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Abstract
Background—Improved diagnostic, predictive, and prognostic biomarkers for pancreatic ductal
adenocarcinoma (PDAC) are urgently needed. Platelet factor 4 (PF4) has been proposed as a
diagnostic biomarker for PDAC. We assessed the diagnostic and prognostic potential of serum PF4
levels in PDAC patients.

Methods—Serum PF4 levels were determined by ELISA in an initial cohort of 62 PDAC patients,
62 healthy control subjects, and 34 chronic pancreatitis (ChPT) patients. A second validation set
consisted of 71 PDAC patients. Linear regression models were used to relate PF4 to class, gender,
age, stage, platelet count, and diagnosis. Survival analyses were performed using univariate and
multivariate Cox models.

Results—In the initial cohort, serum PF4 levels distinguished PDAC from ChPT patients (P =
0.011), but not healthy control subjects (P = 0.624). In PDAC patients, high serum PF4 level
significantly predicted decreased survival independent of all covariates examined (P < 0.01). The
prognostic relationship of serum PF4 levels remained significant in the validation set. Venous
thromboembolism (VTE) occurred in 20% of the 133 PDAC patients. The VTE risk was higher in
subjects with elevated PF4 levels (P = 0.009).

Conclusions—Serum PF4 is shown for the first time to be prognostic for survival in PDAC
patients. High PF4 is associated with an increased risk for the development of VTE. Impact: Serum
PF4 levels may be useful for patient stratification and to direct treatment options in patients with
pancreatic cancer including anticoagulation prophylaxis. The relationship between high PF4 levels
and poorer outcomes requires further study.
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Introduction
Although pancreatic cancer comprises only 3% of estimated new cancer cases, it is the fourth
most common cause of cancer mortality in the United States (1). The five year survival rate
for patients with PDAC is only about 5% for all stages, with a survival rate of about 20% in
patients with local disease and 2% in patients with distant metastases (2). PDAC typically
develops with few symptoms and only a minority of cases is diagnosed at an early stage. When
symptoms such as weight loss, abdominal pain and jaundice do occur, distant metastases are
often present, precluding treatment for cure. Surgery remains the only potentially curative
treatment, but most patients recur and succumb to the disease despite resection. Optimal
treatment strategies for patients with pancreatic cancer are still evolving and largely target the
malignancy, although therapies that treat tumor-driven complications can decrease morbidity
and prolong survival. Venous thromboembolism, for example, is highly associated with PDAC
and preventative strategies are evolving (3,4). Neoadjuvant treatment has the potential to
improve outcome for patients undergoing surgical resection (5) and postoperative adjuvant
therapy has been shown to improve survival and delay development of recurrent disease after
resection (6). However, only relatively primitive consensus selection criteria for these therapies
have been developed. Thus, there is a need for biomarkers that will: 1) allow for early
identification of patients with pancreatic cancer while the disease is treatable for cure, 2) help
differentiate patients with PDAC from those with chronic pancreatitis to ensure correct
treatment, 3) optimally select patients for neoadjuvant therapy, surgical resection, and post-
operative adjuvant therapy, and 4) predict outcome more accurately than stage alone.

Using mass spectrometry-based serum peptide profiling, a recent publication identified PF4
as a potential biomarker for pancreatic cancer (7). This study showed that PF4 was significantly
lower in serum from PDAC patients as compared to healthy controls, while PF4 was
statistically significantly higher in serum from patients with acute pancreatitis compared to
PDAC. These results were verified using ELISA to measure PF4 serum levels. In the current
study, we proposed to validate the results of the previous study by determining if serum PF4
could distinguish between pancreatic cancer patients and healthy control subjects in an
independent cohort. We extended the previous study by assessing if serum PF4 levels could
distinguish between PDAC and chronic pancreatitis. We further assessed PF4 as a prognostic
factor in predicting survival in patients with pancreatic cancer. Finally, we assessed a possible
cause of decreased survival associated with elevated PF4 levels.

