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Prognostically Distinctive Subgroup in Pathologic N3 Breast Cancer
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Purpose: The aim of this retrospective study was to investigate
whether there are prognostically different subgroups among pa-
tients with pathologic N3 (pN3) breast cancer. Methods: The re-
cords of 220 patients who underwent surgery for pN3 breast
cancer from January 2006 to September 2012 were reviewed.
All patients received adjuvant therapy according to standard
protocols. The primary outcome was disease-free survival (DFS).
Results: Patients were followed for a median time of 68.3 months
after their primary surgery (range, 10-122 months), during which
time 75 patients (34.1%) had developed disease recurrence and
438 patients (21.8%) had died. The DFS and overall survival were
67.8% and 86.1%, respectively, at 5 years. Multiple logistic re-
gression analysis showed that young age (< 35 years, p=0.009),
high serum neutrophil/lymphocyte ratio (>3.0) (p=0.020), high
nodal ratio (number of metastatic lymph nodes divided by num-

ber of removed nodes) (>0.65) (p=0.062), and molecular phe-
notype (p=0.012) were significantly associated with tumor
recurrence. Tumor biological subtype was the most significant
predictor of recurrence. The 5-year DFS rates in patients with
hormone receptor (HR) positive and human epidermal growth
factor receptor 2 (HER2) negative, HR+HER2+, HR-HER2+, and
triple negative subtypes were 82%, 63%, 58%, and 37%,
respectively. Conclusion: Clinical outcomes of patients with
extensive nodal metastasis were heterogeneous in terms of
prognosis. Tumor biological subtype was the most important
prognostic factor for pN3 disease. The prognosis of patients
with HR+HER2- subtype in pN3 breast cancer was similar to
that of patients with stage Il breast cancer.
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INTRODUCTION

According to the American Joint Committee on Cancer
(AJCC) TNM staging system, breast cancer presenting with
positive nodes at the apex of the axilla (level IIT) and/or 10 or
more metastatic lymph nodes (LN) is categorized as pN3
(pathological lymph node status 3) [1]. Approximately 8% to
30% of newly diagnosed breast cancers are at an advanced
stage, with pN3 disease showing the worst prognosis among
patients with primary breast cancer without distant metastasis
[2,3]. Because patients with advanced-stage breast cancer are
thought to be incurable, they either are treated more aggres-
sively or receive suboptimal treatment due to their short life
expectancy. Several reports have shown an approximately
40% 5-year overall survival (OS), although this estimate was
based on old treatments [4,5]. However, the 5-year disease-
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free survival (DES) and OS of pN3 who underwent surgery
with adjuvant therapy (effective chemotherapeutic agents,
molecularly targeted agents, and optimal use of endocrine
therapy) were reported to have increased to 66% and 81%, re-
spectively [6]. Although there is a possibility of prognosis
change with current management, clinical outcomes using the
current standard systemic therapy in pN3 breast cancer are
currently unknown.

We hypothesized that there are prognostically different sub-
groups among patients with pN3 breast cancer. This retro-
spective study was performed to investigate the prognostic
factors of pN3 disease.

METHODS

Patients

The study cohort consisted of patients with pN3 breast can-
cer who underwent surgery at Gachon University Gil Medical
Center from January 2006 to September 2012. N3 was defined
according to the AJCC seventh TNM staging system as > 10
axillary nodes on pathology reports and/or ipsilateral supra/
infraclavicular LN (SCN/ICN) metastasis and/or ipsilateral
internal mammary LN (IMLN) metastasis, as shown by imag-
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ing modalities or needle biopsy. A few patients received neo-
adjuvant chemotherapy (n=7); we excluded this group from
the study population. Those with synchronous bilateral breast
cancer or metastasis at diagnosis were also excluded. Patients
with distant metastasis within 6 months after surgery were ex-
cluded. A retrospective search of patient records identified
220 eligible patients. Pathologic data, including tumor size,
tumor grade, axillary lymph nodal status, and immunohisto-
chemistry results, were reviewed. Systemic inflammation was
assessed by determining serum neutrophil/lymphocyte ratio
(NLR), with high and low NLR defined using a cutoff of 3.0
[7]. Lymph node ratio (LNR) was defined as the number of
involved nodes divided by the number of LN examined, with
high and low LNR defined using a cutoff of 0.65 [8].

