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Abstract

Background: Cancer patients are at high risk of developing venous thromboembolism (VTE). Red cell distribution width
(RDW) has been reported to be associated with arterial and venous thrombosis and mortality in several diseases. Here, we
analyzed the association between RDW and other red blood cell (RBC) parameters with risk of VTE and mortality in patients
with cancer.

Methods: RBC parameters were measured in 1840 patients with cancers of the brain, breast, lung, stomach, colon, pancreas,
prostate, kidney; lymphoma, multiple myeloma and other tumor sites, that were included in the Vienna Cancer and
Thrombosis Study (CATS), which is an ongoing prospective, observational cohort study of patients with newly diagnosed or
progressive cancer after remission. Primary study outcome is occurrence of symptomatic VTE and secondary outcome is
death during a maximum follow-up of 2 years.

Results: During a median follow-up of 706 days, 131 (7.1%) patients developed VTE and 702 (38.2%) died. High RDW (.
16%) was not associated with a higher risk of VTE in the total study cohort; in competing risk analysis accounting for death
as competing variable the univariable subhazard ratio (SHR) was 1.34 (95% confidence interval [CI]: 0.80–2.23, p = 0.269).
There was also no significant association between other RBC parameters and risk of VTE. High RDW was associated with an
increased risk of mortality in the total study population (hazard ratio [HR, 95% CI]: 1.72 [1.39–2.12], p,0.001), and this
association prevailed after adjustment for age, sex, hemoglobin, leukocyte and platelet count (HR [95% CI]: 1.34 [1.06–1.70],
p = 0.016).

Conclusions: RDW and other RBC parameters were not independently associated with risk of VTE in patients with cancer
and might therefore not be of added value for estimating risk of VTE in patients with cancer. We could confirm that high
RDW is an independent predictor of poor overall survival in cancer.
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Introduction

Red cell distribution width (RDW) is a parameter of the

complete blood count (CBC) that describes the size variation of red

blood cells (RBC). It is routinely measured by most of the modern

hemocytometers and is calculated by dividing the standard

deviation of the mean corpuscular volume (MCV) by the

respective actual MCV, and is expressed as percentage. A high

RDW represents a large variation of the RBC volume, called

anisocytosis, and is found in conditions with an increased number

of small or large RBC. Hence, RDW can be used to discriminate

between different forms of anemia, since iron deficiency anemia or

megaloblastic anemia are accompanied with elevated RDW,

whereas in thalassemia RDW is usually normal [1–3]. Other

parameters routinely given by CBC that provide information

about RBC are hematocrit, hemoglobin concentration, MCV,

mean corpuscular hemoglobin (MCH) and mean corpuscular

hemoglobin concentration (MCHC).
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Besides the conventional use of RDW for discriminating

between different forms of anemia, a number of studies have

suggested that RDW could be a potentially useful marker in a

variety of other diseases, such as heart failure [4], atrial fibrillation

[5], lung cancer [6] or inflammatory disorders [7], frequently

associated with a worse prognosis. Also an association between

high RDW and risk of cardiovascular thrombotic disorders, as well

as with increased mortality in patients with cardiovascular diseases

has been described [1]. Interestingly, in a population-based study

high RDW was reported to predispose to venous thromboembo-

lism (VTE) [8]. Two case-control studies found a high RDW in

patients with deep venous thrombosis [9,10]. Furthermore, high

RDW was correlated with a poor outcome in patients who suffered

pulmonary embolism [11]. Moreover, in a meta-analysis of seven

community-based studies of older individuals high RDW was

described to increase risk of mortality [12]. In a subgroup analysis

of the latter study RDW was also associated with an increased risk

of death in patients with cancer.

Studies that have investigated other RBC parameters and their

association with the risk of thrombosis are limited. In non-cancer

patients, a high hematocrit was found to be associated with

increased risk of first [13] and recurrent VTE [14]. Increasing

levels of MCV and MCH were associated with VTE in a case-

control study [9]. In patients with cancer, a low hemoglobin level

was reported to be a risk factor for development of VTE [15].

