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Zusammenfassung
Hintergrund: Bei Patientinnen mit Mikrometastasen im 
Wächterlymphknoten wird die Axilladissektion als thera-
peutischer Standard zunehmend verlassen. Dennoch finden 
sich bei einem beträchtlichen Anteil der Patientinnen Mak-
rometastasen in Nicht-Wächterlymphknoten. Methodik: In-
nerhalb eines Jahrzehnts wurde an 5000 Patientinnen eine 
Wächterlymphknoten-Biopsie durchgeführt. Alle zugäng-
lichen Fälle von Mikrometastasen im Wächterlymphknoten 
wurden untersucht. Klinische Parameter, Tumorkriterien, 
sowie Lymphknoten-Parameter wurden unter der Verwen-
dung von univariater und multivariater Statistik analysiert, 
mit dem Ziel Prädiktoren für eine weitere axilläre Beteili-
gung zu identifizieren. Ergebnisse: Wir konnten 216 Patien-
tinnen mit Mikrometastasen im Wächterlymphknoten ermit-
teln, von denen sich 181 anschließend einer Axilladissektion 
unterzogen. Von allen Studienteilnehmern präsentierten 
sich 16% (n = 29/181) mit axillären Lymphknotenmetasta-
sen. Die Axilladissektion zeigte Makrometastasen der Nicht-
Wächterlymphknoten in 10,5% (n = 19/181) von allen unter-
suchten Patientinnen und in 66% (n = 19/29) der Patientin-
nen mit Metastasen in Nicht-Wächterlymphknoten. In letzte-
rer Gruppe waren in 28% (n = 8/29) multiple Metastasen 
vorhanden. Die Anzahl der entfernten Wächterlymphknoten 
war ein signifikanter Prädiktor für metastatische Besiede-
lung in Nicht-Wächterlymphknoten (p = 0,007). Schlussfol-
gerung: In dieser retrospektiven Analyse von Brustkrebs-
Patientinnen mit Mikrometastasen im Wächterlymphknoten 
zeigte ein substantieller Anteil metastatische Besiedelung 
von Nicht-Wächterlymphknoten, von denen Makrometasta-
sen den größten Anteil ausmachten. Das Verlassen der Axil-
ladissektion bei Mikrometastasen im Wächterlymphknoten 
bedingt eine mikro- und makrometastatische Tumorlast in 
weiteren axillären Lymphknoten, deren pathologische Eva-
luierung wir hier explizit beschreiben. 
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Summary
Background: Omission of axillary lymph node dissection 
(ALND) is increasingly becoming the new standard of care 
for patients with sentinel lymph node micrometastases 
(SNMMs). However, a formidable proportion of patients is 
afflicted with non-sentinel node (NSN) macrometastatic 
tumor burden. Methods: Over 1 decade 5,000 patients un-
derwent sentinel node biopsies (SNB) at 2 certified breast 
cancer centers in Austria. All available cases of SNMM dur-
ing this time period were reviewed. Clinical, tumor and 
lymph node parameters were analyzed using univariate and 
multivariate analysis to retrieve predictors for further NSN 
involvement. Results: We identified 216 patients with 
SNMMs, of whom 181 subsequently underwent ALND. Of 
the latter patients, 16% (n = 29/181) presented with NSN 
 axillary metastases. ALND revealed NSN macrometastases 
in 10.5% (n = 19/181) of all the investigated patients, and 66% 
of the NSN-positive patients (n = 19/29). In 28% (n = 8/29) of 
the NSN-positive patients, more than 1 macrometastasis 
was detected. The number of removed sentinel nodes was 
found to be a significant predictor (p = 0.007) for NSN in-
volvement. Conclusion: In this retrospective investigation of 
breast cancer patients with SNMMs, a substantial propor-
tion exhibited involvement of NSNs. Macrometastases 
 accounted for the largest fraction of NSN tumor burden. Re-
fraining from ALND in the face of SNMMs may entail sub-
stantial micro- and macrometastatic tumor burden in the 
remaining axillary lymph node basin.
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Introduction

The axillary lymph node (ALN) status is one of the most 
 important prognostic factors in early-stage breast cancer 
 patients, and sentinel node biopsy (SNB) is a reliable and 
thoroughly validated ALN-staging procedure [1, 2].