The protocol of this retrospective study was reviewed and
approved by the Institutional Review Board (approval num-
ber: GAIRB 2015-50) of the Gachon University Gil Medical
Center. Due to its retrospective design, with little or no risk to
study subjects, the Institutional Review Board waived the re-
quirement for informed consent. This study followed the rec-
ommendations of the Declaration of Helsinki for biomedical
research involving human subjects.

Immunohistochemical and biologic subgroups

Levels of expression of estrogen receptor (ER), progesterone
receptor (PR), human epidermal growth factor receptor 2
(HER?2), and Ki-67 were evaluated immunohistochemically,
as described previously [9]. Mouse monoclonal primary anti-
bodies to ER (1:50), PR (1:50), and Ki-67 (1:50) were obtained
from Dako Corporation (Carpinteria, USA). High and low
expression of Ki-67 were defined as <20% and >20%, re-
spectively [10]. Tumors were regarded as negative for ER and
PR when <1% of the tumor cells showed nuclear staining.
HER?2 was considered negative when the HER2 score was 0 or
1+ by immunohistochemistry, or when the HER2 score was
2+ and without HER2/CEP17 gene amplification as assessed
by fluorescence in situ hybridization. The patients were divid-
ed into four groups: HR positive/HER2 negative (ER+ and/or
PR+, HER2-), HR positive/HER2 positive (ER+ and/or PR+,
HER2+), HR negative/HER2 positive (ER- and PR-, HER2+),
and triple negative (TN; ER-, PR-, HER2-).

Treatment

Patients underwent mastectomy or breast-conserving sur-
gery at the discretion of the surgeon. Axillary LN dissection
was usually confined to the level I and IIT axillary LN. All pa-
tients received postoperative chemotherapy and radiotherapy.
According to the standard protocols of our institution, anthra-
cycline followed by a taxane-based regimen were adminis-
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tered after curative surgery. Adjuvant radiotherapy was ad-
ministered to 184 patients (83.6%). Tangential fields were
used with 50 Gy, at 2 Gy per fraction, irradiation to the breast
and chest wall. Approximately 10 to 15 Gy per five fractions
boost was added in patients with unresected gross metastasis
in the ipsilateral IMLN, and/or ipsilateral SCN/ICN LNs. If
hormonal therapy was indicated, it was administered after
chemotherapy.

Statistical analysis

The associations between tumor subtypes and clinicopathol-
ogic characteristics were calculated using the chi-square test
and Fisher exact test, as appropriate. Multiple stepwise regres-
sion analysis was used to assess the association between base-
line factors and the risk of recurrence. Disease-free survival
(DES) was defined as the interval from the date of primary
surgery to the date of detection of the first locoregional recur-
rence and/or distant metastasis, or the date of last follow-up.
The Kaplan-Meier method and the log-rank test were used for
survival analysis. A Cox regression model was utilized to
identify independent factors significantly related to disease re-
currence. The variables included in the final model were de-
fined by backward selection. Statistical analyses excluded
missing and undetermined data. Significance was defined as
p<0.05. SPSS version 19.0 software (IBM Corp., Armonk,
USA) was used for all statistical analyses.

