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CHAPTER 3
Axillary recurrence after a tumour-negative sentinel node 

biopsy in breast cancer patients: 

a systematic review and meta-analysis of the literature

Van der Ploeg IMC, Nieweg OE, Van Rijk MC, Kroon BBR
Eur J Surg Oncol, 2008; 34; 1277-84
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Abstract

Introduction: Sentinel node biopsy became standard of care in breast cancer before 
consensus on the technique and its indications was reached, and without randomized 
studies having shown the axillary recurrence rate or impact on survival rate after long-
term follow-up. The purpose of this study was to evaluate studies reporting on patients 
with a negative sentinel node biopsy. 

Methods: We performed a systematic review and meta-analysis of the literature for 
studies concerning clinically node-negative breast cancer patients with a tumour-
negative sentinel node biopsy and no subsequent axillary node dissection. The 
axillary recurrence rate was determined, as well as the sensitivity of the sentinel node 
procedure and the differences in lymphatic mapping techniques. 

Results: Forty-eight studies concerning 14,959 sentinel node-negative breast cancer 
patients followed for a median of 34 months were selected. Sixty-seven patients 
developed an axillary recurrence, resulting in a recurrence rate of 0.3%. The median 
sensitivity of the sentinel node biopsy was 100%. 
Uni- and multivariable variable analyses showed that the lowest recurrence rates 
were reported in studies performed in cancer centres, in studies that described the use 
of 99mTc-sulphur colloid, and also when investigators used the superficial injection 
technique or evaluated the harvested sentinel nodes with haematoxylin-eosin and 
immunohistochemistry staining (p< 0.01).

Conclusions: In this systematic literature review, the axillary recurrence rate in 
sentinel node-negative patients is 0.3%, which is well within the desired range. The 
median sensitivity of the procedure appears to be as high as 100%. The recurrence rate 
is influenced by the differences in the lymphatic mapping technique.
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Introduction

Sentinel node biopsy is widely used as a minimally invasive staging alternative to 
routine axillary lymph node dissection in patients with breast cancer. The morbidity 
of sentinel node biopsy is less than that of axillary lymph node dissection and the 
procedure may improve staging of the axilla.1 Sentinel node biopsy became standard 
of care in breast cancer before consensus on the technique and its indications was 
reached, and without randomized studies having shown the axillary recurrence rate 
or impact on survival rate after long-term follow-up. In 1999, two comprehensive 
reviews were published of studies on sentinel node biopsy followed by routine axillary 
lymph node dissection to assess the learning phase performance.2,3 These reviews 
demonstrated median false-negative rates of 7% and 5% (range 0-40%), which is 
not within the 5% range that is generally considered acceptable. A critical look at the 
studies revealed that the pathologists never performed serial sectioning on the lymph 
nodes that were recovered from the remainder of the axilla and that the sensitive 
immunohistochemistry staining technique was used in only two studies. This suggests 
that published false-negative rates are too favourable. 
A substantial number of papers have since reported on patients in whom routine 
axillary lymph node dissection was omitted when the sentinel node was free of 
disease.4 The duration of follow-up was limited in many of these studies, but a few 
long-term follow-up results have now been published which prompted this systematic 
literature review. The primary aims of this systematic review and meta-analysis were 
to determine the axillary recurrence rate when a completion dissection was omitted 
after a tumour-negative sentinel node biopsy, and to determine the sensitivity of 
the sentinel node procedure. The collected data were compared based on different 
lymphatic mapping techniques and different hospital settings in an attempt to identify 
factors associated with a favourable outcome. 

