindsight, unnecessarily undergo an ALND, we recommend to discuss the treatment options 
with patients in this specific category. And finally, in contrast to the methodology of the Z0011 
trial including patients with micrometastases, in this study patients with micrometastases were 
considered as node negative since both the IBCSG 23-01 trial and current international guidelines 
state that an ALND in these patients is no longer necessary due to the low recurrence rate.1-3,13 
Nevertheless, Table 2 shows that the tumor characteristics of our patients were comparable to 
the patients included in the Z0011 trial.

The most important question which remains is what the optimal staging method is for 
differentiating between patients with either only one or two positive nodes and those with 
more extensive nodal disease. Several studies have examined alternative methods of axillary 
staging, such as the use of the PET-scan,28 preoperative use of a microbubble injection and 
contrast-enhanced ultrasound (CEUS)29 and the MARI-procedure (Marking the Axilla with 
Radioactive Iodine seeds).30 Although each method shows promising results, further research 
is necessary before implementing these methods into clinical practice. Currently, the UGLNB 
is still the standard technique for axillary staging in the Netherlands. The results of the present 
study show that 46% of patients diagnosed by ultrasound had extensive nodal disease, as 
opposed to 26% of the patients with a positive SN. This is in accordance with the results of our 
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previous study that showed that patients with a positive UGLNB have less favorable disease 
characteristics and a worse prognosis compared to SN positive patients.31

The strength of the present study is its representation of daily clinical practice in a European 
country with large population based numbers over a long time frame. There are also some 
limitations. Due to the retrospective population based character of this study, some data were 
not available. However, these missing data were not relevant for the main question of the 
present study. Furthermore, data on whether or not patients were diagnosed by ultrasound and 
sonographic data, such as number of visible nodes, were not available, as were the results of the 
biopsy and number of biopsied nodes. Therefore, we assumed that patients who underwent an 
ALND without a previous SN- procedure were probably staged node positive after an UGLNB, 
as stated in the guidelines.

In conclusion, when applying the main conclusions of the Z0011 trial in daily clinical practice 
to the group of node positive patients, treated with breast conserving therapy and adjuvant 
systemic therapy, 60.9% of these patients could be spared an ALND and its associated morbidity, 
since they have only one or two positive nodes. This is a significant practice changing effect. 
However, there is also a risk of undertreatment within the potentially eligible patients. We should 
therefore focus on differentiating between patient categories with few nodes versus those 
with increased risk of extensive nodal involvement who are still not eligible for application of 
the Z0011 criteria.
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Abstract

Background
Evidence and consensus is lacking in international guidelines regarding axillary treatment 
recommendations for patients in whom a sentinel lymph node (SLN) cannot be visualized (non-
vSLN) during the sentinel node procedure. In this study we aimed to determine the prevalence 
of non-vSLNs in a Dutch population of breast cancer patients and to examine predictors and 
survival rate for non-vSLN.

Methods
A nationwide, retrospective, population-based study was performed including 116,920 patients 
with invasive breast cancer who underwent a SLN procedure in the Netherlands between 
January 2005 and December 2013.

Results
Of the 76,472 clinically negative patients who underwent a SLN procedure, 1924 patients (2.5%) 
had a non-vSLN, of whom 1,552 (80.7%) underwent an axillary lymph node dissection (ALND). 
Multivariate analysis showed predictive factors for non-vSLN: older age (p<0.001), diagnosis in 
the period 2005-2009 (p<0.001), larger tumor size (p=0.003) and extensive nodal involvement 
(p<0.001). Multivariate survival analysis showed a significantly worse survival (HR=1.18, 95%CI=1.03-
1.34, p=0.015) for non-vSLNs patients. However, within the non-vSLN group, an ALND was not 
statistically significant associated with a better survival (HR=0.96, 95% CI=0.53-1.75, p=0.891). 

Conclusion
Patients with non-vSLNs had less favorable disease characteristics and a worse survival compared 
to patients with a visualized SLN. Performing an ALND was not associated with a significantly 
better survival in patients with non-vSLNs. However, further research on the necessity of axillary 
treatment in this specific patient group is required.

Synopsis 
Patients with non-visualized sentinel lymph nodes (non-vSLN) have less favorable disease 
characteristics and a worse prognosis than patients in whom the sentinel node could be 
visualized (vSLN). However, performing an ALND did not significantly improve survival in patients 
with non-vSLN.
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Introduction

Historically, axillary lymph node dissection (ALND) has been the gold standard to determine the 
axillary lymph node status in patients with invasive breast cancer. However, an ALND can cause 
significant morbidity, such as lymphedema, dysesthesia, impairment of mobility and pain.1-4 Since 
the introduction of the sentinel lymph node (SLN) biopsy, around 20 years ago, the indication 
to perform an ALND has constantly been under revision. It has already been established that, 
due to a low percentage of positive non-sentinel axillary lymph nodes, an ALND can be omitted 
in patients with a negative SLN and in SLN positive patients with micrometastases or isolated 
tumor cells.3,5-7 Moreover, the Z0011 trial, the AMAROS trial and the NSBAP-32 trial have shown 
that an ALND may be redundant in certain SLN positive patients with macrometastases and 
could be omitted completely or substituted by axillary radiotherapy.8-10 

However, none of the studies examining the necessity of the ALND included patients in 
whom the SLN procedure was unsuccessful, meaning that the SLN could not be visualized nor 
retrieved (non-vSLN). The Dutch guideline states to perform an immediate ALND in case of a 
non-vSLN. However, review of the international guidelines reveals discrepancies in treatment 
recommendations in case of a non-vSLN. This illustrates the lack of consensus regarding the 
need to perform an ALND.11-16 With the present study we aim to determine the prevalence 
of non-vSLNs in a Dutch population of breast cancer patients and to examine differences in 
clinicopathological characteristics, predictors and overall survival between those in whom the 
SLN procedure was not successful (non-vSLN patients) versus patients in whom one or more 
SLN’s were successfully harvested (vSLN patients). We also examined whether performing an 
ALND is associated with a better survival in patients with a non-vSLN. 

Patients and methods

Study population
In this nationwide, retrospective, population-based study we selected patients from the 
Netherlands Cancer Registry (NCR), which is a prospective database of all malignancies diagnosed 
in the Netherlands, based on notification by the Dutch nationwide pathology archive (PALGA) 
since 1989, containing information directly registered from the patients’ medical records in 
all hospitals in the Netherlands. The use of this data was approved by the NCR Committee of 
Privacy. We included patients with primary invasive breast cancer treated between January 
2005 and December 2013, who had undergone a SLN procedure and did not have clinically 
palpable lymphadenopathy (cN0) or clinically apparent metastases (cM0). Patients receiving 
neo-adjuvant systemic treatment were excluded. 

Sentinel node procedure
The Dutch guideline recommends performing the SLN procedure by using a combination 
of preoperative lymphoscintigraphy with radioactive colloid and a peroperative injection of 
Patent Blue.11 Lymphoscintigraphy was performed to visualize, locate and mark the sentinel 
nodes. At the start of the surgical procedure, usually about 0.5 - 1 ml of vital blue dye (Patent 
Blue V, 2.5% solution) was also injected. After incision, the blue lymphatics were visualized and 
a handheld gamma-detection probe was used to harvest the sentinel nodes.17 The results of 
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the sentinel node procedure were registered based on surgical and pathological reports. The 
procedure was considered unsuccessful if neither lymphoscintigraphy nor Patent Blue resulted 
in retrieval of a sentinel node.

Data analyses
The following information was available on all patients: age at time of diagnosis, year of diagnosis, 
side of the tumor, location of the tumor, clinical TNM-classification, type of surgery (mastectomy 
versus breast conserving operation), use of adjuvant systemic treatment (hormonal and/or 
chemotherapy), use of radiotherapy, date of follow-up/death (complete until January 2014) and 
vital status. The available data regarding the tumor included: pathological TNM-classification, 
tumor size, tumor morphology, tumor grade using the Nottingham-modification-scale and 
hormone and HER2 receptor status. The location of the tumor was divided into: lateral (lateral 
lower and upper quadrant), medial (medial lower and upper quadrant) and central, including 
the nipple. The number of positive axillary lymph nodes was divided into negative, one or two 
positive lymph nodes (i.e. minimal nodal involvement) and three or more positive lymph node 
(i.e. extensive nodal involvement). 

In the data-set, results of the SLN were reported in five histological categories: 1. negative, 2. 
isolated tumor cells (<0.2mm), 3. micrometastases (0.2-2mm), 4. macrometastases (>2mm) and 
5. non-visualized SLN. This variable was next recoded into: “negative” (categories 1+2), “positive” 
(categories 3+4) and “non-visualized” (category 5).11 For univariate and multivariate analyses the 
variable was recoded into “visualized” (categories 1+2+3+4=vSLN group) versus “non-visualized” 
(category 5=non-vSLN group). 

In univariate analyses, the chi-square test was used to compare differences in patient and tumor 
characteristics between non-vSLN versus vSLN patients and in non-vSLN patients who received 
an ALND versus those who did not. Variables with a p-value of ≤0.1 in the univariate analyses were 
included in multivariate logistic regression analyses in a stepwise backward fashion to identify 
predictive factors for a non-vSLN. Survival analyses were conducted using the Kaplan-Meier 
method. The log-rank test was used to compare survival curves. A Cox regression analysis was 
performed to calculate the Hazard Ratio (HR), adjusting for potential confounders, identified by 
the univariate log-rank tests. A p-value of ≤0.05 was considered statistically significant in the 
univariate and multivariate analyses. 

Results

Prevalence and predictors of non-visualized sentinel nodes
Figure 1 shows a flow chart of the patient selection. During the years 2005 until 2013, a total 
of 116,920 patients were diagnosed with invasive breast cancer in the Netherlands. After 
applying the in- and exclusion criteria, a total of 76,472 (65.4%) patients who had undergone a 
SLN procedure remained available for the study. Their median age was 60 years, ranging from 
19 to 98 years. In 6,912 (9%) patients the SLN procedure was performed, but details on the 
outcome were missing. Of the remaining 69,560 patients, 16,344 (23.5%) had a positive SLN 
biopsy of whom 15,014 (91.9%) received adjuvant therapy. An ALND was performed in 11,957 
(73.2%) patients of whom 13,354 (81.7%) patients had minimal nodal involvement and 2,984 
(18.3%) patients had extensive nodal involvement. A negative SLN was found in 51,292 (73.7%) 
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patients. The SLN group consisted of a total of 67,636 (97.2%) patients, and was compared 
with the 1,924 (2.5%) patients in the non-vSLN group (See figure 1). Of the 1,924 patients with 
non-vSLNs, 1,035 (53.8%) received adjuvant systemic therapy and 1,552 (80.7%) underwent an 
ALND, of whom 1,213 (63.0%) did not have lymph node metastases, 207 (10.8%) had minimal 
nodal involvement and 221 (11.5%) had extensive nodal disease. Table 1 shows the distribution 
of patient and tumor characteristics between non-vSLNs patients versus those with vSLNs and 
the results of univariate analyses. 

In univariate analyses the following factors were associated with a statistically significant higher 
prevalence of non-vSLNs: older age, a diagnosis in the period 2005-2009, mastectomy, a larger 
tumor size, extensive nodal involvement and the absence of systemic therapy and radiotherapy. 
These factors were included in the multivariate logistic regression analysis, which showed that 
being diagnosed between in the period 2005-2009, being older, having larger tumors and having 
more often extensive nodal involvement were predictors for a non-vSLN (Table 2). 

