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ABSTRACT: In patients with malignancies, thrombocytosis has previously been
related to disease stage, histological type, and survival. In the present study, the
prevalence of thrombocytosis and the prognostic information provided by platelet
counts were analysed in a large cohort of patients with primary lung cancer.

At the time of diagnosis, pretreatment platelet counts were retrospectively record-
ed in 1,115 consecutive patients with histologically proven primary lung cancer. All
patients were reviewed regarding histological type, tumour, node, metastasis (TNM)
classification stage and survival. The prevalence of thrombocytosis in patients with
lung cancer was compared with that in a series of 550 consecutive out-patients with
benign lung disorders. In 269 surgically resected patients, postoperative platelet counts
were recorded 1–3 months after resection of the tumour. In the follow-up period,
thromboembolic episodes diagnosed either clinically or at autopsy were recorded.

The overall prevalence of thrombocytosis (>400 × 109 platelets·L-1) in the patients
with lung cancer was 32%. The frequency of thrombocytosis was significantly higher
compared with the control subjects (32 vs 6%; p<0.0001). Platelet counts differed
significantly among subgroups defined by the TNM classification, with the propor-
tion of patients with >400×109 platelets·L-1 greatest in the more advanced TNM
stages (stage I and II 23% vs stage III and IV 37%; p<0.0001). Patients with throm-
bocytosis had a significantly poorer survival than patients with normal platelet
counts (p<0.0001). In a multivariate survival analysis (Cox model), thrombocytosis
continued to correlate strongly with poor survival even when adjusted for histo-
logical type, sex, age, and TNM stage (p<0.001). In surgically resected patients, the
frequency of preoperative and postoperative thrombocytosis differed significantly
(23.0 vs 8.9%; p<0.0001). Survival rate was significantly reduced in patients with
preoperative thrombocytosis (p=0.005). Thrombocytosis was not associated with an
increased incidence of thromboembolism.

In conclusion, thrombocytosis is an independent prognostic factor of survival in
patients with primary lung cancer. We suggest that platelet counts should be includ-
ed in future multivariate analyses of survival in patients with lung cancer.
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The association between malignancy and elevated pla-
telet counts has been recognized for almost a century [1].
Several studies have confirmed thrombocytosis as a para-
neoplastic symptom [2–5]. Many patients presenting with
thrombocytosis have an underlying malignant disease
[2]. The pathogenesis of thrombocytosis in malignancy
has not yet been clarified. However, there is evidence that
the tumour cells secrete humoral factors which may ev-
entually lead to thrombocytosis [6].

A number of factors have prognostic impact on patients
with lung cancer but, apart from disease stage and per-
formance status, such features are rarely considered to
be of clinical value in the individual patient [7–9]. There
is increasing evidence that an interaction between tum-
our cells, endothelial cells, and platelets may contribute
to the development of metastases resulting in poorer prog-
nosis [10]. However, the prognostic significance of plate-
let counts has not yet been adequately clarified [11, 12].

In this study, we report the prevalence of thrombocy-
tosis in a large population of consecutive patients with

primary lung cancer. The association between pretreat-
ment platelet count, disease stage, incidence of thrombo-
embolic episodes, and survival was analysed. Furthermore,
the impact of surgical resection of the tumour on platelet
counts was investigated.

Materials and methods

The present study comprises 1,178 consecutive patients
with primary lung cancer, diagnosed at the Department
of Pulmonary Medicine, Gentofte University Hospital,
Copenhagen, between 1986 and 1993. Excluded from the
study were subjects with concomitant myeloproliferative
disorders or conditions known to be associated with reac-
tive thrombocytosis, such as inflammatory diseases, autoim-
mune disorders and other malignancies (n=29). Furthermore,
patients without available platelet counts were excluded
(n=34). Medical records of the remaining 1,115 patients
were retrospectively reviewed. They consisted of 822



males and 293 females, with a median age of 58 yrs
(range 28–91 yrs).

