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a b s t r a c t

Purpose: To evaluate factors influencing the long-term outcome of patients presenting with 10 or more
metastatic axillary lymph nodes (pN3a) after surgery for primary breast cancer.
Method: Between January 1990 and December 2015, a total of 130 patients with pN3a breast cancer at
surgery were identified in our Institutions and included in the study. Twenty-nine of them (22.3%)
received neoadjuvant chemotherapy. The Multivariate Cox proportional hazards model was used to
determine independent prognostic factors associated with DFS and OS.
Results: After a median follow-up of 6.4 years (range 0.87e25 years), 2 patients had a local relapse, 59
distant metastases (1 with local relapse) and 52 patients died. The 5-year DFS and OS rates were 61.8%
and 71.5%, respectively. At multivariate analysis, pN3a stage after neoadjuvant chemotherapy (ypN3a)
was significantly associated with increased risk of recurrence (HR 1.92, p ¼ 0.02) and death (HR 2.05,
p ¼ 0.029). Absence of progesterone receptor (PR) expression was the most important tumor charac-
teristic associated with poor prognosis, both in terms of recurrence (HR 2.55, p < 0.001) and death (HR
2.23, p ¼ 0.019). High levels of Ki-67 index (�20%) were significantly associated with a shorter OS (HR
2.03, p ¼ 0.027), but not with DFS.
Conclusions: The results of this study indicate that ypN3a stage, lack of expression of PR, and Ki-67 � 20%
negatively affect long-term outcome of patients with pN3a breast cancer.

© 2016 Published by Elsevier Ltd.
1. Introduction

Recent advances in the understanding of molecular biology of
breast cancer have led to the identification of specific molecular
subtypes that require different therapeutic approaches and show
ogenic in situ hybridization;
SH, fluorescence in situ hy-
eceptor 2; HR, hazard ratio;
VI, lymphovascular invasion;

nia).
different prognosis [1,2]. However, the degree of regional axillary
lymph node involvement remains one of the most important fac-
tors to be considered for long-term outcome [3].

Data from the National Cancer Data Base showed that almost
half of the patients diagnosed in 2001e2002 with metastases in 10
or more axillary lymph nodes, classified as stage IIIC, died because
of breast cancer within 5 years from surgery, independently from
the size of primary tumor [3]. Fortunately, at least in developed
countries, the availability of breast cancer screening and the
increased awareness of women regarding prevention have reduced
the incidence of stage III breast cancer to 10e15% of all newly
diagnosed cases [4].
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Although improved survival rates have been observed with
modern therapies, including (i) chemotherapy regimens containing
anthracyclines and taxanes, (ii) aromatase inhibitors for hormone
receptor-positive tumors, and (iii) trastuzumab for Human
Epidermal Growth Factor Receptor 2 (HER2)-positive tumors [5],
patients with stage III breast cancer maintain a dismal prognosis
compared to those at earlier stages. However, the great heteroge-
neity of breast cancer in terms of molecular expression and bio-
logical behavior largely accounts for different rates of disease
relapse and progression even among patients with pN3a tumors
[6,7]. In order to identify possible clinical and/or pathological fac-
tors that could influence the long-term outcomes of patients at this
stage of disease, we carried out a retrospective study in a cohort of
patients consecutively treated in five Italian Cancer Institutions.

2. Subjects and methods

2.1. Patients

The study population was identified by selecting patients
registered as having pN3a breast cancer between January 1990 and
December 2015 in five Italian Cancer Centers. In all cases, mastec-
tomy or breast-conserving surgery, along with axillary lymph node
dissection, were performed with curative intent. Patients diag-
nosed with distant metastases within 6 months from surgery were
excluded.

The following clinical characteristics were collected and
included in the analysis: menopausal status, type of surgery,
pathological T stage, number of metastatic lymph nodes, lymph
node ratio (LNR) with a cut-off set at 60%, and type of therapy. This
latter aspect included information on the neoadjuvant or adjuvant
setting, the use of anthracyclines and/or taxanes and the use of
trastuzumab in patients with HER2-positive tumor.