Fig. 1 Flow chart of patient selection showing the results of the SLN procedure in clinically node negative Dutch 
breast cancer patients without metastatic disease between 2005 and 2013
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Table 1: Frequency table showing characteristics of patients with a visualized (vSLN) versus non-visualized 
sentinel node (non-vSLN)

Patient characteristics vSLN (N=67,636) non-vSLN (N=1,924) p-value

Gender 
  Male 
  Female

 
399 

67237

 
(0.6%) 
(99.4%)

 
8 

1916

 
(0.4%) 

(99.6%)

0.326

Age 
  Median [range] 
  <50 years 
  50-69 years 
  ≥70 years

 
66 

13854 
38278 
15504

 
[19-98] 
(20.5%) 
(56.6%) 
(22.9%)

 
66 
175 
1012 
737

 
[30-93] 
(9.1%) 

(52.6%) 
(38.3%)

<0.001

Year of diagnosis 
  2005-2009 
  2010-2013 

 
30561  
37075

 
(45.2%)  
(54.8%)

 
1085  
839

 
(56.4%)  
(43.6%)

<0.001

Side of tumor 
  Right 
  Left 
  Unknown

 
34524  
33102  

10

 
(51.0%)  
(48.9%)

 
934  
990

 
(48.5%)  
(51.5%)

0.727

Location of tumor 
  Centrally (incl. nipple) 
  Medially  
  Laterally  
  Unknown

 
5081  

14025  
31387  
17143

  
(7.5%)  

(20.7%)  
(46.4%

 
145  
430  
874  
475

 
(7.5%)  

(22.3%)  
(45.4%)

0.273

Type of surgery 
  Breast conserving  
  Mastectomy

  
43305  
24331 

  
(64.0%)  
(36.0%) 

  
1119  
805

  
(58.2%)  
(41.8%) 

<0.001

Tumor size in mm 
  Median [range] 
  <20mm 
  20-30mm 
  >30mm 
  Unknown

  
15  

45672  
14883  
5510  
1571 

  
[0-263]  
(67.5%)  
(22.0%)  
(8.1%) 

  
15  

1213  
459  
210  
42 

  
[0-100]  
(63.0%)  
(23.9%)  
(10.9%) 

<0.001

Morphology of tumor  
  Ductal carcinoma 
  Lobular carcinoma 
  Other types

  
51484  
7179  
8973 

  
(76.1%)  
(10.6%)  
(13.3% 

  
1468  
207  
249 

  
(76.3%)  
(10.8%)  
(12.9%) 

0.508

Tumor grade 
  Grade 1 
  Grade 2 
  Grade 3 
  Unknown

  
18144  
29588  
17034  
2870 

  
(26.8%)  
(43.7%)  
(25.2%) 

  
493  
852  
511  
68 

  
(25.6%)  
(44.3%)  
(26.6%) 

0.116

ER-status 
  Negative 
  Positive 
  Unknown

  
5704  

57248  
4.684 

  
(8.4%)  

(84.6%) 

  
181  

1641  
102 

  
(9.4%)  

(85.3%) 

0.444

PR-status 
  Negative 
  Positive 
  Unknown

  
11063  
46042  
10531 

  
(16.4%)  
(68.1%) 

  
358  

1309  
257 

  
(18.6%)  
(68.0%) 

0.827
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Table 1 Continued

Patient characteristics vSLN (N=67,636) non-vSLN (N=1,924)

HER2-status 
  Negative 
  Positive 
  Unknown

  
56970  
7321  
3345 

  
(84.2%)  
(10.8%) 

  
1632  
186  
106 

  
(84.8%)  
(9.7%) 

0.129

Multifocality 
  No 
  Yes 
  Unknown

  
58003  
9057  
576 

  
(85.8%)  
(13.4%) 

  
1668  
240  
16 

  
(86.7%)  
(12.5%) 

0.346

Number positive lymph nodes 
  0  
  1-2 
  3+ 
  Unknown

  
50654  
13847  
3086  

49 

  
(74.9%)  
(20.5%)  
(4.6%) 

  
1161  
189  
202  
372 

  
(60.3%)  
(9.8%)  
(10.5%) 

<0.001

Adjuvant systemic therapy 
  No 
  Yes 
      - Chemotherapy 
      - Hormone therapy 
      - Both

 
27992  
39644  
7060  
16386  
16198 

  
(41.4%)  
(58.6%)  
(17.8%)  
(41.3%)  
(40.9%) 

  
889  
1035  
141  
560  
334 

  
(46.2%)  
(53.8%)  
(13.6%)  
(54.1%)  
(17.4%) 

<0.001

Adjuvant radiation therapy 
  No 
  Yes 
  Unknown

  
2022  
45614  
20000 

  
(3.0%)  
(67.4%) 

  
680  
1244  

0 

  
(35.3%)  
(64.7%) 

0.010

Abbreviations: vSLN = visualized sentinel node; non-vSLN = non-visualized sentinel node; ER-status = estrogen 
receptor status; PR-status = Progesterone receptor status.

Table 2: Multivariate analyses showing various predictive characteristics for a non-visualized sentinel node 

Characteristics Multivariate Analysis 

Adjusted OR (95%CI) p-value

Age 
  <50 years 
  50-69 years 
  ≥70 years

  
1  

2.19 (1.84-2.60)  
3.73 (3.12-4.46) 

<0.001

Year of diagnosis 
  2005-2009 
  2010-2013

  
1  

0.50 (0.45-0.56) 

<0.001

Tumor size in mm  
  <20 mm  
  20-30 mm  
  >30 mm

  
1  

1.18 (1.05-1.33)  
1.28 (1.08-1.52) 

0.003

Number positive lymph nodes  
  0  
  1-2  
  3+

  
1  

0.62 (0.54-0.73)  
2.86 (0.44-3.35) 

<0.001
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Survival of patients with visualized versus non-visualized sentinel nodes
The median follow-up time of all patients was 3.3 years, with a maximum of 9 years. A total of 
4,802 patients had died, of whom 244 (5.1%) had non-vSLNs (p<0.001). Survival analyses showed 
a 5-year survival rate of 91.3% (95%CI=91.1-91.5) for the vSLN group versus 86.1% (95%CI=84.2-
88.2) for the non-vSLN group (p<0.001) (Figure 2). In the multivariate Cox regression analysis, 
adjusting for age at diagnosis, year of diagnosis, type of surgery, tumor size, number of positive 
lymph nodes, adjuvant systemic therapy and radiotherapy, a worse survival was observed for 
patients with non-vSLNs compared to those with vSLN patients, with a hazard ratio (HR) of 1.18 
(95%CI=1.03-1.34, p=0.015). 

We also performed a sensitivity analyses, in which we excluded patients of 70 years or older. 
Multivariate Cox regression analyses, adjusting for age, year of diagnosis, type of surgery, tumor 
size, progesterone status, number of positive lymph nodes and adjuvant systemic therapy, 
showed that even after excluding these older patients, patients with a non-vSLN still had a 
worse overall survival compare to those with a vSLN (HR=1,419, 95%CI =1,152-1,748).

Fig. 2 . Kaplan-Meier curves on overall survival in years of patients with non-visualized sentinel lymph nodes (non-
vSLN) versus those after with a visualized lymph node (vSLN) (p<0.001) 

ALND in patients with non-vSLN and association with overall survival 
Of the 1,924 patients with a non-vSLN 1,552 (80.7%) underwent a complete ALND. Table 3 shows 
the distribution of patient and tumor characteristics in non-vSLN patients with versus without 
an ALND and the results of univariate and multivariate logistic regression analyses comparing 
both groups (with and without ALND). The results of the multivariate analyses showed that 
patients who underwent an ALND were more often diagnosed in the years 2005-2009 and had 
larger and more often multifocal tumors. 
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The 5-year year survival rate of patients with an ALND was 85.6% (95%CI=79.2-92.0), compared 
to 86.0% (95%CI=84.0-88.0) for those without an ALND (p=0.692) (Figure 3). A multivariate Cox 
regression analysis, adjusting for age, year of diagnosis, tumor location, tumor size, ER and PR 
status and adjuvant systemic therapy, did not show a statistically significant difference in survival 
between patients with and without ALND (HR=0.96, 95%CI=0.53-1.75, p=0.891). 

Table 3: Frequency table showing characteristics of non-vSLN patients (n=1924) who underwent an ALND versus 
no ALND and the results of multivariate analyses.

Patient characteristics No ALND (N=372) ALND (N=1552) Univariate 
Analyses 
p-value

Multivariate 
analyses  

OR (95% CI)

Age 
  <50 years 
  50-69 years 
  ≥70 years

 
22 
199 
151

 
(5.9%) 

(53.5%) 
(40.6%)

 
153 
813 
586

 
(9.9%) 

(52.4%) 
(37.8%)

0.058

Year of diagnosis 
  2005-2009 
  2010-2013

 
94 
278

 
(25.3%) 
(74.7%)

 
991 
561

 
(63.9%) 
(36.1%)

<0.001  
1 

0.15 (0.11-0.21)

Location of tumor 
  Centrally (incl. nipple) 
  Medially  
  Laterally  
  Unknown

 
33 
96 
143 
100

 
(8.9%) 

(25.8%) 
(38.4%)

 
112 
334 
731 
375

 
(7.2%) 

(21.5%) 
(47.1%)

0.015

Type of surgery 
  Breast conserving  
  Mastectomy

 
226 
146

 
(60.8%) 
(39.2%)

 
893 
659

 
(57.5%) 
(42.5%)

0.259

Tumor size in mm 
  <20 mm 
  20-30 mm 
  >30 mm 
  Unknown

 
275 
55 
33 
9

 
(73.9%) 
(14.8%) 
(8.9%)

 
938 
404 
177 
33

 
(60.4%) 
(26.0%) 
(11.4%)

<0.001  
1 

1.75 (1.11-2.76) 
1.72 (0.94-3.13)

Morphology of tumor 
  Ductal carcinoma 
  Lobular carcinoma 
  Other types

 
283 
38 
51

 
(76.1%) 
(10.2%) 
(13.7%)

 
1185 
169 
198

 
(76.4%) 
(10.9%) 
(12.8%)

0.844

Tumor grade 
  Grade 1 
  Grade 2 
  Grade 3 
  Unknown

 
105 
156 
86 
25

 
(28.2%) 
(41.9%) 
(23.1%)

 
388 
696 
425 
43

 
(25.0%) 
(44.8%) 
(27.4%)

0.179

ER-status 
  Negative  
  Positive  
  Unknown

 
23 
314 
35

 
(6.2%) 

(84.4%)

 
158 
1327 

67

 
(10.2%) 
(85.5%)

0.036

PR-status 
  Negative  
  Positive 
  Unknown

 
37 

258 
77

 
(9.9%) 

(69.4%)

 
321 

1051 
180

 
(20.7%) 
(67.7%)

<0.001
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Table 3 Continued

Patient characteristics No ALND (N=372) ALND (N=1552) Univariate 
Analyses 
p-value

Multivariate 
analyses OR (95% 

CI)

HER2-status 
  Negative 
  Positive 
  Unknown

 
321 
34 
17

 
(86.3%) 
(9.1%)

 
1311 
152 
89

 
(84.5%) 
(9.8%)

0.651

Multifocality 
  No 
  Yes 
  Unknown

 
334 
37 
1

 
(89.8%) 
(9.9%)

 
1334 
203 
15

 
(86.0%) 
(13.1%)

0.093  
1 

2.52 (1.29-4.90)

Adjuvant systemic 
therapy 
  No 
  Yes 
      - Chemotherapy 
      - Hormone therapy 
      - Both

 
 

198 
174 
22 
118 
34

 
 

(53.2%) 
(46.8%) 
(12.6%) 
(67.8%) 
(19.5%)

 
 

691 
861 
119 
442 
300

 
 

(44.5%) 
(55.5%) 
(13.8%) 
(28.5%) 
(34.8%)

 
0.003

Adjuvant radiation 
therapy 
  No 
  Yes

 
 

141 
231

 
 

(37.9%) 
(62.1%)

 
 

539 
1013

 
 

(34.7%) 
(65.3%)

 
0.250

Abbreviations: ER-status: estrogen receptor status; PR-status: Progesterone receptor status;ALND: axillary lymph 
node dissection.

