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Background
There are limited reports of thrombosis among myelodysplastic syndrome patients exposed to
erythropoiesis stimulating agents. It is not clear whether erythropoiesis stimulating agents are
associated with an increased risk of thrombosis in myelodysplastic syndromes, as they are
among patients with solid tumors.

Design and Methods
The association between use of erythropoiesis stimulating agent and transient thrombosis risk
in patients with myelodysplastic syndromes was assessed in a case-crossover study nested
within a cohort of incident myelodysplastic syndrome patients. Using the US Surveillance,
Epidemiology, and End Results Medicare-linked database, cases with an incident diagnosis of
deep vein thrombosis were identified. Using conditional logistical regression, the odds of expo-
sure to erythropoiesis stimulating agents in the 12 weeks prior to the incident deep vein throm-
bosis (hazard period) was compared to the exposure odds in a prior 12-week comparison peri-
od. 

Results
Within the cohort of eligibles with myelodysplastic syndromes (n=5,673) there were 212 inci-
dent cases of deep vein thrombosis events. Mean age was 76.2 (standard deviation=±8.6) years.
Use of erythropoiesis stimulating agents was not associated with deep vein thrombosis in the
crude nor the adjusted models (OR=1.21, 95% CI: 0.60, 2.43). Central venous catheter place-
ment (OR=6.47, 95% CI: 2.37, 17.62) and red blood cell transfusion (OR=4.60, 95% CI: 2.29,
9.23) were associated with deep vein thrombosis. 

Conclusions
Despite the link between use of erythropoiesis stimulating agents and thrombosis among
patients with solid tumors, this study provides evidence that their safety profile may be differ-
ent among patients with myelodysplastic syndromes.
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safety, case-crossover.
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Introduction

The erythropoiesis-stimulating agents (ESA) epoetin alfa
(Epogen; Amgen, Thousand Oaks, CA and Procrit:
Centocor Ortho Biotech, Horsham, PA, USA) and darbepo-
etin alfa (Aranesp; Amgen, Thousand Oaks, CA, USA) are
indicated for the treatment of anemia in chronic kidney
failure patients, in patients with cancer with anemia caused
by chemotherapy, in patients with HIV with anemia
caused by zidovudine (AZT), and to reduce the number of
transfusions in patients scheduled for major non-cardiac
surgery. While ESAs do not have an FDA-approved indica-
tion for myelodysplastic syndromes (MDS), these agents
are in common use to prevent or reduce the need for blood
transfusions in MDS patients with anemia. Approximately
65% of 6,588 MDS patients in the Medicare population
diagnosed between 2002 and 2005 used an ESA.1

A number of published meta-analyses of ESA clinical tri-
als in solid tumor patients have shown not only increases in
the risk of tumor promotion and/or mortality, but also a
significant (RR < 2.0) increase in the risk of venous throm-
boembolism (VTE) among patients randomized to receive
ESAs compared to placebo.2-7 Increased risk of thrombotic
events was also reported among ESA users with chronic
kidney failure and among patients preparing for major sur-
gery.8-10 The FDA released a Public Health Advisory in 2007
and ESA product labels were updated to reflect this risk,
with a recommendation that ESA therapy be suspended
when hemoglobin (Hb) levels reach 12 g/dL or rise more
than 1 g/dL per week.11

There are few reports of thrombosis in clinical trials of
ESAs in the MDS patient population; one DVT was report-
ed in a patient in the treatment arm in the ECOG study12

and 4 patients (2%) in a single arm treatment study of
DARBO had a thromboembolitic or “related events”.13

There are also a limited number of case reports of throm-
bosis among MDS patients exposed to ESAs. One case
report described extensive deep vein thrombosis (DVT) in
an elderly male patient with the refractory anemia MDS
subtype receiving 40,000 IU erythropoietin subcutaneously
three times per week, with an Hb level of 15 g/dL.14 Several
studies have reported VTE episodes that have occurred
when ESAs were administered in conjunction with other
agents known to increase the risk for VTE.  A phase II study
of combined treatment with thalidomide (Thalomid;
Celgene, Summit, NJ, USA) and darbepoietin-alpha in low-
and intermediate-risk MDS was suspended after 3 of the
first 7 enrolled patients developed DVT at six, seven, and
11 weeks of therapy.15 In the single fatal case, the patient
had a prior history of DVT. Hemoglobin levels rose signifi-
cantly (>1 g/dL) in 3 patients in the trial, but only one of
these 3 developed DVT. The authors attributed the throm-
botic events to an interaction between the two drugs.
Additionally, in a post-marketing signal detection analysis
of adverse events among MDS patients treated with the
thalidomide derivative lenalidomide (Revlimid; Celgene,
Summit, NJ, USA), VTE was disproportionally reported
with concomitant use of lenalidomide and an ESA, but not
with lenalidomide alone.16

