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Abstract
Overexpression of p53 is the most frequent genetic alteration in breast cancer. Recently,

many studies have shown that the expression of mutant p53 differs for each subtype of

breast cancer and is associated with different prognoses. In this study, we aimed to deter-

mine the suitable cut-off value to predict the clinical outcome of p53 overexpression and its

usefulness as a prognostic factor in each subtype of breast cancer, especially in luminal A

breast cancer. Approval was granted by the Institutional Review Board of Samsung Medical

Center. We analyzed a total of 7,739 patients who were surgically treated for invasive breast

cancer at Samsung Medical Center between Dec 1995 and Apr 2013. Luminal A subtype

was defined as ER&PR + and HER2- and was further subclassified according to Ki-67 and

p53 expression as follows: luminal A (Ki-67-,p53-), luminal A (Ki-67+, p53-), luminal A (Ki-

67 -, p53+) and luminal A (Ki-67+, p53+). Low-risk luminal A subtype was defined as nega-

tive for both Ki-67 and p53 (luminal A [ki-67-, p53-]), and others subtypes were considered

to be high-risk luminal A breast cancer. A cut-off value of 10% for p53 was a good predictor

of clinical outcome in all patients and luminal A breast cancer patients. The prognostic role

of p53 overexpression for OS and DFS was only significant in luminal A subtype. The com-

bination of p53 and Ki-67 has been shown to have the best predictive power as calculated

by the area under curve (AUC), especially for long-term overall survival. In this study, we

have shown that overexpression of p53 and Ki-67 could be used to discriminate low-risk

luminal A subtype in breast cancer. Therefore, using the combination of p53 and Ki-67

expression in discriminating low-risk luminal A breast cancer may improve the prognostic

power and provide the greatest clinical utility.

Introduction
Hormone receptor (HR)-positive and HER2-negative breast cancer which is classified as lumi-
nal A breast cancer, generally shows favorable prognosis. However, some patients suffer from
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late recurrence. Given the clinical and molecular heterogeneity of luminal A breast cancer,
there is a limited understanding of the mechanisms underlying treatment resistance and late
relapse [1]. To identify the low-risk luminal A subtype, St. Gallen suggested the reclassification
of luminal A breast cancer based on Ki-67 expression [2]. Recently, PR expression has been
considered as another criteria for distinguishing the luminal A subtype [3].

p53 is the main regulator of genomic stability through regulation of the cell cycle. Overex-
pression of p53, which is caused by TP 53 mutation, is the most frequent genetic alteration in
breast cancer [4, 5]. Recently, many studies have shown that the expression of p53 mutations
differs for each subtype [6] and is related to treatment resistance [7–9]. However, despite the
high incidence of genetic alterations in breast cancer, there is no consensus concerning the clin-
ical role of p53 overexpression or even potential clinical applications.

Therefore, in this study, we aimed to determine a suitable cut-off value to discriminate the
clinical meaning of p53 overexpression and its usefulness as a prognostic factor in each subtype
of breast cancer, especially in luminal A breast cancer.

Patients and Methods

Clinicopathologic characteristics
Approval was granted by the Institutional Review Board of Samsung Medical Center (IRB file
No. 2014-09-047). To protect the personal information, patient records/information was anon-
ymized and de-identified prior to analysis. We retrospectively reviewed the clinicopathologic
records of patients diagnosed with surgically treated invasive breast cancer at Samsung Medical
Center between Dec 1995 and Apr. 2013. During these periods, 7739 patients with complete
pathologic data, including tumor size, nuclear grade, multiple tumors, the presence of lympho-
vascular invasion (LVI), TNM stage, and the expression of estrogen receptor (ER), progester-
one receptor (PR) and HER2, Ki-67 and p53 were included in the analysis. To assess the role of
p53 and Ki-67 in luminal A, data for Ki-67 was used fromMar 2003.