Fig. 3 Kaplan-Meier curve of overall survival in years of non-vSLN patients who underwent an ALND versus no 

ALND (p=0.714).
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Discussion

The present study shows that the SLN could not be visualized in 2.5% of all clinically node 
negative Dutch breast cancer patients who underwent a SLN procedure. Patients with a non-
vSLN were older, were more often diagnosed in the earlier period of 2005-2009, had larger 
tumors and were more likely to have extensive nodal involvement, compared to patients who 
had undergone a successful SLN procedure. Multivariate survival analysis, correcting for the most 
relevant confounding factors, showed a significantly poorer 5-year survival rate for patients with 
a non-vSLN versus those with a successful SLN procedure. Moreover, the majority of non-vSLN 
patients underwent an ALND. These patients more often had larger and multifocal tumors and 
were more likely to be diagnosed in the early period of 2005-2009, compared to those who 
did not undergo an ALND. Thus, the present data indicate that this specific group of patients 
in whom a SLN cannot be successfully visualized and harvested, represents a different breast 
cancer population. 

It has been reported that several factors could influence the success rate of the SLN procedure. 
First, next to older age, a high body weight appears to result in an increased likelihood for a 
non-vSLN. It has been hypothesized that lymph nodes in older or more obese patients consist 
of more fat which decreases the nodes’ capacity for colloid uptake.18-20 Although there was no 
information on body weight in the present study, this study did show an increased likelihood 
of non-vSLN with increasing age. Secondly, studies have confirmed our findings that a larger 
tumor size increases the risk of a non-vSLN. Some have reported that a central location of the 
breast tumor may increase the chance of a non-vSLN, though this could not be confirmed in 
the present study.19,21 Thirdly, a high number of positive lymph nodes and macrometastases 
is reported to also decrease the success rate of the SLN procedure, which is confirmed in this 
study.22-24 This may be caused by blockage of the lymphatic pathways by the enlarged lymph 
nodes, which causes the lymphatic system to create alternative pathways. Finally, other factors 
that have been associated with the rate of SLN visualization refer to various procedural factors. 
SLN identification and visualization is lower during repeat SLNB in patients who previously 
underwent a SLNB or ALND.25 The SNARB study (Sentinel Node and Recurrent Breast Cancer) by 
Vugts et al., which is a multicenter study on the feasibility and clinical usefulness of the repeat 
SLNB, showed that the limited SLN visualization may be caused by previous radiotherapeutic 
treatment. In addition, it was advised to inject a larger amount of radioactive dye and a 1-day 
protocol for lymphoscintigraphy was proposed instead of the current 2-day protocol to increase 
the visualization rate.26 Studies also show that the success rate of the SLN procedure increases 
when both the lymphoscintigraphy and Patent Blue methods are used and when a larger 
amount of radioactive dye is injected.23,27-29 Finally, the experience of the surgeon in performing 
the SLN procedure is important in finding and identifying the lymphatic pathways and the SLN.
(30) However, these latter factors were not addressed in the present study. 

A clinically important question is whether patients with a non-vSLN should undergo an ALND. 
International guidelines differ in their treatment recommendations in case of a non-vSLN, if 
treatment options are mentioned at all. The European ESMO guidelines and the British NICE-
guidelines both do not mention the possibility of a non-vSLN or its implications at all.12,13 
The Dutch NABON-guideline, the American ASCO-guideline and the Australian guideline all 
state to perform an ALND in case of a non-vSLN.11,14,15 The NCCN guideline agrees with this 
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statement, however, a footnote is added which states that in case of treatment with adjuvant 
radiation therapy, an extended radiation field to the axilla may also be sufficient.16 Clinical data 
to substantiate these statements are very scarce.

Thus, the question remains whether the ALND is still required in case of a non-vSLN. Obviously, 
axillary treatment can be omitted in case of a negative SLN. More recently, research also 
showed that the ALND could also be omitted in selected SLN positive patients.8-10 The Z0011 
trial formulated criteria to select SLN positive patients in whom the axillary treatment could be 
omitted without affecting (disease-free) survival.8 However, the applicability of these criteria to 
non-vSLN patients is uncertain. In a previous study applying the Z0011 based criteria on a large 
cohort of Dutch breast cancer patients, more than half of the subgroup of non-vSLN patients 
who had undergone an ALND appeared to have no axillary lymph node metastases.31 On the 
other hand, although in that study 37.2% of the patients with non-vSLNs had extensive nodal 
involvement, no statistically significant improved survival after an ALND could be shown. The 
present study, however, indicates that in non-vSLN patients extensive nodal involvement may 
be present more often. 

The strength of the present study is the combination between analyses of a large national 
database of breast cancer patients regarding differences in characteristics and survival between 
vSLN patients and non-vSLN patients, with additional analyses on the overall survival of an 
ALND in the non-vSLN group. However, this study also has some limitations. Due to the use of 
a national database, some data were missing. Furthermore, the SLN procedure was registered 
as performed when either a lymphoscintigraphy and/or the Patent Blue technique was used 
for this procedure. However, it was unknown whether both techniques or only one was used 
in the individual cases. Finally, there was, of course, some selection bias in the non-vSLN group 
between patients who did or did not receive an ALND. Also, due to the relative small number of 
patients in these subgroups, confidence intervals were wide and a clinically relevant difference 
in survival thus cannot be ruled out.

Conclusion

In 2.5% of the patients who underwent a SLN procedure, the sentinel node could not be 
visualized and harvested. These non-vSLN patients had a worse survival compared to patients 
after a successful SLN procedure. Subsequently, 80.7% of these non-vSLN patients underwent 
an ALND. However, an ALND was not statistically associated with a better survival. Therefore, we 
conclude that performing an ALND in patients with a non-vSLN is disputable. More confirmative 
research is warranted to gain a better insight in non-vSLN patients in order to obtain consensus 
regarding patient selection and axillary treatment recommendations.
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Abstract 

Introduction
International guidelines differ regarding their recommendations on axillary treatment of patients 
with non-visualized sentinel nodes (non-vSLN). Therefore, we have distributed a survey among 
Dutch oncological surgeons to determine their routine practice and opinion regarding the 
axillary treatment in case of a non-vSLN, with the emphasis on whether these have changed 
after publication of the Z0011 trial.

Methods
A Dutch nationwide survey containing 10 questions regarding clinical routine during the 
sentinel node procedure and axillary treatment of non-vSLN patients was distributed among 
510 oncological surgeons. 

Results
The survey was completed by 122 (24%) oncological surgeons of whom 116 (95%) were registered 
as specialized breast surgeons. These surgeons had on average 13 years of experience. The 
majority of the respondents used both lymphoscintigraphy and Patent Blue during the sentinel 
node procedure. Thirty-nine percent estimated the prevalence of a non-vSLN to be 1-2%. Most 
surgeons are currently more reserved to perform an axillary lymph node dissection (ALND) 
than prior to the publication of Z0011 trial, 15% versus 80% respectively. Sixty percent base their 
decision on various clinicopathological characteristics. Twenty-three respondents (20%) opted 
for an alternative axillary treatment. 

Conclusion
This study shows that in daily practice most specialized breast surgeons think that a non-vSLN 
is rare. If so, most currently opt not to perform an ALND, whereas a small proportion considers 
an alternative axillary treatment.  This is different than in the period before the Z0011 trial. More 
research is needed to provide optimal treatment recommendations in case of a non-vSLN.

Synopsis
This Dutch survey illustrates the need for more scientific evidence on the optimal axillary treatment 
in patients with a non-visualized sentinel node in order to obtain international consensus and 
to provide the best patient care. 
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Introduction

Since its introduction in the nineties, the sentinel lymph node (SLN) procedure has become a 
standard element in the axillary work-up. Before the introduction of the SLN procedure, every 
patient with invasive breast cancer underwent an axillary lymph node dissection (ALND). The 
SLN procedure has made it possible to select patients without axillary metastases, in whom 
the ALND could then be omitted. More recently, studies like the Z0011 trial also showed that 
the ALND could be omitted in selected SLN positive patients.1-4 However, in 2-4% of the SLN 
procedures, the sentinel node cannot be visualized and retrieved (non-vSLN), after which an 
ALND should still be performed according to the current Dutch guideline.5-7

Scientific studies are scarce and international guidelines differ in their recommendations on 
whether or not an ALND should be performed in case of a non-vSLN.6,8-10 The lack of scientific 
evidence may lead to different axillary treatment regimens between hospitals and between 
surgeons. Therefore, we have distributed a survey among certified oncological surgeons in the 
Netherlands in order to gain some insight into their routines during the SLN procedure and to 
gauge the respondents’ opinions regarding axillary treatment options in case of a non-vSLN. 
Do they perform an immediate ALND in all patients with non-vSLN or do they differentiate 
between patients based on indicative factors? Did they change their routine practice after 
publication of the Z0011 trial? 

Methods

The survey was developed by the authors and distributed through mail among certified surgeons 
registered at the Dutch association of surgical oncologists (NVCO) which is a subdivision of the 
Dutch association of Surgery (NVVH). The survey was distributed among 510 oncological surgeons, 
of whom 116 were registered as specialized breast cancer surgeons. Because publication of 
the Z0011 trial caused a paradigm shift in the axillary management of node positive patients, 
questions were designed to assess practice patterns both before and after the publication of 
the Z0011 trial. The final question of the survey was to gauge the respondents’ perceptions on 
the current Dutch guideline regarding the axillary management of patients with a non-vSLN. 
See appendix 1 for the complete survey. 

Results

Respondents
Of the 510 distributed surveys, a total of 122 (24%) were returned by surgical oncologists. This 
number represented 95% of all registered specialized breast surgeons. The median number of 
years working as an oncological surgeon was 13 years, ranging from 1 to 35 years. Twenty-six 
(21%) respondents had up to five years of experience as a surgeon, 24 (20%) 5-10 years, 23 (19%) 
10-15 years, 18 (15%) 25-20 years, 7 (6%) 20-25 years, 10 (9%) 25-30 years and one respondent 
had over 30 years of experience. 



Chapter 9

110

 
    9

Sentinel node procedure
During the SLN procedure, 87% (106/122) reported to use both the lymphoscintigraphy and 
Patent Blue technique, while 13% (16/122) used the lymphoscintigraphy only. None of the 
respondents used Patent Blue only. When asked to estimate on how many times the sentinel 
node could not be visualized, 35% (43/122) answered less than 1%, 39% (48/122) between 1-2%, 
25% (30/122) between 2-5% and one respondent estimated it to occur in more than 5% of the 
cases. The estimated prevalence of non-vSLNs was not significantly different between surgeons 
who used the lymphoscintigraphy only versus those who combined the lymphoscintigraphy 
with Patent Blue. And, when asked to estimate the prevalence of any lymph node metastases 
in patients with a non-vSLN, 26% (30/117) thought it to be less than 25%, 38% (44/117) between 
25-30%, and 37% (43/117) more than 30%. 

