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European Hematology Association (EHA)

EHA is a scientific society aiming to support research, education and clinical practice in hematology.
Its main objective is to be useful to scientific researchers, clinicians, medical students,
as well as all those working in other fields but who are interested in hematology.

The European Hematology Association was founded in June 1992.
Today, EHA — with over 2300 active members from 95 countries — is a consolidated organization
that pursues a large and growing number of projects and programs.

EHA aims to promote:

Exchange and dissemination of knowledge and scientific information in the field of hematology.

Education and training in hematology.

Medical practice in the area of hematology and the position of hematology as medical discipline.

Scientific research in hematology.

Exchange of information for all European doctors, scientists and other professionals interested in hematology.
A unified European training program in hematology in collaboration with European National Societies of
Hematology.

In order to achieve these goals, EHA:

Maintains regular contacts and organizes meetings with all European National Societies of Hematology.
Holds an annual scientific and educational congress in a major European city; European Cooperative Groups
and Networks are encouraged to take advantage of this major event to gather.

Disseminates medical research, both basic and clinic, through the new journal Haematologica/The
Hematology Journal.

Has established a link with European National Societies of Hematology and other organizations such as the
European Group for Bone Marrow Transplantation, European Association for Hematopathology,

European Society of Medical Oncology, and American Society of Hematology.

Provides postgraduate education through the annual congresses, seminars, courses, workshops and meetings
organized in collaboration with the European School of Haematology.

Has a Fellowship/Grants Program to promote research in hematology.

Accredits scientific meetings and provides CME accounts in collaboration with the European National
Societies for hematology.

If you recognize the need for a strong European Hematology Association
and would like to take advantage of the various activities of the Association,
you may wish to become a member of the EHA and contribute to its objectives.

Benefits of EHA Membership

Subscription to Haematologica/ The Hematology Journal, including on-line access
Reduced registration fee for EHA Annual Congresses

Eligible to EHA Research Fellowships & Grants

EHA Newsletter

Access to EHA membership database
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$1: Genetics

S1.1
MOLECULAR PRINCIPLES UNDERLYING MYELOMA

P.L. Bergsagel, M. Chesi, J. Keats, W.-]. Chng, M. Sebag,
R. Tiedemann, T. Henry, E. Braggio, W.M. Kuehl, A K. Stewart,
R. Fonseca

Mayo Clinic, Research Department, Scottsdale, AR, USA

Multiple myeloma is a tumor of mature isotype-switched plasma cells
that accumulate in the bone marrow causing anemia, hypercalcemia and
bone lesions.

Classification of multiple myeloma - disease-defining genetic
events

MM is a heterogeneous disease. Both a supervised' (TC) and an unsu-
pervised® analysis of gene expression data from the University of
Arkansas for Medical Sciences have yielded complementary results.
These studies definitively show that the primary determinants of this
heterogeneity are underlying genetic abnormalities: recurrent
immunoglobulin gene translocations and hyperdiploidy. These genetic
events identify five homogeneous groups of patients that can be identi-
fied today using FISH: 1) MM with t(4;14), FGFR3/MMSET 14%; 2) MM
with t(14;16) and variants, c-maf 5%, mafB 2%, mafA 1%; 3) MM with
t(11;14) and variants, cyclin D1 16%, cyclin D3 2%; 4) MM with hyper-
diploidy, trisomies of chromosomes 3,5,7,9,11,15,19,21 40%; 5) MM
not otherwise classified 20%. These are thought to be primary genetic
events, with the translocations mediated by germinal center reactions
(switch recombination and somatic hypermutation) that each initiate a
characteristic cascade of secondary genetic, epigenetic and microenviron-
mental changes leading to the unique gene expression profile and clini-
cal course. A specific genetic lesion underlying the hyperdiploidy has not
been identified, although molecularly it has been associated with a low-
level of ectopic, bi-alleﬁc expression of cyclin D1 (TC D1). Both studies
identified additional heterogeneity: a proliferative group (PR), a group
with ectopic expression of cyclin D1 and cyclin D2 (TC D1+D2), a group
with low bone disease (LB), and a group with expression of cyclin D2
(TC D2). A genetic basis for this additional heterogeneity has not been
identified, and is the subject of active investigation. An important fea-
ture of this classification is that it is inherent in the genetics of the dis-
ease, and does not depend on response to treatments that will no doubt
evolve. We can be confident that one hundred years from now MM will
still be characterized by t(4;14), t(11;14) and hyperdiploidy. This means
that as a basis for classification, these defined genetic events will not
change over time. No doubt we will be able to further refine genetic sub-
types however, as we identify the genetic basis for the additional het-
erogeneity. Importantly, although this classification does not depend on
response to treatment, it is given additional clinical relevance by the fact
that these groups identify patients with vastly different prognoses when
treated with standard,’ high-dose* or novel therapies.”

Disease-modifying genetic events

Interestingly, a number of genetic events that are important in the patho-
genesis and prognosis of MM do not have a dominant effect on the glob-
al gene expression profile. These include activating mutations of ras,
amplifications of 1q, deletions of 13q and deletions of p536. Of note,
although studies in patients have yielded conflicting results as to the tar-
get of the 17p deletions, this likely represents the difficulty inherent in
analyzing primary patient samples. The more thorough analysis that is
possible in the myeloma cell lines clearly identifies p53 as a target in these
cases, with the majority having inactivation of p53 function, including
several small bi-allelic deletions, and inactivating point mutations associ-
ated with LOH. Each of these presumably secondary events is seen (with
different frequency) in each of the primary genetic groups above, and
represent events that modify the course, but do not define unique dis-
eases. These events, together with gene expression risk profiles and clin-
ical parameters (B2-microglobulin, PCLI) can be used to develop elegant

prognostic models that should not be confused with a disease classifica-
tion.” Recently we have identified a promiscuous array of mutations that
result in constitutive activation of (primarily) the non-canonical NFKB
pathway, present in up to 20% of patients.’ The most common mutation
is inactivation of TRAFS3, present in 18% of patients. Preliminary analy-
sis using gene expression as a surrogate for inactivating mutation suggests
that this may have important clinical consequences. In the APEX clinical
trial,” patients with inactivation of TRAF3 appear to have a lower
response rate to dexamethasone (10%) and higher response rate to borte-
zomib (90%), associated with significant prolongation of PES (83 vs 193
days). In the remaining patients there is no significant difference between
dexamethasone and bortezomib in terms of response or PFS. This has
important implications for the selection of patients for different treat-
ments, and for the implied mechanism of action of both glucocorticoids
and proteasome inhibitors in the treatment of MM.

The timing of oncogene activation is the critical determinant of
the disease, the nature of the oncogene the critical determinant
of the phenotype

Based on a novel mouse model that activates oncogene expression using
somatic hypermutation (as occurs in 10% of the translocations in MM) we
have developed a faithful model of myeloma. The mouse model uses the
c-myc oncogene, which is critically important in human MM, translocat-
edin15% O%newly diagnosed MM, 40% of advanced refractory MM, and
over 90% of HMCL. A major clinical implication of these studies is that
both the timing of oncogene activation, and the nature of the oncogene, are
critical determinants of the resulting disease phenotype. Based on our stud-
ies in both mice and men, we propose that these primary genetic events
form the basis for a clinically relevant classification of multiple myeloma.
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MOLECULAR LESIONS IN MULTIPLE MYELOMA

M. Kuehl,' L. Brents,' C. Cultraro,' Y. Demchenko, A Dib,' A. Gabrea,'
A. Zingone,' L. Staudt,' B. Barlogie,” ]. Shaughnessy,” PL. Bergsagel’

'National Cancer Institute, Bethesda; *University of Arkansas Medical Sciences,
Little Rock; *Mayo Clinic (Arizona), Scottsdale, USA

Primary IgH translocations (TLC) occur mainly in non-hyper-
diploid tumors

There appear to be two pathways involved in the pathogenesis of
MGUS and MM: hyperdiploid (HRD) and non-hyperdiploid
(NHRD).'Neatly half of tumors are non-hyperdiploid (NHRD), and most
have one of seven recurrent [gH TLC that fall into three IgH TLC groups:
CYCLIN D: 11q13(CYCLIN D1), 15%; 12p13 (CYCLIN D2), <1%; 6p21
(CYCLIN D3), 2%; MAF: 16q23 (c-MAF), 5%; 20q12 (MAF B), 2%;
8q24.3 (MAFA), <1%. MMSET/FGFR3: 4p16(FGFR3 & MMSET), 15%.
The recurrent TLC are thought to represent primary - perhaps initiating
— events that are mediated mostly by errors in IgH switch recombina-
tion, or less often by errors in somatic hypermutation, as B cells pass
through a germinal center.” The remaining tumors are hyperdiploid
(HRD), containing 48-75 chromosomes with multiple trisomies of chro-
mosomes 3,5,7,9,11,15,19, and 21, and only infrequently have one of the
recurrent IgH TLC. Dysregulation of a CYCLIN D gene: an early, unify-
ing event in MGUS and MM. Despite a low proliferation index, virtu-
ally all MGUS and MM tumors have dysregulated and/or increased
expression of CYCLIN D1, CYCLIN D2, or CYCLIN D3.* The level of
CYCLIN D expression in tumors is comparable to highly proliferating
plasmablasts, and thus unlike normal plasma cells. About 25% of MGUS
or MM tumors have an IgH TLC that directly dysregulates a CYCLIN
D gene or a MAF gene that encodes a transcription factor targeting
CYCLIN D2. Another 40% of MM tumors are hyperdiploid, and bi-
allelically express CYCLIN D1, unlike normal lymphoid or plasma cells
that express little or no CYCLIN D1. Most other tumors, including those
with a t(4;14) translocation, have increased expression of CYCLIN D2.
The HRD tumors that bi-allelically express CYCLIN D1 but not CYCLIN
D2 are not represented among our panel of 50 human MM cell lines
(HMCL), whereas the recurrent translocations are over-represented in
HMCL. One possible explanation is that the HRD tumors are particu-
larly dependent on interactions with bone marrow stromal cells, and that
primary TLC might provide one step towards stromal independence.

The TC classification appears to be based on early oncogenic
events

The patterns of Translocations and CYCLIN D expression led to a
TC classification that includes eight groups: 11q, 6p; MAF (CYCLIN
D2); 4p (CYCLIN D2); D1 (34%); D1+D2 (6%); D2 (17 %) and NONE
(2%).? Two modifications should be noted. First, apart from the dysreg-
ulated expression of different CYCLIN D genes, the 11q and 6p groups
share many properties, and probably should be considered as one group.
Second, many of the NONE tumors are substantially contaminated by
non-tumor cells, or express virtually no RB1, which would eliminate
the need for expression of a CYCLIN D gene. Despite shared progres-
sion events (below), the phenotypes of MGUS and MM tumors in the
eight TC groups seems to be determined mainly by early oncogenic
events. A recent molecular classification of myeloma from the Arkansas
group includes seven groups that are substantially concordant with the
TC groups, although there are important differences, with at least one
group (PR) appearing to be defined mainly by progression events.* Sim-
ilar to acute lymphocytic leukemia, MM seems to include several dis-
eases (groups) that can have differences in: early or initiating events,
global expression patterns, bone marrow dependence, clinical features,
prognosis, and response to therapy.

Secondary translocations represent one kind of progression event

TLC involving a MYC gene (c- >> N- > L-) are absent in MGUS but
occur in 15% of MM tumors, 45% of advanced MM tumors, and >90%
of HMCL.> MYC TLC are a very late progression event, occurring at a
time when MM is becoming more proliferative and less stromal cell
dependent. They provide a paradigm for secondary (Ig) TLC, which
typically are karyotypically complex, do not involve B cell specific DNA
recombination mechanisms, and can occur at anytime during tumor
progression, including MGUS. Secondary TLC, which include all MYC
TLC, most IgL TLC A>>k), IgH TLC not involving the recurrent partners,
and perhaps a small fraction of translocations involving the recurrent
partners, have a similar prevalence in HRD and NHRD tumors. Surpris-
ingly, two independent Ig TLC are found in 58% of HMCL, 25% of
advanced MM tumors, and even, as shown by others,’ in some MGUS
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tumors. Rarely, two translocations involving partners from two (all com-
binations) of the three primary translocation groups have been observed
in the same tumor cell, suggesting that there are some unique phenotyp-
ic features associated with each of these IgH TLC groups.

Activating mutations of N-RAS, K-RAS, or FGFR3.

We have identified mutually exclusive mutations of N- or K-RAS in
40% of HMCL, and in 31% of newly diagnosed MM tumors. Surpris-
ingly, N-RAS mutations, which are present in 14% of MM tumors, have
a much higher prevalence in tumors that express CYCLIN D1 as
opposed to CYCLIN D2. By contrast, K-RAS mutations are found at a
similar prevalence in all tumor groups. We have also found that two of
thirty-four (6%) of MGUS tumors have an N-RAS mutation, suggesting
that the occurrence of RAS mutations sometimes is associated with pro-
gression of MGUS to MM. Mutations of FGFR3 in t(4;14) tumors are
rare, but seem to be mutually exclusive of RAS mutations.

Inactivation of p53

We find that the function of p53 is compromised in most HMCL,
including no or very low RNA expression in 14%, mutations in 63 %,
and increased expression of MDM2 in 19%. Others have reported that
there is mono-allelic 17p deletion (including p53) in about 10% of new-
ly diagnosed MM tumors and even a lower prevalence of p53 muta-
tions, whereas the prevalence of deletion and mutation is much higher
in advanced, extra-medullary tumors.”® Moreover, 17p deletion or very
low expression of pd3 is associated with a very poor prognosis.
Although the inactivation of p53 appears to be mostly a late progression
event, there are no large studies that have comprehensively analysed the
different mechanisms that inactivate the p53 pathway in primary MM
tumors.

Increased proliferation and additional perturbation of the RB
pathway

Increased and/or dysregulated expression of CYCLIN D RNA, which
seems to occur in virtually all MGUS and MM tumors, is insufficient to
cause a high level of proliteration. Methylation of the p16INK4a promot-
er, which occurs in about 25% of MGUS and MM tumors, is uniform-
ly associated with lack of p16 expression, but nearly 50% of MM tumors
express little or no p16 despite the absence of p16 methylation.” It is
unclear if low or no p16 expression is an active oncogenic event. By
contrast, p18INK4c, which is necessary for normal plasma cell develop-
ment, is homozygously deleted in 30% of HMCL, about 2% of all MM,
and nearly 10% of the most proliferative MM."* Although bi-allelic dele-
tion of p18 appears to be a late progression event that contributes to
increased proliferation, most HMCL and proliferative MM tumors have
a paradoxical increase in p18 expression, most likely due to increased
E2F that causes increased proliferation but also increased transcription
of p18. Thus these tumors have become insensitive to increased expres-
sion of p18. Retroviral-mediated expression of exogenous p18 inhibits
the growth of HMCL that express little or no p18, but has no effect on
growth of an HMCL that already expresses a high level of p18. At pres-
ent, we are unable to explain this paradox except for the rare tumors or
HMCL that have inactivated RB1.

Dysregulation of the NFKB pathway in MM.

Recently, we have determined that NFkB inducing kinase (NIK),
which is an activator of the alternative NFkB pathway, sometimes is
constitutively over-expressed as a consequence of translocations, ampli-
fication, or enhanced protein stability. In addition, we have identified
mutations that result in activation of NFKB2, which also is a mediator
of the alternative NFKB pathway. Curiously, even though these abnor-
malities are predicted to specifically target the alternative pathway, the
classical NFKB pathway also is activated, suggesting an as yet poorly
defined cross-talk between the two pathways. Although we don’t know
the mechanisms in many cases, additional studies indicate that the NFkB
pathway is constitutively active in about half of HMCL, and possibly
half of primary MM tumors. We suspect that the constitutive activation
of the NFkB pathway is a progression event, perhaps facilitating inde-
pendence from environmental factors that extrinsically activate this
pathway in primary MM tumors.

Concluding thoughts. Although we have learned much about the
molecular lesions involved in the pathogenesis of MGUS and MM, many
important questions remain unanswered, including the following. What
are the molecular mechanisms by which hyperdiploidy contributes to
tumorigenesis¢ What is the mechanism responsible for bi-allelic
CYCLIN D1 expression in HRD tumors¢ What are the molecular (or
microenvironmental) abnormalities that distinguish MM from MGUS¢



What molecular consequences are associated with other recurrent chro-
mosomal imbalances, such as 1q gain, 1p loss, and 13 loss¢
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TOWADS A MOLECULAR-BASED RISK STRATIFICATION OF MULTIPLE MYELOMA
].D. Shaughnessy Jr., E Zhan, B. Barlogie

Donna D. and Donald M. Lambert Laboratory for Myeloma Genetics, Myelo-
ma Institute for Research and Therapy, University of Arkansas for Medical Sci-
ences, Little Rock, Arkansas, USA

Multiple Myeloma, a malignancy of terminally differentiated anti-
body-secreting plasma cells, homes to and expands in the bone marrow
where it causes a constellation of disease manifestations including bone
marrow suppression, osteolytic bone destruction and end organ damage.
In 1997 the Myeloma Institute began utilizing high throughput genom-
ic technologies to better understand the biology and therapy of this
genetically complex disease. Leveraging the large patient base available
through our referral center, we have now studied more than 5,000 cas-
es. We have compared and contrasted gene expression signatures of
purified plasma cells and whole bone marrow biopsies from healthy
individuals, patients with the benign precursor condition monoclonal
gammopathy of undetermined significance (MGUS), newly diagnosed
myeloma prior to and following 48 hour test doses of single agent
chemotherapies, as well as patients in remission and at relapse. Impor-
tantly, the majority of MM cases are studied longitudinally in order to
understand the molecular characteristics of disease progression.' Many
cancers are thought to develop from well-defined pre-neoplastic or
hyperplastic conditions and multiple myeloma frequently emerges from
the benign condition MGUS. Comparative expression profiling has been
used to distinguish 52 genes that may provide molecular clues to the
transformation of MGUS to MM.”> With the hypothesis that a stigmata
of the MGUS condition might be present in newly diagnosed MM, with
the possibility that such a link might point to forms of MM that are at
an earlier, more manageable stage or, alternatively, represent a funda-
mentally different and more indolent form of the disease we showed
that MM cases could be separated into those that were MGUS-like and
those that were non-MGUS-like. Importantly, the MGUS-like MM had
low risk clinical features and improved long-term survival relative to
their non-MGUS-L counterparts. An interesting finding of this study
was that a subset of MGUS cases was MM-like, suggesting that despite
their clinical presentation these cases may in fact be at higher risk of con-
version to MM. Thus, patients with MGUS-like MM may not require as
intensive therapies as their non-MGUS-like counterparts. Likewise, the
presence of molecular features of MM in MGUS may point to the need
for earlier intervention, as opposed to the typical watch-and-wait
approach. Molecular studies within MM have revealed that the disease
can be separated into eight different molecular subtypes with tight links
to known translocations, hyperdiploidy, proliferation, bone disease, and
non-plasma cell hematopoietic lineage gene expression patterns.® Sub-
types associated with FGFR3/WHSC1 spikes and proliferation repre-
sented poor risk subtypes in patients receiving tandem transplants’®
Regardless of molecular subtypes all myeloma appear to originate
through the activation of one of the three cyclin D genes.** By correlat-
ing gene expression profiles of tumor cells with MRI imaging studies we
are able to show that mRNA levels of the Wnt signaling inhibitor DKK1
in tumor cells were correlated with the presence of lytic bone disease.”
The importance of this secreted factor lies in its potent ability to suppress
Wnt signaling and osteoblast differentiation, which in turn control osteo-
clast development by altering RANKL and OPG levels. We have shown
that DKK1 is likely activated in myeloma plasma cells by oxidative stress
via the JNK signaling cascade® and that a monoclonal antibody against
DKK1 can inhibit myeloma bone destruction and tumor progression in
a mouse model of myeloma.” Long-term survival in patients with mul-
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tiple myeloma can vary considerably with current laboratory and genet-
ic tests failing to account for more than 20% of this variability. Using log
rank tests of expression extremes, hypothesized to reflect gene copy
number gains or losses leading to a clinically aggressive form of disease,
revealed that a subset of 17 genes, 50% mapping to chromosome 1,
were linked to early disease-related death. Importantly, the majority of
up-regulated genes mapped to chromosome 1q and down-regulated
genes mapped to chromosome 1p suggesting that abnormalities in this
chromosome may be central to the development of an aggressive phe-
notype.® The high-risk signature, present in 13% of patients and found
in all 8 disease subtypes experienced shorter durations of complete
remission, event-free and overall survival. The high-risk score also was
an independent predictor of outcome endpoints in multivariate analysis
that included the International Staging System and high-risk transloca-
tions. For example, patients with the t(4;14) translocation and a low-risk
score faired significantly better than patients with the t(4;14) and a high-
risk score, pointing to the value of the molecular risk score in appropri-
ate risk stratification. In longitudinal studies of paired samples taken at
diagnosis and relapse we found that the risk score could increase at
relapse and could predict post-relapse survival. Given that baseline and
relapse samples contained the same initiating translocations these data
suggests that clonal evolution can occur over time, a concept that is sup-
ported by our discovery that the percentage of cells with gains and the
number of copies of chromosome band 121 can increase from the time
of diagnosis to the time of relapse.” Overexpression of the gene CKS1B,
mapping within a minimally amplified region between 153-154Mb of
chromosome 1q21," is overexpressed in gene in high-risk disease and a
component of the 17 gene high-risk signature.® CKS1B is the rate-limit-
ing component of the SCFSkp2 ubiquitin ligase that regulates the pro-
teasomal degradation of p27**" a cyclin- dependent kinase inhibitor and
tumor suppressor gene. Over-expression of CKS1B contributes to
increased p27*" turnover, cell proliferation, and a poor prognosis in
many tumor types and we have shown that increased CKS1B protein is
inversely correlated with p27*** protein in primary myeloma.” Taken
together these data suggests that amplification of 1q21 may target
CKS1B. Utilizing four MM cell lines harboring MAE FGFR3/MMSET, or
CCND1-activating translocations we have shown that lentiviral delivery
of shRNA directed against resulted in ablation of CKS1B mRNA and
protein with concomitant stabilization of p27**!, cell cycle arrest, and
apoptosis. Although shRNA-mediated knockdown of SKP2 and forced
expression of a non-degradable form of p27°"" (p27™*) lead to cell cycle
arrest apoptosis was modest. Importantly, while knock down of SKP2
or over expression of p27"¥* induced cell cycle arrest in KMS28PE, a MM
cell line with biallelic deletion of CDKN1B/p27**", CKS1B ablation
induced strong apoptosis." These data suggest that CKS1B influences
myeloma cell growth and survival through SKP2- and p27°*'-dependent
and independent mechanisms and that therapeutic strategies aimed at
abolishing CKS1B function may hold promise for the treatment of high-
risk disease for which effective therapies are currently lacking. In con-
clusion, the application of gene microarray analysis to large well-anno-
tated and uniformly treated patients is providing unprecedented oppor-
tunities to advance therapy for multiple myeloma.
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S1.4
CLINICAL AND PATHOLOGICAL IMPLICATIONS FOR MYELOMA SUBTYPES

R. Fonseca
Mayo Clinic, Scottsdale, AZ, USA

It is clear that myeloma (MM) is a heterogeneous disorder and that
several well defined variants exist.' The study of these genetic aberra-
tions not only furthers our understanding of disease pathogenesis, but
has allowed for their application in the clinic. This information improves
our ability to prognosticate and predict likelihood of clinical benefit with
specific therapeutics. Multiple classification schemes exist for MM, yet
all describe one and the same thing; a heterogeneous condition best sub-
classified by genetic/cytogenetic markers, with consequent variability of
phenotype.! However, as information has emerged the classification
systems for the disease can be divide into three main categories; 1) Biol-
ogy based classification: Mostly by identifying unique genetic subsets
characterized by either chromosome translocations/structural aberra-
tions, deletions, of whole chromosome changes, unlikely to change,
usually with clinical utility, but not always. 2) Prognostic classification:
A classification derived from understanding the natural course of the dis-
ease and independent of therapy administered, can possible change
depending on therapy, but likely influential in outcome with most treat-
ments. 3) Predictive classifications: A classification capable of providing
estimates of clinical benefits associated with specific therapeutics, high-
ly relevant but dynamic and subject to change.

Biology classification (enduring)

Primary genetic events. A biology classification system is one that will
(should) not change with time. For instance even if MM becomes cur-
able we will still have 15% of MM be t(11;14). This classification needs
to be derived purely from biology and irrespective of clinical implica-
tions.”” While biologic classifiers that attain clinical significance are more
convincing, important genetic lesions do not necessarily have to dis-
criminate outcomes. For instance MM with t(11;14) is clearly a unique
biologic entity, even when it is not significantly different with regards
to prognosis.”® The two major subtypes include hyperdiploid MM and
MM with IgH translocations involving multiple partners.

Secondary genetic events. A number of other genetic aberrations are
thought to participate in disease pathogenesis acting as progression
events. Some of them may act as catalyst factors for clonal expansion (e.g.
chromosome 13 abnormalities; see abstract by T Henry et al.) while oth-
ers will enhance cell survival, allow extramedullary disease and increase
likelihood of therapy resistance (e.g. p53 deletions).’ Lastly others are in
all likelihood contributors for clonal expansion, but with specific roles
still being elucidated. (e.g. chromosome 1 abnormalities, c-myc, non-
canonical NFKB activation). Regarding to chromosome 1, it should be
noted that 1q gain and 1p loss are so closely related that it is hard to pro-
vide differentiation.”®

Other categories. The fundamental observation by Bergsagel and Kuehl
that MM is characterized by upregulation of any one of the three cyclin
D genes,” resulted in the observation that some patients lacking the
aforementioned primary translocations will be characterized, at the gene
expression level, by augmented expression of CCND2 (with or without
concurrent CCND1 expression). It is possible one unifying genetic mech-
anism explains CCND?2 elevation, but also that multiple abnormalities
ultimately lead to CCND?2 increased expression. Another subgroup iden-
tified by this classification is the none group. This group is characterized
by minimal expression of RB1 (50%) complimenting a model consistent
with hyperactivity of cyclin D or down regulation of checkpoints (RB1)
mediating G1/S transition.

Prognostic classification

While we believe the major prognostic variation of MM is dictated by
primary genetic categories, secondary changes can also have a profound
influence in outcome by providing clonal survival/proliferation advan-
tages. Some of the basic genetic categories have not resulted (yet) in
specific clinical outcome difference, yet define unique subtypes (e.g.
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t(11;14)).>" The clinical consequences of secondary genetic changes tend
not to be related to therapy administered. One possible way to define
prognostic markers is that they associate with baseline features of
aggressiveness (pathobiology) and they should exert their influence if
patients are not treated (natural history). Since most patients will ulti-
mately be treated, they usually will exert their influence in segregating
outcome, even with therapy improvements (but may not). One could
propose that for a prognostic marker to be considered meaningful min-
imal requirement could be; a) that the marker has shown effects when
applied to patients treated with two different modalities and, b) that it
has been reported in at least two statistically empowered series of patients.
For instance we know for that overall patients with t(4;14) fare worse,*>"
even when some selected cases might fare better. Needless to say the
prognostic ability of this same markers is currently challenged by the
introduction of novel therapeutics(12). The same is true for t(14;16) with
at least two series showing that (ECOG and UAMS).*"* Minimal data is
available regarding the other MAF variants.

Other models. Other prognostic markers exert effects across the major
biology subtypes of MM. Some are well established, including the
strongest cytogenetic prognostic marker; —17p1.**** Another model that
has been proposed and tested in at least two series is a 70 gene signature
derived from the GEP by the UAMS." This last model discriminates
with unprecedented ability high-risk disease. While not likely to be
immediately in the clinic this is an excellent benchmark with which
clinical trails can be compared for inclusion of high-risk individuals. Oth-
er markers could include proliferation index by GEP, centrosome index
by GEP and CTA.” Most of these models are best considered working
categories.

Table 1.
Classification  Likely Clinical  Related Definitive Need
to change  utility to therapy  categories additional
over time data
or series
1. Biologic Not Maybe  No
Primary t(11;14) CCND2
1(4;14) D1+D2 category
(14;16)
Hyperdiploidy
Secondary Deletions of 13 Chromosome 1
17p13 deletions Non-canonical
NFKB ?
c-myc.
2.Prognostic  Perhaps  Yes Yes/No 1(4;14) Hyperdiploidy
t(14;16) t(11;14)
-17p13 UAMS 70
gene signature
Deletions 13 Proliferation
by metaphase signature
Hypodiploidy by ~ Cancer testis
metaphase antigens
UAMS 70 gene  Centrosomes
signature CCND3 and
other maf
translocations
3. Predictive  Likely Yes Yes 1(4;14) TRAF3
(e.8. (14;16) UAMS 70
melphalan) -17p13 gene signature
Centrosome
3. Predictive  Likely Yes Yes None t(4;14)
(bortezomib) IgH translocations
Deletions 13
TRAF3
Centrosome




Predictive classification

Predictive classifications lag behind in supporting data and clinical
applicability. The issue of predicting response to therapy is not as impor-
tant in MM (now most patients respond), as it is to predict sustainabil-
ity and quality responses. Arguably by combining these parameters (and
assuming reasonable toxicity) a predictive factor will measure clinical
utility. A predictive classification is more complex in that it incorporates
treatment as a variable. Again, using likelihood of response alone will not
be enough. For instance all preliminary data suggest that bortezomib
works just as well for IgH translocated or chromosome 13 deleted cas-
es (not necessarily better).”' However, this has not as of yet translated into
clinical benefit. The problem with t(4;14) has not been lower responses,
but rather early relapse and refractory relapse.**"” The long-term out-
look of t(4;14) patients treated with bortezomib is needed. Furthermore
an accurate predictive model may dictate more the order (sequence) of
treatments employed, since ultimately, and barring the development of
curative therapy, many MM patients will be treated with all agents, just
in different order. One example of prediction is our recent observation
of higher likelihood of response (90%) to bortezomib amongst patients
with hyperactive non-canonical NFKB pathway (using low level of
expression of TRAF3 as surrogate), as opposed to those with normal
level of TRAEF3 expression (30%). Based on some of these considera-
tions, despite data shortcomings, and because of the shorter benefit of
autologous stem cell transplant for high-risk disease, our group has incor-
porated bortezomib early on in the treatment course of patients with
high-risk disease (recommendations available at mSMART.org). RF is a
Clinical Investigator of the Damon Runyon Cancer Research Fund.

This work is supported by the International Waldenstrom Macroglobulinemia
Foundation, and grants R0O1 CA83724-01, SPORE P50 CA100707-01and
Po1 CA62242 from the National Cancer Institute, and the Fund to Cure Myelo-
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PROGNOSTIC IMPLICATIONS OF FISH KARYOTYPING IN MYELOMA

H. Avet-Loiseau

Laboratory of Hematology, University Hospital, Nantes, France

Despite recent improvements in the treatment of patients with mul-
tiple myeloma, most patients will experience relapse and ultimately will
die from the disease. Although myeloma is currently not curable, even
with the use of the novel drugs, some of them may enjoy a very long sur-
vival, up to 10 or 15 years. However, using similar therapeutic strategies,
some patients present a highly refractory disease, and die from the dis-
ease within a few months after the diagnosis. Several prognostic classi-
fications have been proposed in order to try to predict patient evolution.
The most popular one is the International Staging System (ISS), based
on 2 simple biological tests, i.e., B2-microglobulin (82m), and albumin
levels.! This system allows to distinguish 3 groups of patients with dif-
ferent outcomes. However, this classification is not very useful to iden-
tify both patients with a very poor outcome (for instance, those who will
die within 24 months), and those who will be still alive more than 10
years after the diagnosis. By analogy with other hematopoietic malignan-
cies, cytogenetics has been shown to play a dramatic role in determin-
ing the prognosis of the patients with myeloma.”® However, striking dif-
ferences exist between myeloma and acute leukemias for instance, that
explain the gap in the use of cytogenetics in these two disease types.
Basically, two major differences have been shown to prevent a wide-
spread use of karyotyping in myeloma. The first difference is the level
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of tumor cell infiltrate within the bone marrow samples. In myeloma,
bone marrow samples sent to the cytogenetics lab contain usually less
than 10% of plasma cells, probably because of the difficulties in bone
marrow harvesting in myeloma. The second difference is related to the
biology of the tumor cells. Plasma cells are terminally-differentiated cells
and display a very low proliferative index. Because conventional cyto-
genetics requires the cells to pass through the mitosis to generate
metaphasic chromosomes, proliferation is crucial for cytogenetics suc-
cess. If, in addition, the number of tumor cells within the specimen is
very low, the generation of metaphases within the tumor clone is almost
impossible. Thus, to circumvent this pitfall, the use of techniques inde-
pendent of proliferation is a prerequisite. Interphase fluorescence in situ
hybridization (FISH) presents many advantages to reach this goal. Before
to describe the results of FISH analyses in predicting outcome in myelo-
ma, it is crucial to understand the pitfalls that have to be circumvented
in order to get proper interpretation of the results. The most important
point is that FISH analysis has to be performed on identified plasma
cells. Because of the common low percentage of plasma cells in speci-
mens sent to the lab (median is 6% in the IFM practice), a classical direct
FISH experiment would get falsely negative results. Physicians have to
be aware of this major point, in order to reject results obtained on crude
bone marrow cells. Plasma cells can be identified either by purification
(using anti CD138-coated magnetic beads for instance, with an evalua-
tion of the plasma cell purity after the selection), or by a concomitant
immuno-labeling of the kappa or lambda light chains, or by a two-step
method combining a morphological identification of the plasma cells, fol-
lowed by a classical FISH experiment on these plasma cells. Many chro-
mosomal abnormalities have been shown to impact the outcome of the
patients with myeloma: del(13), t(4;14), t(11;14), ploidy changes,
del(17p), t(14;16), t(14;20), 1q gains being the most commonly recog-
nized. Abnormalities of chromosome 13 have been the first to be asso-
ciated with a poor outcome.’ Most of these abnormalities are mono-
somies, more rarely partial deletions. A matter of debate is still present
in the myeloma community regarding the specific prognostic role of
del(13). First of all, it is clear that chromosome 13 abnormalities identi-
fied on the karyotype (rather than by interphase FISH only) have a high-
er prognostic power, probably because it is associated by definition with
a high proliferative index. However, recent data obtained by the IFM on
a large number of patients did highlight the wide heterogeneity of
patients with del(13).” They did show that even though del(13) is clear-
ly associated with a shorter survival, this prognostic power is almost
totally related to other chromosomal abnormalities frequently associat-
ed with del(13), like t(4;14), del(17p), or t(14;16). Actually, patients lack-
ing these latter abnormalities, but presenting a del(13), have exactly the
same outcome than patients lacking del(13). Thus, the debate around the
method of del(13) identification will probably disappear with the disap-
pearance of chromosome 13 expertise from the prognostic assessment
of myeloma at diagnosis. Translocations involving the 1432 region are
present in about 60% of the patients with myeloma. The most frequent
one is the t(11;14) (about 20% of the patients), the same than that
observed in mantle cell lymphoma. This translocation has been associ-
ated with a longer survival in some studies, but more recent studies did
not confirm this prognostic impact, and the t(11;14) is currently consid-
ered as neutral from a prognostic point of view.5 The second most fre-
quent 1432 translocation is the t(4;14). This translocation leads to the
deregulation of two genes located at the 4p16 breakpoint, FGFR3 and
MMSET. All the authors agree to consider this abnormality as a grave
parameter.”® However, even in this small subgroup of patients (about
15% of the patients), heterogeneity has been identified. For instance,
gene expression profiling has been shown to discriminate two groups of
t(4;14)-positive patients, with different outcomes.” Similarly, using more
simple methods like B2m levels, the IFM did show that B2m can discrim-
inate two groups of t(4;14)-positive patients, with different outcomes
(median survival of 22 months and 54 months, respectively). An unre-
solved question is the exact role of FGFR3 overexpression in oncogene-
sis and patient outcome. Actually, about one third of the t(4;14)-positive
patients do not express FGFR3 (mostly because of a loss of the deriva-
tive chromosome 14).>” However, those patients display a similar poor
prognosis.” This finding highlights the role of MAMSET deregulation
rather than FGFR3 in the pathogeny of t(4;14), and raises some questions
on the current therapeutic strategies testing FGFR3 kinase inhibitors.
Other rarer 14g32 translocations, and especially those deregulating the
MAF genes, are also associated with a poor prognosis.® However, these
translocations (t(14;16) and t(14;20)) are observed in less than 5% of the
patients, and data on the real prognostic power have probably to be
extended through larger studies. Ploidy is probably not an important
prognostic factor, as recently shown by the IFM.” Actually, the poor
prognostic impact of hypodiploidy is probably largely covered by oth-
er abnormalities like t(4;14), del(17p), or t(14;16), almost totally restrict-
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ed to hypodiploid karyotypes. The last important prognostic abnormal-
ity is del(17p). This abnormality is observed in about 10% of the patients
(mostly as losses of the whole short arm of chromosome 17). Several
series have shown the very short survival of patients presenting this
abnormality.**" The molecular significance of this deletion is so far
unknown. Most authors did focus on the TP53 gene, located at 17p13.
However, so far, no clear evidence highlights the role of this gene in the
prognostic impact of del(17p) in myeloma. It is rather unlikely that the
sole deletion of one TP53 allele will inactivate the gene. Thus, the inac-
tivation of the second allele has to be present to imagine that TP53 is the
target of these deletions. To date, no convincing data have been report-
ed to support this hypothesis. Deletions are never bi-allelic, and TP53
mutations have been rarely reported in myeloma at diagnosis. Thus,
the quest of the Graal is still open! In conclusion, FISH karyotyping has
become the reference technique for the analysis of genetic abnormali-
ties in myeloma, and should be performed at diagnosis for every patient.
Actually, FISH is more informative than conventional cytogenetics, and
is (so far) much more feasible than microarray techniques. However, it
is also clear that genetic abnormalities have to be combined with other
prognostic factors exploring other disease components (like tumor mass,
or proliferation for instance) to get a strong prognostic analysis. In the
IEM experience, B2m is the strongest factor after cytogenetics, allowing
to split the survival curves drawn according to genetic factors.”

Overall survival of the 516 patients annotated for all the parameters
in the IFM99 studies (patients < 66 years).
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SINGLE NUCLEOTIDE POLYMORPHISM MODELS IN MYELOMA - FROM THE BANK ON A
CURE SNP CHIP

B. Van Ness, C. Ramos, A. Hoering, J. Crowley, J. Haessler,
G. Morgan, D. Johnson, M. Katz, D. Baris, B. Durie,

The Bank On A Cure®, International Myeloma Foundation
Introduction and SNP Chip design

The human genome project has shown that there are large genetic
variations in the human genome (polymorphisms). Unlike somatic
mutations, polymorphisms are stable and heritable. Polymorphisms
include single nucleotide polymorphisms (SNPs), micro- and minisatel-
lites, and may include heritable insertions and deletions (indels). A SNP
represents a single base change that may or may not cause an amino acid
change in the encoded protein, potentially altering function; or a SNP
may alter important regulatory elements, that affect levels of expression
or RNA processing. Significantly, SNPs account for over 90% of genet-
ic variation in the human genome. An important principle that has
emerged from the consideration of genetic variation is that disease risk,
and clinical outcomes can show significant variation in the population.
Multiple myeloma (MM) shows significant heterogeneity with regard
to morphology, disease progression, response to therapy and incidence
of secondary malignancies. This heterogeneity likely is due, in part, to
differences in genetic abnormalities within the malignant clone, as
shown in many studies on chromosomal abnormalities, oncogenes and
tumor suppressor genes in myeloma. However, it is also very likely that
germline genetic polymorphisms contribute significantly to an individ-
ual’s disease course and response. The growth of MM plasma cells is
dependent on a complex interplay among various growth factors, adhe-
sion molecules and other factors in the tumor microenvironment. Thus,
it might be expected that genetic variations in this interplay could have
a profound influence on disease initiation, progression, associated bone
complications, and response. Moreover, genetic variation in immunity
and inflammation is an important consideration, as are variations in
genes coding for drug metabolism and transport. In order to address
these issues we have engaged in an international program designated as
the Bank On A Cure BOAC). A cooperative program was established to
bank DNA from multiple clinical and institutional trials, and develop a
platform for examining the association of genetic variation with disease
risk and outcomes. A directed, custom BOAC SNP chip design was
developed with specific criteria from public and commercial data bases.
Rather than a total genome wide screen, a plan was undertaken to devel-
op a custom SNP chip, focusing on functionally relevant polymorphisms
playing a role in normal and abnormal cellular functions, inflammation
and immunity, as well as drug responses. Candidate gene lists were cre-
ated and each gene in the candidate list was systematically investigat-
ed with a selection of SNP databases to harvest SNPs that may have a
functional effect on gene action. Searches for genes were developed,
using public and commercial software programs in PubMed, iHOE, as
well as pathway data bases, such as PharmGKB Pathways, BioCarta,
KEGG, Ingenuity, and Pathway Assist (Stratagene, Inc.): The Human
Mutation Database contains a searchable database of polymorphisms
associated with diseases cited in the literature. This database was used
in conjunction with SNP500, SNPper and MutDB to obtain the SNP id
(rs number) of polymorphisms in the gene lists. A systematic search for
all non-synonymous SNPs (ie. resulting in coding change) with a validat-
ed, minor allele frequency greater than 2% in all of the candidate genes
was completed using SNP 500, dbSNP, and Affymetrix databases. SNPs
failing to meet a 2% population frequency were included if the frequen-
cy was higher than 5% in selected racial subgroups (eg. Asian, African
American, Caucasian). A systematic search of the promoter regions of
in all the candidate genes for SNPs present in homologous regions
between human and mouse with a minor allele frequency greater than
2% were identified using Promolign Database. Many of the SNPs select-
ed in this method were seen to lay in or adjacent to promoter and tran-
scription binding sites. Affymetrix provided several in-house validated
SNP lists, including: inflammation & immunity, drug metabolism, and
cancer lists. TagSNPs in genes influencing drug metabolism and trans-
port were added. A final custom SNP chip panel of 3,404 SNPs from 983
genes meeting the above criteria was produced for the
Affymetrix/Megallele platform.



Samples and Quality Controls

A total of 861 DNA samples have been profiled by the BOAC SNP
Chip, including 670 myeloma patient samples and 191 unaffected con-
trols. Most of the patient samples were derived from cooperative group
clinical trials (eg. ECOG, SWOQG), institutional trials (eg. Arkansas Total
Therapy II), or NCBI control cell lines (eg. Coriell). Among all samples
profiled, we had an average call rate of 95.3%. The profiles of the Coriell
panel allowed us to determine allelic frequencies in racial groups and
unaffected populations. Of the 3,404 SNPs on the BOAC panel, 786
were contained in the SNP500 cancer data base, allowing us to determine
concordance between the two data sets. We found very good agreement
with an average of 97% concordance. We also duplicated the profile of
a number of samples, and found better than 99.7% reproducibility
between duplicate samples. This concordance and duplication rate was
also equivalent when comparing the BOAC SNP panel run in the U.S.
and U.K facilities, providing a cross validation between BOAC labora-
tory sites. We have used the SNP data base to analyze variants associat-
ed with survival, adverse effects (eg. thrombosis), and bone disease. A
first analysis of genetic variation associated with survival will be present-
ed here; other associations will be provided in separate presentations.

Analysis of SNPs associated with survival

143 samples from two clinical trials were run on the BOAC SNP chip.
Because of the extensive differences in allelic frequencies among races,
and the larger cohort of Caucasians in the trials, we limited our first
analysis to Caucasians, but will continue to analyze samples from all
races, with updates as the numbers increase. Moreover, as a first explo-
ration of genetic variation associated with survival, we choose to com-
pare extreme phenotypes, ie. short term survivors (less than one year,
n=70) versus long term survivors (greater than 3 years, n=/3 ), receiv-
ing combination chemotherapies in ECOG trial E9486 and intergroup tri-
al §9321. We first determined a rank order of SNP association through a
univariate analysis, using a stratified test to account for trial differences.
From this list, 141 SNPs showed association with a p value <.05. Notably,
there was a high content of SNPs associated with drug metabolism,
transport, and DNA repair (cyp genes, ABC transporters, GSTs, XRCCs),
as well as proliferation genes (PCNA) and cathepsins.When we treated
the 141 SNPs as a set for classification prediction, we found a 79% cor-
rect classification rate, with confidence intervals for likely error (13.9%,
23.8%). In addition, a classification recursive partitioning tree was con-
structed in which 6 SNPs were found to provide an 81% classification
predictor. These results are to be considered exploratory, and a number
of limitations on interpretations will be presented. However, they pro-
vide some of the first attempts to model the association of genetic vari-
ations among patients with outcomes in myeloma.
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S2.1
ANIMAL MODELS OF MULTIPLE MYELOMA: AN OVERVIEW

K. Vanderkerken,' T. Bos,' E. Van Valckenborgh,' E. Menu,’
I. Van Riet,' H. De Raeve,* P. Croucher’ B. Van Camp'

"Vrije Universiteit Brussel (VUB), Department Hematology and Immunology,
Brussels, Belgium; *University Hospital Antwerp, Department of Pathology,
Antwerp, Belgium; *University of Sheffield Medical School, Academic Unit of
Bone Biology, Sheffield, UK

Multiple myeloma (MM) cells predominantly grow in the bone mar-
row as a result of a complex interplay between these cells and the dif-
ferent players in the bone marrow stroma, resulting not only in bone
marrow plasmacytosis but also in the induction of other processes
involving the host microenvironment like angiogenesis and bone dis-
ease. While in vitro experiments mainly focus on one type of interaction
in a two-dimensional network, animal models of myeloma provide a
basis to study complex interactions in a three-dimensional network. Dif-
ferent models have been developed and used in the past decade to reca-
pitulate the human pathophysiology in murine systems. Most estab-
lished animal models however fail in one or more crucial features to
resemble human MM. It is important to stress that each model has his
pro and contra and investigators should use a particular model depend-
ing on the scientific question asked. In view of the important role of the
bone marrow microenvironment, growth in the bone marrow is one of
the critical features of MM models. Furthermore, the bone marrow
engrafted MM cells should also interact with the host, inducing process-
es like angiogenesis and osteolytic lesions. Preclinical testing of new
therapeutic strategies for the treatment of MM requires quantitative
evaluation of the applied therapy, while immunological studies require
an immunocompetent host. Recent developments in medical imaging
allow accurate evaluation of the MM disease: follow-up of bone lesions
by microCT (of whole bones or bone explants) and follow-up of tumor
burden after transfection (plasmids) or transduction with viral vectors
containing fluorochromes (e.g. eGFP), luciferases (bioluminescence) or a
sodium iodide symporter (rat or human, SPECT) using specific imaging
devices. Both techniques hold great promise, since animals can be repeat-
edly monitored throughout disease progression. The mostly widely used
MM models will be discussed, including syngeneic models, different
SCID xenografts models, SCID-Hu, SCID-rab and different transgenic
models.
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$2.2
THE SCID-HU MODEL FOR MULTIPLE MYELOMA
J. Epstein

Myeloma Institute for Research and Therapy, University of Arkansas for Med-
ical Sciences, Little Rock, Arkansas, USA

Adaptation of the severe combined immunodeficient-human (SCID-
hu) mouse, originally developed for studying human hematopoiesis,' to
the study of primary human myeloma was prompted by two factors: the
need to identify the proliferative myeloma cell, (myeloma stem cell), a
controversial issue stemming from the perceived lack of proliferative
capacity of the recognizable myeloma plasma cell, and by the observa-
tion that when a human bone (myeloma patient biopsy core) was pres-
ent, myeloma cell lines injected IV into the mice homed preferentially
to the human bone and not to the mouse hematopoietic organs, their
site of homing in the absence of a human bone.” The result of this adap-
tation was the first system that consistently supports growth and dis-
semination of primary myeloma plasma cells. Initial work established,
for the first time, a model that consistently supported the growth of
myeloma cells isolated to high degree of purity from fresh bone marrow
aspirates.® This model helped prove unequivocally that given the right
microenvironment, myeloma plasma cells are proliferative, capable of
sustained proliferation, and that no other cell in the patient’s bone mar-
row or blood are able to produce myeloma in this model or are required
for sustained myeloma cell growth. Myeloma growth was totally
restricted to and dependent on the human bone marrow microenviron-
ment, and was associated with typical myeloma manifestations, includ-
ing osteolytic bone disease. The dependence of myeloma on the human
bone microenvironment facilitated studies addressing biological charac-
teristics of myeloma, especially those related to myeloma cell interac-
tions with the bone marrow microenvironment. Pearse used the SCID-
hu model to demonstrate that myeloma alters the RANKL/OPG bal-
ance in the bone marrow, causing bone destruction and promoting dis-
ease progression,” and Yaccoby demonstrated that myeloma depends on
the osteoclastogenesis it induces for survival and growth,’ observations
also reproduced in the 5T murine myeloma model. Thus, the depend-
ence of myeloma on osteoclast activity revealed, for the first time, that
myeloma-associated bone disease is a facilitator of myeloma growth
and progression, and helped demonstrate that IL-6 is an anti-apoptotic
agent.”” These studies also demonstrated a fundamental difference
between classical and extramedullary myeloma that while still requir-
ing a human microenvironment, does not depend on osteoclast activi-
ty for survival or growth, only for dissemination. To investigate the role
of myeloma-associated osteoblast abolition in the disease process, mes-
enchymal progenitors of osteoblasts (MSC) were injected into the
human bones of SCID-hu mice with established myeloma. In 50% of
experiments MSC injection was associated with inhibition of myeloma
growth and increase in bone mineral density, while in the other half no
effect was discerned. Only in experiments with clear anti-myeloma
activity could the injected MSC and their differentiated progeny be
demonstrated histologically.® Whether failure of MSC to engraft in these
experiments reflects characteristics of these cells or properties of the
myeloma cells is being investigated. Similarly, enhancing osteoblast
activity with bone anabolic agents like PTH was associated with inhi-
bition of myeloma growth. Additional studies on the interactions
between myeloma cells and the marrow microenvironment revealed
that only some myelomas respond to inhibition of angiogenesis and
that thalidomide’s anti-myeloma activity depends on its metabolism by
liver microsomes.”’ Ge reported that the fibroblast activation protein
(FAP), a serine phosphatase was important in the myeloma interaction
of myeloma cells with their microenvironment." Unique characteristics
of the SCID-hu model - the only one in which primary myeloma cells
grow in and interact with a human bone microenvironment — render it
a most attractive system for pre-clinical studies. Indeed, the model has
provided a great deal of information on myeloma biology and is suitable
for pre-clinical proof of principle studies. However, the human bone is
the sole source of human factors that are required for myeloma survival
and growth. Therefore, the effects of interference with any of the major
cells in this microenvironment (osteoclasts, osteoblasts/MSCs, vascular
endothelial cells) on the myeloma cells will be hugely amplified, where-
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as in patients some or all of the required factors can originate from oth-
er organs. The interpretability and applicability of the model-derived
data to patients is therefore limited at best. Several investigators report-
ed variants of the SCID-hu model, including the use of myeloma cell
lines to investigate myeloma cell homing, ' and the use of myeloma cells
and cell lines in pre-clinical evaluation of various therapeutic agents.""
Other variations on the SCID-hu model include the NOD/SCID-hu
reported by Huang et.al.’ and the SCID-rab model reported by Yata et
al.,” in which a rabbit bone replaces the implanted human bone; *° this
and the SCID-hu models were used to demonstrate the effect of anti-
DKK1, bortezomib, and bone anabolic agents on bone remodeling and
myeloma growth."”
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$2.3
CHROMOSOMAL AND EPIGENETIC ABNORMALITIES IN MGUS AND MM POST-MGUS

J. Drach, H. Kaufmann, J. Ackermann, G. Heller, S. Seidl,
S. Zochbauer-Miiller

Medical University of Vienna, Department of Medicine I, Clinical Division of
Oncology, Vienna, Austria

Patients with monoclonal gammopathy of undetermined significance
(MGUS) may progress to multiple myeloma (MM) or a related disorder
with a probability of 1% per year. However, it is at present unclear
whether or not MM post-MGUS is biologically and clinically different
from MM developing without a durable MGUS-phase (referred to as MM
with unknown prior history, MM-U). We studied 41 patients with MM
post-MGUS using interphase FISH to determine the cytogenetic pattern
and clinical outcome. Results were compared with cytogenetic abnor-
malities found in a reference population of 287 patients with MM-U.

The frequency of FISH-defined chromosomal aberrations is summarized
below.

MM post MGUS MM-U p-Value
Any t(14932) 25/38 (65.8%) 116/274 (42.3%) p=0.11
t(11;14) 9/39 (24.1%) 39/286 (13.6) p=0.19
t(4;14) 3/38 (7.9%) 24/270 (8.9%) p=0.85
Del(17p13) 1/39 (2.6%) 25/157 (15.9)% p=0.04
Del(13q14) 22/41 (53.7%) 115/287 (40.1%) p=0.31
Del(13q14) 20/22 (90.9%) 64/115 (55.6%) p=0.15
with t(14932)
Del(13q14) 7/22 (31.8%) 11/115 (9.6%) p=0.02
with t(11;14)
Del(13q14) only*  11/39 (28.2%) 29/250 (11.6%) p=0.02

In MM post-MGUS, a t(11;14) was found to be more frequent than
in MM-U (24% versus 14%) and it was associated with significantly
shortened survival (24 months versus 70 months in MM-U; p=0.01).
MM post-MGUS was further characterized by a higher frequency of
13g-deletions only (absence of all other specific abnormalities; 28 % ver-



sus 12% in MM-U; p=0.02). A 13g-deletion only was an indicator of
long survival in MM post-MGUS (median not yet reached) as opposed
to MM-U (median survival, 29 months; p=0.001). 17p-deletions were
infrequent in MM post-MGUS (3% versus 16% in MM-U; p=0.04). Sur-
vival times for patients with t(4;14) and/or 17p-deletions and other
abnormalities were similar in both MM patient cohorts. Our data sug-
gest that t(11;14) and 13q-deletions have distinct prognostic implications
in the context of MM post-MGUS. DNA methylation leading to gene
silencing is an important mechanism in the pathogenesis of many malig-
nancies and has been observed in MM as well. However, compared to
other malignant diseases, only a limited number of genes epigenetical-
ly inactivated in MM has been identified thus far. We therefore ana-
lyzed global changes in gene expression profiles of MM cell lines (MM1,
U266, NCI-H929) after treatment with 5-aza-2’-deoxycytidine and/or tri-
chostatin-A. A substantial number of genes as found to be up-regulated
in at least one cell line in response to treatment with one or a combina-
tion of both drugs (470 genes). Our approach identified several genes
which have already been reported to be epigenetically silenced in MM
(e.g. TIMP1, DDKN1A, SOCS1 or CDH1). However, of greater impor-
tance, we identified a large number of genes whose epigenetic regula-
tion in MM was not known thus far (e.g. ING1, TADA3L, BTG4, JUP,
CGREF1). Preliminary results in primary patient samples indicate that
aberrant methylation of promoter regions of these genes can also be
observed in MM and MGUS, and comparative results will be present-
ed. Our results further point to an important role of epigenetic gene

silencing in the pathogenesis of MM.

S2.4
MICROARRAY ANALYSIS TO PREDICT RESPONSE TO THALIDOMIDE AND THE IMIDS

S. Kumar
Mayo Clinic, Hepatology Department, Rochester, VIN, USA

The past decade has seen incredible advances in the understanding of
myeloma biology as well as in its treatment. The introduction of thalido-
mide and IMiDs has opened up treatment options for patients with
myeloma and has improved their outcome."” However, progress does
come at the price of toxicities unique to each therapy and treatment
with these drugs has the potential for toxicities that can impact the qual-
ity of life. The ability to individualize therapy, to match therapies to
patients that are likely to result in best efficacy with lowest potential for
toxicity, has so far remained an elusive target. Better understanding of
the disease biology and mechanisms of the drugs being used have
brought this dream closer to reality than ever before. Identification of the
underlying genetic abnormalities have been the corner stone for better
understanding of the disease biology and has been true for myeloma
than any other disease. Introduction of FISH overcame the limits of con-
ventional cytogenetics in a disease characterized by low rates of prolif-
eration and has highlighted the genetic heterogeneity of this disease.’
Gene expression profiling using high density oligonucleotide arrays have
enabled us to view a snapshot of the gene expression profile in the tumor
cells and careful correlation with the clinical phenotype has allowed
identification of critical changes associated with the malignant transfor-
mation. In addition to studying disease mechanisms and identifying tar-
gets for therapeutic intervention, it has also opened up the possibility of
recognizing genetic signatures that can predict response to individual
therapeutic approaches for various cancers. Such approaches have been
employed with various tumor types including colorectal cancer, breast
cancer, as well as leukemias and lymphomas.’ Thalidomide and IMiDs
along with the proteasome inhibitors has become integral part of the
treatment of newly diagnosed as well as relapsed myeloma.>® Random-
ized clinical trials have demonstrated improvement in response rates
and survival with use of these agents compared to previous therapies.”
However, use of these drugs is associated with the potential for multi-
ple toxicities including thrombosis, neuropathy, and cytopenias among
others.® The ability to identify patients who are most likely to respond
to any of these drugs will allow us to individualize the treatment strate-
gies and avoid potential toxicities. Given the widespread use of thalido-
mide and dexamethasone for initial therapy of myeloma, we evaluated
the ability of gene expression profiling to identify patients who are most
likely to respond to this combination, when used as initial therapy.’
Patient samples from the Eastern Co-operative Oncology Group clinical
trial (E1A00),° that compared thalidomide-dexamethasone combination
with dexamethasone, and patient samples from the phase Il Mayo Clin-
ic study of thalidomide and dexamethasone, both for newly diagnosed
MM, were used for this study. Thirty newly diagnosed patients who
were evaluable for response were included in the analysis. Bone marrow
mononuclear cells were separated from aspirates by Ficoll or ACK lysis
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and tumor cells isolated by CD138 selection. Total RNA was isolated
using Qiagen RNeasy, cDNA generated and GEP performed using the
Affymetrix U133A microarray platform. The Affymetrix output (CEL
files) was imported into Genespring 7.2 (Agilent Technologies) microar-
ray analysis software, normalized across chips using GCRMA followed
by per gene normalization to median. For the purposes of this study,
responses were defined as reduction in the serum paraprotein (or the uri-
nary M protein in the absence of a serum M protein) of 250% (PR), 25
to 49% (MR), increase of 250% (PD) and stable disease for the remain-
ing. Five of the 30 patients had no response to the thalidomide Dexam-
ethasone therapy. Using the class prediction tool available in Genespring
(Support Vector Machines), we identified 25 genes that reliable predict-
ed non responders (PD, NC) from the responders (MR, PR, and CR). A
representative list is provided in Table 1. We also utilized the GEP to
identify patients with the common IgH translocations. None of the dif-
ferentially predictor genes were associated with the five common
translocations in MM (11q13 (cyclin D1), 6p21 (cyclin D3), 4p16 (FGFR3-
MMSET), 16g23 (c-maf), or 20q11 (maf-B)). All 5 non-responders had
one of the primary IgH translocations (11q13 -1 pt, 6p21 -1 pt, 4p16 -2
pts, 20g11 -1pt) compared to only 7 of the 25 responders with one of the
translocations. Using a combination of two datasets we have identified
a set of genes that can be used to reliably predict lack of response to
thalidomide and dexamethasone in patients with newly diagnosed MM.
We think that this represents a step towards creation of custom microar-
rays spotted with genes that are capable of predicting lack of response
(or response) for the purpose of tailoring therapy to the patient. Ter-
ragna et al. presented the results of their study that examined the abili-
ty of certain GEP signatures to predict the ability to attain a complete
response to therapy with thalidomide and dexamethasone treatment in
patients with newly diagnosed myeloma." Bone marrow plasma cells
obtained at diagnosis from 32 patients enrolled in the Bologna 2002 clin-
ical trial were used for this study. Gene expresion profiling was per-
formed using the Affymetrix HG133 Plus 2.0 microarray platform with
the output analyzed using Genespring 7.3 (Agilent technologies) microar-
ray analysis software. The data files were normalized across chips using
GCRMA and to the 50th percentile, followed by per gene normalization
to median. Genes differently expressed between the group of six patients
who achieved at least a nCR after thalidomide and dexamethasone and
the rest were identified an ANOVA analysis. The authors identified a
gene signature of 162 genes, that was capable of distinguishing patients
with nCR from those who failed to achieve a nCR. Using a nearest
neighbour approach they narrowed the list down to a set of 10 genes that
could reliably identify the patients achieving a nCR. These genes includ-
ed those that have been incriminated in cell cycle regulation as well as
those encoding anti-apoptotic proteins. Ongoing work utilizing samples
from clinical trials of IMiDs will allow us to develop similar lists of genes
that can potentially predict resistance or response to these agents. These
studies will eventually lead to development of customized arrays that
will guide optimal therapy for patients with myeloma.

