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ABSTRACT

Background: Platelets are considered an important source of prothrombotic agents asso-
ciated with inflammation in cancer related diseases. We aimed to compare the diagnostic
accuracy of the platelet distribution width (PDW) and CA19-9 in resectable pancreas can-
cer. Method: A total of 83 stage-1 and 2 pancreatic adenocarcinoma (PAC) patients, and
85 age and sex-matched healthy participants were included in the study. All preoperative
patient data, including PDW and CA19-9 were analyzed in terms of sensitivity, specificity,
positive and negative predictive values, likelihood ratios, and diagnostic accuracy. Results:
Demographic features were not significantly different among the groups. Platelet distribution
width and CA19-9 were significantly higher in PAC compared to control group (p= 0.0001).
Diagnostically, the sensitivity and specificity were 79% and 85% for PDW, while 78% and
91% for CA19-9. Diagnostic accuracy was measured by the area under the ROC curve, and
PDW differs significantly (p<0.001), with a value of 0.874 (95% Cl: 0.804-0.929). Conclusion:
Platelet distribution width indicated similar sensitivity and specificity with CA19-9 in patients
with resectable PAC. This result strongly advice that PDW, which has more routine option
and cost-effectivity than CA19-9, can be used for diagnosis of resectable PAC as a strong

alternative.
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1. INTRODUCTION

Pancreatic adenocarcinoma (PAC)
is a destructive disease with an ex-
tremely poor prognosis (1). Resection
through surgery represents unique
cure option for these patients, which
can provide 5-year-survival success
to 20%, but is often not feasible be-
cause of its advanced-stage upon the
diagnosis (2). Because it is not clini-
cally normal, it almost becomes dif-
ficult to diagnose (3). For advanced
disease, palliative chemotherapy is
the treatment of choice although the
regimens available to date are untar-
geted and have extensive side-effect
profiles, making them unsuitable
for patients with a low-performance
status (4-6). For this reason, early di-
agnose of the resectable pancreatic
cancer is essential in order to provide
patients with an optimal therapeutic
approach.

Accurate diagnosis with early di-
agnose this cancer is important be-
cause extension of the tumor growth
makes PAC stage up (7). New early
diagnostic biomarkers have been re-
ported for PAC, but are not already
available for using in the routine.
This was because of the lack sensi-

tivity and specificity (7, 8). Until now,
serum cancer antigen 19-9 [CA19-9]
is the most trusted and commonly
used biomarker (9). Tumor burden,
survival, and tumor resectability are
correlated with CA19-9. But its cost
is not efficient in repeated use and
routine usage in today’s world where
health spending has increased. A
more cost-effective novel biomarker
may facilitate this issue and may im-
prove survival (10).

There are different type of studies
investigating true more cost-effec-
tive biomarker. Hematological pa-
rameters related platelets constitute
an important source of agents asso-
ciated with inflammatory markers.
Platelet-distribution-width  (PDW)
and mean platelet volume (MPV) are
the most interesting and discussed in
terms of the diagnostic values (11).
These have been used by physicians
not only in inflammatory diseases
but also cancer-related diseases (12).
Reports of those parameters did not
deserve further investigation, due
to their low specificity (5, 6). Plate-
let-distribution-width (PDW), a sign
of platelet size changes, is an indica-
tor of release of activated platelets
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(13). The platelet size is related to platelet function and
newly used in variety of diseases (14).

PDW has not been studied in diagnosis and follow-up
of resectable PAC The best of our knowledge, and this is
the first case-controlled novel study to investigate PDW
as early diagnostic and monitoring marker for resectable
PAC, with comparison to CA19-9.

2. MATERIALS AND METHODS

We conducted the study in the dates covering Decem-
ber 2010 to January 2016 by medical records of patients
with stage 1 and stage 2 PAC who examined at Istanbul
Kanuni Sultan Suleyman Training Hospital and Ankara
Dis Kapi Training Hospital. The study was performed
retrospectively. The classification of TNM was used in
proper to American Joint Committee on Cancer recom-
mendations on the staging of PAC. According to the 7
edition of the Committee recommendations, unrespect-
able stage 3 and stage 4 pancreatic cancers excluded
from this study. Written consent was obtained from the
patients or patients’ carer. Patients who have any chron-
ic infection, hematological or renal disease, coronary or
cerebrovascular problem history, and any other cancer
were out of the study, in addition to a history of receiv-
ing any preoperative chemoradiotherapy and those with
postoperative infections. In total, 83 stagel and stage 2
PAC patients and 85 sex and age match healthy individ-
uals were enrolled in the study. All data including pre-
and postoperative PDW and CA19-9 were recorded. No
application or treatment used in routine procedures and
any routine procedures were not needed in the study.

