
200

pISSN 2288-6575 • eISSN 2288-6796
http://dx.doi.org/10.4174/astr.2015.88.4.200
Annals of Surgical Treatment and Research

ORIGINAL ARTICLE

Ki-67 and p53 expression as a predictive marker for early 
postoperative recurrence in pancreatic head cancer
Hohyun Kim, Chan Yong Park, Jae Hyuk Lee1, Jung Chul Kim2, Chol-Kyoon Cho2, Hee Jun Kim2

Department of Trauma Surgery, Pusan National University Hospital, Busan, Departments of 1Pathology and 2Surgery, Chonnam 
National University Medical School, Gwangju, Korea

INTRODUCTION
Pancreatic ductal adenocarcinoma is the fifth leading 

cause of cancer deaths in Europe and the United Stated, 
with an estimated 5-year overall survival of less than 5% 
[1,2]. Pancreatic cancer arises from precursor lesions called 
pancreatic intraepithelial neoplasia, which are characterized 
by the sequential accumulation of alterations in the KRAS 
oncogene and loss of the CDKN2A, TP53, and/or SMAD4 
tumor suppressors in many cases [3]. Although we know 

the frequencies of such mutations in pancreatic cancer, their 
specific functions during the development of pancreatic cancer 
remain unclear. But molecular research has indicated the close 
relationship between the dysfunction of apoptosis-related genes 
and the incidence of pancreatic cancer.

Ki-67 protein (also known as MKI67) is a cellular marker for 
proliferation [4]. It is strictly associated with cell proliferation. 
During interphase, the Ki-67 antigen can be exclusively 
detected within the cell nucleus, whereas in mitosis most of 
the protein is relocated to the surface of the chromosomes. Ki-
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Conclusion: The expression of Ki-67 and p53 are significantly related to early postoperative recurrence within 1 year after 
surgical resection in pancreatic head cancer. Especially, Ki-67 was the independent predictive factor for postoperative 
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67 protein is present during all active phases of the cell cycle 
(G1, S, G2, and mitosis), but is absent from resting cells (G0). 
Importantly, expression of Ki-67 reflects tumor proliferation 
rates and correlates with initiation, progression, metastasis and 
prognosis of many tumors [5-7]. Although Ki-67 is broadly used 
as a proliferation marker, the physiologic function of Ki-67 still 
remains unclear.

p53 protein can induce cell apoptosis to prevent the mutated 
DNA passage to the next generation in cases of failed DNA 
repair. Due to the loss of cell supervision of p53 protein after 
p53 gene mutation, cells are susceptible to entry of S phase 
with injured DNA and genetic instability is the source of gene 
mutation and chromosomal aberration, leading to malignant 
cell change and tumor formation [8]. p53 tumor suppressor gene 
is frequently mutated in human pancreatic cancer (37%–76%), 
predominantly through messense mutation [9-12]. An earlier 
study showed that the mutation of p53 may have a connection 
with the more malignant biologic behavior of pancreatic cancer 
[8,13,14]. However, Some reports showed that p53 was not an 
independent prognostic marker for survival of patients with 
pancreatic cancer [10-12,15].

In the present study, we investigated the expression patterns 
of Ki67 and p53 in pancreatic head cancer and determined 
its association with patient clinicopathological parameters. 
Moreover, we analyzed the relationship between Ki-67 ex
pression, p53 expression, postoperative recurrence and patient 
survival after surgical resection.

METHODS

Patients
Two hundred fifty-five patients underwent pancreati

coduodenectomy at Chonnam National University Hwasun 
Hospital, Hwasun, Korea, between May 2008 and April 2013. 
Among these, one hundred thirty-four patients had pancreatic 
head cancer. All the patients proved to have pancreatic head 
cancer (ductal adenocarcinoma) on histological examination of 
surgical specimens. Eighteen patients were excluded due to R1 
resection (4 patients) and pre- or postoperative chemotherapy 
(14 patients). Eighty-two patients did not receive Ki-67 and p53 
immunohistochemical staining and were excluded. Therefore, 
thirty-four patients with pancreatic head cancer were enrolled 
in this study.

Clinicopathological parameters collected included age, 
sex, tumor size, lymph node metastasis, TNM staging, diffe
rentiation of the tumor, lympohovascular invasion, perineural 
invasion and preoperative level of serum CA 19-9. The clinical 
staging of all tumors was completed in accordance with the 
7th American Joint Committee on Cancer (AJCC) TNM staging 
system [16].