Table 1.
Chromosomal ~ Gene Name Protein
Location
4q12 SEC3L1 Exocyst complex component 1
3026.1 SMC4L1 Structural maintenance of chromosomes
(SMC) family member
12q12-q14 TUBA6 Tubulin alpha 6
14922 CNIH Cornichon homolog
7q11 WBSCR5 Linker for activation of T cells family, member 2
16p12-13 NFATC2IP Nuclear factor of activated T-cells
Xp22 CD99 MIC2,T cell activation
1p31 LEPR Leptin receptor gene-related protein
1p32 USP1 Member of the ubiquitin-specific
(UBP)
family of proteases
1p35 FU11730 Sarcoma antigen NY-SAR-91
10q11 CSTF2T Cleavage stimulation factor
10923 FAM35A Family with sequence similarity 35, member A
11p15 ILK Integrin-linked kinase, apoptosis suppressor
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General

New blood vessels form through angiogenesis and vasculogenesis.!
Vasculogenesis prevails in the embryo, and starts from mesodermal-
derived cells, the hemangioblasts, which differentiate both into a)
angioblasts/endothelial cells (ECs), and b) hematopoietic stem cells
(HSCs). Angiogenesis prevails in post-natal life, when develops from
existing vessels. Both mechanisms occur in tumor tissues in response to
growth factors, mainly vascular endothelial growth factor (VEGF) and
basic fibroblast growth factor (bFGEF), produced by tumor and stromal
cells.” In addition, monocytes and macrophages can be induced to
assume a number of EC properties and form capillary-like structures in
vitro through a vasculogenic pathway.® Differentiation of HSCs into ECs
and the vasculogenic behaviour of macrophages have not been demon-
strated so far in patients with MM. Patients were grouped into active
(diagnosis, relapse, leukemic phase) and nonactive (complete/objective
response, off-treatment plateau-phase).

Vasculogenesis by hematopoietic stem cells

HSCs from MM patients at diagnosis were harvested from peripher-
al blood before conditioning therapy, using apheresis and an anti-CD133
antibody. Cells seeded on fibronectin and exposed to VEGE bFGE and
insulin-like growth factor (IGF) were able to differentiate into cells with
an MM-EC phenotype after a 3-weeks’ culture. HSCs gradually lost
CD133 and acquired VEGF receptor-2 (VEGFR2/KDR), factor-VIII-relat-
ed antigen (FVIII-RA) and VE-cadherin, indicative of a mature MM-EC
phenotype. In addition, cells adhered to fibronectin, spread and acquired
a typical MM-EC shape. On day 21, differentiated cells formed a close-
ly-knit capillary network on the Matrigel surface. At variance from non-
active MM, MGUS and benign anemia (control) patients in bone mar-
row biopsies of the active MM cells co-expressing FVIII-RA and CD133,
VEGEFR2, or VE-cadherin were involved in the formation of the
microvessel wall. VEGEF, bFGE, and IGF released by MM plasma cells
and inflammatory cells during the active disease possibly induce the dif-
ferentiation of CD133+ HSCs into MM-ECs that contribute to the devel-
opment of the MM vasculature through vasculogenesis.
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Vasculogenesis by macrophages

MM bone marrow macrophages exposed to VEGF and bFGF devel-
op a number of phenotypic properties, similar to those of paired bone
marrow MM-ECs, and form capillary-like structures morphologically
mimicking those produced by MM-ECs. At the ultrastructural level,
macrophages of active MM displayed an oblong, spindle-like shape with
thin cytoplasmic extroversions, some of which were either arranged to
form a microvessel-like lumen or anastomosed with each other and with
those of nearby macrophages to form tubular structures. These features
were lacking or minimal in macrophages of patients with nonactive
MM, MGUS or controls which, however, become phenotypically and
functionally similar to those of MM under the angiogenic stimulation.
In bone marrow biopsies of active MM, but not of nonactive MM,
MGUS or control patients, EC-like macrophages (CD68+/FVIII-RA+ and
CD68-/FVIII-RA+), and apparently typical macrophages (CD68+/FVIII-
RA-) were incorporated into the microvessel wall. The in vitro and in tis-
sue behaviour of these macrophage types can thus be regarded as a vas-
culogenic mimicry, like that of melanoma and other tumor cells which
form vascular channels to cater for their rapid proliferation and high
need of vessels. Data suggest that macrophages undergo a phenotypic
and functional adaptation, starting to behave like MM-ECs, when stim-
ulated by VEGF and bFGF largely secreted by plasma cells during the
active disease. In nonactive MM and MGUS, they are prone to a vascu-
lar switch that marches in step with the progression toward active MM.
Thus, active MM patients harbored mosaic vessels in their bone marrow,
formed by classical MM-ECs, MM-ECs differentiated from HSCs, EC-
like macrophages and macrophages themselves.

An antiangiogenic pathway

Plasma cells and MM-ECs may share symmetric receptor tyrosine
kinases (RTKs), such as VEGFR and PDGF receptor beta (PDGFR,
which have been recently reported to be expressed on CD34* CD133*
VEGEFR2" HSCs switching them toward EC differentiation.” A combined
targeting of both RTK’s signaling cascades may therefore represent a
more effective MM tumor/vessel-targeted approach in vivo. While the
activation of VEGFR1 on MM plasma cells and VEGFR2 on MM-ECs
was largely documented,’ the involvement of PDGF/PDGFR signaling
pathway in MM pathogenesis remains elusive. We observed thata con-
stitutive and autocrine phospho-tyrosine activation of PDGFRB was
restricted toplasma cells of newly-diagnosed MM patients, correlating
with higher levels of PDGF-BB compared to plasma cells of MGUS
patients or peripheral blood mononuclear cells (PBMCs) isolated from
controls. Also, MM-ECs, but not MGUS-ECs or quiescent human umbil-
ical vein ECs (HUVEC:s), up-regulated PDGFRB although they failed to
express PDGF-BB. Conditioned media from MM plasma cells triggered
PDGFRP phospho-activation on MM-ECs, indicating that the
PDGF/PDGFERB kinase axis could be directly involved in the MM angio-
genic switch, hence into disease progression. A molecular dissection of
VEGEF/PDGF-downstream signaling mediators in MM plasma cells and
ECs revealed that c-Src, a cytoplasmic tyrosine kinase, was preferential-
ly activated in response to VEGF in both cells and sustained by a
VEGEF/VEGER autocrine signaling in serum-starved cell cultures.”* In par-
ticular, downregulation of c-Src expression by a small-interfering RNA
(siRNA) was sufficient to suppress MM-EC growth, resulting in reduced
cell migration (wound-healing assay), adhesion to fibronectin and cap-
illarogenesis activity on a Matrigel surface. These findings suggested
that a single protein, placed downstream of VEGFR2, may be crucial for
MM-EC survival in vitro. Moreover, the inhibitory effect elicited by
silenced c-Src was partially rescued by exposure of siRNA-transfected
MM-ECs to PDGE-BB, which can therefore represent an important
paracrine mitogen in vivo. To further corroborate these data, we inves-
tigated the effect of PDGEF-BB on the transcription of VEGF, bFGF, HGF,
Ang-1 and Ang-2 genes, that are primarily involved in the angiogenic cas-
cade. RT-PCR and Western blotting analysis showed that MM-ECs, cul-
tured in the presence of PDGF-BB (10 ng/mL) for 8 h, up-regulated the
expression of these genes compared to serum-free control cultures, with
the exception of Ang-2 which was instead down-regulated, We also test-
ed the pharmacological activity of TKI-204, a novel small molecule
inhibitor with high binding affinity for c-Src and PDGFR tyrosine kinas-
es. TKI-204 decreased proliferation and survival of both MM cell lines
(RPMI-8226, MM-1R; MM.1S) and patient-derived plasma cells and ECs
by blocking VEGEF-induced c-Src activation and PDGF-promoted
autophosphorylation of PDGFRP. These biological effects of TKI-204
were dose-dependent and observed with an ICs nanomolar value rang-
ing between 25 and 100 nM. In contrast, growth of PBMCs derived from
controls was only slightly affected at high concentrations of TKI-204,
thereby suggesting a large therapeutic window. Capillary-tube forma-
tion of MM-ECs on Matrigel, as well as the angiogenic potential of con-



ditioned media from MM plasma cells and ECs in vivo (chick embryo
chorioallantoic membrane assay) were strikingly impaired without
apparent cytotoxicity or inhibition of VEGFR kinase activation
(IC%>2000 nM). We also found reduced expression of VEGF, IL-8, bFGF
and HGF in TKI-204 treated MM-ECs. This study, therefore, validated
the biological relevance of PDGF/PDGFR signaling activation in plas-
ma cells and ECs isolated from MM patients, providing evidence that a
combined targeting of VEGF/PDGF-signaling cascades may represent a
unique and effective approach to block MM neoplastic growth and asso-
ciated neovascularization. In addition, these results highlight the thera-
peutic potential of TKI-204, which simultaneously targets multiple
angiogenic growth factor RTKs in MM.
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THE ROLE OF T-CELLS IN MYELOMA
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There is considerable clinical and circumstantial evidence for the pres-
ence of host control of the myeloma clone during evolution of multiple
myeloma. Conditions such as smouldering myeloma and long-standing
plateau phase in the presence of an obvious but a hypoproliferative
tumour state, suggests host control factors. Scientific evidence for the
role of immuno-editing and immuno-surveillance of myeloma is also
available from studies on the T-cell graft versus myeloma effect seen in
allogeneic transplantation, abnormality of regulatory T-cells and the pro-
tective effects of the presence in T-cell clones both in the peripheral
blood and in the bone marrow of patients with myeloma. Regulatory T-
cells maintain immunological self-tolerance, control autoimmunity and
modulate an immune response against infections and tumours." In
patients with multiple myeloma, activated regulatory T-cells as meas-
ured by upregulated expression of CD25 and FOXP3 are significantly
decreased in early stages of the disease compared to healthy donors.
These cells are also dysfunctional and are unable to inhibit anti CD3
mediated T-cell proliferation.”® The decreased function of regulatory T-
cells may be responsible for the cytotoxic T-cell clones which are pres-
ent in myeloma and also the increase in hyperreactive T-cells seen in
myeloma patients.” Activated gamma delta T-cells also express natural
cytotoxicity receptors and may be stimulated by drugs such as bispho-
sphonates to provide anti-myeloma effects.” Attempts to expand Treg
cells using human dendritic cells have been explored but myeloma vac-
cine mediated induction of FOXP3* regulatory cells may have unexpect-
ed autoimmune side effects. However human dendritic cell vaccination
programs for myeloma, mostly utilizing idiotype peptide as the
immunogen have not shown a great clinical benefit. The functional
defect in DC of patients with MM, first reported by our group, may be
significant factor affecting these T-cell responses.”® Dramatic responses
occasionally seen in donor lymphocyte infusion programs in the context
of allogeneic transplantation suggest a strong graft-versus-myeloma
effect. This appears to be predominantly due to reactivity against minor
histocompatibility antigens rather than myeloma specific antigens. The
recent demonstrations of the differential expression of the histocompat-
ibility antigens on normal compared to myeloma cells provides an expla-
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nation for the antitumour effect in the absence of GVHD. Also frequent-
ly occurring nucleotide polymorphism in the human ATP dependent
interferon responsive gene (ADIR) was found in a patient who entered
completed remission after donor lymphocyte infusion without signifi-
cant graft-versus-host disease and may provide further avenues for
expansion of the therapeutic graft-versus-myeloma effect.” We have pre-
viously reported that approximately 60% of patients with myeloma
have circulating CD8" T-cell clones present. Those clones are predomi-
nantly CD8', C57*, CD28" and perforin-positive T-cells in replicative
senescence.” The presence of CD8* clones in myeloma is associated
with an improved prognosis. This finding was initially documented a
decade ago in our cohort of patients in Sydney. Recently it has been con-
firmed by the analysis of the T-cell clonal status of patients in the Aus-
tralian MMG6 study, which was a randomised study of Thalidomide
maintenance following autologous transplantation. This study clearly
demonstrates the beneficial effect of Thalidomide both in overall and
progression free-survival. Blood samples from 120 patients were avail-
able for analysis of T-cell receptor V, expression by a four colour flow
cytometry assay that covered approximately 70% of the TCR'V, reper-
toire. The presence of T-cell clones associated with improvement in pro-
gression free survival from 24.1 months in patients who had never exhib-
ited clones to 32.1 months in patients who had clones present irrespec-
tive of their randomisation arm (y’=4.2; p=0.04). The use of Thalidomide
had a dramatic effect on those patients in whom T-cell clones were pres-
ent, significantly raising the number of clones present. The number of
patients with multiple clones was 49% in the Thalidomide arm com-
pared to the control arm of 22% (x’=6.8; p=<0.01). Overall T-cell clones
were detected in 48% of patients pre-transplant, 68% after 8 months
maintenance and 57 % after 12 months maintenance. 76 % of patients in
the Thalidomide and 60% of patients in the control arm had clones
detected during maintenance therapy. In a subset analysis, progression-
free survival was 40.1 months in the Thalidomide cohort who had T-cell
clones present and 15.9 months in the patients who were not on Thalido-
mide and did not have clones (x’=9.5; p=0.002). These observations from
a multi institutional study confirm the prognostic significance of T-cell
clones and the immunomodulatory stimulatory effect of Thalidomide on
these clones. Further evidence of immunomodulation and the role of T-
cells comes from cross-validated differential proteomic analysis using a
standardised proteomic hierarchical cluster. No single antigen can be
used to discriminate between the status of myeloma and MGUS patients
on Thalidomide therapy. However utilising Dotscan®, a microarray of 82
different antibodies on 160 microscopic dots, has allowed an innovative
approach to the investigation of myeloma by defining a consensus sig-
nature of antigen expression on mononuclear cells from patients who
have monoclonal gammopathy of undetermined significance as com-
pared with MM patients who are or are not on Thalidomide and a nor-
mal control group. Cross-validated discriminant analysis identified nor-
mal, MGUS, MM and myleoma patients on Thalidomide disease-spe-
cific signatures. MGUS patients who were progressing towards active
MM acquired the MM signature. The antigens with the highest ranking
for differentiation of disease-specific signatures were T-cell antigens and
included CD8 and CD57 which are elevated in myeloma, CD28 which
is reduced in myeloma and CD95 in patients on Thalidomide, reinforc-
ing the importance of immunomodulatory mechanisms in myeloma and
MGUS. Traditional flow cytometry has confirmed the reduction in
CD28 determined by cross-validated discriminant analysis is specific for
CDB8 T-cells as we have previously described. The mechanism by which
these T-cell clones contribute to an improved outcome is unclear. We
have no evidence that this represents anti-idiotypic or anti-cancer germ-
line associated antigens on myeloma cells. However recent publications
have found CD8 T-cells specific for cancer germ-line antigens in many
patients with myeloma and correlated their frequency with disease bur-
den. Peptide specific T-cell responses range between 0.004% and 0.1%
of the total CD8 total pool and analysis has shown these immune
responses are detected in individual patients at multiple time points dur-
ing the course of the disease. In patients who are undergoing treatment,
cancer germ-line antigen T-cell responses are correlated with the level of
paraprotein.” However we have been unable to confirm the presence of
MUC-1 or MAGE specific T-cell populations using tetramers containing
the immuno-dominant peptides of MUC-1 or MAGE. In addition we
have been able to expand such CD8" T-cells using the same ex-vivo
method in which CMV-specific T-cells could be expanded. We are cur-
rently further investigating this problem by transfecting the T-cell recep-
tor of the expanded VP clones into a T-cell receptor negative Jurkat line
to produce a replicative line expressing the T-cell receptor which can be
hybridised with a cDNA library of the tumour. We have also conduct-
ed investigations on the maturation state of the cytotoxic T-cell respon-
sible for the protective effect. The mature CD28", CD27" T-cell is respon-
sible for the majority of this protection. Gene array analysis of the CD28-
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, CD27- population has shown overexpression of NKG2C (which results
in activation of cytotoxic T-cells) and NKG2D, which is the immuno-
receptor for the major histo-compatibility complex class 1 related A-
chain molecule. The presence of soluble major histo-compatibility com-
plex class 1 related A-chain (MICA) is an independent prognostic factor
in myeloma supporting the concept of immuno-surveillance and
immuno-protection, as well as possible mechanisms for escape from
this process.” In summary, there is abundant evidence for the presence
of protection by cytotoxic T-cells improving the prognosis in patients with
myeloma. The demonstration in a randomised multicenter study has
shown that clonal T-cells play a protective role. While cytotoxic reactions
against idiotypes have been described, it is not certain whether such
cytotoxic T-cells are involved in the tumour control as most of the VB
expansions seen in myeloma are non-reactive against idiotype. Clonal
T-cells are stimulated by Thalidomide and this may be one of the major
actions of Thalidomide in the post autologous transplant situation. The
protective T-cell appears to be a mature cytotoxic effector T-cell which
is both CD28- and CD27-. Cross-validated proteomic discriminant
analysis has demonstrated other possible targets involved in the
immunomodulatory action of the tumour by T-cells.
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GENETIC MODEL OF MULTIPLE MYELOMA

R.D. Carrasco
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Multiple myeloma (MM) a multifocal plasma cell neoplasm is charac-
terized by serum monoclonal gammopathy and skeletal destruction. The
evolution of MM is preceded by a pre-malignant condition termed Mon-
oclonal Gammopathy of Undetermined Significance (MGUS). MM
remains incurable despite conventional high dose chemotherapy, trans-
lating into a median survival of 3 years and only 10% survival at 10 years."
With regard to pathogenesis, MM cells show a high level of Ig VH gene
somatic mutation consistent with their cellular origin as antigen-driven
B cells found in post-germinal centers. Like other human malignancies,
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MM is regarded as a multistep process, requiring numerous genetic and
epigenetic events that endow potential cancer cells with requisite malig-
nant capabilities. The molecular characterization of several frequent
translocations in MM and it precursor MGUS has revealed a juxtaposi-
tion of Ig enhancer elements with a number of cancer-relevant loci includ-
ing cyclin D1, FGFR3+MMSET, and c-maf that are thought to be impor-
tant for disease pathogenesis. Subsequent tumor progression correlates
highly with deletion of chromosome 13, mutation of Ras, and inactiva-
tion of tumor suppressor genes p16INK4a and PTEN. Secondary translo-
cations that activate c-myc and mutations that inactivate p53 are believed
to drive progression into advanced stages of disease.” With the exception
of XBP-1 and Blimp-1, little is known about the transcriptional factors that
control the transition from activated B cell to plasma cell. XBP-1 (X-box-
binding protein-1) is a basic-region leucine zipper protein in the
CREB/ATF family of transcription factors, which is required for the gen-
eration of plasma cells.’ Several mouse models of human plasma cell neo-
plasms (PCNs) built upon the genetic changes above have been devel-
oped. However, most of these models have the disadvantages of not
having adequately recapitulated in mice the clinical characteristic of
human MM or having limited preclinical use due to late onset, low inci-
dence, and a propensity to grow in lymphoid tissues other than bone
marrow. Established mouse models of PCNs include tumors that arose
spontaneously in old C57BL/KaLwRij mice and resemble human MGUS
and MM. Once these mice have reached 2 years of age 50% develop
MGUS and 0.5% develop MM. Both tumors are localized predominant-
ly in the bone marrow with MM developing osteolytic lesions. Virtual-
ly nothing is known about the molecular pathogenesis of these tumors
except that, like early human MM, they rarely have Ig translocations
involving c-myc.* The other models includes mouse plasmacytomas,
which are tumors of mature end-stage B cells that can be induced in high
frequency in genetically susceptible strains of mice such as BALB/cAN
and NZB/BIN] by the intraperitoneal administration of plastics, paraffin
oils, or pristane and further accelerated by injections of mice with trans-
forming retroviruses.’ Loss of Ink4a/Arf function has been shown to
accelerate plasmacytomagenesis in non-permissive strains.® Pristane-
induced plasmacytomas secrete Igs, predominantly of the IgA isotype,
and greater than 95% of these neoplasms carry translocations between
the myc oncogene on chromosome 15 and the Ig heavy chain locus on
chromosome 12. As such, they represent a mouse model system for
studying the pathogenesis of B-cell tumors, such as Burkitt’s lymphoma
in humans but not MM. Other models includes the transplantation of
human MM cells into SCID mice that harbor preimplanted human fetal
bone as a nesting ground for the tumor cells.” Currently emerging mouse
models of human PCN are based on transgenic expression in B cells of
IL-6° and fusion protein of nucleophosmin and anaplastic lymphoma
kinase,” insertion of c-A/yc into the Igh loci and targeted deregulation of
both c-Myc and Bcl-XL in the B cell compartment.® More recently, the
biological actions of X-box Binding Protein-1 (XBP-1), the differentiation
and unfolded protein/ER stress response factor, have been examined in
the lymphoid compartment of transgenic mice. On the basis of XBP-1s
prominence in human MM and its potent transactivation potential, trans-
genic mice engineered to express the xbp-1s open reading frame under
the control of the immunoglobulin Vi promoter and Ep enhancer ele-
ments (Ept) have been generated and characterized." Through 20 weeks
of age, Ept-xbp-1s transgenic mice exhibited normal gross appearance,
behavior, and weight curves. Histological surveys of the major organs, as
well as flow cytometric profiles of spleens using the lymphoid cells mark-
ers, CD3 and B220 did not demonstrate any abnormalities. By approxi-
mately 40 weeks of age, Eu-xbp-1s transgenic animals began to manifest
phenotypic changes in the skin and kidneys. Eu-xbp-1s transgenic mice
exhibited an overall shortened lifespan resulting from severe cutaneous
disease and/or myeloma. Sixty percent of Eu-xbp-1s transgenic mice
developed hair loss and skin thickening around axillary and neck regions,
whereas control littermates were unaffected. This cutaneous presentation
was observed in all independently derived Eu-xbp-1s transgenic lines.
Histological examination of the Eu-xbp-1s skin revealed epidermal thick-
ening and some degree of hyperkeratosis with follicular plugging as well
as dermal fibrosis with mild lymphoplasmacytic infiltrates and vascular
hyperplasia. By 40 weeks, Ey-xbp-1s transgenic mice also showed renal
pathology, including tubular cast deposition and glomerular changes char-
acterized by mesangial widening and deposition of PAS-positive mate-
rial. These renal lesions are similar to the pathologic manifestations pres-
ent in human MM and other PC disorders with systemic chronic Ig over-
production and accumulation of light chains, paraproteins, and other Ig
fragments. To assess whether these lesions were Ig deposits, immuno-
fluorescence with antibodies specific for light and heavy chain Ig was per-
formed. Non-specific trapping of light and heavy chain Ig was present and
consisted of either polyclonal heavy and light chains or clonal IgM or IgG



heavy chain and kappa light chains. Histological and flow cytometric
examination of the spleen and bone marrow of Eu-xbp-1s transgenic mice
showed alterations after 20-40 weeks of age. The spleens appeared slight-
ly enlarged and showed increased plasma cells around periarterial sheaths.
Flow cytometric analysis showed unaltered total numbers of T-cell (CD3)
and B-cell (B220) populations in Eu-xbp-1s transgenic spleens. The total
number of mononuclear cells between wildtype and Eu-xbp-1s trans-
genic spleens did not differ. Ey-xbp-1s transgenic mice at 40 weeks of age
showed a slightly enlarged population of CD23" cells and a reciprocal
decrease in CD23 cells. In addition, the fraction of B220" cells in the bone
marrow was significantly increased in Epi-xbp-1s transgenic mice with an
increase in the mature IgMB220" B cell population and a relative decrease
of pro-B cells in relation to pre-B cells in Eu-xbp-1s transgenic bone mar-
rows. Consistent with the above observation of expanded B cell compart-
ment, plasma immunoglobulin levels of both IgM and IgG types were sig-
nificantly increased in Eu-xbp-1s transgenic mice when assayed by ELISA.
Serum protein electrophoresis revealed presence of an M spike in the
majority of Eu-xbp-1s transgenic mice but not in control littermates as ear-
ly as 20 weeks of age, a feature that increased in frequency and magni-
tude with advancing age. Notably, these serum changes were associated
in some cases with bone lytic lesions and increased numbers of plasma
cells in the bone marrow that varied from 5-30% of the total bone mar-
row cellularity compared with < 5% for non-transgenic controls. The
above constellation of findings prompted detailed analysis of aging Eu-
xbp-1s and non-transgenic controls for evidence of MGUS and/or MM.
As early as 40 weeks of age a classical MGUS profile emerged only in the
Ep-xbp-1s transgenic mice. Between 11-20 months of age, approximate-
ly 26% of Eu-xbp-1s transgenic mice showed a clonal M spike in the
serum and expanded populations of clonal plasma cells in the bone mar-
row (<10% of the total bone marrow mononuclear cells), without bone
Iytic lesions and consistent with a pattern of MGUS. Between 14-24
months of age, 26% of Eu-xbp-1s transgenic mice progressed to frank
MM as defined by a clonal M spike in the serum, bone marrow consist-
ing of > 10% of clonal plasma cells, and associated bone lytic lesions on
radiographic examination. Neither MGUS nor MM was detected in con-
trol littermates at any age, indicating that XBP-1s overexpression pro-
motes the development of a condition similar to MGUS and MM. In
summary, spontaneous progression from MGUS to MM in the Eu-xbp-
1s transgenic mice clinically mirrors disease progression in the human.
Supporting a pathogenetic role for XBP-1s overexpression in the myelo-
ma genesis in this model, several known MM genes that were dysregu-
lated in premalignant Euy-xbp-1s B cells exhibited similar patterns of alter-
ations in XBP-1s MM cells, including Cyclin D1, MAE, CEBPA, B and D,
IL6ST (upregulated), and FOS (downregulated). Conversely, some notable
MM signature genes were found to be selectively dysregulated in Eu-
xbp-1s MM, but not in Eu-xbp-1s B cells, in line with the need for addi-
tional cooperating events as reflected in the long latency of the MM phe-
notype. Among such genes selectively upregulated in the tumors were
APRIL and BAFF, both of which have been found to be overexpressed in
various B-cell malignancies, including MM. However, unlike the human
counterpart, the Eu-xbp-1s MM transcriptome revealed evidence of
prominent activation of pro-apoptotic tumor suppression mechanisms
characterized by downregulation of the anti-apoptotic genes, MCL1 and
BCL2, which are typically upregulated or amplified in aggressive human
MM cases. Interestingly, MCL1 and BCL2 were not downregulated in
hyperproliferative premalignant transgenic B cells. Consistent with the
Ep-xbp-1s gene expression pattern, and in contrast to the human disease,
we documented a marked increase in apoptosis and proliferation in
murine MM samples relative to those in human MM samples. Such
observations gain added significance in light of the observation that
MCL1 maps to a region of gene amplification in aggressive human MM
primary tumors and prompt speculation that MCL1 and BCL2 play crit-
ical roles in the progression of human myeloma — a theory that can now
be tested in this genetic model system.
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FROM ONCOGENOME MINING TO FUNCTIONAL VALIDATION OF MULTIPLE MYELOMA
CANCER GENES

G. Tonon
Dana Farber Cancer Institute, Medical Oncology Dept. Boston, Mass., USA

MM is the second most common hematological malignancy and
remains incurable. Unlike most hematological malignancies and more
similar to solid tissue neoplasms, MM genomes are typified by numer-
ous structural and numerical chromosomal aberrations. Extensive molec-
ular, cytogenetic, and chromosomal CGH analyses have uncovered a
number of recurrent genetic alterations in MM and its precursor MGUS,
some of which have been linked to disease pathogenesis and clinical
behavior, including five chromosomal translocations involving the IgH
locus (11q13 (CCND1), 4p16 (FGFR3/WHSCH1), 6p21 (CCND3), 16¢23
(MAF) and 20q11 (MAFB)), resulting in deregulated expression of these
target genes in neoplastic plasma cells." Such translocations, present in
MGUS, appear central to MM genesis, whereas progression is associat-
ed with mutational activation of NRAS or KRAS, or FGFR3 oncogenes.
Late mutational events involve inactivation of TP53 and DNA rearrange-
ments involving MYC. Two oncogenic pathways have been hypothe-
sized for MGUS/MM pathogenesis.' Hyperdiploid MM involves multi-
ple trisomies of several odd chromosomes and usually presents a better
prognosis, whereas non-hyperdiploid MM is associated with IgH
translocations. Deletion of chromosome 13, especially band 13q14, is
commonly observed and confers high risk. While these antecedent
efforts have led to important insights into the pathogenesis and clinical
behavior of MM, these numerous recurrent genomic alterations point to
many undefined genetic elements which may prove relevant to disease
initiation, progression and drug responsiveness. For example, while
recurrent chromosomal gains have been mapped to 1q, 3q, 9¢, 11q, 12q,
15q, 17q, and 22q and recurrent losses to 1p, 6q, 13, 16q, Xp, and Xq,
the presumed cancer-relevant targets in these loci are not known. While
traditional cancer treatments have not provided the hoped improvement
in prognosis, the most held view in the field is that targeted therapies,
directed against specific genes and pathways essential for tumor main-
tenance, will be the key for successful cancer therapies in the future.
Encouraging successes have already been obtained with compounds,
either monoclonal antibodies or small molecules, targeting proteins
belonging to the kinase signaling pathways.” One of the technologies
been used to identify such targets in MM is array comparative genom-
ic hybridization (aCGH). Merging of aCGH data and expression data has
provided powerful tools to sift through genes included in amplicons and
identify bona-fide oncogenes. This smaller, more manageable list of can-
didate oncogenes could then be enlisted into more in-depth functional
validation studies, to address their relevance in the context of carcino-
genesis and most importantly on tumor maintenance.

Ouverture: gNMF classification of MM samples

We have analyzed 67 newly diagnosed MM patients prior to treat-
ment,’ using an Agilent high-resolution aCGH platform* as well as
expression profiling.” We have modified an algorithm, based on non-
negative matrix factorization,’ to extract distinctive genomic features
from aCGH profiles (gNMF).” Ranks K=2, 3 and 4 generated matrices
showed stable cluster assignments suggesting the existence of up to 4 dis-
tinct genomic patterns among the MM samples. The rank K=2 classifi-
cation divided the samples into a kA subgroup (n=38) characterized by
odd-chromosome gains and a kB subgroup (n=29) characterized by loss
of chromosomes 1p, 8p, 13, and 16q and amplification of ch1q. Thus,
the K=2 classification yields a grouping reminiscent of the well-recog-
nized hyperdiploid (e.g. odd-chromosome gain pattern) and non-hyper-
diploid subclasses. With rank K=4 matrix, the samples were subdivided
by gNMF into 4 distinct molecular subclasses, k1-k4. All 21 k1 and 16
k2 samples belonged to the kA subgroup, while all 13 k3 and 16 of 17
k4 samples were in the kB subgroup. These subgroups were character-
ized by different prognosis, with k1 having the better prognosis fol-
lowed by k4 (enriched for 11;14 translocations), whereas k2 and k3 pre-
sented with the shorter survival.

Merging of expression and aCGH data

First act, the view from above: the case of chr.13 and 1q.

k1 and k2 derived from the kA, the hyperdiploid group and both showed
odd-chromosome number gains. The only differences between the two
groups were at chromosome 1q (gained/amplified in k2) and chr.13 (lost
in k2). To gain an insight on the genes differentially expressed between
the k1-k2 groups, a Significance Analysis of Microarrays (SAM) approach
was applied to the corresponding transcriptome profiles. Significantly
increased expression in k2 vs. k1 was noted for 111/2210 probes (95
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genes) mapping to chlq (FDR=15%), and decreased expression in k2 ver-
sus k1 for 48/1163 probes (46 genes) mapping to ch13 (FDR=15%). Strik-
ingly, in both ch1q and ch13 cases, SAM-significant probes clustered in
specific chromosomal bands, albeit aCGH data showed on the overall
that the whole 1q and the whole chromosome 13 were affected by gains
and losses respectively. We therefore tested more rigorously this appar-
ent skewed distribution by counting significant genes in a 10 MB mov-
ing-window, and testing for significance by permutation of gene posi-
tion.” This approach revealed an enrichment in overexpressed genes
residing at 1g21-q23 (143-158MB (p<0.05)). Analogous studies of ch13
showed significant enrichment of underexpressed genes residing at
1314 (38-50MB (p<0.05)), a region known with the highest frequency
of LOH on ch13 in MM and including RB7. Thus, this approach of merg-
ing aCGH and expression data helped to further refine regions of gains
and losses, based on the expression level of genes residing in such areas.
Moreover, it provided a list of genes that might represent the targets of
these genomic events in these areas.

Second act, in the trench: Gene Weight to address oncogenic
overexpressed genes

Beyond whole chromosomal gains and losses, the high-definition pic-
ture of the MM genome enabled definition of recurrent CNAs with
strong involvement in MM pathogenesis. Across our MM tumor collec-
tion, that includes also 43 MM cell lines, 87 prioritized Minimal Com-
mon Regions (MCRs)(47 amplifications and 40 deletions) were select-
ed, based on the criteria of presence in primary tumors and occurrence
of atleast one high amplitude event (log ratio >0.8).>”® These 87 MCRs
had a median size of 0.89MB with an average of 12 known genes. Of
interest, 14 MCRs were associated with poor survival, including an
amplification on ch8 (MYC) and a deletion on ch17 (TP53) — both pre-
viously been linked to poor prognosis in MM. As copy number alter-
ations function to alter expression of resident genes, we conducted an
integrated RNA expression analyses by the Gene-Weight measure.®’
First, for each gene residing within an amplified MCR, we asked
whether its expression showed a copy number correlated pattern by
comparing the mRNA levels in tumors with and without CNAs in the
region of interest. In addition, modeling after bona fide oncogenes, such
as MYC, whose expressions are known to be dysregulated by mecha-
nisms other than gene dosage alteration, we also compared expression
of the gene in tumors with or without CNAs, relative to normal plasma
cells, respectively. Genes showing this oncogene-like expression pattern
— namely copy number correlated expression and significant overex-
pression in tumors without amplification vs. normal plasma cells — were
considered high-probability candidates targeted for amplification in
these MCRs during MM development. By such stringent criteria,
approximately 30% of the 2151 genes residing in the high-priority
MCRs were considered potential candidates. These included genes with
credentialed roles in MM pathogenesis such as MYC, MCL1, IL6R, HGF,
and ABL1, as well as many functionally diverse genes with no known
link to MM development.
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Third act: pathway analysis, Gene Set Enrichment Analysis
(GSEA) in specific MM subgroups

The final method that we applied is Gene Set Enrichment Analysis
(GSEA)," an analytical strategy designed to detect modest but coordinate
changes in expression of functionally related genes. The expression lev-
el of normal plasma cells was compared with the expression level of
plasma cells derived from patients in each gNMF group, i.e. k1-k4. On
the overall, from k1 to k4 subgroups, there were a larger number of
pathways showing increased levels of expression when compared with
normal plasma cells. Interestingly, several oncogenic pathways were sig-
nificantly altered in all MM samples, irrespective of the subgroups;
prominent among them was the proteasome pathway, a finding in
agreement with the proven clinical effectiveness of proteasome
inhibitors in MM, and suggests that these compounds could be useful
in all subgroups of the disease. Among the other pathways shared by
all subgroups were the p53, KRAS and, surprisingly, mTOR pathways.
Other pathways were altered in K2 and K4 but not in K1, as for exam-
ple SHH, racl and TGEF-beta. Strikingly, the k4 subgroup presented the
largest number of cancer-related pathways altered, including IL3, IL6,
IL8, IL2, IGF1, WNT and AKT suggesting extensive alteration and
rewiring of critical cancer-related pathways with disease progression.

Finale: the future, functional genomics

The criteria for conclusively establish the causative role of a candidate
oncogene are still in their infancy, and no consensus frame has been
defined as yet.” Both gain-of-function studies, as well as loss-of-function
assays, as for example siRNAs or shRNAs against specific targets, are
providing useful, first-pass, albeit not conclusive information on the
oncogenicity potential of a vast array of targets.” However, before
embarking in costly drug development efforts, it is likely that i vivo
models will be necessary to conclusively demonstrate the role of such
targets, not only in the genesis and progression of cancer, but also in the
maintenance of fully established cancers.
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INDUCTION OF MULTI-LINEAGE MARKERS AND THEIR DOWN-REGULATION BY IL-6 IN
HUMAN MYELOMA CELLS

M.M. Kawano, K.-I. Otsuyama, S. Liu

Laboratory of Cellular Signal Analysis, Graduate School of Medicine, Yam-
aguchi University, Ube, Japan

Human primary myeloma cells lacking Pax-5'? expression from mul-
tiple myeloma (MM) are well known to be heterogeneous with regard
to the morphology and surface phenotype,* showing expression of mul-
ti-lineage markers such as CD33, CD7, CD56, CD4 or CD86. The
expression of CD337 in Liu01, a subclone from U266 cells and vitamin
D3-treated ILKM3 cell lines correlated to monocytoid morphology with
convoluted nuclei and increased expression of C/EBPo-°. The expres-
sion of CD56° in myeloma cells resulted from differentiation into either
neuronal cell lineage or NK cell lineage. Myeloma cell lines, NOP-2 and
Liu01 cells expressed CD56, and also neuron-specific enolase (NSE) as
well as primary myeloma cells. The expression of CD7 in Liu01 and
forskolin-stimulated U266 cells was compatible with large granules in
the cytoplasm, and showed increased expression of perforin mRNA and
significant natural killer cell activity. Interleukin 6(IL-6)-7, a growth fac-
tor for myeloma cells, could down-regulate expression of CD33, CD7 or
CD56 in primary myeloma cells as well as Liu01 cells. Therefore, these
data suggest that Pax-5- myeloma cells, but not Pax-5" B cells, are capa-
ble of multi-lineage differentiation, and IL-6 can induce their dedifferen-
tiation. Pax-5, a paired domain transcription factor,' is a master gene of
B cell lineage’ including plasma cells. In Pax-5 knockout mice,’ differen-
tiation of B cell lineage is completely blocked at the pro-B cell stage,
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andinterestingly, Pax-5-negative(Pax-5) pro-B cells can differentiate into
other lineage cells within hematopoietic cell lineage such as granulo-
cytes, macrophages, dendritic cells, NK cells or T cells with appropriate
stimuli. These data suggest that any cells lacking the expression of mas-
ter gene in their lineage can differentiate into other lineage cells over
their own lineage (transdifferentiation) and these cells function as stem
cell-like cells. Since human myeloma, a hematopoietic malignancy of
plasma cells in B cell lineage, is a good example of lacking the expression
of Pax-5 gene, we examined whether myeloma cells from MM patients
as well as myeloma cell lines showed expression of multi-lineage mark-
ers. By recent phenotypic analysis of plasma cells by using multi-color
staining with anti-CD38 antibody, we found that there were really some
not all myeloma cells expressing non-B cell markers, CD33, CD7, CD56,
CD4 or CD86 in MM patients. These multi-lineage expressions were
also found in human myeloma cell lines; CD33 expression on ILKM8
cells, CD7 on ILKM3, CD56 on NOP2, CD4 on AMO1 and CD86 on
MSG-Y01 cells, respectively. It should be also noted that Liu01 cells, a
subclone from U266 cell lines, include CD33" cells, CD56" cells, CD7*
cells or CD56" cells, independently, not concurrently. As for Liu01 cells,
most cells were CD33* with the monocytoid morphology of convolut-
ed nuclei, compared with the morphology of parent U266 cells. Since the
promoter of CD33 gene contains three possible C/EBPo and PU.1 bind-
ing sites, profiling of expression of transcription factors concerning
myeloid/monocytoid ditferentiation clearly showed that increased
expression of C/EBPa gene was found in CD33" Liu01 cells, and also in
ILKM8 and ILKM3, differentiation but still remain to be in B cell lineage.
Among differentiation-inducing reagents reported in HL-60 cell system,
10,25-dihydroxy vitamin D3 (vitamin D3) could induce ILKM3 and
Liu01 cells to augment expression of CD33, while Pax-5* KUS or Raji
cells showed no induction of CD33 or CD7 expression by vitamin D3
stimulation. CD56 expression is well known to be one of specific phe-
notype in Pax-5" primary myeloma cells from MM patients, but the
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Figure 1. CD56 expression combined with the expression of neuronal cell markers or CD7 expression and NK cell activity in myeloma cells.
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meaning of its expression on primary myeloma cells remained to be
clarified. CD56 is also called neural cell adhesion molecule (NCAM),
and is expressed on neuronal cells, natural killer cells (NK cells), a sub-
set of T cells, neuroendocrine cells from prostate cancer, lung cancer, and
pancreatic cancer, and also on myeloma cells, but not normal plasma
cells. In contrast to primary myeloma cells, there existed rather a few
myeloma cell lines expressing CD56 (Figure 1a). Since CD56 expression
is found in either NK cell lineage or neuronal cells including neuroen-
docrine cells, we examined whether myeloma cell lines expressed neu-
ron-specific genes such as neuron-specific enolase (NSE), chromogranin A,
nestin, or tubulinf3, or expressed the other NK cell marker, CD7, or not.
Among CD56" myeloma cell lines, Liu01 and NOP2 showed expression
of NSE, wbulin B3 and nestin gene, while CD56* AMO1 and ILKM8 cells
did not (Figure 1b). The expression of NSE protein in Liu01 and NOP2
was confirmed by western blotting (Figure 1d). In primary myeloma
cells from MM patients, myeloma cells containing many CD56" cells in
MMI1, MM3, MM5, MM6 and MM?7 did express the genes of NSE, chro-
mogranin A, nestin and tubulinf3 , however, myeloma cells containing a
few CD56" cells in MM2 and MM4 did not show expression of any
these genes (Figure 1c). These data are understandable because CD56*
primary myeloma cells are CD7", and so these cells are considered not
to belong to NK lineage but to neuronal cell lineage. Furthermore,
immunostaining with anti-NSE antibody on the cytospined slides
showed expression of NSE in myeloma cells of bone marrow mononu-
clear cells from MM 1 patient and positive staining of NSE in some of
Liu01 cells but not U266 cells (Figure 1le). Since another possibility of
CD56 expression is derived from NK lineage, we examined whether
myeloma cell lines could differentiate into CD7-expressing cells by
forskolin stimulation. Forskolin, an activator of adenylate cyclase, is well
known to induce neuroendocrine differentiation in prostate cancer and
lung cancer cells.”” CD7" myeloma cell lines, U266, AMO1 and ILKM3
cells, could express CD7 on their surface by stimulation of forskolin (10

uM) combined with IL-6 (5 ng/mL) for 5 days (Figure 1f). These U266
cells cultured with forskolin and IL-6 for 5 days showed large granules
in the cytoplasm as shown in CD7* Liu01 cells (Figure 1g). The induc-
tion of CD7 expression is also compatible with increased expression of
perforin gene in U266 cells stimulated with forskolin and IL-6, as well as
Liu01 cells (Figure 1h). Also, stimulation with forskolin and IL-6 induced
expression of CD7 but not combined with CD33 expression in U266
cells. In contrast to Pax-5 U266 cells, however, the induction of CD7
expression was never observed in Pax-5" KUS or Raji cells stimulated
forskolin and/or IL-6 (Figure 3I). Therefore, expression of CD56 in
myeloma cells resulted from differentiation into either neuronal cell lin-
eage or NK cell lineage; CD56°NSE" means neuronal cell lineage, and
CD56'CD7" means NK cell lineage. Interleukin 6(IL-6) is a growth fac-
tor for Pax-5- myeloma cells but not Pax-5" normal plasma cells; IL-6
induces proliferation of myeloma cells, which is considered to be their
self-renewal by IL-6. As mentioned above, Liu01 but not U266 express
CD33 on their surface, but if cultured with IL-6 (10 ng/mL) for 12 days,
expression of CD33 on Liu01 cells completely disappeared as shown in
Figure 2a. Also, expression of CD56 and CD7 was markedly reduced by
stimulation of IL-6 in Liu01 cells (Figure 2b). By IL-6 stimulation, the
morphology of Liu01 cells was also reversed to that of parent U266 cells;
convoluted nuclei in Liu01 cells disappeared and returned to round nuclei
as observed in U266 cells (Figure 2c). It is also confirmed that increased
expression of C/EBPo was markedly reduced to the same level as U266
cells after 5 days culture of IL-6 (Figure 2d). Furthermore, IL-6-induced
downregulation of expression of translineage markers was also observed
in primary myeloma cells; as representatively shown in Figure 2e, myelo-
ma cells from MM7 patient were cultured with or without IL-6 (50
ng/ml) for 7 days, and both CD33* and CD56" cells were significantly
decreased in the presence of IL-6. Apparently, Liu01 cells are considered
to be differentiated cells, and parent U266 cells are undifferentiated cells.
Parent U266 cells respond to IL-6 to proliferate well, but Liu01 cells are
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Figure 2. IL-6 reduced CD33, CD56, or CD7 expression in myeloma cells.
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less responsive to IL-6 to proliferate. This is well explained by the find-
ing that phosphorylation of STATS was less induced in Liu01 than U266
by IL-6 stimulation (Figure 2f). Activation of STAT3 is generally consid-
ered to be very important to maintain so-called stem cells and keep them
undifferentiated state. Here, we really show direct evidence that in
human multiple myeloma (MM), cancer cell lacking expression of mas-
ter gene can transdifferentiate and their growth factor dedifferentiate
them (Figure 2g). Now, it is believed that a small subset of cancer cells,
so called cancer stem cells, can proliferate in the hematopoietic malig-
nancies.’” In another word, cancer cells are phenotypically heterogeneous
and only a small proportion of cells are proliferative or clonogenic. Our
findings provide a new aspect that in MM, myeloma cells lose the
expression of Pax-5, a master gene in their lineage, and so these cells
dropped out of their lineage (B cell lineage) can become stem cell-like
cells; we called them stone cells (stem cell-like cells dropping out of the
lineage).” In stead of cancer stem cells, it is one of explanations of can-
cer heterogeneity that some cancer cells are really stone cells that can
proliferate or make self-renewal by their growth factor, and can differ-
entiate into multi-lineage cells, presenting cancer cell heterogeneity.
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PATHOPHYSIOLOGY OF MYELOMA BONE DISEASE
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K. Vanderkerken’

'Section of Musculoskeletal Science, University of Sheffield Medical School,
Sheffield, UK; *Department Hematology and Immunology, Viije Universiteit
Brussel (VUB), Brussels, Belgium

A major clinical feature of multiple myeloma is the development of
bone disease. This is characterised by the presence of osteolytic bone
lesions and generalised osteoporosis, leading to pathological fracture and
bone pain. The bone destruction is mediated by both an increase in
osteoclast formation and resorptive activity, and a suppression of
osteoblastic bone formation. Until recently the identity of molecular
mechanism responsible for the development of myeloma bone disease
has been unclear. However, improvements in our understanding of nor-
mal bone biology and the development of appropriate murine models
of myeloma bone disease to allow functional studies, has resulted in sig-
nificant new advances in our understanding. The majority of research
has focused upon investigating the mechanisms responsible for the
increased osteoclastic bone resorption. These studies have demonstrat-
ed that a number of molecules may play important roles. The ligand for
receptor activator of NFkB (RANKL) and its decoy receptor osteoprote-
gerin (OPG) are abnormally expressed in myeloma. RANKL expression
is increased in the cells of the bone marrow microenvironment and may
also be expressed by myeloma cells themselves."” Furthermore, OPG is
down-regulated in cells found in the bone marrow in response to con-
tact with myeloma cells." In patients with myeloma circulating concen-
trations of soluble RANKL are elevated, whereas levels of the decoy
receptor are decreased. Targeting this system, with recombinant OPG or

XI™ International Myeloma Workshop & IV*" International Workshop on WM

soluble RANK constructs has been shown to prevent the development
of osteolytic disease.'” Furthermore, OPG peptidomimetics, designed
on the basis of the predicted structure of the RANKL/OPG complex,
prevent the development of bone disease in the 5T2MM murine mod-
el. These observations in murine models have led to the evaluation of
novel anti-RANKL strategies in clinical studies in patients with myelo-
ma. In addition to RANKL, macrophage inflammatory 1o and B have
both been implicated in the development of myeloma bone disease.**
Myeloma cells have been shown to produce MIP1o: and B and inhibit-
ing MIP1o. in murine models prevents the development of bone dis-
ease.”* In addition to RANKL and MIP1o. other molecules including
hepatocyte growth factor and interleukin-3 have also been implicated in
regulating osteoclastic bone resorption; however, as yet there are limit-
ed in vivo functional data to support a causal role. Stromal derived factor
1o is an additional factor produced by some myeloma cells. Rather than
promoting osteoclast formation SDFlo. promotes osteoclast activity.®
Circulating serum concentrations of a number of these molecules are
also increased in patients suggesting that may contribute to the gener-
alised bone loss as well as reflect the development of focal osteolytic dis-
ease. Whether each of these molecules promotes bone resorpton via
induction of RANKL or they do so in a RANKL independent manner also
remains unclear. Equally, the relative contribution of these molecules
and their role in patients remains to be established. However, their dis-
covery has resulted in the identification of a number of potential new tar-
gets for future therapeutic exploitation. In addition to stimulatory effect
on osteoclasts, myeloma cells also suppress bone formation. in vitro stud-
ies have shown that myeloma cells inhibit the differentiation of
osteoblast precursors and can induce apoptosis in mature osteoblasts.
Although, our understanding of the molecular mechanisms responsible
is limited a number of pathways have recently been implicated. The
Wnt signaling pathway is one system that has been shown to play a key
role in normal osteoblast differentiation. Tian et al. have demonstrated
that dickkopf-1 (DKK1), an inhibitor of Wnt signaling is produced by
some myeloma cells and may inhibit osteoblast differentiation and activ-
ity in vitro.” Inhibiting the activity of Dkk1 with an anti-Dkk1 antibody
in the SCID/ model has been shown to prevent the development of
myeloma bone disease. Dkk1 is also increased in the serum of patients
with myeloma. Another inhibitor of Wnt signalling, soluble frizzle-relat-
ed protein-2 (sFRP-2) has been shown to be produced by myeloma cells
and implicated in the suppression of bone formation.® Furthermore, oth-
er molecules that are likely to function independently of the Wnt sig-
nalling system, including IL-7 and IL-3 have also been reported to be
increased in myeloma and inhibit osteoblast differentiation either direct-
ly or indirectly, in vitro.”" The precise role of each of these molecules has
yet to be established, and in particular their role in vivo is often unclear;
however, the net result is the inhibition of osteoblast differentiation and
reduced bone formation. Interestingly, approaches to targeting
osteoblasts are effective in preventing the development of myeloma
bone disease in vivo, suggesting that osteoblasts may play a critical role
in driving the development of myeloma bone disease. Thus, recent inves-
tigations have identified some of the key signalling pathways that con-
tribute to both the increase in osteoclastic bone resorption and the sup-
pression of new bone formation. Clearly, this understanding will great-
ly facilitate the design of new approaches to treating this important
aspect of multiple myeloma.
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THE ROLE OF BISPHOSPHONATES IN THE MANAGEMENT OF MYELOMA
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Multiple myeloma (MM) is a B-cell malignancy characterized by
enhanced bone loss commonly associated with diffuse osteopenia, focal
Iytic lesions, pathologic fractures, hypercalcemia and bony pain. Con-
sequently, MM patients frequently require radiation therapy, surgery
and analgesic medications. Even when MM patients respond to anti-
MM therapies, they may still have progression of skeletal events with-
out repair of osteolytic lesions. Bisphosphonates are specific inhibitors
of osteoclastic activity and these agents have been evaluated in MM
patients with bone disease during the past 15 years. Monthly intra-
venous infusions of either pamidronate or zoledronic acid have reduced
the skeletal complications among MM patients and are now a mainstay
of myeloma therapy. A large, randomized, double-blind study was con-
ducted to determine the effect of monthly 90 mg infusions of
pamidronate in MM patients. At the preplanned primary endpoint after
nine cycles of therapy, the proportions of myeloma patients having any
skeletal event was 41% in patients receiving placebo but only 24% in
pamidronate-treated patients. The proportion of patients developing
any skeletal event and the skeletal morbidity rate continued to remain
significantly lower in the pamidronate group than the placebo group
during the additional twelve cycles of treatment. Zoledronic acid is an
imidazole-containing bisphosphonate that shows more potency in pre-
clinical studies than any other bisphosphonate currently available. A
phase III trial evaluated two doses of zoledronic acid (four and eight
mg) compared with pamidronate (90 mg) infused every three to four
weeks for treatment of myeloma or breast cancer patients with metasta-
tic bone disease. The results of the study showed that the proportion of
patients with any skeletal event did not differ among the three treatment
arms. In addition, the time to first skeletal event and analgesic use was
similar in the three groups (12 to 13 months). Moreover, after 25 months
of follow-up, the overall proportions of patients developing skeletal
events remained similar between the zoledronic acid (four mg) and
pamidronate-treated patients. However, in an additional preplanned
analysis, the multiple events analysis, zoledronic acid-treated patients
showed a 16% reduction in risk of developing skeletal complications
compared with those patients who received pamidronate. Importantly,
during the clinical trial, rises in creatinine level were more frequently
observed in the zoledronic acid arms. Because of the renal toxicity, infu-
sion time of zoledronic acid was increased to 15 minutes and patients
in the 8 mg zoledronic acid group subsequently had their dosage reduced
to 4 mg. Long-term follow-up data are now available that show no dif-
ference in the renal profile between patients receiving 4 mg of zoledron-
ic acid infused during 15 minutes and 90 mg of pamidronate infused dur-
ing 120 minutes. Another complication that may result from bisphos-
phonate therapy is osteonecrosis of the jaw (ON]). Over the past sever-
al years, a number of case reports in the medical and dental literature
appeared suggesting that this potential complication was developing
among cancer patients receiving either long-term zoledronic acid or
pamidronate treatment. ON]J has also been infrequently observed in
patients teated with oral alendronate and risedronate for post-
menopausal osteoporosis. The frequency with which this complication
occurs in cancer patients receiving intravenous bisphosphonate therapy
is unknown. However, it appears that there is a higher risk of this com-
plication among patients receiving these drugs with the incident rate of
one to ten percent. Moreover, myeloma patients appear to be at
increased risk compared to other cancer patients who receive intra-
venous bisphosphonate treatment for unknown reasons. Most cases are
associated with exposed mandibular or less frequently maxillary bone
with minimal symptoms, but infrequently patients may require more
extensive intervention, including surgical procedures to treat this prob-
lem. Histologically, necrotic bone with associated Actinomyces colo-
nization is consistently seen. Risk factors for ONJ may be multifactori-
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al and include previous dental work, poor dental hygiene and tobacco
or alcohol abuse. To date, no reliable, predictive pattern has been clear-
ly identified to allow for calculations of risk for ONJ in a particular
patient. It is now recommended that patients receiving bisphospho-
nates, including most myeloma patients, should be evaluated early in
their treatment for dental problems and encouraged to maintain excel-
lent dental hygiene. The course of this complication is variable but in
many patients, the condition does not worsen and, in fact, many show
improvement over time. No evidence exists that discontinued use of
the bisphosphonate or replacement with other bisphosphonates changes
the course of this complication. Therefore, it is critical that clinicians
assess the risks and benefits of the use of bisphosphonates for individ-
ual MM patients. Several guidelines recently published have suggested
less frequent dosing and possible discontinuation of these agents after
a fixed period of time is warranted because of these potential complica-
tions. However, this must be weighed against the ongoing bone destruc-
tion with its devastating clinical consequences that had been the hall-
mark of myeloma until the era of widespread use of long term month-
ly intravenous bisphosphonate therapy. Alternative dosing regimens
have not been evaluated for either safety or efficacy. In addition, the dis-
continuation of these agents among patients who are doing well after
receiving them for several years may have untoward effects on their
long term bone health. Indeed, it may be the group that continues to be
without skeletal complications and progressive disease while on bis-
phosphonate treatment may be just the group that derives the most
benefit from continuation of these agents. In addition, recommenda-
tions that pamidronate should be initiated rather than zoledronic acid
among myeloma patients with bone loss have been made by some
guidelines based on the supposed increased risk of ONJ among patients
receiving the newer bisphosphonate. These studies are not prospective
or randomized and their conclusions are based on small numbers of
patients who have been observed during different time periods. Time-
to-event (ON]) analyses are flawed by the marked differences in the
time that these different drugs have been available in the clinic. It is
clear that the time period during which zoledronic acid has been avail-
able has also been accompanied by the introduction of many new agents
into the clinic for myeloma patients that were not available in the
pamidronate era of the 1990’s. These newer agents have not only pro-
longed the survival of myeloma patients (increasing the time period dur-
ing which the patient is at risk for ONJ) but also may serve as addition-
al risk factors for ONJ. Some studies have supported this latter possibil-
ity. Moreover, the role of bisphosphonates for myeloma patients may
go beyond simply inhibiting bone resorption and the resulting skeletal
complications. Recent pre-clinical studies have established their direct
and indirect anti-myeloma effects in the laboratory. Interestingly, a sur-
vival advantage was observed in the subset of patients who failed first-
line therapy at the time of enrollment who received monthly
pamidronate compared to the placebo-treated group. In addition, a
recent retrospective analysis from the randomized trial comparing
monthly zoledronic acid 4 mg to pamidronate 90 mg shows that patients
with elevated bone alkaline phosphatase levels show superior survival
with zoledronic acid compared to pamidronate treatment. Future clini-
cal trials will hopefully further evaluate the potential anti-myeloma
effects of these agents, and establish their role as not only important
inhibitors of bone loss but as potential anti-MM drugs as well.
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A major feature of muliple myeloma (MM) is osteolytic bone disease,
present in about 75% of patients at diagnosis. Over a median follow-up
time of 21 months, more than half of all MM patients will have experi-
enced >1 skeletal-related event (SRE). In addition to increased bone
resorption, a significant reduction in bone formation is observed in MM,
further disrupting the normal coupling of bone remodeling. As a result,
bone lesions do not normally heal even if MM goes into remission. Radi-
ographs frequently do not indicate increased bone resorption in MM
progression. Thus, biochemical markers of bone metabolism have been
used in an effort to better monitor the myeloma bone disease and
improve assessment of disease progression.

