
Abstract. Aim: The standard-of-care in breast cancer (BC)
with positive sentinel lymph node (SLN) metastasis includes
complete axillary lymph node dissection (ALND); however,
almost half of such cases have no further tumor burden.
This study aimed to assess the clinicopathological factors
that predict non-SLN metastasis to define subgroups of SLN-
positive patients in whom the axilla may be staged by SLN
biopsy alone, while avoiding unnecessary overtreatment.
Patients and Methods: The records of 191 patients with
histologically-proven primary BC who underwent a positive
(SLN) biopsy between 2005 and 2017 were reviewed.
Patients with at least one tumor-involved SLN who
underwent completion ALND were enrolled. Demographic
and clinicopathological characteristics, including age,
primary tumor size and histological grade, lymphovascular
invasion, ratio of positive SLNs to the harvested SLNs, SLN
metastasis size, and molecular subtype classification
according to immunohistochemical biomarker status
[estrogen receptor (ER), progesterone receptor (PR), and
human epidermal growth factor receptor 2 (HER2)], were
evaluated. Data were collected retrospectively and analyzed
using the Mann–Whitney and Chi-square tests (statistical
significance: p<0.05). Results: The incidence of non-SLN
metastasis associated with positive SLN was 48.6%
(93/191). The risk of additional nodal spread correlated
with high sentinel nodal ratio >0.67 [odds ratio (OR)=2.55,
p=0.032], luminal BC subtype (OR=2.67, p=0.06), HER2
overexpression (OR=0.4, p=0.016), and ER+PR−HER2−

profile (OR=2.95, p=0.027). There was a tendency
(statistically insignificant; p>0.05) toward higher incidence
of non SLN metastasis with increasing age and histological
grade, which could be attributed to the small sample size.
Conclusion: According to this study, sentinel nodal ratio
and BC subtypes as per ER, PR, and HER2 status
significantly predicted the likelihood of additional lymphatic
involvement. Validation of these parameters in prospective
studies is indicated, and may help individualize treatment
modalities.

Among patients with breast cancer (BC), the probability of
distal recurrence increases progressively with the number of
axillary nodes involved, and in the context of several
molecular signatures (1). The expression status of steroid
receptors and human epidermal growth factor receptor 2
(HER2) may predict local aggressiveness and disease
dissemination of BC. Axillary lymphatic spread is reported to
be higher in estrogen receptor (ER)/progesterone receptor
(PR)-positive patients, aiding decisions regarding nodal
dissection in positive sentinel lymph node (SLN) biopsy
procedures (2, 3). However, with short follow-up, HER2 is
reported to be prognostic for disease-free and overall survival
(OS) in node-positive BC, and with longer follow-up, in
node-negative BC as well (4). Furthermore, previous studies
have reported a higher risk of nodal involvement in those
with triple-positive disease (ER+PR+HER2+), suggesting
activation of local invasion pathways (5, 6). However, the
predictive value of steroid receptor expression for lymphatic
invasion is controversial because in most cases, other
predictive factors such as high grade, large tumor size, and
younger age at diagnosis may be concurrent (7). 

Various clinicopathological features such as clinical
palpability, lymphovascular invasion, Ki-67 receptor status,
molecular subtype classification, multifocality, and the
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number of harvested and positive SLNs have been identified
as independent predictors of lymphatic involvement in early-
stage BC (8-10). 

Axillary status is the strongest factor correlated to OS, and
is one of the major determinants of therapeutic decisions. It
is thought that nodal metastasis correlates well with the
intrinsic biological properties of ER−HER2− BC, whereas
stochastic events, tumor size, growth rate, and
lymphovascular invasion are the main determinants in ER+
or HER2 BC (11-13). The nodal status of patients with
ER−HER2− BC is independent of tumor size, with a 20%
incidence of axillary metastases. Conversely, in ER+ or
HER2+ BC, a strong and almost linear correlation exists
between tumor size and incidence of axillary metastasis (9).