Methods

 A broad search of the published literature based on the subject of this article was 
conducted using Pubmed, Embase, The Cochrane Library and DARE (Database of 
Abstract and Evidence-Based Medicine) (figure 1). Firstly, a systematic search was 
done with the following medical subject headings (MeSH) terms: breast neoplasms, 
sentinel lymph node biopsy, lymphatic metastasis, recurrence and false-negative 
reactions. We used the MeSH terms simultaneously by ‘OR’ and combined them with 
‘AND’ in the syntax of the databases. The search in Pubmed and Embase was carried 
out in ‘all fields’ without any ‘limits’, and in The Cochrane Library in ‘title, abstract 
and keywords’. From Pubmed 364 articles were retrieved, from Embase 395, and in 
The Cochrane library and DARE 182 papers (articles and meeting abstracts) were 
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found. The computer program Reference Manager (Version 11, for Windows, 2004, 
Thomson ISI ResearchSoft) was used to exclude overlapping articles of the combined 
database searches, which resulted in a total of 376 papers. 
Secondly, a review was done of the cited references in the identifi ed papers to make 
sure that no manuscripts were overlooked. Finally, an additional search was performed 
to identify relevant studies described in abstracts or in letters to the editor. Overall, 
404 publications were retrieved by the systematic literature search. Sixty-two papers 
in another language than Dutch or English and reviews without original data (41) were 
excluded. Based on the following criteria, 253 articles were excluded after analysis 
of their title (153) or abstract (100). The population had to be an original study group. 
This means that different papers based on the same group of patients were avoided 
and only the most recent study on identical patients was used. Selected papers were 
required to concern patients with breast cancer, with a clinically node-negative axilla, 
a tumour-negative sentinel lymph node biopsy and no subsequent axillary lymph node 
dissection. The papers had to report the presence or absence of a primary axillary 
recurrence after a specifi ed time of follow-up. When tumour-positive sentinel node 
biopsies were also mentioned in the same article, the paper was not excluded from 
further analysis. In the end, 48 publications were selected that met the set inclusion 
criteria. 

Figure 1. Flowchart systematic literature search.
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Figure 2. Time-interval of axillary lymph node recurrences.

Meta-analysis

The following information was gathered from each paper: name of the fi rst author, year 
of publication, type of institution, number of patients, type of radiopharmaceutical, its 
injection site, use of lymphoscintigraphy, use of blue dye and where it was injected, 
method of pathology analysis, number of patients with axillary recurrences, disease-
free interval and mean or median follow-up duration. 
The overall and subgroup follow-up times were derived from studies that mentioned 
a median follow-up duration. The studies that only described mean numbers were 
documented as missing numbers. The axillary recurrence rate was calculated as a 
percentage of the patients with a tumour-negative sentinel node biopsy. The sensitivity 
was calculated by dividing the number of patients with a tumour-positive sentinel node 
by the sum of all patients with a negative sentinel node who developed a recurrence 
plus the number of patients with a positive sentinel node. This implies that studies that 
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reported no recurrences have a sensitivity of 100%.
A generalized linear model was applied to identify factors associated with the 
recurrence rate. Uni- and multivariable analyses of recurrence rates were conducted 
considering the type of hospital, the technique of lymphatic mapping, method of 
pathology analysis, and median follow-up time in months as independent factors. All 
analyses were weighted by the number of patients per study. In addition, subgroup 
analyses with studies with a median follow-up time of at least three years were 
performed to assess the effect of follow-up on the results.
All p-values and 95%-confidence intervals were two-sided. All analyses were 
performed in SPSS 15 (Version 15, for Windows, SPSS Inc, Chicago, IL, USA).

Results

The forty-eight studies that met the selection criteria were published between 2001 
and 2007, eleven publications were abstracts and one was a letter to the editor (tables 
1 and 2).5-54 The selected papers concern 14,959 patients with a sentinel node biopsy 
that did not reveal metastasis and that was not followed by axillary node dissection. 
Sixty-seven patients developed a recurrence in their axilla during a follow-up time of 
34 months. This results in an overall weighted recurrence rate of 0.3%. 
The published sensitivities ranged between 97% and 100%. The median weighted 
combined sensitivity of the sentinel node biopsy was calculated from the twenty 
publications that provided the required data and was 100%.6,7,9,10,12,17,23,24,29,30,33-

36,38,40,41,49,50,52 The median time-interval after which a recurrence occurred was twenty 
months with a range from four to 63 months (figure 2). 
Lymphoscintigraphic imaging was carried out in 30 studies and a radiopharmaceutical 
injection and a gamma ray detection-probe were used in all studies except one. Blue 
dye was injected intraoperatively in 37 studies, mostly patent blue (Laboratoire 
Guerbet, Aulnay-Sous-Bois, France), or isosulfan blue (Lymphazurin 1%, Hirsch 
Industries, Inc., Richmond, VA). The blue dye was injected around the tumour 
in the majority of studies. A combination of a radiopharmaceutical injection, 
lymphoscintigraphy, blue dye injection and a gamma camera detection-probe was used 
in 24 studies. The influence of blue dye injection only versus the use of both blue dye 
and a radiopharmaceutical or the impact of the use of lymphoscintigraphy upon the 
recurrence rate could not be calculated in subgroup analyses due to a lack of required 
data. 
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Author Year Radiopharmaceutical Injection 
te