Immunohistochemistry
Immunohistochemical staining was performed using the 

ventastain avidin-biotin complex technique. Formalin-fixed, 
paraffin-embedded blocks of tumor tissues and adjacent 
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Fig. 1. Representative immunohistochemical staining of p53 and Ki-67 in pancreatic head cancer. Negative expression for p53 
(A, ×200) and positive expression for p53 (B, ×200). Positive staining suggests a mutant p53 gene with accumulation of mutant 
p53 proteins. Weak expression (C, ×100), moderate expression (D, ×100), and strong expression for Ki-67 (E, ×100).
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normal mucosa were sliced into 1-mm-thick sections, mounted 
in silene-coated slides. After melting paraffin at 65oC for 30 
minutes, the sections were deparaffinized and rehydrated. 
Endogenous peroxidase activity was eliminated by incubation 
with H2O2 in methanol for 10 minutes, sections were immersed 
in citrate buffer (pH 6.0) in a microwave-resistant container. 
After washing with citrate buffer, the slides were incubated 
for 1 hour at room temperature with the primary antibody for 
Ki-67 (MIB-1, Dako, Glostrup, Denmark) and p53 (1:500; R&D 
systems Inc., Minneapolis, MN, USA). After further washing, 
the slides were incubated for 10 minutes at room temperature 
with the secondary antibody (antimouse IgG, DAKO), washed 
and then incubated with avidin-biotin peroxidase for 10 
minutes. Peroxidase was detected by adding diaminobenezidine 
tetrahydrocholoride. All slides were counterstained with 
haematoxylin dehydrated and mounted with Permount. 
Immunoreactivity for p53 was seen as brown, fine to coarse 
granular staining on the cytoplasmic membrane. The signal 
intensity of p53 was categorized into two grades: 0, negative (Fig. 
1A); 1, positive (Fig. 1B). Ki-67 staining appears as brownish-
yellow granules in the nucleus. The signal intensity of Ki-67 
was categorized into four grades: 0, negative; 1, weak, ≤10% (Fig. 
1C); 2, moderate, 10%–50% (Fig. 1D); and 3, strong, ≥50% (Fig. 
1E).

Outcome measures
The following operative variables were collected for each 

patient: demographics; tumor histology, size of pancreatic head 
cancers; operative detail; most recent follow-up data; disease-
free status (e.g., recurrence vs. nonrecurrence); and date of 
recurrence. Survival status (alive vs. dead) was determined 
by review of the medical records as well as through the use 
of Jeonnam regional cancer center death index. Disease-free 
survival was calculated from the date of operation to the date of 
recurrence or last follow-up.

The cumulative overall and recurrence-free survival rates 
were analyzed on the basis of Ki67 and p53 expression in 
pancreatic head cancer tissues. The clinicopathological va
riables were analyzed to determine the predictive factors for 
postoperative recurrence after surgical resection.

Statistical analysis
Summary statistics were reported using mean or median 

values where appropriate. Student t-test and Mann-Whitney U 
test were used for mean comparison of continuous variables 
and for ordinal data, respectively, whereas chi-squre test and 
Fisher exact test were used to compare frequencies of categorical 
variables between groups. Survival rates were calculated using 
the Kaplan-Meier method, and survival curves were compared 
using the log-rank test. Predictors for postoperative recurrence 
were determined by univariable and multivariable analyses 
using Cox proportional hazard model. Significance was defined 
as P ≤ 0.05. All statistical analyses were performed using the 
statistical package SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA) 

Table 1. Clinicopathological characteristics of patients with pancreatic head cancer

Characteristic
Ki-67 expression

P-value
Negative (n = 4) Weak (n = 15) Moderate (n = 11) Strong (n = 4)