RESULTS

Patients and characteristics

The clinical and histopathological characteristics of the 220
patients are summarized in Table 1. Median age at diagnosis
was 47 years (range, 21-79 years). Thirteen patients (6.0%)
were younger than 35 years and 117 (53.2%) were premeno-
pausal. Preoperative SCN/ICN or IMLN metastasis was con-
firmed by imaging or biopsy in 43 patients (19.5%). The me-
dian number of metastatic LN was 15 (range, 5-71). The aver-
age number of removed LN was 28.69 (+9.67). Among the
220 patients, 75 (34.1%) showed 20 or more positive LN me-
tastases. Most tumors were stage T1-2 (79.5%), and the mean
tumor size was 3.98 cm. After surgery, anthracycline followed
by a taxane-based regimen was used in all patients. Of the 220
patients, 143 (65.0%) had hormone receptor-positive tumors,
with 140 of these receiving adjuvant hormonal therapy.

Recurrence

Patients were followed for a median of 68.3 months after
primary surgery (range, 10-118 months). In all, 14 patients
had locoregional recurrence only, whereas 61 developed dis-
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Table 1. Characteristics of study population (n=220) Table 2. Recurrence type of study population

Variable No. (%) Recurrence type* No. (%)

Age (yn) Total recurrence 75 (34.1)
<35 13(6.0) Locoregional only 14 (18.7)

235 207 (94.0 Distant metastasis only 42 (56.0)

Menopause Both 19 (25.9)
Premenopause 117 (63.2) -

PostmencpaLse 103 (46.8) “First site of recurrence.

Breast surgery
BCS 34 (15.5)
™ 186 (84.5) 100

Histology g
Ductal 194 (88.2) s
Lobular 14 (6.4 g
Others 12(5.4) é’ 50 +

Histologic grade 2',,:

G1-2 97 (44.1) 2
G3 123 (55.9)

Nuclear grade 0 . . )
G1-2 90(40.9) 50 100 150
G3 130 (69.1)

Pathologic tumor stage Months after surgery 0
pT1 43(19.5)
pT2 132 (60.0)
pT3 22 (10.0) 100
pT4 23(10.5) -

Nodal ratio* %
>0.65 111 (50.5) =
<065 109 (49.5) 3 5 |

NLR &
>3 34 (15.6) o
<3 186 (84.4)

Biology 0 . . )
HR+HER2- 99 (45.0) 50 100 150
HR+HER2+ 44(20.0)

HR-HER2+ 180218) Months after surgery e
Triple negative 29(13.2)

BCS=breast-conserving surgery; TM=total mastectomy; NLR =serum neu-
trophil/lymphocyte ratio; HR=hormonal receptor; HER2=human epidermal
growth factor receptor 2.
*Nodal ratio was defined as the number of involved nodes divided by the
number of LN examined.

tant metastasis as the first event, and both were found in 19
patients (8.6%) (Table 2). Recurrence developed within 2 to 3
years after surgery in 44% of those who experienced a recur-
rence.

Survival outcomes

During the follow-up period, 75 patients (34.1%) developed
disease recurrence, and 48 patients (21.8%) died. The DFS and
OS were 72.2% and 86.1% at 5 years, respectively (Figure 1).
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Figure 1. Kaplan-Meier survival curve of study population (A) Disease-
free survival (B) Overall survival.

Factors associated with disease free survival

The prognostic factor analysis for DES is shown in Table 3.
Age younger than 35 years, large tumor size (T3-4), high se-
rum NLR, high LNR, and TN phenotype were significant
prognostic factors of DFS in univariate analysis. Multivariate
analysis showed that young age (<35 years; p=0.009; hazard
ratio [HR], 5.611; 95% confidence interval [CI], 2.340-13.462),
high NLR (> 3.0; p=0.020; HR, 3.934; 95% CI, 1.271-12.111),
high LNR (> 0.65; p=0.062; HR, 1.464; 95% CI, 0.502-4.291),
and molecular phenotype (TN subtype; p=0.012; HR, 3.701;
95% CI, 1.161-12.524) were significantly associated with tu-
mor recurrence. Tumor biologic subtype was the most signifi-
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Table 3. Factors related to disease-free survival

