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ABSTRACT

Background: The prognostic significance of preoperative thrombocytosis (TC)
in renal cell carcinoma (RCC) is not without some debate. The aim of the present
multi-institutional study was to determine the association of preoperative TC with the
clinicopathological features and prognosis of localized RCC patients who underwent
surgery in a large cohort.

Methods: A study involving 8 institutions, and 4,376 patients with pT1 and pT2
RCC from the Korean renal cell carcinoma (KORCC) database, was conducted. TC was
defined as a platelet count =400,000/ L. Patients were divided into 2 groups based
on the presence of preoperative TC. Clinicopathological variables and survival rates
were compared between the 2 groups.

Results: Out of the 4,376 patients in the study, 106 (2.4%) had preoperative
TC. Compared to patients without TC, these patients had a lower body mass index.
Additionally, these patients had more advanced stage tumors with a higher Fuhrman
grade, and higher incidence of symptoms at the time of diagnosis. Kaplan-Meier
curves revealed that patients with TC had a significantly lower rate of recurrence-
free survival (RFS). Furthermore, a lower rate of overall survival (0OS) was exhibited
amongst patients with TC. Multivariate analysis revealed that TC was an independent
prognostic factor in terms of the RFS and OS.

Conclusions: TC appeared to be an important prognostic determinant in localized
RCC. Furthermore, preoperative platelet count may be clinically useful for risk
stratification of patients with surgically treated localized RCC.
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INTRODUCTION

In 2016, the estimated numbers of new cases and
deaths from kidney cancer were 62,700 and 14,200,
respectively, in the United States.[1] Renal cell carcinoma
(RCC) accounts for 85% of malignant kidney tumors
and has increased annually in the past 2 decades.[2-
5] Numerous factors have been implicated in RCC
tumorigenesis: chemical carcinogens, lifestyle-associated
chronic diseases, and genetic variation.[6] Similar to
other tumor entities, RCC manifests itself with significant
clinical heterogeneity. Moreover, it can range from
indolent to highly aggressive.[7-10] Stratifying a patient’s
risk of death and disease recurrence has implications for
patient counseling and surveillance protocols. Several
prognostic parameters have been evaluated and remain
important in localized RCC: grade, histologic subtype,
and stage.[11-13]

Thrombocytosis (TC), particularly of the reactive or
secondary type, has been regarded as a poor prognostic
factor in many malignant diseases. These are diseases
included: gastric, gynecologic, and lung cancer.[14-17]
The possible mechanisms include an overproduction
of cytokines and further growth factors stimulating

Furthermore, there is evidence that platelets might protect
circulating tumor cells from detection by the immune
system.[18] TC has also been investigated as a valuable
prognostic factor for survival and recurrence in RCC
patients.[19-22] However, the results of current studies
dealing with this subject are conflicting. Thus, the effect
of TC on the prognosis of patients with localized RCC
(pT1 and pT2) remains unclear.

To address this issue, a large multicenter group of
patients with localized RCC, who underwent a radical
nephrectomy or a partial nephrectomy, was analyzed for
the first time. This is the largest studied group published to
date. This study revealed that TC correlated strongly with
negative outcomes in patients with localized RCC.

RESULTS

The mean age of the patients studied was 54.9+13.0
years. There were 106 patients (2.4%) with preoperative
TC. Patients with TC had a lower body mass index (BMI)
(P < 0.001), more symptomatic (P = 0.003), a higher T
stage (P <0.001), and a higher Fuhrman grade (P< 0.001)
compared to those without TC (Table 1). Compared
to patients without TC, those who had TC were more

megakaryocytes, in addition to their precursors. frequently localized to the renal hilum (P = 0.004).
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Figure 1: Recurrence-free survival in 4,376 localized renal cell carcinoma patients with and without thrombocytosis

(Kaplan-Meier plot); TC, thrombocytosis.
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Table 1: Clinicopathological characteristics of the patients divided according to their platelet counts