ADVIA 2120i Siemens Healthcare Diagnostic Item
(Malvern Siemens, USA) analyzed the hematological
parameters including PDW in the Ethylene diamine
tetraacetic acid treated (EDTA) blood within 1 h after
vein puncture. Available enzyme immunoassay was used
to measure CA19-9 levels, with a commercial ELISA kit
(Roche Diagnostics CA 19-9 Enzymun-Test, Germany).
According to value of the manufacturer, the cutoff was
22 U1

Statistical analysis

Student’s T-Test and Oneway analysis of variance were
used on parametric values, while Mann Whitney-U, x*
and Kruskal Wallis tests were used on an-parametric.
Statistical data were expressed as mean+SD. Receiver
operating characteristic curve analysis (ROC) was per-
formed to find out exact PDW cut-off, with its diagnostic
sensitivity and specificity. Likelihood ratios, diagnostic
accuracy, negative and positive predictive values were all
calculated according to the results. SPSS was used as a
statistical analysis software (SPSSv24, Illinois, USA) was
used for the statistics. All outcomes were evaluated with-
in the 95% Confidence Interval (CI). P-value < 0.05 was
accepted as statistically significant.

3. RESULTS

This study included 83 PAC and 85 healthy individuals.
The mean ages of PAC patients were 54+11 (range: 42-71
years) and 51+13 (range: 39-73 years) for control. Pan-
creatic cancer patients was comprised of 51.8% (43/83)
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PAC Control p value P.C.
CA19.9 (U/mL)  498+1100 11.7+6.1 0,004
0,985
PDW (fL) 29.8+16.8 15.2+2.1 0,00001

Table 1. Preoperative results of the PAC and control patients.
Abbreviations: PDW: Platelet distribution width, PAC: Pancreatic
Cancer, P.C: Pearson Correlation

Cut- Sensi-  Speci

G AU S PRy NPV PLR IR
CAI3.9  »)5 0850 78% 91% 88,8% 816% 8,66 0,28
(U/ml)
POW(L) 164 0874 79% 85% 757% 801% 526 0,24

Table 2. Diagnostic comparisons of blood parameters. Abbreviations:
AUC: Area under curve; DA: Diagnostic accuracy; NLR: Negative
likelihood ratio; NPV: Negative predictive value; PLR: Positive likelihood
ratio; PPV: Positive predictive value.
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Figure 1. Receiver operating characteristic curves (ROC)

male and 48.2% (40/83) female; Control was comprised
of 49.4% (42/85) male and 50.6% (43/85) female. There
was no significant difference in terms of demographics
including age and sex. Comparing PDW in preoperative
results of the PAC and control patients, there were sig-
nificant differences (p=0.0001), as given in Tablel. Addi-
tionally, ratio of standard deviation to means was lower
for PDW compared to CA19-9, as a trusted biomarker.

There was no correlation between CA19-9 and PDW.
The diagnostic analyze of PDW and CA19-9 values are
shared in Table 2 as detailed. Diagnostically, the sensitiv-
ity and specificity were 79% and 85% for PDW, while 78%
and 91% for CA19-9. We used the area under ROC curve
to find diagnostic accuracy of PDW. It showed significant
difference with a value of 0.874 (p:0.001; 95%CI:0.804-
0.929). PDW and CA19-9 showed a similar diagnostic
accuracy. Figure 1 indicates ROC curve for PDW and
CA19-9.

4. DISCUSSION

Diagnose of pancreatic cancer needs a lot of spending
money for both healthcare workers and patients, and also
limitations (15). The best biomarker used up to this day
has been CA19-9. As well known by the literature, novel
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studies investigating inflammatory biomarkers in PAC,
as an alternative to CA19-9 (16). Platelets constitute an
important source of agents associated with inflamma-
tory markers. Especially, hematological parameters that
triggered by inflammation have been concentrated on by
physicians, in cancer-related diseases (17-19). But, the
missing point of the recent researches has been PDW.
Our findings in the present study will illuminate this
point and change the angle of view to CA19-9 used in
diagnose and follow-up of the resectable PAC.

According to the novel studies, inflammatory markers
means platelets as an important source of agents asso-
ciated with them (20). Large-sized platelets play a role
in the initiation and spread of vascular-mediated inflam-
matory events, as they have many granules that effect
hemostatic and proinflammatory effects more effectively
(21). Precisely for these reasons, hematological parame-
ters including MPV and PDW can indicate functions and
activation of platelets (22). Although MPV has a longer
history than PDW especially in cancer research, PDW
has been increasing its popularity with its plus diagnos-
tic aspects like a higher specificity (23). Digestive system
cancers are one of the areas where diagnostic competi-
tion is experienced between MPV and PDW.

