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Platelet count: association with prognosis in lung cancer

Francisco Javier Gonzalez Barcala * Jose Maria Garcia Prim -

Milagros Moldes Rodriguez -« Julio Alvarez Fernandez -

Maria Jose Rey Rey - Antonio Pose Reino * Luis Valdes Cuadrado

Received: 7 March 2009/ Accepted: 30 March 2009/ Published online: 21 April 2009

© Humana Press Inc. 2009

Abstract Lung cancer (LC) is now the leading cause of
cancer mortality in the world, therefore it would be useful
to identify prognostic factors to determine patient outcome.
The objective of this study is to evaluate the usefulness of
platelet counts at the time of diagnosis as a prognostic
factor. A retrospective study of patients with histological
diagnostic evidence of LC was carried in our catchment
area over a 3-year period. Survival adjusted for other fac-
tors was assessed according to the platelet count at the time
of diagnosis. Patients with platelet levels within the refer-
ence range (RR) (135000-381000/ul) were divided into
two groups, between 135000-258000/ul and 258000—
381000/pl. A third group was made up of patients with
platelet counts over 381000/pul. Adjusted survival was
analysed using Cox regression models. Patients with high
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platelets have a 37% worse survival than those with a
platelet level within the RR, but lower than 258000/pul.
When tumour stage is included in the covariates, platelet
levels are no longer an independent survival factor. In
conclusion, platelet levels at the time of diagnosis could be
a useful prognostic factor in LC.
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Introduction

Lung cancer (LC) is the most frequent cause of death by
cancer in the world, with a high mortality that reduces the
5-year survival to less than 15% [1]. It is also the most
commonly diagnosed cancer in men and the third in
women (after breast and uterus), with the highest incidence
in the general population [1].

In view of its high incidence and mortality, controlling
the known risk factors and advancing the debate on early
diagnosis [2, 3]. Correctly identifying and understanding
other prognostic factors may be required to allow us to
optimise the management of these patients and to indi-
vidualise survival probability, as well as the therapy of
each patient [4].

Thrombocytosis is frequently found in patients with LC
[5], which some studies have associated with a lower sur-
vival [5, 6], although a recent systematic review did not
include this analytical data among the indicators for the
prognostic stratification of LC [7].

A reduction in mortality and in the progression to
tumour metastasis has recently been observed in patients
treated with low molecular weight heparin, which could be
associated with platelet activity, given the known interac-
tion of this drug with these cells [8, 9].
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The objective of our study was to evaluate whether the
platelet levels at the time of diagnosis could be useful in
establishing a prognosis in LC patients.

Materials and methods

All patients diagnosed with LC for the first time between 1
January 1997 and December 1999 in the Santiago de
Compostela University Hospital Complex, which covers a
health population of 418,000 inhabitants and has four
hospital centres within the Galician public health network,
were included in the study. The information on current LC
cases was obtained through the Admission and Clinical
Documentation Services and Histopathology. The patient
clinical history was then accessed to collect the data for
this study: age, sex, stage, smoking habits, histology type,
comorbidity, blood platelets and date of death.

The histological classification was made according to
the 1982 World Health Organisation Guidelines [10].

Four groups were established according to the distribu-
tion (quartiles) for the analysis of age.

Comorbidity was evaluated at the time of diagnosis
using the Charlson Comorbidity Index [11]. Four mutually
exclusive categories were established: the first three with a
Charlson index equal to 0, 1, 2, respectively, and the last
one when the value of the Charlson index was equal to or
greater than 3.

Smoking habits were stratified into three possible,
mutually exclusive, categories: never smoked, active
smoker and ex-smoker.

Patients were excluded if the histocytology typing could
not be confirmed or located for the follow-up. The date of
death was taken from the clinical history, death register or
by a telephone call to the home address.

The platelet levels were stratified into three levels.
Patients with normal platelets, according to the reference
ranges (RR) (between 135000 and 381000/ul) established
by the Clinical Analysis Department of our hospital, were
divided using the mean value of the RR (258000/pl), into
two groups, from 135000 to 258000 platelets/pl, and from
this value up to 381000 platelets/ul. The third group was
made up of patients with platelet levels over 381000/pul.
Patients with platelet values less than our laboratory RR
were excluded from the study.