While combined ESA and thalidomide or lenalidomide
therapy may be thrombogenic, it is not clear whether ESAs
alone are associated with an increased risk of VTE in MDS,
as they are among patients with solid tumors. It is generally
believed that MDS patients are at low risk of thrombosis
due to the high frequency of thrombocytopenia and severe

anemia. Brandenburg and colleagues reported VTE in 14
out of 408 MDS patients treated with lenalidomide, with a
cumulative incidence of 3.4% for the first VTE event. Of
note, ESA users were excluded from the analyses in that
study.17 Since the widespread adoption of ESAs to treat
MDS-associated anemia, there has been little published on
the risk of thrombosis in this patient population.  Here, a
large administrative database was examined to determine if
the use of ESAs in MDS patients is associated with an
increased risk of VTE.

Design and Methods

Study population
Patients with MDS were identified in the National Cancer

Institute’s Surveillance Epidemiology and End Results (SEER) data-
base. SEER is a national cancer surveillance network of 16 regional
cancer registries and covers about 28% of the United States popu-
lation.18 Each registry is charged with identifying all diagnosed
cancers within its region and collecting detailed information
including the date of cancer diagnosis, cancer site and histology,
initial cancer therapies, and demographic characteristics. Once in
the registry, each patient is followed to identify additional cancers
(recurrences or additional primary tumors), and the date and cause
of death. SEER databases are linked to Medicare enrollment and
claims files at the individual level to allow tracking of cancer- and
non-cancer related medical service utilization by Medicare benefi-
ciaries before and after their cancer diagnosis. The vast majority
(93%) of persons 65 years and older in SEER are successfully
matched to Medicare enrollment files.19

Patients with a first diagnosis of MDS in SEER between 2001
and 2005 who were enrolled in Medicare at the time of their diag-
nosis were eligible. MDS diagnosis was based on the WHO clas-
sification system, including ICD-O-3 histology codes 9980 [refrac-
tory anemia (RA)], 9982 [RA with sideroblasts (RARS)], 9983 [RA
with excess blasts (RAEB)], 9985 [refractory cytopenias with mul-
tilineage dysplasia (RCMD)], 9986 (MDS with 5q deletion), 9987
(therapy-related MDS), and 9989 [MDS not otherwise specified
(NOS)]. Patients with a histology of 9984 [RA with excess blasts in
transformation (RAEB-t)] were excluded as in the WHO classifica-
tion they are classified as having acute myeloid leukemia. Patients
were classified by their MDS subtype and were also categorized
into low-risk (RA, RARS, 5q deletion and RCMD), high-risk
(RAEB), and other/unspecified risk categories. In SEER, 87.6% of
MDS cases are microscopically confirmed based on a positive his-
tology.20

The study period began at the time of MDS diagnosis in SEER
and ended on December 31, 2007. Patients were excluded if they
had a gap in Medicare coverage, if the date of MDS diagnosis was
unavailable or they were diagnosed upon autopsy, if they were
not enrolled in Medicare (Parts A and B) or if enrolled in an HMO
during the year prior to diagnosis. Patients were censored upon
death, loss of Medicare Part A or B enrollment, or enrollment in an
HMO. The study focused on the relationship between ESA use
and incident DVT. To identify incident DVT cases, patients who
had a diagnosis of DVT or pulmonary embolism in the year prior
to the MDS diagnosis were excluded. Because ESAs are used to
treat anemia associated with chronic renal failure, patients with a
history of chronic renal failure during the year prior to their MDS
diagnosis or who received dialysis during the study period were
also excluded.

