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A B S T R A C T

Purpose
Patients with myelodysplastic syndromes (MDS) often require treatment with growth factors
(GFs) or non-GF therapies. One non-GF drug, lenalidomide, is particularly effective at achieving
transfusion independence (TI) in patients with lower-risk MDS with the del(5q) cytogenetic
abnormality. However, approximately half of del(5q) patients and one quarter of non–del(5q)
patients treated with lenalidomide experience significant cytopenias. Lenalidomide-induced cyto-
penias occurring early in treatment may serve as a surrogate marker of clonal suppression and,
therefore, may be predictive of a TI response.

Patients and Methods
We analyzed 362 low-risk, transfusion-dependent patients with MDS, with or without the del(5q)
abnormality, enrolled in two phase II studies (MDS-003 and MDS-002) to determine whether
treatment-related cytopenias are correlated with lenalidomide response. Cytopenias were as-
sessed during the first 8 weeks of therapy, and response was defined as TI; response predictors
were explored in univariate and multivariate analyses.

Results
Among patients with del(5q), 70% of those whose platelet count decreased by � 50% achieved
TI, as compared with 42% of those whose platelet count remained stable or declined by less than
50% (P � .01). Among patients without baseline neutropenia, 82% of those whose absolute
neutrophil count (ANC) decreased by � 75% achieved TI, as compared with 51% whose ANC
remained stable or decreased by less than 75% (P � .02). These relationships were consistent in
multivariate analyses. No relationship between the development of cytopenias and response could
be established for lower-risk patients with MDS without del(5q).

Conclusion
These findings support the hypothesis that a direct cytotoxic effect of lenalidomide specific to the
del(5q) clone may be indicative of a TI response.

J Clin Oncol 26:5943-5949. © 2008 by American Society of Clinical Oncology

INTRODUCTION

The myelodysplastic syndromes (MDS) comprise
a spectrum of pathologically and cytogenetically
distinct bone marrow disorders that are associ-
ated with cytopenias and, as a consequence, in-
creased risk of bleeding and infection.1,2 MDS
affects more than 10,000 people annually in the
United States.3 The age-adjusted annual inci-
dence is 4.5 per 100,000 in men and 2.7 per
100,000 in women.3,4 The sole curative therapy is
bone marrow transplantation, which is given to a
minority of affected patients because the median
age at diagnosis is between 70 and 72 years.1,5 Most
patients with MDS are treated with supportive mea-

sures, including blood transfusions, growth factor
(GF) therapies (eg, erythropoiesis-stimulating agents),
and non-GF therapies.6

Three non-GF drugs have been approved by
the US Food and Drug Administration: the hy-
pomethylating agents 5-azacytidine and decit-
abine, and lenalidomide.7,8-10 Using International
Working Group response criteria, overall response
rates to the hypomethylating agents range from 35%
to 47%.11-13 Lenalidomide, an immunomodulatory
agent that also works through antiangiogenic and
direct cytotoxic mechanisms, is particularly effective
in patients with the del(5q) cytogenetic abnormality,
yielding transfusion independence (TI) in 67% of
patients in the MDS-003 registration trial.10,14-20

JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T

VOLUME 26 � NUMBER 36 � DECEMBER 20 2008

© 2008 by American Society of Clinical Oncology 5943



However, approximately half of MDS patients with del(5q) treated
with lenalidomide experienced National Cancer Institute Common
Toxicity Criteria (NCI-CTC) grade 3 or 4 neutropenia or thrombocy-
topenia early in the course of treatment, with 84% requiring a dose
reduction for myelosuppression.10 In a second multicenter phase II
study (MDS-002) in which lenalidomide was administered to
transfusion-dependent patients with MDS without the del(5q) cyto-
genetic abnormality, TI was achieved in 26% of patients, and the
corresponding frequency of grade 3 or 4 cytopenias was lower, occur-
ring in 25% to 30% of patients.21 Given the concordance between
suppression of the MDS clone and TI response in patients with the
del(5q) abnormality, we investigated whether lenalidomide-induced
cytopenias that occur early in the treatment course serve as a surrogate
marker of clonal suppression and, therefore, may be predictive of TI
response. We analyzed data from the MDS-002 and MDS-003 studies
to determine the relationship between treatment-related cytopenias
and response to lenalidomide.