Markers of bone resorption and myeloma bone disease

So far, bone resorption markers such as serum C-terminal cross-link-
ing telopeptide of type-I collagen generated by metalloproteinases (ICTP)
and urinary N-terminal cross-linking telopeptide of type-I collagen (NTX)
have demonstrated more consistent results in determining disease state
and predicting skeletal morbidity and disease progression in MM; levels
are higher vs. healthy controls, and prognosis is poorer when levels are
higher thereafter. ICTP produced the most accurate elevated levels
among MM patients, but NTX produced better results among patients
with impaired renal function. Furthermore, in histomorphometric stud-
ies of bone biopsies in MM, NTX had the strongest positive correlation
with dynamic histomorphometric indices of bone resorption, while
ICTP had a slightly weaker correlation. Both markers have correlated
with the extent of lytic disease and advanced stage at diagnosis, mark-
ers of disease activity such as B2-microglobulin and interleukin-6, and
overall survival. Serum CTX, though studied in fewer trials, was also cor-
related with elevated readings in patients with MM and advanced lytic
disease. Finally, tartrate-resistant acid phosphatase type-5b (TRACP-5b),
an enzyme produced by activated osteoclasts, was also increased in both
newly diagnosed and relapsed/refractory MM patients and associated
with radiographically assessed severity of bone lytic disease.

Markers of bone formation and myeloma bone disease

Markers of bone formation have shown equivocal results in monitor-
ing bone disease in MM. The most favorable results have been with
bone-specific alkaline phosphatase (bALP), which correlated significant-
ly with bone pain, lesions, and fractures in MM patients. Serum bALP
levels have been found to be either reduced or within normal limits in
most MM studies. Osteocalcin (OC) has also received conflicting results
in trials. OC levels were found to correlate with lytic bone disease and
MM stage in some studies. In other studies, however, OC did not show
any correlation with SREs or disease progression. The unique nature of
OC seems to contribute to these paradoxical results. Although produced
by osteoblasts, OC is released during bone matrix mineralization. Thus,
inhibition of osteoblasts may not lead to suppressed matrix mineraliza-
tion. Also, OC is a relatively unstable protein, rapidly metabolized in the
kidney after release into the circulation. Renal dysfunction, even at an
early stage of MM, may reduce the glomerular filtration rate and produce
falsely increased OC levels.

Bone markers for monitoring bisphosphonate therapy

Both pamidronate and zoledronic acid are very effective in reducing
bone resorption in MM. In a study of MM patients randomized to
pamidronate or no treatment (n=63), both NTX and TRACP-5b were
reduced from the second month of pamidronate therapy vs. patients not
treated with pamidronate. In another study, comparing MM patients
randomized to pamidronate or ibandronate, TRACP-5b was reduced in
the second month with pamidronate and in the sixth month with iban-
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dronate, with more reduction in the pamidronate group (p=0.014); NTX
values fell for both groups from the second month, also with more reduc-
tion in the pamidronate group (p=0.002). Finally, zoledronic acid at a
dose of 4mg, IV, monthly has been proven more efficacious in reducing
NTX levels than 90 mg of IV pamidronate. But is this reduction of bone
resorption markers clinically important First of all, Coleman ez al. showed
that NTX levels provide valuable prognostic information in MM patients
with bone lesions who receive bisphosphonates. Examination of the
MM subset (n=510) of a large randomized trial showed that, among
patients with high NTX levels (2100 nmol BCE/mmol creatinine) during
treatment with zoledronic acid, the relative risk for developing a first SRE
was 3-fold higher than for patients with low NTX (<50 nmol/mmol cre-
atinine) during treatment (»=0.008). Likewise, for patients with moder-
ate on-study NTX levels (50-99 nmol/mmol creatinine) vs. low levels, the
risk of SREs was increased approximately 2-fold (p=0.016). These results
support the hypothesis that patients who continue to have high or mod-
erately high levels of bone metabolism during bisphosphonate therapy
have an increased risk for skeletal morbidity and more rapid disease pro-
gression compared with patients who have normalization of bone
metabolism with bisphosphonates. The correlation between NTX and
clinical outcomes was examined in a much larger database from the ran-
domized trial of zoledronic acid vs. pamidronate in patients with breast
cancer or MM. Results from this exploratory analysis showed that
among patients (n=170) who had high baseline NTX (=64 nmol/mmol
creatinine), patients with persistently elevated NTX levels after 3 months
of zoledronic acid therapy had a significantly increased risk of develop-
ing a first SRE (RR=1.71; p=0.035) and shorter SRE-free survival
(RR=1.65; p=0.039) compared with patients who normalized NTX.
Therefore, normalization of elevated NTX levels after 3 months of ther-
apy appears to correlate well with a reduced risk of SREs and a delay in
time to first SRE. In this study, among patients with high NTX at base-
line, 15% treated with zoledronic acid and 30% treated with
pamidronate did not normalize NTX after 3 months of bisphosphonate
therapy.

Other anti-myeloma therapies and bone markers

Thalidomide reduces bone resorption markers (CTX, NTX and
TRACP-5b), mainly through the reduction of tumor mass, in both new-
ly diagnosed and refractory/relapsed patients. More interestingly, borte-
zomib seems not only to reduce bone resorption but also to increase
bone formation as assessed by an increase in serum bALP, and OC, but
also by an increase in osteoblast counts in bone biopsies. However, this
effect on bone formation is reduced when bortezomib is combined with
other anti-myeloma agents such as thalidomide, melphalan, and dexam-
ethasone. Autologous stem cell transplantation (ASCT), the treatment of
choice to-date for eligible MM patients, also suppresses bone resorp-
tion. Two months after ASCT there is a significant reduction in NTX and
TRACP-5b; OC and bALP levels rise later, at 9 and 11 months, respec-
tively.

RANKL/OPG and potential new markers

Serum markers of osteoclast stimulation, such as the soluble and total
receptor activator of nuclear factor-kappaB ligand (RANKL) and osteo-
protegerin (OPG) have been also measured in MM. The ratio of RAN-
KL to OPG has correlated with bone resorption markers, osteolytic
lesions, and disease activity markers in newly diagnosed MM patients
and has even been prognostic for survival. It is reduced post ASCT,
thalidomide/dexamethasone and bortezomib therapy. Last, molecules
that inhibit osteoblast function, such as dickkopf-1 (Dkk-1), an antago-
nist of the Wit signalling is overexpressed in the myeloma microenviron-
ment and correlates with myeloma lytic disease. Our group has meas-
ured Dkk-1 serum levels and found them to be increased in newly diag-
nosed and refractory/relapsed MM patients vs. MGUS patients and con-
trols, while they are reduced post-bortezomib therapy, possibly con-
tributing to the increase of osteoblast function. However, more studies
are needed to determine the exact role of these molecules in assessing
and monitoring myeloma bone disease.

Side-effects of bisphosphonates

Bisphosphonates are, in general, well tolerated in patients with MM.
Most commonly reported adverse events with pamidronate and zole-
dronic acid include skeletal pain, fatigue, nausea, vomiting, flu-like syn-
drome with fever, mild infusion site reactions, hypocalcaemia and
headache; these are similar in frequency with both agents. Flu-like symp-
toms usually occur after the first or second dose of the drug and they do
not indicate discontinuation of treatment. Uveitis and other ocular man-
ifestations, including iritis, have also been described. A clinically insignif-
icant decrease in hemoglobin and platelet counts has been also report-
ed in patients receiving pamidronate or zoledronic acid beyond 24
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months Renal impairment has been described in patients with prolonged
administration of pamidronate or zoledronic acid. The renal dysfunction
is reversible in the majority of patients and the re-treatment with the
same dose, over a longer infusion time (>2 hours for pamidronate and
>15 min for zoledronic acid), does not usually lead to kidney problems.
In patients with pre-existing renal disease, there is no need for change
in dosage or infusion time if serum creatinine levels are less than 3.0
mg/dL (265 umol/L). In general, infusion times less than 2 hours for
pamidronate or less than 15 min for zoledronic acid should be avoided.

Osteonecrosis of the jaw and bisphosphonates

Avascular osteonecrosis of the jaw (ON]) is a recent complication that
has been described in MM patients who receive potent bisphospho-
nates. ONJ has an incidence of approximately 5-10%, appears to be
time-dependent, correlates mainly with zoledronic acid administration,
older age, and dental extractions. No satisfactory therapy is currently
available. Therefore, patients who receive bisphosphonates should
improve their oral hygiene, while hematologists and dentists should be
aware of this complication and its management. Reinitiating bisphos-
phonate therapy in patients suffering osteonecrosis is debated and war-
rants further study. Pathogenesis of ONJ remains unclear and experimen-
tal models are urgently needed to clarify its mechanisms.
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Osteoclastic bone destruction is responsible for many of the most dis-
tressing symptoms in patients with myeloma (MM). Release of growth
factors from bone by osteoclasts (OCL) results in both tumor growth as
well as increased bone destruction. In addition, osteoblast activity is
also suppressed. Tumor-stromal cell interactions via VCAM-1 on stro-
mal cells result in release of RANKL, a potent inducer of OCL formation,
IL-6, MCP-1 and TNF-a, which increase adhesive interactions between
MM cells and marrow stromal cells and the growth of MM cells. These
adhesive interactions also increase chemoresistance and production of
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osteoclastogenic factors by MM cells, including macrophage inflamma-
tory peptide-lalpha (MIP-101), IL-3 and RANKL. Since NF-kB signaling
plays an important role in these processes, targeting the NF-«kB pathway
should have major therapeutic benefits for patients with MM. p62
(sequestosome-1) is a recently described member of the NF-kB signal-
ing pathway, which is activated by TNF-0,, RANKL and IL-1, and is also
involved in multiple other signaling pathways, which enhance MM cell
survival and bone destruction. Thus inhibiting p62 expression and/or
activity should profoundly diminish osteolytic bone destruction and
MM cell growth by blocking the production of RANKL, TNF-o. and IL-
6 and upregulation of VCAM-1 by marrow stromal cells. Therefore, we
used stromal cells from p62-/- mice to determine the effects of deleting
p62 on the growth of MM cells and OCL formation. Cells lacking p62
showed decreased production of IL-6 and TNEF-o. compared to wild-
type (WT) stromal cells. Furthermore, coculture of p62-/- stromal cells
with MM cells resulted in decreased growth of MM cells by 70% as well
as decreased production of IL-6 and TNF-o by the stromal cells. In addi-
tion, VCAM-1 expression on marrow stromal cells cocultured with or
without was markedly decreased at the mRNA and protein level. Final-
ly, p62-/- stromal cells did not support OCL formation compared to WT
stromal cells. These results demonstrate that p62 plays an important
role in controlling MM cell growth and bone destruction in the bone
microenvironment and support p62 as the potential novel target for
treating MM bone disease.
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RANDOMISED STUDY ON PROPHYLACTIC PAMIDRONATE 30 MG VS. 90 MG
IN MULTIPLE MYELOMA

P. Gimsing,' K. Carlson,’ P. Fayers,® . Turesson,* E Wisloff® for the
Nordic Myeloma Study Group

'Department of Haematology, Rigshospitalet, Copenhagen, Denmark;Depart-
ment of Haematology, University Hospital, Uppsala, Sweden; *Department of
Public Health, University of Aberdeen, Aberdeen, Scotland, UK, *Department
of Haematology, Malmo University Hospital, Sweden, ’Department of Haema-
tology, Ulleval University Hospital, Norway

Prophylactic bisphosphonates are used worldwide in multiple myelo-
ma patients, and two major randomised studies have shown significant
effect on skeletal events of i.v. pamidronate 90 mg once a month;' and
of oral clondronate 1600 mg daily’ compared to placebo. However, no
larger clinical study has addressed the dose-efficacy question, which is
increasingly interesting due to the recent knowledge of renal toxicity and
osteone-crosis of the jaw (BON). In 2000 we decided to perform a ran-
domised double blind trail on i.v. pamidronate 30 mg versus 90 mg
monthly for at least 3 years. We present the data of the final analysis.
Design: Patients with newly diagnosed symptomatic multiple myeloma
were allocated to one of the two doses. Strati-fication according to
planned high dose therapy or conventional therapy and B2-m > 2.6 mg/L
or lower was performed. The patients were followed every third month
with respect to skeletal event, toxicity and response, while the QLQ
was mailed directly to the patients every third month. Skeletal X-rays
were routinely performed before, 9 and 12 months after start of
pamidronat therapy. Primary end-point was physical function at 12
months determined by EORTC QLQ30 quality of life questionnaire
(QLQ), while secondary end-points were time to objective skeletal
events, cost-utility analysis, response of myeloma disease, re-sponse
duration and survival, fatigue and pain determined by the QLQ. Further-
more explorative subgroup analysis of patients treated with high-dose
therapy and different prognostic stages was performed. Results. 505
patients were randomised. The median follow up was 3,7 years (1.1 to
5.7 years). The initial analysis of QLQ data shows no significant differ-
ence regarding the primary end-point. Results from the secondary end-
points will be presented together with information on the incidence of
BON. Conclusions. The primary end-point result will be discussed and
compared with the data on skeletal events and toxicity in order to make
recommendation for future bisphosphonate treatment in multiple
myeloma.
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ATRANSGENIC MOUSE MODEL THAT FAITHFULLY REPRODUCES THE PATHOGENESIS,
BIOLOGY AND CLINICAL FEATURES OF MULTIPLE MYELOMA

M. Chesi, M. Sebag, S. Haas, S. Palmer, A.K. Stewart, P.L. Bergsagel
Comprehensive Cancer Center, Mayo Clinic Arizona, Scottsdale, AZ, USA

Introduction. Multiple myeloma (MM) is an indolent tumor of
immunoglobulin class switched, somatically hypermutated, post germi-
nal center (GC), fully differentiated plasma cells (PCs) that slowly accu-
mulate in the bone marrow (BM). No mouse model exists which faith-
fully reproduces human MM. Here, we report the generation of the first
mouse model of MM in an immune competent mouse, with indolent PC
growth confined to the BM, and in which the major biological and clin-
ical features of the human disease are recapitulated. Methods. VK*MYC
mice were generated by placing inactive MYC under the control of Vk
regulatory elements in a way that its expression can only be activated
sporadically in GC B cells that undergo somatic hypermutation. Results
All VK*MYC mice develop monoclonal PC expansion (>10% PC in BM)
by 50 weeks of age, that is manifested by high levels of serum IgG (20
g/L) and major M-spikes by SPEP. The PCs in Vk*MYC mice are fully dif-
ferentiated (CD19-CD138"), somatically mutated, have a very low pro-
liferation index and are found exclusively in the BM. VK*MYC mice also
develop anemia (Hgb 8.9 vs 13.4 g/dL in wt controls) and bone disease
(low bone mineral and trabecular densities), with sporadic occurrence of
lytic bone lesions and hind limb paralysis. 30% of the mice progress to
an extra-medullary disease with ascites or plasmablastic lymphoma
(PBL), in which PCs become proliferative and express a more plasmablas-
tic phenotype (CD45R). This suggests that the BM dependent growth of
MM relies on localized survival signal(s), abrogated by the acquisition
of secondary mutations. Proving this hypothesis, Vk*MYC mice crossed
with mice expressing the anti apoptotic gene Bcl2 develop an aggressive
disease not confined to the BM and associated with shorter survival.
These features all contribute to VK*MYC mice closely mimicking the
clinical behavior of human MM, and showing significant clinical respons-
es to drugs that are known to be active against MM (melphalan, dexam-
ethasone, bortezomib, lenalidomide) while demonstrating no response
to drugs with little or no clinical activity (fludarabine, hydroxyurea, vin-
cristine). Conclusions. The VK*MYC mice represent a faithful model of
MM and will be useful in the study of MM disease biology as well as
the development of pharmacological and immunological therapies.
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$4: Novel treatment approaches

s4.1
THE TREATMENT OF RELAPSED AND REFRACTORY MYELOMA: FOCUS ON BORTEZOMIB
AND BORTEZOMIB-BASED COMBINATIONS

P. Richardson, R. Schlossman, I. Ghobrial, C. Mitsiades, T. Hideshima,
D. Chauhan, N. Munshi, K. Anderson

Medical Oncology, Dana Farber Cancer Institute, Harvard Medical School,
Boston, MA, USA

Relapsed and refractory multiple myeloma (MM) patients constitute
a specific and unmet medical need, where median survival ranges from
as little as 6 to 9 months and responses to treatment are characteristical-
ly short. Relapsed/refractory disease is defined as patients who achieve
minor response or better followed by relapse and then progress on sal-
vage therapy, or experience progression within 60 days of their last ther-
apy. Successive treatment regimens result in progressively shorter
response durations; the decrease in duration of response to consecutive
regimens typically reflects emerging drug resistance. The observed
decrease in response duration also reflects changes in disease biology
within each patient, with tumor cells expressing a more aggressive phe-
notype, higher proliferative thrust and lower apoptotic rates. Whilst sev-
eral prognostic factors have been identified for newly diagnosed myelo-
ma, factors that retain prognostic value in the context of relapsed/refrac-
tory disease remain to be comprehensively defined. Nonetheless,
patients with poor risk include those with t(4;14) or t(14;16), deletion 17
or deletion 13, hypodiploidy, high B2 m, and low serum albumin; clini-
cal challenges in the relapsed and refractory population include light
chain and IgA isotype, renal failure, extramedullary disease, hyposecre-
tory myeloma, and advanced bone disease. The advent of novel thera-
pies targeting disease biology and tumor microenvironment has dramat-
ically improved the outlook for patients with relapsed and refractory
disease. Bortezomib, thalidomide and lenalidomide now constitute back-
bone agents in this setting. Bortezomib in particular reflects a paradigm
of drug development where accelerated approval emerged from studies
in the relapsed/refractory patient population, followed by full approval
in the relapsed setting; combinations which include bortezomib are now
a priority in this patient population. As reviewed in Chauhan ez al." borte-
zomib reversibly inhibits proteasome function by binding to the beta-5
subunit of the complex and this, together with other effects, results in
myeloma cell apoptosis, down-regulation of myeloma adhesion mole-
cule expression, inhibition of cell adhesion-mediated resistance, and
decreased cytokine transcription and secretion in the bone marrow. The
effects of bortezomib are partly mediated through inhibition of the
nuclear factor (NF)-kB signaling pathway, which has been shown to be
especially important in the growth and survival of myeloma cells. Specif-
ically, NF-xB remains inactivated due its binding with a specific inhibito-
ry protein, IkB-o, which sequesters the NE-kB p50/p65 heterodimer in
the cytoplasm. In response to various stimuli, including proinflammato-
ry cytokines such as IL-1 and IL-6, I-kB-at is degraded by the protea-
some, and NF-xB p50/65 then translocates to the nucleus where it acti-
vates transcription of anti-apoptotic and growth-promoting genes. The
stabilization of IkB-a through proteasome inhibition with bortezomib
prevents NF-kB activation, consequently overcoming the anti-apoptot-
ic/growth response and making myeloma cells markedly more suscep-
tible to stress. This is especially significant for the use of proteasome
inhibitors in combination with other cytotoxic therapies, because pro-
teasome inhibition may thus sensitize resistant cells to the effects of
chemotherapy and other agents. Here we provide a brief review of the
clinical efficacy of bortezomib-based approaches in relapsed/refractory
MM patients. SUMMIT was the first open-label, Phase II trial that
assessed the effects of bortezomib 1.3 mg/m’ on days 1, 4, 8, 11 of a 21-
day cycle in 202 patients with relapsed/refractory MM.* Dexametha-
sone was added for suboptimal response. Patients were heavily pretreat-
ed (with a median of six prior lines of therapy). Response rates, assessed
using modified EBMT criteria, were robust; those who achieved a CR
or PR after two cycles had significantly longer survival and those with
CR/nCR had longer survival than those with PR. Results indicated that
global QOL, pain, fatigue, and other disease symptoms improved with
bortezomib treatment. Grade 3 peripheral neuropathy was an important
but reversible toxicity and occurred in 25 (12%) of the patients, result-
ing in discontinuation in 4% .’ With a median of follow-up of 23 months,
median OS was 17.0 months and median duration of response was 12.7
months; in all patients, median TTP was 7 months while in responding
patients it was 15 months.® CREST was an open-label, randomized tri-
al investigating the effect of bortezomib 1.0 or 1.3 mg/m’ on the same
schedule.” Again, dexamethasone was added for suboptimal response.
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Both doses showed activity with and without dexamethasone. The
activity of the 1.0 mg/m’ dose suggested that if reduction of the 1.3
mg/m’ dose is required, response may still be achieved. Notably, grade
> 3 treatment-emergent peripheral neuropathy was lower in the 1.0
mg/m’ dose group (7% vs 15% for the higher dose group). In APEX, an
international, randomized phase 3 trial of 669 patients with relapsed
and relapsed/refractory MM (1-3 prior therapies), the efficacy and safe-
ty of bortezomib 1.3 mg/m’ was compared with that of pulsed high
dose dexamethasone. The trial was stopped when a pre-planned inter-
im analysis demonstrated superiority of bortezomib in terms of response
rates, median TTP and survival. Final results confirmed these findings,
as well as superior response rates (43% including 15% CR/nCR) with
bortezomib. A recent analysis with extended follow-up confirmed that
bortezomib retains a 6-month survival advantage, despite a >62%
crossover to bortezomib from the high-dose dexamethasone arm.” Com-
binations with conventional agents include bortezomib, oral cyclophos-
phamide, and prednisone used to treat patients with relapsed/refracto-
ry MM. In one representative study, 13 assessable patients achieved
38% CR/nCR and 46% PR.* The combination of bortezomib, low-dose
cyclophosphamide, and high-dose dexamethasone also appears to be
active with a response rate in 50 evaluable patients of 82% and a medi-
an event-free survival (EES) of 12 months. A phase 1/2 dose-escalation
study evaluated bortezomib 0.7-1.0 mg/m’ twice weekly plus melpha-
lan 0.025-0.25 mg/kg on days 1-4 of a 4-week cycle.® Responses in 34
evaluable patients included 15% CR/nCR and 32% PR, with manage-
able toxicities. In patients who had previously been treated with either
drug, response rate was 67 % (including MR). Grade 3 events were main-
ly associated with myelosuppression. The maximum tolerated dose
(MTD) was bortezomib 1.0 mg/m’ and melphalan 0.1 mg/kg. Another
phase 1/2 study assessing bortezomib and low-dose melphalan recent-
ly reported an ORR (CR+PR+MR) of 76%, increasing to 80% with the
addition of dexamethasone. MTD was bortezomib 1.3 mg/m® and mel-
phalan 7.5 mg/m”.’ Most notably, in a recent, large phase 3 study, the
combination of bortezomib plus pegylated liposomal doxorubicin (PLD)
was compared to bortezomib alone (N=646)" Planned interim analyses
showed that the combination resulted in significantly longer duration of
response and time to progression (9 months vs. 6 months): median OS
had not been reached in either arm. Combinations with other novel
agents include trials of bortezomib, PLD, and thalidomide (VDT), borte-
zomib, melphalan, prednisone, and thalidomide (VMPT), and others.
In one study, overall response rate among 18 heavily pre-treated patients
treated with the VDT combination was 56 %, included 22% CR, and of
no significant grade 3/4 non-hematological toxicities were noted." In an
important phase I/Il study of the VMPT regimen, MTD was determined
to be bortezomib 1.3 mg/m’ on days 1, 4, 15, 22 of a 35-day cycle, with
melphalan 6 mg/m’ and prednisone 60 mg/m’ days 1-5, and thalido-
mide 50 mg daily. The response rate in all patients (N = 30) was 67 %,
including 43% VGER or better. The regimen appeared more effective in
patients in first relapse than in patients in subsequent relapse.12 Mini-
mal neuropathy was seen, and no DVT was reported. Lenalidomide has
been investigated in combination with bortezomib in a phase I trial in
patients with relapsed/refractory MM. The combination was well tol-
erated, with responses in 39% of patients, including 6% CR. No signif-
icant treatment-emergent peripheral neuropathy was reported.”” The
high response rate observed is especially encouraging, as all the patients
had received prior thalidomide, most had received bortezomib, and
some had received lenalidomide. Phase II studies with this regimen are
underway. Bortezomib in combination with the HSP-90 inhibitor tane-
spimycin has also shown promise. Responses were seen in 35% of
patients, including 14% CR/nCR. Importantly, responses were seen in
patients who were bortezomib naive, as well as those who had been
previously treated with bortezomib or were refractory to bortezomib."
Studies of bortezomib and numerous other novel agents are ongoing or
planned, including other small molecules, such as perifosine and his-
tone deacetylase inhibitors, including SAHA and LBH, as well as mon-
oclonal antibody-based approaches. Given that patients with
relapsed/refractory MM typically are more symptomatic, with potential
co-morbidities and have characteristically resistant disease, relapsed/
refractory disease remains especially challenging to treat. Bortezomib-
based treatments constitute a paradigm of therapy for such patients,
especially given its activity in older patients and patients with elevated
B2 microglobulin and low serum albumin® patients with renal disease, '
and patients with adverse cytogenetics, including chromosome 13 dele-
tion."” Studies are on-going to evaluate the role of bortezomib in patients
with light chain myeloma, advanced bone disease, and extra-medullary
spread. With the introduction of novel, targeted therapies and combina-
tions with these and other agents, the potential to further improve
responses in this patient population has increased. Our growing under-
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standing of gene expression profiling, multiple cellular-signaling path-
ways, and microenvironmental events will aid in the design of addi-
tional novel strategies to improve patient outcome.”® Moreover, the
prospect of less toxicity is especially appealing given data on combina-
tions, such as bortezomib and lenalidomide, showing less neuropathy
and lower rates of thrombo-embolic complications.
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LENALIDOMIDE FOR THE TREATMENT OF RELAPSED OR REFRACTORY MULTIPLE
MYELOMA

D.M. Weber
The University of Texas MD Anderson Cancer Center, Houston, TX, USA

For decades, chemotherapy for multiple myeloma consisted of stan-
dard combinations of alkylating agents, anthracyclines and steroids with
or without hematopoietic stem cell rescue. While these therapies can
provide rapid responses and result in modest gains for patients, the dis-
ease eventually relapses in all patients and becomes resistant to treat-
ment. In 1998 a new era of discovery of novel agents for treatment of
myeloma began after thalidomide was noted to be clinically active for
the treatment of relapsed (rel) or refractory (ref) multiple myeloma. This
was soon followed by the introduction of the proteosome inhibitor



bortezomib which also has significant activity for this disorder. Although
these drugs have provided exciting new directions for treatment for
myeloma, side effects including fatigue, neuropathy, constipation, and
thromboembolic events remain problematic and continued development
of new agents for treatment of patients with resistant disease remains
necessary. Subsequently, in an effort to improve the toxicity profile of
thalidomide, while maintaining or surpassing the efficacy of the drug, the
immunomodulatory derivative (IMiD) lenalidomide was developed, and
has demonstrated significant clinical activity in previously treated
patients with multiple myeloma. Lenalidomide is a structural analogue
of thalidomide that in vitro is more effective in inhibiting tumor necrosis
factor-ot secretion, down regulates interleukin-6 and nuclear factor kap-
pa-B, activates caspase 8, may promote natural killer cell-mediated
myeloma cell death and directly induces apoptosis of myeloma cells.!
Such in vitro activity was initially confirmed by the 20% and 29% par-
tial response rates (>PR) in 2 phase I trials among patients with relaps-
ing or refractory myeloma.”® These studies identified myelosuppres-
sion, particularly neutropenia, as the dose limiting toxicity of lenalido-
mide and indicated a daily dose of 25mg for 21 days (courses repeated
q28 days) was the maximum tolerated dose of the drug. In the trial by
Richardson et al., grade 3-4 myelosuppression was noted in 12 of 13 pts
treated with a dose of 50 mg/d, but marrow cellularity was reduced in
only 2 of these patients suggesting causality other than marrow hypopla-
sia, although the precise etiology remains unclear. A follow-up phase II
trial comparing different schedules of lenalidomide in patients with
relapsed/refractory MM demonstrated that a daily dose of 30 mg was
well tolerated and produced at least a partial response (PR) in 18% of
patients with relapsed and refractory MM.* Although a twice daily dose
of 15 mg of lenalidomide produced response in 14% of patients, grade
3-4 myelosuppression was significantly higher in this group (41% vs.
13% with 30 mg/d, p.03) therefore accrual to the 15 mg twice daily arm
was stopped and an additional 32 patients received the 30 mg/d dose.
The overall response rate (OR) of the study was 17 % and an additional
9% of patients achieved a minor response (MR); median survival was 28
months for patients receiving the 30 mg/d dose. An additional 22% of
patients that had not responded to lenalidomide as a single agent
achieved partial remission with the addition of intermittent pulses of
dexamethasone. Significant peripheral neuropathy and thromboembol-
ic events occurred in only 3% of patients. A phase II trial of single agent
lenalidomide 30mg/d x 21d (28d cycles) reported by the same authors
revealed similar results including an overall response of 25% and a medi-
an time to progression (TTP) of 22.4 weeks.” Subsequently based on
these phase I and II trials a 25 mg/d dose of lenalidomide given for 21
days of a 28 day cycle is considered standard for treatment of patients
with rel/ref MM. Recently the results of 2 double-blind, randomized
phase I trials (MM-009, North American, 353 pts; MM-010, Europe,
Australia, and Israel, 351 pts) of lenalidomide-dexamethasone (L-D) ver-
sus dexamethasone-placebo (D-P) were updated.®” Patients received dex-
amethasone 40 mg daily on days 1-4, 9-12, 17-20 (dose reduced to d1-4
beginning with cycle 5) every 28 days and were randomized to receive
either lenalidomide 25 mg orally on days 1-21 every 28 days or identi-
cal placebo. L-D was superior to D-P with respect to overall response,
median TTP and median overall survival (OS). OR was 61% and 59.1%
for L-D and 20.5% and 24% for D-P (p,.001) for each study respective-
ly. At a median follow-up of approximately 17 months from randomiza-
tion, both studies show significant improvement in median TTP (11.1
and 113.3 months vs. 4.7 months, p<.001, respectively) and median over-
all survival (MM-009:29.6m, MM-010: NR vs MM-009: 20.5 m, MM-
010: 20.6 m, p<.001) for L-D compared with D-P, respectively. The com-
bination of L-D was generally well tolerated but grade 3-4 neutropenia
occurred more commonly in patients treated with L-D (24 and 16.5% vs.
3.5 and 1.2%). Unlike thalidomide, treatment with lenalidomide result-
ed in grade 3-4 neuropathy in less than 5% of patients. Thrombosis
occurred more frequently in the L-D arm than with D-P (15 and 8.5%
vs. 4.5 and 3.5%, for MM-009 and MM-010, respectively). Concurrent
use of erythropoietin or darbepoetin in these trials was associated with
a higher incidence of thromboembolic events. Aspirin may, however,
have some role in preventing these thrombotic events as demonstrated
in a study of 34 previously untreated patients given aspirin for prophy-
laxis during treatment with L-D with a resultant thrombosis rate of only
3%.° Similar results were noted with aspirin prophylaxis in a retrospec-
tive analysis of melphalan-prednisone-lenalidomide (MPR).” In contrast,
in a Southwest Oncology Group (SWOG) study that randomized
patients to receive either L-D or D-F, 9/12 patients (75%) treated with
L-D verses no patients treated with dexamethasone had thromboembol-
ic events." Subsequently aspirin prophylaxis (325 mg) reduced the inci-
dence of thromboembolic events, but these still remained increased at
26%. The lack of consistency among these studies suggests the need to
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further clarify the optimal agent for thromboembolic prophylaxis for
patients treated with L-D. Based on these encouraging results of lenalido-
mide for refractory myeloma, many new combinations are beginning to
be evaluated. Knop et al. have reported a phase I dose escalation study
of doxorubicin-lenalidomide-dexamethasone (RAd) in previously treat-
ed patients with MM." The MTD of the combination was lenalidomide
25 mg/d x 21d, doxorubicin 9mg/m’/d on days 1-4 and dexamethasone
40 mg/d on days 1-4, 9-12, and 17-20. Among 31 evaluable patients, the
partial response (PR) rate was 84 %, with a complete response (CR) rate
of 3%. Grade 3-4 toxicities included one patient with each of the follow-
ing: neutropenia, renal failure, catheter related-infection and pneumocys-
tis pneumonia. Similarly, Baz er al. evaluated a regimen of lenalidomide,
liposomal doxorubicin, vincristine, and dexamethasone (DVd-R: MTD:
liposomal doxorubicin 40 mg/m’ and vincristine 2 mg on day 1, dexam-
ethasone 40 mg/d days 1-4 and lenalidomide 10 mg/d po x 21d in 28-
day cycles).” Although all patients received prophylaxis with amoxi-
cillin 250 mg bid, and acyclovir 400 mg bid, the dose limiting toxicity was
non-neutropenic sepsis. Overall response was 75% (PR 60%, CR 15%)
with a median progression free survival (PES) of 12 months; median
overall suvival had not been reached at the time of publication. Grade 3
or 4 neutropenia occurred in 32% of patients, with febrile neutropenia
in 7%. Thromboembolic events occurred in 9% of patients despite dai-
ly prophylaxis with aspirin (81 mg). Cyclophosphamide, has also been
combined with L-D (CRD) (500 mg/d po days 1, 8, 15, and 21; lenalido-
mide 25 mg/d x 21d, and dexamethasone 40 mg/d on days 1-4 and 12-
15 q28d x maximum 6 cycles).” Among 17 evaluable patients, 65%
achieved PR and 6% CR. G-CSF was given to 67 % of patients to main-
tain their neutrophil count and neutropenic fever was seen in 22% of
patients (prophylaxis with acyclovir and trimethoprim sulfate was giv-
en to all patients). Deep vein thrombosis occurred in 11% (aspirin pro-
phylaxis given to 1 patient) of patients, an incidence similar to that not-
ed by Baz et al. (see above) despite low dose aspirin prophylaxis. Richard-
son et al. have reported preliminary results of a phase I/II study of 36
patients treated with lenalidomide and bortezomib." The MTD was
reached at a dose of lenalidomide 15 mg/d on days 1-14 and bortezomib
1.0 mg/m?/d d1,4,8,11 given on a 21 day cycle. In patients developing
progressive disease, dexamethasone 40mg was added on the day of and
the day after each bortezomib dose. Overall response was 39% (CR
3%) and among 14 patients with progressive disease 70% achieved at
least MR after the addition of dexamethasone. Significant toxicities
included transient hyponatremia, herpes zoster reactivation, grade 4
neutropenia, and deep vein thrombosis. No grade 3-4 fatigue or periph-
eral neuropathy was observed. These studies illustrate the tremendous
clinical activity and potential of the immunomodulatory derivative
lenalidomide for treatment of resistant and relapsing myeloma, particu-
larly given the generally tolerable side effect profile thatis notable for an
absence of significant neuropathy. While this drug has single agent activ-
ity, response rates are higher when lenalidomide is given in combination
with other agents with known antimyeloma activity (steroids, anthra-
cyclines, alkylating agents, and other novel agents). In combination ther-
apy some form of prophylaxis for thromboembolism appears justified,
although the ideal agent and schedule remains unclear. Lenalidomide in
combination with known agents, and in the future, with promising new
drugs, contributes positively and significantly to the growing list of treat-
ment options that impact survival for myeloma patients with resistant
or relapsing disease.
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THE IMPACT OF NOVEL AGENTS IN PATIENTS WITH POOR PROGNOSIS MYELOMA
DEFINED BY UNFAVORABLE CYTOGENETICS, HIGH AGE, AND RENAL FAILURE

H. Ludwig', N. Zojer,' J. Drach’

'Department of Medicine I, Center of Oncology and Hematology, Wilhelminen-
spital, Vienna; *Department of Medicine I, Division of Oncology, Medical Uni-
versity of Vienna, Austria

Poor prognosis patients with multiple myeloma is conferred by unfa-
vorable cytogenetics, such as del13, and t(4;14), by laboratory (e.g. high
B2-microglobulin, low albumin, hypercalcemia) and by clinical param-
eters (e.g high age, renal impairment, primary resistant disease).

Unfavorable cytogenetics

In previously untreated patients with poor prognosis multiple myelo-
ma, standard chemotherapy usually results in low response rates and
short survival, and prognosis is even worse for relapsed patients with
high-risk features. Unfavorable cytogenetics also predict for short sur-
vival in patients treated with high-dose therapy and autologous trans-
plantation' and dose reduced allogeneic transplantation.” This unsatis-
factory scenario has partly changed with the introduction of thalido-
mide but more so with the advent of bortezomib and lenalidomide.
Thalidomide and thalidomide-based combinations render remarkable
response rates in patients receiving first line treatment and also in those
refractory to primary treatment or relapsing from previous treatment
lines® Unfavorable cytogenetics have been shown to influence treat-
ment outcome with thalidomide. Shingal e al. * reported an association
between del13 and poor response, at least in univariate analysis. This
finding was confirmed in a later analysis on 169 relapsed or refractory
patients receiving thalidomide, identifying del13, high labeling index
and high B2-microglobulin as predictors for poor response’. Interesting-
ly, dose escalation of thalidomide seemed to benefit patients with high-
risk profile, but the doses used are unlikely to be tolerated in clinical
practice. A recent Italian phase II trial employing upfront thalidomide-
dexamethasone (Cavo et al. ASH 2006, abstract 3081) revealed low
rates of VGPR in patients with both del13 and t(4;14) compared to
patients with del13 only (12% vs. 41%, p=0.012) and to those with
t(4;14) only (12% vs. 50%, p=0.006). Bortezomib and lenalidomide
have shown high response rates in relapsed and refractory myeloma
patients and data indicate that these novel agents have the capacity to
overcome the impact of unfavorable cytogenetics on the course of dis-
ease. In the SUMMIT trial 202 patients with relapsed or refractory
myeloma were treated with single agent bortezomib or, after 2 cycles
without response, with bortezomib plus dexamethasone. Although
patients with del13 appeared to have a poorer prognosis, response rates
(24% vs. 33%, ns) and overall survival (10 vs. 15 months, p=0.135) did
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not differ significantly between the 25 patients with del13 compared
to 120 patients without this abnormality.® These patients also had a
higher median level of f2-m and a higher proportion of patients were
older (>65 years). In the APEX trial, 246 of the 669 patients randomized
either to dexamethasone or bortezomib treatment were evaluated for
del13 either by FISH or metaphase analysis. Del13 was detected in 24
of 168 patients by metaphase cytogenetics. Median survival was short-
er in del13 patients with the difference being more pronounced in the
dexamethasone compared to the bortezomib arm (8.3 months vs. NR,
p<0.0073, 12.5 months vs. NR, 0.0379, respectively). In a matched pair
analysis 25% of patients with del13 responded to bortezomib and 9%
to dexamethasone. The respective response rates in dell3 negative
patients were 35% and 26%, respectively. Overall survival did not dif-
fer between del13 positive and negative patients with bortezomib ther-
apy (12.5 months vs. NR, p<0.7919) but in those treated with dexam-
ethasone (3.3 months vs. NR, p<0.002). We treated 62 patients with
relapsed and refractory myeloma with bortezomib and found an over-
all response rate of 45% and 55% (p=0.66) in patients with and with-
out del13 as defined by FISH.” There was also no statistical significant
difference in duration of response (9.3 months in patients without del13
and 12.3 months in patients with del13, p=0.25). Patients with del13
who did not respond to bortezomib had a very short survival, which
resulted in a trend towards shortened overall survival of all del13 pos-
itive patients (9.9 months vs. NR| p<0.057). Bortezomib was also effec-
tive in the small number of patients (n=3) with presence of a t(4;14),
which is otherwise associated with extremely poor prognosis. Impor-
tantly, we noted that patients relapsing after bortezomib treatment
could successfully be treated with bortezomib combination therapy,
even in the presence of unfavorable cytogenetics. In a small study of
patients with advanced myeloma, bortezomib plus dexamethasone
produced responses that were independent of del13 defined either by
FISH or metaphase cytogenetics. Overall, 11 of 15 patients responded
(CR or PR), including 8 of 10 patients with del13.° Early data are avail-
able for efficacy of lenalidomide in high-risk myeloma. In the MM016
trial, relapsed and refractory myeloma patients were treated with a
combination of lenalidomide and dexamethasone. Bahlis et al. (ASH
2006, abstract 3557) reported on 36 patients enrolled at their site, for
all of whom cytogenetic analysis was available. A del13 was detected
in 16 patients (44.5%) and a t(4;14) in 7 patients (19.4%). The overall
response rate was 90% in the group without del13 and 75% in the
group with del13. Event free survival estimates at 6 months were also
similar in the 2 groups (no del13: 73% vs. 81% with dell3; p=0.61).
Lenalidomide also seemed to be effective in the small group with a t
(4;14). Importantly, lenalidomide exerts activity in thalidomide pre-
treated patients (Wang et al., ASH 2006 abstract 3553), but response
rates are lower (54% vs. 61%, p<0.01) and time to progression shorter
(36.9 weeks vs. 61.3 weeks, p<0.001) compared to thalidomide naive
patients

Elderly patients

Thalidomide-based combinations seem to achieve a better outcome
compared to standard therapy in elderly patients. In a trial comparing
Thal-Dex to MP, higher response rates and a shorter time to response
were seen with the thalidomide combination in a patient population
with a median age of 72 years (Ludwig et al,, EHA 2007). Similarly,
Palumbo et al’ observed a better outcome with MP combined with
thalidomide compared to MP alone in patients >60 years. In a 3-arm
French trial, a higher progression-free survival and overall survival were
observed with MP-T compared to MP, but, notably, also compared to
double autologous transplantation with MEL 100 in patients 65-75 years
old (Facon et al., ASCO 2006, abstract 1). Bortezomib exerts significant
activity in elderly patients, but response rates were lower in patients
aged > 65 years compared to younger patients (19% vs. 32%, p=0.06)
in the SUMMIT trial. Remarkably high response rates, however, were
obtained in a recent phase II study' employing bortezomib plus melpha-
lan/prednisone therapy as frontline treatment in elderly patients (age >
65 years). The overall response rate was 89%, with 32% of patients
achieving immunofixation negative CR. This regimen also overcame
the poor prognosis conferred by retinoblastoma gene deletion and IgH
translocations. All patients with del13 responded and response rates,
EFS and PES were similar between patients with and without the dele-
tion. Lenalidomide or lenalidomide-dexamethasone (or prednisone)
induced similar response rates in 24 patients aged 65 years or older com-
pared to 49 younger patients (58% vs. 56%, p=0.15) with relapsed/
refractory myeloma. Similarly, no difference was found in the actuarial
progression free survival (43 % vs. 43%), overall survival (74% vs. 76 %)
and toxicity between older and younger patients (Reece ez al., ASH 2006,
abstract 3550).



Renal failure

Renal failure is another important risk factor for shortened survival. In
light chain -induced acute renal impairment, renal function can only
recover if the level of pathogenic myeloma proteins can rapidly and sub-
stantially be reduced. Thalidomide-dexamethasone results in higher
remission rates than MP and time to response is significantly shorter
than with MP (Ludwig ez al., EHA 2007). Hence, this regimen is an attrac-
tive choice for patients with renal failure. Dose reductions of thalidomide
are not required, since it is mainly metabolized by the liver. Bortezomib
is rapidly distributed into tissues with an initial plasma distribution half-
life of less than 10 minutes, followed by a terminal elimination half-life
of more than 40 hours." In renal failure dose reduction is not required.
This, together with its high activity, makes it an ideal substance for treat-
ing patients with acute myeloma induced renal failure. We treated 8
patients with light chain induced renal insufficiency with bortezomib or
bortezomib-based combinations. The median creatinine level decreased
from a median of 9.05 mg/dL at start of therapy to a median of 2.1mg/dL
(range: 0.8-2.3) after median of 48 (range 41-71) days. Five of the 8
patients achieved creatinine levels below 2.3 mg/dL. All patients with
improvement of renal function achieved an objective tumor response
(CR or nCR: 3, VGPR: 1, PR:1) while in the non-responders only 1
achieved a transient PR after cycle 2, but relapsed before cycle 5. Two
other studies have documented a significant anti-myeloma effect in
patients with renal failure. In the Apex trial, 3 of 10 patients with renal
impairment responded to bortezomib, and in another study by Chanan-
Khan er al.”? an overall response rate of 75% was obtained with borte-
zomib or bortezomib-based regimens in patients on hemodialysis. In all
three studies bortezomib-based treatment was well tolerated. Lenalido-
mide-Dex has been shown to be equally effective in patients with cre-
atinine clearance > or < 50 mL/min, but for 16 pts with creatinine clear-
ance <30 mL/min, median TTP and OS was shorter than for those with
better renal function, but still significantly higher than for patients treat-
ed with dexamethasone only. Grade 3-4 thrombocytopenia was signif-
icantly higher in patients with impaired renal function (<50 mL/min,
18.8%; >50 mL/min 4.6%, p<.01; <30 mL/min, 18.8%, >30 ml/min,
5.5%, p<.05), but there was no difference for G3-4 neutropenia at either
cut-oft. In patients with renal impairment dose reductions are required
because lenalidomide is mainly excreted by the kidney (Niesvizky et al.,
ASH 2006 abstract 3549).

Conclusion

These data indicate substantial activity of bortezomib and lenalido-
mide in patiens with cytogenetically defined high-risk disease as well as
in those with relapsed or refractory myeloma. Both drugs and combina-
tions thereof are effective in elderly patients with myeloma, as well as
in those with renal impairment. The short time to remission with borte-
zomib-based, and possibly also with lenalidomide-based regimens, ren-
ders these drugs an optimal choice for patients with acute renal failure,
while their potential to overcome unfavorable cytogenetics offers for
the first time effective treatment in patients who otherwise respond
poorly to traditional therapies.
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NOVEL PROTEASOME INHIBITORS AS THERAPY IN MULTIPLE MYELOMA
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Proteasomes are large multi-subunit protease complexes that selec-
tively degrade intracellular proteins that are tagged for destruction by
ubiquitination.! They regulate normal cellular processes, such as cell
cycle, inflammation, transcription, DNA replication, apoptosis via pro-
teolysis of key enzymes and regulatory proteins. In addition, protea-
somes are also involved in stress response, by eliminating abnormal/
redundant protein, and in the immune response through generation of
antigenic peptides. The proteolytic activity is due to a multi-enzyme
complex 26S protease that degrades ubiquititnated protein into small
fragments in an ATP-dependent manner."” Deregulations in the Ubig-
uitin-Proteasome signaling (UPS) pathway are linked to the pathogen-
esis of various human diseases.’ Because the UPS pathway regulates
many essential cellular processes, proteasome inhibitors offer a great
promise as therapeutic agents. Blockade of proteasome activity stabi-
lizes cell cycle and proapoptotic proteins, thereby abrogating
growth/survival and ultimately inducing apoptosis.'® Bortezomib (Vel-
cade™), the first in class of proteasome inhibitors, has become a stan-
dard therapy for treatment of refractory multiple myeloma (MM).? Even
though bortezomib therapy is a major advance (35% overall response
rate), it can be associated with toxicity and the development of drug-
resistance. Nonetheless, the success of bortezomib as an anti-cancer
therapy has generated interest in discovery and development of other
novel proteasome inhibitors. Our recent study characterized a novel
proteasome inhibitor NPI-0052, a small molecule derived from fermen-
tation of Salinospora, a new marine gram-positive actinomycete.’
Importantly, NPI-0052 is distinct from bortezomib in its chemical struc-
ture, effects on proteasome activities, mechanisms of action, toxicity
profile against normal cells, and is orally bioactive. NPI-0052 induces
apoptosis in MM cells resistant to conventional and bortezomib thera-
pies, without significantly affecting normal lymphocyte viability. Bio-
chemical and genetic studies showed that NPI-0052, in contrast to borte-
zomib, relies more on FADD-caspase-8-mediated cell death signaling.
Combinations of low doses of NPI-0052 and bortezomib trigger syner-
gistic anti-MM activity, which is likely due to their differential effects
(additive inhibition) on proteasome activities® and distinct signaling
mechanisms. In vivo studies using human MM-xenografts shows that
NPI-0052 is well tolerated, prolongs survival and reduces tumor recur-
rence.' These preclinical studies provided the basis for ongoing Phase-
I clinical trial of NPI-0052 in relapsed/refractory MM patients. NPI-0052
has also been evaluated in other cell systems. For example, a recent
study using CLL cells showed that NPI-0052 is a more effective
proapoptotic agent than bortezomib.® Another study demonstrated that
NPI-0052 is a potent, well-tolerated proteasome inhibitor with distinct
pharmacodynamic properties than bortezomib since it achieves signif-
icantly higher and more sustained levels of proteasome inhibition.”
Combination of NPI-0052 with chemotherapy (5-fluorouracil, CPT-11,
Avastin/benacizumab, leucovorin, and oxaliplatin) improves tumorici-
dal response in colon cancer xenograft model. As noted above, the high-
er anti-tumor activity of NPI-0052 than bortezomib may be due to its
ability to block all three proteolytic activities (chymotrypsin-like,
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trypsin-like and caspase-like proteasomal activities) and distinct signal-
ing mechanisms; however, further studies are needed to unveil the pre-
cise mechanisms mediating combined anti-tumor activity of NPI-0052
and chemotherapeutic agents. Our ongoing studies are delineating the
molecular mechanisms mediating proteasome-induced cytotoxicity,
defining targets of sensitivity versus resistance, allowing for the devel-
opment of more specific novel proteasome inhibitors, and providing the
rationale for combination therapies.
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INHIBITION OF HEAT SHOCK PROTEINS: THERAPEUTIC PERSPECTIVES
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Heat shock protein-90 (hsp90) is a molecular chaperone which inter-
acts intracellularly with a broad range of client proteins and functions
to preserve their 3-dimensional conformation to a functionally compe-
tent state, as well as facilitate their intracellular trafficking. The inter-
action of hsp90 with its client proteins involves formation of a multi-
protein complex whereby binding of ATP to the ATP-binding domain
of hsp90 allows it to facilitate the proper folding and conformational
stabilization of a target protein. In the absence of that ATP-hsp90 inter-
action, client proteins are more likely to remain unfolded/misfolded
and become ubiquitinated, thus leading to their proteasomal degrada-
tion. Compared to many other heat shock proteins, hsp90 presents the
intriguing feature that it interacts with a set of client proteins which
prominently includes cell surface receptors for diverse cytokines and
growth factors; intracellular kinases and kinase targets; as well as oth-
er effectors of signal transduction cascades. Although many of these
hsp90 client proteins share limited if any structural similarities, their
respective functions tend to promote cell proliferation, survival and
resistance to pro-apoptotic stimuli. Neoplastic cells, in particular, typi-
cally require a high degree of hsp90 function, not only because many
of these hsp90-depenent molecular cascades play critical roles in the
biological behavior of tumor cells, but also because the 3-dimensional
conformation of many mutated oncoproteins (including mutant ver-
sions of src, raf or p53), as well as chimeric oncogenic kinases (includ-
ing ber/abl), which drive the malignant phenotype, is more dependent
on hsp90 function compared to their respective wild-type counterparts.
Therefore, from a therapeutic standpoint, inhibition of hsp90 function
would present the rare advantage of being directed against a singular
molecular target, which in turn facilitates concomitantly the biological
activities of a multitude of pathways (some of which can be targeted
at potentially multiple molecular levels) that contribute to the establish-
ment, and progression of neoplasias. Work from diverse centers, includ-
ing our group, has shown that indeed small molecule inhibitors which
competitively inhibit the ATP-binding domain of hsp90, such as the
ansamycin geldanamycin and its analogs e.g 17-allylamino-17-
demethoxygeldanamycin (17-AAG) or 17-(dimethylaminoethylamino)-
17-demethoxygeldanamycin (DMAG) can suppress the chaperoning
function if hsp90 and therefore perturb the stability and function of its
client proteins, leading to anti-proliferative pro-apoptotic effects in var-
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ious solid tumor models and hematologic neoplasias. In particular, our
work in MM models has shown that MM cells are responsive to hsp90
inhibitors /u vitro (at pharmacologically achievable concentrations) and
in clinically relevant orthotopic in vivo xenograft models,' and can also
function to sensitize MM cells to other pro-apoptotic agents.” These
original pre-clinical observations have since been confirmed in multi-
ple MM experimental settings, both in vitro*” and in vivo,>*® using diverse
members of the ansamycin class, as well as different drug formula-
tions.*** The aggregate pre-clinical experience with hsp90 inhibitors
indicates that the mechanistic basis of their anti-MM effects is related
to the pleiotropic nature of their molecular sequelae.' Indeed, hsp90
inhibitors abrogate cytokine (e.g. IGF- and IL-6)-induced signaling cas-
cades at multiple molecular levels, including suppression of cell surface
expression of IGF-1R and IL-6R and inhibition of downstream signal-
ing (via PI-3K/Akt/mTOR, Ras/Raf/MAPK, IKK/NE-kB), via molecular
events which include the suppression of expression and/or function of
Akt, Raf, IKK-0, and p70.** These events lead to multiple downstream
pro-apoptotic sequelae, including increased nuclear translocation of
pro-apoptotic members of the Forkhead family of transcription factors;
suppressed expression of intracellular inhibitors of apoptosis (e.g., FLIP,
XIAP, cIAP-2); as well as decreased constitutive and IGF-induced activ-
ity of NF-kB, telomerase, HIF-1a and 20S proteasome. These molecu-
lar events not only contribute to decreased MM proliferation, but can
also increase their chemo-/Dex-sensitivity (e.g. through NE-kB inhibi-
tion); suppress the long-term replicative potential of MM cells (e.g.
through inhibition of telomerase function); or blunt pro-angiogenic
effects (e.g. via suppression of HIF-1a transcriptional activity). These
pleiotropic anti-proliferative/pro-apoptotic events allow hsp90
inhibitors to abrogate bone marrow stromal cell-derived protection on
MM tumor cells, and sensitize them to other anticancer agents, includ-
ing cytotoxic chemotherapy. Furthermore, because MM cells exposed
to the proteasome inhibitor bortezomib upregulate the expression of
heat shock proteins, including hsp90, as a stress response to counter-
act the intracellular accumulation of misfolded proteins, hsp90
inhibitors can sensitize MM cells to the anti-MM effects of bortezomib.
These studies provided the rationale for ongoing clinical trials of tane-
spimycin (17-AAG in the KOS-953 cremophor-based formulation)
either as a single agent’ or in combination with bortezomib" in patients
with relapsed or refractory MM. In these trials, tanespimycin has
shown a manageable profile of side effects (without significant car-
diotoxicity, peripheral neuropathy or deep vein thrombosis), durable
disease stabilization and minor responses with single-agent treatment
in relapased and refractory MM patients, as well as encouraging anti-
MM activity by the combination of tanespimycin with bortezomib.
This experience, coupled with the lack of additive toxicity or pharma-
cokinetic interactions in the tanespimycin + bortezomib combination,
provides a platform for future phase III trials of this regimen. Hsp90
inhibitors therefore represent an emerging class of anti-tumor agents
with a specific target, but pleiotropic and versatile anti-
proliferative/pro-apoptotic properties, which can allow them to func-
tion as possible sensitizers that can enhance the response to existing
anti-MM therapies or investigational agents. The multitude of molec-
ular pathways modulated by hsp90 inhibitors is particularly important
for MM, given its marked genetic complexity, at diagnosis and, even
more so, as the disease progresses through successive lines of treat-
ment. Ongoing preclinical and translational studies are focusing on
identifying biomarkers of sensitivity vs. resistance of MM cells to hsp90
inhibitors and/or their combinations with other anti-MM agents. Such
efforts, coupled with as the accumulating experience on the pharma-
codynamics and pharmacokinetics of hsp90 inhibitors in clinical trials,
will hopefully improve our understanding on how to best develop this
drug class for incorporation in the therapeutic management of MM.
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TARGETING KINASES AND IGH TRANSLOCATIONS IN MYELOMA

AK. Stewart

Division of Hematology-Oncology, Mayo Clinic Scottsdale, AZ, USA

The t[4;14] translocation, which simultaneously dysregulates both
fibroblast growth factor receptor 3 (FGFR3) and Multiple Myeloma SET
(MMSET)), is detectable in 15% of patients with Multiple Myeloma
(MM). Although FGFR3 has been shown to be oncogenic in a number
of assays, expression of FGFR3 is lost in approximately 30% of patients
with the translocation as analyzed by gene expression profiling while
expression of MMSET is always retained. The presence of the t[4;14] is
highly associated with poor outcome following both conventional
chemotherapy and high-dose Melphalan-based regimens thus detection
of patients bearing the t[4;14] is critical in any MM molecular work up."?
Recent clinical observation demonstrates however that even within this
poor prognosis group patients with low beta 2 microglobulin and nor-
mal hemoglobin fare better. Treatment may be altered on the basis of this
high risk genetic feature since t[4;14] patients have a short time to pro-
gression following stem cell transplant and since bortezomib may have
some ameliorative effect on the poor prognosis.’ Finally, inhibitors of the
FGEFRS tyrosine kinase are now in clinical trials. Overall it is apparent that
detection of t[4;14] patients is increasingly important in patient man-
agement. In MM, no other frequent recurrent kinase translocation or
mutation has yet been defined. To better define kinase targets in MM,
a systematic assessment of the entire MM kinome is required. With this
goal in mind kinase sequencing and kinome wide RNA! silencing(4) has
been performed by our laboratory, These experiments permit identifi-
cation of (a) kinases in Myeloma that are essential for tumor survival and
(b) kinases in Myeloma that most effectively synergize with bortezomib
or lenalidomide and will allow the identification of currently available
inhibitors that specifically target the kinases identified. We have now
screened in 384-well format a 1800-oligo (639 gene) kinome siRNA in
the absence and presence of titrated low dose bortezomib (ICi-ICs0). Of
41 putative Mye[%ma—lethal kinase targets derived from initial screening,
15 have been fully validated and are cytotoxic with three or more inde-
pendent siRNA. We have also identified 25 kinases that putatively induce
synergistic cytotoxicity with bortezomib. In a second cell line, JIN3, 50
RNAI silencing 25 validated lethal kinase targets, 44 (88%) were lethal
in both Kms11 and JJN3, 4 (8%) were lethal in Kms11 only and 2 (4%)
were lethal in JJN3 alone. This suggests that our screening strategy is
capable of identifying kinase targets that may have a broad spectrum of
activity for MM tumors, despite the genetic heterogeneity that typical-
ly exists. However, it will be important to substantiate this conclusion
by testing other MM variants. We have also been seeking more global
inhibitors of myeloma survival by employing high throughput screens
of small molecule libraries. Specifically, to identify novel pharmaceuti-
cal inhibitors of maf and its ability to promote cyclin D2 (CCND2) trans-
activation we developed an assay employing NIH 3T3 cells stably co-
expressing the CCND2 transactivator c-Maf and the cyclin D2 promot-
er driving firefly luciferase (luc) and screened the Lopac (n=1280), Prest-
wick (n=1120) and Spectrum (n=2000) libraries of drugs and natural com-
pounds. In a parallel MTS assay, the effect of each compound on 3T3 via-
bility was determined, allowing exclusion of compounds that caused
secondary suppression of CCND2 due to non-specific cytotoxicity. Thir-
ty-one of the 40 hits from the screen were members of the glucocorti-
coid family and findings were consistent with a c-Maf-dependent inhi-
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bition of CCND2 transactivation. In further analysis glucocorticoids
repress c-Maf dependent transactivation of CCND2 through ubiquitina-
tion and subsequent down regulation of Maf. These findings demon-
strate a new mechanism for glucocorticoid-induced apoptosis and help
explain their activity in multiple myeloma. Of the remaining CCND2
promoter inhibitors studies in patient marrow samples demonstrated
selective activity for the triterpenoid pristimerin and kinetin riboside
against CD138" myeloma cells. Together this chemical biology screen
has identified a number of compounds or classes of compounds that
may be further explored for preclinical and ultimately clinical anti-myelo-
ma activity.
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$5: Frontline treatment of myeloma