Novel diagnostic studies for digestive cancers began
via gastric cancer with MPV. Kilincalp et al reported ear-
ly diagnosis and monitoring for gastric cancer (24). Ac-
cording to the results of this 31 gastric-cancer-patients
study, with hepatocellular adenocarcinoma. Pre-opera-
tive gastric cancer patients had higher MPV level than
healthy individuals. They observed a significant decrease
following the surgical tumor resection. Karaman et al
retrospectively analyzed and reported that hematologi-
cal markers such as mean platelet volume could have a
predictive potential for differing pancreatic adenocarci-
noma from a non-functional pancreatic neuroendocrine
tumor (9). Patients with PNET had lower MPV levels
than patients with pancreatic adenocarcinoma, in pre-
operative period. CA19-9 and MPV had diagnostic value
to distinguish PNETSs from PAC. On the contrary, a study
by Aliustaoglu et al, significant difference was not seen
for hematological variables in pancreas cancer (7). In
similar. Afsar et al was also reported that a hematological
variable such as MPV had no diagnostic role and no rela-
tionship with survival of PAC (1). Hirahara et al reported
MPV as a non-specific predictor parameter to diagnose
esophagus cancers and pointed other hematological
parameters out for further studies (25). As seen in the
studies, MPV was reported as a potential biomarker to
diagnose gastric and pancreas cancer, despite of its low
sensitivity and specificity. This was because MPV had the
closest diagnostic biomarker values to CA19-9 so far. But
the results of our current study changed this acceptance
in favor of the PDW. Our results showed that PDW had a
significant potential as a diagnostic biomarker as CA19-
9. While MPV is present in most hematology analyzers
and describes the mean trombosite volume, PDW is a
measurement of the platelet volume heterogeneity, de-
fined as distribution width at the 20% frequency level.
PDW had advantages in different directions on diagnose
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the gastrointestinal cancers. For instance, Zhang et al
retrospectively analyzed 294 gastric cancer cases (14).
Tumor stage, age, carcinoembryonic-antigen, nodule
stage, and metastases stage were associated with the re-
duced PDW. They reported that reduced levels of PDW
could be an unfavorable prognostic value for gastric
cancers. PDW and MPV have a direct relationship both
usually change in the same direction under physiological
conditions. PDW directly indicates changes with platelet
activation, variability in size of platelet and projects the
heterogeneity in platelet morphology (21). Additionally,
conflicting reports have been presented in the literature
that show that they are affected by different mechanisms
about their relationship (20, 26, 27).

A study supporting diagnostic potential of PDW was
performed by Song et al., with inflammation-based he-
matological indices related to various malignancies, in-
cluding colorectal cancer (3). They reported that lymph
node involvement, CA19-9, PDW, and combination of
NLR-PDW were correlated with both overall and recur-
rence-free-survive. According to the Gunaldi et al, PDW
might open a consideration path for treatment planning
of gastric cancers in the surgical and chemotherapeutic
ways (13). Although its sensitivity and specificity were
low for gastric cancers unlike their hopes, they offered
PDW as trustable marker instead. Our results showed
that PDW had a significant potential as a diagnostic bio-
marker as CA19-9. Diagnostically, the sensitivity and
specificity were 79% and 85% for PDW, while 78% and
91% for CA19-9. Under ROC curve showed significant
difference with a value of 0.874 (p:0.001; 95%CI:0.804-
0.929). As a result, diagnostic accuracy is similar for
PDW and CA19.9. The present study proves that the
PDW has very similar diagnostic values such as sensitiv-
ity and specificity to CA19-9.

The present study had some limitations. This study was
a retrospective and a single institution design study. The
study size can be accepted as small compared to its nec-
essary. Additionally, we could not evaluate the survival of
the patients in resectable PAC. Larger-sized prospective
studies are required to elucidate the precise mechanisms
that relate PDW to survival in resectable pancreas can-
cer patients. But, this limitation does not lessen the clin-
ical relevance and gains of our results.

5. CONLUSION

Our study showed that the PDW has very similar di-
agnostic values such as sensitivity and specificity to
CA19-9. It will be a reliable biomarker for physicians like
CA19-9 because it is cost effective if it is widely used in
PDW’s routine. Although hematology parameters have
been widely discussed in the literature and are cautious
in terms of their diagnostic value, PDW has shown a dif-
ferent line in this respect than hematological parameters
such as MPV. We suggest that PDW should be consid-
ered up with CA19-9 in diagnose and follow-up of the
resectable pancreas adenocarcinoma.
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