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INTRODUCTION
Triple-negative breast cancer (TNBC), which lacks expression 

of the estrogen receptor (ER), progesterone receptor (PR), and 
human epidermal growth factor receptor 2 (HER2), comprises 
approximately 15% of all invasive breast cancers [1]. TNBC 
usually has a high histologic grade and exhibits a higher rate 

of early recurrence and more aggressive behavior compared to 
other subtypes [1,2]. Although new targeted therapies such as 
DNA-damaging poly-adenosine diphosphate ribose polymerase 
inhibitors and immune-checkpoint inhibitors such as 
programmed cell death protein 1 and programmed death-ligand 
1 have been under investigation in clinical trials, chemotherapy 
is still used as the main treatment for TNBC.
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Purpose: Our previous studies suggested that p53-positive triple-negative breast cancer (TNBC) should be more sensitive 
to chemotherapy than p53-negative TNBC. The aim of this study was to determine whether p53 expression in TNBC could 
predict response to neoadjuvant chemotherapy and the resulting prognosis.
Methods: From January 2009 to December 2017, TNBC patients who underwent neoadjuvant chemotherapy were 
reviewed, including a total of 31 TNBC patients who had clinical lymph node metastasis. The status of p53 expression in 
patients before and after chemotherapy was evaluated.
Results: Two patients (22.2%, 2 of 9) achieved pCR in p53(+) TNBC and 4 patients (50%, 5 of 10) achieved pCR in p53(-) TNBC. 
There was no correlation between pCR rate and p53 expression (P = 0.350). Based on prechemotherapy p53 expression, 
there was no significant difference in disease-free survival (DFS) between p53(+) TNBC and p53(-) TNBC (P = 0.335). 
However, after chemotherapy, p53(+) TNBC had shown higher DFS than p53(-) TBNC (P = 0.099). Based on prechemotherapy 
p53 expression, p53(+) TNBC had better overall survival (OS) than p53(-) TNBC, but the difference was not statistically 
significant (P = 0.082). After chemotherapy, p53(+) TNBC showed significantly better OS than p53(-) TNBC (P = 0.018).
Conclusion: Immunohistochemically detected p53 expression in TNBC could not predict the response to neoadjuvant 
chemotherapy. However, p53(+) TNBC had a better OS than p53(-) TNBC in patients who underwent neoadjuvant 
chemotherapy.
[Ann Surg Treat Res 2020;98(6):291-298]
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Despite unfavorable prognoses, TNBCs are known to be 
highly reactive to chemotherapy and show higher pathologic 
complete response (pCR) rates after neoadjuvant chemotherapy 
compared to other types of breast cancer [3,4], often resulting 
in a favorable prognosis for patients. However, although pCR 
is traditionally considered a surrogate marker used to predict 
the long-term prognosis in TNBC patients [4], TNBC patients 
with residual cancer have significantly worse prognoses than 
patients with non-TNBC associated residual cancer [3,5,6].

TP53 mutations are the most common genetic alterations in 
breast cancer and are highly linked to basal subtype carcinomas 
[7,8]. Past studies have investigated if TP53 mutation can 
predict the response of cancer to chemotherapy or affect a 
difference in prognosis; however, the lack of consistent results 
has hampered clinical applications. Due to the development of 
next generation sequencing (NGS), immunostaining has been 
perceived as a relatively older, less accurate, and less valuable 
technique for identifying cancer cells. Unfortunately, apart 
from the cost aspect, limitations remain in interpreting and 
understanding the clinical implications of NGS results. Because 
immunostaining studies can be easily performed in most 
hospitals, those results may be more useful until NGS results 
are clinically applicable.

We analyzed the prognostic value of immunohistochemically 
detected p53 in previous studies [9,10]. In those studies, TNBC 
patients with p53 expression (p53(+) TNBC) had a worse 
prognosis than patients without p53 expression (p53(-) TNBC), 
but chemotherapy significantly increased survival rates [9]. 
Further, in TNBC patients who received adjuvant chemotherapy, 
p53 expression was associated with better breast cancer-specific 
survival rates in patients without lymph node metastasis (stage 
N0) [10]. Results from these studies suggest that p53(+) TNBC 
should be more chemosensitive than p53(-) TNBC. The aim of 
this study was to determine whether p53 expression in TNBC 
could predict the response to neoadjuvant chemotherapy and 
the resulting prognosis.