Each patient was followed up until 30 June 2007, or
until their death.

Analysis
The normality of the distributions was assessed using the

Kolmogorov—Smirnov test with Lilliefors correction. The
Levene test was applied to assess the homogeneity of the
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variances. The chi-squared test was used for the compari-
son of the categorical variables. The student ¢ test was used
for the comparison of the continuous variables which fol-
lowed a normal distribution, and if there was a non-
Gaussian distribution, the Mann—Whitney U test was used.

The survival time was estimated in days from the time
of diagnosis until the time of death, or until the last follow-
up date, using the Kaplan—-Meier method to calculate the
survival probabilities.

The log-rank test was used to compare the survival
curves.

The influence of the platelet levels on the survival of LC
patients was calculated using Cox regression adjusted for
the rest of the variables analysed. Two models were used,
one including the tumour stage and another without
including this parameter.

A P < 0.05 was considered statistically significant.

The analyses were performed using the Statistical
Package for Social Sciences (SPSS) program, version 15.0
in Spanish.

Results

A total of 481 cases of diagnosed LC were initially col-
lected, which is an overall incidence of 41.79/100,000
inhabitants, and when adjusted to the European population,
30.92/100,000 inhabitants. Of the 419 patients finally
included in this study, 21 (5.01%) are still alive. Of those
excluded, 42 cases were due to having a radiological
clinical diagnosis, 11 cases of doubtful histology, 2 cases
due to thrombocytopenia (low platelets) and 7 cases due to
not being located in the follow-up (the clinical history
suggested they had moved to other areas). The general
characteristics of the patients are presented in Table 1.
Stages III B and IV were diagnosed in 75.3% of the cases.

A total of 103 (21.9%) patients with LC had
thrombocytosis.

Patients with a high platelet count are younger, have a
lower survival and are in more advanced stages than those
included in other groups, with no differences observed in
the rest of the parameters analysed (Table 2).

The survival analysis showed that patients with a
thrombocytosis have a 37% lower survival than those of
group 1 (normal platelets, but below the mean of the RR)
(Fig. 1, Table 3). No differences were observed between
the two groups with normal platelets, or between the
patients with a thrombocytosis and those of group 2 (nor-
mal platelets, but above the mean of the RR). On including
the stage among the covariables, no independent effect of
the platelet count was seen on the survival (Table 4), as
would be expected given the association observed between
the stage and the platelet count (Table 2).
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Table 1 Description of total population studied

Variable

Result

Table 2 Mean age and survival, and number of cases in each group
according to the platelet result at the time of diagnosis

Age, median in years, (interquartile range)

66,93 (60.51-74.44)

Platelets

Platelets

Platelets p
1 2 3
Age, mean (SD) 66.97 66.84 63.83 0.041
(10.8) (10.1) (12.1)
Age, number of cases NS
1st quartile 42 43 37
2nd quartile 59 45 27
3rd quartile 39 46 17
4th quartile 51 40 22
Sex NS
Males 175 162 98
Females 17 13 5
Smoking NS
Never 16 9 2
Active 90 86 55
Ex-smoker 68 65 39
Histology NS
Small cell 46 33 17
Epidermoid 69 67 46
Adenocarcinoma 38 37 18
Large cell 16 18 14
Stage 0.009
I-IIIA 59 37 17
HIB-1V 123 131 83
Comorbidity NS
Charlson 0 30 21 10
Charlson 1 61 59 41
Charlson 2 66 52 38
Charlson >3 32 39 14

Mean survival in days,
mean (SD)

526 (640) 431 (453) 384 (456) 0.028

Platelets 1: 135000-258000; Platelets 2: 258001-381000; Platelets 3:

