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AIMS
Anaemia is common in cancer patients, with treatments including epoetins and blood transfusions. Although an increased risk of
venous thromboembolism (VTE) has been associated with both therapeutics, studies comparing the risk of VTE between epoetins
and transfusions in cancer patients are lacking.

METHODS
A nested case–control study investigated this risk using the German Pharmacoepidemiological Research Database. Cohort members
were incident cancer patients receiving first time treatment with epoetin or transfusion. A subcohort including only patients receiving
chemotherapy was created, since the formally approved indication of epoetins is chemotherapy-induced anaemia. Cases were de-
fined as patients developing VTE. For each case up to 10 gender- and age-matched controls were selected from the cohort. Multiple
confounder adjusted odds ratios (aORs) with 95% confidence intervals (CIs) for VTE and recent treatment with epoetins or transfu-
sions (last 28 days before index date) compared with past anti-anaemic treatment were calculated by conditional logistic regression.

RESULTS
Among 69 888 patients receiving first time treatment with epoetin or transfusion, 3316 VTE cases were identified. The aOR for VTE
was 1.31 (95% CI 1.03, 1.65) for epoetins, 2.33 (95% CI 2.03, 2.66) for transfusions, and 2.24 (95% CI 1.34, 3.77) for epoetins
and transfusions. Sensitivity analyses with a stricter VTE definition or an expanded time window yielded similar results. In the
chemotherapy only subcohort the risk difference between epoetins and transfusions could not be verified (aOR 1.48, 95% CI
1.10, 1.98 vs. aOR 1.80, 95% CI 1.49, 2.19). Our study confirmed known VTE risk factors including previous VTE (aOR 14.76, 95%
CI 12.79, 17.03) or surgery (aOR 1.83, 95% CI 1.67, 2.01). Epoetin-associated risk decreased after a safety warning by the
European Medicines Agency setting maximum haemoglobin target values to 12 g dl–1.

CONCLUSIONS
Transfusions could be associated with a higher VTE risk than epoetins in cancer patients. Moreover, current prescribing patterns
may have decreased the VTE risk for epoetins.
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Epoetins decrease the need for blood transfusions among cancer patients with chemotherapy-associated anaemia.
• Studies in recent years have shown an increased thromboembolic risk, leading to risk minimization measures (e.g. safety warn-
ings) by regulatory authorities.

• Until today, no studies have compared the thromboembolic risk between epoetins and blood transfusions.

WHAT THIS STUDY ADDS
• The risk of venous thromboembolism (VTE) in cancer patients associated with epoetins could be lower than the respective risk of
blood transfusions.

• Following the safety warning published by the European Medicines Agency in 2008 which set 12 g dl–1 as the maximum target
haemoglobin value, the epoetin-associated VTE risk decreased considerably.

Introduction
Cancer-related anaemia occurs in 40% of patients with non-
myeloid and in 30–80% of patients with myeloid malignan-
cies [1, 2]. Possible aetiologies include myelosuppression
(due to chemotherapy or radiotherapy, bone marrow infiltra-
tion in myeloid malignancies or bone metastases of solid tu-
mours), chemotherapy-induced nephrotoxicity causing
reduced erythropoietin production, haemolysis or bleeding
[3]. Anaemia has a negative impact on the quality of life and
shows a negative statistical association with overall survival
in most cancer types [1]. Since blood transfusions have been
associated with several risks including volume or iron
overload, transmission of infections, or venous thromboem-
bolism (VTE), and given the limited blood supply [3], alterna-
tive anti-anaemic treatments are needed.

Erythropoietin stimulating agents (ESAs) or epoetins are
recombinant human erythropoietins which increase
haemoglobin (Hb) levels and reduce the need for transfusions
in most cancer patients [2]. They were introduced in the
United States in 1989 for anaemia treatment in chronic kid-
ney disease (CKD) [4] and in 1993 chemotherapy-induced
anaemia (CIA) was added as an indication [4]. In the last years
several studies on epoetin safety in cancer patients were
published showing that epoetins are associated with an in-
creased risk of thrombosis and mortality [5, 6], leading to
the inclusion of epoetin use in predictive models for symp-
tomatic VTE during neoplastic disease [7]. Moreover, safety
warnings by the European Medicines Agency (EMA) and the
marketing authorization holders of all epoetins in June
2008 restricted their use to symptomatic CIA patients with
poor prognosis and set 12 g dl–1 as the maximum target Hb
value [8, 9], as epoetins’ thrombogenic potential could derive
from, among other things such as high dose treatment,
increased Hb levels [10]. Similar measures were implemented
by the U.S. Food and Drug Administration (FDA) [11, 12].
According to the European Organization for Research and
Treatment of Cancer, though, epoetins could also be used in
selected asymptomatic, untreated cancer patients [13].

