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Abstract: Background: Immunohistochemical (IHC) expression of Ki67 has been identified as a prognostic and pre-
dictive marker in hormone receptor (HR)-positive breast cancer, however, there is little evidence of the association
of Ki67 with prognosis in HR-negative patients. We aimed to assess the benefit of Ki67 assessment in HR-negative
breast cancers after neoadjuvant chemotherapy (NAC). Methods: In the present study, a total of 183 HR-negative
breast cancer patients with Stage Il to Ill that treated with anthracycline and/or taxane-based neoadjuvant che-
motherapy between 2004 and 2011 were retrospectively analyzed. Endocrine therapy and trastuzumab was not
administered to any patients in this study. Clinical and pathological features of the patients with breast cancer were
retrieved from the hospital records. Predictive factors for NAC response and survival were analyzed. Results: Of the
183 patients, 122 (66.6%) were HR- HER2+, and 61 (33.3%) were triple-negative. The clinical response rates were
similar across breast cancer subtype. Patients whose tumors contained high Ki67 expression effectively respond-
ed to NAC. Ki67 labeling index was a predictive marker for pathologic complete response (pCR). Ki67 expression
showed a positive correlation with HER2 status, tumor size, lymph node status, lymphovascular invasion and tumor
grade. Furthermore, high Ki67 expression in post-treatment tumors was strongly correlated with poor disease-free
survival (DFS), but no correlation of Ki-67 expression with overall survival (OS) was observed. Conclusions: Our
results suggest that Ki67 expression in HR-negative breast cancer may improve the assessment of pathological re-
sponse after NAC, and Ki67 score in residual tumor was an independent prognosticator for DFS in the HR-negative
breast cancer patients.
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Introduction

Neoadjuvant chemotherapy has been estab-
lished as a standard treatment strategy for
patients with not only local advanced but also
operable breast cancer. This strategy allows
patients to benefit a reduction in the extent of
surgery and provides information on the effica-
cy of chemotherapy [1]. Recently, it has been
demonstrated that patients who achieved a
pathologic complete response (pCR) to NAC
were likely to also have a favorable long-term
outcome in certain subtypes of breast cancer
patients [2]. As such, clinical and molecular bio-
markers capable of predicting pCR have been
assessed following neoadjuvant treatment in
breast cancer patients [3, 4]. Conventional vari-
ables such as tumor size, nodal status and his-

tological grade do not correlate well with sensi-
tivity to specific types of chemotherapy drugs.
Several retrospective breast cancer studies
have suggested that tumor expression of ER,
PgR, epidermal growth factor receptor (EGFR),
HER2, Ki-67 and p53 may be associated with
chemotherapy sensitivity [5-8].

Compared with other biomarkers, Ki67 expres-
sion has been reported to correlate with tumor
cell proliferation rate, which is a nuclear protein
that is expressed during all phases of the cell
cycle, except the GO phase, and many studies
have investigated the IHC expression of Ki67 as
a prognostic and predictive marker for breast
cancer [9, 10]. The St Gallen Consensus
Meeting determined that the Ki67 labeling
index is chiefly important for distinguishing
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between “luminal A” and “luminal B” breast
cancer subtypes, with a cutoff value of 14%
[11]. Furthermore, this indicator is commonly
used to predict the magnitude of chemothera-
py benefit in luminal-type breast cancers who
received a range of NAC regimens, including
anthracycline-based and/or taxane-based pro-
tocols, and recent studies have clearly identi-
fied Ki67 as a prognostic marker for ER-positive
breast cancer. Although Ki67 is a well estab-
lished prognostic marker in ER-positive breast
cancer, assessment of cellular proliferation by
Ki67 expression is not yet recommended in
routine pathological evaluation by the existing
guidelines of the American Society of Clinical
Oncology (ASCO) and European Society of
Medical Oncology (ESMO), one likely reason is
that how Ki67 measurements and thresholds
should influence clinical decisions has not been
established. Furthermore, there is little evi-
dence to support a role for Ki67 in HR-negative
breast cancer prognosis. Sueta et al. [12]
reported that Ki67 had no predictive value for
pCR in HER2 and triple-negative subtypes with
NAC, and Naoki Niikura et al. [13] showed that
Ki67 was not associated with survival in the
HR-negative group with 716 patients. HR-nega-
tive breast cancers, especially triple-negative
subtype is generally associated with an aggres-
sive phenotype and a poor prognosis; however,
it is true that there are some subpopulations of
patients with HR-negative whose prognosis
remains good. Therefore, a better understand-
ing of the molecular and histopathological fea-
tures of HR-negative breast cancers and its
heterogeneity is important for the development
of a new therapeutic strategy and to improve
the prognosis of HR-negative breast cancers.
As such, further studies are required to assess
the benefit of Ki67 assessment in HR-negative
breast cancers.