Sex (M:F) 3:1 12:3 7:4 4:0 0.803
Age (yr) 0.438
   ≤60 3 (75.0) 5 (33.3) 4 (36.4) 4 (100)
   >60 1 (25.0) 10 (66.7) 7 (63.6) 0 (0)
Tumor size (cm) 0.661
   ≤3 1 (25.0) 13 (86.7) 9 (81.8) 2 (50.0)
   >3 3 (75.0) 2 (13.3) 2 (18.2) 2 (50.0)
Lymphovascular invasion 2 (50.0) 7 (46.7) 5 (45.5) 4 (100) 0.221
LN metastasis 0.018
   Negative 1 (25.0) 10 (66.7) 2 (18.2) 0 (0)
   Positive 3 (75.0) 5 (33.3) 9 (81.8) 4 (100)
Grade 0.004
   WD + MD 3 (75.0) 15 (100) 9 (81.8) 0 (0)
   PD 1 (25.0) 0 (0) 2 (18.2) 4 (100)
TNM stage (7th AJCC) 0.009
   IA, IB, and IIA 4 (100) 15 (100) 9 (81.8) 2 (50.0)
   IIB, III 0 (0) 0 (0) 2 (18.2) 2 (50.0)

Values are presented as number (%).
LN, lymph node; AJCC, American Joint Committee on Cancer; WD, well-differentiated; MD, moderately differentiated; PD, poorly 
differentiated.



 Annals of Surgical Treatment and Research 203

and STATA 12.1 (StataCorp LP., College Station, TX, USA).

RESULTS

Ki-67 and p53 expression in pancreatic head cancer
The demographic and clinicopathological characteristics of 

these patients are listed in Tables 1 and 2. There were 22 males 
(64.7%) and 12 females (35.3%), with the mean age of 63.0 ± 
10.5 years. The average tumor diameter was 2.5 cm (1.2–5.8 cm). 
According to AJCC cancer stage system, 7th ed. [16], 13 patients 
(38.2%) had stage IA, IB, IIA disease, and 21 patients (61.8%) 
had stage IIB and III. In total, 17 patients (50.0%) displayed 
lymphovascular invasion, 23 patients (67.6%) displayed pe
rineural invasion on microscopic examinations. Lymph node 
metastasis was positive in 19 patients (55.9%). Differentiation of 
the tumor was well or moderately differentiated in 25 patients 
(73.5%) and poorly differentiated in 9 patients (26.5%).

Ki-67 was detected in nearly all the tumor samples (30/34, 
88.2%). Ki-67 expression was correlated with pathological grade 

(P = 0.004), lymph node metasatsis (P = 0.018), and clinical 
stage (P = 0.009); neither was associated with gender, age, 
tumor size and serum CA19-9 levels (Table 1). Interestingly, 
there was no correlation between Ki-67 and p53 expression 
in pancreatic cancer tissues (P = 0.604) (Table 2). p53 was 
expressed in 61.8% (21 of 34) of pancreatic head cancer. p53 
expression did not significantly differ in any clinicopathological 
factors (Table 3).

Ki-67 and p53 expression and postoperative recu
rrence of pancreatic head cancer
During the follow-up with a mean period of 19.7 ± 14.4 

months, the overall recurrence-free survival rates were not 
different between patients with Ki-67 and p53 expression (P = 
0.055 and P = 0.053, respectively) (Fig. 2). However, differences 
in the recurrence rates were significantly evident within 1 year 
after surgical resection. The recurrence rates in pancreatic head 
cancer patients with Ki-67 expression were 0% (nonexpression 
group), 46.7% (weak), 81.8% (moderate), and 100% (strong) at 1 
year (P = 0.001). The recurrence rates with and without p53 
expression were 84.6% and 42.8% at 1 year (P = 0.030).

Univariable analysis found Ki-67 expression, p53 expression, 
and lymphovascular invasion as the predictive factors for 
recurrence within 1 year after pancreaticoduodenectomy 
(Table 4). In the multivariable analyses, we chose gender, Ki-
67 expression, p53 expression, lymphovascular invasion, 
pathological grade, and clinical stage as variables and Ki-67 
expression was the only independent predictive factor for 
tumor recurrence within 1 year after surgical resection (odds 
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Table 2. Correlation between Ki-67 and p53 expression in 
pancreatic head cancer

p53
Ki-67 expression, n (%)

P-value
Negative Weak Moderate Strong

Nonexpression 3 (75.0) 9 (60.0) 7 (63.6) 2 (50.0) 0.604
Expression 1 (25.0) 6 (40.0) 4 (36.4) 2 (50.0)

Table 3. Clinicopathological characteristics of patients with and without p53 expression

Characteristic p53 nonexpression (n = 21) p53 expression (n = 13) Total (n = 34) P-value

