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Multiple Myeloma

Jean-Luc Harousseau, John Shaughnessy, Jr., and Paul Richardson

High-dose therapy with stem cell transplantation
(SCT) and novel targeted therapies (thalidomide,
its more potent analogues, and bortezomib)
represent two approaches for overcoming
resistance of multiple myeloma (MM) cells to
conventional therapies. While it is now clear that
dose-intensification improves the outcome in
younger patients, long-term remissions are
obtained in a minority of patients. Therefore, the
impact of novel agents as part of front-line
therapy is the objective of ongoing trials. Gene
expression profiling (GEP) will help to improve
the management of MM not only by identifying
prognostic subgroups but also by defining
molecular pathways that are associated with
these subgroups and that are possible targets for
future therapies.

In Section I, Dr. John Shaughnessy describes
recent data obtained with GEP of CD138-purified
plasma cells from patients with MM. His group
has already shown that overexpression of the
Whnt signaling inhibitor DKK1 by MM plasma
cells blocks osteoblast differentiation and
contributes to the development of osteolytic
bone lesions. Recent data allow identification of
four subgroups of MM in which GEP is highly
correlated not only with different clinical charac-
teristics and outcome but also with different
cytogenetic abnormalities. In addition, abnormal
expression of only three genes (RAN, ZHX-2,
CHCLL) is associated with rapid relapses. In the
context of intensive therapy with tandem
autotransplantations, this model appears to be
more powerful than current prognostic models
based on standard biologic variables and cytoge-
netics. Understanding why the dysregulation of
these three genes is associated with a more
aggressive behavior of the disease will help to
define new therapeutic strategies.

In Section II, Dr. Jean-Luc Harousseau
presents recent results achieved with tandem
autologous SCT (ASCT) and with reduced
intensity conditioning (RIC) allogeneic SCT.
ASCT is now considered as the standard of care
in patients up to 65 years of age. The IFM
(Intergroupe Francophone du Myelome) has
recently shown that double ASCT is superior to
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single ASCT. Current results of three other
randomized trials confirm that double ASCT is
superior, at least in terms of event-free survival.
However, patients with poor prognostic features
do poorly even after tandem ASCT. Strategies to
further improve the outcome of ASCT include
more intensive therapies and the use of novel
agents such as thalidomide and immuno-
modulatory analogs (IMiDs) or bortezomib.
Results of allogeneic SCT remain disappointing
in MM even with T cell-depleted grafts. Prelimi-
nary results of a strategy combining ASCT to
reduce tumor burden and RIC allogeneic SCT are
encouraging, although the follow-up is still short.
However, again, patients with chromosome 13
deletions have poor results with RIC. Longer
follow-up of ongoing multicentric studies will
help to clarify the indications of RIC.

In Section Ill, Dr. Paul Richardson summa-
rizes current knowledge of novel targeted thera-
pies in MM. A better understanding of interac-
tions between MM cells and bone marrow
stromal cells and of the signaling cascades
whereby cytokines mediate proliferation, sur-
vival, drug resistance and migration of MM cells
provide the rationale for testing novel agents in
relapsed/refractory MM.

Increased angiogenesis coupled with the
known anti-angiogenesis activity of thalidomide
justified its use in refractory MM. The remarkable
responses initially achieved prompted a number
of clinical studies in different indications and the
development of more potent IMIDs. Among them
CC-5013 (Revlimid ®) has been tested in Phase /Il
studies and a randomized Phase Il study has
just been completed.

Blockade of NF- kKB using the proteasome
inhibitor bortezomib (Velcade ®) may mediate
anti-MM activity by inhibiting interleukin (IL)-6
production in stromal cells and other mecha-
nisms of action have been shown in preclinical
studies. Based on the promising results of the
Phase Il trial, a large randomized trial of
bortezomib versus dexamethasone has been
completed. Studies of bortezomib combined with
other drugs are ongoing.

Arsenic trioxide has a number of properties
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showing that it targets MM cells interacting with transplants yielding complete remission (CR) rates in
the microenvironment. Clinical studies are excess of 60%, survival ranges from a few months to
ongoing as well. Other agents in MM have greater than 15 years. The extended time (almost 2
]?rlc:‘fna‘tj%’ebgs:cﬁrt;"':'hgrgzggi'é’ek.’e translated soon years) for those patients to achieve CR, and the even
longer time to achieve magnetic resonance imaging
(MRI)-CR, strongly suggests enormous tumor cell

I. TowarD THE Use oF GENE EXPRESSION population heterogeneity in terms of drug responsive-
PrROFILING IN THE CLINICAL M ANAGEMENT OF ness/resistance.
MuULTIPLE M YELOMA Traditional prognostic factors, such g2-
microglobulin 32M), albumin, and C-reactive protein
John Shaughnessy, Jr., PhD* (CRP), account for only 15%-20% of outcome hetero-
geneity. Abnormal metaphase karyotypes, present in
Multiple Myeloma: The Disease, one-third of newly diagnosed patients and reflecting
Its Therapy and Prognosis stroma independence, have been consistently associated

Multiple myeloma (MM) is associated with a constellawith a rapidly fatal outcome, and fewer than 10% of
tion of disease manifestations, including osteolytic lg?atients with these abnormalities survive > 5 years.
sions due to uncoupled bone metabolism, anemia and Recent advances in molecular cytogenetics have
immunosuppression due to loss of normal hematopdglentified primary translocations involving the immu-
etic stem cell function, and end-organ damage due f@globulin heavy chain locus at 14932 in 40% of pa-
monoclonal immunoglobulin secretiéithe presence tients® According to a consensus report of a recent Paris
of somatic hypermutations of the immunoglobulin variworkshop on myeloma genetics, hyperdiploid and
able region genes in myeloma plasma cells suggests ta#;14)(q13,g32)-positive myeloma are associated with
malignant transformation occurs in a B cell that hag good prognosis, whereas non-hyperdiploidy, often as-
traversed the germinal centers of lymph nodes. Hoociated with translocations other than t(11;14) and
ever, the hypoproliferative nature of myeloma has leghromosome 13 deletion, imparts a strikingly dismal
to the hypothesis that the bulk of the tumor arises froRfOgnosis.
a transformed B cell with the capacity for both self-
renewal and production of terminally differentiated>ene Expression Profiling of Myeloma
progeny?- Gene expression profiling (GEP) has become a routine
The clinical course of patients requiring therapynethOd for the detailed analysis of gene activity in nor-

for myeloma varies markedly. Even with tandem autdhal cell development and the disease process. We have
used comparative GEP with a limited number of genes

(~6800) from CD138-enriched plasma cell RNA, ob-
tained from patients with newly diagnosed myeloma,

* University of Arkansas for Medical Sciences, Myeloma patients with monoclonal gammopathy of undetermined
Institute/Lambert Laboratory of Myeloma, 4301 West Markhamsignificance (MGUS), and normal healthy subjects, to
St., Little Rock AR 72205 identify genes that might play a role in the initiation

Acknowledgements: | would like to acknowledge Bart Barlogie and progression of myelonta.rhese studies revealed

(1,2), Fenghuang Zhan (1,2), Yongsheng Huang (L,2), Hongv\mat newly dlagnos_ed myeloma could be c_IaSS|_f|e_d into
Xu (1,2), Erming Tian (1,2), Ichiro Hanamura (1,2), Madhumitafour subgroups, with the two extremes being similar to
Santra (1,2), Sushil Gupta (1,2), Anthanasios Fassas (1), Klagither MGUS or myeloma cell lines. The myelomas
Hollmig (1), Choon Kee-Lee (1), Giampaolo Talamo (1), with a myeloma cell line—like GEP signature also tended
(Rl?yg‘l:?”dZhe_”u!ie?l()l)gr_iés \fr_‘ Rh(el? (})'ﬁ Ma“gZiO Za’;g;‘” to have poor-risk features at presentation, such as el-
, Ellias Anaissie (1), Guido Tricot (1), Jeffrey Sawyer (3), .
Yupo Ma (3), Ronald Walker (4), Erik Rasmussen (5), William evated.serunﬁ;ZM (>4 mg/mL) and cytogenetic ab-
Barlow (5), and John Crowley (5). | would also like to thank th@orma“t'es' These studies also _reYea'_ed that, whereas
research and clinical staff of both the Lambert Laboratory and MGUS and myeloma could be distinguished from nor-
MIRT for their invaluable contributions to this study. mal plasma cells, these two conditions were difficult, if
not impossible, to differentiate from each other. It is curi-
Donna D. and Donald M. Lambert Laboratory of Myeloma  gys that MGUS appears to harbor all the hallmarks of
Genetics (1), Myeloma Institute for Research and Therapy ot malignancy, yet this condition rarely converts to
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Radiology (4), University of Arkansas for Medical Sciences, overt myeloma requiring systemic therdpihese data

Little Rock, AR: and Cancer Research and Biostatistics, SeattiSuggest that changes in the bone marrow microenviron-
WA (5). ment or failure of immune surveillance, rather than a ge-
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netic change in the tumor cell, may account for the maells directly contribute to the development of osteolytic
lignant conversion of this benign plasma cell dyscrasiabone lesions in this disea%e.