METHODS
Patients with TNBC who underwent neoadjuvant chemo-

therapy at Korea University Anam Hospital from January 
2009 to December 2017 were reviewed. Thirty-one TNBC 
patients who exhibited clinical lymph node metastasis were 
included. Patients with preoperative distant metastasis and 
those who received adjuvant chemotherapy after surgery were 
excluded. This study was approved by the Korea University 
Anam Hospital Institutional Review Board (No. 2018AN0272). 
Informed consent was not required for this type of study.

Cancers identified as ‘ER-negative,’ ‘PR-negative,’ and ‘HER2-
negative’ are defined as ‘triple-negative breast cancer (TNBC).’ 
When less than 1% of cells exhibit nuclear staining for these 

Table 1. The clinicopathologic characteristics of the total 
patients

Characteristic Value

Age (yr), median (range) 48 (24–67)
Operation
   BCS 14 (45.2)
   MRM 17 (54.8)
Clinical T stage
   T1 2 (6.5)
   T2 21 (67.7)
   T3 6 (19.4)
   T4 2 (6.5)
Clinical N stage
   N1 19 (61.3)
   N2 6 (19.4)
   N3 6 (19.4)
Clinical stage
   IIA 1 (3.2)
   IIB 13 (41.9)
   IIIA 9 (29)
   IIIB 2 (6.5)
   IIIC 6 (19.4)
Histology
   IDC 30 (93.5)
   Metaplastic 1 (3.2)
p53 (postchemotherapy)
   Positive 13 (43.3)
   Negative 7 (23.3)
   Unknown (pCR) 10 (33.3)
   Missing 1
p53 (prechemotherapy)
   Positive 9 (47.4)
   Negative 19 (52.6)
   Missing 12 
Ki 67 (postchemotherapy)
   Positive ≥ 20% 13 (44.8)
   Negative < 20% 6 (20.7)
   Unknown (pCR) 10
   Missing 2
Pathologic T stage
   ypT0 10 (32.3)
   ypTis 1 (3.2)
   ypT1 13 (42)
   ypT2 5 (16.1)
   ypT4 2 (6.5)
Pathologic N stage
   ypN0 19 (61.3)
   ypN1 8 (25.8)
   ypN2 4 (12.9)
Chemotherapy regimen
   AC 3 (9.7)
   AC­T 3 (9.7)
   TE 22 (70.9)
   Etc. 3 (9.7)

Values are presented as number (%) unless otherwise indicated.
BCS, breast conserving surgery; MRM, modified radical mastectomy; 
IDC, invasive ductal carcinoma; pCR, pathologic complete 
response; pCR, pathologic complete response; AC, doxorubicin/
cyclophosphamide; AC­T, AC followed by docetaxel; TE, docetaxel 
and epirubicine.
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receptors by immunohistochemistry (IHC), these cancers are 
defined as ‘ER-negative’ and ‘PR-negative.’ A ‘HER2-negative’ 
receptor is defined in the case of 0, +1 or +2 upon IHC or in 
cases with a HER2/CEP17 ratio <2.0 upon fluorescence in situ 
hybridization or silver in situ hybridization. Further details 
of the classification method are described in a previous study 
[11]. Immunohistochemical evaluation of p53 was performed 
using a mouse monoclonal anti-human p53 (clone: DO-7) 
antibody (MA5-12557; DAKO Glostrup, Hovedstaden, Denmark). 
Staining was performed using an autoimmunostainer (Bond 
Polymer Refine Detection kit/Leica Bond-Max staining system, 
Leica Biosystems, Richmond, IL, USA) per the manufacturer's 
instructions. Nuclear staining >10% was defined as “p53-
positive” and staining ≤10% was defined as “p53-negative” 
[12,13]. All diagnoses of p53 were performed by a qualified 
pathologist (JHL).

Clinical response to neoadjuvant chemotherapy was 
evaluated according to Response Evaluation Criteria in Solid 
Tumors (RECIST) 1.1 guidelines [14]. Pathologic complete 
response was defined as the complete absence of invasive 
cancer in both breast and axillary lymph nodes. Partial response 
(PR) was defined as a >30% reduction in the largest tumor 
diameter. Progressive disease (PD) was defined as an increase 
in tumor size of at least 20% from the base line diameter or the 
appearance of new disease. Stable disease (SD) was defined as 
lack of sufficient tumor shrinkage to qualify as PR or sufficient 
increase in tumor size to qualify as PD.

Differences in the frequencies of clinicopathologic variables 
were analyzed using Fisher exact test and the chi-squared 
test (Table 1). Disease-free survival (DFS) was defined as the 
time from surgery to the date of documentation of relapse, 
including locoregional recurrence and/or distant metastasis. 
Overall survival (OS) was defined as the time from surgery to 
the date of death. Survival curves were constructed using the 

Kaplan-Meier method. Statistical significance was defined as P 
< 0.05. All statistical analyses were performed using IBM SPSS 
Statistics 20.0 (IBM Corp., New York, NY, USA).

