
INTRODUCTION

The relation of thrombocytosis with ma-
lignant disorders is known for a century[1].
Frequency of thrombocytosis and throm-
bocyte count varies in different malignant
diseases. It is especially seen in lung, colon,
gynecological, and renal cell cancer. The
specific mechanism by which thrombocyto-
sis develops in malignancies remain specu-
lative and several hypothesis have been pro-
posed on this subject. In recent years hu-
moral mediators are suggested to play role
in the pathogenesis of thrombocytosis occur
with the response of host against the malig-
nant tissue. Excess amount of cytokines
were found to be associated with throm-
bocytosis in cancers. Interleukin-6 (IL-6),

IL-1, vascular endothelial growth factor
(VEGF), macrophage colony stimulating fac-
tor (M-CSF), granulocyte-macrophage co-
lony stimulating factor (GM-CSF), and gra-
nulocyte colony stimulating factor (G-CSF),
and tumor necrosis factor α (TNF-α) are so-
me of the cytokines studied in malignancy
associated thrombocytosis. Thrombocytosis
might be a sign of poor prognosis and cause
morbi-motality in cancers. It can be in rela-
tion with different processes occur during
the course of malignant tumors as cell inva-
sion and metastasis.

THROMBOCYTOSIS and METASTASIS

Biological behavior of cancer cells and the
relation with thrombocytes are not well exp-
lained. Thrombocytes might be associated
with metastasis, protection of tumor cells
from the host immune system, invasion of
tumor cells, and angiogenesis in malignant
tissue[2]. It was reported that thrombocytosis
itself is a poor prognosis marker in cancer. It
was considered that thrombocytes might
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play role in the formation of tumor thrombi
and pathogenesis of metastasis in solid tu-
mors[3]. Platelets have been shown to protect
tumor cells by shielding them from the host’s
immune system[4]. Interaction of tumor cells
with thrombocytes is an important process
in hematological metastasis. P selectin on
activated platelets has an important role in
tumor growth and metastasis[4]. Suggesting
the role of thrombocytes in tumor metastasis
anti-platelet agents and anticoagulants were
studied and reported to inhibit the experi-
mental or spontaneus metastasis[3]. Throm-
bocytosis might act in metastasis in the
steps of;

1. Duration and stabilisation of tumor
cells in blood vessels,

2. Promoting the proliferation of tumor
cells,

3. Contribution to the extravasion of tu-
mor cells and endothelial retraction,

4. Excess of interaction of extracellular
matrix and tumor cells. Several cytokines are
shown to play role in each of these steps.

MALIGNITY, INFLAMMATION and
THROMBOCYTOSIS

Induction of inflammation particular to
the malignant tissue and generating cytoki-
nes is one of the possible casuses sugges-
ted about thrombocytosis in solid tumors.
There are an excess number of studies abo-
ut cytokines in malignancy associated
thrombocytosis but certain cause of throm-
bocytosis in cancers is still not known. So-
me authors suggest that rapid growing tu-
mors, besides angiogenic factors, also rele-
ase thrombopoietic cytokines. IL-6 which is
produced in malignant tumors and inflam-
matory tissues, potently stimulates platelet
production[5]. The level of IL-6 was found to
be associated with levels of C-reactive pro-
tein (CRP) and white blood cell (WBC) co-
unts[5]. IL-6 levels are generally positively
correlated with WBC counts and CRP le-
vels. Platelet counts were also reported to

