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Abstract
Background  Inactivation of TP53, a tumor suppressor gene, is associated with the development of several malignancies, 
including gastric cancer (GC). The present study aimed to evaluate the correlation between the overexpression of p53 and 
survival in different Lauren-type GCs.
Methods  From May 2003 to December 2019, 3608 GC patients treated endoscopically or surgically at the Seoul National 
University Bundang Hospital were enrolled for the study. Immunohistochemical staining for p53 was performed on all 
endoscopic and surgical gastric specimens. Clinicopathologic characteristics with Lauren classification, survival rate, and 
cancer recurrence were analyzed according to p53 overexpression.
Results  Among 3608 GC patients, p53 overexpression was seen in 1334 patients (37%). p53 overexpression was associated 
with lower depth of invasion (P = 0.026) and Early gastric cancer (P = 0.044) in intestinal-type GC, and with advanced TNM 
stage (P < 0.001) and Advanced gastric cancer (P < 0.001) in diffuse-type GC. The overall survival (OS) and GC-specific 
survival (GCSS) were significantly lower in p53 overexpression positive patients. This significance was more pronounced 
and enhanced in the diffuse-type GC and was absent in the intestinal-type GC. In multivariate analyses, p53 overexpres-
sion was associated with poor OS in both subtypes of GC and cancer recurrence in diffuse-type GC. (OS in intestinal-type: 
adjusted hazard ratio [aHR] = 1.423, P = 0.022; OS in diffuse-type: aHR = 1.401 P = 0.035; cancer recurrence in diffuse-type: 
aHR = 1.502, P = 0.039).
Conclusion  p53 overexpression was associated with poor prognosis in GC, especially in diffuse-type. In addition, p53 over-
expression was associated with early stage disease in intestinal-type GC and with advanced stage disease in diffuse-type GC.
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Introduction

Gastric cancer (GC) is the fifth most common malignant 
tumor and the third leading cause of cancer-related deaths 
worldwide [1]. It is a heterogeneous disease exhibiting dif-
ferences in phenotype, prognoses, and response to treat-
ment. Several classification systems exist for the diagnosis 
of gastric carcinomas. Borrmann classification is based on 

the gross appearance: Borrmann type I (polypoid tumor), 
Borrmann type II (ulcerated tumor with sharp demarcated 
margin), Borrmann type III (ulcerated tumor without demar-
cated margin and infiltrating to surrounding gastric wall), 
and Borrmann type IV (diffuse infiltrating tumor). The 
World Health Organization (WHO) classification system 
classifies GC into papillary, tubular, mucinous, and signet-
ring cell subtypes [2]. In 1965, Lauren proposed the classi-
fication of GC into intestinal- and diffuse-type, based on the 
presence or absence of a glandular growth pattern [3]. Lau-
ren classification reflects the biological differences as one 
does not transform into the other during growth [3], and the 
differences in epidemiological trends [4]. The TNM staging 
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is made up of three variables, namely the depth of invasion, 
lymph node involvement, and distant metastasis and is con-
sidered a global gold standard tool for clinical decision-mak-
ing. It is widely used for the selection of treatment methods 
and assessment of prognosis. However, patients belonging to 
the same TNM stage often show different clinical outcomes, 
suggesting the need for additional prognostic factors [5], 
such as molecular biomarkers that find implication in the 
development and progression of tumors.

TP53, a well-known tumor suppressor gene located on 
chromosome 17p13.1 is regarded as the guardian of the 
genome [6, 7]. Mutations in TP53 represent the most fre-
quent genetic alteration [8] seen in various human carci-
nomas [9]. Approximately 50% of all human carcinomas 
have loss of p53 function or express the mutated form of the 
protein [8, 10]. Several studies related to GC using next-gen-
eration sequencing (NGS) have identified TP53 as the most 
frequent mutated gene (32%) [11]. TP53 encodes the protein 
p53, an important transcription factor associated with the 
regulation of cell cycle, inhibition of DNA synthesis, DNA 
repair, and apoptosis [12, 13]. Mutations in TP53 lead to the 
synthesis of mutated p53 that lacks anti-oncogenic activity 
and is associated with tumorigenesis [14–16]. Mutated p53 
being resistant to degradation accumulates in the nucleus of 
tumor cells and is detected by immunohistochemical (IHC) 
staining using monoclonal antibodies. In contrast, wild-type 
p53 does not show IHC staining because of the absence of 
accumulation in cells [17, 18]. A high level of p53 expres-
sion does not necessarily imply a mutation in the gene. How-
ever, the overexpression of p53 in most cases (75–85%) is 
associated with TP53 mutation [19–21]. Hence, overexpres-
sion of p53 might be considered as an indicator of TP53 
mutations [22].

The prognostic role of p53 overexpression in GC has been 
examined by several studies, albeit with certain controver-
sies. Few studies have reported reduced survival in patients 
overexpressing p53 compared with those with normal p53 
expression [23–25]. Further studies failed to demonstrate 
the significance of the expression of p53 in the outcome of 
GC [26–29], probably because of the different proportion of 
intestinal- and diffuse-type GCs that show distinct clinical 
characteristics [3, 30]. Furthermore, type-specific genetic 
and epigenetic alterations have been identified [31, 32]. 
Studies comparing the prognostic value of p53 overexpres-
sion between the intestinal- and diffuse-type GC indicated 
conflicting results [10, 33, 34]. Majority of these studies had 
a smaller sample size, lacked multivariate analyses related 
to survival, and cancer recurrence in correlation with p53 
overexpression between intestinal- and diffuse-type GC. 
Based on these data, we hypothesized that the effect of p53 
overexpression on survival or cancer recurrence could differ 
depending on the Lauren histologic type of GC. Thus, the 
present study aimed to evaluate the correlation between the 

clinicopathological characteristics and p53 overexpression 
as well as the prognostic significance of p53 overexpression 
on survival and cancer recurrence in a large cohort of GC 
patients conforming to Lauren classification.