The aim of the present study was to evaluation
whether Ki67 levels can determine the efficacy
of chemotherapy for HR-negative subtypes and
validate the prognostic role of Ki67 expression
in this cohort. Breast cancer cases were divid-
ed into 3 categories according to the Ki67
score: low, < 14% Ki67-positive cells; intermedi-
ate, > 14% and < 30% Ki67-positive cells; and
high, > 30% Ki67-positive cells, and then pCR,
DFS, and OS were compared in breast cancer
subgroups at a single large institution accord-
ing to Ki67 scores.
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Materials and methods

Patients and treatment

A total of 183 HR-negative (non-luminal) (both
ER and PgR IHC-negative) invasive breast can-
cer patients treated with anthracycline and/or
taxane-based NAC from January 2004 to
December 2011 at Guangxi University Affiliated
Tumor Hospital (China) were retrospectively
recruited to this study. Patients were consid-
ered evaluable if they had completed NAC, and
patients who had not completed all regimens
were excluded. The NAC regimens included FEC
(5-fluorouracil 500 mg/m?, epirubicin 100 mg/
m2, and cyclophosphamide 500 mg/m?, every
3 weeks), AC (doxorubicin 50 mg/m?2, and cyclo-
phosphamide 500 mg/m?, every 3 weeks) fol-
lowed by T (docetaxel 75 mg/m? every 3 weeks)
each for 4 cycles, and TEC (docetaxel 75 mg/
m? and cyclophosphamide 600 mg/m? every 3
weeks). Chemotherapy was administered for a
median of 4 cycles (range 2-6 cycles) before
surgery. All the patients underwent mastecto-
my plus axillary lymph node dissection within 4
weeks after NAC. None of them had received
molecular targeted therapy. Of note, the vast
majority of the patients in the People’s Republic
of China do not receive targeted therapy, for
economic reasons. The patients with stage Il to
stage Il breast cancer received radiotherapy
after chemotherapy. Major pathological param-
eters were available, including tumor size, loca-
tion, histological grade, lymph node status, and
ER, PgR, and HER2 status, as determined by
conventional IHC. All patients were on a regular
follow-up schedule. The primary endpoint was
pCR rate and disease-free survival (DFS),
defined as the time interval from breast cancer
surgery to the first evidence of recurrence
(local, regional, or distant). If there was no
recurrence, patients were censored on the last
follow-up.

Immunohistochemical analysis

ER, PgR, HER-2 status and Ki-67 index were
evaluated before and after NAC by immunohis-
tochemistry (IHC). All immunohistochemical
analyses were carried out in a single reference
laboratory and evaluated by light microscopy
blindly and independently by two pathologists.
The cutoff value for ER positivity and PgR posi-
tivity was 10% positive tumor cells with nuclear
staining. HR negative was defined as negative
for both ER and PgR. HER2 protein overexpres-
sion was defined as 3+, complete membrane
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Table 1. Patient and baseline tumor characteristics

Factor Number (%)
All 183 (100)
Median age, years (range) 49 (25-70)
Age (y)

<50 116 (63.4)

> 50 68 (36.6)
Menstrual status

Premenopausal 106 (57.9)

Postmenopausal 77 (42.1)
Clinical stage

Il 70 (38.3)

1 113 (61.7)
Tumor size (cm)

<2.0 49 (26.8)

>2.0 134 (73.2)
Clinical lymph node status

Negative 62 (33.9)

Positive 121 (66.1)
Histological grade

Gl 32 (17.5)

G2 70 (38.3)

G3 81 (44.2)
HR, HER2 subtype

HR- HER2+ 122 (66.7)

HR- HER2- 61 (33.3)
Ki67 status

Low (< 14%) 45 (24.6)

Intermediate (14-30%) 60 (32.8)

High (> 30%) 78 (42.6)
Neoadjuvant treatment

FEC 90 (49.2)

TEC 55 (30.1)

AC followed by T 38 (20.7)
Clinical response

CR/PR 156 (85.2)

SD/PD 27 (14.8)
Pathological response

pCR 35(19.1)

non-pCR 148 (80.9)

