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Platelet count as a biomarker for
monitoring treatment response and disease
recurrence in recurrent epithelial ovarian
cancer
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Abstract

Objectives: We sought to determine the impact of pretreatment plasma platelet levels, dimerized plasmin
fragment (D-dimer) and fibrinogen in recurrent epithelial ovarian cancer (EOC) and the impact of platelet levels on
SKOV3 cell lines growth and responsiveness to chemotherapy.

Methods: Under approval of ethical committee, we identified 104 women with recurrent EOC who underwent
treatment between January 2010 and February 2015. Reviewing clinical, laboratory, and pathologic records from
this retrospective cohort, we analyzed the correlation between pretreatment plasma D-dimer, fibrinogen, platelet
levels and clinicopathological parameters, progression free survival (PFS) and overall survival (OS). Inco-culture
experiments human ovarian cancer SKOV3 cell lines were used to test the effect of platelet levels on tumor growth
and responsiveness to docetaxel.

Results: Of the 104 recurrent EOC, thrombocytosis at diagnosis and the decrease of platelet count by less than
25% after primary therapy were associated with worse median progression free survival (P = 0.003;P = 0.021) and
median overall survival (P = 0.009;P = 0.009). Mean platelet levels declined at the end of primary therapy(P < 0.001)
and rose at recurrence(P = 0.007). In multivariate analysis, elevated platelet levels at primary therapy and the
decrease of platelet count less than 25% after primary therapy were unfavorable prognostic factor for PFS(P = 0.022;
P = 0.015) and OS(P = 0.013;P = 0.007) in recurrent EOC, but elevated plasma D-dimer and fibrinogen were not. In
SKOV-3 ovarian cancer cell lines, suitable concentration platelet co-culture protected against apoptosis (P < 0.05).

Conclusions: Platelet count during treatment could be used as a biomarker used for monitoring the disease
recurrence and predicting treatment response. And platelet with suitable concentration co-culture protected
against apoptosis in SKOV3 cell line, which may explain clinical observations.
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Introduction
Malignant tumors are frequently accompanied by in-
creased risk of hematological abnormalities. Elevated
plasma D-dimer, fibrinogen, and platelet levels have
been found in various malignancies [1] and are corre-
lated with poor clinical outcome [2, 3], while some do
not find any correlation [4, 5]. Platelets are associated
with metastasis, angiogenesis, epithelial-to-mesenchymal
transitio and tumor cell proliferation [6]. Pretreatment
thrombocytosis in EOC patients is closely associated
with more malignant disease phenotype and poorer
prognosis [7]. Thrombocytos is may independently
predict the diseases pecific survival for EOC patients.
Thrombocytosis, accompanied by increasing of platelet
aggregation rates, is associated with more aggressive
tumor biology in EOC [8]. Some evidence indicates that
tumor growth is incubated by a paraneoplastic thrombo-
cytosis in a paracrine circuit by thrombopoeitic cyto-
kines in ovarian cancer culture models [9]. Ovarian
cancer is ranked fifth of ten leading cancer types based
on the estimated new cancer cases and deaths in woman
in the latest statistics [10]. Although there is a high rate
of remission for advanced disease after the main treat-
ment with surgery and chemotherapy, recurrence is
common in patients with over 60% of advanced stage
[11]. Despite the available literature regarding elevated
plasma D-dimer, fibrinogen, and platelet levels at the
time of primary treatment, it is unclear if this three at
the time of recurrence have clinical significance. We
considered whether plasma D-dimer, fibrinogen, and
platelet levels could serve as biomarkers, like CA125, to
monitor treatment response and to follow up during the
surveillance for recurrence of the EOC. In this study, we
evaluate the association between pretreatment plasma
D-dimer, fibrinogen, platelet levels, survival, and other
clinic-pathologic factors in women with recurrent EOC
and the impact of platelet levels on SKOV3 cell lines
growth and responsiveness to chemotherapy.

Methods
Patients
Under an ethical committee-approved protocol of the
First Affiliated Hospital of Zhengzhou University, we
identified 104 women with recurrent EOC who under-
went treatment between January 2006 and February2015
in our hospital. The inclusion criteria for this study were
as follows: Patients with (1) pathological diagnosis of
EOC, (2) treatment with surgical cytoreduction per-
formed by a gynecologic oncologist in addition to taxane
and/or platinum-based chemotherapy between January
2010 and February 2015 in our hospital, and (3)
adequate clinical information in the medical record. Pa-
tients were excluded from the study for the following
criteria: (1) did not receive primary therapy or follow-up

at the institution of record; (2) no recurrence of disease;
(3) history of other malignancies, myeloproliferative
disease, inflammatory disease, splenectomy, or other
confounding causes of thrombocytosis, and (4) known
congenital thrombophilia, ongoing anticoagulant treat-
ment, pregnancy, or stroke or neurosurgery within 6
months.

Measurements of plasma D-dimer, fibrinogen, platelet
levels and CA125
Clinical data collected included patient demographics,
tumor characteristics, details of treatment, and outcome
data. Pre-treatment plasma D-dimer, fibrinogen, platelet
levels and CA125 measurements were recorded. Then
platelet levels and CA125 measurements were recorded
after the completion of surgery, 6 cycles of cytotoxic
chemotherapy, after treatment completion and at the
time of diagnosis of recurrence. In this cohort of
patients, thrombocytosis was considered to be a platelet
count ≥300,000 cells/μl, hyperfibrinogenemia was de-
fined as plasma fibrinogen level above 4 g/l, high plasma
D-dimer level was considered based on the standard
cutoff level of 0.3 mg/l, consistent with published criteria
[3, 10]. Postoperative gross residual disease of < 1 cm
was classified as microscopic. Conversely, residual
disease > 1 cm gross was defined as macroscopic. The
percent of change in platelet counts after treatment
compared to the counts pretherapy were calculated. To
reduce the effect of treatment-induced myelosuppres-
sion, the platelet count was determined 14 days after the
end of the chemotherapy and the ratio of platelet count
before and after treatment was used for further analysis.