Sex (M:F) 14:7 8:5 22:12 0.761
Age (yr) 0.664
   ≤60 4 (30.8) 8 (38.1) 12 (35.3)
   >60 9 (69.2) 13 (61.9) 22 (64.7)
Tumor size (cm)
   ≤3 17 (81.0) 7 (53.8) 24 (70.6) 0.130
   >3 4 (19.0) 6 (46.2) 10 (29.4)
Lymphovascular invasion 8 (38.1) 9 (69.2) 17 (50.0) 0.078
Lymph node metastasis 0.217
   Negative 11 (52.4) 4 (30.8) 15 (44.1)
   Positive 101 (47.6) 9 (69.2) 19 (55.9)
Grade >0.999
   WD + MD 15 (71.4) 10 (76.9) 25 (73.5) >0.999
   PD 6 (28.6) 3 (23.1) 9 (26.5)
TNM stage (7th AJCC) 0.481
   IA, IB, and IIA 9 (42.9) 4 (30.8) 13 (38.2)
   IIB, III 12 (57.1) 9 (69.2) 21 (61.8)

Values are presented as number (%).
WD, well-differentiated; MD, moderately differentiated; PD, poorly differentiated; AJCC, American Joint Committee on Cancer.
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ratio, 27.219; 95% confidence interval, 1.403–528.135; P = 0.029) 
(Table 5).

Ki-67 and p53 expression and cumulative overall 
survival of pancreatic head cancer
Consequently, the cumulative overall survival rates were not 

different between patients with Ki-67 and p53 expression (P = 
0.210 and P = 0.573, respectively) (Fig. 3).

DISCUSSION
Ki-67 is a nuclear protein expressed in proliferating cells 

[4]. A recent review of Ki-67 shows mixed results regarding 
its prognostic value in pancreatic cancer. Stanton et al. [17] 
concluded that Ki-67 did not appear to correlate with survival 
and was not a useful prognostic marker in pancreatic cancer. 
On the other hand, others reported that Ki-67 expression was 
correlated with pathological grade, lymph node metastasis, and 
clinical stage [18]

Notably, our study showed the overall recurrence-free sur
vival rates were not different between patients with and 

Fig. 2. Cumulative recurrence rates after surgical resection according to the degree of Ki-67 (A) and p53 expression (B) in 
pancreatic head cancer tissue. Overall recurrence-free survival rates were not different between patients with Ki-67 and p53 
expression (P = 0.055 and P = 0.053, respectively). However, the recurrence-rate within 1 year after surgical resection was 
significantly lower in pancreatic head cancer patients expressing Ki-67 (P = 0.003) and p53 (42.8% vs. 84.6%, P = 0.030).
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Table 4. Univariable analysis of predictive factors for early 
postoperative recurrence within 1 year after pancreati
coduodenectomy

Variable Recurrence 
(n = 20)

Nonrecurrence 
(n = 14) P-value

Sex (M:F) 13:7 9:5 0.966
Age (yr) 0.440
   ≤60 6 (30.0) 6 (42.9)
   >60 14 (70.0) 8 (57.1)
Tumor size (cm)
   ≤3 13 (65.0) 11 (78.6) 0.467
   >3 7 (35.0) 3 (21.4)
Lymphovascular invasion 13 (65.0) 4 (28.6) 0.037
Lymph node metastasis 0.201
   Positive 13 (65.0) 6 (42.9)
   Negative 7 (35.0) 8 (57.1)
Grade
   WD + MD 13 (65.0) 12 (85.7) 0.250
   PD 7 (35.0) 2 (14.3)
TNM stage (7th AJCC) 0.058
   IA, IB, and IIA 5 (25.0) 8 (57.1)
   IIB, III 15 (75.0) 6 (42.9)
p53 0.030
   Nonexpression 9 (45.0) 12 (85.7)
   Expression 11 (55.0) 2 (14.3)
Ki-67 0.003
   Negative + weak 7 (35.0) 12 (85.7)
   Moderate + strong 13 (65.0) 2 (14.3)

Values are presented as number (%) unless otherwise indicated.
WD, well-differentiated; MD, moderately-differentiated; PD, 
poorly differentiated; AJCC, American Joint Committee on 
Cancer. 

