CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Thalidomide produces transfusion independence in long-standing refractory
anemias of patients with myelodysplastic syndromes
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Thalidomide was administered to 83 pa-
tients with myelodysplastic syndrome
(MDS), starting at 100 mg by mouth daily
and increasing to 400 mg as tolerated. Thirty-
two patients stopped therapy before 12
weeks (minimum period for response evalu-
ation), and 51 completed 12 weeks of
therapy. International Working Group re-
sponse criteria for MDS were used to evalu-
ate responses. Intent-to-treat (ITT) analysis
classified all off-study patients as nonre-
sponders. Off-study patients belonged to a

higher percentage of blasts in their pre-
therapy bone marrow than patients who

completed 12 weeks of therapy (P = .003).

No cytogenetic or complete responses were
seen, but 16 patients showed hematologic
improvement, with 10 previously transfu-
sion-dependent patients becoming transfu-
sion independent. Responders had lower
pretherapy blasts ( P =.016), a lower dura-
tion of pretherapy platelet transfusions
(P = .013), and higher pretherapy platelets
(P = .003). Among responders, 9 had refrac-

sideroblasts; and 2 had RA with excess
blasts. By ITT analysis, 19% of patients (16
of 83) responded, and when only evaluable
patients were analyzed, 31% (16 of 51) re-
sponded. It was concluded that thalidomide,
as a single agent, is effective in improving
cytopenias of some MDS patients, espe-
cially those who present without excess
blasts. (Blood. 2001;98:958-965)

higher risk category ( P=.002) and had a  tory anemia (RA); 5 had RA with ringed © 2001 by The American Society of Hematology

Introduction

Myelodysplastic syndromes (MDSs) have few therapeutic options timas?*344Thalidomide was considered a potentially useful drug for MDS
are even palliative, and none that are curdtiespecially if the affected patients. It is an immune-modulatory agent with anticytokine activi-
patients are not suitable candidates for hematopoietic stem cell transpi@s!>-5'and has antiangiogenic effeét$*Thalidomide has meaningful
tationz4 Despite intense interest in growth fact®ts,differentiating  activity in multiple myeloma?2 even though the precise mechanism of
agents?15and cytotoxic drug&19supportive care continues to be thets action remains unclear. On the basis of this rationale, a pilot study was
standard therapy for the majority of patients. The clinical and biologicednducted to test the efficacy of thalidomide in improving the ineffec-
heterogeneity of MDS suggests the possibility of multiple therapeutige hematopoiesis seen in patients with myelodysplastic syndromes.
targets, especially in light of the recent novel insights into the pathogdrie results of this pilot study are encouraging enough to warrant larger
esis of cytopenias. It appears that large numbers of hematopoietic deizspective trials in the future.
are not only rapidly proliferating in the bone marrow, but also
simultaneously undergoing programmed cell déathFurthermore,
apoptosis in the hematopoietic cells is mediated by cytokines, suc!
tumor necrosis factor alpha (TNFs;dransforming growth factor beta,
interleukin 1 beta (IL-1B and IL-62°%° Attempts to suppress this a|| patients, after signing an informed consent form approved by the
excessive cytokine-mediated apoptosis in MDS with cytoprotéétivanstitutional Review Board of Rush-Presbyterian-St Luke’s Medical Cen-
and/or anticytokine therapi€s” have resulted in substantial improve-ter, Chicago, IL, participated in the study, MDS 98-21, titled “A pilot study
