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Purpose: Patients with triple-negative breast cancer (TNBC) with
pathologic complete response (pCR) to neoadjuvant chemother-
apy (NAC) have superior survival outcomes compared to those
with residual disease after NAC. This study investigated the val-
ue of three biomarkers, p53, Ki-67, and Bcl-2 for predicting pCR
in NAC-treated patients with TNBC. Methods: Between 2003
and 2012, 198 patients with pathologically confirmed primary
TNBC were treated with two different taxane-based chemother-
apeutic regimens prior to surgery. Before NAC, expression of
p53 (cutoff 25%), Ki-67 (cutoff 10%), and Bcl-2 (cutoff 10%) was
assessed immunohistochemically in core biopsy specimens.
The incidence of pCR was correlated with the expression of
these biomarkers. Results: Overall, pCR occurred in 37 of the
198 patients (18.7%). A significant association was observed
between the pCR rate and overexpression of the p53 and Ki-67

biomarkers. Multivariate analysis showed that only p53 expres-
sion was independently associated with pCR to NAC (odds ratio,
3.961; p=0.003). The sensitivity, specificity, positive predictive
value, and negative predictive value of p53 expression for pre-
dicting pCR were 77.8%, 50.3%, 26.2%, and 90.9%, respec-
tively. The pCR rate was the lowest (5.2%) in patients with low
expression of both p53 and Ki-67, and it was the highest (25.8%)
when both biomarkers showed high expression. Conclusion: Ex-
pression of p53 was significantly associated with pCR after NAC
in patients with TNBC, suggesting that this biomarker might be
particularly valuable in identifying TNBC patients prone to have
residual disease after NAC.
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INTRODUCTION

Triple-negative breast cancer (TNBC) has been associated
with poor clinical outcomes [1]. To date, no molecular targeted
therapy has proven effective in TNBC. Higher rates of patho-
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logic complete response (pCR) have been observed in patients
with TNBC than in those with other types of breast cancer,
and TNBC patients who achieve pCR have excellent survival
outcomes. In contrast, TNBC patients who have residual dis-
ease after neoadjuvant chemotherapy (NAC) have significantly
poorer survival outcomes than patients without TNBC [2]. As
TNBC includes NAC-sensitive and NAC-resistant subgroups
that have different survival outcomes, the ability to predict pa-
tients who will achieve pCR or residual tumor after NAC may
offer clinical advantages in the management of these patients.

The tumor proliferation marker Ki-67 has been associated
with response to chemotherapy. Although high Ki-67 expres-
sion was found to correlate with increased rates of clinical re-
sponse and pCR following NAC [3,4], the association between
Ki-67 expression and outcomes in patients with TNBC has
not been determined, and Ki-67 has not been compared with
other putative biomarkers in the same patient cohorts.
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Bcl-2 has been found to inhibit apoptosis induced by chemo-
therapeutic drugs, including doxorubicin, in cancer cells [5].
However, the significance of Bcl-2 expression in predicting
sensitivity to chemotherapy has not been determined.

The tumor suppressor protein p53 (TP53) has many func-
tions in multicellular organisms, including activating DNA re-
pair proteins, regulating the cell cycle, and initiating apoptosis.
In vitro studies in tumor cell lines treated with chemotherapy
agents have shown that p53 is required for the efficient activa-
tion of apoptosis, suggesting that loss of p53 may enhance cel-
lular resistance to chemotherapeutic agents. Several studies
have reported that patients with p53 mutations showed poorer
responses to chemotherapy than those with wild-type p53 sta-
tus [6], whereas other studies have reported conflicting results
[7.8]. The expression of p53 has not been successful as a pre-
dictive marker for response to NAC.

This study investigated the value of p53, Ki-67, and Bcl-2
expression for predicting pCR in NAC-treated patients with
TNBC.

METHODS

Patients

The study cohort consisted of 198 TNBC patients, with a
median age of 42 years (range, 24-71 years), who received
NAC between January 2003 and September 2012, had known
pathologic and clinical tumor responses, and from whom bi-
opsy material was available for pathological evaluation. pCR
was defined as the complete disappearance of invasive carci-
noma cells in the breast and axillary lymph nodes after NAC
(ypT0/is, ypNO). Patients with residual ductal carcinoma in
situ were considered to have achieved pCR.