Lymphoscin
tigraphy

Blue dye Injection
site

Roumen 2001 99m    Tc-nanocolloid PT Yes Yes PA
Schrenk 2001 99m Tc-nanocolloid PT Yes Yes pb PT
Guenther 2002 No No No Yes ib PT
Bedrosian 2002 99mTc-sulphur colloid* - - Yes -
Chung 2002 99mTc-sulphur colloid PT/ID Yes Yes PT/ID/SA
Shivers 2002 99mTc-sulphur colloid* PT Yes Yes ib PT
Loza 2002 99mTc-sulphur colloid - Yes - PT
Roka 2002 Yes - - Yes -
Blanchard 2003 99mTc-sulphur colloid* ID Yes Yes ib SD
Badgwell 2003 99mTc-sulphur colloid* PT No Yes ib PT
Ponzone 2003 99mTc-nanocolloid SD Yes No -
Imoto 2004 double tracer# SC Yes Yes SC
Van Wessem 2004 99mTc-nanocolloid ID Yes Yes ID
Reitsamer 2004 99mTc-nanocolloid PT Yes Yes pb SA
Naik 2004 99mTc-sulphur colloid SD - Yes ib SD/PT
Van der Vegt 2004 99mTc-nanocolloid PT Yes Yes pb PT
Torrenga 2004 99mTc-nanocolloid PT Yes Yes pb ID
Taback 2004 99mTc-sulphur colloid* PT Yes Yes ib PT
Khakpour 2005 99mTc-sulphur colloid - - Yes ib -
Soni 2005 99mTc-sulphur colloid* PT Yes Yes pb PT
Veronesi 2005 99mTc-human albumin SD/PT Yes No No
Jeruss 2005 99mTc-sulphur colloid* PT Yes Yes -
Kristen 2005 99mTc-nanocolloid PT - Yes pb SA
Snoj 2005 99mTc-nanocolloid PT Yes Yes pb PT
Zavagno 2005 99mTc-nanocolloid SD Yes No -
Sanjuàn 2005 99mTc-nanocolloid IT Yes Yes mb IT
Swenson 2005 99mTc-sulphur colloid - - Yes ib -
Langer 2005 Yes PT/SD Yes Yes ib PT/SD
Palesty 2006 99mTc-sulphur colloid* PT/ID Yes Yes ib PT
De Kanter 2006 99mTc-nanocolloid PT Yes Yes ib ID
Pizzocaro 2006 99mTc-human albumin SD/PT - No -
Domenech 2006 99mTc-nanocolloid - Yes No -
Grigolato 2006 99mTc-nanocolloid SD/SA - Yes pb -
Sinko 2006 99mTc-nanocolloid PT - Yes PT
Van Wely 2006 99mTc-nanocolloid - Yes Yes pb -
Carcoforo 2006 99mTc-nanocolloid PT Yes Yes mb IT
Rosing 2006 99mTc-sulphur colloid* IP/SD - Yes ib -
Haid 2006 Yes SD Yes Yes pb SA
Kokke 2006 99mTc-nanocolloid PA/ID Yes Yes PA
Susini 2006 99mTc-nanocolloid PT - Yes -
Paajanen 2006 Yes - Yes Yes pb -
Pejavar 2006 Yes - - - -
Leikola 2006 99mTc-nanocolloid IT Yes Yes pb IT
Snider 2006 99mTc-sulphur colloid ID/PT/SA - Yes ib/mb PT/SA
Schulze 2006 99mTc-nanocolloid PT Yes No -
Nagashima 2006 99mTc-phytate SD No Yes pb SD
Marazzo 2006 Yes - - - -
Takei 2007 99mTc-phytate SD - Yes pb SA/SD

Table 1. Methods used in the relevant articles. 