Despite the considerable amount of data on anti-anaemic
treatment and VTE, no studies comparing the risk of
transfusions and epoetins exclusively in cancer patients have
been published yet. Therefore, we conducted a nested case–
control study based on real-life data from the German
Pharmacoepidemiological Research Database (GePaRD) [14],
assessing the VTE risk in incident cancer patients receiving

epoetins with or without additional transfusions compared
with those receiving transfusions alone. Furthermore, we
addressed the same question in a subcohort exclusively
consisting of chemotherapy treated incident cancer patients,
in order to elucidate epoetin safety also in the formally
approved indication.

Methods

Data source and study design
Data for this nested case–control study were obtained from
GePaRD, which is based on data from four statutory health
insurance (SHI) providers covering over 17 million insurants
throughout Germany. GePaRD contains individual demo-
graphic characteristics, information on hospitalizations and
outpatient physician visits and outpatient dispensation data
for each insurance member [14, 15]. In Germany, the
utilization of health insurance data for scientific research is
regulated by the Code of Social Law (SGB X). All contributing
SHIs and the regulatory authorities approved the use of the
data for this study. Since it was based on pseudonymous data,
informed consent was not required by law. The study period
was from January 2004 to December 2009.

Study cohort
Cohort members had to fulfil all of the following inclusion
criteria: (i) at least 12 months of continuous insurance time
before the initial outpatient epoetin dispensation or transfu-
sion administration, (ii) no outpatient epoetin dispensation
or code indicating transfusion administration within the 12
months before cohort entry, and (iii) at least one outpatient
or inpatient diagnosis of cancer other than non-melanoma
skin cancer or a code indicating chemotherapy within 6
months before cohort entry, but no diagnosis of cancer or
code indicating chemotherapy between 6 months and 1 year
before cohort entry. Each study participant entered the co-
hort on the date of the first epoetin dispensation or first trans-
fusion, whichever came first, within the study period if
inclusion criteria were fulfilled. Cohort exit was defined as
the first of the following dates: (i) end of study period, (ii)
death from any cause or (iii) interruption of insurance of
more than 3 days or end of insurance. Epoetin treatment
was assessed via outpatient dispensations and included all

A. Douros et al.

840 Br J Clin Pharmacol (2016) 82 839–848



epoetins irrespective of the licensed indication. Transfusions
were assessed via the in- and outpatient operations and pro-
cedures coding system (OPS) and outpatient claim codes for
outpatient services and procedures (EBM).

Case definition
VTE was defined as a diagnosis of deep vein thrombosis of the
leg/hip or pulmonary embolism (International Classification
of Diseases 10 German Modification codes: I80.1, I80.2,
I80.3, I80.9, I26). For hospital data only the main discharge
diagnoses (reflecting the reason for hospitalisation) were
taken into account to identify acute VTE events. For patients
with a main discharge diagnosis of VTE, the date of hospital
admission was defined as the date of the event. For outpatient
data only diagnoses coded as ‘certain’ were used. To identify
acute VTE events, a prescription of an antithrombotic agent
in the same or the following quarter was required. As outpa-
tient diagnoses can only be allocated to the quarter of a year
and not to an exact date, the prescription date of the first an-
tithrombotic agent was considered the date of the VTE event
in ambulatory patients. Cases were defined as patients
included in the cohort who fulfilled the respective outcome
definition criteria irrespective whether they were exposed to
one of the treatments at index date. For each case up to 10
gender-, age- and SHI-matched controls were selected by risk
set sampling from the cohort. For the case–control analyses
including only patients with (i) lung cancer, (ii) lung or
pancreatic cancer and (iii) breast or prostate cancer we addi-
tionally matched for presence of metastatic disease. Each
control was assigned an index date resulting in the same time
of follow-up as for the corresponding case. Cohort members
hospitalized at the index date of the case were excluded from
the set of potential controls, since they were not at risk of hos-
pitalization because of VTE or of receiving an outpatient VTE
diagnosis. Patients might have served as controls for more
than one case and were eligible to be selected as controls until
they became a case.