Treatment

Eighty-two patients were treated with docetaxel (75 mg/m?
or 60 mg/m?*) and doxorubicin (60 mg/m* or 50 mg/m?) by in-
travenous infusion every 3 weeks for three cycles, followed by
primary surgery and an additional three cycles of docetaxel
and doxorubicin, and, if indicated, radiation therapy. An add-
itional 74 patients received six cycles of neoadjuvant docetaxel
and doxorubicin. Another 42 patients received four cycles of
AC (doxorubicin 60 mg/m’ or 50 mg/m* cyclophosphamide
500 mg/m?* on day 1, every 21 days), followed by four cycles of
docetaxel (75 mg/m® or 60 mg/m?). Four patients who showed
progressive disease during NAC received adjuvant chemother-
apy, consisting of FAC (fluorouracil, doxorubicin, and cyclo-
phosphamide) or CMF (cyclophosphamide, methotrexate, and
fluorouracil) after curative surgery. Patients underwent either
mastectomy or breast-conserving surgery at the discretion of
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the surgeon. Sentinel lymph node biopsies were performed
unless contraindicated. If radiotherapy was indicated, it was
administered after surgery.

This retrospective study protocol was reviewed and ap-
proved by the Institutional Review Board (approval number:
1003-020-311) of the Seoul National University Hospital. Be-
cause this study was performed using a total of 198 consecu-
tive patients in our database, and involved no more than min-
imal risk for the subjects, the Institutional Review Board ap-
proved our request for the waiver of informed consent. This
study followed the recommendations of the Declaration of
Helsinki for biomedical research involving human subjects.

Immunohistochemistry

Pretreatment biopsy material was used for immunohisto-
chemistry (IHC) analyses to avoid any effects of chemotherapy
on the expression levels of the proteins. Pretreatment formalin-
fixed, parafin-embedded tissue blocks were used for IHC. Es-
trogen receptor (ER), progesterone receptor (PR), human epi-
dermal growth factor receptor 2 (HER2), p53, Bcl-2, and Ki-67
expression levels were evaluated by the avidin-biotin complex
technique for IHC [6]. Tissue sections (4 um thick) were cut
from paraffin-embedded tissue blocks, deparaffinized in xy-
lene, rehydrated with graded ethanol, and immersed in Tris-
buffered saline. After antigen retrieval, the sections were incu-
bated with primary antibodies as described [9]. Mouse mono-
clonal primary antibodies to ER (1:50), PR (1:50), p53
(1:1,200), Bcl-2 (1:50), and Ki-67 (1:800) were obtained from
Dako Corp. (Carpinteria, USA), whereas antibody to HER2
(1:200) was obtained from Novocastra Laboratories Ltd. (New-
castle-Upon-Tyne, UK). Sections were subsequently incubated
with biotinylated antimouse IgG antibody and streptavidin
horseradish peroxidase (Zymed Laboratories, San Francisco,
USA). High expression of Ki-67 was defined as expression in
>10% of tumor tissues, as the 10% cutoff provided the best
predictive value for prognosis in our institution [10]. Bcl-2 ex-
pression was judged positive when >10% of the nuclei and cyto-
plasm of tumor cells were stained. Pathological records in our
institution are designated as either positive or negative for Bcl-
2 expression. IHC positivity in >25% of the tumor cells was
considered high expression. This value was almost equivalent
to the cutoft provided by a previous study in our institution [1].
Tumors were regarded as negative for ER and PR expression
when <1% of the tumor cells showed nuclear staining. HER2
was considered negative when the HER2 score was 0 or 1+
upon THC, or when the HER2 score was 2+ and HER2/CEP17
gene amplification was negative (as assessed by using fluores-
cence in situ hybridization). TNBCs were defined as ER-nega-
tive, PR-negative, and HER2-negative breast cancers.
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Statistical analysis

The associations between the clinicopathological character-
istics and pathological response after NAC were calculated us-
ing the chi-squared and Fisher exact tests. We used a stepwise
regression model to approximate the risk ratio of achieving
pCR in multiple regression analyses according to the baseline
factors. Disease-free survival (DFS) was defined as the inter-
val from the date of operation to the date when disease relapse
or progression was first documented. Kaplan-Meier curves
were generated to evaluate the DES. All values were two-sided,
and statistical significance was defined as p <0.05. SPSS ver-
sion 19.0 software (IBM Corp., Armonk, USA) was used for
all statistical analyses.

