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Abstract

Objective—This retrospective study evaluates the influence of serum platelet count on
chemotherapy response rates among women with endometrial cancer.

Methods—From three separate cancer centers, a total of 318 patients with endometrial cancer
who received post-operative chemotherapy between June 1999 and October 2009 were
retrospectively identified. Endometrioid, serous, clear cell, and carcinosarcoma histologies were
included. Subjects were classified as having an elevated platelet count if their serum platelet count
was greater than 400 x 10%/L at the time of initial diagnosis. Primary outcome was chemotherapy
response, classified as either complete or partial/refractory. Secondary outcomes were disease free
and disease specific survival (DFS, DSS). Chi-square and Student t-tests were performed as
appropriate. Kaplan-Meier curves and Cox proportional hazards models were used to assess serum
platelet effect on survival.

Results—There were 125 deaths, 76 recurrences, and 48 disease progressions. Of the total group,
53 (16.7%) were categorized as having an elevated platelet count. An elevated platelet count was
associated with a lower chemotherapy response rate in univariate analysis (HR 2.8; 95% CI 1.46,
5.38; p <0.01). Multivariate analysis showed elevated platelets to be independently associated with
decreased DFS (HR 2.24; 95% CI 1.26, 3.98; p<0.01) but not DSS (HR 1.03, 95%CI 0.56, 1.88,
p=0.93).
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Conclusions—Endometrial cancer patients with an elevated serum platelet count > 400 x 10%/L
may have lower chemotherapy response rates and are at increased risk for recurrence when
compared to patients with a count within normal range.

Introduction

The association of platelets with cancer biology is well-established [1, 2, 3] with
approximately one-third of all cancer patients presenting with thrombocytosis [4]. Serum
platelet levels > 400 x 10%/L have correlated with more aggressive tumor biology and
decreased survival in multiple different cancer types [5-10]. Tumor cells activate platelets
through IL-6 secretion inducing a thrombogenic environment [11], and platelets have been
shown to directly contribute to a tumor’s growth, metastatic potential [12-18] and
vasculature homeostasis [19, 20].

Platelets are a source of both pro- and anti-angiogenic factors suggesting that they may play
a critical role in the regulation of vessel formation during tumorigenesis. Platelets are a rich
source of the pro-angiogenic factors, platelet derived growth factor (PDGF), vascular
endothelial growth factor (VEGF), and thrombospondin-1 (TSP-1). Additionally, multiple
tumor cell types, including breast and osteosarcoma cells, have been shown to adhere to
TSP-1 suggesting an additional role for platelets in promoting cell adhesion and invasion
[21-23]. In terms of therapy, antiplatelet treatments have been shown to reduce metastases
and to provide a survival benefit both in murine models and in human clinical trials of
cancer subjects [20, 24].

In regards to gynecologic malignancies, negative correlations between elevated platelets and
outcomes in ovarian, cervical, vulvar and endometrial cancers have been described [25-31].
Thrombocytosis is an independent poor prognostic factor for locally advanced cervical
cancer [29] and for advanced stage/recurrent epithelial ovarian cancers [26, 32]. Several
small retrospective studies also show elevated platelets to correlate with decreased survival
in endometrial cancers of both endometrioid and papillary serous histologies [26, 27, 30,
33]. Additionally, in endometrial cancers, thrombocytosis was associated with poor
prognostic features such as advanced stage, cervical involvement, unfavorable grade, and
non-endometrioid histology [25, 34, 35]. One study of 61 patients found no correlation
between thrombocytosis and survival [36].