Pre-clinical analysis
Cell lines and culture condition
The derivation of the human ovarian cancer cell lines
SKOV3 was purchased from American type culture
collection (ATCC) cell library. The cell lines were main-
tained in RPMI-1640 with 10% fetal bovine serum. Cell
lines were routinely genotyped to confirm identity and
tested to confirm absence of Mycoplasma. Cells were
maintained at 37 °C in a humidified incubator infused
with 20% O2 and 5% CO2.

Docetaxel
Docetaxel (Aventis Pharma S.A.) was obtained from
surplus clinical samples from the clinical pharmacy asso-
ciated with Intravenous Dispensing Center of the first
affiliated hospital of Zhengzhou University.

Platelet isolation for in assays
Platelets were prepared for in vitro assays in a manner
that would remove plasma contents and nucleated cells.
Whole blood was drawn from clinical volunteers into a
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syringe pre-loaded with 1:9 v/v 3.8% sodium citrate and
mixed 1:1 v/v with tyrodes buffer lacking Mg2+ and Ca2+.

Blood was centrifuged at1000rpm for 10min, at 22 °C.
The platelet-rich plasma fraction was passed through a
filtration column of Sepharose 2B beads (Sigma Aldrich,
St Louis,MO) loaded into a 10ml disposable plastic syr-
inge with a 40 μm nylon net filter at the bottom and
sepharose 2B beads previously washed in acetone 1:1 v/v,
followed by 0.9% NaCl 1:1 v/v, and Buffer 1:1 v/v.
Platelets were counted with a hemocytometer by phase-
contrast microscopy at 400× magnification and concen-
tration was adjusted to 1 × 109/ ml by platelet buffer
(Glucose 5.5 mmol/L, Tris, 15 mmol/L, NaCl 0.14 mmol/
L, pH 7.4).

Potential effects of platelets on apoptosis and response to
chemotherapy in assays
To examine potential effects of platelets on apoptosis
and response to chemotherapy, we incubated cancer
cells with platelets using a tissue co-culture system and
observed consistent protection against apoptosis. To as-
sess the effect of platelets on apoptosis, cells were plated
in 6-well plates at 50,000 cells per plate. At 50% conflu-
ence, media was changed to serum-free for 24-h prior to
starting treatment. After serumstarvation, platelets were
isolated and added to achieve a final dose of 1 × 108

platelets/mL. Docetaxel was dosed at 5 nM based on
previously published IC50 levels. Controls utilized an
equivalent volume of the appropriate buffer. All treat-
ments were performed in triplicate. After 72 h of platelet
and docetaxel exposure, cell viability was assessed using
Annexin V-FITC and PropidiumIodide (PI) staining (BD
Pharmingen TM) by flow cytometry. In vitro experi-
ments were performed as described. Internal controls
(n = 3) were performed for each experiment given the
variability in baseline apoptosis rates seen between
experiments in order to avoid batch error.

Platelet density on apoptosis and response to
chemotherapy
To test the effect of platelet density on apoptosis and
response to chemotherapy, cells were plated in 6-well
plates at 50,000 cells per plate. At 50% confluence,
media was changed to serum-free for 24-h prior to start-
ing treatment. After serumstarvation, platelets were
isolated and added to achieve a final dose of 0.5 × 108

platelets/mL,1 × 108 platelets/mL,2 × 108 platelets/mL,
4 × 108 platelets/mL. Docetaxel was dosed at 5 nM based
on previously published IC50 levels. Controls utilized an
equivalent volume of the appropriate buffer. All treat-
ments were performed in triplicate. After 72 h of platelet
and docetaxel exposure or not, cell viability was assessed
using Annexin V-FITC and Propidium Iodide (PI) stain-
ing (BD PharmingenTM) by flow cytometry. In vitro

experiments were performed as described. Internal con-
trols (n = 3) were performed for each experiment given
the variability in baseline apoptosis rates seen between
experiments in order to avoid batch error.

Statistical analyses
All the categorical variables were analyzed by chi-
square test and ANOVA test for continuous variables.
Kaplan-Meier curves were used to estimate the distri-
bution of PFS and OS, and log-rank test was performed
to compare the difference between the survival curves.
Variables, which were identified as statistically signifi-
cant in univariate analysis, were included in the multi-
variate survival analysis using the Cox proportional
hazard model. Progression-free survival (PFS), interval
to progression, was defined as the time from the
conclusion of six cycles of primary therapy to the time
when the clinical diagnosis of recurrence by physical
exam, laboratory evaluation, and/or imaging was
reported, whichever occurred first. Overall survival
(OS) was defined as the time from the conclusion of six
cycles of primary chemotherapy to the time of last
follow-up or death. Survival times of patients who were
known to be alive and who were dead as a result of
other causes were censored with the last follow-up date.
All statistical analyses were performed using SPSS 17.0
statistical software. P values < 0.05 were considered of
statistical significance.

Results
Patient clinical characteristics
Of the 104 women with recurrent EOC, 77.9% had
advanced stage (III or IV), 76.9% had high-grade disease,
50.0% had middle or grade serous subtype and 57.7%
had thrombocytosis at the time of diagnosis. The median
age was 53 years (range 37–81 years) and the mean
platelet level was 299.8000 /μl (range 108,000–545,000
cells/μl) at diagnosis.

Relationship between clinicopathological parameters and
pretreatment plasma D-dimer/fibrinogen/platelet levels
and serum CA125
Plasma D-dimer and fibrinogen levels pretreatment were
above the normal value in 29(27.9%) and 90(86.5%)
patients, respectively. The incidence of thrombocytosis
was 57.7% (60 /104). The incidence of elevated serum
CA125 levels in 104 patients with recurrent ovarian can-
cer was 97.1% (101 /104). Here we found that elevated
platelet levels were significantly associated with FIGO
stage (P = 0.021) and histological type was associated
with elevated plasma D-dimer levels (P = 0.016), but not
with other clinicopathological parameters. (Table 1).
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Factors affecting progression free survival and overall
survival: by univariate and multivariate analyses
Of the 104 women with recurrent EOC, pretreatment
thrombocytosis was associated with worse median pro-
gression free survival (11.6 vs.14.1 months, P = 0.003,
Fig. 1a) and median overall survival (15.6vs. 21.3 months,
P = 0.009, Fig. 1b). However, elevated plasma D-dimer
and fibrinogen were not confirmed in univariate analysis
and multivariate analysis (Tables 2 and 3). Next, we
investigated the association between the percentage of
reduction of platelet count relative to the pretreatment
level and patient survival. Intriguingly, we found that a
reduction less than 25% in platelet count post-treatment
was associated with poor PFS and OS (P = 0.021, P =
0.009, Fig. 1c and d). After adjustment for tumor stage,
histological grading, and residual disease after cytoreduc-
tive surgery, multivariate analysis rendered decrease of
platelets to a cut-off value of less than25% reduction
after treatment as an independent, unfavorable prognos-
tic factor for PFS. (Tables 2 and 3).