Confounder assessment
Demographic information such as age or gender was assessed
at cohort entry. Co-morbidity, including risk factors for VTE
(Table S1), was assessed in the 12 months preceding cohort
entry for the in- and outpatient setting. To measure and ad-
just for patients’ disease burden, the Charlson Co-morbidity
Index (CCI) [16] according to Quan et al. was used (Table S2).
Co-medication, including drugs associated with an increased
VTE risk (Table S3) and antithrombotic agents which might
have been used for VTE prevention in patients with known
risk factors (Table S4) were assessed in the 90 days preceding
the index date.

Statistical analyses
A conditional logistic regression was conducted to estimate
adjusted odds ratios (aORs) with corresponding 95% confi-
dence intervals (CIs) for VTE and recent treatment with
epoetin, transfusion or epoetin and transfusion. The compar-
ator for all three groups was past treatment of any of the ther-
apies. Treatment was defined as ‘recent’ if the respective
therapy ended in the 28 days before or at the index date. This
definition was based on a meta-analysis of randomized,

controlled studies evaluating epoetin beta associated overall
survival, disease progression and thromboembolic events in
cancer patients during and up to 28 days after the end of
epoetin beta therapy [17]. Treatment was defined as ‘past’ if
it ended more than 28 days before the index date.

Sensitivity and subcohort analyses
A sensitivity analysis was performed expanding the time win-
dow of the exposure definition to 90 days [18]. To elucidate
the VTE risk of epoetins in their formally approved indication
(CIA) [19], we analyzed a subcohort comprising incident can-
cer patients with a code indicating chemotherapy within 6
months before cohort entry but no code indicating chemo-
therapy between 6 months and 1 year before cohort entry
(‘chemotherapy only subcohort’). Another analysis applied
a more restrictive endpoint definition considering only hos-
pitalized patients with a main discharge diagnosis of VTE,
given the generally high quality of inpatient coding [20],
thereby discarding patients with outpatient VTE diagnoses.
In a further investigation we excluded CKD patients, as they
might have been treated with epoetins or transfusions be-
cause of CKD. For this analysis, a patient was assumed to suf-
fer from CKD if he/she had at least one CKD diagnosis or any
code indicating dialysis. The VTE risk for epoetins or transfu-
sions was also identified in patients with lung cancer only, i.e.
in a population with higher homogeneity than the main
cohort. Separate case–control analyses were performed in pa-
tients with lung or pancreatic cancer (high intrinsic VTE risk)
and in patients with prostate or breast cancer (low intrinsic
VTE risk) [21], in order to elucidate the role of different cancer
entities as possible effect modifiers. Separate case–control
analyses were also performed for patients entering the main
cohort or the chemotherapy only subcohort until and after
June 2008, searching for a possible effect of the EMA recom-
mendations on epoetin-associated VTE risk. Analyses were
performed using SAS software (version 9.2; SAS Institute
Inc., Cary, NC, USA).

Results

Descriptive analysis
During the study period, 69 888 incident cancer patients re-
ceiving a first time treatment with epoetin or transfusion
were identified (53% female). Median age at cohort entry
was 69 years, the median CCI value was 6 and CKD preva-
lence reached 20% (Table 1A). The chemotherapy only
subcohort (n = 21 407, 56% female) had a lower median age
at cohort entry (65 years), a higher median CCI value (8)
and a lower CKD prevalence (14%). Regarding treatment pat-
terns, every tenth incident cancer patient was treated with
epoetins, while the vast majority was treated with transfu-
sions (Table 1A). The epoetin fraction was considerably
higher (21%) in the chemotherapy only subcohort. A continu-
ous decline in epoetin use over time was observed in the main
and the chemotherapy only subcohort (Figures 1 and 2).
Women were more likely to receive epoetins than men in both
cohorts (12% vs. 8% and 27% vs. 14%). Epoetin patients were
younger (median age 60 vs. 70 years), had lower median CCI
(5 vs. 6), and lower prevalence of cancer with unfavourable
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prognosis (14% vs. 25%) than patients receiving only transfu-
sions (Table 1B). Epoetin patients entering the cohort before
June 2008, i.e. the publication date of the EMA recommenda-
tions, were of comparable age with the respective patients en-
tering the cohort after June 2008 (age median 60 vs. 61 years),
had a similar prevalence of cancer with unfavourable prognosis
as defined by the Robert Koch Institute and the association of
epidemiological cancer registries in Germany (GEKID) [22]
(14% vs. 12%), but showed a lower prevalence of CKD (17%
vs. 25%), and a lower median value of CCI (5 vs. 7). Table 1C
depicts characteristics of incident cancer patients included in