Pb: patent blue; ib: isosulfan blue; mb: methylene blue; IT: intratumoural injection; PT: peritumoural 

injection; SA: subareolar injectin; SD: subdermal injection; ID: intradermal injection; PA: periareolar 

injection. * These studies used filtered 99mTc-sulphur colloid. # Double tracer consists of 99mTc 

labelled serum albumin and tin colloid.
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Author Year N Recurrences Interval (m) Follow up (m)a Sensitivityb

Roumen 2001 100 1 14 24 -
Schrenk 2001 83 0 - 22 100%
Guenther 2002 205 1 - 32 -
Bedrosian 2002 216 0 - 30 100%
Chung 2002 206 3 4, 11, 40 26 97%
Shivers 2002 309 0 - 16 M 100%
Loza 2002 168 1 30 21 -
Roka 2002 383 2 7, 13 20 -
Blanchard 2003 685 1 41 29 M -
Badgwell 2003 159 0 - 32 100%
Ponzone 2003 150 0 - 15 100%
Imoto 2004 112 4 - 52 -
Van Wessem 2004 59 1 24 28 -
Reitsamer 2004 200 0 - 36 100%
Naik 2004 2340 3 - 31 -
Van der Vegt 2004 106 1 26 35 -
Torrenga 2004 104 1 24 57 -
Taback 2004 732 1 - 46 -
Khakpour 2005 192 0 - 26 100%
Soni 2005 101 1 35 22 98%
Veronesi 2005 953 3 26, 29, 37 38 -
Jeruss 2005 592 1 22 27 M -
Kristen 2005 95 1 - 14 M -
Snoj 2005 50 1 26 32 -
Zavagno 2005 479 0 - 36 100%
Sanjuàn 2005 158 1 19 21 99%
Swenson 2005 580 3 11, 13, 24 33 -
Langer 2005 122 1 14 42 -
Palesty 2006 335 2 5, 14 33 -
De Kanter 2006 149 4 10, 12, 14, 56 65 -
Pizzocaro 2006 257 0 - 26 100%
Domenech 2006 97 0 - 49 100%
Grigolato 2006 96 0 - 54 100%
Sinko 2006 292 1 11 27 M -
Van Wely 2006 387 9 4-63 52 -
Carcoforo 2006 566 3 17, 18, 24 26 98%
Rosing 2006 89 1 37 26 -
Haid 2006 180 1 12 47 -
Kokke 2006 503 7 - 14-46 -
Susini 2006 165 0 - 46 100%
Paajanen 2006 107 0 - 31 -
Pejavar 2006 110 1 - - -
Leikola 2006 183 2 24,36 - -
Snider 2006 242 0 - 25 100%
Schulze 2006 26 0 - 47 100%
Nagashima 2006 241 0 - 27 100%
Marazzo 2006 233 0 - 33 100%
Takei 2007 1062 4 9,18,21,29 34 -
Overall 14959 67 - 34c 100%

Table 2. Results of the relevant studies.

a Median duration of follow-up, except for the numbers followed by M (mean), b Sensitivity 

calculated by dividing the number of patients with a tumour-positive sentinel node by the sum of 

patients with a negative sentinel node who developed a recurrence and the patients with a positive 

sentinel node, c Calculated from the studies that provided a median number of follow-up duration.
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All studies

Subgroups Number of
 studies

Number of 
patients 

Median 
follow-
up in 
months

Median 
recurrence 
rate (%)

Mean recur-
rence rate 

(%)

95%-confidence
interval mean 
recurrence rate

P-value 
recurrence
 rated

Hospital

Community 6 1583 28 1.39 1.20 1.16-1.24
<0.01University 32 8859 33 0.17 0.33 0.32-0.34

Cancer center 10 4517 31 0.13 0.42 0.44-0.46
Radiopharmaceutical 
Sulphur colloida 15 6946 31 0.14 0.25 0.23-0.25

<0.01Nanocolloid 21 4048 36 0.53 0.81 0.79-0.84

Injection siteb

Deep 19 4170 35 0.17 0.44 0.42-0.45
<0.01Superficial 12 5996 31 0.13 0.36 0.34-0.37