Therefore, owing to its prognostic and therapeutic
implications, complete nodal dissection has remained the
standard-of-care in patients with positive SLNs. However,
several studies have indicated that non-SLN metastasis was
observed in only 35% to 50% of patients with BC with a
positive SLN (14,15). Thus, 50% to 65% of patients with
positive SLN undergo unnecessary axillary lymph node
dissection (ALND), and experience associated morbidities such
as hand paresthesia, shoulder dysfunction, and lymphedema
(16-18). To stratify patients with positive SLN for ALND, re-
evaluation of criteria for predicting clinically significant
axillary disease burden is required. Indeed, the presence and
number of metastatic nodes have major prognostic value and
guide adjuvant therapy choices (19). Consequently, avoiding
ALND may lead to underdetection of involved nodes and
unacceptable undertreatment. With the intent to better define
individual therapeutic approaches, the aim of this study was to
investigate the association between non-SLN metastasis and
clinicopathological factors, as well as intrinsic biological and
demographic characteristics, of BC subtypes. 

It is important to identify inclusion criteria for customized
surgery, considering the distinct predictive molecular traits
for additional nodal involvement. We additionally compared
the extent of axillary disease, with and without remote
metastases, in order to explore relative survival and
prognosis over time.

Recognition and appreciation of these clinically distinct
BC subgroups may help predict outcomes and provide new
insights into disease management. 

Patients and Methods

We reviewed the medical records and pathology reports of 191
patients with histologically-proven primary BC, who underwent a
positive SLN biopsy and consequent ALND at our clinic between
2005 and 2017. SLN biopsies were performed using the blue dye
method, radiocolloid injection, or a combination of both, by surgeons
trained for SLN biopsy. SLN metastasis was detected by frozen
sectioning during surgery and standard staining of paraffin sections.
ALND was performed if any macrometastases or micrometastases in

SLNs were detected by frozen-section analysis. In the case of false-
negatives, ALND was performed again; however, ALND was
avoided in patients with isolated tumor cells. To predict non-SLN
metastasis in BC with one or fewer nodes, the following
clinicopathological and demographic features were analyzed: age at
diagnosis, pathological T stage, tumor grade, lymphovascular
invasion, multifocality as lymph node status, ratio of positive SLNs
to harvested SLNs (SNR), and immunohistochemical (IHC)
biomarker status (ER, PR, Ki-67, and HER2). As per biomarker
expression, tumor status was defined as follows: ER−PR−HER2−
(triple-negative), ER−PR−HER2+, ER+PR−HER2−, ER+PR−HER2+,
ER+PR+HER2−, or ER+PR+HER2+ (triple-positive). Mean follow-up
time of 111 patients (58.1%) with complete available information for
the assessment of long-term prognosis (as evidenced by remote
metastasis development) was 4.8±3.83 years (median=4 years;
interquartile range=1.4 to 7.3 years). Written informed consent was
obtained from all patients. Data were collected retrospectively.
Exclusion criteria were as follows: ductal carcinoma in situ, palpable
regional LNs, neoadjuvant chemotherapy, known allergic reactions
to the blue dye or the isotope, previous ipsilateral breast surgery,
pregnancy, and distant metastasis at diagnosis. 