the cohort before and after June 2008 and additionally classi-
fied based on antianaemic treatment.

During the time in cohort, 3316 patients (5%) were diag-
nosed with VTE (median age 69 years, 60% female), about
two-thirds of them in the outpatient setting. The most com-
mon diagnoses were ‘thrombosis, phlebitis and thrombo-
phlebitis of other deep vessels of lower extremities’ (49%)
and ‘pulmonary embolism’ (28%). In the chemotherapy only
subcohort 1241 VTE cases were identified (median age
66 years, 58% female). During the time in cohort 32 345
(46.3%) of the included patients died, making death the

Table 1A
Characteristics of incident cancer patients treated with epoetin or transfusion classified by gender

Males
n = 33 042

Females
n = 36 846

Total
n = 69 888

Median age at cohort entry (Q1, Q3) 69 (62, 76) 69 (59, 79) 69 (60, 77)

Assessment of cancer

Via diagnoses only 23 634 (71.5%) 24 847 (67.4%) 48 481 (69.4%)

Via diagnoses and therapy 9054 (27.4%) 11 486 (31.2%) 20 540 (29.4%)

Via therapy only 354 (1.1%) 513 (1.4%) 867 (1.2%)

Cancer with unfavourable prognosis* 9864 (29.9%) 7532 (20.4%) 17 396 (24.9%)

Chronic kidney disease 7741 (23.4%) 5720 (15.5%) 13 461 (19.3%)

Median value of CCI**(Q1, Q3) 6 (3, 9) 6 (3, 9) 6 (3, 9)

Sequence of treatment

Epoetin only 621 (1.9%) 2028 (5.5%) 2649 (3.8%)

Transfusion only 30 476 (92.2%) 32 377 (87.9%) 62 853 (89.9%)

Epoetin before transfusion 585 (1.8%) 903 (2.5%) 1488 (2.1%)

Transfusion before epoetin 1334 (4.0%) 1517 (4.1%) 2851 (4.1%)

Transfusion and epoetin at cohort entry 26 (0.1%) 21 (0.1%) 47 (0.1%)

*An unfavourable prognosis was defined as a 5 year relative survival rate below 30% as reported by the Robert Koch Institute and the association of
epidemiological cancer registries in Germany (GEKID) [22]. **Charlson co-morbidity index (CCI) as adapted by Quan et al. [16]

Figure 1
Percentage of incident cancer patients receiving epoetins ( ) or
blood ( ) transfusions for each study year

Figure 2
Percentages of incident cancer patients treated with chemotherapy re-
ceiving epoetins ( ) or blood ( ) transfusions for each study year
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reason for cohort exit for almost every second patient. Me-
dian time from cohort entry until death was 127 days. Re-
garding VTE associated death, 9.5% of the patients died
within 30 days after VTE diagnosis (21.1% of the patients
died within 90 days after VTE diagnosis).

Multivariable analyses
To the 3316 VTE patients 32 617 controls could be matched
by year of birth, gender and SHI. The characteristics of cases
and controls and the respective crude and aORs are displayed
in Table 2. The conditional logistic regression analysis
yielded an aOR of 1.31 (95% CI 1.03, 1.65) for epoetin treat-
ment in the 28 days before index date compared with any
past treatment, an aOR of 2.33 (95% CI 2.03, 2.66) for trans-
fusions and an aOR of 2.24 (95% CI 1.34, 3.77) for epoetin
and transfusions. History of VTE was identified as the major
risk factor for VTE (aOR 14.76, 95%CI 12.79, 17.03), followed
by previous surgery (aOR 1.83, 95% CI 1.67, 2.01).