Immunohistochemsistry (IHC) staining
Immunohistochemical staining was performed for ER, PR, HER 2, Ki-67 and p53 after surgery
for each patient. The Allred score was used to evaluate ER and PR status [10]. The proportion
and intensity scores were summed, and tumor cells with a total score of 3–8 were considered
ER and PR positive. Scores of 0 and 1 according to IHC were considered negative for HER2
expression and a score of 3 was noted as positive. In the cases of HER2 grade II, HER2 data
from FISH assays were recorded. The hot spots of Ki-67 staining (DAKO, clone MIB-1, dilu-
tion 1:300) in the cancer cells were counted using a computerized image analysis system
(I-SOLUTION DT, Vancouver, British Columbia, Canada). Fourteen percent or more was
considered as positive as suggestion of St.Gallen [2]. The IHC for p53 was performed using a
mouse monoclonal anti-human p53 (clone:BP53.12) antibody (Invitrogen/MD21704USA) at
1:4000 dilution and an the autoimmunostainer (Leica Bond Polymer Refine detection kit/Leica
Bond-Max staining system). For assessment of the positivity of immunostaining for each sec-
tion, only nuclear staining was regarded as positive. We counted tumor cells with clearly
brown reaction products in nuclei by monitoring at least 1,000 tumor cells from more than five
high power fields where positive cells were present at a relatively uniform density. Two observ-
ers evaluated staining results independently and differences in interpretation were resolved by
consensus.
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Intrinsic subtype classification by IHC
Recently, several studies have reported that the absence of PR is associated with poor prognosis
and proposed that PR-negative breast cancer be considered luminal B subtype [3, 11, 12].
Therefore, we classified the patients into four subtype: (luminal A (ER&PR+, HER2-), luminal
B (ER+PR- or ER-PR+/HER2- or ER or PR +/HER2+), HER2 enriched (ER-/PR-/HER2+) and
triple negative (ER-/PR-/HER2-). To determine the prognostic effect of Ki-67 and p53 expres-
sion in luminal A subtype, luminal A was then subclassified by Ki-67 and p53 expression: lumi-
nal A (Ki-67-,p53-), luminal A (Ki-67+, p53-), luminal A (Ki-67 -, p53+) and luminal A (Ki-67
+, p53+). Low-risk luminal A subtype was defined as negative for both Ki-67 and p53 (luminal
A (ki-67-, p53-) and high-risk luminal A subtype was positive for Ki-67 and/or p53 (luminal A
(Ki-67+, p53-), luminal A (Ki-67 -, p53+) and luminal A (Ki-67+, p53+)).

Statistical analysis
Comparisons of clinicopathologic characteristics between groups were performed using Chi-
square and Fisher’s exact tests for categorical variables. Cox’s proportional hazards model was
used for univariable and multivariable analyses of prognostic values. To reduce the risk of mul-
ticollinearity, some of the closely correlated variables were excluded (TM vs. BCS and radio-
therapy, stage and chemotherapy). The strength of the association between these factors were
calculated with Cramer's V [13]. Estimation of overall survival (OS) and disease-free survival
(DFS) was performed using the Kaplan–Meier method and differences between survival curves
were assessed using the log-rank test. The time-dependent receiver operating characteristic
(ROC) curve was estimated using the Kaplan-Meier method [14] and the area under the ROC
curve (AUC) was calculated from the ROC curves. The optimal cut-off was chosen as the point
with the most significant log-rank P-value for all possible cut-off points. To identify significant
clinical factors with Cox’s proportional hazard model, we considered stepwise selection with
Akaike’s Information Criterion (AIC). Statistical analysis was executed using SAS version 9.4
(SAS Institute, Cary, NC, USA) and R 3.0.2 (Vienna, Austria; http://www.R-project.org).

Results

Cut-off value of p53 overexpression to predict prognosis (Fig 1)
To determine the prognostic role of p53, we first needed to identify the optimal cut-off level of
p53 in breast cancer. We calculated the log-rank P-value to choose the optimal cut-off for over-
all survival (OS) and disease-free survival (DFS). The lowest P-value to predict OS was shown
at 10%. For DFS, 35% was the most significant cut-off value; however, 10% of p53 overexpres-
sion was also significant (P = 0.000033). The cut-off value for the best predictor in luminal A
subtype was also 10% for OS and DFS. Based on these results, we defined negative as absent or
�10% nuclear staining and positive as> 10% nuclear staining.