Studies evaluating the influence of platelet levels on chemotherapy response are sparse.
Literature review found only one study of approximately 1000 non-small cell lung cancer
subjects that investigated prognostic factors influencing response to platinum derivatives.
The authors found that a normal platelet count is independently associated with a higher
objective response rate [37]. As far as we know, no data exists for gynecologic
malignancies. The aims of our study are as follows: 1) to investigate the association of
serum platelet levels on chemotherapy response rates among women with endometrial
cancer and 2) to evaluate the influence of serum platelets on survival in this same cohort.
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Study Population and Clinical Data

Study subjects consisted of patients treated at Washington University School of Medicine
(Saint Louis, MO), Stephenson Oklahoma Cancer Center (Oklahoma City, OK), or Atlantic
Health System Hospitals (Morristown, NJ). Washington University prospectively gathers
clinical and demographic information for endometrial cancer patients treated at our facility.
Blood and tumor specimens are collected on participating subjects at the time of study
enrollment. Tissue specimen and data collection began in 1991 and continues with active
curation of clinical data. We retrospectively identified all endometrial cancer patients
enrolled between June 1999 and September 2009. All participants consented to molecular
analyses and follow-up as part of a Washington University Medical Center Human Studies
Committee-approved protocol (93-0828). Patients treated at the Stephenson Oklahoma
Cancer Center were retrospectively identified as women diagnosed with endometrial cancer
between January 2000 and January 2008 who underwent surgery and chemotherapy and had
complete follow-up information. Approval was obtained from the Human Research
Protection Office at University of Oklahoma, IRB # 14872. Similarly, patients included
from the Atlantic Health System Hospitals were identified retrospectively as women
diagnosed with endometrial cancer between May 1999 and October 2009 who underwent
surgery and received chemotherapy. The study was approved by their institution’s Internal
Review Board. Eligibility criteria included women 18 years or older with any stage
endometrial cancer who underwent primary surgical resection followed by chemotherapy
and who had medical record data available. Only histologies consistent with either epithelial
endometrial carcinoma (endometrioid, papillary serous, clear cell, or mixed histology) or
carcinosarcoma were included.

Pathologic evaluation of all tissue specimens was performed by gynecologic pathologists at
each institution. Demographic, chemotherapy, and follow-up data were extracted from the
research database and hospital records. Accurate surgical stage for each subject was
confirmed during data collection for our study according to the FIGO (International
Federation of Gynecology and Obstetrics) 2009 criteria (38). Completeness of staging was
not captured in data collection.

Adjuvant therapy was administered on an individual basis at the discretion of the treating
physician, and consisted of chemotherapy, radiation therapy, hormonal therapy, or some
combination of these treatment modalities. Radiation therapy was determined at the
discretion of the treating physician and may have included brachytherapy, external beam
radiation (EBRT), or a combination of both. At completion of treatment subjects were
typically followed at 3-month intervals for the first two years, at six-month intervals for 3
additional years, and yearly thereafter. Standard surveillance at all institutions included
physical examination and Pap test for at least 3 years after initial treatment with
performance of additional imaging studies and directed biopsies as indicated. All recurrent
and progressive disease was histologically and/or radiographically confirmed.

Primary outcome was chemotherapy response. Response was dichotomized for analysis:
complete response or partial/refractory response. Complete response was defined as

Int J Gynecol Cancer. Author manuscript; available in PMC 2016 July 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kizer et al.

Page 4

normalization of the CA-125 level with a normal computed tomography (CT) scan post
completion of the last cycle of chemotherapy. Partial response was defined as decreased, but
elevated post-treatment CA-125 level and/or decreased, but persistent disease on follow-up
CT imaging, or if noted as a partial response per the treating physician within the clinical
record. Refractory disease was defined as progression of disease during chemotherapy or
within 3 months post treatment.

Secondary outcomes were disease specific survival (DSS) and disease-free survival (DFS).
DSS was defined as the time from completion of chemotherapy to date of cancer-specific
death. Deaths were confirmed using the online social security death index (http://
ssdi.rootsweb.ancestry.com/). Survivors were censored at the date of last contact. DFS was
defined as the time from chemotherapy completion to date of first disease recurrence or
progression.

