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Abstract

Purpose Platelets have multiple functions and they also
play an important role in malignancies. Elevated platelet
count and thrombocytosis at the time of diagnosis in
patients with many solid tumors correlates with prognosis
and is associated with poor survival. The aim of the fol-
lowing report is to review the literature concerning ele-
vated platelet count and thrombocytosis in gynecologic
malignancies.

Method A PubMed search of all English literature peer-
reviewed publications was performed containing the terms
elevated platelet count or thrombocytosis and vulvar can-
cer, cervical cancer, endometrial cancer, and ovarian can-
cer. All studies published until December 31, 2015, were
included in the following review.

Results A pretreatment elevated platelet count and
thrombocytosis have been shown to be associated with a
poor prognosis in many studies of gynecologic malignan-
cies with the exception of vulvar carcinoma.

Conclusion Since elevated platelet count and thrombocy-
tosis may be prevented by blocking thrombopoietic
cytokines, their assessment may, in the future, be of ther-
apeutic significance.
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Introduction
The role of platelets in solid tumors

Platelets have multiple functions. They respond to local-
ized injury of vascular integrity preventing hemorrhage,
they defend their host against microbial invasion and par-
ticipate in inflammatory and immune responses. In addi-
tion, they also play an important role in malignancies.

Recently, two extensive reviews summarized tumor—
platelet interactions [1, 2]. According to these reviews,
elevated platelet count and thrombocytosis at the time of
diagnosis in patients with many solid tumors correlates
with prognosis and is associated with poor survival. Clin-
ically, thrombocytosis may precede the diagnosis of
malignancy by a long time period. The increase in platelet
counts in these tumors is due to tumor-secreted cytokines
that play a role in stimulating megakaryocyte growth and
thrombopoiesis. The most frequent of these cytokines are
interleukin (IL)-1, IL-3, IL-6, IL-11, leukemia inhibitory
factor, granulocyte—-macrophage colony-stimulating factor
and many others. IL-6 in particular, acting as an autocrine
growth factor, is overproduced in a variety of malignan-
cies, including gastrointestinal, renal cell, prostate, lung
cancer as well as epithelial ovarian cancer. However, it
remains unclear whether the worse prognosis in patients
with thrombocytosis is a result of IL-6-induced thrombo-
cytosis or caused by IL-6 itself. Platelets also play a role in
intravasation and extravasation of tumor cells in the pro-
cess of metastasis.
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Tumor cells generate thrombin, a potent platelet acti-
vator agonist. Activated platelets release multiple proteins
that may stimulate angiogenesis including vascular
endothelial growth factor, platelet-derived growth factor
and others, thus promoting tumor growth and metastasis.
Consequently, a vicious cycle is created in which tumors
increase platelet counts that augment tumor growth and
metastases that, in turn, further increase platelet counts.
Furthermore, activated platelets adhere to tumor cells and
secrete immunoregulatory molecules that prevent their
contact with the host’s immune system. Thereby, they
serve as a so called “protective cloak™ for circulating
tumor cells, protecting them from immune destruction by
natural killer cells.

The effect of blocking the various steps of tumorigenesis
facilitated by platelets has been investigated in tumor cells
and in patients. Inhibition of IL-6 or antiplatelet agents
such as heparinoids that interrupt the vicious cycle might
prove beneficial for patients with solid tumors and throm-
bocytosis. It has been shown that platelet inhibition or
depletion reduces metastasis rates. Investigations of com-
bined therapy of antiplatelet agents with conventional
chemotherapy therapy seem, therefore, to be indicated. The
most important concern of using such agents is that it may
interfere with normal platelet function, thereby causing
bleeding complications.

The purpose of the following report is to review the
literature concerning elevated platelet count and thrombo-
cytosis in gynecologic malignancies. A PubMed search of
all English literature peer-reviewed publications was per-
formed containing the terms elevated platelet count or
thrombocytosis and vulvar cancer, cervical cancer,
endometrial cancer, and ovarian cancer. All studies pub-
lished until August 31, 2015, were included in the fol-
lowing review.

