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Abstract
Purpose TP53 mutation is the most common mutation in breast cancer, and it is considered a target marker of triple-negative 
breast cancer (TNBC). We investigated whether expression of p53 detected by immunochemical staining predicts the chemo-
therapy response of TNBC.
Methods A total of 11,393 TNBC patients who had between stage I and stage III enrolled in the Korean Breast Cancer 
Society Registry database from January 1, 2000 to December 31, 2015. There were 6,331 ‘p53-positive (+) TNBC’ patients 
and 5062 ‘p53-negative (−) TNBC’ patients.
Results In univariate analysis, p53(+) TNBC had a worse prognosis than p53(−) TNBC in patients not receiving chemo-
therapy (P = 0.003). However, there was no difference in prognosis between p53(+) TNBC and p53(−) TNBC for patients 
receiving chemotherapy. In multivariate analysis adjusted for age and stage, the risk of p53(+) TNBC was 1.84 times higher 
than that of p53(−) TNBC in the non-chemotherapy group. However, there was no difference between p53(+) TNBC and 
p53(−) TNBC in patients receiving chemotherapy. In p53(+) TNBC, the risk was 0.6-fold lower when chemotherapy was 
administered than when chemotherapy was not administered. However, in p53(−) TNBC, there was no risk reduction effect 
by chemotherapy.
Conclusion The prognosis of p53(+) TNBC has worse than p53(−) TNBC, but the risk for survival was significantly reduced 
with chemotherapy. It suggests that p53(+) TNBC would be more sensitive to chemotherapy than p53(−) TNBC.
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Introduction

Triple-negative breast cancer (TNBC), which is estrogen 
receptor (ER), progesterone receptor (PR), and human epi-
dermal growth factor 2 (HER2)-negative breast cancer, 
accounts for approximately 15% of all breast cancers [1]. 
TNBC has a high recurrence rate within the first 3–5 years 
compared to other luminal subtypes [2, 3]. However, there 
is no adjuvant therapy other than chemotherapy because 
there is no target marker.

If responsiveness of chemotherapy can be predicted, 
patients who are sensitive to chemotherapy are given 
active chemotherapy. However, patients who are resistant 
to chemotherapy require new targeted therapies and often 
consider participating in clinical studies for new drugs. If 
high-risk/low-risk patients can be predicted using char-
acteristics of tumors known to have poor prognosis, the 
survival rate can be improved by developing improved 
treatment regimens.

Mutations in TP53 are the most common mutations in 
breast cancer. The mutation frequency varies depending 
on subtype, and TP53 mutations are present in about 80% 
of the basal-like subtype [3, 4]. However, the results of 
using TP53 mutation as a prognostic factor are inconsist-
ent. Although the meaning of TP53 mutation has been 
identified at the basic research stage, it is difficult to inter-
pret these results for clinical applications. Although the 
development of next-generation sequencing (NGS) has 
reduced costs, TP53 mutation results still have limited 
clinical application.

Expression of p53, the protein product of TP53, is eas-
ily detected by immunochemical staining. The relationship 
between TP53 mutation and p53 protein expression is not 
simple. The results of studies on the significance of p53 
protein expression in breast cancer are diverse, and previ-
ous studies have shown no consistent correlation between 
this mutation and p53 protein expression.

The purpose of this study was to evaluate the prognosis 
of TNBC using only clinical information. Therefore, we 
investigated whether expression of p53 detected by immu-
nochemical staining predicts the chemotherapy response 
of triple-negative breast cancer.

Methods

Korean Breast Cancer Society Registry (KBCSR)

“Since 1996, the Korean Breast Cancer Society has ana-
lyzed and reported the nationwide breast cancer data to 
evaluate the chronological changes of characteristics 

of breast cancer in Korean patients” [5]. The database 
includes clinicopathologic factors such as age at diagnosis; 
sex; type of operation; date of diagnosis; family history; 
stage (according to the Seventh American Joint Committee 
on Cancer classification); histology; nuclear grade (NG); 
immunohistochemical status of ER, PR, HER2, and p53, 
treatment methods (i.e., chemotherapy, radiotherapy, 
endocrine therapy), types of chemotherapy; and date and 
cause of death. Further details of the KBCSR database 
were described in a previous study [6].

Among KBCSR-registered patients, those with triple-neg-
ative breast cancer between 2000 and 2015 were included. 
Patients aged 20 years or older who had between stage I and 
stage III breast cancer were included. Patients who received 
neoadjuvant chemotherapy were excluded (Fig. 1).

