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Treatment of myelodysplastic syndromes with exogenous erythropoietin: a new
therapeutic paradigm
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In the last 25 years, significant advances have occurred in the
diagnostic and prognostic classifications of myelodysplastic
syndromes (MDS); however, the correct choice of therapy
continues to be an enormous challenge. The mainstay of therapy
for MDS has been supportive care. The only available option
with a probability of cure in a minority of MDS patients is stem
cell transplant.1 Variable multilineage peripheral cytopenia, the
major clinical feature of MDS, provides rationale for the use of
exogenous growth factors. With refractory anemia being the
clinical hallmark of MDS, erythropoietin (EPO) is widely used in
the treatment of MDS. No clear deficiency of endogenous serum
erythropoietin (sEPO) can be consistently detected in MDS
patients and, in fact, there is considerable variability in patients
with the same degree of anemia. Often, inappropriately low
levels of sEPO are noted in severely anemic patients.2 As a
result, exogenous administration of recombinant human EPO
was instituted as a therapy for MDS in early 1990s. Subse-
quently, a number of studies have established its utility,
especially in low- to intermediate-1-risk categories of MDS per
International Prognostic Scoring System (IPSS).
A significant refinement has occurred in the ability to use EPO

therapy over the last 15 years with erythroid response rates
exceeding 50% in select groups of low-risk MDS patients.3,4 As
reviewed by Clavio et al.,3 initially EPO was used in all French–
American–British (FAB) classification subgroups with an overall
erythroid response rate of B20%. Subsequently, with the
addition of granulocyte colony-stimulating factor (GCSF) to
EPO, the response rates appear to be higher with B40% overall
erythroid responses primarily in low- to intermediate-1-risk
patients.3 Hellström-Lindberg and co-workers proposed a model
with a scoring system to predict response to EPO therapy based
on the pretreatment packed red blood cell transfusion require-
ment and sEPO levels. In line with this predictive model, in a
recent long-term follow-up of three major Nordic studies, the
patients selected for low transfusion requirements and low sEPO
were found to show an overall erythroid response rate of 60%
with EPO alfa treatment.4 Another erythropoietic agent called
darbepoietin alfa (Aranesp) also was found to elicit B45%
erythroid response in a similar selected MDS patient subgroup.5

Presently, thus, via patient selection and via addition of GCSF as
needed the erythroid response rates to EPO therapy in MDS
have improved to a level of B50–60%. Further advancement in
this treatment modality can only be expected by gaining
additional insights into the process of impairment of erythropoie-
sis in these patients.

Dysregulation of erythropoiesis in MDS

Dyserythropoiesis is a primary pathologic feature of all
subgroups of MDS patients, and available data provide some
important clues for improving the therapeutic outcome in

general, and for EPO therapy in particular. Normal erythropoi-
esis occurs in discrete niches within bone marrow, usually
containing a macrophage in the center surrounded by prolifer-
ating and differentiating immature erythropoietic progenitors.
The erythropoiesis cell unit appears to autoregulate its expan-
sion capacity. Fas-mediated apoptosis has been shown to
regulate the erythroid island expansion.6,7 Immature proliferat-
ing erythroid progenitors express high amounts of Fas. The
expression of Fas-ligand (Fas-L) gradually increases as the cells
mature and differentiate. It is thought that the crosslinking of
Fas-L on the differentiating cells with Fas on more immature
proliferating cells induces apoptosis in the latter and controls
erythropoiesis.6 Furthermore, EPO levels in the marrow may
determine the sensitivity of immature erythroid progenitors to
Fas-induced apoptosis, and that erythropoiesis may be regulated
by an appropriate balance between EPO levels in the erythroid
niche and the levels of Fas-L expression by maturing erythroid
progenitors. Additionally, the interplay between EPO and Fas/
Fas-L appears to be under an extracellular autocrine/paracrine
influence of a stoichiometric balance of different cytokines. The
predominant positive regulator, undoubtedly, is EPO. On the
other hand, a number of proinflammatory cytokines like tumor
necrosis factor alpha (TNFa), interleukin 1 beta (IL1b), interferon
gamma and transforming growth factor beta exert a negative
regulation on erythropoiesis.8–11 Whereas all these negative
regulators are increased in concentration in MDS marrows in
general, the one that seems to correlate with many pathologic as
well as clinical features of MDS is TNFa.

Many studies including ours have reported increased levels of
TNFa in the serum as well as in the bone marrows of the
majority of MDS patients and has been thought to be a key
player in the pathobiology of MDS.12,13 TNFa on the one hand
may upregulate Fas-L in erythroid progenitors inducing apop-
tosis in these cells.14 Whereas on the other hand, it could
transcriptionally inhibit EPO receptor (EPO-R), interfere with
EPO signaling and affect the survival of erythroid progenitors. In
MDS-derived erythroid progenitors, lower levels of EPO-R
moieties per cell, and a lack of EPO-activated, differentiation-
related increase in GATA-1 transcription factor, have been
shown in the past.15,16 Therefore, it appears that in MDS
marrow, TNFa may actively induce apoptosis and, in addition,
suppress EPO-mediated survival signals.

TNFa as a determinant of erythroid response to MDS therapy

The aforementioned observations are corroborated by clinical
findings from studies using EPO treatment and those using TNF
suppression strategies. In two separate trials using EPO mono-
therapy for MDS, it was evident that patients with elevated
serum TNFa levels (above normal range, i.e. 4(meanþ 2� s.d.)
for healthy donors) did not respond to EPO therapy.17,18 Both
studies used weight-based EPO regimens with a total weekly
dose ranging from 30 000 to 470 000U in unselected MDS
patients and used response criteria parallel to the International
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Working Group criteria (IWG criteria). It may be noted that a
lack of response in these studies was determined only after a
chance for dose escalation.