RESULTS

Patient and tumor characteristics

Of the 198 patients, 123 (62.1%) presented with clinical stage
III at the time of initial diagnosis and 63 (31.8%) presented
with clinical stage IIB. Median tumor size was 4.3 cm (range,

Table 1. Prechemotherapy clinicopathological characteristics
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0.8-9.8 cm), and 132 women (66.7%) underwent breast-con-
serving surgery. The relationships between pretreatment clini-
copathological characteristics and expression levels of p53, Ki-
67, and Bcl-2 are shown in Table 1. None of these clinicopatho-
logical characteristics showed significantly different distribu-
tions according to the levels of these three biomarkers.

Relationships between the pCR rate and p53, Ki-67, and Bcl-2
expression

After NAC, the complete absence of residual invasive carci-
noma cells in the breast was confirmed by histological exami-
nation in 42 of the 198 patients (21.2%); however, five of these
42 patients had residual carcinoma cells in the resected lymph
nodes. Therefore, 37 of the 198 patients (18.7%) achieved pCR.
Of the clinicopathological factors assessed, the initial tumor
size was found to be significantly associated with pCR, whereas
overexpression of p53 and Ki-67 (Table 2, Figure 1), and high
nuclear grade indicated a high likelihood of achieving pCR
(Table 2). The pCR rate was significantly higher in patients
with high p53 expression (>25%) than in those with low p53

Characteristic Low p53 High p53 PvaNe LowKi-67  High Ki-67 Pvale Bel-2 () Bel-2 (+) eile
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Age (yn)* 419499 43.6+9.8 0.319 43.6+104  429+938 0.705 441+9.9 41.4+95 0.115
Initial tumor size (cm) 0.32 0.26 0.571
<3 20(22.7) 34 (31.8) 7(20.6) 46 (28.9) 35(29.9) 20 (25.6)
3-5 37 (42.0) 43 (40.2) 14(41.2 65 (40.9) 46 (39.3) 33(42.3)
>5 31(35.2) 30 (28.0) 13(38.2 48(30.2) 36 (30.8) 25(32.1)
Continuous' 45+1.8 44120 0.521 47+2.2 43+1.8 0.523 45+2.0 43+1.7 0.529
Initial N stage 0.662 0.5628 0.547
NO 3(3.4) 2(1.9 2.9 3(1.9 3(2.6) 2(2.6)
N1 44 (50.0) 63 (58.9) 17 (60.0) 89 (66.0) 63 (63.8) 44 (56.4)
N2 30(34.1) 25 (23.4) 9(26.5) 45 (28.3) 33(28.2) 22(28.2)
N3 11(12.5) 17 (15.9) 6(17.6) 22 (13.8) 18 (15.4) 10(12.8)
Initial ¢ stage 0.382 0.875 0.429
IIA 5(5.7) 3(2.8) 129 7(4.4) 3(2.6) 5(6.4)
1B 25 (28.4) 37 (34.6) 12 (35.3) 49 (30.8) 38(32.5) 24(30.8)
A 37 (42.0) 40(37.4) 11(32.4) 65 (40.9) 46 (39.3) 31(39.7)
nB 9(10.2) 9(8.4) 4(11.8) 14 (8.8) 11(9.4) 7(9.0)
lic 12 (13.6) 18 (16.8) 6(17.6) 24 (15.1) 19 (16.2) 11 (14.1)
Histology 0.15 0.285 0.468
Ductal 83 (94.3) 106 (99.1) 32 (941 165 (97.1) 112(95.7) 77(98.7)
Others 5(5.7) 1(0.9 2.9 4(2.5) 5(4.3 1(1.3
Histologic grade 0.095 0.35 0.454
il 10(11.4) 9(8.4) 6(17.6) 13(8.2) 11(10.8) 8(12.1)
I 70 (79.5) 79(73.8) 27 (79.4) 120 (75.5) 91(89.2) 57 (86.4)
Unknown 8(9.1) 19(17.8) 1(2.9) 26 (16.4) 15(12.8) 13(16.7)
Nuclear grade 0.076 0.425 0.385
4l 23 (26.1) 13 (12.1) 8(24.2) 28 (21.1) 25 (24.5) 11(16.9)
Il 57 (64.8) 75(70.1) 25(75.8) 105 (78.9) 77 (75.5) 54 (83.1)
Unknown 8(9.1) 19(17.9) 129 26 (16.4) 15(12.8) 13 (16.7)

