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Myelodysplastic Syndrome

Ghulam Muifti, Alan F. List, Steven D. Gore, and Aloysius Y.L. Ho

The last decade has witnessed a multistep evolu-
tion in the understanding of the natural history,
clinical manifestations, and some of the molecular
mechanisms that underlie the ineffective hemato-
poiesis and leukemic transformation in the
myelodysplastic syndrome (MDS). The interna-
tional prognostic scoring system, FAB, and WHO
classifications have helped define specific sub-
groups with their characteristic cytogenetic,
molecular and immunological abnormalities. Until
recently the mainstay of the treatment has been
entirely supportive with blood and platelet transfu-
sions. What is increasingly manifest now is the
considerable excitement generated by the emer-
gence of novel therapeutic strategies based on
painstaking research findings from the laboratories.

the role of small molecule inhibitors of VEGF
receptor tyrosine kinase, arsenic trioxide, oral
matrix metalloprotease inhibitors, farnesyl trans-
ferase inhibitors, and imatinib mesylate in the
treatment of MDS subgroups.

In Section I, Dr. Steven Gore describes the
results of clinical trials of inhibitors of DNA
methylation such as 5 azacytidine (5 AC) and 5-aza
2-deoxycytidine (Decitabine). The review also
provides an update on the rationale and results
obtained from the combination therapy using
histone deacetylases (HDAC) and DNA methyl-
transferase inhibitors in the treatment of MDS.

In Section Ill, Professor Ghulam Mulfti and Dr.
Aloysius Ho describe the role of bone marrow
transplantation with particular emphasis on recent

In Section I, Dr. Alan List reviews the therapeu-
tic strategies with the specific emphasis on the
relevance of molecular mechanism of apoptosis
and targeted therapies using small molecules. Of
particular interest is the excitement surrounding
the clinical benefit obtained from potent
immunomodulatory derivative (IMiD) of thalido-
mide CC5013. The review provides an update of

results from reduced-intensity conditioned trans-
plants, exploiting the graft versus leukemia effect
without significant early treatment-related mortal-
ity. The section provides an update on the results
obtained from the manipulation of the host’s
immune system with immunosuppressive agents
such as ALG and/or cyclosporine A.

CSF) and granulocyte/macrophage-CSF (GM-CSF) to
extend survival of erythroid and myeloid progenitors,
supplemented by blood product transfusion and iron
chelation therapy as necessary. Although improvement
Enthusiasm for participation in clinical trials and exin neutrophil production is common, expectation for
pectations for benefit have never been greater for padstained erythroid response and to a greater extent,
tients with myelodysplastic syndrome (MDS). Advanceamelioration of thrombocytopenia, is limited. Availabil-
ments in the development of novel therapeutics haiy of treatments to the practicing physician which of-
been accelerated by elucidation of molecular targefgr the prospect to meaningfully alter quality of life or
integral either to propagation of the malignant clonghe natural history of disease for affected individuals is
disease progression or disease-specific survival signagsverely lacking. Preliminary experience with the most
Established management strategies for MDS emphgromising new therapeutics suggests that some may
size the use of recombinant growth factors such as erythdeed for the first time offer sustained benefit and raise
ropoietin, granulocyte-colony stimulating factor (G-hopes that the relentless progression of disease and its
complication may be curtailed. These agents can be
segregated into two broad categories based upon their
intended target of interaction, i.e., (1) survival signals,
and (2) genetic integrityTable 1).

|. CrRiPPLING THE CLONE

Alan F. List, MD*
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Table 1. Novel therapeutics categorized by pharmacologic class and target of

‘ : gated in this class of therapeutiédn a
interaction.

Phase Il trial of thalidomide performed at
the Rush Presbyterian Cancer Institute,
15 of 83 (18%) evaluable patients experi-
enced either red blood cell transfusion in-
dependence or a > 50% decrease in trans-
fusion burden, whereas improvement in
non-erythroid lineages was uncommon.
Dose escalation beyond 200 mg daily was
limited by cumulative neurological toxic-

Mechanism Modulated

(Pharmacologic Class) Agent

Survival Signals

Antiangiogenic thalidomide (Thalomid™)
CC5013 (Revimid™), CC1088
bevacizumab (Avastin™)

arsenic trioxide (Trisenox™)

Receptor tyrosine kinase inhibitors SuU5416, SU11248

PTK787
AG13736 ity, and is likely unnecessary. Indeed, the
imatinib mesylate (Gleevec™) North Central Cancer Treatment Group

Protein kinase C inhibitor PKC412 study N998B which evaluated the toler-

Matrix metalloprotease inhibitor AG3340 (Prinomastat™) ance and activity of an alternate schedule

Farnesyl transferase Inhibitors R115777 (Zarnestra™) of 200 mg daily with escalation to a maxi-

SCH66336 (lonafarnib; Sarasar™) mum daily dose of 1000 mg was compro-

mised by excessive early attrition due to
toxicity at a median intervak 2.5
months!® Prolonged drug treatment when
tolerated appears necessary to maximize
hematological benefit. Median interval to
erythroid response was 16 weeks in the
Rush trial (range, 12—-20 weeks), with an erythropoi-

Genetic Integrity

Immunoconjugate gemtuzumab ozogamicin (Mylotarg™)

P-glycoprotein antagonist cyclosporine-A
quinine sulfate
LY335979 (zosuquidar trinydrochloride)

Survival Signals

etic response rate of 29% among the 51 patients com-

Antiangiogenic agents pleting a minimum of 12 weeks of study treatment. Sub-

Evidence to date indicates that clonal expansion asdquent institutional studies have confirmed the eryth-

apoptotic response in MDS arises from an interactiawpoietic activity of thalidomide, which, given its ne-

between the malignant clone and its microenvironmentessity for prolonged administration, appears best suited

Recent investigations have implicated autocrine prder treatment of patients with lower risk dise&sélIn-

duction of angiogenic molecules in the self-renewal ofestigation of the overall clinical benefit of low-dose

myelomonocytic precursors while fostering the generdhalidomide in MDS is nearing completion in a national

tion of aptogenic cytokines. Vascular endothelial growtrandomized, placebo-controlled Phase 11l trial.

factor-A (VEGF-A) in particular has emerged as an Novel, more potent thalidomide analogues with

important diffusible effector of the pathobiology ofimproved toxicity profiles recently entered clinical in-

MDS. This angiogenic molecule is over expressed amgstigationg*!* CC5013 (Revimid™, Celgene Inc) is

elaborated in concordance with its high affinity, Typ&@ more potent immunomodulatory derivative (IMiD)

Il receptor tyrosine kinases (VEGFR-1 and/or VEGFRef thalidomide Figure 1) that lacks the neurological

2) by myeloblasts and monocytes derived from th®xicities of the parent compoufet® CC5013 inhibits

malignant cloné.Indeed, laboratory studies support an

autocrine role for VEGF as a mitogenic cytokine sup-

porting myeloblast self-renewal in primary MDS ancd o o o o

leukemia specimeni€. Paracrine induction of inflam- H \Y H

matory cytokines from receptor-competent endothelic N Q}:O @iﬁ“ {>: o

macrophage or stromal cells within the microenviror

ment potentiates ineffective hematopoiesis by suppre: \}3

ing formation of VEGF receptor-naive primitive pro-

genitors. Based upon these and other preclinical inve

tigations* small molecule inhibitors of angiogenic CC5013

cytokines have emerged as a promising class of thera-

peutics for MDS. e _ o
Thalidomide (Thalomid™, Celgene Inc, Warren gure 1. (?hemlcal st.ructure of CC5013 and thalidomide.

NJ), which displays both anti-angiogenic and BNF CC5013 differs from its parent compound by the removal of a

L . - . ketone and addition of an amino group to the glutamate
inhibitory properties, represents the first agent inveStiromatic ring.