Materials and Methods
Serum samples were obtained from an initial 158 subjects, including 62 patients with
histologically or cytologically confirmed PDAC, 62 healthy control subjects, and 34 chronic
pancreatitis patients. A second group of 71 patients with confirmed PDAC were chosen as a
validation cohort. PDAC subjects were selected based on certainty of the diagnosis of PDAC
by pathologic evaluation, availability of complete clinical information, including cause of
death, and adequate pretreatment blood samples. Three cases were censored in survival
analyses due to causes of death other than cancer progression. Healthy control subjects were
chosen to gender-match and age-approximate the PDAC cases and were obtained from two
sources. First, adults accompanying index patients to clinic visits were approached and
screened. Second, excess sera from de-identified healthy controls were obtained from a large
reference laboratory managed by the University of Utah Department of Pathology. Subject
characteristics are summarized in Table 1.

PDAC cases were further stratified by stage, extent of metastatic dissemination (“class”) and
treatment. In statistical models, stage IA, IB, and IIA cases were combined into a single group
due to the paucity of these early stage cases in the cohort. For the purposes of this discussion,
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stratification based on “class” refers to either node negative (N0), node positive (N1), or
presence of distant metastases (M1), independent of node status. The patient was considered
to have treatment expected to affect survival if he or she had received either surgical resection
and/or at least one full course of chemotherapy and/or radiation.

Blood was collected prior to the patient receiving treatment, separated into the serum
component, and frozen in aliquots for subsequent analysis. Serological PF4 measurements were
performed by ELISA (Asserchrom, Stago, New Jersey, USA). The samples were diluted
1:2,500 and PF4 levels measured according to the manufacturer’s recommendations.
Absorbance readings were compared to the calibration curve and the dilution factor was
accounted for by multiplying each value by 2.5 (2500/1000) to generate values in kU/ml.
Stratified Kaplan-Meier curves were used to plot survival and compute median survival. The
Cox model and logrank test were used for formal survival analysis. Linear regression models
were used to relate PF4 to class, gender, age, stage, platelet count, and diagnosis. P-values <
0.05 were considered significant. All statistical analyses were performed using the R version
2.8.0 statistical software (8).

Clinical charts of the 133 patients with PDAC were reviewed to determine the incidence of
(VTE) after the date of the pretreatment serum sample and included pulmonary embolism (PE),
deep vein thrombosis (DVT), splenic, mesenteric, and portal VTE. All VTE diagnoses were
confirmed through imaging such as computed tomography or Doppler ultrasound. Platelet
counts taken within one day of the research blood draw were also abstracted for each PDAC
case.

All studies were performed with the approval of the Institutional Review Board at the
University of Utah.

Results
PF4 as a Diagnostic Biomarker

To assess diagnostic capabilities, serum PF4 levels were first measured in an initial cohort
consisting of PDAC, chronic pancreatitis, and healthy control subjects. The median PF4 serum
level was 12.0 kU/ml (0.4 – 20.4, range) in healthy control subjects, 11.1 kU/ml (1.3 – 25.8)
in PDAC patients, and 8.9 kU/ml (1.2 – 22.1) in chronic pancreatitis patients. The difference
between PF4 serum levels in patients with PDAC and the control group was not statistically
significant (P = 0.62). However, the difference between PF4 serum levels in patients with
chronic pancreatitis was significantly lower compared to either PDAC (P = 0.011) or the control
group (P = 0.003).