In the KBCSR program, ER, PR, and HER2 enter the 
results of each institution. Immunohistochemistry results 
are also recommended. Based on these results, ER, PR, 
and HER2-negative tumors were defined as ‘triple nega-
tive breast cancer (TNBC).’ The p53 status is also based on 
the reported results of each institution. When inputting the 
p53 result, one of the followings must be selected: nega-
tive, positive, weak, intermediate, and strong positive. In this 
study, all positive and weak, intermediate, or strong positive 
tumors of the registered data were defined as p53-positive 
(p53(+)) tumors. A total of 11,393 patients were included 
in this study, including 6331 ‘p53(+) TNBC’ and 5062 
‘p53-negative, p53(−) TNBC.’ The median follow-up period 
was 60 months (1–188 months).

Clinicopathologic characteristics were analyzed using a 
Pearson χ2 test. Overall survival (OS) was based on the date 
of diagnosis and date of death; the latter was recorded from 
data of the Ministry of Health and Welfare of the Repub-
lic of Korea. Kaplan–Meier curve was used for univariate 
analysis, and the Cox proportional hazards model (95% con-
fidence interval, CI) was used for multivariate analysis. The 
probability of significance was P < 0.05. IMB SPSS Statis-
tics, version 20.0 was used for statistical analysis (IBM Inc., 
Chicago, IL).

This study was approved by the institutional review board 
of Korea University Anam Hospital.

Results

The clinical characteristics of patients with p53(+) TNBC 
and p53(−) TNBC are shown in Table 1. There was no 
statistical difference between p53(+) TNBC and p53(−) 
TNBC in T stage and N stage. However, tumors with high 
NG (78.6% vs. 69.9%, P < 0.001) and high (≥ 14.0%) Ki67 
(82% vs.78%, P < 0.001) were more common in patients 
with p53(+) TNBC.
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In univariate analysis, there was no difference in prog-
nosis between p53(+) TNBC and p53(−) TNBC in patients 
receiving chemotherapy (Fig. 2). However, p53(+) TNBC 
had a worse prognosis than p53(−) TNBC in patients not 
receiving chemotherapy (P = 0.003). The chemotherapy 
group in p53(+) TNBC patients showed good progno-
sis compared to patients not receiving chemotherapy 
(P = 0.015), whereas in patients with p53(−) TNBC, the 
chemotherapy group had poor prognosis compared to 
patients not receiving chemotherapy (P = 0.038) (Fig. 3).

In multivariate analysis adjusted for age and cancer stage, 
the risk of p53(+) TNBC was 1.84 times higher than that 
of p53-TNBC in the non-chemotherapy group. There was 
no difference between p53(+) TNBC and p53(−) TNBC 
in patients receiving chemotherapy (Table 2). In p53(+) 
TNBC, the risk was 0.6-fold lower when chemotherapy was 
given than when no chemotherapy was given. In p53(−) 
TNBC, there was no risk reduction effect by chemother-
apy (Table 3). In analysis for OS by chemotherapy and 
p53 expression, p53(+) TNBC had the worst prognosis in 
patients who did not receive chemotherapy (Fig. 4).

In patients with p53(+) TNBC, chemotherapy with 
anthracycline, docetaxel, paclitaxel, or cyclophosphamide 
showed a significant decrease in hazard ratio compared to 
patients who did not receive chemotherapy. However, in 
patients with p53(−) TNBC, chemotherapy did not reduce 
the risk regardless of the type of chemotherapeutic agents. In 

patients with p53(+) TNBC, the risk of cyclophosphamide 
group was lowered to HR of 0.5 compared with no chemo-
therapy group. However, there was no statistically significant 
difference in patients with p53(−) TNBC between those who 
did not receive chemotherapy and those who received cyclo-
phosphamide, but the risk of other chemotherapeutic agents 
was higher (HR 1.6) than no chemotherapy group.

Discussion

TP53 mutation is the most common mutation in cancer and 
comprises 80% of the basal subtype of breast cancer. TP53 
mutation is considered a target marker of TNBC. However, 
the results of previous studies are diverse and limited to tar-
geted therapy. However, it has recently been suggested that 
anti-p53 drugs reactivate mutant p53 in a preclinical model 
[7, 8]. It is important to select appropriate patients to use 
these drugs and ensure successful results in clinical studies.