Although myeloma manifests itself at the terminal
differentiated stage of the B cell lineage, there is mudhene Expression Profiling to Model the
speculation about the actual origins of the disease. Thus, Effectiveness of Tandem Autotransplantation
to place myeloma in the context of plasma cell differ- for the Treatment of Myeloma
entiation, we determined the molecular signatures &EP has been used to develop risk-adapted prognostic
cells representing the late stages of human B cell devetodels for leukemias and lymphont&® The highly
opment and showed that the GEP-defined high-risk formariable outcome in patients with MM, with very little
of myeloma (described above) has a tonsil B cell-likef this variability being accounted for by current labo-
signature, whereas cells with low-risk features tend tatory tests, prompted us to investigate if GEP could
be either bone marrow or tonsil plasma cell-Hké EP  better model event-free (EFS) and overall (OS) sur-
profiling of CD138-selected plasma cells and CD19ival in this disease as well. The GEP studies to be de-
selected B cells from the bone marrow of patients witscribed are on CD138-enriched (> 90% CD3845)
Waldenstrdm’s macroglobulinemia revealed that bothlasma cells from bone marrow aspirates taken from
compartments exhibit signs of malignancy, with th@ewly diagnosed myeloma patients entering the National
plasma cells having either a tonsil plasma cell-like or@ancer Institute—sponsored Phase Ill clinical trial (To-
myeloma-like GEP signatufé.Taken together, these tal Therapy Il), which enrolled 660 patients from 1998
data support the concept that Waldenstrom’s macroglm 2003. In addition to tandem transplants with
bulinemia, and possibly myeloma, may be derived frommelphalan (200 mg/fj Total Therapy Il also random-
either terminally differentiated cells with various deized patients upfront to thalidomide or no thalidomide
grees of plasticity or from cells transformed at distincnd provided one year of intensive consolidation therapy
stages of late-stage B-cell differentiation, with the abiland an additional year of dexamethasone maintenance.
ity to self-renew and produce progeny with partiallysince 2000, we have performed GEP on pretreatment
differentiated phenotypes and transcriptome profilesplasma cells from 351 consecutive patients entering the

Nearly 40% of myelomas harbor one of five recurTotal Therapy Il trial with a median follow up of 25
rent chromosomal translocations involving the immumonths.
noglobulin heavy IGH) chain locus. Given the tran- The following is a brief synopsis of studies aimed at
scription-activating nature ¢GH translocations, GEP developing clinically relevant risk-adapted prognostic
represents a valuable tool for identifying all myelomamodels for myeloma using gene expression signatures.
specificlGH translocation$?*3Furthermore, genes that
exhibit highly correlated expression patterns with thesénsupervised Hierarchical Clustering of Global
activated oncogenes may point to downstream targets Gene Expression Patterns of Pretreatment
of the deregulated genetic pathways resulting from their Myeloma Plasma Cells Defines Biological
hyperactivation. Approximately 50% of myelomas har- and Clinical Subgroups
bor deletion of chromosome 13, and this abnormalitynsupervised hierarchical cluster analysis, based on a
is linked to poor survivélWe have mapped a putativeset of 4580 highly variable genes from ~10,000 tested
myeloma tumor suppressor gene to a minimal regidSD = 0.6) genes, segregated 221 myelomas into four
of deletion at 13q14, and we have recently used a codiscrete subgroup$igure 1; see Color Figures, page
bination of triple-color-interphase fluorescence in sit$10). These groups were characterized by significant
hybridization (FISH) and GEP to predict, with a higtdifferences in genetic features, such as chromosome
degree of accuracy, chromosome 13 deletion by GERidy (P < 0.01), trisomy 11K < 0.001), and 1432
alone!**s Finally, we have used GEP to investigate th&GH translocationsK < 0.01), as well as by clinical
mechanisms by which myeloma plasma cells contrilparameters, such as IgA isotype, albumin (< 3.5 g/dL),
ute to the development of osteolytic bone lesions. Corfi2M (> 4 mg/L), creatinine (> 2 mg/d), MRI lesions
parative GEP between myeloma patients with and witliP < 0.05), and EFSP(= 0.002) and OSR = 0.06).
out bone lesions demonstrated that elevated expression In the current unsupervised hierarchical cluster
of the Wnt signaling inhibitoDKK1 by myeloma analysis, we noted a nonrandom distribution of spiked
plasma cells is highly correlated with bone disease aeapression of recurrent translocation partners within the
that treatment of osteoblast precursors with serum frodendrogram-defined subgrougSidure 2; see Color
myeloma patients with high serudKK1 could block Figures, page 511). The data revealed that 26 of 30
BMP2/Wnt-induced differentiation of these cells intaCCND1spikes were clustered in one subgroup whereas
osteoblasts, suggesting a mechanism by which myelor2& of 32 MMSET/FGFR3 4 of 5MAF, and 3 of 4
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MAFB spikes were all located in the same clustenodeling of gene expression on EFS in 212 newly di-
branch CCND1lexpression, either low-level expressioragnosed myeloma patients using data from U95Av2
associated with chromosome 11 trisomy and hyperdipticroarray (~10,000 genes). The median follow-up at
loid karyotypes or spiked expression linked to théhe time of this analysis was 20 months. There were 34
t(11;14)(p13;932) translocation and presence of noevents representing either disease-specific death or pro-
mal karyotypes, defined two distinct subgroups witlgression/relapse. EFS was modeled by using standard
relatively low risk for relapseFjgure 3). Elevated ex- prognostic values as well as by GEP using the Affy-
pression of proliferation-associated genes, whether imzetrix signal. A generalized estimate éf\Rs obtained
hyperdiploid or hypodiploid karyotype dWMSET/ by using the approach suggested by Cox and 3nell.
MAF/MAFB, defined two poor-prognosis subgroupsGene expression values considered were based on sig-
The MMSET/MAF/MAFBgroups was more frequently nificance of univariate association with EFS. The me-
associated with hypodiploid karyotypes, an IgA isotypalian signal call was used as a cut point prior to model-
increased incidence of 14q32 translocations by FISkhg inclusion. The 100 genes most significantly associ-
and reduced incidence of MRI lesions, whereas traed with EFS based on the score test were potential
CCND1spike group was significantly associated wittvariables in multivariate modeling. Using standard prog-
normal cytogenetics. Taken together, our results highestic variables only, the model that best fit disease-
light the relationship between the transcriptome, cytespecific EFS was FISH13 (chromosome 13 deletion
genetics, and the biological and clinical features afetected by FISH) and the presence of chromosomal
myeloma. These findings extend and refine our previtonormalities (CA).

ous gene expression classification system and provide Adjusting for CA and FISH13, three geneRAN
further evidence that distinct molecular entities of myZHX-2, andCHC1L—were simultaneously significant,

eloma exist. each at thé < 0.005 level. After adjustment for other
model variables, patients with higfANexpression had
Cox Regression Modeling of Gene Expression increased risk of event while patients with hEfHX-2
Patterns in Pretreatment Plasma Cells | denti- or highCHC1L had decreased risk of event. After ad-

fies Three Genes Associated with Rapid Relapse  justing for these three genes and each other, FISH13
Because microarrays are not likely to become routingatients had an increased risk of event but those with
clinical tests, comprehensive global GEP studies wilCA did not. Rfor the FISH13 and CA model was 30%.
probably be used to identify a small subset of gendhe Rvalue for theRAN, ZHX-2andCHC1L model
whose expression can be applied in the developmentedis 66%. It is important to note that each of these genes
gene-based risk-adapted patient stratification, as has béas independent prognostic influence, so the combina-
recently done in lymphontaWe used Cox regressiontion of RANoverexpression and loss of expression of

OS by Group- Four Group Model EFS by Group - Four Group Model
100% - 100% =y
; ] . ‘|‘_‘1‘ i
80% = | 80% =
1 b 11} ] e ]
= m
60% - 60% =
40% - 2y " %
0% Deaths /N Estimate o 2-Year
11 6/66 82% (67,97 ] Events /N  Estimate
20%4 Il 7/56  90% 132,93] Logrank 20%q | 1% 8% 03 Logrank
Il 11/49 73% (58,89 Il 9/56 84% (73,95
| A LT y P-value = .06 4 m 15/49 62% (45,79) P-value = .0002
% 3 7 7 7 ] % 3 7 7 3 ]
Years from Enroliment Years from Enroliment

Figure 3. Outcome in gene expression profiling (GEP)—defined myeloma subgroups.