Platelet count in gynecological malignancies

Elevated preoperative platelet count (>300,000/mcL) and
thrombocytosis (>400,000/mcL) have been assessed in
many gynecological tumors and, although the results are
occasionally inconsistent, they have usually been shown to
be associated with a bad prognosis with the exception of
vulvar carcinoma.

Vulvar carcinoma

Two studies found that pretreatment thrombocytosis was
not a prognostic indicator. Lavie et al. [3] reviewed the
pretreatment platelet counts of 201 women with vulvar
cancer and correlated them to the patient’s age, stage of
disease, node status, histologic type, and outcome.
Thrombocytosis was present in 14.92 % of patients with
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vulvar malignancies and in 15.46 % of patients with
squamous cell carcinoma of the vulva. No correlation was
found between thrombocytosis and tumor size, incidence of
lymph node metastases, or stage of the disease. The five-
year survival rate for patients with thrombocytosis was not
significantly different from that of patients with normal
platelet counts (89.29 vs. 76.47 %, respectively). When
adjusted for age, histological differentiation, number of
tumors, stage, presence of nodal metastases, platelet count,
hemoglobin, and white blood count, only the staging,
number of tumors, and histological differentiation were
associated with an unfavorable prognosis. Hefler et al. [4]
also found that pretreatment thrombocytosis was not an
independent predictor of outcome in patients with vulvar
cancer. They assessed 62 patients with squamous cell
vulvar cancer. They used a cutoff level of 300,000/mcL for
tumor thrombocytosis. Thrombocytosis, according to their
definition, was present in 27.4 % of vulvar cancer patients.
In a univariate analysis, tumor stage and tumor thrombo-
cytosis were significantly associated with a shortened
progression-free survival (PFS) and overall survival (OS).
However, a multivariate analysis taking into account stage,
anemia, and thrombocytosis showed that pretreatment
platelet count did not confer additional prognostic infor-
mation to that already obtained by stage on PFS and OS.

Cervical cancer

Many studies have evaluated the prognostic significance of
a preoperative platelet count in cervical cancer patients
occasionally yielding conflicting results.

The preoperative platelet count in 219 women with stage
IB cervical cancer treated by radical hysterectomy was
assessed by Rodriguez et al. [5]. An elevated thrombocyte
count was found in 85 (38.8 %) women. The cumulative
five-year survival of women with a preoperative platelet
count greater than 300,000/mcL was significantly higher in
women with a count equal to or less than 300,000/mcL (65
vs. 84 %; P = 0.004). On multivariate analysis taking into
account age, race, the presence of nodal metastases, and
lesion size, high platelet count was still found to be an
independent prognostic factor for poor survival in patients
with early stage cervical cancer (P = 0.04).

Several studies by Hernandez et al. [6-8] also investi-
gated the effect of platelet count on prognosis in patients
with cervical cancer. In their first study (1992) of 113
patients treated with radiation therapy, they found that
thrombocytosis is an independent indicator of poor prog-
nosis. The five-year cumulative survival rate for the 93
patients with normal platelet counts was 65 % and only
25 % for the 20 patients (17.7 %) with thrombocytosis
(P < 0.0001). In a later Gynecologic Oncology Group
study [8], they assessed the significance of thrombocytosis