As patients with cancer have a high risk of developing VTE, a

complication that is associated with high morbidity and mortality

[16], a number of studies over the past years have focused on the

identification of laboratory and clinical parameters associated with

risk of VTE. Khorana et al. developed a scoring model for risk

stratification of VTE in patients with cancer [15] that includes

laboratory parameters of CBC (hemoglobin levels, leukocyte

count, platelet count). This risk scoring model could be validated

in subsequent studies [17,18].

While previous studies indicated that RDW or hematocrit might

have a predictive value for risk of VTE in the general population

[8,13] no data are available for patients with cancer. Therefore,

we aimed to investigate whether RDW, hematocrit and other

RBC parameters are associated with the development of VTE in

patients with cancer. Furthermore, we analyzed the association

between RBC parameters and mortality in patients with different

types of cancer included in our study.

Materials and Methods

Study design and study population
This study was performed within the framework of the Vienna

Cancer and Thrombosis Study (CATS), an ongoing prospective,

single-centre, observational cohort study that started in 2003 at the

Medical University of Vienna, Austria. Patients with newly

diagnosed cancer or progression of disease after remission are

included in the study and followed for a maximum of 2 years.

Exact methods, inclusion and exclusion criteria of CATS have

been described in previous publications [19,20]. Briefly, patients

with cancer of the brain, breast, lung, upper or lower gastroin-

testinal tract, pancreas, kidney, prostate or gynecological system;

sarcoma and hematologic malignancies (lymphoma, multiple

myeloma) were included in the study. Patients with a thrombo-

embolic event or chemotherapy within the last three months,

surgery or radiotherapy within the last two weeks or continuous

anticoagulation with vitamin K antagonists or low molecular

weight heparin were excluded. After written informed consent, a

structured interview about the patients’ medical history was

performed and a single blood sample was drawn. Follow-up was

performed regularly approximately every 3 months as described in

previous publications [19,20]. The observation period started from

the time of blood sampling and lasted for 2 years or until the

occurrence of VTE, death, loss of follow-up or withdrawal of

consent. Once a year, the Austrian death registry was searched for

entries about study participants.

No routine screening for VTE was performed. Diagnosis of

VTE had to be confirmed by duplex sonography or venography

for deep vein thrombosis (DVT) or by computed tomography or

ventilation/perfusion lung scan for pulmonary embolism (PE),

respectively. In patients who died during follow-up, death

certificates and, if available, autopsy findings were checked for

diagnosis of fatal PE.

Until December 2013, 2030 patients had been included in the

study. Of this cohort, 190 patients had to be excluded, either

because they did not fulfill the exact in- and exclusion criteria after

re-evaluation (n = 94), or because no follow-up information

(n = 87) or no adequate materials for laboratory measurements

were available (n = 9).

Healthy control subjects. Healthy individuals (n = 25,

median age: 56 years [25th–75th percentile: 46–60], 17 [68%]

female) without a history of venous or arterial thrombosis and

cancer from the same geographic region served as controls for

comparison of RBC/RDW parameters.

Ethics statement
Ethical approval for the study was received from the institu-

tional ethics committee of the Medical University of Vienna and

the study has been conducted in accordance with the Declaration

of Helsinki.

Outcome measure of the study
Primary endpoint of the study was occurrence of symptomatic

or fatal VTE. The secondary outcome measure was death of any

cause within 2 years after study inclusion.

Blood sampling and laboratory analysis of RDW
At the day of study inclusion, venous blood samples were

collected in Vacutainer K3-EDTA tubes (Vacuette; Greiner-Bio

One) by sterile venipuncture and analyzed within 2 hours from

sampling. RBC parameters were routinely determined using a

Sysmex XE-2100 hematology analyzer. RDW-CV (coefficient of

variance) was used for all analyses in the current study. RDW-CV

was calculated automatically by dividing the standard deviation of

the MCV through the actual MCV, multiplied by 100. This allows

illustration of size variation of red blood cell size around their

mean size (i.e. around the MCV), expressed as percentage. The

reference range for RDW-CV in the routine lab of the Vienna

General Hospital of the Medical University of Vienna was based

on evaluation of this parameter in the local normal, healthy

population according to standardized procedures. The reference

range of RDW at our hospital is 11%–16%.