PATIENTS AND METHODS

Patients with lower-risk MDS (International Prognostic Scoring System
[IPSS] classified low or intermediate-1 risk [IPSS score � 1])7 who were
transfusion-dependent were treated with lenalidomide in two phase II clinical
trials. These trials included patients with the del(5q) cytogenetic abnormality
with or without other cytogenetic abnormalities (MDS-003)10 and patients
without del(5q) (MDS-002).21 Study eligibility as well as definition of TI as the
primary end point have been reported previously and are summarized in the
Appendix (online only).10,21

Definition of Terms

Baseline neutropenia and thrombocytopenia were defined as values that
would qualify as NCI-CTC version 3.0 grades 1 to 4. For neutropenia, this
included an absolute neutrophil count (ANC) of less than 2,000/�L and, for
thrombocytopenia, this included a platelet count of less than 150,000/�L.
Treatment-related cytopenias were given functional definitions of percent
change from baseline that were clinically meaningful, rather than absolute,
empiric values that would not consider variance in baseline laboratory values.
For example, arbitrarily defining treatment-related thrombocytopenia as a
platelet count of less than 50,000/�L would represent significant thrombocy-
topenia in a patient whose baseline platelet count was 500,000/�L but only
mild thrombocytopenia in a patient who initiated therapy with a platelet count
of 60,000/�L. Thus analyses were performed to determine the appropriate
cutoff point in establishing a relationship between a platelet or ANC decline of
25%, 50%, or 75% and treatment outcome. On the basis of these analyses, for
patients with the del(5q) lesion treated in the MDS-003 study, treatment-
related thrombocytopenia was defined as a decline in platelet count by � 50%,
whereas treatment-related neutropenia was defined as an ANC decline
of � 75%. For patients without the del(5q) abnormality treated in the
MDS-002 study, treatment-related thrombocytopenia was defined as a
platelet count decrease of � 50%, whereas treatment-related neutropenia
was defined as an ANC decline of � 50%. The functional difference in
definition of percent change in cytopenias in the MDS-002 trial was se-
lected on the basis of the paucity of patients experiencing an ANC decline
of � 75%, which would have prevented informative univariate analyses.
Cytopenias were assessed during the initial 8 weeks of treatment with
lenalidomide, as the majority of dose adjustments for cytopenias occurred
early in the treatment course. Additional information about assessment of
cytopenia cutoffs is available in the Appendix.

Statistical Analysis

Investigation of the relationship between early lenalidomide-induced
cytopenias to TI was conducted using univariate and multivariate analyses. For
univariate analyses, percent decline in neutrophil and platelet counts was

dichotomized using cutoff points of 25%, 50%, and 75%. Cross-tabulations of
these dichotomized variables with TI response (yes, no) were constructed and
examined for trends. Fisher’s exact P values were provided from these analyses
as an indication of the potential correlative effect of early lenalidomide-
induced cytopenias to erythroid response.

Multivariate analyses were performed to investigate the relationship of
percent platelet and ANC declines to erythroid response in the presence of
other prognostic factors. Stepwise logistic regression techniques were used,
where the criteria for entrance into the predictive model was P � .25 and the
criterion for variables to remain in the model was P � .10. Modeling using
maximum percent decline in ANC and platelet count and similarly continu-
ous variables for all other applicable prognostic variables was performed to
maximize the information and the power of the analyses. Further analyses with
categorization of clinically relevant continuous variables were conducted for
more practical interpretations of results. Details of variables considered in this
analysis can be found in the Appendix. The three percentage decline cutoff
points were explored in the univariate setting to determine which display of the
data to provide for ease of clinical interpretation, with knowledge of the
significant relationship demonstrated in the multivariate analysis using con-
tinuous variables. TI response rate was also assessed by dividing the percentage
decline in platelet counts and ANC into four groups (� 25%, 25% to 50%,
50% to 75%, and 75%) and analyzing this using the Cochran-Armitage test for
trend. P values and odds ratios (ORs) for the variables selected for the predic-
tive model are provided, with a two-sided P value of .05 considered significant.
For univariate analyses, P values are presented as unadjusted, and adjusted
(using a Bonferroni correction) where appropriate.