BC was considered multifocal if two or more lesions were located
in the same quadrant and the distance between each lesion was less
than 5 cm. A Multidisciplinary Tumor Board comprising of surgeons,
medical oncologists, and radiation oncologists specializing in BC
made treatment decisions by consensus. The size of SLN metastasis
was categorized according to the American Joint Committee on
Cancer Cancer Staging Manual (seventh edition) (20). Lymph node
metastatic lesions were defined as: macrometastases (pN1; maximum
diameter ≥2 mm), micrometastases (pNmi; diameter of 0.2-2 mm),
or as isolated tumor cells [pN0(i+); diameter <0.2 mm or single
tumor cells] (21). ER, PR, and HER2 status was established using
resected primary tumor or the core biopsy sample. HER2 expression
was examined by IHC analysis. A gene amplification assay using
fluorescence in situ hybridization (FISH) was used in cases of
equivocal HER2 IHC results. Ki-67 protein expression was also
examined by IHC, and expressed as percentage positivity.
Hematoxylin-eosin staining was used to assess lymphovascular
invasion and histological grading, which was defined according to
the Scarff–Bloom–Richardson system (22). Intrinsic breast cancer
subtypes were identified according to the clinicopathological criteria
recommended by the St. Gallen International Expert Consensus
Report 2013 (23). Patients were categorized based on the primary
tumor receptor status as follows: luminal A (ER+ or PR+, and
HER2−); luminal B HER2− (ER+, HER2− and at least one of Ki-67
“high” or PR “negative or low”); luminal B HER2+ (ER+, HER2-
overexpressed or amplified, any Ki-67, any PR); HER2 (ER− or
PR−, and HER2+), and basal (ER− or PR−, and HER2−). Tumors
were considered HER2+ only if they were either scored 3+ by IHC
(strong, complete membrane staining in >30% of cancer cells) or
showed HER2 amplification (ratio >2) using FISH. In the absence
of positive FISH data, tumors scored 2+ using IHC were considered
negative for HER2. Tumors were also classified as luminal or non-
luminal according to hormone receptor expression.
Statistical analysis. The associations between non-SLN metastasis
and clinicopathological factors (age, invasive tumor size, nuclear
grade, lymphovascular invasion, ER, PR and HER2 status,
molecular subtypes, and Ki-67 labeling index) were examined.
Statistical analyses were performed using the chi-squared test and
the Mann–Whitney’s U-test, and a multivariate analysis was
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performed using the logistic regression model. Diagnostic accuracy
of invasive tumor size was assessed by receiver operating
characteristic (ROC) analysis: the area under the ROC curve (AUC)
was used to measure model discrimination. Statistical significance
was set at p<0.05. Confidence intervals (CIs) were set at a 95%
level. All statistical analyses were carried out using SPSS (IBM
SPSS V.23; IBM Corp., Armonk, NY, USA) software.

Results

Patients and tumor characteristics. The current study included
available data (Table I) from 191 patients with newly
diagnosed BC and SLN metastasis who underwent an ALND

procedure. The median patient age was 59.5 years (range: 30-
87 years). The median tumor size was 1.8 cm (range: 0.5-8
cm). The incidence of luminal and non-luminal tumors was
90.6% and 9.4%, respectively. Incidence as per receptor status
was as follows: Triple-negative=5.2%, ER−PR−HER2+=4.2%,
ER+PR−HER2−=10.9%, ER+PR−HER2+=5.23%, ER+PR+
HER2−=61.2%, and triple-positive=14.1%.

The median number of SLNs retrieved was 1.6 (range=1-
4), and the average number of positive SLNs was 1.4
(range=1-4). More than 3 SLNs were removed in only 29
(15.1%) cases. Among all patients, 146 (76.4%) exhibited
metastasis in a single SLN, whereas the other 45 (23.6%)
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Table I. Clinicopathological data of included patients with breast cancer.

Variable                                          Statistic                             All patients                                             NSLN status         
                                                                                                      n=191
                                                                                                                                                  Positive                         Negative                      p-Value
                                                                                                                                             (n=93, 48.6%)               (n=98, 51.3%)