Sensitivity and subcohort analyses
A sensitivity analysis examined a time window of 90 days pre-
ceding the index date and revealed similar risks for epoetin
use or transfusions compared to the 28 days window (data
not shown). In the chemotherapy only subcohort the risk
for epoetins increased (aOR, 1.48, 95% CI 1.10, 1.98), the risk
for transfusions decreased (aOR 1.80, 95% CI 1.49, 2.19), and
the risk for the combination of the two treatments remained
unchanged (aOR 2.20, 95% CI 1.22, 3.95) compared with the
main cohort. Applying a more restrictive outcome definition
led to a neutralization of the VTE risk associated with
epoetins (aOR: 1.05; CI 0.73, 1.52), while the risk for transfu-
sions slightly decreased (aOR 2.14, CI: 1.74, 2.63) and the risk
for epoetins and transfusion increased (aOR 2.92, 95% CI
1.49, 5.71). In the subcohort without CKD patients, an in-
creased risk was found for epoetins and transfusions

compared to the main cohort (Table 3). In the subcohort
comprising only patients additionally suffering from CKD,
only transfusions showed an increased risk but the number
of exposed cases was, though, very low (Table 3). In the
subcohort with only incident lung cancer patients, epoetin
use was not significantly associated with VTE in contrast
to the respective results for transfusions or epoetins and
transfusions (Table 3). In the separate case–control analyses
including patients with (i) lung or pancreatic cancer or (ii)
prostate or breast cancer, only transfusions were associated
with statistically significant VTE risks in both groups and
the risk was higher in the latter group (Table 3). Finally, in
the separate case–control analyses for patients with cohort
entry until and after June 2008, we found a neutralization
of epoetin-associated VTE risk following the EMA recom-
mendations both in the main (Table 3) and the chemother-
apy only subcohort (until June 2008: aOR 1.65, 95% CI
1.18, 2.30/after June 2008: aOR 1.07, 95% CI 47, 2.43). All
subcohort analyses with June 2008 as cut-off are shown in
Table S5.

Discussion
The study at hand shows that both use of epoetins or admin-
istration of transfusions in cancer patients are associated with
an increased risk of VTE, corroborating previously published
results [2, 5, 6, 23–25]. Moreover, our data suggest a higher
risk for transfusions than for epoetins, with the trend in
aOR being consistent after adjusting for numerous risk
factors, expanding the time window, narrowing down the
analysis on the formally approved epoetin indication (CIA),
applying a more restrictive VTE definition or excluding
patients with CKD as a potential alternative reason for
epoetin or transfusion use.

Table 1B
Characteristics of incident cancer patients treated with epoetin or transfusion classified by sequence of treatment

Epoetins
only
n = 2649

Transfusions
only
n = 62 853

Epoetins before
transfusions
n = 1488

Transfusions before
epoetins
n = 2851

Transfusions and
epoetins
n = 47

Median age at cohort
entry (Q1, Q3)

60 (49, 69) 70 (59, 79) 65 (55, 71) 66 (58, 73) 64 (54, 69)

Assessment of cancer

Via diagnoses only 426 (16.1%) 46 019 (73.2%) 305 (20.5%) 1727 (60.6%) 4 (8.5%)

Via diagnoses and therapy 2109 (79.6%) 16 193 (25.8%) 1144 (76.9%) 1053 (36.9%) 41 (87.2%)

Via therapy only 114 (4.3%) 641 (1.0%) 39 (2.6%) 71 (2.5%) 2 (4.3%)

Cancer with unfavourable prognosis* 357 (13.5%) 15 850 (25.2%) 472 (31.7%) 695 (24.4%) 22 (46.8%)

Chronic kidney disease 507 (19.1%) 11 672 (18.6%) 360 (24.2%) 918 (32.2%) 4 (8.5%)

Median value of CCI** (Q1, Q3) 5 (2, 9) 6 (3, 9) 8 (4, 9) 8 (4, 9) 8 (4, 10)