Platelet count and CA125 trends: during treatment and
until the clinical diagnosis of recurrence
To consider platelet and CA125 trends, data of 104
patients was recorded through primary diagnosis,
primary treatment and until the clinical diagnosis of re-
currence. Of the patients with recurrent EOC (n = 104),
86.5%patients had a normal platelet count (mean 197,
000 cells/μl) after primary therapy,and mean platelet

counts at the diagnosis of recurrence were found to be
increased to 227,000 cells/μl compared to that after pri-
mary therapy (P = 0.007, Fig. 2a).CA125 is a standard
tumor marker followed in ovarian cancer to track the ef-
ficacy of primary therapy and in surveillance for recur-
rence. The mean CA125 level at diagnosis was 1034.8
IU/mL (normal < 35 IU/mL). In contrast, 81.4%had a
normal CA125 level at the conclusion of primary ther-
apy with a mean 75.1 IU/mL, and the mean post-
treatment CA125 level was 12.8 IU/mL. At the clinical
diagnosis of disease recurrence, CA125 was elevated in
80.8% of patients, with a median 323.1 IU/mL compared
to that after treatment (P < 0.001, Fig. 2b). Among pa-
tients with a CA125 < 35 IU/mL at the time of recur-
rence, mean platelet levels at the diagnosis of recurrence
were increased to 249.700 cells//μl compared to that
(197.100 cells/μl) at the conclusion of primary therapy
(P = 0.046).

Normalization of platelet counts post-treatment is
associated with disease response to therapy
In the patients with recurrent EOC who experienced a
compete response to therapy > 6months, 56.0% (51/91)
had thrombocytosis at diagnosis, and 92.3% (84/91) of
these patients had normalized platelet levels by the end
of primary therapy. In the treatment resistant cohort
(n = 13) who experienced a complete response to pri-
mary therapy that was durable for < 6 months, 76.9%
(10/13) patients had thrombocytosis at beginning of

Table 1 Relationship between clinicopathological parameters and different levels of plasma D-dimer, fibrinogen and serum CA125
in 104 patients with recurrent EOC

Platelet count
1000cells/μl

Plasma Fibrinogen
g/l

Plasma D-dimer
mg/l

serum CA125
U/ml

Variable n ≤300 > 300 P 2–4 > 4 P ≤0.3 > 0.3 P ≤35 > 35 P

Age, y 0.340 0.386 0.566 0.685

≤ 55 39 28 21 27 12 5 34 1 38

> 55 65 26 39 48 17 9 56 2 63

Stage 0.335 0.473 0.373 0.531

I or and II 23 11 12 16 7 4 19 1 22

III or and IV 81 33 48 59 22 10 71 2 79

Histological type 0.432 0.016 0.402 0.324

Serous 64 28 36 41 23 6 58 1 63

Non serous 40 16 24 34 6 8 32 2 38

Grade 0.021 0.273 0.410 0.549

Low 24 15 9 19 5 4 20 1 23

High 80 29 51 56 24 10 70 2 78

Postoperative residual disease 0.069 0.514 0.402 0.301

Microscopic 66 32 34 48 18 8 58 1 65

Macroscopic 38 12 26 27 11 6 32 2 36

CI confidence interval, HR hazard ratio
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primary therapy. At the end of primary therapy, only
46.2% (6/13) had normalized platelet counts. These data
indicate a correlation between the normalization of
platelet counts at the end of primary therapy and disease
response to therapy (P < 0.001).

Platelets resistance against chemotherapy-induced
apoptosis
Tissue co-culture with platelets demonstrated consistent
protection against apoptosis with and without exposure
to docetaxel. Platelet activation was evident by the ag-
gregation of platelets within the initial hours of

37°Cincubation. Incubation of SKOV3 cells with plate-
lets in serum-free conditions reduced apoptosis 59.9%
(p = 0.008). After incorporating docetaxel, incubation of
the SKOV-3 cell line with platelets reduced apoptosis by
37.6% (p = 0.0015). (Fig. 3b and d).
We next compared the apoptotic rates of different plate-

let concentrations and tumor cells. To observe these
changes in apoptotic rates, ovarian cancer cells were incu-
bated with different concentrations of platelets for 72 h in
a serum free environment with and without docetaxel 5
nM. Incubation of SKOV3 cells with platelets of the dose
0.5 × 108platelets/mL,1 × 108platelets/mL,2 × 108 platelets/

Fig. 1 Cumulative survival curves for PFS and OS according to pretreatment platelet count and the reduction of platelet count by Kaplan-Meier
method in the 104 patients with recurrent EOC. a Progression free survival for pretreatment platelet count (P = 0.003); b Overall survival for
pretreatment platelet count (P = 0.009); c Progression free survival for the reduction of platelet count (P = 0.021); d Overall survival for the
reduction of platelet count (P = 0.009)
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mL,4 × 108platelets/mL in serum-free conditions reduced
apoptosis by 55.4%(p = 0.01),59.9%(p = 0.008),43.9%(p =
0.044),8.3%(p = 0.706), respectively (Fig. 3a and c). After
incorporating docetaxel, incubation of theSKOV3cellwith
platelets of the dose 0.5 × 108platelets/mL,1 × 108

platelets/mL,2 × 108platelets/mL,4 × 108platelets/mL re-
duced apoptosis by 30.2%(p = 0.03),37.6% (p = 0.015),
21.5%(p = 0.098),17.4% (p = 0.26), respectively (Fig. 3b and
d). These data suggest that platelets have an anti-
apoptotic effect on SKOV3 cell, and they suggest that the
anti-apoptotic performance of platelets in vitro was com-
parable at the different seeding density. Since the culture

of the SKOV3 cell with platelets incubated with 4 ×
108platelets/mL did not reduce a significantly greater
number of apoptosis rates than that with 1 × 108platelets/
mL, the lower seeding density was preferable.