Axillary treatment
Table 1 shows additional responses to the survey. What stands out is that in all scenarios of an 
unsuccessful SLN harvesting, neither with lymphoscintigraphy nor with Patent Blue, axillary 
treatment has changed substantially after the publication of the Z0011 trial. Prior to the Z0011 
trial, the majority (around 80%) of the respondents answered to always perform an ALND in case 
of a non-vSLN. After publication of Z0011 this number has dropped to around 15%. At present, 
the majority of the respondents (60%) declared to only perform an ALND when they expect 
an increased risk of nodal involvement based on various clinicopathological characteristics, as 
illustrated in figure 1. In the past, only 10-15% of the breast surgeons based their decision on such 
clinical factors. Moreover, 23 (19%) respondents answered to choose for an alternative axillary 
treatment instead of a complete ALND in case of a non-vSLN; two respondents indicated not to 
perform an ALND at all, 11 respondents would perform an incomplete ALND, seven respondents 
would choose for 4-node sampling, two respondents would redo the SLN procedure and one 
would consult a multidisciplinary team for further treatment recommendations

Subanalyses differentiating between years of experience as a surgeon, less than 10 versus 10 
or more years, showed no significant differences in the methodology of the SLN procedure 
nor in preferences for axillary treatment in case of a non-vSLN, prior to or after the Z0011 trial. 
What did differ was that the experienced surgeons (10 or more years of experience) more often 
expected the ALND to be redundant in the future and they thought that the guideline should 
be revised for patients with a non-vSLN.

Additional comments
At the end of the survey respondents could add supplementary comments and opinions. The 
comment most frequently made was that an ALND should not be performed on patients with 
a low risk of axillary disease, depending on tumor characteristics and the age of the patient as 
shown in Figure 1. Some respondents recommended to administer adjuvant axillary radiotherapy 
or to perform a partial ALND instead of a complete ALND, especially if there is an indication for 
adjuvant systemic therapy.

Many respondents indicated that the upcoming revised Dutch guideline regarding axillary 
treatment in case of a non-vSLN should not only differentiate between patients with low risk 
of axillary disease versus patients with a high risk, but should also be more specific on the best 
axillary treatment options, such as partial ALND or axillary radiotherapy.
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Table 1: Responses on questions asked in the survey regarding routines of axillary treatment in case of a non-
vSLN, prior to versus after the Z0011 trial
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Tabel 1 Continued
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Fig. 1 Pie chart of clinicopathological factors influencing decision making on whether or not to perform an 
immediate ALND in case of a non-vSLN with percentage of respondents mentioning these factors

Discussion

The present study shows the results of a nationwide survey, which was distributed among 
certified oncological (breast) surgeons in the Netherlands, regarding routine practice during 
the SLN procedure and the axillary treatment in case of a non-visualized and non-retrieved SLN. 
The data show that respondents are currently more reserved in performing a complete ALND in 
case of a non-vSLN compared to the period prior to the publication of the Z0011 trial. Moreover, 
the indication to perform an ALND nowadays mostly depends on clinicopathological factors. 

The Z0011 trial caused a paradigm shift in the axillary treatment of clinically node negative but 
SLN positive patients. This trial compared the effects of ALND after SLNB versus SLNB alone 
on (disease-free) survival and concluded that omitting the ALND in some of these patients 
did not negatively affect (disease-free) survival. Patients in whom the ALND could be omitted 
can be selected by using the so-called “Z0011 criteria”: 1. invasive breast cancer, 2. tumor size 
clinically 5 cm or less (T

1-2
), 3. no palpable lymphadenopathy, 4. one or two positive sentinel 

nodes, 5. treated with lumpectomy.1 In addition, the European Organization for Research and 
Treatment of Cancer (EORTC) AMAROS (After Mapping of the Axilla: Radiotherapy or Surgery) 
trial AMAROS-trial showed that in SLN positive patients with T

1-2
 invasive breast cancer without 

lymphadenopathy administering axillary radiotherapy was not inferior to an ALND in providing 
locoregional disease control.2 Next to these two studies, numerous other studies have shown 
that the ALND is no longer absolutely necessary in every breast cancer patient and consequently 
various prediction models and scoring systems have been developed to select patients in whom 
the ALND could be omitted.11-15 Although these studies provide a promising perspective for 
breast cancer patients, as the ALND can cause significant morbidity, they only included patients 
with a positive SLN, thereby disregarding clinically node negative patients in whom the SLN 
could not be retrieved. 
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This scarcity of studies has also caused some ambiguity between international guidelines in 
axillary treatment recommendations in case of a non-vSLN, provided that treatment options 
are mentioned at all. The current Dutch NABON-guideline states that in case of a non-vSLN an 
ALND should be performed for locoregional control.6 The recommendations in the American 
ASCO-guideline and the Australian guideline are identical to the Dutch guideline. The NCCN 
guideline also concurs, however, a footnote is added which states that in case of clinically negative 
axillary lymph nodes and treatment with mastectomy and radiation therapy, an extended 
radiation field to the axilla may also be sufficient.8,9,16 Currently, only the NCCN-guideline has 
implemented the Z0011 criteria in its recommendations.1,9 

The European ESMO guidelines and the British NICE-guidelines both do not mention the possibility 
of a non-vSLN nor its implications for treatment.10,17 Therefore, the question remains what the 
optimal axillary treatment is in case of a non-vSLN. Studies have shown that older age, a high body 
weight, a larger tumor size and a high number of positive lymph nodes and macrometastases 
can decrease the success rate of the SLN procedure.5,18-23 Therefore, peroperative palpation of 
the axilla remains important, especially in case of a non-vSLN, to locate any suspicious nodes 
which are not identified by Patent Blue or lymphoscintigraphy. Although we did not explicitly 
ask this in our survey, in the Netherlands this is common practice. In a previous study, which has 
yet to be published, we examined potential differences in patient characteristics and prognosis 
between patients with a non-vSLN versus those in whom SLN was successfully harvested (vSLN). 
This study showed that older patients, patients diagnosed prior to 2006 and patients with a large 
tumor were more likely to have an unsuccessful SLN procedure. Moreover, non-vSLN patients 
had a significantly worse survival compared to patients in whom the SLN could be retrieved. 
However, performing an ALND in non-vSLN patients did not significantly improve prognosis. 
This supports the tendency of many surgeons not to (unconditionally) perform a complete 
ALND in case of a non-vSLN.

The present survey is the first to assess current clinical practice among Dutch oncological 
surgeons in case of a non-vSLN. Although this survey is limited and not validated yet, its high 
response by Dutch breast surgeons makes it quite representative. The results provide relevant 
and important insights into the diversity in axillary treatment given by Dutch breast surgeons in 
case of a non-vSLN. Moreover, this survey has shown that decisions on whether or not to perform 
an ALND in case of a non-vSLN has changed after publication of the Z0011 trial, irrespective 
of the surgeon’s years of experience. A more extensive and validated international survey is 
warranted for more scientifically based conclusions on the diversity of given axillary treatments.

Conclusion

The results of this survey show that Dutch breast surgeons are more reserved to perform an 
ALND in patients with a non-visualized sentinel node, especially after publication of the Z0011 
trial. According to the answers given in this survey, the decision on whether or not to perform an 
ALND nowadays mostly depends on multiple clinicopathological characteristics. More research 
is warranted to determine the optimal axillary treatment in patients with non-vSLN to be able 
to provide evidence based recommendations in international guidelines.
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Appendix

Appendix 1: Survey on non-visualized sentinel nodes

Introduction
• Since ……. years I work as a (oncological) surgeon.

• During the sentinel lymph node procedure you use: 
 o Lymphoscintigraphy  
 o Patent Blue 
 o Combination of both

• The average chance of having a positive sentinel node depends on multiple factors, 
especially primary tumor characteristics, but also on pre-operative work-up such as a 
sonographic evaluation of the axilla. Generally, it has been estimated that the chance 
of having a positive sentinel node is between 25 and 30%. What is your estimation on 
the chance of having 1 or more positive axillary lymph nodes in case the sentinel node 
could not be visualized?

 o I estimate this chance to be between 25 and 30%
 o This chance is smaller 
 o This chance is higher

• I estimate that the prevalence of a non-visualized sentinel node is: 
 o Less than 1%
 o Between 1 and 2%
 o Between 2 and 5%
 o More than 5%

Below there are questions regarding the axillary work-up 5 to 10 
years ago, prior to publication of the Z0011 trial and the AMAROS 
trial? 

1-A  What did you do when the sentinel node could not be visualized after lympho-
        scintigraphy and the use of a gamma probe? 
 a) I would have performed an immediate axillary lymph node dissection (ALND)
 b) I would have omitted further axillary treatment
 c) I would have attempted to find the sentinel node by means of Patent Blue
 d) Whether I would have performed an immediate ALND depended on patient and 
      tumor characteristics, such as……………………………………………………
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2-A  If in the previous question you chose to attempt to find the sentinel node by means            
         of Patent Blue (option c), what did you do in case the sentinel node could not be 
         visualized during this procedure? 
 a) I would have performed an immediate axillary lymph node dissection (ALND)
 b) I would have omitted further axillary treatment
 c) Whether I would have performed an immediate ALND depended on patient and  
     tumor characteristics, such as……………………………………………………

3-A  What did you do in case the sentinel node could be visualized during the lympho-
        scintigraphy, but not during the operation after using Patent Blue? 
 a) I would have performed an immediate axillary lymph node dissection (ALND)
 b) I would have omitted further axillary treatment
 c) Whether I would have performed an immediate ALND depended on patient and 
     tumor characteristics, such as……………………………………………………

Please answer the same questions, however, now regarding the axil-
lary work-up at this moment

1-B  What did you do when the sentinel node could not be visualized after lympho-
        scintigraphy and the use of a gamma probe?
 a) I will perform an immediate axillary lymph node dissection (ALND)
 b) I will omit further axillary treatment
 c) I will attempt to find the sentinel node by means of Patent Blue
 d) Whether I will perform an immediate ALND depends on patient and tumor 
      characteristics, such as.…………………………………………………………

2-B  If in the previous question you chose to attempt to find the sentinel node by means of 
        Patent Blue (option c), what did you do in case the sentinel node could not be 
        visualized during this procedure?
 a) I will perform an immediate axillary lymph node dissection (ALND)
 b) I will omit further axillary treatment
 c) Whether I will perform an immediate ALND depends on patient and tumor    
                     characteristics, such as.…………………………………………………………

3-B  What did you do in case the sentinel node could be visualized during the lympho-
        scintigraphy, but not during the operation after using Patent Blue?
 a) I will perform an immediate axillary lymph node dissection (ALND)
 b) I will omit further axillary treatment
 c) Whether I will perform an immediate ALND depends on patient and tumor 
     characteristics, such as.…………………………………………………………
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4 Please indicate whether you agree with the following statements. Multiple answers are   
    possible. In 2015:

• I still execute the Dutch guideline of 2012 regarding the axillary   Yes / No
        work-up and treatment.
• Currently, the guideline regarding axillary work-up is clear-cut.   Yes / No
• I always perform a sentinel node procedure.     Yes / No
• Sometimes, in case of a negative axillary ultrasound I omit further axillary  Yes / No
        diagnostics, including the sentinel node procedure. 
• In addition to the axillary ultrasound, I apply additional imaging entities to  Yes / No
        evaluate axillary nodal status, such as PET, PET/CT, MRI, etc. 
• The confusion on the axillary work-up has increased.    Yes / No
• In my opinion, the sentinel node procedure will be obsolete and will  Yes / No
        disappear within the next few years. 
• Surgical treatment of the axilla is or will be redundant.    Yes / No
• The guideline should be revised regarding further axillary treatment  Yes / No
        in case of a non-visualized sentinel node. If so, which aspect? …….