Statistical analysis
Statistical analyses were performed using SPSS (Windows

Version 21.0, Armonk, NY: IBM Corp.), STATA (Windows

Version 12.0, Stata Corp., TX, USA), and R (Windows Version

3.0.2., R Core Development Team). Continuous variables were

summarized with the median and the interquartile range (IQR),

and categorical variables by absolute frequencies and percentages.

The correlation between continuous variables was assessed using

Spearman’s correlation coefficient. The Kruskal-Wallis test was

used to test for differences in continuous variables between the
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different tumor types. The Wilcoxon-Mann-Whitney test was used

to test for differences in continuous variables between patients and

healthy controls and between patients with different cancer stages.

Median survival time was calculated using the reverse Kaplan-

Meier method. Cumulative incidence functions (CIFs) for VTE

risk with point estimates and 95% confidence intervals were

estimated non-parametrically using the estimators proposed by

Marubini & Valsecchi, and Choudhury, respectively (implemented

in Stata’s stcompet suite). Death-from-any-cause was incorporated

as the competing event of interest in all following CR calculations.

CIFs between patients with high and low baseline RDW were

compared using Gray’s test (CumIncidence package in R).

Univariable and multivariable proportional subdistribution haz-

ards regression models for competing risk data according to Fine

Table 1. Characteristics of the total study population, of patients who developed venous thromboembolism (VTE) and of patients
who died during the observation period, as recorded at the time of entry into the study.

All study patients
n = 1840

VTE during
follow-upa n = 131 (7.1%)

Death during follow-
upa n = 702 (38.2%)

Median Age, y (IQR) 62 (52–68) 61 (51–67) 63 (55–70)

Sex, n

Female 843 55 (6.5%) 284 (33.7%)

Male 997 76 (7.6%) 418 (41.9%)

Site of cancer, n

Lung 309 21 (6.8%) 194 (62.8%)

Breast 273 7 (2.6%) 45 (16.5%)

Lymphoma 260 12 (4.6%) 40 (15.4%)

Brain 245 32 (13.1%) 131 (53.5%)

Colon/Rectum 182 14 (7.7%) 63 (34.6%)

Prostate 157 3 (1.9%) 31 (19.7%)

Pancreas 130 19 (14.6%) 84 (64.6%)

Stomach 63 8 (12.7%) 45 (71.4%)

Kidney 42 1 (2.4%) 10 (23.8%)

Multiple myeloma 49 3 (6.1%) 6 (12.2%)

Others 130 11 (8.5%) 53 (40.8%)

Newly diagnosed vs.
recurrent disease, n

Newly diagnosed 1353 89 (8%) 486 (35.9%)

Recurrent disease 487 25 (5.9%) 216 (44.4%)

Tumor group, n

Localized solid tumor 715 40 (5.6%) 153 (21.4%)

Solid tumors with distant
metastasis

571 44 (7.7%) 372 (65.1%)

Not classifiableb 554 47 (8.5%) 177 (31.9%)

Median RDW, % (IQR) 13.8 (13.1–14.6) 14 (13.1–14.8) 14.1 (13.3–15.0)

RDW.16%, n 188 17 (9%) 102 (54.3%)

RDW #16%, n 1652 114 (6.5%) 600 (36.3%)

Median erythocyte
count, T/l (IQR)

4.40 (4.00–4.70) 4.4 (4.1–4.7) 4.3 (3.9–4.6)

Median hematocrit,
% (IQR)

38.9 (35.5–41.5) 39 (35.3–41.7) 37.9 (34.2–40.8)

Median hemoglobin
concentration, g/dl (IQR)

12.8 (11.8–14.1) 13.1 (11.5–14.1) 12.7 (11.4–13.8)

Median MCV, fl (IQR) 88.6 (85.4–91.7) 87.7 (85.4–90.7) 88.4 (85.0–91.7)

Median MCH, pg (IQR) 29.9 (28.6–31.0) 29.9 (28.6–30.8) 29.9 (28.3–31.0)

Median MCHC, g/dl (IQR) 33.7 (32.9–34.4) 33.7 (33.1–34.5) 33.7 (32.8–34.3)