Discussion
Much of the research in recent years has examined the
prognostic value of pretreatment platelet count in
ovarian cancer [12, 13]. Notably, most of the studies
have investigated the impact of the platelet count at the
time of diagnosis. To our knowledge, this is the first and
the largest study to evaluate the significance of plasma

Table 2 Univariate and multivariate analysis of prognostic factors in progression free survival

Univariate analysis Multivariate analysis

Variable HR 95.0% CI P value HR 95.0% CI P value

Age (y)
≤55 vs. > 55

1.351 0.903 −2.020 0.143 – – – –

Postoperative residual disease
Microscopic vs. Macroscopic

3.637 2.376 −5.566 P < 0.001 2.761 1.752 −4.351 P < 0.001

Grade
Low vs. High

2.499 1.535 −4.067 P < 0.001 1.912 1.141 −3.202 0.014

Stage
I or II vs. III or IV

2.344 1.360 −4.039 0.002 1.592 0.883 −2.872 0.122

Platelet count (1000/μl)
≤300 vs. > 300

1.820 1.214 −2.728 0.004 1.626 1.073 −2.466 0.022

Platelet count reduction
> 25% vs. ≤25%

1.594 1.068 −2.378 0.023 1.651 1.100 −2.478 0.015

Plasma fibrinogen(g/l)
2–4 vs. > 4

0.914 0.592 − 1.411 0.685 – – –

Plasma D-dimer (mg/l)
≤0.3 vs. > 0.3

0.894 0.507 −1.574 0.697 – – – –

CI confidence interval, HR hazard ratio

Table 3 Univariate and multivariate analysis of prognostic factors in overall survival

Univariate analysis Multivariate analysis

Variable HR 95.0% CI P value HR 95.0% CI P value

Age (y)
≤55 vs. > 55

1.606 0.844 −3.058 0.149 – – – –

Postoperativeresidual disease
Microscopic vs. Macroscopic

5.811 3.019 −11.182 P < 0.001 4.300 2.124 −8.703 P < 0.001

Grade
Low vs. High

2.695 1.225 −5.928 0.014 1.714 0.733 −4.004 0.214

Stage
I or II vs. III or IV

2.972 1.195 −7.393 0.019 1.799 0.656 −4.930 0.254

Plateletcount (1000/μl)
≤300 vs. > 300

2.298 1.208 −4.373 0.011 2.363 1.202 −4.645 0.013

Platelet count reduction
> 25% vs. ≤25%

2.222 1.200 −4.113 0.011 2.363 1.262 −4.423 0.007

Plasmafibrinogen(g/l)
2–4 vs. > 4

1.092 0.573 −2.083 0.789 – – – –

Plasma D-dimer (mg/l)
≤0.3 vs. > 0.3

0.712 0.315 −1.608 0.413 – – – –

CI confidence interval, HR hazard ratio
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D-dimer, fibrinogen and platelet levels on prognosis of
recurrent epithelial ovarian cancer during the course of
therapy and at the time of recurrence. Also this is the
first study to evaluate predictive significance of the per-
cent of reduction of platelet level at the end of primary
therapy on interval to progression and overall survival of
recurrent epithelial ovarian cancer. And in this study,
the result of SKOV-3 ovarian cancer cell lines co-
culturing with suitable concentration platelets provides
further evidence supporting a plausible role for platelet
in aggressive ovarian cancer biology.
It is increasingly recognized that multiple biological

components participate in a cooperative relationship
between the platelets and malignancies. Cross-talk
between platelets and tumor cells has been shown to
participate in tumor hemorrhage [14], the epithelial-to-
mesenchymal transition which promotes invasive behav-
ior and extravasation of tumor cells, metastasis by
shielding the tumor cells against NK cell mediated
tumor lysis, as well as arrest of tumor cells for metastasis
in target tissues [15–17]. Platelets have been shown to
sequester angiogenesis regulators in addition to other
mitogens and release these compounds from alpha-
granules in a manner that modulates angiogenesis [18].
Previous studies from different patient cohorts have

showed that elevated platelet is a poor prognostic factor
[9, 19]. Here we have demonstrated through a cohort of
patients with disease recurrence that elevated platelet
count before treatment is associated with shortened
interval to progression and decreased overall survival,
but elevated plasma D-dimer and fibrinogen level were
not found to be significant, independent prognostic

marker for recurrentepithelial ovarian cancer by univari-
ate and multivariate analyses. Interestingly, here we
found with strong evidence that the percent of reduction
of platelet level at the end of primary treatment is an in-
dependent predictive factor of treatment response and
the inadequate reduction of the platelet count is associ-
ated with shortened interval to progression and de-
creased overall survival of the recurrentepithelial ovarian
cancer. The majority of patients with advanced stage
ovarian cancer will develop recurrence. Consideration
for the reduction of platelet level of the recurrentepithe-
lial ovarian cancer patients may also help identify those
who will benefit from targeted treatment. Targeting
platelet counts variation tendency in ovarian cancer
patients may represent a viable therapeutic target for the
recurrentepithelial ovarian cancer.
The fact that there is fluctuation of platelet count

during the course of primary treatment suggests its
role in prediction of tumor recurrence and depend-
ence of tumor progression. Moreover, it have been
found that at the time of disease recurrence, an
increased platelet count is present and was confirmed
by our observations [9, 19, 20]. Platelet count is prob-
ably directly dependent on the amount of tumor cells
[9] and bone marrow may be adversely affected by
adjuvant chemotherapy as a result of which patients
may be less likely to genrate thrombocytosis in the
setting of post-treatment. Disease recurrence may
represent chemoresistance or altered cancer cells that
have become more aggressive compared to the
primary tumor. This may explain why platelet would
increase at recurrence [21].