Case definition
Patients were considered as cases based on a diagnosis of a deep
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vein thrombosis (DVT) during an outpatient visit or a hospitaliza-
tion within the study period (Table 1). The event date was set at
the week of the first (incident) DVT following the diagnosis of
MDS. In a sensitivity analysis, we also included as cases patients
who had an incident pulmonary embolism (PE).

The case-crossover design is a variation on the case-control
design, in which a case serves as his/her own control. This study
design is suitable for the study of transient outcomes that are
believed to occur in close temporal proximity to the exposure.21

Instead of a separate case and control being compared, two time
periods are compared. The hazard period is a defined period of
time immediately proximal to the outcome. A comparison period
is typically an earlier time period equal in length to the hazard
period, though it can also be a summary measure of typical expe-
rience. If a factor causes a transient increase in the risk of an event,
that exposure should be more common in the time period imme-
diately preceding the event than in a more distant comparison
time period.

Here, the hazard period was defined as a 12-week period begin-
ning the week of the DVT and counting backwards in time. The
comparison period was an earlier 12-week period separated from
the hazard period by a 24-week gap (Figure 1). To determine
whether the results were robust to variations in the time period,
we conducted a number of sensitivity analyses in which we varied
the duration of the hazard/control periods and also the gap
between them. For each analysis, cases needed to survive a mini-
mum time period equal to the two exposure periods plus the gap
following their initial MDS diagnosis without a thrombotic event.
This ranged from 48 weeks (12 hazard weeks + 12 comparison
weeks + 24 gap weeks) for the initial analysis to 16 weeks (4
weeks each hazard and comparison + 8 week gap) for the sensi-
tivity analysis. The number of eligible cases in the analytic cohorts
increased as the time period was shortened.

Drug exposure
Exposure was calculated separately for the hazard and compar-

ison periods. The exposure of interest was the use of an ESA (ery-
thropoietin alpha or darbepoietin alpha). Weekly exposure meas-
ures were calculated based on one or more claims for either of
these agents. Any exposure (yes/no) was defined as one or more
claims for either agent during the 12-week period. Any exposure
was also determined for the individual agents. Because darbepoi-
etin alpha is longer-acting than erythropoietin alpha, its recom-
mended dosing schedule is different. Therefore, cumulative expo-
sure was calculated separately for each agent, defined as the sum
of the weeks in which there was one or more claim for that agent
within the 12-week period.

Covariates
Demographic characteristics of the patients were abstracted

from the SEER database and conditioned on the date of the inci-

dent MDS diagnosis. These variables include patient age, gender,
race, marital status, and the region of the country where they
resided. A one-year look-back period from the date of MDS diag-
nosis was used to determine past medical history based on
Medicare claims. A prior medical history was defined as either one
inpatient claim with a date of service within the look-back period,
or two outpatient claims (29 to 365 days apart) at least one of
which was within the look-back period.

Because each person serves as his/her own control, static factors
such as gender, medical and family history, underlying risk factors
and, to some extent, age are matched between cases and controls.
Only factors that change over the study period can be evaluated
for their temporal association with DVT risk. These transient
covariates included the use of granulocyte colony-stimulating fac-
tor (G-CSF) and chemotherapy. Unlike oral drugs, these drugs are
covered under Medicare part B and can be identified through pro-
cedure codes specific to their administration. Patients were also
classified according to the presence or absence of an inpatient hos-
pitalization, red blood cell transfusion, platelet transfusion, and
central venous catheter placement during the hazard and compar-
ison periods.

Statistical analysis
The MDS patients who had an incident DVT during follow up

were characterized according to their baseline characteristics and
past medical history. Among these cases, the proportion of
patients who had an ESA exposure, transfusions, and other key
exposures and events were compared between the hazard and
comparison periods using χ2 tests. We constructed a conditional
logistical regression model to compare the transient odds of ESA
exposure in the hazard and the comparison period, controlling for
time-dependent variables. Two sets of time-variant factors were
highly correlated (red blood cell transfusions with platelet transfu-
sions and central venous catheterization with hospitalization).
The factor with the greater predictive value in a separate interim
model was selected for inclusion in the final regression model.
The main model was based on exposure periods (hazard and com-
parison) of 12 weeks each and a gap between exposure periods of
24 weeks. 

