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MAIN PROGRAM

MOLECULAR PATHWAYS/GENETICS

INTRODUCTION
H. AVET-LOISEAU

During the past decade, important progresses have been observed in
our comprehension of myeloma, especially regarding molecular charac-
teristics. Dr Croce will show our the analysis of miRNA can improve our
understanding of myeloma oncogenesis. In the following talk, Dr Fon-
seca will analyze the most recent genomic data in order to see if it is time
to identify several subclasses of myeloma, that could lead to specific
therapeutic approaches. Finally, Dr Minvielle will present data on the
molecular events observed during progression, that could also have
implications for treatment.

MICRORNAS IN MYELOMA
C.M. CROCE
THE OHIO STATE UNIVERSITY, COLUMBUS, OH, USA

In multiple myeloma (MM), an incurable B cell neoplasm, mutation
or deletion of pd3 is rarely detected at diagnosis. Using small-molecule
inhibitors of MDM2, we provide evidence that miR-192, 194, and 215,
which are downregulated in a subset of newly diagnosed MMs, can be
transcriptionally activated by p53 and then modulate MDM2 expres-
sion. Furthermore, ectopic re-expression of these miRNAs in MM cells
increases the therapeutic action of MDM2 inhibitors in vitro and in vivo
by enhancing their p53-activating effects. In addition, miR-192 and 215
target the IGF pathway, preventing enhanced migration of plasma cells
into bone marrow. The results suggest that these miRNAs are positive
regulators of p53 and that their downregulation plays a key role in MM
development.

The tumor suppressor p53 is frequently inactivated by mutations or
deletions in cancer. p53 acts as a potent transcription factor and can be
activated in response to diverse stresses, leading to induction of cell-
cycle arrest, apoptosis, or senescence.””Although regulation of the p53
pathway is not fully understood at the molecular level, it has been well
established that activated p53 suppresses cancer progression, underlin-
ing why cancer cells have developed multiple mechanisms to disable
p53 function4,16. In human tumors that retain wild type (WT) p53,**°
p53 can be antagonized by murine double minute 2 (MDM2), a nega-
tive regulator of p53 that is also overpriced in many human tumors,
offering a therapeutic strategy.” It has been reported that inhibiting
MDM?2 expression can reactivate p53 in cancer cells, leading to their
demise.”” TP53 mutation is rarely detected at diagnosis in many hema-
tological cancers such as multiple myeloma (MM), acute myeloid
leukemia, chronic lymphocytic leukemia, and Hodgkin’s disease (HD).
Thus, numerous reports have shown that therapeutic induction of p53
might be particularly suitable for the treatment of hematological malig-
nancies.” Among them, multiple myeloma (MM) is a currently incurable
plasma cell proliferative disorder that results in considerable morbidity
and mortality.*” MM develops from a benign condition called monoclon-
al gammopathy of undetermined significance (MGUS).” Individuals with
MGUS often remain stable for years and do not require treatment. How-
ever, for unknown reasons, this benign condition can evolve into MM
at a rate of ~1% per year, with some MMs developing after many
years.”” In MGUS and in the majority of newly diagnosed MM cases
TP53 is WT* and the protein is rarely detectable." Interestingly, in MM
cells, expression of p53 protein levels can be rescued by antagonizing
MDM2. Several reports have focused on the p53-mediated apoptotic
pathway, upon endogenous p53 protein re-expression by the small-mol-
ecule MDM?2 antagonists (Nutlins) and target genes which may be
involved in p53-dependent apoptosis in MM cells have been identified."
MicroRNAs are an abundant class of short, non-proteincoding RNAs
that mediate the regulation of target genes posttranscriptionally and that
have emerged as master regulators in diverse physiologic and patholog-
ic processes1, and oncogenesis.’ Recently, microRNAs (miRNAs) have
been reported to be directly transactivated by p53.” miRNAs have also
been shown to target p53 and/or components of p53 regulatory path-

ways, thereby directly and/or indirectly affecting its activities."'* We
previously published the global miRNA-expression profiles of MM and
MGUS and contrasted these profiles with those of normal plasma cells
(PCs).” The findings defined a miRNA signature related to expression
and regulation of proteins associated with malignant transformation of
PCs, such as p53.” We have now examined the regulation and function-
al roles of miRNAs in MM development using small-molecule inhibitors

of MDM2.
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THE CLASSIFICATION OF MYELOMA; SUBTYPES OF THE DISEASE
R. FONSECA
MAYO CLINIC IN ARIZONA, PHOENIX/SCOTTSDALE, AZ, USA

Introduction. Multiple myeloma (MM) has also been called “Many Mul-
tiple Myelomas”, alluding to the existence of well-defined subtypes of
the disease, most of which carry important implications in the clinic(1-
3). The subtypes of the disease are driven primarily by the founder genet-
ic lesions that give rise to the clonal expansion of cells. It is then that any
and all classifications must, directly or indirectly be guided the segrega-
tion dictated by the presence of specific DNA changes associated with
disease pathogenesis (3). These founder lesions are all present since dis-
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ease initiation (MGUS or “pre-MGUS”) and remain constant through-
out the disease course, usually present in all clonal cells. The pathogen-
esis of MM, while potentially contributed by external factors such as
micro-environment, epigenetic factor or protein-protein interactions,
has always and will always be dictated and sustained by the presence
of these specific genetic factors. It is then that the biologic classification
of the disease is best performed by cataloguing these DNA based aber-
rations and building upon that basic framework as series of secondary
events that lead to disease progression and ultimately clonal evolution.
Detection can be done by several methods. Classifiers. There are clearly
two major subtypes of the disease; hyperdiploid MM and non-hyper-
diploid MM (4, 5). These categories seem to be unique and define sub-
sets of the disease at the top hierarchical level. The two disease subtypes
are not mutually exclusive in all cases, and in fact up to 25% of t(4;14)
cases will harbor hyperdiploidy, while a small subset of hyperdiploid
cases also have translocations (5). Most of these translocations are sec-
ondary and not the primary ones. It remains puzzling why there is this
minor overlap in what otherwise appear to be well-defined categories.
It may mean that trisomies per se may provide a clonal advantage, and
be tolerated in some translocated myelomas, but dispensable, while
essential for hyperdiploid myeloma. The clonal plasma cells arise from
post germinal center B cells and thus the malignancy is clearly one that
possesses unique differences from B cells (6). It is incumbent that any
proposals showing a possible “stem cell” for MM prove this beyond any
reasonable doubt. The anatomy of translocations (at the time of isotype
switching) makes the existence of B cells (pre-switch) unlikely to impos-
sible. Tools for classifying. Classifying the disease can be done by one of
multiple methods including those that directly detect DNA changes (e.g.
FISH, chromosome studies, aCGH or mutational status) or the conse-
quences of these aberrations (gene expression profiling)(3, 7-9). DNA
based tools remain useful tools in the clinic and can be used widely,
although the information they provide is limited by technical issues or
depth of information provided. RNA based classifications are more
attractive in that they provide comprehensive answers for classifying
MM with one test. The TC classification is the one that showed that
most if not all MM are characterized by the presence of cyclin D upreg-
ulation (D1, 2 or 3) (10, 11). Its subclasses clearly correlate with the
genetic subtypes dictated by chromosome translocations or hyper-
diploidy. This classification has two groups added that have not been
well defined at the DNA level; D2 and D1+D2 subgroups. The reliabil-
ity and reproducibility of the classification suggests that these two
groups are likely driven by unifying genetic events yet to be identified.
One limitation of this classification in the diagnostic realm is the diffi-
culty in distinguishing boundaries for some of the neighboring groups
(e.g. t(11:14) vs. D1) but overall seems to be performing well in predict-
ing FISH category. The UAMS MM classification is very similar and
results in largely overlapping groups of patients (12). The classification
includes subgroups that likely represent entities that show clonal pro-
gression such as the proliferation group. This is clearly both an asset and
a limitation of this classification. Other unique subtypes are also iden-
tified that correlate with clinical features such as bone disease. All oth-
er classifications are variations of the common genetic pathways dic-
tated at the DNA level (13, 14). Variations of classifications. Up to this point
all discussion has been based on the classification of the disease at the lev-
el of biologic founder lesions. Other classifications can be driven by the
identification of features or signatures that identify subsets of the disease
with a more adverse outcome. The classifications can mirror clonal ini-
tiation events (such as the t(4;14) but can also be enriched for progression
events (such as -17p13 and high risk RNA signatures)(15). These classi-
fications are more focused on clinical utility and less on the pathophys-
iology of the disease. Likewise there is minimal information regarding
predictive factors for MM such as Her-2-neu in breast cancer. Availabil-
ity of these factors would be crucial in selecting the right treatments for
patients, particularly avoidance of agents of no value and with potential
toxicity for specific patients. While MM is one disease the evolution of
knowledge regarding disease biology has allowed for a beter understand-
ing of the disease with implications for prognosis and potentially thera-
peutic selection.
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THE GENETIC PROGRESSION OF MYELOMA
S. MINVIELLE (1,2)
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Multiple myeloma (IMM) is a malignant plasma cell disorder, it is esti-
mated that 5000 new diagnoses and 3000 deaths due to myeloma
occurred in 2010 in France. MM a haematopoietic cancer emblematic of
gradual evolution model. MM is almost always preceded by premalig-
nant plasma cell disorder benign termed monoclonal gammopathy of
undetermined significance (MGUS) or more advanced premalignant
stage called smoldering MM (SMM), then progression of intramedullary
MM is associated with severe clinical features and in a fraction of
patients, the tumors acquire the ability to proliferate in extramedullary
sites such as blood in this case it is called plasma cell leukemia (PCL) a
more aggressive disease. Considerable progress has been made in the
treatment of MM in the past decade. Survival improvement in newly
diagnosed MM patients is largely due to the introduction of novel effec-
tive drugs such as immunomodulatory compound thalidomide and its
analog, lenalidomide and the proteasome inhibitor, bortezomib. How-
ever, almost all patients relapse, emphasizing a need of exploration of
the genomic abnormalities contributing to the mechanism of progres-
sion. Previous studies with conventional karyotype and fluorescence in
situ hybridization (FISH) analyses have provided a framework of the
recurrent chromosomal abnormalities associated with the stages MM
and highlighted chromosomal changes which impact clinical outcome.
However, until recently comprehensive genome-wide analysis of DNA
copy number alterations (CNAs) was hampered by the complexity of
the myeloma cells karyotype coupled with the presence of genetically
distinct malignant plasma cell subpopulations within the patient’s bone
marrow. The advent of single nucleotide polymorphism (SNP) arrays
that allow genome-wide detailed exploration of copy CNAs and loss of
heterozygosity (LOH) in copy-neutral LOH (CN-LOH), or uniparental
disomy in cancer cells coupled with the availability of samples collect-
ed in the same individual when diagnosed with MGUS/SMM and at
time of progression to active MM or diagnosed with MM and at relapse
are providing important insights into the pathogenesis and progression
of MM. Genomic analysis of paired samples from patients with SMM
progressing to active MM revealed that progression is associated with
chromosomal changes highly variable from one case to another; these
changes affected the number, extent, nature and clonality of the lesions.
For example, one patient acquired 4 lesions including partial 20p loss,
20q gain, and 21q loss (Fig. 1A); another patient acquired at least 8 lesions
including partial 6q and 14q losses (Fig. 1B). Integrated analysis of allele
ratio (AR), copy number (CN), allele specific copy number (AsCN)
revealed a clonal heterogeneity in a SMM case, and clonal selection dur-
ing progression to active MM in the absence of any treatment (Fig. 2).
Genomic analysis shows that the chromosomal instability observed in
overt MM is present in the early stage of the disease.
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Figure 1: Acquired abnormalitities during progression from pre-malig-
nant stage to MM. dChipSNP median-smoothed log ratio copy num-
ber heratmap showing two paired samples. Blue is deletion and red is
gain. CNAs spectrum of MM sample is shown on the right.
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Figure 2: Assessment of mosaicism evolution during progression of
SMM to MM. Left, 8p arm: CN is <2, AR is predominantly a three allele
track combination (AA,AB,BB) where homozygote AA is assigned by
the computer software at position 1, heterozygote AB at position 0 and
homozygote BB at position -1, AsCN showed %oth alleles (red and blue)
are between 0.5 and 1. There results suggest that del(8p) is present in
minor populations. FISH analysis confirms del(8p) in minor populations
(80%). Right, 8p arm CN is ~1, AR changes to a monosomic pattern
with a characteristic five allele track combination (AA,AB, BE/A,B),
AsCN reveals a drop of the blue allele. These results suggest expansion
of the 8p minor population during progression to MM. FISH analysis
confirms increase of del(8p) in Ml\fce Is (60%). 8q arm is shown as
normal diploid.
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Figure 3: Chr.1q lesions acquired at relapse. Upper panel displays CN
and lower panel displays A(i{.

Genomic analysis on matched diagnosis and relapse purified malig-
nant plasma cell samples from patients with MM indicated that patients
studied retained the majority of the CNAs or CN-LOH present at the
matched diagnosis samples. The vast majority of MM cases acquired
additional CNAs or CN-LOH at relapse.