Additional comments:
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Discussion

Diagnosis and treatment of invasive breast cancer have evolved rapidly in the last decades and 
it is still a dynamic process. Although the emphasis of treatment remains on optimal long-term 
(disease-free) survival by reducing the risk of recurrence or metastatic disease, diagnostic and 
treatment modalities are evolving towards a minimally invasive approach in order to not only 
maintain optimal long-term disease control, but also to reduce the treatment related morbidity. 
In the early 20th century, the standard treatment for patients with invasive breast cancer was a 
Halsted radical mastectomy, which was an en-bloc removal of the breast, chest wall muscles and 
all contents of the axilla.1 However, since the 1960’s it became more apparent that a less radical 
surgical approach could be just as effective.2 This understanding has led to the development 
of the simple mastectomy and the breast conserving lumpectomy, which are still the standard 
treatments.3 A similar shift towards less extensive surgery can be seen in the treatment of the 
axilla. Axillary lymph node status has always been an important prognostic indicator in patients 
with invasive breast cancer.4-6 Historically, a complete axillary lymph node dissection (ALND) 
was performed on every patient with invasive breast cancer with the aim to not only diagnose 
and treat patients, but also to prevent the disease from metastasizing. However, in recent years 
there has been a strong debate on the necessity of an ALND for locoregional disease control 
due to its related morbidity.7,8 Especially due to the implementation of less invasive axillary 
staging methods, the ALND has lost its diagnostic purposes. The ALND is still performed as a 
treatment modality and, with the development of adjuvant systemic therapy and radiotherapy, 
it has also become an important indicator for additional therapy.9 However, whether an ALND is 
still necessary in every breast cancer patient or whether the ALND can be omitted in selected 
patient categories is increasingly questioned. So, the question that needs to be answered, is “In 
which patients do the benefits of an ALND still outweigh the associated morbidity?”. 

Surgical management of the axilla
Currently, the standard recommended procedures to determine the axillary lymph node status 
are the axillary ultrasound and the sentinel node procedure. After implementation of these 
two diagnostic modalities in clinical practice, the indication to perform an ALND has gradually 
shifted from “treat all, except…” to “treat none, unless…”.10-12

The first randomized controlled trial questioning the ALND was the NSABP-B04 trial (National 
Surgical Adjuvant Breast and Bowel Project) of Fisher et al., published in 1980. This trial compared 
a radical mastectomy (including ALND) versus a total mastectomy alone or a total mastectomy 
followed by radiotherapy of the chest wall and thoracic lymph node stations in clinically node-
negative patients. It also compared and a radical mastectomy (including ALND) versus a total 
mastectomy with irradiation of the chest wall and thoracic lymph node stations in clinically 
node-positive patients.13 The study showed no advantage for radical mastectomy, neither in 
node-positive or node-negative patients.13 

Later, studies showed that in case of a negative SLN the ALND could be omitted without 
negatively affecting (disease-free) survival.14-16 In a randomized controlled trial, Canavese et al. 
examined differences in overall survival and recurrence rates in patients with a negative SLN 
followed by an ALND versus patients in whom the ALND was only performed if the SLNB was  
positive.17 This trial showed that the ALND could be omitted in SLN negative patients. Even 
after a follow-up of 15 years, results showed that omitting further axillary surgery in case of a 
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negative SLNB did not negatively affect locoregional disease control nor survival compared to 
patients who did undergo an ALND.18

Moreover, multiple studies have indicated that in case of isolated tumor cells (ITCs) or 
micrometastases in the SLN, the ALND does not contribute to a better survival.19,20 De Rijk et al. 
performed a retrospective study in which they examined the incidence of micrometastases and 
isolated tumor cells in the SLN and the number of additional  lymph node metastases after a 
subsequent ALND. It was concluded that in case of ITCs, the ALND could be omitted, though it was 
still recommended to perform an ALND in case of micrometastases due to the high percentage 
(approximately 15%) of patients with additional nodal metastases.21 However, the International 
Breast Cancer Study Group (IBCSG) 23-01 trial by Galimberti et al., studying the non-inferiority 
of omitting the ALND in patients with a T

1-2
 tumor, with no clinically palpable lymph nodes 

and with one or more SLNs with micrometastases between 2001 and 2010, showed that even 
after a median follow-up period of 5 years there was no significant difference in disease-free or 
overall survival.22 However, there was a higher rate of long-term postoperative complications in 
patients with an ALND.22 This is in accordance with the study of Wely et al. who, from 2000-2003, 
prospectively included all patients who underwent a SLNB. They divided these patients into 
four groups, according to axillary nodal status ranging from a negative to a pN1b-status, with 
the aim to evaluate the prognostic significance of micrometastatic disease.23 After a median 
follow-up period of 6.5 years it was concluded that the presence of micrometastases in the 
SLN did not affect (disease-free) survival when compared to patients with a negative SLN.23

More recent studies indicate that the ALND, which is still the gold standard for axillary treatment 
in case of nodal metastases, may even be omitted in selected patients with macrometastases in 
the SLN. One of these studies is the Z0011 trial of the American College of Surgeons Oncology 
Group.24 This multicenter study, which was published in 2011, examined whether the overall 
and disease-free survival of SLN positive patients would be negatively affected when omitting 
the ALND. It was concluded that omitting the ALND did not result in an inferior survival in 
patients with limited disease who meet the “Z0011 criteria”: 1. invasive breast cancer, 2. tumor 
size clinically 5 cm or less (T

1-2
), 3. no palpable adenopathy, 4. one or two positive SLNs, 5. treated 

with lumpectomy, adjuvant systemic therapy and whole breast irradiation. After a median follow-
up period of 6.3 years the risk of locoregional recurrence rate was 2.8% in the SLNB group and 
4.1% in the ALND group and after 10 years it was 5.3% versus 6.2%, respectively, neither of which 
was significantly different.24-26 However, although the American and German guidelines have 
already implemented these Z0011 criteria, the European Society for Medical Oncology (ESMO) 
and the British Association of Breast Surgery (ABS) recommend to be cautious, especially when 
applying the conclusions of the Z0011 trial to other patient populations with breast cancer, until 
these results have been confirmed by other studies.27-30

Moreover, the AMAROS (After Mapping of the Axilla, Radiotherapy or Surgery?) trial by the  
European Organisation for Research and Treatment of Cancer (EORTC) showed that, after a follow-
up period of 5 years, there was no significant difference in (disease-free) survival between ALND 
versus axillary radiotherapy in patients with T

1-2
 breast cancer without palpable lymphadenopathy 

and with a positive SLN.31 And, this study showed a higher risk of morbidity in patients with an 
ALND, especially when looking at the incidence and severity of lymphedema.31
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Although these trials yielded encouraging results in minimizing the need of ALND, their 
application is limited due to the highly selective patient inclusion criteria.32-34 None of these studies 
included patients with a positive UGLNB, which is a standard element of the axillary work-up 
in the Netherlands. Furthermore, all studies assumed a successful SLN procedure during which 
the SLN could be visualized and retrieved. However, this thesis showed that in 2.5% of the SLN 
procedures the sentinel node could not be retrieved. According to the current Dutch guidelines 
these two patient categories still require an ALND, the necessity of which could be questioned. 

Patient selection
It is becoming increasingly important to identify patients in whom the ALND can be omitted 
in the presence of a positive SLN without affecting disease-free and overall survival. To facilitate 
this clinical decision, multiple prediction models and scoring systems have been developed over 
the years to select patients with a low risk of additional non-SLN metastases in patients with 
a positive SLN.35 The first published model was the Memorial Sloan-Kettering Cancer Center 
(MSKCC) nomogram developed by Van Zee et al. which contains eight factors predicting the 
likelihood of additional non-SLN metastases.6 Other nomograms are the MOU, the Mayo, the 
Cambridge, the Stanford and the nomogram by Gur et al.7,10,36-38 Examples of scoring systems 
are the MD Anderson, the Tenon and the Saïdi scores.39,40 However, the external validity and 
application of these models on domestic breast cancer patients is limited.41 Van den Hoven et al. 
compared the predicted probabilities of these models within a group of SLN positive patients. 
They concluded that there was a high variation in predicted probabilities between these models 
and therefore they recommended to first validate the model on a domestic population prior 
to implementation in clinical practice.41

When critically analyzing studies on nomograms and scoring systems, it becomes apparent that 
there are significant differences regarding the axillary work-up, based on difference in prevailing 
guidelines. In European guidelines, the UGLNB is a routine element in the diagnostic work-up 
of breast cancer patients. In case of a positive UGLNB the patient will immediately undergo an 
ALND, however, in case of a negative or inconclusive biopsy the patient will undergo a SLNB.3,42,43 
On the contrary, the American guidelines state to only perform an UGLNB in case of palpable 
lymph nodes, even though clinical palpation has a false-negative rate of 30–50%.28,44-46 This 
causes a difference in work-up of patients with a positive SLNB between the United States and 
Europe, since in Europe most patients with axillary disease are already selected for an ALND by 
UGLNB, leaving the patients with more limited nodal disease to proceed to a SLNB.3,42,47 These 
differences between international guidelines regarding the recommendations on axillary work-
up not only urge caution when interpreting international literature on this matter, but may also 
explain why the majority of studies and prediction models selecting patients for omitting the 
ALND have different results and conclusions. Nevertheless, the UGLNB may be an essential 
element of axillary management.48,49 It is a minimally invasive method, performed simultaneously 
with the sonographic evaluation of the breast tumor and axillary lymph nodes, and can be 
performed under local anesthesia thereby avoiding two-step axillary surgery.50,51 The accuracy 
of the axillary ultrasound with nodal biopsy has been proven in multiple studies.52-54 In a meta-
analyses on the clinical utility of the UGLNB, Houssami et al. showed a sensitivity of 79.6% (95% 
CI = 74.1-84.2) and a specificity of 98.3% (95%CI = 97.2-99.0) of the UGLNB.55



Discussion, future perspectives and conclusion

125

 
  10

Future perspectives 

The ALND is under a lot of scrutiny, not only because the therapeutic benefits and the prognostic 
significance of the ALND in patients with limited disease is questionable, but also due to the 
long-term postoperative morbidity. Currently, multiple ongoing trials evaluate whether omission 
of axillary surgery negatively affects (disease-free) survival. The Intergroup Sentinel Mamma 
(INSEMA) trial by Reimer et al. is designed to evaluate whether the SLNB or ALND could be 
omitted in T

1-2
 breast cancer without palpable lymphadenopathy and less than three positive 

nodes undergoing breast conserving treatment by analyzing patients with versus those without 
SLNB and, in case of a positive SLNB, ALND versus no ALND.56 Other studies which are still in 
progress are two multicenter randomized controlled trials, namely the BOrstkanker Onderzoeks 
Groep (BOOG) 2013-07 by Smidt et al. and the SINODAR ONE trial by Tinterri et al. which were 
designed to establish whether the ALND could also be omitted in node-positive patients who 
undergo a mastectomy.57,58

Axillary work-up
So, if the ALND is no longer necessary as a diagnostic method nor as a therapeutic modality in 
patients with limited tumor burden who are selected by the SLNB, then what is the purpose 
of the SLNB? Should the SLNB remain as an axillary staging procedure at all? As the ALND will 
be performed less frequently, one could argue that the SLNB is the only remaining surgical 
treatment of the axilla and indicator for (neo-) adjuvant systemic therapy. In contrast, the SLNB 
could be considered to be an unnecessary invasive procedure which could be omitted since 
it has lost its purpose as an indicator to perform an ALND, especially after an UGLNB.12,59 The 
Sentinel node versus Observation after axillary UltraSouND (SOUND) trial by Gentilini et al. was 
developed to examine the disease-free survival in patients with a negative ultrasound without 
additional treatment, versus treatment by SLNB and/or ALND.60 Also, Smidt et al. initiated a 
randomized phase 3 non-inferiority multicenter trial, which investigates whether omitting the 
SLNB in clinically node-negative patients is not inferior compared to performing a SLNB in terms 
of recurrence rate and disease-free survival in patients with cT

1-2
 unilateral breast cancer treated 

with lumpectomy and whole breast radiotherapy.61 However, the results of these studies are 
not available yet. 