Arch Gynecol Obstet (2017) 295:9-15

11

in 623 surgically treated patients with stage IB cervical
squamous cell carcinoma. Thrombocytosis was found in 59
(9.5 %) patients. In this study, in contrast to the study by
Rodriguez et al. [5] of stage IB patients, the five-year
survival for patients with thrombocytosis was statistically
not different than that of patients with a normal platelet
count (82 vs. 83.5 %, respectively; P = 0.4). Pelvic node
metastasis was present in 13 (22 %) of 59 patients with
thrombocytosis, and 77 (13.7 %) of 564 patients with a
normal platelet count (P = 0.1). However, there was a
significant correlation between tumor size and platelet
count. Patients with thrombocytosis had a mean tumor size
of 27.9 mm, while it was 20.4 mm in patients without
thrombocytosis (P = 0.002). Other factors found to be
associated with thrombocytosis in this population were
elevated white blood cell (WBC) count (P = 0.009) and
history of chronic obstructive pulmonary disease. (COPD).
In a multivariate analysis for thrombocytosis adjusted for
COPD, WBC count, and tumor size, tumor size continued
to be statistically significant (P = 0.01). The authors con-
cluded that thrombocytosis is a marker of tumor burden
and not an independent prognostic factor for PFS or sur-
vival. In an additional Gynecologic Oncology Group study
(2000) of 291 patients with stages IIB-IVA cervical car-
cinoma without periaortic node metastasis, thrombocytosis
was present in 86 (29.6 %) of them. Thrombocytosis
seemed again to be related to tumor burden. It was also
found that in these stages, patients with thrombocytosis had
a 55 % greater chance of dying than those who had a
normal platelet count.

De Jong et al. [9] retrospectively evaluated the value of
a platelet count as well as several tumor-related proteins as
predictors of lymph node metastasis (LNM) and their
prognostic significance in 93 stage IB cervical cancer
patients treated by radical hysterectomy. Thrombocytosis
was present in 6.7 % of patients and was significantly
associated with PFS and OS in univariate analysis
(P = 0.04 and P = 0.001, respectively) with a tendency to
significance in multivariate analysis (P = 0.08 and
P = 0.09, respectively). But thrombocytosis could not
predict LNM. They, therefore, postulated that thrombocy-
tosis could be a marker for subclinical tumor burden in
early stage cervical cancer.

In contrast, thrombocytosis was not found to be an
independent prognostic factor in patients with carcinoma of
the cervix by Lopes et al. [10]. They reviewed the pre-
treatment platelet counts of 643 women with cervical
cancer and correlated them to patient’s age, stage of dis-
ease, histologic type, node status (when available), and
outcome. Squamous cell carcinoma was diagnosed in 491
patients (76.4 %), adenocarcinoma in 106 (16.5 %), mixed
carcinoma in 22 (3.4 %) and undifferentiated carcinoma in
24 (3.7 %) patients. Thrombocytosis was present in 109

patients (1 7 %)—106 with adenocarcinoma and 491 with
squamous cell carcinoma and was associated with a poorer
outcome in both these histological types. In univariate
analysis, the five-year survival rate for patients with
thrombocytosis was significantly worse than that for those
with normal platelet counts (57.1 vs. 76.5 %; P < 0.01).
However, when adjusted for stage of disease, thrombocy-
tosis failed to have a significant effect on patient survival.
Similar to the study by De Jong et al. [9], there was also no
relation between thrombocytosis and the incidence of
positive lymph nodes. They concluded that thrombocytosis
did not have a significant effect on patient survival when
broken down by stage. In this study as well as in the study
by Hernandes et al. [6], an increase in the rate of throm-
bocytosis with advancing stage was found. Recently, Zhao
et al. [11] reported that higher platelet levels correlated
significantly with advanced tumor stage, large tumor size,
and tumor recurrence. They also found that thrombocytosis
may be a biomarker for predicting recurrence in patients
with early stage cervical cancer.

However, in this study as well, multivariate survival
analyses showed that platelet levels were not an indepen-
dent prognostic factor for poor survival in early stage
cervical cancer patients.