Use of ESA, nc 54 9 (16.7%) 38 (70.4%)

aPercentages are related to numbers given in the first column of the same line.
bBrain tumor, lymphoma and multiple myeloma.
cDuring the time period of one month before until 3 months after entry into the study.
Abbreviations: IQR = interquartile range (i.e. 25th–75th percentile), RDW = red cell distribution width, MCV = mean corpuscular volume, MCH = mean corpuscular
hemoglobin, MCHC = mean corpuscular hemoglobin concentration, ESA = erythropoiesis-stimulting agent.
doi:10.1371/journal.pone.0111440.t001
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and Gray [21] were used to model the risk of VTE. The

multivariable competing risk regression analyses comprised the

variable of main interest (RDW or other RBC parameters), either

analyzed as a continuous variable or divided into four groups

according to quartiles of the variable in the corresponding study

population, and it comprised also the following variables: In the

first model we adjusted for age and sex, in the second model for

age, sex and different groups of tumors (divided into localized solid

tumors, solid tumors with distant metastasis, brain tumors and

hematological malignancy); in the third model we adjusted for age,

sex and use of erythropoiesis-stimulating agents (ESA) during the

time period of one month before until 3 months after entry into

the study; and the fourth model was adjusted for age, sex,

hemoglobin level, leukocyte count and platelet count. Continuous

co-variables were centered at the mean (age, hemoglobin). To

allow illustration with cumulative incidence curves, we defined 2

groups of patients with high or non-elevated RDW. The cut-off for

this categorized variable was set at 16%, which is the upper limit of

the reference range for RDW (reference range: 11%-16%) in our

hospital’s routine laboratory.

Univariable and multivariable Cox Regression models were

used to evaluate the influence of RDW and other RBC parameters

on overall survival. Death of any cause was considered as the event

of interest. Data were censored at the end of the study period (after

two years) or loss to follow-up. The multivariable Cox regression

models comprised the same variables as the above-described

competing risk regression analyses. For visualization of survival

probabilities in patients with high or non-elevated RDW, Kaplan-

Meier curves were used, again taking RDW.16% as the cut-off

for categorization.

Two-sided p-values less than 0.05 were regarded as statistically

significant. No adjustment for multiplicity was done. The

proportional (sub-)hazards assumption was examined for both

VTE and mortality models by fitting an interaction between each

variable of interest and the natural logarithm of continuous follow-

up time. No evidence for interactions between the study variables

was observed.

Results

Study Population
Table 1 shows the detailed characteristics of the patients

included in the study (n = 1840; 843 [45.8%] female and 997

male [54.2%]). The median age of the total study population was

62 years (25th–75th percentile: 52–68). A solid tumor was

diagnosed in 1286 (69.9%) patients, 245 patients (13.3%) had a

brain tumor (mainly high grade glioma) and 309 (16.8%) had a

hematological malignancy (lymphoma or multiple myeloma).

Twenty-five healthy individuals (median age: 56 years [25th–75th

percentile: 46–60], 17 [68%] female) from the same geographical

region served as controls.

Thromboembolic events and death during the
observation period

During a median follow-up time of 706 (95% CI: 653–730)

days, 131 (7.1%) patients developed VTE and 702 (38.2%) died.

Detailed characteristics of these patients are listed in table 1.

Overall, 53 patients had an isolated DVT of the lower extremity,

53 an isolated PE, 7 a combined DVT of the lower extremity and

PE; 4 patients each had a thrombosis of either the portal vein or

the jugular vein; 6 patients had an isolated DVT of the upper

extremity, and 1 patient each had a sinus vein thrombosis,

combined DVT of the lower extremity and portal vein thrombosis,

combined PE and DVT of the upper extremity or a thrombosis of

the inferior caval vein. In 4 cases PE was fatal (3.1% of VTE

events).

The cumulative probability of VTE in the total study

population was 5.3% after 6 months, 6.5% after one year and

7.4% after two years. The cumulative probability of survival was

87.7% after 6 months, 74.2% after one year and 58% after two

years.

