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Summary
Platelet count has been reported to have predictive value in
various cancer entities. In the case of breast cancer, evidence
about involvement of platelets is still incomplete. Our objective
was to assess the influence of pretreatment thrombocytosis on
survival and establish its prognostic relevance for breast cancer
patients.
We performed a retrospective, multivariate analysis of 4,300
patients with early-stage breast cancer. All subjects participated
in one of five prospective, randomized, multicenter trials conducted by the Austrian Breast and Colorectal Cancer Study
Group. Thrombocytosis was defined as a platelet count
exceeding 400 G/L. Median follow-up was 52 months.
Univariate and multiple Cox regression models were calculated for overall survival (OS), breast cancer-related survival and
disease-free survival (DFS).
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Introduction
The majority of deaths in women with breast cancer is attributable to hematogenous metastasis. Malignant cells challenge
hemostasis while approaching the site of metastasis. According
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Pretreatment thrombocytosis was observed in 161 patients
(3.7%). Estimated median OS, breast cancer-related survival and
DFS for patients with versus those without thrombocytosis
was 71.0 versus 99.5, 72.0 versus 100.9, and 80.4 versus 88.4
months, respectively (p = 0.0054, p = 0.0095, p = 0.0199).
A multiple Cox regression model including tumor and nodal
status, grading, age, hormone receptor status and pretreatment
thrombocytosis identified pretreatment thrombocytosis as an
independent predictive factor for OS (p = 0.0064) and breast
cancer-related survival (p = 0.0162). Multivariate analysis failed
to identify pretreatment thrombocytosis as an independent risk
factor for DFS (p = 0.1355).
In our retrospective study, elevated platelet counts at time of
diagnosis were associated with poor prognosis in breast cancer.
We hypothesize that platelets may contribute to the pathophysiology of hematogenous metastasis.
Thromb Haemost 2003; 89: 1098 –106

to a revisited version of Virchow’s triad (1), the three components of hemostasis are soluble coagulation factors, the endothelium and platelets. Some aspects of coagulation (2) and especially cancer cell-endothelium interactions (3) have in recent
times been the goal of investigations in cancer and metastasis
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research, and the impact of platelets in cancer angiogenesis and
metastasis has for years been on debate (4-8). High pretreatment
platelet count is reported to be associated with poor survival in
malignant mesothelioma (9), lung cancer (10-14), gynecologic
malignancies (15-24), renal cancer (25, 26) and colorectal cancer (14, 27). However, in the literature we found no evidence
dealing with the influence of pretreatment platelet count on
survival in breast cancer patients. We therefore performed a
retrospective, multivariate analysis of women with stage I, II
and IIIA breast cancer in an attempt to assess the influence of
pretreatment platelet count on survival.

Material and methods
Study patients
The study population was pooled among stage I, II and IIIA
breast cancer patients, participating as of 1990 in one of five
prospective, randomized, multicenter trials initiated and implemented by the Austrian Breast and Colorectal Cancer Study
Group (ABCSG). All trials were approved by local Ethics
Committees and since 1995 were subject to continuous and
independent monitoring according to Good Clinical Practice.
Patients randomized before 1995 were monitored retrospectively. All patients in these five trials of the ABCSG had to give their
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informed consent before entering the trial according to the
Helsinki declaration. Three trials have already been closed, the
specific outcomes assessed have in part been published (28-30),
and recruitment to two other trials is still ongoing. Study endpoints included death, breast cancer-related death, and first
relapse of disease, respectively, for overall survival (OS), breast
cancer-related survival , and disease-free survival (DFS).
A detailed description of these trials is given in Table 1. A
total of 5,708 patients were randomized by May 2001.
Pretreatment platelet counts and follow-up data were documented in 4,382 subjects, and those presenting pretreatment counts
of less than 150 G/L were excluded. Finally, 4,300 patients
(75% of total) were eligible for analysis. Patients were stratified
in two groups according to the presence or absence of pretreatment thrombocytosis, which was defined as a platelet count
exceeding 400 G/L. Detailed demographic characteristics are
listed in Table 2.
Statistical analysis
We evaluated the impact of pretreatment thrombocytosis
retrospectively. The proportions of patients with a given characteristic were compared by the chi-square test. Differences in the
means of continuous variables were tested by Student’s t test.
All tests were two-tailed.