Endometrial carcinoma

The frequency of preoperative thrombocytosis varies
widely in endometrial carcinoma and ranges between 1.5
and 33.9 % [12-17]. In most studies, preoperative throm-
bocytosis was found to be an indicator of poor prognosis in
this malignancy [13, 15-20]. This was found to be true in
univariate as well as in multivariate analysis. Gucer et al.
[13] found among 135 endometrial carcinoma cases that
thrombocytosis was significantly more frequent in stage II-
IV disease, in G2 and G3 tumors, in those with deep
myometrial invasion and lymph-vascular space invasion.
The five-year survival rate of the 19 (14.0 %) patients with
thrombocytosis was significantly worse than that of the
patients  without  thrombocytosis (61 vs. 96 %,
P < 0.0001). The recurrence rate was significantly higher
in patients with thrombocytosis than in those without
thrombocytosis. In multivariate analysis, thrombocytosis
continued to be a predictor of worse prognosis. Gorelic
et al. [15] reported that patients with stage III-IV disease
had a significantly higher mean preoperative platelet count
compared to patients with stage I-II disease (359,000 vs.
283/mcL; P = 0.005). The median PFS and OS in patients
without thrombocytosis was significantly better than in
those with thrombocytosis. The median OS in patients
without thrombocytosis (n = 21) was 24.0 £ 4.5 months
and, in patients with thrombocytosis (n = 8), was
7.0 £ 3.8 months (P = 0.015). In this study as well,
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multivariate analysis showed that preoperative thrombo-
cytosis retained independent prognostic significance.
However, among patients with localized disease, preoper-
ative thrombocytosis was not associated with worsened OS
or PFS. Scholz et al. [19] also found in multivariate anal-
ysis of 59 stage III or IV endometrial carcinoma patients
that five-year DFS as well as five-year OS were signifi-
cantly influenced by preoperative thrombocytosis. The
effect of thrombocytosis in 68 patients with endometrial
serous carcinoma was assessed by Lerner et al. [18]. The
eight patients with thrombocytosis had significantly more
advanced-stage disease and ascites of more than 1 L. Those
with normal preoperative platelet counts demonstrated a
greater likelihood of optimal tumor resection to less than
1 cm residual disease. Patients with thrombocytosis had a
shorter PFS and OS. On multivariate analysis, after con-
trolling for age and stage, thrombocytosis retained signif-
icance as an indicator of poor prognosis.

Other studies assessed the association of thrombocytosis
only in univariate analysis. Tamussino et al. [17] found
among 212 endometrial carcinoma patients that low pre-
treatment hemoglobin is a poor prognostic factor in uni-
variate analysis and that it 1is associated with
thrombocytosis. Metindir et al. [20] also evaluated the
relationship between preoperative hemoglobin and platelet
count and prognostic factors in 61 endometrial cancer
patients. In univariate analysis, the presence of cervical
involvement and lymphatic metastasis were associated
with significantly higher median preoperative platelet
counts.

Some studies found that thrombocytosis was a prog-
nostic predictor in univariate analysis but not in multi-
variate analysis. Heng et al. [16] reported that among 238
endometrial carcinoma patients, those who had advanced
stage, adnexal involvement, lymph node metastasis, and
positive peritoneal cytology had significantly higher mean
preoperative platelet counts when compared with those
who had not. They found that patients with thrombocytosis
had significant higher rates of advanced stage, cervical
involvement, adnexal involvement, positive peritoneal
cytology, and lymph node involvement than patients with a
normal pretreatment platelet count. The five-year PFS and
OS were significantly lower in patients who had throm-
bocytosis. Thrombocytosis was shown to be a prognostic
factor in the univariate but not in multivariate analysis.

Not only thrombocytosis but elevated platelet counts
may also be associated with some poor prognostic factors.
Menczer et al. [12] reported that among 81 consecutive
endometrial carcinoma patients, grades 2 and 3 were found
to be significantly more common in those with a platelet
count higher than 300,000/mcL. Patients with an elevated
count also had a poorer survival rate and higher prevalence
of older age, high stage and deep myometrial invasion, but
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this trend did not reach statistical significance. Ayhan et al.
[14] assessed the platelet count in 155 endometrial carci-
noma patients. They considered a 325,000/mcL platelet
count as a threshold value. Stage III and IV, tumor grade 3,
the presence of cervical and adnexal involvements were
associated with significantly higher median preoperative
platelet counts. Multivariate analysis revealed cervical
involvement and presence of high-grade histology to be
significantly associated with higher platelet counts. Fur-
thermore, they found that higher preoperative platelet
counts, even within the normal range (150,000-400,000/
mcL), may reflect poor prognostic factors such as cervical
involvement and high grade.