NH,

thalidomide
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trophic response to VEGF in myeloblasts and endothEast Hanover, NJ) in patients with lower risk MDS us-
lial cells, while augmenting heterotypic adhesion oihg a once daily administration schedule, whereas a more
hematopoietic progenitors to bone marrow stroma fwotent RTK inhibitor developed by Agouron Pharmaceu-
promote sustained growth arrest and preferential eticals (La Jolla, CA), AG13736, is entering Phase | and Il
tinction of myelodysplastic clonésAmong 25 MDS investigation in patients with MDS or high risk AML.
patients with symptomatic or transfusion-dependent Arsenic trioxide (Trisenox™, Cell Therapeutics
anemia who completed 8 or more weeks of treatmehmtc., Seattle, WA), approved by the Food and Drug
with CC-5013, 16 (62%) experienced an erythroid reAdministration (FDA) for treatment of relapsed acute
sponse according to International Working Groupromyelocytic leukemia (APL), has broad biological
(IWG) criteria, with 12 patients experiencing sustainegdroperties that derive from its ability to covalently bind
transfusion independence or a 2 g/dL or greater riseamd deplete cellular sulfhydryl-rich proteins such as
hemoglobint® Hematopoietic promoting activity was glutathione. Arsenic in its trivalent form inhibits glu-
greater among patients with Low or Int-1 risk MDStathione peroxidase to potentiate peroxide generation,
with 15 of 21 (71%) experiencing hematological bendisrupt mitochondrial respiration and mitochondrial
efit. Erythroid responses to CC5013 were associatetembrane integrity, repress antiapoptotic proteins and
with complete or partial (> 50%) reduction in the proinitiate caspase-mediated apoptotic respétieligher
portion of abnormal metaphases in 9 of 13 informativarsenic trioxide (ATO) concentrations are necessary to
patients, as well as improved primitive progenitor ouinduce apoptosis and suppress leukemia colony-form-
growth, and reduced grade of cytological dysplasiang capacity in non-APL AML cell§‘?® In MDS and
Myeloid and platelet toxicity was dose limiting, butAML, the anti-proliferative effects of ATO relate in part
occurred at all dose levels depending upon cumulatite its ability to suppress myeloblast elaboration of
drug exposure, necessitating either dose reduction WEGF-A and its direct cytotoxicity to neovascular en-
treatment interruption. CC5013 is a promising oraflothelium? Not surprisingly, bone marrow specimens
therapeutic that may secure a new position in the mainem patients with MDS which natively harbor lower
agement of ineffective erythropoiesis in patients withglutathione reserves compared to normal hematopoi-
MDS. CC1088, a member of a second functional classic progenitor§? also demonstrate increased apoptotic
of analogs termed selective cytokine inhibitory drugsusceptibility to ATO that is enhanced by GM-CSF
or SelCIDs, appears significantly less active in prelimistimulation3!
nary clinical studies in MDS. Preliminary results of three clinical trials indicate
Small molecule inhibitors of the VEGF receptorthat ATO has activity in both lower- and higher-risk
tyrosine kinases (RTK), which function as targetMDS.32*The doses and schedules applied in these stud-
selective ATP mimetics to impair ligand-induced autoies varies, ranging from monthly cycles of two sequen-
phosphorylation, have had limited investigation in MDStial weekly treatments of 0.25 mg/kg/day for 5 days
SU5416 (Sugen Inc, S. San Francisco, CA), represefdowed by a 2 week treatment hiatus to a dose-in-
the only agent of its class to complete Phase Il investense induction with 0.30 mg/kg/day for 5 days followed
gation. Like most RTK antagonists, specificity is relaby 0.25 mg/kg/day twice weekly maintenance for 15
tive, with activity extending from VEGFR-1 andweeks. Overall, approximately a third of patients have
VEGFR-2 to other type Il receptors such as those fexperienced hematological improvement, with few
the PDGIB, FLT3, and c-kit®° A multicenter trial in- complete or partial remissions. Nonetheless, these ini-
volving patients with higher risk MDS or acute my-ial experiences are encouraging, demonstrating the
eloid leukemia (AML) yielded minimal reduction in potential for trilineage hematological improvement with
leukemia burden and corresponding hematological bemonotherapy that may be sustained for prolonged peri-
efit despite increased apoptotic index in the myeloblastls after treatment cessation. Given the manageable
population?’2! Clinical development of this agent wastoxicity of ATO, combination trials have been initiated
limited by its insolubility and requirement for twicewhich offer the prospect to improve upon the results
weekly intravenous administration. Investigation of thebtained with single agent therapy.
orally bioavailable analogue SU11248 in patients with  Other antiangiogenic agents investigated in MDS
AML ended prematurely owing to limiting non-hema-have demonstrated either a more limited toxicity: ben-
tological organ toxicitie$? Despite the disappointing efit profile for extended use or have not as yet com-
early results of this class of agents in myeloid maliggleted clinical investigation. A double blind, random-
nancies, clinical investigation of potent and orally adzed Phase Il trial investigating two doses of the oral
tive receptor antagonists continues. The Cancer anthtrix metalloprotease (MMP) inhibitor AG3340
Leukemia Group B is investigating PTK787 (Novartis(Prinomastat™, Agouron) revealed erythropoietic ac-
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tivity of this novel compound that was limited to paserve as critical regulatory elements in signal transduc-
tients with lower risk MDS® The MMPs represent a tion, cellular proliferation and maintenance of the ma-
family of zinc-dependent endopeptidases that functidignant phenotype. The RAS proto-oncogenes (H, N

as effectors of the angiogenic respoftsklMPs are and K) encode 4 21-kd G-proteins including 2 alterna-
zymogens, which upon catalytic activation, degradiévely spliced K-Ras products that are post-
structural components of the extracellular matrix, digranslationally modified before incorporation into the
rupt integrin/stromal adhesion signals, and promote l@mner leaflet of the plasma membrane. Farnesylation of
cal VEGF, TN and soluble fas ligand liberation viacarboxy-terminal consensus sequences by farnesyl pro-
proteolytic cleavage of proteoglycan- or membrandein transferase (FPT) represents the first and rate lim-
bound forms7-*® AG3340 is a potent, orally bio- iting post-translational modification of Ras-GTPases
available, selective inhibitor of MMPs 2 and 9 (gelatinthat is requisite for membrane association and trans-
ases A and B), and MMP13 (collagenase-3), with wedkrming activity?> FTP catalyzes the transfer of a 15-
inhibition of MMP12° Although arthralgias and joint carbon farnesyl group from farnesyl diphosphate to the
stiffness were dose limiting at 15 mg dose versus 5 n@terminal tetra-peptide CAAX (C, cysteine; A, any
daily (63% vs. 33%), hematological activity was equivaaliphatic amino acid; X, any amino acid) sequence of
lent with 6 of 26 patients with Low or Int-1 risk diseaseghe Ras protein. These G-proteins normally cycle be-
experiencing red blood cell transfusion-independend&een two conformations induced by binding of either
that was sustained beyond the 1 year of study tregtianosine diphosphate (GDP) or GTP, the rate of which
ment (median, 29+ weeks, maximum, 100+ weeks). Als controlled by GTPase regulatory proteifég(re
though this agent will not continue in clinical develop2). GTPase activating proteins (GAP) accelerate GTP
ment, these data like those of CC5013 provide addégidrolysis, whereas guanosine exchange factors (GEF)
proof that angiogenic molecule generation by the magromote GDP dissociation from the G-protein. Point
lignantclone contributes to ineffective erythropoiesis vianutations in thdRAS proto-oncogenes occur at critical
the consequent impact on progenitor interaction with ttregulatory sites (e.g., codons 12, 13, and 61) which in-
extracellular matrix. Bevacizumab (Avastin™, Genenteclactivate the GTPase response normally stimulated by
S. San Francisco, CA), a recombinant humanized mor®AP binding, thereby extending the half-life of the Ras-
clonal antibody which neutralizes VEGF-A in vivo, isGTP bound mutant.

currently completing Phase Il investigation in MDS. The farnesyl protein transferase inhibitors (FTI)
represent a novel class of potent, orally bioavailable
Farnesyl transferase inhibitors inhibitors of Ras activation and other prenylation-de-

Activating point mutations of thBAS proto-oncogene pendent molecules. These agents are able to modulate
are detected in fewer than 20% of unselected patiemmsiltiple signaling pathways that have been implicated
with MDS, but are common in chronic myelomonocytidn the pathobiology or progression of CMML and MDS
leukemia (CMML)#*4 The RAS gene superfamily en- in the absence of salvage isoprenylation pathways. Pre-
codes guanosine triphosphate hydrolases (GTPase) fiainary results of Phase I/l studies in MDS and

Figure 2. Ras activation cycle.

Attenuation Activation Trophic signals activate guanine
exchange factors (GEFs) such as
. SOS and CDC25 to accelerate the
Pl RaS'GDP y GTP rate of guanosine diphosphate
’ 3 ] (GDP) dissociation, stabilize the
Ras protein in its nucleotide free
RAYY Cici=- state, and facilitate guanosine
<= triphosphate (GTP) binding. GTPase
NF1 ' SOS activating proteins (GAP) accelerate
GTP hydrolysis thereby inactivating
GAP1™ CDC25 Ras. Sustained Ras activation may
P120-GAP C3G occur in mutant Ras proteins in
which GTPase response to GAP
; - q binding is inactivated, or by
[ 20 . Ra S ..G T F GDP mutational inactivation of GAPs.
muRas |
/
Effectors

Hematology 2003 179

%20z dunf g0 uo 3senb Aq ypd-ee6l~ 9/ L/LE8ELLLI9LLILIE00Z/PA-Bo1e/ABojojewaypeursuoneoligndyse//:dpy woy pepeojumoq



CMML indicate promising hematopoietic promotinginhibition of farnesylation of constitutively active RAS
activity that extends to non-erythroid linead&®. proteins alone.
R115777 or tipifarnib (Zarnestrg Janssen Pharma- In a Phase | study of lonafarnib administered in a
ceuticals, Beerse, Belgium and Spring House, PA) ardntinuous schedule in patients with advanced CML,
lonafarnib (SCH66336 or SaraBarSchering-Plough MDS, CMML or acute leukemia, clinical benefit or
Research Institute, Kenilworth, NJ) are the leading nolrematological improvement according to IWG criteria
peptide, heterocyclic oral FTIs that have completedas observed in 5 (29%) of 17 evaluable patients, which
Phase | and Il clinical studies in hematological malighcluded red blood cell transfusion independence, re-
nancie$! (Figure 3). Using a 21-day treatment sched-duction in monocytosis and major platelet responses in
ule, an initial Phase | study involving 35 patients witt8 of 5 patients with CMML*° Diarrhea and hypokalemia
either high-risk acute myeloid or lymphoid leukemiavere limiting with continuous twice daily dosing at 300
or CML blast phase, R115777 yielded a 50% or greaterg. Trough plasma concentrations of lonafarnib ex-
reduction in blast percentage in 29% of patients witbeeded 1000 ng/ml at the 200 mg dose level and were
complete remissions in 6%, with all responses occurradfficient to inhibit FPT in vivo. An expanded Phase Il
in patients lacking demonstratbleRAS mutations*® In  trial was recently completed which included each of
a subsequent Phase Il study performed in poor risk AMhe 5 diagnostic groups included in the Phase | study.
or MDS, treatment with 600 mg bid every 4 to 6 weekgsifteen to 30 patients were accrued to each cohort us-
yielded responses in 12 of 30 patients (8 CR, 2PR) wiihg a Simon two-stage design. Among the initial 12
stabilization of disease in 12 patients. Three of 4 paatients with CMML enrolled, control of monocytosis
tients with trisomy 8 achieved CR after 1 cycle ofvas achieved in 6 (50%) patients associated with a high
therapy?? In a Phase | trial performed exclusively infrequency of platelet response, whereas 3 (33%) of 15
patients with MDS, 6 of 20 evaluable patients, includpatients with RAEB or RAEB-t experienced hemato-
ing 2 of 4 patients withRRAS mutations, experienced logical improvement. A Phase Il randomized trial is
hematological improvement or a partial remission uglanned to investigate the clinical benefit and frequency
ing the 3:1 week syncopated schedule. Myeloaf platelet response to lonafarnib in patients with
suppression and fatigue were dose limiting, with thEMML or advanced MDS with severe thrombocytope-
maximum tolerated dose defined as 400 nigimice nia. Interestingly, at least 2 patients with CMML expe-
daily.*” A concurrent Phase Il trial performed by MDrienced rapid and sustained leukocytosis, which in 1
Anderson investigators using a more dose-intensive apdtient was complicated by pulmonary infiltrates that
protracted schedule (600 mg twice daily for 4 of eadtesolved after study drug withdrawal and treatment with
6-week cycles) yielded an unacceptably high frequendgexamethasorf8.The latter findings appear analogous
of early treatment withdrawal due to drug intolerance the leukemia differentiation syndrome reported with
(41%). Two complete remissions and 1 partial remisetinoid therapy of APL and may be linked to the unique
sion (19%) were reported in patients lacking mutarability of lonafarnib to activat@-1 andp-2 integrins
RASalleles among the 16 patients completing 2 or moend promote both heterotypic and homotypic adhesion
cycles of therap$? Phase Il studies in patients with my-of CMML cells 33 Although initially intended to inter-
eloproliferative disorders including CMML are inrupt mutantRAS induced constitutive signaling, it is
progress, but it is evident from the data generated to datear from the trials completed to date that clinical ben-
that the activity of these agents cannot be ascribed to #fé is independent of mutation status, indicating that
inhibition of wild type RAS or other farnesylated mol-
ecules may be of greater relevance to the activity of the
FTIs in MDS and CMML.