SNB has replaced ALN dissection (ALND) in patients 
with negative SNs due to its reduced physical and psychologi-
cal morbidity. While there is general scientific agreement on 
how to treat macrometastases and submicrometastases, con-
troversy remains on how to properly deal with SN micro-
metastases (SNMMs). This has resulted in divergent surgical 
approaches when SNMMs are present, i.e. whether to per-
form ALND or to spare patients further axillary surgery [3].

Lymphedema, entailing constricted arm mobility, pain, 
 seroma formation and infection represent some of the most 
serious sequelae of ALND [4, 5]. In the face of these conse-
quences, over the last decade investigations have tried to as-
sess whether clearing the remaining axillary lymph node basin 
results in a superior outcome for patients with micrometa-
static SNs or constitutes overtreatment. However, results on 
survival and non-sentinel node (NSN) involvement rates have 
been inconsistent, leading to disagreement about a standard 
treatment of SNMM [6–16]. 

Here we address both the question of further axillary sur-
gery in patients with SNMM, explicitly reviewing the axillary 
basin after SNB, and the attempt to identify clinical predictors 
for NSN involvement, ideally to provide possible risk assess-
ment on a case-by-case basis.

Patients and Methods

In this retrospective cross-sectional analysis we searched the databases of 
2 certified breast cancer centers, at the Paracelsus Medical University 
Salzburg and the Innsbruck Medical University, for micrometastases 
 detected in SNBs performed in early-stage breast cancer patients (be-
tween the years 1999 and 2009). Our search yielded 216 patients with 
SNMMs, of whom 181 subsequently underwent ALND; 35 patients 
 rejected the procedure. All patients gave informed consent to participate 
in the study. The study was conducted according to the provisions of the 
Helsinki Declaration and was approved by the ethics committees of the  
2 universities.

The following parameters were recorded: age, menopausal status, side 
and location of the primary tumor within the breast, tumor size, histologi-
cal type of the tumor, grade, estrogen receptor status, progesterone re-
ceptor status, HER2 status and lymphovascular invasion. SNMM identifi-
cation was performed on frozen serial tissue section with routine immu-
nohistochemistry (IHC). Furthermore, the number of SNs, excluding 
peri-sentinel nodes, the number of harvested NSNs in ALND and the 
overall number of positive lymph nodes were evaluated. The 35 patients 
who decided not to undergo ALND after SNB indicated SNMMs were 
excluded from further analysis.

On the day before surgery, following the given protocol used by both 
centers, a radioactive tracer was applied by periareolar injection and, di-
rectly before surgery, a blue dye by peritumoral or subareolar injection. 
Histopathological workup of the SNs comprised 250-µm sections with 
subsequent hematoxylin and eosin (H&E) staining and IHC.

The distribution of the data was examined using histograms, QQ plots, 
skewness and kurtosis, and was accepted as normal if skewness and 
 kurtosis ranged between -1 and 1. In the univariate analysis, the NSN-
negative group (n = 152) was compared to the NSN-positive group  
(n = 29). To compare continuous variables between the NSN-positive and 
the NSN-negative groups, the 2-sample T test was used when the normal-
ity assumption was satisfied, and the Mann-Whitney U test for data that 
did not demonstrate normal distribution. The Pearson’s chi-squared test 
was used for categorical variables and Fisher’s exact test if the validity 
was violated. A p value of < 0.05 was considered significant. 

A binary logistic regression model was applied to determine the im-
pact of the recorded explanatory variables on the response variable, 
which was defined as positive or negative NSNs in the remaining axillary 
basin. The PASW Statistics version 18 was used for statistical analysis.