According to our institution recommendations all patients were
candidate to adjuvant radiotherapy, but a few were not treated
because unfit for age or comorbidities.

2.2. Pathological assessment

Surgical specimens were processed to determine the expression
of estrogen receptor (ER), progesterone receptor (PR), human
epidermal growth factor type 2 receptor (HER2) and Ki-67 by
immunohistochemistry (IHC). Cut-off for positivity of ER and PR
expression was chosen at 10% of tumor cells stained. HER2 status
was assessed by HercepTest (Dako Italia, Milan Italy) and scored as
follows: score 0, membrane staining in <10% of tumor cells; score
1þ, partial and/or faint membrane staining in >10% of tumor cells;
score 2þ, weak to moderate, complete membrane staining in >10%
tumor cells and score 3þ, strong, complete membrane staining in
>10% of tumor cells. Fluorescence in situ hybridization (FISH) or
chromogenic in situ hybridization (CISH) was carried out on all
tumors with HercepTest 2þ. Tumors with a score 3 þ by IHC or
gene amplification by FISH or CISH were considered as HER2-
positive. IHC detection of Ki-67 was performed using the MIB-1
antibody, and a cut-off of 20% was used.

Molecular subtypes were classified as “luminal A”: ER-positive,
PR � 20%, Ki-67 < 20%, HER2-negative; “luminal B/HER2-
negative”: ER and/or PR-positive, Ki-67 � 20% and/or PR <20%,
HER2-negative; “luminal B/HER2-positive”: ER and/or PR-positive,
any Ki-67, HER2-positive; “HER2 enriched”: ER and PR-negative,
HER2-positive; “triple negative”: ER and PR-negative, HER2-
negative.

Lymphovascular invasion (LVI) was evaluated by IHC using D2-
40 and CD31 monoclonal antibodies. Nuclear grade was assessed
according to the Nottingham grading system.
Most of IHC assessments were centrally re-evaluated to mini-
mize variations in the determination of tumor molecular
characteristics.

2.3. Statistical analysis

The Kaplan-Meier methodwas used to calculate the 5-year rates
of disease free survival (DFS) and overall survival (OS). The Log-rank
test and the Cox proportional hazards model were used to compare
survival curves and independent prognostic factors, respectively.

Multivariate analyses were performed using the Cox propor-
tional hazards model to determine independent prognostic factors
with significant impact on DFS and OS. Covariates included in the
Cox model were all significant predictors at univariate analysis. A p
value of 0.05 or less was considered as statistically significant. All
statistical analyses were performed using SPSS® software 11.0 (SPSS
Inc, Chicago, IL, USA).

3. Results

3.1. Patient and tumor characteristics

One hundred and thirty patients with pN3a breast cancer were
identified and included in this study. Patient and tumor charac-
teristics are illustrated in Tables 1 and 2. The median age at surgery
was 58 years (range 29e85 years). Most patients (76.2%) were
postmenopausal. Mastectomy or breast-conserving surgery was
performed in 69 (53.1%) and 61 (46.9%) patients, respectively.
Pathological examination showed small tumors (<2 cm) in only 30
(23.1%) patients and revealed more than 20 metastatic axillary
lymph nodes in 73 (56.2%) patients. LNR, i.e. the ratio between
positive lymph nodes and the total removed lymph nodes, was
more than 60% in 106 (81.5%) patients.

In 29 (22.3%) cases breast surgery was preceded by neoadjuvant
chemotherapy. None of these patients received further adjuvant
chemotherapy after surgery. Among patients who underwent sur-
gery immediately after diagnosis, 88 (67.7%) were treated with
adjuvant chemotherapy and 13 (10%) received only endocrine
therapy. The most frequently used chemotherapy regimens
included anthracyclines and/or taxanes (79.2%). All patients with
hormone receptor-positive tumor, initially treated with adjuvant/
neoadjuvant chemotherapy, received also endocrine therapy af-
terward. Trastuzumab for 1 year was given in 20 (46.5%) out of 43
patients with HER2-positive disease. All but four patients received
adjuvant radiotherapy.