Methods

Study population

From May 2003 to December 2019, At the Seoul National 
University Bundang Hospital (SNUBH), Seongnam, Korea, 
3608 GC patients treated with endoscopic or surgical meth-
ods and who had IHC staining data for p53 were selected 
for retrospective analyses by reviewing EMR (Electronic 
medical records). Medical records included date and cause 
of death, date of recurrence, current status of Helicobacter 
pylori infection [defined as being positive for at least one of 
these: campylobacter-like organism (CLO) test, urea breath 
test, or histology], histopathological data including the pres-
ence of atrophic gastritis (AG), intestinal metaplasia (IM), 
histologic type of cancer, IHC staining results of p53 expres-
sion, and TNM stage, the treatment methods used, social 
history including family history of GC, sex, age, smoking, 
and alcohol consumption were collected from the EMR and 
reviewed data of surgical and medical cohorts [35]. In terms 
of H. pylori infection H. pylori-positive cancer group was 
defined when H. pylori test was performed and the result 
was positive. In the opposite cases were categorized as the 
H. pylori-negative group including the cases when the H. 
pylori test was not performed. The date and cause of death of 
the enrolled patients were cross-checked with the data from 
the National Statistical Office for verification. The study was 
reviewed and approved by the Institutional Review Board of 
SNUBH (B-1902-523-107) and registered at clinicaltrials.
com (NCT 03978481).

Immunohistochemical study

IHC staining for mutant p53 was performed on all endo-
scopic and surgical GC resection specimens. IHC staining 
for p53 (DO7, mouse monoclonal, Dako, Agilent Technolo-
gies, Santa Clara, CA, USA) was performed on 3-μm-thick 
sections using an automated immunostainer (BenchMark 
XT, Ventana Medical Systems, Tucson, AZ, USA) as per 
the manufacturer’s protocol. For the statistical analysis, p53 
IHC staining was interpreted in two tiers: strong nuclear 
staining in more than 10% of tumor cells was considered 
as overexpression positive, samples without any nuclear 
staining of tumor cells (complete absence) or cases exhibit-
ing weak, scattered, or patchy positivity were interpreted 
as overexpression negative (Fig. 1) [21]. Accuracy of inter/
intra-observer concordance for p53 positivity is very high 
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with the following reasons: (1) Most cases were diagnosed 
by prof. HSL alone, (2) The other cases were diagnosed after 
sharing the diagnosis criteria with Prof. Lee’s. Thus, the 
inter-observer variation seems to be negligible. In addition, 
the intra-observer variation is unlikely to be a problem as 
there are distinct staining images for p53 immunostaining.

Statistical analyses

Statistical analyses were performed using the SPSS soft-
ware for Windows (Windows version 22.0; SPSS Inc., Chi-
cago, IL, USA). The Chi-square test was used to analyze 
the expression of p53 in the context of various clinical 
and pathological variables. The overall survival (OS) was 
defined as the time elapsed between the date of surgical or 
endoscopic resection and the date of death of any cause, 
or if the patient was still alive, and 5 years after the date 
of resection. Gastric cancer-specific survival (GCSS) was 
defined as the time elapsed between the date of surgical or 
endoscopic resection and the date of death due to GC, or 
if the patient was still alive, and 5 years after the date of 
resection. Patients who were lost to follow-up within 5 years 
were censored at their last date of follow-up. In the analysis 
of GCSS, deaths due to causes other than GC were treated 
as censored observations at the time of death. Recurrences 
were confirmed by pathologic exam after curative surgical 
or endoscopic resection. Estimation of OS and GCSS was 
calculated using the Kaplan–Meier method, and differences 
between curves were assessed with the log-rank test. Simul-
taneous multivariate adjustment of all covariates was per-
formed using Cox proportional hazards regression analyses 
to evaluate the significance of p53 overexpression in survival 
and recurrence in each Lauren subtypes. Variables with P 
value < 0.2 in the univariate analyses were used as covariates 
for multivariate analyses. A P value < 0.05 was considered 
statistically significant.

Results

Total 3608 patients were analyzed with IHC staining for p53 
overexpression. Among 3608 patients, p53 overexpression 
was positive in 1334 patients (37.5%) and negative in 2274 
patients (62.5%). Among the total patients enrolled, 2471 
(68.5%) were men and 1137 (31.5%) were women. Early 
gastric cancer (EGC) and advanced gastric cancer (AGC) 
were detected in 2484 (68.8%) and 1124 (31.2%) patients, 
respectively. The age of all patients ranged between 22 and 
92 years (mean = 61.1 years). The median follow-up period 
was 51.1 months (range = 6–60 months).

Clinicopathological features

The clinicopathological characteristics of both p53 overex-
pression-positive and p53 overexpression-negative patients 
are summarized in Table 1. p53 overexpression was signifi-
cantly more frequent in intestinal-type than in diffuse-type 
cancers (43.1% vs. 25.5%, P < 0.001). p53 overexpression 
was associated with older age, male sex, presence of AG, 
and tumor location in the upper and lower third of the stom-
ach in GC. Other variables, including family history of GC, 
smoking, alcohol consumption, H. pylori infection state, 
presence of IM, proportion of EGC, and TNM staging were 
not significantly different between the positive and negative 
patient groups (Table 1).