Kaplan-Meier plots of overall survival (OS) (left panel) and event-free survival (EFS) (right panel), dated from initiation of Total
Therapy I, according to the GEP subgroups. Numbers in brackets indicate 95% confidence interval. Note that risk of relapse is
significantly different between the groups. As expected, Group IV has the shortest EFS, Group Il exhibits an intermediate risk, and
Groups | and Il, which are essentially the same, have the best prognosis. Although the OS is not currently significant, a trend
similar to the EFS is evident. Groups |-V are defined as above. The cumulative number of patients does not equal 221 due to
removal of patients who had a diagnostic gene array but failed to start the protocol.
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100% n = 45) and a low-risk entity (all remain-
| P <.0001 R2 = 67% ing cases; n = 165F(gureb, left panel).

\ Events/N at2 Yr In this population, there were 30 events
%80/" ) REZIC: 28148 0% in the 45 high-risk patients (66%) and
9 R+/Z+/C- 8160 15% . . .

@ or R+/Z-IC+ 30 events in the 165 low-risk patients
60% - R-1Z+/C+ 3143 a% (18%) (P < 0.0001). We next calculated
2 ' the EFS based on the combination of
Qw% i GEP risk groups and CAc(gure5, right
g R+Z+/C- panel). EFS rates were not significantly
2 or different between high-risk and low-risk
20% RHZJC+ disease with and without CA. However,
R-IZ+IC+ . _ , ,
-/Z+IC- 0 high-risk and low-risk disease groups
0% J 4 RelZC were significantly different irrespective
0 1 2 3 4 5 of the presence of CAP(< 0.0001).

Years from Start of Protocol Therapy

Figure 4. High-risk myeloma defined by expression of three genes.

Cumulative incidence of event-free survival defined by the various combina-
tions of expression of three genes. Note that only high RAN/low ZHX-2/low

CHCI1L shows dismal prognosis. It is important to note that the three-gene

combination accounts for 66% of patient outcome variability. The best current

models are near 30%.

RAN, ZHX-2, and CHCI1L

Function Provides Insight into

How These Genes Might Impart a
High-Risk Phenotype

RAN which maps to 6p21, is a member
of the Ras family of GTPase proteins that
has a role in many aspects of cell biol-
ogy, including shuttling protein and RNA

ZXH-2andCHC1L represents a much more powerfuin and out of the nucleus as well as regulating chromo-

model than any other combinatioRigure 4).

some condensation, spindle formation, nuclear assem-

We next compared the EFS between a high-rigy, and cell-cycle progressiéhZ® During interphase,
entity (patients whose plasma cells expeaédlabove RANpromotes nuclear localization signal-mediated pro-
the median an@HX-2andCHC1L below the median; tein import through the association and dissociation of

GEP Alone GEP + CA Events/ N
Events/N Low Risk/ CA 111743
Low Risk 30/ 165 High Risk/ No CA 12/18
100% = High Risk 30/ 45 100% High Risk/ CA 18 /25
80% - ow Risk 80%- b "
60% _ 60%- LOWR'IS kICA
0% 4 High Risk 40%4 High Risk/ No CA
20% - 20%- —— High Risk/ CA
{1 P <.0001 1 P <.0001
0% —T T T T 1 0% T B T ]
0 1 2 3 4 5 0 1 2 3 4 5

Years from Start of Protocol Therapy

Years from Start of Protocol Therapy

Figure 5. Gene expression profiling (GEP) model defines a high-risk disease and is not affected by presence of

abnormal cytogenetics.

Left panel presents Kaplan-Meier curves for high-risk myeloma (high RAN/low ZHX-2/low CHCIL) and low-risk myeloma (all
others). The right panel shows Kaplan-Meier curves for high-risk and low-risk disease with respect to the presence or absence of
any cytogenetic abnormalities (CA). Note that the model is not influenced by CA, implying that GEP high-risk myeloma is a more
robust indicator of poor prognosis than the current best prognostic variable.
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transport complexes. A complex containing aster-prgortant implications as the NF-Y complex is a master
moting activities, importiro/importin 3, forms in the transcriptional regulator of many genes involved in cell-
cytosol and translocates across the nuclear pore. In thele control and proliferation, includinGgCNB1,
nucleus, Ran-GTP binds to imporfirand dissociates CCNB2, CCND2, CDC2, CDC25, TOP2A, Tkhd
the transport complex. Ran-GTP and impotshuttle  others. We have shown that there is a negative correla-
back to the cytosol, where Ran-GTP is hydrolyzed hiyon betweerZ HX-2 expression and the expression of a
cytosolic RanGAP1 and RanBP1, to form Ran-GDRanel of 30 proliferation-associated genes, including
The polarized distribution of Ran-GTP across the nuclegenes known to be positively regulated by NFFYg¢
envelope is maintained by the compartmentalization af e 6; see Color Figures, page 512). The géhX-2
RCC1 (RanGEF), RanGAP1, and RanBP1. The localhaps to 8g24.3, very near thiy Concogene. We have
ization of RCC1 on chromatin promotes microtubul@reviously shown that the loss of chromosome 8 by
assembly in mitosis. During mitosis, importnand cytogenetic analysis imparts a very high risk of relapse,
importin B sequester APA in an inactive form in re-but not to death when patients are treated with high-
gions where Ran-GTP is low. Increased levels of Radese therapy and peripheral blood stem cell transgfants.
GTP near the chromosome promote local disassemieduced expression @HX-2was linked to poor sur-
of APA components from complexes containingival in Total Therapy II, which, based on its chromo-
importin o and importinB. In high Ran-GTP regions, somal locus, may provide a mechanistic explanation
importin 3 associates with Ran-GTP, maintaining it irfor why loss of chromosome 8 by conventional cytoge-
an inactive state until RanGAP1 and RanBP1 catalynetics imparted such a high risk in Total Therapy I.
Ran-GTP hydrolysis. After dissociation from importin  As would be expected from the results of ZihéX-
complexes, APA becomes active in promoting micra2 correlation studies, overexpression of proliferation-
tubule assembl¥. associated genes is also linked to poor survisigiuf e

The CHC1L gene CHromosomeCondensatiord- 7). Given the link betweeAHX-2loss and rapid devel-
Like, also called E4.8)maps to 139g14.3 in a regionopment of resistance in myeloma to combination che-
suspected to harbor a tumor suppressor gene for nmgetherapy, it is noteworthy that NF-Y—mediated trans-
eloma®*2*3°Although we have evidence that the chroactivation of the human ribonucleotide reductase sub-
mosome 13 tumor suppressor gene maRB&® this  unit M2 is related to Gemcitabine resistaffCEhe tran-
has not been proven. RedudeHC1L expression has scription factor homeobox BHOXB4 gene is prefer-
emerged as an integral component of a three-gene moeletially expressed in immature hematopoietic cells and
for high-risk disease, and, consequently, it must be coimplicated in the transition from primitive hematopoiesis
sidered as a potential candidate tumor suppressor getoedefinitive hematopoiesis as well as in immature he-
Although the function of the product &HC1L has matopoietic cell proliferation and differentiation. Re-
not been completely described, it is a homologue eoknt studies have shown that NF-Y cooperates with
RCC1 which, as pointed out above, is the GTP eXJSF1/2 to induce the hematopoietic expression of
change factor (GEF) fdRAN3! CHC1L has been pro- HOXB4%* Thus, it is possible that myeloma cells that
posed to be a candidate tumor suppressor gene in blotbeZXH-2 upregulatdHOXB4 and these cells acquire
B-CLL®* and prostate canc&Thus, a loss of function a stem cell-like phenotype and resistance to chemo-
of CHC1Lmay somehow influence the functior”RAN therapy. The mechanism by whigXH-2 expression is
and, together with the increased expressidRAifland reduced and its potential function in multiple myeloma
loss of ZHX-2, may impart the aggressive phenotypare currently under investigation.
on myeloma with this particular gene expression pat-
tern. The poor MSK phenotype is conferred only b¥onclusion
genetic interaction, in that gainRANor loss oCHC1L Unsupervised hierarchical cluster analysis of gene ex-
alone does not confer the aggressive phenotype. We pression patterns in CD138-enriched plasma cells from
currently investigating whethaEHC1L may have a untreated myeloma patients allowed the identification
RanGEF function in myeloma, if myeloma with acti-of four subgroups of patients whose GEP signatures
vatedRANand loss ofCHC1L has an altered ratio of are highly correlated with distinct cytogenetic abnor-
nuclear and cytoplasmiRAN and whether levels of malities, clinical parameters, and survival after high-
Ran-GTP in the nucleus are altered in cases or/altergolse therapy with peripheral blood stem cell transplant.
CHCTL. These data lend credence to the concept that multiple

ZHX-2 the third gene in the model, has recentlynyeloma consists of multiple disease entities with dis-
been cloned and has been shown to be a negative retiuet mechanisms of transformation, as evidenced by
lator of the NF-Y transcription factét.This has im- the highly coordinated gene expression changes seen in
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Figure 7. Elevated expression of cell cycle- and proliferation-associated genes is associated with poor event-free
survival (EFS) (left) and overall survival (OS) (right).