Five patients acquired various chromosome 1q lesions; entire arm gain
(Figure 3A), sub-arm gain ( Figure 3B, C), CN-LOH (Figure 3D) and com-
plex gain with LOH (Figure 3E). Two patients acquired del(17p) encom-
passing TP53. These results support the fact that relapse mechanism in
MM is complex, this is not a massive genomic instability or a single
genetic lesion that are responsible for relapse.

Comprehensive analysis of genomic changes in myeloma progression
is promising, we can speculate that the new treatment paradigm would
combine targeted therapy and subpopulations control.
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PLASMA CELL BIOLOGY

THE UNFOLDED PROTEIN REPONSE: AN OVERVIEW
A-H. LEE

DEPT. OF IMMUNOLOGY AND INFECTIOUS DISEASES, HARVARD SCHOOL OF
PUBLIC HEALTH AND DEPT OF MEDICINE, HARVARD MEDICAL SCHOOL,
BOSTON, MA, USA

Differentiation of mature B cells to plasma cells involves dramatic
expansion of the endoplasmic reticulum (ER) and the up-regulation of ER
chaperones that ensure synthesis, folding and secretion of large amount
of immunoglobulin molecules. The transcription factor XBP-1 is induced
during plasma cell differentiation, and promotes the ER expansion and
induces a variety of genes in protein secretory pathway (1-4). Hence,
XBP-1 deficient B cells fail to differentiate into plasma cells, and the
mutant mice lacking XBP-1 in B cells produce minimal amount of anti-
body both at baseline and in response to antigen challenge (5-7). XBP-1
is also essential for the development of other professional secretory cells,
such as acinar cells in exocrine pancreas and intestinal Paneth cells (8, 9).
It is conceivable that XBP1 deficiency impairs the management of large
amount of secretory proteins, causing cell death (10). XBP1 is also known
as a key component of a signaling pathway called the unfolded protein
response (UPR), which is instigated by three ER transmembrane pro-
teins, IRE1 PERK and ATF6 (11). IRE1 is an endoribonuclease that cleaves
XBP1 mRNA at two sites, inducing an unconventional mRNA splicing
to produce THE mRNA encoding XBP-1s (12-14). It has been postulat-
ed that the UPR is activated upon increase in the concentration of the
unfolded protein species in the ER, the condition called ER stress. Indeed,
agents such as tunicamycin, thapsigargin and dithiotheitol that perturb
ER protein folding homeostasis strongly activate the UPR. It is conceiv-
able that large amount of secretory proteins may cause the ER stress in
professional secretory cells leading to the activation of the UPR, although
the precise mechanism by which the UPR is activated in plasma cells and
other secretory cells and the ultimate molecular triggers in normal cell
physiology remain to be clarified (15, 16). Given that multiple myeloma
originates from plasma cells, it has been speculated that myeloma cells
rely on robust UPR for their survival and propagation. Similar to plasma
cells, multiple myeloma cells also express high levels of XBP-1 and UPR
genes (17-19). The importance of IRE1/XBP-1 in the pathogenesis of
multiple myeloma needs to be determined. Compounds that inhibit
IRE1/XBP1 pathway may be useful to treat multiple myeloma (20).
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INSULIN GROWTH FACTOR TYPE 1 AND INSULIN IN MULTIPLE MYELOMA
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HARMUT GOLDSCHMIDT. INSERM, U1040, MONTPELLIER, FRANCE AND MEDI-
ZINISCHE KLINIK V, UNIVERSITATSKLINIKUM HEIDELBERG, INF410, GERVMIANY

Despite multiple genetic abnormalities, particularly targeting cell cycle
machinery, the growth of primary multiple myeloma cells (MMCs) of
the vast majority of patients is dependent on a close interaction with the
tumor environment. The identification of the cell communication sig-
nals produced by the tumor environment and making it possible survival
and cell cycling of MMCs could offer promising therapeutic strategies.

Several MMC growth factors (MGFs) have been identified so far
including IL6, IGF1, HGE BAFF/APRIL, EGF family, IL10, IL21, IL15,
Notch family, Wnt family. We have shown that IGF1 is a major MGE
the MGF effect of IL6, HGE EGF family being dependent on an autocrine
IGF1/IGF1 receptor loop occurring in MMCs. IGF1 receptor (IGF1R) is
not expressed by normal plasma cells and is aberrantly expressed by
MMC:s of about 50% of newly diagnosed patients. IGF1R gene expres-
sion is a powerful factor of poor prognosis, is increased in patients with
t(4;14) translocation or with a cell cycle signature. IGF1 is produced by
MMCs themselves, and also by osteoclasts. High IGF1 concentration
does circulate in plasma in vivo, bound to IGFBP and acid-labile subunit
proteins, and syndecan-1 largely expressed by MMCs binds IGFBP3,
releasing IGF1 at MMC membrane.

The aberrant IGF1R expression confers on MMCs a growth activity of
insulin. Insulin, IGF-1 and their receptors are closely related molecules but
both factors bind to the receptor of the other one with a weak affinity.
Insulin receptor (INSR) is increased throughout normal plasma cell dif-
ferentiation. INSR gene is also expressed by MMC of 203/206 newly-
diagnosed patients. Insulin is a MGF as potent as IGF-1 at low concen-
trations, below physiological ones and requires the presence of INSR-IGF-
1R hybrid receptors, stimulating INSR+IGF-1R+ MMCs, unlike
INSR+IGF-1R- or INSR-IGF-1R- MMCs. Immunoprecipitation experi-
ments indicate that INSR is linked with IGF-1R in MMCs and that insulin
induces both IGF-1R and INSR phosphorylation and vice versa. Further
therapeutic strategies targeting the IGF-IGE-1R pathway have to take
into account neutralizing the IGF-1R-mediated insulin MGF activity.
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TORC2 AS A THERAPEUTIC TARGET IN MULTIPLE MYELOMA
A. LICHTENSTEIN, J. GERA

UCLA GREATER LOS ANGELES VA HEALTHCARE CENTER, LOS ANGELES, CA,
USA

In the last 5 years, studies demonstrate the PISK/AKT/mTOR path-
way is one of the most frequently hyperactivated cascades in cancer. It
regulates a host of pro-tumoral functions such as proliferation, anti-
apoptosis, angiogenesis, hyperactive protein synthesis and glucose
metabolism. It has, thus, become a prominent target for therapy. The
mTOR kinase functions within 2 separate multiprotein complexes,
TORC1 and TORC2, each with distinct substrates. TORC1, composed
of mTOR complexed to Raptor and mLST8, phosphorylates
p70S6kinase and 4E-BP1 and, in so doing, stimulates protein transla-
tion. Cell cycle protein translation drives proliferation. TORC2, con-
taining mTOR complexed to mLST8, SIN1, Protor and Rictor, phospho-
rylates and activates AKT, SGK and PKC (Figure 1).
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Figure 1: Feedback activation pathways after mTOR inhibition. Arrows
show activation signals. TORC1/p70/4E-BP1 activity induces cell cycle
transit in tumor cells but also results in feedback inhibition of PI3K and
ERK. Thus, by inhibiting TORC1 in MM, rapalogs inhibit cell cycle
transit but also activate AKT, SGK and ERK. Active site TOR kinase
inhibitors (like pp242) overcome feedback AKT/SGK activation since
they inhibit TORC2 and prevent TORC2 activation of these kinases.
However, due to their additional TORC1 inhibition, ERK is still feed-
back activated, serving as a mechanism of resistance.

Although a fair amount of pre-clinical investigations, in vitro as well
as in murine xenograft models, have demonstrated the therapeutic
potential of mTOR inhibitors in multiple myeloma (MM), 1st genera-
tion rapalog mTOR inhibitors, such as temsirolimus, have been rela-
tively ineffective in the clinic. One possible reason for lack of efficacy is
the fact that rapalogs only induce G1 arrest in MM cells without induc-
tion of apoptosis. We have previously identified a possible explanation
for this lack of apoptosis: Rapalogs primarily inhibit MM mTOR activ-
ity within TORC1 and TORCI inhibition, by repressing the feedback
inhibition of IRS-1, results in potent feedback activation of the IRS-
1/PI3-K/AKT pathway (fig 1). This should protect against apoptosis.
Feedback activation of PI3-K/AKT is one of the rationales for develop-
ment of novel mTOR inhibitors that act at the ATP-binding site of
mTOR (so called active-site inhibitors) and, thus, inhibit both TORC1
and TORC2. Inhibition of TORC2-induced phosphorylation & activa-
tion of AKT should overcome the feedback PI3-K/AKT pathway. Our
group and the Dana Farber group has demonstrated the increased anti-
MM activity of such 2nd generation TOR inhibitors like pp242 (fig 1)
when compared to rapalogs.

The inhibition of TORC2 prevents AKT S473 phosphorylation and
full activation of AKT and, thus, overcomes feedback activation of IRS-
1/PI3-K/AKT. However, feedback activation of ERK still occurs (Fig 1).
ERK activation is even more intense in MM cells treated with active site
TOR inhibitors vs rapalogs. Our work shows that the ERK activation is
mediated by inhibition o? TORCI1. Most important, ERK activation was
a mechanism of resistance to 2nd generation active site mTOR
inhibitors. As our previous work had demonstrated that much of the
anti-MM activity of pp242 was due to inhibition of TORC2, we, thus,
attempted to develop an inhibitor specific for TORC2 which would
have no effect on TORC1 and, thus, not induce ERK activation. We,
thus, designed a high-throughput screen of inhibitor libraries against a
yeast-two-hybrid interaction between mTOR and the TORC2 protein
Rictor. Compounds were identified that prevented binding of mTOR to
Rictor in yeast and further tested against MM cells. One of these, a
quinalone derivative termed compound 2, was effective against MM
cell lines in survival assays with ED50’s of 0.6, 0.8 and 1.2 uM for



MML.S, 8226 and OPM-2 cell lines. Compound 2 also significantly
induced MM cell apoptosis. Molecularly, compound 2 inhibited AKT
5473 phosphorylation, the TORC2 event, while p70 phosphorylation
(TORCI event) was unaffected or even increased. In OPM-2 cells, we
were able to demonstrate that compound 2 prevented association of
mTOR to Rictor while having no effect on the mTOR-Raptor associa-
tion. Structure-activity relationships are currently being investigated with
the goal of chemical modification for enriching anti-MM activity. Most
importantly, compound 2 did not induce activation of the ERK resistance
pathway:.

An additional player in mTOR function in MM is the mTOR-binding
protein DEPTOR. DEPTOR is over-expressed in about 30% of myelo-
ma specimens and is inhibitory within TORC1 and TORC2 complexes,
downregulating their kinase activity. However, the significantly inhibit-
ed TORC1 function results in marked feedback activation of PI3-K/AKT.
Knockdown of DEPTOR in MM cell lines results in cytostasis and apop-
tosis. We have, thus, also initiated efforts to identify compounds that
inhibit DEPTOR-mTOR binding in the yeast-hybrid screen with the
hope that such agents would be deleterious to high-DEPTOR-express-
ing MM cells.