Subgroup analyses according to Lauren 
classification

Among the 3608 patients, the number of Lauren intestinal- 
and diffuse-type GC patients were 2274 (61.5%) and 1223 
(34.3%), respectively. In subgroup analyses, mixed-type GC 
patients (139, 3.9%) were included in the diffuse-type, and 
indeterminate-type GC patients (17, 0.5%) were excluded 
from the analyses. Differences in clinicopathological 

Fig. 1   Representative images of p53 protein overexpression status by 
p53 immunohistochemistry. a p53 protein overexpression-positive 
case in which strong nuclear staining of p53 was observed in > 10% 

of tumor cells (×200). b p53 protein overexpression-ne gative case in 
which nuclear staining of p53 was not detected (×200)
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Table 1   Baseline characteristics 
of enrolled patients depending 
on p53 overexpression state

Variant Total patients (N = 3608) p53 overexpression-
negative (n = 2274)

p53 overexpres-
sion-positive 
(n = 1334)

P value

Age (mean ± SD) 61.1 (± 12.24) 60.3 (± 12.59) 62.4 (± 11.50)  < 0.001
Sex (%)  < 0.001
 Male 2471 (68.5) 1477 (65) 994 (74.5)
 Female 1137 (31.5) 797 (35) 340 (25.5)

Cancer type (%) 0.413
 EGC 2484 (68.8) 1577 (69.3) 907 (68)
 AGC​ 1124 (31.2) 697 (30.7) 427 (32)

Family history of GCa (%) 0.376
 No 2864 (82.7) 1804 (82.2) 1060 (83.5)
 Yes 600 (17.3) 390 (17.8) 210 (16.5)

Smoking historya (%) 0.78
 No 1875 (55.4) 1217 (56.6) 658 (53.4)
 Yes 1508 (44.6) 934 (43.4) 574 (46.6)

Alcohol historya (%) 0.5
 No 1882 (54.5) 1205 (55) 677 (53.7)
 Yes 1570 (45.5) 987 (45) 583 (46.3)

HP statea (%) 0.071
 Negative 2031 (57.8) 1262 (56.7) 769 (59.8)
 Positive 1482 (42.2) 965 (43.3) 517 (40.2)

Atrophic gastritisa (%) 0.049
 No 2514 (72.5) 1610 (73.6) 904 (70.5)
 Yes 955 (27.5) 577 (26.4) 378 (29.5)

Intestinal metaplasiaa (%) 0.056
 No 1935 (55.8) 1250 (57.1) 685 (53.7)
 Yes 1532 (44.2) 941 (42.9) 591 (46.3)

Histologic type (%)  < 0.001
 Intestinal 2219 (61.5) 1262 (55.5) 957 (71.7)
 Diffuse 1233 (34.3) 918 (40.4) 315 (23.6)
 Mixed 139 (3.9) 84 (3.7) 55 (4.1)
 Indeterminated 17(0.5) 10 (0.4) 7 (0.5)

Locationa (%)  < 0.001
 Upper 153 (4.3) 71 (3.1) 82 (6.2)
 Middle 1618 (45.1) 1100 (48.6) 518 (39)
 Lower 1820 (50.7) 1091 (48.2) 729 (54.9)

Cancer sizea (cm) 3.71 (± 2.58) 3.70 (± 2.62) 3.74 (± 2.51) 0.705
T stagea (%) 0.372
 T1 2485 (69.3) 1577 (69.7) 908 (68.6)
 T2 404 (11.3) 239 (10.6) 165 (12.5)
 T3 539 (15) 345 (15.3) 194 (14.7)
 T4 157 (4.4) 101 (4.5) 56 (4.2)

N stagea (%) 0.309
 N0 2620 (73.1) 1669 (73.8) 951 (71.9)
 N1 494 (13.8) 294 (13) 200 (15.1)
 N2 218 (6.1) 142 (6.3) 76 (5.7)
 N3 252 (7) 157 (6.9) 95 (7.2)

M stage (%) 0.179
 M0 3520 (97.6) 2225 (97.8) 1295 (97.1)
 M1 88 (2.4) 49 (2.2) 39 (2.9)

Cancer stage (%) 0.453
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characteristics according to Lauren classification are sum-
marized in Table 2. p53 overexpression in intestinal-type GC 
was more prominent in males than in females (P < 0.001), 
had lower depth of invasion (P = 0.026), and higher inci-
dence of EGC (P = 0.044). In contrast, p53 overexpression in 
diffuse-type GC was associated with older age (P = 0.039), 
larger tumor size (P = 0.001), advanced cancer stage 
(P < 0.001), and higher incidence of AGC (P < 0.001). p53 
overexpression was significantly associated with advanced 
TNM stage in diffuse-type GC (Table 2).

Comparative analyses of p53 overexpression between 
intestinal- and diffuse-type GC according to the stages 
revealed significant differences (Table 3). p53 overexpres-
sion was more frequent in the EGC than in the AGC group 
in intestinal-type GC (79.9% vs 20.1, P < 0.044). In contrast, 
p53 overexpression was more frequent in the AGC than in 
the EGC group in diffuse-type tumors (62.2% vs. 37.8%, 
P < 0.001). p53 overexpression was significantly associated 
with the intestinal-type than with the diffuse-type in EGC 
(44.2% vs. 18.6%, P < 0.001). However, difference in p53 
overexpression was not different between the two types of 
tumors in AGC, probably because of increased proportion of 
p53 overexpression-positive seen in diffuse-type GC (39.1% 
vs 37%, P = 0.494) (Table 3).