The association between overexpression of p53 and clinicopathologic
characteristics
The median patient age was 48 years (range 21–90). The median level of Ki-67 was 20.38%
(range 0.27–99.86). p53 overexpression was statistically associated with aggressive clinicopath-
ologic features, including higher nuclear grade, advanced pathologic stage, ER and PR negativ-
ity and positive HER2 expression. p53 overexpression was most common in triple negative
breast cancer (TNBC) subtype (56.3% (741/1315)) (Table 1).

From a total of 7739 patients, 3918 (50.6%), 1492 (19.3%), 1014 (13.1%) and 1315 (17.0%)
were classified as luminal A, luminal B, HER2-enriched and TNBC subtypes, respectively. We
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stratified each subtype by p53 expression and analyzed survival according to p53 expression.
Among the four subtypes, the luminal A subtype was only affected by p53 overexpression in
OS and DFS (P< 0.0001 and P = 0.0232, respectively) (Fig 2).

In this study, the prognostic role of p53 overexpression was only significant in luminal A
subtype. As suggested by St.Gallen [2], we re-classified luminal A subtype according to Ki-67
expression. In addition to Ki-67 expression, we evaluated the prognostic role of 53 overexpres-
sion in luminal A subtype. Luminal A was subclassified into luminal A (Ki-67-,p53-), luminal
A (Ki-67-, p53+), luminal A (Ki-67 +, p53-) and luminal A (Ki-67+, p53+). With the addition
of one more criterion (p53 overexpression), we determined the low-risk luminal A subtype
that showed the best clinical outcome to be that not expressing either Ki-67 or p53 (luminal A
(Ki-67-, p53-) (Fig 3).

Fig 1. Cut-off value of p53 overexpression to predict the prognosis. (A and B) in all patients, and (C and D) in luminal A subtype.

doi:10.1371/journal.pone.0124658.g001
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Prognostic role of Ki-67 and p53 overexpression with regard to disease
progression in luminal A breast cancer
We calculated the predictive power of Ki-67, p53 and the combination (Ki-67 and p53) with
the area under curve (AUC) with regard to disease progression in luminal A breast cancer. In
the prediction of OS, the combination of Ki-67 and p53 showed the best performance, espe-
cially for long-term survival. The predictive power of p53 alone or in combination with Ki-67
was superior to that of Ki-67 alone for long-term overall survival (Fig 4A). In the prediction of
DFS, the combination of Ki-67 and p53 was superior to that of either p53 or Ki-67 alone; how-
ever, the difference in AUC between Ki-67 alone or in combination with p53 was very small.
This indicates that Ki-67 alone is a good predictor of DFS (Fig 4B).

Table 1. Clinicopathologic characteristics of all patients according to expression of p53 (N = 7739).

Total (N = 7739) p53 expression P-value
Negative (N = 5512) Positive (N = 2227)

Breast surgery 0.221

TM 2715 (35.1) 1957 (35.5) 758 (34.0)

BCS 5024 (64.9) 3555 (64.5) 1469 (66.0)

Presence of LVI 0.018

No 5575 (72.0) 4013 (72.8) 1562 (70.1)

Yes 2164 (28.0) 1499 (27.2) 665 (29.9)

RM 0.874

Negative 7576 (97.9) 5395 (97.9) 2181 (97.9)

Positive 163 (2.1) 117 (2.1) 46 (2.1)

NG <0.0001

1 & 2 4669 (60.3) 3946 (71.6) 723 (32.5)

3 3070 (39.7) 1566 (28.4) 1504 (67.5)

AJCC Stage <0.0001

1 3285 (42.4) 2457 (44.6) 828 (37.2)

2 3398 (43.9) 2321 (42.1) 1077 (48.4)

3 1056 (13.6) 734 (13.3) 322 (14.5)

ER <0.0001

Negative 2433 (31.4) 1100 (20.0) 1333 (59.9)

Positive 5306 (68.6) 4412 (80.0) 894 (40.1)

PR <0.0001

Negative 2894 (37.4) 1449 (26.3) 1445 (64.9)

Positive 4845 (62.6) 4063 (73.7) 782 (64.9)