RESULTS

Change in p53 expression after chemotherapy
It was possible to interpret p53 expression in both specimens 

from 18 patients before and after chemotherapy. Excluding 6 
patients that achieved pCR, 83.3% (10 of 12) of patients did not 
experience change in p53 expression, which included 6 patients 
with p53(+) TNBC and 4 patients with p53(-) TNBC. Two 
patients had a change from p53(-) TNBC to p53(+) TNBC.

Clinical response of chemotherapy by p53 
expression
Two patients (22.2%, 2 of 9) achieved pCR in p53(+) TNBC 

and 4 patients (50%, 5 of 10) achieved pCR in p53(-) TNBC. 
There was no correlation between pCR rate and p53 expression. 
(P = 0.350). There was no SD in p53(-) TNBC. There were no 
significant differences in DFS (P = 0.438) or OS (P = 0.715) 
related to pCR (Fig. 1).

Survival results by p53 expression
Based on prechemotherapy p53 expression, there was no 

significant difference in DFS between p53(+) TNBC and p53(-) 
TNBC (P = 0.335). However, after chemotherapy, p53(+) TNBC 
showed higher DFS than p53(-) TBNC (P = 0.099) (Fig. 2).

Based on prechemotherapy p53 expression, p53(+) TNBC 
had better OS than p53(-) TNBC, but the difference was not 
statistically significant (P = 0.082). After chemotherapy, p53(+) 
TNBC showed significantly better OS than p53(-) TNBC (P = 
0.018).
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Fig. 1. Survival plotted by chemotherapy response: (A) disease­free survival and (B) overall survival. pCR, pathologic complete 
response.
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Prognosis by stage
There were no significant differences in prognosis by clinical 

T stage (DFS, P = 0.680; OS, P = 0.878) or pathologic T stage 
(DFS, P = 0.174; OS, P = 0.834). By clinical N stage, there was 
no significant difference in DFS (P = 0.366), but there was a 
significant difference in OS (P = 0.014) (Fig. 3); alternatively, 
there was a significant difference in DFS (P = 0.023) but no 
significant difference in OS (P = 0.291) by pathologic N stage (yp 
Nstage) (Fig. 3).

Prognosis by chemotherapy regimen
Including all patients, 22 (70.9%) received 6 cycles of docetaxel 

+ epirubicin (TE) chemotherapy. There was no difference in 
survival by chemotherapy regimen. In those patients who 
received TE chemotherapy, p53(+) TNBC had a higher OS than 

p53(-) TNBC, but the difference was not statistically significant. 
There was no difference in DFS between p53(+) TNBC and 
p53(-) TNBC.

DISCUSSION
We reported the clinical significance of immunohisto-

chemically detected p53 in previous studies. In a study of TNBC 
patients receiving adjuvant chemotherapy in a single center, 
p53(+) TNBC showed a better prognosis than P53(-) TNBC in 
early stages without lymph node metastasis [10]. Analysis of 
the Korean Breast Cancer Society Registry database revealed 
that p53(+) TNBC had a poorer prognosis than p53(-) TNBC in 
patients who did not receive chemotherapy, but there was no 
difference in survival rates between the 2 groups after receiving 
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adjuvant chemotherapy. Chemotherapy was associated with a 
decrease in the hazard ratio (HR) in p53(+) TNBC, but there was 
no chemotherapy-associated reduction of HR in P53(-) TNBC 
[9]. This suggested that p53(+) TNBC was more sensitive to 
chemotherapy than p53(-) TNBC. Therefore, we investigated if 
there was any difference in chemotherapy response according 
to p53 expression in patients undergoing neoadjuvant 
chemotherapy.

This study has limitations in that the sample size was 
relatively small; however, it is important to gain insight and 
suggest the need for further research. First, we examined 
whether there was a difference in chemotherapy response 
according to p53 expression. Both pCR and PR were lower in 
P53(+) TNBC than in P53(-) TNBC. According to the RECIST 
evaluation criteria, p53(-) TNBC showed better response that 
p53(+) but there was no significant difference between the 2 

groups. In this study, pCR was not predicted by p53 expression, 
and there was no difference between pCR patients and non-pCR 
patients.