Survival analyses

Among the enrolled patients in the study, 409 succumbed 
to death during the follow-up period, of which, 227 died of 
GC, 92 of reasons other than GC, and 40 of unknown causes 
(Supplemental Table 1, see online). The most prominent 
among the alternate cause of death was lung cancer in both 
p53 overexpression-positive (n = 10) and -negative groups 
(n = 7) (Supplementary Table 2, see online).

OS analyses using the Kaplan–Meier method (Fig. 2) 
indicated significantly lower OS in p53 overexpression-
positive group than in -negative group of the total GC 
patients (5-year cumulative survival rate in negative group 

vs positive group: 88.6% vs 83.5%). In subgroup analyses 
according to Lauren classification, the difference of 5-year 
cumulative survival rate was more obvious in diffuse-type 
GC patients (87.7% vs 78.3%, P < 0.001) (Fig. 2c) than the 
difference shown in the total GC patients. However, no such 
difference was seen in intestinal-type GC patients (89.7% 
vs 86.6%; P = 0.065) (Fig. 2b). p53 overexpression-positive 
group showed lower OS than −negative group in both Lau-
ren subtypes. However, only in diffuse-type GC patients 
showed statistically significant P value obtained using the 
log-rank test.

GCSS analyses (Fig. 3) also indicated significantly lower 
GCSS in p53 overexpression-positive group of the total GC 
patients (92.2% vs. 89.2%, P = 0.006, Fig. 3a). Similar to the 
OS analyses, the difference of 5-year cumulative survival 
rate was more obvious in diffuse-type GC patients (90% vs 
82.2% P < 0.001, Fig. 3c), while no such difference was seen 
in intestinal-type GC patients (94.6% vs 93.3%; P = 0.253) 
(Fig. 3b).

Univariate and multivariate analyses for GC survival 
and recurrence

The results of univariate and multivariate analyses of OS, 
GCSS, and GC are shown for each Lauren subtypes in Sup-
plementary Tables 3–5 (see online), and the results having 
statistical significance are shown in Table 4. Multivariate 
analyses were performed using Cox proportional hazards 
regression. Variables with P < 0.2 in univariate analyses 
were used for multivariate analyses.

Multivariate analysis of OS in intestinal-type GC revealed 
that age (aHR = 1.024, P < 0.001), sex (aHR = 0.640, 
P = 0.025), T stage (aHR = 2.647, P < 0.001), LN (lymph 
node) metastasis (aHR = 1.823 P = 0.002), distance metas-
tasis (aHR = 4.665, P < 0.001), and p53 overexpression 
positivity (aHR = 1.423, P = 0.022) were independent prog-
nostic indicators (Table 4). Multivariate analysis of OS in 
diffuse-type GC revealed that age (aHR = 1.024, P < 0.001), 

The data are presented as number (%) or mean ± standard deviation
P value was calculated using student’s T test for continuous variables; Chi-square test for categorical vari-
ables
Bold style indicates statistical significance
HP Helicobacter pylori, GC gastric cancer, EGC early gastric cancer, AGC​ advanced gastric cancer
a Patients with incomplete record were excluded

Table 1   (continued) Variant Total patients (N = 3608) p53 overexpression-
negative (n = 2274)

p53 overexpres-
sion-positive 
(n = 1334)

P value

 I 2697 (74.8) 1703 (74.9) 994 (74.5)
 II 496 (13.7) 316 (13.9) 180 (13.5)
 III 314 (8.7) 199 (8.8) 115 (8.6)
 IV 101 (2.8) 56 (2.5) 45 (3.4)
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Table 2   Baseline characteristics of enrolled patients depending on p53 overexpression state and Lauren histologic type

Variant Intestinal-type GC
(N = 2219)

Diffuse-type GC
(N = 1372)

p53 overexpression-
negative (n = 1262)

p53 overexpression-
positive (n = 957)

P value p53 overexpression 
-negative (n = 1002)

p53 overexpression 
-positive (n = 370)

P value

Age (mean ± SD) 64.5 (± 10.80) 64.7 (± 9.70) 0.673 55.0 (± 12.66) 56.6 (± 13.63) 0.039
Sex (%)  < 0.001 0.178
 Male 924 (73.2) 711 (80.6) 546 (54.5) 217 (58.6)
 Female 338 (26.8) 186 (19.4) 456 (45.5) 153 (41.4)

Cancer type (%) 0.044  < 0.001
 EGC 963 (76.3) 765 (79.9) 611 (61) 140 (37.8)
 AGC​ 299 (23.7) 192 (20.1) 391 (39) 230 (62.2)

Family history of GCa (%) 0.104 0.794
 No 943 (79.4) 735 (82.3) 852 (85.5) 319 (86.2)
 Yes 245 (20.6) 158 (17.7) 144 (14.5) 51 (13.8)

Smoking historya (%) 0.153 0.848
 No 630 (53.4) 439 (50.2) 583 (60.4) 214 (61.1)
 Yes 550 (46.6) 436 (49.8) 382 (39.6) 136 (38.9)

Alcohol historya (%) 0.349 1.000
 No 657 (55.3) 470 (53.2) 540 (54.3) 201 (54.3)
 Yes 530 (44.7) 413 (46.8) 455 (45.7) 169 (45.7)

HP statea (%) 0.428 0.117
 Negative 722 (75.9) 554 (59.6) 533 (54.9) 210 (59.8)
 Positive 525 (42.1) 375 (40.4) 438 (45.1) 141 (40.2)