HR, hormone receptor; HER-2, human epidermal receptor
2; FEC, 5-fluorouracil. + epirubicin + cyclophosphamide;
TEC, docetaxel + epirubicin + cyclophosphamide; AC fol-
lowed by T, doxorubicin + cyclophosphamide followed by
docetaxel; CR/CR, complete response or partial response;
SD/PD, stable disease or progression of disease; pCR,
pathological complete response. HER-2, human epider-
mal receptor 2.

staining or fluorescence in situ hybridization
[FISH] amplification. Ki67 was scored as the
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percentage of nuclei-stained cells out of all
cancer cells in the invasive front of the tumor
regardless of the intensity in x 400 high-power
field, 500 to 1000 tumor cells were counted in
each case. We classify IHC Ki67 expression
into 3 categories according to the score of Ki67:
low, < 14% Ki67-positive cells; intermediate, >
14% and < 30% Ki67-positive cells; and high, >
30% Kie7-positive cells. Antibodies, dilutions
and suppliers were as follows: ER (M7047,
Dako), PgR (M3569, Dako), HER-2 (polyclonal,
Dako), Ki-67 (MIB1, Dako).

Evaluation of NAC response

The clinical response to NAC was evaluated by
physical and imaging examinations according
to Response Evaluation Criteria in Solid Tumors
(RECIST). No clinical evidence of tumor in the
breast and axillary lymph nodes was defined as
a complete response (CR). Reduction in the
greatest tumor diameter exceeded 30% was
graded as a partial response (PR). Tumor reduc-
tion less than 30% or an increase up to 20% in
the greatest diameter was considered as a sta-
ble disease (SD). Tumors that increase of more
than 20% in the greatest diameter or appear-
ance of new disease were considered as a pro-
gressive disease (PD). The achievement of pCR
(pathologic complete response) on postopera-
tive specimens was defined as the absence of
invasive residuals in breast or nodes.

Clinical outcome assessment

All patients were followed-up until the date of
death or when censored at the latest date
(December 30th 2013). The median duration
of follow-up for all of the patients in this study
was 47 months. Overall survival was defined as
the time from the date of operation to death or
when censored at the latest date if patients
were still alive. DFS was defined as the length
of time from the date of operation to events
such as local relapse or distant metastases,
the occurrence of a new primary tumor, or
death without evidence of cancer.

Statistical analysis

Analyses were conducted using SPSS v16.0
(SPSS Inc., Chicago, IL). Correlations of Ki67
expression with other clinicopathological
parameters were evaluated using the chi-
square test. Univariate and multivariate analy-
ses to determine independent prognostic fac-
tors were performed by the Cox proportional
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Table 2. The Relationship between expression level of Ki67 and the

patients’ characteristics

Ki67-high tumors were significantly
associated with advanced tumor

Factor Low Intermediate  High P stage (P<0.001), Iymph node posi-
Ki67 (n) Ki67 (n) Ki67 (n) value tivity (P < 0.001), high tumor grade
Age (y) 0.358 (P = 0.026), lymphovascular inva-
<50 34 39 43 sion (P =0.019) and HER2 positivity
> 50 1 ol 35 (P< O.QOl) qf the tumor. There was
Menstrual status 0.214 norelatlonsh|pbetwee.ntheag§,.rr?en-
opausal status and KiG7 positivity.
Premenopausal 29 42 51
Postmenopausal 16 18 27 Correlation of Ki67 expression with
Tumor size (cm) <0.001 response to neoadjuvant chemo-
<2.0 16 30 3 therapy
>20 29 30 & Thirty-five out of the 183 patients
Lymph node status <0.001 (19 1%) achieved a pathologic com-
Negative 29 28 5 plete remission. We have examined
Positive 16 32 73 whether Ki67 level affected the
Histological grade 0.026 pathological response to neoadju-
G1-2 40 43 19 vant chemotherapy, the results
G3 5 17 59 show that tumors with high Ki67
HER? status <0.001 showgd significantly _|mproved pCR
N rates in the HR-negative breast can-
Positive 14 36 2 cer (Table 3). The clinical response
Negative 31 24 6 rates (PR + CR) were comparable
lymphovascular invasion 0.019 between high Ki67 group (88.5%)
Absent 33 34 17 and low (82.2%), intermediate
Present 12 26 61 group (85.0%). In univariate logistic

model. Variables with a P < 0.05 were accepted
for the multivariate model. Kaplan-Meier and
the log-rank test were employed to evaluate the
distribution of DFS and OS. All P values report-
ed in this analysis were two sided, and a P value
of less than 0.05 was considered significant.

