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Abstract
We investigated the expression patterns of Ki67 and p53 in metastatic pancreatic adenocarcinomas and analyzed their relation-
ship with disease progression-free survival (PFS) and overall survival (OS) in the overall study population and in patients treated
with a gemcitabine-containing chemotherapy versus FOLFIRINOX chemotherapy. Patients with histologically confirmed stage
IV adenocarcinoma of the pancreas treated at AUBMC were included after obtaining institutional review board approval (IRB
ID: IM.ST.05). The ROC was plotted to identify the threshold Ki-67, p53 and CA19–9 value for disease progression, the
identified value was further used in Kaplan Meier curves to compare PFS for both groups (gemcitabine versus
FOLFIRINOX). A value of p < 0.05 was considered significant in all analyses. On univariate analysis, patients who had a Ki-
67 > 12.5% or a p53 > 15% had significantly shorter PFS (p = 0.034 and p = 0.016, respectively). This effect was restricted to
Gemcitabine or gemcitabine-combination treated patients. A decrease in CA19–9 levels 6–8 weeks after chemotherapy of >58%
had significantly longer PFS (p = 0.027). On multivariate analysis after controlling for grade, age and P53, Ki-67 remained
significant, for every one unit increase in Ki-67 the progression risk increases by 1.017 times. Our study highlights the negative
impact of high P53 expression and Ki67 proliferation index on PFS in patients with metastatic pancreatic cancer.
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Introduction

Pancreatic cancer is the fourth leading cause of death from
malignant disease and has an extremely poor prognosis with
a 5-year survival rate less than 5% [1]. Chemotherapy for
metastatic disease can suppress tumor growth however a sig-
nificant proportion of cancers do not respond and all

eventually develop resistance. Given the rapid lethality of this
disease, identification of either molecular or immunohisto-
chemical markers involved in response to chemotherapy is
crucial in this patient population to identify subsets of patients
who are more likely to respond to specific therapies and tailor
therapeutic strategies accordingly.

Pancreatic cancers involve many genomic alterations, the
majority of which include alterations in cell cycle regulators
such as tumor suppressor gene p53 (TP53) [2]. The TP53 gene
is critical to normal cellular function and results in cell cycle
arrest and apoptosis following DNA damage [3]. Mutated
TP53 leads to a p53 protein with increased stability. Thus high
expression of the p53 protein is indicative of mutated
TP53. While several retrospective studies failed to iden-
tify p53 overexpression a prognostic marker, a recent
prospective trial, the CONKO-001 revealed that a high
expression of p53 was significantly associated with
shorter disease-free survival (DFS) and overall survival
(OS) in the setting of resected pancreatic cancer [4].
The prognostic impact of p53 expression in the meta-
static setting has yet to be determined.
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Ki-67 protein is a cellular marker for proliferation which is
present during all active phases of the cell cycle but is absent
from resting cells [5]. In tumor cells, the expression of Ki-67 is
indicative of tumor proliferation rates and is associated with
initiation, progression, metastasis and prognosis [6–8]. In pan-
creatic cancer, Ki-67 evaluated by immunohistochemistry
(IHC) has shown conflicting results with regard to its
prognostic impact [9].

Protein expressions of p53 and Ki67 can be easily tested by
IHC on archival formalin fixed paraffin embedded tumor spec-
imens. Despite extensive research on these biomarkers, data on
the prognostic impact of Ki67 and p53 in patients with meta-
static pancreatic cancer remains limited. We therefore investi-
gated the expression patterns of Ki67 and p53 in metastatic
pancreatic adenocarcinomas and analyzed their relationship
with disease progression-free survival (PFS) on first-line che-
motherapy for metastatic disease and overall survival (OS).We
further correlated tumor expression with PFS and OS in pa-
tients treated with a gemcitabine-containing chemotherapy ver-
sus FOLFIRINOX chemotherapy (5fluurouracil, irinotecan
and oxaliplatin) in a retrospective analysis.

Materials and Methods

Patients

After institutional review board (IRB) approval (IRB ID:
IM.ST.05), the medical records of patients with pancreatic
cancer treated at the American University of Beirut Medical
center from May 2000–November 2013 were retrospectively
reviewed. Eligibility criteria included all patients with histo-
logically confirmed stage IVadenocarcinoma of the pancreas.
Patient baseline characteristics collected included sex,
smoking status, treatment modality, grade of tumor, Body
Mass index (BMI), disease history, Karnofsky Performance
status and response to treatment. Follow up on all patients
was made though clinic charts and medical records for disease
and survival status. All data were de-identified and transferred
into a password protected IBM SPSS v. 23 spread sheet for
statistical analysis.