Distribution of RDW and other RBC parameters in the
total study population

Median RDW (%) of the total study cohort was 13.8 (25th–75th

percentile: 13.1–14.6). RDW levels differed significantly between

the various groups of different tumor types (p,0.001). The highest

median RDW values were observed in patients with colorectal

(14.2 [13.4–15.3]) and gastric cancer (14.2 [13.6–15.2]). Patients

with solid tumors and distant metastasis had a significantly higher

median RDW than those with localized solid tumors (14.1 [13.3–

15.1] vs. 13.6 [13–14.2], p,0.001). Distribution of RDW and

other RBC parameters in our study population is indicated in

Table 1.

There was a weak to moderate correlation between RDW and

the other RBC parameters measured by CBC: hemoglobin (r = 2

0.41, p,0.001), erythrocyte count (r = 20.18, p,0.001), hemat-

ocrit (r = 20.33, p,0.001), mean corpuscular volume (MCV; r =

20.23, p,0.001), mean corpuscular hemoglobin (MCH; r = 2

0.40, p,0.001) and mean corpuscular hemoglobin concentration

(MCHC; r = 20.47, p,0.001). Furthermore, the correlation

between RDW and CRP was analyzed. Data about CRP levels

were available from 1533 study patients (83% of the total study

population). A weak correlation between RDW and CRP was

observed (r = 0.213, p,0.001).

In total, 188 patients (10.22% of the total study cohort) had a

RDW above the upper reference range of our hospitals routine

laboratory (.16%). The 188 patients with RDW.16% also had

lower median hemoglobin levels, lower median hematocrit and a

Figure 1. Cumulative incidence of venous thromboembolism
(VTE), accounting for competing risk (death of any cause) in
the total study cohort, grouped into patients with red cell
distribution width (RDW).16% and below (#16%), respective-
ly. In competing risk analysis (accounting for death of any cause), the
probability of VTE was not significantly different between patients with
high RDW (.16%) and patients with non-elevated RDW (Gray’s test
p = 0.267). Numbers in parentheses indicate numbers of VTE events in
the respective group and time period.
doi:10.1371/journal.pone.0111440.g001
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lower erythrocyte count compared to patients with normal RDW

levels. Detailed numbers can be found in Table S1. Moreover,

patients with RDW.16% were more frequently taking ESAs and

iron supplementary therapy in comparison to patients who had

lower RDW levels (ESAs: 20 [10.6%] vs. 34 [2.1%]; p,0.001;

iron supplementary therapy: 12 [6.4%] vs. 12 [0.7%]; p,0.001).

Cancer patients had significantly higher RDW levels compared

to healthy controls (median RDW: 13.8 [25th–75th Percentile:

13.1–14.6] vs. 13.0 [12.5–13.4], p,0.001).

RDW, other RBC parameters and risk of VTE in the total
study cohort

The association between RDW or other RBC parameters and

risk of VTE was calculated using proportional subdistribution

hazards models (applying competing risk analysis) in order to

adjust for death as a competing factor for occurrence of VTE. The

univariable subhazard ratio (SHR) for occurrence of VTE was

1.03 (95% CI: 0.94–1.14, p = 0.478) per 1% increase in RDW.

Patients were divided into 2 groups to compare patients with

high RDW (cut-off value was set at.16%, which is the upper limit

of the reference range for RDW [reference range: 11%–16%] in

our hospital’s routine laboratory) to those with a lower RDW (#

16%). Patients with high RDW (n = 188, 10.2% of the total study

population) had a similar risk of developing VTE as patients with

lower RDW; the univariable SHR was 1.34 (95% CI: 0.80–2.23,

p = 0.269). In different multivariable analyses, including the

variables age and sex, tumor group (localized solid tumor vs.

solid tumor with distant metastasis vs. non-classifiable [brain

tumor or hematological malignancy]), use of ESA (during the time

period of one month before until 3 months after entry into the

study), hemoglobin level, leukocyte count, platelet count also no

significant association between high RDW and increased risk of

VTE was observed (data are shown in table 2). In patients with

high RDW, the cumulative probability of VTE was 7.5% after

6 months, 8.7% after one year and 9.3% after two years in

comparison to patients with a lower RDW with a probability of

5.0% after 6 months, 6.2% after one year and 7.2% after two

years in those patients who had a lower RDW (Gray’s test

p = 0.267; Figure 1).