Each patient was staged according to the tumour, node,
metastasis (TNM) system of classification [13]. Clinical
staging included chest radiography, a computed tomogra-
phic (CT) scan of the thorax and, in some cases, of the
upper abdomen and brain, fibreoptic bronchoscopy with
endobronchial or transbronchial biopsies and bronchial
washing, cytological examination of sputum and pleural
fluid, percutaneous transthoracic needle biopsy and/or
mediastinoscopy. When necessary, explorative thoraco-
tomy was performed. In addition, a bone scan and a bone
marrow biopsy were performed in patients with small
cell lung cancer. The histopathological tumour diagnoses
were obtained from the local Department of Pathology
and classified according to the World Health Organisati-
on (WHO) [14].

In 309 surgically resected patients with non-small cell
lung cancer, postoperative platelet counts were available
in 269 (87%) patients. Only those platelet counts taken
1–3 months after thoracotomy were recorded because of
the possibility of reactive thrombocytosis induced by the
surgical procedure. One hundred and ninety one (62%)
patients were considered to be radically resected. Resec-
tion was defined to be radical when the primary tumour
was excised along with all positive hilar and mediastinal
lymph nodes and with histologically proven negative
margins. Five (1.6%) patients dying of complications dir-
ectly associated with the surgical procedure before dis-
charge from the hospital (operative deaths) were not
included. Platelet counts following chemotherapy or ra-
diation therapy were not recorded in this study due to
the possible effects of treatment on platelet levels.

The prevalence of thrombocytosis was compared with
550 consecutive out-patients with benign lung disorders,
admitted to our clinic in the same period of time as the
patients with malignancies. In accordance with the lung
cancer patients, control subjects with disorders consid-
ered to be associated with reactive thrombocytosis were
excluded. The age distribution did not differ significantly
between patients with lung cancer and control subjects
(median age 58 vs 56 yrs). The male:female ratio in pati-
ents with lung cancer and control subjects was 2.8 and
1.9, respectively.

Thromboembolic events in the follow-up period were
recorded in each patient. Episodes of thromboembolism
were diagnosed either clinically or at autopsy. Few patients
came to postmortem examination (autopsy rate 14%), with
no significant difference in frequency of autopsy between
patients with and without thrombocytosis (16 vs 13%).
Deep venous thrombosis was diagnosed by venogram and
pulmonary embolism by pulmonary perfusion-ventilation
technetium scanning or at autopsy. Coronary thrombosis
was diagnosed clinically by electrocardiographic changes
and serum enzyme elevation, or at autopsy. Cerebral throm-
boembolism was diagnosed by cerebral CT or magnetic
resonance (MR) scanning, or by physical examination.
Femoral artery thrombosis was diagnosed by angiogra-
phy. Disseminated intravascular coagulation and renal
venous thrombosis were both diagnosed at autopsy.

The pretreatment platelet counts used were obtained
at the initial visit to the clinic before invasive diagnostic
procedures were performed. Platelet counts were analy-
sed by automated complete blood cell counting devices

on ethylenediamine tetra-acetic acid (EDTA)-antico-
agulated blood. In our laboratory, the 95% confidence
limit (normal range) of platelet count is defined as 150–400
× 109·L-1. The platelet count was considered as a dichoto-
mous variable. In agreement with other studies, thrombo-
cytosis was defined as a platelet count of >400 × 109·L-1.

Data are expressed as median values. The Mann-Whit-
ney U-test was used to assess group differences in contin-
uous variables. Group differences in categorical variables
were analysed by the Chi-squared test. Survival time was
calculated from the date of the histologically confirmed
diagnosis to death or to the day of follow-up (May 1995).
At the time of follow-up, 980 (88%) patients had died.
Median time from study entry to the date of follow-up
for the 135 (12%) living patients was 52 months (range
16–109 months). Univariate survival analyses were cal-
culated using the Kaplan-Meier life tables [15]. Differen-
ces between survival curves were tested by the log-rank
test [16]. The relative importance of multiple factors on
survival was estimated using Cox's proportional hazards
regression model [17]. A p-value of <0.05 was conside-
red significant. Statistical analysis was performed by
means of the BMDP software package [18].