HEPARANASE AND SYNDECAN-1: PROMOTERS OF AGGRESSIVE MYELOMA BEHAVIOR
AND TARGETS FOR THERAPY

R.D. SANDERSON

DEPARTMENT OF PATHOLOGY AND COMPREHENSIVE CANCER CENTER, UNI-
VERSITY OF ALABAMA AT BIRMINGHAM, BIRMINGHAM, AL, USA

The bone marrow microenvironment plays a key role in driving
myeloma progression. Central to microenvironmental regulation of this
cancer is the crosstalk that occurs between myeloma tumor cells and host
cells (e.g., endothelia, stromal cells, osteoclasts). Much of this crosstalk
is mediated by soluble protein effectors including growth factors,
chemokines and cytokines that activate signaling pathways. Syndecan-
1 (CD138), via binding of its heparan sulfate chains to these soluble
effectors, is ideally suited to mediate tumor-host crosstalk. Syndecan-1
is expressed abundantly by myeloma cells and when proteolytically shed
from the cell surface it accumulates within the tumor microenvironment
and enhances tumor growth and metastasis in animal models of myelo-
ma.' Moreover, an important regulatory role for shed syndecan-1 in
myeloma is consistent with the finding that high levels of shed synde-
can-1 in patient serum are an indicator of poor prognosis.> While inves-
tigating the mechanisms of syndecan-1 action in myeloma, we discov-
ered that a dynamic association exists between syndecan-1 and the
heparan sulfate degrading enzyme heparanase. Heparanase is expressed
by both myeloma cells and by cells within the myeloma microenviron-
ment. Like syndecan-1, elevation of heparanase expression is associat-
ed with poor prognosis in many cancers, including myeloma.**We now
know that heparanase influences syndecan-1 in multiple ways. It
enhances syndecan-1 shedding by elevating myeloma cell expression of
MMP-9 thus contributing to high levels of syndecan-1 in the myeloma
microenvironment.’ Expression of heparanase also upregulates transcrip-
tion of uPA/uPAR, HGE VEGF and RANKL by the tumor cells. Interest-
ingly, enhanced expression of these genes can be triggered by either
upregulation of heparanase expression in the tumor cells, or by addition
of exogenous heparanase to the tumor cells. This suggests that soluble
heparanase within the tumor microenvironment can impact myeloma
cells even if those cells are not making the enzyme. The downstream
products of enhanced heparanase expression — shed syndecan-1 and
growth factors — form complexes to potentiate their signaling activity in
host cells. For example, the HGF/syndecan-1 complex activates the
cMET receptor on osteoblasts.” This stimulates IL-11 signaling leading
to an increase in RANKL production and a resulting increase in osteoly-
sis. The VEGF/syndecan-1 complex enhances endothelial migration in
vitro and stimulates angiogenesis in rat aortic organ cultures.” This is
consistent with a role for heparanase in promoting myeloma angiogen-
esis as suggested by our previous finding that myeloma patients having
high levels of heparanase enzyme activity in their bone marrow plasma
exhibit high levels of microvessel density.® In addition to increased HGF
and VEGF mediated signaling, we also discovered that heparanase
expression in myeloma cells dramatically enhances osteolysis both local-
ly and systemically in animal models. This effect was traced to the abil-
ity of heparanase to upregulate RANKL expression and secretion and is
consistent with our finding that in myeloma patient biopsies, high lev-
els of heparanase correlate with high levels of RANKL expression.” How
is heparanase upregulating expression of genes that drive myeloma pro-
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gression? Interestingly, when heparanase expression is enhanced in
myeloma cells, levels of syndecan-1 in the nucleus drop dramatically.”
Because heparan sulfate is known to inhibit activity of histone acetyl-
transferases (HATs), a family of enzymes linked to transcriptional acti-
vation, we speculated that loss of syndecan-1 from the nucleus would
result in enhanced gene transcription. This was confirmed experimen-
tally by showing that cells expressing high levels of heparanase have
high levels of acetylated histone H3 and H4 and that addition of exoge-
nous syndecan-1 to nuclear extracts from these cells inhibits the activi-
ty of HAT. Together these data point to the critical importance of
heparanase in regulating both the location of syndecan-1 and the expres-
sion and activity of factors that control multiple pathways driving myelo-
ma progression. Furthermore, they establish heparanase as a viable tar-
get for therapy. Heparanase is an attractive therapeutic target because:
1) it is not expressed in significant levels in normal tissues, ii) there is only
a single active heparanase enzyme in humans and iii) heparanase knock-
out mice appear normal indicating that therapeutic inhibition of
heparanase will have minimal side effects. We targeted heparanase in
animals models of myeloma using chemically modified heparins that
bind to the heparanase enzyme via two heparin-binding domains that
flank the enzyme’s active site. These modified heparins are non-antico-
agulant, are not cleaved by the heparanase, but are potent inhibitors of
the enzymes activity. When delivered in vivo, they effectively inhibit
growth of myeloma tumors growing either subcutaneously in mice or
within human bones implanted in SCID mice (SCID-hu mice)." In sum-
mary, this work establishes the importance of syndecan-1 and
heparanase working together in driving the aggressive phenotype of
myeloma tumors and demonstrates the potential of heparanase
inhibitors for myeloma therapy.
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BONE DISEASE AND ANIMAL MODELS

BONE DISEASE: FROM PHYSIOPATHOLOGY TO TREATMENT
G.D. ROODMAN"

'MEDICINE-HEMATOLOGY/ONCOLOGY, UNIVERSITY OF PITTSBURGH, PITTS-
BURGH, PA; *VA PITTSBURGH HEALTHCARE SYSTEM, MEDICINE-HEMATOL-
OGY/ONCOLOGY, PITTSBURGH, PA, USA

Multiple myeloma (MM) is the most frequent cancer to involve the
skeleton and induces osteolytic lesions that rarely heal. Myeloma bone
disease is responsible for some of the most devastating complications of
MM. MM patients experience two or more skeletal-related events per
year and more than 1/3 of patients sustain a pathologic fracture within
21 months. These skeletal-related events include fracture, surgery to
bone, radiation to bone, and hypercalcemia. Even with the best current
treatment, MM patients still experience approximately one skeletal-
related event every 12-18 months. These skeletal-related events can be
devastating to the patients. Seventy percent of patients present with
bone pain, approximately 20% will present with a pathologic fracture
at diagnosis, and over the course of their disease 60% of patients sus-
tain a pathologic fracture. Fractures in MM patients results in a 20%
increase in mortality compared to patients without fracture and an incre-
mental cost of $63,455 for care of MM patients with bone disease.
Importantly, MM bone disease can continue to progress even when
patients are in complete remission from their tumor. The reason myelo-
ma bone disease is so catastrophic is that both osteoclast (OCL) forma-
tion and activity are markedly increased while osteoblast (OB) bone
forming activity is severely suppressed. Suppression of OB activity per-
sists even when patients are in long-term complete remission and MM
tumor cells are no longer detectable. The MM bone microenvironment
is highly complex and is composed of multiple cell types, matrix proteins
and endothelial cells that contribute to tumor growth, immune dysreg-
ulation, chemoresistance and bone destruction. How this microenvi-
ronment becomes so supportive of MM, and the contribution and inter-
action of the various components of the microenvironment to enhanc-

ing MM growth is only beginning to be understood (Figure 1).

Myeloma cells
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Bone cells and immune cells in particular contribute to these process-
es through production of cytokines and expression of adhesive mole-
cules that increase MM cell growth, enhance the chemoresistance of
MM to treatment, increase OCL formation and suppress OB differenti-
ation, polarize T cell subsets from predominantly Th-1 to Th-17 and
drive dendritic cell differentiation toward the OCL lineage. Th17+ T
cells produce IL-17 which enhances the effects of RANKL to further
drive osteoclastogenesis in MM. Tumor associated macrophages also
play an important role in MM both through immunosuppression of host
responses to tumor cells and serving as OCL precursors. Preclinical mod-
els have clearly supported these findings that bone cells (OCL and OB
precursors) play critical roles in myeloma bone disease in addition to
their intrinsic capacity to resorb bone or form bone respectively. Mar-
row stromal cells are early OB progenitors. These early OB progenitors
express high levels of RANKL and low levels of OPG, and thereby drive
osteoclastic bone destruction. Further, they produce high levels of IL-6
and express increased levels of VCAM-1, allowing docking of MM cells
to marrow stromal cells that result in increased OCL activity and tumor
growth. These adhesive interactions upregulate cytokine production by
both the MM cells and the stromal cells. Stromal cells from patients
with MM also appear to be hyper-responsive to TNF and produce RAN-
KL at much lower levels of TNF than normal marrow stromal cells. Final-
ly, stromal cells support the growth of 1o MM cells, and MM cells can
be passaged over stromal cells or OCL while mature OB inhibit MM cell
growth. These results suggest that the blockade of OB differentiation in
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MM by DKK1, a Wnt antagonist, and activin A results in the induction
of a conducive marrow microenvironment for growth of the tumor and
osteoclastic bone destruction. Further, blocking OCL formation/activi-
ty with bisphosphonates or osteoprotegerin (OPG) decreases both
tumor growth and bone destruction in preclinical models, and zole-
dronate has been reported to have both anti-osteoclast and anti-myelo-
ma effects in patients in the MRC IX trial. In addition, the demonstra-
tion of the importance of RANKL in the bone destruction process of
MM has led to the testing of Denosumab, a human monoclonal anti-
body against RANKL, in clinical trials of MM bone disease. Similarly,
enhancing stromal cell differentiation to OB with anti-DKK1 or an
activin A receptor antagonist decreases tumor growth and bone destruc-
tion as well as increasing bone formation. These important contributions
of the marrow microenvironment to MM explain why treatments that
target both the bone microenvironment as well as the tumor, such as
bortezomib, which can both block tumor growth and increase OB dif-
ferentiation, and the immunomodulatory drugs (IMiDs), which targets
both MM cells and OCL, have been more effective than prior therapies
for MM and have dramatically increased progression-free and overall
survival of patients. Unfortunately, MM is still incurable for the over-
whelming majority of patients, and the bone disease remains a major
contributor to the morbidity and mortality of MM patients. Thus, fur-
ther dissecting the underlying pathophysiology of MM bone disease, as
ameans to develop new treatments to prevent and/or reverse MM bone
disease, is critically important to improve both the quality of life and
enhance survival of MM patients. In this presentation the pathophysi-
ology of MM bone disease will be reviewed and agents that target these
processes will be discussed.

BONE ANABOLISM AND TUMOR GROWTH IN MYELOMA
S. YACCOBY

MYELOMA INSTITUTE FOR RESEARCH AND THERAPY, UNIVERSITY OF
ARKANSAS FOR MEDICAL SCIENCES, LITTLE ROCK, AR, USA

Mounting experimental data demonstrate strong association between
activation of osteoblasts and control of myeloma progression.' Clinical
data indicate that bortezomib, which directly acts to stimulate osteoblast
differentiation, increases circulating levels of osteoblastic markers and
stimulate bone formation in myeloma patients.” These studies support
the notion that although mesenchymal stem cells (MSCs) from patients
with myeloma are reportedly abnormal these cells can differentiate into
osteoblasts and form bone upon stimulation with osteoblast activating
agents. The clinical drug bortezomib® or experimental agents such as
anti-DKK"* Wnt activators,” and inhibitors of TGFP7 and activin A sig-
naling® have all been shown to activate osteoblasts in myelomatous
bone. These agents also suppressed myeloma growth in bone, particu-
larly when increased bone formation coincided with a reduction in
osteoclast activity. A contrasting scenario has been reported by us
demonstrating that the chimeric molecules EhpB4-Fc and ephrinB2-Fc
similarly promoted bone formation in myelomatous bone but EphB4-
Fc treatment only was associated with reduced tumor growth.9 In con-
trast to EphB4-Fc, ephrinB2-Fc had no effect on osteoclastogenesis and
promoted angiogenesis,” suggesting that increased bone formation by
itself is insufficient to create an inhospitable environment for myeloma.
This study also indicates that restraining myeloma by certain bone ana-
bolic agents is not a consequence of a decrease in marrow space due to
increased bone volume; rather, it resulted from alteration of multiple
cellular and molecular components in the hematopoietic marrow. The
molecular mechanisms by which osteoblast activating agents restrain
myeloma may involve increased production of anti-myeloma, anti-
osteoclastogenic, anti-inflammatory and anti-oxidants factors by
microenvironmental cells in the bone marrow, and reconstruction of the
normal hematopoietic stem cell niche. We have shown that the
osteogenic matrix factor, decorin, which is highly secreted during bone
formation, exerts anti-myeloma, anti-osteoclastogenesis and anti-angio-
genesis properties in myelomatous bone.” To further explore the asso-
ciation between bone anabolism and myeloma growth we determined
therapeutic efficacy and shed light on molecular mechanisms of daily
treatment with parathyroid hormone (PTH)" or MSC cytotherapy.”*
These two therapeutic approaches have been successfully used in clin-
ical osteoporosis or bone regeneration and for improving hematopoiesis
recovery. In the SCID-hu and the SCID-rab models, intra-bone injection
of MSCs effectively prevented myeloma-induced bone resorption and
promoted bone formation in myelomatous bone, and these effects were
associated with reduced myeloma growth. The majority of the injected
MSCs disappeared within 2-4 weeks, indicating that MSCs exert their

effects on bone remodeling as a bystander cells (trophic effect). Using



bioluminescence imaging and immunohistochemistry we found that
few intravenously injected luciferase/GFP-expressing MSCs were capa-
ble of homing to myelomatous bone and that four weekly intravenous
injections of MSCs prevented myeloma-induced bone resorption, sup-
porting the clinical relevancy of MSC cytotherapy. To shed light on
molecular mechanisms of MSC cytotherapy, global gene expression pro-
filing was performed on whole myelomatous human bone of myeloma-
bearing SCID-hu hosts 0 and 24 hours following intra-bone MSCs
cytotherapy. MSC cytotherapy resulted in overexpression of extracellu-
lar or soluble factors known to mediate wound healing, bone remodel-
ing, oxidative stress and inflammation. Daily subcutaneous injections of
PTH resulted in marked increased in bone mineral density (BMD) of
myelomatous bones and attenuated growth of primary myeloma and the
Hg myeloma cell line, capable of passaging in experimental animals."
Myeloma cells do not express PTH receptors indicating that reduced
myeloma growth resulted from alteration of the bone marrow microen-
vironment. Global gene expression profiling on whole myelomatous
human bone of myeloma-bearing SCID-hu hosts treated with daily PTH
identified changes in molecular pathways regulating osteoblastogenesis,
osteoclastogenesis and myeloma growth inhibition. PTH activated mul-
tiple bone remodeling pathways of which Wnt signaling was promi-
nent." Certain relevant microenvironmental genes, particularly unique
anti-inflammation mediators, were upregulated by PTH or MSC
cytotherapy indicating that these two treatment approaches mediate
their effects, in part, through certain common molecular pathways. Bone
anabolism that creates an effective inhospitable bone marrow environ-
ment for tumor cells may also negatively affect myeloma progression.
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EFFECT OF NEW ANTI-MYELOMA DRUGS ON BONE MICROENVIRONMENT CELLS
N. GIULIANI
HEMATOLOGY AND BMT CENTER, UNIVERSITY OF PARMA, ITALY