RESULTS

Patients

Baseline patient demographic data have been reported previ-
ously and are listed in Table 1. In the MDS-003 study, 59 patients
(40%) had baseline neutropenia, 42 patients (28%) had baseline

Table 1. Patient Baseline Demographics

Characteristic MDS-003 (n � 148) MDS-002 (n � 214)

Age, years
Median 71 72
Range 37-95 27-94

Duration of MDS, years
Median 2.5 2.2
Range 0.1-20.7 0.0-12.9

RBC transfusion rate/8 weeks
Median 6 4
Range 0-18 1-24

Female sex
No. 97 76
% 66 36

IPSS score
Low/intermediate-1

No. 120 168
% 81 79

Intermediate-2/high
No. 8 8
% 5 4

Unclassified
No. 20 38
% 14 18

Abbreviations: MDS, myelodysplastic syndromes; IPSS, International Prog-
nostic Scoring System.
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thrombocytopenia, and 84 patients (57%) had neutropenia, throm-
bocytopenia, or both. In the MDS-002 study, 83 patients (39%) had
baseline neutropenia, 71 patients (33%) had baseline thrombocytope-
nia, and 118 patients (55%) had either cytopenia or both.

Treatment Outcomes

Overall response rates. Overall response rates and information on
patient discontinuations can be found in the online-only Appendix.

The relationship between early cytopenias and TI: Univariate
analyses. MDS patients with del(5q) were more likely to develop
treatment-related thrombocytopenia than non– del(5q) patients
(P � .001), although the overall rates of treatment-related neutrope-
nia were similar (P� .67; Table 2). In the MDS-003 study, 124 patients
(84%), 33 of whom had baseline thrombocytopenia and 91 of whom
had normal platelet counts at baseline, developed treatment-related
thrombocytopenia, and 61 patients (41%) developed neutropenia (12
of whom had baseline neutropenia and 49 of whom had normal
baseline neutrophil counts). Within the first 8 weeks of therapy, the
mean platelet count decline was 75.6%, and the ANC decline was
55.2%. In the MDS-002 study, 87 patients (43%) developed throm-
bocytopenia (33 patients with baseline thrombocytopenia and 54
without), whereas 92 patients (43%) developed neutropenia (30 with
baseline neutropenia and 62 without). Within the first 8 weeks, the
mean platelet count decline was 39.1%, and the mean ANC decline
was 39.8%.

The development of thrombocytopenia was correlated with at-
tainment of TI, regardless of baseline platelet count, for patients with
del(5q). Overall, 70% of del(5q) patients whose platelet count
decreased by � 50% achieved TI, as compared with 42% whose
platelet count remained stable or declined by less than 50% (unad-
justed P � .01, adjusted P � .03). For patients without baseline
thrombocytopenia, 75% of patients who experienced a � 50% de-
crease in platelet count achieved TI, as compared with 47% of those
whose platelet count remained stable or declined by less than 50%; for
patients with baseline thrombocytopenia, the numbers were 58% and
33%, respectively (Fig 1).

For patients without del(5q) on the MDS-002 study, treatment-
related thrombocytopenia had no relationship to TI; 28% of patients
without baseline thrombocytopenia whose platelet count decreased
by � 50% achieved TI, as compared with 38% of those whose platelet
count remained stable or decreased by less than 50% (unadjusted

P � .3); for those with baseline thrombocytopenia, the numbers
were 9% and 20%, respectively (unadjusted P � .3).

Analysis of treatment-associated neutropenia showed that the TI
outcome for patients with del(5q) was dependent on the interaction
between baseline neutropenia and the degree of early treatment-
related neutropenia. Among patients without baseline neutropenia,
82% of those whose ANC decreased by � 75% achieved TI, as com-
pared with 51% of those whose ANC remained stable or decreased by
less than 75% (unadjusted P � .02, adjusted P � .06). For patients
with baseline neutropenia, treatment-related declines in ANC were
not correlated with TI response (P � .75, Fig 2). There was no rela-
tionship between treatment-related neutropenia and TI among
patients in the MDS-002 study; 23% of those whose ANC de-
creased by � 50% achieved TI, as compared with 31% of those whose

47% 75% 33% 58%
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Fig 1. RBC transfusion independence (TI) response for del(5q) patients with and
without thrombocytopenia at baseline, comparing patients who develop signifi-
cant treatment-related thrombocytopenia (platelet count decline � 50%) with
those who do not (platelet count decline � 50%). P � .01 for platelet count
decline � 50% v platelet count decline less than 50%, regardless of baseline
platelet level.