ments in the cytopenias of some MDS patients. of thalidomide (thalidomide) in patients with myelodysplastic syndromes.”
The bone marrows of MDS patients also demonstrate markediyery patient had a pretherapy bone marrow aspirate and biopsy examina-
increased neo-angiogenesis and higher-than-normal levels of vasciffir Performed at the Rush Cancer Institute (RCI). All samples were
endothelial growth facté8® Finally, in addition to the frequent "€V/éWed at the central facility by a hematopathologist at RCI/Rush-
involvement of B-cells in the MDS process its&lfa more intrinsic Eresbyter lan—St Luke's M?dlcal Center to. Conf'rm the diagnosis OT MDS.
. o ; . ach patient started by taking 100 mg thalidomide by mouth at bedtime and
immune defect may also exist in these patiéhscell lymphopenia, increased the dose as tolerated to 400 mg by mouth at bedtime over the next
especially that affecting the CD4cells, has been describ&dand  several weeks. The drug was provided free of charge for the patients by
suppression of T-cell function by means of antithymocyte globuligelgene (Warren, NJ). In the present study, no premenopausal woman of
(ATG) and cyclosporin is associated with improvement in the cytopehildbearing age was included. Newly diagnosed, as well as previously
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diagnosed, patients were eligible as were patients with both primary Haseline monthly requirement. Subsequent transfusions were reviewed at
novo and secondary MDS cases. Patients belonging to all subtypes of MDE 16, 20, 24, and 28 weeks. Patients who received a transfusion from day
as per the French-American-British (FAB) classificatfoand to all risk 0 to week 12 were not considered transfusion independent; however, a
categories according to the International Prognostic Scoring Systeratient who did not receive any transfusion at week 16 and sustained that
(IPSSy” were eligible. Patients were required not to have received aiydependence for another 8 weeks was then considered transfusion
therapy for MDS for at least 4 weeks prior to starting thalidomide except fandependent. Patients were called late responders if they showed hemato-
supportive care with transfusions. No other treatment for the primatggic improvement (HI) after 20 weeks of therapy.
disease such as growth factors could be administered to study patients whileHematologic improvementAll improvements must last at least 8
they were on thalidomide. Pyridoxine at 100 mg by mouth daily waseeks. For a designated response (CR, PR, HI), all relevant response
prescribed for every patient as prophylaxis against peripheral neuropattrjteria must be noted on at least 2 successive determinations at least 1 week
Weekly complete blood counts (CBCs) with differentials were obtainedypart after an appropriate period following therapy.
and upon completion of 12 weeks of therapy, the patients returned to RCI Erythroid response (HI-E). (1) Major response is defined as an increase in
for a response evaluation, at which time all the pretherapy studies wémmoglobin (Hb) greater than 2 g/dL for patients with pretreatment Hb below 11
repeated. In case of any evidence of a partial or complete response or stglie, and as transfusion independence for transfusion-dependent patients. (2)
disease as judged by the principal investigator, thalidomide was continudahor response is defined as an increase of 1 to 2 g/dL in Hb for patients with
at the maximum tolerated dose for up to 1 year. Therapy was stoppedpnetreatment Hb less than 11 g/dL, and as a 50% decrease in PRBC requirements
nonresponding patients at this time and they were taken off the study.  for transfusion-dependent patients.