For every pancreatectomy specimen, all slides were
reviewed to identify the optimal blocks to be used for immu-
nohistochemistry. Only one block was selected for each case,
based on amount of tumor present and optimal tissue preser-
vation. For needle core biopsy cases, only one block was
available and was used for this study.

Immunohistochemistry

Immunostaining for Ki-67 (MIB-1) and P53 (DO-7) was per-
formed on the Ventana immunostainer using protocols
established by the manufacturer and validated at our

laboratory. With each run of immunostaining, positive control
tissues were used in order to confirm adequate staining per-
formance, and internal controls were noted, when applicable.
For Ki-67 and P53 staining, only nuclear staining was consid-
ered positive. Ki-67 proliferation index was determined using
the following method: 1-the tumor area was screened and foci
with the highest nuclear staining were selected; 2-these foci
were further subdivided into quadrants and examined at 400×
magnification; 3- tumor nuclei were counted in each quad-
rants, and the percentage of tumor nuclei with positive stain-
ing was determined. P53 staining results were noted as an
overall estimate (percentage) of positive tumor nuclei,
throughout the entire tumor area in the stained section.
There were only three surgical specimens and the rest were
biopsies.

Tumor Marker CA19–9 Measurement

Peripheral venous blood samples were retrospectively
reviewed for each patient at the time of presentation, prior to
any chemotherapy regimen and then again 6–8 weeks after che-
motherapy administration. The analysis was performed using an
automated, commercially available electrochemiluminescent
immunoassay (GI-MA CA 19–9, Corporation Cobas e601
Hitachi/ Roche, Germany).

Statistical Analysis

Numerical variables were summarized by their median, mean
and range. Categorical variables were described by counts and
relative frequencies. Mean comparison was done using inde-
pendent sample t-test for patients who had progression vs.
patients who did not have progression. OS was defined as
the time from initiation of first-line chemotherapy to death
(due to any cause) or the end of follow-up (censored
observations). PFS was calculated from the time of ini-
tiation of first line chemotherapy to date of documented
relapse. PFS curve was plotted using the Kaplan Meier
curve, and the log-rank was used to identify significant
difference between the studied groups. Cox regression
multivariate analysis that includes time-to-event and
controls for all variables in the model was used to ex-
amine variables that are influencing OS and PFS. Using
the backward elimination method, the hazard ratios
(HRs) and 95% CIs were calculated for variables that
remained significant in the model. The Receiver operat-
ing curve (ROC) was plotted to identify the threshold
Ki-67 value for disease progression, the identified value
was further used in Kaplan Meier curves to compare
PFS for both groups. A value of p < 0.05 was consid-
ered significant in all analyses. All p values were 2-
sided; all statistical analysis was performed using the
SPSS v.23.0 statistical package.
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Results

A total of 61 patients were included in the analysis, out of
these patients 58 had upfront metastatic disease while 3 pa-
tients had prior whipple surgery before the time of disease

recurrence. Out of the 3 patients who had prior whipple, only
two received post-operative adjuvant Gemcitabine, Median
time from surgery to recurrencewas 17months. Table 1 shows
patients’ baseline characteristics. Median follow up on all pa-
tients was 15 months. There were 39 patients who took
Gemcitabine-based chemotherapy with a median of 5 cycles,
and 22 patients took Folfirinox with a median of 5 cycles.
Progression was noted in 45 (73.7%) patients; whereas 13
(21.3%) patients had stable disease and only 3 patients (5%)
had partial response.

Means for all three markers Ki-67, P53 and Ca19–9 were
significantly higher in patients who had disease progression
compared to patients who did not have disease progression;
Ki67 (31.0 vs 8.2; p < 0.001), P53 (46.9 vs 16.2; p < 0.001)
and CA19–9 (8885.3 vs 1714.4; p = 0.016). Means for all
three markers for patients who were alive compared to those
who died was not significant.

High Proliferation Is Associated with Decreased Time
to Disease Progression

To identify the cutoff for Ki-67 proliferation index after which
the likelihood of progression increases, we plotted the ROC
curve. The estimated cutoff of 12.5% was used in a Kaplan
Meier curve for PFS and OS. The curve showed that in the
overall study population, patients who had a Ki-67 greater
than the cutoff 12.5% had significantly shorter PFS (p =
0.034) (Fig. 1). Most interesting, this effect was restricted to
Gemcitabine or gemcibaine-combination treated patients (p =
0.048) while in patients treated with FOLFIRINOX, low pro-
liferation was not associated with improved PFS (p = 0.697)
(Fig. 2). Low proliferation was not associated with improved
OS in the overall population (p = 0.549) (Fig. 1). This effect
on OS remained insignificant even after comparing the
Gemcitabine-treated and FOLFIRINOX-treated groups.