*Mean + SD; "Entered as continuous variable.
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expression (<25%) (27.1% vs. 6.8%, p<0.001), and it was al-
most significantly higher in patients with high Ki-67 expres-
sion (=10%) than in those with low Ki-67 expression (< 10%)
(19.5% vs. 5.9%, p=0.056). In contrast, the level of expression
of Bcl-2 was not significantly associated with the pCR rate. The
sensitivity, specificity, positive predictive value, and negative
predictive value of p53 expression for predicting pCR were
77.8%, 50.3%, 26.2%, and 90.9%, respectively. When p53 and
Ki-67 were analyzed in conjunction, the pCR rate was the low-
est (5.2%) in patients with low levels of both biomarkers, and it

Table 2. Correlations between pathologic response and clinicopatho-
logical characteristics

Characteristic DCSO('H(; ?7) Non-p:\‘(f)F'{ (5,2; 157} p-value
Age (yn)* 43.29+8.29 42.88+10.19 0.218
Initial tumor size (cm) 0.020
<3 16 (28.1) 41(71.9)
356 16 (20.0) 64 (80.0)
>5 5(8.20) 56 (91.8)
Continuous’ 3.6+1.86 4.6+1.87 0.001
Initial N stage 0.578
NO 1(20.0) 4(80.0)
N1 23(21.1) 86 (78.9)
N2 7(12.5) 49 (87.5)
N3 6(21.4) 22 (78.6)
Chemo regimen 0.337
AC/T 10 (23.9) 32 (76.2)
DA 27 (17.3) 129 (82.7)
Histology 0.234
Ductal 37 (19.3) 155 (80.7)
Others 0 6(100.0)
Histologic grade 0.612
1l 1(5.3 18 (94.7)
Il 13(8.7) 137 (91.3)
Unknown 23(79.3) 6(20.7)
Nuclear grade 0.053
I 14 (28.6) 35(71.4)
Il 23(16.0) 121 (84.0)
Unknown 0 5(100.0)
Bcl-2 0.880
Negative 22 (18.6) 95 (81.4)
Positive 14 (18.2) 64 (81.8)
Unknown 1(33.3 2(66.7)
p53 (%) <0.001
<25 6(6.8) 82 (93.2)
>25 29 (27.1) 78(72.9)
Unknown 2(66.7) 1(33.3)
Ki-67 (%) 0.056
<10 2.9 32 (94.1)
>10 31(19.5) 128 (80.5)
Unknown 4(80.0) 1(20.0)

pCR = pathologic complete response; AC/T =anthracyclin and cyclophospha-
mide/taxane; DA=doxetaxel and doxorubicin.
*Mean + SD; "Entered as continuous variable.
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was the highest (25.8%) in patients with high levels of both
(Figure 2). Considering the independent significant factors
and the clinically important chemotherapy regimens, multiple
regression analysis showed that p53 expression was the only
independent factor associated with pCR (odds ratio, 3.961;
p=0.003) (Table 3). The group that achieved pCR tended to
show superior DFS than the group that failed to achieve pCR
(Figure 3A). However, expression of p53 alone could not pre-
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Figure 1. Pathologic complete response (pCR) rate according to p53,
Ki-67, and Bcl-2 expression in triple-negative breast cancer (n=198).
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Figure 2. Pathologic complete response (pCR) rate according to the
combination of p53 and Ki-67 expression.

