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Abstract. The current study examined if cancer biomarker 
phenotyping could predict the clinical/pathological status 
of axillary nodes in women with primary breast cancer. 
Primary breast cancers from 2002 were analyzed for 
tumor size, estrogen receptor (ER), progesterone receptor 
(PgR), Ki-67MIB expression and Her2/neu amplification. 
Relationships between the clinical and pathological status 
of the axilla and the biological subtypes classification were 
analyzed using univariate, multivariate and regression tree 
analysis. A total of 65% of women with axillary nodes 
clinically involved had complete axillary node dissection 
(ALND) while 705 women with clinically negative axillary 
underwent sentinel lymph node biopsy (SLNB), 18.5% of the 
latter had at least one pathologically SLNB involved node. 
Multivariate analysis revealed that the Luminal A subtype 
was significantly associated (OR 0.62; P<10-9) with clinical 
negative axilla while HER2pos/not Luminal was associated 
with clinical positivity (OR 1.71; P<0.01). No significant 
association between biological subtypes and SLNB status 
was demonstrated. Regression tree analysis revealed that 
subgroups with significantly different probability of SLNB 

status were separated according to tumor size and PgR 
values. In conclusion, the current study demonstrated that 
biomarker breast cancer phenotyping is significantly asso-
ciated with clinical status of axillary nodes but not with 
pathological involvement of nodes at SLNB. Regression 
tree analysis could represent a valid attempt to individualize 
some patients subgroups candidate to different surgical 
axilla approaches.

Introduction

In the last few years, the therapeutic strategy for primary 
breast cancer has undergone radical changes. The possibility 
to characterize breast cancer histological subtypes according 
to molecular phenotypes as well as the adoption of the tech-
nique of axillary sentinel lymph node clearance were among 
the causes that brought about the innovations (1).

In the early 2000s, Sørlie introduced the concept of 
biomolecular characterization of primary breast cancer, based 
on gene expression profile (2). Subsequently, in 2013, the St 
Gallen International Expert Consensus stated that conven-
tional tumor biomarkers such as hormone receptor status, 
tumour proliferative activity and Her2/neu gene amplification 
permitted a surrogate breast cancer subtype classification 
representative of multigene molecular assays (3). Breast 
cancers were confirmed to be classified according to different 
biomarker characteristics in 5 subtypes: Luminal A, Luminal 
B/HER2 negative, Luminal B/HER2 positive, HER2-positive 
(not luminal), Basal Like-Triple negative (TNBC). The 
prognostic‑predictive relevance of this subclassification has 
been largely confirmed (4).

Screening programs and women's increased awareness of 
breast cancer risk are permitting an even earlier diagnosis of 
breast cancer, with smaller size primary tumour and lower 
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frequency of involved axillary lymph nodes at diagnosis (5). 
Consequently, to perform a radical surgical clearance of the 
axilla has been largely debated also the complete axillary node 
dissection (ALND) is limited by potentially important negative 
side effects and without a ‘per se’ clear therapeutic efficacy (6). 
Currently, sentinel lymph node biopsy (SLNB) has replaced 
ALND for axillary staging in patients with early-stage breast 
cancer (7). However, the reported incidence of node metastasis 
at SLNB is generally low which means that for the most part, 
women underwent unnecessary invasive axilla surgery (8); 
furthermore, recent data raises doubts on the role of SLNB 
itself as clinical determinant, considering that small tumors, 
after diagnosis of positive sentinel node would not necessarily 
need further total axillary dissection (5,9).

The purpose of this study is to verify in a large single-center 
consecutive series of early breast cancer patients if biomarker 
tumor characterization according to the St. Gallen criteria (3) 
can play a role in the decision making process regarding the 
surgical management of axillary lymph node and in particular 
regarding the use of SLNB.

Materials and methods

We retrospectively analyzed breast cancer cases consecu-
tively treated with primary surgery at our National Cancer 
Research Centre between 2008-2014. Clinical and biological 
information from women enrolled in the study were available: 
Complete biomarker assay of the primary tumour permitting 
the breast cancer subtype classification according to St. Gallen 
2013 (3); known clinical status of axillary nodes at time of 
primary surgery; in cases with clinically negative axilla, histo-
logical diagnosis of SLNB.