To determine if the results were robust to the length of the
exposure period, the models were rerun after recalculated expo-
sures and all transient variables using exposure periods of both
eight and four weeks. The effect of disease progression was
assessed by reducing the gap between exposure periods from 24
to eight weeks. Each adjusted model was tested for important
statistical interactions between the exposure and covariates,
defined as a 10% or greater change in the beta coefficient for
ESA when comparing models with and without the interaction
term. To maintain confidentiality, cell sizes of less than 11
patients (<5.2% of the cohort) were noted and the actual cell val-
ues suppressed. This study has been approved by the
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Figure 1. In a case-crossover
design each case serves as its own
control.  The exposure odds in the
hazard period is compared with the
exposure odds in an earlier control
period. 



Institutional Review Board of the University of Maryland,
Baltimore, USA. 

Results

Patients’ characteristics
A total of 5,673 MDS patients met eligibility criteria for

this study, among whom 212 had an incident DVT within
the required time frame. Among the 212 incident DVT
cases, the most common type of MDS was the category
‘not otherwise specified’ (49.1%), followed by refractory
anemia (RA) (18.9%) and refractory anemia with ringed
sideroblasts (RARS) (13.7%), with only 20 cases (9.4%)
categorized as refractory anemia with excess blasts
(RAEB) (Table 2). The majority of patients (46.7%) were
75-84 years of age at diagnosis of MDS, with approxi-
mately equal distributions of males and females.

As might be expected given the age distribution, there
was a high prevalence of chronic conditions.  Within the
year prior to their MDS diagnosis, 36.8% of the DVT
patients had a health care service claim with a diagnosis of
ischemic heart disease. High rates of congestive heart fail-
ure (21.7%), diabetes (22.2%) and chronic obstructive pul-
monary disease (COPD) (21.7%) were also noted.  Thirty
patients (14.2%) had a history of cancer prior to their diag-
nosis of MDS.

There were similar rates of ESA utilization in the hazard
period and the comparison period (44.8% vs. 41.5%)
(Table 3). The length of exposure was similarly distributed
across time periods regardless of the choice of agent, epo-
etin alpha or darbepoetin alpha. Factors that differed sig-
nificantly across the two exposure periods included red
blood cell transfusions, platelet transfusions, insertion of a
central venous catheter, and hospitalizations. Each of
these factors was more common in the hazard period than
in the comparator period.  There was significant overlap in

the patients who received transfusions of red blood cells
and platelets (73.9% in the hazard period, 100% in the
comparator period). Approximately 97% of the central
venous catheter insertions in the hazard period were per-
formed during hospitalization.

Thombosis risk factors
In the crude conditional logistical regression model, the

odds ratio (OR) for ESA use was slightly elevated, but did
not vary significantly between time periods (OR=1.37,
95% CI:0.76, 2.47) (Table 4). Controlling for red blood cell
transfusions and central venous catheter insertion in an
adjusted model resulted in a smaller OR which remained
non-significant (OR=1.21, 95% CI: 0.60, 2.43).

In contrast to ESA use, both central venous catheteriza-
tion and red blood cell transfusions were temporally asso-
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Table 2. Characteristics of MDS patients with incident DVT in the case-
crossover study cohort (n=212).
Characteristics                                              N                             %

Type of MDS                                                                                                      
RA                                                                              40                                18.9
RARS                                                                         29                                13.7
RAEB                                                                        20                                 9.4
RCMD                                                                       12                                 5.7
MDS, other and NOS                                           111                               52.4

MDS                                                                                                                    
Low-risk                                                                   88                                41.5
High-risk                                                                  20                                 9.4
Risk not specified                                                104                               49.1

Age (years)                                                                                                       
< 65                                                                          14                                 6.6
65-74                                                                         71                                33.5
75-84                                                                         99                                46.7
85≤                                                                            28                                13.2

Gender                                                                                                               
Male                                                                         107                               50.5
Female                                                                    105                               49.5

Race                                                                                                                    
White                                                                       188                               88.7
Non-white                                                               24                                11.3

Year of diagnosis                                                                                             
2001                                                                           46                                21.7
2002                                                                           56                                26.4
2003                                                                           49                                23.1
2004                                                                           43                                20.3
2005                                                                           18                                 8.5

Co-morbidities in the past year                                                                   
Acute myocardial infarction                             <11*                            <5.2*
Congestive heart failure                                      46                                21.7
Ischemic heart disease                                       78                                36.8
Stroke                                                                       17                                 8.0
Peripheral vascular disease                               17                                 8.0
Cerebrovascular disease                                     16                                 7.6
Diabetes                                                                  47                                22.2
COPD                                                                        46                                21.7
Chronic renal disease                                          22                                10.4
Prior cancer                                                            30                                14.2

Health services utilization                                                                             
Hospitalization                                                       75                                35.4
Major surgery                                                         26                                12.3

*Cell contents are suppressed because they contained fewer than 11 patients and/or
incidence <5.2%.