Kaplan-Meier curves based on the four quartiles of CCNB1 (top), PCNA (middle), and BUB1B (bottom) gene expression. Q1 is the
lowest quartile and Q4 is the highest. Note that all Q4 patients tend to do poorly.

each subtype. It is currently not clear whether this cpromoting the more effective application of current
ordinated subgroup-specific expression occurs througirerapies and provide the framework for the develop-
the deregulation of distinct molecular pathways. Howment of novel therapeutic strategies based on common
ever, if confirmed, these data could provide a framenolecular features of each distinct subtype.

work for the development of novel therapeutic inter- Please note that data described here are prelimi-
ventions based on the molecular biology of disease sutary and based on the use of microarrays containing
types. Our experience over the last five years with thel2,000 genes in a population of 221 patients. These
prospective application of genomic analysis of tumanodels represent the most current iterations in our at-
cells from a uniformly treated population at diagnositempts to create a genomic classification of myeloma
and follow-up suggests that myeloma is amenable &md have not been validated.

genomic classification. We firmly believe that a mo-  Note in proof: Since writing this chapter, we have
lecular classification of myeloma will prove useful indeveloped and validated a molecular classification
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schema of MM using 351 newly diagnosed patients prtients with newly diagnosed MM up to the age of 65.
filed with the U133Plus2.0 microarray. This new analysiBollowing this publication, the number of ASCT per-
benefited from a near doubling of the number of pdermed worldwide as part of front-line therapy in
tient samples and a tripling of the number of gengsunger patients increased dramatically. However some
analyzed (~33,000 vs ~12,000) compared to past stumbncerns remained until last year when the IFM90 re-
ies. These results will be presented in the near futursults were fully confirmed by a larger trial published
by the British Medical Research Council (MR®ther
[1. STEM CELL TRANSPLANTATION IN randomized trials have been presented in meetings but
MuLTIPLE M YELOMA not yet publishe&® Although the details of CC and of
HDT varied, the general outline of these studies were
Jean-Luc Harousseau, MD,* Michel Attal, MD, the same, except for the Spanish group trial where only

Thierry Facon, MD, Hervé Avet-Loiseau, MD,  patients responding to their initial CC were random-
and Philippe Moreau, MD ized. The results of all these trials are summarized in

Table 1.
Multiple myeloma is one of the diseases in which the CR defined either by a negative immunofixation
impact of dose intensity has been demonstrated. Conéisde CR) or by a negative electrophoresis (near CR)
quently, in 2002 MM was the first disease for whictwas significantly more frequent after HDT, except in
autologous stem cell transplantation (ASCT) wathe US Intergroup Study where the CR rate obtained
deemed indicated in Europe. On the other hand, thdth CC was higher than expected (15%). Median EFS
results of allogeneic SCT remain disappointing due wwas always longer with HDT compared to CC (4-12
high transplant-related mortality, increasing the neg#ionths). The difference was significant in 5/6 trials
to explore strategies such as reduced-intensity condéxcept in the Spanish trial, where patients refractory
tioning. The introduction of novel agents such as thalto initial CC were excluded). The median EFS is re-
domide, bortezomib (Velca8eor revlimid (Revlimi®)  markably constant (25-31 months). It is more difficult

will probably change the field in the next few years. to analyze OS results since OS partly depends on sal-
vage therapy. However, median OS was significantly

Autologous Stem Cell Transplantation longer in the three studies where differences in EFS
were more marked. In all studies procedure-related

Autologous stem cell transplantation death rate was < 5% and not greater than that observed

versus conventional chemotherapy with CC. From this large experience one can now con-

The Intergroupe Francophone du Myelome (IFM) wasglude that HDT supported by ASCT is the standard of
the first, 8 years ago, to demonstrate the superiority edre of patients with newly diagnosed MM, at least up
high-dose therapy (HDT) supported by autologous boite the age of 65.

marrow transplantation (BMT) compared to conven-

tional chemotherapy (CC) for MMIn this random-
ized IFM9O0 trial HDT significantly increased the com- Hotel Dieu, Place Alexis Ricordeau - BP 1005; CEDEX 01,
plete remission (CR) rate, the EFS and the OS in pRantes 44093, France

Table 1. Autologous stem cell transplantation versus conventional chemotherapy. Results of randomized trials.

CR Rate Median EFS Median OS
Study No. of (%) (months) (months)
(reference) Patients Age (CC vs ASCT) p value (CC vs ASCT) p value (CC vs ASCT)  p value
IFM90 (1) 200 <65 5 vs 22 <0.001 18 vs 28 0.01 44 vs 57 0.03
MRC7 (2) 401 <64 8 vs 44 < 0.001 19 vs 31 <0.001 42 vs 54 <0.001
MAG91 (3) 190 55-65 19 vs 25 0.05 45 vs 42 NS
PETHEMA (4) 164 <65 11 vs 30 0.002 34 vs 42 NS 67 vs 65 NS
USIG (6) 50 15 vs 17 NS 21 vs 25 0.05 53 vs 58 NS
IMMSG (5) 195 50-70 7 vs 26 < 0.0001 16 vs 28 0.0036 43 vs 58+ 0.0008

Abbreviations: ASCT, autologous stem cell transplantation; CC, conventional chemotherapy; IFM, Intergroupe Francophone du
Myelome; MRC, Medical Research Council; MAG, Myelome Auto Greffe; PETHEMA, Spanish Cooperative Group; USIG, US Inter
Group; IMMSG, Italian Multiple Myeloma Study Group; CR, complete remission; EFS, event-free survival; NS, not significant
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Tandem autologous transplantation The preliminary analysis of a Dutch trial reported
In the IFM9O0 trial, achievement of a least a very goody Segeren and colleagues yielded negative results, in
partial remission (> 90% reduction of the M-compothat there was no improvement in outcome with more
nent) was significantly correlated with longer survivalintensive therap? However, the updated results showed
The impact of achieving CR on the duration of disease significant advantage in term of EFS in the more
control and survival was confirmed by several investintensive treatment grodpTwo other studies have been
gators’ Thus, in MM as in other hematological malig-presented in part in meetingf$>Current results of these
nancies, the primary objective of therapy should be five trials are summarized ifable 2. Although the CR
achieve CR. One way to increase the CR rate is to mate is significantly higher in only 1 trial, the median
peat intensive treatments. To this end, Barlogie areFS is significantly longer in 4/5 trials. A significant
colleagues in Arkansas used a strategy with tandatifference in OS was found only in the IFM94 trial
ASCT? that appeared to increase the CR rate to abut, since divergence of the OS curves occurred only
proximately 40%. In newly diagnosed patients this begfter 4 years, longer follow-up is probably needed be-
ter tumor cell reduction was translated into encoura@pre drawing definite conclusions from other trials. The
ing EFS and OS of 43 months and 68 months, respesrilable data are in favor of tandem autotransplants.
tively.® However, comparison with less aggressive strat-
egies is needed to evaluate the actual impact of tand@nmognostic factors in the context of
ASCT on EFS and OS. autologous stem cell transplantation

The IFM was again the first to conduct a randomAs with CC, a number of parameters have been shown
ized trial (IFM94) comparing single and double ASET. to significantly influence the outcome after ASCT in
In this study, 399 previously untreated patients undeewly diagnosed patientsThe prognostic value of stan-
the age of 60 years were randomly assigned to recediard biological markers that are important predictors
either a single ASCT prepared by melphalan 140 mgf outcome after CC has also been demonstrated for
mz2 (Mel 140) plus total body irradiation (TBI) or aASCT. High levels o2M, C-reactive protein or LDH,
double ASCT, the first being prepared by Mel 140 anand low levels of albumin have all been associated with
the second by Mel 140 plus TBI. On an intention-topoorer outcomé?°
treat basis, CR or very good partial remission was Genetic abnormalities as evaluated by conventional
achieved by 42% of patients in the single ASCT grougytogenetics or by molecular biology techniques ap-
versus 50% in the double ASCT grodp<0.10). The pear to be powerful prognostic markers as well. Based
probability of 7-year EFS was 10% versus 20&=( on a large experience with tandem ASCT, statistical
0.03) and the probability of 7-year OS was 21% versaalysis performed by the Arkansas group has shown
42%, respectively. These results are confirmed bythat hypodiploidy and cytogenetic abnormalities such
preliminary analysis of a comparable study conducteas chromosome 13 deletiéf’§or myelodysplastic-like
by the Bologna Grouf. abnormalitie¥ are associated with a poor prognosis.