2002/2420 breast cancer patients were enrolled, of whom, 
1297 (64.8%) with clinically positive axillary nodes underwent 
complete ALND; conversely, 705 (35,2%) women with clini-
cally negative axillary nodes underwent SLNB. The clinical 
status of axillary nodes was evaluated by the same operator 
(D.S.). 130/705 cases (14,6%) treated with SLNB showed 
metastasis at least in one of the cleared nodes (median number 
of cleared nodes=2.3).

All women had their primary breast cancer analyzed for 
tumor size (mm in max diameter), estrogen receptor (ER) 
and progesterone receptor (PgR) by ISH, tumour proliferative 
activity according to Ki‑67MIB expression, Her2/neu amplifi-
cation according to ISH/FISH approach.

The present study was approved by the Institutional Review 
Board of the National Cancer Research Institute ‘Giovanni 
Paolo II’. Before undergoing routine surgery, all patients 
signed an informed consent form authorizing the use of the 
removed biological tissue for research purposes according to 
ethical standards.

Sentinel Lymph Node preoperative assessment and 
intraoperative biopsy. In order to detect sentinel lymph nodes, 
a single tracer was used according to a two-day-protocol. The 
day before surgery patients were injected subdermally above 
the breast lesion with 100 MBq Tc-99m-labelled human 
albumin colloid particles at the Nuclear Medicine Institute 
of University of Bari. After injection of Tc-99m-labelled 
human albumin colloid particles the radioactive emission 

of the tracer in sentinel lymph nodes were identified with 
a gamma-camera (e.cam, Siemens) and additionally with a 
hand-held gamma-detector probe and marked on the skin. 
In additon, pictures including the area of injection and 
emission of tracer were taken. A hand-held gamma-detector 
probe was used to identify the sentinel node and guide the 
surgeon intraoperatively (10). The definition of the sentinel 
node consisted in any hot node with an ex vivo radioactivity 
count of ten times or more above the background count with 
the probe held perpendicular and in direct contact to the 
node. γ-probe counts were obtained on axillary dissection 
specimens, all surrounding nodal basins, and sentinel nodes 
ex vivo.

Laboratory analyses. After surgical removal the breast tissue 
was immediately transferred to the Histopathology Unit of 
our Institute where all analyses were performed by operators 
with long standing experience in biomarker analysis and in 
intra-extra laboratory QC programs (11,12). ER, PgR, and 
Ki-67Mib-1 biomarkers were analysed by immunohisto-
chemical assays according to standards already employed by 
our team (13). HER2/neu oncogene status was determined 
according to ASCO/CAP guidelines (14).

In more detail, the expression of ER, PgR, and of Ki-67Mib 
cellular proliferation index were tested by IHC. Estrogen and 
progesterone hormone receptors were tested using mono-
clonal rabbit anti-human estrogen receptor α (clone SP1; 1:60 
dilution; Dako, Glostrup, Denmark) and monoclonal mouse 
anti‑human progesterone receptor (clone PgR 636; 1:100 
dilution; Dako) respectively; Ki‑67MiB1 was detected using 
monoclonal mouse anti‑human Ki‑67 antigen (clone E3 ubiq-
uitin protein ligase 1 (MIB‑1); 1:80 dilution; Dako). ER and 
PgR receptors were scored as positive when >1% of tumor 
cells were present in the tumor (15). Ki-67MIB1 expression 
was considered high when staining was present in >14% of 
tumor cells (16).

All samples were analyzed for HER2/neu expression by 
IHC using the HerceptTest™ kit (Dako) according to the 
manufacturers' protocol. HER2 was scored as 0, 1+, 2+ or 
3+; for tumors scored 1+/2+, FISH for gene amplification was 
conducted using a dual HER2/Cep17 probe (Path Vysion 
HER2 DNA Probe kit; Abbott Molecular, Inc., Des Plaines, 
IL, USA. Gene amplification was reported when HER2/CEP17 
ratio was ≥2 or when the mean HER2 copy number was ≥6.

The Laboratory where the biomarkers assay of breast 
cancer was performed participated in QC programs for ISH 
analysis of Hormone Receptors and for FISH analysis of 
HER/2neu managed by Società Italiana Anatomia Patologica 
and Citologia Diagnostic.