Br—( ™) ¢ Imatinib (Gleevec™)
N 0 Constitutive Ras/mitogen-activated protein kinase
N‘LNHz (MAPK) activation is demonstrable in 40%—60% of
L/Q CMML cases, resulting either from mutations within
0 RAS alleles or from reciprocal translocations de-
regulating receptor tyrosine kinase$'54n the absence
R115777 SCH66336 of mutations, sustained activation of the Ras/MAPK cas-
Figure 3. Chemical Structure of the farnesyl protein cade may occur th.rOUQh a ConStitUtive. UP.Stream Si.gnal'
transferase (FPT) inhibitors R115777 (tipifarnib) and Perhaps the most important therapeutic discovery in the
SCH66336 (lonafarnib). management of CMML in recent years is the activity
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of imatinib in patients harboring a reciprocal chromovolving patients with high-risk MD$:%¢

some translocation involving chromosome 5g33. Al-  Strategies targeting biological features that confer
though a number of chromosomes and genes may paré&tive chemotherapy resistance have emerged as a
ner in the gene rearrangemerifalle 2), the clinical promising approach to improve the results of standard
phenotype is distinct, recognized by the WHO classifinduction chemotherapy. P-glycoprotein (Pgp) is a
cation as CMML with eosinophilia (CMML-Eos), buthighly conserved plasma membrane glycoprotein en-
arising from the generation of novel fusion genes ircoded by theMDR1 gene that functions as an ATP-
volving the PDGB receptor with constitutive RTK sig- dependent multidrug exporter with broad specificity for
naling->° Transgenic mouse models have shown thagtural product-derived antineoplastics and an inhibi-
these novel RTK fusion genes are singularly responsitifer of caspase-dependent programmed cell dééth.
for the generation of these myeloproliferative disordef@gp is natively overexpressed by myeloblasts in RAEB-
and are selectively responsive to PD@FKRiasenhibi- t and secondary AML, and is associated with a higher
tors%%° Imatinib binds to the ATP-binding pocket of probability of induction failure and inferior disease-free
the PDGIB receptor analogous to its interaction with BCRsurvival’>7* A randomized Phase Il trial performed
ABL to act as a potent inhibitor of receptor kinase actiby the Southwest Oncology Group showed that con-
ity.®> Among 5 patients reported to date, each achievedrrent treatment with the Pgp inhibitor cyclosporine-
rapid hematological control and sustained complete cg-(CsA) and infusional daunorubicin following cytara-

togenetic remission with imatinib monotheré&py. bine significantly reduces induction resistance in high-
risk patients and significantly prolongs duration of re-
Genetic Integrity mission and extends overall survivaPatients with

The limited life expectancy of patients with higher riskRAEB-t or secondary AML experienced the greatest
disease has justifiably placed treatment with cytotoxidsenefit, with an overall survival (CsA, 28% versus con-
in the forefront of management strategies for patientsol, 0%) and disease-free survival (CsA, 60% versus
with advanced MDS, albeit with less optimistic expeceontrol, 0%) at 2 years that has been unmatched in other
tations for sustained disease control. Chemotherapestdies. Similar trends were reported in a French coop-
tics employed to date range from single agerdrative group study that employed quinine as a Pgp
topoisomerase | inhibitors, to traditional AML chemo-modulator? indicating that this targeted induction strat-
therapy combinations that routinely employ DNA taregy may significantly extend survival for selected indi-
geted agents anchored by cytarabine and either topiduals who are candidates for more intensive therapy.
isomerase | or Il interactive agefit§® A recently com- Additional clinical studies using CsA and newer genera-
pleted Phase Il trial and a retrospective analysis of thiens of Pgp antagonists are in progréssjsing hope
MD Anderson experience indicate that the topotecahat this early lead may give rise to a significant advance
and cytarabine combination popularized in recent yearsthe treatment of MDS and associated leukemias.
offers no significant advantage over standard

anthracycline-containing regimens, and may have in- |Il. M oLECULARLY TARGETED THERAPY FOR
ferior remission durabilit§?* Despite a comparatively M YELODYSPLASTIC SYNDROME

high remission rate and reduced induction mortality in

the older population compared to historicgderences, Seven D. Gore, MD*

fewer than 10% of patients can be expected to remain in

remission beyond 2 years. Efforts to improve specificitfhe development of molecularly targeted therapies for

of cytotoxic therapy using the antibody conjugaténhe treatment of MDS has been hampered by the lack

gemtuzumab ozogamicin (Mylotarg™, Wyeth) havef understanding of the fundamental genetic and bio-

shown minimal clinical benefit in monotherapy trials infogical abnormalities in MDS progenitor cells, as well
as the biological abnormalities which lead to charac-
teristic phenotypic abnormalities in more differentiated

Table 2. Tyrosine kinase fusion genes in chronic cells. Despite this major barrier, several new classes of

myelomonocytic leukemia (CMML) with eosinophilia. drugs with reasonable biochemical rationale have
‘ _ proved very promising in early clinical development

Fusion Gene Translocation and promise to alter the current standard of care for

ETV6 (TEL)-PDGFRB 1(5;12)(q33;p13)

HIP1-PDGFRB 1(5:7)(g33:q11)

H4-PDGFRB 1(5:10)(a33;921) * Sidney Kimmel Cancer Center at Johns Hopkins, 1650

RAB5-PDGFRB 1(5;17)(a33;p13) Orleans Street, Baltimore MD 21231
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patients with MDS. Absence of useful in vitro or iInRDNA methyltransferase inhibitors
vivo models of MDS has required that most preclinicaAbnormalities of cytosine methylation constitute some
development of new agents targeting MDS utilize AMlof the best characterized and most common epigenetic
cell lines. In fact, an increasing number of early phas#anges in cancer. The DNA of neoplastic cells may
clinical trials do not distinguish between high-gradée characterized by global hypomethylation, dysregu-
MDS and poor-risk AML. The similar response rate itation of DNA methyltransferase |, a key protein for
these 2 patient subsets (see farnesyl transferase inhibe accurate maintenance of DNA methylation patterns
tors below) emphasizes the biologic continuum of these daughter cells, and regional hypermethylation of CpG
disease states, and lends support to the World Headtimucleotides in gene promoter regions. These CpG
Organization (WHO) reclassification of high-gradeclusters, known as CpG islands, are normally protected
MDS and acute leukemias which moves away froftom methylation in normal cells, with important ex-
arbitrary cutoffs of blast percentages to subset theseptions including regions of X chromosome inactiva-
patientst The recognition that MDS most commonlytion and imprinted genes. In contrast, CpG islands are
progresses gradually, with increasing percentages aften highly methylated in cancer cell§he methy-
blasts over time, rather than acutely “transforminglated promoters are bound by specific proteins, such as
from an indolent state to a fundamentally more acutdeCP2, which recruit transcriptional corepressbig-(
state, justifies drug development in combined cohortge 4).2 The corepressor complexes lead to transcrip-
of high-grade MDS and high-risk AML (in particular, tional silencing, at least in part through remodeling of
AML progressed from MDS). chromatin into conformations that are prohibitive for
transcription. This chromatin remodeling is due in part
Therapies Targeting Epigenetic Changes to histone deacetylases (HDAC, see below); however,
Recent interest in the treatment of neoplastic cells by téine transcriptional state of chromatin is regulated by a
geting epigenomic changes to restore normal gene trammplex histone code (see beldw).
scription has been intense. Unlike genetic changes (mu- Extensive studies have demonstrated promoter
tations, deletions), which are irreversible outside of thmethylation of a wide variety of cell regulatory genes
introduction of new genetic information, epigenetiégn many cancers associated with silencing of those
changes represent potentially reversible modifications ¢genes. These epigenomic changes are associated with
DNA and chromatin that are transmitted from parent cghhenotypic abnormalities in the malignant cells. Be-
to daughter cell and lead to altered gene expression. Tdaise promoter methylation is relatively “cancer-spe-
potential reversibility of the epigenetic changes makesfic,” DNA methylation is an attractive therapeutic tar-
them attractive targets for cancer therape@tics. get. In malignant myeloid cells, the most widely re-
ported methylated gene is the cyclin-dependent kinase
inhibitor p18Vk4e 5° Methylation of the p15 promoter
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Figure 4. Impact of chromatin remodeling on gene
transcription.