Atrophic gastritisa (%) 0.243 0.642
 No 855 (69.6) 631 (67.3) 745 (78.5) 269 (79.8)
 Yes 373 (30.4) 307 (32.7) 204 (21.5) 68 (20.2)

Intestinal metaplasiaa (%) 1.000 0.196
 No 626 (51.4) 472 (51.4) 617 (64) 210 (60)
 Yes 591 (48.6) 447 (48.6) 347 (36) 140 (40)

Locationa (%) 0.015  < 0.001
 Upper 44 (3.5) 54 (5.7) 26 (2.6) 27 (7.3)
 Middle 469 (37.2) 318 (33.3) 625 (63.1) 199 (54.1)
 Lower 748 (59.3) 582 (61) 340 (34.3) 142 (38.6)

Cancer size (cm) 3.18 (± 2.00) 3.15 (± 1.98) 0.745 4.19 (± 3.00) 4.82 (± 3.00) 0.001
T stagea (%) 0.026  < 0.001
 T1 963 (76.4) 766 (80.2) 611 (61.5) 140 (38.8)
 T2 118 (9.4) 94 (9.8) 119 (12) 70 (19.4)
 T3 143 (11.3) 78 (8.2) 201 (20.2) 113 (31.3)
 T4 36 (2.9) 17 (1.8) 62 (6.2) 38 (10.5)

N stagea (%) 0.157  < 0.001
 N0 1029 (81.7) 774 (81.1) 637 (64.1) 173 (47.9)
 N1 122 (9.7) 115 (12.1) 168 (16.9) 82 (22.7)
 N2 58 (4.6) 35 (3.7) 82 (8.3) 41 (11.4)
 N3 51 (4) 30 (3.1) 106 (10.7) 65 (18)

M stage (%) 0.565 0.008
 M0 1248 (98.9) 943 (98.5) 968 (96.6) 345 (93.2)
 M1 14 (1.1) 14 (1.5) 34 (3.4) 25 (6.8)

Cancer stage (%) 0.158  < 0.001
 I 1037 (82.2) 812 (84.8) 663 (66.2) 180 (48.6)
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intestinal metaplasia (aHR = 0.623, P = 0.005), T stage 
(aHR = 3.650, P < 0.001), LN metastasis (aHR = 2.944, 
P < 0.001), distance metastasis (aHR = 3.144, P < 0.001), 
p53 overexpression (aHR = 1.401, P = 0.035), and cancer 
size (aHR = 1.051, P = 0.034) were independent prognostic 
indicators (Table 4).

Gastric cancer recurrence was seen in 181 out of 3608 
patients (5.5%); 17 patients in the EGC group (17 of 
2484, 0.7%) and 167 patients in the AGC group (167 out 
of 1124, 14.9%). The incidence of cancer recurrence was 
higher in the p53 overexpression-positive group (80 out of 
1334, 5.9%) than in the − negative group (101 out of 2274, 
4.4%). Multivariate analysis of GC recurrence in diffuse-
type GC revealed that T stage (aHR = 4.531, P < 0.001), LN 
metastasis (aHR = 4.503, P < 0.001), p53 overexpression 
(aHR = 1.502, P = 0.039), and cancer size (aHR = 1.073, 
P = 0.011) were independent prognostic indicators.

Multivariate analyses on GCSS and gastric cancer recur-
rence in intestinal-type GC were not showed statistic signifi-
cances (Supplementary Tables 4-1–5–1).

Discussion

In the present study, the overexpression of p53 was 
associated with different clinicopathological characteristics 
according to Lauren histological types of GC. p53 
overexpression was more frequent and primarily associated 
with EGC in intestinal-type GC. In contrast, it was 
associated with AGC and advanced T, N, and M stages in 
diffuse-type GC. Although early- and intestinal-type GCs 
showed the highest correlation with p53 overexpression, 
early and advanced intestinal-type and advanced diffuse-type 
showed a similar incidence of p53 overexpression, which 
was significantly different from infrequent expression in 
early diffuse-type GC. Consequently, p53 overexpression 
was specifically associated with intestinal-type GC than 
with diffuse-type GC (44.2% vs. 18.6%, P < 0.001) in EGC. 
Further differences in p53 overexpression were not observed 
between the two types (39.1% vs. 37%, P = 0.494) in AGC.

Furthermore, p53 overexpression was associated with 
poor OS and GCSS. Sub-group analyses of p53 overexpres-
sion revealed poor prognosis in diffuse-type GC related to 
both OS and GCSS, which was absent in intestinal-type GC. 
Multivariate analyses revealed p53 overexpression was an 

Table 3   Comparison of p53 overexpression between intestinal- and diffuse-type gastric cancer according to stage

The data are presented as number (%)
P value was calculated Chi-square test for categorical variables
Bold style indicates statistical significance
EGC early gastric cancer, AGC​ advanced gastric cancer

Variant EGC AGC​

p53 overexpression 
negative (n = 1574)

p53 overexpression 
positive (n = 905)

P value p53 overexpression 
negative (n = 690)

p53 overexpression 
positive (n = 422)

P value

Lauren type  < 0.001 0.494
 Intestinal type (%) 963 (55.7) 765 (44.3) 299 (60.9) 192 (39.1)
 Diffuse type (%) 611 (81.4) 140 (18.6) 391 (63.0) 230 (37.0)

The data are presented as number (%) or mean ± standard deviation
P value was calculated using student’s T test for continuous variables; Chi-square test for categorical variables
Bold style indicates statistical significance
HP Helicobacter pylori, GC gastric cancer, EGC early gastric cancer, AGC​ advanced gastric cancer
a Patients with incomplete record were excluded

Table 2   (continued)

Variant Intestinal-type GC
(N = 2219)

Diffuse-type GC
(N = 1372)

p53 overexpression-
negative (n = 1262)

p53 overexpression-
positive (n = 957)

P value p53 overexpression 
-negative (n = 1002)

p53 overexpression 
-positive (n = 370)

P value

 II 136 (10.8) 88 (9.2) 177 (17.7) 89 (24.1)
 III 75 (5.9) 42 (4.4) 121 (12.1) 72 (19.5)
 IV 14 (1.1) 15 (1.6) 41 (4.1) 29 (7.8)
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independent prognostic factor for OS, and for GC recurrence 
in diffuse-type GC.