Table 2. Single versus double autologous stem cell transplantation (ASCT). Results of randomized studies.

Preparative Regimen CR Rate (%) EFS (months) OS (months)
Study No. of Single vs p Single vs p  Single vs p
(Ref) Pts Age Single Double Difference Double value Double value Double value
IFM94 (10) 399 <61 Mell40+TBlI  Mel280+ Mel140 42 vs 50 0.10 25vs30 0.03 48vs58 0.01
TBI
MAG 95 (14) 227 <56 Mell40+ Mel280+ < Mel140 39 vs 37 NS 31vs33 NS 49vs73 0.14
multidrug VP16+TBI
+TBI
Bologna (11) 220 <61 Mel200 Mel320+ Mel120+ 31 vs 43 NS 21vs31 0.02 56 vs60 NS
BU12 BU12
GMMG (15) 261 <66 Mel200 Mel400 Mel200 - - 23 vs NR 0.03 - -
Hovon (13) 303 <66 Mel140 Mel140+ Cy120+TBlI 13vs 28 0.002 20vs22 0.01 55vs50 NS
Cy120+TBI

Abbreviations: CR, complete remission; EFS, event-free survival; OS, overall survival; IFM, Intergroupe Francophone du Myelome;
MAG, Myelome Auto Greffe; GMMG, German Multiple Myeloma Group; Mel, melphalan; TBI, total body irradiation; BU, busulfan; Cy;,
cyclophosphamide; VP16, etoposide;
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The presence of chromosome 13 deletions either bficial for patients with adverse prognostic factors. Blade
conventional cytogenetits®or by FISH is an adverse and colleagues reported that there was no significant
prognostic factor. While metaphase-defined chromalifference between CC and HDT in patients respond-
some 13 deletion is found in only 15% of karyotypesng to initial CC in the Spanish Cooperative Group
FISH detects this abnormality in approximately 45%9°ETHEMA randomized trigl suggesting that patients
of patients. However, when the deletion is found bwho fail to respond to their first treatment should un-
conventional cytogenetics, the prognosis appears to thergo ASCT as well.
even pooref!
The impact of translocations involving 14q32 hasiow to further improve the outcome of ASCT
also been studied retrospectively. By FISH analysi# the IFM94 trial, the 7-year EFS following ASCT is
t(4;14) is present in approximately 13% of patients anghly 20%. Strategies to further improve these results
is associated with a short EFS and®30n the other are clearly warranted. One possibility would be to im-
hand, patients with t(11;14) identified by elevated cycliprove upon pretransplant chemotherapy regimens. In
D1 levels as evaluated by real-time reverse-transcriptag@rent protocols, melphalan 200 mg/m2 (Mel 200) is
polymerase chain reaction (RT-PCR) appear to enjapnsidered as the standard preparation regimen prior to
longer remissions and to have longer surviwl. ASCT?!® In the absence of randomized trials, the ben-
The combination of multiple prognostic factors carefit of other regimens using higher doses of melphalan,
define prognostic subgroups. For instance, Barlogie asdmbinations of drugs, or melphalan coupled with bone-
colleagues in Arkansas have shown that patients wisleeking radioisotopes remains unknown. Itis clear, how-
low (32M (or low LDH) and no cytogenetic abnormali-ever, that in the context of tandem ASCT, the dose in-
ties have a good prognosis when treated with tandegensity of the preparative regimen is crucial. In the
ASCT"2® Patients with higis2M and cytogenetic ab- IFM94 trial'® the CR rate was not significantly higher
normalities (especially hypodiploidy and/or chromoin the double ASCT arm, but the preparative regimen
some 13 deletion) have a poor prognosis even with taoror to the first ASCT was only Mel 140, while in the
dem ASCT, and for these patients new treatments akekansas experience the CR rate appears higher with
clearly neede&!’” The IFM group has shown similartwo ASCT prepared by Mel 2G0.
prognostic implications for the combination p2M Barlogie and colleagues have reported impressive
and chromosome 13 deletions detected by FISH anahgsults with a more dose-intensive regimen termed “To-
sis? Patients with lowp2M and no chromosome 13 tal Therapy 11.26 This is an aggressive protocol with
abnormality by FISH had a median OS of 111 month§ur consecutive phases: increased intensity induction
while patients with higfs2M levels and chromosome treatment (including combination chemotherapy with
13 deletions had a median OS of only 25 months. Thedexamethasone, cyclophosphamide, etoposide, plati-
findings led to the risk-adapted IFM99, with two dif-num), tandem ASCT, consolidation chemotherapy and
ferent strategies for standard-risk patients (0 or 1 adraintenance therapy with interferon and dexametha-
verse prognostic factor) and for high-risk patients (2one. This trial also addressed the possible contribution
adverse prognostic factors). of thalidomide in a randomized trial design from ini-
The use of initial prognostic factors could also helgiation of treatment, but the thalidomide arm is still
in determining which patients benefit more from HDTblinded. Current analysis of 462 patients included into
Unfortunately, in most randomized trials, the numbeFotal Therapy Il program compared to 231 patients
of patients is too small to evaluate the impact of HDTreated with the previous “Total Therapy I” protocol
in each prognostic subgroup. In the MRC7 trial comshows a higher CR rate (66% versus 43%) and an in-
paring CC and HDT, there was a trend toward a greatmeased 4-year EFS rate. This improvement was more
survival benefit with HDT for the group of patientsmarked for patients without cytogenetic abnormalities
with a poor prognosis defined by a hig@M level (>8 (4-year EFS 70% versus 37%).
mg/L).2 In the IFM94 trial, double ASCT was superior  The introduction of new agents in frontline therapy
to single ASCT in prognostic subgroups define@®yl  is another attractive option. In the last few years, thali-
or LDH but, due to a small number of patients in eactiomide has been tested by different groups in different
group, the difference was not statistically significantways. The combination of thalidomide plus dexametha-
The superiority of double ASCT was only significantsone is frequently used as induction treatment in the
in patients failing to achieve at least 90% reduction &S and is currently compared to dexamethasone alone
the M-component within 3 months after one ASCT. in an Eastern Cooperative Oncology Group (ECOG)
Therefore, according to available data HDT couldrial.?” As described above, the impact of thalidomide
be proposed to all patients and could be even more bgiven in addition to chemotherapy throughout the whole
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program is currently being tested in the Arkansas Tote&ll depletion. While attempts to reduce GVHD have
Therapy Il. Several trials including IFM99-02 havefrequently been associated with a higher incidence of
evaluated the impact of thalidomide given as mainteelapse, preliminary results of prophylactic Cb-
nance therapy. Preliminary results of the IFM99-02 triador lymphocyte infusions after CD6 T cell depletion
show that, in patients with standard prognosis, mainteppeared promising.But it has been recently shown
nance treatment with thalidomide significantly prolongghat response to donor lymphocyte infusions is statisti-
EFS. Bortezomib was recently approved in the US ardlly related to the occurence of GVHD, suggesting that
in Europe for the treatment of relapsed MM. This drugn MM, like in other hematological malignancies, targets
is currently being evaluated as part of induction treater graft versus host and graft versus myeloma are identi-
ment prior to ASCT, alone or in combination with dexeal or that antitumor activity is related to GVHD.
amethasone or with chemotherapy. It is probably more Finally, results of a Dutch prospective evaluation of
attractive to test the impact of these new agents givércell-depleted allogeneic SCT as part of frontline therapy
in addition to HDT rather than to again compare HDWere very disapointing.In this series of 53 patients up
with standard dose chemotherapy including these drugs.the age of 55 with an HLA-identical sibling, the CR
rate was only 19% and median OS from transplantation
Allogeneic Stem Cell Transplantation was only 25 months. The cause of death was either dis-
ease progression or transplant-related toxicity.
Standard conditioning regimen
Allogeneic SCT with a conventional myeloablative preReduced-intensity allogeneic transplantation
parative regimen still has a limited role in MM. Be-Nonmyeloablative or reduced-intensity allogeneic SCT
cause of its toxicity, it can be proposed only to a smgio-called miniallogeneic transplantation) represents a
number of patients with MM (patients aged less than 5w hope and a new way of taking advantage of the
years with an HLA-identical sibling). Even in youngemraft-versus-myeloma effect related to the donor im-
patients transplant-related mortality is very high wittmune system while reducing transplant-related toxic-
standard regimens, mainly as a consequence of infég= However, it has been shown that relapses are fre-
tion and graft-versus-host disease (GVHD). Howeveguent when reduced-intensity regimens are used in pa-
there are several arguments in favor of pursuing alltients with relapsed/refractory dised3&.In the past
geneic SCT in MM: few years, reduced-intensity regimens have been widely
1) Analysis of the European Blood and Marrow Transised after tumor burden reduction with HDT plus ASCT.
plantation Registry showed improved results in th&he feasibility of reduced-intensity allogeneic trans-
late 1990s, mostly due to a higher frequency gflantation after one or two ASCT has been shéwn.
early transplantatioff. HDT with melphalan 200 mg/m2 supported by
2) Comparison of autologous and allogeneic transplaASCT yields a high response rate with a low toxicity
tations show that short-term survival is superioand a low transplant-related mortality. Allogeneic SCT
with autologous SCT, mainly due to a higher transwith nonmyeloablative conditioning regimens provides
plant-related mortality in the first year with allo-a tumor-free stem cell source and reduces transplant-
geneic SCT. However, while patients treated withelated mortality while harnessing the graft-versus-my-
autologous SCT can experience late relapses, thelema effect. Although the risk of acute GVHD and of
is a plateau of the EFS and OS curves after 5 yeangections related to chronic GVHD and its treatment
for patients receiving allogeneic transplantatiorremains, this approach appears to be safer than alloge-
Long-term survival could be superior with alloge-neic BMT and can be proposed to older patients (up to
neic transplantatioh. 65 years of age). Two groups have published their pre-
3) The so-called graft-versus-myeloma effect has beéiminary experienc&3¢and their results are fable 3.
demonstrated by the efficacy of donor lymphocyte In both studies, all patients had sustained alloge-
infusions in patients relapsing after allogeneioeic engraftment, and at 100 days transplant-related mor-
BMT.?® tality was low. However, due to acute or or chronic
GVHD complications, 1-year nonrelapse mortality was
Therefore, recent clinical studies on allogeneic SCI5% and 11%, respectively. Allogeneic transplantation
in MM have focused on frontline therapy with the goalvith reduced-intensity regimens can be safety proposed
of reducing transplant-related mortality while harnesge patients older than 50 years. This approach is highly
ing the graft-versus-myeloma effect. effective, with a CR rate over 50%. Progression free
One way to influence transplant-related mortalitgurvival and OS rates are encouraging, but the follow-
is to reduce the incidence and severity of GVHD by Tp time is still short. Compared to allogeneic trans-
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Table 3. Autologous stem cell transplantation (ASCT) followed by allogeneic transplantation with reduced-intensity
conditioning.