The presence of osteolytic bone lesions is the hallmark of multiple
myeloma (MM) and results in bone fragility and fractures in MM
patients. Bone lesions are characterized by a severely unbalanced and
uncoupled bone remodeling process in the area of plasma cell infiltration
due to an increase in the osteoclast (OC) formation and activity and
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osteoblast (OB) suppression. In turn, bone microenvironment seems to
have a critical role in the regulation of MM cells growth and survival.
Blocking OC formation and activity through RANKL inhibition induces
MM cell apoptosis in vitro and caused a marked reduction of tumor bur-
den in vivo. Consistently it has been reported that OCs produce sever-
al MM cell growth factors as IL-6, osteopontin, BAFF and APRIL. On the
other hand it has been shown that OB activation attenuates the stimu-
latory effect of OC cells on MM cell survival in vitro. Moreover, in the
SCID-hu MM model it has been reported that the stimulation of bone
formation either by the injection of mesenchymal stem cells or through
the stimulation of Wnt signaling resulted in an inhibition of MM growth.
Overall these results suggest that either blocking OC formation and acti-
vation or increasing bone formation in MM patients could result in a
reduction in tumor burden and that bone microenvironment cells could
be potential therapeutic targets in MM. In line with these observations
recent data suggest that the new anti-myeloma drugs recently intro-
duced in the therapeutic armamentarium of MM patients may affect
both OC and OB cell function and activity. It has been shown that the
proteaosome inhibitor Bortezomib stimulates OB differentiation and
bone formation both in vitro and in vivo in mice. This evidence is strong-
ly supported by the in vivo observations obtained in MM patients treat-
ed with Bortezomib, An increase of total alkaline phosphatase and bone
specific alkaline phosphatase has been also reported in MM patients that
respond to the treatment with Bortezomib. Moreover, our data indicate
that Bortezomib induce osteoblast phenotype in OB progenitors increas-
ing Runx2 activity and consequently stimulates the expression of OB
markers. Consistently bortezomib stimulates bone regeneration in mice
and itis able to rescue bone loss in a mouse model of osteoporosis. Inter-
estingly it has been also reported that proteasome inhibitors including
Bortezomib also inhibit OC formation and differentiation through the
block of NK-kB activity in osteoclast progenitors. All these data suggest
that either the anti-MM effect of Bortezomib could be de due, at least
in part, to its effect on OBs and OCs or this drugs may have a positive
effect on MM bone disease. Thalidomide and its derivative
immunomodulatory drug (IMiD®) lenalidomide may also affect bone
microenvironment. It has been shown that thalidomide and IMiD®
directly inhibit OC formation and maturation. In addition we have
recently investigated the potential effects of lenalidomide and the more
potent IMiD® pomalidomide on MM-induced OC formation. First in a
cell-to-cell contact co-culture system we found that both IMiDs® signif-
icantly blunted the production of the critical osteoclastogenic factor
RANKL by human osteoprogenitor cells induced by MM cells decreas-
ing the RANKL/OPG ratio level. Consistently the pro-osteoclastogenic
property of the conditioned medium of the co-cultures was reduced in
the presence of IMiDs®. Interestingly, by microarray analysis (Affy-
metrix®), among the genes significantly modulated by lenalidomide and
pomalidomide in MM cells we identified the downregulation of the
adhesion molecules ITGA4 (CD49d), ITGA8 and ICAM2 (CD102). By
flow cytometry we confirmed the capacity of IMiDs® to inhibit the
expression of adhesion molecules by MM cells showing that this effect
was involved in the inhibition of RANKL/OPG ratio by IMiDs in co-cul-
ture. These data strongly suggest that IMiDs® affect MM-induced OC
formation through the inhibition of RANKL/OPG ratio targeting the
expression of adhesion molecules by MM cells.

MATHEMATICAL DESCRIPTIONS OF BONE REMODELING DYNAMICS IN MYELOMA BONE
DISEASE

B.P. AYATT

DEPARTMENT OF MATHEMATICS AND PROGRAM IN APPLIED MATHEMATICAL
AND COMPUTATIONAL SCIENCES, UNIVERSITY OF IOWA, USA

We motivate the role mathematics can play in understanding and
treating multiple myeloma and review some of our specific mathemat-
ical models for the dysregulated bone remodeling that occurs in myelo-
ma bone disease.

The first of these models' examines the critical signaling between
osteoclasts and osteoblasts. The interactions of osteoclasts and
osteoblasts are modeled as a system of differential equations for these
cell populations, which exhibit stable oscillations in the normal case
(developed by Komarova et al.”) and unstable oscillations in the myelo-
ma case. In the case of untreated myeloma, osteoclasts increase and
osteoblasts decrease, with net bone loss as the tumor grows. The ther-
apeutic effects of targeting both myeloma cells and cells of the bone
marrow microenvironment on these dynamics are examined.

We extend the discussion to a new spatial representation of bone
remodeling in which the dynamics of the bone/marrow interface is gov-
erned by the local interactions of cell types.* The sharp interface between
bone and marrow regions moves in and out, i.e. in the normal direction,
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due to remodeling. Based on these observations we employ the level set
method to represent the spatial behavior of remodeling. We use our pre-
vious models to determine the change in bone mass that influences how
the interface between bone and marrow changes.

Eventually by including in this formalism further details, such as more
complex cytokine interactions and accurate parameter values, it may be
possible to obtain simulations of phenomena related to bone remodel-
ing with spatial behavior much as in vitro and in vivo. This would make
it possible to perform in silica experiments more closely resembling
experimental observations.
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DISSECTING THE MULTIPLE MYELOMA TUMOR MICROENVIRONMENT:
A NOVEL IN VIVO PLATFORM

P. TASSONE
MEDICAL ONCOLOGY, MAGNA GRAECIA UNIVERSITY, CATANZARO, ITALY

The recognition of the crucial role of the bone marrow (BM) microen-
vironment as a potential target for novel therapeutical approaches in
Multiple Myeloma (MM) has recently provided several promising strate-
gies and a number of novel therapeutics are presently in advanced pre-
clinical or early clinical evaluation. According to the modern view of
MM pathophysiology, the interaction with heterogeneous normal pop-
ulations of the human BM microenvironment (huBMM) supports the
growth, the survival and induce a drug resistant phenotype of MM cells.
In the last decades, however, the lack of preclinical models recapitulat-
ing the natural BM milieu, where the disease takes place, has been the
major limitation for the study of the molecular interactions of MM cells
with the huBMM and for the rational design and validation of novel
therapeutics. Most of the early in vivo models of murine or human MM
do not indeed reproduce the huBMM and therefore are not suitable sys-
tems for the study of the antitumor activity of novel agents targeting not
only MM cells but also the specific huBMM. Essentially, these models
involve transplantation and engraftment of established murine or human
cell lines respectively in syngeneic or immunocompromised mice. These
models are useful tools as first drug-screening and serve as useful filter
for defining the anti-tumor activity and the pharmacokinetic properties
of innovative drugs but should not be viewed as ideal models for devel-
opment of anti-MM drugs. On the other hand, engineered models of
human MM allow the definition of biological steps in the pathogenesis
of MM and provide optimal models to test molecules that specifically
target the underlying genetic lesions, but are not suited for large-scale
screening of investigational drugs and do not completely recapitulate the
human disease. Innovative models based on the engraftment of human
primary MM cells within a huBMM obviously retain advantages over
other models for the study of the pathophysiology of the disease and
for preclinical evaluation of investigational drugs targeting not only the
tumor compartment but also the huBMM. The development of the
SCID-hu model [1-3], which is based on the implantation of a human
fetal bone chip in immunocompromised (SCID) mice, is still one of the
most important experimental resources and has represented a significant
advancement since it reproduces an in vivo huBMM suitable for engraft-
ment of freshly-explanted primary MM cells. Even if this model repre-
sents a powertul system for the screening of investigational drugs, there
are some weaknesses associated with a limited availability of human
fetal bone chips, the allogeneic nature of the fetal BM milieu versus
patient-derived MM cells and the obvious differences of the fetal bone
versus the elderly bone, where in the most of cases the disease takes
place. In the aim to overcome the limitations of the SCID-hu system, a
new model, called SCID-synth-hu, recently developed by us [4]. This
model is based on the implantation into a SCID mouse of a three-dimen-
sional (3D) bone-like poly-g-caprolactone polymeric scaffold (PCLS).
This synthetic recipient, which finely reproduces the micro architecture
of a normal human femur adult bone, allows efficient coating of the 3D
scaffold internal surface with human bone marrow stromal cells
(BMSCs) and the successful engraftment of human primary explanted
MM cells within an allogeneic huBMM in vivo. Most importantly, the
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injection within the biosynthetic scaffold of the whole unselected BM
population from patient BM aspirate, containing both primary CD138+
MM cells and their autologous BMSCs, demonstrated a successful
engraftment of all patient samples. Therefore this latter approach indeed
allows the recapitulation of the human disease in its natural BM milieu.
Moreover, vasculogenetic events occur within the reconstituted huB-
MM and we have demonstrated that this SCID-synth-hu model is suit-
able for investigational drug screening simply by monitoring the human
paraprotein in the mouse serum. Using a sequential addition of normal
or genetic engineered huBMM cell components, this system allows the
dissection of biological events occurring within the huBMM, therefore
providing a finely tunable innovative tool for more appropriate studies
on the role of the BM milieu in the MM. In addition, preliminary results
demonstrated that the polymeric scaffold can be improved by addition
of hydroxyapatite, providing an optimal instrument for the study of bio-
logical events involved in the MM-related bone disease in a well defined
system. An additional important point is the plasticity of this platform
that can allow investigation of molecular variants of human disease by
the use of personalized models. This may be relevant in the light that
MM drug development cannot rely on the “one-fits-all” concept, taking
in account the molecular heterogeneity of the disease. The rising inter-
est for novel therapeutics based on the interference with molecular
microenviromental networks which also involves immunological cells,
strongly underscore the need of preclinical models able to recapitulate
the MM cell/autologous huBMM interaction. In conclusion, more efforts
are needed to further improve these preclinical platforms and allow rou-
tinely use of these models for the definition of new anti-MM therapeu-
tic agents.
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EPIGENETIC CHANGES OF MYELOMA CELLS WITHIN THE BONE MARROW MICROENVI-
RONMENT

K. VANDERKERKEN (1), E. DE BRUYNE (1), M. LEMAIRE (1), K. MAES (1),S.
DELEU (1), E. MENU (1), E. VAN VALCKENBORGH (1), B. VAN CAMP (1), XU
SONG (1), H. JERNBERG-WIKLUND (2), I. VAN RIET*

(1) DEPARTMENT OF HEMATOLOGY AND IMMUNOLOGY, VRIJE UNIVERSITEIT
BRUSSEL, BRUSSELS, BELGIUM; (2) DEPARTMENT OF GENETICS AND PATHOL-
OGY, RUDBECK LABORATORY, UPPSALA UNIVERSITY, UPPSALA, SWEDEN