Statistical analysis. The hormone receptor status, the prolifer-
ation activity of Ki-67/MiB-1 expression and the HER2/NEU 
expression/amplification of the tumor were analyzed by 
univariate analysis. Frequency of cases in subgroups of 
patients with different clinical pathological characteristics 
were compared by χ2-test.

The frequency of clinically positive nodes and histo-
logically positive nodes at SLNB were analyzed separately 
in the 5 subgroups of tumours by univariate and multivariate 
logistic regressions. A generalized linear model was fitted 
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by the glm function of R (version 3.2.3) (R Core Team 2015. 
R:A language and environment for statistical computing. 
R Foundation for Statistical Computing, Vienna, Austria. URL 
https://www.R-project.org/), adjusting for age.

A Regression Tree analysis, which included all the main 
clinical pathological characteristics such as continuous vari-
ables in the model, was performed. The results evidenced the 
clinico-pathological characteristics and their cut-off values 
which significantly separated subgroups of cases (nodes) with 
different percentage of positive SLNB. Results were consid-
ered as statistically significant when P<0.05.

Results

A total of 2002 women participating were involved in this 
retrospective study, and they were enrolled considering a 
consecutive series of patients treated for primary breast 
cancer at our Institute. Median age of the series was 59 years 
old (range 35‑83 years old) (Table I). 7.4%, 30 and 34% of 
women had T1a-b, T1c, and T2 tumors. 81 and 70% of women 
resulted positive to ER+ and PgR tumors, respectively. 20% of 
the cases resulted HER2/neu positive. A diagnosis of invasive 
ductal carcinoma was performed in 76,17%; lobular invasive 
carcinoma represented 7,19% of cases.

All patients with primary breast cancer included in the 
analysis were classified in 5 biomarker subtypes according 
to St Gallen 2013 (3) as reported in Table II. Luminal A 

and Luminal B/HER negative subtypes resulted to be more 
frequent (35.4 and 35%, respectively); conversely, HER2 
positive not Luminal were the less frequent (8.1%).

Axillary nodes clinical status. Regarding the assessment of 
axillary lymph node clinical status 1297/2002 (64.8%) women 
treated for primary breast cancer at our Institute had clinically 
positive axillary nodes and were selected to receive complete 
ALND. This subset of patients was significantly younger, with 
tumor diameter significantly smaller and biomarker asset 
expressing more aggressiveness in comparison to women with 
node negative axilla (Table I).

When biomarker subtyping was considered (Fig. 1), 
Luminal B/HER2 tumors showed the higher percentage 
(76.7%) of women with clinically positive axilla, TNBC the 
lowest with 63.6% of the cases. The percentage of clinically 
positive nodes resulted significantly different between TNBC 
and HER2/neu positive subgroups (P<0.01).

To assess the relationships among biomarker subtypes 
and axillary nodal status independently from other clin-
ico-pathological variables of ascertained clinical relevance, 
we performed a logistic regression analysis with clinical nodal 
status such as dependent variable and tumor size, age at diag-
nosis and subtypes included in the model. The multivariate 
analysis demonstrated that Luminal A subtype was signifi-
cantly associated (OR 0.62; 95% CI 0.49‑0.78; P<10-9) with a 
lower probability of clinically positive axillary nodes while 

Table I. Clinical characteristics of the series.

 Axillary clinical status Sentinel lynph node status
 --------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------
Characteristic Negative n=710 Positive n=1294 P‑value  Negative n=570 Positive n=130 P‑value