Table 2. Lenalidomide Therapy Treatment–Related� Thrombocytopenia or Neutropenia

Cytopenia on Therapy

MDS-003 MDS-002

P‡n N† % n N† %

Thrombocytopenia 124 148 84 87 204 43 � .001
Baseline thrombocytopenia§ 33 42 79 33 68 49 .003
No baseline thrombocytopenia 91 106 86 54 136 40 � .001
Neutropenia 61 148 41 92 210 43 .67
Baseline neutropenia� 12 60 20 30 83 36 .042
No baseline neutropenia 49 88 56 62 127 49 .34

�Treatment-related thrombocytopenia is defined as a � 50% decrease in platelet count from baseline for MDS-002 and MDS-003. Treatment-related neutropenia
is defined as a � 50% decrease in absolute neutrophil count (ANC) from baseline for MDS-002 and a � 75% decrease in ANC for MDS-003.

†No. of patients with at least one nonmissing baseline and postbaseline neutrophil or platelet count measurement.
‡Fisher’s exact test, two-sided.
§Baseline platelet count of � 150,000/�L.
�Baseline ANC of � 2000/�L.
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ANC remained stable or decreased by less than 50% (unadjusted
P � .3 for those with baseline normal ANC); 21% of those whose ANC
decreased by � 50% achieved TI, as compared with 30% of those
whose ANC remained stable or decreased by less than 50% (unad-
justed P � .4 for those with baseline neutropenia). No change in the
results occurred within the MDS-002 study for ANC or platelet count
declines of 25%, 50%, or 75% within 4, 8, or 16 weeks of therapy.
Within MDS-003, a further evaluation of TI response rate by dividing
the percentage decline of platelet into four groups revealed a highly
significant association using the Cochran-Armitage test for a decline
in platelet count (P � .005) and in ANC (P � .02). In addition, 80% of
patients with del(5q) who experienced declines in both platelet and
neutrophil counts achieved TI, as compared with 64% of patients who
experienced a decline in platelets or neutrophils and 42% of patients
who had neither treatment-related declines (P � .008).

Relationship of cytopenias to TI: Multivariate analyses. Analysis
of continuous variables on the MDS-003 study for percent decline in
ANC and platelet count showed that a platelet decrease in the first 8
weeks (P � .001), baseline platelet count (P � .04), age (P � .03),
lactate dehydrogenase (normal, high; P � .09), duration of MDS
before study entry (P � .02), and baseline transfusion burden (U/8
weeks; P � .01) had independent predictive powers for attainment of
TI (Table 3). Platelet count decline also correlated significantly with
cytogenetic response, proving to have a direct effect on the del(5q)
clone (P � .02).

On the basis of modeling using categorized variables, a treatment-
related decrease in platelet count of � 50% (P � .008, OR � 4.67) was
predictive of TI among patients with del(5q) (Table 3). A decrease in
ANC of � 75% (P � .056; OR � 4.56) was significant for patients who
entered the trial with normal ANC counts according to NCI-CTC
standards. Baseline transfusion burden (P � .04; OR � 0.85) and

duration of MDS before study entry (P � .06; OR � 0.88) were also
selected as contributing factors to response in this model.

In the MDS-002 study, no relationship could be established in
multivariate analyses, using continuous or categoric variable model-
ing, between declines in ANC (P � .22) or platelet counts and achieve-
ment of TI (P � .85). Factors predictive of TI response in non-del(5q)
patients are listed in Table 4. In addition to these factors selected in the
categoric variable modeling, association with TI response was demon-
strated for French-American-British subtype (P � .02; OR � 4.06)
and blast count (P � .07; OR � 1.25).

DISCUSSION

A variety of mechanisms of action are believed to contribute to thera-
peutic response in MDS. These range from abrogation of hematopoi-
etic suppressive effects of pro-inflammatory apoptotic cytokines to
direct cytotoxicity, akin to chemotherapeutic agents. Drugs effective
in eliminating the dysplastic clone, and thus potentially in yielding a
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Fig 2. RBC transfusion independence (TI) response for del(5q) patients with and
without neutropenia at baseline, comparing patients who develop significant
treatment-related neutropenia (absolute neutrophil count [ANC] decline � 75%)
with those who do not (ANC decline � 75%).