Age                                                                                                                                                                                                                             
  At diagnosis (years)              Average (range)                      58.1 (30-87)                         58.8 (40-87)                  57.5 (30-84)                0.47 (t-test)
  median                                              56                                         58                                         55                                     
  ≤50                                                 n (%)                                 63 (32.9)                              27 (42.8)                        36 (57.1)                        0.26
  >50                                                 n (%)                                128 (67.1)                             66 (51.5)                        62 (48.4)                            
T stage                                       Average (mm)                              18.2                                      19.5                                16.9                      0.06 (t-test)
  T1a                                                 n (%)                                   3 (1.6)                                   1 (33)                             2 (67)                               
  T1b                                                 n (%)                                 28 (14.7)                               9 (32.2)                         19 (67.8)                            
  T1c                                                 n (%)                                 97 (50.8)                              49 (50.5)                        48 (49.5)                            
  T2                                                   n (%)                                 62 (32.4)                              33 (53.2)                        29 (46.7)                            
  T3                                                   n (%)                                   1 (0.5)                                  1 (100)                             0 (0)                                
  T4                                                   n (%)                                     0 (0)                                     0 (0)                               0 (0)                                
Grading                                                                                                                                                                                                                   0.45
  G1                                                   n (%)                                 30 (15.7)                                15 (50)                           15 (50)                              
  G2                                                   n (%)                                110 (57.5)                             50 (45.4)                        60 (54.6)                            
  G3                                                   n (%)                                 48 (25.1)                              27 (56.3)                        21 (43.7)                            
LVI                                                   n (%)                                  10 (5.2)                                  3 (30)                             7 (70)                           0.38
Multifocality                                    n (%)                                 26 (13.6)                              11 (42.3)                        15 (57.7)                        0.93
ER                                                                                                                                                                                                                          0.027
  Positive                                           n (%)                           175/191 (91.6%)                        88 (50.3)                        87 (49.7)                   (OR=2.95)
  Negative                                         n (%)                             16/191 (8.3%)                           5 (31.3)                         11 (68.7)                            
PR                                                                                                                                                                                                                           0.77
  Positive                                           n (%)                           144/191 (75.3%)                        71 (49.3)                        73 (50.7)                            
  Negative                                         n (%)                            47/191 (24.6%)                         22 (46.8)                        25 (53.2)                            
HER2                                                                                                                                                                                                                     0.016
  Positive                                           n (%)                                 43 (22.5)                             14 (32.6%)                      29 (67.4)                   (OR=0.42)
  Negative                                         n (%)                                148 (77.5)                             79 (53.4)                        69 (46.6)                            
Ki67                                                                                                                                                                                                                        0.75
  ≤14%                                              n (%)                             119/191 (62.3)                          59 (49.5)                        60 (50.5)                            
  >14%                                              n (%)                              72/191 (37.6)                           34 (47.2)                        38 (52.8)                            
Molecular subtype                                                                                                                                                                                                 0.03
  Lum A                                            n (%)                                112 (58.6)                             60 (53.6)                        52 (46.4)                            
  Lum B HER2−                               n (%)                                 24 (12.6)                              14 (58.3)                        10 (41.7)                            
  Lum B HER2+                               n (%)                                 37 (19.4)                              14 (37.8)                        23 (62.2)                            
  HER2                                             n (%)                                   8 (4.2)                                  0 (0.0)                           8 (100)                              
  Basal                                               n (%)                                  10 (5.2)                                  5 (50)                             5 (50)                               

NSLN: Non-sentinel lymph node; Lum: luminal; HER2: human epidermal growth factor receptor 2; OR: odds ratio; LVI: lymphovascular invasion.



had two or fewer positive SLNs. Sixteen patients (8.4%) had
micrometastasis, whereas 175 (91.6%) had macrometastasis
in the SLN. The median number of non SLNs retrieved was
14.7 (range=2-39). The number of positive non SLNs ranged
from 1 (in 36% of patients) to 13. At least 1 positive non
SLN was found in 93 (48.6%) patients, whereas the other 98
(51.3%) presented with disease-free non SLNs.

Prognostic factors associated with the presence of at least
one additional metastatic non-SLN. There was no
association between age and non-SLN metastasis by the t-
test (p=0.3). Lower age was protective vis-à-vis axillary
LN status (statistically insignificant), when considering
patients below 40 [odds ratio (OR)=0.33], 45 (OR=0.67),
or 50 years (OR=0.7) of age. Furthermore, the chi-square
test showed age <50 years was significantly associated
(p=0.002) with a sentinel node ratio of 1, indicating a 70%
lower risk of non SLN metastasis compared to those aged
>50 years (OR=0.3).

No differences were revealed in the invasive tumor size
distribution (pT) and non-SLN metastasis, either by chi-
square test or by univariate binary logistic regression.
However, since a greater proportion of T1c invasive BC
(50.7%) occurred among cases, this threshold stage had a
2.3-fold higher risk (OR=2.3) of SNR >0.67 (dichotomized
value of 0.67 vs. other). In this context, considering a cut-
off point of 0.67, SNR was a strong predictor of non-SLN

metastasis in the chi-square test (p=0.032), with a 2.5-fold
higher risk in patients with SNR >0.67 (OR=2.55). 

Tumor grade did not predict axillary LN status either by
a Chi-squared distribution or by the univariate binary logistic
regression model. However, patients with a higher tumor
grade were more likely to have SNR >0.67 across the grade
progression, although this association was not statistically
significant (p>0.05).