Epigenetics refer to variability in gene expression, heritable through
cell division, but without any underlying modification of the actual
genetic sequence. These alterations play a fundamental role in normal
physiological phenomena such as embryogenesis, genomic stability, X
chromosome inactivation and imprinting, but also in cancer. Cancer
cells have been shown to have genome-wide aberrations at epigenetic
level, including global hypomethylation, promoter-specific hyperme-
thylation, histone deacetylation, global down-regulation of miRNAs and
upregulation of certain actors of the epigenetic machinery such as EZH2.
Unlike genetic alterations, epigenetic alterations are potentially
reversible and are therefore good candidates for new therapies. In mul-
tiple myeloma (MM) several genes are hypermethylated and upon treat-
ment with a DNA methylation inhibitor they become re-expressed
demonstrating the reversible nature of epigenetic modifications (1-3).
Inhibition of DNA methylation using 5’ azacytidine has been demon-
strated to promote MM cell apoptosis, inducing double stranded DNA
breaks and inhibiting IL-6 and NF-KkB signaling pathways (4-5). 5-aza-
2’deoxycytidine, also known as decitabine (DAC), has furthermore been
shown to induce p21 and p38 mediated cell cycle arrest in the G1 and
G2/M phases respectively in MM and leukemia (6-7). Besides DNA
methylation, covalent histone modifications are also involved in gene
transcription. The N-terminal tails of the histones are susceptible to a
wide range of modifications of which acetylation, methylation and
phosphorylation are the most studied so far. The degree of histone
acetylation is determined by net balance of the activity of histone acety!
transferases (HATs) and histone deacetylases (HDACs) (8). Although



there is no direct evidence of altered HDAC activity or expression in
MM, preclinical studies have demonstrated that HDAC inhibitors
(HDACI) exhibit anti-MM activity (8,9). Our group has previously
demonstrated that JNJ-26481585, a hydroxamate based HDACI, induces
G1l-phase cell cycle arrest and apoptosis in the murine 5T33MM cells.
When used in an in vivo setting, JNJ-26481585 decreased serum M com-
ponent and tumor burden in the 5T33MM model (10). Moreover, when
combined with bortezomib, JNJ-26481585, clearly showed synergistic
effects in the 5T2MM model on bone parameters such as reduction of
osteoclasts and increase of osteoblasts, trabecular bone volume, and tra-
becular number compared with bortezomib as single agent, suggesting
that the bone remodeling properties of bortezomib can be improved
with a HDAC inhibitor (11). We here also demonstrate that Vorinostat,
a HDAC inhibitor currently in clinical trial, when used as single drug
directly affects the osteogenic capacity of MM patient derived mes-
enchymal stem cells (MSCs), as demonstrated by the expression of spe-
cific osteogeneic markers and matrix mineralization. We recently iden-
tified a novel repressed gene signature in MM cells, that was enriched
for previously defined H3K27-tri-methylated genes, targets of the Poly-
comb group. The pan-HDAC inhibitor LBH589 activated gene expres-
sion of Polycomb target genes which were under expressed in MM and
reduced the survival of the tumor clone in vitro and in vivo, using the
5T33MM model (3). In addition we also demonstrated that IGF-1
repressed expression of the pro-apoptotic gene Bim by simultaneously
increasing H3K9 dimethylation (H3K9me2) and decreasing H3K4
trimethylation and H3K9 acetylation (H3K9Ac) of both the Bim and
FoxO38a promoter. Interestingly, combinatorial treatment with LBH589
and DAC was demonstrated to result in a drastic and significant reduc-
tion of these H3K9me?2 marks accompanied by an increase in H3K9Ac
(12). When the IGF-1R was targeted (with the RTK inhibitor picrop-
odophyllin, PPP) simultaneously with LBH589, in vitro synergistic effects
on apoptosis and proliferation were observed, using both human and
murine MM cells, while in vivo, using the 5T33MM model a significant
prolonged survival was observed compared to single drug treatment.
We here further demonstrate that besides the direct anti-MM activity of
the DNA methylation inhibitor DAC and/or the histone deacetylase
inhibitor JNJ-26481585; combinatorial treatment of the human and
murine MM cells with both agents synergistically decreased viability
and increased the number of apoptotic cells as compared to drugs used
alone. When this combination strategy was used in vivo (using the
5T33MM model), synergistic effects were also observed on tumor bur-
den and microvessel density. In conclusion, the epigenome in MM is
clearly altered. Epigenetic drugs are promising not only as single agents
but also in combination with other epigenetically targeted drugs or con-
ventional used chemotherapy, targeting both the MM cells and the
microenvironment. The understanding of the epigenome and the actors
involved in the modulation of its interaction with genomic sequences is
fundamental in the development of these new classes of therapies.
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Abstracts

HIGH-RISK ENTITIES OF MYELOMA:
FROM BIOLOGY TO TREATMENT

T(4;14) AND GENOMIC INSTABILITY IN HIGH-RISK MULTIPLE MYELOMA
PL. BERGSAGEL, M. CHESI
MAYO CLINIC, ROCHESTER, MN, USA

The t(4;14)(p16;q32) chromosome translocation is unique among MM
IgH translocations in that the IgH breakpoint is always within a switch
region, and light chain variant translocations have not been described.
This results in dissociation of the intronic Eu enhancer on der(4) that dys-
regulates MMSET from the 3’ enhancer on der(14) that dysregulates
FGFR3. This suggests that it may be important in the pathogenesis of
t(4;14) MM to dysregulate both of these oncogenes. Activating muta-
tions of FGFRS3 that occur in about 10% of patients with t(4;14) indicate
that FGFR3 can play an important role in the progression of t(4;14) MM.
However the absence of FGFR3 expression in about 25% of patients
with t(4;14) MM also indicates that the continued expression of FGFR3
is dispensable, at least in some patients. The role of these two proteins
in the pathogenesis of MM has remained elusive. Clinically patients
with t(4;14) MM have a poor prognosis when treated with melphalan
or IMiDs, whereas early mortality appears to be abrogated by the use
of bortezomib, even if the poor prognosis is not completely overcome.

Breakpoints

K L 3 Pily FInGERS LS

Recently we have identified a role for MMSET in DNA repair (Pei H,
Zhang L, Luo K, Qin Y, Chesi M, Fei F, Bergsagel PL, Wang L, You Z, Lou
Z. MMSET regulates histone H4K20 methylation and 53BP1 accumula-
tion at DNA damage sites. Nature. 2011 470(7332):124-8). Following
DNA damage MMSET is phosphorylated on Ser102 by ATM and is
recruited to double strand breaks (DSB) by MDC1. MMSET is a histone
methyltransferase that methylates H4K20 on the histones at sites of
DSBs. Di-methylation of H4K20 recruits p53 binding protein (53BP1) a
key transducer of the DNA damage checkpoint signal. 53BP1 is required
for p53 accumulation, G2/M checkpoint arrest, and the intra-S-phase
checkpoint in response to ionizing radiation. Approximately half of the
translocation breakpoints in t(4;14) MM result in a truncated MMSET
that lacks Ser102 and cannot be recruited to DSBs. These results indi-
cate that MMSET belongs to a class of cancer causing genes such as
ATM that contribute to oncogenesis by impairing the DNA damage
response. Although further study is required, based on these data it may
not be a useful therapeutic strategy to inhibit MMSET histone methyl-
transferase activity (and in fact provide caution that this may cause prob-
lems with systemic inhibition of the DNA damage response). Further-
more, they also suggest that DNA damaging agents should be used with
caution in t(4;14) MM, and it they are to be used, it is probably best done
when the tumor burden is lowest, and the fewest possible cells deficient
in DNA repair are exposed to genotoxic agents
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THE MMSET HISTONE METHYL TRANSFERASE ALTERS CHROMATIN STRUCTURE, GENE
EXPRESSION AND DNA DAMAGE RESPONSE IN T(4;14) MULTIPLE MYELOMA CELLS

E. MARTINEZ-GARCIA (1), R. POPOVIC (1), D.J. MINJ (1), S.M. SWEET (1), .M.
THOMAS (1), L. ZAMDBORG (1), A. HEFENER (2), C. WILL (1), L. LAMY (2), L.M.
STAUDT (2), D.L. LEVENS (2), N.I. KELLEHER (1), ].D. LICHT (1)

(1) DIVISION OF HEMATOLOGY/ONCOLOGY, NORTHWESTERN UNIVERSITY
FEINBERG SCHOOL OF MEDICINE, ROBERT H. LURIE COMPREHENSIVE CANCER
CENTER, CHICAGO, IL, USA; (2) NATIONAL CANCER INSTITUTE, BETHESDA, MD,
USA

The multiple myeloma SET domain (MMSET) gene is fused to the
immunoglobulin locus in t(4;14)-associated multiple myeloma, and
MMSET levels are elevated in these patients relative to other myeloma
cases and normal cells. MMSET contains several domains commonly
found in chromatin regulators including the PHD domain, PWWP
domain and SET domain; responsible for histone methyl transferase
(HMT) activity. What histone residues are methylated by MMSET in
vivo has been uncertain. A well-folded, highly active form of the
MMSET SET domain made in bacteria was promiscuous, methylating
the H3K36, H3K27 and H4K20 residues of native histone as well as
itself. To determine how MMSET affects chromatin in vivo and to iden-
tify genes regulated by MMSET, we engineered t(4;14)+ KMS11 cells
with a tetracycline-inducible shRNA, leading to a >90% decrease in
MMSET expression. Upon loss of MMSET expression, there was a strik-
ing decrease of dimethylated histone 3, lysine 36 (H3K36me3), and a
strong increase in H83K27me3, a chromatin mark associated with gene
repression. High MMSET levels and H3K36 methylation was associat-
ed with a more open configuration of chromatin within the myeloma
cells. To ascertain the importance of the HMT activity of MMSE malig-
nant cell growth, MMSET was re-expressed in KMS11 cells in which the
rearranged and overexpressed allele of MMSET was disrupted by
homologous recombination (KMS11-TKO). KMS11-TKO cells, stably
infected with a retrovirus carrying MMSET, displayed high levels of
H3K36me?2 and loss of H3K27me3 and increased cell growth. By con-
trast a form of MMSET with a mutation (Y1118A) in the SET domain
of MMSET that abrogated HMT activity of MMSET failed to change the
chromatin state of the cells and failed to stimulate cell growth. To deter-
mine the genes regulated by MMSET and the importance of histone
methylation in MMSET action, we profiled gene expression in both gain
and loss-of-function systems using [llumina expression arrays. We com-
pared these gene lists with the top 2000 genes bound by MMSET as
determined in a ChIP-on-chip assay using NimbleGen 2.7kb promoter
arrays. MMSET knockdown affected expression of 1845 genes (FC>1.5,
p<0.05); 931 were upregulated and 914 had reduced expression levels.
Among these, 192 genes were also bound by MMSET. Re-expression of
MMSET in KMS11-TKO cells led to increased expression of 749 genes
while 788 genes were downregulated; 176 of these genes were also
bound by MMSET. There were 38 genes that were bound by MMSET
and regulated in both systems, including BME BTG2 and TP53INP1.
These genes implicated in apoptosis represent potential direct transcrip-
tional targets ot MMSET. Furthermore, functional annotation of genes
bound and regulated by MMSET in either the knockdown or repletion
system, using Ingenuity Pathway Analysis, showed enrichment of genes
implicated in the regulation of cell death and the p53 pathway (e.g. BAX,
BCL2, CASP6), the cell cycle (CCNE2, E2F2, TP53INP1, CDC25A) and
integrin-mediated signaling (ACTB, CDC42, ITGAL). The effect of
MMSET on integrin signaling is of interest given that loss of MMSET
expression or repletion of KMS11-TKO cells with MMSET altered the
adhesive and growth properties of KMS11 cells. Finally, gene expression
changes were contrasted between re-expression of wild-type MMSET
and catalytically inactive MMSET Y1118A. Strikingly, the Y1118A
mutant, which was deficient in altering cell adhesion and growth and
which did not change bulk histone methylation, altered expression of
1209 genes, 50% overlapping with those regulated by wild-type
MMSET. Genes regulated by MMSET and the SET domain mutant were
enriched mostly in cellular metabolism pathways (FDPS, IDI1, MVK)
suggesting that effects on the cell cycle, adhesion and p53 pathways
required the HMT activity of MMSET. These data indicate that MMSET
can regulate genes in a HMT dependent and independent manner. Fur-
thermore, MMSET target genes may be both activated and repressed
upon changes in MMSET levels, indicating a complex interplay with
the transcriptional machinery, likely through interactions with other
transcriptional co-factors.

MMSET was recently implicated as a factor in DNA damage repair.
In this regard we found that MMSET overexpressing myeloma cells
demonstrated increased evidence of DNA damage at baseline and
increased DNA damage after treatment of cells with mephelan or gam-
ma irradiation as measured by comet formation and g-H2AX foci. Reple-
tion of KMS11 knockout cells with HMT active but not HMT inactive



MMSET led to increased evidence of DNA damage. However, MMSET
overexpressing cells showed increased viability after DNA damage and
cells failed to undergo G1 arrest after DNA damage. These data suggest
that MMSET through alteration of chromatin structure and DNA repair
pathways may play a role in the chemotherapy resistance of t(4;14)-
associated multiple myeloma.

WHOLE GENOME ANALYSIS OF HIGH RISK MULTIPLE MYELOMA (MM) REVEALS TEMPO-
RAL INSTABILITY, BASELINE DIVERSITY, CLONAL TIDES, SELECTIVE PRESSURE AND LON-
GITUDINAL EVOLUTION

]B. EGAN (1), ].J. KEATS (1), W. TEMBE (2), A. CHRISTOFORIDES (2), S. SINARI
(2), A. KURDOGLU (2), D. CRAIG (2), ]. CARPTEN (2), PL. BERGSAGEL (1),
AX.STEWART (1)

(1)MAYO CLINIC, SCOTTSDALE, AZ; HEMATOLOGY/ONCOLOGY, MAYO CLIN-
IC, SCOTTSDALE, AZ, USA. (2)TRANSLATIONAL GENOMICS RESEARCH INSTI-
TUTE, PHOENIX, AZ, USA

The genetic mechanisms which underpin high risk MM have never
been well defined. Indeed it is a mystery why an initiating chromosome
translocation present even in MGUS should confer risk of early relapse
and shortened survival. We therefore conducted comparative genomic
analysis on 11 patients with known genetic risk factors and two tempo-
rally distinct samples. This analysis demonstrated a high degree of

enomic instability over time in high risk MM when compared with
FISH defined lower risk disease. This analysis also demonstrated base-
line clonal diversity and clonal tides subject to selective pressure of ther-
apeutics as well as the expected longitudinal evolution. Potetial clinical
implications from this analysis were that:

1) Multiple drugs would be required to eradicate disease,

2) That the tumor is genomically unstable (and thus genotoxic drugs
may actually worsen an already volatile situation),

3) That drug sensitive clones may re-emerge (thus explaining why
seemingly drug resistant patients may later re-respond to the same
drug: a phenomenon some have credited to new drugs but which
seems more likely to represent clonal recrudescence)

To better understand these genetic events associated with disease pro-
gression and development of drug resistance we studied longitudinally
collected samples from a single, high risk, t(4;14) MM patient at four time
points. Samples included diagnosis, first progression on lenalidomide,
second progression on bortezomib and plasma cell leukemia. WGS of
50bp fragment libraries provided >100x10° bases/sample and ~30X
aligned coverage. From this analysis we identified 215 novel SNP vari-
ants (SNV) in 207 genes of which 125 were potentially damaging with
7 introducing nonsense mutation SNVs. Only 17 novel SNVs are com-
mon to all tumor time points and would be assumed to be driver events.
Diagnostic and second progression shared 7 SNVs not found in the first
relapse sample a finding which may lead to identification of true drug
resistance (or sensitivity genes) and which supports the presence of mul-
tiple clones at diagnosis which may emerge or regress in clonal tides
under treatment selection pressure. This data needs replicated in other
patient samples but if true supports the use of drug therapies targeting
multiple clones and challenges assumptions regarding refractory disease.
Evaluation in a larger population is needed to confirm these findings.