Fig. 2 a Platelet counts trend during the course of therapy and at the time of disease recurrence in 104 patients of recurrent EOC; b CA125
levels trend during the course of therapy and at the time of disease recurrence in 104 patients of recurrent EOC; The platelet counts and CA125
levels are given in median with SD
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Chemoresistance is a common occurrence in recurrent
EOC and platelets may contribute to this. Here we ob-
serve that elevated platelet counts at the end of primary
therapy are associated with higher rates of relapse and
lower rates of response to chemotherapy and the
normalization of platelet counts is associated with the
disease response to the primary therapy. Chemotherapy
was found to be more effective in the context of
thrombocytopenia in breast cancer model [22, 23] and
platelets seemed to confer resistance to apoptosis in-
duced by taxane chemotherapy [24, 25]. Pretreatment
thrombocytosis and reduction of platelet level at the end
of primary treatment correlate with worsened overall
survival, suggesting that variation trend of platelet may
be specific to the types of therapy used. CA125 is a

standard tumor marker followed in ovarian cancer to
track the efficacy of primary therapy and in surveillance
for recurrence [26]. We demonstrated that pre-therapy
platelet counts and reduction of platelet level at the end
of primary treatment might be useful as a tumor marker,
as CA125 levels, to monitor treatment response and
during surveillance for recurrence.
The relationship between elevated platelets and malig-

nancy signifies the potential role of antiplatelet drugs in
the treatment of patients of EOC with thrombocytosis.
There is evidence suggesting that anticoagulants may
alter the potential of platelets to facilitate angiogenesis
by decreasing the release of vascular endothelial growth
factors [27]. A series of studies have indicated a visibly
reduced malignancy risk in individuals treated with low-

Fig. 3 a Apoptosis rates of SKOV-3 co-cultured with platelets 0.5 × 108/mL,1 × 10^8/mL,2 × 108/mL,4 × 108/mL compared to serum free media; b
With the addition of 5 nM docetaxel, apoptosis rates of SKOV-3 co-cultured with platelets 0.5 × 108/mL,1 × 10^8/mL,2 × 108/mL,4 × 108/mL
compared to only 5 nM docetaxel; c SKOV-3 co-cultured with platelets 0.5 × 108/mL,1 × 108/mL,2 × 108/mL,4 × 108/mL, platelets decreased
apoptosis from 15.7 to 7.0%(p = 0.01),6.3%(p = 0.008),8.8%(p = 0.044),14.4%(p = 0.706) compared to serum free media respectively; d With the
addition of 5 nM docetaxel, platelets 0.5 × 108/mL,1 × 108/mL,2 × 108/mL,4 × 108/mL decreased apoptosis from 61.9 to 43.2%(p = 0.03),38.6% (p =
0.015),48.6%(p = 0.098),51.1% (p = 0.26) compared to only 5 nM docetaxel respectively
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dose aspirin [24, 28–32]. Nevertheless, these data need
confirmation through further investigation. Based on our
observation in patients with recurrent epithelial ovarian
cancer,we hypothesized and confirmed that platelets
with suitable concentration might confer resistance to
apoptosis by taxane chemotherapy or not. Cancer cells
migrate to the vasculature and interact with platelets
resulting in tumor cell-induced platelet aggregation dur-
ing haematogenous metastasis [33]. Co-incubation re-
sulted in platelet aggregation and high concentrations of
platelets were more likely to agglutinate. Platelet aggre-
gation around tumor cells provides numerous advan-
tages to the cancer cells. The platelet coating and fibrin
(ogen) deposition of tumor cells form a physical barrier
to avoid direct contact with NK cells [34]. In addition,
platelet aggregation around cancer cells is also essential
for the protection of cancer cells against high shear
stress in the bloodstream [35].
Here we further demonstrated that platelets of suit-

able concentration protected against apoptosis in co-
culture with SKOV3 cell lines. Tumors induce
thrombocytopenia by secreting inflammatory factors,
which may also lead to myelosuppression and meta-
bolic disorders in patients [36]. Cancer cells release
thromboxane after activating platelets, and high ex-
pression of thromboxane receptors and thromboxane
synthase have been reported in many cancers. Inhib-
ition of thromboxane synthase activity reduced tumor
proliferation saved by the addition of thromboxane
A2 and induced apoptosis [37, 38]. Platelets support
cancer progression at several levels, particularly at late
stages in primary tumors and in metastatic dissemin-
ation [39]. However, a few studies demonstrate
tumor-suppressive roles at earlier stages, via growth-
suppressive effects through downregulation of tumor
cell genes and induction of tumor cell apoptosis [40].
The results of this study further complicated the
platelet-cancer relationship. Platelets have both posi-
tive and negative effects on cancer in different mech-
anisms and at many stages. Some population and
clinical studies have shown that long-term aspirin
treatment reduces the mortality of intestinal and non-
gastrointestinal cancers and prevents cancer metasta-
sis. It is likely to suggest the role of chronic aspirin
in chemoprophylaxis, but forward-looking evidences
are still needed. It has been speculated that the bind-
ing of platelets to cancer cells protects cancer cells
from damage induced by fluid shear stress in blood
circulation [35], which can sensitize both colon and
prostate cancer cells to tumor necrosis factor-related
apoptosis-inducing ligand-induced apoptosis [41]. In-
hibition of platelets or related derivatives are expected
to increase the sensitivity of cancer cells to apoptosis.
Platelet may have a supportive role in docetaxel-

induced apoptosis. However, its effect on apoptosis
induced by other damage is not clear, and its role in
chemoprotection still needs to be further clarified.
Aspirin, at a dose of about 100 mg/day (equivalent to
a low dose of human), has been given to colorectal
cancer mice and the results show that aspirin may in-
duce apoptosis of cancer cells through a mechanism
involving down-regulation of IL-6-STAT3 signal path-
way [42]. Further, relative thrombocytopenia may be
of therapeutic benefit, and within carefully defined
safety parameters, the use of anti-platelet reagents
may be considered as chemosensitizers.
This retrospective study has various limitations. Firstly,

the data were limited by provider variation of plasma D-
dimer, fibrinogen, platelet levels and CA125. At the
same time, there is no more detailed analysis of different
subtypes. Secondly, we did not address a mechanistic re-
lationship between thrombocytosis and tumor apoptosis
molecular biology. Lastly, standardization as well as
prospective analysis could allow the development of pro-
spective algorithms to test for the predictive value of
platelet response as a biomarker for tumor response.
The majority of patients with advanced stage disease