. 5-Year p-value Hazard
Variable DFS (%) W ratio 95% ClI
Age (yr) 0.018 0.009 5611 2.340-13.462
<35 43.5

>35 7241
Menopause 0.402

Premenopause 70.2

Postmenopause 65.5
Breast surgery 0.201

BCS 80.8

™ 60.5
Histology 0.951

Ductal 711

Lobular 70.5

Others 60.4
Histologic grade 0914

G1-2 69.9

G3 68.4
Nuclear grade 0.825

G1-2 65.5

G3 64.1
Tumor stage 0.012 0531 0.634 0.161-2.440
T1-2 77.6

T3-4 58.4
Nodal ratio 0.032 0.062 1464 0.502-4.291
>0.65 79.5

<0.65 59.5
NLR 0.043 0020 3934 1.271-12.111
>3 83.3

<3 64.3
Biology 0.033 0.012 3701 1.161-12.524
HR+HER2- 81.0

HR+HER2+ 61.5

HR-HER2+ 59.5

Triple negative 48.8

DFS=disease-free survival; UVA=univariate analysis; MVA=multivariate anal-
ysis; Cl=confidence interval; BCS =breast-conserving surgery; TM=total
mastectomy; NLR=serum neutrophil/lymphocyte ratio; HR=hormonal re-
ceptor; HER2 =human epidermal growth factor receptor 2.

cant factor of recurrence (Wald test=13.131, highest among
significant factors mentioned above).

DFS according to tumor subtypes

Kaplan-Meier survival analysis evaluating the prognostic
effect of the molecular phenotype showed that DFS was lon-
gest in patients with the HR+HER2- subtype and shortest in
those with the TN type (p=0.002). The 5-year DFS rates in
patients with HR+HER2-, HR+HER2+, HR-HER2+, and
TN subtypes were 82%, 63%, 58%, and 37%, respectively (Fig-
ure 2).
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Figure 2. Disease-free survival according to four groups of tumor biology.

HR=hormone receptor; HER2 =human epidermal growth factor receptor
2; TN=triple negative.
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Figure 3. Subanalysis in HR+HER2- group according to Ki-67 level.
HR=hormone receptor; HER2 =human epidermal growth factor recep-
tor 2.

Subgroup analysis in the HR+HER2- group according to Ki-67
level

We divided this population into two subgroups using a 20%
cutoft (low Ki-67 [ <20%]/high Ki-67 [ =20%)] groups). Accord-
ing to Ki-67 level, there was remarkable difference in DFS be-
tween these two groups (91.2% vs. 69.4%, respectively) (Figure 3).

DISCUSSION

PN3 breast cancer is known to have a poor prognosis. Sev-
eral studies have reported an approximately 40% 5-year OS
rate for pN3 breast cancer [4,11,12] The present study found
5-year DFS and OS rates of 69.8% and 86.1%, respectively.
This high OS rate might be due to current standard systemic
management, such as taxane-based chemotherapy and endo-
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crine therapy, which was administered to all patients as indi-
cated. Patients with HER2+ tumors diagnosed before 2009
did not receive trastuzumab because it was not covered by in-
surance. Additional optimal targeted therapies, such as trastu-
zumab administration on the basis HER2 status, might be
needed to improve clinical outcomes in patients with pN3
breast cancer. We analyzed survival in HER2+ subgroups with
or without administration of trastuzumab, and we found a
better DES in the trastuzumab-treated group than in the no
trastuzumab group (67.5% vs. 48.3%, p=0.041).

In the present study, age 35 years was related to very poor
DFS in both univariate and multivariate analysis. Menopausal
status was not related to prognosis in our analysis, but we be-
lieve that young age (35 years) might have prognostic power
in pN3 breast cancer. In addition, the TN subtype is more
common in the young age subgroup and is regarded to have
contributed to the age effect on prognosis.