Results

The overall distribution of platelet counts in lung can-
cer patients and controls is shown in figure 1. Patients
with lung cancer had a significantly higher prevalence
of thrombocytosis than the control subjects (358/1115
(32%) vs 35/550 (6%); p<0.0001). No significant age dif-
ference was apparent when cancer patients with thrombo-
cytosis were compared to patients with normal platelet
counts (median age 60 vs 57 yrs). Stage and histological
type distributions in the study population are listed in
table 1. Pretreatment thrombocytosis was more common
in patients with advanced disease (table 2). The frequency
of thrombocytosis was 23% in patients with TNM stage
I and II and increased to 37% in patients with TNM stage
III and IV. This difference in platelet count distribution
according to disease stage was statistically significant
(p<0.0001). The difference was further increased, if the
frequency of platelet counts >600×109·L-1 in patients with
limited and advanced disease was compared (9% vs 22%;
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Fig. 1. –  Distribution of platelet counts (×109·L-1) in 1,115 patients
with primary lung cancer (––––) and in 550 control subjects (        ).



p<0.0001). There was no significant difference in the dis-
tribution of platelet counts between the histological types.

Preoperative platelet counts were above 400×109·L-1 in
62 (23%) of the surgically resected patients, whereas post-
operative thrombocytosis occurred in only 24 (9%) (p<
0.0001). However, the difference in frequency of post-
operative thrombocytosis between patients with radical
surgery and patients with postoperative residual disease
did not reach statistical significance (8 vs 10%).

Episodes of thromboembolism in patients with and with-
out thrombocytosis are shown in table 3. The frequency
of thromboembolism in patients with thrombocytosis was
not statistically different from the frequency found in
patients with normal platelet counts (7.3 vs 5.0%). No
fatal thromboembolic events were observed in the fol-
low-up period.

In the univariate survival analysis of the 1,115 patients
with primary lung cancer, the overall survival rate was
47% after 1 yr, 23% after 2 yrs, and 14% after 5 yrs. The
total 5 year survival was higher than expected but is ex-
plained by patient selection in a specialized hospital which
cannot be truly representative of the entire population.
Patients considered to be unfit for active treatment may
not have been referred. Survival curves for patients with
thrombocytosis and patients with normal platelet counts
are shown in figure 2. Patients with elevated platelet
counts had a significantly poorer survival rate than those
with normal platelet counts (p<0.0001). The probability
of survival at 1, 2 and 5 yrs after diagnosis was 38, 13
and 4% vs 51, 28 and 18%, respectively. If 600×109·L-1

was selected as the cut-off value for platelet counts, the
difference between the two survival curves was further
increased (p<0.0001). In surgically resected patients, the
survival rate was significantly lower in patients with
pretreatment thrombocytosis (p=0.005). Post-operative
thrombocytosis had no significant influence on survival.
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Table 1.  –  Study population of patients with primary
lung cancer described by histological type and disease
stage at presentation

Patients
n %

Histological diagnosis
Squamous cell carcinoma 435 39
Adenocarcinoma 284 25
Large cell carcinoma 153 14
Small cell carcinoma 243 22
TNM stage
I 107 10
II 286 26
IIIa 283 25
IIIb 307 27
IV 132 12
TNM: tumour, node, metastasis classification.

Table 2.  –  Platelet counts at diagnosis in patients with
primary lung cancer according to TNM stages

Platelet count  ×109·L-1

TNM stage Cases >400 Median value 25th–75th 
n % percentile

I 21/107 20 240 157–341
II 71/286 25 262 166–341
IIIa 91/283 32 317 223–488
IIIb 121/307 39 328 248–534
IV 54/132 41 351 283–670
TNM: tumour, node, metastasis classification.