>381000

SD Standard deviation, NS not significant

Discussion

Sex
Males, number (%) 446 (92.7)
Females, number (%) 35 (7.3)
Smoking (number of cases)
Never, number (%) 27 (6.1)
Active, number (%) 237 (53.6)
Ex-smoker, number (%) 177 (40.3)
Histology (number of cases)
Small cell, number (%) 98 (20.4)
Epidermoid, number (%) 188 (39.1)
Adenocarcinoma, number (%) 94 (19.5)
Large cell, number (%) 48 (10.0)
Stage (number of cases)
I-IA (%) 113 (25.1)
MIB-1V (%) 337 (74.9)
Comorbidity (number of cases)
Charlson 0 (%) 61 (13.2)
Charlson 1 (%) 161 (34.8)
Charlson 2 (%) 156 (33.7)
Charlson >3 (%) 85 (18.3)
Platelets (number of cases)
135000-258000 (%) 191 (40.8)
258001-381000 (%) 174 (37.2)
>381000 (%) 103 (21.9)
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Fig. 1 Survival (in days) by platelet count. Platelet 1: 135000—
258000/pl, platelet 3: >381000/ul

Our data suggest that thrombocytosis, measured at the time
of diagnosis, may be an independent indicator of a poor
prognosis in LC, coinciding with that obtained in other
studies with Japanese and Danish populations [5, 6].

Thrombocytosis is a common finding in oncological
disease, reported to be present in 10% to 60% of LC
patients [5, 6, 12].

Higher platelet levels are observed in the younger age
group of our population, as has been mentioned in other
patients with LC and in a general population [6, 13, 14],
without showing any significant differences between the
different histology types [5, 12]. Contradictory results have
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Table 3 Multivariate analysis of prognostic factors, Cox method

Variable OR 95% CI
Platelets (count)

Platelets 1 1

Platelets 2 1.280 1.007-1.627

Platelets 3 1.369 1.035-1.809
Age

1st quartile 1

2nd quartile 0.997 0.743-1.337

3rd quartile 0.909 0.659-1.255

4th quartile 1.392 1.006-1.925
Sex

Males 1

Females 0.944 0.542-1.646
Smoking

Never 1

Active 1.081 0.566-2.065

Ex-smoker 1.118 0.591-2.114
Histology

Small cell 1

Epidermoid 0.576 0.438-0.759

Adenocarcinoma 0.904 0.657-1.242

Large cell 0.905 0.621-1.319
Comorbidity

Charlson 0 1

Charlson 1 1.671 0.395-7.059

Charlson 2 1.842 0.447-7.599

Charlson >3 1.763 0.429-7.237

Platelets 1: 135000-258000; Platelets 2: 258001-381000; Platelets 3:

>381000
OR Odds ratio, CI confidence interval

been reported in the literature as regards the tumour stage.
Thus, in a Danish population, an association was seen, as in
our patients, between the increase in platelets and the more
advanced stages of the tumour disease [5], while in the
study by Aoe with a Japanese population this association
was not observed [6].

The mechanism for producing thrombocytosis seems to
be due to an increase in platelet production, different
mechanisms have been described in patients with tumours
which could explain this thrombocytopoietic action, with
the participation of many mediators such as, IL-6, IL-1,
GM-CSF or thrombopoietin [15-17].

The causes of a lower survival in patients with a
thrombocytosis mainly include, physiological mechanisms
associated with the incidence of vascular disease, increased
tumour resistance to chemotherapy and progression of the
tumour to more advanced stages.

The relationship between a more advanced tumour stage
and higher mortality [18, 19] is also reasonably well
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Table 4 Multivariate analysis of prognostic factors, Cox method
(Including Stage)

Variable OR 95% CI
Platelets (count)