In another regimen where EPOþGCSF were combined with
all-trans-retinoic acid (ATRA) and alpha tocopherol, non-
responders not only had significantly higher levels of serum
TNFa before therapy but also the TNFa levels continued to rise
during treatment in these patients.19 Similarly, during cytokine-
suppressing therapy with pentoxifyllineþ ciprofloxacine7
decadron, the responses were noted only in those MDS patients
who showed continued reduction in bone marrow TNFa
levels.20 Furthermore, a direct suppression of TNFa with
infliximab, a chimeric anti-TNFa antibody in an anecdotal
study with two low-risk MDS patients having elevated serum
TNFa, resulted in encouraging erythroid response in both
subjects.21 Obviously, although TNFa may be a key component
in the pathogenesis of MDS, mere suppression of TNFa may not
be therapeutically sufficient in all patients. Yet, such an
approach may be essential in considering any future combina-
torial therapeutic approach as described below.

Proposal for new therapeutic paradigm

The treatment model for MDS proposed here initially stratifies
patients by serum TNFa levels. Subsequently, different se-
quences of exogenous EPO7GCSF, anti-TNFa agents and/or
cytotoxic modalities are suggested for the treatment of different
MDS groups identified by the present model.

The studies on the pathobiology of MDS appear to indicate
three prominent features that may have significant therapeutic
implications in these disorders:

1. Elevated levels of proinflammatory cytokines, particularly
TNFa.

2. Excessive intramedullary apoptosis and impairment of
hematopoietic cell maturation.

3. Presence of immature blasts.

In the low- to intermediate-1-risk population, the first two
features form the basis of the therapeutic strategy, whereas in the

high-risk group, the rapidly expanding population of blasts
needs to be targeted. Except for a highly selected group of
patients where single-agent therapy can suffice, a combination
of strategies is desirable for the majority of MDS patients. With
anemia being a common feature of all MDS subtypes, growth
factors may be of benefit beyond their current use in low- to
intermediate-1-risk population. They will have to be combined
with other agents, with a proper biologic rationale and
sequence, as indicated in the proposed therapeutic paradigm
in Figure 1. So far, significantly high response rates are
predictable only in MDS patients with chromosome 5 abnorm-
alities being treated with lenalidomide.

For patients not showing chromosome 5 abnormalities, we
propose that, if low/intermediate-1-risk and intermediate-2/
high-risk groups are further stratified by their serum TNFa
levels, there may be a distinct therapeutic advantage. The high
sTNFa group in low/intermediate-1-risk category may be first
treated with an anti-TNFa agent like infliximab or lenalidomide
followed by EPO7GCSF. On the other hand, in intermediate-2/
high-risk group with elevated sTNFa, control of immature blasts
with agents such as the farnesyl transferase inhibitors, azacyti-
dine or arsenic trioxide, may be employed sequentially or
concurrently with an anti-TNFa agent followed by EPO7GCSF.
Further, the low sTNFa group in low/intermediate-1 category
may respond well to EPO alone with GCSF as needed, whereas
the same group in intermediate-2/high-risk category may need
cytotoxic treatment followed by EPO7GCSF as needed.
Although EPO has been combined safely with other agents in
the past including GCSF, granulocyte macrophage colony-
stimulating factor, IL3, ATRA, amifostine and thalidomide, the
newly described erythropoietic factor, darbepoietin alfa, when
combined with thalidomide in low/intermediate-1-risk MDS
patients showed high incidence of thromboembolic
events.3,22,23 Thus, caution needs to be exerted while combin-
ing specific growth factor with other therapies.

Clearly, with the limited success of single-agent therapies for
MDS, save lenalidomide in a subset of patients with chromo-
some 5 abnormalities, the hope for future therapeutic success in
these disorders lies in further defining biologic subsets of

MDS with 
Chromosome 5
abnormalities
like –5 or 5q- 

Lenalidomide 

Low to Intermediate-1
IPSS Risk 

Intermediate-2 to High 
IPSS Risk 

Low sTNF High sTNF Low sTNF High sTNF

MDS without chromosome 5 abnormalities

EPO ± GCSF TNF Suppression 

EPO ± GCSF
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Figure 1 Proposed model for stratification of MDS patients other than those with chromosome 5 abnormalities, based on serum TNFa (sTNFa)
levels. While in low/intermediate-1-risk category, EPO7GCSF could suffice for patients with low sTNFa, a sequential combination of TNFa
suppression with EPO7GCSF may be needed for the patients having high sTNFa levels. In the intermediate-2/high-risk category, a cytotoxic agent
could be used in patients with low levels of sTNFa, whereas in those with high sTNFa, cytotoxic agent may be used in combination with TNFa
suppression. In the intermediate-2/high-risk group, EPO7GCSF may be used as needed (dotted arrow). It may be noted that, owing to a proven
efficacy of lenalidomide in patients with chromosome 5 abnormalities, the choice of treatment in such patients could be single-agent
lenalidomide.
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patients and using combination approaches. Our model
attempts to outline therapeutic principles with a biologic
rationale. Safety and efficacy of the specific combinations will
need to be evaluated as we look to further improve the
therapeutic outcome of growth factor treatment for MDS.
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