Invasive ductal carcinoma and G2/G3 grade were the most
frequent tumor characteristics, 66.9% and 83.9%, respectively.
Hormone receptor positivity was observed in 90 (69.2%) cases,
HER2 positivity in 43 (33.1%), and high Ki67 (�20%) in 52 (40.0%).
According to themolecular subtype definition, tumor was classified
as luminal A in 26 (20.0%), luminal B/HER2-in 38 (29.2%), luminal B/
HER2þ in 26 (20.0%), HER2 enriched in 15 (11.5%), and triple
negative in 17 (13.1%) patients. LVI was observed in 53 (40.7%)
cases.

3.2. Long-term outcome

Median follow-up was 6.4 years (range 0.87e25 years) for all
patients. During the follow-up, 2 patients had local relapse, 59
patients had distant metastases (1 patient both local relapse and
distant metastases) and 52 patients died, including 4 from causes
not related to cancer. In the overall population, median DFS and OS
were 8.46 years and 11.83 years, respectively (Fig. 1a and b). The
estimated 5-year DFS and OS rates were 61.8% and 71.5%, respec-
tively (Fig. 1a and b). Among patients who recurred, the median



Table 1
Patient characteristics.

Variable n (%)

Median age at surgery (years): 58 (range 29e85)
Menopausal status, n(%)
Premenopausal 31 (23.8)
Postmenopausal 99 (76.2)

Type of surgery, n(%)
Breast Conservative Surgery 61 (46.9)
Mastectomy 69 (53.1)

Pathological T stage, n(%)
T1 30 (23.1)
T2 72 (55.4)
T3 22 (16.9)
T4 6 (4.6)

Number of metastatic lymph nodes, n(%)
10-19 57 (43.8)
� 20 73 (56.2)

Lymph node ratio (LNR), n(%)
� 60% 24 (18.5)
> 60% 106 (81.5)

Type of therapy, n(%)
Neoadjuvant chemotherapy 29 (22.3)
Adjuvant chemotherapy 88 (67.7)
Adjuvant endocrine therapy only 13 (10.0)

Chemotherapy regimen, n(%)
Anthracyclines and/or Taxanes 103 (79.2)
Others 14 (10.8)

Trastuzumab in HER2-positive, n(%)
Yes 20 (15.4)
No 23 (17.7)
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time between surgery and recurrence was 2.7 years (range,
0.56e10.93 years). Themedian time from surgery to death was 3.71
years (range, 1.0e25.5 years).
Table 2
Tumor characteristics.

Variable n (%)

Histologic type, n(%)
Ductal 87 (66.9)
Lobular 23 (17.7)
Ductal-lobular 17 (13.1)
Others 3 (2.3)

Grade, n(%)
G1 18 (13.8)
G2 60 (46.2)
G3 49 (37.7)
Unknown 3 (2.3)

Estrogen Receptor (ER), n(%)
< 10% 38 (29.2)
� 10% 92 (70.8)

Progesteron Receptor (PR), n(%)
< 10% 64 (49.2)
� 10% 66 (50.8)

HER2, n(%)
Positive 43 (33.1)
Negative 81 (62.3)
Unknown 6 (4.6)

Ki-67, n(%)
< 20% 65 (50.0)
� 20% 52 (40.0)
Unknown 13 (10.0)

Molecular subtype, n(%)
Luminal A 26 (20.0)
Luminal B/HER2- 38 (29.2)
Luminal B/HER2þ 26 (20.0)
HER2 enriched 15 (11.5)
Triple Negative 17 (13.1)

Lymphovascular invasion, n(%)
No 17 (13.1)
Yes 53 (40.7)
Unknown 60 (46.2)
3.3. Prognostic factors