Table 3. Factors Associated With Transfusion Independence Response in
Patients With Del(5q) Based on Multivariate Analysis

Analyses

MDS-003

OR P

Continuous variables analysis
Decline in platelet count� 1.04 � .001
Baseline platelet count 1.00 .04
Age 0.95 .03
Lactate dehydrogenase 0.29 .09
Duration of MDS before study entry 0.85 .02
Baseline transfusion burden 0.81 .01

Categorized variables analysis
Decline in platelets (� 50%, � 50%) 4.68 .008
Decline in ANC (� 75%, � 75%)† 4.56 .056
RBC transfusion burden (� 4 U/8

weeks, � 4 U/8 weeks)
0.85 .04

Duration of MDS before study entry
(� 2 years, � 2 years)

0.88 .06

Abbreviations: OR, odds ratio; MDS, myelodysplastic syndromes; ANC,
absolute neutrophil count.

�Maximum percent decline.
†In patients with normal baseline ANC.

Table 4. Factors Associated With Transfusion Independence Response in
Non-del(5q) Patients Based on Multivariate Analysis

Categorized Variables Analysis

MDS-002

OR P

RBC transfusion burden, � 4 U/8 weeks, � 4 U/8 weeks 3.95 � .001
Baseline platelet count, � 150,000/�L, � 150,000/�L 2.67 .03
Duration of MDS before study entry, � 2 years, � 2 years 2.99 .005
LDH, � ULN, � ULN 3.29 .05
FAB subtype, RA/RARS, other 4.06 .02
Blast count, � 5%, � 5% 1.25 .07

Abbreviations: OR, odds ratio; MDS, myelodysplastic syndromes; LDH,
lactate dehydrogenase; ULN, upper limit of normal; FAB, French-American-
British; RA, refractory anemia; RARS, RA with ringed sideroblasts.
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complete remission, would also be expected to cause profound cyto-
penias to restore polyclonal, effective hematopoiesis.8-10,22-25

This is the first study, to our knowledge, to analyze the relation-
ship between the development of treatment-induced cytopenias and
response to therapy in MDS. Specifically, we found that among lower-
risk MDS patients with a del(5q) cytogenetic abnormality whose
platelet counts decreased by � 50%, and for those with no baseline
neutropenia whose neutrophils declined by � 75%, packed RBC
TI was more likely to be achieved, as compared with patients not
experiencing the same magnitude of cytopenias. These findings
were maintained in the multivariate analyses when controlling for
other known predictors of response.

Consistent with the notion that TI response is dictated by effec-
tive suppression of the MDS clone, lower-risk MDS patients without
the del(5q) cytogenetic abnormality, in whom severe cytopenias oc-
curred at half the rate as in their del(5q) counterparts, achieved TI 2.5
times less frequently, and no relationship could be established between
the development of neutropenia or thrombocytopenia and hemato-
logic response. TI is a meaningful clinical outcome, as it was main-
tained in patients with the del(5q) abnormality for a median of more
than 2 years.20 This theory is bolstered by the association between
treatment-related cytopenias and cytogenetic response. In fact, cyto-
genetic response in the MDS-003 study is more correlative to TI
response, as 61 of 62 patients with partial or complete cytogenetic
responses no longer required transfusions. Clinically, however, treat-
ing physicians are less likely to assess cytogenetic status during the first
8 weeks of treatment and are more likely to focus on treatment-related
cytopenias, the occurrence of which may be predictive of clonal
suppression. Although using cytogenetic response as a primary end
point would have been intriguing, serial bone marrow draws for
cytogenetic assessments were not required. Thus not all patients
had follow-up assessments and were, therefore, not assessable for
cytogenetic response.

There are two possible explanations for the discrepant findings in
the relationship of cytopenias to TI response. First, the number of
cytopenic events and rate of TI was insufficient in the MDS-002 study
to reliably establish a link to TI response. Although this may be true for
the development of thrombocytopenias, which occurred at approxi-
mately half the rate in MDS-002 compared with that in MDS-003,
rates of neutropenia were similar between the studies. The second
consideration is that the cytotoxic effects of lenalidomide in the MDS-
003 study were specific for the del(5q) clone, as were cytopenias
(particularly thrombocytopenia, the negative sequelae of the throm-
bocytosis associated with the 5q� syndrome), whereas in the MDS-
002 study, cytopenias were not specific to any one MDS phenotype.
Recent preliminary work has identified haploinsufficiency of the ribo-
somal protein encoding the RSP14 gene as being causative of the
characteristic phenotype that defines the 5q� syndrome (by RNA
interference screen).26 Another group has shown that cell-cycle regu-
latory phosphatases Cdc25C and PP2A determine the sensitivity of
del(5q) MDS cells to lenalidomide.27 It is possible that these are the
mechanisms underlying the phenotypic picture of thrombocytosis in
some patients with the del(5q) abnormality, and thus the preferential
suppression of platelet production is the first indicator of efficacy.