Auto- Median

Author Age logous CR  Follow-

(Ref) Patients (median) SCT RIC GVHD TRM Rate Up Survival
Maloney 54 (48%  29-71 (52) Mel200 Ilow-dose* 38.5% aGVHD =11 100 days 2% 52% 18 m  2-yr EFS 55%
(36) relapsed or TBI (2 Gy) 46% cGVHD 1-yr 15% 2-yr OS 78%

refractory
MM)

Kroger 47** 31-64 (52) Mel 200 Flu/Mel/ATG 32% aGVHD =1l 100 days 6% 55% 15m  3-yr EFS 54%
(35) 32% cGVHD 3-yr OS 70%

* plus fludarabine in 7 cases
** 23 unrelated donors

Abbreviations: Mel, Melphalan; Flu, fludarabine; TBI, total body irradiation; ATG, antithymocyte globulin; aGVHD,acute graft-versus-
host disease; cGVHD chronic graft-versus-host disease; SCT, stem cell transplantation; TRM, transplant-related mortality; CR,
complete remission; EFS, event-free survival; OS, overall survival

plantation with a myeloablative conditioning regimentime 18 months), these results can be interpreted since
miniallotransplantation is obviously associated with &e outcome in this subgroup of patients is usually poor
much lower transplant-related mortality. The incidenceven with tandem ASC?.Moreover it has been re-
of acute GVHD remains relatively high and is probablgently shown that deletion 13q detected by FISH re-
influenced by the conditioning regimen itself. Transmains a negative prognostic factdter allograft with
plantation from unrelated donors is feasibdand could reduced-intensity conditioniri§.In this retrospective
yield results comparable to those achieved with HLAmulticenter study, patients with 13q deletion (n = 31) had
identical siblings. a lower 2-year EFS rate (18% vs 42%) and a lower 2-
Conditioning regimens with high doses of antiyear OS rate (18% vs 47%).
thymocyte globulin or with Campath 1-H could reduce  The major question regarding the use of allotrans-
the incidence of severe acute GVHD. The optimal prglantation in patients with newly diagnosed MM re-
cedure (conditioning regimen, type and duration of postrains: Should it be proposed to all patients with an
transplant immunosuppression, interval between autbl_A-identical sibling (or even an HLA-identical unre-
and allogeneic transplantation, and the role of dontated donor) or should it be proposed to selected pa-
lymphocyte infusions) remains to be determinedients? For instance, considering the very good results
Longer follow-up is needed to evaluate the impact afbtained with tandem ASCT in patients with no adverse
this strategy on EFS and OS. prognostic factors, is it justified to propose a therapy that
Prospective multicenter trials comparing tanderoarries a high risk of chronic GVHD and a 10%—15%
autologous transplantation and tandem autologous/aleidence of toxic death? This question remains to be
logeneic transplantation are ongoing in the US and answered by ongoing prospective multicenter trials.
Europe. Preliminary results of the IFM 9903-04 trial

were presented at the 2003 ASH meetinphis trial  111. THE EMERGING ROLE OF TARGETED THERAPIES
recruited patients with newly diagnosed MM up to the IN THE M ANAGEMENT OF
age of 65 and with 2 adverse prognostic factP2df RELAPSED AND REFRACTORY M YELOMA

level > 3 mg/L, presence of chromosome 13 deletion

by FISH analysis). After four courses of VAD (vincris- paul Richardson, MD,* Teru Hideshima, MD, PhD,
tine, doxorubicin, dexamethasone), these patients re- Constantine Mitsiades, MD, PhD,

ceived Mel 200 with ASCT. Then, according to the and Kenneth Anderson, MD

availibility of an HLA-identical sibling, they received

either an autograft with reduced-intensity conditonin@ultiple myeloma is diagnosed annually in approxi-
or a second allograft prepared by Mel 220 mg/m? (gnately 15,000 new patients in the United States, with a

anti-interleukin [IL]-6 antibody). There was no sig-prevalence of approximately 50,000, and remains an
nificant difference between the two strategies in terms

of EFS or OS (both on an intention-to-treat analysis

and when comparing actually received treatments). AM-Dana-Farber Cancer Institute, 44 Binney St., Dana D1B20,
though the follow-up is still short (median follow-upBoston MA 02115-6084
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incurable neoplasia, despite treatment with conventionafl human MM xenografts implanted subcutaneously in
and/or high-dose chemotherdpy order to overcome severe combined immunodeficient (SCID) mice. Sub-
resistance to conventional therapies and improve psequent Phase I, Il and Il clinical trials of IMiBand
tient outcome, novel therapeutic strategies for this dibortezomib* have already demonstrated marked clini-
ease have been and/or are currently being developedl activity even in patients with refractory and relapsed
Such therapies are based on the premise that a compidA. Corresponding in vitro gene array studies of MM
hensive suppression of MM tumor burden cannot tlemor cells before and after treatment with novel anti-
achieved solely by aiming at classical targets of cytddM agent$%56have helped to identify in vivo tar-
toxic chemotherapeutics (e.g., DNA or cytoskeletonjets and mechanisms of novel drug action as well as
but also require targeting of other molecular pathwaysechanisms of drug resistance. This helps to determine
implicated in regulation of the proliferation and surwhether in vivo targets of these novel therapies corre-
vival of MM cells, including the molecular mechanismdate with their in vitro anti-MM activities in relapsed
underlying the protective effects of the bone marrowand refractory disease.
(BM) microenvironment on MM cells.