Table 1. Diagnostic codes used to identify a diagnosis of deep vein
thrombosis
Description ICD9-CM Code

Phlebitis and thrombophlebitis 451
of superficial vessels of lower extremities 451.0
of deep vessels of lower extremities 451.1
of deep vessels of lower extremities, femoral vein 451.11

(deep) (superficial)
of deep vessels of lower extremities, other 451.19
of unspecified lower extremities 451.2
of other sites 451.8
of other sites, iliac vein 451.81
of other sites, of superficial veins of upper extremities 451.82
of other sites, of deep veins of upper extremities 451.83
of other sites, of upper extremities 451.84
of other sites, other 451.89
of unspecified site 451.9
Venous embolism and thrombosis of deep vessels 

of lower extremity 453.4
of unspecified deep vessels of lower extremity 453.40
of deep vessels of proximal lower extremity 453.41
of deep vessels of distal lower extremity 453.42



ciated with increased odds of DVT. In a model that con-
tained all three of these covariates, central venous
catheterization and red cell transfusions were associated
with a 6.5-fold (OR=6.47, 95% CI: 2.37, 17.62) and a 4.6-
fold (OR=4.60, 95% CI: 2.29, 9.23) increase in the odds of
DVT.

There was no significant difference in the use of ESA
between the hazard and comparison periods regardless of
their length and gap: 41.9% vs. 39.3% for 8-week periods
with a 24-week gap between them and 37.2% vs. 39.2%
for 4-week periods with an 8-week gap. While varying the
lengths of the hazard and control periods, as well as the
gap between them, had no effect on the association
between ESA use and DVT, it did have a major impact on
the association of catheterization and DVT and an impor-
tant but somewhat lesser impact on that between red
blood cell transfusions and DVT. Reducing the exposure
periods from 12 to eight weeks, while retaining a 24-week
gap, resulted in an increase in the OR for catheter place-
ment from 6.5 to 21.5 (95% CI: 4.58, 101.00) and for red
blood cell transfusions from 4.6 to 6.7 (95% CI: 3.12, 14.4).
The OR for catheter placement showed the greatest vari-
ability.  When the exposure periods were reduced to just
four weeks, with an 8-week gap, the OR for catheter
placement increased to 30.1 (95% CI: 4.06, 223.49), while
the OR for transfusions dropped to 2.1 (95% CI: 1.25,
1.87) (data not shown) The increase in OR for catheter
placement as the exposure time period is decreased sug-
gests a high risk of thrombosis at the time of implantation
of a venous catheter which, while remaining elevated,
declines rapidly in the weeks following the procedure.

Discussion

ESAs are an important, albeit off-label, therapy in the
management of MDS. Systematic reviews and meta-analy-
ses of studies of ESAs in MDS patients and a recent phase
III trial  showed ESAs to have potentially clinically impor-
tant anemia-ameliorating activity in subsets of MDS
patients.12,22,23 Unlike anemic patients with epithelial malig-
nancy, ESA-treated MDS patients rarely achieve normal
levels of hemoglobin. Few studies raised a question of safe-
ty in terms of increased risk of thrombosis as MDS patients
have a low baseline risk of thrombosis.   Given the severity
of anemia in MDS patients and a typically low baseline risk
of thrombosis, ESAs were expected to be associated with a
lesser risk of thrombosis in this population. The lack of a
significant association between recent ESA use and DVT in
MDS patients in this observational study provides evi-
dence that this theory may be correct. 