EOC will develop recurrence. As we move towards indi-
vidualized cancer care based on patient specific genome
analysis, patient centered outcomes will rise in import-
ance and predictors of recurrence are more important
than ever. Platelet level before pretreatment, during the
therapy and at the time of recurrence may assist with
the ability to predict disease progression and recurrence
and may also help identify patients who will benefit from
the targeted therapy of cross-talk between platelets and
tumor cells. Additionally, the introduction of the con-
venient prognostic factors such as platelet counts vari-
ation tendency can assist clinicians with better
individualization of the therapeutic approach of recur-
rent EOC patient based on the risk stratification.

Abbreviations
EOC: Epithelial ovarian cancer; PFS: Progression-free survival; OS: Overall
survival; D-dimer: Dimerized plasmin fragment; PI: Propidium iodide;
CA125: Cancer antigen 125

Acknowledgements
Not Applicable.

Authors’ contributions
QHH is the primary author of this manuscript, designed experiments,
performed platelet-related experiments, data analysis and wrote the manu-
script. LPH contributed to design experiments and modified article; AH col-
lected clinical data, translated the data from Chinese to English and polished
language. All authors read and approved the final manuscript.

Funding
This study was supported by the National Natural Science Foundation of
China (No. U1604172), the Science and Technology Planning Project of
Henan Province co-established by the province and the ministry (No.
201701002) and the Science and Technology Colleges Innovation Team Sup-
port Program of Henan Province (No. 18IRTSTHN024).

Hu et al. Journal of Ovarian Research           (2020) 13:78 Page 9 of 11



Availability of data and materials
The datasets generated during and/or analysed during the current study are
available from the corresponding author on reasonable request.

Ethics approval and consent to participate
Not Applicable.

Consent for publication
Not Applicable.

Competing interests
The authors declare that there are no conflicts of interest.

Author details
1Department of Radiation Oncology, The First Affiliated Hospital of
Zhengzhou University, Zhengzhou, Henan 450002, People’s Republic of
China. 2B.P. Koirala Institute of Health Sciences, Sunsari, Dharan, Nepal.
3Department of Obstetrics and Gynecology, The First Affiliated Hospital of
Zhengzhou University, No.1, Jianshe East Road, Zhengzhou, Henan 450002,
P.R. China.

Received: 16 April 2020 Accepted: 7 July 2020

References
1. Gucer F, Tamussino K, Keil F, Balkanli-Kaplan P, Yuce MA. Thrombocytosis in

gynecologic malignancies. Anticancer Res. 2004;24(3b):2053–9.
2. Ilhan-Mutlu A, Starlinger P, Perkmann T, Schoppmann SF, Preusser M, Birner

P. Plasma fibrinogen and blood platelet counts are associated with
response to neoadjuvant therapy in esophageal cancer. Biomark Med. 2015;
9(4):327–35.

3. Man Y-N, Wang Y-N, Hao J, Liu X, Liu C, Zhu C, et al. Pretreatment plasma
D-dimer, fibrinogen, and platelet levels significantly impact prognosis in
patients with epithelial ovarian Cancer independently of venous
thromboembolism. Int J Gynecol Cancer. 2015;25(1):24–32.

4. Ouden MD, Ubachs JMH, Stoot JEGM, Wersch JWJV. Whole blood cell
counts and leucocyte differentials in patients with benign or malignant
ovarian tumours. Eur J Obstet Gynecol Reprod Biol. 1997;72(1):73–7. https://
doi.org/10.1016/s0301-2115(96)02662-0.

5. Lavie O, Comerci G, Daras V, Bolger BS, Lopes A, Monaghan JM.
Thrombocytosis in women with vulvar carcinoma. Gynecol Oncol. 1999;
72(1):82–6. https://doi.org/10.1006/gyno.1998.5225.

6. Cho MS, Bottsford-Miller J, Vasquez HG, Stone R, Zand B, Kroll MH, et al.
Platelets increase the proliferation of ovarian cancer cells. Blood. 2012;
120(24):4869–72. https://doi.org/10.1182/blood-2012-06-438598.

7. Chen Y, Zhang L, Liu WX, Liu XY. Prognostic significance of preoperative
anemia, leukocytosis and thrombocytosis in chinese women with epithelial
ovarian cancer. Asian Pac J Cancer Prev. 2015;16(3):933–9. https://doi.org/10.
7314/apjcp.2015.16.3.933.

8. Ma X, Wang Y, Sheng H, Tian W, Qi Z, Teng F, et al. Prognostic significance
of thrombocytosis, platelet parameters and aggregation rates in epithelial
ovarian cancer. J Obstet Gynaecol Res. 2014;40(1):178–83. https://doi.org/10.
1111/jog.12151.

9. Stone RL, Nick AM, McNeish IA, Balkwill F, Han HD, Bottsford-Miller J, et al.
Paraneoplastic thrombocytosis in ovarian cancer. N Engl J Med. 2012;366(7):
610–8. https://doi.org/10.1056/NEJMoa1110352.

10. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. 2018;
68(1):7–30. https://doi.org/10.3322/caac.21442.

11. Salani R, Santillan A, Zahurak ML, Giuntoli RL 2nd, Gardner GJ, Armstrong
DK, et al. Secondary cytoreductive surgery for localized, recurrent epithelial
ovarian cancer: analysis of prognostic factors and survival outcome. Cancer.
2007;109(4):685–91. https://doi.org/10.1002/cncr.22447.

12. Menczer J, Schejter E, Geva D, Ginath S, Zakut H. Ovarian carcinoma
associated thrombocytosis. Correlation with prognostic factors and with
survival. Eur J Gynaecol Oncol. 1998;19(1):82–4.