Furthermore, also the association between other RBC param-

eters (erythrocyte count, hematocrit, hemoglobin, MCV, MCH,

MCHC) and risk of VTE was analyzed. We did not observe a

significant association between these parameters and risk of VTE,

neither when analyzed as continuous variables nor when analyzed

as categorized variables according to quartiles of the respective

parameter in the total study population (Table 2). Since low

hemoglobin was found to be a risk factor for VTE in previous

studies and was incorporated into the Khorana-Score [15], we

divided patients into two groups, according to their hemoglobin

levels (based on the Khorana-Score the cut-off was set at ,10 g/

dl). Also in this analysis, hemoglobin levels were not associated

with risk of VTE (data are not shown, but can be provided upon

request).

RDW, other RBC parameters and risk of VTE in subgroups
of cancer patients

As our study population consists of a very heterogeneous group

of patients with different cancer sites, including hematological

malignancies or brain tumors, we conducted a subgroup analysis

of patients with solid tumors only. In this subgroup high RDW was

associated with an 80% increase in risk of VTE compared to lower

RDW (SHR [95% CI]: 1.80 [0.99–3.26], p = 0.053). However, in

multivariable analyses (adjusting for the same variables as in our

analyses conducted in the total study cohort) we did not observe a

significant association between RDW and risk of VTE (data are

shown in table 3). The cumulative probability of VTE in patients

with high RDW was 8.3% after 6 months, 10.0% after one year

and 11.0% after two years in comparison to 4.5%, 5.5% and

6.4%, respectively in those patients who had a lower RDW (Gray’s

test p = 0.051; Figure 2).

Increasing levels of hemoglobin, MCV and MCH were

associated with a reduced risk of VTE in univariable and also in

some multivariable analyses. However, these associations did not

remain statistically significant after adjustment for tumor group or

Figure 2. Cumulative incidence of venous thromboembolism
(VTE), accounting for competing risk (death of any cause) in
patients with solid tumors, grouped into patients with red cell
distribution width (RDW).16% and below (#16%), respective-
ly. The probability of VTE was higher in patients with high RDW (.16%)
compared to patients with lower RDW (Gray’s test p = 0.051). Numbers
in parentheses indicate numbers of VTE events in the respective group
and time period.
doi:10.1371/journal.pone.0111440.g002

Figure 3. Kaplan-Meier estimates for cumulative survival
probability of cancer patients (total study cohort) with red
blood cell distribution width (RDW).16% and below (#16%),
respectively. Survival rates were significantly lower in patients with
high RDW in comparison to those with a non-elevated RDW (p,0.001).
Numbers in parentheses indicate numbers of deaths in the respective
group and time period.
doi:10.1371/journal.pone.0111440.g003
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other CBC parameters (hemoglobin, leukocyte count, platelet

count) in multivariable analyses (Table 3). We did not observe a

significant association of erythrocyte count, hematocrit or MCHC

with the risk of VTE, neither when analyzed as continuous

variables nor when analyzed as categorized variables according to

quartiles of the respective parameter (Table 3).

Furthermore, we analyzed RDW and other RBC parameters in

subgroups of patients with different tumor sites (brain, breast, lung,

colon, pancreas or lymphoma [analyses of other tumor sites was

not possible due to the limited number of patients and/or

thrombotic events in these subgroups, respectively]). There was no

significant association between RBC parameters and the risk of

VTE in these subgroups (data are not shown, but can be provided

upon request).

RDW, other RBC parameters and risk of mortality in
patients with cancer

Increasing RDW was associated with a significantly increased

risk of mortality; the hazard ratio (HR) per 1% increase of RDW

was 1.11 (95% CI: 1.08–1.15, p,0.001). For further analyses,

patients were again divided into two groups to compare patients

with high RDW (.16%) to those with non-elevated RDW (#

16%). High RDW was associated with an increased risk of

mortality (HR [95% CI]: 1.72 [1.39–2.12], p,0.001). In

multivariable analyses, adjusted for age, sex, tumor group

(localized solid tumor vs. solid tumor with distant metastasis vs.

non-classifiable [brain tumor or hematological malignancy]), use

of ESA, hemoglobin level, leukocyte count or platelet count, the

impact of RDW on mortality was attenuated. However, in all

multivariable models higher RDW was associated with a

significantly increased risk of mortality (Table 4).