Age (years)   1.003x10-9   0.0004
  <59 417 (42)a  574 (58)   318 (76.9)  95 (23.1)  
  ≥59 293 (28.9) 720 (71.1)  252 (87.8) 35 (12.2) 
T diameter   2.2x10-16   0.0001
  ≤10 mm  106 (71.1)  43 (28.9)   100 (95.2)  5 (4.8)  
  >10 and ≤20 mm 340 (56.7)  259 (43.3)   281 (84.1)  53 (15.9)  
  >20 mm  151 (22.4)  523 (77.6)   112 (75.2)  37 (24.8)  
  N/A 113 (19.4) 469 (80.6)  77 (68.7) 35 (31.3) 
ER status   0.01   0.49
  Negative 109 (29.9)  255 (70.1)   91 (84.2)  17 (15.8)  
  Positive 601 (36.6) 1,039 (63.4)  479 (80.9) 113 (19.1) 
PgR status   0.02   0.32
  Negative 187 (31.5)  406 (68.5)   154 (84.1)  29 (15.9)  
  Positive 523 (37.1) 888 (62.9)  416 (80.5) 101 (19.5) 
HER2/neu amplified   9.72x10-6   0.66
  Negative 606 (37.8) 996 (62.2)   489 (81.7)  109 (18.3)  
  Positive 104 (25.8) 298 (74.2)  81 (79.4) 21 (20.6) 
Ki-67/Mib1 express   2.1x10-11   0.03
  Negative 349 (44.4) 437 (55.6)   292 (84.6)  53 (15.4)  
  Positive 361 (29.6) 857 (70.4)  278 (78.3) 77 (21.7) 

a% in parentheses, T, tumor; ER, estrogen receptor; PgR, progesterone receptor.
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the subgroup of HER2 positive/not Luminal with the highest 
(OR 1.71; 95% CI: 1.12‑2.65; P<0.012) (Table III).

SLNB status. All women with clinically negative axillary 
nodes (n=705) underwent SLNB. The detection rate of a 
sentinel lymph node biopsy assay was >95%. 130 out of 705 
(18.5%) cases showed metastasis at least in one of the surgi-
cally cleared nodes (median number of cleared nodes=2.3). 
The subgroup of patients having at least one metastatic node at 
SLNB was older (P<0.0004) and the node itself was larger in 
diameter (P<0.0001) than those without (Table I).

Moreover, the histological SLNB status of nodes was 
analyzed with respect to biomarker subtypes. Our series of 
women affected by breast cancer and treated with SLNB 
(n=705), showed a differently distributed percentage of cases 
with positive sentinel lymph node in the 5 subgroups (Fig. 2). In 
particular, the percentage resulted higher in Luminal B/HER2 
negative tumors (23.8%) and lower in TNBC (14.5%). The prob-
ability of finding metastatic nodes at SLNB resulted significantly 

different between Luminal A and Luminal B/HER2 negative 
subgroups (15.4% vs. 23.8%, respectively; P<0.01).

Moreover, the relationships between breast cancer 
subtypes and SLNB status independently from other clin-
ico-pathological variables of ascertained clinical relevance 
were investigated by logistic regression analysis considering 
node positivity as an dependent variable and with tumor size, 
age at diagnosis, biomarker subtypes included in the model 
(Table IV). The subtype Luminal B/ HER2 negative showed 
a strong trend (OR 1.73; 95% CI: 0.94‑3.09; P<0.06) towards 
an association with a higher probability for positive SLNB. No 
additional statistical associations were verified.

Considering the limited power of biomarker subtyping 
in predicting SLNB status, we employed a regression tree 
analysis using age, tumor size, ER expression, PgR expres-
sion, Ki-67/Mib1 expression as continuous variables, and with 
HER2/neu status included in the model (Fig. 3).

We highlighted a decisional tree with marker cut-offs indi-
cating 5 subgroups of patients (nodes) significantly different in 
view of the probability of having positive nodes at SLNB; the 

Table II. Biomarker classification of 2002 primary breast cancers according to Goldirsch et al (3).

Biomarker subtypes N (%)

Luminal A: ER+ PgR+, MiB‑1 low, HER2/NEU neg 709 (35.37)
Luminal B/HER2 negative: ER+, PgR+, MiB‑1 high, HER2/NEU neg 701 (34.98)
Luminal B/HER2 positive: ER+, PgR+, MiB‑1 high/low, HER2/NEU +++ 239 (11.92)
HER2 positive (not luminal): ER-, PgR-, HER2/NEU +++ 163 (8.13)
Triple negative: ER-, PgR-, HER2/NEU neg. 192 (9.6) 

ER, estrogen receptor; PgR, progesterone receptor.

Figure 1. Biomarker subtypes and percentage of patients with clinically 
positive axilla nodes. Two-proportion z test assessed whether proportion of 
clinically positive axilla nodes is significantly different among the distinctive 
biomarker subtypes. *P<0.0001; **P<0.01; ***P<0.05. TNBC, Triple negative 
breast cancer.