Patients without thrombocytosis (N=4270) Patients with thrombocytosis (N= 106) P
Mean age +SD 549 +12.9 52.8+16.4 0.187
Gender (%) 0.243
Male 2943 (68.9) 67 (63.2)
Female 1327 (31.1) 39 (36.8)
BMI, kg/m? 245+3.4 22.8+3.4 <0.001
Symptom presentation (%) <0.001
Incidental 3530 (82.7) 70 (66.0)
Symptomatic 740 (17.3) 36 (34.0)
Hypertension (%) 1635 (38.3) 34 (32.1) 0.224
DM (%) 580 (13.6) 17 (16.0) 0.437
Type of surgery (%) <0.001
Radical nephrectomy 2176 (51.0) 73 (68.9)
Partial nephrectomy 2094 (49.0) 33(31.1)
Tumor location 0.004
Exophytic 2132 (49.9) 62 (58.5)
Mesophytic 728 (17.0) 15 (14.2)
Endophytic 1008 (23.6) 12 (11.3)
Hilar 402 (9.4) 17 (16.0)
Sarcoimatoid differentiation 0.001
No 4214 (98.7) 99 (93.4)
Yes 56 (1.3) 7 (6.6)
Histology (%) 0.110
Clear cell 3412 (79.9) 78 (73.6)
Non-clear cell 858 (20.1) 28 (26.4)
Pathological T stage (%) <0.001
Tla 2844 (66.6) 36 (34.0)
T1b 1038 (24.3) 32(30.2)
T2a 280 (6.6) 26 (24.5)
T2b 108 (2.5) 12 (11.3)
Fuhrman nuclear grade (%) <0.001
Gl 255 (6.1) 5(4.7)
G2 2237 (53.7) 41 (38.7)
G3 1530 (36.8) 38 (35.8)
G4 141 (3.4) 22 (20.8)
Recurrence 282 (6.6) 24 (22.6) <0.001
Overall death 171 (4.0) 17 (16.0) <0.001

DM, diabetes mellitus; SD, standard deviation
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Table 2: Multivariate Cox regression analyses of factors that influence recurrence-free survival in localized renal cell

carcinoma
Hazard ratio 95% confidence interval P
Lower upper

Age 1.015 1.005 1.024 0.002
Gender (Male vs. Female) 0.701 0.538 0913 0.008
Body mass index 0.968 0.934 1.003 0.073
Symptom (No vs. Yes) 1.504 1.166 1.941 0.002
Thrombocytosis (No vs. Yes) 1.927 1.251 2.971 0.003
T stage (T1 vs. T2) 1.945 1.701 2.225 <0.001
Fuhrman grade (G1-2 vs. G3-4) 2.048 1.718 2.441 <0.001
}?frfir;t)”e methods (Radical vs. 0.799 0.578 1.104 0.174

Moreover, Preoperative TC showed significant correlation
with sarcomatoid differentiation (P= 0.001) (Table 1).
Patients with TC were treated with a radical nephrectomy
more frequently than those without TC (68.9 vs. 51.0 %j;
P <0.001). There were no significant differences between
the two groups concerning demographic findings: age,
gender, hypertension, diabetes mellitus, and performance
status. Regarding histologic type, the TC group had a
higher percentage of non-clear cell histology; however,

there was no statistical significance.

The mean follow-up period was 40.4+34.6 months.
A total of 306 patients (7.0%) developed recurrences
and 188 (4.3%) died during the follow-up period. The
recurrent free survival (RFS) and overall survival (OS)
were significantly lower in patients with TC, compared
to those without (Table 1). Utilizing a univariate log-rank
test in the Kaplan-Meier analysis, showed RFS (Figure 1;
P <0.001) and OS (Figure 2; P <0.001) as significantly
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Figure 2: Overall survival in 4,376 localized renal cell carcinoma patients with and without thrombocytosis (Kaplan-

Meier plot); TC, thrombocytosis.
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Table 3: Multivariate Cox regression analyses of factors that influence overall survival in localized renal cell carcinoma

95% confidence interval
Hazard ratio P
Lower upper
Age 1.041 1.028 1.055 <0.001
Gender (Male vs. Female) 0.539 0.377 0.772 0.001
Body mass index 0.908 0.866 0.952 <0.001
Symptom (No vs. Yes) 1.394 1.007 1.929 0.045
Thrombocytosis (No vs. Yes) 2.533 1.502 4.272 <0.001
T stage (T1 vs. T2) 1.719 1.450 2.038 <0.001
Fuhrman grade (G1-2 vs. G3-4) 1.774 1.420 2.217 <0.001
Operative methods (Radical vs. Partial) 0.464 0.288 1.104 0.002