ALLOGENEIC STEM CELL TRANSPLANTATION FOR HIGH-RISK MYELOMA

H. EINSELE (1), P. LIEBISCH (2),* H. HEBART (3), E. HOLLER (4),* M. ENGEL-
HARDT (5), R.C. BARGOU (6),* B. METZNER (7), D. PEEST (8)*, W.E. AULITZKY
(9), H. WANDT (10)*, O. SEZER (11), M. HENTRICH (12),* H. OSTERMANN (13),
C. PESCHEL (14), G. HESS (15),* B. HERTENSTEIN (16),* M. FREUND (17), M.H.
KROPEF (18), H-H. WOLE (19),* W. JUNG (20),* N. ERICKHOEEN (21), G.
MASCHMEYER (22), H-G. MERGENTHALER (23),* E. HEIDEMANN (24),% N.
KROGER (25),* C. STRAKA (26),* C. ENGEL (27),* L. KANZ (28),* C. MEISNER (27),*
S. KNOP (1)

(1) DEPARTMENT OF INTERNAL MEDICINE, WUERZBURG UNIVERSITY HOSPI-
TAL, WUERZBURG, GERMANY; (2) DEPARTMENT OF INTERNAL MEDICINE III,
UNIVERSITY HOSPITAL OF ULM, ULM, GERMANY; (3) HEMATOLOGY AND
ONCOLOGY, TUEBINGEN UNIVERSITY HOSPITAL, TUEBINGEN, GERMANY; (4)
ABTEILUNG HAMATOLOGIE/INTERN.ONKOLOGIE, KLINIKUM DER UNIVERSI-
TAT REGENSBURG, REGENSBURG, GERMANY; (5) UNIVERSITY HOSPITAL,
FREIBURG, GERMANY; (6) INTERNAL MEDICINE II, UNIVERSITY HOSPITAL
WURZBURG, WURZBURG, GERMANY: (7) KLINIKUM OLDENBURG, OLDENBURG,
GERMANY; (8) HEMATOLOGY AND ONCOLOGY, HANNOVER MEDICAL
SCHOOL, HANNOVER, GERMANY; (9) ROBERT-BOSCH-KRANKENHAUS,
STUTTGART, GERMANY; (10) MEDICAL DEPARTMENT 5, KLINIKUM NUERNBERG
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ITE - UNIVERSITAETSMEDIZIN BERLIN, BERLIN, GERMANY; (12) KLINIK FUR
HAMATOLOGIE, ONKOLOGIE UND PALLIATIVMEDIZIN, STADTISCHES
KLINIKUM MUNCHEN HARLACHING, MUNCHEN, GERMANY; (13) UNIVERSITY
HOSPITAL GROSSHADERN, MUNICH, GERMANY; (14) 3RD MEDICAL DEPART-
MENT, HEMATOLOGY AND ONCOLOGY, TECHNISCHE UNIVERSITAT
MUNCHEN, MUNCHEN, GERMANY; (15) JOHANNES GUTENBERG-UNIVERSITY,
MAINZ, GERMANY; (16) KLINIKUM BREMEN-MITTE, BREMEN, GERMANY; (17)
DIVISION OF HEMATOLOGY AND ONCOLOGY, UNIVERSITY OF ROSTOCK,
ROSTOCK, GERMANY; (18) UNIVERSITY OF MUNSTER, MUNSTER, GERMANY;
(19) UNIVERSITY HOSPITAL, HALLE, GERMANY; (20) HEMATOLOGY AND ONCOL-
OGY, UNIVERSITY HOSPITAL, GOTTINGEN, GERMANY; (21) HSK, DR.-HORST-
SCHMIDT-KLINIK, WIESBADEN, GERMANY; (22) DEPT. OF HEMATOLOGY/
ONCOLOGY, ERNST-VON-BERGMANN CLINIC, POTSDAM, GERMANY; (23)
KLINIKUM STUTTGART, STUTTGART, GERMANY; (24) DIAKONIE-HOSPITAL,
STUTTGART, GERMANY; (25) STEM CELL TRANSPLANTATION, UNIVERSITY HOS-
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BERG, GERMANY; (27) BIOSTATISTICS, UNIVERSITY OF TUBINGEN, TUEBINGEN,
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Background. Allogeneic stem cell transplantation (allo SCT), a treat-
ment modality based on transfer of immunocompetent donor lympho-
cytes offers curative potential to subjects with a variety of hematologi-
cal cancers. In multiple myeloma (MM), high-dose melphalan followed
by autologous stem cell transplantation (auto SCT) is adopted as a stan-
dard of care. However, it remains mostly palliative since the vast major-
ity of patients (pts) relapse and renders allo SCT an option of interest.
Deletion of chromosome 13q14 (13g-) especially when associated with
additional cytogenetic abnormalities in MM has been shown to negative-
ly impact prognosis. Therefore, improvement of therapy for these
patients is highly desirable. Patients and methods. A prospective two-arm
multi-center trial (DSMM V) was set up by our group to compare tan-
dem high-dose melphalan 200 mg/m? (HD Mel) with a reduced intensi-
ty conditioning allo-SCT after one cycle of HD Mel for 13q- MM. Eligi-
bility criteria were 13¢- +/- additional cytogenetic abnormalies on bone
marrow FISH analysis; age up to 60 years; newly diagnosed MM in
Salmon and Durie stages II and III; and measurable disease. Allocation
to either treatment arm was by availability of an HLA-matched (one
mismatch allowed) volunteer related (VRD) or unrelated donor (VUD).
Initially, all pts received four cycles of anthracycline/dexamethasone-
based induction followed by chemomobilization of peripheral blood
stem cells (PBSCT) and one cycle of HD Mel. Allogeneic SCT was per-
formed after preparation with fludarabine (30 mg/m? for 3 consecutive
days) and melphalan 140 mg/m?. ATG was administered for VUD trans-
plants. Results. 199 pts with a median age of 53 (range, 30 — 60) years were
enrolled between October 2002 and March 2007 and included in this
interim analysis. Sixty-seven percent had stage III disease. Allo SCT was
performed in 126 of 199 pts (63%), 76 of whom (60%) received VUD
allografts. The remaining 73 subjects uniformely received tandem HD
Mel. Pts following allo SCT were more likely to achieve CR (59%) when
compared to tandem HD Mel (32%; p=.003) within one year after end
of therapy. Similarly, overall response rate was significantly higher with
allo SCT (91% versus 86%; p=.003). Of note, depth of response to allo
SCT was not associated with presence of acute graft-versus-host disease
(GVHD): 62% CR with grades II to IV GVHD vs 58% CR with grades
0 and I (p=.75). Treatment-related mortality (TRM) at 2 years from allo
SCT was 15/126 (11,9 %). At a median follow up of 41 months for tan-
dem HD Mel and 34 months for allo SCT, projected 2-year PES is 47,7
% for the auto-auto and 61,1 % for the auto-allo-arm. Especially in
patients with an increated LDH-level and 17p deletion in addition to the
13q deletion OS is superior for the auto-allo when compared to the auto-
auto-arm, respectively. Conclusions. This is the largest trial on first-line
allogeneic stem cell transplant in MM so far. Our interim results show a
higher CR rate in FISH 13¢- subjects undergoing allo SCT when com-
pared to tandem HD Mel. Despite a majority of allografts in our study
being delivered from unrelated donors, TRM was comparable to trials
confined to sibling transplants as in addition, TRM was identical for
patients undergoing an allo SCT from a matched related or unrelated
donor. With a still short follow-up, OS for very high risk patients is supe-
rior with an allo SCT when compared to tandem auto SCT.
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PRACTICAL ASPECTS ON THE MANAGEMENT OF
MYELOMA BONE DISEASE

BONE IMAGING IN MYELOMA: OLD SCAFFOLDS AND NEW AVENUES
M.A. DIMOPOULOS (1), L.A. MOULOPOULOS (2), E. TERPOS (1)

(1) DEPARTMENT OF CLINICAL THERAPEUTICS, UNIVERSITY OF ATHENS
SCHOOL OF MEDICINE, ALEXANDRA GENERAL HOSPITAL, ATHENS, GREECE;
(2) DEPARTMENT OF RADIOLOGY, UNIVERSITY OF ATHENS SCHOOL OF MED-
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Lytic bone disease is a major feature of multiple myeloma (MM): 70-
80% of patients have osteolytic lesions at diagnosis, up to 90% devel-
op lytic lesions during the course of their disease and 10%-15% present
with diffuse osteopenia or osteoporosis at diagnosis.

Conventional Radiography: Conventional radiography remains the gold
standard for the evaluation of bone disease in MM patients. Lytic lesions
on plain X-rays are typically punched-out lesions with absent reactive
sclerosis of the surrounding bone in the flat bones of the skull and pelvis.
In the long bones, there is a range of appearances from endosteal scal-
loping, to discrete small (<1 cm) lytic lesions, to mottled areas of multi-
ple small lesions, to large destructive lesions. These lesions correspond
to nodular replacement of marrow by plasma cells with entire bone
destruction. A “complete skeletal survey”, according to the IMWG
guidelines, should include a posteroanterior view of the chest, antero-
posterior and lateral views of the cervical spine (including an open
mouth view), thoracic spine, lumbar spine, humeri and femora, antero-
posterior and lateral views of the skull and antero-posterior view of the
pelvis. The presence of lytic lesions in the skeletal survey is included in
the definition of symptomatic myeloma, which needs therapy. Howev-
er, plain X-ray has several limitations: i) it reveals lytic disease when
over 30% of the trabecular bone has been lost; thus approximately 20%
of patients at diagnosis have normal skeletal survey; ii) it cannot be used
for the assessment of response to therapy as the Iytic bone lesions sel-
dom show evidence of healing; iii) new compression vertebral fractures
do not always indicate disease progression and may occur due to on-
going bone loss or reduction of tumor mass that supports the bony cor-
tex; iv) lack of accurate visualization of some areas; v) reduced specifici-
ty versus benign causes of osteopenia; vi) observer dependency; vii)
lengthy period on the examination table; and viii) poor tolerance by
patients with severe pain and extended lytic disease.

Computed Tomography (CT): CT allows the detection of small osteolyt-
ic lesions that are not revealed by plain radiography. The advantages of
CT vs. conventional X-rays includes: i) the superior diagnostic sensitiv-
ity of CT in revealing more osteolytic lesions, mainly in areas that can-
not be accurately visualized by plain radiography, e.g. scapulae, rib or
sternumy; ii) the superiority in estimating fracture risk and instability; iii)
the duration of the examination, which is practically three times less
than that of standard radiography; iv) the complete diagnostic evalua-
tion in a single examination without having to reposition the patients,
which is important when examining patients in pain; v) the demonstra-
tion of other unsuspected pathological processes; and vi) the superiori-
ty in planning the radiation therapy or the surgical intervention. One of
the negative points against CT is the radiation dose delivered to patient,
which is up to 400 times higher than that of conventional radiography.
To overcome this problem, whole-body low-dose CT was introduced
and was found to be superior to whole-body MRI in detecting residual
osteolytic abnormalities; however, this is not widely available. Anoth-
er disadvantage of CT is that it is non-specific for the evaluation of
osteopenia/osteoporosis. Furthermore, caution is needed regarding the
use of iv contrast as this could result in significant renal dysfunction,
which is common among myeloma patients.