*An unfavourable prognosis was defined as a 5 year relative survival rate below 30% as reported by the Robert Koch Institute and the association of
epidemiological cancer registries in Germany (GEKID) [22]. **Charlson co-morbidity index (CCI) as adapted by Quan et al. [16]
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Every tenth patient in our study used epoetins, while in the
chemotherapy only subcohort this percentage doubled reflecting
their formally approved indication. Moreover, we saw an annual
decrease of epoetin users after 2006. Altogether, ourfindings illus-
trate a considerable decline in epoetin utilization compared with
the Anaemia Cancer Treatment Study, which was conducted
from 2005 to 2007 in several European countries and showed
that 62% of CIA patients were treated with epoetins [26]. A simi-
lar decline in the last years of the previous decade has also been
observed in theUnited States [27] and is probably associatedwith
safety warnings and revised labellings issued in 2007 and 2008
[3]. The overall VTE incidence in our cohort during the 5 year
study period was circa 5%, being in accordance with published
data. A study using the California Cancer Registry to assess VTE
incidence in cancer patients found a 2 year cumulative incidence
of 1.6% with the rate decreasing over time [28].

To the best of our knowledge, this is the first study com-
paring the VTE risk between the two anti-anaemic treatments
in a cohort exclusively comprising cancer patients. It is also
one of few studies examining the thromboembolic risk of
transfusions in general. A retrospective cohort study examin-
ing hospitalizations of cancer patients for a period of 9 years
found transfusions to be a risk factor for VTE (OR 1.60, 95%
CI 1.53, 1.67) [24]. However, no information on epoetin use
was available, and the time relationship between transfusion
administration and development of thromboembolic events
could not be determined [24]. Transfusions were also shown
to be a risk factor for VTE in an analysis of patients undergo-
ing colorectal cancer resection, ranging from an OR of 1.39
for 1–2 units to an OR of 3.19 for ≥6 units [25]. Epoetin use
was not assessed here either. A case–crossover study evaluated
triggers of hospitalization for VTE showing increased risks for
transfusions (adjusted incidence rate ratio [aIRR] 2.57, 95%
CI 1.17, 5.64) and epoetins (aIRR, 9.33, 95% CI 1.19, 73.42).
However, only 26% of patients had a cancer diagnosis,
making a comparison with our data difficult [18]. A possible
biological explanation for the higher VTE risk associated with
transfusions could involve cytokine-related inflammation
and immunomodulation, since both procedures have been
linked to blood transfusions as well as to increased coagula-
tion [25, 29]. The fact that increased inflammation does not
seem to be of great importance in epoetin-induced thrombo-
sis [30] further supports this hypothesis.

We confirmed further known risk factors for VTE in cancer
patients. History of VTE [21], obesity [31], metastatic disease
[21], previous surgery [21] and specific medications such as im-
munosuppressants, hormonal therapy or chemotherapy [21]
showed increased risks in our analysis. The increased risk for an-
tithrombotic medication probably reflects the higher baseline
VTE risk of patients receiving such treatment.

As tumour type or tumour stage can affect treatment of
anaemia and VTE risk [21], we investigated a possible im-
pact of confounding by disease severity on our results. For
this reason, we created a more homogenous subcohort
exclusively consisting of lung cancer patients and we
additionally matched between cases and controls for
presence of metastatic disease. The aOR for transfusions is
still higher than the aOR for epoetins. However, given the
wide CI due to the lower number of exposed cases in this
subcohort a comparable VTE risk between the two treat-
ments cannot be excluded.Ta
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Next, we investigated whether the EMA restrictions on
epoetin use from June 2008 [9] had an effect on VTE risk. In-
terestingly, the epoetin-associated risk neutralized after June
2008 in both the main cohort and the chemotherapy only
subcohort in contrast to statistically significant increased
aORs until June 2008. Assuming physicians did implement
the EMA recommendations on reduced target Hb, our data in-
dicate that guideline adherence regarding epoetin treatment
can increase the safety of this medication in a real-life setting.

A further subgroup analysis explored whether the intrinsic
VTE risk of different cancer entities has a modifying effect on
the respective risks of transfusions or epoetin. Our results indi-
cate that both anti-anaemic treatments do not augment throm-
botic diathesis in cancers with high intrinsic risk (lung or
pancreatic cancer), but that transfusions can have a trigger effect
in cancerswith low intrinsic risk (prostate or breast cancer). How-
ever, as the classification in different entities resulted in consider-
ably reduced epoetin-associated thromboembolic events per
group, findings on epoetins should be interpreted with caution.