Incidence of p53 overexpression is different between 
histological types and cancer stages [36, 37]. Thus, p53 
overexpression might have a different role in tumor 
carcinogenesis and progression between the two histological 
subtypes of GC [33, 34]. According to Correa’s multistep 
model concept of human gastric carcinogenesis, intestinal-
type GC was a result of a multi-step process, including AG, 
IM, and dysplasia, all of which were associated with the 
existence of chronic inflammatory processes [38]. Despite 

few studies attempting to elucidate carcinogenesis and 
the pathological differences between the two subgroups 
of GC, diffuse-type carcinogenesis and its epidemiology 
and pathogenetic features remain poorly understood [39]. 
Therefore, further studies are needed to clarify these 
differences.

The prognostic implication of p53 overexpression in GC 
has been controversial [23–29]. These conflicting results 
might be because of the differences in the study population, 
IHC methods (including the types of antibody used), cutoff 
value of p53 overexpression positivity in IHC, and tumor 

Fig. 2   Comparisons of overall survival depending on p53 pro-
tein overexpression state. The disadvantage of overall survival was 
observed in the p53 protein overexpression positive group in total 
gastric cancer patients (a) and Diffuse-type gastric cancer patients 
(c) compared to p53 protein overexpression negative group, with sta-

tistical significance (P value a P < 0.001, c P < 0.001). In Intestinal-
type gastric cancer patients (b), there were no statistical significance 
between p53 protein overexpression positive and negative group 
(P = 0.065). Cumulative survival was calculated using Kaplan–Meier 
estimates; the P values were calculated using the log-rank test
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stages [28, 29, 40]. Furthermore, the prognostic relevance 
has not been compared between different Lauren histological 
types and if analyzed was rarely by multivariate analyses. 
Studies that compared the prognostic value of p53 overex-
pression between intestinal-type GC and diffuse-type GC 
have also shown conflicting results. Our results indicating 
poor prognosis in diffuse-type GC is consistent with the 
earlier published data [33, 34]. However, the results of a 
published study indicating poor prognosis in intestinal-type 
GC contradicts our results [6]. These studies were conducted 
on a small number of cohort (83–178), and lacked statistical 

significance in multivariate analyses, including Lauren his-
tologic types. Taking into consideration these aspects, our 
study is significant based on its large cohort and survival 
rate. In our study, p53 overexpression was significantly asso-
ciated with poor OS and GCSS, especially in diffuse-type 
GC, which was absent in intestinal-type GC. The results of 
multivariate analyses were in support of these results. p53 
overexpression was a consistent independent prognostic fac-
tor for OS in both Lauren subtypes considering covariables, 
such as TNM staging, these results in multivariate analyses 
were more meaningful than previous studies. In recently 

Fig. 3   Comparisons of gastric cancer specific survival depending on 
p53 protein overexpression state. The disadvantage of gastric cancer 
specific survival was observed in the p53 protein overexpression posi-
tive group in total gastric cancer patients (a) and diffuse-type gastric 
cancer patients (c) compared to p53 protein overexpression negative 
group, with statistical significance (P value a P = 0.006, c P < 0.001). 

In Intestinal-type gastric cancer patients (b), there were no statisti-
cal significance between p53 protein overexpression positive and 
negative group (P = 0.253). Cumulative survival was calculated using 
Kaplan–Meier estimates; the P values were calculated using the log-
rank test
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conducted two meta-analysis studies [22, 41], p53 overex-
pression was also associated with poor prognosis, which is 
consistent with the results of the present study.

Discordance between TP53 mutation and p53 protein 
overexpression in IHC serves as an explanation for 
the controversy seen in the prognostic value [26, 27]. 
Immunostaining of p53 is strongly associated with 
missense mutation; of the 12 missense mutations, 10 
cases (83.3%) were positive for p53 immunostaining, but 
not with frameshift or nonsense mutations in TP53 [42]. 
However, according to a recent study of Hwang et  al., 
strong p53 expression could predict nonsynonymous 
missense mutations with a sensitivity of 90.9%, specificity 
of 95.4%, and accuracy of 94.2% [21]. Furthermore, p53 
overexpression and nonsynonymous TP53 mutations 
correlate with lower survival compared with other mutations. 
Several studies have reported a strong correlation between 
TP53 mutation and p53 expression in more than 80% of 
the cases [19, 20, 42–44]. These correlations indicate the 
possible role of p53 overexpression as a prognostic factor 
for poor prognosis in relation to TP53 mutation.