Results
Patients’ characteristics

Table 1 summarizes the characteristics of
patients in this study. The median age of the
enrolled patients was 49 years (range 25-70
years), and 57.9% of these patients were pre-
menopausal. All the patients were defined as
ER and PgR negative both before and after
NAC. Of the 183 patients, 122 (66.7%) were
HR- HER2+, and 61 (33.3%) were triple-nega-
tive, 121 (66.1%) of the cases were defined as
axillary lymph node positive.

Correlation of Ki67 expression with clinico-
pathological parameters before and after NAC

Correlations of Ki67 expression with other clini-
copathological parameters were evaluated
using the chi-square test. As show in Table 2,
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regression, positive HER2 status

(OR = 1.72, 95% CI 0.69-3.26, P =
0.035), high Ki67 (OR = 3.61, 95% Cl 1.33-
7.82, P=0.001) and tumor grade 3 (OR = 2.06,
95% Cl 0.79-6.64, P = 0.031) were significant
predictors for a pCR (Table 4). No significant
correlation with pCR rate was detected for age,
menopause status, tumor size, nodal status,
and the treatment regimen (Table 4). In the
multivariate analysis, tumors with high Ki67
expression showed only a great trend toward a
higher pCR rate (OR = 2.58, 95% Cl 1.24-9.18;
P = 0.006), whereas HER2 status showed bor-
derline significant (P = 0.054).

Prognostic value of Ki67 expression on long-
term outcome

We evaluated the clinical variables at baseline
predicting for DFS using logistic regression
analyses, clinicopathological factors in tumors
both in pre- and post-treatment specimens
were estimated. Age (P = 0.024), tumor size (P
= 0.006), tumor histopathologic grade (P =
0.037), pre-NAC node metastasis (P = 0.035),
post-NAC node metastasis (P = 0.018), post-
NAC HER2 status (P = 0.023), post-NAC Ki67
labeling index (P = 0.003), clinical complete
response (P = 0.001) and pathological com-
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Table 3. Clinical and pathological response after neoadjuvant che-

motherapy by Ki67 labeling index

cancer, but that the role of
Ki67 differs depending on HR

status or tumor subtypes.

Ki67 labeling index P value )

Low Intermediate High Many §tud|es §uggested .tf.]at
(n = 45) % (n =60) % (n=78)% in patlent§ W|.th HR-poglt!ve
— tumors, Ki67 is a predictive
Clinical response marker for chemotherapeutic

PR + CR 37 (82.2) 51 (85.0) 69 (88.5) 0.158 . . b
efficacy, and it is helpful for
SD+ P_D 8(17.8) 9 (15.0) 9 (11.5) defining good prognosis and
Pathological response poor prognosis [12, 14, 15].
pCR 5(11.1) 8(13.3) 22(26.9) 0.001 In contrast, there is little evi-
non pCR 40 (88.9) 52 (86.7) 56 (73.1) dence to support the predic-

CR + CR, complete response and partial response; SD + PD, stable disease and pro-

gression of disease; pCR, pathological complete response.

Table 4. Univariate and multivariate logistic regression models of

baseline characteristics predictive of pCR

tive and prognostic value of
Ki67 expression in HR-nega-
tive breast cancer after NAC.
However, one clinical trial
with 552 breast cancer pati-
ents following NAC showed

Multivariate analysis that  Ki67

independently

improved the prediction of
treatment response in a

Characteristic Univariate analysis

?:Sf 95%Cl  Pvalue ?:tdk')s 95% Cl P value
Age 1.53 0.69-3.26 0.244
Menstrual status 1.06 0.42-2.08 0.362
Tumor size 1.56 0.62-4.33 0.075
Tumor grade 2.06 0.79-6.64 0.031 1.82 0.71-7.32 0.086
Lymph node status 1.38 0.66-3.21 0.048
HER2 status 1.72 0.49-3.66 0.035 1.49 0.61-4.96 0.054
Ki67 labeling index 3.61 1.33-7.82 0.001 2.58 1.24-9.18 0.006
NAC regimen 1.27 0.48-1.66 0.105

group of luminal tumors as
well as triple-negative tumors
[16]. Munzone et al. [17] also
found that Ki67 was associ-
ated with prognosis in node-
negative, triple-negative gro-
ups. Since the role of Ki67 in
HR-negative breast cancer
was controversial, and neo-