§5.1
INTERNATIONAL STAGING SYSTEM FOR MM

P. Greipp
Mayo Clinic, Internal Medicine, Rochester, Minnesota

$§5.2

THE ROLE OF THALIDOMIDE IN MYELOMA PATIENTS ELIGIBLE
FOR HIGH-DOSE THERAPY

M. Cavo

Seragnoli Institute of Hematology and Medical Oncology, Bologna University
School of Medicine, Italy

Over the last decade new insights into the biology of multiple myelo-
ma (MM) have provided the framework for the development of novel
therapies to reverse drug resistance and improve patient prognosis. In
particular, recognition of the pivotal role of bone marrow microenviron-
ment in promoting myeloma cell growth, survival and drug resistance
has allowed for identification of specific therapeutic strategies targeting
myeloma-stromal cells interactions, cytokine secretion and their seque-
lae in the bone marrow milieu. Examples of novel targeted drugs which
have quickly translated from the bench to the bedside include thalido-
mide, its immunomodulatory analog lenalidomide and the first-in-class
proteasome inhibitor bortezomib. Thalidomide, an old drug with an
infamous past due to its teratogenicity, has redeemed itself as a new
treatment paradigm for myeloma patients refractory to multiple prior
therapies and actually represents a standard of care also for patients
with newly diagnosed disease. Three phase II clinical studies for previ-
ously untreated patients with symptomatic MM** provided demonstra-
tion that thalidomide at the daily dose of 200 mg combined with pulsed
high-dose dexamethasone, both administered for a maximum of 4
months, effected an overall response rate [partial response (PR) or high-
er] in the range of 64% to 72%, including complete response (CR) or
near complete response (nCR) between 8% and 12%. Following these
studies, the use of thalidomide and dexamethasone has increased signif-
icantly in clinical practice. Moreover, impressive results of phase II tri-
als*® prompted the inititiation of phase III studies aimed at comparing
thalidomide-dexamethasone with standard regimens as up-front treat-
ment for candidates to subsequent autologous stem-cell transplantation.
We performed a retrospective matched case-control analysis of 200
patients who were treated with thalidomide-dexamethasone (100
patients) or vincristine-doxorubicin-dexamethasone (VAD) (100 patients)
for 4 months in preparation for single or double autologous transplan-
tation.’ In comparison with VAD, thalidomide-dexamethasone resulted
in a significantly higher overall response rate (52% with VAD vs. 76%
with thalidomide-dexamethasone, including 13% CR or nCR;
p=0.0004), greater reduction in serum M protein concentrations and
comparable peripheral blood stem cell (PBSC) harvests. These results
were recently confirmed by a prospective randomized study showing
that among patients who received thalidomide-dexamethasone for 3-4
months the probability to attain at least a very good partial response was
25%, as opposed to 7% for patients treated with VAD (p=0.027); the per-
centage of patients who had successful PBSC yields and underwent
autologous transplantation was almost superimposable in both treat-
ment arms.” A superior rate of at least PR to thalidomide-dexamethasone
(73%, including 16% CR) in comparison with VAD (53%) was also
found in an observational study of 60 patients. Rajkumar ez al. conduct-
ed a phase III clinical trial of thalidomide-dexamethasone compared
with dexamethasone alone in 207 previously untreated MM patients.”
Results showed that the best response within 4 cycles of therapy was
63% with thalidomide-dexamethasone versus 41% with dexametha-
sone alone (p=0.0017). However, superior rates of response in the
thalidomide-dexamethasone arm were at the expense of a significantly
higher frequency of grade 3-4 nonhematologic toxicities (67 % vs. 43%
with dexamethasone alone), highlighting the need to balance toxicity
with response. As in our study,"® deep vein thrombosis (DVT) emerged
as the single most serious complication of primary thalidomide-dexam-
ethasone therapy, occurring in 17% of patients.” Thus, effective
antithrombotic prophylaxis using oral warfarin or low molecular weight
heparin or aspirin should be recommended in all patients with newly
diagnosed MM who start thalidomide therapy combined with pulsed
high-dose dexamethasone. The emergent treatment paradigm of target-
ing the soil bone marrow microenvironment as a means of interfering
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with the growth of the myeloma seed has provided the rationale for
investigational clinical trials of thalidomide combined with convention-
al chemotherapy in an attempt to enhance cytotoxicity and reverse mul-
tiple mechanisms of drug resistance.” This concept was pioneered by
Barlogie’s group at the University of Arkansas and was tested in a ran-
domized fashion in the context of a multiphase treatment program, the
so called Total Therapy 2, which included intensified chemotherapy in
preparation for and after melphalan-based double autologous PBSC
transplantation.” Intensified induction therapy in preparation for high-
dose melphalan included one cycle of VAD followed by DCEP (dexam-
ethasone, cyclophosphamide, etoposide and cis-platin), CAD
(cyclophosphamide, doxorubicin and dexamethasone) with PBSC col-
lection and further DCEP. According to study design, patients were ran-
domized to receive or not thalidomide at daily doses of 400 mg during
primary remission therapy, of 100 mg between the two transplants, of
200 mg during D-PACE (dexamethasone, cis-platin, doxorubicin,
cyclophosphamide, etoposide) as consolidation therapy and of 100 or 50
mg during interferon maintenance. Results of the entire treatment pro-
gram showed that with a median follow-up of 42 months the thalido-
mide group was superior to the control arm in terms of significantly
higher CR rate (62% vs. 43%; respectively; p<0.001) and longer 5-year
event-free survival (56 % vs. 44%, respectively; p=0.01). Five-year over-
all survival rates in the range of approximately 65 % were noted in both
treatment groups and were attributed both to the routine use of thalido-
mide as salvage therapy for patients relapsing on the no-thalidomide arm
and to the shorter post-relapse survival of patients assigned to receive
thalidomide, reflecting a higher frequency of chromosome 1q21 ampli-
fication. With an extended median follow-up of 53 months, post-relapse
survival was 5.3 months among controls vs. 4.3 months among thalido-
mide-treated patients. Alternative regimens including thalidomide com-
bined with cytotoxic agents in preparation for subsequent autologous
transplantation were explored by other groups. In a randomized study
of the Greek Myeloma Study Group addition of thalidomide to DVD
(e.g. a VAD-like regimen in which doxorubicin was replaced by pegy-
lated liposomal doxorubicin) resulted in a higher rate of at least PR in
comparison with the same regimen without added thalidomide (81%
vs. 66%, respectively; p=0.048)."" However, the increased rate of
response to thalidomide combined with DVD needed to be balanced
against the increased toxicity, particularly neurological; at the opposite,
the incidence of DVT was similar in both treatment arms. Consistent-
ly with the results of this study, in a limited series of patients reported
by Chanan-Khan the combination of thalidomide with VAD effected an
overall response rate of 91%, including 27% CR.” In a large phase III
study conducted in Netherlands and Germany, response to 3 monthly
courses of VAD or thalidomide-doxorubicin-dexamethasone (TAD) was
evaluated in 406 patients who subsequently underwent either single or
double autologous transplantation.” Comparison between the two treat-
ments arms showed the superiority of TAD over VAD in terms of at least
PR (80% vs 63%, respectively; p=0.001), but not of CR rate (7% vs 3%,
respectively). On the basis of clinical experiences so far reported, thalido-
mide combined with dexamethasone appears to be an effective and rel-
atively well tolerated oral alternative to conventional, and often more
cumbersome, induction regimens used so far in preparation for autolo-
gous stem-cell transplantation in MM (including VAD or VAD-like reg-
imens or dexamethasone alone). In most studies, both thalidomide-dex-
amethasone and the combination of thalidomide with cytotoxic agents
provided superior rates of response in comparison with control treat-
ments not including thalidomide. Whether more marked pre-transplant
reduction in tumor cell mass effected by thalidomide-including regi-
mens would favorably affect long-term outcome of autologous stem-cell
transplantation still remains an unresolved issue. In a retrospective study
of 164 patients who were followed for a median of 29 months after
autologous transplantation, it was reported that patients who received
thalidomide-dexamethasone as primary therapy had a significantly
longer 2-year progression-free survival than those initially treated with
anthracyclines-containing regimens (93% vs. 58%, respectively;
p=0.039)." At the opposite, in a study conducted at the Mayo Clinic,
Rochester, and involving 340 patients (of whom 105 initially treated
with VAD, 140 with dexamethasone alone and 95 with thalidomide-
dexamethasone), the rate of CR after subsequent autologous transplan-
tation and the length of survival, both overall and progression-free, were
comparable between the three treatment arms."” Consistently with these
latter results, in the HOVON 50/GMM-HD3-Trial comparing TAD vs
VAD, post-transplantation rates of response (PR+CR) were 91% vs.
88%, respectively, including 19% CR in the TAD arm and 13% follow-
ing VAD plus autologous transplantation.” Different conclusions were
offered by the final analysis of Total Therapy II, in which integration of
thalidomide in the context of double autologous transplantation signif-



icantly increased the final CR rate and extended event-free survival in
comparison with the no-thalidomide arm of the study.” In conclusion,
thalidomide combined with either dexamethasone or cytotoxic agents
constitutes an important new addition to currently available options for
MM patients who are candidates to subsequently receive autologous
stem-cell transplantation. Nevertheless, more effective and safer treat-
ments aimed at maximizing the rate and speedy of response without
interfering with patients’ capability to undergo PBSC-supported high-
dose therapy are needed. In this setting, the opportunities afforded by
lenalidomide or bortezomib are considerable. In addition, synergistic
activity of some of these agents holds promise to furtherly improve ther-
apeutic results in the near future. Bases on these premises, a large
prospective, randomized, phase III clinical study is currently ongoing in
Italy in an attempt to compare the role of bortezomib-thalidomide-dex-
amethasone (VID) with thalidomide-dexamethasone as induction ther-
apy and consolidation therapy before and after double autologous stem-
cell transplantation for patients with newly diagnosed MM and less than

65 years of age.
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THE ROLE OF BORTEZOMIB IN MYELOMA PATIENTS ELIGIBLE FOR HIGH-DOSE THERAPY
S. Jagannath

St. Vincent's Comprehensive Cancer Center, New York, NY, USA

High-dose therapy (HDT) plus autologous stem-cell transplantation
(ASCT) is considered the standard of care for frontline treatment of mul-
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tiple myeloma patients aged ”70 years. HDT-ASCT has demonstrated
greater benefit for patients in terms of improved overall response and
complete response (CR) rates and, in some studies, improved overall
survival (OS) compared with conventional chemotherapy. Double trans-
plantation provides higher CR rates and longer OS versus single trans-
plantation in patients with less than a very good partial response (VGPR)
after first transplant. CR/VGPR following HDT-ASCT is associated with
longer event-free survival (EFS) and OS. Before HDT-ASCT, patients
receive induction therapy to reduce tumor burden, followed by stem-cell
mobilization and collection. Conventional induction regimens such as
vincristine/ doxorubicin/dexamethasone (VAD) result in low (<10%) CR
rates. Improving post-induction overall response and CR rates may result
inimproved CR/VGPR rates post-transplantation, which could translate
into prolonged OS. With this aim, the proteasome inhibitor bortezomib
(VELCADE®, Millennium Pharmaceuticals, Inc., and Johnson & Johnson
Pharmaceutical Research & Development, L.L.C.) has been investigated
as a single agent and in various combinations as induction therapy pri-
or to HDT-ASCT. Single-agent bortezomib has shown encouraging
activity; combination regimens have demonstrated enhanced efficacy,
providing substantial clinical benefit compared with conventional treat-
ments in terms of consistently high overall response and CR rates, both
following induction and post-transplantation. Consequently, these borte-
zomib-based treatments are playing an increasingly important role in
frontline treatment of patients eligible for HDT-ASCT. My colleagues
and I reported notable overall response, CR, and survival rates with
bortezomib + dexamethasone.' In our phase 2 study, 49 newly diag-
nosed patients received bortezomib for up to six 3-week cycles. Dexam-
ethasone was added for patients achieving less than a partial response
(PR) by the end of cycle 2 or a CR by the end of cycle 4. Response rate
was 88%, including 18% CR/near CR (nCR) and 20% VGPR.! Toxicities
were predictable and manageable; grade 22 events included sensory neu-
ropathy (36 %), fatigue (20%), and constipation (16%). With median fol-
low-up of 26.7 months, estimated 2-year survival rate was 85%. Among
25 patients who went on to receive HDT-ASCT, estimated 2-year post-
transplant survival rate was 91%." Other bortezomib and dexametha-
sone regimens have been investigated by the IEM** and PETHEMA*
study groups. In an IFM phase 2 study in 48 patients administered four
cycles of bortezomib plus dexamethasone, response rate was 67%,
including 21% CR and 10% VGPR. Most toxicities were mild or mod-
erate; grade >3 toxicities included infection (10%), and peripheral neu-
ropathy (6%). Forty two patients proceeded to HDT-ASCT; post-trans-
plantation response rate was 90%, including 33% CR and 21% VGPR”
The IFM is now comparing this regimen with VAD prior to HDT-ASCT
in an ongoing, randomized phase 3 study.’ Data from a preliminary
analysis of the first 165 patients demonstrate that induction with borte-
zomib plus dexamethasone results in a higher overall response rate (82 %
vs 67%), CR/nCR rate (20% vs 9%), and VGPR rate (23% vs 17 %) com-
pared with VAD. Overall toxicity profiles were similar for the two reg-
imens, with grade 23 adverse events reported in 36% of patients treat-
ed with VAD versus 30% for bortezomib plus dexamethasone. Patients
received a second transplant if they did not achieve VGPR or better after
their first transplant. Based on preliminary analysis of available data
from those who had undergone their first transplant, more patients treat-
ed with bortezomib plus dexamethasone than with VAD achieved a
VGEPR or better (78% vs 55%, respectively), and therefore fewer required
a second transplant.’ The PETHEMA group studied a different regimen
of bortezomib and dexamethasone in a phase 2 study of 40 newly diag-
nosed patients.’ The agents were administered in alternating cycles, start-
ing with bortezomib, for six cycles. This novel approach yielded a best
response rate of 67 %, including 13% CR and 10% VGPR. Toxicities
were mostly mild or moderate, although 15% of patients experienced
grade 3 neutropenia. To date, half the patients have received HDT-ASCT;
response rate 3 months post-transplantation was 80%, including 40%
CR and 20% VGPR.' Due to the substantial activity demonstrated, borte-
zomib plus dexamethasone has been added as a first-line therapeutic
option for patients proceeding to HDT-ASCT in the recently updated
National Comprehensive Cancer Network (NCCN) Clinical Practice
Guidelines in Oncology for Multiple Myeloma. Also added in this set-
ting was the combination of bortezomib, doxorubicin, and dexametha-
sone (PAD), which has demonstrated impressive results in two phase 2
studies in which the dose of bortezomib differed.”® In one study, 21
patients were treated with four 3-week cycles of PAD with the standard
1.3 mg/m’ bortezomib dose. Response rate was 95%, including 29%
CR/nCR and 33% VGPR. All hematologic toxicities were grade 1/2.
Grade 3/4 events included infection, herpes zoster reactivation, line
infection (each 14 %), peripheral neuropathy, febrile neutropenia, nausea
and vomiting, postural hypotension, and atrial fibrillation (each 5%).
Following HDT-ASCT in 18 patients, overall CR/nCR rate increased to
57%, and VGPR rate was 24%.” In a second study of PAD in 20 patients,
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with bortezomib 1.0 mg/m’, overall response and CR/nCR rates post-
induction appeared lower with this reduced-dose PAD regimen, at 89%
and 16%, respectively.” The overall incidence of neuropathy was also
lower compared with the higher-dose PAD study (9% vs 48%), with no
grade 3 neuropathy reported. Following HDT-ASCT, the efficacy of the
reduced-dose regimen appeared similar to higher-dose PAD. Among 13
patients who proceeded to HDT-ASCT, post-transplantation response
rate was 100%, including 54% CR/nCR and 8% VGPR.° PAD with stan-
dard-dose bortezomib is currently being compared with VAD prior to
HDT-ASCT in an ongoing HOVON phase 3 study. A similar borte-
zomib-based regimen, using liposomal doxorubicin instead of doxoru-
bicin, has been investigated in a phase 2 study.” The VDD regimen was
administered to 28 patients for up to six 3-week cycles, resulting in an
overall response rate of 89%. As with PAD, the CR/nCR and VGPR
rates were very high, at 32% and 21%, respectively. The combination
was well tolerated; common grade 23 toxicities included fatigue (14%),
pneumonia (11%), thrombocytopenia (7 %), and deep-vein thrombo-
sis/pulmonary embolism (DVI/PE, 7 %). Among 18 patients who under-
went HDT-ASCT, post-transplantation response rate was 96 %, includ-
ing 54% CR/nCR and 25% VGPR.” Another phase 2 study, by the CAL-
GB, investigated eight 3-week cycles of the steroid-sparing regimen of
bortezomib plus liposomal doxorubicin in 63 newly diagnosed patients.”
Response rate among 29 patients who had completed therapy was 79%,
including 28% CR. The regimen was generally well tolerated, with key
grade >3 toxicities including neutropenia (18%), fatigue (16%), throm-
bocytopenia (14%), sensory neuropathy (13%), and lymphopenia
(18%). To date, six patients have proceeded to HDT-ASCT.* Bortezomib
has also been investigated in combination with thalidomide and dexam-
ethasone (VID).” In a study of 38 patients given up to three 4-week
cycles of VID prior to HDT-SCT, overall response rate was 92%, with
18% CR/nCR. Grade 3/4 toxicities included myelosuppression, neu-
ropathy, infection (each 8%), and DVT/PE (5%). Following induction,
26 patients proceeded to HDT-ASCT, increasing overall response and
CR rates among all 38 patients to 100% and 34 %, respectively.” Borte-
zomib, thalidomide, and dexamethasone have been combined with cis-
platin, doxorubicin, cyclophosphamide, and etoposide (VDT-PACE) in
a phase 1 study of 12 patients." Following two 5-week cycles, overall
response rate was 83%, including 17% CR/nCR. Toxicities were pre-
dictable. Following HDT-ASCT and subsequent maintenance therapy
with low-dose thalidomide and dexamethasone, overall response rate
was 100%, including 75% CR/nCR." VDT-PACE is currently being used
as induction therapy in the Total Therapy 3 approach at the University
of Arkansas. An important finding in these studies was that use of borte-
zomib in induction therapy prior to HDT-ASCT neither hampered suc-
cessful harvesting of stem cells for subsequent transplantation nor affect-
ed the time to engraftment following HDT-ASCT. Median yields of
CD34* stem cells ranged from 3.75 to 21x10° cells/kg; the numbers har-
vested were generally sufficient for single or, where planned, double
transplantation."*" These data confirm the activity of bortezomib-based
combinations as induction therapy prior to HDT-ASCT. Substantial ben-
efit to patients has been demonstrated, including notably high rates of
CR/nCR and VGPR both following induction and post-transplantation.
As achievement of these responses is associated with prolonged EFS
and OS, it may be expected that use of bortezomib-based regimens will
improve patient outcomes compared with conventional therapies; pro-
longed follow-up data will be required to confirm survival benefits.
Importantly, bortezomib-based therapies appear effective in patients
with poor prognostic factors, providing suitable treatment options for a
broad range of patients. In the IFM phase 3 study, CR/nCR rate follow-
ing bortezomib plus dexamethasone was similar to that in the overall
population among patients with chromosome 13 deletion by FISH or $2-
microglobulin >3 mg/L.? In the relapsed setting, bortezomib alone or in
combination has been shown to be effective in patients with chromo-
some 13 deletion," advanced renal failure,” or advanced stage disease,”
and those aged 265 years.”” Notably, the established safety profile of
bortezomib was not markedly different among elderly patients.” Borte-
zomib-based therapies are becoming increasingly widely used as high-
ly effective frontline treatment options for multiple myeloma patients
eligible for HDT-ASCT; final results from ongoing phase 3 studies will
help further define the optimal role of these regimens in the myeloma
treatment paradigm.

The author would like to thank Steve Hill and Rosemary Washbrook for edi-
torial assistance in the drafting of this abstract. Steve Hill is a medical writer and
Rosemary Washbrook is a medical editor with Gardiner-Caldwell London.
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THE ROLE OF LENALIDOMIDE IN MYELOMA PATIENTS ELIGIBLE FOR HIGH DOSE THERAPY
S.V. Rajkumar

Division of Hematology, Mayo Clinic, Rochester, Minnesota, USA

Initial therapy in newly diagnosed myeloma is dependent on eligbil-
ity for autologous stem cell transplantation (ASCT)." It is important to
avoid protracted melphalan-based therapy in patients with newly diag-
nosed myeloma who are considered eligible for ASCT, since it can inter-
fere with adequate stem cell mobilization, regardless of whether an ear-
ly or delayed transplant is contemplated. Typically patients eligible for
ASCT are treated with approximately 4 cycles of non-alkylator-based
induction therapy prior to stem cell harvest. Thalidomide-dexametha-
sone (Thal/Dex) has emerged as one of the most commonly used induc-
tion regimen for the treatment of newly diagnosed myeloma in the Unit-
ed States with response rates of approximately 65-70%.” Efforts are
underway to identify regimens that are more effective. Lenalidomide
(CC-5013) belongs to a class of thalidomide analogues termed
immunomodulatory drugs (ImiDs) that appears safer and more effective
than thalidomide.® A phase II trial conducted at the Mayo Clinic demon-
strated remarkably high activity with lenalidomide plus dexamethasone



(Rev/Dex) as initial therapy for newly diagnosed myeloma without sig-
nificant impact on stem cell mobilization or transplantation.” Lenalido-
mide was given orally 25 mg daily on days 1-21 of a 28-day cycle. Dex-
amethasone was given orally 40 mg daily on days 1-4, 9-12, 17-20 of
each cycle. Thirty-one of 34 patients (91%) achieved an objective
response, including 56% of patients who achieved very good partial
response (VGPR) or better.” In the subset of 21 patients receiving
Rev/Dex as primary therapy without ASCT, 67 % achieved VGPR or
better. Approximately fifty percent of patients experienced grade 3 or
higher non-hematologic toxicity, similar to rates seen with dexametha-
sone alone. ECOG recently reported preliminary findings of a random-
ized trial testing Rev/Dex versus Rev/low-dose Dex (40 mg dexametha-
sone once weekly). Results so far show that toxicity rates are significant-
ly higher with Rev/standard-dose Dex compared to Rev/low-dose Dex.
Early (first 4 month) mortality rates were low in both arms, 5% and
0.5% respectively. Based on these studies, Rev/low-dose dexametha-
sone is currently the regimen of choice in the Mayo Clinic SMART pro-
tocol for the treatment of standard-risk myeloma in patients who are
candidates for ASCT outside the setting of a clinical trial. The incidence
of DVT is low with single-agent lenalidomide or lenalidomide plus low-
dose dexamethasone, but rises markedly when the agent is combined
with high-dose dexamethasone. Aspirin alone is probably sufficient for
patients receiving lenalidomide plus low-dose dexamethasone. Warfarin
(dose adjusted to therapeutic INR of 1 to 2) or low molecular weight
heparin (equivalent of enoxaparin 40 mg once daily subcutaneous) are
recommended for patients receiving lenalidomide plus standard dose
dexamethasone. A randomized trial is currently underway in the Unit-
ed States testing aspirin versus warfarin in patients receiving lenalido-
mide plus standard dose dexamethasone for newly diagnosed myeloma.
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FRONTLINE TREATMENT IN PATIENTS NOT ELIGIBLE FOR STEM CELL TRANSPLANTATION
T. Facon

CHU Lille, France

Combination chemotherapy with melphalan and prednisone (MP)
has been used in the treatment of multiple myeloma (MM) since the
1960s, and remained, as little as two years ago, the most widely accept-
ed treatment option for elderly patients ineligible for high-dose therapy.*?
More complex combinations with alkylating agents have been substitut-
ed but often with added toxicity and inconvenience and no survival
advantage over standard MP’ Dexamethasone-based regimens have also
shown no treatment advantages compared with MP in elderly patients
and were associated with higher toxicity." Standard MP is associated
with a response rate of 30%-50%, with very few complete responses
(CR) and a median survival of approximately 3 years, thus providing
ample room for improvement. Over the last several years, innovative
drug combinations have been used to achieve this goal.

Initial treatment with MP-based regimens (MPT, MPV, MPR)

In two large randomized phase III studies, one from the Italian Mul-
tiple Myeloma Network (GIMEMA) and the other from the IEM (IFM99-
06),>* MPT was found to be significantly superior to MP. The superiori-
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ty was demonstrated based on response, including CR rate and progres-
sion-free survival (PES) in both studies. In the IFM study, the PES advan-
tage observed with MPT translated into a significant overall survival
(OS) advantage. The addition of thalidomide to MP in the IEM study
increased median OS by almost 2 years compared with MP alone. And
even though OS prolongation with MPT versus MP in the GIMEMA
study did not reach statistical significance, MPT results in both studies
looked very similar. In the IFM study, MPT was also superior to a
reduced-intensity autologous stem cell transplantation regimen using
melphalan 100 mg/m’, in terms of PES and OS. MPT has also been found
to be superior to MP in patients >75 years of age in the IFM 01-01 study
to be presented at the 2007 ASCO meeting.

Table 1.
MPT (GIMEMA) MPT (IFM) MP (GIMEMA/IFM)

CR (%) 16 13 2/2

VGPR (%) 37 47 12/7

PR (%) 76 76 48/35

PFS 54% EFS at 24 mo. median 28 mo. 27% EFS at 24 mo. /
median 17 mo.

0s 80% OS at 36 mo. median 54 mo. 64% 0S at 36 mo. /
median 32 mo.

>grade 3 48 42 25/ 16

adverse

events (%)

Bortezomib (Velcade, Vel) has also been incorporated into the standard
MP regimen (MPVY in the treatment of elderly untreated patients with
myeloma. The overall response rate was 89 %, including 32% of patients
with a CR and an additional 11% with a near-CR. EFS and OS at 16
months of follow-up were 83% and 90%, respectively. These promis-
ing results form the basis for the international phase III randomized
VISTA study comparing MP with MPV. Based on the success of the
phase III MPT versus MP trial, the GIMEMA group initiated a phase I/
study of MP + lenalidomide (Revlimid) (MPR). Higher response rates
were achieved in the cohort of patients receiving melphalan 0.18 mg/kg
and lenalidomide 10 mg/d for CR (24%), VGPR (24%), PR (83%), and
MR (19%). None of the patients receiving this regimen have progressed.
This study formed the basis for the ongoing European Myeloma Net-
work phase III study comparing MP with MPR (with or without
lenalidomide maintenance).

Initial treatment with Dexamethasone-based
(Thal/Dex, Vel/Dex, Len/Dex)

Thal/Dex and Len/Dex have been mainly used as induction regimens
before autologous stem cell transplantation (ASCT). Their development
was driven by the disadvantages of existing regimens such as intra-
venous VAD. In elderly patients, interim results of a phase III study com-
paring Thal/Dex with MP have reported higher response rates (67 % vs
48%) for patients receiving Thal/Dex. However, increases in toxicity
were also reported.? The combination of thalidomide, pegylated liposo-
mal doxorubicin, and dexamethasone (ThaDD) has also been studied in
a small series of patients > 65 years of age. An overall response rate of
84% was reported with 38% of patients achieving CR or near-CR. Grade
3 and 4 adverse events observed in at least 10% of patients included
infections, thromboembolic events, neutropenia, and constipation.” Pre-
liminary results with Len/Dex indicated that this regimen is highly active
with a CR+VGPR rate of 67 % and a PES rate of 59% at 2 years in patients
receiving this regimen as primary treatment. Toxicity was modest with
grade 3 and 4 adverse events observed in at least 10% of patients, includ-
ing fatigue and neutropenia.” Data with Vel/Dex are limited in newly
diagnosed patients not eligible for ASCT. Long-term follow-up of
patients treated with Vel with or without dexamethasone as front-line
treatment reported that the median time to alternative treatment was 22
months in patients who did not proceed to ASCT." Importantly, Dex giv-
en at high pulsed doses (40 mg on days 1-4, 9-12, 17-20 every 4 weeks)
is associated with a high incidence of serious side-effects.*”” However,
recent research suggests that high doses of Dex may not be necessary
when used in combination with newer agents. The ECOG group has
conducted a large phase III study of lenalidomide plus high-dose Dex ver-
sus lenalidomide plus low-dose Dex in newly diagnosed patients with
MM.* Lenalidomide plus high-dose dexamethasone was associated with

regimens
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greater toxicity, including increased thrombotic events compared with
lenalidomide plus low-dose dexamethasone. This result could be of
major importance for all Dex-based regimens. Clearly, it would be of
major benefit if the same degree of efficacy could be obtained with less
toxic doses of Dex.

Conclusions

At present, given the results of the IFM and GIMEMA studies, MPT
appears to be the treatment of choice for a large proportion of elderly
patients ineligible for ASCT. It seems certain that in the near future,
MPV and MPR will also be proved superior to MF, thus providing three
therapeutic options, MPT, MPV and MPR, in this patient group with
MM. These therapeutic options could lead to more personalized treat-
ment approaches, based on patient comorbidities, as the three novel
agents have somewhat different toxicity profiles. MP would only be
appropriate for a minority of patients with poor perfomance status
and/or significant comorbidities, such as severe neuropathy or a con-
traindication to anticoagulants. Questions regarding the relative effica-
cy of melphalan-based regimens versus dexamethasone-based regimens
(preferably with low-dose dexamethasone) will require randomized
phase Il trials. More intensive approaches with new drug combinations
or with the incorporation of pegylated liposomal doxorubicin will also
require additional studies. Additionally, the important issue of mainte-
nance treatment in elderly patients with MM needs to be investigated.
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MANAGEMENT OF TOXICITIES FROM NOVEL AGENTS
M.A. Hussein
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Proteasome inhibitors and immune modulators are the two main
classes from which agents are approved for multiple myeloma therapeu-
tics. Experience with thalidomide and Bortezomib has underscored the
need for diligent monitoring and management of side effects to achieve
optimal therapeutic benefit. Initial phase II and III results with lenalido-
mide, a thalidomide analogue, have confirmed impressive response rates
with a significantly more favorable toxicity profile. All these compounds
have not only contributed to improved response rates as single agent but
in combination with chemotherapy appear to be positively influencing
the overall survival for myeloma patients."* Two different types of bis-
phosphonates have also been approved over the past decade for the
management of skeletal destruction. Those agents have resulted in a
clinically significant decrease in skeletal related events and are well tol-
erated over the short term.*

General side effects associated with novel therapy

Peripheral neuropathy which is an issue with first generation protea-
some inhibitors as well as immune modulators appear to have been
minimize with the development of the second generation immune
modulator (lenalidomide) and will probably be the case with the sec-
ond generation proteasome inhibitors. Hypercoagulable events contin-
ue to be a significant issue in the management of patients receiving
immune modulator based therapy but has always been noted in plas-
ma cell dyscrasia in general however at lesser extent.”* The new
immune modulator lenalidomide to have leucopenia and mild throm-
bocytopenia as part of its side effect profile.” There is early indirect evi-
dence to suggest that the dose and schedule of lenalidomide influences
the outcome of therapy in patients with multiple myeloma and thus it
is critical to understand the true clinical implications of this abnormal-
ity. On the supportive care end, management of side effects is critical
as the main role of these agents is to prevent further end organ dam-
age and the expectation is end organ damage related to their use should
be minimal if not non-existing. Bisphosphonates have been felt to be
linked to the occurrence of osteonecrosis of the jaw.'""" In this section
the management and deep venous thrombosis (DVT), neutropenia and
its impact on therapy as well as osteonecrosis of the jaw will be dis-
cussed.

Neutropenia

Neutropenia as grade 3/4 toxicity was noted in 15% of the multiple
myeloma patients receiving lenalidomide as a single agent. However,
this was associated with a less than 5% incidence of neutropenic fever.
In the DVd-R regimen (Pegylated doxorubicin-Doxil, Vincristine,
reduced dose dexamethasone and Revlimid, even though therapy was
given to neutropenic patients, the incidence of neutropenic fever in the
phase II portion of the trial was less than 6%.° Notably, neutropenic
fever was uncommon, but caution must be exercised as multiple myelo-
ma patients have a compromised humoral immune system and late in
the disease both the cellular system and the immune system become less
effective. Management of neutropenia should be individualized depend-
ing on the patient’s overall clinical status such as intact gastrointestinal
linings and skin as well as the severity of neutropenia. A short course of
growth factors should be considered in patients with compromised gas-
trointestinal linings, but this was rarely required with the use of single-
agent lenalidomide except as a protocol-specified intervention. Dose
reduction should be considered if growth factors are not effective.” We
do not generally recommend lenalidomide treatment delays because of
risk of disease progression during the interim. From a clinical stand-
point, grade 3 neutropenia occurring with the use of lenalidomide as a
single agent or in combination therapy did not result in a major clinical
challenge as long as the patients were well educated to recognize early
evidence of active infection and were monitored carefully.

VTE and Immunomodulatory drug combination regimens
Thalidomide and lenalidomide as a single agents do not appear to
increase the incidence of VTE."" However, in another Lenalidomide
phase 1 study, 2 of 6 patients (33%) who initiated treatment with
lenalidomide 50 mg/day experienced VTE suggesting possible correla-
tion with dose intensity.” When thalidomide was combined with
chemotherapy, including thalidomide-doxorubicin® or melphalan-pred-



nisone-thalidomide (MPT),"* a higher incidence of VTE was reported.
Regimens combining thalidomide with anthracyclines resulted in VTE
rates ranging from 7% to 58%."?* The combination of thalidomide and
dexamethasone elevated the incidence of VTE to 15%-26% in patients
with newly diagnosed MM.”” Overall, the median time to onset of a
thrombotic event appears to be around 3 months. The same trend was
noted when lenalidomide was combined with steroids or other
chemotherapeutic agents especially n newly diagnosed patients where
the incidence could be as high as what is noted with the use of anthra-
cyclines n combination with thalidomide.** Risk factors for develop-
ing a hypercoagulable event was studied by Zangari et al. in 535 patients
treated either with thalidomide in combination with cytotoxic
chemotherapy regimens or with dexamethasone only.* By multivariate
analysis, the combination of thalidomide with chemotherapy regimens
containing doxorubicin was associated with the highest odds ratio (OR)
for DVT (4.3; »” 0.001). Newly diagnosed disease (OR, 2.5; p=0.001) and
chromosome 11 abnormality (OR, 1.8; y=0.048) were also independent
predictors for DVT. The development of VTE did not adversely affect
survival when examined as a time-dependent variable and adjusted for
standard risk features (hazard ratio, 0.8; p=0.162). The absence of a neg-
ative impact on survival was also noted by Baz er al** Preventing the
occurrence of hypercoagulable events has been the focus of several
groups. As expected several prophylactic regimens have been evaluat-
ed but to date there has been no randomized trials to favor a regimen
vs. another. Strategies for use of prophylactic anticoagulants in con-
junction with thalidomide or lenalidomide combinations have includ-
ed prophylactic warfarin, low molecular weight heparin, or low-dose
aspirin‘26;32—44

Why low dose aspirin¢

Out of all he regimens low dose aspirin seems the most attractive as
it is the least likely to result in high risk of bleeding and appears to be
as effective as other more complex regimens. Aspirin (acetylsalicylic
acid) has antiplatelet effects; by acetylating the active site of cyclo-oxy-
genase enzymes 1 and 2 (COX-1 and COX-2), it prevents the binding
of arachidonic acid and the production of thromboxane A:. Thrombox-
ane A causes activation and aggregation of platelets, which is an early
step in thrombosis. The low dose is preferred over the full dose as low-
er aspirin doses are known to inhibit thromboxane generation; higher
doses inhibit both thromboxane and prostacyclin. The improved ratio
of prostaglandins obtained with lower doses is thought to be less throm-
bogenic, and thus lower doses are preferred for prophylaxis.” Promis-
ing evidence has also been reported for use of low-dose aspirin as
antithrombotic prophylaxis with the lenalidomide/dexamethasone-con-
taining regimens DVd-R (pegylated doxorubicin, vincristine, reduced-
frequency dexamethasone, and Revlimid® [lenalidomide]),’ BiRD (Biax-
in [clarithromycin], Revlimid® [lenalidomide], and dexamethasone),”

and MPR (melphalan, prednisone, and Revlimid® [lenalidomide]).”

Osteonecrosis of the Jaw (ONJ)

ONJ is a process without a clear etiologic factor in multiple myelo-
ma. There has been reports of the event occurring in different disease
processes including diabetes mellitus * some risk factors have been
defined in multiple myeloma. The process appears to be time-depend-
ent with higher risk after long-term use of bisphosphonates, older mul-
tiple myeloma patients and often after often after dental extractions."
This latter characteristic does not necessarily has to be a predisposing
event as our group did not note any dental manipulations in seventeen
multiple myeloma cases." In this report by Thacker ez al. all patients
were being treated with bisphosphonates for a median of 5 month pri-
or to the onset of jaw symptoms. None of the patients had been irradi-
ated in the jaw nor had obvious osseous manifestation of multiple
myeloma in the jaw. Microorganisms were isolated in 7/17 patients and
all improved with anti-microbial therapy." Since this publication we
have encountered 3 cases of severe jaw pain requiring intravenous pain
therapy; non of those 3 patients demonstrated radiologic evidence of
ONJ however all three patients recovered with intravenous anti-biotic
therapy and 2/3 relapsed with the discontinuation of therapy and
remain on chronic suppressive therapy suggesting an infectious etiolo-
gy. We have initiated the following guidelines in an effort to ameliorate
the incidence of this complication. Patients should have a full dental
examination at the time of diagnosis of the plasma cell dyscrasia espe-
cially if' bisphosphonates are to be considered as part of the therapy. In
addition, bisphosphonates are held for a period of 3 month prior to
invasive dental procedures to allow for the osteoclastic recovery, there-
fore enhanced debris removal and lessening the chance of creating a fer-
tile bacterial medium. Following the dental proce~dure we would re-
introduce bisphosphonates only after the healing process is complete.
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We also recommend that multiple myeloma patients diagnosed with
jaw osteonecrosis probably have a concurrent infection and should be
aggressively treated with antibiotics.

In summary

Immunomodulatory drugs, proteasome inhibitors and bisphospho-
nates have revolutionized therapy for multiple myeloma. However, end
organ damage that could result from these agents could compromise the
ultimate outcome of therapy.
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PROGNOSTIC FACTORS FOR MULTIPLE MYELOMA IN THE ERA OF NOVEL THERAPIES

J. Bladé, L. Rosifiol, M* T. Cibeira

Hematology Department, Institut of Hematology and Oncology, IDIBAPS, Hos-
pital Clinic, Barcelona, Spain

With the use of conventional chemotherapy the median survival of
patients with multiple myeloma (MM) has been of about 3 years. How-
ever, there is a wide variability in survival that is due to differences relat-
ed to both the host and the tumor. Since the first report, forty years ago,
by Carbone et al.,' many studies dealing with prognostic factors have
resulted in the recognition of a large number of factors with prognostic
value. In this review we will briefly foccus on: 1) factors associated with
host characteristics, tumor mass and disease complications, 2) staging
systems, 3) factors related to the malignant clone, particularly the molec-
ular genetic status, 4) prognostic impact of response to therapy with
emphasis on the newer treatment approaches and 5) possible impact of
new drugs on mechanism of disease control/progression.

1. Host Factors, Tumor Mass and Complications

Itis well established that age and performance status are crucial prog-
nostic features. Concerning plasma cell mass and disease complications
the most important prognostic parameters are the beta2-microglobulin
serum levels, hemoglobin level and the renal function status.

2. Development of Staging Systems

Based on prognostic features a number of staging systems, usually
derived from multivariate regression models, have been developed.
However, none of them has been entirely satisfactory. In the search for
a useful and reproducible prognostic classification, the International
Myeloma Working Group has recently developed the so-called Interna-
tional Staging System (ISS) derived from a large number of patients
included in both cooperative studies and individual institutions. The ISS
is based on easily available parameters such as beta2-microglobulin and
albumin.” The ISS will be largely discussed in this session by Doctor
Philip Greipp.

3. Factors Related to the Malignant Plasma Cell Clone

The cytogenetic status has emerged as the most important prognos-
tic feature in MM. Patients with hyperdiploidy have a good outcome,
in contrast with those with hypodiploidy, while patients with t(11;14)
have an average survival. The cytogenetic poor prognostic factors are
retinoblastoma (Rb) and p53 deletions as well as the immunoglobulin
heavy-chain (IgH) translocations t(4;14) and t(14;16). The coexistence of
Rb deletions with IgH translocations has raised the question of whether
the prognostic impact of each abnormality may be influenced by the
other. In this regard, the Spanish Myeloma Group has just reported that
the only factors independently affecting survival were: t(4;14), Rb dele-
tions associated with other cytogenetic abnormality, age > 60 years,
high proportion of cells in S-phase and advanced disease stage by the
ISS.% On the other hand, up-regulation of 1q genes, such as high expres-
sion of the gene CKS1B, located in 1q21, is becoming a signature of very
poor survival.* Gene expression profiling (GEP) provides information on
the expression level of an extensive number of genes related to impor-
tant disease features such as proliferation, apoptosis, DNA repair and
drug resistance. Expression profiling has been used to define molecular
subgroups of MM with clinical correlations and a translocation / cyclin D
classification for MM has been proposed.” In addition, based on gene
expression signatures driven by recurrent translocations and hyper-
diploidy, seven distinct molecular entities of MM with both different
clinical features and long-term outcome have been recognized.® Very
recently, high resolution array comparative genomic hybridization,
mRNA microarray, FISH analysis and novel bioinformatics approaches



defined different clinicopathologic subgroups of MM based on recur-
rent DNA copy number changes.” Thus, two forms of hyperdiploid
myeloma have been identified: one with chromosome 11 gains (good
prognosis) and other with chromosome 1q gains and chromosome 13
losses (poor outcome).” The features from these and future molecular
genomic studies should be the framework for a better understanding of
the disease pathogenesis, facilitating the discovery of drugs targeting the
molecular pathways of specific myeloma genomic subgroups.®

4. Response to Therapy as Prognostic Factor

Before the introduction of novel drugs, few patients treated with con-
ventional chemotherapy achieved CR and the correlation between the
degree of response and survival was questioned.’ In fact, in many stud-
ies the stabilization of the disease was a more powerful prognostic indi-
cator that the degree of tumor reduction. In contrast, 35 to 50% of
patients undergoing high-dose therapy/stem cell transplantation
(HDT/SCT) enter CR and patients attaining CR post-transplant have a
significantly longer EES and OS than those achieving only a PR. This
would suggest that there is a difference in the quality of CR after con-
ventional chemotherapy and after HDT/SCT. However, in the MD
Anderson experience patients achieving CR with primary therapy did as
well as those achieving CR post-transplant.” With the incorporation of
new agents with novel mechanisms of action an increased number of
patients achieve CR with primary therapy. In addition, new drugs such
as bortezomib are highly effective in patients with unfavourably cyto-
genetics." " Further follow-up is needed to establish the impact of these
CR in non-transplant population on PES and OS. On the other hand,
with the incorporation of new drugs in the induction pre-transplant reg-
imens a higher tumor reduction is currently achieved, this will hopeful-
ly result in a higher CR rate postransplant. However, the impact of new
drugs on the post-transplant outcome remains to be determined.

5. Possible Impact of Influencing on Mechanisms of Disease Pro-
gression

The main efforts in the treatment of MM have been foccused on plas-
ma cell killing, being the main goal of myeloma therapy the achieve-
ment of the lowest tumor mass. However, this is a fight against a resist-
ant population that will ultimately re-growth. Ideally, the therapy impact-
ing the final outcome should be designed to avoid disease progression
once a low tumor mass has been achieved. This will only be possible by
advancing in the understanding of the physiopathology of the mono-
clonal gammopathies. In this regard, the model is monoclonal gammopa-
thy of undetermined significance (MGUS), a situation in which a plas-
ma cell clone, which shares the phenotypic and cytogenetic features of
malignant plasma cells, expands to a certain limit and remains stable usu-
ally for years. However, in the authors experience about 10% of patients
with MGUS have an slowly rising M-protein from the time of diagnosis
and virtually all of them will develop MM."” These patients likely have
slowly evolving myelomas, scaping the still unknown growth-restraining
influences which maintain MGUS in an stable state. The physiopatho-
logic mechanisms limiting plasma cell expansion in individulas with
MGUS should be deeply investigated since they can be crucial in the
development of drugs preventing disease progression. This would rep-
resent a major step forward for the long-term outcome of patients with
MM. Importantly, the era of a much better understanding of the disease
in both the molecular genetics and mechanisms of disease progression is
also the era of new drug development. This coincidence will hopefully
result in a real impact in prolonging the survival of patients with MM.
At this point, the so-called prognostic factors will be progressively lossing
their importance due to the much better control of the disease.
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SHOULD CR ACHIEVEMENT BE A MAJOR TREATMENT OBJECTIVE?

J.L. Harousseau," M. Attal,? P. Moreau,' T. Facon,” H. Avet-Loiseau'
'Hopital Hétel Dieu, Nantes; *Hopital Purpan, Toulouse; *CHU, Lille, France

In Multiple Myeloma (MM), it was not possible to assess the role of com-
plete remission (CR) achievement before the introduction of high dose ther-
apy, since CR was a rare event with conventional dose chemotherapy. In
the very first studies on Autologous Stem Cell Transplantation, it became
evident that high response rates could be achieved including CR and that
CR achievement was correlated to longer survival. In the IFM 90 trial which
was the first randomized trial showing the superiority of high dose thera-
py compared to conventional chemotherapy, 5-year overall survival (OS)
rate was significantly longer in patients achieving CR or very good partial
remission (VGPR) with > 90% reduction of the M-component than in
patients achieving only partial remission (PR) (72 % versus 39%).' The prog-
nostic value of CR achievement in the context of high dose therapy has been
confirmed by other investigators,” which induced two consequences: 1) CR
achievement became one of the objectives of clinical trials and is even the
primary objective in a number of recent studies. 2) Criteria for response
assessment have been changed. In the EBMT criteria which are currently
the most frequently used CR has been defined by a negative immunofixa-
tion with less than 5% plasma cells in the marrow.’

I) In newly diagnosed patients, survival benefit related to CR
achievement is likely due to a longer duration of first response
In almost all randomized studies when one arm induces more CR
than the other it also yields longer progression free survival (PFS) which
is usually associated to a longer OS. However in some studies higher CR
rate and longer PES were not converted into younger OS. This is partic-
ularly the case when the best treatment is offered as salvage therapy in
the majority of relapsed patients explaining in part why survival after
relapse is shorter in patients having received the best treatment upfront.

High-Dose Therapy

Usually, when PFS and OS are better in the high dose therapy arm of
randomized studies, the CR rate is also higher. Therefore the survival
benefit from high dose therapy compared to conventional chemother-
apy can be explained at least in part by a higher CR rate. On the oppo-
site, in the US Intergroup study the CR rate is not different between high
dose therapy and conventional chemotherapy and no survival benefit

from high dose therapy is observed.*

Conventional Dose Therapy

This impact is not only evident with high dose therapy but also with
conventional chemotherapy when the number of patients is large
enough. In a randomized ECOG study on 613 previously untreated
patients, patients who achieved CR had longer survival (5.1 years) than
those achieving only PR (3.3 years) (< 0.0001).” With regimen includ-
ing novel agents upfront, the CR or CR+VGPR is much higher than with
conventional chemotherapy. The combination of Melphalan-prednisone
with either Thalidomide or Bortezomib yield CR or CR+VGPR rates that
are comparable to those achieved with high dose therapy and are asso-

ciated with significantly longer PFS and possibly OS.**

II) Relapsed MM

The impact of CR achievement is not limited to frontline treatment.
But it is also shown in the context of relapsed MM especially with the
introduction of novel agents that are able to induce CR even in heavily
pretreated patients. For instance in the Summit Phase II trial on Borte-
zomib, a better quality of response was associated to a longer time to
progression (TTP): TIP was 16.4 months for patients achieving CR or
near CR (negative electrophoresis with positive immunofixation) versus
9.2 months in patients achieving only PR. In the APEX randomized tri-
al TTP 12.2 months in CR/near CR patients versus 8.3 months in PR
patients.’” In the large randomized studies performed in relapsed patients
the arms with Bortezomib and Lenalidomide were superior to the con-
trol arms in terms of CR rate, PFS and OS. Again, like for newly diag-
nosed patients, the best arms induced more CR.""*

IIT) However several questions should be addressed
Which level of CR is clinically relevanté

A number of investigators have shown that true CR with negative
immunofixation is superior to near CR. This can be better demonstrat-
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ed when a large number of patients is evaluated while when the num-
ber of true CR is too small, the difference may not be significant. More
generally, like in other haematological malignancies, there is probably a
relationship between quality of response and outcome. In the IFM 99 tri-
als on 849 evaluable patients we have shown that CR+near CR was
associated with a better outcome than VGPR and PR."”

Table.

N (%) Median EFS 5-year 0S
CR 274 (32) 42 m 7%
VGPR 191 (22,5%) 38m 63%
PR 311 (37%) 30m 55%

The prognostic value of stringent CR or of molecular CR is not yet
known, although molecular CR obtained with allogeneic stem cell trans-
plantation can be associated with very long remissions and possibly
cure. However, from a practical point of view, the IFM has always found
that CR+VGPR is a relevant and single prognostic factor. In the recent
analysis of IFM 99 trials again survival in patients achieving CR+VGPR
was dramatically superior to survival in patients with only PR."®

Is consolidation or maintenance after CR achievement useful?

Unfortunately, until now, no treatment has been successful in increas-
ing survival once CR is achieved. In the context of single ASCT, there is
no evidence that achieving CR with induction treatment prior to ASCT
is converted into a higher trial CR rate and improved survival. In the IFM
studies, CR after VAD induction was not associated with a significant-
ly better outcome but that could be explained by a low CR rate. Accord-
ingly, in randomised trials comparing Thalidomide + Dexamethasone
with conventional chemotherapy with VAD, the better response rate pri-
or to ASCT was not converted by a higher CR rate after ASCT.**In a
recent retrospective analysis on 721 patients the median survival was
comparable in patients achieving CR after induction treatment and in
those achieving CR only after intensive therapy." In the context of dou-
ble ASCT, in the IFM 94 trial patients achieving CR+VGPR after one
transplant did not benefit from the second transplant.” Again in the IFM
9902 trial, maintenance therapy with Thalidomide was beneficial only
in patients with PR after double ASCT while for patients in CR/VGPR
after double ASCT, thalidomide did not improve outcome.' Therefore
we still need a maintenance therapy that would be able to prolong CR.

Are there subgroups of patients for whom CR achievement is not associated with
longer PFS and OS¢

Patients with poor-risk cytogenetics like t(4;14) can achieve CR but
usually the responses are short. On the opposite, some patients who
have long remission may have a small residual M-component (like in a

MGUS status).

Conclusion

Achieving CR should be the objective of the treatment of MM in any
situation. However we still have to define the optimal CR level and to
find the treatment able to maintain CR.
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SHOULD CR ACHIEVEMENT BE A MAJOR TREATMENT OBJECTIVE?
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The discussant play a role against the value of the CR in the treatment
of Myeloma. The following presentation does not necessary corresponds
to the Authors opinions. Multiple myeloma (MM) is an incurable malig-
nancy of terminally differentiated B-cells accounting for approximately
1 to 2% of all human cancers and 10% of hematologic malignancy.'
Chemotherapy is the preferred initial treatment for overt symptomatic
MM. Oral administration of melphalan and prednisone to patients with
MM produces an objective response in 50% to 60%, and rarely patients
achieve complete remission (CR).”> Complete remission has been
increased to 20 — 40% with autologous transplantation,’ and the the
median survival has been extended beyond 6 years.*® Achieving CR has
been considered key to long-term disease control in MM with high-dose
therapies (HDT). Some patients, however, survive beyond 5 and even 10
years after HDT without ever having achieved CR.° The relation
between overall survival time (OS) and response level was analysed in
432 MM patients from 4 prospective Finnish Leukaemia group trials,
treated with conventional chemotherapy (CCT). No survival advantage
was evidenced for those achieving CR.” In another study on 243 MM
patients treated with CCT the median survivals of patients with objec-
tive and partial response were 43.4 and 42.8 months, respectively, ver-
sus 19 months for non responders.” However, median survival of 14
patients who achieved a CR was 42 months. A significant correlation
between response and survival was observed (p<0.0001). In this study
neither the degree of response nor the response kinetics had a significant
influence on survival. However, the response to therapy was associated
with a significantly longer survival in MM patients.” Four Southwest
Oncology Group (SWOG) standard-dose chemotherapy protocols for
MM including 1,555 previously untreated patients with MM were also
evaluated for this purpose. Six-month and 12-month landmark analyses
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were performed to evaluate the outcome for patients in each response
category. The overall and event-free survivals for the four protocols com-
bined were 33 months and 18 months, respectively. Using 6- and 12-
month landmarks, the median survivals of 30 to 35 months were not dif-
ferent for responders (50% and 75% regression) versus non responders
in patients without disease progression before the landmarks. Converse-
ly, at the 6- and 12-month landmarks, the median survivals for patients
who had experienced disease progression were 13 and 15 months,
respectively, versus a 34-month median for patients who did not expe-
rience progression. The magnitude of response, as a single variable, was
not predictive of survival duration. Patients with response and stable dis-
ease had equivalent outcome. Only patients with progressive disease
had a poorer outcome. The best indicator of survival was time to first pro-
gression.” The significance of obtaining CR in chemotherapy versus trans-
plant populations remains unclear. In a French study 190 patients
between 55 and 65 years old who had newly diagnosed MM were ran-
domly assigned to receive either CCT or HDT and autologous blood
stem-cell transplantation. Complete remission rates were 36% in the
HDT arm and 20% in the CCT arm. The response was not predictive of
survival in the HDT group. Median OS time was 59 months (from ran-
dom assignment) for the 34 patients who achieved a CR and 40.5 months
for the other patients. The OS (and EES) curves of the two groups were
not significantly different (p=0.22)."° Blade’ et al. evaluated the impact of
giving HDT intensification compared to continued standard chemother-
apy in MM patients responding to the initial chemotherapy. The HDT
intensification significantly increased the CR rates (30% vs 11%;
p=0.002), but had no significant impact on survival, median OS was 61
months for HDT vs 66 months for chemotherapy (¢=0.89)." In another
study of Rajkumar ez al. a CR rate of 33% in 126 patients with MM who
underwent HDT with stem cell transplantation for MM was reported,
with progression-free duration of survival of 15 months for patients who
achieved CR and 11 months for those who did not (p=0.2), whereas OS
was the same. The authors found that overall duration of survival was
less than 30 months in high-risk patients regardless of CR status and 57
months in the low-risk patients. Overall duration of survival was not
different in patients who obtained CR (25 months) compared with those
who did not (24 months).” The new drugs thalidomide, lenalidomide and
bortezomib effect CR rates” especially when used in combination with
each other and with standard agents, little is known, however, about the
durability of the responses induced by these treatments, especially after
the discontinuation of the drugs. Furthermore data translating these
responses into survival prolongation are lacking. When thalidomide was
incorporated into the high-dose therapy followed by autologous trans-
plantation, a higher CR rate (62% vs 43%) and improved 5-year event-
free survival (56 % vs 44 %) was observed compared with high-dose ther-
apy without thalidomide. Unfortunately, the 5-year overall survival was
similar in both groups (p=0.9)." In the same study it has been reported
that in MM evolving from a documented monoclonal gammopathy of
uncertain significance (MGUS), or a smoldering phase, a CR was infre-
quent, but when one did occur, it had no effect on the likelihood of sur-
vival’. Recently, the International Myeloma Working Group has devel-
oped new criteria for assessing response in MM trials”® and it has been
suggested that duration of response may be an important major treat-
ment objective, since it can predict ultimate overall survival.® This reflects
the understanding that clinical outcomes for multiple myeloma (MM) are
highly heterogeneous: despite high frequency of response, early relapse
are seen also in patients achieving CR. Thus, CR cannot be included as
a major unique objective for clinical trials.
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ESTABLISHMENT OF AN AMYLOID-FORMING HUMAN CELL LINE
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Introduction. Primary amyloidosis (AL) is a rare monoclonal plasma cell
disorder in which insoluble immunoglobulin light chains are produced.
These proteins undergo conformational changes because of protein mis-
folding and become deposited in vital organs throughout the body.
Because of the typically small numbers and low proliferative capability
of plasma cells associated with AL, advances in the field have been lim-
ited by a lack of cell line model systems. To our knowledge, there is no
human cell line in existence that has been established from a patient
diagnosed with AL. In this study, we have established 2 novel AL cell
lines from the same patient that have been shown to secrete free lamb-
da light chain which exhibits the ability to form amyloid fibrils. Mezh-
ods. The ALMC-1 and ALMC-2 cell lines were established from a patient
diagnosed with amyloidosis before and after a peripheral blood stem cell
transplant and were extensively characterized for phenotypic markers,
cytokine responsiveness, and genetic abnormalities. To determine
whether these cell lines could be used as tools to study the amyloido-
genic LC, LC was purified from cell supernatants using size exclusion
chromatography. Secondary structure was measured by circular dichro-
ism spectroscopy (CD) and thermal denaturation was calculated to
determine melting temperatures. Fibril formation was verified using
Thioflavin T (ThT) to measure plaques composed of beta sheets. Elec-
tron microscopy (EM) was used to visually identify the presence of amy-
loid fibrils. Results. CD spectroscopy determined that the LC purified
from ALMC-1 and ALMC-2 cell lines contained a beta structure, expect-
ed for an immunoglobulin molecule. Fibril formation was achieved by
incubating these proteins at their melting temperature and was con-
firmed using ThT. In addition, EM visibly proved that production of
amyloid fibrils was feasible. Long, straight, unbranching fibrils consis-
tent with the size and shape of amyloid fibrils were observed. Conclu-
sion. The formation of amyloid fibrils from these naturally secreting
human LC cell lines is unprecedented and will clearly prove to be an
invaluable resource to better understand AL, from the combined per-
spectives of amyloidogenic protein structure and amyloid formation,
genetics and cell biology.
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RNAI SCREENING OF THE KINOME FOR LETHAL TARGETS AND BORTEZOMIB
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Introduction. The paucity of validated kinase targets in Multiple Myelo-
ma has delayed the establishment of kinase inhibitors in the treatment
of this malignancy. We have conducted a high throughput, kinome wide,
RNAI lethal screen in Myeloma cells to identify kinases essential to the
survival of human Myeloma tumors. In addition, we have identified
kinase targets that sensitize tumor cells to bortezomib therapy by RNAi
screening in the presence of this drug. Methods We optimized siRNA
transfection conditions for a number of human Myeloma cell lines
(HMCL), achieving 90% efficiency. The HMCL, KMS11, was screened
in duplicate with an 1800-oligo (639 gene) siRNA library targeting the
kinome both in the absence and presence of titrated bortezomib (IC10-
IC50). siRNA were used at low concentration (13 nM) to minimise off-
target cellular effects. To provide confidence in the specificity and ade-
quacy of gene silencing, each gene was screened initially with at least 2
validated siRNA and scrambled-sequence siRNA were tested in paral-
lel. The specificity of lethal RNAi was established by repeat targeting of
short-listed kinases using two additional custom-designed siRNA per
gene. Myeloma-lethal and bortezomib-sensitizing kinase targets were
thus selected by multiple (up to 4) independent siRNAs. The activities



of KMS11-derived kinome targets have been assessed in other HMCL
and are currently being tested in non-myeloma lines to develop a cata-
log of kinase targets with specific cytotoxicity in Myeloma. Results.
Approximately 5% of kinome siRNA caused greater than four standard
deviation reductions in HMCL viability. A shortlist of 80 kinases either
putatively essential for myeloma proliferation or synergistic with borte-
zomib (on inhibition) was derived from initial screening. RNAi specifici-
ty was subsequently confirmed for 60% of candidate kinase targets. At
least 75% of validated myeloma-lethal RNAi were active against more
than one myeloma cell line. Conclusion. We have identified 24 kinases
essential for proliferation and survival in Myeloma tumors and have
additionally defined kinase targets that are synergistic with bortezomib
either with or without independent cytotoxicity on silencing. Small mol-
ecule inhibitors of identified kinase targets are now being studied with
and without bortezomib.
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5-AZACYTIDINE INDUCES DNA DAMAGE RESPONSES AND APOPTOSIS IN MM CELLS
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Introduction. Aberrant DNA methylation and related aberrant gene
expression contributes to the development of hematologic malignan-
cies. Specifically, methylation of CpG islands in promoter regions are
associated with transcriptional silencing of tumor suppressor genes, sug-
gesting DNA methylation as a target for novel therapeutics. 5-Azacyti-
dine is an inhibitor of DNA methylation and demonstrates clinical effi-
cacy in MDS and AML. However, despite the widely accepted demethy-
lating activity of 5-azacytidine, the exact basis of its cytotoxic mecha-
nism still remain unclear. The activity of 5-azacytidine requires its incor-
poration into cellular DNA/RNA, with subsequent sequestration of DNA
methyltransferases (DNMTs) via irreversible bond formation. Based on
this, several non-mutually exclusive mechanisms were proposed for 5-
azacytidine-induced cytotoxicity including (i) demethylation of cellular
DNA via sequestration of DNMTs; and (ii) induction of DNA damage
due to the irreversible formation of enzyme-DNA adducts. Although
the former has been studied extensively, the DNA damage related
sequeale of 5-azacytidine in MM have yet not been delineated. Here, we
investigated the cytotoxicity of 5-azacytidine against MM cells, and
characterized DNA damage-related mechanisms of 5-azacytidine-
induced cell death. Materials/Methods. Cytotoxicity was detected by
MTT; flow-cytometry, immunocytochemistry and western-blotting
were used for mechanistic studies. Results. 5-Azacytidine showed signit-
icant cytotoxicity against both conventional therapy-sensitive and -
resistant MM cell lines, as well as multidrug-resistant patient-derived
MM cells (IC50 ~0.8-3 uM). Conversely, 5-azacytidine was not cyto-
toxic to peripheral blood mononuclear cells at these doses. Importantly,
S-azacytidine overcame the survival advantages conferred by exogenous
IL-6, IGF-1, or by adherence of MM cells to bone marrow stromal cells.
5-Azacytidine induced DNA double strand break (DSB) responses, as evi-
denced by H2AX, Chk2 and p53 phosphorylations, and apoptosis in
MM cells. 5-azacytidine-induced apoptosis was both caspase-dependent
and -independent, with caspase 8 and caspase 9 cleavage; Mcl-1 cleav-
age; Bax, Puma and Noxa upregulation; as well as release of AIF and
EndoG from mitochondria. Finally, we show that 5-azacytidine-induced
DNA DSB responses were mediated predominantly by ATR, and that
doxorubicin, as well as bortezomib, synergistically enhanced 5-azacyti-
dine-induced MM cell death. Conclusion. These data provide the preclin-
ical rationale for the clinical evaluation of 5-azacytidine in combination
with doxorubicin and bortezomib, to improve patient outcome in MM.
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Deregulation of Cdk4 or Cdk® is central to the loss of cell cycle con-
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trol in cancers, in particular myeloma because overexpression of either
Cdk4-cyclin D1 or Cdké-cyclin D2 predisposes bone marrow (BM)
myeloma cells to proliferation i vivo. Conversely, silencing Cdk4/6 by
its physiologic inhibitor p18INK4c is required for G1 cell cycle arrest in
the generation of normal plasma cells. PD 0332991 is a novel orally bioac-
tive small molecule that potently and specifically inhibits Cdk4/6. We
have demonstrated that PD 0332991 rapidly inhibits Cdk4/6 (IC50 ~ 60
nM) and induces complete G1 cell cycle arrest in primary human myelo-
ma cells in the presence of BM stromal cells and in cycling myeloma cell
lines. Non-invasive whole body imaging further reveals that PD 0332991
nearly completely prevents tumor growth in a rapidly disseminated
NOD/SCID xenograft human myeloma model without overt toxicity.
On this basis and the favorable outcome of a PD 0332991 Phase I clini-
cal trial, a randomized PD 0332991 Phase I/Il combination therapy clin-
ical trial for myeloma will soon be initiated. Because PD 0332991 does
not induce apoptosis when used as a specific Cdk4/6 inhibitor as intend-
ed, we have further developed two strategies for PD 0332991-based
combination therapy for myeloma. In the first, we show by BrdU pulse-
labeling that the release of PD-0332991 induced G1 arrest leads to syn-
chronous S phase reentry, which in turn markedly enhances the killing
of myeloma cells by Bortezomib. In the second, we show that prolong-
ing PD 0332991-induced G1 arrest does not induce apoptosis, but great-
ly heightens the susceptibility of myeloma cells to Bortezomib or dex-
amethasone killing largely through synergistic induction of mitochondria
depolarization. Analyses of Kaplan-Meier curves and tumor growth by
imaging in the xenograft model have validated that the anti-myeloma
effect of the combination therapy is superior to that of either PD 0332991
or Bortezomib (dexamethasone) alone. Qur i vitro and in vivo studies
shed lights on the mechanism that underlies the coupling between cell
cycle and apoptotic controls in myeloma. Targeting Cdk4/6 by PD
0332991 in combination with a cytotoxic compound, therefore, repre-
sents the first promising cell cycle-based therapy in myeloma.