associating with preoperative TC. After subgroup analyses
of clear cell type RCC, RFS (Figure 3; P < 0.001) and
OS (Figure 4; P < 0.001) were significantly different
between the patients with TC and those without TC.
Accounting for age, gender, body mass index, pathological
T stage, Fuhrman grade, and symptom presentation at

diagnosis and operative methods, the Cox proportional
hazards model for cancer-specific survival rates showed
preoperative TC as an independent prognostic factor for
RFS (Table 2; Hazard ratio [HR], 1.927; 95% confidence
interval [CI], 1.251-2.971; P = 0.003) and OS (Table 3;
HR, 2.533; 95% CI, 1.502-4.272; P <0.001).
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Figure 3: Recurrence-free survival in 3,490 clear cell type renal cell carcinoma patients with and without thrombocytosis

(Kaplan-Meier plot); TC, thrombocytosis.
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DISCUSSION

The present study examined data from a large,
multi-institutional cohort of patients with localized RCC
and found that patients with TC had significantly lower
RFS and OS than patients without TC, even after adjusting
for other known predictors of RCC prognosis. Several
studies have evaluated the association between TC and
RCC prognosis. However, the results were not consistent
and the prognostic significance of TC in RCC is still a
subject of debate. Some researchers reported a positive
correlation between RCC prognosis and TC.[19, 20, 22-
27] Nevertheless, other studies reported that TC was not an
independent predictor of prognosis in multivariate models.
[21, 28, 29] Due to the relatively small number of cases in
previous studies, it would have been hasty to conclude that
there was an association between TC and RCC prognosis.
Furthermore, study populations in previous reports were
not homogenous, because they included all stages. Among
them, Choi et al. conducted a retrospective analysis of 187
patients who underwent a radical nephrectomy for non-
metastatic RCC.[5] They included about 90% T1 and T2
patients. The study of Inoue et al. showed that TC was
an independent predictor of CSS only in stage 1 and 2
RCC.[27] On the contrary, the strength of our current
series was that we had the largest study cohort ever, and
included only pT1 and pT2 RCC. This was to ensure a
homogeneous study population.

In the present study, patients who had both RCC and
TC had a lower BMI than those without TC. They also had
a higher incidence of symptoms at diagnosis, a higher T
stage, and a higher Fuhrman grade, than those without TC.
TNM classification, Fuhrman nuclear grade, and symptoms
at diagnosis were previously evaluated prognostic
markers.[12] In addition, the nutritional and immunologic
status of cancer patients could affect the perioperative
outcome and survival associated with malignant tumors.
Haferkamp et al. reported that being underweight (BMI
<18.5 kg/m?) is an unfavorable factor for patient outcomes
after nephrectomy for RCC.[30] Consistent with previous
results, BMI was also an independent prognosticator in
localized RCC. Additionally, low BMI was significantly
correlated with TC. Taken together and in terms of
baseline characteristics, these differences between patients
with and without TC may explain why those with TC in
our cohort had a more aggressive disease.

TC is known to correlate with poor clinical
outcomes in cancer and is known to be caused by tumor
cells. Additionally platelets are known to participate in
metastasis. More than 45 years ago, it was established
that thrombocytopenic mice were protected against
metastasis.[31] Since then, extensive data has supported
the relevance of platelets in the progression of cancer.[32]
Janowska-Wieczorek et al. showed that platelet-derived
microparticles stimulate mitogen-activated protein kinases
in lung carcinoma cell lines and increase cell proliferation.
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Figure 4: Overall survival in 3,490 clear cell type renal cell carcinoma patients with and without thrombocytosis

(Kaplan-Meier plot); TC, thrombocytosis.
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[33] Platelets induce matrix metalloproteinase (MMP)-9
expression and activation in the cell lines of colon and
breast cancer. This leads to an increased remodeling of
the extracellular matrix, release of growth factors from the
extracellular matrix, and relief of cell-cell contacts. All of
these factors decrease apoptotic signals.[34] In a cohort
of patients with ovarian cancer, elevated platelet counts
correlated with decreased overall survival and resistance
to chemotherapy.[35, 36]