Statistical Analyses

Results

Power was estimated assuming a chemotherapy response rate of 60% for control group
based off data for combination treatment consisting of carboplatin and paclitaxel [39, 40].
This was the most commonly used chemotherapy regimen for endometrial cancer at each
institution. A total of 196 subjects (98 per group) would provide our study with 80% power
to detect a difference of 20% or greater between treatment group and control group using a
two tailed chi-square test with significance defined as p<0.05. Subjects were divided into 2
groups for analysis based on their serum platelet level at time of diagnosis. Subjects with a
serum platelet level > 400 x 10%/L were categorized as having an elevated platelet level. All
others were categorized as normal. Although the National Heart Lung and Blood Institute
(NHLBI) defines thrombocytosis as platelet count > 450 x 10%/L (http://www.nhlbi.nih.gov/
health/dci/Diseases/thrm/thrm_what.html), 400 x 10%/L has been shown to be a clinically
meaningful cut off in multiple studies involving gynecologic malignancies [5-8].

Association between serum platelet level and variables of interest were assessed by
univariate logistic regression. Multivariate logistic regression was conducted to detect
whether elevated serum platelet level was independently associated with chemotherapy
response while adjusting for possible confounders.

DSS and DFS between group with elevated platelet and group with normal platelet were
compared by Kaplan-Meier curve. The hazard ratio for each variable of interest is estimated
from univariate Cox proportional hazards model. Multivariate Cox models were fitted to
find the hazard ratio between patient with elevated platelet and normal platelet while
adjusting for other confounders for DSS and DFS. Statistical software SAS 9.2 was used for
data analysis.

The demographic and clinicopathologic characteristics of the 318 included in this study are
presented in Table 1. Of the total group, 53 (16.7%) were categorized as having an elevated
platelet count (mean 487 £ 98.2). Of those with data available, the majority (n=280, 88%)
received carboplatin alone or in combination with paclitaxel. The mean age at diagnosis was
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64 and 62 years for the normal and elevated platelet groups respectively. Thirty-five subjects
(11%) had histology consistent with carcinosarcoma, 68 (35%) had pure serous or a serous
component, 20 (10%) had pure clear cell or a clear cell component, and 11 (5.6%) had both
clear cell and serous components. Subjects categorized as having elevated platelets were of
higher stage than those categorized as normal. Median follow-up time was 25.6 and 23.1
months for the normal and elevated platelet groups respectively.

During the observation period, there were 125 deaths, 76 recurrences, and 48 disease
progressions. In regards to chemotherapy, 55 subjects were categorized as having a partial/
refractory response. An elevated platelet count was found to be associated with a lower
chemotherapy response in univariate analysis (p< 0.01) (Table 2). Stage, grade, radiation
therapy and CA-125 level were also found to be significantly associated with chemotherapy
response. After controlling for all variables with p < 0.05 on univariate analysis, multivariate
analysis did not confirm an independent association between a platelet count > 400 x 10%/L
and lower chemotherapy response rates (OR 2.59; 95% CI 0.96, 6.99; p =0.06) (Table 3).

Survival analyses revealed elevated serum platelet levels to be correlated with decreased
disease specific (HR 1.55; 95% CI 1.01, 2.38; p= 0.04) and disease free survival (HR 2.02;
95% ClI 1.31, 3.13; p< 0.01) (Table 4). Median survival time for the normal platelet group
was 74.5 months compared to 33.5 months for the elevated platelet group. Stage, grade,
lymphovascular space invasion (LVSI), CA-125 level, race, and radiation therapy were also
associated with a statistical improvement of DSS and DFS.

Covariates with a p <0.05 were included in multivariate analysis for DFS and DSS After
adjusting for confounders, an elevated platelet count was independently associated with
decreased DFS (HR 2.24; 95% ClI 1.26, 3.98; p<0.01), but not DSS (HR 1.03, 95%CIl 0.56,
1.88, p=0.93).