The recent expansion of the therapeutic armamenhe Role of the BM in MM
tarium for MM can be attributed, at least in part, to &xtensive studies have focused on the mechanisms
constellation of in vitro and in vivo preclinical modelswhereby MM cells home to the host BM and adhere to
for this disease. These models have elucidated how MBM stromal cells (BMSCs) and extracellular matrix
cells specifically home to the BM microenvironmenproteins, and the functional sequelae of these interac-
and the mechanisms whereby they locally proliferatéipns (Figure 10; see Color Figures, page 514). Such
survive, resist the effects of conventional drugs, recristudies have identified a series of cell adhesion mol-
new blood vessels and perturb the process of bone esules mediating MM cell binding to fibronectin and
modeling to cause lytic bone lesioriBhese model sys- BMSCs, thereby increasing MM cell proliferation and
tems have facilitated the development of promising bigurvivall’ This proliferative and anti-apoptotic advan-
logically based treatments that can target the MM celligge conferred by stromal adhesion is largely due to
disrupt their interaction with the BM microenvironmentBMSC-derived cytokines, such as IE‘@&nd insulin
and thereby overcome classical drug resistance in vitgrowth factor 1 (IGF-151° In addition, the MM cell-
Novel therapies that have already been translated iB®SC binding interaction modulates the expression of
clinical applications include thalidomide (Thal) and itother cytokines, such as VEGF, which in turn stimu-
more potent immunomodulatory analogs (IMiB#)e lates increased local angiogené&ihereby further fa-
proteasome inhibitor bortezomib (also known as P&ilitating MM cell proliferation and viability. Impor-
341, Velcad®),® and arsenic trioxide (A®,)* (Figures tantly, these aforementioned cytokines/growth factors
8 and9; see Color Figures, page 513). Furthermorean cooperate, in additive and/or synergistic manners,
several other agents that can also target the MM c#dl stimulate MM cell proliferation and surviv&i?1°
itself and/or bypass the protection that it enjoys from
BM stromal cells have been identified, including farnesyAntitumor Activity of Novel Agents
transferase inhibitorshistone deacetylase inhibitd¥s, in Animal Models
inhibitors of vascular endothelial growth factor (VEGF)The severe combined immunodeficiency (SCID)-hu
or its receptor, heat shock protein inhibitoasid in- model of human MM has been developed to allow stud-
hibitors of insulin-like growth factors and their prolif-ies of the dynamic interaction between MM cells and
erative/anti-apoptotic receptor (IGF-1R). the BM stroma, and to examine the efficacy of novel

The in vitro preclinical studies that led to the identherapies in that setting. Human bone grafts are im-
tification of these classes of drugs as candidates for cliplanted bilaterally in the flanks of SCID mice. Human
cal development in MM involve both classical drugMM cells implanted into these grafts proliferate, se-
sensitivity studies of cultured tumor cells as well asrete MM idiotypic protein detectable in mouse serum,
drug-sensitivity studies of MM cells co-cultured withand can migrate predominantly to the contralateral hu-
BM stromal cells. These latter assays can identify whighan BM graft?® This in vivo model of human MM has
drugs can overcome the protective effects of BM oprovided a means to evaluate the mechanisms mediat-
MM cells. Those agents that demonstrate promising ing the specific homing of human MM cells to the hu-
vitro results are subsequently tested in murine modetsgan BM microenvironment, as opposed to the murine
of MM. IMiDs*! and bortezomit have been shown to BM microenvironment, as well as for studying the role
inhibit human MM cell growth, decrease tumor-assocbf microenvironmental factors (host-MM cell interac-
ated angiogenesis, and prolong host survival in modedlens, cytokines, angiogenesis) in MM pathogenesis. In
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vivo assays of drug efficacy have also used a beigl8%), rash (6%), and dyspnea (4¥a)he MD Ander-
nude-xid mouse model of subcutaneous human plassn Cancer Center (MDACC) Phase Il trial enrolled
macytoma xenografts. These models were critical fgatients with previously untreated symptomatic disease
preclinical evaluation of Thal, IMiDs, bortezomib ando receive Thal 100 mg per day, escalated to 400 mg

other novel agents. per day, plus Dex 20 mg. Partial and complete responses
were observed in 63% of patients, and grade 3 toxici-
Clinical Trials of Agents Targeting MM ties included infection (23%), thrombotic/embolic events
and the BM Microenvironment (15%), constipation (3%), and fatigue (3%7T.he