be increased in the patients with higher
CRP levels and WBC counts[5]. Tuberculous
pleurisy is a serious disease that stimula-
tes the inflammatory process generously. It
was shown that cytokines might also be
produced in tuberculous pleurisy in exces-
sive amounts as pleural mesothelioma and
thrombocytosis might occur in higher co-
unts[6]. It was reported that IL-1ß and IL-6
play role in reactive thrombocytosis seen in
lung cancer not independently but as medi-
ators of inflammation[7]. However in solid
tumors different mediators and in excess
amounts are synthesized and secreted from
malignant cells and surrounding tissues in
different quality and quantity from benign
conditions. One of the studies showed if
thrombocytosis accompanies with pelvic
mass in women the diagnose was usually a
malignant disease[8]. It might be related
with the higher amounts of inflammatory
reaction in malignant conditions. The inf-
lammatory cytokines generate in increased
levels in advanced stage disease probabely
because of the increased interaction of tu-
mor cells and host immune system. In the
sera and ascites of the patients with ovari-
an carcinoma IL-6 levels were reported to
be positively correlated with platelet co-
unts[9]. When solid tumors were compared
with essential thrombocytemia it was re-
ported that IL-1α and IL-6 levels were ele-
vated in correlation with thrombocyte co-
unts in solid tumors but not in essential
thrombocytemia[10]. IL-6 levels were repor-
ted to be elevated in reactive thrombocyto-
sis but not in essential thrombocytemia in
another study[11]. Thus thrombocytosis
might occur on some different pathway in
primary thrombocytosis.

Secondary thrombocytosis might appear
after splenectomy, in relation with corticoste-
roid treatment, bacterial or viral infections,
surgery or tissue injury, iron deficiency, in
recovery phase from the anti-neoplastic
treatment and as a result of acute phase res-
ponse in several conditions[12]. However dif-
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ferent mechanisms might play role in the eti-
opathogenesis of the thrombocytosis related
to solid tumors else from the inflammatory
cytokines. For instance iron deficiency and
iron deficiency anemia are seen frequently in
patients with solid tumors. It is known that
both iron deficiency and anemia may contri-
bute to thrombocytosis. But the exact mec-
hanism was not clarified. Thrombocytosis
was reported to be more frequent and in hig-
her counts in bronchial carcinoma patients
with anemia and lower serum iron levels[13].
Eryhtropoietin (EPO) was reported to be in
charge with thrombocytosis generated in
iron deficiency[14]. 

DISEASE STAGE and
THROMBOCYTOSIS

Thrombocytosis is accepted as an inde-
pendent poor prognostic marker in solid tu-
mors[4,5]. It was found that higher platelet
counts were associated with advanced tumor
stage and decreased survival rates in vulvar,
oesephageal and gastric cancers[4,5,15]. Inc-
reased number of tumor cells interacting
with host tissue might stimulate any path-
way responsible in development of throm-
bocytosis in increased levels resulting the
higher counts of platelets. Thrombocytosis
was reported as a marker of subclinical tu-
mor burden in cervix carcinoma[16,17]. In en-
dometrial carcinoma it was found that pati-
ents with thrombocytosis were in advanced
stage, with decreased survival and increased
risk of recurrence[18,19]. Thrombocytosis was
seen more frequently in metastatic breast
carcinoma than the loco-regional disease[20].
In endometrial carcinoma it was reported
that thrombocytosis was more frequent in
advanced disease, unfavorable grade, deep
myometrial invasion, and lymph-vascular
space invasion[19]. The relation of throm-
bocytosis and tumor prognosis was studied
by different researchers. Thrombocytosis
was shown as a bad prognostic sign in a
number of solid tumors as; lung, ovarian, fol-
licular thyroid, breast, renal cell, colon, up-
per gastrointestinal tract cancers and endo-
metrial carcinoma[4,5,21-30].