Methylated cytosine residues in CpG dinucleotides in promoter
regions of genes recruit transcriptional repression complexes
including histone deacetylases. The deacetylated lysine tails of the
histones interact tightly with DNA, rendering the chromatin
transcriptionally inactive.
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has been demonstrated in 68% of primary AML
samples? and 35% of MDS; the frequency of methy-
lation increases with MDS disease progression. Me-
thylation of p15 does not have independent prognostic
significance in MDS when blast percentage is included
as a variablé A variety of other genes are methylated
in myeloid neoplasms. These include E-cadh€&pa,3,
and RARB.22

Interest in the DNA methyltransferase inhibitors
5-azacytidine (5AC) and 5-aza-2"-deoxycytidine
(decitabine, DAC) for the treatment of AML and MDS
significantly antedates the current focus on epigenetics.
Clinical interest in 5-azacytidine and DAC date back to
early studies of Jones and Taylor who demonstrated
that these analogs induced cellular differentiation in
association with demethylation of DNAEarly clini-
cal studies of 5AC in leukemia approached it as a clas-
sical cytotoxic nucleosidé.Subsequent studies, led by
Silverman et al at Mt. Sinai and the Cancer and Leuke-
mia Group B (CALGB), used lower doses of 5AC, ini-
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tially intravenously and then subsequently subcutantes while on treatment. This number was similar to the
ously, to treat patients with MD'SY” frequency of such events in patients receiving other
These studies culminated in the Phase Il trial cotreatments for MDS. Thirteen percent of patients with
ducted in the CALGB, which randomized MDS patientslonal abnormalities developed additional abnormali-
between subcutaneous 5AC and observdtithPa- ties. Sixty percent of patients with clonal abnormalities
tients in the treatment group received 5AC 75 nifg/mdeveloped hematologic improvement despite persis-
day subcutaneously for 7 days on a 28-day scheduleteéqce of the abnormal cytogenetic cléhe.
minimum of 4 cycles of therapy was planned. The dose Confidence in the activity of DNA methyl-
was increased by 33% in patients who demonstratednsferase inhibitors in the treatment of MDS is in-
no benefit by day 57. Patients on the observation/sugreased by reports of similar response rates utilizing
portive care arm could cross over to 5AC if diseadBAC. 5AC is a pro-drug for DAC; 5AC undergoes con-
was worsening after a minimum of 4 months. Respongersion to DAC before incorporation into DNA where
ing patients received 3 additional cycles after compleiebinds DNA methyltransferase irreversibly. DAC has
response; those with less than complete response cbaen studied in a variety of Phase Il trials as an intrave-
tinued 5AC until complete response or relapse. nous formulation. Of 29 patients with high-risk MDS,
This study definitively established the activity ofl5 responded to continuous infusion DAC (40-50 mg/
5AC in this patient population. The overall hematologicn?day for 3 days), although 5 patients expired due to
response rate to 5AC was 60%, including complete reemplications of cytopeni&8Subsequently, 66 patients
missions in 7%, 16% partial responses, and 37% heith MDS were treated with 45 mgffday given as 3
matologic improvement. Trilineage responses were ré-hour infusions per day for 3 days. Courses were re-
ported in 23% of patients. In contrast, the “respongeeated every 6 weeks. Patients received no more than 6
rate” in the observation arm was only 5%, limited taycles of therapy. Thirty-four patients improved, includ-
hematologic improvement. Further substantiation of thag 13 complete responses and 9 trilineage responses.
activity of 5AC stemmed from the observation of a simiThis schedule of DAC administration has been associ-
lar response rate in the patients who crossed over frated with a delayed onset of cytopenias, particularly in
observation to 5AC treatment (47%). Median duratiothe first cycle of therapy. Counts may drop as late as 6
of response was 15 months. A controversial aspectwéeks following the administration of DAC in this dose
this study derived from the reporting of an increase iand schedule. An 8% toxic death rate was observed.
median time to pathological development of acute lededian response duration was 31 weeks. This shorter
kemia in the 5AC arm (21 months versus 12 monthg)rogression-free survival compared to 5AC may be due
No differences in the presenting features of the patierttsthe decision to give no more than 6 cycles of therapy
in the 2 arms have been identified to explain this effedt the DAC study* Importantly, 16 of 50 patients with
moreover, the changes in blast percentages upon thenal cytogenetic abnormalities who were evaluable
diagnosis of “acute leukemia” were substantial, suder cytogenetic response to DAC developed normal
gesting that this difference in disease progression wkaryotypes, with a median duration of cytogenetic re-
not merely cosmetic. Landmark analysis of patients whaponse of 7.5 montli$Jean-Pierre Issa and colleagéies
remained on study for 6 months showed that media the MD Anderson Cancer Center have explored
survival was superior for patients receiving 5AC fronschedules of DAC administration that provide prolonged
initial randomization (18 months) compared with paexposure to lower doses, primarily in patients with acute
tients who crossed over from supportive care (1kukemia. Such schedules (for example, 15 rifglay
months) or those who crossed over after 6 months far 10 days) have been well-tolerated, and responses

never crossed over (11 months). A companion qualithrave been observed. Phase Il studies of such schedules

of-life study demonstrated significantly greater im-of administration will be required to fully assess the re-
provement in fatigue, shortness of breath, physical funsponse rate and relative toxicity of lower dose DAC. To
tioning, affect, and psychological distress in patientdate, no study of subcutaneous DAC has been reported.
receiving 5AC compared with supportive cére. The dose-equivalence of the most commonly stud-
Investigation of sequential cytogenetic changeiged dose and schedules of 5AC and DAC is difficult to
using both conventional and interphase cytogeneticséwaluate. In vitro, DAC is 10-fold more potent in inhi-
a large cohort of patients treated with 5AC at Mt Sindiition of DNA methytransferasé.Pharmacokinetic
showed that 8% of patients with clonal cytogenetistudies are not available for either compound. The routes
abnormalities developed cytogenetic remissiomf administration differ. Toxicities appear similar, al-
whereas 36% of patients presenting with no cytogéhough DAC may be associated with greater myelo-

netic abnormalities developed cytogenetic abnormakuppression in doses and schedules published to date.
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Current published data suggest that the 2 drugs as atlass of HDACs known as the SIR2 family includes
rently studied are equivalently effective in the treatmeminzymes with NAD-dependent HDAC activity; unlike
of MDS. the other 2 classes, these are not inhibited by trichostatin
The relationship of DNA methyltransferase inhi-A. HDACs are associated with specific chromatin loci
bition to the clinical activity of 5AC and DAC in the in pairs and triplets.
treatment of MDS remains a critical question. Libbert A variety of HDAC inhibitors (HDACI) are under
and colleagues reported reversal of p15 methylatiodjnical investigation. Interest in the use of HDACI for
associated with reexpression of p15 protein, in a subgké treatment of myeloid malignancies dates back to
of patients treated with DA&.The frequency of this the recognition of the activity of butyrate derivatives
reversal of methylation and gene expression cannot &ed polar planar compounds to induce differentiation.
estimated based on current data; nor can the asso@artain AML fusion genes, such as AML1-ETO, PML-
tion of changes in methylation with clinical respons®ARa, and PLZF-RAR specifically recruit nuclear
be ascertained; reversal of p15 methylation did not aperepression complexes which include HDAC, thereby
pear to be required for hematologic response ilencing expression of genes downstream from the
Libbert's study* Such studies will be important in thepromoters bound by the fusion proteins (reviewed by
further development of this class of compounds, alor@ore and Carduc®). In such leukemias, HDACi may

and in combination with other drugs. be utilized to specifically reverse the transcriptional
repression induced by the fusion proteins. No such fu-
Histone deacetylase inhibitors sion proteins have been identified for most cases of