Combined 6 2115 38 0.31 0.42 0.40-0.44

Pathology

H&E and IHCc 21 4671 26 0.53 0.73 0.70-0.74
<0.01Frozen section + 

H&E and IHC
24 8646 32 0.13 0.34 0.33-0.35

Studies with follow-up time of three years and more

Subgroups Number of
studies

Number of
patients 

Median 
follow-
up in 
months

Median 
recurrence 
rate 

Mean 
recurrence 
rate

95%-confidence 
interval mean 
recurrence rate

P-value
recurrence
 rated

Hospital

Community 1 387 52 2.32 2.32 -
<0.01University 10 2201 46 0.14 0.18 0.17-0.20

Cancer center 3 1214 38 0.31 0.90 0.84-0.97
Radiopharmaceutical 
Sulphur colloid 1 732 46 0.14 0.14 -

<0.01Nanocolloid 9 1703 47 0.00 0.82 0.76-0.87

Injection siteb

Deep 6 1376 46 0.14 0.44 0.39-0.48
<0.01Superficial 4 867 36 0.00 0.58 0.50-0.66

Combined 2 1075 38 0.31 0.37 0.36-0.38

Pathology

H&E and IHCc 4 613 52 2.32 1.63 1.55-1.70
<0.01Frozen section + H&E 

and IHC
8 2139 46 0.14 0.52 0.47-0.56

Table 3. Statistical analysis of subgroups.

When only one institute was displayed in the subgroup, a confidence interval could not be calculated. a Nine 

99mTc-sulphur colloid studies used the filtered form, which is similar to 99mTc-nanocolloid. When adjusting 

for this fact the recurrence rates between the groups became less distinct but still in favor of 99mTc-sulphur 

colloid. b Deep, peritumoural or intratumoural injection; Superficial, intradermal, subdermal, subcutaneous, 

periareolar, subareolar injection; Combined, combination of superficial and deep injection techniques. c H, 

haematoxylineeosin; IHC, immunohistochemistry. d The p-values mentioned are similar for the univariable and 

multivariable recurrence rate analyses, meaning that the differences between the subgroups

and between each variable are also significant and therefore not of influence on each other.

Table 3 shows the results of the uni- and multivariable analyses of the investigated 
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independent factors that were statistically significant (p< 0.01). The lowest recurrence 
rates were reported in studies performed in cancer centres, in studies that described the 
use of 99mTc-sulphur colloid (CIS-US, Inc., Bedford, MA), and also when investigators 
used the superficial injection technique or evaluated the harvested sentinel nodes with 
haematoxylin-eosin and immunohistochemistry staining. Duration of follow-up was 
not statistically significant in both the uni- and multivariable analyses (p= 0.70). All 
independent factors remained significant if the analyses were weighted for follow-up 
duration or included as a covariate in the model. In the subgroup analyses of studies 
with a median follow-up exceeding three years (table 3), the results showed similar 
results compared with the analyses of all studies. The only differences were that 
university hospitals had the lowest recurrence rate instead of cancer centres and that 
the use of 99mTc-nanocolloid led to a lower recurrence rate than the use of 99mTc-sulphur 
colloid. 

Discussion

In this study, we analyzed 48 papers describing studies that concerned 14.959 breast 
cancer patients with a clinically node-negative axilla, a sentinel lymph node without 
established disease and no subsequent axillary lymph node dissection. The median 
overall weighted axillary recurrence rate is 0.3% after a median follow-up time 
of 34 months, which is a satisfying result. The median sensitivity of sentinel node 
biopsy to detect axillary metastasis is 100% (range 97% to 100%), an unexpected 
favourable percentage in view of the 60-100% range in the learning phase studies.2 
This high median sensitivity may be somewhat skewed because the twenty papers that 
provided the correct data to calculate the sensitivity happened to report relatively few 
recurrences or none. There were no signs of bias in the description of patient selection 
in these studies that could explain this favourable outcome. 
The low recurrence rate found in this review indicates that the procedure is accurate. 
Surgeons may be tempted to think that this is because of their expertise, but other 
explanations need to be considered as well. The radiotherapy that is part of the breast-
conserving therapy is likely to clean up some of the tumour-positive nodes that 
surgeons may overlook and leave behind in the adjacent axilla. The same can be said 
for the adjuvant systemic treatment that many of these patients receive. The increasing 
use of preoperative ultrasound identifies patients with relatively large, although 
still not palpable, metastatic nodes resulting in direct axillary dissection.53 Without 
ultrasound, such patients would have been subjected to sentinel node biopsy. The size 
of such metastases could then have prevented accumulation of tracer fluids, causing 
the node to pass unnoticed and leading to a recurrence later on. Moreover, several 
retrospective and prospective studies suggest that only about a third of the breast 
cancer metastases in the axilla go on to develop into clinically relevant disease.13, 54,55