PF4 as a Prognostic Biomarker
We next examined if PF4 correlated with survival in patients with PDAC. The median PF4
serum value in PDAC subjects, 11 kU/ml, was used as a discrete cut-off in the Cox model.
Serum PF4 levels were a significant predictor of survival whether PF4 was used as a continuous
(P = 0.031) or discrete (P = 0.035) variable (Table 2). Serum PF4 was inversely related to
survival, with higher PF4 levels corresponding to poorer prognosis. We then sought to validate
the predictive effect of PF4 in a novel set of 71 patients with histologically or cytologically
confirmed PDAC. Again, high PF4 significantly correlated with shorter survival time when
using serum PF4 either as a continuous variable (P = 0.030) or as a discrete variable (P = 0.050)
at the median threshold of 11 kU/ml identified in the initial cohort (Table 2). In the combined
data set of 133 PDAC patients, those with PF4 serum levels below the threshold had a median
survival of 389 days while those with above the threshold had a median survival of 254 days
(Table 3), a difference of approximately 4.5 months.
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In univariate survival analysis of the combined data set, the presence of distant metastasis (stage
IV and its equivalent M1 class), gender, and age were also significant predictors of survival,
whereas survival was independent of platelet count or treatment (Table 3). Of the potential
adjustment variables, the correlations with PF4 were minimal and only platelet count was
significantly related to the PF4 predictor (Table 4). None of the adjustment variables were
significantly related to both PF4 levels and survival and the contribution of serum PF4 to
survival remained significant when adjusting for platelet counts alone (P = 0.013) or all
predictors (P = 0.01) in multivariate models (data not shown).

Relationship of Serum PF4 Levels and VTE in PDAC Patients
Given the potential coagulation promoting function of PF4, the possibility that serum PF4
levels could predict increased risk for VTE was tested in our combined cohort. Overall, 27 of
133 PDAC subjects (20.3%) developed VTE. Cross tabulation of VTE and serum PF4 levels
demonstrated a dramatic shift in the proportion of cases that went on to develop VTE in the
high PF4 group (Figure 1) and indicated a 2.7 fold increased risk for development of VTE in
cases with pretreatment serum PF4 levels greater than 11 kU/ml. Using PF4 as a continuous
variable also indicated a significant correlation between pretreatment PF4 levels and the
development of VTE (P = 0.009 by logistic regression). In univariate analysis, development
of VTE was not significantly related to platelet count (P = 0.28) and PF4 remained a significant
predictor of VTE development in multivariate analyses (Table 5).

Discussion
In our patient cohort, serum PF4 levels did not accurately distinguish between PDAC patients
and normal healthy subjects, a finding contradictory to previously published results (7). The
reasons behind this discrepancy are not immediately evident, although in both studies,
relatively small sample size and large group variances could have led to spurious differences.
Institutional effects in which either self-selection or referral bias leads to differences in patient
characteristics in the two institutions could also be a contributing factor in the discrepant
findings. Serum PF4 levels did distinguish chronic pancreatitis patients from normal control
subjects and PDAC patients in our cohort, suggesting serum PF4 levels may have some
diagnostic utility, particularly if combined in a panel with other biomarkers. Clinically,
discrimination between chronic pancreatitis and PDAC is a typical diagnostic dilemma.

Importantly, our data demonstrates that serum PF4 level is a promising prognostic factor in
patients with PDAC. In our cohort, PF4 was a robust predictor of survival independent of other
predictors such as stage, class, and treatment. Since PF4 is stored in and released by platelets,
it is possible that the changes in PF4 levels merely reflected changes in platelet counts. Indeed,
in our cohort, serum PF4 levels and platelet counts were directly correlated (Table 4). However,
the correlation was low (0.196) indicating that platelet counts could explain only about 4% of
the variance in PF4 levels. Furthermore, platelet counts were not significantly related to
survival (Table 3). These results suggest that PF4 either directly participates in or is an indicator
of an underlying process occurring in some patients leading to poorer survival. PF4 is a CXC
chemokine (CXCL4) present in alpha-granules of platelets at concentrations approximately
20,000 times higher than in the plasma (9,10). The exact function of PF4 in normal physiology
and in cancer is unknown. It is known, however, that PF4 is released upon platelet activation
and binds to heparin-like molecules with high affinity, thus neutralizing heparin’s
anticoagulant activity, suggesting a pro-coagulative function (11). Further, PF4-heparin
complexes have been implicated as the target antigens in heparin-induced thrombocytopenia
with thrombosis (12). PF4 is also one of a number of chemokines that have been variably found
to either augment platelet activity and aggregation or fully initiate platelet adhesion, activation,
and aggregation (13).
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A pro-coagulative role for PF4 offers one possible explanation for the link between high serum
PF4 levels and reduced survival. Pancreatic cancer cells are believed to activate platelets and
other pro-coagulation factors, often leading to clinical manifestations such as DVT, PE, and
disseminated intravascular coagulation (14). Development of VTE is a common complication
of malignancy (4) and is associated with decreased survival (15,16). In a study of 21 advanced
pancreatic cancer patients, median survival was 8 months in those patients with VTE as
compared to 21 months for those without VTE (17). Thus, the presence of VTE seemingly
indicates a worse prognosis in an already dismal form of cancer.