The validity of observational studies of the benefits and
risks of pharmaceutical products may be compromised by

numerous biases and confounding factors which may not
be fully identified or adjusted.  Because the decision to use
ESAs may have been related to the patient’s perceived risk
of thrombosis as well as factors that are not observable in
a claims database, such as family history or laboratory test
results, we employed a case-crossover design to overcome
this limitation.  By having each case serve as its own con-
trol, observable and unobservable factors that remain stat-
ic during the study period are matched in cases and con-
trols.  Even though the study is based on the national
SEER-Medicare linked database, MDS is a rare disease and
the rate of DVT is low among MDS patients.  Therefore,
our study had limited statistical power and could not rule
out a small increase in risk of the magnitude seen here
(1.21-fold).  

Factors that were found associated with transient DVT
risk were implantation of a central venous catheter and red
blood cell transfusions. The odds ratio for catheter place-
ment increased drastically as the exposure window was
shortened.  This suggests that the risk is greatest at or
immediately following the procedure and that this excess
risk drops off quickly.  However, there is also the potential
that this finding is partially or wholly attributable to surveil-
lance bias. Not all DVTs are symptomatic and, additionally,
patients may not present for treatment even if they have a
symptomatic DVT.  The incidence of DVT in clinical trials

Table 4. Results of the conditional logistical regression models in the primary analysis (12-week exposure window) and secondary analysis (8-
and 4-week exposure windows), all with a 24 week gap between case and control exposure windows.

Unadjusted model Adjusted model
12-week exposure window 12-week exposure window 8-week exposure window 4-week exposure window

(n=212) (n=212) (n=234) (n=246)
Variables ORs 95% CI ORs 95% CI ORs 95% CI ORs  95% CI

ESA use 1.368 0.757 2.472 1.209 0.603 2.426 1.236 0.636 2.402 1.312 0.721 2.388
RBC 4.598 2.29 9.229 6.712 3.126 14.41 5.194 2.429 11.106
Catheterization 6.465 2.373 17.615 21.499 4.576 101 13.274 2.986 59.006

Note: 12 weeks (or 4 weeks) in the comparator and hazard periods with a 24-week gap.

Table 3. Distribution of time-dependent factors in the hazard and control time
periods* (n=212).
Variable Hazard period Control period P value

N % N %

ESA use (yes) 95 44.8 88 41.5 0.4925
Epoetin alfa

No use: 0 141 66.5 147 69.3
Low use: 1-5 weeks 33 15.6 30 14.2 0.8224
High use: +6 weeks 38 17.9 35 16.5

Darbepoetin alfa
No use: 0 182 85.9 187 88.2
Low use: 1-3 weeks 15 7.1 14 6.6 0.6985
High use: +4 weeks 15 7.1 11 5.2

G-CSF use (yes) 20 9.4 16 7.6 0.4859
RBC (yes) 82 38.7 46 21.7 0.0001
Platelet transfusion (yes) 23 10.9 <11** <5.2** 0.0101
Chemotherapy (yes) 25 11.8 25 11.8 1.0000
Catheter placement (yes) 30 14.2 <11** <5.2** <0.0001
Hospitalization (yes) 166 78.3 51 24.1 <0.0001

*Variables were measured weekly. ** Cell contents are suppressed because they contained
fewer than 11 patients and/or incidence <5.2%.
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varies significantly based on the protocol used to identify
them and the length of the study.24 Hospital medical staff are
likely to closely monitor a patient for DVT following proce-
dures such as central venous catheterization that are known
to be associated with increased thrombosis risk.  This
increased vigilance could create an artificial increase in DVT
immediately following the procedure.  

Current guidelines from the National Comprehensive
Cancer Network suggest that anemic MDS patients be
pre-screened for clinical factors predictive of potential
response to ESAs prior to embarking on a trial of ESA ther-
apy.  The guidelines further recommend that patients who
do not respond to ESAs after eight or nine weeks have the
ESA therapy altered or discontinued.25 Clinical responses
to ESA therapy persist for a median of two years.26 The
current study provides important reassurance that contin-
uing administration of ESAs to clinically responding MDS

patients does not put such patients at increased risk of
severe thromboembolic disease.  This study does not
address the safety of combinations of ESAs with other
potentially thrombogenic therapies, such as thalidomide
or lenalidomide.  Additionally, to what extent ESA thera-
py impacts progression of MDS and overall survival of
MDS patients remains unclear.
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