The transcriptional state of chromatin depends on tiDS; hence, in this group of diseases, the impact of
translation of a complex set of posttranslational modHDACI is more likely related to changes in gene ex-
fications to histone lysine tails including acetylationpression altered through other epigenetic mechanisms.
methylation, and phosphorylation, referred to as the Small-chain fatty acids. A variety of small-chain
histone codé® Modifications of specific residues on fatty acids inhibit HDAC activity at submillimolar con-
histones are recognized by specific binding proteins thegntrations. These include sodium and arginine butyrate,
impact chromatin conformation and transcription. Thessdium phenylbutyrate, and valproic acid. Although bu-
specific modifications are local; that is, histones argrate was successfully used to induce terminal differ-
modified in the regions of specific gene promoters, irentiation in a child with AME® and has been success-
ducing local remodeling of chromatin which impactdully used to induce expression of fetal hemoglobin in
the expression of the specific genes. In general, acepatients with sickle cell anenifaand thalassemié,a
lation of lysine residues on histone tails is associatesdibsequent Phase Il study of butyrate in AML was with-
with transcriptionally active chromatin (euchromatin)put clinical activity®® Formal pharmacokinetic/pharma-
whereas deacetylated histones are associated with traodynamic studies of butyrate have not been performed.
scriptionally inactive chromatin (heterochromatin)Sodium phenylbutyrate (PB) was selected for develop-
Methylation of lysine 9 on histone H3 is associated witment in part because of the potential for development
heterochromatin, whereas methylation of lysine 4 oof an oral formulation. PB induces histone acetylation,
that histone is associated with euchromatin. It is highlgxpression of p2#"/“®% induction of G cell cycle
likely that as these epigenetic changes are better charrest, and induction of CD11b expression in myeloid
acterized, many of the enzymes which mediate thelikemia cell$? Concentrations that are not clinically
changes, such as histone methyltransferases, will dehievable induce apoptosis. Phase | studies of con-
targeted in cancer therapeutics. tinuous infusion PB demonstrated that the drug was
The earliest described histone modification knowwell-tolerated; dose-limiting toxicity was a reversible
to be associated with transcriptional regulation wasncephalopathy due to accumulation of phenyl-
acetylation of specific lysine residues in the tails of hiacetaté®34 PB was administered for 7/28 days, 7/14
stones H2, H3, and H4. Histones are acetylated by efays, and 21/28 days. Lineage responses were achieved
zymes which contain histone acetyltransferase actiin several patients with MDS and AML. At the maxi-
ity; in contrast, deacetylation is mediated by histonmum tolerated dose (375 mg/kg/day), sustained plasma
deacetylases (HDAC). Eleven human HDACs have beeonncentrations ranged from 0.3 to 0.5 mM; in vitro,
identified to date (reviewed by de Ruijter éflalThese induction of acetylation of histones in hematopoietic
include 2 major classes of HDACs (Class | and Clas®lls requires approximately 0.25 nitMHigher peak
I); class | HDACs are almost exclusively nuclear, whilgplasma concentrations of PB have been achieved in solid
class Il HDACs shuttle in and out of the nucleus in reumor patients receiving short-term infusions of PB
sponse to specific cellular signals. In addition, a thir@M.A. Carducci, personal communication). An oral for-
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mulation has been studied which can supply simildo be provided, a great deal of interest remains in aug-
plasma concentrations; however, the daily dosing reienting the clinical activity of 5AC and DAC through
guires as many as 75 pills per dapespite the diffi- the addition of an HDACI. To date, data are only avail-
culty with delivery of concentrations of PB with HDAC able from a dose-finding study of 5AC followed by PB.
inhibitory activity, PB remains extremely well-toleratedIn this study, a variety of doses and schedules of 5AC
Recent data demonstrating that valproic acid hdsmve been administered, followed by a 7-day continu-
similar HDAC inhibitory activity has raised hopes thabus infusion of PB? The combination has been well-
oral formulations of this drug, which is commonly usedolerated, and significant sustained clinical responses
for neuropsychiatric disorders, could be used to modhave been achieved. Changes in methylation, histone
late gene expressidhValproate is used clinically at acetylation, and gene reexpression are being monitored.
submillimolar concentrations; in vitro acetylationSimilar studies are planned combining DAC plus
changes have been demonstrated at 0.5 mM. Ttaproic acid.
pharmacodynamic impact of valproate on leukemic HDACI synergize with retinoids in a variety of sys-
cells is similar to PB. Valproate is currently being intems3*# This has led to the concept of potentially com-
vestigated in monotherapy and in combination witbining these classes of agents to build on the modest
other drugs in MDS and in AML. single activity of retinoids in MDS as single agents or
SAHA and FK228: The prototype HDAC inhibitor in combination with growth factor8.Studies combin-
used for in vitro study, trichostatin, is an hydroxamiéng all trans-retinoic acid with PB and with valproate
acid. To date, the only hydroxamic acid under clinicare ongoing. Since RARis methylated and silenced
investigation is suberoylanilide hydroxamic acidn a variety of cancers, including myeloid malignan-
(SAHA). SAHA has been developed in both intraveeies, some rationale exists to study the combination of
nous and oral formulatiorié.Clinical administration a methyltransferase inhibitor, HDACI, and retinoid.
has been associated with induction of histone acetyla-
tion. No data are yet available detailing the impact dfarnesyl Transferase Inhibition
SAHA on myeloid malignancies. Interest in inhibition of farnesyl transferase in myeloid
FK228 (depsipeptide) is a cyclic peptide whosenalignancies derived from the observation that ras
HDAC inhibitory activity appears to be due in greatutations were common in these leukemias. Tipifarnib
part to a reduced metabolite. FK228 appears to be sp@s undergone Phase | testing in AML, and a Phase I
cific for Class | HDAC. FK228 has been studied irtrial is ongoing. In the Phase | trial, significant clinical
Phase | clinical trials including 1 in AM¥.Tumor ly- responses were seen at all dose levels tested, including
sis syndrome has been induced by FK228, indicatiryjcomplete remissions. Interestingly, no patients in that
significant cytotoxicity to myeloid cells; however, noinitial trial were found to have mutations of ras. Inhibi-
sustained responses were seen in the Phase | trial. ien of farnesyl transferase was demonstrated, begin-
thenia appears to be dose limiting. ning at the dose level of 300 mg BID; farnesylation of
MS-275: MS-275 is a benzamide HDAC inhibitor target proteins was inhibited at 600 mg BID. In the Phase
undergoing Phase | investigation in MDS and AMLII trial, patients with high-risk AML (age > 60, known
Similar to FK228, fatigue seems to be a major toxicitpdverse cytogenetics, therapy- or MDS-related AML)
of MS275. MS275 has a half-life of greater than 24nd high-grade MDS, have been treated with tipifarnib
hours; changes in histone acetylation have persisted &0 mg BID for 21/28 days. An overall response rate
several weeks following the administration of MS-2750f 37% has been observed to date (J.E. Karp, personal
No sustained responses have been reported to date dEmunication). In a separate Phase | trial of tipifarnib

Karp, personal communication). in MDS, Kurzrock and colleagues demonstrated inhi-
bition of farnesyl transferase; clinical responses were

Integration of HDAC inhibitors into seen, including a complete respofise.

the treatment of MDS Another farnsesyl transferase inhibitor, lonafarnib,

The recognition that HDAC recruitment accounted dias undergone early Phase | and Il studies in patients
least in part for the silencing of genes with methylatedith hematologic malignanci€$? Two patients with
promoters led to the demonstration that optimaViDS were treated on the Phase I, and 15 on the Phase
reexpression of such genes required sequential expbtrial. Five patients with CMML were treated on the
sure to a methyltransferase inhibitor followed by afhase I trial, and 12 on the Phase Il trial. Of the 5 CMML
HDACI. While definitive demonstration of a correla-patients on the Phase | trial, 3 developed hematologic
tion between methyltransferase inhibition and clinicdmprovement. Of the 15 MDS patients on the Phase I
activity of methyltransferase inhibitors in MDS has yestudy, 3 developed hematologic improvement, while 6
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of the 12 patients with CMML normalized monocytesibitory activity? By studying pathways highlighted by

counts. Preliminary evidence of clinical activity of thishese active drugs’ clinical activities, and potentially

second compound increases confidence that farnesyl studying congeners which differ significantly in tar-

transferase inhibition is a valid target for MDS therapygeted activity, it is likely that greater understanding of
the pathobiology of MDS will emerge.

Novel Differentiation Approaches

Most agents that have been used to induce terminal dif- [1l. R ESuLTS OF TRANSPLANTATION AND

ferentiation in vitro are antiproliferative; they share in | MMUNOSUPPRESSIVE THERAPY IN MDS

common induction of p2®/©"* and concomitant cell

cycle arrest® In vitro data suggest that the pairing of Ghulam J. Mufti, MB, DM, FRCP, FRCPath,* and

such cytostatic agents with myeloid growth factors Aloysius Y.L. Ho, MBBS, MMed, MRCP, MRCPath

might lead to the predominance of differentiating ac-

tivity of the growth factor over the proliferative impactHematopoietic Stem Cell Transplantation for

of the growth factot’*® One combination which ap-  Myelodysplastic Syndrome

pears particularly promising is the combination of thautologous and allogeneic hematopoietic stem cell

protein kinase C activator bryostatin with GM-CSF. Inransplantation (HSCT) has been extensively investi-

AML cell lines, this combination leads to suppressiogated in MDS. Autologous HSCT in MDS is theoreti-

of clonogenic cell growth in association with inductiorcally feasible only in a small proportion of patients who

of markers of terminal myeloid differentiation. A Phasechieve a complete remission following induction che-

| trial of this combination is ongoing in patients withmotherapy and in whom a suitable autologous harvest

AML and MDS; responses have included improvemenan be collected. A successful autograft is restricted by

in neutrophil counts and decreases in bone marrow blasimited potential for peripheral blood stem cell (PBSC)

percentage (BD Smith, personal communication). Aollection? graft contaminatioAdelayed engraftme#t,

similar concept was tested using the combination of alhd a high relapse risk of up to 72%, with a 2-year

trans-retinoic acid plus erythropoietin. Thirteen of thelisease-free survival of only 25% for patients 40 to 63

27 patients developed erythroid responses. Neutrophéars of agé.There is a suggestion, however, from

and platelet responses were seen in 5 of 12 and 5 oR&8gistry data that some patients over the age of 40 may

evaluable patients, respectively. Three trilineage r@enefit from an autograft, with a 3-year disease-free

sponses developed on this stdtly. survival (DFS) of approximately 33% if autografted in
first remissiorf. Nevertheless, enthusiasm for this ap-
Future Directions proach is limited.

The emergence of drugs with activity in myelo-  Although conventional myeloablative allogeneic
dysplastic syndrome provides the opportunity for deepISCT has a significantly lower relapse rate than auto-
understanding of the biology of these diseases. Whiigafts at 28% to 48%, the transplant-related mortality
DNA methyltransferase inhibitors demonstrate the higiTRM) can be substantial at up to 39% to 54%rans-

est single agent response rates reported, their mecpemnt-related complications including graft-versus-host
nisms of action against MDS remain speculative. It willisease (GVHD) increases in frequency and severity
be critical to demonstrate the correlation (or lackith advancing ag®. There is extensive registry data
thereof) between clinical response and methyhvailable on patients who have undergone standard
transferase inhibition or downstream changes in methyhyeloablative allografts over the years. Analysis of
ation. Expression of which genes correlate with raBMTR data on 452 recipients of matched-sibling al-
sponse? Does methylation of any specific genes pliegrafts, with a median age of 38 years (range, 2—-64
dict response? Similarly, while it appears that farnesykars), conditioned with varying “standard” intensity
transferase inhibitors are active against MDS, their agonditioning regimens, revealed a 3-year TRM of 37%,
tivity is not exclusively or selectively due to inhibitionwith DFS of 40% and an overall survival (OS) of 42%.

of ras per se. Is the clinical activity due to inhibition offhis is similar to data from the EBMT database of 1378
farnesylation; if so, which farnesyl-dependent targefsatients transplanted between 1983 and 1998, which
are required for response? Does this class of drugs pesewed a 3-year DFS for matched-sibling donor recipi-
sess biological activity separate from its targeted irents of approximately 36% and for VUD recipients
25%. TRM was 58% for unrelated donors, more than
double that of 25% for autografts.