Table 3. Multiple logistic regression analysis for factors affecting patho-
logic complete response in triple-negative breast cancer

Factor Odds ratio 95% Cl p-value

Initial tumor size (cm)

3-5 0.78 0.172-3.545 0.748

>5 0.302 0.037-2.471 0.302

Continuous* 0.711 0.573-0.883 0.367
Nuclear grade (Il 0.94 0.131-6.719 0.951
P53 (225%) 3.961 1.697-9.821 0.003
Ki-67 (>10%) 1.07 0.360-3.183 0.903

Continuous* 1.001 0.987-1.053 0.882
Chemotherapeutic regimen

DA 1.493 0.604-3.636 0.374

Cl=confidence interval; DA = doxetaxel and doxorubicin.
*Entered as continuous variable.
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Figure 3. (A) Disease-free survival (DFS) according to pathologic com-
plete response (PCR) and non-pCR. (B) DFS according to the combina-
tion of p53 and pCR.

dict pCR prognosis accurately (Figure 3B).

DISCUSSION

Our finding that the degree of p53 expression in TNBCs was
strongly associated with increased response to NAC is in
agreement with the results of several previous studies [11-16].
A meta-analysis of 26 studies also demonstrated the effective-
ness of p53 expression for predicting the response to NAC in
breast cancer [17]. Although that study found that increased
expression of TP53 was associated with higher objective re-
sponse and complete response rates, it had innate limitations,
including different measurements of TP53 expression (protein
or mRNA) and different cutoff values for TP53 overexpression
by THC and those obtained by gene amplification. Moreover,
studies analyzing the predictive value of p53 were hetero-
geneous in patient characteristics, breast cancer subtypes, and
chemotherapy regimens. Many of these clinical reports in-
volved small cohorts, with inconsistent methods of measuring
P53 expression. Moreover, most of these studies did not distin-
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guish among patients with breast cancer subtypes, and study
populations were treated with heterogeneous chemotherapeu-
tic regimens.

Mutations in the TP53 gene have been observed more fre-
quently in TNBCs than in other breast cancer subtypes. For
instance, the frequency of TP53 mutations was found to be
higher in basal than in luminal type tumors [18]. Several stud-
ies have shown that p53 is a marker of a more favorable re-
sponse to NAC in patients with TNBC. For example, p53 over-
expression was strongly correlated with pCR rate in TNBCs
[19], and mutant TP53 was identified as a major independent
predictive factor of pCR in patients treated with anthracycline-
based NAC [20].

In assessing tumor markers in breast cancer patients, we
limited the study subjects to patients with the molecular TNBC
subtype that responded to taxane-based NAC, thus avoiding
any effects of a heterogeneous patient population. Our findings
are therefore more reliable, in that p53 is predictive of pCR in
patients with TNBC treated with taxane-based NAC.

Positive Bcl-2 expression has been associated with poor sur-
vival and reduced sensitivity to chemotherapy in patients with
TNBC [21,22]. Although we found that Bcl-2 expression was
not significantly associated with pCR in TNBC patients, pa-
tients belonging to the Bcl-2-negative group tended to be more
chemosensitive than those belonging to the Bcl-2-positive
group. This finding is in agreement with previous results show-
ing that Bcl-2 could not predict response to NAC [23].

Univariate analysis showed an almost significant association
between Ki-67 expression and pCR, consistent with the results
of our previous study [15]. In multiple regression analysis,
while Ki-67 could not be identified as an independent predic-
tor of pCR, the combination of p53 and Ki-67 had greater pre-
dictive accuracy than p53 alone. No association has been re-
ported between high Ki-67 expression and response rate
[11,24], although high expression of Ki-67 was associated with
higher response rate to NAC. The role of Ki-67 is not yet con-
clusive because of heterogeneous patient populations, small
sample sizes, and different chemotherapeutic regimens in pre-
vious studies. In conclusion, this study was designed to assess
whether the IHC markers p53, Ki-67, and Bcl-2 could predict
the response to NAC in patients with TNBC. Our results indi-
cate that the tumors with high p53 expression may respond
better to taxane-based NAC. Measurement of these markers
before starting NAC may assist in making treatment decisions
and in predicting response to treatment.
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