Results

Patient and Tumor Characteristics
Of the 5,000 patients who underwent SNB, 216 were found to 
have SNMMs. The mean age of the SNMM cohort was 
59 years (median, 58; range, 25–89). The primary tumor 
 characteristics are listed in table 1. Of these patients, 67.1%  
(n = 145) were postmenopausal. The mean tumor size was 
18 mm (median, 16; range, 2–80). Bloom-Richardson tumor 
grades I, II and III were found in 8.3% (n = 18), 71.8%  
(n = 155) and 19.9% (n = 43) of the patients, respectively. 
 Invasive ductal carcinoma was identified in 86.1% (n = 186) 
and invasive lobular carcinoma in 9.7% (n = 21). Lymphovas-
cular invasion was present in 26.4% (n = 57) of the patients. 
None of these parameters differed significantly between the 
groups with negative and positive NSN status.

SN Characteristics
The SN characteristics are shown in table 2. The mean num-
ber of SNs identified was 2.33 (median, 2; range, 1–5). In 
82.3% (n = 178) of cases, only 1 SN was found to be positive, 
while the remaining 17.7% (n = 38) of cases had ≥ 2 positive 
SNs. The exact size of the SNMMs was available for 63.4%  
(n = 137) of patients, with 42.6% (n = 92) presenting a deposit 
of < 1 mm, and 20.8% (n = 45) SNMMs of > 1 mm. Frozen tis-
sue sections were positive in 26 cases, whereas standard tissue 
staining (H&E) yielded a positive result in 150 SNs and rou-
tine IHC in 90 SNs. 

NSN Involvement
The lymph node characteristics of the patients with NSN in-
volvement are summarized in table 3. SNB yielded micro-
metastases in the SN in 216 patients, and of these patients, 181 
subsequently underwent ALND; 35 patients rejected the pro-
cedure. Further, 16% of patients with micrometastases in the 
SN (n = 29) presented with tumor deposits in NSNs. Of the 
patients with SNMMs and positive NSNs, 41% (n = 12) dem-
onstrated lymphovascular invasion of the primary tumor. 
ALND revealed macrometastatic deposits in the NSNs of 
10.5% (n = 19/181) of patients (mean size: 4.8, range: 2.1–10), 
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representing 66% (n = 19/29) in the NSN-positive group; 28% 
(n = 8/29) had macrometastases in more than 1 NSN. The size 
of the micrometastases was in the upper range of the defini-
tion of micrometastases in 10 patients (1.9–2.0 mm).

Predictors of NSN Involvement
To determine predictors of NSN involvement, the number of 
SNs removed, lymphovascular invasion, tumor grade and size 
of the primary tumor as well as identification of SNMM by 
H&E and IHC staining were entered in the multivariate anal-
ysis. Of these parameters, the number of SNs removed was 

Table 1. Baseline characteristics of the primary tumor
n      %

Location
UOQ 116 53.7
UIQ 29 13.4
LOQ 26 12.0
LIQ 16 7.4
Central 14 6.5
Multilocular 15 6.9

Side
Left-sided 117 54.2
Right-sided 99 45.8

Histology
IDC 186 86.1
ILC 21 9.7
Other 9 4.2

Grade
1 18 8.3
2 155 71.8
3 43 19.9

Lymphovascular invasion
Absent 159 73.6
Present 57 26.4

ER 13.9
Negative 30
Low 30 13.9
Intermediate 67 31.0
High 89 41.2

PR
Negative 46 21.3
Low 32 14.8
Intermediate 62 28.7
High 76 35.2

HER2
Negative 139 64.4
Positive 77 35.6

Tumor size, mm
 1–5 6 2.8
 6–10 36 16.7
11–15 64 29.6
16–20 51 23.6
21–30 41 19.0
> 30 18 8.3

UOQ = upper outer quadrant, UIQ = upper inner quadrant,  
LOQ = lower outer quadrant, LIQ = lower inner quadrant,  
IDC = invasive ductal carcinoma, ILC = invasive lobular carcinoma,  
ER = estrogen receptor, PR = progesterone receptor.