* Kings College Hospital, Department of Haematology, The NMDP database for 510 patients with MDS
Denmark Hill, London SE5 9RS, UK receiving VUD allografts between 1988 and 1998

186 American Society of Hematology

20z aunr g0 uo 3senb Aq jpd-ee6l 9/ L/LESELLLILLILIE00Z/APA-BoIE/ABOjOjeWBYAaU suoledlqndyse//:diy woly pepeojumoq



showed that for patients with a relatively young mesenstrated that reduced-intensity or “nonmyeloablative”
dian age of 38 years (<1-62 years), the DFS at 2 yeamnditioning can result in stable donor hemopoietic
was 29% with a TRM of 54%. Conditioning regimensngraftment, without the toxicity associated with con-
were variable, but were all of “standard intensity.” TRMsentional HSCT5!” Disease eradication and control is
occurred within the first 100 days in 69% of the paafforded by the graft-versus-malignancy (GVM) effect
tients, with regimen-related toxicity and GVHD ac-and to a lesser extent by transplant conditioning. Re-
counting for 34% of overall mortalify. duced-intensity conditioning regimens which avoid
Multivariate analysis shows that age and disease stag&ic myeloablative chemotherapy and which rely upon
were independent prognostic variables for TRM, DF&doptive immunotherapy are extremely attractive, es-
and OS, with patients transplanted early in the disegsecially in the setting of indolent disease in a minimal
course having a significantly lower relapse risk indepemesidual disease state where the GVM effect has an op-
dent of the donor source, and with older patients faringprtunity to develop.
worse than youngérThe risk of relapse was higher in ~ These regimens all induce profound immunosup-
patients transplanted with higher blast counts and IP$gession in order to permit donor engraftment and do-
scores, and in T-cell depleted transpléhts. nor-recipient tolerance. Donor-recipient chimera are
Allogeneic HSCT is the only therapeutic modalitycreated, which eventually shift toward full donor he-
at present that may be delivered with curative intent imatopoiesis spontaneously, or with escalating doses of
MDS. Allogeneic HSCT replaces recipient dysplastidonor T cells’ The essential element of these proto-
hemopoiesis with healthy donor hemopoiesis and ingols involves intensive immunosuppression with com-
mune system with an attendant graft-versus-leukemignations of low-dose total body irradiation (TBI), Flud-
(GVL) effect. Its applicability, however, is limited by arabine, antithymocyte globulin (ATG) and/or
the availability of a suitable HLA-matched donor anglemtuzumab (Campath-1H), followed by infusion of
by the toxicity of the conditioning regimens, which isunmanipulated peripheral blood stem cells or bone
directly proportional to the age of the recipiétftAs  marrow Postallograft, only short-term immunosuppres-
the majority of patients with MDS are of advanced agsjon with cyclosporine, tacrolimus, with or without
with only about 25% of patients younger than 60@nycophenolate mofetil is delivered.
yearst*4often with concurrent medical conditions that  In some protocols, however, the initial incidence
effectively preclude standard conditioning for allogeef severe (Grade IlI-1V) acute graft-versus-host dis-
neic HSCT, various strategies have been adoptedeéase (aGVHD) was significant at up to 38%—60%.
order to attempt to reduce the toxicities associated wikiemtuzumab (Campath-1H) is a monoclonal anti-
the transplant procedure. At present, there is consid€b52 antibody. Its use as an in vivo T-cell depletion
able interest in novel conditioning regimens. agent has dramatically reduced the incidence of severe
The use of targeted-dose busulfan in a conditio@GVHD?*25 in reduced intensity protocols. The long
ing regimen of “standard” intensity together with cy-half-life of alemtuzumab also results in the depletion
clophosphamide has improved the TRM and DFS. Deed donor CD52 positive cells including circulating an-
et af initially allografted 50 MDS patients (13 RA, 19tigen-presenting dendritic ceitg following infusion
RAEB, 16 RAEB-t/AML, 2 CMML) with a median age into the recipient. Although the incidence and morbid-
of 58.8 years (range, 55.3-66.2 years) using 5 “staity associated with GVHD may be significantly reduced,
dard intensity” conditioning regimens. A targeted-dosthe disadvantage of in vivo purging with alemtuzumab
busulfan (to plasma levels of 600—-900 ng/mL) protomay be a clinically significant reduction in the GVM
col was used in 1 cohort of 16 patients, which producedfect due to prolonged immunosuppression associated
a significantly higher relapse-free and overall survivakith an increased risk of disease relafise.
compared with the other 4 protocols. An extension of The data on reduced-intensity allografts for MDS
this study included 109 patients (69 RA/RARS, 24re still relatively immature, with relatively short fol-
RAEB, 10 RAEB-t/AML, 6 others) with a median agelow-ups and with a multitude of differing conditioning
of 46 years (range, 6—66 years). All were conditioneegimens used by different investigators. Although RIC
with cyclophosphamide and targeted-dose busulfan. Thas been demonstrated to be safe and feasible as an
100-day TRM was 12-13%. At 3 years, the estimatedternative to standard conditioning, earlier publications
TRM was 28-30% and DFS 56-59%. The outcome cdrave included a heterogeneity of disease states that of-
related inversely with the IPSS and cytogenetic risk scoremn included lymphoid and other nonmyeloid condi-
and treatment-related MDS did podfly. tions, making it impossible to focus on the follow-up
Other novel transplant conditioning regimens arand outcome of MDS patients in these series. A sum-
in evolution. Within the last 4-5 years, it has been demmary of these studies is shownTable 2
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Table 2. Summary of selected reduced-intensity allograft studies that include patients with myelodysplastic syndrome (MDS).*

Author (Study) M edian Conditioning & Median
# Patients Disease Age Stem Cell Source Follow-Up G VHD NRM DFS oS Comments
Giralt AML (13); 59 years fludarabine 120 mg/m?2, idarubicin 100 days aGVHD (1) 7%; 33% at — — Median survival
(1997)31 MDS (2) (27-71) 12 mg/m?, cytarabine 8 g/m? or (34-175) aGVHD(Il) 14%;  reporting 78 days (0-175)
15 patients melphalan 140 mg/m2; OR (survivors) cGVHD 0%
cda 60mg/m?2, cytarabine 5g/m?
[HLA identical related donor, or
1Ag mismatch]
Slavin MDS (1); 34 years fludarabine 180 mg/m?, 8 months aGVHD 15% 80.7% 85% 2 AML died of GVHD
(1998)17 AML (8) (1-61) busulphan 8 mg/kg, ATG 80 mg/kg; (I1-1V) 25% (8months) (8 months) (8 months)
26 patients cyclosporine
[HLA-matched siblings]
Childs RAEB-t(2); 50years fludarabine 125 mg/m?, 200 days aGVHD 14% 40% 53% 1 MDS patientin CR at
(1999)32 CMML (2); (23-68) cyclophosplamide 120 mg/kg, (121-409) (11-1V) 60%; (at median (atmedian  (atmedian median follow-up
15 patients non-MDS (12) cyclosporine; (survivors) cGVHD 27% follow-up) follow-up) follow-up)
[HLA-matched siblings]
McSweeney RAEB-t(1); 56 years TBI 200 cGy; cyclosporine; 417 days aGVHD 6.7% 53% 66.7% RAEB-t progressive
(2001)33 AML (10) (31-72) mycophenolate (310-759) (1-111) 47% (at median (atmedian  (atmedian  disease; 4:10 AML in CR
45 patients [HLA-matched siblings] (survivors) follow-up) follow-up) follow-up)
Martino MDS (12) 53 years fludarabine 150 mg/m?; 287 days aGVHD 1:12 MDS 6:12 MDS 11:12 MDS
(2001)19 (18-66) melphalan 140 mg/m? or for MDS (I-1V) 32% patientsat  patientsat  patients at
76 patients busulphan 10 mg/kg; cyclosporine, (100day); reporting reporting reporting
short course MTX ecGvHD
[HLA-matched siblings] 43%(1yr)
Corradini AML (5); 49 years thiotepa 20 mg/kg; 385 days aGVHD 13% — 53% 3 AML and 2 RAEB-tin
(2002)18 RAEB-t(6); (20-68) cyclophosphamide 60 mg/kg; (24-820) (11-1V) 47%; CR at reporting
45 patients fludarabine 60 mg/m?; cyclosporine; aGVHD
[HLA-matched siblings (11-1V) 13%;
or 1Ag mismatched related]
Parker RA (6); 48 years fludarabine 150 mg/m2, busulfan 10 months aGVHD 31% 39% 48%
(2002)34 RAEB (6);  (25-63) 8 mg/kg, CAMPATH 100 mg, (4-24) (I-1V) 17% (2 years) (2 years) (2 years)
23 patients RAEB-t (!); cyclosporine; cGVHD
MDS-AML (6); [7 HLA matched sibling; 16 VUD] 15%
t-MDS (4)
Feinstein de novo 59 years TBI 2 Gy; OR 766 days aGVHD 0% 42% 54% 2 rejectionsin
(2003)35 AML (13); (36-73) TBI 2Gy, fludarabine 90 mg/m?; (188-1141) (11-1V) 44% (D+100); (1 year) (1 year) TBl-only group
18 patients 20AML (5) cyclosporine, mycophenolate (survivors) 17%
[HLA-matched siblings] (1 year)

Abbreviations: aGVHD, acute graft-versus-host disease (grade in parentheses); cGVHD, chronic GVHD; ecGVHD, extensive cGVHD; ATG, antithymocyte globulin; NRM, nonrelapse mortality;

CDA, 2-chloro-deoxyadenosine; DFS, disease-free survival; OS, overall survival, MTX, methotrexate