When considering omitting the SLNB, the current role of the UGLNB should then be critically 
assessed since up to now all patients with a positive UGLNB are immediately referred for an 
ALND, even if they would be eligible for the Z0011 criteria when they had a SLNB instead.59,62 This 
changing role of the UGLNB warrants a new and more critical perspective of the radiologists 
performing the axillary ultrasound. Currently, only one or two of the most morphologically 
suspicious nodes are biopsied to establish malignancy.3 Instead, if the SLNB were omitted, the 
UGLNB should be used to identify patients with extensive nodal involvement (i.e. ≥3 positive 
lymph nodes) for whom axillary treatment may still contribute to a better locoregional control 
and survival by determining the number of morphologically suspicious nodes combined with a 
biopsy of all visualized abnormal nodes.63,64 Schipper et al. collected data on sonographic nodal 
staging of patients with cT

1-2
 treated with breast conservative therapy, and concluded that a 

negative axillary ultrasound could exclude pN
2-3

 disease but a positive ultrasound could not 
differentiate between pN

1
 versus pN

2-3
 disease.65 Still, according to Abe et al., the ultrasound is a 

clinically useful tool in predicting pN
2
 or higher disease.66 However, Topps et al. recommended  
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performing a core biopsy of axillary nodes in patients with lobular carcinoma instead of a 
fine-needle aspiration, because the latter appeared to be less sensitive in patients with lobular 
carcinoma compared to patients with ductal carcinoma (53.6% versus 98.4%, respectively).67 In 
addition, Britton et al. recommend focusing mainly on the level-1 axillary lymph nodes during 
axillary ultrasound since during the SLNB the majority of the SLNs will also be found in this 
region.68 Also, the ultrasound should be combined with clinical factors to predict extensive 
nodal involvement.69,70 However, prediction models incorporating sonographic data to predict 
extensive nodal involvement are scarce. Katz et al. and Chagpar et al. formulated nomograms 
to predict the likelihood of four or more positive nodes in order to identify patients for whom 
axillary treatment might still be beneficial. However both models contain clinical data combined 
with data from the SLNB, and also disregard the clinical use of the UGLNB.71,72 Qiu et al. did 
develop a promising nomogram incorporating clinicopathological and sonographic data to 
predict axillary lymph node metastases, but to validate their model they used patients from the 
same institution.73 Therefore, further (external) validation is necessary to establish the clinical 
value of such a nomogram.

Alternative ways to treat the axilla
If the ALND is no longer the gold standard for axillary treatment, what are the alternative treatment 
options? As mentioned before, the AMAROS trial has demonstrated the non-inferiority of 
axillary radiotherapy in node-positive patients with limited disease burden.31 Moreover, adjuvant 
systemic treatment is becoming increasingly important in the management of breast cancer. 
Clinicians even recommend (neo-) adjuvant systemic therapy based on patient and tumor 
characteristics, genomic tests such as the Mammaprint and/or positivity of axillary lymph nodes, 
regardless of the exact number of positive axillary lymph nodes.3,72 Especially neo-adjuvant 
chemotherapy (NAC), which was introduced in the early 1980s to convert inoperable locally 
advanced disease to operable tumors, is administered more often; it may downstage the tumor, 
creating the possibility for a breast conserving operation, but it also provides an opportunity 
to observe the in-vivo effect of the chemotherapy on the tumor.3,74,75 Moreover, in patients 
with tumor-positive lymph nodes more than 40% show a complete pathological response of 
the lymph nodes after NAC.76-78 This may obviate the need of a complete ALND. Studies are 
therefore currently concentrating on performing axillary staging methods after NAC to track the 
pathological response of an initially positive lymph node. Straver et al. showed that the MARI 
(Marking of the Axilla with Radioactive Iodine-125 seeds) procedure, by which tumor-positive 
axillary lymph nodes were marked with I-125 seeds and were resected after NAC to evaluate the 
pathological response, was feasible to use in clinical practice.79 The SLNB is also performed as an 
axillary staging method after NAC, however, the false-negative rate (FNR) after NAC was 12.6% 
in clinically node-positive patients.76,80 Therefore, Boughey et al. and Caudle et al. performed 
a study in which a clip was placed in a positive node prior to NAC followed by resection of 
this clipped node combined with a SLNB after NAC. They concluded that combining these 
methods could decrease the FNR after NAC.81,82 To confirm these conclusions, Koppert et al. are 
currently initiating the RISAS trial (Radioactive lodine Seed localization in the Axilla combined 
with Sentinel node procedure). This trial will examine the accuracy of resecting a tumor-positive 
clipped node and sentinel lymph nodes in order to safely omit the ALND in case positive nodes 
have converted to negative nodes after NAC.83 Also, the POSNOC trial, by Goyal et al., currently 
examines whether axillary treatment (ALND or radiotherapy) is necessary at all in node-positive 
patients treated with adjuvant systemic therapy (chemotherapy and/or hormonal therapy).84
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Conclusion

Axillary management of invasive breast cancer has evolved dramatically in the last decades. 
Besides surgical interventions becoming minimally invasive, the increasing use of (neo-) adjuvant 
therapy, which is more tailored to the biology of the patient and the primary tumor characteristics, 
has resulted in a paradigm shift from “treat all, except…” to “treat none, unless…”. Models 
predicting the extent of nodal involvement will become increasingly important in discriminating 
patients in whom axillary treatment can be omitted from those for whom axillary treatment 
may still be beneficial. Due to differences in international guidelines and because of significant 
differences between the various patient categories, the medical professional must be cautious 
when applying these tools in clinical practice. Furthermore, with the current trend of omitting 
axillary treatment in patients with limited disease and a positive SLNB, the current axillary work-
up should also be critically assessed to minimize the number of unnecessary procedures. It 
could be argued to omit the sentinel node procedure entirely in patients with a minimal disease 
burden and to only examine the axilla by ultrasound. In this case, the role of the UGLNB should 
be redefined by utilizing the axillary sonographic evaluation to identify the number as opposed 
to the presence of morphologically suspicious nodes. However, more research is necessary to 
clarify in which patients one could refrain from axillary treatment before minimizing the axillary 
diagnostic work-up. 

This thesis illustrates that, although we have already made giant leaps in the work-up and 
management of invasive breast cancer, there are still important steps to be taken to optimize 
individual patient care in the treatment of the axilla. 
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Summary

Treatment of invasive breast cancer has evolved in the last decades from a complete breast 
ablation to breast conserving therapy. Also, the diagnostic work-up of the axilla has evolved 
from a complete axillary lymph node dissection (ALND) to a less invasive approach with the 
implementation of the sentinel lymph node biopsy (SLNB) procedure and the ultrasound-guided 
lymph node biopsy (UGLNB). In the last decades, these axillary staging methods were introduced 
to select patients in whom the ALND could be omitted. However, there are still some questions 
regarding the selection of patients who can be spared an ALND without compromising (disease-
free) survival. Chapter 1 provides a general introduction on the changes in axillary management 
over time and describes the paradigm shift from “treat all, except…” to “treat none, unless…” 
in the axillary management of patients with invasive breast cancer. 

The introduction of the SLNB into clinical practice has initiated a tendency to select patients 
in whom the ALND might be redundant. In Chapter 2 data from a regional cancer registry 
on 34,037 patients, diagnosed between 1993 and 2014, were used to gain insight into these 
changes in the clinical practice. In this study, the proportion of patients who underwent an 
ALND after a SLNB significantly decreased since the introduction of the SLNB; in 1993-1994 nearly 
100% of patients with pN0 underwent an ALND compared to 6.1% in 2013-2014. This significant 
reduction of ALNDs can also be seen in patients with pN1 disease, in whom, between 1999-2001, 
in 5% the ALND was omitted after a SLNB compared to 37.6% in 2013-2014. Hence, this study 
showed that the SLNB has become an important element of the axillary work-up resulting in 
less patients who underwent an ALND.

To be able to select patients in whom the ALND could be omitted without affecting (disease-free) 
survival, various predictive tools have been developed. However, for some patients the ALND 
may remain important for locoregional disease control, such as patients with extensive nodal 
involvement (having three or more positive lymph nodes). Therefore, in the study presented 
in Chapter 3 we have developed a new tool predicting the extent of nodal involvement in 
patients with node-positive breast cancer using data of 911 patients from 10 different hospitals. 
This model, presented in a score chart, predicts the risk of having 1-2, ≥3 or ≥4 positive lymph 
nodes based on three predictors; tumor size (in mm), the presence of a negative sentinel lymph 
node (SLN) and the size of the SLN metastases (in mm). Even after external validation on an 
independent patient population of 180 patients, the model showed a good discriminative ability 
with an Area Under the Curve (AUC) of 0.80 and a good calibration. Therefore, we concluded 
that this model could be used for more patient centered care in the recommendations regarding 
the necessity and/or modality of axillary treatment. 

In the evolving climate of axillary management, the ACOSOG Z0011 trial has played a crucial 
role in stating that in selected SLNB positive patients with a minimal disease burden the ALND 
could be omitted without affecting (disease-free) survival. However, the ACOSOG Z0011 trial 
has only included patients with a positive SLNB, thereby disregarding patients with a positive 
UGLNB. In Chapter 4 we examined whether patients with a positive UGLNB significantly differed 
from patients with a positive SLNB with respect to clinical and pathological characteristics and 
(disease-free) survival. This single-center study, including 302 patients with a positive lymph 
node biopsy and a subsequent ALND, showed that patients with a positive UGLNB had worse 
disease characteristics, such as palpable lymph nodes, larger tumors, higher tumor grade, 
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lymphovascular invasion, a positive HER2 and a negative hormone receptor status and more 
often had macrometastases compared to patients with a positive SLNB. Moreover, the chance of 
recurrence and mortality was nearly three times greater. However, since this was a single-center 
study with a limited number of patients, in Chapter 5 we performed an additional nationwide 
study using data from the national cancer registry, including 11,820 patients with invasive 
breast cancer, to evaluate whether these differences remained present. This study showed, that 
even after correcting for possible confounding factors in multivariate analyses, patients with a 
positive UGLNB had worse disease characteristics. Furthermore, adjusted multivariate survival 
analyses confirmed a worse overall survival of patients with a positive UGLNB. Since patients 
with a positive UGLNB have worse disease characteristics, we examined in Chapter 6 whether 
an axillary staging method and other clinicopathological factors could predict extensive nodal 
involvement using data from the single-center study described in chapter 4. In this study, we 
showed that patients with a positive UGLNB were five times more likely to have extensive nodal 
involvement. Moreover, having lymphovascular invasion and a larger tumor was also predictive 
for extensive nodal involvement. These studies show that axillary staging by UGLNB plays an 
important role in the axillary work-up of patients with invasive breast cancer, since patients 
with a positive UGLNB have worse disease characteristics and a worse prognosis compared to 
patients with a positive SLNB. 

When analyzing the results of the Z0011 trial, it is important to realize that international guidelines 
differ in their recommendation regarding the axillary work-up. The American guidelines state to 
perform the UGLNB only in case of palpable axillary lymph nodes, as opposed to the European 
and Dutch guidelines, which recommend performing a sonographic evaluation of the ipsilateral 
axilla in all breast cancer patients. In order to gain insight into the clinical effect of implementing 
the Z0011 criteria in a Dutch clinical setting, in Chapter 7 we have applied Z0011-derived criteria 
to a regional database of Dutch breast cancer patients diagnosed between 2007 and 2012. Of the 
11,031 patients diagnosed with invasive breast cancer, 3,051 patients had pT1-2N0-1M0 invasive 
carcinoma and received breast conserving therapy with adjuvant systemic therapy. Of these 
patients, 916 underwent an ALND following a positive UGLNB (291 patients), a non-visualized 
SLN (non-vSLN) or a positive SLNB (43 and 582 patients, respectively). Of these latter patients, 
558 fulfilled the Z0011 derived criteria due to one or two positive nodes, accounting for 5.1% 
of the total breast cancer population and 60.1% of all presumed node-positive patients who 
underwent an ALND, which is a significant practice changing effect.  