In the 93 patients with further axillary LN involvement,
those with luminal A tumors had the highest metastatic rate
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Figure 1. Frequency of further axillary metastases in human epidermal
growth factor receptor 2 (HER2)-positive and HER2-negative cases
(odds ratio=0.4; p=0.016). ALND: Axillary lymph node dissection.

Figure 2. Prevalence of distant metastases in axillary lymph node
dissection (ALND)-positive and ALND-negative cases (odds ratio=12.4,
95% confidence interval=1.5-103; p=0.004). NSLNM: Non-sentinel
lymph node metastasis. 

Table II. Molecular subtype distribution among axillary lymph node
dissection (ALND)-positive and ALND-negative cases (Chi-square test,
p=0.03).

                                                    ALND, n (%)                           Total

Subtype                            Positive              Negative 
                                         (48.7%)                (51.3%)                      

Basal                                5 (5.4%)               5 (5.1%)            10 (5.2%)
HER2                               0 (0%)                  8 (8.2%)              8 (4.2%)
Luminal A                     60 (64.5%)           52 (53.1%)        112 (58.6%)
Luminal B HER2−        14 (15.1%)           10 (10.2%)          24 (12.6%)
Luminal B HER2+        14 (15.1%)           23 (23.5%)          37 (19.4%)
Total                               93 (100%)            98 (100%)         191 (100%)

HER2: Human epidermal growth factor receptor 2.



(64.5%), followed by luminal B (15%), HER2+ luminal B
(15%), basal (5.3%), and non-luminal HER2+ (0%) tumors,
with a statistically significant distribution (p=0.03) (Table
II). However, the molecular subtype designation did not
significantly affect study outcomes. Although non-luminal
HER2+ tumors had a lower trend for association non-SLN
metastasis, we were unable to generate an OR value for this
subgroup due to insufficient data. The luminal BC group had
a three-fold higher risk of positive axillary LN metastasis
compared to that of the non-luminal subtypes (OR=2.67,
p=0.06, statistically insignificant).

On the other hand, the evaluation based on HER2
overexpression revealed that both HER2-enriched and
luminal/HER2 subtypes had a relatively limited risk of
additional lymphatic spread (OR=0.4; p=0.016). Thus,
HER2 may be a reliable and significant protective factor for
axillary involvement (Figure 1). Among the six combined
receptor variables, only the ER+PR−HER2− profile was
strongly related to positive axillary LN status (OR=2.95,
p=0.027), while a linear trend was observed for the ER+PR+
HER2− subtypes, but without significance (OR=2.14,
p=0.17). There was no significant association between
NSLNM and multifocality, lymphovascular invasion, or size
of metastasis in SLN (p>0.05), which might be attributed to
the small sample size. Long-term remote metastasis rates in
the axillary LN-positive and -negative groups were 16.7%
(n=8/48) and 1.6% (1/63), respectively. Interestingly, this
association was strong [OR=12.4; 95% confidence interval

(CI)=1.5-103; p=0.004], confirming that absence of
lymphatic spread beyond SLNs was significantly protective,
and lowered the risk of distant recurrence by more than 90%
(OR=0.08; 95% CI=0.01-0.7; p=0.02) (Figure 2). Kaplan–
Meier analysis for the two subgroups adjusted for nodal
status showed that the cumulative survival in patients with
axillary LN-positive BC declined linearly over time,
indicating a constant mortality rate (Figure 3).

Discussion 

The axillary LN status is one of the best independent
prognostic factors for disease-free and overall survival in
BC, although some tumors are already systemic without
axillary LN involvement (24). Furthermore, in 40-70% of
patients with early BC, the SLN is the only involved axillary
LN, implying that approximately half of SLN-positive
patients may undergo ALND unnecessarily, with no benefit
therapeutically or for staging accuracy (25-26). These results
suggest that there is a subset of low-risk SLN-positive
patients in whom ALND may be unnecessary (27).

In majority of patients with pathologically positive SLNs,
completion ALND is recommended by the American Society
of Clinical Oncology Guidelines and the National
Comprehensive Cancer Network guidelines. However, the
recent ACSOG Z-011 trial demonstrated that patients with
limited SLN positivity (1-2 SLNs) treated with breast-
conserving surgery, adjuvant whole breast irradiation, and
systemic therapy did not benefit from completion ALND (28).
Breast cancer surgeons are now debating the requirement for
axillary clearance in all SLN-positive cases, proposing a more
selective approach based on individual risk (29).