HER-2, human epidermal receptor; NAC, neoadjuvant chemotherapy.

plete response (P = 0.003) were identified as
independent predictive factors for DFS in uni-
variate analysis (Table 5). In multivariate analy-
sis, age (P = 0.038), tumor size (P = 0.026),
post-NAC node metastasis (P = 0.037), post-
NAC HER2 status (P = 0.021), post-NAC Ki67
labeling index (P = 0.008), clinical complete
response (P = 0.001) and pathological com-
plete response (P = 0.024) remained signifi-
cant. A Kaplan-Meier analysis showed that high
Ki67 labeling index (> 30%) after NAC was
strongly associated with decreased disease-
free (P = 0.004; Figure 1), and there was no
significant correlation with overall survival (P =
0.18; Figure 2). Our results indicate that Ki67
expression after NAC is an independent prog-
nostic factor for disease-free survival in HR-
negative breast cancer patients.

Discussion

Recent studies have reported a predictive
value of Ki67 for response to NAC in breast

6866

adjuvant treatment allows

directly testing response pre-

diction [18], we have ana-
lyzed the predictive value of Ki67 expression in
the NAC-administered HR negative breast can-
cer patients.

In the present study, we classify IHC Ki67
expression into 3 categories according to the
levels of Ki67: low (< 14%), intermediate (14-
30%), and high (> 30%). Some studies have
reported that Ki67 had no predictive value for
pCR in HR-HER2+ and triple-negative subtypes,
because greater chemotherapy sensitivity was
generally observed in this tumors [19]. However,
we detected a significant higher pCR rate for
tumors with high Ki67 expression within the
HR-negative tumors, and the pCR rate in low
and intermediate groups were comparable.
However, the clinical response rate (CR + PR)
was comparable between tumors with high
Ki67 expression and low or intermediate Ki67
expression. That may be explained that the clin-
ical response rate was relative high in
HR-negative breast cancer. Our findings are
consistent with several studies [14, 16, 17],

Int J Clin Exp Pathol 2014;7(10):6862-6870
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Table 5. Univariate and multivariate logistic regression models of clinical variables predictive of DFS

Characteristic Univariate analysis Multivariate analysis

Hazard ratio 95% ClI P value Hazard ratio 95% Cl P value
Age 2.31 1.03-4.43 0.024 3.05 1.15-6.42 0.038
Menstrual status 1.34 0.65-3.12 0.252
Tumor size 2.34 1.18-5.32 0.006 2.64 1.02-5.66 0.026
Tumor grade 1.87 0.76-3.65 0.037 1.66 0.81-4.22 0.204
Pre axillary lymph node 1.86 0.83-3.29 0.035 1.62 0.65-4.18 0.203
Post axillary lymph node 2.85 1.12-5.26 0.018 3.52 1.07-6.25 0.037
Pre HER2 status 1.02 0.54-2.27 0.813
Post HER2 status 2.21 0.93-4.87 0.023 3.02 1.10-6.03 0.021
Pre Ki67 labeling index 1.35 0.61-2.83 0.439
Post Ki67 labeling index 3.64 1.20-8.59 0.003 3.86 1.19-9.21 0.008
cCR 4.35 1.18-10.86 0.001 5.02 1.24-12.16 0.001
pCR 3.48 1.22-6.97 0.003 2.39 1.16-5.85 0.024

Pre before, neoadjuvant chemotherapy; Post, after neoadjuvant chemotherapy; cCR, clinical complete response; pCR, patho-

logical complete response.
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Figure 1. Kaplan-Meier curves of disease-free surviv-
al (DFS) in each group according to Ki67 score. Log-
rank test was significant for PFS (P = 0.004).

indicated that pretherapeutic Ki67 could be
used as a predictive parameter for pathological
response to NAC in breast cancer across tumor
subtypes. We also evaluated the utility of com-
monly used tumor characteristics to predict
pCR after NAC. Pretreatment Ki67, HER2 sta-
tus, lymph node status as well as tumor histo-
pathologic grade was significant predictor of
pCR by multivariate analysis. The exact reason
underlying this finding is unclear, but it may be
explained that tumors with positive HER2, posi-
tive lymph node and higher histopathologic
grade were consistently characterized by higher
rates of proliferation, which were likely to
respond well to chemotherapy.
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Figure 2. Kaplan-Meier curves of overall survival (OS)
in each group according to Ki67 score. Log-rank test
was not significant for OS (P = 0.18).