Translation of preclinical studies from the bench to thECOG recently completed a randomized Phase Il study
bedside has resulted in clinical trials for Thalinvestigating Thal 200 mg per day plus Dex 40 mg or
IMiDs,>**"*portezomils;*>and AgO,.* Thal was origi- Dex 40 mg alone in patients with newly diagnosed
nally proposed as a potential therapy for refractory Mivhyeloma for four cycles (28 days per cycle), followed
because of its known anti-angiogenic activity and thiey stem cell collection in patients eligible for high-
demonstration of increased angiogenesis in MMBM. dose chemotherapy (ECOG-EA100). A recent interim
In addition, Thal and IMiDs induceither apoptosis or analysis of 109 patients showed an overall response rate
G, growth arrest of MM cells by multiple other mechaof 80% & 50% reduction in serum and urine M-pro-
nisms? They block MM cell adhesion to BMSCs and thdein) in the Thal/Dex arm, significantly higher than 53%
resultant secretion of MM growth, survival, and migrafor patients on Dex alon® & .0023; one-sided Fisher’s
tory factors (IL-6, VEGF); and enhance natural killeexact test). The most important side effect reported was
(NK) cell number and function against human MM étlls deep vein thrombosis (including pulmonary embolus),
(Figure 8; see Color Figures, page 513). occurring in 16% of patients receiving the Dex/Thal
Clinical trials have investigated Thal either as a singleombination, compared with 3% receiving Dex al&ne.
agent or in combination regimens to treat relapsed, re- Promising preclinical data prompted a Phase | IMiD
fractory MM and as first-line therapy in untreated MM.CC-5013 (also known as lenalidomide or Revlithid
Using response criteria defineda25% reduction in dose escalation (5 mg/day, 10 mg/day, 25 mg/day and
serum M-protein concentration, response rates for Thad mg/day) study in 27 patients (median age 57, range
as monotherapy in relapsed, refractory multiple my40-71 years) with relapsed and refractory relapsed
eloma and typically dosed in the range of 100—-600 mgM.*® Patients had received a median of 3 (range 2—6)
per day have ranged from approximately 30% to 70%yior regimens, including autologous stem cell trans-
with a median time to response ranging from 3 to glantation and Thal in 15 and 16 patients, respectively.
weeks?*25In relapsed, refractory disease, the combindn 24 evaluable patients, no dose-limiting toxicity was
tion of Thal with melphalan and melphalan plus dexebserved in patients treated at any dose level within the
amethasone (Dex) yielded response rates of 82% f{rst 28 days; however, grade 3 myelosuppression de-
25% reduction in M-protein) but significant rates ofveloped after day 28 in all 13 patients treated with 50
myelotoxicity, with 87% and 62% of patients experimg/day CC-5013. In 12 patients, dose reduction to 25
encing leukopenia and neutropenia, respectidélyn  mg/day was well tolerated and therefore considered the
a study testing Thal in combination with liposomal doxomaximal tolerated dose. Importantly, no significant som-
rubicin, vincristine, and Dex (DVd-T) for relapsed/re-nolence, constipation, or neuropathy has been seen in
fractory multiple myeloma, an encouraging overall reany cohort. Best responsesx025% reduction in para-
sponse rate of 74% was seen, but an increased ingietein occurred in 17 of 24 (71%) patients (90% con-
dence of neutropenia, bacterial and viral infection, arftlence interval [Cl]: 52%, 85%), including 11 (46%)
deep vein thrombosis was observed, prompting a profeatients who had received prior Thal. Stable disease
col amendment to allow concomitant treatments, whidx 25% reduction in paraprotein) was observed in an
proved largely successful in abrogating these toxiétiesadditional 2 (8%) patients. Therefore, 17 of 24 (71%)
The safety and efficacy of Thal in the first-linepatients (90% CI: 52%, 85%) demonstrated benefit from
treatment of MM has been clinically investigated antteatment? This study, and a second Phase | study by
reported®®°In the Mayo Clinic Phase I trial, patientsZangari and colleagues which corroborated these find-
received Thal 200 mg per day and Dex 40 mg on daygys prompted several Phase |l studies of CC-5013,
1-4, 9-12, and 17-20 (odd cycles) and 40 mg/d aither alone or in combination with Dex, for patients
days 1-4 (even cycles); a 64% rate of major respongéith first relapse and more advanced relapsed, refrac-
defined as 50% reduction in serum and urine M-pro-tory MM. These studies, and two recently completed
tein, was reported. The most common grade 3/4 toxidarge multicenter trials testing CC-5013 show promis-
ties were deep vein thrombosis (12%), constipatiang response and tolerability. Other studies already on-
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going or to begin soon in MM include CC-5013 as inidomized trial of bortezomib versus high-dose Dex in
tial therapy, and as maintenance post HDT and ASCielapsed MM showed significant benefit in the borte-
A second IMIiD (CC-4047, also known as Actifijd zomib arm as assessed by time to progression and OS,
has been tested in a Phase | study of patients with resulting in the closure of the Dex arm and permitting
lapsed MM, and results have shown a favorable toxiell patients to cross over to bortezorffittrials of
ity profile (although deep vein thrombosis occurred ibortezomib in newly diagnosed MM patients are ongo-
approximately 10% of patients) and high responsag. Combination trials in which bortezomib has been
rates® administered with other agents, such as pegylated lipo-
Proteasome inhibitors are a novel class of theraemal doxorubicin, melphalan, and Thal, have shown
peutics targeting the MM cell in its BM microenviron-considerable promise, with manageable toxicity and
ment by blocking NFkB—mediated IL-6 production. responses observed in patients otherwise resistant to each
Bortezomib habeen shown to induce apoptosis of MMagent alonéé=°
cells resistant to known conventional therapiesvétr- AsO, has been identified as a third agent targeting
comes the protective effects of IL-6, and adds to ththe MM cell interacting with its BM microenvironment
anti-MM effects of DeX(Figure 9; see Color Figures, (Figure8; see Color Figures, page 513).@sat clini-
page 513). It acts in the BM microenvironment to ineally achievable levels induces apoptosis of drug-resis-
hibit the binding of MM cells to BMSCs, the transcrip-tant MM cell lines and patient cells via caspase-9 acti-
tion and secretion of IL-6 triggered by MM to BMSCvation, adds to Dex, and can overcome the anti-apoptotic
adhesion, and BM angiogenesis. Gene microarray preffects of IL-6? It also decreases MM cell binding to
filing studies demonstrate that bortezomib induces traBMSCs, inhibits IL-6 and VEGF secretion in BMSCs
scriptionaldownregulation of growth/survival signal- induced by MM cell adhesion, and blocks proliferation
ing pathways and upregulates apoptotic cascadeven of those MM cells adherent to BMSCs. Clinical
ubiquitin/proteasome pathways, and heat-shock proials of AsO, are ongoing.
teins?® In a multicenter Phase |l trial of bortezomib in  VEGF inhibitors (including PTK787/2K222584)
patients with advanced and heavily pretreated MM, CRave been identified as a promising therapy in MM as
was seen by Bladaiteria in 10% of patients, with 4% VEGF is expressed and secreted by MM cells and BM
immunofixation negative and 6% with residual MMstromal cells with VEGF secretidsy MM cells aug-
paraprotein detected only by immunofixatidrithe menting IL-6 secretion in BM stromal cellsVEGF
overall response rate (MR + PR + CR) was 35% witteceptor tyrosine kinase inhibitor PTK787/2K222584
an additional 24% experiencing stable disease. In a ldocks VEGF-induced tyrosine phosphorylation of Flt-
cently updated analysis of time-to-event parameters, MEK/MAPK activation, and proliferation as well as
median time to progression was 7 months and mediagrotein kinase C (PKC) activation-dependent migra-
duration of survival was 17 months, with the mediation.!® These studies both define VEGF as a novel thera-
duration of response 12.7 months in those patients wipkeutic target and provide the basis for a current Phase
PR and CR?Responses were associated with improveld clinical trial of the oral agent PTK787/ZK222584 in
hemoglobin levels, decreased blood transfusion requingatients with relapsed MM.
ments, improvement in renal function and normaliza- The cytosolic enzyme farnesyl transferase moves
tion of uninvolved immunoglobulins. Drug-related gasthe farnesyl group from farnesyl diphosphate to the
trointestinal toxicity and fatigue were in most case€AAX motif of Ras, thereby facilitating its attachment
manageable; significant thrombocytopenia and neurop@-the inner plasma cell membrane and initiating signal
thy occurred primarily in patients in whom these conransduction. Inhibition of farnesylation therefore blocks
ditions were pre-existent, with treatment-emergent neRas activity, and several farnesyl transferase inhibitors
ropathy seen in about a third of patiersted serious (FTI) inhibit tumor cell growth both in vitro and in
adverse events were relatively uncomrff@ased upon vivo. Cytokine (IL-6, VEGF, IGF-1)-induced prolif-
preclinical studies showing an additive anti-MM activ-eration of MM cells is mediated, at least in part, via the
ity of Dex and bortezomib,Dex was added in those Ras/Raf /MAPK signaling, which provides the basis for
patients who either progressed or achieved only stabitieth ongoing and recently reported Phase I/ll clinical
zation of disease on bortezomib alone, with addition#iials of two promising FTls, SCH-66336 and R115777,
responses seen in 18% of those evalu#i#fls.a result in relapsed and refractory MM.
of these encouraging data, US Food and Drug Admin- Histone acetylation modulates gene expression, cel-
istration (FDA) approval for bortezomib in the treatdular differentiation and survival, it is regulated by the
ment of relapsed and refractory MM was given in 2003pposing activities of histone acetyltransferases and hi-
An interim analysiof a Phase Il international, ran- stone deacetylases (HDACs). Novel hydroxamic acid-
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based hybrid polar compounds, such as suberoylaniligatients treated with conventional therapies. Many of
hydroxamic acid (SAHA), are histone deacetylase irthese novel agents, which target the MM cell in its BM
hibitors that induce differentiation and/or apoptosis senilieu, have multiple biologic activities, which may be
lectively in transformed and neoplastic cells. SAHA isdvantageous, since MM lacks ubiquitously shared fun-
an orally bioavailable HDAC inhibitor, which inducesdamental molecular targets, such as those that have been
in vitro growth arrest and apoptosis of primary tumotherapeutically exploited in chronic myelocytic leuke-
cells from MM patients and cell lines, irrespective ofmia or acute promyelocytic leukemia. Ongoing micro-
their status of resistance to other agéhfhase | stud- array and proteomic studies of these novel agents in
ies in other malignancies have documented that SAHANM are delineating molecular mechanisms of drug sen-
well tolerated, and a Phase | trial of this promising novsitivity and drug resistance. These studies will gen-
agent for the treatment of relapsed MM is underway. erate more selective therapies for validation in animal
Heat shock protein 90 (hsp90) is a molecular chapaodels and translation to the bedside in clinical trials.
erone that facilitates the intracellular trafficking, conConversely, gene microarray and proteomic studies of
formational maturation, and proper 3-dimensional foldtumor, blood, and BM samples from patients treated on
ing of a broad range of intracellular proteins requirediinical trials of novel agents will potentially both de-
for cell proliferation, survival and drug resistance. Sefine in vivo targets conferring drug sensitivity and re-
lective inhibitors of hsp90, such as ansamycin antibsistance, and provide the framework for the develop-
otic geldanamycin (GA) and its analogs (e.g., 17ment of more selective, potent, and less toxic targeted
allylamino-17-demethoxy-geldanamycin or 17-AAG)therapies. These studies will also establish the preclini-
have profound pro-apoptotic consequences on MM cellsal rationale for combining novel and conventional
regardless of their resistance to other agents. Gene midiwerapies, and allow for selection of those patients most
array profiling has shown that bortezomib treatmenikely to respond.
induces a stress response in MM cells, which includes
the compensatory upregulation of hsp90, in an effort
of the tumor cells to escape the effect of proteasome
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