During the last decades, advancement in molecular 
technology had made it possible to determine mutations 
in carcinomas and thus classifications were based on these 
findings. Between 2014 and 2015, two kinds of molecular 

classifications were proposed for GC by comprehensive 
molecular analyses using NGS. The Cancer Genome Atlas 
(TCGA) and the Asian Cancer Research Group (ACRG) 
each classified GC into four different subtypes based on the 
molecular features. The TCGA Research Network classified 
GCs into four distinct molecular subtypes: GCs positive for 
Epstein–Barr virus (EBV type), microsatellite-unstable GCs 
(MSI type), genomically stable GCs (GS type), and GCs 
with chromosomal instability (CIN type) [45]. Similarly, 
ACRG classified GCs into four groups: microsatellite insta-
bility (MSI), microsatellite-stable and epithelial-to-mesen-
chymal transition (MSS/EMT), microsatellite stability, and 
the presence of TP53 (MSS/TP53+) or absence of TP53 
signature (MSS/TP53−) [46]. In TCGA classification, when 
observing the distribution of Lauren classification in each 
subtypes, 118/147 (80.27%) of the CIN subtype were intesti-
nal-type and 40/58 (68.97%) of the GS subtype were diffuse-
type. Hence, intestinal-type was related to CIN subtype and 
diffuse-type was related to GS subtype. Among the CIN sub-
type tumours, authors of TCGA observed TP53 mutations 
in 71% of tumours and also found elevated expression of 
p53, consistent with frequent TP53 mutation and aneuploidy 
in the CIN subtype [45]. In ACRG classification, 58/107 
(54.2%) of MSS/TP53−, 38/79 (48.1%) of MSS/TP53+, 
and 42/68 (61.8) of MSI were Lauren intestinal-type. 37/46 

Table 4   Multivariate analysis 
regarding clinical and 
pathological factors associated 
with overall survival in 
intestinal- and diffuse-type 
gastric cancer, and gastric 
cancer recurrence in diffuse-
type gastric cancer

Cox proportional hazards model was used for uni- and multivariate analyses; P < 0.2 was used for multi-
variate analyses
Bold style indicates statistical significance
LN lymph node, HP Helicobacter pylori, CI confidence interval, aHR adjusted hazard ratio

Variable aHR 95% CI P value

Overall survival in intestinal-type gastric cancer
 Age 1.024 (1.012–1.037)  < 0.001
 Sex (Male vs female) 0.640 (0.433–0.946) 0.025
 T stage (1 and 2 vs 3 and 4) 2.647 (1.749–4.006)  < 0.001
 LN metastasis (Negative vs positive) 1.823 (1.246–2.667) 0.002
 Distance metastasis (Negative vs positive) 4.665 (2.508–8.677)  < 0.001
 p53 overexpression (Negative vs positive) 1.423 (1.052–1.924) 0.022

Overall survival in diffuse-type gastric cancer
 Age 1.024 (1.012–1.037)  < 0.001
 Intestinal metaplasia (Negative vs positive) 0.623 (0.447–0.869) 0.005
 T stage (1 and 2 vs 3 and 4) 3.650 (2.363–5.638)  < 0.001
 LN metastasis (Negative vs positive) 2.944 (1.847–4.692)  < 0.001
 Distance metastasis (Negative vs positive) 3.144 (1.943–5.086)  < 0.001
 p53 overexpression (Negative vs positive) 1.401 (1.024–1.919) 0.035
 Cancer size 1.051 (1.004–1.100) 0.034

Gastric cancer recurrence in diffuse-type gastric cancer
 T stage (1 and 2 vs 3 and 4) 4.531 (2.573–7.977)  < 0.001
 LN metastasis (Negative vs positive) 4.503 (2.352–8.622)  < 0.001
 p53 overexpression (Negative vs positive) 1.502 (1.020–2.213) 0.039
 Cancer size 1.073 (1.016–1.133) 0.011
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(80.4%) of MSS/EMT subtype were diffuse-type. Among 
the MSS/TP53 subtypes, TP53 mutation was observed in 
42.5% of tumours [46].

Therefore, in general, the CIN type of TCGA classifica-
tion and MSS/TP53 type of ACRG classification showed an 
association with TP53 mutation and with the intestinal-type 
of Lauran classification. The GS type of the TCGA clas-
sification and MSS/EMT type of the ACRG classification 
have been reported to be associated with the diffuse-type of 
Lauran classification [47–49].

Although enormous amount of data gathered by extensive 
molecular genomic experiments were integrated into these 
classification models, they are rarely used in daily clinical 
practice because of the high cost and time-consuming nature 
of genomic tests [50]. In contrast, IHC staining has been 
widely used to detect molecular markers of cancer because 
of the simple methodology and rapidity. Accordingly, certain 
studies related to IHC-based molecular classification have 
shown prognostic significance [50, 51]. Despite advance 
in newer technologies, such as whole exome sequencing, 
the most frequently mutated gene is TP53 (32%) [11], and 
TP53 mutations continue to play a pivotal role in integra-
tive genomic molecular studies in classifying GC [45, 46, 
50]. These studies have confirmed the biological and clinical 
significance of TP53 mutation as context-dependent, with 
large differences among histological subtypes of the same 
cancers [52]. In the present study, p53 overexpression used 
as a surrogate marker of TP53 mutation showed statisti-
cal significance for poor OS, and higher GC recurrence in 
diffuse-type GC, as well as clinical significance indicating 
advanced stage in diffuse-type GC. Thus, it could be useful 
for next integrative genomic studies for the molecular clas-
sification of GC. Furthermore, it could be used as a clinical 
prognostic marker for the analyses of survival and recur-
rence in GC.