There are many ways to measure p53. Although there 
are active studies sequencing this mutation, these meth-
ods are not yet available in clinical practice. In addition to 
cost, difficult interpretation makes it problematic to apply 
results directly to patients in clinical practice. The pur-
pose of this study was to evaluate the prognosis of TNBC 
using only clinical information. The p53 status detected 

Fig. 1  Study flow diagram
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Table 1  Clinicopathologic 
characteristics of p53(+) TNBC 
and p53(−) TNBC

p53(+) TNBC (N = 6331) p53(−) TNBC (N = 5062) P

Age 0.302
 Median, range 49 (20–89) 50 (21–99)
 Mean ± SD 49.97 ± 11.23 49.75 ± 11.36

Operation (breast) < 0.001
 Mastectomy 2355 (37.4%) 2149 (42.6%)
 BCS 3950 (62.6%) 2893 (57.3%)
 Unknown 26 20

Operation (axilla) 0.375
 ALND 2794 (47.3%) 2415 (48.1%)
 SLNBx 3069 (48.8%) 2369 (47.7%)
 No operation 244 (3.9%) 213 (4.2%)
 Unknown 44 38

Family history 0.059
 Yes 557 (10.7%) 396 (9.5%)
 No 4643 (89.3%) 3763 (90.5%)
 Unknown 1131 903

Stage 0.026
 I 2426 (38.3%) 1962 (38.8%)
 II 3231 (51.0%) 2488 (49.2%)
 III 674 (10.6%) 612 (12.1%)

pT 0.637
 T0 6 (0.1%) 6 (0.1%)
 Tis 4 (0.1%) 4 (0.1%)
 T1 3010 (47.5%) 2420 (47.8%)
 T2 3037 (48.0%) 2385 (47.1%)
 T3 225 (3.5%) 210 (4.1%)
 T4 48 (0.8%) 36 (0.7%)

pN 0.098
 N0 4382 (69.3%) 3436 (68.0%)
 N1mi 134 (2.1%) 96 (1.9%)
 N1 1285 (20.3%) 1031 (20.4%)
 N2 331 (5.2%) 315 (6.2%)
 N3 196 (3.1%) 178 (3.5%)

Nuclear grade < 0.001
 Low/intermediate 1119 (21.4%) 1211 (30.1%)
 High 4102 (78.6%) 2810 (69.9%)
 Unknown 1110 1041

Ki 67 < 0.001
 ≥ 14% 3317 (82.0%) 2343 (78.0%)
 < 14% 727 (18.0%) 660 (22.0%)
 Unknown 2287 2059

Chemotherapy 0.022
 Yes 5702 (90.1%) 4492 (88.7%)
 No 629 (9.9%) 570 (11.3%)

Radiotherapy 0.001
 Yes 4168 (69.1%) 3185 (66.1%)
 No 1863 (30.9%) 1637 (33.9%)
 Unknown 300 240
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immunohistochemically (IHC) was evaluated as a prognos-
tic and predictive factor.

Although immunohistochemical detection of the p53 pro-
tein does not accurately reflect TP53 mutation, there is a 
correlation in many studies [9–12]. Except for cellular stress 
conditions, wild-type p53 is rapidly degraded, while mutant 
p53 protein is less susceptible to degradation [9, 10]. With a 
p53 mutation, the stabilized protein increases and accumu-
lates in tumor cells. Most immunohistochemically detected 
p53 proteins are thought to be mutant p53 [11, 12].

When p53 protein fails to degrade, it accumulates in the 
nucleus; this may be due to contact mutation or structural 
mutation [13]. Some mutations, such as truncating muta-
tions, do not cause protein stabilization [8]. Wild-type 

p53-mutated protein can accumulate by aberrant regulation 
and degradation [14]. Mutations in exons 5 and 8 represent 
wild-type p53 protein and do not result in inactivation of 
p53 function, which could lead to better clinical results [15].

There are many studies on p53 expression as a predic-
tor evaluated by IHC or mutational analysis, but they do 
not show consistent results. Most of the early research on 
IHC-detected p53 is associated with poor outcome [10, 16]. 
Mutations in the p53 gene also showed a poor prognosis [12, 
17]. However, these studies were limited by a small number 
of patients or heterogeneity.

In a recent study of 1,113 patients with node-negative 
breast cancer, p53 expression was associated with poor prog-
nosis in ER(+) tumors, while ER(−) tumors were associated 

Fig. 2  Overall survival of TNBC patients by p53 expression. a Patients who not received chemotherapy, b patients who received adjuvant chem-
otherapy

Fig. 3  Overall survival of TNBC patients by chemotherapy. a p53(+) TNBC, b p53(−) patients
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with a good prognosis [18]. In a study of breast cancer 
patients with lymph node metastasis (Cancer and Leuke-
mia Group B 9344), p53 expression was poor in patients 
receiving adjuvant chemotherapy with cyclophosphamide 
and doxorubicin [19]. However, only 12% of this study 
comprises TNBC. In the BIG 02–98 phase III trial, 18% 
of cases had p53 mutation, of which only 3.6% of truncat-
ing mutations were associated with poor prognosis [20]. 
In studies based on molecular subtypes, mutant p53 type 
showed a poorer prognosis than wild-type p53 in luminal B 
and HER2-enriched subtypes, but there was no difference 
in prognosis according to TP53 mutation in luminal A and 
basal-like tumors [21]. This shows that the significance of 
p53 mutation varies depending on subtype.