The observation that cytopenias are related to response in pa-
tients with the del(5q) abnormality raises the question of whether the
lenalidomide dose should be titrated to the development of cytopenias

in an effort to maximize response. Most patients in the MDS-003
study (84%) required a dose reduction from 10 mg/d to 5 mg/d or
even 5 mg every other day. Because the reason for dose reduction was
protocol-directed (for the development of cytopenias in almost all
cases), this factor was collinear with a decline in ANC or platelet count
and could not be included in the multivariate analyses. This study
establishes a direct link between the development of cytopenias and
response to lenalidomide but was not designed to demonstrate
causality and thus is hypothesis-driving. Prospective clinical trials
in development, and those currently accruing patients, are explor-
ing lenalidomide dose titration in MDS, the use of GFs to support
patients through treatment-related cytopenias, and high-dose le-
nalidomide in del(5q) acute myeloid leukemia (Southwest Oncol-
ogy Group study S0605).

This study is limited by the number of patients enrolled onto the
MDS-002 and MDS-003 studies. It is possible that, for example, if
more patients with baseline neutropenia were enrolled in MDS-003, a
relationship could have been established between decline in neutro-
phil count and response, as was established for those without baseline
neutropenia. In MDS-002, as is true with many MDS studies,9,22,28,29

inclusion criteria are based on IPSS criteria,7 which are still relevant
with respect to prognosis but predate more contemporary classifica-
tion schemes30,31 and allow for considerable patient heterogeneity,
which may prevent identification of a relationship between cytopenia
and response in a select disease subset. However, the data from MDS-
003 represent the largest collection of patients with del(5q) treated
with active therapy to date, whereas patient numbers from MDS-002
eclipse those of the two phase III registration trials for other
non-GF therapies.8,9 Specific questions regarding MDS subsets
more likely to respond to particular therapies, and predictors of
those responses, will be answered as future techniques incorporate
more refined histopathologic and immunologic determinants, along
with updated cytogenetic criteria and methods of detecting cytoge-
netic abnormalities (such as fluorescent in situ hybridization and
high-resolution genomic or single-nucleotide polymorphism ar-
ray technology).32-34

In conclusion, in lower-risk MDS patients with the del(5q) cyto-
genetic abnormality, treatment-related cytopenias, particularly those
involving a significant decrease in platelet count, correspond to
achievement of TI. In lower-risk MDS patients without this cytoge-
netic abnormality, no such relationship could be established. This
finding supports a direct cytotoxic effect of lenalidomide specific to
the del(5q) clone that may be obligate for TI response.

Analyses were performed to determine the appropriate cutoff
point in establishing a relationship between a platelet or absolute
neutrophil count (ANC) decline of 25%, 50%, or 75% and treatment
outcome. The final determination of the cutoff point was based on
having adequate patient numbers to perform informative univariate
analyses. Cytopenia cutoff points for the MDS-003 study were as-
sessed at 25%, 50%, and 75% declines for both ANC and platelet
counts to find a useful descriptive univariate summary of the data for
ease of clinical interpretation. TI response rate was also assessed by
dividing the percentage decline in platelet counts and ANC into four
groups (� 25%, 25% to 50%, 50% to 75%, and 75%) and analyzing
this using the Cochran-Armitage test for trend.

In the MDS-003 study, 97 patients (66%) achieved TI, and 73%
of patients achieved a partial or complete cytogenetic response. In the
MDS-002 study, 56 patients (26%) achieved TI, whereas only nine
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patients (19%) with informative cytogenetic abnormalities had a cy-
togenetic response (four patients [9%] had a complete response).

In the MDS-003 study, during the first 8 weeks of therapy, 10
patients dropped out because of toxicities; nine patients had an ANC
decline of less than 75% and one patient had no follow-up data. Three
of the 10 patients had a platelet decline of less than 50%, six patients
had platelet declines of � 50%, and one patient had no follow-up
data. In the MDS-002 study, 18 patients dropped out because of
toxicities; 15 patients had an ANC decline of less than 75%, two
patients had an ANC decline of � 75%, and one patient had no
follow-up data. Eleven of the 18 patients had a platelet count decline of
less than 50%, and seven patients had platelet declines of � 50%.
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