* Number of patients in each diagnostic group is in parentheses
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One of the few RIC reports including patients withTRM and DFS such that the OS, TRM, and DFS sur-
only myeloid malignancies included 37 patients, 17 witkiival curves do not begin to plateau until after day®00,
AML and 20 with MDS. Conditioning was made up ofwith a suggestion that the curves may merge after 3 to
fludarabine (150 mg/Bhand busulfan (10 mg/kg), with 4 years. The majority of these events in the RIC setting
cyclosporine and short-course methotrexate as GVHippear to be infective in origin, reflecting intense and
prophylaxis. With an advanced median age of 57 yegpsolonged immunosuppression. In contrast, the early
(range, 22-66 years) and a median follow-up of 29&vents in standard conditioning are related to condi-
days, the estimated TRM at 1 year was 5% and prsening-induced toxicity—veno-occlusive disease, sep-
gression-free survival 66%. Most important, but nosis, and aGVHD.
surprising, the estimated DFS in patients with GVHD The omission of high-dose myeloablative
was 58% compared with 13% for those withouthemoradiotherapy as conditioning markedly reduces
GVHD 3¢ the early morbidity hitherto ubiquitously associated with

Conditioning with fludarabine (150 mgfmbusul- allogeneic transplantation. Reduced-intensity proce-
fan (8 mg/kg), and Campath-1G or alemtuzumadures are therefore more tolerable and are safely appli-
(Campath-1H) (100 mg) was used in a series of 23 MD%ble to patients who have been previously ineligible
patients with a median age of 48 years. The estimatit allogeneic HSCT because of age, preexisting in-
TRM at 2 years was 31% with death predominantlfection, organ dysfunction, or other comorbidity. How-
due to opportunistic infections. The 2-year DFS wasver, regardless of the intensity of conditioning, DFS
39% and OS 48%. A direct comparison with a historifollowing allografting still correlates strongly with the
cal group of MDS patients who received “standardMDS subtype, disease duration, the IPSS scores, and
conditioning was made, with the proviso that the 2ytogenetic abnormalitie€s*+-44While with standard
groups of patients are fundamentally different medallograft conditioning the TRM has been demonstrated
cally, especially with respect to age and the presencenclusively to be associated with age and HLA match-
of comorbid conditions. Reduced-intensity conditionethg,”*4*°the impact of these in RIC allografts is less
patients had significantly reduced duration of aplasialear, with some suggestion that HLA mismatches are
less mucaositis, neutropenic fever, antibiotic, analgesimuch better tolerate@3°*°
TPN use, acute and chronic GVHD, and lower early While RIC regimens are associated with a differ-
TRM compared with the standard conditioning groupent spectrum of posttransplant complications, the data
which had a TRM of 50%, and a DFS and OS of 44%.at present confirm that this approach can safely permit

Our current experience with RIC allografts (HLA-donor engraftment and eradication of recipient he-
matched siblings and VUD) in MDS and AML with mopoiesis with an intermediate-term outcome that is
trilineage dysplasia using fludarabine, busulfan, amabt inferior to conditioning regimens of standard in-
alemtuzumab (Campath-1H) now extends to 75 patienttnsity. Longer follow-up and further accrual into RIC
with a median follow-up of 358 days (range, 32-1495ISCT studies for MDS is warranted to determine if it
days). The actuarial OS, DFS, and NRM at 1 year wevéll result in improved disease- and event-free surviv-
69%, 60%, and 18% respectively for all disease groups particularly for the low- and intermediate-risk MDS
Patients in the IPSS-Int-1 group had a DFS at 1 year pditients with long untreated median survivals and low
83%; IPSS-H, 31%; and TLD-AML, 56% (unpublishedrisk of disease evolution. We eagerly await the matura-
data). tion of data from the many studies of reduced-intensity

While it has been generally accepted that patient®nditioning allografts.
with acute myeloid leukemia (AML) with or without
multilineage dysplasia receive induction chemotherapgghimerism Following Reduced-Intensity Allografts
prior to transplant conditioning, there has been littI€himerism studies and the kinetics of donor engraft-
consensus and opinions vary in patients with MDS. Theent are fundamental to our understanding of the
role of “debulking” prior to transplant conditioning hasmechanisms for the eradication of recipient hemopoie-
not been well defined with some studies showing ngis and immune competent cells and the engraftment
statistical difference between the outcomes of patierdsd proliferation of donor hemopoiesis and recovery
who received induction chemotherapy and those whad immune function including the development of
underwent allografting direct®;*® but with other studies GVHD and the invaluable GVL effects. The outcome
demonstrating that the absence of complete remissioroathe allograft is entirely dependent upon donor engraft-
transplant was associated with a poor outc#iiie. ment and the appropriate balance between donor and re-

Although RIC allografts compare extremely favor<cipient chimerism as well as recovery of the immuno-
ably early posttransplant, late events impact upon tlhagical functions associated with transplantatich.
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Various methodologies have been used to assess The kinetics of engraftment following alemtuzumab
guantitatively the relative contributions of donor andCampath-1H)-containing conditioning regimens ap-
recipient hemopoiesis postallografting, including fluopears to differ from other T-cell depleted allografts
rescent analysis of variable number tandem repeadssibly because of its anti-DC efféct. We have noted
(VNTR), short tandem repeat (STR) sequences, aAdpossible temporal patterns of peripheral blood my-
single nucleotide polymorphisms (SN®$jwith vary- eloid (CD15+) and T-cell chimerism (CD3+):
ing sensitivities, which appear to be in the order of ap4. initial full donor chimerism in both lineages at day
proximately 5%. A recent technique using real-time 28, and continued stable full donor chimerism.
guantitative PCR quotes a reproducible sensitivity oR. initial full donor engraftment but loss of T-cell en-
1:1000 cell$® However, the use of STRs or VNTRs is  graftment followed by loss of myeloid engraftment
currently the standard method applicable to most patients. over 2 to 3 months in the absence of cytogenetic or

Increasingly sophisticated cell separation tech- morphological features of relapse.
niques have allowed for detailed assessments of ch8. initial full myeloid engraftment, but incomplete T-
merism within specific cell lines. Particular interest has cell engraftment followed by loss of T cells and
focused upon peripheral blood derived T cells, NK cells, myeloid engraftment over 2-3 months, in the ab-
myeloid cells, and dendritic cells (especially DC2). In  sence of cytogenetic or morphological features of
its simplest form, the appearance of increasing recipi- relapse.
ent chimerism within the pathological cell lines in- 4. initial incomplete engraftment followed by full T-
volved, e.qg., increasing recipient CD34+ cells in AML  cell and myeloid engraftment with withdrawal of
predicted for relaps@:5°-62 immunosuppression (unpublished data).

The kinetics of engraftment within each cell lin-This differs from our experience with standard myeloab-
eage, however, appears to depend upon the conditidetive conditioning in which T-cell and myeloid engraft-
ing regimen used, the source of hematopoietic stement are completely donor by day 28, and remain stable
cells, and posttransplant immunosuppres%iétf®High  in the absence of relapse.

NK cell numbers in the graft are associated with high Chimerism assessments, especially cell lineage-
donor T-cell chimerisrf’ specific chimerism, have developed into an important

Studies have demonstrated that DC2 chimerisnesearch and clinical tool, assisting in the understand-
after HSCT affects the development of GVHD, withing of the kinetics of engraftment in the posttransplant
DCs in patients developing cGVHD being exclusivelgetting, guiding the withdrawal of posttransplant im-
of donor origin®-° munosuppression and the appropriate timely use of DLI

The persistence of a large proportion of recipienh order to achieve full donor chimerism, stimulate the
T cells is predictive of poor engraftmé&nand loss of GVL effect, and ultimately prevent relapse. There is,
donor T cells has been associated with subsequent lbssvever, room for significant advances, and the cur-
of the graft’® Full T-cell engraftment appears to prefent recommendations from the recent Tandem work-
cede myeloid engraftment, the development of GVHhop of the IBMTR and ASBMT should be helpful in
and the GVL effect? However, full donor T and NK achieving these ainté.
engraftment may be associated with a GVL effect in In summary, the recommendations are that chimer-
the absence of GVHDB.T-cell engraftment, however, ism analysis be performed with sensitive and informa-
is not necessarily synonymous with development of Tive methodologies; that peripheral blood cells may be
cell function. more useful than bone marrow; that lineage-specific

