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Background: This study aimed to investigate whether the pretreatment platelet to lymphocyte ratio (PLR)
is a significant prognostic factor in metastatic pancreatic ductal adenocarcinoma (PDAC).

Methods: A total of 134 histologically confirmed PDAC patients were included in our retrospective study.
The data included treatment regimens, Karnofsky Performance Status (KPS), and PLR. Kaplan-Meier
curves and univariate and multivariate Cox proportional hazards regression analyses were applied to identify
the prognostic factors associated with overall survival (OS).

Results: We used the receiver operating characteristic (ROC) curve to set the cut-off value of the PLR. For the
Kaplan-Meier analysis, the median overall survival in PDAC patients with a PLR of 123 or less was 19.7 months,
whereas the values in those with a PLR greater than 123 was 13.7 months (P=0.014). PLR was a significant
prognostic marker in the multivariate Cox model [hazard ratio (HR) =1.721, 95% CI: 1.162-2.550, P=0.007].
Conclusions: The PLR pretreatment had potential as prognostic indicator in patients with metastatic PDAC.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the
most devastating cancer types characterized by a 5-year
patient survival rate of as low as 8% (1). By 2030, pancreatic
cancer is predicted to surpass breast, prostate, and colorectal
cancer and become the second leading cause of cancer-
related death in the United States, next to lung cancer (2).
The number of deaths caused by PDAC ranked top 6
among Chinese male population and top 7 among Chinese
female population in all cancer-related mortalities (3).
A paucity of efficient early detection method leads to
advanced stages upon diagnosis, leaving more than 80% of all
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patients ineligible for radical resection. Moreover, the lack of
effective therapeutic approaches only worsens the situation.
As one of the most lethal neoplasms, the resectability rate
of PDAC is as low as 10-20%. So far, the only prognostic
biomarker recommended by the NCCN guidelines for
clinical use for PDAC patients is carbohydrate antigen
19-9 (CA 19-9). We focused on the cost-effectiveness
and availability when searching for potential prognostic
biomarkers. Hence, we focused on hematologic markers
such as leukocyte, neutrophil, lymphocyte, platelet counts,
neutrophil to lymphocyte ratio (NLR), and platelet to
lymphocyte ratio (PLR) (4). These hematologic markers
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along with other systematic inflammatory markers like
albumin and C-reactive protein affect varied solid tumors (5).
The predicting ability for survival of PLR has been tested
in numerous solid malignancies including gastric (6), non-
small cell lung cancer (NSCLC) (7), breast (8), colorectal (9),
esophageal (10), hepatocellular (11), ovarian (12), and
pancreatic cancers (13). However, some literatures in PDAC
are inconsistent. The relevance between PLR and metastatic
PDAC remains enigmatic. The objective of our study is
to investigate the prognostic role of PLR, especially in
metastatic PDAC.

Methods
Patients

From 1 January 2010 to 1 June 2015, a total of 134 patients with
cytologically or histologically confirmed metastatic PDAC were
retrospectively included in our study for analysis. The study
was approved by the ethics committee of the Chinese People’s
Liberation Army (PLA) General Hospital. Patients were
included using the following criteria: (I) treatment-naive; (II)
not eligible for operation; (III) sufficient bone marrow function;
(IV) normal hepatic and renal function; and (V) Karnofsky
Performance Status (KPS) score >70. A written informed
consent from each patient was obtained prior to treatment.
All patients were subjected to at least one cycle of gemcitabine
monotherapy or combined therapy with no targeted therapies
under the instruction of institutional guidelines and regulations.
Patients with incomplete data of toxicities or those who were out
of contact (loss of follow-up) were then excluded. We followed
up on the patients on a 3-month basis until July 30, 2016 to
obtain clinical and outcome information. The date of death
was obtained from the China disease prevention and control
information system or via follow-up.

Data collection

All clinical data for analysis, including age, sex, KPS, tumor
location, and pretreatment laboratory peripheral blood
tests, were collected from the medical records of the PLA
General Hospital database. The blood tests were obtained
1 week prior to chemotherapy. The absolute lymphocyte
count was calculated by the percentage of segmented
neutrophils per WBC count. The PLR was determined
by the absolute platelet count divided by the absolute
lymphocyte count. The primary study endpoint was the
overall survival (OS). Censoring occurred if patients were
still alive at the last follow-up.
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Statistical analysis

Continuous variables were expressed as mean values =
standard deviation. Frequency or percentage was presented
for categorical variables. We used the ROC curve to
determine the best cut-off value for OS with pretreatment
PLR. Survival data were analyzed using the Kaplan-Meier
method followed by the log-rank test. Cox proportional
hazards regression models were performed for univariate and
multivariate survival analyses. All statistical analyses were
performed using the statistical software packages R (http://
www.R-project.org, The R Foundation). All tests were two
sided and statistical significance was defined as P<0.05.