HER2 <0.0001

Negative 5542 (71.6) 4257 (77.2) 1285 (57.7)

Positive 2197 (28.4) 1255 (22.8) 942 (42.3)

Molecular subtype <0.0001

Luminal A 3918 (50.6) 3468 (62.9) 450 (20.2)

Luminal B 1492 (19.3) 995 (18.1) 497 (22.3)

HER2-enriched 1014 (13.1) 475 (8.6) 539 (24.2)

TNBC 1315 (17.0) 574 (10.4) 741 (33.3)

BCS, breast-conserving surgery; ER, estrogen receptor; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; LVI, lymphovascular invasion;

NG, nuclear grade; PR, progesterone receptor; RM, resection margin; TM, total mastectomy; TNBC, triple negative breast cancer.

doi:10.1371/journal.pone.0124658.t001
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Fig 2. Clinical outcomes of each subtype according to p53 expression (A-D) Overall survival, (E-H)
Disease-free survival.

doi:10.1371/journal.pone.0124658.g002
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To know the clinicopathologic factors which predict the prognosis in luminal A subgroup,
we performed univariable analysis with Cox-regression analysis. Performing total mastectomy,
presence of LVI, higher nuclear grade, high pathologic stage, expression of Ki-67 and p53 were
associated with poor outcomes (OS and DFS) (Tables 2 and 3) in univariable analysis. Perform-
ing chemotherapy and radiotherapy were not associated with OS. However, performing che-
motherapy raised the recurrence ironically in univariable analysis (Table 3). It was probably
because of high incidence of chemotherapy in high stage disease. Because endocrine therapy is
standard treatment in the luminal A subgroup, there were only 17 patients who did not receive
endocrine therapy. Cox-regression analysis of performing endocrine therapy in OS was not
possible because there were no events in the group of no endocrine therapy. Endocrine therapy
did not affect recurrence (Table 3).

We performed multivariable Cox analysis with stepwise selection to test the usefulness of
p53 and Ki-67 and found pathologic factors to be another predictor of OS and DFS. To reduce
the risk of multicollinearity, some of the closely correlated variables were excluded for multi-
variable analysis. The strength of the association between these factors were calculated with
Cramer's V [13]. The score of Cremer’s V were 0.7670 (operation methods and radiotherapy)
and 0.6081 (stage and chemotherapy). These values imply strong associations between two fac-
tors [13]. The final model for OS included pathologic stage, Ki-67 and p53 overexpression. The
other factors (NG, LVI and total mastectomy) that were significant in univariable analysis were
statistically correlated with each other but were not significant in multivariable Cox analysis
(Table 2). The values of AUC over time improved after accounting for disease stage (Fig 5A).
After four years of follow-up, the predictive power of the combined measure was better than
that of Ki-67 alone (Fig 5A). For DFS, Ki-67, p53, type of operation (TM vs. BCS), presence of
LVI, NG and pathologic stage were included in multivariable Cox analysis (Table 3). Overex-
pression of p53 was not superior to Ki-67 expression in the prediction of DFS (Fig 5B).

Discussion
In the present study, we identified a prognostic role of p53 overexpression in luminal A (ER
+/PR+/HER2-) subtype. With Ki-67 and p53 overexpression, we discriminated the lower risk
group of luminal A subtype, which showed the best outcomes. In addition to Ki-67, including

Fig 3. Clinical outcomes of luminal A breast cancer stratified according to p53 and Ki-67 expression (A) overall survival, (B) disease-free survival.

doi:10.1371/journal.pone.0124658.g003
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p53 overexpression in luminal A breast cancer analysis was more predictive of overall survival,
especially long-term survival.