The median overall follow-up time of almost three years calculated in the current study 
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may be relatively short to draw definitive conclusions because of the protracted growth 
that typifies the disease. In one study of breast cancer patients who underwent routine 
axillary clearance, the median time to an axillary recurrence was 77 months (range 10-
353 months), compared to twenty months in the present study.56

A few remarks concerning the statistical methods used in the subgroup univariate 
analyses are in order. This is a review of studies with both prospective and 
retrospective data making outcomes less reliable than when data were retrieved from 
prospective studies only. Other heterogeneous factors between the included studies 
are patient selection criteria, the definition of a sentinel node, the lymphoscintigraphy 
visualization rate and the number of retrieved sentinel nodes. These figures were not 
described in detail or not al all.57 
Since all calculations were made weighing the numbers of patients in each study, the 
large study of Naik et al. with 2.340 patients may have had a dominating impact in 
the subgroup analyses. To test this, these 2.340 patients were excluded from subgroup 
analyses, which led to the same statistically significant results as the original analyses 
except for two factors: deep injection became most favourable and university hospitals 
instead of cancer centres had the lowest recurrence rate. The way including or omitting 
the large study by Naik and coworkers swings the results of subgroup analysis one way 
or the other illustrates that the meaning of such subgroup calculations is questionable.25 
The same can be said for the different follow-up durations per study. The subgroup 
analysis of the data derived from the studies that mentioned a median follow-up time 
of at least three years differed from the subgroup analyses based on the data obtained 
from all studies. Although the differences were small, it does suggest that the results of 
subgroup analyses should be questioned and interpreted with restraint. 
Despite these limitations, several observations can be made regarding the subgroup 
analyses performed that demonstrate factors influencing the recurrence rate after a 
tumour-negative sentinel node biopsy. The observation that the results in community 
hospitals are good but not as good as in university hospitals or dedicated cancer centres 
seems solid. The fact that studies describing the injection of 99mTc-sulphur colloid have 
a significantly lower recurrence rate than those in which 99mTc-nanocolloid (Nanocoll®, 
GE- Healthcare, Amersham, United Kingdom) is used might partly be explained 
because the more specialized high volume centres, like the Memorial Sloan Kettering 
Centre, use the former radiopharmaceutical. Several papers describe the use of a 
filtered form of 99mTc-sulphur colloid, which is similar to 99mTc-nanocolloid in particle 
size. When adjusting for filtered or unfiltered 99mTc-sulphur colloid compared to 99mTc-
nanocolloid in the subgroup analyses, the recurrence rates associated with these three 
instead of two types of radiopharmaceuticals were very similar. The particle size of the 
radiopharmaceuticals plays a role in depicting sentinel nodes as well. Unfortunately, 
most papers did not mention the particle size and therefore conclusions concerning its 
influence on the recurrence rate cannot be drawn. The fact that the additional use of 
frozen section analysis resulted in a significantly lower median recurrence rate than 
the use of routine haematoxylin-eosin and immunohistochemistry staining only was a 
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remarkable result. Perhaps the pathologists who make the extra effort of doing frozen 
sections are the more ambitious ones and also make more slides afterwards. The results 
however do suggest that the former thought that frozen sections lead to less tissue for 
postoperative pathologic observation and therefore a less accurate analysis may be 
incorrect. 
Randomized trials comparing sentinel node staging with axillary node dissection are in 
progress and will shed more light on the recurrence rate. The 0.3% median recurrence 
rate that the current study established suggests that the results of these studies can 
be awaited with confidence. In the future, even more definitive conclusions might be 
drawn with a longer follow-up time, but it seems unlikely that the axillary recurrence 
rate after lymphatic mapping will surpass the 1-2.3% recurrence rate after routine 
axillary clearance in node-negative breast cancer patients.58-60 
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