Previous studies have suggested that pCR is a surrogate 
marker of a good prognosis. Results from a phase III trial 
(EORTC 10994/BIG 1-00) showed that pCR was a predictor of 
a good prognosis in all subtypes [15]. However, results vary 
as to whether TP53 mutation can predict the response to 
chemotherapy. Wang et al. [16] showed that the significance 
of TP53 mutation differed depending on the type of 
chemotherapy, as TP53 mutations were more likely to respond 
to anthracycline/cyclophosphamide-based neoadjuvant 
chemotherapy which would result in higher survival. Among 
patients treated with paclitaxel, there was no significant 
difference in pCR rates by TP53 mutations. In the neoadjuvant 
GeparSixto trial, despite the high incidence of TP53 mutations 
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in TNBC with HER2-positive breast cancer, TP53 mutation 
did not predict the response to neoadjuvant chemotherapy in 
these subtypes [17]. In an NGS study, P53BP2 amplifications 
were associated with a poor response [8]. Knappskog et al. 
[18] showed that “concomitant inactivation of the p53- and 
pRB-pathways predict resistance towards anthracyclines and 
mitomycin in breast cancer in vivo.”

Resultant differences in previous studies may be due 
to the heterogeneity of the study subjects. Moreover, past 
studies used different types and doses of chemotherapy and 
used different evaluation criteria for p53 expression. Lee et 
al. [19] showed that p53 in HR+ and HR- breast cancer was 
not a predictor of response to neoadjuvant chemotherapy in 
immunohistochemical studies, where more than 50% of the p53 
gene expression was positive and patients were treated with 
3 to 7 cycles of docetaxel (75 mg/m2) and doxorubicin (50 mg/
m2). Kim et al. [20] showed a significant association with p53 
expression and pCR after neoadjuvant chemotherapy in TNBC 
patients. In this study, more than 50% of the p53 expression 
was positive, and patients were treated with 3 to 6 cycles of 
docetaxel and doxorubicin, and 4 cycles of AC followed by 4 
cycles of docetaxel.

Second, p53 expression was compared before and after 
chemotherapy. There was no change in p53(+) TNBC before 
chemotherapy to p53(-) TNBC after chemotherapy. Lee et al. [19] 
reported that the expression of PR and Ki67 were reduced after 
neoadjuvant chemotherapy. 86.7% (26 of 30) of patients did not 
show a change in p53 status after chemotherapy (p53(+), 33 
patients; p53(-), 13 patients) and only 13.7% (4 of 30) showed 
this change after neoadjuvant chemotherapy. These rates were 
similar in a TP53 mutation study: changes included WT → WT 
(171 of 206, 83.0%), MT → WT (21 of 206, 10.2%), and WT → MT 
(7 of 206, 3.4%), and there were no differences in DFS [21].

Finally, in this study, the most compelling result was that 
p53(+) TNBC had a better prognosis than p53(-) TNBC in 
patients who underwent neoadjuvant chemotherapy. p53(+) 
TNBC, regardless of pCR, had better OS than p53(-) TNBC. No 
patient died during the follow-up period for p53(+) TNBC. 
In p53(-) TNBC patients, 1 out of 4 pCR patients and 2 out of 
6 non-pCR patients died. Previous studies have shown that 
chemotherapy improved p53(+) TNBC prognosis and that 
p53(+) TNBC is more prognostic than p53(-) TNBC in early 
TNBC treated with adjuvant chemotherapy [9]. As previously 
discussed, the p53 protein does not accurately reflect TP53, but 
wild-type p53 is mostly a mutant type because of its short half-
life. ER-negative-breast cancers with the TP53 mutation and 
resultant genetic abnormalities would lead to TP53-independent 
apoptosis and mitotic catastrophe and would better respond to 
chemotherapy than wild-type p53 [22,23].

Recent studies indicated that resistance to chemotherapy 
is likely when TP53 mutation and other defects occur 

together. Patients with initial TP53 and PIK3CA mutations 
showed a better prognosis than those with no mutations if 
there was a change to negative mutation after neoadjuvant 
chemotherapy [21]. “TP53  and CHEK2 mutations were 
associated with lack of response to epirubicin monotherapy. 
In contrast, TP53 mutations and MDM2 309G allele status 
conferred poor disease-specific survival among patients treated 
with primary paclitaxel but not epirubicin monotherapy” [24]. 
In locally advanced breast cancer research, TP53 mutations 
were predictive of resistance to doxorubicin. TP53 mutations 
that affect the L2 or L3 DNA binding domain of the p53 protein 
were associated with lack of response to anthrathyclins [25].

In conclusion, immunohistochemically detected p53 
expression in TNBC did not predict the response to neoadjuvant 
chemotherapy. However, patients with p53(+) TNBC had better 
OS than patients with p53(-) TNBC who underwent neoadjuvant 
chemotherapy. In this regard, further research on chemotherapy 
drugs is needed.
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