S7a.5
TARGETING BETA 1 INTEGRIN MEDIATED SURVIVAL SIGNALS IN MULTIPLE MYELOMA

L.A. Hazlehurst, M. Emmons, W.S. Dalton
Moffitt Cancer Center, Tampa Florida, USA

Introduction. Multiple myeloma (MM) is a disease that will initially
respond to chemotherapy. However, the disease is not curable with stan-
dard chemotherapy, indicating that standard therapy fails to eliminate
minimal residual disease. Myeloma homes to the bone marrow an envi-
ronment that is considered a rich source of extracellular matrixes. We
propose that MM-matrix interactions, contributes to failure of
chemotherapy to eliminate minimal residual disease. In support of the
importance of MM-matrix interactions in evaluating drug response our
laboratory previously demonstrated that adhesion of MM cell lines and
primary patients specimens via beta 1 integrins is sufficient to confer a
multi-drug resistant phenotype. We have referred to this phenotype as
cell adhesion mediated drug resistance or CAM-DR. Beta 1 integrin sig-
naling induces a network of signaling pathways that could contribute to
drug resistance which include activation of Src family kinases, AKT and
areduction in the levels of the pro-apoptotic Bcl-2 family member Bim.
Because of the multiplicity of integrin signaling we proposed that target-
ing the integrin receptor may be an effective strategy to block integrin
mediated survival signals. The goal of this study was to determine
whether inhibition of beta 1 integrin mediated adhesion with an
inhibitory peptide referred to HYD1 is a viable strategy for increasing the
efficacy of standard chemotherapy. Material and Methods. Peptide: The
D-amino acid peptide referred to as HYD1 was discovered using com-
binatorial chemistry. HYD1 was identified as the lead peptide based on
the potency of blocking beta 1 integrin mediated adhesion. Co-culture
model: The bone marrow stroma cell line HS-5 was used for co-culture
studies. Myeloma cells were treated with 50 ug/mL HYD1 for 45 min-
utes prior to co-incubating the target myeloma cell line with HS-5 cells.
Following 24 hrs of drug treatment apoptotic cells were measured by
Annexin V positivity by FACS analysis. SCID-Hu in vivo model: SCID
mice that were 4 to 6 weeks old received two fetal human bones sub-
cutaneously (humerus, femur or tibia). Six weeks after implantation of
human bone, 5X104 RMPI8226 myeloma cells in PBS were injected
directly into the bone. Following four weeks of tumor engraftment, mice
were randomized into drug treatment groups and tumor burden was
measured by circulating lambda levels as detected by ELISA. On day 28
appropriate mice, were treated with either, vehicle control, HYD1 pep-
tide or the scrambled peptide HYD1S which was administered L.P. dai-
ly for 14 days. For mice randomized to receive melphalan treatment, 1.5
mg/Kg melphalan was administered LP. on day 29 and day 32. Results.
In this report we demonstrate that the beta 1 integrin D-amino acid
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inhibitory peptide HYD1, induces apoptosis as single agent in 8226 and
H929 multiple myeloma cells lines. In addition, we show that HYD1
treatment significantly enhanced melphalan induced cell death in sus-
pension cultures, as well as in the bone marrow stroma HS-5 co-culture
model of drug resistance (<0.05 students t-test). Finally in this report
we show that HYD1 has activity as a single agent, and enhances mel-
phalan activity in the SCID-Hu in vivo model. HYD1 was injected L.P.
indicating that the peptide is likely to have good bioavailability. Fur-
thermore, our finding that HYD1 has activity as a single agent i vitro and
in vivo indicates that multiple myeloma cells are dependent on beta 1
integrin mediated signaling for cell survival. Further studies are warrant-
ed to determine whether MM cells are more dependent on beta 1 inte-
grin signaling for cell survival compared to non-malignant plasma cells.
Conclusions. Together these data provide essential proof of principle that
beta 1 integrins represent a novel target for drug development in the
treatment of multiple myeloma. In addition, our data demonstrate that
HYD1 represents a potential novel therapeutic agent for enhancing the
efficacy of standard chemotherapy in the treatment of multiple myelo-
ma. These data provide the rationale for further pre-clinical studies of
HYD1, which may ultimately provide support for designing clinical tri-
als with HYD1 for the treatment of multiple myeloma.

S$7a.6
RESPONSE BY SFLC AND MARROW FLOW CYTOMETRY IN MRC MYELOMA IX

R.G. Owen,"” A.C. Rawstron,' EE. Davies,’ S. Bell,* K. Cocks,*
G. Cook,” AJ. Ashcroft” G. Jackson,” G.J. Morgan,® J.A. Child,"**
M.T. Drayson®

'HMDS Laboratory and *Department of Haematology, Leeds Teaching Fospi-
tals; *Department of Haemato-oncology, Royal Marsden Hospital; *Clinical Tri-
als Research Unit, University of Leeds, "Royal Victoria Infirmary, Newcastle
and “Myeloma Clinical Trials Unit, University of Birmingham, UK

Introduction. In the intensive pathway of the Medical Research Coun-
cil Myeloma IX trial younger patients (those suitable for high dose ther-
apy) are randomized between two induction schedules namely CVAD
and CTD. All responding patients then receive high-dose melphalan
(200mg/m’) with stem cell support and are subsequently randomized to
no further therapy or maintenance with thalidomide (50-100 mg daily).
The purpose of this preliminary evaluation was to determine the appli-
cability of the serum free light chain (SFLC) assay and bone marrow
flow cytometry in assessing response to therapy and determine their
merits in comparison to conventional response assessment using serum
and/or urine paraprotein estimations. Materials and methods. To date
(19/01/07) 1007 patients have been enrolled in the intensive pathway of
Myeloma IX and 349 have undergone the second randomization to
thalidomide maintenance or observation. SFLC as well as standard
serum and urine paraprotein assessments were performed in a central
reference laboratory at the following time points: presentation, follow-
ing 8 cycles of induction, end of induction, 6 weeks and 3 months post
high-dose therapy and 3 monthly thereafter until relapse. Similarly mul-
tiparameter flow cytometric evaluation of plasma cells was evaluated
(againin a central laboratory) at presentation, at the end of induction and
day 100 following high-dose therapy and annually thereafter until
relapse. Results. Preliminary assessment has confirmed the general appli-
cability of the SFLC assay including virtually all patients with light chain
disease and approximately 65% of patients with non-secretory disease.
Similarly aberrant plasma cell phenotypes (based on expression of
CD19, CD56 and CD45) were demonstrable in >95% of patients with
assessable bone marrows. The SFLC provided for a more rapid assess-
ment of response to induction therapy compared to standard parapro-
tein estimations and provided an early identification of patients with
refractory disease. Flow cytometry was more valuable in determining
complete responses to both induction and high-dose therapy as con-
ventional assessment was influenced by the long half life of the parapro-
tein in many patients. Conclusions. The SFLC assay and multiparameter
flow cytomeric assessment of plasma cell numbers allow for a more
rapid and detailed assessment of response in patients receiving intensive
sequential therapy.
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FINAL RESULTS OF A PHASE Il PETHEMA TRIAL OF ALTERNATING BORTEZOMIB AND
DEXAMETHASONE AS INDUCTION REGIMEN PRIOR AUTOLOGOUS STEM CELL
TRANSPLANTATION (ASCT) IN YOUNGER PATIENTS WITH MULTIPLE MYELOMA (MM):
EFFICACY AND CLINICAL IMPLICATIONS OF TUMOR RESPONSE KINETICS

L. Rosinol,! A. Oriol,> M.V. Mateos,® A. Sureda,* P. Garcia-Sanchez,’
J. de la Rubia,”].]. Lahuerta,” A. Alegre,® C. Herrero,” Xiangyang Liu,"
H. Van de Velde," ]. San Miguel,* J. Blade'

'Hospital Clinic Barcelona, Spain; *Hospital Germans Trias i Pujol Badalona,
Spain; *Hospital Clinico Salamanca, Spain; *Hospital Sant Pau Barcelona,
Spain; *Hospital Clinico Madtrid, Spain; ‘Hospital La Fe Valencia; "Hospital 12
de Octubre Madrid, Spain; *Hospital La Princesa Madrid; °’Janssen Cilag Spain;
"“Johnson&Johnson Pharmaceutical R&D, Raritan, USA; "'Johnson®Johnson
Pharmaceutical R&D, Beerse, Belgium

Background. Dexamethasone-based combinations are the standard
induction regimens for younger patients with MM prior ASCT. This is
the first study in which bortezomib and dexamethasone were adminis-
tered on an alternating basis. Aims. efficacy and kinetics of response.
Patiens and Methods. patients with newly diagnosed MM under the age
of 66 years were treated with bortezomib at 1.3 mg/m’ on days 1, 4, 8
and 11 (cycles 1, 8, 5) and dexamethasone 40 mg p.o. on days 1-4, 9-12
and 17-20 (cycles 2, 4 and 6), followed by ASCT with melphalan-200.
Responses were evaluated by the EBMT criteria but a VGPR was includ-
ed. Random effects models were utilized to analyze the tumor response
kinetics to bortezomib and dexamethasone with the absolute value of
M-protein overtime and decrease by cycle. Because the nonlinearity in
the change of M-protein overtime, a piecewise linear model was
employed. Results. between August, 2005 and March, 2006, 40 patients
(18 M, 22E median age 57) were enrolled. The overall response rate was
82% (12% CR, 10% VGPR). The response was quick with 82 % M-pro-
tein reduction achieved with the first 2 cycles. There was no further
decrease of the mean M-protein in cycles 5 and 6. The M-protein
decrease was not significantly different with dexamethasone and with
bortezomib (p=0.48). Chromosome 13 deletion, t(4;14) and t(14;16) did
not had a negative impact on response. Toxicity was low: ten (25%)
patients developed mild peripheral neuropathy (grade 1:9 cases, grade
2:1 case) and 11 grade 1 thrombocytopenia. Grade 3 toxicity was
observed in 7 patients (neutropenia 6, skin/liver 1 case). No patient devel-
oped grade 4 toxicity. In all patients stem cells could be adequately col-
lected (median of CD34* 5x10%Kg). The overall response rate after
ASCT was 90% with 40% CR plus 20% VGPR. Conclusions. Bortezomib
alternating with dexamethasone is highly effective as up-front therapy
in patients with MM, and is associated with a low toxicity. The results
of the tumor response kinetics analysis support a short program of alter-
nating bortezomib and dexamethasone (i.e., maximum of 4 cycles) as an
effective and safe therapy for younger myeloma patients prior ASCT.

$7b.2

LONG-TERM AND UPDATED RESULTS OF THE IFM9903 AND IFM9904 PROTOCOLS
COMPARING AUTOLOGOUS FOLLOWED BY RIC-ALLOGENEIC TRANSPLANTATION
AND DOUBLE TRANSPLANT IN HIGH-RISK DE NOVO MULTIPLE MYELOMA

P. Moreau, E Garban, T. Facon, C. Hulin, M. Attal, L. Benboukher,

G. Marit, J.G. Fuzibet, C. Doyen, S. Leyvraz, P. Casassus, M. Michal-
let, C. Mathiot, I. Yacoub-Agha, L. Garderet, ].L. Harousseau on behalf
the IFM group

University Hospital of Nantes, Grenoble, Lille, Nancy, Toulouse, Tours, Bor-
deaux, Nice, Bruxelles, Lausanne, Paris, Lyon, France

The IFM99-03 and IFM99-04 trials were conducted from 04/2000 to
08/2004. Pts younger than 66 years with high-risk (b2mic > 3 and chro-
mosome 13 deletion at diagnosis) de novo multiple myeloma (MM) were
prospectively treated according to HLA-identical sibling availability. In
both protocols, induction regimen consisted of VAD followed by mel-
phalan 200 mg/m’ plus autologous SCT. When a HLA-sibling donor was
available, ASCT was followed by RIC-allogeneicSCT (fludarabine, ATG
and low dose busulfan): IFM9903 protocol (Garban, Blood
2006;107:3474). When no donor was available, pts were randomised to
receive a second ASCT with HDM220 + anti-IL6 moAb: [EM99-04 pro-
tocol (Moreau, Blood 2006;107:397). 284 pts met eligibility criteria and
received at least one course of VAD. 65 had an available HLA-identical
sibling donor and were included in the ITFM99-03 trial, and 219 were



included in the IFM 99-04 trial. At the reference date of November 1,
2006, on an intent-to-treat basis, considering the entire population of 284
pts, with a median follow-up of 38 months for living pts, EFS did not dif-
fer significantly between studies (median EES 22 months in the IFM99-
04 trial vs 18 in the IFM99-083 protocol; p=0.14). Conversely, OS was sig-
nificantly superior in the tandem ASCT trial (median OS 56 months in
the ITEM99-04 trial vs 34 in the IFM99-03 protocol; p=0.03). OS and EFS
were similar in the 2 treatment arms of the [EM99-04 trial (second ASCT
with HDM220 + anti-IL6 moAb, n = 81, or second ASCT with HDM220
without anti-IL6 moAb, n = 85); thus, the results of pts in both arms were
pooled for comparison with those of 46 pts who underwent the entire
ASCT plus RIC-allogeneic transplantation program. EES of the 166 pts
randomly assigned in the tandem ASCT protocol was similar to the EFS
of the 46 pts who underwent the entire IFM99-03 program (median, 25
months vs 21; p=0.38). Conversely, OS was significantly superior for
the randomly assigned pts in the tandem ASCT trial than for patients
treated with the combination of ASCT followed by RIC-allogeneic trans-
plantation (median OS, 59 months vs 35; p=0.016), due to a longer sur-
vival after relapse in the tandem ASCT arm. These long-term results
indicate that, in a subgroup of high-risk pts with de novo MM, a tandem
ASCT procedure is superior to a combination of ASCT followed by RIC-
allogeneic SCT. The better OS described in the tandem ASCT trial is

related to a better feasibility of salvage regimens after relapse.
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NONMYELOABLATIVE ALLOGRAFTING OR AUTOGRAFTING FOR NEWLY DIAGNOSED MUL-
TIPLE MYELOMA

B. Bruno,' M. Rotta,' E Patriarca,” N. Mordini,* B. Allione,*

E Carnevale-Schianca,’ L. Giaccone,' R. Sorasio,' P. Omede," I. Baldi,®
S. Bringhen,' M. Massaia,' M. Aglietta,” A. Levis,' A. Gallamini,’

R. Fanin,” A. Palumbo,' R. Storb,” G. Ciccone,* M. Boccadoro!

'Division of Hematology at the S.G.B. Hospital, University of Totino, Italy;
*Division of Hematology, Department of Clinical and Morphological Research-
es, University of Udine, Italy; *Division of Hematology at the S.C.C. Hospital,
Cuneo, Italy; *Division of Hematology at the SS. A. B. Hospital, Alessandria,
Italy; *Division of Oncology, IRCC, Candiolo, Italy; *Unita di Epidemiologia dei
Tumori at the S.G.B. Hospital and CPO Piemonte, Totino, Italy; "Fred Hutchin-
son Cancer Research Center, University of Washington, Seattle, WA, USA

Introduction. Allografting is the only potential cure for multiple myelo-
ma. We compared clinical outcomes after combined autologous-non-
myeloablative allogeneic hematopoietic cell transplantation to double
autologous transplantation in newly diagnosed patients. Materials and
Methods. From September 1998 to July 2004, 162 consecutive patients
aged < 65 with siblings were assigned treatment according to the pres-
ence or absence of an HLA-identical sibling donor. Initial treatment con-
sisted of 2-3 courses of vincristine, adriamycin, and dexamethasone, fol-
lowed by peripheral hematopoietic cell mobilisation. Patients with an
HLA-identical sibling then received a melphalan-based autograft of
hematopoietic cells followed, two to four months later, by low dose
total body irradiation (200 cGy) and an allograft from an HLA-identical
sibling (Tandem Autograft-Allograft). Patients without an HLA-identical
sibling received a second treatment with melphalan and rescue by an
autograft (Double-Autografts). Primary endpoints were overall (OS) and
event-free (EES) survivals by intention-to-treat analysis. Results. After a
median follow up of 45 months (range 21-90), by intention-to-treat
analysis, median OS and EFS were significantly longer in patients with
HLA-identical sibling donors (n=80) than those without (n=82): 80
months versus 54 months (#=0.01) and 35 months versus 29 months
(»=0.02), respectively. By multivariate analysis, after adjusting for age,
sex, disease stage, B-2 microglobulin, albumin, lactate dehydrogenase,
creatinine, platelet count at diagnosis, and myeloma protein isotype, the
presence of an HLA-identical sibling was significantly correlated with
longer OS and EFS (HR 0.35, CI 95% 0.19-0.64, p=0.001 and HR 0.54,
CI 95% 0.35-0.81, p=0.003). Median OS was not reached in the 58
patients who completed Tandem-Autograft-Allograft and was 58
months in the 46 who completed Double-Autografts (HR 0.33, CI 95%
0.14-0.80, p=0.01). EFS was 43 and 33 months (HR 0.47, CI 95% 0.27-
0.83, p=0.009). Complete remission rate was significantly higher in Tan-
dem Autograft-Allograft (55%) than in the Double-Autografts group
(26%), (p=0.004). Transplant-related mortality did not significantly dit-
fer between the two groups (¢=0.09), but disease-related mortality was
significantly higher in the Double-Autografts group (43%) than in Tan-
dem Autograft-Allograft (7 %), (#<0.001). Conclusions. Tandem Autograft-
Allograft should be considered for newly diagnosed myeloma patients
with an HLA-identical sibling donor.
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DOUBLE VERSUS SINGLE AUTOLOGOUS STEM-CELL TRANSPLANTATION FOR MULTIPLE
MYELOMA: A REGION BASED STUDY IN 485 PATIENTS FROM THE NORDIC AREA

B. Bjorkstrand,' T.W. Klausen,” K. Remes,’ A. Gruber,' L.M. Knudsen,’
O.J. Bergmann,’ S. Lenhoff” H.E. Johnsen®

Departments of Hematology at 'Huddinge University Hospital, Sweden; *Her-
lev University Hospital, Hetlev, Denmark; *Department of Medicine, Universi-
ty Central Hospital, Tutku, Finland; *Karolinska Hospital, Karolinska Institute,
Stockholm, Sweden; >Lund University Hospital, Lund, Sweden; ‘Aalborg Hos-
pital, University of Aarhus Denmark & for the Notdic Myeloma Study Group

Background. Autologous stem cell transplantation is now considered
the standard of care in young patients with multiple myeloma (MM).
This disease is the most common indication for high dose therapy sup-
ported by haematopoietic stem-cell transplantation, and more data sup-
port the benefit of this procedure in MM than in any other disease. The
available results of randomized studies are in favor of tandem autologous
transplantation; however the effect on long term survival is unclear. Dur-
ing 1994-2000 we have conducted sequential registration trials in the
Nordic area, evaluating the treatment of multiple myeloma with high-
dose chemotherapy. This has included a regional phase II registration
study of double autologous stem-cell transplantations. Methods. During
1994-2000 we have registered a total of 485 previously untreated patients
under the age of 60 years at diagnosis who on a regional basis were
treated with single (Trial NMSG #5/94 and #7/98 (N=384)) or double
(Trial HKTH (N=101)) high dose melphalan (200 mg/m’) therapy sup-
ported by autologous stem cell transplantation. Results. A complete or a
very good partial response was achieved by 40 percent of patients in the
single-transplant group and 60 percent of patients in the double-trans-
plant group (p=0.0006). The probability of surviving event-free for 5
years after the diagnosis was 25 (18-32) percent in the single-transplant
group and 44 (33-53) percent in the double-transplant group (»=0.0014).
The estimated overall 5-year survival rate was 50 percent in the single-
transplant group and 50 percent in the double-transplant group (p=0.9).
In a multivariate analysis of variables including single versus double
transplantation, beta-2 microglobulin level, age, sex and disease stage
only beta-2 microglobulin came out significantly (p<0.0001) and
(»=0.001) for overall and event free survival respectively. In accordance
with these results a 1:1 case-control matched comparison between dou-
ble and single transplantation did not identify significant differences in
overall and event free survival. Conclusions. As compared with single
autologous stem-cell transplantation double transplantation did not seem
to improve the final outcome among patients with multiple myeloma in
the Nordic area.

$7hb.5
THALIDOMIDE IMPROVES SURVIVAL WHEN USED FOLLOWING ASCT

A. Spencer,' H.M. Prince,” A. Roberts,® K. Bradstock,* I. Prosser’ on
behalf of the Australasian Leukaemia and Lymphoma Group (ALLG)

'Alfred Hospital, Melbourne, Australia; *Peter MacCallum Cancer Centre, Mel-
bourne; *Royal Melbourne Hospital, Melbourne; “Westmead Hospital, Sydney,
Australia; *Canberra Hospital, Canberra, Australia

Since 2002 the Australasian Leukaemia and Lymphoma Group has been
conducting a randomized trial of limited duration Thalidomid}; (T) com-
bined with maintenance alternate day prednisolone (AP) (ARM 1) vs AP
(ARM 2) following a single melphalan 200 mg/m’ conditioned ASCT
for multiple myeloma (MM). Patients underwent a first ASCT follow-
ing no more than 12 months of prior anti-MM therapy and at 6 weeks
post-ASCT those with no evidence of disease progression were ran-
domised to AP 50mg with or without T 200mg daily. T was limited to
a maximum daily dose of 200 mg and for a maximum duration of 12
months because of concerns related to toxicity, development of drug
resistance and cost. AP was scheduled to continue until disease progres-
sion. The primary and secondary end-points of the trial were progres-
sion-free (PFS) and overall survival (OS). Analyses were on an intention-
to-treat basis. Between January 2002 and March 2005 243 patients from
29 centers were randomised - ARM 1 114 and ARM 2 129. The arms
were well matched for patient and disease characteristics. Median fol-
low-up for both arms is approximately 2.5 years. At the time of randomi-
sation 9% vs 11% of patients in ARM 1 and 2, respectively, were in CR
(immunofixation negative). 64% of patients were able to complete 12
months of T at a median dose of 100 mg. At both 8 months and 12
months post-randomisation ARM 1 patients demonstrated a greater like-
lihood of maintaining a PR or better, 89% vs 67% and 83% vs 52%,
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respectively (both p<0.01). Post-ASCT ARM 1 demonstrated superior
PES (p=0.0003). Estimates of PES at 1, 2 and 3 years were 91% vs 69%,
63% vs 36% and 35% vs 25% for ARM 1 and 2, respectively. Likewise,
ARM 1 demonstrated superior OS (p=0.02) with estimates of OS at 1,
2 and 3 years of 97% vs 95%, 91% vs 80% and 86% vs 75% for ARM
1 and 2, respectively. We conclude that consolidation with thalidomide
in combination with alternate day prednisolone maintenance is an effec-
tive approach that prolongs the duration of disease response and survival
following ASCT for MM.

S$7b.6

PROGNOSTIC IMPACT OF POSTRANSPLANTATION COMPLETE REMISSION (CR)
IN MULTIPLE MYELOMA(MM). FINAL RESULTS OF A PROSPECTIVE STUDY IN A SERIES
OF HOMOGENOUSLY TREATED PATIENTS

J. Martinez-Lopez, A. Sureda, ]. Blade, J. de la Rubia, E. Albizua,
M.V. Mateos, R. Martinez, ].M. Ribera, J. Garcia-Larana, E de Arriba,
M.T. Hernandez, M.]. Terol, D. Carrera, J. Besalduch, E Casado,

L. Palomera, L. Escoda, S. Gardella, P. Ribas, P. Fernandez,

P. Fernandez-Abellan, B. Hernandez, J. San Miguel, ].]. Lahuerta

From the Grupo Espanol de Mieloma (GEM), Spain

EBMT Myeloma Subcomittee redefined response criteria for MM
treatment in 1998. In summary, negative immunofixation (IF) was estab-
lished as a requisite for CR. The retrospective study of Spanish Registry
of MM Transplantation, which was designed to validate the prognostic
significance of CR defined by EBMT criteria, concluded that patients
with negative IF constituted a subgroup with better prognosis than those
with negative electrophoresis but positive IF. GEM-2000 protocol includ-
ed, among its objectives, a prospective confirmation of the previously
referred results. Patients and Methods. 1088 patients were included in this
clinical trial, GEM-2000 protocol. All patients included in this protocol
were treated with 6 alternative chemotherapy cycles (using
VBMCP/VBAD), and either BUMEL or MEL200 as conditioning regi-
men. A second transplantation was performed if patients did not reach
complete remission. Complete remission (CR) was defined when IF
results were negative; when EEF but IF, the response was called Near
Complete Remission (nCR). Other response categories were also eval-
uated: Partial Response (PR); Minor Response (MR); Stable Disease (SD)
and Progression. Response was evaluated after chemotherapy, 1st or 2™
Stem Cell Transplantation in 740 patients (n of cases per response cate-
gory at time of maximum response: CR=295 (39,9%); nCR= 129
(17,4%); PR=239 (32,3%); MR=23 (3,1%); SD=6 (0,8%); Progression=
49 (6,6%). MR and SD categories were not included in subsequent analy-
sis due to the low number of patients. Results (Table). At median follow-
up of 50,4 months, median was not reach and 67,5% of patients are still
alive at 5 y. EFS and PFS were significantly better in the group of patients
in CR than in group of ECR, and this was also superior to PR. Patients
in Progression had a significantly worse outcome as compared to the rest
of the patients(p<0,000). Multivariate analysis confirmed the independ-
ent prognostic impact of response categorization (SLE OR for CR
was125 p=0.000, for ECR OR was 8 p=0,125, for RP OR was 4,1 p=0,02;
model p<0.000; X2 91,43). Conclusion. This large prospective study
shows that response after transplant is a major prognostic factor that
could be used a surrogate marker for predicting disease outcome.
Patients with CR IF- have longer survival than patients with nCR, and
these longer than PR patients.

Table. Summary of % Distribution and Survival for Category of Response.

CRIF- nCR PR Progression
Maximum Response (%) 40 16 32 7
0S median (range), months NR NR 66 (50-82) 14 (11-19)
0S, % 5 years 68 65 51 19
EFS median (range), months 60 (51-69) 49 (39-58) 36 (32-40) 10 (9-12)
EFS, % 5 years 50 29 21 0
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DRUG RESISTANCE IN MYELOMA

W.S. Dalton

H. Lee Moffitt Cancer Center and Research Institute, Tampa, Florida, USA

Drug resistance remains a major obstacle to prolonging the lives of
myeloma patients. Recently, we have become more aware of the influ-
ence of the tumor microenvironment on tumor cell survival and growth.
The central hypothesis of our research is that the bone marrow microen-
vironment provides a sanctuary for subpopulations of multiple myelo-
ma (MM) cells to evade or circumvent drug-induced death and that this
represents a form of de novo drug resistance. By definition, de novo drug
resistance is associated with conditions that protect cells from initial
drug exposure and therefore are present prior to drug selection. We have
found that elements of the bone marrow microenvironment, including
the extracellular matrix protein, fibronectin (EN) and bone marrow stro-
ma (BMS), protect hematopoietic malignant cells from drug-induced cell
death.”” We propose that the tumor microenvironment protects tumor
cells from drug-induced stress and cell death by two mechanisms: (A) a
paracrine mechanism due to soluble cytokine and/or growth factors pro-
duced as a result of the tumor cell: environment interaction, and (B) a
physical contact mechanism we have termed cell adhesion mediated drug
resistance (CAN-DR). We use the term environment-mediated drug resistance
or EMDR to describe the combination of mechanisms that contribute to
this form of de novo drug resistance. This form of de novo drug resistance
associated with the bone marrow microenvironment presumably is
responsible for minimal residual disease (MRD) in hematopoietic malig-
nancies, including leukemias and multiple myeloma. In 1999, we report-
ed that adhesion of MM cell lines to fibronectin (FN) via B1 integrins con-
ferred a survival advantage against cytotoxic drugs by inhibiting drug-
induced apoptosis.' We used the term cell adhesion-mediated drug resist-
ance or CAM-DR to describe this phenotype and hypothesized that
CAM-DR was responsible for MRD for MM following initial
chemotherapy. In this case, myeloma cells that express 04B1 (VLA-4)
and a5B1 (VLA-5) when adhered to fibronectin exhibited a transient
drug resistance that reversed when cells were detached from fibronectin.
Since that publication, we and others, have confirmed the CAM-DR
phenotype in other hematologic cancers and solid tumors, including
CLL, AML, breast and lung cancer."” These findings are consistent with
our findings first reported in 1999, where MM cells adhered to
fibronectin in vitro were resistant to a diverse spectrum of cytotoxic
drugs.! Our laboratory has used microarray analysis to identify signal
transduction pathways and gene products influenced by the interaction
of MM cells with the extracellular matrix component, fibronectin that
may contribute to CAM-DR.* Our laboratory found that of the 53 genes
with a two-fold or greater increase in expression, 11 were reported to
be regulated by the NF-kB family of transcription factors. In four of five
MM cell lines studied, NF-kB was activated to a greater degree when
cells were adhered to FN compared to cells in suspension. Furthermore,
an increase in anti-apoptotic genes, including cIAP2, known to be regu-
lated by NF-kB was observed. This study demonstrates that despite dif-
ferences in genetic background, MM cell lines have common pathways
influenced by FN adhesion that may contribute to CAM-DR. More
recently we used microarray analysis, to compare genotypic and phe-
notypic properties of de novo and acquired resistance to melphalan in the
isogenic MM cell line RPMI 8226.' We reported that the gene expression
profile was less complex for the CAM-DR phenotype compared to the
acquired drug resistant phenotype, and that MM cell adhesion to EN pro-
motes cell survival by transiently altering key proteins involved in apop-
tosis. The most obvious change promoting cell survival was a decrease
in the expression of the pro-apoptotic protein, Bim. We have validated
this change at the protein level, and have observed this phenomenon in
several different myeloma and leukemic cell lines. Most recently, we
reported that FN adhesion reduces Bim levels by enhanced proteosome
activation and that the reduction of Bim levels can be blocked by pro-
teosome inhibitors. Thus, the use of Bortezomib in combination with
other drugs may have increased activity due to the effects of Bortezomib
on Bim levels. The bone marrow microenvironment consists of a diverse
milieu of cytokines, growth factors, hormones and components of bone
marrow stromal cells and extracellular matrices. Many of these factors
may contribute to environment-mediated drug resistant (EMDR) phe-
notype, and indeed, many of these factors may collaborate or synergize
to prevent drug-induced cell death. Several growth factors including IL-
6, IGF-1, insulin and FGF are known to promote MM survival and pro-



liferation, and may contribute to EMDR. Although cellular adhesion to
EN simplifies the model and allows for easier experimental manipula-
tions of B1 integrin mediated pathways, it is unlikely that B1 integrin sig-
naling represents the complete pathway of drug resistance associated
with the bone marrow microenvironment. In order to address this con-
cern we added complexity to our model of drug resistance, and recent-
ly we have studied myeloma cell survival by combining IL-6 and FN
adhesion. We have generated preliminary data using MM cell lines
demonstrating that interleukin-6 (IL-6) cooperates with 1 integrin recep-
tors, in activating the Jak/Stat pathway. This cooperation is principally
due to integrin recruitment of Stat3 to the IL-6 receptor and augmented
phosphorylation of Stat3 by Jak2. We have also studied the role of bone
marrow stroma (BMS) on myeloma survival with an emphasis on drug
resistance. These studies, using a transwell model, demonstrate that
both soluble factors (including IL-6) and cell adhesion confer a myelo-
ma cell survival and induce drug resistance. Recently we demonstrated
the involvement of Notch-1 signaling in bone marrow stroma-mediat-
ed de novo drug resistance in myeloma cells. The protection was associ-
ated with up-regulation of p21 and growth inhibition of cells. Overex-
pression of Notch-1 in U266 cells upregulated p21 and resulted in pro-
tection from drug induced apoptosis. In conclusion, these studies demon-
strate that the microenvironment of the bone marrow is able to confer
amyeloma cell survival advantage and drug resistance. This cell survival
advantage is mediated by both soluble factors and cell adhesion mole-
cules, including beta integrins. Interrupting myeloma cell: bone marrow
microenvironment interaction and/or signal transduction mechanisms
associated with these interactions represents a novel approach to
enhancing treatment effect and possible patient survival.
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TARGETING MYELOMA CELL GROWTH FACTORS IN MULTIPLE MYELOMA
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At the intramedullary stage, the survival of multiple myeloma cells
(MMQ) is strongly dependant on their microenvironment which pro-
duces myeloma growth factors (MGF). Key findings to understand the
biology of multiple myeloma (MM) has been the identification of inter-
leukin-6 (IL-6)' and Insulin Growth factor type I (IGF-1) as major survival
and proliferation factors for MMC. However, though IL-6 or IGF-1 are
essential, they are not sufficient and additional MGE, produced by the
microenvironment or the MMC themselves, are required to promote
tumor growth together with them.? DNA arrays have proven to be use-
ful to identify new MGE Based on gene expression profile (GEP) data,*
we have identified two new families of MGF which play a major role in
the biology of the MM, and which are promising therapeutic targets.
Those factors are members the Epidermal Growth Factor (EGF) family®
and the B cell growth factors, BAFF (B-cell activating factor) and APRIL
(A proliferation-inducing ligand).* EGF family members and ErbB recep-
tors. The EGF receptor family comprises 4 members: ErbB1 (EGER),
ErbB2, ErbB3 and ErbB4. Expression and/or activation of ErbB receptors
are altered in many epithelial tumors but this family of protein had nev-
er been involved in hematological malignancies. Using Affymetrix
microarrays, we have provided a global picture of the expression of the
10 EGF-family members in MMC and throughout normal plasma cell
(PC) differentiation.”* We have shown that five genes (AREG, TGF-o,
NRG1, NRG2 and NRG3) are expressed by MMC purified from the BM
of patients. Among them, two — NRG2 and NRG3 — are myeloma genes,
i.e. they are significantly overexpressed in MMC compared to normal B
cells, plasmablasts and bone marrow PC, whereas other three genes —
AREG, TGF-oc and NRG1 — are plasma cell genes, i.e. they are expressed
both in normal and malignant PC but not in B cells and plasmablasts. We
further demonstrated that ErbB receptor expression is induced durin;
normal PC differentiation (ErbB1-2) and oncogenesis (ErbB3-4).” The
importance of ErbB receptor activation for MMC survival has been
demonstrated by the finding that a pan-ErbB kinase inhibitor (PD 169540,
Pfizer) induced a dramatic apoptosis of primary MMC cultured in vitro
for 5 days with their environment, in 10/14 patients .”” When the ErbB
inhibitor was combined with dexamethasone (dex) or an anti-IL-6 anti-
body, we found an almost complete elimination of the MMC present in
the culture. A major observation was that the ErbB inhibitor did not
affect the viability of other bone marrow cells present in the culture.
More recently, we have demonstrated that syndecan-1, the main heparan
sulphate (HS) proteoglycan present on MMC, plays a major role in the
EGEF/ErbB pathway.’ Syndecan-1 concentrates high levels of HS-binding-
EGF-ligands at the cell membrane which likely facilitates ErbB-activation.
Only EGF family members able to bind HS chains - AREG, HB-EGF and
NRG - could stimulate the growth of myeloma cell lines. Altogether,
these data indicate that ErbBs are excellent candidates for targeted ther-
apy and that inhibition of the EGF-family pathway may be useful in the
treatment of MM. A phase I-II clinical trial using an anti-ErbB1 is anti-
body is currently ongoing at the university hospitals of Montpellier and
Heidelberg to treat patients with MM in relapse after HDC. This work
is a very good illustration of the interest of microarrays to design new
treatments for MM. BAFE APRIL and their receptors. Another example of
the usefulness of microarrays to study the biological mechanisms of
myeloma cell growth is provided by studies on BAFF and APRIL. BAFF
is a TNF (tumor necrosis factor) family member involved in the survival
of normal and malignant B cells. Using Affymetrix microarrays, we
found that TACI and BCMA genes, each gene coding for a receptor of
BAFF and APRIL, were overexpressed in malignant PC compared with
their normal counterparts.® We also demonstrated that BAFF and APRIL
can support the growth of MMC and conversely, an inhibitor of BAFF
and APRIL can induce apoptosis of primary MMC.® Furthermore, GEP
data of purified MMC from 65 newly-diagnosed patients were analyzed
by supervised clustering of groups with higher (TACIhigh) vs. lower
(TACllow) TACI expression levels. TACIhigh MMC displayed a mature
PC gene signature, indicating dependence on the BM environment. In
contrast, the TACIlow group had a plasmablastic gene signature, suggest-
ing a weaker dependence on the BM environment.” More recently, we

haematologica/the hematology journal | 2007; 92(s2) | 43



XI™ International Myeloma Workshop & IV" International Workshop on WM

have found that APRIL is the main MMC growth factor, compared to
BAFF (Moreaux, unpublished data). This is explained by the ability of
APRIL to bind syndecan-1 through HS chains. In addition, the APRIL
receptor, TACI, also binds syndecan-1 unlike BAFF-R or BCMA. Thus,
the high syndecan-1 expression at the surface of MMC strongly favors
APRIL binding to TACI and a major role of APRIL/TACI in MM biolo-
gy (Moreaux, unpublished data). APRIL and BAFF are highly produced
by osteoclasts unlike BM stromal cells ,” emphasizing the importance of
bone cells to rigger MMC survival and proliferation. We have started a
phase I-II trial using a receptor TACI coupled to Fc fragments of Ig
(TACI-Ig, which blocks the effect of BAFF and APRIL) at the university
hospital of Montpellier. This is the first clinical trial using this molecule.
One can anticipate that GEP may help in identifying groups of patients
who might benefit most from treatment with BAFF/APRIL inhibitors.
Heparanase, an enzyme modifying HS chains, is of major importance in MM
disease. Analyzing the GEP of whole BM cells of 39 patients (including
the tumor cells and environment cells) and that of MMC purified from
the BM of those 39 patients, we identified various genes that are main-
ly expressed by cells of the BM environment, in particular the gene
encoding heparanase (HPSE)." HPSE is an enzyme that cleaves heparan
sulphate chains into small bioactive fragments of 10-20 saccharides. It
is overexpressed in numerous malignant tissues compared to their nor-
mal counterpart. In MM, two studies have demonstrated that HPSE
stimulates angiogenesis and promotes metastasis of myeloma cells to
bone in a murine model. Mechanisms of action of HPSE in MM are
poorly known, but it is likely that HPSE regulates the function of the HS
chains of syndecan-1. In addition, we have shown that HPSE controls
syndecan-1 gene expression and shedding. Using Affymetrix microar-
rays, we found a high HPSE expression in the WBM samples, which was
7.6-fold higher than that found in the corresponding MMC." Combin-
ing GEP and clinical data, we demonstrated that FIPSE expression in the
WBM of patients with MM is an indicator of poor prognosis. Patients
with the highest HPSE mRNA expression in the WBM have a signifi-
cantly shorter EFS and OAS than patients with the lowest FIPSE expres-
sion. This is of major interest as it is the first study showing that a gene’s
expression mainly in the BM environment, i.e. HSPE, has prognostic
value in MM. Again, this reinforces the importance of the microenviron-
ment in this pathology. Of interest, clinical grade inhibitor of HPSE,
actually highly sulfated HS chains, are already investigated in cancer
diseases. In conclusion, the measurement of the expression of thou-
sands of genes in hundreds of patient samples using microarrays has
revealed novel molecularly defined subclasses of tumor, some of them
predicting clinical behaviour. Furthermore, DNA microarrays proved to
be very useful to improve our understanding of the myeloma pathogen-
esis, first, though a comparative analysis of tumor cells and their normal
counterpart, and secondly, through a comprehensive analysis of the
complex interactions between tumor cells and the BM microenviron-
ment. The challenge will be now to translate this fundamental knowl-
edge into new prognostic, diagnostic ant therapeutic tools that will
improve treatment and outcome of patients with MM.

This work was supported by the Ligue nationale contre le cancer (equipe label-
lisee), Paris, France. It is a part of a national program called carte d'identité des
tumeurs founded by the Ligue nationale contre le cancer (http://www.ligue-can-
cer.net). Karene Mahtouk has been financed by a grant of the association Guil-
laume Espoir (http://wwiw.gespoir.com).
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AKT AS A THERAPEUTIC TARGET IN MULTIPLE MYELOMA
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Multiple myeloma (MM) is a B-cell malignancy characterized by a
clonal accumulation of malignant plasma cells in the bone marrow (BM).
Although the availability of new agents such as thalidomide, borte-
zomib, and lenalidomide have led to improved responses and survival,
MM remains incurable highlighting the need for development of new
treatments. The BM microenvironment induces growth, survival, migra-
tion, and drug resistance in MM cells via at least two different mecha-
nisms: first, adhesion of MM cells to fibronectin confers cell adhesion
mediated drug resistance (CAM-DR); second, cytokine (ie, IL-6, IGF-1,
VEGE SDF-10, BAFE, several TNF superfamily proteins, Wnt, and Notch
family members)-induced signaling pathways, including MAPK kinase
(MEK)/ERK; phosphatidylinositol 3-kinase (PI3-K/Akt); and/or Janus
kinase 2 (JAK2)/STATS cascade. Among these signaling pathways, the
PI3K/Akt may play crucial role in oncogenesis and drug resistance in
MM cells. For example, previous studies have shown that PI3-K/Akt
signaling mediates growth, survival, drug resistance, migration and cell
cycle regulation in MM."? Specifically, dexamethasone (Dex)-induced
cytotoxicity is blocked by PISK/Akt activation. Cytokine induced Akt
activation results in multiple biological down-stream effects in cancer
cells, and in MM in particular. The effect on survival is multifactorial
since Akt directly phosphorylates several components of the cell-death
machinery. For example BAD phosphorylation prevents its binding to
and inactivates the survival factor BCL-Xu. Similarly, Akt phosphory-
lates and inhibits the catalytic activity of caspase-9, a known pro-apop-
totic protease. The anti-apoptotic effect of Akt is also mediated by phos-
phorylation of forkhead transcription factor (FKHR), which inhibits the
nuclear translocation and activation of pro-apoptotic FKHR gene target
proteins such as BIM, and FAS ligand. Moreover, activated Akt phospho-
rylates glycogen synthase kinase (GSK)-3pB, and mammalian target of
rapamycin (mTOR)which in turn impact growth and survival. Besides
its direct anti-apoptotic effect, Akt influences two central regulators of
cell death including nuclear factor of kB (NF-xB) and p53. In addition to
the anti-apoptotic effect, Akt regulates cell cycle via phosphorylation and
inhibition of the cyclin D1 kinase, preventing cyclin D1 degradation. Via
activation and phosphorylation of mTOR, a serine/threonine kinase that
serves as a molecular sensor regulating protein synthesis in response to
nutrient availability, it enhances mRNA translation through the activa-
tion of p70 S6 kinase (RSK). Another mTOR effect is the inhibition of
4E-BP1 (PHAS-I), a translational repressor of mRNAs. The enhanced
mRNA translation leads to an up-regulation of multiple proteins
involved in cell cycle progression from G1 to S phase. Given the crucial
role of PI3K/Akt in MM oncogenesis, AKT and its downstream mole-
cules are obvious rational targets for novel therapeutics. Indeed, sever-
al classes of compounds target Akt either directly or indirectly. For exam-
ple, Perifosine (Keryx Biopharmaceuticals, NY), a synthetic novel
alkylphospholipid, targets cell membranes and inhibits Akt activation.
We have demonstrated inhibition of Akt phosphorylation, and its down-
stream molecules, FKHRL1 and GSK30/B/ resulting in significant cyto-
toxicity of MM cells in preclinical models.’ This cytotoxic effect was
mediated via JNK activation followed by caspase-8, 9, PARP cleavage.
In addition, Perifosine was found to enhance the activity of several
agents such as bortezomib and dexamethasone. Perifosine is orally
bioavailable and is well tolerated with minimal side effects mainly gas-
trointestinal and fatigue. Clinical studies with Perifosine in combina-
tion with dexamethasone and bortezomib are currently underway. The
downstream molecules of Akt including FKHR, GSK-38, and mTOR are



also potential drugable target.” Rapamycin has been in clinical use for
more than two decades, mostly as an immunosuppressive agent against
allograft rejection. Rapamycin and two of its analogs, CCI-779 (Wyeth
Ayerst, PA, USA). and RAD001 (Everolimus, Novartis, NJ) induce cytore-
duction and G1 arrest in MM cells. In addition, rapamycin has demon-
strated strong antiangiogenic activity.” A phase II study of intravenous
CCI-779 in patients with relapsed MM is currently underway. Similar-
ly, RAD001 has been tested as a single agent in MM and lymphomas and
has demonstrated a favorable toxicity profile. The combination of
rapamycin with other novel anti-MM agents such as lenalidomide, 17-
AAG, and bortezomib have shown strong in vitro synergism and
rapamycin analogs are now being studied in phase I/Il combination stud-
ies in MM.*” Another strategy currently under investigation is the use of
protein kinase C (PKC) inhibitors. PKC family proteins are composed of
11 members of serine threonine kinases that mediate proliferation, sur-
vival, migration and angiogenesis in many malignancies. Enzastaurin
(LY 317615; Eli Lilly and company, Indianapolis, IN) is one such oral
PKC,Bselective inhibitor. PKC overexpression has been reported in MM
and its signaling pathways have been implicated in MM cell prolifera-
tion, anti-apoptosis, and migration. Preclinical studies have shown that
Enzastaurin inhibits PKC activation resulting in inhibition of growth,
survival, and migration in MM cells, as well as angiogenesis and adhe-
sion, both in vitro and in an in vivo human MM xenograft model.® This
oral PKC inhibitor has already been tested in clinical trials of patients
with diffuse large B cell lymphoma and glioblastoma. Enzastaurin has
demonstrated promising activity in lymphoma with a very favorable
side effect profile comprising mainly of fatigue, peripheral edema and
nausea. Because preclinical data in MM suggests strong synergism with
bortezomib, we are about to test this combination in a phase I trial in
patients with relapsed/refractory MM. Several agents in preclinical and
clinical evaluation target Akt by their effects on receptor-ligand interac-
tion which in turn activate Akt as a intracellular downstream target.
Some such examples include IL-6, IGF-1, BAFE, and TACI inhibitors.
Although monoclonal antibodies targeting IL-6 and its receptor have
demonstrated cytostatic antitumor activity in preclinical studies, clinical
trials using anti-IL6 monoclonal antibody failed to achieve clinical activ-
ity in MM. More recently; however, superantagonists to the IL-6 recep-
tor have demonstrated strong anti-MM activity. For example, Sant7
demonstrated anti-MM activity and significantly potentiated the activ-
ity of Dex in vivo in a SCID-hu MM model. IGF-1 is another major reg-
ulator of cell survival and activator of PI3K/Akt and MAPK in MM. Based
on its critical role in MM proliferation, a small-molecule IGF1R tyrosine
kinase inhibitor, NVP-ADW742 (Novartis Pharma AG, Switzerland) has
shown significant cytotoxicity in vitro and in vivo in MM.” In addition,
IGF-IR inhibition led to a decrease in phosphorylation and activation of
multiple key kinases and kinase targets involved in the PI3K/Akt path-
way including Akt, IKK, FKHRL-1, p70S6k, and GSK3. In addition, IGF-
IR inhibition sensitized MM cells to other anticancer agents, including
Doxorubicin, and Melphalan. These results provide the rationale for
ongoing clinical trials of these IGF-IR inhibitors for the treatment of MM
patients. Targeting growth and survival factors belonging to the TNF
superfamily member including B cell-activating factor (BAFF) and trans-
membrane activator, calcium modulator and cyclophilin ligand interac-
tor (TACI) represent yet another promising therapeutic strategy. MM cell
lines and primary cells express BAFF and its receptors. Serum levels of
BAFF are increased in patients with MM compared with healthy donors.
Recent studies have indicated that the BM environment is the main
source of BAFF for MM cells, especially monocytes, neutrophils and
osteoclasts, and established its role in the localization and survival of
MM cells in the BM milieu. Importantly, BAFF modulates the prolifera-
tion and survival of MM cells, associated with activation of PI-3K/Akt.
Antibodies to both TACI and BAFF are currently in preclinical and clin-
ical phases of evaluation. Small molecule inhibitors like the heat shock
protein 90 (HSP90) inhibitors such as Geldanamyrcin, and its analog, 17-
allylamino-17-demothoxy-geldanamycin (17-AAG) have demonstrated
anti-MM activity."” This was attributed to a suppression of signaling
events triggered by IGF-1 and IL6 at multiple levels, including suppres-
sion of cell surface receptor expression (IGE-R), and inhibition of down-
stream PI3K signaling mediators including Akt, and IKK. Multiple anti-
Hsp90 compounds (17-AAG, KOS953, and IPI-504) are currently being
tested in phase I and II clinical trials in patients with MM. In summary,
the PISK/Akt pathway is a critical regulator of cell survival, proliferation,
migration, drug resistance, and angiogenesis in MM. Several direct and
indirect inhibitors of this pathway have shown significant preclinical
activity and clinical trials are ongoing, showing early promising activity.
These include agents such as perifosine, enzastaurin, CCI-779, RAD001,
and HSP90 inhibitors. Already, these are being combined with agents
such as lenalidomide and bortezomib, and will form an important com-
ponent of our armamentarium against MM in future clinical trials.
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DNAVACCINES TO SUPPRESS MYELOMA
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Introduction. It is becoming clear that the immune system is capable of
suppressing cancer in patients. Antibody therapy and adoptive transfer
of T cells are both strategies which can provide clinical benefit follow-
ing passive transfer. Allogeneic transplantation is able to cure patients
with leukemia by activating donor T-cell attack against minor histocom-
patibility antigens. As is the case for infectious diseases, active immuni-
ty is preferable to passive transfer, since continuous attack on emergent
cancer cells can be maintained. Based on experience mainly in end-stage
patients with melanoma, the possibility of activating immunity by vac-
cination has been questioned.' Nevertheless, our increasing knowledge
of immune pathways, together with novel vaccine design opportuni-
ties, are revealing the way to succeed. The challenge for vaccination
varies with the disease setting. If the cancer cells have been ignored by
the immune system, it will be necessary to prime a new response. On
the other hand, if spontaneous immunity has been generated and sub-
sequently down-regulated or evaded, the immune response must be re-
started. Multiple myeloma is a tumor involving the immune system,
and deleterious effects on immune capacity, due to disease and to
chemotherapy, are evident. However, there is the advantage that, in con-
trast to some solid tumors, the neoplastic plasma cells are accessible to
attack by circulating T cells. Current treatment usually involves autolo-
gous transplantation which can restore immune capacity. Alternatively,
or in addition, new drugs or antibodies, able to remove tumor cells with-
out excessive damage to normal lymphocytes, could provide an oppor-
tunity for vaccination. An ideal setting would be to vaccinate donors of
allogeneic transplants, so that an immune response could be activated in
an undamaged immune system, but this is not yet a common strategy
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for myeloma. There is some evidence for pre-existing immunity against
tumor antigens in myeloma, but it appears weak.> Mouse models of
myeloma, although informative, are not closely related to human dis-
ease, making pre-clinical testing difficult. However, experience from
models and from other cancers point to a requirement mainly for induc-
ing T-cell attack, with several candidate target antigens now emerging.’

DNA fusion gene vaccines

Molecular biology has offered powerful tools for vaccine design and
delivery. We have opted for DNA vaccines which are cassettes into
which gene sequences encoding target antigens can be placed. In pre-
clinical models we have developed the approach of fusion gene vac-
cines where weak tumor antigens are linked to strong antigens derived
from microbes. Recognition of the microbial antigens then promotes
immunity against the weak tumor antigen.’ The microbial sequence can
be diverse but we have selected a sequence derived from tetanus toxin
(TT) which comprises the non-toxic Fragment C (FrC) sequence. The
advantage of this is that the FrC induces high levels of T-cell help from
an undamaged anti-TT repertoire, and that this helps the response to the
attached tumor antigen. This fusion gene strategy has been validated for
a range of tumor antigens.” Our first tumor antigen was the idiotypic Ig
expressed by neoplastic B cells, including myeloma. We assembled the
tumor-specific encoding variable region genes, Vi and Vi, as single chain
Fv (scFv) and fused this to FrC. Our first trial of these vaccine in patients
with B-cell lymphoma is now complete and we have induced antibody
responses against FrC in 9/12 patients, and anti-idiotypic antibody in
2/12, with CD4" T cell responses also detectable. The two patients with
anti-idiotypic antibodies remain in long term remission after 6 years
with no evidence of disease. A similar small trial of 7 patients with
myeloma post-autologous transplantation is also now proceeding. The
data from the lymphoma trial are quite remarkable given that perform-
ance of naked DNA vaccines is highly influenced by the volume inject-
ed and, while this is no problem for mice, it is very difficult to scale up
for patients. To circumvent this difficulty we have now tested electro-
poration at the time of the booster injection.” This has dramatically
amplified all immune response pathways, and it is now in our clinical
trial of a DNA fusion gene vaccine for patients with prostate cancer.