Magnetic Resonance Imaging (MRI). MRI has been widely available for
the evaluation of myeloma bone disease during the last two decades.
MRI is more sensitive compared to conventional radiography in the
detection of osteolytic lesions. In general, the advantages of MRI over
conventional radiography and CT scan include: i) the excellent imaging
of the axial skeleton due to the greater sensitivity of the method; ii) the
discrimination of myeloma from normal marrow; iii) the accurate illus-
tration of spinal cord and/or nerve root compression, soft tissue exten-
sion, head and neck plasmacytomas, avascular necrosis of the femoral
head and iv) better evaluation of cardiac amyloidosis and/or soft tissue
amyloid deposits. Furthermore, the presence of focal lesions on MRI
correlates with shorter overall survival (OS) in several studies, in patients
who received both conventional chemotherapy and novel agent-based
regimens. One of the advantages of MRI is the depiction of marrow
infiltration. Five MRI patterns of marrow involvement in myeloma have
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been recognised: (1) normal appearance of bone marrow despite minor
microscopic plasma cell infiltration; (2) focal involvement; (3) homoge-
neous diffuse infiltration; (4) combined diffuse and focal infiltration; and
(5) variegated or "salt-and-pepper" pattern with inhomogeneous bone
marrow with interposition of fat islands. Low tumor burden is usually
associated with a normal MRI pattern, but a high tumor burden is usu-
ally suspected when there is ditfuse hypointense change on T1-weight-
ed images, diffuse hyperintensity on T2-weighted images and enhance-
ment with gadolinium injection. Diffuse MRI marrow pattern correlates
also with poor prognosis in patients who are treated with convention-
al chemotherapy or novel agent-based therapies and changes in MRI
pattern correlate with response to therapy. MRI may also contribute in
the definition of symptomatic disease in asymptomatic myeloma
patients with normal skeletal survey. However, further studies will
reveal if abnormal MRI is going to be incorporated in the definition of
symptomatic myeloma.

The Role of PET/CT in Multiple Myeloma. F18-fluorodeoxyglucose
PET/CT (FDG-PET/CT) is reliable for most bone lesions that are at least
1 cm in diameter using a standard SUV cut-off of 2.5 to indicate the
presence of disease. For lesions smaller than 5 mm in diameter, it has
been suggested that any amount of FDG uptake should be considered
positive regardless of SUV. Lesions between 5-10 mm are considered
indeterminate if the SUV is less than 2.5. The sensitivity of FDG PET in
detecting myelomatous involvement is approximately 85% and its
specificity is approximately 90%. By combining MRI of the spine/pelvis
and FDG-PET/CT, the ability to detect sites of active MM is >90%.
PET/CT provides additional information for the assessment of MM bone
disease in areas not covered by MRI, but further studies are needed
before its broader use in MM.

Other Imaging Techniques. Traditional technetium bone scintigraphy
scanning is not recommended for MM patients as its specificity and sen-
sitivity at diagnosis and follow-up is lower compared to conventional
radiography. Dual-energy X-ray absorptiometry (DXA) is a valuable
method for the definition of osteoporosis and in MM it may influence
the decision to begin bisphosphonate treatment. Limitations of the
method include its influence by spondylosis, spinal osteophytes and
vertebral collapse, its difficulty to recognize myeloma osteoporosis from
other forms of osteoporosis. DXA fails to predict disease progression.

In conclusion, conventional radiography remains the cornerstone for
the evaluation of MM bone disease. Whole body MRI can give comple-
mentary information to skeletal survey and is recommended in patients
with normal conventional radiography. MRI of the whole spine should
be performed in addition to the skeletal survey as part of staging in all
patients with a solitary plasmacytoma of bone. Urgent MRI is also the
diagnostic procedure of choice to assess suspected cord compression in
myeloma patients even in the absence of vertebral collapse. CT of the
spine or other areas of the skeleton may be considered to clarify cases of
clinical concern in the absence of MRI and to guide tissue biopsy. PET/CT
can give complementary information to MRI but its use in MM has to
be clarified by further studies. The incorporation of abnormal MRI to the
definition of symptomatic myeloma also needs to be clarified.

WHOLE BODY MAGNETIC RESONANCE IMAGING IN
MONOCLONAL PLASMA CELL DISEASES

J. HILLENGASS

DEPARTMENT OF HEMATOLOGY AND ONCOLOGY, UNIVERSITY OF HEIDEL-
BERG, HEIDELBERG, GERMANY

Whole body magnetic resonance imaging (wb-MRI) is an emerging
technique in the assessment of malignant hemato-oncologic and espe-
cially in monoclonal plasma cell diseases. First investigations with MRI
in multiple myeloma have already been published in 1987 by Ludwig
et al (Ludwig Lancet 1987). While until the early years of this century
there was no practicable way to examine the whole body of patients by
MR, the introduction of the so called rolling table device and whole
body array curls it has become possible to examine more and more parts
of the body in one examination within reasonable time and with ade-
quate spatial resolution (Figure 1). Therefore several studies on the
application of wb-MRI in patients with monoclonal plasma cell diseases
have been published. Baeuerle et al. compared the findings of MRI of the
spine and the sacral bone with wb-MRI and were able to demonstrate
that it is worth to perform the latter if available because mere axial MRI
misses about 10% of patients who present with exclusively extra-axial

lesions (Baeuerle Radiology 2009).



Figure 1 Composed T1-weighted Wb-MRI in coronal orientation

Comparison of wb-MRI derived classification according to the
Durie/Salmon PLUS staging system with the conventional Durie/Salmon
stage revealed a rather weak concordance of 45% of both systems. How-
ever, the meaning of these findings for the routine diagnostic work-up
of patients with monoclonal plasma cell disease is still unclear (Fechtner
Radiology 2010) Fig. 2. MRI detects diffuse involvement as well as focal
lesions representing accumulations of myeloma cells w/o effects on the
concerning mineralized bone. Both manifestations have been demon-
strated to be of adverse prognostic significance. In a multivariate analy-
sis of 149 patients with smoldering or indolent myeloma a number of
more than one focal lesion detected by wb-MRI was the strongest
adverse prognostic factor for progression free survival defined as trans-
formation into symptomatic disease (Hillengass JCO 2010. Figure 3).
The current guidelines of the international myeloma working group still
recommend radiological skeletal survey as most common imaging
method for routine work-up of patients with monoclonal plasma cell dis-
eases mainly because it is widely available and most clinical trials are
based on conventional x-ray findings (Dimopoulos Blood 2011; Durie
Leukemia 2009). Comparison of different imaging methods revealed
that wb-MRI is superior to radiological skeletal survey (Ghanem Eur
Radiology 2006, Gleeson Skeletal Radiol 2008) and whole body comput-
ed tomography (wb-CT) (Baur-Melnyk AJR 2008) and equivalent or
superior to positron emission tomography (PET) w/o CT (Shortt AJR
2009; Zamagni Haematologica 2007) for the detection of lesions caused
by the accumulation myeloma cells not only in bone marrow but also
in soft tissue.

Durie/Salmon PLUS staging system

MGUS 4

Durie/Salmon staging system

Figure 2. Comparison of Durie/Salmon and Durie/Salmon PLUS staging sys-
tem in 404 patients. Fechtner K. et al. Radjology 2010.
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Figure 3. Prognostic significance of focal lesions in wh-NRI in patients with
smoldering/ indolent multiple myeloma Hillengass J. et al. JCO 2010.

However, other studies demonstrated a superiority of CT and PET/CT
over spinal MRI and in the assessment of response to treatment (Nanni
Eur ] Nucl Med Mol Imaging. 2006). Furthermore, the correlation of sero-
logical and MRI-derived response to systemic treatment was rather weak
in 100 patients examined before and after therapy in our department
(Hillengass Abstract 2977 ASH 2010). This may be at least in part be
caused by the fact that focal lesions detected by MRI in many cases do
not disappear completely but leave cystic spots which can not be differ-
entiated from vital plasma cell tumors. In this case PET/CT delivers com-
plementary information because the vitality of lesions can be detected
(Zamagni Abstract 369 ASH 2010).

In conclusion, if available wb-MRI is a valuable method to assess
tumor mass in patients with monoclonal plasma cell disease independ-
ent of the secretory activity. Plasma cell tumors in bone marrow can be
detected before mineralized bone is affected. If the detection of changes
in MRI should lead to initiation of systemic treatment is still a question
to be addressed by further prospective studies. Especially in patients
with asecretory myeloma or with soft tissue masses wb-MRI is a valu-
able tool superior to all other available imaging tools.

Accompanying morphologic wb-MRI the development of functional
imaging sequences as dynamic contrast-enhanced MRI and diffusion-
weigthed imaging is under way. These techniques allow to measure
microcirculation and cellularity of bone marrow and may in future help
to differentiate between vital myeloma lesions and cystic residua.

PAMIDRONATE: CAN THE DOSE BE LOWERED?
P. GIMSING

DEPARTMENT OF HAEMATOLOGY, RIGSHOSPITALET, AND COPENHAGEN UNI-
VERSITY, COPENHAGEN, DENMARK

Introduction. Prophylactic bisphposphonates have been standard ther-
apy in multiple myeloma for the last three decades. Both clodronate and
pamidronate were proved to decrease the number of skeletal related
events (SRE) significantly compared to placebo.(1-3) Also a better sur-
vival was suggested in subgroups of patients.(4;5) When the more potent
zoledronic acid was developed, it was proved to be as effective as the
standard treatment with pamidronate 90 mg both given as monthly infu-
sions in patients with multiple myeloma.(6;7) Zoledronic acid could be
administered as 15 min infusion and was soon used worldwide instead
of a 2-4 hour infusion of pamidronate. It was known, almost from the
beginning of the treatment, that both pamidronate and zoledronic acid
were nephrotoxic depending on the administered dose and the infusion
rate and therefore the treatment had to be modified in many myeloma
patients depending on their renal impairment. Eight years ago came the
first reports on the bisphosphonate induced osteonecrosis of the jaw
(ONJ)(8) and it became obvious that the risk increased with the more
potent zoledronic acid and with the cumulative dose of both N-contain-
ing bisphosphonates (9). This lead to modification of the guidelines for
the use of bisphosphonates in multiple myelom limiting the treatment
to 2 years in newly diagnosed multiple myeloma (10;11). Therefore the
question of ‘what is the optimal dose of the bisphosphonates? became
an issue. Only few studies have addressed this question either by com-
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paring different doses of a certain bisphosphonates (12;13) or by com-
paring bisphosphonates with different potency (7;12;14). In the Nordic
group (NMSG) we conducted a study of PAM 30 mg versus 90 mg. Dose-
efficacy. Berenson et al. compared monthly treatment of three dosis of
zoledronic acid (0.4, 2, and 4 mg)(ZOL0.4, ZOL2, and ZOL4) with
pamidronate 90 mg (PAM90) and showed no significant clinical differ-
ence on SRE or skeletal pain score between ZOL2 and ZOL4 and
PAMO0, but lower efficacy of ZOL 0.4 mg. Bone metabolic markers
showed dose depending relation with the three ZOL doses. However,
the number of patients in each group was relatively low (12). Rosen at
al compared PAM90 with ZOL4 and zoledonic acid 8 mg, but had to
modify the dose in the last group (ZOL4/8) in a large study of myeloma
and breast cancer patients. They found no significant difference between
the three groups for myeloma patients with respect to any SRE, pain
score, ECOG performance status or survival (6;7). In the study of the
Nordic myeloma study group Gimsing et al compared PAM90 with
PAM30 (monthly infusions of pamidronate 30 mg) and found no signif-
icant difference in performance status (EORTC QLQ-C30), time to first
SRE, progression free survival (PES) or overall survival (OS) (13). In MRC
Myeloma IX trial Morgan et al compared clodronate (1600 mg daily)
with ZOL4 and showed recently significantly higher PFS and OS for
the ZOL4 group (14) and for SRE though still not finally published. Dose-
toxicity. More patients had increasing creatinine level in the ZOL4 and
PAMO90 compared to ZOL2 and ZOLO0.4 but there was no significant dif-
ference in the renal serious adverse events (SAE) (12). In the study of
Rosen et al. the zoledronic 8 mg treatment was to be stopped and the
infusion time of zoledronic acid had to be prolonged from 5 to 15 min.
due to concerns of the renal safety. After these modifications only
Z(OL4/8 had significantly increased nephrotoxicity compared to ZOL4
and PAMO0 (6). Neither of these studies reported data on ONJ since this
was not an issue at that time. In the Nordic study we found a trend
towards more cases of ONJ in the PAM90 compared to PAM30 (8 vs. 2
cases) and more patients stopping treatment due to nephrotoxicity (15
vs. 7 cases) (13). In the MRC myeloma IX trial significantly more patients
of ZOL4 had ONJ compared to clodronate treated patients (35 vs. 3 cas-
es) while there was no significant difference in nephrotoxicity (14).
Conclusions. Monthly infusions of pamidronate 30 mg can be recom-
mended as the effective and safe treatment dose of prophylactic
pamidronate. The higher efficacy of monthly zoledronic acid 4 mg com-
pared to daily oral clodronate also for survival raises the question
whether this is due to the higher potency of zoledronic acid or the fact
that zoldronic acid like pamidronate is a N-containing bisphosphonate
that is known to have higher anti-myeloma effect in vitro than e.g. clo-
dronate due to another mechanism of action. The final answer to this