Based on our data, we considered a positive result to be a greater than 10% nuclear staining
with p53. With this cut-off value, 28.8% (2227/7739) of total patients and 11.5% (450/2918) of
luminal A subtype patients showed p53 overexpression. There have been several previous

Fig 4. AUC curve over time. (A) overall survival, (B) disease-free survival.

doi:10.1371/journal.pone.0124658.g004
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studies reporting various definitions and rates of overexpression of p53. Some reports have
used a scoring system [15–17], positive staining of mutant p53 in a single cancer cell [18] or
various cut-off points based on the percent of immunohistochemical staining [8, 12, 19–22].
The reported p53 overexpression rate ranged widely from 14% to 44% [8, 12, 20, 21]. Many
studies have used a p53 cut-off value of 10% [8, 12, 19, 20, 22], but few studies provide a reason
for the chosen cut-off point. Therefore, in this study, we determined the proper cut-off value to
predict the clinical outcomes in 7739 breast cancer patients. Concordant with results from
other studies, we observed that the best clinical prediction value was at a p53 overexpression
rate of 10% (lowest P-value for OS and significant DFS) (Fig 1). We also determined the best
cut-off value in luminal A breast cancer. Kikuchi et al. reported a 50% cut-off value of p53 over-
expression in luminal A subtype [21]. In our study, 10% was a cut-off value for best predictive
value in luminal A subtype breast cancer.

Overexpression of p53 has been associated with aggressive features of tumor-like presence
such as LVI, high nuclear grade, advanced stage, negative HR status and positive HER2 expres-
sion (Table 1). Many studies have shown similar results [8, 11, 12, 15, 18, 21–24].

Table 2. Factors associated with overall survival in luminal A subtype breast cancer patients (N = 3918).

Univariable Multivariable*
Factors HR P-value 95% CI for HR HR P-value 95% CI for HR

Breast surgery

TM - (ref.) - (ref.) - (ref.)

BCS 0.443 0.0318 0.211–0.932

Presence of LVI

No - (ref.) - (ref.) - (ref.)

Yes 4.783 <0.0001 2.163–10.578

RM

Positive 2.726 0.3269 0.367–20.244

Negative - (ref.) - (ref.) - (ref.)

NG

1&2 - (ref.) - (ref.) - (ref.)

3 3.793 0.0004 1.806–7.969

AJCC Stage

1 - (ref.) - (ref.) - (ref.) - (ref.) - (ref.) - (ref.)

2 2.283 0.1697 0.703–7.416 1.784 0.3380 0.546–5.833

3 12.967 <0.0001 4.303–39.083 9.912 <0.0001 3.265–30.096

Ki-67 Positive 4.294 0.0032 1.631–11.303 2.587 0.0603 0.960–6.971

Negative - (ref.) - (ref.) - (ref.) - (ref.) - (ref.) - (ref.)

p53 Positive 6.107 <0.0001 2.905–12.837 4.494 <0.0001 2.105–9.594

Negative - (ref.) - (ref.) - (ref.) - (ref.) - (ref.) - (ref.)

Chemotherapy** Yes 1.186 0.6989 0.50–2.815

No - (ref.) - (ref.) - (ref.)

Radiotherapy** Yes 0.715 0.455 0.296–1.725

No - (ref.) - (ref.) - (ref.)

Anti-hormonal therapy**‡

BCS, breast-conserving surgery; LVI, lymphovascular invasion; NG, nuclear grade; RM, resection margin; TM, total mastectomy.

* Cox-proportional hazard regression model.

** A total of 3863 patients were included in this analysis.
‡ There was no event in the group of no anti-hormonal therapy. Therefore, Cox regression analysis was not performed.

doi:10.1371/journal.pone.0124658.t002
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The prognostic significance of p53 overexpression in breast cancer has been reported in sev-
eral studies [12, 15–17, 22]. In the present study, p53 overexpression was related to poor prog-
nosis in luminal A subtype but not in other subtypes. Many studies have reported that
p53-overexpressing luminal subtype breast cancer showed significantly poor prognosis [8, 9,
11, 12, 17, 19, 21, 23]. The prognostic role of p53 overexpression has been shown in diverse
clinical settings; pre- [12, 24] and post-menopausal [23] and node-negative [11] and node-pos-
itive [20] patients, neoadjuvant setting [22] and metastatic breast cancer [17]. The role of p53
overexpression as a predictive factor in breast cancer has also been suggested. Several studies
have suggested that there is a relationship between p53 overexpression and endocrine therapy
resistance and/or higher chemotherapy sensitivity [8, 9, 12, 17, 19, 22]. However, Lara et al.
[20] showed that p53 overexpression was not a useful predictor of benefit from doxorubicin
dose escalation or the addition of paclitaxel in node-positive patients. The poor outcomes of
p53-expressing luminal A breast cancer in our study also supports a role of endocrine therapy
resistance due to p53 overexpression.