Factors associated with DFS and OS are shown in Table 3. At
Kaplan-Mayer analysis, the persistence of disease in 10 or more
axillary lymph nodes after neoadjuvant chemotherapy (ypN3a) was
found to be predictive of shorter DFS and OS (Fig. 2a and b). After 5
years of follow-up, the estimated cumulative DFS rate was 46.3% for
patients treated with neoadjuvant chemotherapy and 66.5% for
patients treated with surgery followed by adjuvant therapy (HR
2.11; 95% CI, 1.31e4.92; p ¼ 0.006). The estimated cumulative OS
rate in the two groups was 50.4% and 77.5% (HR 1.94; 95% CI,
1.10e4.73; p ¼ 0.026), respectively. Among patients who received
adjuvant therapy, those treated with chemotherapy had a better
prognosis compared to those treated with endocrine therapy alone,
with a significant longer DFS (HR 0.4; 95% CI, 0.09e0.77; p ¼ 0.015)
(Fig. 2a), and a trend for OS (HR 0.45; 95% CI 0.09e1.05; p ¼ 0.06)
(Fig. 2b). Patients with HER2-positive tumor who received trastu-
zumab showed also a trend towards improved survival, although
the difference was not statistically significant (data not showed).

Clinico-pathological characteristics such as menopausal status,
type of surgery, tumor size, tumor grade, HER2-positivity, number
of metastatic lymph nodes, LNR, and LVI were not associated with
prognosis.

When comparing the survival curves of patients with different
tumor subtypes (Fig. 3a and b), those with hormone receptor
positive tumors, in particular luminal A, showed a better prognosis.
When luminal A was used as reference variable in the Kaplan-
Mayer analysis, these patients showed a significant lower risk of
recurrence and death compared to those with non-luminal sub-
types. In particular, the 5-year DFS rates were 87.6% for luminal A
tumor, 46.9% for HER2-enriched (HR 2.63, 95% CI, 1.01e7.63;
p¼ 0.047), and 43.8% for triple negative (HR 3.03; 95% CI,1.13e10.9;
p ¼ 0.044); the 5-year OS rates were 86.6%, 61.4% (HR 2.63, 95% CI,
0.81e9.01; p ¼ 0.050) and 37.3%, (HR 4.17; 95% CI, 1.67e17.2;
p ¼ 0.005) in each subtype, respectively.

The expression of PR rather than ER appeared to significantly
influence prognosis. In fact, compared to patients with PR-positive
tumor, those with PR-negative tumor had a higher risk of recur-
rence (HR 2.6, 95% CI 1.47e4.45; p < 0.001) and death (HR 2.40, 95%
CI 1.39e4.17; p ¼ 0.002) (Fig. 4a and b).

Tumor cell proliferation, as evaluated by Ki-67 expression, was
another factor associated with long-term outcome. A Ki-67 index
�20 was predictive of worse OS (HR 2.00; 95% CI, 1.09e3.77;
p ¼ 0.025), but not DFS (Fig. 5a and b).

At multivariate analysis (Table 4), PR negativity and ypN3a stage
demonstrated to be independent factors associated with poor DFS
(HR 2.55; 95% CI, 1.48e4.38; p < 0.001 and HR 1.92; CI, 1.11e3.32;
p ¼ 0.020, respectively) and OS (HR 2.23; 95% CI, 1.14e4.36;
p ¼ 0.019 and HR 2.05; 95% CI, 1.08e3.92; p ¼ 0.029, respectively).
Ki-67 � 20 was also an independent variable of poor OS (HR 2.03;
95% CI, 1.09e3.80; p ¼ 0.027).

4. Discussion

In this study we evaluated the clinical outcomes in a cohort of
patients with confirmed pN3a stage breast cancer and investigated
the relationships between clinicopathological characteristics and
prognosis.