We located only one study comprising 190 endometrial
carcinoma patients that found that a preoperative platelet
count was not correlated with two factors known to be of
prognostic significance namely stage and grade of the
tumor. In this study by Kologlu et al. [21], thrombocytosis
was defined as a platelet count of >300,000/mcL.

Epithelial ovarian carcinoma

Several studies found that an elevated platelet count and
thrombocytosis was a frequent preoperative finding in
patients with epithelial ovarian carcinoma ranging from
22.4 t0 62.5 % [22-25]. Thrombocytosis was found to be a
marker of advanced disease and poor prognosis in this
malignancy as well [23-27].

Menczer et al. [23] assessed preoperative thrombocy-
tosis in 82 ovarian cancer patients. No statistically signif-
icant correlation was found between thrombocytosis with
age, grade and residual disease. A statistically non-signif-
icant excess of thrombocytosis was found among patients
with advanced disease. However, the survival of patients
with thrombocytosis was significantly lower in those with
than those without thrombocytosis (P = 0.04). Li et al.
[24] reported that among 183 ovarian carcinoma patients,
those with preoperative thrombocytosis were found to have
statistically significant greater elevations of CA-125, more
advanced-stage disease, higher grade tumors, more fre-
quent lymph node metastases and greater volume of
ascites. Patients with thrombocytosis demonstrated a
greater likelihood of suboptimal tumor resection (residual
disease >1). Also, patients with thrombocytosis had a
shorter PFS and OS (28 vs. 79 months, P < 0.0001).
Thrombocytosis retained significance as a poor prognostic
indicator in patients with stage III and IVA disease
(P = 0.04) on multivariate analysis. Platelet count was
also found to be a predictor of PFS and OS by Gerestein
et al. [26] in univariate as well as multivariate analysis.
Among 118 patients, the median preoperative serum blood
platelet counts were higher in those with progressive dis-
ease and of those who died of disease when compared with
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patients without recurrence and those alive at last follow-
up date, 332 + 124 and 33 £ 127 vs. 251 + 122 and
267 4+ 115-109/L with P = 0.005 and <0.0001, respec-
tively. Studies by Gastl et al. [22, 28] found that serum IL-
6 levels and thrombocytosis in ovarian cancer patients were
significantly higher than in patients with benign ovarian
tumors; that highest platelet counts occurred in patients
with undifferentiated ovarian carcinoma or advanced dis-
ease; and that IL-6 levels in ascites correlate significantly
with the volume of ascites, with ovarian tumor size, with
thrombocytosis and with prognosis. Furthermore, Bakkum-
Gamez et al. [29] found that preoperative thrombocytosis is
independently associated with increased postoperative ileus
at primary cytoreductive surgery of epithelial ovarian
cancer, fallopian tube cancer, and primary peritoneal can-
cer. Also, Cohen et al. [30] reported that an elevated pla-
telet count (>350,000/mcL) is associated with suboptimal
resection and shortened overall survival at time of sec-
ondary cytoreductive surgery for recurrent disease.

In contrast, one study of epithelial ovarian carcinoma
[31] that comprised 130 patients, a relatively large pro-
portion of whom were in stage I (37 %), found that
thrombocytosis had no effect on survival although it was
associated with advanced-stage disease, higher serum
levels of CA125, greater volumes of ascites, and greater
incidence of suboptimal cytoreduction.

Also, there are some inconsistencies regarding the
association of thrombocytosis and stage of ovarian cancer.
Zeimet et al. [31] and Gastl et al. [22, 28] found a signif-
icantly higher percentage of patients with thrombocytosis
among those with advanced disease, while Chalas et al.
[32] reported that patients with thrombocytosis are evenly
distributed among stages.