It has been identified that tumor and nodal characteristics
collectively affect non-SLN metastasis status. The age-
related pattern of LN involvement may play a key role in BC
outcome, therefore influencing the choice of treatment.
However, there is controversy concerning the definition of
younger and older patients, reflecting the inherent
heterogeneity of BC. Some studies have reported an inverse
association between age and LN metastasis after controlling
for other variables, indicating higher BC aggressiveness in
younger women, probably due to higher endogenous
estrogen levels (30-31). On the other hand, Holberg et al.
found a non-linear correlation between age and axillary LN
status, and reported that the incidence of positive axillary
LNs, adjusted for tumor size, declined in patients aged >59
years at diagnosis, but also appeared to be lower in women
aged <40 years (32). In contrast, in a large cohort of patients
from the University Hospital of Leuven database, women
aged >70 years were more likely to be LN-positive with
increasing age (33). Interestingly, in older women, the effect
of age interacted with tumor size, suggesting that increasing
age was associated with a higher risk of LN involvement
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Figure 3. Kaplan–Meier cumulative survival analysis of two subgroups
adjusted for nodal status: axillary lymph node dissection (ALND)-
positive and ALND-negative cases.



mainly in patients with small tumors, whereas for those with
larger tumors, the effect of age on nodal status was similar
between the younger and older patients.

Our results need further confirmation, and in this regard,
we are conducting separate analyses of our datasets to
explore the association between age and metastastic potential
in greater detail.

Overall tumor size is e a significant predictor of residual
axillary disease and survival outcomes (34, 35). In our study,
we did not identify a statistically significant association
between tumor size and non-SLN metastasis, possibly due to
the smaller sample size and fewer individuals with non-SLN
metastasis (n=93). However, we identified an increasing
trend for SNR>0.67 (OR=2.3), and a higher rate of further
nodal involvement (OR=2.55, p=0.032) among patients with
T1c BC. This well-established relationship may not hold in
a small subset of cancers with more aggressive and invasive
phenotypes. Distant spread has been considered a late event
in tumor progression, although recent studies have suggested
that for some tumors, acquisition of metastatic potential may
be an early event, even in the absence of detectable primary
tumor (36, 37).

We sought to determine the predictive value of
histological grade and nodal involvement in BC, as reported
by other studies (38, 39). Although literature evidence
suggests that grade assessment may accurately predict the
biological behavior of invasive cancer, in the present study,
the Nottingham Grading System showed a limited prognostic
association with the rate of non-SLN metastasis. However,
these results imply that multifactorial indices such as
combined steroid receptor expression or molecular subtyping
have predictive and prognostic value in BC.

BC is a heterogeneous disease with substantial variation in
both molecular and clinical characteristics, and a new
molecular-driven integrated classification has been
introduced. The novel biological analysis integrates molecular
and clinical features to define five clusters with distinct
clinical outcomes and provides new insights into the
management of the disease (23). In the present study, we
identified a correlation between lymphatic disease
progression and luminal BC (OR=2.67, p=0.06), implying
that nodal status may help determine individualized treatment.
In contrast, in several studies evaluating outcome among
different tumor subtypes, the risk of distant recurrence was
highest for basal and non-luminal HER2+ disease, and lowest
for ER+ luminal disease (40-42). The difference between the
risk of nodal and distant metastasis among tumor subtypes
may indicate that hematogenous spread to distant sites occurs
separately and in parallel with lymphatic spread to lymph
nodes, rather than sequentially from lymph node metastases.
Alternatively, different tumor types may have different
preferred routes of metastasis: ER+ tumors may disseminate
via the lymphatics, while basal-like cancers may disseminate

through the blood stream. The value of steroid receptor
expression as a reliable predictor of axillary LN status is also
controversial (7). Some studies have reported that ER and PR
had no predictive value, whereas others have reported a lower
risk of axillary LN metastasis in tumors negative for either
receptor or for PR only (31, 43-45). Our findings are in line
with the latter reports. Axillary LN invasion was least likely
in those with ER−PR−HER2+ (OR=0.4; p=0.016) and most
likely in those with ER+PR−HER2− (OR=2.95, p=0.027) and
ER+PR+HER2− (OR=2.14, p=0.17) BC, probably reflecting
a crosstalk between ER/PR and HER2, influencing tumor cell
migration and LN invasion. Thus, the correlation between
joint ER/PR status and non-SLN metastasis requires further
exploration; however, it is conceivable that after controlling
for tumor and patient characteristics, the presence of intact
estrogen and progesterone signaling pathways favors disease
progression (30).