In the overall population, the estimated 5-year DFS and OS rates
were 61.8% and 71.5%, respectively, more favorable than published
historical data (about 40% and 55%, respectively) [6e8] and
coherent with more recent studies using modern standard treat-
ments (46.2% and 69.8%, respectively) [9,10]. In fact, in the present
study, patients who received chemotherapy were mostly treated
with anthracyclines and/or taxanes regimens (88%) and half of



Fig. 1. Cumulative disease-free survival (a) and overall survival (b) of patients with pN3a breast cancer.
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those with HER2-positive tumor received trastuzumab (all patients
diagnosed after 2005, when trastuzumab was approved in Italy).
Among HER2-positive tumor, patients treated with trastuzumab
appeared to have a trend to better survival, but the benefit resulted
not significant, likely due to the small number of patients.

We found that ypN3 stage, as expected, was predictive of poor
prognosis. Lack of reaching a pathological complete response after
neoadjuvant chemotherapy is a well established factor associated
with higher risk of recurrence and death, especially in triple
negative or HER2-positive breast cancer [11]. Absence of down-
staging after neoadjuvant chemotherapy has been also reported as
a strong predictive factor of poor outcome [12e14]. A residual bulky
lymph nodal status is indicative of a biologically aggressive tumor
resistant to neoadjuvant treatment and is negatively associated
with survival [15,16]. Consistently, the results presented in this
study confirm the very poor prognosis of patients with ypN3a
disease in clinical practice, suggesting the need for adjuvant clinical
trials in this subset of patients.

When tumor characteristics were analyzed, luminal A tumor
was the molecular subtype associated with longer survival, indi-
cating that in pN3a breast cancer a full endocrine-sensitive
phenotype confers a better prognosis than one partially
endocrine-sensitive (luminal B) or endocrine-resistant (HER2
enriched or triple negative). Several studies exploring long-term
outcomes in early breast cancer have consistently showed that
luminal A is by far the tumor subtype with the lowest relapse rate
and the best prognosis [17e19]. It also differs from luminal B in
terms of disease recurrence and sensitivity to chemotherapy
[20e22]. In this study, to discriminate between luminal A and
luminal B subtypes, we set the cut-off point of Ki-67 at <20% and
that of PR at �20%, as suggested by recent pathological revisions
aimed at reclassifying luminal A tumor [23e25].

In our populationwith pN3a disease, compared to patients with
luminal A tumor, those with luminal B experienced similar out-
comes, with a positive trend for luminal A, while patients with
HER2 enriched and triple negative tumor showed a significant
higher risk of recurrence (HR 2.63 and HR 3.03, respectively) and
death (HR 2.63 and HR 4.17, respectively). It has been reported that
luminal B tumor is more responsive to chemotherapy than luminal
A [26e29], but it seems to retain the same endocrine sensitiveness
[30e34]. To fully interpret the survival curves of the different
molecular subtypes, it has to be considered that in our population
almost all the patients (90%) received chemotherapy and all those
with luminal tumor received endocrine therapy. Thus, chemo-
therapy would have balanced the better prognosis of luminal A
compared to luminal B, and the subsequent endocrine therapy
would have given a similar benefit to both luminal tumors.

Interestingly, in this study, factors related to tumor biological
behavior, such as total number of metastatic lymph nodes, LNR, and
LVI, did not correlate with prognosis, while intrinsic tumor cell
characteristics, such as Ki-67 index and PR expression, were
significantly and independently associatedwith long-term survival.

The number of metastatic lymph nodes and the lymph node
ratio have been reported as prognostic factor in pN3a disease
[8,35,36]. In particular, the greatest difference in survival has been
found when a value of 0.60 was set as the cut-off point for LNR [36].
In the present study neither lymph node involvement nor LNR
affected prognosis, presumptively because most of our patients
(81.5%) were above LNR 0.60.

LVI has been reported as an additional prognostic factor in pa-
tients with breast cancer [37e39], including pN3a disease [8]. Un-
fortunately, in our cohort, data on LVI were not available in almost
half of the patients and statistical analysis failed to find a significant
association between LVI and prognosis.