Another patient group which was not included in the Z0011 trial were patients with a non-
vSLN. Due to a lack of literature, differences in axillary treatment recommendations exist 
between international guidelines. However, when performing the analyses for chapter 7, 
we encountered several patients with non-vSLNs in whom additional positive lymph nodes 
were resected (approximately 50%). Therefore, in Chapter 8 we determined the prevalence 
of non-vSLNs and examined predictive factors and prognosis for non-vSLNs in a nationwide 
population-based study using data from the national cancer registry. Of the 76,472 patients 
who underwent a sentinel node procedure between 2005 and 2013, 2.5% had a non-vSLN, of 
whom 80.7% underwent an ALND. The results of this study showed that older patients, patients 
diagnosed in the earlier years between 2005-2009, patients with larger tumors and patients with 
extensive nodal involvement were more likely to have a non-vSLN. Moreover, patients with a 
non-vSLN had a worse overall survival than patients in whom the SLN could be retrieved. Data 
also showed that, among patients with a non-vSLN, patients diagnosed between 2005-2009, 
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patients with a larger tumor and patients with multifocal tumors were more likely to undergo 
an ALND, although this was not significantly associated with a better survival. 

However, since international guidelines differ in their treatment recommendations and the 
Dutch guidelines predates the recent shift in axillary treatment, in Chapter 9 we developed 
and distributed a survey among 510 Dutch oncological (breast) surgeons to determine the 
routine practice and opinion regarding the axillary treatment in patients with non-vSLNs, in 
which we distinguished between before and after the publication of the Z0011 trial. This survey 
was completed by 122 (24%) surgeons of whom 116 (95%) were registered as specialized breast 
surgeons. These surgeons had on average 13 years of experience. The responses to the survey 
showed that 65% of the surgeons are currently less inclined to perform an ALND in case of a 
non-vSLN than prior to the publication of the Z0011 trial. Moreover, 60% base their decision 
to perform an ALND on clinicopathological characteristics and 20% opted for an alternative 
axillary treatment. These studies thus indicate that more scientific studies are necessary to reach 
international consensus and formulate a recommendation on the necessity of axillary treatment 
or on the best treatment modality for patients with a non-vSLN.
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Samenvatting

In de afgelopen decennia heeft de chirurgische behandeling van borstkanker een aantal grote 
veranderingen ondergaan. Tot in de jaren tachtig van de vorige eeuw ondergingen vrijwel alle 
patiënten een volledige mastectomie, terwijl tegenwoordig de meerderheid van de patiënten 
borstsparend wordt behandeld. Daarnaast is in de diagnostiek van de oksel vanaf halverwege 
de jaren negentig een verschuiving opgetreden van een complete okselklierdissectie (OKD) 
naar een minder invasieve methode in de vorm van de schildwachtklierbiopsie (SWKB) en de 
echogeleide okselklierbiopsie. Deze technieken zijn geïntroduceerd om patiënten te selecteren 
bij wie de kans op uitzaaiingen in de oksel zo klein is dat een OKD niet meer verricht hoeft 
te worden. Er zijn echter nog wel een aantal onduidelijkheden over de selectie van dergelijke 
patiënten bij wie een OKD niet meer nodig is. Hoofdstuk 1 bevat een algemene introductie 
over de veranderingen in de afgelopen jaren wat betreft de diagnostiek en behandeling 
van de okselklieren en beschrijft de paradigmaverschuiving die heeft plaatsgevonden in de 
okselklierbehandeling bij patiënten met invasief borstkanker.  Deze paradigmaverschuiving laat 
zich het best omschrijven door het statement: “Treat all, except…” naar “treat none, unless…”. 

De invoering van de SWKB heeft een trend veroorzaakt waarbij patiënten worden geselecteerd 
bij wie een OKD niet meer verricht hoeft te worden. Hoofdstuk 2 beschrijft de veranderingen 
in de axillaire diagnostiek met behulp van de nationale kankerregistratie van het Integraal 
Kankercentrum Nederland (IKNL) dat gegevens bevat van 34.037 patiënten die gediagnosticeerd 
zijn tussen 1993 en 2014. Uit deze studie blijkt dat het aantal patiënten dat een OKD heeft 
ondergaan, na de invoering van de SWKB, significant is afgenomen; in 1993-1994 onderging bijna 
100% van de patiënten met pN0 een OKD vergeleken met 6,1% in 2013-2014. Deze significante 
afname van het percentage OKDs wordt ook gezien bij patiënten met een pN1-status, bij wie 
tussen 1999-2011 in 5% van een OKD werd afgezien na een SWKB vergeleken met 37.6% in 2013-
2014. De studie in dit hoofdstuk toont dus aan dat de SWKB een belangrijk element is geworden 
in de axillaire diagnostiek en dat de invoering ervan heeft geleid tot een grote afname van het 
aantal patiënten dat een OKD heeft ondergaan, wat geleid zal hebben tot een vermindering 
van het aantal patiënten met klachten ten gevolge van een OKD.

Verschillende predictiemodellen zijn ontwikkeld om patiënten te kunnen selecteren bij wie van 
een OKD kan worden afgezien, zonder dat dit nadelige gevolgen heeft voor de (ziektevrije) 
overleving. Echter, voor sommige patiënten is een OKD nog steeds een noodzakelijk onderdeel van 
de behandeling van regionale ziekte, zoals bij patiënten met uitgebreide okselkliermetastasering 
(drie of meer gemetastaseerde okselklieren). Daarom hebben wij in Hoofdstuk 3 een nieuw 
predictiemodel ontwikkeld, dat de uitgebreidheid van okselkliermetastasering bij patiënten 
met positieve lymfeklieren kan voorspellen, gebaseerd op gegevens van 911 klier-positieve 
patiënten uit 10 ziekenhuizen. Dit predictiemodel, dat wordt weergegeven als een scoringsmodel, 
voorspelt de kans op het hebben van 1-2, ≥3 of ≥4 positieve lymfeklieren in de oksel op basis 
van drie voorspellende factoren: tumorgrootte (in mm), de aanwezigheid van een negatieve 
schildwachtklier (SWK) en de grootte van de metastase in de SWK (in mm). Ook na externe 
validatie, waarbij gebruik werd gemaakt van een onafhankelijke patiëntenpopulatie van 180 
Nederlandse patiënten, blijkt het model een goed discriminerend vermogen te hebben met 
een ‘Area Under the Curve’ (AUC) van 0.80 en een goede kalibratie. Daarom concluderen wij 
dat dit model gebruikt zou kunnen worden bij de besluitvorming over de noodzaak en de 
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wijze van axillaire behandeling. 

In de paradigmaverschuiving in de axillaire behandeling heeft de ACOSOG Z0011 studie een 
cruciale rol gespeeld. Deze studie concludeerde dat in een selecte groep van SWKB positieve 
patiënten met een zeer beperkte uitbreiding van de ziekte in de oksel, van een OKD kan worden 
afgezien zonder dat dit de (ziektevrije) overleving negatief beïnvloedt. Echter, de ACOSOG Z0011 
studie heeft alleen patiënten geïncludeerd met een positieve SWKB, waardoor patiënten met 
een positieve echogeleide okselklierbiopsie niet worden betrokken. Daarom hebben wij in 
Hoofdstuk 4 onderzocht of patiënten met een positieve echogeleide okselklierbiopsie significant 
verschillen van patiënten met een positieve SWKB wat betreft klinische en pathologische 
karakteristieken en (ziektevrije) overleving. Deze studie bevatte 302 patiënten afkomstig uit 
één ziekenhuis met een positieve echogeleide okselklierbiopsie of SWKB en aansluitend een 
OKD. Hieruit bleek dat patiënten met een positieve echogeleide okselklierbiopsie ongunstigere 
klinische en pathologische karakteristieken hadden dan patiënten met een positieve SWKB, 
zoals vaker palpabele lymfeklieren, grotere tumoren, hoge tumorgraad, lymfovasculaire invasie, 
een positieve HER2, een negatieve hormoonreceptor en vaker macrometastasen in de SWK. 
Daarnaast hadden ze ook bijna drie keer meer kans op terugkeer van de ziekte en op overlijden. 
Echter, omdat dit onderzoek gebaseerd was op patiënten uit één ziekenhuis, hebben wij in 
Hoofdstuk 5 een studie verricht om te evalueren of deze verschillen ook op nationaal niveau 
aanwezig zijn met behulp van data van de nationale kankerregistratie van het IKNL van 11.820 
patiënten met borstkanker. De resultaten tonen aan dat patiënten met een positieve echogeleide 
okselklierbiopsie slechtere ziekte-gerelateerde karakteristieken hebben. Ook werd met multivariate 
analyse bevestigd dat patiënten met een positieve echogeleide okselklierbiopsie een slechtere 
overleving hebben. Omdat patiënten met een positieve echogeleide okselklierbiopsie zulke 
ongunstige karakteristieken bezitten, hebben wij in Hoofdstuk 6 gekeken of de methode van 
axillaire diagnostiek en andere factoren de aanwezigheid van uitgebreide okselkliermetastasering 
kunnen voorspellen met behulp van de data beschreven in hoofdstuk 4. Deze studie toonde 
aan dat patiënten met een positieve echogeleide okselklierbiopsie vijf keer meer kans hebben 
op uitgebreide okselkliermetastasering vergeleken met patiënten met een positieve SWKB. 
Daarnaast blijkt dat lymfovasculaire invasie en een grotere tumor ook voorspellende factoren zijn 
voor uitgebreide okselkliermetastasering. Deze studies tonen dus aan dat axillaire stadiëring door 
middel van een echogeleide okselklierbiopsie een belangrijke rol speelt in de axillaire diagnostiek 
van invasief borstkanker, vanwege het feit dat patiënten met een positieve echogeleide 
okselklierbiopsie ongunstigere ziekte-gerelateerde karakteristieken en een slechtere overleving 
hebben vergeleken met patiënten met een positieve SWKB. 

Bij het interpreteren van de resultaten van de ACOSOG Z0011 studie dient men zich te realiseren 
dat internationale richtlijnen van elkaar verschillen wat betreft de axillaire diagnostiek. De 
Amerikaanse richtlijn beveelt namelijk aan om alleen een echogeleide okselklierbiopsie te 
verrichten indien de okselklieren palpabel zijn, in tegenstelling tot de Europese en Nederlandse 
richtlijnen die aanbevelen om bij alle patiënten met invasief borstkanker een echografisch 
onderzoek te verrichten, ongeacht of de okselklieren palpabel zijn. Om goed inzicht te krijgen 
in de toepasbaarheid van de resultaten van de ACOSOG Z0011 studie op Nederlandse patiënten 
hebben wij in Hoofdstuk 7 met behulp van een regionale, Nederlandse database nagegaan 
welk deel van de patiënten met borstkanker, gediagnosticeerd tussen 2007 en 2012, voldoet 
aan de inclusiecriteria van de ACOSOG Z0011 studie. Van de 11.031 patiënten hadden 3.051 
patiënten pT1-2N0-1M0 invasief borstkanker en ondergingen borstsparende therapie, inclusief 
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adjuvante radiotherapie. Van deze patiënten ondergingen 916 een OKD naar aanleiding van een 
positieve echogeleide okselklierbiopsie (291 patiënten), een niet-gevonden SWK of een positieve 
SWKB (respectievelijk 43 en 582 patiënten). Van deze patiënten voldeden er 558 met één of 
twee positieve klieren aan de inclusiecriteria van de ACOSOG Z0011 trial. Dit aantal beslaat ruim 
5% van de totale populatie patiënten met borstkanker en betreft 60% van alle klier-positieve 
patiënten die een OKD hebben ondergaan, hetgeen een klinisch zeer relevant gegeven is. 