The clinical end point of the study was to determine the efficacy of Platelet response (HI-P)(1) Major response is defined as an absolute
thalidomide in those patients who were able to complete at least 12 weéhksrease of 30 000/p.L or higher for patients with a pretreatment platelet

of therapy at the maximally tolerated dose. count lower than 100 000/pL, and as stabilization of platelet counts and
platelet transfusion independence for platelet transfusion—dependent pa-
Response criteria tients. (2) Minor response is defined as a 50% or greater increase in platelet

L . ) . . count with a net increase greater than 10 000/p.L, but less than 30 000/p.L,
Response criteria outlined in the report of an International Working Groyp, patients with a pretreatment platelet count less than 100 000/L.
(IWG) to standardize response criteria for MBSvere applied by an

\ ; Absolute neutrophil response (HI-ANC)(1) Major response is de-
independent team (Global Therapeutic Development, Seattle, WA) to aSSﬁ,?gd as at least a 100% increase or an absolute increase of 500/uL,

responses. Minor modifigations had to be_made to these ::riteria because Rhever is greater, for patients with an ANC (absolute neutrophil count)
analys”|s Waf retrospective. The SUbseCt'?nS be_low on ‘Ffrethe_rapy aSSfRver than 1500/n.L before therapy. (2) Minor response is defined as an
ments” and Assc_esgments during therapy descrlbg mOd'f'e_d crlte_rla. ANC increase of at least 100% but an absolute increase less than 500/p.L for
Complete remission (CR)Bone marrow evaluation: CR is defined aS,n ANC that was lower than 1500/ before therapy.
repeat bone marrow evaluation showing fewer than 5% myeloblasts with
normal maturation of all cell lines and no evidence for dysplasia. Wh‘?f\étogenetic studies
erythroid precursors constitute fewer than 50% of bone marrow nucleate
cells, the percentage of blasts is based on all nucleated cells; when thereStaemdard karyotypic analysis by means of GTG banding was performed on
50% or more erythroid cells, the percentage of blasts should be based onghery patient before therapy was started and each time a marrow was
nonerythroid cells. performed thereafter.
Peripheral blood evaluation.(Absolute values must last at least 2
months.) (1) hemoglobin levels greater than 11 g/dL (untransfused patiStatistical analysis
not on erythropoietin); (2) neutrophil levels of 100/pr higher (for patientsnot ) )
on a myeloid growth factor); (3) platelet levels of 100 000/u.L or higher (f0P|st_r|b_ut|ons of nume.rlcal values were described as means and sFandard
patients not on a thrombopoietic agent); (4) 0% blasts; (5) no dysplasia. deV|at|pns or as medlan_s and percentiles as appropriate. Comparisons of
Partial remission (PR) criteria.(Absolute values must last at least 2nqmer|cal yalues over t'm? Or across groups yvere made Py meqns of
months.) PR is defined as a patient’s meeting all the CR criteria (if abnorrﬁ%lcoxon S|gngd rank. or paired tests as appropriate. Categorlca_tl variables
before treatment) except for bone marrow evaluation. The bone marrd{§'® summarized with the use of percentages, and comparisons were
criteria for PR are either that blasts decrease by at least 50% fr(%rformed by me_ans of contlnwty-corregted chi-square tests or Fisher exact
pretreatment levels or that the MDS FAB classification be a less advanégﬁtS as ap_proprlate. Af” _tests wgre' _Z'S'ded’ Bndalues of less than 5%
category than at pretreatment. Cellularity or morphology is not relevant, Were considered statistically significant. Analyses were performed by
Other criteria. (1) Stable disease is defined as failure to achieve at led§fans of SPSS for Windows (SPSS, Chicago, IL) 10.0 and Splus 2000
a PR, but with no evidence of progression for at least 2 months. (2) Famﬂgaghtful, Seattle, WA).
is defined as death during treatment or as disease progression characterized
by worsening of cytopenias, increase in the percentage of BM blasts, or
progression to an MDS FAB subtype more advanced than at pretreatmdResults
(3) Disease transformation is defined as transformation to acute myelog-
enous leukemia (AML), with at least 5% blasts. (4) A cytogenetic responJthere were 83 patients with a confirmed diagnosis of myelodysplas-
requires 20 analyzable metaphases by conventional cytogenetic techniqyes.syndromes registered on this protocol. Thirty-two patients
(5) A major cytogenetic response is defined as no detectable cytogengfiecontinued the protocol before completing 12 weeks of therapy;

abnormality if pre-existing abnormality was present. (6) A minor cytogés .ompjeted 12 weeks. We will present 2 separate sets of analysis:
netic response is defined as 50% or more reduction in abnormal metapha(sf)san intent-to-treat (ITT) analysis of all 83 patients who either
Pretherapy assessment§These incorporate minor modifications from Y P

the IWG response criteria.) For all patients, the baseline CBC to whi&?mplemd the 12 weeks on the study (51 patients) or prematurely

improvements were compared was standardized with the use of a mé&igcontinued therapy for various reasons (32 patients) and (2) an

value for the 4 weeks prior to the start of therapy. efficacy-analyzable analysis including only those subjects who
Assessments during therapyThese incorporate minor modifications completed the required minimum of 12 weeks on therapy.

from the IWG response criteria.) Responses were assessed at 12, 16, and 20

weeks of therapy. Absolute values closest to the 12- and 16-weBlseline descriptive values

assessments were used, and responses had to be sustained for at least the .