Modified vaccine design to induce CD8* T cell responses

Most tumor antigens are expressed within the cell and are only acces-
sible as peptides in the MHC Class I groove. To attack these, CD8"
cytolytic T cells (CTL) are required, and the fusion gene design has been
modified to optimize induction of this response. We have minimized the
FrC sequence to a single domain (DOM) to remove potentially compet-
itive epitopes and placed the tumor target peptide sequence at the C-ter-
minus of the DOM. In pre-clinical models this (DOM-peptide) design
induces high levels of CTL able to kill tumor cells in a therapeutic set-
ting.* Responses against HLA-A2-restricted peptides have been obtained
in humanized mice. The clinical trial of patients with prostate cancer is
using this design formatted for a peptide from prostate-specific mem-
brane antigen.

Myeloma target

For myeloma, the cancer-testis antigens offer candidate targets for
immune attack. There has been wide interest in the NY-ESO 1 antigen
which is expressed by significant numbers of myeloma patients and in
other cancers.® We have placed a known epitope able to bind to HLA-
A2 into our new DOM-peptide design and so far have shown induction
of high levels of NY-ESO 1-specific CD8' T cells in the humanized pre-
clinical model. This sets the scene to extend our clinical trials of patients
with myeloma by adding a second vaccine to the current scFv-FrC. Dual
attack on two proteins expressed by cancer cells should increase effica-
cy and prevent evasion.

Future

The knowledge and required technology to develop highly effective
DNA vaccines are available. Development in pre-clinical models pro-
vides a strong basis for clinical trials, where the modifications in deliv-
ery systems required for translating to patients can be tested. For all can-
cers including myeloma, there are already candidate antigens which can
be targeted. What is needed is rapid pilot clinical trials to determine effi-
cacy in patients at appropriate stages of disease, but this is difficult to
achieve in the current regulatory climate.
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Novel targeted therapies are achieving responses in over 90% of the
newly-diagnosed patients with Multiple Myeloma (MM) with one third
of these patients achieving complete or near complete responses. How-
ever, ultimately patients experience disease progression and curative
outcome still remains elusive. In this setting novel therapeutic interven-
tions are being explored. Based on success of allogeneic transplant in
achieving long term disease free survival, various vaccination strategies
have been evaluated to maintain remissions achieved by conventional
and novel agent therapies. Development of successful vaccine strategy
in MM has been directed at two aspects. First to develop a successtul
vaccine strategy able to target MM cells with therapeutic efficacy; and
second to improve the immune function in MM patients to allow robust
responses to immune-based intervention. MM is associated with dys-
function in both humoral and cellular immunity.' However, both cellu-
lar and humoral immune responses have been observed against both
viral and tumor antigens.” We have investigated various immunothera-
peutic approaches using idiotype as a myeloma-specific antigen. In a
study utilizing patient-specific Id protein coupled with KLH, the devel-
opment of an anti-KLH response confirmed immune competence of the
myeloma patients. Moreover, induction of Id-specific immune respons-
es including generation of CTL specifically able to lyse MM cells, con-
firmed the ability to induce immune response to MM-specific antigen.
To improve on these results we have investigated the role of dendritic
cells (DCs), the most potent antigen-presenting cells (APCs) equipped
with the necessary co-stimulatory, adhesion and MHC molecules, to
effectively present MM-associated antigens and induce MM-specific
immune responses. We have confirmed that the antigen presenting cells
in MM patients are functional, supporting their use in clinical studies.?
To optimize internalization and processing of myeloma protein, we
evaluated various laboratory parameters including class of protein, dura-
tion of DC pulsing, DC maturational stage and mechanism of uptake
using DCs from myeloma patients. These data indicate that cultured
DCs from myeloma patients can efficiently and rapidly endocytose dif-
ferent classes of myeloma proteins providing support for using myelo-
ma protein-pulsed DCs for generating in vivo anti-myeloma immune
responses.’ The clinical trials have investigated vaccination with DCs
pulsed with tumor associated peptides or proteins in a variety of human
cancers. We have evaluated Idiotype-pulsed DC vaccinations in MM
confirming the feasibility of a dendritic cell-based vaccination, develop-
ment of Id-specific immune responses and even occasional clinical
responses.’ However, robust clinical responses have not been observed,
and the strategy targeting single known tumor associated antigens is
subject to tumor cell resistance mediated by the down-regulation of that
single gene product. Approaches being explored to circumvent this lim-
itation are the DC pulsing with whole myeloma cell lysate, or fusing
myeloma cell with DC. Preclinical results in both a murine model and
with human cells confirm feasibility of presenting a wide array of myelo-
ma-related antigens through DC-MM cell fusions and the development
of CTLs able to lyse primary myeloma cells.” A clinical study of MM/DC
fusion cell vaccination in which patients with MM undergo serial vac-
cination with DC/MM fusion cells with local GM-CSF (100 pg) on the
day of vaccination and for 3 days thereafter, is ongoing. To date, 11
patients have been enrolled. The study has confirmed the feasibility of
obtaining adequate number of MM/DC fusion cells for 3 or more vac-



cination; that the DC/MM fusion cells are functional; and that vaccina-
tions are without significant toxicity. Although clinically defined
responses have not been observed, number of patients have achieved sta-
ble disease and in majority of patients evidence of vaccine induced anti-
MM immunity as demonstrated by at least 2 fold increase in IENy expres-
sion by CD4 and/or CD8 T cells in response to ex vivo exposure to autol-
ogous tumor lysate, is observed. These studies are also providing an
opportunity to identify novel myeloma-associated antigens by screen-
ing myeloma cDNA expression library using the SEREX technique for
eventual development of antigen cocktail. We have identified series for
antigens using this technique as well as myeloma expression profile data
and have begun to validate individual antigens such as Xbp-1 and
CD138.* To improve the immune function, we have evaluated both
humoral and cellular immunity in MM. The suppressed uninvolved
immunoglobulins reflect the profound B cell immuneoparesis associat-
ed with active disease. Clinical studies demonstrating recovery of unin-
volved immunoglobulins following effective therapy provides some
information on the genesis of immune dysfunction. Reversible NKT cell
dysfunction in vivo and their successful expansion ex vivo for adoptive
transfer has been demonstrated.” Recently, we have also observed dys-
regulation of CD4'CD25" T regulatory cells (Tws) in MM." The initiation
of immune response is controlled by CD4*CD25" T« cells which can
modulate anti-tumor immune responses. This property of Treg cells to
alter immune response, specifically the anti-tumor immune responses,
may function as a barrier to cancer immunotherapy. We observed sig-
nificant increase in CD4*CD25° T cells in MM patient samples com-
pared to normal donors (26% versus 14%, respectively). However, Tes
cells as measured by Foxp3 expression are significantly decreased in both
MGUS and MM compared to normal donors. Additionally, T cells in
MM are dysfunctional. Even when added in similar proportions as those
innormal control, they are unable to suppress anti-CD3-mediated T cell
proliferation. This decreased number and function of T cells in MM
may partly account for the non-specific increase in CD4'CD25" T cells,
and thereby contributing to dysfunctional T cell responses. To target the
mechanisms responsible for Treg cell dysfunction, we have evaluated the
role of bone marrow (BM) microenvironment on Tw both by cell-cell
interactions as well as by production of soluble factors including
cytokines and chemokines. Interestingly, IL-6 and its receptor produced
in the BM milieu affect the ability of Tr: cells to suppress T cell prolifer-
ation. We have observed that the addition of IL-6 and/or soluble IL-6
receptor to T cell proliferation assay leads to loss of Tr: cell activity in
normal donor cells (from inhibition of proliferation by 27 % to increase
in proliferation by 6% with IL-6/sIL-6R, p=0.01) Conversely, when T
cells from MM patients when treated with the anti-IL-6 antibody or IL-
6 receptor super antagonist, sant 7, regains the ability to suppress T cell
proliferation. We have also shown evidence of expansion of Foxp3- cell
numbers in PBMC from MM patients following in vitro treatment with
anti-IL-6 antibody. Understanding of the molecular basis of T cell dys-
function is underway with a view to eventually target these mecha-
nisms to improve immuno homeostasis in myeloma. Additionally, we
are also identifying novel agents used for myeloma therapy such as
hsp90 inhibitors that may affect immune responses;'" conversely, novel
immunomodulatory agents are being evaluated to provide T cell co-
stimulation to improve immune response post vaccination.” In conclu-
sion, these stepwise improvements in immunotherapeutic strategies
directed at myeloma are likely to lead to immune, and more important-
ly, clinical responses that will eventually help achieve a cure in multiple
myeloma.
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Introduction

Pharmacogenetics aims to define biologically relevant biomarkers,
which correlate with both survival and side effects. It can be split into a
number of areas. The first of these areas is the analysis of the tumour
cells, defining biologically relevant biomarkers that are either predictive
or prognostic. A newer area that is becoming increasingly important, is
the study of inherited factors, often genetic, which not only predict the
risk of side effects following treatment, but can also help predict out-
come. The third area, which has been little explored to date, is the inte-
gration of inherited genetic variants, together with acquired genetic vari-
ation within the tumour cells.

Tumour cells

Cytogenetics has given us a great deal of insight into the biology of
multiple myeloma. However, this is only effective in about 30% of all
cases. FISH is applicable to most cases and is used to detect the recur-
rent cytogenetic features defining myeloma cells. Based on increasingly
powerful clinical studies, it is now realised that the t(4;14) is a significant
prognostic factor, which can predict response to autologous stem cell
transplantation, as can the t(14;16). However, 13-, known as a prognos-
tic factor for many years, is less discriminatory using FISH than with
cytogenetics. To date, mutational analysis has not been successfully
applied as a prognostic factor. This reflects the tendency of mutation to
occur late in the disease process with the percentage of presenting
patients being low. The advent of gene CHIP technology has enabled us
to look at global expression data and to integrate this with global copy
number variation (CNV). The aim of expression analysis being to define
a limited gene signature, which can identify outcome. Using this
approach, it has been possible to identify differences between normal,
MGUS and myeloma plasma cell. This information can be useful clini-
cally because, at presentation, there is clearly a subgroup of patients,
which has a signature more similar to MGUS, which has a favourable
outcome and a group with a signature more similar to a cell line that has
a worse outlook. This approach is being refined and reliable prolifera-
tion and response signatures are now being generated. These signatures
are, however, some way from being fully integrated into clinical man-
agement and need evaluation in large clinical trials. Defining what con-
stitutes a signature requires careful consideration as does the best way
of generating one. One approach to defining signatures is to look at spe-
cific genetic subgroups and to use these ‘genetic manipulations’ as tools
to dissect a relevant pathway or response outcome. A good recent exam-
ple of this is the investigation of 16¢-, which identified the loss of CYLD
and activation of NFkB pathway. It has been reported that response to
Velcade, which targets this pathway, can be affected by the presence of
such a signature.

Inherited genetic variation

Since the completion of the genome project, we understand more
about the nature of inherited genetic variation. As a consequence, it is
now being realised that in addition to SNP variants, there is significant
CNV and in addition, that there are long-range control mechanisms gov-
erning the activity of large regions of the genome. Inherited variation
within a number of pathways has been shown to be important clinical-
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ly. Examples of this included xenobiotic metaboliser genes, DNA repair
variants together with a number of other pathways. An initial study
was only able to look at very limited numbers of SNPs but now, as the
technology has improved, and we are able to look at much higher num-
bers of variants, this approach has become increasingly m,ore clinically
relevant. Inherited genetic variants are important in governing response
and outcome following treatment, as well as in predicting side effects
such as myelosuppression and other toxicity from treatments. We have
carried out a large study, looking at the pharmacogenomics underlying
the risk of thalidomide, associated VTE and we have used a 3000 com-
ponent CHIP to analyse a range of hypotheses. The results of this study
suggest that inherited variation in the immune response, probably in the
endothelial cells, could influence VTE risk and may explain why aspirin
is effective.

Integrating inherited cariation with tumour specific acquired
genetic variation

While the general perception may be that inherited variation largely
affects the risk of side effects, it is obvious that the tumour cells also car-
ry these variants, and this may affect their behaviour. In addition, CNV
and other genetic variation acquired by the tumour cells during progres-
sion, will specifically impact on this background, which also significant-
ly affect tumour cell behaviour. It is, therefore, becoming increasingly
important to be able to develop approaches for integrating the data
describing inherited genetic variation and how this interacts with
acquired tumour variation. The technology for carrying out pharma-
cogenomics is progressing rapidly. Once relevant variants are identified,
it should be possible to design tumour specific CHIPS that will give clin-
ical information in clinically relevant time periods allowing practising
physicians to alter therapies accordingly, allowing us to truly practice
‘personalised medicine’.
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OPTIMIZING STEM CELL TRANSPLANTATION: THE IFM EXPERIENCE
M. Attal for the Intergroupe Francophone du Myélome (IFM)
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During the past ten years, major advances in the treatment have
improved the outlook in myeloma. The antitumor activity of thalido-
mide, bortezomib and lenalidomide has been discovered. In elderly
patients, the combination of these new drugs with conventional
chemotherapy has been reported to induce a high response rate and to
improve overall survival. In young patients, these new drugs have been
evaluated to improve the outcome of high dose therapy supported with
autologous transplantation. This abstract will focus on the IFM experi-
ence of these new drugs in the transplantation setting: 1) during induc-
tion therapy, 2) combined with the high dose regimen, and 3) used as
maintenance therapy post transplantation.

New drugs during the induction phase: The IFM 2005-01 trial

Patients eligible for transplantation should avoid alkylating agents to
enable an adequate stem cell collection. The standard induction thera-
py has long been based on dexamethasone (DEX) alone or associated
with vincristine and doxorubicin (the VAD regimen). Currently, the asso-
ciation of DEX with Thalidomide (THAL), Revlimid (REV) or Velcade
(VEL) is being actively investigated. The association of bortezomib with
DEX was evaluated in a pilot study of the Intergroupe Francophone du
myélome and Harousseau et al. reported 67 % of PR including 21% of
CR. This association was compared with VAD in a large phase III trial
(IFM 2005 01 trial). 480 patients with de novo symptomatic myeloma
under the age of 65 years were enrolled. The analysis of the first 167
patients demonstrated that DEX-VEL significantly improved the
response rate before high dose therapy (HDT) as compared with VAD
(82% of PR including 43% of Very Good partial response versus 67 %
of PRincluding 26 % of VGPR). Thus, although randomized trial are still
ongoing, it is reasonable to speculate that the associations of these new
drugs with DEX will increase the PR and CR rate before high dose ther-
apy as compared with VAD. However, the impact of these improved
induction regimen on the maximum response rate and overall survival
after HDT is still unclear and will require a longer follow-up .

New drugs combined with the high dose regimen

In myeloma, the standard high dose regimen is melphalan alone in a
dosage of 200 mg/m’. Attempts to improve this regimen with the asso-
ciation of other drugs or TBI have failed to improve the antitumor
response rate but have increased the hematological and non hematolog-
ical toxities. A synergistic effect between Bortezomib and melphalan
has been demonstrated in vitro and in vivo. Furthermore, the toxicity pro-
file of these 2 drugs is not overlapping. Thus, the combination of borte-
zomib and high dose melphalan was a logical approach. We conducted
a pilot study of melphalan (200 mg/m’ on day -2) and bortezomib (1
mg/m’ on days -6, -3, +1, +4) supported with autologous blood stem
cells (day 0). Twenty five patients (non responding after induction ther-
apy, n=18 ; or failing to achieve a near CR after a first transplant, n = 7)
were enrolled. No toxic death occurred, the median durations of neu-
tropenia (<500/mm®) and thrombocytopenia (<20000/mm?®) were 7 and
1 day, respectively. The incidence of severe mucositis (grade 3/4) was
20%. Three months after transplantation an unexpected response rate
was observed: 77 % of near CR including 31% of true CR. Furthermore,
5/7 patients failing to achieve a near CR after the first transplant prepared
with melphalan alone achieved a CR (n=4) or a near CR (n=1). Finally,
this pilot study strongly suggests that the association of bortezomib and
melphalan could improve the CR rate as compared with melphalan
alone without additive toxicity. Since the achievement of CR has been
shown to be the most important prognostic factor for survival after high
dose therapy, this association could improve the overall survival. The
IEM is currently testing the role of this association in a large multicen-
tric trial.

New drugs as consolidation / maintenance therapy after trans-
plantation

The role of maintenance therapy in myeloma remains controversial.
Maintenance chemotherapy has failed to demonstrate any benefit. Most
randomized studies and meta-analyses evaluating maintenance inter-
feron showed a modest increase in progression free survival without



any, or with minimal, survival benefit after conventional or high dose
therapy. Corticosteroid maintenance was found to prolong the duration
of response, however the impact on survival was controversial. Thalido-
mide is an oral agent, with immunomodulatory properties, active in one-
third of patients with refractory disease, with doses as low as 50 mg,
without myelosuppressive toxicity. Thus, thalidomide was an attractive
candidate for use in maintenance situations, particularly after high dose
therapy. In 1999, the «Intergroupe Francophone du Myélome» (IFM) ini-
tiated the first randomized trial (IFM 99 02) designed to evaluate the
role of thalidomide as maintenance treatment after transplantation. Two
months after autologous stem cell transplantation, 597 patients under the
age of 65 years were randomly assigned to receive no maintenance (arm
A), pamidronate (arm B), or pamidronate plus thalidomide (arm C).
Thalidomide was administered for a median duration of 15 months, in
a mean dosage of 200 mg per day. A complete or very good partial
response was achieved by 55 percent of patients in arm A, 57 percent in
arm B, and 67 percent in arm C (p=0-03). The 3-year post-randomization
probability of event-free-survival was 36 percent in arm A, 37 percent
in arm B, and 52 percent in arm C (p<0-009). The 4-year post-diagnosis
probability of overall survival was 77 percent in arm A, 74 percent in arm
B, and 87 percent in arm C (p<0-04). The proportion of patients who had
skeletal events requiring a specific therapy (chemotherapy, irradiation or
surgery) was 24 percent in arm A, 21 percent in arm B, and 18 percent
in arm C (p=0-4). Thus, thalidomide improves the overall survival in
patients with myeloma and should be recommended. However, the sur-
vival benefit of thalidomide was not observed among patients already
in CR after ASCT, suggesting that this benefit was not related to a main-
tenance effect. The survival benefit of thalidomide was only observed
among patients failing to achieve CR after ASCT, suggesting that this
benefit was due to the reduction of the residual tumor mass. Since
thalidomide improves the survival by reducing the tumor mass (i. e. by
a consolidation effect rather than by a pure maintenance effect) stopping
thalidomide as soon as a very good partial response has been reached (2
or 3 months) could be an effective strategy in order to reduce the side
effects and to avoid drug-resistance at time of relapse. Furthermore, thir-
ty nine per cent of patients had to discontinue thalidomide due to drug-
related adverse events. Peripheral neuropathy was the main reason for
discontinuation. Thus, lenalidomide, a more potent analog of thalido-
mide without neurological toxicities, might be an attractive candidate for
use in consolidation and maintenance situations post-ASCT. Consolida-
tion/maintenance treatment with lenalidomide is currently evaluated in

the IFM 2005-02 protocol.

Conclusions

New drugs have considerably modified the prognosis of elderly
patients. Their impact in the high dose strategy of young patients could
be more impressive: 80% of CR or near CR can be expected with the use
of new induction and high dose regimens. Furthermore, effective con-
solidation / maintenance strategies will significantly prolong the dura-
tion of these CR. Whether such a CR rate, efficiently maintained, will
be associated with a percentage of cure will be answered by ongoing
studies.
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AUTOLOGOUS STEM CELL TRANSPLANTATION FOR MM: ANALYSIS
OF PROGNOSTIC FACTORS

H. Einsele

Medizinische Klinik und Poliklinik I, Bayerische Julius-Maximilians- Universitit
Wiirzburg, German

Since 1983 high dose chemotherapy is evaluated to improve the sur-
vival of patients with advanced stage multiple myeloma. Since then high
dose therapy has been significantly modified and especially the infusion
of autologous stem cells and the improvement of supportive care have
significantly improved the outcome of high dose chemotherapy for Mul-
tiple Myeloma. Numerous prognostic factors have been delineated in
patients undergoing autologous stem cell transplantation for multiple
myeloma. Patient-related, disease-related and treatment-related factors
have been described to have a major impact on the outcome of this treat-
ment modality. Already during the first studies patient age, renal func-
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tion, co-existing amyloidosis and other co-morbidities have been found
to be important patient-specific factors that influence the outcome of
autologous stem cell transplantation. More recent approaches — pharma-
cogenomics — allow to define additional patient-related factors by
analysing polymorphisms in genes involved in the transport of antitu-
mor drugs or DNA repair genes which have recently been shown to also
influence the outcome of autologous stem cell transplantation. Classical
disease-related factors which were described to have an impact on the
outcome of autologous stem cell transplantation in multiple myeloma
were the isotype of the myeloma, LDH and B2-microglobulin. New
techniques of molecular cytogenetics and gene expression profiling have
allowed to define new disease-related factors associated with outcome
of treatment in patients with multiple myeloma. It has been shown
recently that among the five main immunoglobulin gene translocation
groups (t(11;14), t(14;16), t(4;14), t(6;14) and t(11;14)), the t(14;16) and
the t(4;14) translocation groups have a very poor prognosis. Gene expres-
sion profiling also attemps to find prognostic subgroups. Recently, it was
shown that the overexpression of the gene CSK1b located on 1g21 is
linked to poor prognosis. The higher number of gene copies, the poor-
er the prognosis. In addition, treatment-related factors also have a major
impact on the outcome of autologous stem cell transplantation for mul-
tiple myeloma. The number of pre-transplant treatment regimens, the
response to induction treatment and the disease status at transplantation
— although not consistently have been identified as prognostic factors.
The conditioning regimen administered prior to autologous stem cell
transplantation was also found to have an impact on treatment outcome.
Melphalan alone in a dosage of 200 mg/m’ was found to be superior to
TBI plus melphalan. In patients achieving less than a very good partial
remission following stem cell transplantation a second timely performed
transplant was shown to significantly improve response quality, event-
free and overall survival. In line with these findings most of the studies
have demonstrated achieving CR or near CR after transplant to improve
outcome post-transplant. Also the source of transplant seems to play an
important role. Peripheral blood stem cell transplantation was shown to
be superior to bone marrow transplantation. Purging by positive selec-
tion of CD34* cells to reduce the burden among the infused cells has not
improved the outcome but increased the rate of infectious complica-
tions post-transplant. The availability of novel agents (thalidomide,
lenalidomide, bortezomib) already has and will even more in the future
have a major impact on the regimes of autologous stem cell transplan-
tation. Their inclusion in the induction therapy as well as their availabil-
ity for consolidation or maintenance has already demonstrated improve-
ment in response rates, event-free and overall survival post-transplant.
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ple myeloma is the second most common hematological disease. At
diagnosis, the majority of patients are older then 65 years: 28% are 65
to 74 years and 37% are older than 75." In this elderly population oral
melphalan and prednisone (MP) has been considered the standard. In
patients younger than 65 years, melphalan 200 mg/m? (MEL200) sup-
ported by autologous stem-cell transplantation appears to be the treat-
ment of choice. Several studies clearly demonstrated the superiority of
MEL200 in terms of response rate and even-free survival when com-
pared with conventional treatments. Results were less consistent when
overall survival was examined.” The dose of 200 mg/m’ may be poorly
tolerated by elderly patients, while intermediate-dose melphalan (100-
140 mg/m’) appears more suitable. In an Italian phase III study, 194
patients were randomized to receive at diagnosis either 6 convention-
al courses of MP or intermediate-dose of melphalan 100 mg/m’
(MEL100) with stem cell support. MEL100 induced higher response
then MP (near-complete response rate of 25% versus 6%, p<0.0002) and
increased event-free (EES) and overall survival (OS) at 3 years (37 % ver-
sus 16% and 77% versus 62%, respectively, p<0.001). A subgroup
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analysis on patients aged 65 to 70 confirmed the superiority of MEL100
versus MP with a near-complete response of 25% versus 8% (p<0.05),
an EES at 3 years of 31% versus 18% (p<0.01) and an OS at 3 years of
73% versus 58% (p<0.01). Patients aged 65 to 70 treated with MEL100
had a median OS of 58 months (versus 37.2 months).’ In another Ital-
ian prospective, randomized, phase III trial, MEL100 was compared
with MEL200. After the first interim analysis preliminary results were
presented. MEL200 resulted in a significantly higher very good partial
response rate but this did not translate in a superior EFS and OS. The
very good partial response rate was 38% in MEL200 arm and 22% in
MEL100 arm (p=0.011). The 3 years EFS was 48% in the MEL200 arm
and 31% in the MEL100 arm (p=0.31). The 3 years OS was 86% in the
MEL200 group and 71% in the MEL100 (p=0.51).* The recent discov-
ery of new drugs, such as thalidomide, lenalidomide and the protea-
some inhibitor bortezomib have significantly increased the clinical effi-
cacy of the old chemotherapy regimens. Bortezomib and thalidomide
have been combined with MEL100, as conditioning before autologous
hematopoietic cell infusions in advanced-stage myeloma patients.
Responses occurred in 65% of patients, including 24% of very good
partial remissions. Response rate was higher than that induced by the
previous line of treatment in about 50% of patients.” For elderly patients
non candidate to autologous transplant, the MP regimen remained the
treatment of choice. Two randomized studies evaluated thalidomide
plus MP regimen (MPT). In the Italian trial, oral MPT was compared
with MP in patients aged 60-85 years.® The partial response rates were
76% in MPT patients and 47.6% in MP subjects, with a near-complete
remission rates of 27.9% and 7.2% after MPT and MP, respectively.
The 2-years EES rates were 54% for MPT and 27 % for MP (p=0.0006).
The 3-year OS rates were 80% for MPT and 64% for MP (p=0.19). The
French trial, comparing MPT with MP with MEL100 followed by autol-
ogous stem-cell transplantation, showed a higher partial response rate
in the MPT and in the MEL100 arms, compared with MP (81% vs 73%
vs 40%, respectively).” PES was superior in the MPT patients compared
with both MP (p<0.001) and autologous transplantation (»=0.001). Fur-
thermore, OS was significantly improved in the MPT group in compar-
ison with both MP (=0.001) and autologous transplantation (p=0.004).
In both studies, MPT was associated with a higher risk of grade 3-4
hematologic toxicity, infections, thromboembolic complications,
peripheral neuropathy, constipation, and cardiac events. These data
strongly support the use of MPT as standard of care in elderly patient
with newly diagnosed MM. Lenalidomide appears to be an attractive
alternative to thalidomide. In a phase I/1I trial dosing, safety and effi-
cacy of MP plus lenalidomide (MPR) have been evaluated in newly
diagnosed elderly myeloma patients.® Aspirin was administered as
antithrombotic prophylaxis. At the maximum tolerated dose (lenalido-
mide 10 mg plus melphalan 0.18 mg/kg), 85% of patients achieved at
least a partial response with 23.8% of immunofixation negative com-
plete remission. The 1-year EFS and OS were 92% and 100%. In the
MPT historical controls, the corresponding 1-year event-free and over-
all survivals were 78% and 87.4%. Preliminary results showed that the
EFS of patients with deletion of chromosome 13 or chromosomal
translocation (4;14) was not significantly different from those who did
not have show such abnormalities. By contrast, patients with high-lev-
els of serum B2-microglobulin experienced a shorter EFS in comparison
with those who showed low-levels of f2-microglobulin. Neutropenia
and deep-vein thrombosis are the major complications with lenalido-
mide; the addition of aspirin markedly reduced the risk of thromboem-
bolic events in newly diagnosed patients treated with lenalidomide in
association with dexamethasone or chemotherapy. Although the opti-
mal prophylaxis strategy has not been established, aspirin seems to be
the preferred choice. Bortezomib has been added to MP regimen (VMP).
The Spanish phase I/II trial of VMP showed encouraging results.” Par-
tial response rate was 89%, including 32% immunofixation-negative
complete remission. PFS at 16 months of VMP patients was significant-
ly prolonged in comparison with historical controls treated with MP
only (83% versus 51%, p=0.002), similarly OS at 16 months was
improved (90% versus 62 %, p=0.001). Interestingly, response rate, PFS
and OS were similar among patients with or without retinoblastoma
gene deletion or IgH translocations. Grade 3-4 adverse events were
thrombocytopenia, neutropenia, peripheral neuropathy, infections and
diarrhea. The treatment appeared more toxic in patients older then 75
years and during early cycles. The addition of thalidomide or borte-
zomib to the standard oral MP significantly increased response rate
and EFS. In a multicenter phase I/1I trial, dosing, safety, and efficacy of
the 4-drug combination, bortezomib, melphalan, prednisone and
thalidomide (VMPT) was determined in relapsed or refractory
patients10. At the maximum tolerated dose of bortezomib (1.3 mg/m?)
67% of patients achieved a partial response, including 43% who

50 | haematologica/the hematology journal | 2007; 92(s2)

achieved at least a very good partial response. The 1-year PFS was 61%,
and the 1-year survival from study entry was 84%. The most common
grade 3 adverse events were hematologic toxicity (56%), infections
(9%) Herpes Zooster reactivation (7%) and peripheral neuropathy
(7%); no grade 4 toxicities were recorded. The incidence of neurotox-
icity was unexpectedly low. Bortezomib induced transient thrombocy-
topenia and peripheral neuropathy. Pre-existing neuropathy or previous
neurotoxic therapy increases the risk of peripheral neuropathy, which
can be reduced or resolved by timely dose-adjustment of the drug.
Bortezomib may enhance the incidence of infections, in particular Her-
pes Zoster reactivation, and prophylactic antiviral medication is high-
ly recommended. Conclusion. High-dose melphalan followed by autol-
ogous stem cell transplantation in the younger patients and oral MP in
the elderly have been considered the treatment of choice for the induc-
tion therapy of myeloma. In elderly patients or not candidate for autol-
ogous transplantation, the MPT combination has been considered the
new standard of care, since two independent randomized trials demon-
strate significant benefit from this approach.*® In the near future, oth-
er regimens such as MPR’ or VMP" or VMPT" might be introduced in
the clinical practice. MPR showed similar efficacy with a lower inci-
dence of adverse events. VMP appears equally attractive with a higher
CR rate. VMPT showed significant efficacy in relapsed patients and
might represent a new promising approach at diagnosis. Combinations
incorporating thalidomide or lenalidomide or bortezomib with dex-
amethasone or doxorubicin seem to be better indicated as induction
therapy before high-dose melphalan and autologous transplantation.
These new induction regimens significantly increased the pre-trans-
plant complete remission rate and might further improve the complete
remission rate achieved after autologous transplantation. This benefit
is likely to be translated in a prolonged remission duration. These new
approaches might further improve the efficacy of high-dose therapy in
younger patients and intermediate-dose therapy in elderly patients.
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HIGH DOSE THERAPY FOR MULTIPLE MYELOMA - GETTING BEYOND HIGH DOSE
MELPHALAN

S. Giralt, M. Qazilbash

Department of Stem Cell Transplant and Cellular Therapies, University of Texas
M.D. Anderson Cancer Center, USA

Introduction. Multiple myeloma (MM), is currently the most common
indication for high dose therapy with autologous stem cell support in
North America and Europe.' In North America alone more than 2000
transplant are performed each year, Table 1 summarizes the most com-
monly used conditioning regimens in North America, high dose melpha-
lan is used in over 90% of patients with the most common regimen used
being single agent melphalan at a median dose of 180 mg/m’.?

Table 1. Characteristics of patients who underwent autologous transplanta-
tion for Multiple Myeloma for 1* remission consolidation between 2000 and
2004 in North America, reported to the CIBMTR.?

Characteristics of patients N (Eval) Median (range);,
N(%)
Number of patients 1371
Age, (median, range), years 1371 58 (22-80)
Missing (n=6)
Time from Dx to SCT (months) 1371 7 (1-103)
Conditioning regimen 1367
Lpam alone 1133 (83)
Lpam+TBI + other 44 ( 3)
Lpam = other (not TBI) 130 ( 10)
Others 60 (<1)
Dose of Melphalan 200, 1259 187 (0.9-278)
median (range), mg/m?
Missing (n=112)
Type of second transplant 1371
No planned 2™ tx 904 (67)
Planned 2" auto 265 (19)
Planned 2™ allo 46 ( 3)
Missing 156 (11)
Planned post transplant treatment 1351 693 (51)

Missing (n=20)

Lpam=melphalan; TBI=total body irradiation; Dx=diagnosis; SCT=stem cell transplant

The almost universal use of high dose melphalan as a conditioning reg-
imen for ASCT in myeloma is due to various factors: 1) Known
antimyeloma activity 2) Steep dose response curve 3) Limited extra
medullary toxicity 4) Extensive experience with older and debilitated
myeloma patients. Melphalan 200 mg/m’ is now considered the gold
standard conditioning regimen based on the IFM demonstrated in a ran-
domized trial that patients treated with melphalan 200 mg/m® had sim-
ilar complete response (CR) rates (35% vs 29%); but better median over-
all survival than patients treated with melphalan in combination with
TBI (45 month survival 65% vs 45%).?

Improving High Dose Melphalan Therapy-Dose Intensification
Relapse after autografting remains the single most important cause of
treatment failure in patients post-autologous transplant. Strategies aimed
at improving the conditioning regimen have usually focused on intensi-
fying the conditioning regimen either by increasing the dose of melpha-
lan or by adding other alkylating agents as summarized in table 2, of
these only tandem high dose therapy has been reported to improve out-
comes in a randomized trial,* but this benefit is limited by the fact that
many patients refuse to undergo the procedure, and the benefit seems
to be limited to patients failing to achieve a greater than 90% reduction
of their myeloma burden after the first high dose therapy. Various groups
have explored dose intensification of melphalan with or without cyto-
protectors such as amifostine. Phillips e al. demonstrated the feasibility
of administering up to 280 mg/m’ of melphalan with amifostine, how-
ever, significant mucosal toxicities were observed, and at the higher dos-
es cardiotoxicity was dose limiting.” Moreau et al., have explored using
melphalan at a dose of 220 mg/m’ as part of a tandem transplant strate-
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gy for patients with high risk myeloma as defined by cytogenetics and
beta 2 microglobulin. Complete remissions were seen in 30% of patients
with another 18% achieving at least a 90% reduction in tumor burden.’

Table 2. Transplant Outcomes Using Intensified Conditioning Regimens Com-
pared to Melphalan 200 mg/m? Single Transplant Trials.

Strategy EFS Median Reference:
months %CR/%VGPR & Comments

Melphalan 200 vs 20 35/20 3 Randomized

Melphalan 140 +TBI 21 29/14 Trial

Melphalan 200 vs 22 43/NR 7 Registry

Busulfan-Melphalan vs 32 49/NR Analysis

Melphalan +TBI 20 31/NR

Melphalan 200 vs 19 32/NR 8,9

Melphalan + 30 55/NR Retrospective

Holmium-DOTMP Analysis

(<2400 cGy)

Melphalan 200 vs 20 16/NR 10

Thiotepa busulfan

cyclophosphamide 21 27/NR Retrospective

Analysis

Therefore, neither melphalan dose intensification nor addition of oth-
er alkylating agents have resulted in large increases in post-transplant CR
rates, and novel conditioning regimens exploring different mechanisms
of enhancing the antitumor effect of high dose melphalan need to be
explored.

Improving High Dose Melphalan Therapy-Targeting the Stroma

The recent expansion of therapeutic options for MM can be partly
attributed to a better understanding of the interactions between malig-
nant plama cells and bone marrow microenvironment that includes stro-
mal cells, extracellular adhesion molecules and secreted cytokines. Nov-
el therapies targeting these interactions have shown promising respons-
es and outcomes." Arsenic trioxide (ATO) induces apoptosis even of
drug-resistant MM cell lines and patient cells via caspase-9 activation,
enhances MM cell apoptosis induced by dexamethasone, and can over-
come the antiapoptotic effects of IL-6 by blocking both activation of
STAT3 and upregulation of Mcl-1."” The induction of apoptosis by As:0s
is likely mediated via the production of ROS (reactive oxygen species)
that damage mitochondria.”" In addition to reducing ROS, the critical
intracellular antioxidant GSH is also directly conjugated to arsenic and
subsequently transported out of the cell by multidrug resistance efflux
pumps. It follows that agents that deplete GSH will sensitize cells to
As20s-induced apoptosis.

Table 3. Preliminary Results of Arsenic Trioxide, Ascorbic Acid and High
Dose Melphalan as Conditioning Regimen for Myeloma.

No ATO AT0 0.15 AT0 0.25
mg/kg mg/kg
Number 8 10 7
Median days to engraftment 9 10 9
Median ATO level on day O 0.2ng/mL  26.3ng/mL 46.2 ng/mL
Prior autograft 2 3 2
CR 0 1 0
PR 6 5 6
Progressed 2 4 1

One such agent is Ascorbic acid (AA).” Several clinical trials have
shown the efficacy of ATO and AA in the treatment of relapsed and
refractory multiple myeloma.””" Based on encouraging reports of effica-
cy of combination of arsenic trioxide with ascorbic acid and conven-
tional-dose melphalan (MAC) in relapsed multiple myeloma, we con-
ducted a phase I/Il study of arsenic trioxide + ascorbic acid + high-dose
melphalan as conditioning regimen in myeloma patients undergoing an
autologous transplant. This combination was well tolerated, did not
adversely affect the engraftment and resulted in a response rate of 87 %
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after a median follow up of 7.1 months.”” Table 3 summarizes the pre-
liminary results of that regimen which demonstrated that arsenic triox-
ide and ascorbic acid can be safely combined with high dose melphalan
without causing delays in engraftment or significant increases in toxic-
ities. Bortezomib, a proteasome inhibitor, is an active agent in newly
diagnosed and relapsed and refractory multiple myeloma in conven-
tional therapy setting. Its proposed mechanisms of action include, cell
cycle arrest at G1-S phase, direct apoptosis of steroid-resistant myelo-
ma cells and inhibition of NFKappaB." Preclinical data support the use
of bortezomib in combination with melphalan. in vitro, exposure of
highly melphalan-resistant myeloma cell lines, as well as bone marrow
tumor cells from myeloma patients, to noncytotoxic concentrations of
bortezomib increased sensitivity to melphalan, but this was not
observed in normal bone marrow stem cells or peripheral-blood lym-
phocytes.”” In one of the preclinical studies, subtoxic concentrations
of PS-341 potently sensitized MM cell lines and patient cells to DNA-
damaging activity of melphalan, including cells resistant to melphalan.
Using gene expression profiling and proteomic analysis, the authors
demonstrated that bortezomib inhibits genotoxic stress response path-
ways, which restores sensitivity to DNA-damaging chemotherapeutic
agents. This study provided the framework for clinical use of this com-
bination. Based on these data various Phase I and Phase II trials of borte-
zomib with high dose melphalan are currently ongoing. Targeted skele-
tal radiotherapy with Holmium-DOTMP was shown to be effective in
delivering high doses of radiation to the marrow while sparing normal
tissues as long as doses of less than 2400 mCi were administered.®’
Similar results have been obtained by Dispenzieri et al. using Samari-
um-EDTMP *

Optimizing High Dose Melphalan Therapy

It is a well known fact that patients tolerance and response to mel-
phalan 200 is extremely heterogeneous, with some patients having no
toxicities whatsoever and others having serious life threatening toxic-
ities due to mucosal damage. To a certain degree this variability is prob-
ably due to genetic polymorphisms among enzymes such as GST (ref).
However, the practice of dosing melphalan according to body surface
area, with arbitrary modifications for overweight patients also suggests
that melphalan dosing may be implicated as reported by Anaissie et al.”®
Lastly, Dimopoulos et al. have demonstrated that the extent of damage
and repair seen in the p53 tumor-suppressor gene of peripheral blood
lymphocytes after exposure to melphalan is an important predictor of
outcome and could serve as a tool for developing a personalized or
individually tailored conditioning regimen .**

Summary

High dose melphalan remains the gold standard to which all new
conditioning regimens for autologous transplant in myeloma need to be
compared to. However, the relatively low CR rate obtained with this
conditioning behooves the field to prospectively explore new combi-
nations. The advent of bortezomib, lenalinomide as well as other agents
have opened a new era of conditioning regimens in myeloma in which
both the stroma and the malignant cell are being targeted.
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Introduction. Allogeneic Stem Cell Transplantation (ASCT) is probably
the only treatment with curative potential for Multiple Myeloma
(MM).This is due to the graft-versus-myeloma effect (GVM), mediated
by immune competent donor lymphocytes, and at best illustrated by the
induction of sustained remissions following donor lymphocyte infu-
sions after ASCT." However, the necessity of performing ASCT in MM
is disputed as no survival advantage has been obtained compared to
autologous SCT in particular when myeloablative conditioning for the
ASCT is applied.” An important factor for this is the high treatment
related mortality (TRM) associated with myeloablative conditioning.®
Non-myeloablative ASCT (NMA) is associated with reduced acute tox-
icity, while anti-tumour activity is probably maintained. Although
encouraging results have been reported, the role of NMA for myeloma
is not yet established.” In the recently published prospective study by
French IFM, high risk myeloma patients with an HLA-identical family



donor and treated with tandem autologous/NMA-ASCT had compara-
ble PES and OS to the patients with no donor that were treated with dou-
ble autologous SCT.’ In this study in vivo T-cell depletion was performed
with high dose ATG as part of the non myeloablative conditioning reg-
imen in all patients. The beneficial effect of in vivo T-cell depletion is the
low incidence of acute and chronic GvHD); the detrimental effect is the
elimination of the Graft versus Myeloma (GvM) effect. The importance
of immune-competent donor T cells for GvM is illustrated by respons-
es to DL and the occurrence of chronic GVHD.? European study groups,
including the Dutch Hemato-Oncology Association (HOVON), Spain's
Programa para el estudio y tratamiento de las hemopatias malignas
(PETHEMA), the multicenter Italian group lead by B.Bruno and the Euro-
pean Group for Blood and Marrow Transplantation (EBMT), are per-
forming comparable prospective donor versus no-donor studies., how-
ever without in vivo or in vitro T cell depletion.

Single center experience with non-myeloablative allogeneic stem
cell transplantation

Fifty-nine patients received NMA at the department of Hematology,
University Medical Center Utrecht.” The median age was 55 (range, 35-
67). There were 42 males (71%) and 17 females (28%). The median fol-
low-up duration of survivors was 25.2 months (range, 6.8-54.6) In 36
patients (61%), NMA was part of first-line treatment and in 23 patients
(89%) it was part of salvage treatment. At the time of transplant, 9
patients (15%) were in CR and 40 patients (68%) were in PR. A full
peripheral blood stem cell graft was given after conditioning with low
dose TBI 200 cGy only. Relapsed patients without a previous autologous
transplant between 2 and 6 months earlier were conditioned with low
dose TBI and Fludarabine 30 mg/m’ intravenously for 3 days. Immune
suppression consisted of Cyclosporin A and Mycofenolmofetil for 3
months. In the absence of GVHD immune suppression was tapered and
stopped after 6 months. Only 4% of the relapsed patients achieved a CR
after NMA as opposed to 50% of patients who received tandem auto/allo
as part of first line therapy. PES of patients not achieving a CR was 13
months and has not been reached for patients achieving CR after NMA
(Figure 1). Achievement of CR and chronic GvHD were associated with
prolonged PFS and OS. TRM for the whole group was 9% (Figure 2).
With all the restrictions of a single center experience these data illustrate
the feasibility of NMA and associated acceptable TRM. In extensively
pre-treated patients response rate and PES are disappointing and in this
category of patients new strategies need to be explored. The results
achieved of NMA as part of first line treatment of MM are encouraging.
However we must await the outcome of prospective donor versus no
donor studies to better define the role of this treatment for myeloma.
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Figure 1. Progression Free Survival and response after nonmyeloablative
Allo-SCT of patients treated at University Hospital Utrecht.

XI™ International Myeloma Workshop & IV*" International Workshop on WM

First results of the prospective Hovon 54 study, a donor versus
no donor comparison.

Newly diagnosed MM patients, stage II or III, age 18-65 years, were
eligible for inclusion in the HOVON-50 study. The patients, total 556,
were randomly assigned to arm 3 cycles of VAD or the same regimen but
with Thalidomide 200 - 400 mg orally, days 1-28 instead of Vincristine
(TAD). After stem mobilization with CAD patients received High Mel-
phalan (HDM) 200 mg/m’ with autologous stem cell rescue. Patients
with an HLA identical stem cell donor, without progressive disease,
WHO performance 0-2 and without organ damage were eligible for the
Hovon 54 study (Figure 3). Patients included in the Hovon 54 received
nonmyeloablative Allo-SCT between 2 and 6 months following HDM.
A full peripheral blood stem cell graft was given after conditioning with
low dose TBI 200 c¢Gy only. Immune suppression consisted of
Cyclosporin A and Mycofenolmofetil for 3 months. In the absence of
GvHD immune suppression was tapered and stopped after 6 months.
Ninety-six patients were included. As of January 2007 data were avail-
able from 82 patients with a median age 53 years (33-65), including 56 %
males and 44% females. At 18 months overall survival was 79%. This
compares favourable to a historical group of Hovon 24 patients who
received a myeloablative Allo-SCT as part of first line therapy (Figure 4).
Major courses of this inferior outcome of the Hovon 24 patients were
the TRM of 33% and absence of a plateau in the OS curve even in the
patients that achieved a CR after transplant.® At the workshop a com-
plete analysis will be presented on all 96 patients treated in the Hovon
54 study with respect to OS, EFS, response and toxicity including com-
parison with Hovon 50 patients with no donor who received mainte-

nance therapy following HDM.
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Figure 2. Treatment related mortality of patients treated at University Hos-
pital Utrecht.

Future

In anticipation of the outcome of the prospective donor versus no
donor comparisons it is necessary to explore new strategies which are
aimed at stimulating the cytotoxic efficacy of the donor T cells towards
the residual myeloma cells without enhancing GVHD. The suggestion
that the novel anti-myeloma agents such as Bortezomib, thalidomide,
and revlimid may preferentially stimulate the graft-versus-tumour effect
and not GVHD is already incorporated in current transplant and DLI
protocols.*” In the Hovon 54 follow-up study, the Hovon 76 study,
patients with an HLA identical donor are recruited from the Hovon
65/GMMG-HD4 study. These patients will receive a tandem autolo-
gous/ NMA transplantation followed by maintenance therapy with the
novel immune modulating agent Lenalidomide.
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Figure 4. Overall survival curves of the Hovon 24 (myeloablative condition-
ing) and of the Hovon 54 study (nonmyeloablative conditioning).
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THE ROLE OF DONOR-LYMPHOCYTE INFUSION AND OTHER POST-TRANSPLANT
STRATEGIES AFTER ALLOGRAFTING IN MULTIPLE MYELOMA

N. Kréger,' E Ayuk,' D. Atanackovic,” A. Zander'

'Dept. of Stem Cell Transplantation, University Hospital Hamburg-Eppendorf;
“Dept. of Oncology and Hematology, University Hospital Hamburg-Eppendorf,
Germarny

Donor-lymphocyte infusions (DLI) provide effective treatment for
patients who experienced relapse after allogeneic stem cell transplanta-
tion.">* Meanwhile the graft-versus-myeloma effect of DLI is well estab-
lished. Several attempts had been made in the last years to improve the
efficacy of DLI after allogeneic stem cell transplantation for multiple
myeloma.

DLI for relapse

The most experience with DLI after allogeneic stem cell transplanta-
tion in patients with myeloma has been reported for relapse.”** In those
reports, response rates of 40-52% have been reported, and 22-28% of
the responders achieved complete remission. One study reported an
overall survival of 19 months and 23 months for those patients who
achieved partial or complete remission, respectively. GVHD was the
most significant complication after DLI, and the incidence of acute
GvHD was reported to be 52 56 % and of chronic GVHD 26-44%. How-
ever, the response to DLI-treatment was significantly correlated with the
incidence and severity of GVHD.?

DLI as prophylactic treatment

Only few about prophylactic DLI, especially after non-myeloablative
conditioning, were reported.*** In those trials, DLI was given to prevent
relapse or enhance remission status. In these trials, the incidence of
GvHD was similar to DLI given for relapse, and in about 50-60% of the
patients, an improvement of remission status could be observed. To
reduce the risk of GVHD after DL, strategies such as CD8-depleted DLI
were investigated after allogeneic stem cell transplantation. With these
strategies, acute GvHD grade II-IV was seen in 50% of the patients, and
six out of ten patients with measurable disease experienced complete
remission.*

DLI plus new agents

New available drugs with immunomodulatory properties have been
investigated after allogeneic stem cell transplantation. Interferon-o. alone
induces in four of five patients after allograft a complete remission with-
out GvHD.” In preclinical mice-models, the proteasome-inhibition
inhibits T cell proliferation and acute GVHD while retaining the graft-
versus-tumor effect.’ In a clinical study investigating bortezomib as post-
transplant strategies to enhance remission status, complete or partial
remission could be in 32% and 50%, respectively.’ Thalidomide as sin-
gle agent for progressive myeloma after allogeneic stem cell transplan-
tation induced in 29% of the patients a partial or very good partial remis-
sion.”” In attempts to combine DLI with the new agents, one study inves-
tigated low-dose thalidomide (100 mg) in combination with DLI. The
overall response rate was 67 % with 22% complete remission. Interest-
ingly, no grade II IV GvHD was seen, and only a minority of patients
developed limited chronic GvHD." Even in patients not responding to
DL, salvage treatment with thalidomide or bortezomib can induce com-
plete or partial remission in 83% of the cases suggesting high efficacy
of these drugs after allogeneic stem cell transplantation.”



Molecular targets for DLI

The major issue for further improvement of immunologically-based
strategies post allogeneic trans—plantation lies in the separation of the
graft-versus-myeloma effect from the graft-versus-host reaction which
would allow a more specific tumor-targeting without or with lesser risk
of GvHD. Potential candidates for a more specific T-cell response are
minor-histocompatibility antigens such as HA1. More recently, HA1-spe-
cific T-cells could be generated and induced complete remission in
patients with relapsed multiple myeloma after allogeneic stem cell trans-
plantation.” Another potential target for tumor-specific donor-T-cell
response is the myeloma-specific idiotypic determinant of immunoglob-
ulin-variable region, which has been used to immunize the donor prior
to allogeneic stem cell transplantation in order to transplant a myeloma-
specific T cell response.” In this study, two out of five patients remained
disease-free after allografting for seven and eight years, respectively. In all
patients immunoglobulin-specific T cell response was seen and persist-
ed for 18 months. Another potential target is cancer-testis-antigens, espe-
cially MAGEC2 and MAGEAS, which are expressed in more than 50%
of myeloma cells.” Antibody- and T cell response against cancer testis
antigens was more frequently observed after allografting than after autol-
ogous transplantation while no antibody response was seen in patient and
donor before transplantation. More recently, killer-immunoglobulin-like-
receptor-ligand-donor/recipient-mismatch transplantation may be pro-
tective against relapse, suggesting a potential role of alloreactive NK-cells
after allografting to enhance remission status and prevent relapse.' The
importance of achieving molecular remission after allogeneic stem cell
transplantation for long-term disease freedom has been shown in a ret-
rospective EBMT-study.” In this study using high-sensitive patient-spe-
cific primers to monitor residual disease with PCR-technique, it could be
shown that durable PCR-negativity after allografting had a cumulative
risk of relapse at five years of 0%, in comparison to 33% for PCR-mixed
patients and 100% for patients who never achieved PCR-negativity.
Therefore, post-transplant strategies should not be used for relapsed
patients only but also to target the molecular remission after allografting.
A new donor-immune system after allografting offers a platform for
numerous strategies or immunologically-based post-transplant strategies.
Table 1 shows the possible treatment options after allografting in order
to achieve molecular remission which seems to be a conditio sine qua non
for curing the disease.

Table 1. Post-transplant strategies to enhance remission status or to treat
relapse.

ORR CR References

1. Donor lymphocyte infusion 40 -67% 19 -30% 1,2,3
2.CD8-depleted 1% 43% 4
donor-lymphocyte infusion
3.Thalidomide 29 - 83% 0-22% 10, 12
4. Bortezomib 80 - 100% 29 - 30% 9,12
5. Interferon-a* 80% 80% 7
6. Thalidomide plus 67% 22% 11
donor-lymphocyte infusion
7. Donor vaccination 3outof 5

after allograft 14

* only five patients
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MONOCLONAL GAMMOPATHY OF UNDETERMINED SIGNIFICANCE
AND SMOLDERING MULTIPLE MYELOMA (SMM)

R.A. Kyle
Division of Hematology, Mayo Clinic Rochetser, MN USA

Monoclonal gammopathy of undetermined significance (MGUS) is
defined by a monoclonal immunoglobulin concentration in serum of 3
g/dL or less, fewer than 10% plasma cells in the bone marrow, and no
evidence of end-organ damage (hypercalcemia, renal insufficiency, ane-
mia, or lytic bone lesions) related to the proliferation of the clonal plas-
ma cells. Monoclonal proteins have been reported without evidence of
multiple myeloma (MM) or Waldenstrom’s macroglobulinemia (WM) in
approximately 3% of persons > 70 years of age in Sweden, the USA, and
France. The first population-based study to detect monoclonal gam-
mopathies examined 21,463 sera; 77 % of the 28,038 enumerated resi-
dents of Olmsted County, Minnesota who were 50 years of age or old-
er (Kyle, et al., 2006). MGUS was identified in 3.2% of these patients.
Age-adjusted rates were greater in men than in women (4.0% vs. 2.7 %),
while the prevalence was 5.3% among persons 70 years or older. Con-
centration of monoclonal immunoglobulins was < 1.0 g/dL in 63.5% and
>2 g/dL in only 4.5%. Concentration of uninvolved immunoglobulins
was reduced in 28% of 447 persons tested. Of 79 persons tested, 21%
had a monoclonal urinary light chain. The prevalence rate remained
almost constant throughout collection suggesting that patients who fre-
quently seek medical care are at little or no greater risk for MGUS than
those who do not. The prevalence was 4-told higher in persons = 80
years of age than those age 50-59 years. The prevalence was 2-fold high-
er than from the literature in persons > 50 years of age and almost twice
that previously reported in persons = 70 years of age. MGUS is one of
the most common premalignant disorders in the general population >
50 years of age. The incidence of MGUS in African-Americans is greater
than in Caucasians. A study of more than 4,000,000 African-American
and white veterans in the United States reported that the prevalence of
MGUS in African-Americans was 3.0-fold higher than in Caucasians.
However, progression to multiple myeloma was virtually identical in
both groups (17 % among African-Americans, 15% among Caucasians)
(Landgren, et al., 2006). The outcome of patients with MGUS evaluated
at the Mayo Clinic between 1956 and 1970 has been described (Kyle, et
al., 2004). Two-hundred-forty-one patients were followed for 3,579 per-
son-years (median: 13.7 years; range: 0-39 years). During a follow-up of
33 years, only 14 (6%) were alive and had no substantial increase in
monoclonal protein. The serum monoclonal protein increased to 3 g/dL
or more in 25 patients (10%) but did not require chemotherapy for MM,
WM, or AL (light chain amyloidosis). One-hundred and thirty-eight
patients (57 %) died without evidence of MM, WM, AL, or a related dis-
order (cardiac disease, cerebrovascular disease, or a non-plasma cell
malignancy accounted for the major number of deaths). MM, WM, AL,
or a lymphoproliferative disorder developed in 64 patients (27 %) dur-
ing a follow-up of 1-32 years (median 10.4 years). The actuarial rate of
progression was 17 % at 10 years, 34% at 20 years, and 39% at 25 years;
a rate of approximately 1.5% per year. Forty-four (69%) of the 64
patients who progressed developed MM. Thirteen-hundred eighty-four
patients with MGUS from the 11 counties from Southeastern Minneso-
ta were evaluated at Mayo Clinic from 1960 to 1994 (Kyle, et al., 2002).
The median age at diagnosis was 72 years, which is 8 years older than
the 241 patients in the referral population. The protein was IgG in70%,
IgM in 15%, IgA in 12%, and biclonal in 3%. Reduction of uninvolved
immunoglobulins was found in 38% of 840 patients who were evalu-
ated. A monoclonal light chain in the urine was found in 31% of the 418
patients who were tested. The 1,384 patients were followed for a total
of 11,009 person-years (median: 15.4 years; range: 0-35 years). During
follow-up, 115 patients (8%) developed MM, AL, lymphoma with an
IgM serum protein, WM, plasmacytoma or chronic lymphocytic
leukemia. The risk of progression was 10% at 10 years, 21 % at 20 years,
and 26% at 25 years; a rate of approximately 1% per year. An addition-
al 32 patients were identified, in whom the serum M-protein value
increased to > 3 g/dL or the percentage of bone marrow plasma cells
increased to > 10%, but in whom symptomatic MM or WM did not
develop. The number of patients with progression was 7.3 times the
number expected. The risk of developing MM was increased 25-fold,
WM 46-fold, and AL 8.4-fold. Characteristics of the 75 patients who
developed MM were comparable with those of a cohort 1027 patients
with newly-diagnosed MM who were referred to the Mayo Clinic
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between 1985 and 1998 (Kyle, ez al., 2003). The pathogenesis of progres-
sion of MGUS is not known. Fluorescence i situ hybridization (FISH)
shows IgH translocations as well as deletion of chromosome 13 similar
to the findings in multiple myeloma. Angiogenesis may also play a role
in progression. Initial concentration of serum M protein, type of M pro-
tein (IgA or IgM are at higher risk for progression), and the free light
chain (FLC) ratio are risk factors for progression. Patients with a combi-
nation of a serum M protein 2 1.5 g/dL, IgA or IgM MGUS and an abnor-
mal serum FLC ratio had a risk of progression at 20 years of 58%, com-
pared to 5% when none of the risk factors were present (Rajkumar, et
al., 2005). Patients with MGUS should be rechecked in 3 to 6 months in
order to exclude an early multiple myeloma. If stable at that time, patient
should be reevaluated at annual intervals or perhaps less frequently if no
risk factors are present.