13. Yu M, Liu L, Zhang BL, Chen Q, Ma XL, Wu YK, et al. Pretreatment
thrombocytosis as a prognostic factor in women with gynecologic
malignancies: a meta-analysis. Asian Pac J Cancer P. 2012;13(12):6077–81.
https://doi.org/10.7314/Apjcp.2012.13.12.6077.

14. Ho-Tin-Noé B, Goerge T, Wagner DD. Platelets: guardians of tumor
vasculature. Cancer Res. 2009;69(14):5623–6. https://doi.org/10.1158/0008-
5472.CAN-09-1370.

15. Lakka Klement G, Yip TT, Cassiola F, Kikuchi L, Cervi D, Podust V, et al.
Platelets actively sequester angiogenesis regulators. Blood. 2009;113(12):
2835–42.

16. Gay LJ, Felding-Habermann B. Contribution of platelets to tumour metastasis.
Nat Rev Cancer. 2011;11(2):123–34. https://doi.org/10.1038/nrc3004.

17. Myriam L, Shahinoor B, et al. Direct Signaling between Platelets and Cancer
Cells Induces an Epithelial-Mesenchymal-Like Transition and Promotes
Metastasis. Cancer Cell. 2011;20(5):576–90. https://doi.org/10.1016/j.ccr.2011.
09.009.

18. Battinelli EM, Markens BA, Italiano JE Jr. Release of angiogenesis regulatory
proteins from platelet alpha granules: modulation of physiologic and
pathologic angiogenesis. Blood. 2011;118(5):1359–69. https://doi.org/10.
1182/blood-2011-02-334524.

19. Allensworth SK, Langstraat CL, Martin JR, Lemens MA, McGree ME, Weaver
AL, et al. Evaluating the prognostic significance of preoperative
thrombocytosis in epithelial ovarian cancer. Gynecol Oncol. 2013;130(3):
499–504. https://doi.org/10.1016/j.ygyno.2013.05.038.

20. Nather A, Mayerhofer K, Grimm C, Hefler L, Leodolter S, Obermair A, et al.
Thrombocytosis and anaemia in women with recurrent ovarian cancer prior
to a second-line chemotherapy. Anticancer Res. 2003;23(3C):2991–4.

21. Eggemann H, Ehricke J, Ignatov T, Fettke F, Semczuk A, Costa SD, et al.
Platelet count after chemotherapy is a predictor for outcome for ovarian
Cancer patients. Cancer Investig. 2015;33(5):193–6. https://doi.org/10.3109/
07357907.2015.1020384.

22. Peterson JE, Zurakowski D, Italiano JE Jr, Michel LV, Connors S, Oenick M, et al.
VEGF, PF4 and PDGF are elevated in platelets of colorectal cancer patients.
Angiogenesis. 2012;15(2):265–73. https://doi.org/10.1007/s10456-012-9259-z.

23. Ho-Tin-Noe B, Carbo C, Demers M, Cifuni SM, Goerge T, Wagner DD. Innate
immune cells induce hemorrhage in tumors during thrombocytopenia. Am
J Pathol. 2009;175(4):1699–708. https://doi.org/10.2353/ajpath.2009.090460.

24. Radziwon-Balicka A, Medina C, O'Driscoll L, Treumann A, Bazou D,
Inkielewicz-Stepniak I, et al. Platelets increase survival of adenocarcinoma
cells challenged with anticancer drugs: mechanisms and implications for
chemoresistance. Br J Pharmacol. 2012;167(4):787–804. https://doi.org/10.
1111/j.1476-5381.2012.01991.x.

25. Bottsford-Miller J, Choi HJ, Dalton HJ, Stone RL, Cho MS, Haemmerle M,
et al. Differential platelet levels affect response to taxane-based therapy in
ovarian cancer. Clin Cancer Res. 2015;21(3):602–10. https://doi.org/10.1158/
1078-0432.CCR-14-0870.

26. Haruo Nishimura MT, Hamaguchi K, Kiyozuka Y, Hiroshi Ide NT, Miyoshi T,
Yakushiji M, et al. Asia-Oceania J Obstet Gynaecol. 1992;18(1):37–43.

27. Battinelli EM, Markens BA, Kulenthirarajan RA, Machlus KR, Flaumenhaft R,
Italiano JE Jr. Anticoagulation inhibits tumor cell-mediated release of platelet
angiogenic proteins and diminishes platelet angiogenic response. Blood. 2014;
123(1):101–12. https://doi.org/10.1182/blood-2013-02-485011.

28. Thun MJ, Jacobs EJ, Patrono C. The role of aspirin in cancer prevention. Nat
Rev Clin Oncol. 2012;9(5):259–67. https://doi.org/10.1038/nrclinonc.2011.199.

29. Chan AT. Aspirin and chemoprevention of cancer: reaching beyond the
colon. Gastroenterology. 2012;143(4):1110–2. https://doi.org/10.1053/j.gastro.
2012.08.017.

30. Rothwell PM, Wilson M, Price JF, Belch JF, Meade TW, Mehta Z. Effect of
daily aspirin on risk of cancer metastasis: a study of incident cancers during
randomised controlled trials. Lancet. 2012;379(9826):1591–601. https://doi.
org/10.1016/S0140-6736(12)60209-8.

31. Akl EA, Gunukula S, Barba M, Yosuico VED, Doormaal FFV, Kuipers S, et al.
Parenteral anticoagulation in patients with cancer who have no therapeutic
or prophylactic indication for anticoagulation. Cochrane Database Syst Rev.
2011;4:CD006652. https://doi.org/10.1002/14651858.CD006466.pub3.

32. Rothwell P, Fowkes M, Gerald F, et al. Effect of daily aspirin on long-term
risk of death due to Cancer: analysis of individual patient data from
randomized trials. Lancet. 2011;377(4):31–41.

33. Jurasz P, Alonso-Escolano D, Radomski MW. Platelet–cancer interactions:
mechanisms and pharmacology of tumour cell-induced platelet
aggregation. Br J Pharmacol. 2004;143(7):819–26.

34. Palumbo JS, Talmage KE, Massari JV, Jeunesse CML, Flick MJ, Kombrinck KW,
et al. Platelets and fibrin (ogen) increase metastatic potential by impeding
natural killer cell–mediated elimination of tumor cells. Blood. 2005;105(1):
178–85.