Results

A total 134 metastatic PDAC patients consisting of 89 males
and 45 females who received at least one cycle of chemotherapy
was eligible for the assessment (Zable I). The mean age at the
time of diagnosis was 56.6 (95% CI: 48.14-64.46) years old.
At the last follow-up, 122 (91.04%) patients had died. The
median survival ime was 7.50 months (95% CI: 6.23-8.77).
We used over-all survival as the time point to generate the
receiver operating characteristic (ROC) curve, the optimal
cut-off value of 123 for pretreatment PLR, and area under
the curve (AUC) of 0.586. The Kaplan-Meier cumulative
survival curve for the metastatic PDAC patients stratified
by pretreatment PLR is shown in Figure 1. The patients
with PLR >123 had significantly shorter median survival
(6.3 months; 95% CI: 4.97-7.63) compared with patients
with PLR <123 (9.5 months; 95% CI: 7.26-11.74) (P=0.014).
Univariate and multivariate analyses were performed to
investigate the prognostic role of pretreatment PLR in
pancreatic cancer patients who underwent chemotherapy.
Male (P=0.010), higher PLR (P=0.015), and gemcitabine
monotherapy compared with gemcitabine combined regimen
(P=0.007) were poor prognostic factors for OS according to
the univariate analysis in this study cohort (7able 2). A high
level of pretreatment PLR was a robust prognostic factor for
OS [hazard ratio (HR) =1.721, 95% CI: 1.162-2.550, P=0.007]
according to the multivariable analysis adjusted for gender,
KPS, location, and chemotherapy regimens (Table 3). Based
on our analysis, PLR was an independent prognostic factor for
metastatic PDAC patients.

Discussion
In the last decade, a growing number of evidences showed

the critical role of inflammation in tumor initiation,
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Table 1 Demographics and pretreatment hematological results
from patients with metastatic PDAC

Characteristics Data
Age (year) 56.60+8.46 [34-79]
Gender
Male 89
Female 45
KPS
70 4 (3.0
80 19 (14.2)
90 111 (82.8s)
Prediagnostic smoking status
Never 52
Ever 82

Prediagnostic alcohol consumption

0 37

>0 97
Location

Head 44

Body and tail 90
Chemotherapy

Monotherapy 42

Combined therapy 92
Platelet (x10%/L) 196.76+69.05 [82-558]
Lymphocyte (x10%/L) 0.26+0.93 [0.04-0.49]
WBC (x10%L) 7.03+2.48 [2.16-16.48]
PLR 155.54+93.28 [39.25-725.55]

Data are presented as number, mean + SD, n (%), or [range].
PDAC, pancreatic ductal adenocarcinoma; KPS, Karnofsky
Performance Status; WBC, white blood cell; PLR, platelet to
lymphocyte ratio.

promotion, metastasis, and angiogenesis (14). Immune
cells including macrophages, mast cells, natural killer cells,
and T- and B-lymphocytes interweave with tumor cells
and stoma cells to form a tumor complex. Various cells
communicate with each other via autocrine and paracrine
cytokines and chemokines to control tumor growth (15).
A pancreatic cancer cell could trigger a systemic
inflammation manifested as aberrant hematologic cell
counts accompanied with elevated circulating cytokines,
namely, interleukin (IL)-6, IL-10, IL-8, and IL-1RA (16).

The concurrent overexpression of 1L-6 and IL-1 stimulate
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Figure 1 Kaplan-Meier cumulative survival curve for metastatic
PDAC patients according to pretreatment PLR. PDAC, pancreatic
ductal adenocarcinoma; HR, hazards ratio; PLR, platelet to

lymphocyte ratio.

megakaryocytes and results in thrombocytosis in PDAC.
Moreover, platelets augment tumor growth, metastasis,
and angiogenesis by secreting vascular endothelial growth
factor (VEGF) (17) and platelet-derived growth factor
(PDGF) (18). Platelets play a vital role in tumor cell-
induced thrombosis. Tumor cells express a tissue factor that
binds to factor VIla, consequently initiating a coagulation
cascade and promoting thrombosis (19). Therefore, tumor
cells evade the host’s immune response and migrate to
remote sites under the cloak of platelets (20). Brown ez al.
confirmed that elevated platelet counts are associated with
shortened survival time in PDAC patients compared with
non-elevated platelet counts (21). An in vivo study has also
shown that anti-platelet drugs could reduce metastasis in
PDAC. This information provides us a promising treatment
option for metastatic PDAC (22).