Table 3. Factors associated with disease-free survival in luminal A subtype breast cancer patients (N = 3918).

Univariable Multivariable*
Factors HR P-value 95% CI for HR HR P-value 95% CI for HR

Breast surgery

TM - (ref.) - (ref.) - (ref.) - (ref.) - (ref.) - (ref.)

BCS 0.321 <0.001 0.26–0.538 0.567 0.012 0.364–0.882

Presence of LVI

No - (ref.) - (ref.) - (ref.) - (ref.) - (ref.) - (ref.)

Yes 5.73 <0.001 2.95–6.307 2.195 0.003 1.312–3.671

RM

Positive 2.146 0.195 0.766–5.654

Negative - (ref.) - (ref.) - (ref.)

NG

1&2 - (ref.) - (ref.) - (ref.) - (ref.) - (ref.) - (ref.)

3 3.342 <0.001 1.997–4.177 1.401 0.149 0.886–2.215

AJCC Stage

1 - (ref.) - (ref.) - (ref.) - (ref.) - (ref.) - (ref.)

2 5.777 <0.0001 2.111–6.428 3.394 0.004 1.475–7.809

3 22.428 <0.0001 6.115–19.079 8.535 <0.0001 3.549–20.522

Ki-67 Positive 3.798 <0.0001 1.909–4.381 2.466 0.001 1.443–4.213

Negative - (ref.) - (ref.) - (ref.) - (ref.) - (ref.) - (ref.)

p53 Positive 1.777 0.0335 1.069–2.704 1.131 0.664 0.65–1.968

Negative - (ref.) - (ref.) - (ref.) - (ref.) - (ref.) - (ref.)

Chemotherapy** Yes 2.354 0.0007 1.438–3.854

No - (ref.) - (ref.) - (ref.)

Radiotherapy** Yes 0.510 0.001 0.346–0.753

No - (ref.) - (ref.) - (ref.)

Anti-hormonal therapy** Yes 0.087 0.055 0.020–1.041

No - (ref.) - (ref.) - (ref.)

BCS, breast-conserving surgery; LVI, lymphovascular invasion; NG, nuclear grade; RM, resection margin; TM, total mastectomy.

* Cox-proportional hazard regression model.

** A total of 3863 patients were included in this analysis.

doi:10.1371/journal.pone.0124658.t003
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Approximately 60–70% of human breast cancers express hormone receptors (HRs).
Although HR-positive breast cancers classified as luminal subtype generally show favorable
prognosis, this subtype also often shows late recurrence [25]. Luminal A breast cancer is a
molecularly and clinically heterogeneous disease; nonetheless, there is a limited understanding
of the mechanisms underlying treatment resistance and late relapse [1]. Recently, there have
been several efforts to identify low- and high-risk HR-positive breast cancer. Gene tests like
MammaPrint, Oncotype DX and PAM50 offer further assessment of risk of recurrence and help
in determining the best treatment plan in breast cancer. However, molecular classification for
clinical decision-making is limited by high cost. Many researchers have shown a close correla-
tion between the genetic test and the established prognostic marker. Higher Oncotype Dx scores

Fig 5. Adjusted AUC curve over time. (A) overall survival, (B) disease-free survival.

doi:10.1371/journal.pone.0124658.g005
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have been shown to be related to high-grade tumor, high Ki-67, negative PR and positive HER2
expression [26–29]. Cuzick et al. also suggested a new score system (IHC4 score) with an immu-
nohistochemical panel of ER, PR, HER2 and Ki67 in conjunction with standard clinicopatho-
logical parameters. This score system provides similar prognostic information to the recurrence
score in HR+ breast cancer treated with endocrine therapy [30]. Therefore, in practice, instead
of expensive genetic testing, immunohistochemical panels could be used as surrogates to iden-
tify intrinsic breast cancer subtype. Traditionally, breast cancers are classified by ER, PR and
HER2 expression into four subtypes; luminal A, luminal B, HER2-enriched and TNBC. Among
the subtypes, luminal A subtype was re-classified with Ki-67 expression as suggested by
St. Gallen [2]. Recently, PR expression was considered to be another criterion for distinguishing
the luminal A subtype [3]. In the present study, we defined the luminal subtype based on the
expression of both ER and PR. In addition to the prognostic role of Ki-67 and PR, we observed
an additional role of p53 overexpression in distinguishing low-risk luminal A subtype.