Een andere categorie patiënten die niet geïncludeerd is in de ACOSOG Z0011 studie bestaat 
uit patiënten bij wie tijdens de SWK-procedure de SWK niet gevisualiseerd kon worden en ook 
niet verwijderd, de zogenaamde niet-gevonden SWK. Door de schaarste in wetenschappelijke 
studies naar deze patiënten bestaan er verschillen tussen internationale richtlijnen wat betreft 
aanbevelingen voor de behandeling van de oksel in het geval SWK niet gevisualiseerd kan 
worden. Het analyseren van de data in hoofdstuk 7 toonde echter wel aan dat bij een groot 
deel van de patiënten met een niet-gevonden SWK bij de aanvullende OKD wel meer positieve 
okselklieren gevonden werden (ongeveer in 50%). Daarom hebben wij in Hoofdstuk 8 een 
studie verricht naar de prevalentie van niet-gevonden SWKs en hebben wij voorspellende 
factoren en de overleving onderzocht bij patiënten met een niet-gevonden SWK. Hierbij is 
gebruik gemaakt van de nationale database van het IKNL bestaande uit 76.472 patiënten die een 
SWK-procedure hebben ondergaan tussen 2005 en 2013. Hieruit bleek dat 2,5% van de patiënten 
een niet-gevonden SWK had, waarvan 80,7% een OKD heeft ondergaan. Verder toonden de 
resultaten aan dat oudere patiënten, patiënten gediagnosticeerd in de vroegste periode van 
2005-2009, patiënten met een grotere tumor en patiënten met uitgebreide okselkliermetastasen 
meer kans hadden op een niet-gevonden SWK. Ook hadden patiënten met een niet-gevonden 
SWK een slechtere overleving dan patiënten bij wie de SWK wel gevonden werd. Tot slot bleek 
dat bij patiënten gediagnosticeerd tussen 2005-2009, patiënten met een grotere tumor en bij 
patiënten met multifocale tumoren vaker een OKD werd verricht, hoewel dit niet geassocieerd 
was met een significant betere overleving dan wanneer er geen OKD werd verricht.

Vanwege de verschillende aanbevelingen tussen internationale richtlijnen wat betreft de axillaire 
behandeling van patiënten met een niet-gevonden SWK en omdat de Nederlandse richtlijn 
door de recente paradigmaverschuiving inmiddels verouderd is, hebben wij in Hoofdstuk 
9 een enquête ontwikkeld en verspreid onder 510 oncologisch chirurgen in Nederland om 
te inventariseren welke behandeling zij toepassen en wat hun standpunt is ten aanzien van 
de axillaire behandeling van patiënten in geval van een niet-gevonden SWK. Hierin werd een 
onderscheid gemaakt tussen de periode voorafgaand aan en na de publicatie van de ACOSOG 
Z0011 studie. De enquête werd ingevuld door 122 (24%) oncologisch chirurgen, van wie 116 (95%) 
geregistreerd staan als gespecialiseerde mammachirurgen. Deze chirurgen hadden gemiddeld 13 
jaar ervaring. De antwoorden op de enquête tonen aan dat de meeste chirurgen op dit moment 
terughoudender zijn met het verrichten van een OKD bij patiënten met een niet-gevonden 
SWK dan voorafgaand aan de publicatie van de Z0011 studie (15% versus 80%, respectievelijk). 
Daarnaast geeft 60% aan de indicatie voor een OKD te baseren op klinische en pathologische 
karakteristieken, waarbij 20% aangeeft om te kiezen voor een alternatieve axillaire behandeling. 
Deze studies tonen dus aan dat meer onderzoek nodig is om (internationale) consensus binnen 
de richtlijnen te bereiken en om aanbevelingen te formuleren over de noodzaak van een OKD 
en over de beste behandeling bij patiënten met een niet-gevonden SWK.
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Introduction

Breast cancer is a worldwide health problem, with a yearly incidence of 89.7 new patients 
per 100,000 women in Western Europe.1 In the Netherlands, one in every seven women is 
diagnosed with breast cancer during her lifetime, which accounts for 28.6% of all invasive 
cancers among women in the Netherlands.2 Although the incidence of invasive breast cancer 
has increased in the last years to 14,551 patients in 2015, at the same time the prognosis of 
breast cancer has improved, with an average relative survival rate of 87% after 5 years and 77% 
10 years after diagnosis.3 This improved survival rate is the result of not only the introduction 
of the national screening program, introduced between 1990 and 1996, but also of improved 
treatment modalities, such as (neo-)adjuvant systemic treatment and radiotherapy.3,4 Historically, 
all patients with invasive breast cancer underwent ablation of the breast, combined with a 
complete axillary lymph node dissection (ALND) for diagnostic purposes and for regional 
tumor control of the disease.5 Although the axillary lymph node status is still an important 
parameter, especially when making decisions about the use of adjuvant treatment, it can also 
cause significant morbidity.6 Therefore, less invasive axillary staging methods were developed 
to identify patients with axillary metastases, such as the ultrasound-guided lymph node biopsy 
(UGLNB) and the sentinel lymph node biopsy (SLNB). These methods have gradually replaced 
the ALND as a diagnostic modality. Initially, the ALND was omitted in patients with a negative 
SLNB, and in later years, studies showed that the ALND could also be omitted in patients with 
micrometastases in the sentinel lymph node (SLN) without negatively affecting disease-free 
and overall survival, since 40-70% of the patients with a positive SLNB do not have metastases 
in additional non-sentinel axillary lymph nodes.6-9 This paradigm shift from “treat all, except…” 
to “treat none, unless…” has initiated a surge in scientific research to identify patients in whom 
the ALND can safely be omitted. 

Clinical relevance of this thesis 

This thesis concentrated on the axillary work-up of patients with invasive breast cancer. The 
implementation of these minimally invasive diagnostic procedures, such as the SLNB and the 
UGLNB, has dramatically changed the indication to perform an ALND. An important study which 
has contributed to this paradigm shift in axillary treatment is the American ACOSOG Z0011 trial.10 
This trial has shown that in patients with a small tumor and with a maximum of two positive 
sentinel nodes with macrometastases, the ALND could be omitted without negatively affecting 
(disease-free) survival, even after a 10-year follow-up period, provided they were treated with 
breast conserving therapy including radiotherapy and with adjuvant systemic therapy.10,11 To 
select such patients, the Z0011-criteria were formulated. In addition, multiple predictive tools, 
such as nomograms and scoring systems, were developed to identify patients with a minimal 
tumor burden in whom the ALND could be omitted.6,12-18 Although these predictive systems 
may be promising, their applicability to Dutch patients with breast cancer has been proven to 
be of moderate value.19 Conversely, it may be increasingly important to identify patients with 
extensive nodal involvement, in whom the ALND may still be necessary for regional disease 
control. Therefore, in Chapter 3 of this thesis we have developed a new scoring system identifying 
patients with extensive nodal involvement, which can easily be used in the clinical setting. 
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The second part of this thesis addresses the various patient categories with invasive breast cancer 
for whom there remains uncertainty on whether the ALND may be omitted without negatively 
affecting survival. In Chapters 4, 5 and 6 we examined potential differences between UGLNB and 
SLNB positive patients and concluded that UGLNB positive patients have less favorable disease 
characteristics and a worse (disease-free) survival compared to SLNB positive patients. However, 
since the ACOSOG Z0011 trial showed promising results in identifying patients in whom the 
ALND could be omitted, in Chapter 7 we also examined the potential impact of implementing 
the inclusion criteria derived from the ACOSOG Z0011 trial in a Dutch population, thereby also 
including UGNLB positive patients. This study shows that when retrospectively applying the 
Z0011 derived criteria to Dutch patients with breast cancer, the number of ALNDs could be 
decreased by 61% in node-positive patients. Implementation of these criteria in clinical practice 
may therefore result in fewer unnecessary ALNDs and their associated morbidities. 

Other patients who are underrepresented in the literature are those in whom the sentinel 
node cannot be visualized (non-vSLN). Due to scarce scientific research on patient and disease 
characteristics and prognosis of patients with a non-vSLN, international guidelines differ in their 
axillary treatment recommendations. The Dutch, Australian and ESMO guidelines recommend 
immediately performing an ALND, whereas the NCCN guideline states that in case of treatment 
with mastectomy and radiation therapy, an extended radiation field to the axilla may also be 
sufficient.20-23 To gain more insight into these patients, we have examined the prevalence, 
various patient and disease characteristics and survival of patients with non-vSLN in Chapter 
8. This study showed that patients with a non-vSLN have less favorable disease characteristics 
and a worse survival, compared to patients in whom the SLN could be visualized. Subsequently, 
Chapter 9 describes a survey on the currently applied axillary treatment strategies of Dutch 
surgical oncologists in patients with non-vSLN, which illustrates that there has been a shift in 
axillary treatment in recent years in the Netherlands, especially after publication of the Z0011 trial.

Societal relevance of this thesis 

The introduction of the national screening program has improved the survival of patients 
with breast cancer due to the detection of the disease at an earlier stage.3 However, earlier 
detection has also caused an increasing incidence of patients with breast cancer who require 
treatment, thereby increasing the disease burden in the general population. The total cost of 
breast cancer is more than 696 million Euros each year, of which 65 million Euros are spent on 
the national screening program. This accounts for 0.8% of the total health care costs in the 
Netherlands.3,24 Although finances should never be the main driving force behind health care 
decisions, these costs illustrate the importance of critically evaluating the current management 
of breast cancer in an effort to optimize the cost-effectiveness of care. Therefore, it is imperative 
to find a balance between optimal individual health care and minimal disease burden for the 
general population by minimizing unnecessary treatments with their related morbidities. Since 
the ALND can cause significant long-term morbidity, without significantly improving survival 
in patients with a minimal tumor burden, recent studies have focused on identifying patients 
in whom the ALND can be omitted. The numerous prediction tools that are currently available 
and the criteria formulated in the Z0011 trial may assist in identifying these patients in clinical 
practice. However, it is important to realize that, in some patients with a high tumor load and/
or extensive nodal involvement, axillary treatment, by either ALND or radiotherapy, may still be 
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mandatory for disease control. Therefore, a clear distinction has to be made between patients in 
whom the ALND may be omitted because of eligibility for application of the currently available 
predictive tools and the Z0011 criteria versus those who may still benefit from a complete or a 
modified ALND, such as the ARM (Axillary Reversed Mapping) technique.25,26 This is crucial to 
prevent undertreatment of patients with a high tumor burden. Therefore, this thesis addressed 
various categories of breast cancer patients for whom axillary treatment recommendations are 
ambiguous, since these patient categories were not included in the various models.

What will the future bring?

The treatment of breast cancer will become more personalized and will increasingly be based 
on tumor and patient specific characteristics, due to increasing knowledge in the field of 
molecular (tumor) biology and genetics. Simultaneously, the trend towards a minimally invasive 
treatment of breast cancer will continue and may result in either omitting axillary treatment 
entirely in patients with limited disease burden or replacing the complete ALND with other 
axillary treatment strategies, such as axillary radiotherapy.  Also, improvements in (neo-)adjuvant 
systemic therapy regimens will coincide with a gradual reduction of surgical interventions. Since 
neo-adjuvant therapy may also cause a complete pathological response in initially positive 
axillary lymph nodes, studies are now focusing on whether a complete or partial ALND is still 
necessary in patients with a good pathological response to neo-adjuvant treatment.  Predictive 
tools on the axillary management of breast cancer will become increasingly important in the 
current era of personalized medicine; however, as illustrated in the present thesis, more research 
is necessary on the various patient categories for whom existing prediction models may not 
be applicable. Moreover, strategies have to be developed for implementing these prediction 
models adequately into clinical practice. 
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