As shown in our analysis, high nodal ratio appeared to be a
significant prognostic factor in DFS. Similar to previous stud-
ies, using a cutoff of 0.65, maximal surgical excision of LNs is
therefore recommended in patients who present with ad-
vanced nodal status [8,13]. This study also found that pre-
treatment NLR was significantly related to prognosis. NLR is
thought to reflect systemic inflammation and to be indepen-
dently prognostic of survival in patients with various cancers
[7,14,15]. Similar to previous studies, we found that a high
preoperative NLR was associated with poor patient prognosis.

We believe that tumor biology is the most significant factor
of tumor recurrence. In our analysis, patients with HR+
HER2- tumors in this cohort lived significantly longer than
did patients in the other subgroups. This favorable subgroup
includes variable Ki-67 proliferation index results, and using a
20% cutoff we divided this population into two subgroups
(low Ki-67/high Ki-67 groups). Interestingly, a more favorable
outcome was observed in the high Ki-67 subgroup (luminal B
subtype) than in the low Ki-67 subgroup (luminal A subtype).
Breast cancers expressing high levels of Ki-67 are associated
with worse prognosis, but are associated with a good chance
of clinical response to chemotherapy [16]. Very high levels of
tumor Ki-67 expression were an adverse prognostic factor and
also suggested a predictive value for greater benefit from en-
docrine therapy in postmenopausal women [17]. High Ki-67
scoring is recognized to indicate a probable chemotherapy
benefit in HR+HER2- breast cancer [18]. In the present study,
other subgroups besides the HR+HER2- subgroup showed
no distinctive prognosis according to Ki-67 expression levels.
In our previous report, Ki-67 index predicted chemorespon-
siveness only in ER- or HER2+ tumors, but its independent
significance is modest in ER+HER2- tumors [19]. Similarly,
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the individual Ki-67 index does not seem to be a predictive
marker of relative treatment efficacy and is not adequate for
treatment selection for patients with HR+HER2- disease [10].
The debate on the prognostic role of Ki-67 in breast cancer is
still open, although most the studies have established a rela-
tionship between Ki-67 and OS and DFES [20]. In addition,
there is a lack of clarity regarding how Ki-67 measurements
should influence clinical decisions and the threshold to be
used. We have to point out that the Ki-67 cutoft may change
according to different variables and technical differences in
IHC staining. In our study, PR negativity in the HR+HER2-
subgroup was seen in only 3%. The absence of PR expression
is categorized as luminal B (high Ki-67 level with HR+HER2-
subtype) and confers a worse prognosis [21]. However, the
small number of PR negative patients in our study group
might bring a better prognosis in luminal B subtype than was
observed in other studies. Moreover, since trastuzumab was
not administered to most patients with HER2+ breast cancers
due to insurance issues, the survival of patients with HER2+
breast cancers may have been underestimated in this study.

The TN subtype constitutes 13.2% of our study population,
and had a worse prognosis (5-year DFS, 37%) than did other
subgroups. Studies have suggested that TNM staging should
incorporate tumor marker profiles, such as biomarkers [22-
25]. For example, TN phenotype status was found to be a sig-
nificant prognostic indicator in these patients, and incorp-
orating TN phenotype into breast cancer staging was not only
feasible; moreover, it improved prognostic accuracy. Further-
more, intrinsic subtype was shown to have a prognostic im-
pact in patients with stage I-III breast cancer, with prognostic
discordance observed between TNM staging and biologic
subtypes [23].

In conclusion, although this present study has some limita-
tions of being retrospective and a single institution study, our
findings suggest that pN3 breast cancer was found to be het-
erogeneous in terms of prognosis. Our data indicated that
young age, high NLR, and high LNR, in addition to TN phe-
notype, were the independent prognostic factors for tumor
recurrence, and tumor biology was the best predictor for DFS
in pN3 breast cancer patients. New strategies, such as targeted
approaches as well as novel combinations, should be consid-
ered for application in pN3 patients with the TN phenotype,
rather than conventional treatment.
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