In the present study, we showed that the combined expression of p53 and Ki-67 was better
at discriminating the low-risk luminal A subtype than was expression of Ki-67 or p53 alone
(Figs 4 and 5). Several studies have also shown that using overexpression of Ki67 in conjunc-
tion with that of p53 is prognostically informative in luminal A subtype breast cancer [11, 17,
19]. We investigated the role of p53 overexpression in luminal A subtype according to disease
progression. We found that Ki-67 expression predicted overall survival throughout the course
of disease, especially during early periods. The value of AUC increased further when Ki-67 was
used in conjunction with p53 (Fig 4). As shown in Fig 4, the predictive power of the combined
parameters was still superior to each individually after three years. With TNM staging, which
is the traditional predictor, the AUC level increased to 0.8 (Fig 5). This is clinically important
for luminal A subtype because of the unique characteristics of this subtype. Unlike other breast
cancer subtypes that recur early, usually within five years, the recurrence in luminal breast can-
cers occurs until late periods [25, 31]. Despite the high incidence of genetic alterations in breast
cancer, there is no consensus concerning the clinical role of p53 overexpression. We focused
our attention on the association between p53 overexpression and prognosis in luminal A sub-
type group. Distinguishing the low-risk luminal A group is very important. It would be clini-
cally significant if we could discriminate the patients who might gain an advantage from the
anti-hormonal therapy than the usage of chemotherapy with the conventional IHC methods,
even in node-positive luminal A patients. Conversely, if we know the high risk luminal A sub-
group, we could consider more intensive or longer adjuvant therapy. Several studies also sug-
gested the relationship between p53 overexpression and endocrine therapy resistance and/or
higher chemotherapy sensitivity which is in accordance with our results [8, 9, 12, 17, 19, 22].
We think that IHC of p53 overexpression is relatively easy and useful method to help the dis-
crimination of low risk luminal A subtype.

There are some limitations to this study. In our results, we could see the different results of
p53 overexpression in DFS and OS. It is probably because of characteristics of breast cancer
which survive long even after recurrence. As seen in our results of p53 which predict the long-
term results, therefore, p53 did not show the significance in disease free survival. However, we
could not explain the exact reason. Another major limitation of this study was the assessment
of p53 mutation by IHC. IHC shows the resulting protein accumulation from p53 mutations.
Relying only on IHC staining may result in lack of detection of important activation or inacti-
vation within the p53 gene. However, checking of p53 overexpression with IHC is relatively
cheap and the use of this easy indicator is also an advantage of this study. The strengths of this
study include the relatively large sample size and data completeness. Ahn et al. reported on the
prognostic role of p53 overexpression in a large series of 10073 patients who were registered
with the Korean Breast Cancer Registry System (KBCRS) [8]. As indicated by Ahn et al., one
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pitfall of their data was incompleteness because of the inherent limitation of using data from
multiple institutes. In contrast to previous studies that do not show the reason for the cut-off
value of p53 overexpression, we demonstrated the proper cut-off value and supported it with
data. By analyzing the effect of p53 overexpression over time, we were able to discriminate the
low-risk luminal A subtype that is predicted to have good long-term survival. To our knowl-
edge, the present study is the first report suggesting a long-term prognostic effect of combined
p53 overexpression and Ki-67 expression in luminal A subtype.

Conclusion
In this study, we showed that the overexpression of p53 with Ki-67 could discriminate the low-
risk luminal A subtype in breast cancer. Therefore, the combination of p53 and Ki-67 in dis-
criminating low-risk luminal A breast cancer may improve the prognostic power and provide
the greatest clinical utility.
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