Smoldering (asymptomatic) Multiple Myeloma (SMM)

Smoldering multiple myeloma, first reported in 1980, is an asympto-
matic plasma cell proliferative disorder associated with a high risk of pro-
gression to symptomatic MM. SMM is defined as a serum monoclonal
protein > 3 g/dL and/or bone marrow clonal plasma cells > 10%, but no
end-organ damage. A study cohort of 276 patients was stratified into
three prognostic groups at initial diagnosis: Group 1, bone marrow plas-
ma cells 10% or greater and serum monoclonal protein > 3 g/dL; Group
2, bone marrow plasma cells > 10% but serum monoclonal protein < 3
g/dL; and Group 3, serum monoclonal protein = 3 g/dL but bone mar-
row plasma cells < 10%. Criteria for SMM were fultilled in 276 patients
seen at Mayo Clinic from 1970-1995. The median age at diagnosis was
64 years (range 26-90 years) and only 2.9% were younger than 40 years.
The median hemoglobin value was 13.0 g/dL. Of the monoclonal pro-
teins, 74% were IgG, 22.5% were IgA, 0.5% IgD, and 3% were biclon-
al. Concentrations of uninvolved immunoglobulins were reduced in
83% of 230 patients who were studied. Fifty-three percent had a mon-
oclonal light chain in the urine. Only 4 patients (1%) had an M-spike
more than 1.0 g/24hours. During 2,131 cumulative years of follow-up
(range: 0-29 years; median: 6.1 years) 85% died. Multiple myeloma
developed in 158 persons (57 %), while AL developed in 5 (2%). The
cumulative probability of progression to active MM or AL was 51% at
5 years, 66% at 10 years, and 73% at 15 years; the median time to pro-
gression was 4.8 years. The overall risk of progression was 10% per
year for the first 5 years, approximately 3% per year for the next 5 years,
and 1.2% per year for the last 10 years. The risk of progression to active
MM was 522 times that expected while the risk of AL was increased 50-
fold. On multivariate analysis, the 3 prognostic groups based on the
serum monoclonal protein size and the number of bone marrow plas-
ma cells were the most important risk factors for progression. The cur-
rent standard of care for SMM is close follow-up at 4- to 6-month inter-
vals.
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SOLITARY BONE AND EXTRAMEDULLARY PLASMACYTOMA

R. Alexanian, D. Weber

University of Texas M. D. Anderson Cancer Center, Houston, TX, USA

Solitary Bone Plasmacytoma

Among patients with myeloma and bone destruction, approximately
2% show only a solitary lytic lesion, that had usually caused localized
bone pain. For rational planning of treatment, selected procedures are
required to confirm the diagnosis and to exclude multiple myeloma with
as much certainty as possible. These include needle biopsy evidence of
monoclonal plasma cells, no other evidence of myeloma on bone survey
or random marrow aspirate, and no other complication (anemia, renal
impairment) that might be due to myeloma. Despite normal bone survey,
magnetic resonance imaging (MRI) of thoracic and lumbar spine has been
useful since Moulopoulos ef al. detected unexpected bone lesions in 4 of
12 patients considered initially to have SPB." Thus, the diagnosis of SPB
requires a negative MRI of thoracolumbar spine, with the potential value
of MRI of other parts of the skeleton or of PET scans unclear at this time.
Electrophoretic studies are also essential. While 75% of patients have a
monoclonal protein in serum or urine, the level has been low in most
patients so that serum M protein concentrations are usually < 1.0 g/dL (our
highest 2.2 g/dL), urine Bence Jones protein < 0.2 g/d (our highest 0.7
g/day).”* For the 25% of patients with apparent nonsecretory disease, free
light chain assays have revealed high free kappa or lambda light chain lev-
els in approximately two-thirds o?patients.“ Levels of uninvolved serum
immunoglobulins are preserved, as only 3 of 76 patients at our center had
low values, each of whom considered to have occult systemic disease
because of early disease progression.” High doses of radiotherapy to the
solitary lesion remain the treatment of choice since there is local control
in virtually all patients and the prospect of cure for many patients. Too few
trials of large numbers of patients have been conducted to define the opti-
mum dose, but Table 1 summarizes the experience of several single insti-
tution studies. Following a dose of > 40 Gy, local disease progression was
nonexistent or rare in all trials so that the practice at our and other cen-
ters has been to recommend 45 Gy in 25 fractions over 5 weeks. The
United Kingdom Myeloma Forum has recommended 40 Gy in 20 frac-
tions to encompass the tumor mass plus a margin of at least 2 cm beyond
disease detectable by MRI; for bulkier disease > 5 cm, 45-50 Gy in 25 frac-
tions was advised.” Surgery is not indicated for SBF, but some patients
require decompressive laminectomy, spine fusion or intramedullary rod
fixation of a long bone. Adjuvant chemotherapy has been given without
benefit in most studies. The role of intensive therapy supported by autol-
ogous stem cells is not clear but is difficult to assess in view of the long
disease course and known cure fraction. A major early endpoint associat-
ed with prolonged disease stability and long survival has been disappear-
ance of monoclonal protein following radiation therapy, a change that
usually occurs within 6 months. Serial assessment of free monoclonal
light chain levels in patients with apparent nonsecretory disease allows
more patients to be assessed in this manner. Figure 1 depicts the different
outcomes at our center among 76 patients with or without resolution of
myeloma protein (currently by immunofixation) as an index of effective
myeloma control. Myeloma protein persisted in most patients as a reflec-
tion of residual disease and was associated with earlier evolution of mul-
tiple myeloma. Since none of 11 patients with serum M protein > 1.0
g/dL showed disappearance of abnormal protein after radiotherapy, all
patients with such levels probably have multiple myeloma even though
asymptomatic, especially since evolution of myeloma occurred after a
median 2.0 years. In such patients, control of the local symptomatic lesion
should be followed by some form of cytostatic therapy, such as with
alpha interferon or thalidomide, until disease progression. The same
approach seems reasonable for other patients with lower myeloma pro-
tein values that persist after radiotherapy in whom the median time to
progression was 2.7 years. Thus, among 76 patients staged by current
and older procedures, one-half have developed multiple myeloma with-
in2years. Yet, the median survival of all patients was 11.6 years with 30%
of deaths due to unrelated diseases; the potential cure fraction based on
analyses of cause-specific survival was approximately 35%. Various prog-
nostic factors associated with progression of multiple myeloma have been
observed by others, such as spine disease, older age, bulky disease, M pro-
tein level, etc., but we could not confirm that any of these factors were
harmful. With progressive advances in staging that include MRI and sen-
sitive techniques to detect clonal disease in marrow, the diagnosis of SPB
will be made less frequently. When one also requires that uninvolved
immunoglobulins be preserved, and that serum M protein be < 1.0 gm for
effective long-term control, a true SBP should be associated with a high-
er cure fraction after effective radiotherapy.
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Table 1. Radiotherapy for solitary plasmacytoma of bone

10-year 0S
No. Dose (Gy) DFS (%) (Yrs)
Wilder® 60 30-70 38 11
Frassica® 46 <12-70 25 9
Tsang’ 32 <30-50 36 10
Bolek® 27 28 - 60 46 10
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Figure 1. Myeloma-free survival (A) and cause-specific survival (B) correlat-
ed with response of SPB to radiotherapy among 76 patients treated at M.D.
Anderson Cancer Center.

Extramedullary plasmacytoma

A solitary extramedullary plasmacytoma (EMP) is a rare disorder char-
acterized by a mass of clonal plasma cells unrelated to underlying bone
destruction and with no other evidence of multiple myeloma. Careful
phenotypic studies are essential to distinguish this process from a reac-
tive plasmacytoma or lymphoma (MALT, marginal zone). Thus, surgical
biopsy is useful to affirm plasma cells with CD38 and monoclonal cyto-
plasmic light chain expression without markers suggestive of lymphoma.
As with SBP, there should not be marrow plasmacytosis and bone survey
should be normal. Approximately 85% of lesions involve the mucosa of
head and neck; the presence of bone destruction with sinus involvement
suggests that this subgroup represents a SBP of a sinus bone. Other sites
of EMP include GI tract, lung, bladder, thyroid, testis among others. CT
or MRI are necessary to define the extent of an EMP but the role of MRI
of spine or of PET scan has not been studied carefully. Less than one-
fourth of 25 patients at our center showed monoclonal globulin in serum
or urine by standard studies and levels of uninvolved immunoglobulins
have been preserved. Free light chain levels in serum should be assessed
even though their value remains unclear. As with SBE, EMP are highly
radiosensitive so that local control is usually achieved and approximate-
ly one-half of our patients have remained stable for more than 10 years."
At most centers, radiotherapy doses have ranged from 35-45 Gy, and our
practice has been to include prophylactic irradiation of regional lymph
nodes when oral cavity, pharynx, larynx or parotid are involved, but not
for nasal cavity or maxillary sinus disease. Neither surgery nor adjuvant
chemotherapy appear justified." Rare patients have shown local recur-
rence and the disease-free and cause-specific survival after 10 years have
been approximately 60% for patients at our center. One-fourth of patients
developed multiple myeloma after a median of approximately 1 year pre-
sumably from occult disease elsewhere. No prognostic factors have been
identified in part because a monoclonal immunoglobulin is present infre-
quently and modern staging procedures have not been conducted in many
patients. Conclusion. SBP and EMP represent uncommon solitary plasma-
cytomas that are radiosensitive and usually associated with long-term
stability. More sensitive techniques for detection and follow up (MRI,
PET, free light chain assays) should permit clearer staging so that fewer
patients will meet the criteria for diagnosis and the cure fraction will be
higher after radiotherapy.

We are indebted to Kay Delasalle for data analyses and to Rose Guevara for

typing this papet.
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AL AMYLOIDOSIS: DIAGNOSIS AND PROGNOSIS
G. Merlini

Amyloidosis Center, Fondazione IRCCS Policlinico San Matteo, University of
Pavia, Pavia, Italy

Systemic AL amyloidosis is a plasma cell disorder characterized by the
overproduction and tissue deposition of a monoclonal immunoglobulin
light chain (LC), or fragments containing the LC variable region and a
portion of the constant region. The deposits are composed of amyloid
fibrils, presenting a cross beta supersecondary structure. The process of
amyloid deposition produces tissue damage and eventually organ fail-
ure, leading to death in untreated patients.' The optimal management
of patients with AL amyloidosis requires early diagnosis, correct amy-
loid typing, effective treatment, tight follow-up and careful supportive
therapy. One of the most important determinants of outcome is early
diagnosis, as severe amyloid organ disease may preclude the use of
potentially effective treatment regimens. The systemic involvement
affecting vital organs such as heart, kidney and liver renders these
patients particularly fragile and sensitive to the toxicity of chemothera-
py. Early diagnosis depends on the level of alertness of the physician: any
patient with nephrotic-range proteinuria, unexplained right-sided heart
failure, progressive peripheral neuropathy, unexplained hepatomegaly or
functional hyposplenism, orthostatic hypotension and other manifesta-
tions of autonomic neuropathy with weight loss should be screened for
amyloidosis. The diagnosis of AL is biopsy based and requires the pres-
ence of deposits with apple green bireg'ingence after Congo red stain-
ing, or the prototypic, nonbranching, 10-nm diameter fibrillar structures
by electron microscopy. Fine-needle aspiration of abdominal fat is
innocuous, fast, inexpensive, and sensitive (87 %).? The method is based
on the almost constant involvement of subcutaneous adipose tissue in
AA, AL and ATTR forms of systemic amyloidosis, and probably in oth-
er systemic amyloidoses as well. Amyloid is found both in the walls of
small vessels and around the individual fat cells. False-positive Congo
red-stained biopsies occur because of overstaining and inexperienced
review. If the abdominal fat is negative, the second choice biopsy site at
the Pavia Amyloid Center is the minor labial salivary glands. Renal and
hepatic biopsies carry a small risk of bleeding and often require overnight
hospitalization. Once the diagnosis of amyloidosis has been established
histologically, the type must be determined because the prognosis and
treatment depend on the biochemical amyloid forms. There are specif-
ic treatments available for some systemic amyloidoses, this means that
exact and safe determination of the type of amyloid deposit in the indi-
vidual patient is critical. This can be accomplished using immunohisto-
chemistry, immunoelectron microscopy ° or by biochemical methods
which are applicable also to formalin-fixed tissue samples.’ Immunohis-
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tochemistry is usually reliable for identifying or ruling out AA amyloi-
dosis, but is frequently not diagnostic with respect to AL amyloidosis.
Immunoelectron microscopy and biochemical methods provide defini-
tive results; however, they are labor-intensive and require expertise. If
these techniques are not available, the DNA analysis should be per-
formed upfront in order to exclude the hereditary amyloidoses whose
clinical presentation is consistent with the patient’s manifestations. In
order to characterize the amyloidosis of AL type, a plasma cell clone
should be documented. The demonstration of the clone requires sensi-
tive techniques. The bone marrow should always be examined, bearing
in mind that, typically, the amyloid plasma cell clone infiltrates the bone
marrow to a modest extent (median bone marrow plasma cell percent-
age 7%), often requiring anti-light chain immunohistochemistry/
immunofluorescence for k and A light chains to be identified. Accord-
ingly, also the circulating monoclonal protein is usually present at low
concentration, being missed by screening serum electrophoresis in
approximately 50% of patients. Therefore, all patients with a clinical
suspicion of AL amyloidosis should undergo sensitive immunofixation
electrophoresis of serum and urine that is able to detect a monoclonal
protein in up to 97 % of patients.” The quantification of serum-free light
chains (FLC) may complement immunofixation and represents now an
irreplaceable tool for monitoring response to therapy. Evidence of pro-
gression or regression of amyloid deposits can be obtained from serum
amyloid P (SAP) component scintigraphy. Due to the relatively high
prevalence of a monoclonal protein in the adult population the possibil-
ity of a chance coexistence of a monoclonal protein in a patient with
hereditary amyloidosis should always be considered.” Clinically, it is
difficult to distinguish AL from reactive, familial, and senile systemic
forms of amyloidosis, because of their overlapping clinical presentations
and the lack of an informative family history in half of the patients with
hereditary amyloidosis. Since mistyping of amyloidosis may have cat-
astrophic therapeutic consequences, such as transplanting hematopoi-
etic stem cells instead of liver, great care should be devoted to the diag-
nostic process. When two possible sources of amyloid have been iden-
tified, patients should be referred to centers specializing in amyloidosis
for further evaluation. The prognosis of AL amyloidosis has significant-
ly improved in the last decade due to eatlier diagnosis and more effec-
tive specific and supportive treatments. The median survival of patients
with AL ranges from approximately 2 years to 3.9 years, depending in
part on the treatment center and the nature of referral pattern. The medi-
an survival of 822 patients with AL amyloidosis followed in Pavia is 47
months. Recently we have investigated the factors affecting renal sur-
vival in patients with amyloid renal involvement: serum creatinine, pro-
teinuria and young age at diagnosis predicted the progression to dialy-
sis. Response to chemotherapy prolongs both renal and overall survival.
The most frequent cause of death in these patients is progression of
amyloid cardiomyopathy. Actually, most patients with AL amyloidosis
die of cardiac complications (~ 75% in our 822 patient population),
either congestive heart failure or sudden death. Cox multivariate analy-
sis showed that the only 2 significant independent prognostic factors
were response to therapy (protective), and cardiac involvement. Medi-
an survival of patients with heart involvement was significantly short-
er than that of patients without cardiac amyloidosis (24 vs 81 months,
p<0.001), and patients who obtained a hematologic response to
chemotherapy survived longer than other patients (median 96 vs 20
months, p<0.001). Our recent data indicate that patients with cardiac AL
amyloidosis who achieve hematologic response to chemotherapy have
a better outcome than non-responsive patients (median survival 68
months vs 11 months, p<0.001) irrespective of the severity of heart
involvement at diagnosis. Elevated serum cardiac troponins are related
to poor prognosis in AL patients® and our group reported that the serum
N-terminal portion of natriuretic peptide type B (NT-proBNP) is a sen-
sitive marker of myocardial dysfunction in AL and a powerful prognos-
tic determinant.” These two cardiac biomarkers were used to develop a
reliable staging system for AL patients that can be used to stratify
patients in randomized clinical trials and to compare outcomes between
therapeutic interventions when randomized clinical trials are not avail-
able.® NT-proBNP clearance relies almost exclusively on glomerular fil-
tration while natriuretic peptide type B (BNP) is eliminated from plas-
ma through both glomerular filtration and clearance receptors that pro-
mote its degradation. Therefore, it is likely that BNP will prove to be a
more reliable marker of cardiac dysfunction than NT-proBNP in AL
patients with advanced renal disease. In most of the patients, the reduc-
tion of the circulating FLC concentration induced by chemotherapy
translates into a reduction of serum NT-proBNP level and improving of
heart failure, often before any reduction in amyloid load can be demon-
strated at echocardiography.’ This observation indicates that serum NT-
proBNP can be used as a marker of cardiac response to therapy. It has



been reported that normalization of FLC levels after peripheral blood
stem cell transplantation predicted both complete hematologic response
and organ response.”” The concurrent quantification of the FLC and of
NT-proBNP in patients with cardiac amyloidosis allows titration of the
anticlone treatment improving the toxicity-benefit ratio and allowing a
prompt change of therapy in the case of an inadequate response.
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ALAMYLOIDOSIS: RESPONSE, ASSESSMENT, AND TREATMENT
M.A. Gertz

Division of Hematology, Mayo Clinic Rochetset, MIN, USA

The ability to accurately assess the response to treatment in AL is crit-
ical, since without a consistent method, it next to impossible to assess
the efficacy of competing therapies currently used for this disease. Radi-
olabeled amyloid P component with iodine 123 or iodine 131 is a use-
ful imaging agent for detecting amyloid deposits. Serialized scans have
been used to assess the response to therapy and have demonstrated
regression of established amyloid deposits after successful interruption
of immunoglobulin light chain production. The SAP scan does not dis-
tinguish AL from other forms of amyloidosis, but imaging will detect
deposits in the spleen, liver, and kidneys in 87%, 60% and 25% of
patients, respectively. Because of the cardiac blood pool, the SAP scan is
not generally useful in detecting myocardial amyloid deposits and is
usually used in conjunction with echocardiography. Plasma clearance of
radiolabeled amyloid P component has been shown to correlate with sur-
vival. Rapid plasma clearance is associated with a high body burden of
amyloid. Imaging studies do not correlate well with the clinical degree
of organ dysfunction. As an example, hepatic involvement with an SAP
component scan is common, but palpable hepatomegaly in AL is only
seen in approximately 15% of patients." Recently, magnetic resonance
imaging has been used in an attempt to further define myocardial
involvement with amyloid. The characteristic features of cardiac amy-
loidosis by magnetic resonance imaging include impaired biventricular
systolic function, thickened atrioventricular valves, bi-atrial enlargement,
increased atrioseptal thickness, and increased left ventricular mass.” It is
also presumed that serialized MRIs may be useful in monitoring the
response in AL. The immunoglobulin free light chain assay has been
found to be important in both classifying the type of amyloidosis and
providing a method for assessing response. It has also been found to be
of prognostic value. The free light chain assay has been incorporated into
the response criteria, and its high sensitivity has improved the ability to
monitor the status of patients with AL. The absolute level of free light
chain achieved after therapy predicts survival. Normalization of free
light chain levels after transplantation predicted both organ response
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and complete hematologic response. In this study, the percent free light
chain reduction did not predict for survival, but the absolute level of free
light chain achieved after therapy did.® As in many malignancies,
response to treatment has a profound effect on survival. Hematologic
responders have superior survival to nonresponders, even in a landmark
analysis to correct for early mortality. Organ responses, however, are
time-dependent and renal responses have a median time to response of
ayear and can be delayed up to 36 months after transplantation. Hema-
tologic responses can be seen in as many as two-thirds of patients with
complete hematologic responses in a third. The definition of a complete
hematologic response requires a negative immunofixation of serum and
of urine as well as an immunoglobulin free light chain ratio that s in the
normal range. A partial hematologic response requires a 50% reduction
of a serum and urine M protein, if they are measurable, and a 50% reduc-
tion in the level of the abnormal free light chain, whether it be kappa or
lambda. Response rates appear to be dependent on the dose of melpha-
lan administered as part of conditioning. At 200 mg/m’, complete hema-
tologic response rates are seen in 55%; and at lower doses in only 35%.
Response to therapy in patients with AL can be defined either by
improved organ function or by hematologic responses comparable to
those seen in patients with myeloma. All patients who have a measur-
able serum or urine monoclonal protein should be monitored for changes
in the size of the peak after a therapeutic intervention. For patients who
only have a free light chain, the nephelometric free light chain assay is
essential in monitoring for a decrease in circulating free light chain lev-
els. In one study,” chemotherapy resulted in a significant reduction in
amyloidogenic free light chains, and patients with a normalized kappa
to lambda ratio had an improved prognosis. Free light chain responses
also seemed to parallel decreases in the NT-pro-BNP levels in cardiac
responders to therapy. For patients in whom free light chains decreased
by more than 50%, the NT-pro-BNP concentration decreased by a medi-
an of 48%, whereas in patients without a free light chain decrease, the
NT-pro-BNP concentration increased by 47%.° The NT-pro-BNP
decrease was greater in complete responders than partial responders. A
decrease in circulating free light chains and NT-pro-BNP level translates
into improved survival. Organ-based response criteria have been defined
for patients with amyloidosis and reported in a consensus paper. Funda-
mentally, for renal amyloid, a 50% decrease in 24-hour urine albumin
excretion is required, for hepatic involvement a 50% reduction in an
increased serum alkaline phosphatase concentration is required. Echocar-
diographic response and progression of amyloid is difficult to assess
because of variability in estimates of the septal wall thickness. Neuro-
logic responses, although uncommon, can be documented by elec-
tromyography. Achievement of a hematologic response is an important
predictor of prolonged survival after high-dose therapy for patients with
AL. The degree of response is important because those people who
achieve a complete response have a better survival than those who
achieve a >50% reduction in light chain, and both groups do better than
patients who fail to achieve a 50% reduction. The hematologic response
is a good surrogate marker for survival. One unanswered question is
whether patients who do not achieve a complete response should receive
some form of maintenance or consolidation chemotherapy to try and
further depress their light chain levels. In a study from the National
Amyloidosis Center in Great Britain,” free light chain concentrations
were measured in 262 patients, 137 who received cytotoxic chemother-
apy. The five-year survival in patients who had a 50% reduction was
88%. Those who did not have a 50% reduction had a five-year survival
of only 39%. This suggests that a 50% reduction in the urinary protein
is an important and valid endpoint in assessing outcome. Sanchorawala
® and colleagues assessed serum free light chain responses after high-
dose melphalan and autologous stem cell transplantation. A complete
response rate of 41% was seen. In this study, if the free light chain con-
centration decreased by more than 90%, the likelihood of clinical
improvement was greater and longer survival was noted regardless of
whether the patient fulfilled strict complete response criteria. In a review
of autologous stem cell transplantation from the UK, a reduction in the
serum free light chain proteins was seen in >50% in 83% of evaluable
patients. This hematologic response translated to an overall median sur-
vival of 8.5 years for those patients who survived over 100 days.”

Therapy

A controversy in the treatment of AL is the role of stem cell transplant
compared to conventional chemotherapy to suppress the amyloidogenic
light chain. The Italian Amyloidosis Treatment Group reported the use
of melphalan 0.22 mg/kg and dexamethasone 40 mg both for four days
every 28 days. Forty-six patients were treated. The response rate was
67%, 33% complete responses, 48% organ responses, only two treat-
ment-related deaths in the first 100 days, and a projected median survival
of 5.1 years. The IEM presented a small phase 3 study at the American
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Society of Hematology in 2005 randomizing patients to this regimen or
to high-dose therapy with stem cell transplant. The complete response
rate, objective response rate, organ response rate, and overall survival
were no different between the two groups. The combination of thalido-
mide with dexamethasone was reported in 31 patients to produce a
48% hematologic response rate and a 26% organ response rate. The
combination of cyclophosphamide, thalidomide, and reduced dose dex-
amethasone has been reported in 75 patients to produce a hematologic
response of 75% and an organ response of 21 to 27%. Lenalidomide,
when combined with dexamethasone, has been reported to be active in
amyloidosis, producing hematologic responses in 60% and organ
responses in 30%. The median time on therapy is 5.3 months. Borte-
zomib appears to be active in amyloidosis. When 18 patients were treat-
ed, hematologic response was seen in 77 %, complete in 16%, and organ
responses in 27%. Transplantation for amyloidosis has been used
because it is efficacious in the treatment of multiple myeloma, and AL
patients have a low tumor mass. Stringent patient selection is required,
and only 25% of patients seen at Mayo Clinic are eligible for high-dose
therapy. Of 270 transplanted patients, 94 achieved a complete response
and 105 a partial response. Median survival is 80 months. The
chemotherapy dose has an impact on survival. Patients receiving high-
er-dose chemotherapy tend to have higher response rates. Patients with
three or more organs involved have a treatment-related mortality that
approaches 30%. When the BNP is >170 picograms/mL pretransplant,
the median survival is significantly shorter at 25 months.” Mayo 100-
day mortality is 11% but has fallen to 8% in calendar year 2006. Opti-
mal therapy for AL has yet to be defined.
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$10.5
THE ROLE OF HIGH-DOSE THERAPY IN AL-AMYLOIDOSIS
R.L. Comenzo

Hematology Service, Department of Medicine, Memorial Sloan-Kettering Can-
cer Center, New York, USA

Systemic light-chain (AL-)amyloidosis is treated by eliminating the
clonal cells producing the free light chains (FLC) that cause the disease,
allowing patients to survive and amyloid organ damage to stabilize or
improve. Only one-third of newly diagnosed untreated patients with
systemic AL-amyloidosis have sufficient organ reserves to tolerate high-
dose melphalan with stem cell transplant (SCT). Post-SCT, two-thirds
of patients experience at least a partial hematologic response (a 50%
reduction in clonal plasma cells) but only half of the responders achieve
a complete hematologic response, the optimal outcome with respect to
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survival and organ recovery. The remaining one third of patients do not
respond and are treatment failures with a poor prognosis. Considering
that the clonal plasma cells in AL-amyloidosis are indolent and non-pro-
liferative, lack of response is less surprising than the fact that 30% of
patients achieve complete hematologic responses. How melphalan is so
effective is unclear. The early experience with SCT in AL-amyloidosis
was characterized by a 20% to 40% treatment-related mortality due to
toxicities such as sudden cardiac death, intractable hypotension and
massive gastrointestinal hemorrhage.' Improved patient selection and
risk-adapted melphalan dosing have reduced treatment-related mortal-
ity to less than 5% at our center and elsewhere. Risk-adapted melpha-
lan dosing aims to reduce treatment-related mortality, and is based on
observed differences in melphalan-related toxicity and age-related sur-
vival in patients with AL-amyloidosis. This approach allows SCT to be
a treatment platform not a high-risk strategy. Recently, we combined the
platform of risk-adapted melphalan and SCT with adjuvant therapy
(thalidomide and dexamethasone) in those failing to achieve a complete
hematologic response post-SCT.> We are now evaluating the same
approach with adjuvant bortezomib and dexamethasone. In order to
appreciate the role of high-dose melphalan and SCT in the treatment of
systemic AL-amyloidosis one must consider the low-intensity therapies
and the importance of patient selection. The goal remains eliminating
the clonal plasma cells and FLC and supporting the patient over the time
needed to achieve a hematologic response and organ stabilization or
improvement. The conundrum of low-intensity therapy is that, though
usually well tolerated, it is often ineffective because progression of amy-
loid organ-disease continues. Monthly oral melphalan and prednisone
was the first therapy to show benefit in phase 11 trials.* Median survival
was prolonged from 8 to 18 months and for the 20% who responded
and survived more than 3.5 years there was a 20% incidence of
myelodysplasia creating a risk of secondary leukemia. A multi-center
phase II trial testing pulse dexamethasone followed by maintenance
dexamethasone and alpha-interferon led to hematologic responses in
53% of patients; 24 % achieved a complete response and median survival
was 31 months.” In a phase II trial using monthly oral melphalan and
dexamethasone, the response rate was 67% with 33% complete
responses.’ There were 2 treatment-related deaths in the first 100 days
of therapy and 1 patient subsequently developed myelodysplasia but
median survival exceeded 4 years. Many consider oral melphalan and
dexamethasone the standard therapy for non-SCT patients. The com-
bination is easily administered, usually for 6 to 12 months depending on
the response of the FLC, and is similar to melphalan-based SCT except
for the risk of myelodysplasia and secondary leukemia. In those failing
melphalan and dexamethasone, clinical trials using bortezomib or
lenalidomide should be sought; both agents are active. Thalidomide is
active but difficult for patients to tolerate.® The development of risk-
adapted melphalan dosing and the application of SCT as initial therapy
were both based on clinical trials. In the largest phase II clinical trial of
high-dose melphalan and SCT, untreated patients enrolled within a year
of diagnosis were stratified and randomized to initial SCT or SCT after
2 cycles of oral melphalan and prednisone.” The 100-day treatment-
related mortality was 20% and 12% died in association with stem cell
mobilization. At 5 years the overall survival was 50% for immediate and
39% for delayed SCT. Fewer patients randomized to initial oral thera-
py underwent SCT due to progression of disease; this affected patients
with cardiac involvement disproportionately. Post-SCT survival was a
function of the number of affected organ systems and the presence of
cardiac involvement. With 4 years follow-up, median survival had not
been reached for patients with either 1 or 2 major organ systems
involved (of heart, kidneys, liver/GI tract and peripheral nervous system)
or no symptomatic cardiac involvement,. In contrast, for those with > 3
organs involved or cardiac involvement, median survivals ranged from
5 to 10 months highlighting the importance of patient selection. Patients
at high risk of dying in SCT were those with symptomatic 3- or 4-organ
system involvement or cardiac amyloid associated with recurrent pleu-
ral effusions, cardiac syncope or symptomatic arrhythmias. In a multi-
center randomized prospective phase III trial, SCT was compared with
oral melphalan and dexamethasone.? Comparisons of response rates
and survival between those alive at least 3 months post-SCT and those
who completed at least 3 months of oral melphalan and dexamethasone
showed no difference. For both groups the hematologic response rates
were 65%. Median survival was 48 months for SCT and 58 months for
oral therapy. Surprisingly no cases of myelodysplasia were reported in
the oral melphalan group. This phase III trial did not clearly define a stan-
dard therapy for AL. However, a case-cohort analysis has shown a sur-
vival advantage in good performance-status patients treated with SCT
and quality of life improves in patients who respond to transplant.”*° The
difference between 12 or 18 months of oral melphalan and dexametha-



sone and high-dose melpahlan with SCT is that, as in myeloma, trans-
plant is not a final therapy but rather a platform for therapy with low
risk of myelodysplasia. It is a useful initial therapy to which adjuvant
treatments can be added in order to improve response rates. In a phase
II trial we tested the combined approach of SCT and adjuvant thalido-
mide and dexamethasone.’ Patients received SCT with risk-adapted mel-
phalan dosing, and those not achieving a hematologic complete response
at 3 months post-SCT received 9 months of thalidomide (50-200 mg
nightly) and dexamethasone (20 mg/m’, 1-3 pulses monthly). Treatment-
related mortality was 4.4% (2 of 45 patients) and at 3 months post-SCT
61% of patients had hematologic responses. Nearly half of those on
adjuvant therapy had improved responses at 12 months including 6 who
achieved complete responses. The response rate at 12 months was 77 %
with 38% complete responses; there was no difference in response rate
based on the dose of melphalan. With a median follow-up of 29 months,
median survival has not been reached. Further study of such combined
approaches is warranted, employing SCT as a platform for therapy.
Blood stem cells have been mobilized with granulocyte colony-stimu-
lating factor (G-CSF) and rare deaths have been reported during mobi-
lization in patients with symptomatic cardiac amyloid or multisystem
disease. Catastrophic complications though rare include a pulmonary
syndrome associated with hypoxia and rupture of the spleen requiring
emergent surgery. Currently we recommend that G-CSF be given at 6
mcg/kg every 12 hours with collection beginning on day 5, and employ
in-hospital monitored mobilization for patients at risk of hypoxia,
hypotension or syncope. In patients achieving complete or near complete
hematologic responses, organ recovery can be variable. The liver can
regenerate, regress to normal size and regain normal function. Peripher-
al and autonomic nervous system involvement can be reversed. Protein-
uria can decline dramatically over months and years but creatinine clear-
ance rarely improves and the kidneys remain at risk from non-amyloid
insults. Recovery from cardiac involvement remains problematic. Only
20% of cardiac patients with hematologic responses show objective
improvement by echocardiogram. With serial studies showing brain
natriuretic peptide (BNP) decline in conjunction with FLC response, we
now know that less injury or strain occurs as the precursor protein is
eliminated. Despite complete hematologic responses, patients with car-
diac amyloid can experience cardiac dysfunction and sudden arrhythmic
events. The utility of low-dose anti-arrthythmic agents or anticoagulation
in the management of cardiac patients remains to be prospectively
defined. High-dose melphalan with SCT for AL-amyloidosis is effective
in patients with limited disease when they are treated at centers with
low treatment-related mortality. It provides a platform for testing nov-
el adjuvant therapies post-SCT with the goal of maximizing the com-
plete hematologic response rate. Its role may change if outcomes with
low-intensity therapies improve as novel agents are tested in combina-
tion with traditional ones such as cyclophosphamide, melphalan and
dexamethasone. The development of anti-plasma cell monoclonal anti-
body therapy will also have a major impact on treatment strategies and
patient outcomes." Patients with systemic AL-amyloidosis should be
treated whenever possible on clinical trials in order to advance our under-
standing and management of the disease.
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$10.6
LIGHT CHAIN DEPOSITION DISEASE

N. Leung

Eating Disorders Service, Birmingham and Solihull Mental Health Trust and
School of Psychology, University of Birmingham, UK

Light chain deposition disease (LCDD) is a plasma cell dyscrasia char-
acterized by non-amyloid deposits in various organs. It is the most com-
mon form of monoclonal immunoglobulin deposition disease which
includes light heavy chain deposition disease LHCDD) and heavy chain
deposition disease (HCDD). Light chain deposition disease was first
described by Randall et al. in 1976 but non-amyloidotic kidney disease
resembling diabetes had been reported since the 1950’s." The true inci-
dence of LCDD is unknown. Autopsy data of myeloma patients suggest
the rate of LCDD is approximately 5%. This is compared to 9% for AL
amyloidosis and 32% for cast nephropathy in the same study. The rate
appears to be much higher amongst patients with a monoclonal gam-
mopathy who underwent a kidney biopsy. In this study, LCDD was
found in 11.6% and LHCDD in 4.1%.° Rates of cast nephropathy and AL
amyloidosis were found in only 10.7% of the patients. Light chain dep-
osition disease occurs in the sixth decade of life. The age however ranges
from 28 to 94 years.* There may be a slightly higher incidence in males.
Nearly every patient presents with renal manifestations. This includes
renal insufficiency, proteinuria and hypertension. Extrarenal manifesta-
tion occurs in about 35% of the patients. Nearly every organ can be
involved with the most commonly reported being the heart and liver.
Lung, fut, peripheral nerves, autonomic nervous system, muscle, sali-
vary gland, carpel tunnel and brain may become involved.” There is a
definite predilection for kappa light chain in LCDD. Nearly 74% of
patients with LCDD have a monoclonal kappa light chain. Proportion
may be higher in smaller series. There also appears to be an overrepre-
sentation of the kI subtype in this disease. Protein analysis revealed in
increased hydrophobicity in these light chains.® One study suggests the
mutations are at the somatic level and appears to be concentrated in the
CDR regions of the gene. Many patients with LCDD also have multiple
myeloma. The rate of myeloma varies from 37% to 65%."” This varia-
tion may explain the differences in life expectancy reported in these
patients in the literature. The median survival varies from 18 months to
over 5 years. The myeloma rate in the study with the longest survival was
37% compared with over 50% in studies with shorter median survivals.
However, another study suggests the histologic pattern may be more
important in determining survival. In this study, the presence of myelo-
ma did not affect survival but patients who had LHCDD had a significant-
ly shorter survival.® There is a great variation in the treatment of LCDD.
Some patients with renal limited disease without myeloma may not
receive any disease directed therapy. Others are given steroids and cyto-
toxic agents similar to those used in the treatment of multiple myeloma
with varying success. One study suggests those who received vincristine-
doxorubicin-dexamethasone/ methylprednisolone may have a better out-
come. These patients were also more likely to have multiple myeloma.*
High dose melphalan with stem cell rescue has also been used in these
patients. The experience has been small but so far appears to be benefi-
cial with a low treatment mortality rate. Royer et al. reported their expe-
rience with 11 patients, 10 of whom had multiple myeloma.” After stem
cell transplant, 6 patients achieved hematologic complete response and
2 had very good partial response. Responders were also noted to have
organ response including improvement in heart, liver and kidney function.
Three patients relapsed after stem cell transplant and 1 died as a result of
progressive myeloma. Boston University reported their experience with
stem cell transplant in 6 LCDD patients without myeloma." Complete
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hematologic response was achieved in 86%. All had normalized their
serum free light chain levels. All were alive at a median follow-up of 12
months. It appears that high dose melphalan followed by autologous
stem cell transplant may be the treatment of choice for these patients
regardless of their myeloma status. It provides the patient with the high-
est chance of achieving hematologic CR with a low treatment related
mortality rate.
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WHAT’S NEW ABOUT THE POEMS SYNDROME?

A. Dispenzieri

Division of Hematology, Mayo Clinic College of Medicine, Rochester, NMIN, USA

POEMS syndrome is defined by the presence of a peripheral neuropa-
thy (P), a monoclonal plasma cell disorder (M), and other paraneoplastic
features, the most common of which include organomegaly (O),
endocrinopathy (E), skin changes (S), papilledema, edema, effusions,
ascites, and thrombocytosis.'” Virtually all patients will have either at
least one sclerotic bone lesion, an elevation in plasma levels of vascular
endothelial growth factor (VEGE), or co-existent Castleman’s disease.
Not all features of the disease are required to make the diagnosis, and ear-
ly recognition is important to reduce morbidity. Other names for the
syndrome include osteosclerotic myeloma, Crow-Fukase Syndrome, or
Takatsuki syndrome. Though the pathophysiologic mechanism is not
well understood, there is a correlation between treating the underlying
clonal plasmaproliferative disorder and clinical improvement. This obser-
vation clearly links the plasma cell clone to the peripheral neuropathy and
other clinical features, though the mechanism is not yet fully elucidated.
Pro-angiogenic and pro-inflammatory cytokines have been shown to
track with disease course, and VEGF is considered to be the best puta-
tive candidate for underlying pathogenesis.** Emerging cytokine and
molecular data, including cytogenetic findings will be reviewed.’ Because
a progressive neuropathy is often the dominant feature of the disease,
patients are often labeled as having chronic inflammatory demyelinating
polyneuropathy (CIDP). Clues that differentiate CIDP from POEMS syn-
drome are the presence of other paraneoplastic features of the
acronym/syndrome and a lack of response to standard CIDP therapies,
i.e. intravenous gammaglobulin and plasmapheresis. Instead, the main-
stays of therapy for patients with POEMS include irradiation, corticos-
teroids, and alkylator-based therapy, including high dose chemotherapy
with peripheral blood stem cell transplant.® Data on novel therapies like
bevacizumab and immunomodulatory therapies will be discussed.”
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PARAPROTEINEMIA RELATED NEUROPATHIES
E. Nobile-Orazio

Department of Neurological Sciences, Milan University, 2 Neurology Service,
IRCCS Humanitas Clinical Institute, Rozzano, Milan, Italy

Introduction. Even if the association of neuropathy with monoclonal gam-
mopathy has been known for several years, the clinical and pathogenet-
ic relevance of this association as well as its therapeutical implication are
not completely established. This is not a marginal problem as: a) mon-
oclonal gammopathy, which in 75% of cases are or of undetermined sig-
nificance and therefore asymptomatic not requiring per se any treat-
ment, can be found in 1% of the population above 50 years and in 3%
of those above 70 years, and b) a symptomatic neuropathy can be found
in at least 8% of patients with monoclonal gammopathy, so that the
prevalence of this neuropathy in the population above 50 years may be
of 80 per 100.000, representing, after diabetes, one of the leading caus-
es of neuropathy in aged people. Monoclonal gammopathy may result
from malignant lymphoproliferative diseases including multiple myelo-
ma or solitary plasmocytoma, Waldenstrom's macroglobulinemia (WM),
other IgM secreting lymphoma or chronic lymphocytic leukaemia, as
well as from primary amyloidosis (AL) and cryoglobulinemia. In most
instances monoclonal gammopathy is not associated with any of the
above mentioned disorders and is per se totally asymptomatic, being
named benign monoclonal gammopathy or, more appropriately, mon-
oclonal gammopathy of undetermined significance (MGUS) for the pos-
sible, though infrequent (approximately 1% per year), evolution into
malignant forms (Kyle & Rajkumar 2003). In these patients neuropathy
is often the only clinical manifestation of the underlying haematologi-
cal disorders. The prevalence of a symptomatic neuropathy in patients
with monoclonal gammopathy varies according to the haematological
diseases and, for the same disease, from series to series, depending on
the criteria used to define the presence of neuropathy. In two large series
of patients with MGUS for instance, the prevalence of a symptomatic
neuropathy ranged from 8% to 36% of patients being significantly high-
er in patients with IgM than with IgG or IgA MGUS, reinforcing the
hypothesis, at least for IgM monoclonal gammopathy, of a possible
pathogenetic role of IgM M-proteins in the neuropathy. This issue has
bee recently reviewed by a panel of experts (Hadden et al. 2006).

Neuropathy and IgM monoclonal gammopathy

A symptomatic neuropathy has been reported in up to 50% of
patients with I[gM monoclonal gammopathy. Some of these patients
have WM or other forms IgM secreting lymphoprolipherative disease.
The majority of them have however an [gM MGUS whose only clini-
cal manifestation is the neuropathy leading a panel of haematologist to
include them in a clinically distinct group that they proposed to name
IgM- related disorders (Owen et al. 2003). Different forms of neu-
ropathies have been associated with IgM monoclonal gammopathy,
possibly reflecting the different mechanisms involved in their patho-
genesis (Nobile-Orazio 1998): cranial nerve palsies, mononeuropathies
or mononeuritis multiplex have been reported in WM and lymphoma
and were related to lymphoplasmacytic infiltration of nerves, amyloid
deposition, cryoglobulinemic vasculitis or microangiopathy of



endoneurial vessels. The vast majority of these patients, as well as of
those with IgM MGUS, have however a chronic progressive, symmet-
ric and predominantly distal neuropathy which was occasionally relat-
ed to endoneurial accumulation of the M-protein, or diffuse microan-
giopathy but most frequently to a reac—tivity of the M-protein with a
number of neural antigens including MAG, cytoskeletal proteins, chon-
droitin sulfate C, sulfatide and several gangliosides. Overall these reac-
tivities are found in at least two thirds of patients with neuropathy and
IgM monoclonal gammopathy being more frequent in MGUS (84%)
than WM (38%) (Nobile-Orazio et al. 1998). Some of these IgM reactiv-
ities have been associated with homogeneous neuropathy features,
which will be here briefly reviewed. Neuropathy associated with anti-MAG
Igh. In almost 50% of patients with neuropathy associated with IgM
monoclonal gammopathy the M-protein react with MAG and other
nerve glycoconjugates sharing with MAG the HNK-1 carbohydrate epi-
tope (Nobile-Orazio et al. 1998). Almost 80% of patients with anti-MAG
IgM have IgM MGUS while most remaining patients have an otherwise
asymptomatic WM. The neuropathy in patients with high anti-MAG
IgM antibodies is quite homogeneous, mostly affecting men in the six-
ties or seventies. The neuropathy is characterized by a distal and sym-
metric, predominantly deep sensory involvement, with gait ataxia and
postural tremor in the upper limbs. Motor impairment is usually less
prominent and often appears later. The neuropathy usually runs a slow-
ly progressive course with most of the patients having a long-term
favourable functional prognosis with only a minority of them becoming
disabled after several years (Nobile-Orazio et al. 2000). Electrophysiolog-
ical and morphological studies are consistent with a demyelinating neu-
ropathy. Several data support the pathogenetic role of anti-MAG IgM in
the neuropathy: 1) high titres of anti-MAG IgM antibodies are almost
invariably associated with an homogeneous clinical pattern and predict
the development of neuropathy in asymptomatic patients with IgM
monoclonal gammopathy; 2) pathological studies on nerve biopsies
show segmental demyelination with abnormally spaced myelin lamel-
lae and deposits of [gM M-protein and complement on nerve myelin, i.e.
the target of the anti-neural reactivity; 3) therapeutical reduction of anti-
MAG IgM most often correlates with clinical improvement; 4) comple-
ment mediated demyelination of nerve has been experimentally induced
in animals by intraneural or systemic injection of anti-MAG IgM M-pro-
teins. Several therapies directed at reducing the presumably pathogenic
IgM paraprotein or B-cell clone have been used in these patients, includ-
ing steroids, plasma exchange, cytotoxic agents, high-dose intravenous
immunoglobulin (IVIg) and interferon-o. Even if almost 50% of patients
have been reported to improve, at least temporarily, after one of more
of these therapies’ their effect on the long-term prognosis of the neuropa-
thy remains unclear as in only few studies the follow-up exceeded two
years. This data would be particularly important in consideration of the
usually slow progression and relatively favourable prognosis of the neu-
ropathy associated with anti-MAG IgM, and the frequent adverse effects
of most of these therapies. In addition very few controlled trials have
been performed in these patients with only one showing a modest short-
term efficacy of IVIg so that there is insufficient evidence to recommend
any particular immunotherapy in this neuropathy (Lunn et al. 2003). The
preliminary positive effect on the neuropathy reported with the human-
ised monoclonal antibody (Rituximab) directed against the CD20 anti-
gen on B-lymphocytes has been now confirmed by a randomized trial
(Dalakas et al. 2006). Neuropathy with other anti-netve reactivities. Several
other anti-neural reactivities of IgM M-proteins have been reported in
patients with IgM related neuropathies. Anti-sulfatide [gM have been
reported in several patients with neuropathy, half of whom had IgM
monoclonal gammopathy, and were initially associated with chronic
progressive, predominantly sensory axonal neuropathy or with painful
small fiber neuropathy with normal electrophysiological studies, while
in subsequent reports this reactivity has been associated with sensori-
motor demyelinating neuropathy. Morphological studies on sural nerve
biopsy showed in some patients deposits of the M-protein and com-
ple~ment. Few data are available on the clinical response to treatment
in these patients so that their strict association with a dysimmune neu-
ropathy mainly supports the possible pathogenetic relevance of these
antibodies. IgM reactivity with the ganglioside GAI1 has been original-
ly reported in patients with JgM monoclonal gammopathy and a pecu-
liar neuropathy named multifocal motor neuropathy, even if the vast
majority of subsequently reported patients with these antibodies did
not to have an IgM monoclonal gammopathy. More recently a number
of patients have been reported with neuropathy associated with an IgM
monoclonal gammopathy reacting with gangliosides containing disialosyl
groups including GQ1b, GD1b, GT1b, GD3 and GD2 (Willison et al. (2001).
Most of these patients had a chronic sensory neuropathy with promi-
nent ataxia, usually mild or no weakness, recurrent ophthalmoplegia
and cold agglutinin activity of the M-protein that often bind to the Pr2
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antigen on red cell membranes. Willison proposed for this syndrome the
acronym CANOMAD (Chronic Ataxic Neuropathy with Ophthalmo-
plegia, M-protein, cold Agglutinins and anti-Disyalosil antibodies). In
most of these patients electrophysiological and morphological studies
were consistent with a demyelinating process. In none of them myelin
deposits of the M-protein were found in sural nerve, but in one inflam-
matory cells infiltrates were found reminiscent of CIDP. This may
explain the reported improvement of some of these patients after [VIg
therapy. Monoclonal IgM reactivities with other gangliosides have been
occasionally reported in these patients including GD1a, GAM2 and GD1b.
The possible pathogenetic and clinical relevance of these and other even
less frequent IgM reactivities remains unclear as in none of these patients
IgM deposits were found in sural nerves and little is known on their
response to immune therapies. At the same time the very small number
or reported observations does not permit to clarify the clinical phenotype
of these reactivities. Neuropathy with Ighl not reacting with neural antigens.
In approximately one third of the patients with neuropathy associated
with I[gM monoclonal gammopathy no reactivity of the M- protein with
any of the above mentioned nerve antigens could be detected. This is
particularly true for patients with WA or lymphoma, two thirds of whom
have no detectable reactivity. Several other mechanisms have been impli-
cated in the pathogenesis of the neuropathy in this group of patients
including vasculitis of vasa nervorum or intravasal precipita-tion of
immunoglobulins when the IgM M-protein is a cryoglobulin, direct lym-
phoplasmacytic infiltration of nerves, hyper viscosity, microangiopathy
of vasa nervorum, endoneurial accumulation of the M-protein or amy-
loidosis. As already mentioned, these mechanisms are often associated
with a mononeuropathy or mononeuritis multiplex, but can also under-
lie a symmetric polyneuropathy. Whatever is the mechanism for the
neuropathy in this heterogeneous group, this is also often strictly relat-
ed to the M-protein or to its producing cells explaining why treatment
directed at reducing IgM M-protein production may result in clinical
improvement. Since a malignant lymphoproliferative disease with con-
comitant life-threatening extra-neurological impairment affects most of
these patients, an aggressive chemotherapy under the supervision of
competent haematologists is usually required.

Neuropathy and IgG monoclonal gammopathy

While neuropathy associated with IgM monoclonal gammopathy is
well characterised, less clear is the relationship between the neuropathy
and IgG M-protein. Some patients have multiple myeloma in which neu-
ropathy is occasionally the presenting symptom but more frequently
occurs in patients with an established disease, with a prevalence of 3%
to 13%. The neuropathy associated with multiple myeloma is clinical-
ly heterogeneous (Kelly 1998) probably reflecting the presence of differ-
ent pathogenetic mechanism. In approximately half of the patients the
neuropathy is caused by light chain amyloidosis with a predominantly
sensory distal impairment, postural hypotension and other signs of auto-
nomic impairment, and is often associated with signs of systemic amy-
loidosis including malabsorbtion, cardiac and renal dysfunction. Nerve
or nerve root direct infiltration by myeloma or compression by bone
lesions cause an asymmetric mono or multineuropathy or radiculopathy
often characterized by excruciating pain. Neuropathy also occurs as a
complication of therapy used in myeloma including vincristine, thalido-
mide and, more recently, bortezomib. More typical are the features of
the neuropathy associated with osteosclerotic myeloma where neuropathy
is found in up to 50% of the patients and where it is often the present-
ing symptom of the disease. These patients often have a severely dis-
abling predominantly motor demyelinating neuropathy frequently start-
ing with sensory symptoms. This neuropathy is sometime associated
with other non-neurological manifestations including, organomegaly,
endocrinopathy, lymphoadenopathy, ascites, peripheral oedema and a
very typical brown reddish tanned colour of the skin. This constellation
of symptoms has been collected under the eponym of POEMS (Polyneu-
ropathy, Organomegaly, Endocrinopathy, /-protein and Skin changes)
and has been occasionally reported also in patients with non-malignant
gammopathies (Dispenzieri et al. 2003). The clinical and pathogenetic rel-
evance of this association is supported by the improvement of the neu-
ropathy observed in more than half of the patients who respond to the
treatment of the osteosclerotic lesion(s) which include local radiothera-
py or resection of the tumor and a variable combination of steroids and
melphalan, and more recently autologous peripheral blood stem cell
transplantation (Dispenzieri et al. 2004). The majority of patients with
neuropathy and IgG M-protein have an IgG MGUS, which is found dur-
ing the work-up or the follow-up of the neuropathy. The prevalence of
a symptomatic neuropathy is however lower (3%) than IgM MGUS
(15%) (Nobile-Orazio et al. 2002), possibly explaining the lower repre-
sentation of IgG in large series of patients with neuropathy and MGUS.
Several forms of neuropathy have been associated with IgG MGUS even
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if in more recent studies, almost half of the patients had a chronic
demyelinating neuropathy clinically and therapeutically indistinguish-
able from chronic inflammatory demyelinating polyradiculoneuropa-
thy (CIDP) (Hadden ez al. 2006) while the remaining had a predomi-
nantly sensory axonal or mixed neuropathy. The possible pathogenetic
role of IgG M-proteins in the neuropathy remains however unclear as
in very few patients reactivity of IgG M-proteins with neural antigens
or endoneurial deposits of IgG have been reported, while in over 50%
of them the M-protein become manifest several months to years after
onset of the neuropathy. Still the improvement observed with
immunotherapy not only in patients with a CIDP-like neuropathy but
also in some of those with an axonal neuropathy suggest that even if the
presence of IgG MGUS might not be primarily pathogenetic, its finding
may represent a marker of a possibly dysimmune origin of the neuropa-

thy.

Neuropathy and IgA monoclonal gammopathy

Only few patients with neuropathy and IgA monoclonal gammopa-
thy have been reported representing in most large of patients with neu-
ropathy and monoclonal gammopathy a very small proportion of the
patients. Some of these patients have myeloma or a POEMS syndrome
(see above) while a few of them had IgA MGUS. The clinical and elec-
trophysiological features of the neuropathy in these patients are quite het-
erogeneous (Nobile-Orazio et al. 2002) making it impossible to identify
a prevailing type of presentation except that the neuropathy was chron-
ic progressive in all but one patient who had an acute onset. As in the case
of neuropathy associated with [gG MGUS there is little evidence that IgA
M-proteins have a primary pathogenic role in the neuropathy since anti-
neural reactivity or endoneurial deposits of IgA M-proteins have been
occasionally reported. Few patients have been reported to improve with
immune therapies but their limited number and the consequent elevat-
ed risk of a publication bias are not sufficient to justify the assumption
that the identification of an IgA M-protein reveal a dysimmune origin of
the neuropathy which might benefit of immune therapies.
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S11.1
HIGH-RESOLUTION MAPPING OF COMMON GAINS AND LOSSES IN MYELOMA
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Introduction. To identify novel genetic factors contributing to the patho-
genesis and prognosis of multiple myeloma (MM) we have initiated a
comprehensive genomic screen using array-based comparative genom-
ic hybridization (aCGH). Materials and Methods. Genomic copy number
changes were assessed in 68 MM samples using the Agilent Human
Genome 44B microarray (Agilent Technologies). We focused on defin-
ing common breakpoint regions and minimally deleted and amplified
regions, MDR and MAR respectively, which are not well defined in
MM. Genes contained within the MDR and MAR were cross-referenced
with a list of ~2100 genes mutated and implicated in neoplasia. Results.
A large number of recurrent breakpoints and copy number gains/losses
were identified. Known aberrations such as the recurrent trisomies, 1p
loss, 1q gain and 13 monosomy were observed and agrees with exist-
ing FISH data on these patients. We identified 35 recurrent breakpoints
that either occurred within a specific genomic window of ~35 kb or
breakpoints that occurred within a specific gene. Six of the identified
breakpoints occurred in more than 4 patients and one was present in 6
patients. We identified 99 minimal regions of copy number change that
encompassed 352 genes implicated in cancer. Interestingly, we identified
nearly equal numbers of MDR and MAR, 49 and 50 respectively. The
high-resolution of this aCGH platform allowed the identification of 43
recurrent regions of copy number change below 1.0 Mb. Furthermore,
24 are below 0.5 Mb and 9 are below 0.2 Mb. The number of aberra-
tions per tumor ranged from 2 to 58. The presence of a complex genome
(more than 20 aberrations) is associated with a worse prognosis (24
months versus 88 months, log-rank p=0.0016). This effect is not simply
a dichotomy of hyper and non-hyperdiploid MM as the incidence of a
complex genome was equally distributed between both subgroups. Con-
clusions. This study has identified a number of recurrent breakpoint
regions and copy number changes that were not previously character-
ized. The high resolution of our aCGH platform has identified 24 recur-
rent gains or losses smaller than 1.0 Mb that contain genes previously
implicated in cancer.