There was no treatment difference between intestinal-type 
of GCs and diffuse-type GCs, so far. However, it is mean-
ingful that p53 overexpression in IHC stain clarifies prog-
nostic values according to subtypes in GC which has large 
heterogenicity. Also, if molecular mechanisms for example 
immune check point is further identified in the future, our 
analysis could be useful for understanding the disease course 
of GC to the oncologists, surgeons, pathologists, and gas-
troenterologists. Furthermore, it will be easy to explain the 
prognosis regarding GC to the patients and their family.

Although multiple strategies have been investigated for 
targeting dysfunctional p53 for cancer treatment, only 2 of 
these have so far yielded compounds for testing in clinical 
trials [53]. These strategies include the identification of 
compounds for reactivating the mutant form of p53 back 
to its wild-type form and compounds for inhibiting the 
interaction between wild-type p53 and MDM2/MDM4 
[53]. To date, it is still unclear if these agents have clinical 

efficacy. However, should any of the compounds currently 
being evaluated in clinical trials be shown to have efficacy, 
it is likely to usher in a new era in cancer treatment, 
especially as p53 dysfunction is so prevalent in human 
cancers including GC [53]. Thus, clinical and prognostic 
significance of p53 overexpression shown in this study and 
GC classification according to p53 IHC results in future 
studies could lead to useful results as representative of the 
TP53 mutation in each subtype.

A previous study that analyzed the association of p53 
expression and tumor recurrence in GC demonstrated the 
correlation between tumor angiogenesis represented by 
microvessel density (MVD) and p53 and VEGF expression 
[54]. p53 and VEGF expression were independently 
associated with disease-free and OS [54]. TP53 mutations 
occurred more frequently in differentiated histologic type 
than in undifferentiated type in the early stage (48.6% 
vs. 7%, P = 0.0006), while the mutations correlated with 
venous invasion among advanced stages (47.7% vs. 20.7%, 
P = 0.04) in GC [55]. These results are consistent with our 
present study and could be a possible explanation for the 
association between p53 overexpression and poor survival 
and independent risk factors for GC survival and recurrence. 
In addition, unlike diffuse-type GC, absence of correlation 
between p53 overexpression and poor survival rate in 
intestinal-type GC might be because of the offset effect of 
association with early-stage disease and tumor angiogenesis 
in intestinal-type GC.

This study has a few limitations. There may be a bias 
due to the retrospective nature of the analyses. However, 
the patients in this study came from a surgical and medical 
GC cohort that had been collected prospectively, and the 
large number of patients may have minimized the effect of 
selection bias. As GCs treated using endoscopic and surgical 
resection were included and advanced-stage GCs that under-
went palliative chemotherapy or conservative treatment were 
excluded, the mortality may have been underestimated.

In multivariate analyses for GCSS, and GC recurrence in 
intestinal-type patients, p53 protein overexpression did not 
show statistical significance. There might be several possible 
explanations. One of the possible explanations for this might 
be due to disturbing effect of unknown or other causes of 
death which had been investigated retrospectively. As 
presented in supplementary Table 1, death caused by gastric 
cancer was 277 of 409 (67.8%). Otherwise, 40 (9.8%), 46 
(11.2%), and 46 (11.2%) of total 409 deaths were unknown 
cause of death, deaths from cancer other than gastric cancer, 
and deaths from diseases other than cancer, respectively. 
The possibility that they interfered with the effect of p53 
overexpression on GCSS by obscuring or masking the cause 
of death, preventing it from having statistical significance. 
Another possible explanation may be due to reduced survival 
difference between the p53 overexpression positive and 
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negative groups because of high 5-year survival rate of 
GCSS in this cohort. The 5-year survival rate of localized 
gastric cancer in Korea is 95%, which is highest level in the 
world [56]. And our hospital is the top leading hospital for 
endoscopic and surgical treatment for GC. Therefore, in this 
cohort, the 5-year cumulative survival were also as high as 
0.950 in EGCs and 0.733 in AGCs. It is possible that the 
reduced effect of the variable on survival caused loss of the 
statistical significance in GCSS between the two groups.

In this retrospective study, H. pylori positivity was rather 
lower (1482/3068, 42.2%) than the previous reports from 
our hospital [57, 58], Actually H. pylori-positive cancer 
group was defined as H. pylori test was performed and 
the result was positive. In the opposite cases were catego-
rized as the negative group including the cases when the 
H. pylori test was not performed. Furthermore, there was 
a decline in the prevalence of H. pylori infection prof. N. 
Kim’s cohort (a total of 1,227 patients with GC). That is, 
when age, sex, histologic type (Lauren classification), and H. 
pylori infection status were compared between three periods 
(2003–2007, 2008–2012, and 2013–2018) H. pylori-positive 
GC decreased from 93.4% (436/467) to 88.5% (500/565) 
to 82.1% (160/195) during these three periods, respectively 
(P < 0.001) [59]. In addition, the recent declining in the 
prevalence of H. pylori infection in Korea (seropositivity of 
H. pylori was 67% in 1998, 60% in 2005, 54% in 2011, and 
41.5% in 2016) can be the one of the possible causes for our 
result [60, 61].

In conclusion, this study demonstrated the association 
of p53 overexpression in IHC staining with poor prognosis 
for survival and recurrence in GC patients and these asso-
ciations were more significant in diffuse-type GC patients 
of Lauren histologic classification. In addition, p53 over-
expression was associated with EGC in intestinal-type GC 
in contrast to AGC and advanced stage in diffuse-type GC. 
These results imply that p53 overexpression has different 
clinical and prognostic significance depending on the histo-
logical subtypes. In future studies, considering these differ-
ent clinical contexts will be helpful to provide practical and 
prognostic implications for research, such as the molecular 
classification of GC.
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