Table 1: Description of ABCSG multicenter trials in breast cancer patients*. Five different prospective, randomized, multicenter trials
conducted by the Austrian Breast and Colorectal Cancer Study Group were described in detail, giving the trial number, total number
of patients, the number of eligible patients, investigational objectives, stratification criteria and trial status.
* ABCSG = Austrian Breast and Colorectal Cancer Study Group
† CMF = Cyclophosphamide 600mg/m2, Methotrexate 40mg/m2, and 5-Fluorouracil 600mg/m2 iv day 1+8, every 28 day;
‡ EC = Epirubicin 60mg/m2 and Cyclophosphamide 600mg/m2 every 21days
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Table 2: Characteristics of 4,300 women
with breast cancer eligible for analysis
Patients characteristics were given in table 2
with detailed description of tumor stage,
nodal stage, Grading, menopausal status,
hormone-receptor status and platelets count
in all patients and distributed in patients with
and without thrombocytosis.

Further analysis included well-known prognostic covariates
in breast cancer: tumor stage, nodal status, grading, menopausal
status, age, and estrogen receptor (ER) and progesterone receptor (PgR) status. Tumor stage (T1, T2, T3) was defined according to International Union Against Cancer (UICC) criteria,
nodal status as negative or positive, and tumor grading according to Bloom and Richardson (G1, G2 and Gx versus G3).
Premenopausal status was defined on the basis of known menstruation; menopausal status was otherwise assessed by serum
hormone level. Age was included as a continuous variable. In
the presence of immunohistochemistry, ER and PgR status were
stratified as negative, + or ++, and +++. Performing quantitative, biochemical assays, these parameters were stratified
in negative, less than 10 fmol/mg or positive, and more than
10 fmol/mg (31).
The univariate effect of the above-mentioned prognostic
covariates and pretreatment thrombocytosis on OS, breast can-

cer-related survival and DFS was described by applying the
Cox regression model. Furthermore, the effect of pretreatment
thrombocytosis on OS, breast cancer-related survival and DFS
was checked in a multiple Cox regression model, also including
the well known prognostic covariates, in order to describe the
impact of pretreatment thrombocytosis in addition to the covariates.
OS was calculated for all patients from the date of randomization until death of any cause, breast cancer-related survival
from randomization until death from breast cancer, and DFS
from randomization until time of relapse. Breast cancer-related
survival reports the percentage of patients surviving breast cancer (only deaths of breast cancer were counted), whereas DFS is
defined as period after randomization with no evidence of disease, in particular without any relapse of breast cancer. Relapse
was defined as occurrence of organ metastasis as well as distant
lymph node metastasis. In the absence of events (death, breast
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cancer-related death or relapse), calculations were based on the
date when the patient was last known to be event-free.
Cumulative OS, breast cancer-related survival and DFS curves
were separately calculated according to Kaplan and Meier for
patients with and without pretreatment thrombocytosis. The
Mantel test was used to establish the significance of differences
between the curves.

Results
Comparison of groups
Thrombocytosis was observed in 161 patients (3.7%). Patients with thrombocytosis were more likely to be younger
(p = 0.018), to present with T2 and T3 stages (chi-square: 8.54,
p = 0.014), N1 status (chi-square: 4.47, p = 0.035), G3 grading

Figure 1: Overall
survival with and
without thrombocytosis. Kaplan-Meier estimates and significance
levels in patients with
and without thrombocytosis concerning
overall survival were
shown in figure 1.
– – – with thrombocytosis, ––– without
thrombocytosis.