Table 3.  –  Number of thromboembolic episodes in
patients having primary lung cancer with (n=358) and
without (n=757) thrombocytosis

Platelet count 
Thromboembolic episode >400 ≤400

×109·L-1 ×109·L-1

Deep venous thrombosis 10 16
Pulmonary embolism 5 6
Disseminated intravascular coagulation 3 3
Coronary thrombosis 2 5
Cerebral thromboembolism 4 5
Femoral artery thrombosis 2 1
Superior mesenteric venous thrombosis 0 1
Renal venous thrombosis 0 1

Total 25 38
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Fig. 2.  –  Survival of lung cancer patients stratified to normal (       )
and elevated (––––) platelet count.

Table 4.  –  Results of multivariate survival analysis (Cox
model) with each variable adjusted by the others

Relative risk
Variable estimates 95% CI p-value

Platelet count
≤400×109·L-1 1
>400×109·L-1 4.24 1.50–12.72 <0.001
TNM stage
I 1
II 2.45 1.26–4.64 0.005
IIIa 4.12 1.92–9.15 <0.001
IIIb 4.94 1.76–13.74 <0.001
IV 5.33 1.78–15.07 <0.001
Histological type
Squamous cell carcinoma 1
Adenocarcinoma 1.24 0.53–2.27 NS

Large cell carcinoma 1.67 0.66–2.89 NS

Small cell carcinoma 1.92 0.74–4.42 NS

Age
<50 yrs 1
50–70 yrs 1.12 0.77–2.35 NS

>70 yrs 1.95 0.62–4.68 NS

Sex
Male 1
Female 1.63 0.84–3.04 NS

TNM: tumour, node, metastasis classification; 95% CI: 95%
confidence interval; NS: nonsignificant.



In the multivariate model, stepwise proportional haz-
ards regression analysis of histological type, sex, age,
and disease stage was performed (table 4). When adjust-
ed for these factors, elevated platelet count continued to
be a strong predictor of survival (p<0.001). Among the
other factors, only TNM staging had a significant role
in the multivariate model. Histopathology, age, and sex
did not exhibit statistical significance.

Discussion

Reactive thrombocytosis is commonly observed in neo-
plastic diseases [19–21]. The purpose of this study was
to examine data on platelet counts obtained in a large
population of patients with primary lung cancer to pro-
vide information on the prevalence of thrombocytosis
and the association to survival. The frequency of ele-
vated platelet counts in patients with primary lung can-
cer was significantly higher compared to patients with
benign pulmonary diseases. In accordance with other re-
ports, we found thrombocytosis in one third of patients
with primary lung cancer. However, the frequencies of
thrombocytosis reported in other studies have varied
between 10 and 60% [22–25]. Difficulties in interpreting
abnormalities of the platelet count in malignancy arise
because several conditions may influence the platelet lev-
els. Malignancy is often accompanied by disseminated
intravascular coagulation and bone marrow involvement,
which tend to lower peripheral platelet counts. Treatment
with chemotherapy and radiation therapy also diminish
platelet numbers. The results of some reports may be
debatable on account of small sample sizes or because
platelet counts may have been influenced by diagnostic
or therapeutic procedures. Furthermore, the studies may
have dealt with different cohorts of patients with differ-
ences in stage distribution. In the present study, consi-
dering platelet counts influenced only by malignancy in
a large population, a pronounced frequency of thrombo-
cytosis was demonstrated. The distribution of platelet
counts did not differ in the histological types in these pa-
tients. Other studies have reported higher platelet counts
in non-small cell lung carcinoma [22].

High circulating levels of platelets are found in patients
with metastatic disease and have been related to exten-
sive disease in patients with lung cancer and other malig-
nancies [3, 23, 24, 26]. The present study confirms that
thrombocytosis is related to extended tumour spread, as
shown by the association of the prevalence of elevated
platelet counts with disease stage reflecting the actual tum-
our load. Moreover, a significant difference was disclosed
between preoperative platelet counts and platelet counts
after surgical resection of the tumour mass. The results
suggest that thrombocytosis is a marker of advanced dis-
ease and may be the result of substances produced by the
larger tumour load. In a few other reports, thrombocytosis
has remitted following definitive radiotherapy, chemo-
therapy or surgical resection of the primary lesion [27].