Conversely, we found that patients with Ki-67 � 20% had higher
risk of death compared to those with Ki-67 < 20% (HR 2.00,
p ¼ 0.025). The lack of standard methods for Ki-67 determination
and scoring has discouraged its routine use for the estimation of
prognosis or adjuvant treatment decisions in patients with breast
cancer [40]. However, in early breast cancer, high Ki-67 index has
been reported to be associated with worse prognosis [41e43] and a
cut-off of 14% has been proposed to separate luminal A (�14%) from
luminal B (>14%), an important decision level to recommend
chemotherapy versus endocrine therapy [44,45]. Subsequent revi-
sion of luminal subtypes has raised Ki-67 cut-off to 20%, especially
when PR expression is more than 20% [24,25]. So we used the Ki-67
cut off of 20% in the present study. On the best of our knowledge,
this is the first evidence supporting a prognostic role of Ki-67 in
pN3a breast cancer.

Overwhelming evidence supports a prognostic role of PR in
breast cancer [46]. PR expression �20% has been proposed in the
pathological definition of luminal A, even in presence of low Ki-67



Table 3
Univariate analysis.

Variable n DFS OS

5-yr (%)a HR (95% CI) p-value 5-yr (%)a HR (95% CI) p-value

Menopausal state
Pre 31 61.3 1.00 72.3 1.00
Post 99 62.9 0.99 (0.55e1.74) 0.962 69.0 1.01 (0.53e1.88) 0.989

Type of surgery
Breast Conservative Surgery 61 64.0 1.00 73.8 1.00
Mastectomy 69 59.7 1.08 (0.66e1.81) 0.729 69.3 1.39 (0.80e2.50) 0.233

Pathological T stage
T1 30 70.5 1.00 76.9 1.00
T2 72 58.8 1.27 (0.66e2.38) 0.494 69.3 1.58 (0.74e3.12) 0.255
T3 22 62.4 1.30 (0.54e3.23) 0.541 78.5 1.79 (0.64e5.30) 0.253
T4 6 50.0 1.31 (0.39e4.76) 0.629 50.0 1.76 (0.48e13.1) 0.273

Metastatic lymph nodes
10-19 57 58.3 1.00 67.6 1.00
� 20 73 64.5 0.77 (0.48e1.33) 0.383 74.4 0.93 (0.53e1.63) 0.788

Lymph node ratio (LNR)
� 60% 24 69.8 1.00 72.9 1.00
> 60% 106 60.0 1.46 (0.75e2.63) 0.293 71.2 1.54 (0.73e2.94) 0.283

Neoadjuvant chemotherapy
No 101 66.5 1.00 77.5 1.00
Yes 29 46.3 2.11 (1.31e4.92) 0.006 50.4 1.94 (1.10e4.73) 0.026

Chemotherapy regimen
Anthracyclines and/or Taxanes 103 63.7 1.00 73.9 1.00
Others 14 56.7 1.05 (0.52e2.13) 0.876 61.8 0.92 (0.43e1.92) 0.802

Grade
G1 18 59.6 1.00 88.9 1.00
G2 60 53.2 1.10 (0.53e2.27) 0.808 63.5 1.56 (0.68e3.33) 0.315
G3 49 68.6 0.59 (0.38e1.92) 0.696 72.0 1.30 (0.54e3.10) 0.560

Lymphovascular invasion
No 17 64.1 1.00 79.9 1.00
Yes 53 47.5 1.67 (0.73e3.39) 0.250 65.5 2.04 (0.77e4.25) 0.171

Estrogen Receptor (ER)
� 10% 92 64.9 1.00 77.3 1.00
< 10% 38 54.2 1.23 (0.70e2.18) 0.456 57.4 1.47 (0.83e2.86) 0.171

Progesteron Receptor (PR)
� 10% 64 80.6 1.00 86.0 1.00
< 10% 66 44.1 2.61 (1.47e4.45) <0.001 57.9 2.40 (1.39e4.17) 0.002