Table 1 Patient baseline characteristics

N (%) Median

Gender

Males 38 (62.3%)

Females 23 (37.7%)

Smokers 35 (57.4%)

BMI ≤ 30 (overweight) 36 (59%)

BMI > 30 (Obese) 25 (41%)

HTN 29 (47.5%)

DM II 27 (44.3%)

Karnofsky Performance status

≤80% 12 (19.7%)

>80% 49 (80.3%)

Prior Whipple procedure 3 (4.9%)

Adjuvant Chemotherapy 2 (3.3%)

Gemcitabine/Gemcitabine-based

Gemcitabine single agent 10 (16.3%) 6 cycles

Gemzar-Oxaliplatin 11 (18.0%) 5 cycles

Gemzar- Cisplatin 12 (19.7%) 5 cycles

Gemzar- Abraxane 6 (9.8%) 6 cycles

Folfirinox 22 (36%) 5 cycles

Response to first-line chemotherapy

Stable 13 (21.3%)

Progression 45 (73.7%)

Partial response 3 (5.0%)

Second line therapy 29 (47.5%)

Death 53 (86.9%)
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Fig. 1 progression free survival (PFS) and overall survival (OS) for the overall study group in dependence on high and low ki67 index



High Expression of p53 Is Associated with Decreased
Time to Disease Progression

To identify the cutoff for P53 percentage after which the like-
lihood of progression increases, we plotted the ROC curve.
The estimated cutoff of 15.0% was used in a Kaplan Meier
curve for disease progression and overall survival. The curve
showed that in the overall study population, patients who had
a P53 greater than the cutoff 15.0% had significantly shorter
PFS (p = 0.015) (Fig. 3). Also, this effect was restricted to
Gemcitabine treated patients (p = 0.016) while for patients
treated with FOLFIRINOX, low expression was not associat-
ed with improved PFS. Low P53 expression was not associ-
ated with improved OS in the overall population (p = 0.652)
(Fig. 4). This effect on OS remained insignificant even after
comparing the Gemcitabine-treated and FOLFIRINOX-treat-
ed groups.

Decreasing Levels of CA19–9 of ≥58% Is Associated
with Prolonged PFS

To identify the cutoff for CA19–9 after which the likelihood of
progression increases, we plotted the ROC curve. The estimat-
ed cutoff of 58% was used in the Kaplan Meier curve for
disease progression and overall survival. The curve
showed that in the overall study population, patients
who had a decrease in CA19–9 levels 6–8 weeks after
chemotherapy of >58% had significantly longer PFS
(p = 0.027) (Fig. 5). Also, this effect was restricted to
Gemcitabine-based treated patients only (P-0.044)
(Fig. 6). In the overall study population, a decrease in
CA19–9 levels of >58% was not associated with prolonged
OS (Fig. 5). The value remained non significant even
when comparing the Gemcitabine-treated group and the
FOLFIRINOX-treated group.
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Fig. 2 progression free survival (PFS) in gemcitabine group and FOLFIRINOX group in dependence on high and low ki67 index

Fig. 3 progression free survival (PFS) and overall survival (OS) for the overall study group in dependence on high and low p53 expression



Multivariable Analysis

To test the variables influencing progression, a Cox regression
was plotted for P53, Ki-67, grade, and age at diagnosis. Ki-67
and grade were shown to be significant, for every one unit
increase in Ki-67 the progression risk will be increased by
1.017 times, controlling for other variables including grade,
age, and P53 (Table 2). Grade was significantly associated with
progression in the model; patients with grade 2 tumors were
7.163 times more likely to develop disease progression com-
pared to patients with grade 1 tumors while patients with grade
3 tumors were 15.182 times more likely to develop disease
progression compared to patients with grade 1 tumors (Table 2).

Multivariate Cox regression analysis for OS was adjusted
for age, grade, P53, Ki-67 and Ca 19.9. Following the

backward elimination method, ki-67 remained in the model
although the p value was not significant at 0.249.

Discussion

Given the dismal prognosis of pancreatic adenocarcinomas
and the very low 5-year survival rates, tumor biomarkers that
could be used to predict which subset of patients are likely to
benefit from chemotherapy would be useful to tailor therapy
according to that individual patient’s tumor characteristics.