Elevated levels of platelet counts have been found to
be a significant prognostic factor in carcinoma of the
lung [12, 28]. However, the association between throm-
bocytosis and survival has been questionable in multi-
variate analyses [8, 11]. Thrombocytosis has also been
revealed as an indicator of poor prognosis in patients
with other malignancies [19, 29]. In other studies, platelet

levels did not have a significant effect on patient survi-
val [28]. Thrombocytosis as a valuable prognostic mark-
er is strongly supported by the present results. These data
prove the prognostic ability of platelet counts in lung
cancer and the independence of this information from
that provided by the other factors included. In a multi-
variate survival analysis, thrombocytosis continued to be
a highly significant predictor of short-term survival when
adjusted for other prognostic factors including TNM stage.
However, the estimation of the relative importance of
platelet count on survival would have been more valid
if performance status was included in the multivariate
model. Reliable information about the performance score
could not be obtained in this retrospective study. Throm-
bocytosis may be of prognostic value due to interactions
between the platelets and the cancer cells. Several lines
of evidence provide strong support for the concept that
tumour cell interaction with platelets contributes to haema-
togenous metastases [30]. Platelet-secreted proteins have
been shown to potentiate tumour cell metastases [31].

Haemostatic abnormalities are frequently observed in
patients with malignancy [32]. Most patients with can-
cer have evidence of subclinical activation of blood co-
agulation [33]. Clinically, cancer patients with advanced
disease are characterized by a variety of thromboembo-
lic disorders. The pathophysiological mechanisms ind-
ucing hypercoagulability in cancer patients are complex.
However, reactive thrombocytosis in malignant diseases
has not been regarded as a clinically important factor bec-
ause of the rarity of vaso-occlusive complications [34]. Sta-
tistical analysis of our series supports this view because
the frequency of thromboembolic events was not corre-
lated to the presence of thrombocytosis. The incidence of
thromboembolic episodes in patients with elevated and
normal platelet counts was 7 and 5%, respectively. The
autopsy rate in these patients was rather low and the occur-
rence of thromboembolic events may have been under-
estimated. The frequency of thrombosis reported in other
studies is typically 5–10% [35, 36]. No fatal thromboem-
bolic episodes occurred in the present study. Serious throm-
botic events in patients with reactive thrombocytosis have
only been described in a few case reports [37, 38]. Thus,
thromboembolic disease in cancer patients seems to be as-
sociated with other abnormalities of blood coagulation [33].

Neither the underlying explanation for the predictive
value of platelet count nor the relationship between plate-
let expression and biological behaviour of cancer cells is
clarified. The pathophysiological mechanism of reactive
thrombocytosis may be tumour-associated elevations of
circulating platelets mediated by a direct promotion of me-
gakaryocytopoiesis by tumour-derived humoral factors. In-
terleukin-6 (IL-6) and macrophage colony-stimulating
factor (M-CSF) may be responsible for the development
of cancer-related thrombocytosis [39, 40]. IL-6 is a pot-
ent stimulator of megakaryocytopoiesis and tumour cells
have been shown to release IL-6 both in vitro and in vivo
[41, 42]. These observations strongly suggest a role for
IL-6 in tumour-associated thrombocytosis.

In conclusion, we report a high prevalence of elevated
platelet counts in patients with lung cancer. Thrombocyto-
sis should not be considered as a risk factor predisposing to
thromboembolism in cancer patients. Thrombocytosis was
associated with the tumour load according to disease stage.
Surgical debulking of the tumour resulted in significantly
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reduced platelet counts. Thrombocytosis displayed a high-
ly significant relationship to survival. We suggest that
platelet counts are included in future multifactorial analy-
ses of survival in patients with lung cancer.
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