$11.2
MICROCHIPS FOR OPTIMIZED FISH SCREENING IN MYELOMA
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L.M. Pilarski* C.J. Backhouse'

'Department of Electrical & Computer Engineering, University of Alberta,
Edmonton; *Cross Cancer Institute, Edmonton, Canada

Introduction. Interphase fluorescence in situ hybridization (FISH) is a
sensitive diagnostic tool used for the detection of chromosomal abnor-
malities on cell-by-cell basis, that can predict prognosis and response to
therapy. However, the cost-per-test and the technical complexity of cur-
rent FISH protocols has compromised its widespread utilization. Lab-on-
a-chip devices miniaturize, integrate and automate conventional analyt-
ical techniques onto microfluidic platforms. Since microchannels permit
sophisticated levels of fluid control, these devices can reduce analysis
times, lower reagent consumption, and minimize human intervention.
Materials and methods. We present both glass and PDMS microfluidic
platforms that standardize much of the FISH protocol offering repeat-
able results that are accurate, cost-effective and easy to obtain in a clin-
ical setting. Furthermore, we examine on-chip methods to enhance the
hybridization portion of FISH; specifically, mechanical or electrokinet-
ic pumping. To verify the robustness of our microchip FISH protocols,
multiple probe and cell combinations were tested. Results. Compared to
conventional methods, these first implementations of on-chip FISH pro-
vide a 10-fold higher throughput and a 10-fold reduction in the cost of
testing, enabling the simultaneous assessment of several chromosomal
abnormalities or patients. In addition, the two methods of on-chip agi-



tation improve the hybridization rate and are currently being optimized.
We also demonstrate that the time limiting mechanisms during
hybridization can be minimized even further using microchip methods.
Conclusions. It is increasingly essential that diagnostic tests determine
the type and extent of chromosomal abnormalities for more informed
diagnosis and for appropriate choice of treatment strategies. On-chip
FISH technology allows chromosomal analysis in hours as opposed to
days. Further, the on-chip FISH technique introduced here was 10 times
more cost-effective than conventional methods with the potential to be
fully integrated and automated. This technology will make wide-spread
genetic testing of myeloma patients more accessible in a clinical setting.
This work was supported by the Natural Sciences and Engineering
Research Council (NSERC), the Informatics Circle of Research Excel-
lence (iICORE), the Alberta Ingenuity Fund, a Western Economic Diver-
sification grant, and the Canadian Institutes of Health Research (CIHR).
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MOLECULAR PROGNOSIS IN MULTIPLE MYELOMA: THE IFM EXPERIENCE
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Introduction. Survival of patients with multiple myeloma is highly het-
erogeneous from periods of few weeks to more than ten years. We used
functional genomics to develop a gene classifier of survival in these
patients. Materials and Methods. Malignant plasma cells from 250 myelo-
ma patients at diagnosis were examined for gene-expression profile.
Supervised methods were used to identify individual genes that predict-
ed survival based on their expression in a training group of 182 patients.
The survival gene-predictor built from these genes was validated in an
independent test group of 68 patients. Results. The 15 most stable genes
associated with the length of survival were used to calculate a risk score
and to stratify patients in low-risk, intermediate-risk and high-risk. The
15-gene classifier was highly predictive of survival in the training group
(»<0.001) and in the test group (¢<0.001). The Kaplan Meier estimates
of rates of survival at 3 years were 95.1 percent (95 percent confidence
interval, 88.4 to 97.9), 81.3 percent (95 percent confidence interval, 66.5
-90.1) and 47.4 (95 percent confidence interval, 33.5 to 60.1) respective-
ly in patients having a low, intermediate or high risk. In a multivariate
Cox proportional-hazards analysis, the 15-gene classifier performed sig-
nificantly better (#<0.0001) than serum beta2-microglobulin > 5.5 mg/L
(»=0.03) while t(4;14) was not statistically significant. Combination of
both independent parameters was very powerful to identify highest risk
patients (20 out of 250) with a 3-year survival rate of 26.1 percent (95 per-
cent confidence interval, 8.6 to 47.9). Conclusions. Gene-expression-based
classification provides a robust and accurate tool to predict survival after
high dose therapy for multiple myeloma. This method might serve for
a more personalized treatment strategy.
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GENE EXPRESSION PROFILES AS PROGNOSTIC FACTORS FOR HIGH-DOSE THERAPY
AND BORTEZOMIB IN PATIENTS WITH MULTIPLE MYELOMA

A. Broyl,' D. Hose,’ Y. de Knegt,' H. Lokhorst,” H. Goldschmidt,?
P. Sonneveld'

From the Department of Hematology 'Erasmus Medical Centet, Rotterdam
(EMCR), Department of Hematology; *Utrecht University Medical Center
Utrecht, Utrecht (UMCU), Department of Internal Medicine V; *University of
Heidelberg, Heidelberg, Germany

Background. The standard treatment of newly diagnosed multiple
myeloma (MM) is based on induction treatment followed by high-dose
melphalan. CR/nCR percentages range from 20-50% with event free
survival (EFS) ranging from 18 months to 28 months. The 5-year survival
rates are 25% to 50%, however all patients eventually relapse and suc-
cumb to the disease. Classical unfavourable prognostic factors include
high serum B2-microglobulin and chromosome aberrations such as-
13/13q-, t(4;14) and t(14;16). Bortezomib, a proteasome inhibitor, and
Thalidomide, an anti-angiogenic and immunomodulatory drug, have
recently shown a remarkable effect in patients with relapsed or refrac-
tory MM with 30-40% response rates. In combination with Dexam-
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ethasone and/ or other conventional agents overall response rates of 50-
70% can be achieved. In newly diagnosed patients the response rates
vary from 70 - 85%. Moreover, Bortezomib was found to overcome
poor prognostic factors like a high f2-microglobulin and/ or deletion of
chromosome 13. However, 15-30% of newly diagnosed patients do not
respond to Bortezomib or Thalidomide. Secondly, 30% of the patients
treated with these novel agents have to stop prematurely because of
intolerable side effects, such as polyneuropathy, thrombocytopenia,
thrombosis and gastro-intestinal symptoms. Aims. In order to develop
new, genetic prognostic factors for clinical response and toxicity associ-
ated with Bortezomib and Thalidomide, we have started to analyze
gene expression profiles of myeloma specific genes in plasma cells puri-
fied from bone marrow from myeloma patients at diagnosis who have
been treated in a prospective randomized trial, HOVON 65. This large
multicenter, prospective, randomized phase III trial compares Borte-
zomib in combination with Adriamycin, Dexamethasone (PAD, arm A)
followed by HDM followed by maintenance with Bortezomib vs. VAD
(arm B) followed by HDM and maintenance with Thalidomide (HOV-
ON65/GMMG-HD4). This cooperative trial in the Netherlands, Belgium
and Germany has recruited over 400 patients since April 2005 and will
include 800 patients. Methods. Gene expression profiling of CD138 mag-
netic cell selected (MACS) myeloma plasma cells were performed using
Affymetrix GeneChip Human Genome U133 plus 2.0 arrays. Data
obtained from micro-array studies were submitted to Cox regression
analysis and multifactorial analysis with the clinical data set from these
patients. Results. We will present an unsupervised cluster (SAM) analy-
sis based on the array results from the first cohort of 130 patients. The
analysis shows that the majority of cases can be identified according to
the TC classification. The initial results of clinical outcome of these cas-
es will be presented.
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COMPARTMENT-SPECIFIC BIOLUMINESCENCE IMAGING (CS-BLI): A HIGH-THROUGHPUT
APPROACH TO IDENTIFY NOVEL ANTI-MYELOMA THERAPIES THAT OVERCOME
THE PROTECTION OF STROMAL CELLS
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J. Zurawska,' N. Mitsiades,' K.C. Anderson,' C.S. Mitsiades'

1 Department of Medical Oncology, Dana Farber Cancer Institute, and Depart-
ment of Medicine, Harvard Medical School, Boston MA 02115, USA

Introduction. The bone marrow (BM) microenvironment (including
bone marrow stromal cells; BMSCs) attenuates multiple myeloma (MM)
cell response to conventional treatments. Novel agents (e.g. thalidomide
derivatives and proteasome inhibitors) are able to overcome this BM-
derived protection and consecquently have better clinical activity in
relapsed/refractory MM. MM-BMSCs interactions are therefore impor-
tant for testing potential anti-MM compounds. However, conventional
assays used in high-throughput drug screening (e.g MTT assays) are typ-
ically not amenable to co-cultures. Conversely, assays often applied in
MM-stromal co-cultures (e.g. 3H-thymidine incorporation) have limita-
tions that preclude their high-throughput application. Materials/Meth-
ods/Results. To address this void in anti-MM drug development, we estab-
lished a compartment-specific bioluminescence imaging (CS-BLI) assay,
where the tumor cell compartment (e.g. MM cells) is engineered to sta-
bly express luciferase (Luc) and can be co-cultured with Luc-negative
accessory cells of the tumor milieu (e.g. BMSCs). Addition of luciferin to
the culture generates bioluminescence signal directly proportional to
number of viable Luc+ cells, thus allowing for selective and sensitive
quantification of the viable MM tumor cell compartment. We estab-
lished that CS-BLI exhibits high linear correlation (R2>0.99) between
bioluminescent signal and detection of (as few as 1500) viable MM cells;
provides sensitive and specific detection of MM cell viability both in the
presence and absence of BMSCs; yields results consistent with conven-
tional drug sensitivity assays both in the presence or absence of BMSCs.
We applied CS-BLI with variety of permutations, including different
tumors types (e.g. MM, leukemia, lymphoma and solid tumor cells) and
accessory cells (different BMSC types, fibroblasts etc.). We confirmed
that CS-BLI provides results consistent with prior data, i.e. that stroma
protects MM cells from Dex, alkylators and anthracyclines, but not
against bortezomib and hsp90 inhibitors and confirmed the feasibility
of using CS-BLI in high-throughput formats. Conclusions. CS-BLI is able
to overcome the key limitations that have precluded the establishment
of high-throughput screening for testing new drugs in tumor-stroma co-
cultures. Its application provides a powerful tool to identify new and,
hopefully, more effective classes of drugs which are active despite the
effects of the microenvironment.
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IN VITRO AND IN VIVO ANTI-MYELOMA ACTIVITY OF PRLX, AN ORALLY-BIOAVAILABLE
AGENT AGAINST MUTANT RAS-TRANSFORMED CELLS
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P. Robbins,> N. Mitsiades,' P.G. Richardson,' S. Sahasrabudhe,’
K.C. Anderson,' C.S. Mitsiades'

'Dept. of Medical Oncology, Dana-Farber Cancer Institute, Harvard Medical
School, 44 Binney Street, Boston, MA 02115; *Prolexys Pharmaceuticals, Inc.,
Salt Lake City, UT 84116, USA

Introduction. Ras mutations occur in 40-60% of multiple myeloma
(MM) patients and are implicated in progression to advanced MM
(including plasma cell leukemia/extramedullary lesions). The small mol-
ecule PRLX (Prolexys Pharmaceuticals) was identified in the context of
synthetic lethal chemical screening for genotype-selective cytotoxicity
against cells transformed with forced expression of mutant Ras (but not
against isogenic normal cell counterparts) and was tested for possible
anti-MM activity in vitro and in vivo. Materials, Methods and Results. MTT
survival assays showed that 34 of 46 human MM cell lines (74%)
responded to 48hr treatment with sub-uM PRLX concentrations (achiev-
able in preclinical pharmacokinetic studies). (24 MM lines had IC50 val-
ues <300 nM). PRLX anti-MM activity compared favorably with its in
vitro activity against other neoplasias (leukemias, lymphomas, and sol-
id tumors) and was not restricted to cells with known Ras mutations.
Importantly, PRLX was active against MM cells resistant to convention-
al (Dex, alkylators, anthracyclines) and/or novel (e.g. lenalidomide, CC-
4047, bortezomib, multitargeted kinase inhibitors) anti-MM treatments.
Cell death commitment assays revealed that a pharmacologically rele-
vant 5hr pulse with 300 nM PRLX is sufficient to commit MM-1S, NCI-
H929 and OPM-2 MM cells to cell death. Importantly, co-culture with
BMSCs did not protect MM cells against PRLX (at doses non-toxic to
BMSCs). Gene expression profiles (with Affymetrix U133 2.0plus
oligonucleotide microarrays) showed early (<2hr) of PRLX-induced
modulation of broad spectrum of genes involved in regulation of cellu-
lar bioenergetics. The in vivo anti-MM activity of PRLX was evaluated
in SCID-beige mice sublethally irradiated with 300 rad, subsequently
injected i.v. with 1x10° OPM-2 MM cells (which led to diffuse medullary
and extramedullary lesions). Mice were randomly assigned to receive,
by oral gavage, either PRLX 100 mg/kg (n=14) or vehicle only (n=14), on
cyclical schedule of 5 days-on/2 days-off treatment. After 47 days of
oral PRXL administration, median overall survival was not reached in
PRLX-treated cohort (12/14 mice still alive) vs. 35 days (95% CI: 23-47
days) in the control group (0/14 alive at day 47) (Kaplan-Meier analysis,
p<0.0001, log-rank test). Conclusions. PRLX represents a promising nov-
el orally bioavailable agent that merits further evaluation for possible
clinical trials for advanced MM patients.
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CATHEPSIN G IS UPREGULATED IN PATIENTS TREATED WITH IMIDS

R. Pal’, R. Berlin', M.Y. Mapara’, S. Cameron’, D. Stirling’,
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'University of Pittsburgh Cancer Institute, Pittsburgh, PA; *Celgene Corporation,
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Introduction. Despite impressive response rates induced by IMiDs in
patients with multiple myeloma, one of the major side effects of this
therapy is the increased risk of thromboembolic events (TEE). Cathep-
sin G is a serine proteinase present in the azurophilic granules of poly-
morphonuclear neutrophils (PMNs) and is a potent platelet activator
with potency similar to thrombin. In the current study we investigated
the e&ect of IMiDs (CC-4047, CC-5013) on cathepsin G. Methods and
Results. CD34* hematopo1et1c progenitors were cultured under condi-
tions (IL-3, IL-6 and SCF) supporting the development of granulocytes
and treated with CC-4047 or DMSO (control). RNA and protein were
extracted for the analysis of cathepsin G. A significant up-regulation of
cathepsin G (7.7 fold) was detected in oligonucleotide gene array analy-
sis after 3 days of treatment with CC-4047 as compared to control group.
These results were confirmed by RT-PCR, which showed a 3.7 and 7.6
fold mRNA-increase on day 6 and day 10 of culture compared to vehi-
cle control. Measuring cathepsin G in supernatant by ELISA revealed a
1.5 and 1.6 fold up-regulation on day 6 and 10, respectively. Next we
analyzed the cathepsin G levels of patients (n=10) treated with CC-5013
before treatment and on day 15 of each cycle. We observed a continu-
ous significant increase of the mRNA levels over the course of treat-
ment (baseline: 1, cycle 2: 1.7 fold, cycle 3: 4.8 fold, cycle 4: 20.7 fold).
These data were confirmed by measuring cathepsin G levels in patient
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serum by ELISA. Cathepsin G significantly increased from a baseline
mean of 53 ng/mL to 77.5 ng/mL (cycle 2), 129.2 ng/mL (cycle 3) and
145.5 ng/mL (cycle 4). Conclusions. These results show that IMiDs up-
regulate the potent platelet activator cathepsin G in hematopoietic cells
and thereby might contribute to the development of thromboembolic
events in patients receiving IMiD treatment. These results might explain
why aspirin is effective in preventing TEE in patients receiving IMiDs.
Further studies are needed to determine if cathepsin G helps to predict
thromboembolic events. Inhibition of cathepsin G might be a potential
therapeutic target for preventing the hypercoagulable state induced by
IMiD treatment.
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MELPHALAN-PREDNISONE-THALIDOMIDE (MP-T) IS ALSO SUPERIOR

TO MELPHALAN-PREDNISONE (MP) IN PATIENTS 75 YEARS OF AGE OR OLDER
WITH UNTREATED MULTIPLE MYELOMA (MM). PRELIMINARY RESULTS

OF THE RANDOMIZED, DOUBLE-BLIND, PLACEBO CONTROLLED IFM 01-01 TRIAL

C. Hulin, ].M. Virion, V. Coiteux, P. Rodon, B. Pegourie,
L. Benboubker, C. Doyen, O. Decaux, M. Dib, G. Guillerm, L. Voillat,
L. Gagneux, P. Moreau

Intergroupe Francophone du Myélome, France

Introduction. The MP-T combination has been shown to be the stan-
dard treatment in newly diagnosed MM patients (pts) aged 65 to 75
years (Facon et al.; JCO 2006; 24, Al). However, no specific therapeutic
recommendation exists for pts older than 75 years regarding the bene-
fit of adding Thalidomide to MP and these pts have frequently been
excluded from large clinical trials, although they represent more than
20% of MM pts. Methods. The IFM 01-01 trial was initiated in 04/2002.
Patients > 75 years with untreated MM were randomized to receive MP
(Melphalan 0.2 mg/kg/d + Prednisone 2 mg/kg/d day1-4, 12 courses at
6-weeks intervals) + placebo (MP-placebo) vs MP + daily Thalidomide
100mg/d (MP-T). No anti-VTE prophylaxis was given. The primary end-
point was overall survival (OS). Secondary end points were progression-
free survival (PES), response to treatment and toxicity. A first interim
analysis was performed after the inclusion of 150 patients and a data
safety monitoring board recommended a second analysis after the accru-
al of 200 patients. We here present the preliminary results of this analy-
sis. Results. At the reference date of November 1, 2006, 232 pts were ran-
domised. In all, 200 pts were analysed (100 per group), with 33.5% of
pts >80 years (median age, /8.4 years). There were no differences
between the 2 groups regarding baseline characteristics. Data were
analysed on an intent-to-treat basis. After the completion of therapy
the rates of partial response and very good partial response were 31%
and 8% respectively with MP-placebo vs 61% and 22% respectively
with MP-T. The median PFS time was 19 months (95%-CI 14.6-21.5)
with MP-placebo vs 24.1 months (95%-CI 19.4-29.7) with MP-T
(v=0.004 log-rank test). In the MP-T arm, 43/100 pts stopped treatment
due to toxicity (10 due to neuropathy) versus 11/100 in the MP-placebo
arm. Toxicity (Grade 2-4) included peripheral neuropathy (18%), som-
nolence (7 %) and DVT (7 %) with MP-T, vs 6%, 6% and 1% respective-
ly, with MP-placebo. Final results including OS data will be presented
at the meeting. Conclusion. MPT is an effective combination with accept-
able toxicity in patients with MM older than 75 years of age, with a sig-
nificant improvement in PFS.
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SHOULD AUTOLOGOUS TRANSPLANT BE PART OF THE PRIMARY TREATMENT IN MM?

B. Barlogie, E van Rhee, E. Anaissie, J. Epstein, ]. Crowley,
J. Shaughnessy

Myeloma Institute for Research and Therapy, University of Atkansas for Med-
ical Sciences, Little Rock, AR, USA

Background. During the past 15 years, there has been tremendous
progress in the primary and salvage management of patients afflicted
with multiple myeloma (MM). Several randomized and historically con-
trolled trials have demonstrated that melphalan (MEL)-based high-dose
therapy with autologous hematopoietic cell support effects, in compar-
ison to standard-dose regimens, superior rates of complete response (CR)
and, consequently, extended event-free survival (EES), which translated
into overall survival (OS) prolongation in some but not all studies. Tan-
dem autotransplants have further improved clinical outcome in the
IEM94 trial. Over the past 5-7 years, several new agents, especially
immuno-modulatory drugs [thalidomide and lenalidomide] and the pro-
teasome inhibitor bortezomib, have demonstrated marked salvage
potential. When applied up-front, in combination with DEX, each oth-
er and especially MEL, unexpectedly high CR rates approaching those
after MEL transplants have been reported. Follow-up is too short to be
certain about EFS and OS duration. Thus, there is enormous controver-
sy regarding the role, if any, of MEL transplants. Herein we report our
collective front-line experience with Total Therapy (TT) regimens,
employing as their backbone MEL200-based tandem transplants. As a
result of incorporating, in a step-wise fashion, novel agents and treat-
ment principles, all 3 clinical outcome measures (CR, EFS and OS) have
been steadily improved. Outcome results will be examined in the con-
text of state-of-the-art molecular genetic features, especially gene expres-
sion profiling (GEP) of highly purified plasma cells. Patients and Methods.
Accruals to TT1, TT2 and TT3 regimens involved 231, 686 and 303
patients during the time periods of August, 1990 to June, 1995; October,
1998 to February, 2004; and February, 2004 to July, 2006. TT1 was a
phase Il study employing induction therapy with 3 cycles of VAD, HDC-
TX for PBSC collection and EDAP; followed by MEL 200-based tandem
transplant (in absence of PR after first transplant, MEL140+TBI 8.5Gy
was applied); followed by IFEN maintenance. TT2 was a phase III study
randomizing patients up-front to * thalidomide (THAL) and introduced
more intensive induction therapy (VAD, DCEP, CAD with PBSC collec-
tion, DCEP); followed by MEL200-based tandem transplant (MEL140 for
age >70yr and creatinine 3 mg/dL); followed by consolidation therapy
with D-PACE ¢ 3 mo for 4 cycles; and IEN maintenance with DEX puls-
ing during the first year. TT3 introduced bortezomib (V) into an abbre-
viated 2-cycle induction prior to and consolidation treatment after
MEL200-based tandem transplants. Median follow-up times of living
patients are 12 years with TT1, 4.8 years with TT2, and 1.7 with TT3.
Results. With TT1, 62 patients remain alive (17 % at 15 years); 31 remain
event-free (7% at 15 years including 16 of 94 (41 %) that initially achieved
CR. Currently alive patients less frequently had cytogenetic abnormali-
ties (CA)at baseline (¢=0.002), post-enrollment (p<0.001)and at relapse
(=0.004); elevations of CRP (p=0.003) and LDH (p=0.029)m, anemia
(»=0.029); and they more oftrn had completed 2 transplants within 12
months 9p=0.019). Post-enrollment overall survival (OS) and event-free
survival (EFS) were superior in the absence of CA of the hypodiploidy
or deletion 13 variety (¢<0.001, »=0.037) and in the presence of low CRP
at baseline (p=0.001, p=0.017). Post-relapse survival was longer in the
absence of CA at relapse (¢<0.001), IgA isotype (p=0.002), ISS stage 3
(»=0.014) and when patients and two protocol-based transplants prior
to relapse)p=0.038).Ten-year EES and OS could be accomplished in 15%
and 33% of patients, respectively, when all agents available in 1089,
especially MEL, were applied together up-front for the management of
MM. GEP data available in 18 >10yr survivors revealed 14 to belong to
the MGUS-like subgroup of MM. With TT2, the 323 randomized to
THAL had superior CR at 48 months (61% v 42%; p<.0001) and EFS
(median, 5.9 yrs v 4.2 yrs; p=0.006) but comparable OS (median, NR v
7.1 yrs; p=0.38). When analyzed overall regardless of study arm, 436
patients remain alive (54 % at 7 years); 325 remain event-free (37 % at7
years) including 205 of 341 (60%) that initially achieved CR. The over-
all median OS has not been reached at 8 years, whereas the median
overall EFS is 4.6 years; and the median duration from onset of CR (medi-
an time to onset, 0.80 years) is 6.0 years. As with TT1, OS and EFS were
strongly influenced by the presence at baseline of any CA, so that 7-year
rates were 76%/53% in the absence and 50%/40% in the presence of
CA (p<.0001, p=0.0006). GEP data, available in 351 patients at baseline,
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revealed 13% to have high-risk MM (70 gene model) whose 7-year
OS/EFS rates are 32%/20% compared to 63%/36% for the remainder
(»<0.0001, p<0.0001). According to a 7 subgroup model, 7-year OS/EFS
rates are 74%/41% in CCND1-1, 89%/23% in CCND1-2, 58%/48% in
HYPERDIPLOIDY (HY), 78%/54% in LOW BONE (LB), 70%/44% in
MYELOID (MY), 57%/35% in MAF/MAFB (MF), 41%/18% in
FGFR3/MMSET (MS) and 20%/15% in PROLIFERATION (PR); signifi-
cant differences were thus observed among the former 4 and the latter
3 subgroups (¢<0.0001, p=0.0001). Comparing 51 paired relapse and
baseline samples, all 8 patients in the PR group relapsed with such sig-
nature; conversion at relapse to PR was noted in 1/12 with MS, 2/11 with
HY and 7/11 with MY. We also analyzed the importance of CR and time-
ly application of a second scheduled MEL transplant on clinical outcome.
Among 326 patients with both standard prognostic factor (SPF) and GEP
information, CR was beneficial in the model that included GEP only in
the high-risk subgroup of 13% (HR=0.22; »<0.001). A second transplant
was an independent favourable prognostic feature in both risk groups,
regardless of whether CR was achieved. With TT3, 303 patients were
enrolled between February 2004 and July 2006. As a result of shorter
induction and consolidation therapies before and after tandem trans-
plants, the compliance rate was markedly improved over TT2: 84% v
66% completed both transplants (7<0.0001); treatment-related mortali-
ty (TRM) was similar at 5%, although more patients on TT3 were at
least 65 years old (p=0.01). At 24 months, 84% v 68% had achieved n-
CR including CR in 59% v 44% (both p<0.0001). TT3 effected superior
EFS (24-mo estimates: 84% v 75%, p=0.02; <65yr: 86% v 76 %, p=0.008)
while OS was similar (86% v 85%; <65yr: 88% v 85%, p=0.16). In
younger patients with GEP-based high-risk MM, 24-mo estimates with
TT3 v TTI2 were 62% v 27 % for EFS (p=0.006) and 74% v 43% for OS
(»=0.06). Compared to the THAL arm of TT2, fewer patients on T3
experienced grade >2 tremor, constipation, syncope and thrombo-
embolic events. Thus, compared to T12, added bortezomib and short-
ened induction in TT3 increase tandem transplant compliance, effected
higher CR rates and extended EES with a strong trend for superior OS
in younger patients with high-risk MM, with reduced toxicity and sim-
ilar TRM. MEL-based autotransplants vis a vis novel agent combinations. As
with TT programs for children with acute leukemia, performed under
the auspices of St. Jude Children Hospital, the Arkansas data with TT
regimens for MM have improved steadily as a result of introducing,
based on salvage trial results, new agents and concepts into the front-line
management of patients with MM. Patient characteristics have remained
similar since 1989 with regard to the frequency of CA (one-third) and
most other prognostically relevant baseline features, except a significant
increase in the proportion of patients >=65yr that has risen from 10%
to 20% to almost 30% in TT1 to TT2 to TT3. The OS extension from
a median of 5.7 yr to >8 years is remarkable, as the 10-yr projection
with TT2 will likely exceed the 33% with TT1 significantly (possibly
exceeding 45%). CR and EES, and in a high-risk subgroup, OS results
with TT3 already surpass those with TT2. In this scenario, we are very
concerned about abandoning the workhorse of MEL-based high-dose ther-
apy requiring autologous stem cell support. Unlike other hematologic
malignancies, MM is characterized from the outset, and even at the
MGUS stage, by profound genetic complexity representing disease evo-
lution and transformation when patients present for their initial thera-
py. Thus, multiple targets have to be drugged, which can be accomplished
both with novel seemingly non-genotoxic and with genotoxic therapies
such as PACE and MEL. Moreover, recognizing the importance of inac-
tivating the cancer stem-cell also in MM (which seems to have a pre-plas-
ma cell phenotype and is likely quiescent), the TT concept of wisely
applying the entire treatment armamentarium up-front seems to be well-
founded. In fact, analysis of survival in relationship to the length of unin-
terrupted remission revealed that patients without relapse for 5 years had
12-yr OS rates of 66% v 30% (ref). As many practicing physicians have
begun to employ bortezomib and immuno-modulatory agents in com-
bination up-front, concern is growing and justified as to the salvageabil-
ity of such patients and whether delayed MEL-based interventions sub-
sequently will lead to cumulative survival experiences reported here.

The Atkansas approach to further improving MM therapy is taking: the follow-
ing direction toward individualizing treatment: 1. In an extended TT3 tri-
al of an additional 100 patients with evaluable baseline and 48hr post-
bortezomib single agent GEP data, validate (a) the high-risk MM base-
line signature; and (b) the favorable effect of bortezomib suppression of
amicro-environment-associated gene. 2. In a pilot TT4 protocol for pre-
viously treated patients with high-risk MM, we will determine whether
rapidly and frequently re-cycled stem-cell-supported high-dose DTPACE
(cycle length 18-21 days) can increase CR rate beyond 80 % and marked-
ly improve 2-yr CR and EFS rates. 3. Pilot standard-dose MEL-VID-type
therapies in high host risk settings (age >70yr) and examine results in
context of GEP-defined risk groups. 4. Validate pilot high-dose MEL300
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(8 fractions) plus VID as consolidation for previously treated patients
with standard risk. 5. Evaluate, in patients with MRI-defined focal
lesions, whether regional or systemic administration of MSC can
increase osteoblast (OB) number and function and thereby exert further
anti-MM effects. Conclusion. The treatment armamentarium for MM has
been greatly expanded. Rather than repeating a partisanship-like
approach of new versus old, the Arkansas data with TT programs have
provided compelling evidence that 10-yr survivorship can be expected
in nearly one-half of all patients treated up-front with all available agents
and principles. In order to safeguard against loss of long-term EFS and
OS results, trials need to be conducted in the context of the best avail-
able prognostic markers. The uniquely important role of CR in GEP-
defined high-risk MM is consistent with the prospect of curing hither-
to notoriously fatal MM entity, analogous to DLCL with the introduc-
tion of doxorubicin. The lack of EFS and OS implications of M-protein-
defined CR in good-risk patients has been partially traced to a MGUS-
like GEP subtype of MM in which such precursor lesion is re-estab-
lished; in addition, the persistence of MRI-defined focal lesions in clin-
ical CR is suggestive of dormant non-M-protein secreting MM-stem¢-
cells that are responsible for disease recurrence.
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$12.2
SHOULD AUTOLOGOUS TRANSPLANT BE PART OF THE PRIMARY TREATMENT IN MM?

]J.P. Fermand
Department of Immuno-Hematology, Hopital Saint-Louis, France

Present standard of care for young patients with multiple myeloma
(MM) is high dose therapy (HDT) with autotransplantation using blood
as the source of autologous stem cells. This therapeutic approach can
produce long-term survival (19% of the patients that we treated between
1985 and 1990, now with a median 15.8 year follow-up). In addition, it
has been demonstrated to significantly prolong survival when compared
with standard dose therapy (SDT) in prospective randomised trials con-
ducted by French (IFM), English (MRC) and Italian groups."® However,
the situation is somewhat more complex. Indeed, in other randomised
studies, namely a large US study, our MAG 91 study and the study of
the Spanish group Pethema, superiority of HDT over SDT in terms of
overall survival (OS) was not demonstrated.*® The very nature of these
contradictory data indicates that large numbers of patients would need
to be studied to demonstrate the potential advantage of HDT and sug-
gest that the improvement in survival, if any, is of limited duration. The
different results of the randomized studies can be explained in part by
differences in their design. In the Spanish study, for example, only
patients responding to an initial conventional regimen were randomized
whereas the others randomly assigned patients to HDT or SDT upfront.
Other significant differences in these study designs include the dura-
tion of SDT, which was highly variable, and patient age (patients were
older in the Italian and in the MAG studies). In the IFM90, MRCVII and
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Italian studies, SDT was delivered for one year (2 to 18 courses), until
the maximal response was attained (1 to 9 cycles, median 5) and to a
maximum of 6 monthly courses of melphalan and prednisone, respec-
tively. In the US study, all patients received 4 cycles of a VAD-like regi-
men, high dose cytoxan and then one year of VBMCP therapy. In the
MAG study, SDT was maintained until a stable plateau phase was
achieved (1 to 26 courses, median 12). Notably, OS of conventionally
treated patients was shorter in the 3 first studies (44, 42 and 37 months
in median, respectively) than in the 2 others (63 and 49 months, respec-
tively). This apparent correlation between SDT duration and survival is
not surprising since, as we have learnt from many pionering works, a too
short duration of SDT may mean that the slow response that occurs in
some patients, and that usually translates into long remission, is not
observed. Patients’ age also deserves consideration. Upper limits were
70 years in the US and Italian studies as compared to 65 years in the oth-
ers. Median age was about 55 years in all trials except in the MAG and
in the Italian studies in which it was 61 and 64 years, respectively. In the
English study, although randomization used an algorithm based on age
(<55 years vs.2 55 years), results according to this planned subdivision
were not reported.” In contrast, the IFM investigators reported the ben-
efit of HDT on survival only in the subgroup of patients who were 60
years or younger (1). Thus, not only the negative MAG study but also the
positive IEM trial highlighted the issue of patients’ age suggesting that the
survival advantage of HDT, if any, is likely only to concern the younger
age brackets. Of note, conclusions of the Italian study, which suggest-
ed the superiority of an intermediate-dose treatment (tandem melpha-
lan 100 mg/m’) over a MP regimen, were not confirmed by a second sim-
ilarly designed randomized trial (see below). Most of the previously
mentioned trials compared HDT rescued by SDT to SDT alone. A pro-
tocol comparing HDT with SDT followed by rescue HDT is likely to be
a better way of assessing the true merit of the two therapies. In the so-
called MAG 90 study, we did that early vs. late comparison in young
MM patients that were randomly assigned to receive HDT either as first
line therapy or as rescue treatment in case of primary resistance to a stan-
dard dose regimen or at relapse in responders.” Importantly, OS results
were quite similar, providing additional argument that HDT performed
early is not necessarily part of the primary treatment even for young MM
patients. A meta-analysis of data from 575 patients included in the 3 pre-
viously mentioned French randomized studies did not provide evidence
of an OS advantage of HDT as compared to SDT.° This was confirmed
by a recently published review and meta-analysis of all controlled trials
comparing HDT with single auto-transplantation and SDT for newly
diagnosed MM patients.’ It indicated a significant progression-free sur-
vival (PES) benefit but no OS benefit at all for HDT. Importantly, this
study included a careful comparison of treatment-related mortality
(TRM), which varied between 0 and 5% in SDT arms and between 2.1
and 12% in HDT arms. Overall, the risk of developing TRM with HDT
was increased about three fold, which is all the more noteworthy con-
sidering that all the randomized trials enrolled a somewhat selected pop-
ulations excluding, for instance, patients with overt renal insufficiency.
In unselected patients, TRM may be even higher when using HDT rather
than SDT. Pushing the more is better concept, B.Barlogie developed total
therapy programs including tandem transplantation. This prompted the

esign of prospective randomized trials comparing a single versus dou-
ble HDT sequence. The main one, the IFM 94 trial, which enrolled 399
young patients showed superior survival for tandem HDT." OS in the
double HDT arm (58 months in median) was statistically better than OS
in the single HDT arm (48 months) but, surprisingly, was similar to the
OS (57 months) of the (single) HDT arm of the previous FIDT vs SDT
IEM90 study. Although another randomized study, conducted in our
group, suggested a survival advantage for double transplant,"overall data
did not provide evidence for a benefit sufficient enough to overcome the
risks and constraints (including cost) of using tandem transplantation
instead of single transplant as primary treatment of young myeloma
patients. Even using tandem transplant, there is no plateau in survival
curves and present modalities of HDT do not to lead to cure. Accord-
ingly, it is critical to assess quality of life achieved after this treatment.
Analyzing average time without symptoms, treatment and treatment
toxicity - the so-called TwiSTT —, we suggested a better quality of life
for HDT up-front as compared to SDT and to late HDT.*” This was
based on treatment duration and obviously did not hold true for the
very intensive total therapy type programs in which tandem transplant is
preceded by an induction period and followed by consolidation cycles
which generally involves over 2 years on therapy, without taking into
account the maintenance treatment.” Novel anti-myeloma agents
(thalidomide, bortezomib and lenalidomide) that have transformed the
therapeutic options in refractory disease have been integrated into ther-
apy for newly diagnosed patients only recently. However, we already



know that combination of these drugs with corticosteroids, alkylating
agents and/or other chemotherapeutic drugs can produce impressive
improvements over the historical response rates for classical SDT, with
complete remission (CR) rates of up to 30%.""* Moroever, the most
recent randomized trial conducted by the IFM investigators, involving
patients aged between 65 and 75 years (including 41% over 70 years),
demonstrated that an up-front 12-month oral treatment combining MP
plus thalidomide is not only superior to MP alone but also to a tandem
melphalan (100 mg/m’) regimen."” Impressively, the OS of the patients
who were randomly assigned to the MP plus Thalidomide arm (>55
months in median) appeared greater than the OS of the patients who
received double transplant in the IFM94 study, who were significantly
younger (52 years in mean)!!! Thus, new SDT regimens can produced
very good response rates that are likely to be translated into longer remis-
sion duration compared to o/d SDT regimens. In contrast, incorporating
novel anti-myeloma agents into pre- per or post-HDT regimen does not
appear to confer any survival advantage. Indeed, the additional benefit
of performing HDT in good responders to initial chemotherapy is ques-
tionable, as illustrated by the Spanish Pethema study.’ In addition, in
two randomized comparisons of thalidomide or bortezomib including
regimen to a VAD-like regimen as pre-HDT induction treatment,
response rates were better at the time of HDT but similar at 6 months
post-HDT for patients in the new drug arm as compared to patients in
the VAD arm."*" Finally, incorporation of thalidomide into an intensive
HDT program was evaluated through a large randomized study that
showed an increase in the frequency of CR and an extension of EES but
more adverse effects and no improvement in OS." It is time to question
the more is better dogma which, unfortunately, produce true CR in only
a minority of patients, if any, and is not curative. The recent increase in
our therapeutic arsenal now gives us the opportunity to apply another
strategy: namely, long-term disease control through the sequential use
of combinations of novel and old anti-myeloma agents. This strategy is
already challenging the current standard of upfront HDT in that new
SDT modalities are likely to produce even higher response rates than
with sequential HDT. Of course, while evaluating these new regimens
through well-designed randomized studies, we should pursue our efforts
aimed at better understanding the oncogenic mechanisms of the differ-
ent forms of the disease, in an attempt to design adapted targeted ther-
apies.
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$13: Current and future perspectives in multiple
myeloma

$13.1
THE IMPORTANCE OF NEW AND EVOLVING RESPONSE CRITERIA
B.G.M. Durie

Department of Medicine, Division of Hematology/Oncology, Cedars-sinai Out-
patient Cancer Centet; Los Angeles, CA, USA

Why new International Uniform Response criteria are important
With the introduction of thalidomide, bortezomib (Velcade) and
Lenalidomide (Revlimid) important new questions have emerged.'
® What is the best choice for frontline therapy?
e Are complete response (CR) and very good partial response (VGPR)
predictive of improved outcome?
e s level of response pre-autotransplant important¢
e Which patients benefit most from double autotransplant¢
e Is benefit with maintenance mostly influenced by pre-maintenance
response¢

Addressing these and many other issues requires accurate, widely
accepted and reproducible criteria for response assessment.”® With this
in mind, the IMWG (International Myeloma Working Group) set out to:

e Clarify the critical endpoints

e Introduce stricter criteria for high level response: sCR (stringent

complete response) and VGPR (very good partial response)

e Clarify and improve details and correct inconsistencies in prior

response criteria

e Incorporate the serum FLC (FREELITE) assay into response assess-

ment especially for patients with oligosecretory and non secretory

disease.

e Provide discrete recommendations for monitoring and follow-up to

assess response status and/or development of a new event.

The new response criteria are listed in Table 1.

Practical details, which make a difference

Full eligibility and evaluability within a clinical trial dramatically
improves the quality of the outcome assessment. The new criteria elim-
inate the need for confirmation of response after 6-weeks. The main con-
cern s to eliminate laboratory error. Thus, a confirmatory test is required
to document maximum response, but this can be at any time up to the
6-week time point and but prior to initiation of stem cell harvesting
and/or any alternate therapy. More major emphasis is placed upon doc-
umenting time to progression (TTP) and duration of response (DOR),
which are true clinical endpoints. In addition, a distinction is made
between progressive disease associated with > 25% M-component
increase and other related numeric changes versus true clinical relapse.
Protocols can be structured with planned interventions (or not) at the
time of biochemical relapse (as in the past) and/or at clinical relapse
with development of a new bone lesion, plasmacytoma or hypercal-
cemia. Data related to both types of relapse can be captured.

Implications of achieving sCR, CR and/or VGPR

Response > VGPR occurs much more frequently with novel therapy
approaches. Is it worth added toxicities to achieve VGPR, CR or SCR
versus just PR¢ Does higher-level response translate into better out-
comes¢ More protocols are designed to ask these kinds of questions. (4)
For example, in a recent [FM trial comparing VAD with Velcade/ dex-
amethasone for induction, more patients achieved = VGPR with Vel-
cade/ dexamethasone and thus did not need to proceed with a second
autotransplant.® Conversely, with a prior thalidomide/ dexamethasone
trial for frontline therapy the > VGPR rate was the same versus VAD
when evaluated post a single autotransplant.” Having clear response cri-
teria available is incredibly helpful in these situations. Likewise, with
Revlimid/dexamethasone for frontline therapy it is important to note
that, with longer-term follow-up, 67% of patients continuing on
Rev/Dex maintenance ultimately achieved = VGPR (versus 38% after
first 4 cycles) as compared with 58 % in a non-randomized cohort receiv-
ing a single auto transplant.” These types of higher-level discriminations
are increasingly important in assessing best therapy options, balancing
efficacy and toxicities.

Introduction of the serum FLC assay

Three aspects pertaining to the introduction of the serum FLC assay
deserve emphasis. First, the serum FLC assay (FREELITE, The Binding
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Site, Birmingham, UK) is a highly sensitive marker of light chains in cir-
culation that are unbound to intact immunoglobulin, and the FLC ratio
is an excellent indicator of clonality. Thus, normalizing of serum FLC
ratio is a stricter indicator of CR, and may correlate well with extended
response duration.’ Note that in patients with renal insufficiency, the lev-
els of both the kappa and lambda may remain elevated, but the ratio nor-
malizes with achievement of CR. Second, in order to minimize chance
of error, FLC response is not assessable for patients who start with low
baseline serum FLC assay levels below 10mg/dL (< 100mg/L). Third,
although the serum FLC is a very reliable test, it is important to closely
monitor laboratory variation.” Strict guidelines are required with regard
to usage times for the serum FLC assay kits. It should also be noted that
serum FLC assay testing might be useful in the prognostic and response
evaluation of patients who also have a measurable serum and/or urine
M-component in the future, given its recently reported prognostic val-
ue in monoclonal gammopathy of undetermined significance (MGUS)."

Table 1. International Myeloma Working Group (IMWG) Uniform Response
Criteria*.

Response Category Criteria

sCR Stringent Complete Response
CR as below, plus:
FLC ratio normal
No clonal plasma cells (by immunotesting)
CR Complete Response
Immunofixation negative serum and/or urine
< 5% bone marrow plasma cells
Disappearance of any plasmacytomas
VGPR Very Good Partial Response
> 90% reduction in serum M-protein
Urine M-protein < 100 mg/ 24-hours
Immunofixation positive
PR Partial Response
> 50% reduction in serum M-protein
> 90% reduction in urine M-protein
and <200 mg/ 24-hrs.
SD Stable Disease

Not meeting any of the above criteria nor
progressive disease

* See Reference 3 for full details

Survival end points

The most useful early endpoints are progression-free survival (PES)
and time to progression (T TP). Progression-free survival is the time from
start of treatment to myeloma progression or death from any cause.
This is the best overall assessment of treatment benefit. Time to progres-
sion is the time from start of treatment to disease progression with
deaths due to causes other than myeloma progression not counted, but
censored. This is the most direct assessment of treatment durability
without considering other toxicities, events, or non-myeloma related
deaths. Both PFS and TTP are the best surrogates for overall survival. It
is important to realize that several factors complicate the use of overall
survival as the ultimate endpoint. In 2007, the typical survival will be >
5 years and the advent of new agents may extend this possibly substan-
tially. Thus, the sequential documentation of response, TTP and PES
with each treatment strategy becomes increasingly important to attempt
to assess the incremental benefit. It is essential to track TTP, PES plus
recorded toxicities and data related to both convenience and quality of
life. Because anticipated survival is now frequently > 5 years permanent
toxicities are especially problematic and need to be kept at a minimum.
For example, neuropathy caused by one agent can not only cause long-
term impaired quality of life, but also reduce the ability to use and ben-
efit from subsequent potentially neurotoxic agents. An important sec-
ondary endpoint is the ability to tolerate multiple sequential therapies.
Baseline molecular evaluation is also recommended within the trial set-



ting. Risk stratification has been a goal for some time. However, the
introduction of the novel therapies has forced a re-evaluation of precon-
ceived notions about risk. It may be that novel combinations can over-
come risks associated with 13q-; t (4;14) and other abnormalities. Fur-
ther studies are required. For now it is most important to include both
molecular and other potential prognostic tools, such as imaging, within
trials to allow prospective validation for new therapies. As treatment
for myeloma steadily improves it is increasingly important to have the
framework of the International Uniform Response Criteria, plus accurate
diagnostic, prognostic and stratification criteria to asses the best out-
comes.
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$13.2
INDIVIDUALIZING TREATMENT IN THE AREA OF MULTIPLE NOVEL AGENTS

J.E San Miguel

Servicio de Hematologia, Hospital Universitatio de Salamanca, Centro de Inves-
tigacion del Cancer, CSIC/ Universidad de Salamanca, Spain

The recent discovery of new drugs with singular mechanisms of
action, together with the better understanding of MM cell biology, which
has lead to the identification of new relevant prognostic factors, will
probably make it possible to develop individualized treatment in the
near future. Accordingly MM should no longer be considered as a sin-
gle entity and as occurs in other haematological malignancies (ALL,
AML, NHL) treatment should be tailored to the different MM subtypes.
As a brainstorming exercise I will share with you my personal view on
different alternatives for treatment individualization in MM patients.
Upon dealing with a newly diagnosed patient , as a first step I would
stratify their treatment according to two elements: age and risk factors.
The age (>65 or 70 years) will differentiate between transplant and non
transplant candidates, while risk factors (poor cytogenetics, high S-phase,
advanced ISS with renal failure or disease progression under induction
treatment) would separate high vs standard risk patients.

The newly diagnosed standard risk patient and transplant candi-
date

The dream goal for these young patients should be their eventual cure
and until then to achieve long survival (>10 years). 1.a Induction treat-
ment: Novel drug combinations appear to be superior to conventional
chemotherapy (VAD like regimens) as de-bulky pretransplant (Trx) ther-
apy. Using schemes with Bortezomib, Lenalidomide or Thalidomide,
the majority of patients respond (>80%) with 10%-30% CR. Moreover,
these schemes do not affect stem cell collection. Interestingly, in six pilot
studies based on Bortezomib regimens it was observed that the CR rate
was improved following autologous Transplant ( ASCT), which sug-
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gests that both approaches (induction with novel agents and ASCT) are
complementary rather than alternatives. Nevertheless, the benefit in
terms of EFS and OS remains to be seen. In addition the German /Dutch
group as well as the Fermand group have shown that the initial advan-
tage of a Thalidomide based regimen (TAD) vs VAD used as de-bulky
treatment was overcome after transplant. Data on lenalidomide are still
scantly. 1b. Autologous stem cell transplantation: One or two: Following 4-
6 cycles of the above mentioned de-bulky regimens all responding
patients (refractory patients will be considered separately) will proceed
to an ASCT with standard Melphalan 200 mg/m’. I would discourage the
use of a double transplant for two reasons: i) Only patients achieving <
VGPR with the first transplant benefit from the second and ii) Similar
efficacy is obtained upon using Thalidomide as consolidation/mainte-
nance post-transplant therapy. 1c. Maintenance treatment: The oral formu-
lation of both thalidomide and Lenalidomide makes them ideal mainte-
nance drugs but the final benefit should be balanced against toxicity.
The French group (IFM) has recently shown that Thalidomide mainte-
nance is clearly superior to No- maintenance or Pamidronate alone in
terms of EFS and OS. This has been confirmed by the Australian group
using Thalidomide and Prednisone as compared to Prednisone alone.
Of note, the Arkansas group has also observed that the use of Thalido-
mide as part of induction and maintenance phases was associated with
longer EFS, although this does not translate into a prolonged OS. This
raises an important concern about whether the continuous use of nov-
el agents may induce relapses more resistant to salvage therapy leading
to shorter survival after relapse. 1d. Treatment of relapse: In order to indi-
vidualize treatment of relapsing patients after transplant, I would sepa-
rate them into 3 groups: early relapse (<1 year), intermediate (1-3 years)
late (>3years) relapse. If the relapse occurs within the first year after
transplant I would try to rescue the patient with novel agents but, in
order to overcome drug resistance, [ would use them in alternating cycles
of two combinations of non-—cross resistant agents (i.e
Velcade/Adria/Dex alternating with Thal or Len /Cyclo /Dex). If CR is
achieved I would proceed to an Allo-transplant with reduced intensity
conditioning regimen (RIC-Allo). If relapse occurs between 1-3 years
after transplant I would support rescue with novel agents but used in a
sequential (not simultaneous) manner: first one line of treatment (differ-
ent from the one used as induction) and only when disease progression,
occurs to shift to the second and subsequent lines. Within this category
of patients, for those that are young (<55 years) and had suboptimal
response to the first line I would re-consider the possibility of a RIC-Allo-
Trx. Finally if the relapse has occurred > 3 years after the first Trx, I
would favour reinduction followed by a second ASCT.

The newly diagnosed high risk patient and transplant candidate

As mentioned above high risk patients can be considered as those
with high proliferative activity of PC (LI or S-phase) and advanced stage
(ISS III) but particularly those with poor cytogenetics. Patients with renal
failure and disease progression under induction therapy will be discussed
separately. One possibility is to use an approach similar to that proposed
above for early relapses (induction with non-cross resistant agents,
including two novel drugs, followed by a tandem transplant: ASCT and
RIC-Allo) . It should be noted that new agents appear to overcome the
adverse influence of these cytogenetic abnormalities, at least during
induction. A second possibility would be the use of targeted therapies
in patients with specific genetic lesions, such as FGER kinase inhibitors
in t(4;14) or cyclin—dependent kinase inhibitors. However, since MM is
a multi-step process these latter approaches should be complemented
with standard treatments. Ideally these patients should be included on
experimental clinical trials.

The newly diagnosed elderly patient or non transplant candidate

The goal in these patients should be to prolong survival and to main-
tain a good performance avoiding hospitalisation as much as possible.
3a. Induction treatment: Recent data demonstrate that the combination of
any of the new agents (Thalidomide, Lenalidomide and Bortezomib)
with MP yields a higher RR, prolonged EFS and, at least in one of the
studies, longer OS as compared to MP. However, the higher efficacy of
these new regimens should be balanced against their higher toxicity and
more frequent hospital visits. Again, an individualised treatment
approach would probably be valuable. Patients <80 years and good PS
can be candidates for standard induction with MP-Thal or MP-V or MP-
L. The choice between these 3 options could be based on different fac-
tors such as antecedent / risk of DVT or PN or renal function or distance
from the Hospital. The duration of treatment perhaps could be reduced
from the standard 12 months of MP to six cycles of these more active com-
binations. In very elderly patients (>80y) or poor PS, I would favour
modified schemes with a lower dose of thalidomide (100 mg, maximum
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200mg); Lenalidomide (15-20 mg) or Velcade (1 mg/m’ or a weekly
schedule). 3b. Maintenance trearment: Although there is no data to sup-
port it, maintenance treatment for 1 year with low doses of an oral IMID
is attractive. Nevertheless, this should be counterbalanced by the risk of
inducing more resistant relapses. 3c. Treatment of relapse: Decision at
relapse must take into account the general condition of the patient. If he
is suitable for further treatment, alternative schemes, different from the
one used as induction, should be given, and ideally considered for inclu-
sion in experimental clinical trials. If the condition is poor, I would favour
palliative treatment with oral cyclophosphamide and Prednisone.

The primary refractory patient

Within this category it is critical to distinguish between the non-
responding non-progressing patients and those with progressive disease
under induction therapy. The former category shows a similar outcome
to responding patients and it is therefore important to recognise them
in order to avoid unnecessary toxicity with a non-useful treatment. Tru-
ly refractory (progressive) patients have until now been considered can-
didates for direct rescue treatment with high dose therapy, but in our
experience, the survival with this approach is rather poor. This is a high
risk category and I would favour the use of a cocktail of non-cross resist-
ant drugs followed by a double transplant (Auto and RIC- Allo).

The patient with renal insufficiency

In patients with renal insufficiency VAD was the treatment of choice
because in contrast to alkylating-based regimens, it does not require
dose adjustment . Recent reports indicate that Bortezomib + Dexametha-
sone is highly efficient in this setting, including patients on dialysis, and
does not require dose adjustment. Although thalidomide has been used
for >6 years, no specific information on its efficacy and toxicity in
patients with renal failure is available. For lenalidomide, recent guide-
line recommendations have been generated . If the patient responds to
initial therapy and he is a transplant candidate, renal failure can be
reversed in up to 43% of cases. However the toxicity of ASCT is high-
er than in standard MM patients (TRM: 29%) and we discourage ASCT
if the patient has Cr>5mg/dL, Hb <9g/dL and PS 23.

Grant support: Multiple Myeloma Research Foundation (MMRF), Spanish
Mpyeloma Network Program (G03/136), Red de Cincer RTICCC (Ministerio
de Sanidad y Consumo, Instituto de Salud Carlos ITI)
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EUROPEAN MYELOMA NETWORK: THE PRESENT AND THE FUTURE

P. Sonneveld, H.E. Johnsen

Erasmus N C, Rotterdam, The Netherlands and Aalborg Hospital, Denmark

The European Myeloma Network (EMN) was initiated in 2003 in
order to allow scientists and physicians with interest in Multiple Myelo-
ma and related disorders (IMM) to share their experience and develop co-
operative studies.

Constitution and goals

EMN is a non-profit organisation which has been founded in Copen-
hagen, Denmark. Today more than a hundred scientists or institutions
from EU member states are registered EMN members with interest in
MM. Since 2006, the EMN has been officially appointed as a Working
Group of the European Haematology Association (EHA). Initially, 4
Working Parties were organized 1) Clinical Trials; 2) Allogeneic Stem
Cell Transplantation and Immunotherapy; 3) New Drugs; 4) Pathogen-
esis and Standardization. The goal of WP’s 1 & 2 was to acquire project
grants from the European Framework programs for pre-clinical and clin-
ical research. The aim of WP 3 is to develop a cooperative clinical set-
ting for clinical trials with new drugs. WP 4 is a program for standardi-
sation in diagnostic and research tools. Support is obtained from unre-
stricted grants from non-commercial organisations, government and
pharmaceutical companies. Also, the International Myeloma Foundation

has provided support.

Research programs

In 2006 the EMN successfully applied for a 3 year grant from the 6th
FW program of the EU, resulting in the MSCNET project entitled Myelo-
ma Stem Cell Network: A translational programme identifying and targeting the
early myeloma cell hierarchy. This program is coordinated by H.E. Johnsen
from Aalborg Hospital, Aarhus University in Denmark with participa-
tion of Salamanca, Heidelberg, Southampton, Groningen, Montpellier,
Rotterdam and Brussels. In 2007, an application was made for the FW 7
program, i.e. EVMINBIO: An European Myeloma Network (ENVIN) of Biobanks
which encompasses an EMN strategy for developing standards and
norms for existing and future biosamples from patients suffering from
multiple myeloma and related disorders, coordinated by D. Hose and HE
Johnsen. Also, an application was submitted called EMINOMICS: A Euro-
pean NMyeloma Network for Translational Science: Developing a genomic plat-
form for the detection of prognostic and predictive biomarkers in multiple myelo-
ma coordinated by G. Morgan.

Quality control

Several Workshops have been organised on the application of diag-
nostic techniques aiming at standardisation of (molecular) tools between
European centers which will improve the comparability of test results.
A first Workshop dedicated to FISH was held in London and a quality
control program for FISH in myeloma is being developed by H. Avet
Loiseau from Nantes, involving many laboratories in Europe. Another
Workshop has been organised by A Rawnstrom and A Orfao on the use
of Flow Cytometry to characterise myeloma immunophenotypes and a
second one on practical aspects in Leeds 2007. An important focus has
been initiated during the first Workshop on Gene Expression Profiling
in myeloma, held in Heidelberg in 2007. This Workshop brought togeth-
er several groups who will attempt to define sampling procedures, plas-
ma cell purification methods, statistical analysis and to organise com-
bined analyses of samples obtained from patients in clinical trials. Fol-
low-up Workshops are planned to accomplish this goal.

Clinical trials

In 2006 preparations were made to organise an independent prospec-
tive clinical trial in Waldenstrom’s disease. This phase II trial of Borte-
zomib combined with Rituximab and Dexamethasone in previously
untreated patients is exclusively sponsored by EMN and 15 centers from
10 European countries participate in the protocol, which accrued the first
patient in 2007 (coordinated by M. Dimopoulos). Also, EMN facilitated
the development of the Celgene-sponsored trial of Lenalidomid com-
bined with MP in previously untreated elderly patients with myeloma.
Overviews of Phase I/II trials with new agents in various European cen-
ters were prepared by A. Palumbo. EMN will increase efforts to accrue
future clinical trials with new agents in multiple myeloma based on its
strong position with leading myeloma centers among its participants.

Consensus
The European Myeloma Network wants to develop a position state-
ment on the use of prognostic and predictive factors in myeloma and to



develop general guidelines for the diagnosis and treatment of myeloma.
It is expected that a consensus paper can be prepared in 2007. In conclu-
sion, EMN has been started to combine efforts in clinical and laborato-
ry research in multiple myeloma and to define common standards of
diagnosis and care. The network is gaining momentum and will use the
strenght of participating centers to improve the quality of myeloma
research in Europe. Visit: www.myeloma-europe.org

s13.4
FUTURE PERSPECTIVES IN THE MANAGEMENT OF MYELOMA
K.C. Anderson

The Jerome Lipper Multiple Myeloma Centet, Department of Medical Oncolo-
gy, Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA 02115,
USA

Future translational research in multiple myeloma (MM) will focus
on the development of molecularly-based combination therapies to
achieve high frequency and durable responses in the majority of patients.
Combination therapies have proven to be curative in childhood acute
lymphoblastic leukemia, Hodgkins disease, and testicular cancer among
others. Already cytogenetic abnormalities known to carry adverse prog-
nostic import to conventional and high dose therapies do not apply to
novel therapies (bortezomib, lenalidomide), which will serve as plat-
form drugs for future combined therapies. Two major advances are mak-
ing this goal possible. First, recent advances in genomics and proteomics
in MM have allowed for advances in our understanding of disease patho-
genesis, identified novel therapeutic targets, allowed for molecular clas-
sification, and provided the scientific rationale for combining targeted
therapies to increase tumor cell cytotoxicity and abrogate drug resist-
ance. Specifically, gene microarray profiling has shown major differences
between normal plasma cells versus those from monoclonal gammopa-
thy of unclear significance (MGUS) and MM, with further modulations
within MM and progression to plasma cell leukemia. These studies iden-
tify genetic changes associated with progression of MGUS to MM, and
provide the basis for RNA based prognostic classification systems. Inte-
gration of comparative genomic hybridization (aCGH) with expression
profiling data has allowed for further identification of new therapeutic
targets, as well as DNA based classification systems. Excitingly those
genes transcribed can be systematically overexpressed and knocked out
first in cancer and then in MM model systems, in order to identify genes
implicated in cause or progression of MM. Gene products on the cell sur-
face are targeted by monoclonal antibodies or vaccines, whereas proto-
type small molecule inhibitors can be synthesized against intracellular
targets. Second, there is now an increased understanding of how adhe-
sion of MM cells further impacts gene expression in MM cells, as well
as in bone marrow stromal cells (BMSCs). Specifically, adhesion of MM
cells to the BMSCs upregulates genes for growth, survival, and drug
resistance in tumor cells; adhesion molecules on MM and BMSCs; and
cytokines in BMSCs. These modulations have been demonstrated using
both in vitro models of MM cells bound to BMSCs; as well as in vivo in
xenograft models by injecting fluorochrome labeled MM cells directly
into human bone grafts within SCID mice (SCID-hu). These systems
have delineated genetic changes and sequelae induced when MM cells
bind to the BM; and conversely, validated the ability of novel agents to
abrogate these genetic changes and induce tumor cell cytotoxicity even
in the BM milieu. Within the BM, plasmacytoid dendritic cells promote
proliferation and survival of patient MM cells for generation of cell lines,
as well as genomic/proteomic and drug sensitivity profiling of self
renewing MM cells. A genetically based mouse model of human MM
has been generated by overexpression of XBP-1 spliced isoform (XBP-1s),
a transcription factor required for plasma cell differentiation which is also
highly expressed at a gene and protein level in MM cells versus normal
plasma cells. In this new model, mice transgenic for Eu-directed (XBP-
1s) develop pathognomonic features of monoclonal gammopathy of
unclear significance (MGUS) which progressed to MM with time, includ-
ing serum monoclonal protein, bone marrow plasmacytosis, renal dis-
ease, and lytic bone disease. Genomic analysis of premalignant B cells
and MM cells showed dysregulation of genes with known relevance to
human MM including cyclin D1, MAE MAFB; and uncovered patho-
genetic insights into MCL-1 and FOS/JUN. This model identifies genet-
ic changes mediating the development of MGUS and progression to
MM; overlay of addition genetic abnormalities (p16, p53) offers the
opportunity both to shorten latency time of this model and define their
role in MM pathogenesis. This model also provides a unique system
both for identifying novel targets and validating novel targeted therapies.
As a result of these advances in oncogenomics on the one hand and
increased understanding of the role of the BM in the pathogenesis of MM
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on the other, a new treatment paradigm targeting the tumor cell and its
BM microenvironment to overcome drug resistance and improve patient
outcome has now been developed in MM. Thalidomide, lenalidomide,
and Bortezomib are three agents which target the tumor cell in its
microenvironment in both laboratory and animal models which have
rapidly translated from the bench to the bedside. These studies serve as
a testament to the power of collaborations between academia, pharma-
ceuticals, Food and Drug Administration, National Cancer Institute, and
Advocacy groups to rapidly identify therapeutic targets in the MM cell
and its BM microenvironment, use laboratory and animal models of
human MM to validate novel agents directed at these targets, and then
design clinical trials evaluating these agents which ultimately lead to
their rapid FDA approval. Each was first shown to achieve responses in
relapsed refractory MM both alone and combined with Dexametha-
sone, and was then combined with conventional Dexamethasone ther-
apy as initial therapy for newly diagnosed patients eligible for high dose
therapy and stem cell transplantation. Most excitingly, each has now
been combined with conventional melphalan and prednisone therapy,
the gold standard initial therapy for elderly patients with newly diag-
nosed MM, and achieved increased extent and frequency of response,
as well as prolonged progression free and overall survival. Ongoing and
future efforts are identifying next generation therapies in MM on the one
hand, and using oncogenomics to inform the design of combination tri-
als on the other. Examples of promising novel targeted therapies include
agents targeting the tumor cell surface (CD40, CS-1, FGFR3), cytokines
(VEGE, BAFF), and intracellular targets (IMEK, PKC, NE-kB, IKK; cyclin D,
proteasomes). Having defined novel agents directed at these targets
which can induce cytotoxicity against MM cells in the BM in both i vit-
ro and in vivo models, we have go