subsequent 8 weeks. With regard to packed red blood cell transfusior medlan age of the 83 patients was 67 years (Table 1). There were 55
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Table 1. Baseline descriptive values for all subjects in study whereas only 8 of 51 patients who continued had a high or INT-2
Total no. patients enrolled in MDS 98-21 IPSS score (B=.002). Second, off-study patients had a higher
On study 51 percentage of blasts in their pretherapy bone marrow (7% versus
Off study 32 2%, P =.003). It appears therefore that patients with more
"S"edia" age of patients, y 67 advanced disease had decreased tolerance for the side effects of
ex

thalidomide or were taken off thalidomide owing to disease

Male % progression as described in the following section.
Female 28
FAB ..
- 36 Drug tolerance and toxicity
RAEB 2 Of the 83 patients entered in the study, 32 could not complete the 12
RAEB-t 6 . .
RARS 13 weeks of therapy. Among these 32, the median duration of therapy
CMMolL. 4 was 4 weeks (range, 0-8 weeks). One patient never started the drug;
MDS duration, d 6 were discontinued for disease progression; 11 discontinued the
Median 426 study for other medical problems (fever, bleeding, Sweet syn-
Range 9-3351 drome, worsening of renal amyloidosis, spinal chloroma, gum
Transfusion history hyperplasia, transfusion reaction); and 14 discontinued the treat-
PRBC dependent ment because of side effects from the drug. The most common side
Yes 63 effects were fatigue (79%), constipation (71%), shortness of breath
No 20 (54%), fluid retention (48%), dizziness (40%), rash (31%), numb-
P"js':t dependent " ness and tingling in fingers and/or toes (29%), fever and headache
No 62 (27% each), and nausea (25%). Fewer than 5% of patients had
Primary/secondary MDS grade |V toxicity. . . .
Primary 77 Among the 51 evaluable cases, 34 increased the dose of thalidomide
Secondary 6 as tolerated from 100 mg by mouth at bedtime to 400 mg by mouth at
IPSS bedtime within 4 weeks of starting therapy, but only 8 were able to
Low 21 continue at that dose for a full 8 weeks (Table 1). The median duration of
INT-1 37 400 mg therapy for the rest was 14 days (range, 1-42 days). Thus,
INT-2 12 although some of the patients increased the dose levels successfully, the
High _ 13 higher doses were maintained for only a short period, with the majority
B'z‘;s;'efe”“'amy o taking between 150 to 200 mg by mouth at bedtime.
Normal 14 .
Hypo 12 Response evaluation
Thalidomide dose by duration, wk Of the 83 patients registered in this study, there were no complete
400 mg for at least 8 weeks 8 . . .
responders. Sixteen patients showed a hematologic improvement
400 mg for less than 8 weeks 36 K . . . . . .
200 mg to 350 mg 28 as described in Table 2, with 15 responding in the erythroid series

Less than 200 mg 10 and 1 showing a minor platelet response. There were no ANC
responders. Among the 15 showing HI in the erythroid series, 11

MDS, myelodysplastic syndrome; FAB, French-American-British classification; had a major erythroid response and 4 had a minor erythroid

RA, refractory anemia; RAEB, RA with excess blasts; RAEB-t, RAEB in transforma- . .

tion; RARS, RA with ringed sideroblasts; CMMoL, chronic myelomonocytic leukemia; response. Of the 11 major responders, 6 responded by reducmg
PRBC, packed red blood cell transfusion; platelet, platelet transfusion; IPSS,  their PRBC transfusion requirements by 100%; 4 showed both a
International Prognostic Scoring System; low, low-risk group; INT-1, intermediate-| decrease in transfusions by 100% and an increase in Hb; and 1
risk group: INT-2, intermediate- 1 risk group; high, high-risk group. non—PRBC-dependent patient showed an increase in Hb of more
than 2 g/dL. One of these patients also showed a minor platelet

RA with ringed sideroblasts (RARS); 24 had RA with excess blas{§SPONse- Figure 1 shows 5 of the erythroid responders. In addition,
(RAEB); 6 had RAEB in transformation (RAEB-t); and 4 had chronié Patients also had aminor erythroid response, as showp in Table 2.
myelomonocytic leukemia (CMMoL). These patients were also chardd! ©f these 4 patients showed a 50% reduction in PRBC
terized into prognostic categories by means of the FPSSiefly, 21 transfusions. The 16th patient had a minor platelet response.
patients belonged to low-risk, 37 to intermediate-1 (INT-1), 12 to INT-2,,
and 13 to the high-risk category. Biopsy cellularity was available in 8
cases; of these, 54 were hypercellular, 14 normocellular, and gge erythroid responders showed HI within 12 weeks of starting
hypocellular. The median duration of MDS for the group was 426 day$y|idomide, 6 within 16 weeks, and 4 at week 20. The platelet
(range, 9-3351 days). Sixty-three patients were PRBC dependent, F%!Lg)onder improved his count within 12 weeks of therapy.