Discussion

To the best of our knowledge, this is the first clinical study to primarily evaluate the
influence of platelet count on chemotherapy response rates in a gynecologic malignancy.
Our results demonstrate that endometrial cancer patients with an elevated platelet count >
400 x 109%/L have a higher risk for recurrence than patients with a platelet count within
normal range. There was a trend towards lower chemotherapy response rates as well. This
result may have reached significance had we been able to achieve our target goal of 96
patients per group.

Our findings could have important clinical implications for the treatment of endometrial
cancer. Although the majority of patients will have a good prognosis, those patients who
receive chemotherapy are considered a separate “higher risk” group with a much lower
overall 5-year survival. Tailoring chemotherapy to improve response rates and survival
within this cohort is important. These higher risk endometrial cancer patients who also have
elevated platelet levels may require more aggressive chemotherapy treatment, combination
treatment with anti-platelet therapy, and/or closer follow-up. However, recommendations for
modifications to current treatment strategies are beyond the scope of this study.
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How elevated serum platelets may influence cancer prognosis is not fully understood.
Thrombocytosis could represent a more biologically aggressive tumor type or the platelets
could be directly involved in regulation of molecular pathways contributing to
chemotherapy resistance. Since platelets have been shown to promote angiogenesis and
shield tumors from immune responses, it is reasonable to think they may contribute to
chemotherapy response rates. Additionally platelets contribute to the process of basement
membranes by releasing proteinases and via proteolytic activity of platelet derived growth
factors (PDGF) and thus may contribute to the metastatic potential of tumors.

Few clinical studies exist in the literature addressing the effect of serum platelet levels on
chemotherapy response rates. Borges et al retrospectively evaluated approximately 1000
lung cancer patients and demonstrated that an elevated platelet count > 440 x 103/ mmm3
was associated with decreased response rates (RR 0.6; 95% CI 0.43-0.92, p=0.02) [37].
More recently, a phase | study of an integrin a-2 inhibitor showed stable disease responses
in a wide variety of heavily pretreated cancers [41]. As integrins are necessary for platelet
aggregation and clot formation the authors are investigating effects of this drug on platelet
function. This study did not include a significant portion of patients with gynecologic
malignancies. Twenty-seven percent were colorectal cancers, 21.6% were “other” cancers,
and 8.1% were renal cell cancers.

There is also new evidence within murine models suggesting that anti-platelet therapy may
enhance chemotherapy response rates. Demers et al used a mammary carcinoma murine
model to show that platelet depletion enhanced bleeding specifically at tumor sites; thus
allowing improved rates of intratumoral drug accumulation and slower growth. The authors
suggest that selective induction of tumor hemorrhage by targeting platelet function may
facilitate the delivery of chemotherapeutic agents to tumors [42]. Another study showed that
platelet depletion was associated with decreased tumor growth and that higher platelet
counts were associated with worse survival and resistance to docetaxel-induced apoptosis in
a murine model of ovarian cancer [43]. In vitro work within the same study demonstrated
that ovarian cancer cell proliferation and migration was increased when exposed to platelet-
enriched media. These findings were corroborated by recent work from another group who
created an ovarian cancer model using murine xenografts and demonstrated that treatment
with anti-platelet therapy decreased overall tumor volume [44].