The cumulative probability of survival in patients with high

RDW (.16%) was 78.5% after 6 months, 66.2% after one year

and 41.3% after two years. In comparison, patients with non-

elevated RDW levels had a cumulative survival probability of

88.7% after 6 months, 75.1% after one year and 66.2% after two

years (Log-rank p,0.001; Figure 3).

Associations of other RBC parameters with risk of mortality in

the total study cohort are shown in table 4. Higher levels of

erythrocyte counts, hematocrit, hemoglobin, MCH and MCHC

were associated with a reduced risk of mortality (Table 4).

Discussion

In this prospective, observational cohort study of patients with

various types of cancer we did not observe an independent

association between RDW or other RBC parameters (erythrocyte

count, hematocrit, hemoglobin, MCV, MCH, MCHC) and the

risk of future VTE. As our study population consists of a very

heterogeneous group of cancer patients, including patients with

hematological malignancies and patients with malignant brain

tumors, we conducted a subgroup analysis of solid tumors only. In

this patient group, elevated RDW (.16%) was associated with an

80% higher risk of VTE compared to patients with non-elevated

RDW. However, this association was only borderline significant

and did not prevail after adjustment for age, sex, tumor group, use

of ESA or other parameters of the CBC. Furthermore, higher

levels of hemoglobin, MCV and MCH were associated with a

reduced risk of VTE in patients with solid tumors in some

analyses; however, none of these associations remained statistically

significant in multivariable analyses.

Our findings are in contrast to previous studies, which had

shown that high RDW [8] and also high hematocrit [13] are

associated with an increased risk of VTE in the general

population. However, our results might in fact not be conflicting

after all, since our study cohort consists of patients with cancer and

these patients were either excluded [8] or under-represented (only

23% of VTE events were related to cancer) in the aforementioned

studies [13]. Although reported in previous studies [15], we did

not observe an association between levels of hemoglobin and risk

of cancer-associated VTE. A low hemoglobin level was incorpo-

rated in the Khorana-Score for risk assessment of VTE in patients

with cancer [15]. However, in this score one point is given for the

presence of low hemoglobin levels and/or the use of ESA; and the

use of ESA is known to lead to a high thrombotic risk [22,23]. ESA

were only very rarely used in our study population (only 2.9% of

study patients were using ESA), in contrast to the cohorts on

whom the Khorana-Score was established (in these cohorts almost

one third of patients received ESA), which might in part explain

the discrepancies between the studies. In our study adjustment for

use of ESA did not influence the association of RBC parameters

with VTE risk.

RBCs are major constituents of venous blood clots [24] and

experimental data indicate that they are not only inactive, random

cell material trapped during clotting but might also actively

participate in thrombus formation [25,26]. RBC have an impact

on blood viscosity, they release pro-coagulatory factors and they

can expose phosphatidylserine on their surface and thereby

promote activation of coagulation [25]. However, whether there

is a direct biological link between RBC and VTE or whether

altered RBC parameters represent surrogate markers of concom-

itant conditions associated with risk of VTE, such as inflammation,

is yet unknown [1].

Alterations of RDW are related to reduced RBC survival or

disturbed erythropoiesis. It is known that inflammatory states and

release of inflammatory cytokines, such as tumor necrosis factor

(TNF)-alpha or interleukin-6, disrupt erythropoiesis [27,28].