Figure 2: Breast cancer-related survival
with and without
thrombocytosis.
Kaplan-Meier estimates and significance
levels in breast cancer
patients with and
without thrombocytosis concerning
breast cancer-related
survival were shown
in figure 2.
– – – with thrombocytosis, ––– without
thrombocytosis.
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(chi-square: 7.96, p = 0.005) and to be premenopausal (chisquare: 5.10, p = 0.024) as compared to women with normalrange platelet counts. Detailed data are shown in Table 2. With
respect to the trial therapy arms, no significant difference was
identified in distribution between subjects with or without pretreatment thrombocytosis (data not shown).
Survival analysis
At a median follow-up of 52.0 months (95% confidence interval, 49.3 – 54.4 months), 367 (8.5%) patients had died. A higher proportion of subjects presenting with pretreatment thrombocytosis (16.8%) died as compared to those without thrombocytosis (8.2%). Breast cancer-related deaths occurred in 327
(7.6%) women, 14.9% in patients with as compared to 7.3% in
patients without pretreatment thrombocytosis. Recurrence
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Figure 3: Disease-free survival in patients with and without thrombocytosis
Kaplan-Meier estimates and significance levels in breast cancer patients with and without thrombocytosis concerning disease-free survival were shown in figure 3.
– – – with thrombocytosis, ––– without thrombocytosis

Table 3: Risk ratios
concerning survival
(univariate Cox
regression model)
Univariate Cox
regression model
revealed tumor stage,
nodal status, grading,
age, menopausal
status, ER status, PgR
status and pretreatment thrombocytosis
as significant factors
influencing OS, breast
cancer-related survival
and DFS.
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Table 4: Results of
multivariate analysis
concerning survival
(Cox model).
Multivariate analysis
of survival showed
pretreatment thrombocytosis to have a
significant predictive
value for OS
(risk ratio: 1.73,
p = 0.0064) and
breast cancer-related
survival (risk ratio:
1.67, p = 0.0162),
but not for DFS
(risk ratio 1.29,
p = 0.1355). Detailed
data including risk
ratios, levels of significance and 95% confidence intervals are
listed in Table 4.
*since age and menopausal status interact,
these covariates were
tested in combination

occurred in 658 (15.3%) of all subjects, 24.2% in patients with
as compared to 15.0% in those without pretreatment thrombocytosis.
The estimated median OS time was 71.0 months (with
thrombocytosis) versus 99.5 months (without thrombocytosis),
the estimated median breast cancer-related survival was 72.0
months (with thrombocytosis) versus 100.9 months (without
thrombocytosis), and the estimated median DFS was 80.4
months (with thrombocytosis) versus 88.4 months (without
thrombocytosis). Kaplan-Meier estimates and significance levels for both groups concerning OS, breast cancer-related survival and DFS are shown in Figures 1-3.
Univariate analysis revealed tumor stage, nodal status, grading, ER status, PgR status and pretreatment thrombocytosis as
significant factors influencing OS, breast cancer-related survival and DFS (Table 3). Remarkably thrombocytosis was associated with a risk ratio similar to tumor grading (approximately
1.7).
Multivariate analysis of survival showed pretreatment
thrombocytosis to have a significant predictive value for OS
(risk ratio: 1.73, p = 0.0064) and breast cancer-related survival
(risk ratio: 1.67, p = 0.0162), but not for DFS (risk ratio 1.29,

p = 0.1355). Detailed data including risk ratios, levels of significance and 95% confidence intervals are listed in Table 4.