It is also well known that there exists an intricate interplay between platelets and the actual
molecular pathways that drive angiogenesis, one of the cardinal processes in the
development of cancer. Platelets can induce angiogenesis in vivo and are also a rich source
of proangiogenic factors, such as vascular endothelial growth factor (VEGF). They also
store and release angiogenesis inhibitors and thus are key regulators of the total process.
Additionally, researchers demonstrated a correlation between inflammation and interleukin-
6 (IL6) dependent release of VEGF from platelets among breast and prostate cancer patients
[45]. Previously mentioned work within an ovarian cancer mouse model also demonstrated
that treatment with an anti-1L6 antibody reduced platelet serum levels while enhancing
response to paclitaxel treatment [43].
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Clinical studies focusing on anti-angiogenic therapies are already being actively pursued
among many gynecologic malignancies. Specifically, bevacizumab, a humanized anti-VEGF
antibody, has been shown to have effectiveness in ovarian, cervical, and endometrial cancers
and is frequently prescribed clinically [46-53]. More recently, brivanib, a dual tyrosine
kinase inhibitor of VEGF and FGFR (Fibroblast growth factor receptor) signaling, has
shown promise for the treatment of recurrent or persistent endometrial cancer [54]. Perhaps,
routine upfront treatment with anti-angiogenic drugs and/or combination therapy with anti-
platelet inhibitors could further increase response rates among endometrial cancer patients,
especially those with elevated serum platelets.

In general, our survival results are consistent with previously published literature [5-10].
However, we did not find a significant correlation between platelet count and overall
survival, likely secondary to lack of power due to small sample size despite a multi-
institutional approach.

Due to the retrospective nature of the study, assessment of chemotherapy response was not
uniform between all patients and varied over the 10 year study period. Since we
dichotomized chemotherapy response for analysis, it is less likely that mis-interpretation and
thus misclassification of response occurred. Similarly, we did not account for variation of
treatment strategies and modalities over the study. Our target sample may have been biased
as subjects without medical record data were excluded. Additionally, we only had
information regarding the exact type of chemotherapy received on 283 subjects (82.6%).
Influence of platelets on response may vary according to type of chemotherapy given. Our
study analyzed all patients as one group and were not separated out according to tumor
histology. Differences may exist between carcinosarcomas, serous, clear cell, and
endometrioid histologies.

Overall, we found increased risk for recurrence among endometrial cancer patients with an
elevated serum platelet count > 400 x 109/L. In addition, patients with higher platelet counts
may have reduced chemotherapy response rates. Our results suggest that these patients
should potentially be targeted in future clinical trials as they may benefit most from new
therapeutic strategies. Additional investigation into the biologic mechanisms behind platelet
influence on chemotherapy response is also warranted. Prospective studies are needed to
confirm our research findings.
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Cancer specific survival according to platelet group.
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Decreased Disease-free survival in patients with thrombocytosis at initial diagnosis.
Log-rank p= 0.02
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Table 2

Univariate Analysis of Clinicopathologic Factors and Chemotherapy Response

| HR | 95% ClI P
Patient Characteristics
Age 1.00 | 0.97,1.02 0.75
BMI 0.98 0.95,1.01 0.2
Race™ 083 | 037,187 | 065

Radiation therapy™ 049 [ 027,087 | 002

Serum Platelet Level 2.80 | 1.46,5.38 | <0.01

Serum CA-125 LevelT | 1.01 | 1.00,1.03 0.03

Tumor Characteristics

FIGO Stage 248 | 1.32,4.65 | <0.01
Grade 488 | 1.47,16.13 | 0.01
LVSI 1.81 | 0.93,3.51 0.08
Histology 111 | 0.62,1.97 0.73

*
white versus black/other

+
“Received radiation versus none (includes EBRT, vaginal brachytherapy, or combination of both)

1duosnue Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

t ’ .
Analyzed as continuous variable
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Table 3

Multivariate Analysis of Serum Platelet Level and Chemotherapy Response

| OR | 95% ClI P

Patient Characteristics

Radiation Therapy ' 023 009,057 [ <0.01

Serum Platelet Level 2.59 0.96, 6.99 0.06

Serum CA-125 Level” | 1.00 | 1.00,1.00 | 0.29

Tumor Characteristics

FIGO Stage 1.89 | 0.72,4.98 0.19

Grade 4.67 | 1.01,21.74 0.05

Only variables significant in univariate analysis included
* - -
Analyzed as continuous variable

TIncludes EBRT, vaginal brachytherapy, or a combination of both
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