Some strengths and limitations of our study should bemen-
tioned. The strengths are the size and the representativeness of
the data with a complete coverage of all age groups and the lack
of non-response due to the nature of administrative data [14].
The study was not restricted to treatment episodes and provided
real-life data for a 5 year study period and an overall observation
time of nearly 100000 person-years. Moreover, determination

of drug therapy based on pharmacy dispensing data is consid-
ered the gold standard as recall bias can be ruled out and infor-
mation is precise in time and dispensed dose [32].

The major limitation of this study is a possible confound-
ing by disease severity. Tumour stage can affect treatment and
VTE risk in cancer patients [31, 33], but this variable was not
considered in our analysis since it is not included in GePaRD.
For example, it seems unlikely that patients with very short
life expectancy were started on epoetin therapy, since this
treatment requires weeks to reveal its full effect [34]. There-
fore, a patient’s prognosis could also constitute an indication
for the treatment with epoetins or transfusions for which we
could not control. However, by including metastatic disease
in our analyses of the lung cancer only subcohort, we expect
to have considerably reduced the effect of this confounder re-
garding VTE risk. Another potential limitation is the lack of
Hb values in GePaRD, as patients with extreme low Hb levels
are more likely to be treated with transfusions than with
epoetins due to transfusions’ faster onset of action. Unfortu-
nately, ICD 10 codes for anaemia do not depict disease sever-
ity but possible aetiology, making them unfeasible for such an
analysis. However, since CIA is mostly a chronic/subacute
form of anaemia with slowly decreasing Hb levels [3], we do
not expect the difference in time to response to have played
a significant role in treatment selection. Furthermore, the
lack of Hb values makes an analysis of exposure intensity

Table 2
Adjusted odds ratios (aOR) and 95% confidence intervals (CI) for venous thromboembolism (VTE)

Casesn = 3316 Controlsn = 32 617 Crude OR (95% CI) aOR (95% CI)#

Treatment assessed in the 28 days preceding ID*

Epoetins (reference group: past treatment with transfusion
and/or epoetin)

96 (2.9%) 897 (2.8%) 1.41 (1.13, 1.75) 1.31 (1.03, 1.65)

Transfusions (reference group: past treatment
with transfusion and/or epoetin)

1168 (35.2%) 9274 (28.4%) 2.62 (2.30, 2.98) 2.33 (2.03, 2.66)

Epoetins and transfusions (reference group: past treatment
with transfusion and/or epoetin)

22 (0.7%) 104 (0.3%) 3.01 (1.88, 4.81) 2.24 (1.34, 3.77)

Co-morbidities assessed in the year before cohort entry*†

History of VTE 657 (19.8%) 482 (1.5%) 14.76 (12.79, 17.03)

Obesity 810 (24.4%) 5588 (17.1%) 1.53 (1.39, 1.69)

Metastatic solid tumour 1507 (45.5%) 11 152 (34.2%) 1.35 (1.24, 1.46)

Other treatment assessed in the 90 days preceding ID*†

Surgery 1712 (51.6%) 14 136 (43.3%) 1.83 (1.67, 2.01)

Chemotherapy 1613 (48.6%) 11 796 (36.2%) 1.65 (1.50, 1.82)

Other medication associated with increased VTE risk 1019 (30.7%) 7770 (23.8%) 1.22 (1.11, 1.34)

Antithrombotic medication 1064 (32.1%) 5962 (18.3%) 1.30 (1.18, 1.43)

*Matching was performed for age, gender and SHI. #It was adjusted for history of VTE, obesity, metastatic solid tumour, surgery, chemotherapy,
other medication associated with increased VTE risk (Table S3), antithrombotic medication (Table S4) coronary artery disease/chronic ischaemic
heart disease, arterial hypertension, dyslipidaemia, diabetes mellitus, myocardial infarction and angina pectoris. †Reference group were patients with
no such co-morbidities and patients with no such treatment, respectively. Past treatment with epoetin and/or transfusion means that the last dis-
pensation of epoetin or administration of transfusion was longer than 28 days before the index date. ID index date; SHI statutory health insurance.
Only variables with statistically significant increased risks are presented (further variables tested: coronary artery disease/chronic ischaemic heart
disease, arterial hypertension, dyslipidaemia, diabetes mellitus, myocardial infarction, angina pectoris).