Table 5. Multivariable analysis of predictive factors of early 
postoperative recurrence within 1 year after pancreati
coduodenectomy

Variable OR (95% CI) P-value

p53 expression 18.296 (0.870–384.576) 0.061
Ki-67 expression 0.029
  Negative + weak Reference
  Moderate + strong 27.219 (1.403–528.135)

OR, odds ratio; CI, confidence interval.
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without Ki-67 expression (P = 0.055) (Fig. 3A). However, Ki-
67 expression was closely related to tumor recurrence within 
1 year after pancreaticoduodenectomy, indicative of the more 
aggressive behavior of these tumors. Ki-67 tended to increase 
with the decreasing degree of differentiation and was correlated 
with lymph node metastasis and clinical stages. These findings 
suggest that Ki-67 expression promotes pancreatic cancer [18]. 
Consistent with this finding, univariable and multivariable 
analysis revealed that Ki-67 expression is an independent 
predictive factor for early postoperative recurrence within 1 
year after surgical resection. Usually, early recurrence after 
surgical resection is due to pre-existing intra-abdominal spread 
or the incomplete removal of tumors, while late recurrence is 
mostly due to nonsynchronous, multifocal tumorigenesis. In 
our experiment, only one patient experienced tumor recurrence 
along the resection margin; therefore incomplete resection did 
not contribute to the early recurrence. These suggested that 
pancreatic cancer cells expressing Ki-67 may reflect tumors of 
an aggressive nature. Whereas Ki-67 did not appear to correlate 
with survival, Ki-67 may be a useful prognostic marker in 
pancreatic cancer.

 The tumor suppressor gene p53 is critical to normal cellular 
function, and its amino acid sequence is highly conserved 
among many species. Following DNA damage, p53 protein 
levels increase because of posttranslational changes in protein 
stability. The p53 response to DNA damage leads to both cell 
cycle arrest and apoptosis [19]. Mutation of the p53 gene are 
frequent genetic abnormalities in various human malignancies, 
including pancreatic adenocarcinoma [20].

The p53 expression in pancreatic cancer is reported to be 
37%–76% [9-12]. In our study, it was 61.8%. The correlation 
between p53 expression and TNM stage, differentiation of the 
tumor and the prognosis is still controversial. Some studies 

have reported association between p53 gene and the cell 
cycle, and have discussed the role of p53 in the carcinogenesis 
of pancreatic cancer [12,21,22]. However, researchers have 
proposed various results in the association between p53 
mutation and clinicopathologic properties and survival rate. 
Many studies report that there is no association between 
p53 mutation and clinicopathologic properties [10-12], while 
Yokoyama et al. [23] reported an association between p53 
mutation and clinical stages. In this study, p53 expression had 
no association with any clinicopathological factors.

Nakamori et al. [20] reported that mutations of the p53 
gene might play an important role in cancer aggressiveness 
and could be a clinically useful predictor of prognosis in 
patients with pancreatic adenocarcinioma. And Sato et al. [24] 
reported p53 protein expression may be a beneficial prognostic 
factor for patients with pancreatic cancer. In our study, p53 
expression was predictive factor for tumor recurrence within 
1 year after surgical resection. However, p53 expression is not 
an independent predictive factor in the multivariable analysis 
and the cumulative overall survival rates were not different 
between patients with and without p53 expression.

This study has the limitation of any retrospective study 
and limited cases. For example, lymph node metastasis and 
tumor size are known as an independent prognostic factor for 
pancreatic cancer [16,25]. In our study, patients with lymph 
node metastasis and tumors more than 3 cm had a higher 
recurrence-rate within 1 year after surgical resection than 
patients without these characteristics. However, this result was 
not statistically significant. We thought this may have resulted 
from limited cases. In addition, this study is confined to Ki-
67 and p53 expression and doesn’t consider the compounding 
effect of molecular markers such as MDM2, p21Waf1, and 
SMAD4. Therefore, the accumulation of more, larger groups 
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Fig. 3. Cumulative survival rates after surgical resection according to the degree of Ki-67 (A) and p53 expression (B).
Cumulative overall survival rates were not different between patients with Ki-67 and p53 expression (P = 0.210 and P =0. 573, 
respectively). 
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of patients and further examinations (more rigorous research 
design) will be necessary to draw any definitive conclusion.

In summary, Ki-67 and p53 is frequently expressed in pan
creatic cancer. Our study indicates that the expression of Ki-
67 and p53 is closely related to postoperative recurrences 
within 1 year after surgical resection. Especially, Ki-67 was the 
independent predictive factor for postoperative recurrence 
within 1 year. This study suggests that immunohistochemical 
staining for Ki-67 and p53 may be applied as a predictive marker 
for early postoperative recurrence after surgical resection in 
pancreatic head cancer.
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