Therefore, RDW is closely related to a variety of conditions, such

as anemia, inflammation, oxidative stress or malnutrition [12]. As

these conditions are all frequently found in patients with cancer,

we believe that a change in RDW is most probably a weaker risk

factors for VTE in patients with cancer than other parameters that

better reflect specific hypercoagulatory conditions. Cancer patients

represent a group of patients with high VTE risk ranging up to

20% per year [29]. This high thrombotic risk is mediated and

modulated by a multitude of factors, such as tumor biology [30],

cancer spread [31], the presence of varicose veins [32] or different

treatment modalities [33]. Tumor biology itself seems to have a

major influence on risk of VTE, as cancer type, histological

grading and stage of cancer disease have all been found to be risk

factors for cancer-associated VTE [34]. Weak risk factors for VTE

that are found in healthy individuals might therefore only have an

only minor influence on the overall VTE risk in patients with

cancer [35].

As a second finding of our study we confirmed the results of

previous investigations showing that high RDW is associated with

an increased risk of mortality [12]. For each 1% increase in RDW,

the mortality risk increased by 11%. RDW was higher in patients

with solid tumors who had metastases than in those with localized

tumors, a finding that is consistent with a previous report on

patients with lung cancer [6]. To account for this finding we

adjusted for tumor stage in our multivariable model and still an

independent association between high RDW and increased

mortality was observed. Furthermore, consistent with the fact that

anemia is a risk factor for poor prognosis in patients with cancer

[36], in our study we found that increasing levels of erythrocyte

count, hematocrit and hemoglobin were associated with an

improved survival, and all to a similar extent. Underlying
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mechanisms that connect anemia and alterations of RBC

parameters to increased mortality are not fully understood.

Dysregulation of erythropoiesis due to oxidative stress and

inflammatory states were proposed to play a role [12], and

proinflammatory cytokines were shown to disrupt erythropoiesis.

CRP is a known predictor of increased mortality [37], however, in

the current study we found only a weak correlation between RDW

and CRP, suggesting that inflammatory states, as measured by

CRP levels, cannot sufficiently explain the association between

RDW and increased mortality.

Some strengths and limitations of our study have to be

addressed. First of all, levels of RDW are instrument-specific

and can differ between laboratories and also populations.

Therefore, the reference values used in our study cannot be

applied to other populations and studies. However, we analyzed

the association of RDW with risk of VTE and mortality using

different cut-off values and RDW also as continuous variable.

Furthermore, blood transfusions can affect RDW, but unfortu-

nately in our study we do not have complete information about

blood transfusions in study patients. However, the vast majority of

study patients (73.5%) entered the study after newly diagnosis of a

cancer disease and before beginning of treatment with chemo-

therapy, and therefore administration of blood transfusions prior

to inclusion into our study that might affect RDW are very likely

limited to a minority of study patients.

A further limitation of our study is the relatively small sample

size and event rate within selected tumor types. We therefore

cannot exclude a more pronounced effect of RDW on risk of VTE

in these subgroups. Another limitation of our study is that we only

recorded symptomatic VTE events, as we did not screen for VTE

and we might therefore underestimate incidence of VTE in our

study. A strength of our study is its prospective and observational

design, which was chosen to specifically investigate risk factors for

the development of VTE in patients with cancer.

In conclusion, the association between RDW and other RBC

parameters and development of VTE in patients with cancer

seems to be weak and not independent of other, already

established risk factors, e.g. dissemination of cancer. We therefore

suggest that RDW and other RBC parameters can rather not be

considered as useful parameters for predicting risk of VTE in

patients with cancer. As VTE is amongst the leading causes of

death in patients with cancer [16], risk prediction of VTE might

potentially be a major clinical benefit for cancer patients in terms

of identifying patients at a very high risk, who might benefit from

primary thromboprophylaxis. Therefore, the identification of

parameters associated with high risk of VTE, especially of

parameters that are readily available in routine praxis and

inexpensive, such as parameters of the CBC, seems very

reasonable. In a risk score published by Khorana et al. a low

hemoglobin level was incorporated as a factor of increased VTE

risk [15]. In contrast, our data suggest that several RBC

parameters of the CBC, including hemoglobin levels, might not

contribute to improved risk stratification of cancer-associated

VTE, as they were not associated with VTE risk. Further studies

are needed to clarify inconsistencies between studies. However, we

could confirm findings of previous studies [12] showing that high

RDW and low hemoglobin levels are significant and independent

predictors of poor survival in patients with cancer and might

therefore be relevant prognostic factors in these patients.

Supporting Information
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