CYTOKINES, GROWTH FACTORS and
ADHESION MOLECULES

It is considered that cytokines generating
in reactive thrombocytosis in solid tumors
may take role in ethiopathogenesis of throm-
bocytosis. A number of cytokines were studi-
ed about the pathogenesis of thrombocytosis
in solid tumors. But IL-6 is the one that most
data present about the role in thrombocyto-
sis. Serum levels of IL-6 arise in malignanci-
es especially rapidly progressing tumors.
VEGF is another cytokine that is considered
to be responsible in solid tumor associated
thrombocytosis and also in pathogenesis of
metastasis. Serum IL-6 and VEGF levels we-
re found positively correlated in advanced
cancers[31]. Thrombocytes store VEGF and
so prevent from circulating freely and indu-
cing the development of new blood vessels ex-
cept at sites where coagulation takes place. It
was shown that IL-6 plays role in thrombocy-
tosis and also in the storage of VEGF in trom-
bocytes. Levels of IL-6, GM-CSF, and G-CSF
were found elevated in patients with advan-
ced malignancies and thrombocytosis. Howe-
ver the plasma concentrations were found lo-
wer than those required for in vitro inducti-
on of megakaryocytic differentiation[32]. Thus
there may be thrombopoietins that have not
yet been identified in plasma of individuals
with malignant diseases. Thrombocytosis
were reported to be more frequent and in hig-
her counts in metastatic breast carcinoma
than loco-regional disease in which serum
IL-6 and VEGF levels were found to be posi-
tively correlated with thrombocyte co-
unts[33]. Anemia and dose-related throm-
bocytosis were observed as side effects in a
phase-1 trial of subcutaneous recombinant
human (rh) IL-6 treatment in patients with
refractory cancer[34]. Thrombocytosis, ane-
mia, and neutrophilia were also reported du-
ring rh IL-2 treatment[35]. Rh IL-1ß is being
used in renal cell carcinoma patients.
Thrombocytosis was shown during rh IL-1ß
treatment in these patients[7]. In a study of
soft tisue sarcomas thrombocytosis was seen
in 14.5% of patients, and thrombocyte co-
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unts and tumor stage were positively correla-
ted with serum IL-2, IL-6, IL-8, M-CSF, and
VEGF levels[36]. Treatment with GM-CSF af-
ter bone marrow transplantation and some
chemotherapeutics as vincristin were also
reported sporadically to cause thrombocyto-
sis[37,38]. These data support that throm-
bocytosis in solid malignancies might be me-
diated by tumor derived humoral factors.

THROMBOPOIETIN

Liver is known as the predominant organ
for thrombopoietin (TPO) production[39]. The-
re is a feedback mechanism in TPO syntesis
and its target cells maintaining normal
thrombocyte counts in healthy people. Direct
promotion of megakaryocytopoies may be
mediated by tumor-derived humoral factors.
Increase in circulating IL-6 and TPO levels
may cause reactive thrombocytosis in inf-
lammatory diseases and cancer. Administra-
tion of rh IL-6 to cancer patients results in a
corresponding increase in TPO levels[40].
Thrombopoietic substances are primarily
responsible in thrombocytosis in myeloproli-
ferative disorders. TPO and IL-6 are related
with reactive thrombocytosis in tumor pati-
ents. However serum TPO levels were found
increased but IL-6 and IL-11 did not change
in thrombocytopenia following myelosupres-
sive chemoterapy[41]. It was shown that sti-
mulation of hepatic cells in cell culture me-
dia with IL-6 causes increment of TPO le-
vels[40]. Thrombocytosis is seen frequently in
hepatoblastoma patients. However there we-
re not any relation found between throm-
bocytosis and TPO levels in some of the he-
patoblastoma patients[17]. It was thought
that tumor cells secrete IL-1ß and some ot-
her mediators in hepatoblastoma for pro-
duction of IL-6 from surronding fibroblasts
and endothelial cells[42,43]. Tumors expres-
sing G-CSF and GM-CSF have ben showed
that they have megakaryocyte potentiating ac-
tivity due to IL-6 and cause thrombocytosis[44].

In Conclusion

Thrombocytosis is a risk factor for throm-
boses which have particular importance in

cancer patients and cause the excessive rate
of morbi-mortality. The measurement of pla-
telet counts may be a useful clinical marker
associated with the prognosis of solid tumors.
It also seems to play role in metastase patho-
genesis and seems to be related with the
spread of malignant diseases. We the clinici-
ans meet thrombocytosis in cancer patients
in daily practice frequently and it is still a
mystery maybe as a cornerstone in the natu-
re of cancer. It is clear that there is need for
much more detailed studies on this subject.
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