21 were dependent on platelet transfusions at the time treatment started.

Response duration

me to response

Comeparison of clinical characteristics of patients who stopped
therapy before 12 weeks versus those who continued for at
least 12 weeks

Patient no. 937 died of a reactivated low-grade lymphoma at day
260. Of the other 15 responding patients, the median duration of
response was 306 days (range, 90-620 days). Four patients are still
There were 2 significant differences between patients who stoppedponding and continuing to take thalidomide. Six patients
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Table 2. Hematological responses

PRBC
FAB BM cellularity dependent Responses Response
Patient Reduction Increase duration,
no.* Before After Before After Before After in PRBC, % in Hb Platelets ANC Response type dt Comment
937 RA RA 20 30 Y N 100 Yes No No HI-E major, 100% PRBC Tx 200 Died of lymphoma
reduction at wk 16; minor
Hb response at wk 16
1011 RA RARS 99 70 Y N 100 Yes No No HI-E major (PRBC), Tx 422+ Continues in
independent at wk 16; remission
major (Hb)
277 RA RA 90 N/A Y N 100 No No No HI-E major, 100% PRBC Tx 454+ Continues in
reduction remission
963 RA RARS 80 90 Y N 100 No No No HI-E major 227 Stopped responding
400 RARS RARS 70 70 Y Y 50 No No No HI-E minor, 50% PRBC Tx 306 Stopped after 1 year
reduction owing to side
effects
460 RARS RARS 50 50 N N Yes No No HI-E major (Hb) 620+ Continues in
remission
1016 RA RA 30 30 Y N 100 Yes No No HI-E major 527+ Continues in
remission
340 RARS RA 80 90 Y Y 50 No No No HI-E minor, at 16 wks and 168 Stopped responding
post-50% reduction in
PRBC Tx
333 RARS N/A 50 N/A Y Y 50 No No No 50% PRBC reduction from 239 Stopped owing to side
wk 20 to wk 24 & 28 effects
585 RARS RA 80 80 Y Y No No Yes No H1-P minor 90 Stopped owing to side
effects
1023 RAEB RAEB 60 70 Y N 100 No No No HI-E major (PRBC), Tx 177 Stopped responding
independent at wk 16
1007 RA RA 20 30 Y Y 50 No No No HI-E minor, 50% PRBC Tx 365 Stopped owing to side
reduction at wk 20, effects
sustained for 8 wks
1010 RAEB RAEB 40 10 Y N 100 Yes No No HI-E major (PRBC) major 381 Stopped responding
(Hb)
988 RA RA 80 70 Y N 100 No Yes No HI-E major, 100% PRBC Tx 359 Stopped responding
reduction at wk 16, minor
Plt response at wk 16 (not
wk 12 owing to plt Tx)
551 RA RA 30 N/A Y N 100 No No No HI-E major, Tx dependent 188 Stopped responding
until wk 20, then
independent through wk
28
274 RA RA 10 30 Y N 100 No No No HI-E major, patient received 365 Stopped after 1 year

2 U PRBC day 1 of
treatment, then was Tx

owing to side
effects

independent until wk 28
with 2 U, then
independent again

BM indicates bone marrow; Hb, hemoglobin; ANC, absolute neutrophil count; HI-E, hematological improvement in erythroid series; Tx, transfusion; HI-P, hematological
improvement in platelets; Plt, platelets; for other abbreviations, see Table 1.

*Unigue Rush Cancer Institute patient numbers.

tPlus sign indicates a continuing response.

stop after 1 year of therapy was completed and they were given foe both, P = .013), and a higher median pretherapy platelet count
option of continuing or stopping. (142 000 versus 57 0004.P = .003).

Comparison of clinical characteristics in
responders and nonresponders

Delayed response to thalidomide

A curious observation, which became apparent in a striking manner, was
A comparison of pretherapy characteristics in responders and nomedated to the matter of delayed response seen in one of the patients. This
sponders among the 51 patients who completed at least 12 weekis discribed in greater detail below because it may throw some light on
therapy showed 3 significant findings (Table 3). Responders had a loter possible mechanism by which thalidomide improves the cytopenias
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Figure 1. Hemoglobin and PRBC transfusions in 7 patients.

start of thalidomide.