Consistent with previously reported incidence rates (3,18), 20% of PDAC case developed VTE
in our cohort. The increased risk for development of VTE in cases with high pretreatment serum
PF4 suggests that PF4 predicts the onset of VTE in PDAC patients. The significance of this
relationship persisted in multivariate analysis (Table 5) indicating that the link between PF4
and VTE could not be explained by differences in the covariates. Both surgery and
chemotherapy are known to increase the incidence of VTE (4,19,20), while the pro-coagulant
response is activated by radiotherapy (19). Of note, the multivariate model accounted for
potential changes in VTE due to whether or not the patient received surgical, chemotherapeutic,
or radiation treatment. The correlation between high PF4 levels and development of VTE may
provide at least a partial explanation for the link between PF4 and survival rates and suggests
a method for identification of patients that may benefit from prophylactic anti-coagulation
therapy.

One limitation of our study is that, as a retrospective review, the occurrence of VTE may have
been underestimated. The prevalence of VTE in the patient cohort was established only if
detected in the course of patient care and was not systematically assessed prospectively in each
case. Furthermore, the contribution of VTE to cause of death was not addressed. That VTE,
specifically PE, contributes to fatality was indicated in an autopsy series of 441 PDAC cases
that demonstrated a 42% incidence of PE at the time of death, with PE listed as the immediate
cause of death in 34% of cases (21). Prospective studies designed to address these shortcomings
will be required to adequately establish the value of PF4 for predicting the development of life-
threatening thromboembolic events.

In summary, our study identified serum PF4 as a strong independent predictor of survival and
correlated with the development of VTE in PDAC patients. Serum PF4 levels may prove to be
a valuable adjunct in identifying patients that may benefit from prophylactic anti-thrombotic
therapy. Serum PF4 levels may help distinguish PDAC patients from those with ChPT.
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Figure 1.
High serum PF4 correlates with the development of VTE. PDAC patients were divided into
two groups based on the detection of VTE. Each group was subdivided based on pretreatment
serum PF4 levels using the 11 kU/ml threshold. Numbers above each bar represent the sample
size for each group. A significantly higher proportion of patients with VTE had elevated
pretreatment PF4 serum levels (P = 0.009 by Fisher’s Exact Test).
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Table 2

Relationship of serum PF4 to overall survival in PDAC subjects

Predictor Stratification Median Survival (days) 95% CI P-value*

Initial Cohort

PF4 Continuous (N = 62) 352 310 – 411 0.031

PF4 ≤ 11 kU/ml (N = 31) 401 345 – 918

> 11 kU/ml (N = 31) 291 174 – 400 0.035

Validation Cohort

PF4 Continuous (N = 71) 283 227 – 402 0.030

PF4 ≤ 11 kU/ml (N = 34) 323 275 – 681

> 11 kU/ml (N = 37) 235 170 – 370 0.050

*
Global P-value by log-rank test
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Table 4

Correlation between serum PF4 and covariates

Covariate Method Correlation N P-value

Age Pearson −0.090 133 0.30

Class Spearman 0.108 133 0.22

Gender Spearman −0.071 133 0.42

Platelet Count* Pearson 0.196 124 0.02

Stage Spearman 0.125 133 0.15

Treatment† Spearman 0.056 130 0.52

*
Nine subjects with missing platelet count were not included

†
Three subjects with missing treatment information were not included
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