P53 is a key mediator of DNA damage response by acting
as a critical transducer of the DNA damage signal to p53 and
other tumor suppressors [10]. The reported incidence of high
P53 expression in pancreatic adenocarcinomas ranges
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Fig. 4 progression free survival (PFS) in gemcitabine group and FOLFIRINOX group in dependence on high and low p53 expression

Fig. 5 progression free survival (PFS) and overall survival (OS) for the overall study group in dependence on >58% or < 58% decrease in CA19–9 after
6–8 cycles of chemotherapy



between 25 and 68% [11]. In previously published studies of
resectable pancreatic adenocarcinomas, high P53 expression
had no influence on OS [12–17]. Only few studies in resect-
able pancreatic adenocarcinomas receiving adjuvant chemo-
therapy reported that high P53 expression negatively influ-
enced OS [4, 18]. Moreover, in a recently published study of
metastatic pancreatic adenocarcinoma patients receiving
FOLFIRINOX, patients with a strong tumor expression of
P53 had a significantly lower OS compared to patients with
no or weak expression of the protein [19]. In our cohort, high
expression of P53 did not show any influence on OS whether
treated with Gemcitabine-based or FOLFIRINOX treatments.

In our study, high P53 expression tends to negatively influ-
ence PFS in patients treated with Gemcitabine-based chemo-
therapy, but not in patients of the FOLFIRINOX group.
In vitro studies revealed that mutant P53 confers resistance
to gemcitabine treatment by stabilizing the mutant P53 protein
in the nuclei of pancreatic adenocarcinomas [20, 21]. Thus,
P53 expression might be used to predict which subset of pan-
creatic patients are more likely to respond to gemcitabine-
based therapy. Despite the adverse activation of mutant P53
by gemcitabine, simultaneous treatment of pancreatic adeno-
carcinoma cells with gemcitabine and p53-reactivating mole-
cules such as CP-31398 and RITA reduced growth rate and
induced apoptosis [21].

Ki-67 is a nuclear protein which is expressed in proliferat-
ing cells. Conflicting results pertaining to the prognostic sig-
nificance of Ki-67 in resectable pancreatic adenocarcinomas
have also been reported. To our knowledge, no study
has reported on the prognostic significance of Ki-67 in
advanced pancreatic cancers. Our results revealed that
Ki-67 values had no influence on OS; however, in tu-
mors with a high Ki-67proliferation index, the PFS was
significantly poorer. Moreover, this negative effect was
only seen in Gemcitabine-based treated group but not in
the FOLFIRINOX group. In mouse models of pancreatic
cancer, tumors showing low values of Ki-67 had in-
creased sensitivity to gemcitabine [22]. This could par-
tially explain the poorer PFS seen in high proliferating
patients on gemcitabine therapy in our cohort. On mul-
tivariate analysis, Ki-67 remained significant with re-
spect to disease progression and revealed that for every
1 % unit increase in Ki-67 the progression risk will be
increased by 3%.

Several studies have addressed the efficacy of CA19–9 as a
surrogate marker of response to chemotherapy in advanced
pancreatic cancers. The majority of studies found that a de-
crease in CA19–9 levels of >20–50% correlated significantly
with better OS [23–26]; however, in our cohort the cutoff of
58% did not affect OS but significantly improved PFS on
univariate analysis.

The FOLFIRINOX regimen has been shown to be superior
to gemcitabine-based chemotherapy in metastatic pancreatic
cancers [27]; however, our preliminary results reveal that the
gemcitabine-based therapy could be effective in patients with
low ki-67 and p53 values. The Ki-67 and p53 markers
are easily obtained in the clinic and thus could serve as
prognostic markers for metastatic cancer patients who
are likely to respond to gemcitabine-based therapy instead of
FOLFIRINOX. Thus, these two markers ought to be further

Table 2 Multivariate Cox regression testing variables influencing
disease progression

p value Hazard ratio 95.0% CI for Hazard ratio

Ki-67 (%) .037 1.017 1.001 1.034

Grade I (Ref) .012

Grade II .069 7.163 .858 59.791

Grade III .014 15.182 1.737 132.672
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evaluated in prospective trials since prognosis in pancreatic
cancer patients remains poor and treatment choices are still
limited.

Limitations of this study are the retrospective nature of the
study as well as the limited number of cases with no random-
ization between treatment groups. We also have a heteroge-
neous sample of patients including some patients who had
prior pancreatic resection and adjuvant therapy. The use of
second-line and subsequent therapywas not uniform and these
factors may have influenced the overall survival results. These
observations are preliminary and hypothesis-generating how-
ever prospective validation of these markers may help guide
systemic therapy.

Conclusion

Our study highlights the negative impact of high P53 expres-
sion and Ki67 proliferation index on PFS in patients with
metastatic pancreatic cancer. Additionally, Ki-67 remained
an independent prognostic factor for PFS after controlling
for other factors. This negative effect was especially seen in
the Gemcitabine-based treated group. Further prospective
studies are warranted to validate the prognostic and predictive
value of Ki67 and p53 in advanced pancreatic adenocarcino-
ma with implications for systemic therapy treatment protocol
selection.
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