Platelets 1 1

Platelets 2 1.151 0.902-1.469

Platelets 3 1.092 0.817-1.460
Age

Ist quartile 1

2nd quartile 1.013 0.752-1.365

3rd quartile 0.909 0.656-1.260

4th quartile 1.428 1.031-1.978
Sex

Males 1

Females 0.956 0.553-1.651
Stage

I-ITA 1

MIB-1V 2.205 1.658-2.934
Smoking

Never 1

Active 1.108 0.581-2.111

Ex-smoker 1.151 0.611-2.168
Histology

Small cell 1

Epidermoid 0.670 0.504-0.891

Adenocarcinoma 0.944 0.682-1.307

Large cell 1.055 0.717-1.554
Comorbidity

Charlson 0 1

Charlson 1 1.309 0.310-5.519

Charlson 2 1.600 0.389-6.577

Charlson >3 1.490 0.364-6.104

Platelets 1: 135000-258000; Platelets 2: 258000-381000; Platelets 3:
>381000

established. Given the higher frequency of thrombocytosis
in patients with advanced stages, this fact in itself could
explain the poor prognosis of this patient group.

On the other hand, it could be due to the increased
cardiovascular disease associated with the high platelet
count, as a higher incidence of deep vein thrombosis and
ischaemic heart disease [20-22] has been reported.

As regards resistance to chemotherapy treatments, it has
been mentioned that PD-ECGF (platelet-derived endothe-
lial cell growth factor) alters the sensitivity to some of
these drugs [23].

On the other hand, different factors, such as angioge-
nesis, haematogenous or lymphatic dissemination and the
resistance of tumour cells to the intrinsic defence mecha-
nism of the body, could also play a part in the progression
to more advanced stages.



Med Oncol (2010) 27:357-362

361

The involvement of bone marrow haematopoietic pre-
cursors that express Vascular Endothelial Growth Factor
Receptor-1 (VEGF-GR1) also seems to well known in the
regulation of the metastatic dissemination of the tumour
[24], and that angiogenesis is also essential for tumour
growth [25]. Platelets synthesise and transport several
angiogenic factors such as, VEGF, Platelet-Derived
Growth Factor (PDGF), basic Fibroblastic Growth Factor
(bFGF), Epidermal Growth Factor (EGF) or Matrix
Metalloproteinases (MMPs) [23, 26].

These facts have been contrasted in animal models,
where it has been demonstrated that the administration of a
monoclonal antibody against VEGF slows down tumour
growth [27].

The haematogenous dissemination of the tumour may be
promoted by some platelet products, as MMPs or throm-
bospondin help tumour cells adhere to the epithelium. They
also create an environment of hyper-permeability, which
enables them to enter other tissues [26, 28]. Likewise,
activated platelets may also assist in the invasion of the
extracellular matrix by tumour cells by degrading heparin
sulphate [29].

Thrombocytosis has also been associated with increased
lymphatic involvement in LC and in other tumours [30-33].
Increased levels of bFGF and VEGF have been correlated
with a lower survival in LC [32]. Lymph angiogenesis,
probably started in intra-tumoral lymphatics [33-35], has
also been demonstrated in these platelet products.

Reinforcing this hypothesis, it is known that inhibition
of VEGF receptor-3 blocks lymphatic ganglia metastases
in the initial phases, but not when they are established. This
suggests that there must be critical periods in the tumour
spreading process [36, 37].

Although, on the other hand, other authors mention
associations in the opposite direction, by observing a better
prognosis in LC patients with increased b-FGF [38, 39]
levels. This would point to more complex inter-relation-
ships between the different mechanisms involved, or even
some “threshold” levels could be established to produce an
effect or the opposite.

It has also been demonstrated that certain platelet
products protect tumour cells by their destruction of
immune system mechanisms, making the activation of
natural killer cells difficult [40, 41], or by making them
resistant to hypoxia-induced apoptosis [23].

In conclusion, our results seem to support the need to
take the platelet levels into account when establishing a
prognosis on LC patients.

Also having more information on prognostic factors
could help make more reliable predictions of the progress
of the disease (a particularly important point in diseases
with such a high mortality), improve the efficiency of
treatments used, better overall management of the disease,

as well as a more accurate stratification of the groups
included in scientific studies.

Owing to this being a retrospective study, this makes it
difficult to establish definitive conclusions on the causal
relationship between lower survival and high blood plate-
lets. It is yet to be defined whether the increase in platelets
is a final event, a result of the interaction by mediators
released by the tumour, or is the cause of the progression of
the disease.
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