Venous thromboembolism with epoetins or blood transfusions

Br J Clin Pharmacol (2016) 82 839–848 845



difficult, as both transfusions and epoetins are dosed Hb-
dependent. Therefore, a possible dose–risk relationship be-
tween epoetins or transfusions and VTE could not be investi-
gated. Finally, due to the low number of events in some
subcohort analyses and the resulting wide CI, caution is
needed in the interpretation of the respective findings.

In summary, our study shows that transfusions could be as-
sociated with a higher VTE risk than epoetins in cancer pa-
tients, with confounding for disease severity being the main
limitation of our analysis. In cancer patients receiving chemo-
therapy this risk difference could not be verified. Moreover,
we demonstrate that the epoetin risk decreased after the release

Table 3
Adjusted odds ratios (aOR) and 95% confidence intervals (CI) for venous thromboembolism in subcohorts (numbers in bold indicate significant results)

Cases n (%) Controls n (%) aOR (95% CI)#

Excluding CKD patients*† 2755 (100) 22 983 (100) -

Epoetins 71 (2.6) 549 (2.4) 1.38 (1.04, 1.84)

Transfusions 962 (34.9) 6483 (28.2) 2.46 (2.11, 2.86)

Epoetins and transfusions 19 (0.7) 79 (0.3) 2.46 (1.40, 4.34)

Only patients additionally suffering from CKD*† 556 (100) 5214 (100 -

Epoetins 25 (4.5) 266 (5.1) 1.56 (0.84, 2.90)

Transfusions 203 (36.5) 1439 (27.6) 1.74 (1.06, 2.86)

Epoetins and transfusions 3 (0.5) 16 (0.3) 1.72 (0.17, 17.67)

Only patients with lung cancer**† 333 (100) 1511 (100) -

Epoetins 9 (2.7) 39 (2.6) 1.65 (0.72, 3.76)

Transfusions 157 (47.2) 644 (42.6) 1.84 (1.21, 2.80)

Epoetins and transfusions 5 (1.5) 12 (0.8) 3.80 (1.08, 13.42)

Only patients with lung or pancreatic cancer**† 571 (100) 2685 (100) -

Epoetins 16 (2.8) 83 (3.1) 1.33 (0.74, 2.41)

Transfusions 266 (46.6) 1126 (41.9) 1.85 (1.34, 2.56)

Epoetins and transfusions 6 (1.1) 16 (0.6) 2.47 (0.86, 7.06)

Only patients with prostate or breast cancer**† 411 (100) 1976 (100) -

Epoetins 24 (5.8) 113 (5.7) 1.05 (0.59, 1.88)

Transfusions 139 (33.8) 540 (27.3) 2.60 (1.58, 4.28)

Epoetins and transfusions 2 (0.5) 11 (0.6) 0.67 (0.11, 4.06)

Start of anaemia treatment until June 2008*† 2500 (100) 19 402 (100) -

Epoetins 78 (3.1) 522 (2.7) 1.33 (1.02, 1.72)

Transfusions 773 (30.9) 4229 (21.8) 2.34 (1.99, 2.76)

Epoetins and transfusions 15 (0.6) 52 (0.3) 2.34 (1.23, 4.45)

Start of anaemia treatment after June 2008*† 780 (100) 2280 (100) -

Epoetins 16 (2.1) 56 (2.5) 0.83 (0.40, 1.75)

Transfusions 380 (48.7) 1025 (45.0) 2.52 (1.76, 3.60)

Epoetins and transfusions 7 (0.9) 10 (0.4) 1.52 (0.47, 4.89)

*Matching was performed for age, gender and SHI. **Matching was performed for age, gender, SHI and metastatic disease. #It was adjusted for
history of VTE, obesity, metastatic solid tumour, surgery, chemotherapy, other medication associated with increased VTE risk (Table S3), anti-
thrombotic medication (Table S4) coronary artery disease/chronic ischemic heart disease, arterial hypertension, dyslipidaemia, diabetes mellitus,
myocardial infarction and angina pectoris. †Reference group: past users of epoetin and/or transfusion. Past treatment with epoetin and/or transfu-
sion means that the last dispensation of epoetin or administration of transfusion was longer than 28 days before the index date. CKD chronic kidney
disease; SHI statutory health insurance.
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of EMA recommendations advising against high target Hb
values under epoetin treatment. Further studies including more
clinical and laboratory details are needed in order to corrobo-
rate our results and to evaluate the comparative safety of these
two anti-anaemic treatments in cancer patients.
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