Many studies have evaluated p53 as a predictor of respon-
siveness in chemotherapy, and the results are diverse. 
Among studies that showed relevance to p53 status and 

DNA-damaging therapy, Betheau et al. al showed that path-
ologic complete response (pCR) was only observed in p53 
mutation tumors in the dose-intense AC regimen [22, 23]. 
Lehmann-Che et al. reported pCR of 70% in p53 mutant and 
ER− tumors [24]. Silver et al. suggested that TP53 nonsense 
or frame shift mutations are related to the response to cis-
platin [25].

In vivo results suggest that p53 mutant tumors respond 
better to chemotherapy than p53 wild tumors. In mutant p53 
tumors, cell death was induced by p53 independent apop-
tosis and mitotic catastrophe. However, in p53 wild-type 
tumors, chemotherapy-induced DNA damage induces cell 
cycle arrest and avoids mitotic catastrophe. This temporarily 
stops growth, but then the tumor shows resistance and grows 
again [26, 27].

The major limitation of this study is that immuno-
histochemistry assay and cutoff differ for each institute. 

Table 2  Multivariate analysis 
for overall survival by 
chemotherapy

B Standard error Wald P Hazard ratio Lower

95% CI Upper

Chemotherapy
 Age 0.009 0.004 4.86 0.027 1.009 1.001 1.017
 p53 0.005 0.087 0.003 0.957 1.005 0.847 1.192
 pT 0.681 0.064 113.832 < 0.001 1.976 1.743 2.239
 pN 0.493 0.045 120.805 < 0.001 1.637 1.499 1.787
 Ki67 0.074 0.103 0.513 0.474 1.077 0.879 1.319

No chemotherapy
 Age 0.016 0.009 3.124 0.077 1.016 0.998 1.034
 p53 0.61 0.276 4.866 0.027 1.840 1.070 3.162
 pT 0.589 0.167 12.493 < 0.001 1.803 1.300 2.499
 pN 0.636 0.146 18.877 < 0.001 1.889 1.418 2.517
 Ki67 0.284 0.283 1.01 0.315 1.329 0.763 2.314

Table 3  Multivariate analysis 
for overall survival of p53(+) 
TNBC and p53(−) TNBC 
patients

B Standard error Wald P Hazard ratio 95% CI

Lower Upper

p53(+) TNBC
 Age 0.012 0.005 4.897 0.027 1.012 1.001 1.023
 Nuclear grade − 0.013 0.160 0.007 0.933 0.987 0.721 1.350
 Ki67 0.062 0.156 0.158 0.691 1.064 0.784 1.443
 pT 0.630 0.096 43.377 < 0.001 1.878 1.557 2.266
 pN 0.506 0.068 54.872 < 0.001 1.659 1.451 1.897
 Chemotherapy − 0.493 0.193 6.553 0.010 0.611 0.418 0.891

p53(−) TNBC
 Age 0.005 0.006 0.694 0.405 1.005 0.993 1.018
 Nuclear grade − 0.428 0.189 5.151 0.023 0.652 0.450 0.943
 Ki67 − 0.068 0.175 0.150 0.699 0.934 0.663 1.317
 pT 0.824 0.114 52.205 < 0.001 2.279 1.823 2.850
 pN 0.488 0.075 42.270 < 0.001 1.629 1.406 1.888
 Chemotherapy − 0.129 0.284 0.207 0.649 0.879 0.504 1.533
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However, detection of p53 protein would be more impor-
tant more than amount of p53 because it has a short 
half-life. Of course, further research is needed. There 
are three points to consider in this study. First, patients 
with TNBC undergo chemotherapy in most cases. Among 
small TNBCs that do not currently receive chemotherapy, 
it remains to be determined if p53(+) tumors benefit from 
chemotherapy. Second, it is unclear whether immunohisto-
chemically detected p53 can predict responsiveness to neo-
adjuvant chemotherapy. Third, it is not yet clear whether 
the efficacy of chemotherapy is not significant and whether 
chemotherapy can be omitted in p53(−) TNBC. Further 
research is needed, and clinical studies should be based 
on the results.

In summary, p53(+) TNBC showed a worse prognosis 
than p53(−) TNBC. However, the risk was significantly 
reduced with chemotherapy, and there was no difference 
in prognosis between p53(+) TNBC and p53(−) TNBC 
in patients treated with chemotherapy. It suggests that 
p53(+) TNBC would be more sensitive to chemotherapy 
than p53(−) TNBC.
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