Chi-square analysis indicated a significant association
between the SNR and non-SLN metastasis, and a 2.5-fold
higher risk in patients characterized by a SNR 0.67
(OR=2.55, p=0.032). These results indicate that SNR is a
potent predictor of non-SLN metastasis, and may be used to
risk-stratify patients with favorable tumor characteristics
and a low probability of residual disease in axilla. Many
recent studies have suggested that the SNR may predict
prognosis more precisely, and is a candidate parameter for
inclusion in the staging system, regardless of the number of
metastastic axillary nodes (based on the American Joint
Committee on Cancer, TNM breast cancer staging) (46).
Several studies have reported that a significant SNR cutoff
value for BC is about 0.5-0.7, but further validation of this
variable is required, because patients classified based on the
same nodal staging category did not display similar
prognosis in both disease-free survival and OS (47, 48).
Since SNR was most significantly related to recurrence and
mortality, axillary dissection is recommended in patients
with BC with advanced axillary metastasis (49, 50);
aggressive adjuvant treatment and close follow-up are also
indicated. 

Nodal status remains one of the primary prognostic
discriminants in patients with BC, and is of great value as
an independent predictor of distant disease development, as
we report in our study. Although several institutional case
series have differed in patient selection, follow-up, type of
surgery and adjuvant therapies, they have consistently
shown that the percentage of positive lymph nodes is a
significant indicator of survival in women with axillary
metastases on final pathology (51). In the present study, we
revealed a correlation between lymphatic disease
progression and increased risk of metastatic spread,
implying that nodal status reflects the intrinsic biological
properties of a primary tumor (52). On the other hand,
further research is required to establish whether there are
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reproducible organ-distinct patterns of distant recurrence
across the different molecular subtypes, as well as the
relationship with nodal involvement.

This study has several limitations. Firstly, this was a
retrospective study, with the possibility of unrecognized bias.
Secondly, only partial long-term survival data were available
for predictive analysis. Thirdly, recent studies about LN ratio
were limited, and there is heterogeneity in cutoff values used
across the literature. Finally, we did not include other
predictors of axillary LN status, such as tumor localization
within the breast, vascularization, lymphangiogenesis, and
biomarkers of axillary LN involvement. Therefore, further
follow-up studies are required. In our study, sentinel nodes
were the only tumor-involved nodes in 50% of the patients.
Our results indicated that nodal ratio and breast cancer
subtype as determined by ER, PR, and HER2 status
significantly predicted the likelihood of additional nodal
metastasis. The percentage of positive SLNs was an
independent risk factor of tumor local aggressiveness and
HER2 overexpression (luminal B HER2+ and HER2 type)
was a reliable and significant protective factor for axillary
involvement.

In addition, a higher incidence of non-SLN metastasis was
associated with increasing age and histological grade,
although this did not reach statistical significance possibly
due to small sample size. Further larger clinical trials to
identify predictors of non-SLN metastasis are indicated. The
validation of these predictors in prospective studies may
enable approximately half of patients with early-stage BC
with positive SLN to be staged with SLNB alone while
avoiding the morbidity of unnecessary ALND and thus
guiding axillary treatment considerations. Until the results of
further larger randomized studies comparing OS, disease-free
survival, locoregional control, and morbidity of ALND vs.
no ALND after positive SLN are available, the current
recommendation is to proceed with completion ALND in
patients with SLN metastasis. 

Numerous risk factors for relapse in BC have been
established, including tumor size, nodal status, hormone
receptor status, and grade, and clinical application of
molecular signatures may be helpful in predicting tumor
behavior, guiding practice, and offering personalized
treatments. The recognition of subtype-specific differences
in short- and long-term prognosis may lead to tailored
follow-up programs after first-line therapy, and prevent
disease over- or under-treatment.
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