Figure 2. Biomarker subtypes and percentage of patients with positive axil-
lary sentinel lymph node. Two-proportion z test assessed whether proportion 
of positive axillary lymph node is significantly different among the distinctive 
biomarker subtypes. The probability of nodal invasion at sentinel lymph node 
biopsy deemed significantly different in Luminal A compared to Luminal 
B/HER2 negative subgroups. **P<0.01. TNBC, Triple negative breast cancer; 
STLN, sentinel lymph node.
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probability resulted significantly different in tumors with <38 mm 
compared to those with tumor diameter >38 mm (P<0.001). 
Specifically speaking the probability was the highest (24%) in 
women with tumour size >38 mm (representing 1.7% of cases of 
the overall series) and the lowest (2%) in those with tumor size 
<10 mm (14.9% of the overall series). Tumors with size >10 and 
<38 mm were further split in two nodes according to PgR status 
(higher or lower than 50% of positive tumour cells).

Discussion

The nodal dissemination represents a complex process in 
which a vicious cycle boosts both the cancer cells and the 
bystander microenvironment: The recent biological decon-
volution of this reciprocal education uncovered peculiar 
biomarkers to be pivotal in facilitating the malignant cells 
undisturbed lymph-node invasion. Nodal involvement exem-
plifies a paradigmatic setting with prognostic and therapeutic 
consequences in several malignancies (17-20).

Therefore, we were interested in verifying weather 
biomarker subtyping could impact on the surgical approach 
to axillary nodes management in breast cancer. To this end, 
we considered the clinical status of the axilla, which, if posi-
tive, implies an ALND. In clinically nodal negative disease, 
SLNB is routinely performed. However, SLNB low positive 
rate often prompts unnecessary surgery (21). Thus, there is an 
urgent need of largely validated markers able to predict SLNB 
positivity and, confidently, spare invasive approach, also 
supporting the overall clinical management.

Current literature is lacking in data concerning the search 
for markers predictive of node status at SLNB. Age confirms 
to be a predictive marker for axillary node involvement either 
at axillary dissection or at SLNB (22). In addition, the size 
of the sentinel node, and the body mass index has been also 
reported to predict SLNB status (22,23). High differentiation 
grade (24), mitotic activity (25,26) and lympho-vascular inva-
sion (27) have been also reported.

More recently, the attention has been focused on biomarker 
subtyping of breast cancer and axillary node involvement 
demonstrating a strong association with node involvement 
at ALND (28); conversely, the question is still debated as 
regards the association with SLNB status with a significant 

relationship reported only for a lower probability of positive 
nodes in TNBC (24,29). These last studies were performed in 
limited series of Asian patients and were characterized by a 
lack of information regarding biological predictors.

We analyzed the relationships between tumour biomarker 
subtyping and axillary status in a consecutive series of 
2002 women with breast cancer, prospectively collected for this 
purpose. All these assays and histopathological diagnosis were 
performed in laboratories actively participating in QC programs. 
The patients cohort characteristics matched clinical and biological 
determinants, as can be seen in studies already published (15,16).

For breast cancer biomarker subtyping, we used the 
classification described by Goldirsch et al (3) that has been 
largely confirmed to be of prognostic‑predictive relevance (4). 
The frequency in our series of patients of various breast 
cancer subtypes are reported in Table I; when compared to 
the Yanagawa observation on 363 patients with breast cancer 
classified according to same criteria (30), we reported a lower 
percentage of HER2/neu positive tumors (20% vs. 30%, in our 
and Janagawa series, respectively).

When considering clinical-pathological factors predicting 
clinical status of the axillary nodes (Table I), our experience 
also confirmed that tumour size was appeared to be the most 
powerful factor predicting clinical involvement of axillary 
nodes. The same strong relationship was confirmed regarding 
the age of women at diagnosis showing that during clinical 
observation earlier onset was associated with significantly 
higher probability of node involvement. Clinical involvement 
of axillary nodes was also more significantly frequent in 
hormone receptor negative and HER2/neu amplified tumors. 
However, in a multivariate analysis, only the Ki-67-Mib 
expression resulted significantly predictive for statistics (OR 
0.99; 0.98‑0.99 95% CI; P<0.005).