Lymphocyte, as a vital element of host immune system,
also predict a worse outcome in varied solid malignancies.
Lymphocytopenia is a reflection of a generalized state
of a depressed immune function. Lymphocyte alone has
shown to be an independent survival factor of pancreatic
cancers (22-25). Systemic inflammation induced by
tumors is manifested by the secretion of a series of
inhibitory immunologic mediators, remarkably, IL-10 and
transforming growth factor-B (T'GF-B). This secretion can
result in a significant immunosuppression and impaired
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Table 2 Univariate analysis for the association between clinical characteristics and survival in metastatic PDAC patients

Univariate analysis

Variables Category n
HR 95% CI P value

PLR <123 57 1

>123 77 1.581 1.092-2.287 0.015*
Age - 1

Increasing 1.003 0.981-1.025 0.787
Gender Male 89 1

Female 45 0.603 0.411-0.886 0.010*
KPS 90 111 1

80 19 1.103 0.673-1.809 0.696

70 4 2.480 0.904-6.803 0.078
Location Head 44 1

Body/tail 90 1.150 0.786-1.684 0.471
Chemotherapy Monotherapy 42 1

Combined therapy 92 0.595 0.407-0.870 0.007**

*, P<0.05; **, P<0.01. PDAC, pancreatic ductal adenocarcinoma; HR, hazards ratio; PLR, platelet to lymphocyte ratio; KPS, Karnofsky
Performance Status.

Table 3 Multivariate analysis for the association between clinical characteristics and survival in metastatic PDAC patients

Multivariate analysis

Variables Category n
HR 95% CI P value

PLR <123 57 1

>123 77 1.721 1.162-2.550 0.007*
Age - 1

Increasing 0.993 0.971-1.016 0.564
Gender Male 89 1

Female 45 0.616 0.413-0.918 0.017*
KPS 90 111 1

80 19 1.073 0.365-3.152 0.898

70 4 1.082 0.641-1.825 0.769
Location Head 44 1

Body/tail 90 1.438 0.945-2.188 0.090
Chemotherapy Monotherapy 42 1

Combined therapy 92 0.588 0.388-0.890 0.012*

The multivariate Cox regression model adjusted for gender, KPS, location, and WBC, platelets, hemoglobin. *, P<0.05; **, P<0.01. PDAC,
pancreatic ductal adenocarcinoma; HR, hazards ratio; PLR, platelet to lymphocyte ratio; KPS, Karnofsky Performance Status.
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lymphocyte function (26). The aberrant overproduction
of cytokines TGF-p and IL-10 inhibit proliferation and
development of Th1-like responses in the peripheral blood
mononuclear cell (PBMC) and result in T-cell cytokine
production patterns in favor of a Th2 immunophenotype,
thereby exerting an immunosuppressive effect and enabling
tumor cells to survive in the host immune system (27).

By combining the two aforementioned elements, PLR has
the potential to be a better biomarker in predicting PDAC
prognosis. In our study, high PLR was significantly associated
with shorter OS. This result is in accordance with the study
conducted by Qi et 4/., which had a sample size of 321 locally
advanced and metastatic pancreatic adenocarcinoma that
showed a predictive value of PLR (HR =1.537, 95% CI:
1.114-2.122, P=0.009) for OS (4). Although inconsistencies
exist among current literature, Templeton et #/’s meta-
analysis found that a higher PLR is associated with worse OS
in various solid tumors according to data from 22 studies that
included a total of 12,754 patients (28). Besides, binary cutoffs
were more advantageous than two cut-offs. Bhatti et al.
reported an inclination toward a shorter survival in the
highest category of PLR >200 compared with PLR <100
(14.4 vs. 8.0 months) (29). However, the study showed no
statistical significance with respect to the relevance of PLR
and survival. When compared with study populations with
locoregional disease, the strongest association is between
PLR and survival in metastatic or mixed groups of patients
(by Templeton et al.) (28). Xu et al. summarized 14 studies
analyzing PLR in pancreatic cancer and reached a conclusion
of PLR as a good predictive biomarker (HR =1.24, 95%
CI: 1.10-1.39, I’=74%) regardless of the cut-off for PLR,
sample size, and treatment. Discrepancies may be derived
from mixed treatment, the stratification of different stages of
pancreatic cancer, and the inadequacy of follow-up (30).

In our study, an increased preoperative PLR was
associated with prolonged OS. We specifically evaluated
PLR in the metastatic stage of PDAC. The relatively
homogeneous study sample enabled us to draw conclusions
exempted from potential confounders. Yet, we need to
be cautious when extrapolating the result to PDAC of
earlier stages. The limitations of this study are as follows:
(I) as we have performed a retrospective study that
involved a relatively limited number of patients, large
multicenter studies are required to further validate the
clinical significance of PLR. (II) A consensus is needed to
reach the suitable cut-off before using PLR as a clinical
parameter for prognosis.
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