Patient no. 123

These patients
became transfusion independent on thalidomide. M, 2 units of PRBC transfused; 1,

BLOOD, 15 AUGUST 2001 + VOLUME 98, NUMBER 4

Hemoglobin

BonwsawEBEEE

190

50180 TOWG 900TF 110099 1IN0 20000 SOU00 TBI00 #G0D0  N1O0mD awDr

Absolute neutrophil count

[
VI SIUW AU SO08%  1IG0US 19180 13100 SGIN0 TOND0 9000 A0 1S

Platelets

W SO TOURE WIORE 1059 1900 amen

an1ea 00 BO000 113000 1

Figure 2. Delayed response. Peripheral blood indices in an MDS patient (no. 123)
with RA showing a delayed response to therapy with thalidomide. 7, duration of
thalidomide therapy (indicated between 2 arrows); B, 2 units of PRBC transfused.

cin, and dexamethasone for 3 months as per protocol MDS %6-02
with no response, and with the TNF-soluble receptor Enbrel
(Immunex, Seattle, WAJ for 3 months, again with no appreciable
hematopoietic response but with clearing of rather painful aphthous
ulcers in his mouth. After a hiatus of several months during which
he received only supportive care with frequent PRBC transfusions,
he began taking thalidomide at 100 mg by mouth at bedtime on July
1, 1999. His pretherapy CBC revealed a hemoglobin of 7.1 g/dL, an
ANC of 200/u.L, and platelets of 84 000/pL. He could not tolerate
a dose of thalidomide greater than 200 mg by mouth at bedtime. At

This 65-year-old white male was diagnosed with MDS, RAte end of 12 weeks, he was evaluated for response and was found
approximately 2 years before starting therapy with thalidomidg have no evidence of improvement in any of the cytopenias. The
(Figure 2). Cytogenetics revealed a complex karyotype includingyst-treatment CBC revealed a hemoglobin of 8.1 g/dL, an ANC of
20q deletion with further evolution in the clone. The patieno/uL, and a platelet count of 38 000/p.L. The platelets and ANC
received therapy for his primary MDS with the cytoprotectivgvere found to be in a continuous decline. He was taken off the
agent amifostine and a combination of pentoxifylline, ciprofloxahalidomide on September 29, 1999, and entered a 3-month

Table 3. Clinical characteristics of responders and nonresponders

Median levels

Characteristics NR (n = 35) R (n = 16) P
Age,y 67 69 428
MDS duration, d 670 321 951
BM biopsy cellularity, % 70 55 152
BM blasts, % 3 2 .016*
PRBC duration, d 91 132 .79
Platelet transfusion

duration, d 0 0 .013*
Maximum thalidomide

dose, mg/d 400 400 .902
Duration of maximum

dose, d 14 12 532
Hemoglobin, g/dL 8.9 8.7 .59
ANC, per pL 1350 1050 136
Platelets, per pL 57 000 142 000 .003*
Initial IPSS scores INT-1 INT-1 468

NR indicates nonresnonders: R. resnonders: for other abbreviations. see Tables

DOCKET

_ ARM

washout period before being considered for further experimental
therapy. He continued to require red cell transfusions, the last one
being on November 12, 1999. On December 1, 1999, his hemoglo-
bin was 8.7 g/dL, his ANC was less than 200/ and his platelets
had fallen to 18 000/p.L. On December 16, 1999, his hemoglobin
was still 8.4 g/dL, but he had not required a PRBC transfusion in
over a month; his ANC was below 2Qd/; and his platelets were

18 000/p.L. Interestingly, from the next week on, a steady improve-
ment was noted in all 3 cell lines. The patient did not require
another transfusion for approximately 9 months.

Cytogenetic responses

Cytogenetic results were available in 15 of 16 responders; 7 had a
normal karyotype, 1 had Y, 1 had 8+ 1 had del(20q), 1 had t(2;8), 1
had der(7), and 3 had del(5q). No cytogenetic responses were observed.

Discussion
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