Hu et al. Journal of Ovarian Research           (2020) 13:78 Page 10 of 11

https://doi.org/10.1016/s0301-2115(96)02662-0
https://doi.org/10.1016/s0301-2115(96)02662-0
https://doi.org/10.1006/gyno.1998.5225
https://doi.org/10.1182/blood-2012-06-438598
https://doi.org/10.7314/apjcp.2015.16.3.933
https://doi.org/10.7314/apjcp.2015.16.3.933
https://doi.org/10.1111/jog.12151
https://doi.org/10.1111/jog.12151
https://doi.org/10.1056/NEJMoa1110352
https://doi.org/10.3322/caac.21442
https://doi.org/10.1002/cncr.22447
https://doi.org/10.7314/Apjcp.2012.13.12.6077
https://doi.org/10.1158/0008-5472.CAN-09-1370
https://doi.org/10.1158/0008-5472.CAN-09-1370
https://doi.org/10.1038/nrc3004
https://doi.org/10.1016/j.ccr.2011.09.009
https://doi.org/10.1016/j.ccr.2011.09.009
https://doi.org/10.1182/blood-2011-02-334524
https://doi.org/10.1182/blood-2011-02-334524
https://doi.org/10.1016/j.ygyno.2013.05.038
https://doi.org/10.3109/07357907.2015.1020384
https://doi.org/10.3109/07357907.2015.1020384
https://doi.org/10.1007/s10456-012-9259-z
https://doi.org/10.2353/ajpath.2009.090460
https://doi.org/10.1111/j.1476-5381.2012.01991.x
https://doi.org/10.1111/j.1476-5381.2012.01991.x
https://doi.org/10.1158/1078-0432.CCR-14-0870
https://doi.org/10.1158/1078-0432.CCR-14-0870
https://doi.org/10.1182/blood-2013-02-485011
https://doi.org/10.1038/nrclinonc.2011.199
https://doi.org/10.1053/j.gastro.2012.08.017
https://doi.org/10.1053/j.gastro.2012.08.017
https://doi.org/10.1016/S0140-6736(12)60209-8
https://doi.org/10.1016/S0140-6736(12)60209-8
https://doi.org/10.1002/14651858.CD006466.pub3


35. Egan K, Cooke N, Kenny D. Living in shear: platelets protect cancer cells
from shear induced damage. Clin Exp Metastasis. 2014;31(6):697–704.
https://doi.org/10.1007/s10585-014-9660-7.

36. Gakis G, Todenhofer T, Stenzl A. The prognostic value of hematological and
systemic inflammatory disorders in invasive bladder cancer. Curr Opin Urol.
2011;21(5):428–33. https://doi.org/10.1097/MOU.0b013e32834966fa.

37. Sakai H, Suzuki T, Takahashi Y, Ukai M, Tauchi K, Fujii T, et al. Upregulation of
thromboxane synthase in human colorectal carcinoma and the cancer cell
proliferation by thromboxane A2. FEBS Lett. 2006;580(14):3368–74. https://
doi.org/10.1016/j.febslet.2006.05.007.

38. Cathcart M-C, Gately K, Cummins R, et al. Examination of thromboxane
synthase as a prognostic factor and therapeutic target in non-small cell
lung cancer. Mol Cancer. 2011;10(1):25. https://doi.org/10.1186/1476-4598-
10-25.

39. Labelle M, Begum S, Hynes RO. Platelets guide the formation of early
metastatic niches. Proc Natl Acad Sci U S A. 2014;111(30):E3053–61. https://
doi.org/10.1073/pnas.1411082111.

40. Michael JVWJ, Mao GF, Rao AK, Kolpakov MA, Sabri A, Hoffman NE, Rajan S,
Tomar D, Madesh M, Nieman MT, Yu J, Edelstein LC, Rowley JW, Weyrich AS,
Goldfinger LE. Platelet microparticles infiltrating solid tumors transfer
miRNAs that suppress tumor growth. Blood. 2017;130(5):567–80.

41. Mitchell MJ, King MR. Fluid shear stress sensitizes Cancer cells to receptor-
mediated apoptosis via Trimeric death receptors. New J Phys. 2013;15:
015008. https://doi.org/10.1088/1367-2630/15/1/015008.

42. Tian Y, Ye Y, Gao W, Chen H, Song T, Wang D, Mao X, Ren C. Aspirin
promotes apoptosis in a murine model of colorectal cancer by mechanisms
involving downregulation of IL-6–STAT3 signaling pathway. Int J Color Dis.
2011;26:13–22 https://doi.org/10.1007/s00384-010-1060-0.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Hu et al. Journal of Ovarian Research           (2020) 13:78 Page 11 of 11

https://doi.org/10.1007/s10585-014-9660-7
https://doi.org/10.1097/MOU.0b013e32834966fa
https://doi.org/10.1016/j.febslet.2006.05.007
https://doi.org/10.1016/j.febslet.2006.05.007
https://doi.org/10.1186/1476-4598-10-25
https://doi.org/10.1186/1476-4598-10-25
https://doi.org/10.1073/pnas.1411082111
https://doi.org/10.1073/pnas.1411082111
https://doi.org/10.1088/1367-2630/15/1/015008
https://doi.org/10.1007/s00384-010-1060-0

	Abstract
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Patients
	Measurements of plasma D-dimer, fibrinogen, platelet levels and CA125
	Pre-clinical analysis
	Cell lines and culture condition
	Docetaxel
	Platelet isolation for in assays
	Potential effects of platelets on apoptosis and response to chemotherapy in assays
	Platelet density on apoptosis and response to chemotherapy

	Statistical analyses

	Results
	Patient clinical characteristics
	Relationship between clinicopathological parameters and pretreatment plasma D-dimer/fibrinogen/platelet levels and serum CA125
	Factors affecting progression free survival and overall survival: by univariate and multivariate analyses
	Platelet count and CA125 trends: during treatment and until the clinical diagnosis of recurrence
	Normalization of platelet counts post-treatment is associated with disease response to therapy
	Platelets resistance against chemotherapy-induced apoptosis

	Discussion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