ER and PR > 50%
Yes 43 84.5 1.00 86.4 1.00
No 85 49.9 2.13 (1.18e3.33) 0.010 63.8 2.5 (1.27e4.00) 0.006

HER2
Negative 81 62.1 1.00 72.9 1.00
Positive 43 55.3 2.01 (0.68e2.00) 0.579 64.8 1.05 (0.57e1.92) 0.871

Ki-67
< 20% 65 64.3 1.00 80.4 1.00
� 20% 52 55.0 1.05 (0.61e1.81) 0.857 56.6 2.00 (1.09e3.77) 0.025

Molecular subtype
Luminal A 26 87.6 1.00 86.6 1.00
Luminal B/HER2- 38 55.7 2.15 (0.90e4.34) 0.090 77.7 1.15 (0.76e5.00) 0.164
Luminal B/HER2þ 26 60.2 1.89 (0.72e4.65) 0.199 66.9 2.13 (0.70e5.74) 0.196
HER2 enriched 17 46.9 2.63 (1.01e7.63) 0.047 61.4 2.63 (0.81e9.01) 0.044
Triple Negative 15 43.8 3.03 (1.13e10.9) 0.030 37.3 4.17 (1.67e17.2) 0.005

In bold p-values statistically significant.
a Unadjusted Kaplan-Meier estimates.

A. Grassadonia et al. / The Breast 32 (2017) 79e86 83
(<14%) [23]. PR positivity has been reported to be a marker of long-
term benefit from adjuvant tamoxifen in patients with ER-positive
tumors [47]. Recently, it has been demonstrated that in cancer cells
PR is not just a marker of functional ER, but is actively involved in
the transcription process of unique ER-sensitive genes associated
with good clinical outcome [48]. Consistently, in our pN3a popu-
lation, we found that patients with PR-negative tumor had higher
risk of recurrence (HR 2.61, p < 0.001) and death (HR 2.40,
p ¼ 0.002) compared to those with PR-positive tumor. Multivariate
analyses confirmed PR positivity as a favorable prognostic factor
independent from other clinicopathological variables.

As mentioned above, Ki-67 and PR have been extensively
studied as prognostic factors in early stage breast cancer, but have
been less investigated in more advanced stages. Interestingly, we
showed that Ki-67 and PR maintain a prognostic role in locally
advanced pN3a breast cancer. However, the interpretation of this
result should be taken with caution because of possible biases
linked to the retrospective nature of this study, especially when Ki-
67 and PR are analyzed as single parameters extrapolated from the
definition of molecular subtype.

In conclusion, despite the limitations due to the restricted
sample size and the retrospective design, the present study
provides real-world evidence on the prognosis of patients with
pN3a breast cancer. It confirms the poor prognosis for patients
with ypN3 residual tumor and corroborates the influence of
molecular subtypes, along with tumor Ki-67 index and PR
expression, on the long-term outcome of patients with locally
advanced disease.



Fig. 2. Cumulative disease-free survival (a) and overall survival (b) stratified by type of initial treatment after diagnosis of breast cancer. All patients with hormone receptor-positive
breast cancer received endocrine therapy after chemotherapy.

Fig. 3. Cumulative disease-free survival (a) and overall survival (b) stratified by molecular subtype.

Fig. 4. Cumulative disease-free survival (a) and overall survival (b) stratified by PR status.
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Fig. 5. Cumulative disease-free survival (a) and overall survival (b) stratified by Ki-67 index.

Table 4
Multivariate analysis.

Disease Free Survival HR (95% CI) P value

Neoadjuvant chemotherapy (Yes vs No) 1.92 (1.11e3.32) 0.020
PR (Negative vs Positive) 2.55 (1.48e4.38) <0.001
Overall Survival
Neoadjuvant chemotherapy (Yes vs No) 2.05 (1.08e3.92) 0.029
PR (Negative vs Positive) 2.23 (1.14e4.36) 0.019
Ki67 (�20% vs < 20%) 2.03 (1.09e3.80) 0.027
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