Table I reports data on SLNB status as well. In an univar-
iate analysis, age at diagnosis (P<0.0004) and tumor size 
(P<0.0001) were confirmed significantly associated with pres-
ence of involved nodes at SLNB. Regarding the multivariate 
analysis of biomarkers significantly associated with SLNB 
status, we already published that only PgR-positive status 
confirmed to be associated independently from other variables 
with SLNB status (OR: 0.37; 95% CI: 0.17‑0.72; P<0.005) (31). 
In this study we further investigated this point with a regres-
sion tree analysis. Interestingly, we were able to confirm the 

Table IV. Logistic regression with independent variable 
Axillary Lymph nodal status. The 5 biomarker profiles were 
analyzed with respect to clinically positive nodal status, when 
adjusted for tumor size and age (median: 59 years).

Genomic biomarker profiles Odds ratio (95% CI) P‑value

Luminal A 0.82 (0.52÷1.29) 0.39
Luminal B/HER2 negative 1.73 (0.94÷3.09) 0.06
Luminal B/HER2 positive 1.63 (0.75÷3.28) 0.18
HER2+ (not luminal) 0.76 (0.25÷1.87) 0.58
Triple negative 0.58 (0.24÷1.21) 0.18

CI, confidence interval.

Table III. Logistic regression with independent variable the 
clinically positive lymph node status. The five biomarker 
profiles were analyzed with respect to clinically positive 
nodal status, when adjusted for tumor size and age (median: 
59 years).

Biomarker profile Odds ratio (95% CI) P‑value

Luminal A 0.62 (0.49÷0.78) <0.001
Luminal B/HER2 negative 1.52 (1.11÷2.10) 0.009
Luminal B/HER2 positive 1.62 (1.11÷2.39) 0.011
HER2+ (not luminal) 1.71 (1.12÷2.65) 0.012
Triple negative 0.71 (0.49÷1.04) 0.070 

CI, confidence interval.
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clinical relevance of tumor size and of PgR. (Fig. 3). In fact, 
we were able to identify tumors moving to it a probability of 
close to 80% to have involved nodes at SLNB (tumor diameter 
>38 mm), to less than 3% (tumors diameter <10 mm); more-
over, in tumors with a diameter comprised between 10 and 
38 mm, PgR is able to split in two different subgroups. This 
is the only model demonstrating how it could be possible to 
manage the SLNB assay according to a combination of tumor 
size and PgR status data. Interestingly, studies published 
while our data were being concluded (24,28,29) uncovered 
the clinico-pathological characteristics to be relevant in the 
management of lymph node metastasis in breast cancer. To 
our knowledge, our study substantially extends these findings 
by providing deeper insight into the largest, monoinstitutional, 
and consecutive cohort of Caucasian patients. Furthermore, 
we also employed stringent st Gallen criteria for subtype 

categorization. These criteria are of paramount importance in 
describing mammary carcinoma characteristics.

Collectively, we uncovered the age at diagnosis and the 
tumor size to strong and unequivocal predictors of clinically 
evident axillary node involvement in our 2002 Caucasian 
patients cohort. Additionally, tumor biomarkers subtyiping 
according to Goldirsch classification (3) allowed us to identify 
Luminal A tumors with a significantly lower probability of 
clinically evident nodes (OR 0.62).

Conversely, in earlier phases of nodal invasion, character-
ized by clinically negative axilla, requiring SLNB, tumor size 
represents a stronger predictor of nodal metastasis. Moreover, 
we found a lack of clinical utility of additional biomarkers in 
this scenario. Remarkably, by a regression tree analysis we 
could dissect subgroups of tumors with different SLNB nodal 
involvement potential. This approach pinpoints biomarker 

Figure 3. Regression tree for prediction of probability to identify pathological positive axillary nodes in a series of 705 patients with operable breast cancer. 
Variables included in the model as continuous values: Age, cytohistological differentiation grade, tumor diameter (mm), Ki-67%, ER and PgR tissue expression 
(% of positive cells), Her2/neu. In leaves indicated number of cases and (in parenthesis) % of BRCA carriers.
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cut-offs for tumour size and PgR status by stratifying four 
groups of women with variable likelihood of SLNB node 
involvement ranging from 75 to 3%. This approach hold great 
clinical promise, prompting statistically powered studies 
aiming to SLNB optimization.
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