Recently, it has been reported that higher lev-
els of Ki-67 were significantly associated with
premenopausal status, larger tumor size, high-
er tumor grade, lymphatic and vascular inva-
sion, lymph node positivity, HR negativity as
well as HER2 positivity [20-22]. In the present
study, we have analyzed the correlation
between Ki67 and other clinicopathological
parameters before and after NAC. As expected,
we found a positive correlation between Kic7
expression and HER2 status. Besides, Ki67
expression showed a positive correlation with
lymph node status, lymphovascular invasion,
tumor grade and tumor size. However, there
was not any significant association between

Int J Clin Exp Pathol 2014;7(10):6862-6870
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age, menopausal status and Ki67 levels in the
HR-negative patients. The possible explanation
is that breast tumors which are HER2 positive,
lymph node positivity and higher tumor grade
tend to have higher proliferation rates. However,
the detailed relationship between Ki67 and
other clinicopathological parameters has not
been adequately investigated and requires fur-
ther investigation.

Even though many studies have demonstrated
the prognostic value of Ki67, the debate on the
prognostic role of Ki67 in breast cancer is still
open. In the majority of those studies, it was
reported that higher Ki67 expression was asso-
ciated with poor prognosis [23, 24]. However,
there is little evidence to support a prognostic
role for Ki67 in HR-negative breast cancer
patients [5, 13, 25]. Among these studies, the
breast cancer populations and treatment differ
widely, the assays for Ki67 were performed
with different methods, the cutoffs to desig-
nate “positive” and “negative” or “high” and
“low” Ki67 populations differ widely, which may
influence the survival analysis. In our study, to
exclude the heterogeneity of breast cancer sub-
type and treatment, we chose only the HR neg-
ative (non-luminal) breast cancer subgroup. All
patients had received modified radical mastec-
tomy of breast cancer following anthracycline
and/or taxane-based chemotherapy, and after
the surgery, they only received the same che-
motherapy regimens and local radiotherapy;
none of them received molecular targeted ther-
apy or endocrinotherapy. When we chose 30%
of Ki67 labeling index as a cutoff value, the uni-
variate analysis showed that age, tumor size,
tumor histopathologic grade, pre-NAC node
metastasis, post-NAC node metastasis, post-
NAC HER2 status, post-NAC Ki67 labeling
index, cCR and pCR were significantly associ-
ated with disease-free survival. Post-NAC Ki67
labeling index was the only factor that was sig-
nificantly associated with disease-free survival
by multivariate analysis, suggesting that Ki67
labeling index after NAC is a prognostic factor
for disease-free survival. A Kaplan-Meier analy-
sis showed that patients whose breast tumors
showed low Ki67 expression after NAC dis-
played a longer disease-free survival. These
results suggested that the level of Ki67 expres-
sion is a prognostic factor predicting disease-
free in HR negative breast cancer patients, and
30% is a suitable cutoff. Furthermore, for
patients with high Ki67 levels in residual dis-
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ease, new treatment strategies have to be
found. Interestingly, this association could not
be shown between the Ki67 levels and overall
survival, Ki67 was not an independent prog-
nostic factor for overall survival in this study.
One possibility is that breast cancers patients
often displayed a long overall survival, and the
follow-up time was relatively short. Other pos-
sible explanations include statistical chance or
potential imbalances in baseline prognostic
factors. Thus, to better define the impact of
Ki67 on overall survival in HR-negative breast
cancers, further studies are required.

There are some limitations of our study. First, it
was a retrospective study using a nonrandom-
ized database; therefore, this study suffers
from the bias associated with any retrospective
study, such as inherent selection bias. Second,
our study included a small sample size and fol-
low-up time was relatively short, and more
accuracy could have been obtained with a larg-
er sample size and longer follow-up.

In conclusion, we examined the reliability of
Ki67 as a predictor of pCR after anthracycline
and/or taxane-containing neoadjuvant chemo-
therapy and found that Ki67 labeling index
could be used as a means of better reflecting
tumorresponsetochemotherapyin HR-negative
breast cancer. Furthermore, a high Ki67 expres-
sion in residual tumors was strongly correlated
with poor disease-free, but not overall survival.
It is thus necessary to establish additional
strategies to improve disease-free survival for
patients whose residual tumors show high Ki67
expression after NAC.
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