Platelets also have the ability to deliver multiple
proangiogenic factors to the tumor. Moreover, platelets
also have the ability to stimulate expression of
proangiogenic factors by the tumor cell.[33] Platelets
have long been identified as a major source of vascular
endothelial growth factor (VEGF),[37, 38] a platelet-
derived growth factor (PDGF), and a basic fibroblast
growth factor (bFGF), each of which promotes tumor
growth.[39, 40] Activation of platelets and the release of
platelet microparticles, leads to the release of a variety
of proangiogenic factors. These factors include, VEGF,
PDGF, FGF, and MMPs. Increased levels of platelet
microparticles are found in the plasma of patients with
both solid tumors and hematologic malignancies.[41] In
those with gastric cancer, the highest circulating levels of
platelet microparticles were found in individuals with stage
IV of the disease. These levels significantly correlated
with metastatic disease.[42] Platelets also play a role in
osteolytic, bone metastatic, breast cancer. Boucharaba
et al. reported that platelet-derived lysophosphatidic
acid (LPA) can support and stimulate metastatic breast
cancer cells.[43] High platelet count is associated with
increased mortality in a variety of cancers: malignant
mesothelioma, gynecological malignancies, lung, renal,
gastric, colorectal, and breast.[15, 17, 35, 44-49]

The limitations of the current study include a
relatively short follow-up period and the retrospective
nature of the data collection. A short follow-up might
affect subsequent conclusions. Moreover, no information
was available concerning inflammatory laboratory
parameters such as, the neutrophil-to-lymphocyte ratio and
the platelet-to-lymphocyte ratio, etc. To overcome these
concerns, investigators from the centers involved in this
research will follow up the study population continuously,
and on a longitudinal basis. The other concern was that the
frequency of TC was too small only in 2.4%. It means that
the assessment of platelets counts may be useful in small
portion of cohort. Lastly, our multi-institutional database
did not contain platelet count after surgery. In near future,
we will analyze the platelet count differences between
before and after surgery.

In conclusions, there was a significant correlation
between TC and tumor-related factors. These factors
included pathological T stage, Fuhrman grade, and
symptoms at the time of diagnosis. TC was a significant
predictor of RFS and OS in patients with pT1-2 RCC.
Therefore, TC might be a useful tool to predict survival

after nephrectomy in localized RCC patients. Moreover,
patients with TC may be stratified to undergo adjuvant
targeted therapy and more frequent follow-up strategies
should be need in these patient groups.

MATERIALS AND METHODS

Between 1999 and 2015 an IRB approved study,
involving 8 institutions and 7,136 patients with pT1 and
pT2 RCC from the Korean renal cell carcinoma (KORCC)
database, was conducted.[50-52] Patients with stage pT3
or greater cancer, lymph-node or distant metastases,
and low platelet counts (less than 130,000/uL) were
excluded from the study. We also excluded patients who
took medication that might cause thrombocytosis and
those who had hematologic disorders. As a result, 4,376
patients with localized RCC (pT1 and pT2) were included
in the study. All patients were examined with routine
hematologic laboratory tests. Additionally, radiologic
imaging, including chest X-rays and abdominal computed
tomography, was utilized. TC was defined as a platelet
count >400,000/uL. Patients were divided into 2 groups
based on the presence of preoperative TC.[5, 20] This
cut-off value was based on the thresholds given by the
participating institute’s laboratories. Moreover, this value
has been used in most studies concerning this topic. The
staging manual, from The American Joint Committee on
Cancer, was used for TNM staging. Nuclear differentiation
was evaluated using the Fuhrman grading system.[53,
54] All patients were evaluated postoperatively: every 3
months for the first 2 years, every 6 months for the next
2 years, and yearly thereafter. These evaluations included
physical examinations, and radiologic investigations.
Recurrence was defined as local relapse, lymph-node
metastasis, or distant metastasis. Recurrence was identified
by an abdominal and thoracic investigation (bone scan and
computed tomography).

Pertinent characteristics of patients, with and
without TC, were compared. The Shapiro-Wilk normality
test was used to investigate the normal distribution of
continuous variables. Continuous, evenly distributed
variables, were reported as average with standard
deviation. Student’s t-test was applied for normally
distributed variables. Comparison between categorical
variables was performed using Fisher’s exact test and
the chi-square test. The survival distributions, including
patient survival and tumor recurrence, were estimated
by the Kaplan-Meier method. Comparison of survival
distributions was done by a log-rank test. Furthermore,
the data was censored at the time of the last visit. The
effect of TC on RFS and OS was examined using a Cox
proportional hazard regression model. The HR and 95-%
CI were computed. Data was analyzed using SPSS 18.0
(SPSS Inc., Chicago, IL, USA). P values were two-sided
with the statistical significance level set at P < 0.05.
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