Table 2. Baseline characteristics of the SNs
n      %

Number of SNs removed
1 71 32.9
2 73 33.8
≥ 3 72 33.3

Positive SNs
1 178 82.3
≥ 2 38 17.7

Micrometastasis size
< 1 mm 92 42.6
> 1 mm 45 20.8
Unknown 79 36.6

Metastasis identification on frozen section
Negative 120 55.6
Positive 26 12.0
Not performed 70 32.4

Metastasis identification with H&E
Negative 63 29.2
Positive 150 69.4
Not performed 3 1.4

Metastasis identification by IHC
Negative 126 58.3
Positive 90 41.7
Identification by IHC only 61 28.2

SN = sentinel node, H&E = hematoxylin and eosin staining,  
IHC = immunohistochemistry.

Table 3. Lymphnode characteristics of the 29 patients with tumor deposits in NSNs
Patient no. LVI SNs,  

n
NSNs,  
n

Overall 
positive 
LNs, n

SNMMs,  
n

Size of 
SNMM,  
mm

NSN micrometasta-
ses,  
n

NSN macrometas-
tases,  
n

Size of NSN macro-
metastases, mm

 1 – 2 14 3 2 0.5 2 - -
 2 + 1 25 6 2 1.2 - 4  4.0
 3 + 5 16 4 3 1.2 - 4  5.0
 4 + 2 20 3 4 1.5 1 - -
 5 + 5 12 2 2 0.4 1 - -
 6 – 3 20 2 1 0.6 - 1  3.0
 7 – 1 21 2 2 1.9 1 - -
 8 + 2 10 2 1 1.2 1 - -
 9 – 1 23 2 2 1.0 - 1  2.1
10 + 2 24 3 2 1.5 2 - -
11 + 1 23 2 2 0.4 1 - -
12 – 1 11 2 3 1.9 - 1  3.0
13 – 2 16 2 1 1.2 - 1  2.1
14 + 3 12 3 1 1.9 - 2  2.1
15 – 1 19 2 1 1.9 - 1  5.0
16 – 1 25 2 2 0.5 - 1  3.0
17 + 1 20 2 1 0.2 - 2  5.0
18 – 1 15 2 1 0.5 1 - -
19 – 1 16 2 1 1.0 1 - -
20 – 4 11 2 1 2.0 - 1  3.0
21 – 4 24 3 2 0.4 2 - -
22 – 4 14 2 1 1.5 - 1  2.1
23 – 1 22 2 1 1.9 - 1 10.0
24 + 1 18 3 1 2.0 - 2  6.0
25 + 2 17 2 1 1.5 - 1  3.0
26 – 1 18 2 1 2.0 - 1  5.0
27 – 1 19 3 1 0.2 - 2  7.0
28 – 1 17 3 1 2.0 - 2  7.0
29 + 1 20 6 1 2.0 - 5  6.0
LVI = lymphovascular invasion, + = present, – = absent, SN = sentinel node,  
SNMM = sentinel node micrometastases, NSLN = non-sentinel node, LN = lymph node.
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significantly associated (p = 0.007) with the response variable 
(positive or negative NSN axillary status). Lymphovascular 
invasion showed a trend towards significance as a positive 
predictor (p = 0.076). Grading, size of the primary tumor, 
identification of SNMM by H&E and IHC staining were not 
found to be significant predictors in this cohort.

Discussion

The prime objectives of breast cancer surgery are local and 
regional control of the disease and improved survival of the 
patients. However, whether these aims can be accomplished 
with ALND omission invariably for all patients with SNMMs 
remains under scrutiny. 

Some authors reported that patients with SNMMs have a 
significantly worse survival rate, advocating adjuvant therapy 
in this patient group [6–12], while others failed to demonstrate 
this outcome, arguing for ALND omission [13–16]. Scientific 
inconsistency regarding the prognostic impact of SNMMs may 
be attributed to a large number of underpowered studies, 
lacking randomization and follow-up, as well as poor compa-
rability due to non-standardized histological examination and 
administration of adjuvant chemotherapy to some patients. 
Finally, the prevalence of inconsistent study findings concern-
ing SNMM may also be the result of the definition itself.