Discussion
Thrombocytosis is a finding associated either with essential
thrombocytosis or chronic myeloproliferative syndromes
(termed primary), or more frequently with trauma, acute and
chronic infections, iron deficiency anemia, surgical interventions with or without splenectomy and in 6 - 62.5% of cancer
patients (termed secondary) (32-40).
The present retrospective analysis is the first to assess the
influence of pretreatment thrombocytosis on prognosis in
women with stage I, II and IIIA breast disease. To our knowledge, no data on pretreatment thrombocytosis have been
reported in patients with breast cancer. We found a rather low
incidence of thrombocytosis in our study population (3.7%).
Percentages of pretreatment thrombocytosis in other cancer
entities are reported at 10-39% in cervical cancer (15, 17, 19,
34), 24-63% in ovarian cancer (20, 35, 36), 15-27% in vulvar
cancer (23, 24), 25-32% in lung cancer (13, 37, 38), 27% in
malignant peritoneal mesothelioma (39), 48% in malignant
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pleural mesothelioma (40), 33-57% in renal cancer (25, 26), and
finally at 56% in patients with a malignant pelvic mass (16).
This retrospective analysis clearly demonstrates the independent negative prognostic value of pretreatment thrombocytosis for survival in a large series of breast cancer patients. The
effect was seen in multivariate analysis of both OS and breast
cancer-related survival. With regard to DFS, multivariate analysis failed to identify pretreatment thrombocytosis as prognostic
factor. One may ask why such a simple question was not
answered earlier. We argue that a very large patient cohort is
required to observe a significant effect in a factor that is only
present in a very small percentage of patients. The present
retrospective analysis does not discriminate between primary
and secondary thrombocytosis. There is some possibility that
primary breast cancer, in a small number of patients, is coincidentally associated with primary thrombocytosis. This is as likely as a small minority of cases in which breast cancer-inducing
thrombocytosis is seen as a secondary effect. One path of
thrombocytosis induction is the production of thrombopoietin.
Thrombopoietin stimulates platelet production (41-43) and
seems to be regulated by a positive feedback from platelet alpha
granular contents released during activation (44). However, the
role of thrombopoietin in reactive thrombocytosis is discussed
controversially (45, 46). In patients with advanced carcinoma
associated with thrombocytosis, blood thrombopoietin levels
were observed to be high, possibly caused, at least in part, by
carcinoma-cell thrombopoietin (47). Furthermore, thrombopoietin concentrations are not strictly inversely related to platelet counts, arguing for the existence of additional mechanisms
of thrombopoietin regulation (48). One possible candidate is
interleukin 6, since blood levels are reported to be high in
malignant disease (36, 49, 50) and interleukin 6 is produced by
various non-hematological cancer entities (51-55). Schuler et al.
reported profound regulatory effects of recombinant human
interleukin 6 on hematopoiesis and inflammatory response (56).
Interleukin 6, thrombopoietin and/or their interaction thus
appear to be involved in cancer-associated thrombocytosis, and
thrombocytosis may secondarily reflect the challenge of hemostasis by malignant cells.
The question remains unresolved as to why thrombocytosis
is an independent prognostic factor in breast cancer patients,
regardless of whether it is a primary or secondary phenomenon.
It cannot be ruled out that this phenomenon is simply mechanistic. Sticky platelets bind circulating tumor cells by entrapment, leading to the origin of metastasis. Other possible explanations are the production of growth factors derived from platelets that result in enhanced proliferation of tumor cells.
Platelets are known to contain platelet-derived endothelial
cell growth factor (PD-ECGF), and there is evidence for vascular endothelial growth factor (VEGF) storage in platelets (5759). The clinical significance arising from the angiogenic
effects of VEGF and PD-ECGF in breast cancer has been

reviewed by Locopo et al (60). Platelets of cancer patients show
VEGF values that are some three times as high as those present
in healthy controls, whereas very little or no VEGF was found
in the plasma (61). In breast cancer patients, serum VEGF concentrations correlate with platelet counts during chemotherapy
(57). Platelets seem to prevent circulating VEGF from inducing
the development of new blood vessels except at sites where
coagulation takes place. Apart from its thrombopoietic effect,
interleukin 6 also seems to affect the amount of VEGF stored in
the platelets. Interaction of interleukin 6 with the angiogenic
pathways in cancer might explain the stimulation of tumor
growth occasionally observed in the course of interleukin 6 administration. Such interaction conforms to the worst outcome
associated with high interleukin 6 levels and with thrombocytosis in several tumor types (62).
Taken together, we suggest that different compounds produced in tumor cells are challenging hemostasis and lead to
thrombocytosis. High concentrations of VEGF are stored in
the platelets of cancer patients, and VEGF levels correlate with
platelet counts. VEGF is released at the site of metastasis
during tumor cell-induced platelet aggregation. Furthermore,
PD-ECGF is released during platelet activation, resulting in a
locally high angiogenic environment.
In conclusion, our retrospective study describes pretreatment thrombocytosis as an independent risk factor for survival
in women with breast cancer. Given, that platelets contribute to
the pathophysiology of hematogenous metastasis, the underlying mechanism needs to be elucidated, preferably in a prospective study design.
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