In T-cell depleted standard myeloablative allograftshimerism should be the assay of choice in reduced-
for myeloma, TCR Y3 repertoire complexity was dem- intensity conditioning allografts; that chimerism analy-
onstrated to improved more rapidly following donoisis should be performed at 1, 3, 6, and 12 months in T-
lymphocyte infusion (DLI). DLI was also associatectell depleted, reduced-intensity conditioned, or in regi-
with increased numbers of TCR rearrangement exaiens incorporating novel GVHD prophylaxis regimens
sion circles (TRECs) in CD3+ T cells and with converas DLI may depend on chimerism status. In reduced-
sion to complete donor hemopoie&idhis observa- intensity transplantation, the early patterns of chimer-
tion is not universal, with potential interactions betweeism may predict either GVHD or graft loss and more
several peritransplant variables such as conditionifgequent (every 2—4 weeks) peripheral blood chimer-
regimens, type of T-cell depletion, loss of thymic funcism may be indicatet.
tion in adults, exposure to infectious agents, GVHD,
and immunosuppressive treatment contributing to po-
tential delays in the recovery of the T-cell repertéire.
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Immunomodulatory Agents— Analysis of T-cell repertoires of patients with MDS
ATG and Cyclosporine before and after ATG by T-cell receptofM-TCR-V[3)
While MDS is a distinct pathophysiological entity fromspectratype analysis has demonstrated significantly
aplastic anemia, hypoplastic MDS which is characterizexkewed spectratypes, representative of clonal or
by cytopenias, bone marrow dysplasia, and marrogligoclonal T-cell populations between MDS patients
hypocellularity, has been difficult to distinguish fromand healthy controls. Responders to ATG lost promi-
aplastic anemi&:#° The pathophysiology of the cytope-nent skewed peaks on their spectratypes which suggests
nia associated with marrow failure in the 2 conditiong loss of or reduction in overrepresented clonal T-cell
specifically the T-cell mediated immune suppression @opulations, which is also associated with a loss of in-
hemopoiesis, may be similar or even idenfit&®.The hibition of colony-forming units granulocyte-macroph-
immunologically mediated marrow abnormalities ofige (CFU-GMY!%
MDS, however, extend beyond “hypoplastic MDS” into  The presence of a paroxysmal nocturnal hemoglo-
refractory anemia and some cases of RAEB. binuria (PNH) phenotype, i.e., CD55 and CD59 nega-
Evidence of immune dysfunction in MDS includetive granulocytes and erythrocytes, is of pathogenetic
abnormal CD4:CD8 ratios, increased activated cyt@nd prognostic importance in MDS. A significant in-
toxic T-cells as evidenced by a higher percentage ofease of PNH-type cells has been detected in 17.6%
CD8+CD28- and CD8+CD28-CD57+ cells in AA andbf patients with RA. These patients may exhibit dis-
MDS patients compared with controls and skewing dinct clinical features, such as “less-pronounced” red
the T-cell receptor B complimentarity-determining cell dysplasia, more severe thrombocytopenia, a lower
region 3 (CDR3) patterns which would be consistencidence of clonal cytogenetic abnormalities (4.8% vs
with T-cell oligoclonal expansioft®®Immunotherapeu- 32.8%) and a lower incidence of progression to acute
tic agents that inhibit these immune mechanisms pldgukemia (0% vs 6.2%). They also demonstrated a
an important role in the management of the immundigher probability of responding to cyclosporine therapy
mediated marrow failure syndromes in MDS. (77.8% vs 0%) and have a higher prevalence of the HLA-
Antithymocyte globulin (ATG) derived from the DR15 allele (90.5% vs 18.5%)The presence of a PNH
immunization of horses or rabbits with human thoraciclone has been independently demonstrated to be highly
duct lymphocytes suppresses T lymphoc§jtds.has predictive of hematologic improvement following the
been demonstrated to produce clinically meaningful redministration of anti-thymocyte globufih.
sponses in patients with aplastic anemia and MDS. Ap- HLA-DR2 and HLA-DR15 frequencies have been
proximately 34—44% of unselected patients with RAhown to be higher in patients with both RA and aplas-
or RAEB can be expected to become transfusion indiége anemig®®? Both appear to be associated with clini-
pendent within 8 months of a single 4-day course @flly significant positive responses to ATG or cyclo-
ATG 40 mg/kg/day. A higher response rate in patientporine. Patients positive for HLA-DR15 were 8.53
with RA compared with patients with RAEB (64% vstimes more likely to respond, with 68% of HLA-DR15
33%) was observed. In 81% of these, transfusion indgesitive and 59.6% of HLA-DR15 negative patients
pendence was maintained for a median of 36 monthssponding to a combination of ATG and cyclosporine.
(range, 3—72nonths). Of patients with severe thromb-Among the DR15-positive patients,sgonders had a
ocytopenia, 47.5% responded with sustained platelet cotmigher frequency of a PNH clone and were more likely to
improvements and 55% of patients with severe neutrogee younger than 60 years of age. DR15 positive respond-
nia had sustained neutrophil counts of * 1/L. Re- ers were more likely to have a marrow cellularity of <
sponses were associated with a statistically samifi 30%. Other pretreatment variables of statistical signifi-
survival advantag&2° A later study of similar size but cance include a shorter duration of red cell transfusion
in patients with less than 10% blasts demonstrated sindiependence and a younger &ge.
lar results with 50% achieving transfusion independence The administration of cyclosporine alone in patients
and a median duration of response of 15.5 montksth hypoplastic myelodysplastic syndrome has resulted
(range, 2-42 months). Of RA patients, 62% respoffdedn prolonged partial hematological improvemeiit&°
Nonclonal hemopoiesis, as demonstrated by la vitro cyclosporine significantly decreased the num-
nonclonal X-chromosomal inactivation pattern inferrindpers of interferory-expressing CD4 cells, but not Fas-
the absence of a predominant dysplastic/malignant clotigand production,with 8 of 11 patients with hypoplas-
was associated with a favorable response to ALG/AT®& MDS responding®
in 4 female patients with low-risk MDS. Three of the 4  The significant toxicity profile of ATG, however,
had a demonstrable nonclonal XCIP which did not changeandates that potential patients be carefully selected
significantly after treatment with ATG/ALG. to maximize the probability of respoA%eand appro-
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priately supported to minimize the morbidity associ3. Pruneri G, Bertolini F, Soligo D, et al. Angiogenesis in

ated with the administration of ATG particularly that myelodysplastic syndromes. Br J Cancer 1999: 81:1398-1401.
f th b t . ’ : tlﬁll' Aguayo A, Kantarjian H, Manshouri T, et al. Angiogenesis in

0_ severe rom OCy opgnla, |mmunosuppre55|on, € acute and chronic leukemias and myelodysplastic syndromes.

risk of opportunistic infections, and serum sickness syn- Blood 2000; 96:2240-2245.

dromes. At present, the evidence appears to supportsitsD’Amato RJ, Loughnan MS, Flynn E, Folkman J. Thalidomide

use in refractory anemia patients less than 60 years offggz_'gfég;t%%fza;‘gé‘;ge“es's- Proc Natl Acad Sci U S A.

age wh.o are HLA-DR15 positive with a bone MAITOVK  Samnaio EP, Samo EN, Gallily R, Cohn ZA, Kaplan G.

cellularity of < 30%, a detectable PNH cone, and Who thalidomide selectively inhibits tumor necrosis factor alpha

do not have evidence of clonal hemopoiesis by con- production by stimulated human monocytes. J Exp Med

ventional cytogenetics or clonality studies. 1991;173: 699-703. o , ,
7. Moreira AL, Sampaio EP, Zmuidzinas A, Frindt P, Smith KA,

. . Kaplan G. Thalidomide exerts its inhibitory action on tumor
Targeting Tumor Necrosis Factor necrosis factor alpha by enhancing mRNA degradation. J
TNFa is an immunomodulatory cytokine that potenti-  Exper Med. 1993;177(6):1675.
ates the effects of gamma-interferoplEN) and in- 8. Turk BE, Jiang H, Liu JO. Binding of thalidomide to alphal-

: : ;i acid glycoprotein may be involved in its inhibition of tumor
SEE(BCZIII:S&:;E??II\IFFIE Lea?seggreﬁ;(ﬁ:ﬁi)sl;gryIgchieryot‘)c)OI necrosis factor alpha production. Proc Natl Acad Sci U S A.
: o ) 1996;93(15):7552-7556.

wards hematopoiesis. THevels have been demon-9. Raza A, Meyer P, Dutt D, et al. Thalidomide produces
strated to be elevated in patients with MDS and have transfgsion independence in ang-standing refractory anemias
been shown to play a major role in the apoptosis of gggi‘fggtgss‘év'g’6g1ye'°dysp'as“c syndromes. Blood.
hemopoietic cells in MD@'S_lllThe inhibition of TNE] 10. More,no—.Aspitia A Geyer S, Li C, et al. N998B: Multicenter
therefore appears to be a legitimate target for directed phase i trial of thalidomide (Thal) in adult patients with
therapy. At present, there are 2 anti-DN\&gents avail- myelodysplastic syndromes (MDS). Blood. 2002;100:96a.
able for clinical use, with limited data available in MDS11: chf)ratt F, fStrr:etIt')(; Vi %U“_ D, e:_a'-tTh?tﬁ“”'Cal' %“d bl'o'?_g'ca'

. . effects o alldomiae In patients with myeloaysplastic

Etanercept is a soluble recombinant TNF-receptor
. . . . o . . syndrome. Br J Haematol. 2001;115:881-894.

fusion protein which binds and eliminates biologicallyi. steins MB, Padro T, Bieker R, et al. Efficacy and safety of

active TNFx in vivo. While it has excellent clinical ac-  thalidomide in patients with acute myeloid leukemia. Blood.

tivity in rheumatoid arthritid!? its clinical activity in 2002??9(3)3834|- | | Difterential evioki
MDS appears to be low with little demonstrable corre->: €0'al LG, Haslett PA, Muller GW, et al. Differential cytokine
. . . 113115 modulation and T cell activation by two distinct classes of
lation O_f 'efflcaf:y with prethgrapy TNFIeveIS- thalidomide analogues that are potent inhibitors of TNF alpha.
Infliximab is an IgGk chimeric anti-TN mono- J. Immunol. 1999;163:380-386.

clonal antibody composed of human constant and mi#- Davies FE, Raje N, Hideshima T, et al. Thalidomide and

; ; ; ; o immunomodulatory derivatives augment natural killer cell
rine variable regions that bind specifically to ToNRt cytotoxicity in multiple myeloma. Blood. 2001;98:210-216.

has impressive activity in the inflammatory arthropass gichardson PG, Schiossman RL, Weller E, et al.
thies'®!7In MDS, however, it has only been evalu-  immunomodulatory drug CC-5013 overcomes drug resistance
ated in 2 patients with low- and intermediate-risk MDS and is well tolerated in patients with relapsed multiple

who had elevated TNFlevels and a high apoptotic _ myeloma. Blood. 2002;100(9):3063. .
ind Infliximab th lted i . d .16. List AF, Kurtin SE, Glinsmann-Gibson BJ, et al. High
Index. Infhxima érapy resulted In a major and a mi- erythropoietic remitting activity of the immunomodulatory

nor erythroid response, with a remarkable decrease in thalidomide analog, CC5013, in patients with myelodysplastic
the percentage of apoptotic marrow stem cé&llg syndrome (MDS). Blood. 2002;100(11): 96a.

series of further studies is currently under way and tHg- List AF, Tatcelz \IN’tG”r;rswn}%nn_%ibson :3, ngesro?éT'hﬁ'b't
. Immunomoaulatory thalidomide analog INNIDITS
results of these are eagerly awaited. trophic response to VEGF in AML cells by abolishing
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