The risk of harboring additional NSN metastases if the SN 
is afflicted with micrometastatic disease (pN1mi) reportedly 
ranges from 13.4 to 26% [17–20]. Cserni and colleagues esti-
mated the risk to hover between 10% and 15% for microme-
tastases and isolated tumor cells [21]. Here we report a NSN 
involvement rate of 16%, which is in the range of previously 
published results [20, 21]. It is insistently stated that the gen-
erally accepted false-negative rate of SNB is as high as 5%, 
which is considerably below the NSN involvement rate re-
ported by this study and by many others.

In our study, 66% of the NSN-positive patients were found 
to harbor macrometastatic disease. Although this 66% frac-
tion of NSN-positive patients appears high, it is crucial to as-
sess if this high percentage has an impact on patient outcome.

The ACOSOG Z0011 trial demonstrated that for patients 
with SNMMs spared further axillary surgery, no difference in 
local, regional and distant recurrence rates could be observed. 
Even ALND omission in the presence of SN macrometastases 
did not result in reduced survival. These results apply to 
breast cancer patients with a primary tumour of less than 
5 cm, a positive SN count of ≤ 2 and no clinically detectable 
lymph node involvement [22]. 

Galimberti and colleagues studied a cohort of 377 breast 
cancer patients with micrometastases in 1 SN. They found the 
5-year overall survival to be 97.3%, and the accumulative inci-
dence of axillary recurrence to be 1.6%. The authors con-
cluded that patients with small tumours of ≤ 2 cm and low to 
intermediate grade might safely be spared ALND. However, 

patients with high-grade tumours of > 2 cm demonstrated a 
significantly worse axillary recurrence rate. According to the 
authors ALND should still be performed in these patients 
[23].

However, it has also been demonstrated that patients with 
SN macrometastases have a significantly worse survival com-
pared to SN-negative patients. Recently, Weaver and associ-
ates studied the impact of occult SN metastases and found 
that occult nodal macrometastases resulted in a worse prog-
nostic impact with respect to death, any outcome event and 
distant disease compared to micrometastatic disease [24]. 
These results are of utmost importance especially taking into 
account that a considerable proportion of our cohort with 
SNMMs had more than 1 NSN macrometastasis.

In this study we attempted to identify patients with an in-
creased risk of NSN involvement. Previously, clinical predic-
tors found to display risk for NSN involvement include: age, 
menopausal status, primary tumor size, grade, number of SNs, 
number of positive lymph nodes, size of SN metastases, lym-
phovascular invasion and identification by H&E or IHC stain-
ing [17, 25–29]. In our study the number of SNs removed dur-
ing the SN procedure was a significant predictor of positive 
NSN status. Lymphovascular invasion showed a trend to-
wards significance. Both of these findings are in agreement 
with previously reported results.

At the same time, identification of candidates for ALND 
omission has only recently started. Therefore, the number of 
studies is limited and the clinical experience with this ap-
proach faces exigent need for enhancement.

The aim of this retrospective investigation was to examine 
the NSN involvement rate of patients with micrometastatic 
SNs, ideally to allow a conclusion regarding ALND omission 
in early-stage breast cancer patients with SNMMs. Of this co-
hort, 16% of patients were shown to have NSN involvement, 
with 28% of those showing a macrometastatic tumor burden 
in more than 1 NSN.

Despite this, ALND omission has emerged as the new 
standard of care for patients with SNMM and, as such, is 
 supported by the Austrian consensus statement [30]. This 
 approach is further backed up by more recent studies [23, 31].

According to the criteria by Giuliano [22], treament of low-
risk patients may safely omit ALND. However, providing 
equal adjuvant and systemic therapy to this special patient 
population, as well as to SN-positive patients is paramount 
[32, 33].

However, there is danger in sparing high-risk patients fur-
ther axillary surgery, notably those who will develop macro-
metastatic disease in NSNs and hence have a poorer progno-
sis. Effective steps to identify this group of patients are being 
taken [34]. 

Based on recent results [22, 23], ALND omission is going 
to be the new standard of care for patients with SNMM, de-
spite the associated metastatic tumor burden in the NSNs, 
which has been demonstrated by this study and others.
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