Several studies that assessed the effect of preventing
thrombocytosis in ovarian cancer are of great significance.
Guo et al. [33] measured, by immunohistochemistry, IL-6
expression in ovarian cancer patient specimens, and eval-
uated the effects of siltuximab, a monoclonal anti-IL-6
antibody, in ovarian cancer cell lines. They found that
siltuximab effectively block the IL-6 signaling pathways,
that IL-6-induced gene expression and that siltuximab
increased the cytotoxic effects of paclitaxel in a paclitaxel-
resistant ovarian cancer cell line in vitro. However, the
drug did not have a significant effect on paclitaxel-resistant
tumor growth in a xenograft mouse model in vivo. Egan
et al. [34] investigated platelet interactions with ovarian
cancer cells in ovarian cancer cell lines. Platelets adhered
to ovarian cancer cells and these cells induced platelet
activation. They found that ovarian cancer-induced platelet
activation is mediated by adenosine 5’-diphosphate
released from tumor cells and can be blocked by adenosine
5'-diphosphate receptor (P2Y;, and P2Y;) antagonists.
Coward et al [35] found by automated

immunohistochemistry of tissue microarrays from 221
ovarian cancer cases, that intensity of IL-6 staining in
malignant cells was significantly associated with poor
prognosis. Treatment of ovarian IL-6-producing cancer
cells with siltuximab reduced cytokine and chemokine
production and also inhibited IL-6 signaling, angiogenesis
and tumor growth. In a very limited clinical trial of sil-
tuximab, they observed that one of 18 evaluable patients
had a partial response, while seven others had periods of
disease stabilization. Another noteworthy study was per-
formed by Stone et al. [25]. They investigated the under-
lying mechanisms of thrombocytosis in 619 human ovarian
carcinoma samples and mouse models of epithelial ovarian
cancer to assess the effects of platelets on tumor growth
and angiogenesis. Their findings indicated that increased
production of thrombopoietic cytokines in tumor and host
tissue leads to thrombocytosis in ovarian carcinoma and
that the use of an antiplatelet antibody in tumor-bearing
mice significantly reduced tumor growth and angiogenesis.
They, therefore, suggested that targeting these cytokines
may have therapeutic potential.

A recent population-based Danish study [36] of primary
gynecological cancer diagnosed between July 1, 2003 and
January 23, 2010, identified through the Danish Cancer
Registry 581 women with a primary diagnosis of gyneco-
logical cancer. Of these, 139 (23.9 %) women had cervical
cancer, 218 (37.5 %) had endometrial cancer, and 224
(38.6 %) had ovarian cancer. The authors concluded that
pre-diagnostic  thrombocytosis was associated with
advanced stage of gynecological cancer at diagnosis and
increased all-cause and cancer-specific mortality.

Conclusions

In cervical cancer pretreatment, thrombocytosis has been
shown, in most studies, to be an indicator of poor prognosis
in univariate analysis and to be associated with high tumor
burden in multivariate analysis. In endometrial carcinoma,
an elevated platelet count and thrombocytosis are associ-
ated with known prognostic factors such as high grade,
deep myometrial invasion, lymph-vascular space involve-
ment, advanced stage and poor outcome. Thrombocytosis
is a marker of advanced disease and poor survival in
ovarian cancer as well. This was found to be true in uni-
variate analysis as well as in multivariate analysis in most
studies of these two malignancies. Only in vulvar cancer,
thrombocytosis seems not to be a prognostic indicator.

Studies in cell lines and mouse models of ovarian car-
cinoma found that platelet activation and thrombocytosis
could possibly be prevented by blocking thrombopoietic
cytokines. These cytokines may constitute new potential
targets for therapeutic intervention.
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Although similar studies have not been reported in other

gynecologic malignancies, assessment of elevated platelet
count and thrombocytosis in patients with any type of
gynecologic malignancy, may, in the future, be of thera-
peutic significance.
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