question demands a new study comparing PAM30 with ZOL4.
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PIES: MRC MYELOMA IX STUDY RESULTS
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The Medical Research Council (MRC) Myeloma IX Study examined
the effects of ZOL vs CLO in pts with newly diagnosed MM assigned
to antimyeloma therapy (Int or Non-Int, both followed by TM or no
maintenance [NM] in eligible pts) and randomized to ZOL (n = 981; 4
mg intravenously every 21 to 28 days) or CLO (n = 979; 1600 mg oral-
ly every day). ZOL and CLO were continued and SRE data collected at
least until disease progression. SREs included fractures, spinal cord com-
pression, new osteolytic lesions, and radiation or surgery to bone. Time
to first SRE was evaluated using a Cox model, and multiple event analy-
ses used Andersen-Gill methodology. Among 1960 evaluable pts with
8.7-years’ median follow-up, ZOL significantly prolonged survival (P =
.012) and reduced the ongoing risk of SREs by 28% vs CLO (hazard
ratio = 0.72; P <.0001). In both Int and Non-Int pathways, ZOL reduced
the mean SREs/pt-year by 50% (0.4 vs 0.8 for CLO) and provided pro-
found reductions in vertebral fracture rates. ZOL significantly increased
time to first SRE vs CLO overall (P < .001), in Int (P = .003) and Non-Int
pathways (P = .008), and with TM (P = .044) or NM (P = .003). SRE
kinetics were similar when new osteolytic lesions were excluded as an
SRE. Both bisphosphonates were generally well tolerated and had sim-
ilar renal safety. Osteonecrosis of the jaw rates (ZOL, 3.6%; CLO, 0.3%)
compare favorably with previous reports in MM. These analyses sug-
gest that ZOL provides SRE benefits vs CLO regardless of myeloma
treatment regimen.
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Bisphosphonates (BPs) have proven efficacy in reducing the risk of
skeletal-related events (SREs) and treatment of hypercalcaemia in mul-
tiple myeloma (MM). The nitrogen-containing bisphosphonates (N-BPs)
in particular are potent inhibitors of osteoclastic bone resorption. There
is increasing pre-clinical evidence that these agents have anti-cancer cell
activity, decreasing proliferation, adhesion and angiogenesis and pro-
moting apoptosis; one mechanism, peculiar to the N-BPs, being the
blocking of prenylation of small signaling proteins. There has, as yet,
been little good evidence of improvement in outcomes, particularly over-
all survival (OS) in MM. In a previous UK Medical Research Council
(MRC) study, clodronate (CLO) was shown to slow progression of skele-
tal disease suggesting benefit from long-term treatment' and, in sub-
group analysis, OS was significantly improved by CLO vs placebo in
those patients who had not had fractures before study entry (N=153;
p=0.006).> MRC Myeloma IX incorporated a comparison of oral CLO
(the standard BP) with a N-BP with respect to occurrence of SREs,
response and survival outcomes, selecting zoledronic acid (ZOL) because
of its potent anti-resorptive activity and short infusion time.

Patients with newly diagnosed MM (NDMM) were allocated to one
of two pathways — intensive which included HDM and autograft (ASCT)
and non-intensive, determined by physical status and informed discus-
sion rather than rigid age cut-off. In addition to induction chemothera-
py randomizations (CTD v CVAD/CTDa v MP) there was randomiza-
tion to maintenance thalidomide or not. All patients were eligible for up-
front randomization to either 4 mg ZOL (15-min infusion) every 3-4
wks (4wkly post-induction) or 1600 mg CLO orally daily, to be contin-
ued at least until progression. This was an open-label study. Analysis was
by intention to treat and between group differences were assessed using
Cox proportional hazards and logistic regression models. Overall, ZOL
significantly reduced the occurrence of SREs by 26% versus CLO
(HR=0.74; p=0.0004). SRE reduction was shown to occur whether or
not there were bone lesions at baseline (Fig 1). Furthermore, there
appeared to be consistent reduction in the cumulative incidence of SREs
inyears 1 to 5 in patients receiving thalidomide, though numbers at risk
were small beyond 2 years, supporting ongoing use to prevent SREs.

Across the study as a whole OS was significantly improved with ZOL
compared with CLO during the first 4 months and during the full fol-
low up period, reducing the mortality by 16% (HR=0.84; CI 0.74-0.96;
p=0.0118) extending median survival by 5.5 months (50 vs 44.5 months;
p=0.04) (Fig 2).° Further analysis has shown the OS benefit emerging
during the first 4 months of therapy and apparently restricted to patients
with bone disease at outset. For patients in the intensive and non-inten-
sive pathways combined, more early deaths (disease or treatment-relat-
ed) occurred in CLO patients than ZOL patients (p=0.0008). ZOL treat-
ment was associated with significant improvement in PES of 12% vs
CLO (HR=0.88, 95% CI 0.80-0.98; p=0.0179 and increased median PFS
of 2 months (19.5 vs 17.5 months; p-0.07). There were no significant
interactions between the various regimens of BP plus induction
chemotherapy for the differences in OS and PES with ZOL vs CLO. The
CR+VGEPR rates were significantly higher for ZOL vs CLO in the non-
intensive pathway (p=.018). The incidence of acute renal failure was
low and similar in the ZOL and CLO groups in both pathways. Over-
all, thromboembolic events were more common in patients on ZOL
than those on CLO, but rates were not significantly different in each
pathway separately. Confirmed osteonecrosis of the jaw (ON]) was
uncommon, but higher with ZOL than CLO (4% vs <1%). In MRC
Myeloma IX, ZOL has been shown to be superior to CLO across sever-
al endpoints. The improvement in survival, independent from the pre-
vention of SREs, is entirely consistent with an important anti-myeloma
cell effect. The very early emergence of OS benefit with ZOL vs CLO,
supporting its use in the treatment of NDMM at the outset, also suggests
possible synergy with induction chemotherapy. Generally, patients who
received thalidomide and ZOL had better outcomes. If anything, there
is a greater reduction in relative risk of SREs with ZOL vs CLO in the
absence of bone lesions at presentation (HR = .53) than when bone
lesions are present (HR=.77), supporting early initiation of ZOL in all
patients with symptomatic NDMM for whom chemotherapy is being
started. The continuing reduction in SRE risk in follow-up, including the
maintenance phase, indicates that long term therapy with ZOL may be
appropriate (perhaps with increased intervals between pulses of treat-
ment). The detailed analysis of Myeloma IX data to coincide with the 6
year median follow-up may shed further light on this aspect. In addition-
al studies and current analyses we are examining whether the effects of
ZOL differ in delineated biological risk groups.
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Fig. 1. Reductions in SRE incidence over time for ZOL versus CLO by
presence or absence of bone lesions at baseline.

Fig. 2. Kaplan-Meier curves for patients randomized to ZOL and CLO
for OS during the full follow-up period (A) and during the first 4 months
of treatment (B). HR=hazard ratio.
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OSTEONECROSIS OF THE JAW
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MASSACHUSETTS GENERAL HOSPITAL CANCER CENTER, HARVARD MEDICAL
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Osteonecrosis of the jaw (ON]) was first identified in 2003, a few
years after the introduction of Pamidronate and Zoledronic acid for treat-
ment of cancer associated bone disease [1]. It has been defined by the
American Society for Bone and Mineral Research (ASBMR) [2] and the
American Association of Oral and Maxillofacial Surgeons (AAOMS) [3]
as a lesion of exposed bone in the maxilla or mandible that persists for
8 weeks, in patients treated with bisphosphonates not receiving radio-
therapy to the craniofacial area. This definition excludes the recently
defined stage 0 where there is clinical suspicion of ONJ, without clini-
cal evidence of necrotic bone, with no specific clinical findings and symp-
toms. The lesion can be preceded or accompanied by pain, swelling of
the mucosa, ulcer and loose teeth or can manifest as a non-healing ulcer
after tooth extraction. Although the association between ON]J and bis-
phosphonates has been reported by several authors, the causality and the
pathophisiology are still a matter of investigation. Several hypotheses
have been proposed. Profound inhibition of bone remodelling induced
by the potent nitrogen containing aminobisphosphonates, favoring the
accumulation of microdamage in an area particularly prone to microtrau-
ma secondary to mastication may be one such hypothesis. This hypoth-
esis is supported by the observation that gene expression profiling of
MM patients treated with BP with and without ONJ, showed downreg-
ulation of genes involved in both osteoclastogenesis and osteoblastoge-
nesis and osteoblast function [4]. Alternative hypothesis consider the
antiangiogenic properties of aminobisphosphonates [5] supported by
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the recent description of cases of ONJ in patients receiving anti-antian-
giogenic compounds. In vitro demonstration of toxic effects on epithe-
lial cells by aminobisphosphonates advances the hypothesis that delayed
healing of the mucosa after tooth extraction may play a role in the patho-
genesis of this complication [6]. Others have looked at SNP arrays and
polymorphisms to explain propensity to develop ONJ. Given that there
is emerging data on patients developing ONJ with the use of other anti-
resorptives such as denosumab, the theory that this is a consequence of
altered bone remodelling which is specific to the entire class of anti-
resorptive agents seems more likely. Importantly, recent reports of stress
fractures in patients with prolonged amino-bisphosphonate exposure
are likely another manifestation of the same pathophysiologic process.
This has been demonstrated by us in our in vivo models studying bone
mechanical strength [7]. The frequency of ONJ in the cancer population
is estimated approximately between 0.8% to 12% [8,9] in retrospective
studies, while the recent MRC IX prospective trial noted an incidence of
8.8% in the zoledronic acid treated patients [10]. The adverse event of
ONJ needs further studying given improvements in myeloma patient
survival and the potential to remain exposed to anti-resorptives for pro-
longed period. Here we will discuss staging, clinical presentation, risk fac-
tors, treatment and preventive strategies to minimize the adverse event
of ON]J without compromising bone health.
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SHOULD WE USE MARKERS OF BONE REMODELING IN MYELOMA?
WHICH ONE AND WHEN?
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Lytic bone disease is a frequent complication of multiple myeloma
(MM). Lytic lesions rarely heal and X-rays are of limited value in mon-
itoring bone destruction during anti-myeloma or anti-resorptive treat-
ment. Biochemical markers of bone resorption [N- and C-terminal cross-
linking telopeptide of type I collagen (NTX and CTX or ICTP, respec-
tively] and bone formation [bone specific-alkaline phosphatase, osteo-
calcin and procollagen type I N- and C-propeptide (PINP, and PICE,
respectively)] have been investigated as tools for evaluating the extent
of bone disease, risk of skeletal morbidity, and response to anti-resorp-
tive treatment in MM. Bone Turnover Markers and Extent of Myeloma
Bone Disease: Comparison between bone resorption markers revealed
that serum ICTP and urinary NTX better reflected the extent of myelo-
ma bone disease and could better predict early progression of the bone
disease after conventional chemotherapy (CC). However, serum ICTP
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remained more sensitive than the urinary assays when patients with
impaired renal function are excluded from the analyses. Furthermore,
serum ICTP was elevated in MM patients who did not have detectable
osteolytic lesions by plain radiograph but had abnormal bone MRI
scans, while high or intermediate urinary NTX correlated with an
increased risk for skeletal-related events (SRESs) development com-
pared with low NTX values. High NTX values also correlated with an
increased risk for developing a first SRE. A recent study in 282 myelo-
ma patients who participated in a randomized phase III study compar-
ing zoledronic acid and pamidronate showed that high urinary NTX
was independently associated with elevated risk for the development
of first SRE (68% increase in risk for SRE development per 100-unit
increase of NTX; p=0.005). Serum CTX has been also correlated with
the extent of bone disease but larger studies will reveal its value in com-
parison to urinary NTX or serum ICTP. Markers of bone formation have
produced variable results in the different studies and thus at present,
their clinical utility is doubtful. Correlations of Bone Turnover Markers with
Mpyeloma Activity and Survival: In several studies, biochemical markers of
bone resorption strongly correlated with stage of MM. Serum ICTP and
TRACP-5b and urinary NTX were higher in myeloma stage II/III than
in stage I disease. Markers of bone remodeling have also correlated with
well-characterized markers of disease activity, such as beta2-microglob-
ulin and interleukin-6 and also with overall survival (OS). ICTP was an
independent prognostic factor for OS in MM patients treated with CC,
while incorporation of ICTP in the ISS separated four risk groups with
a 5-year OS rate of 95, 65, 46 and 22 %, respectively. Increased baseline
levels of urinary NTX (250 nM BCE/mM creatinine) also correlated
with an 88% increased risk of death in a randomized study with 282
patients. Bone Markers during Anti-resorptive Therapy: Biochemical mark-
ers of bone turnover have been used in MM both to monitor bisphos-
phonate treatment, and to determine which subjects will benefit most
from bisphosphonate therapy. In a large, randomized study comparing
4 mg zoledronic acid with 90 mg pamidronate, given IV every 3 to 4
weeks, in patients with bone metastases from breast cancer or with
MM osteolytic disease, urinary NTX was strongly suppressed (up to
64% below baseline in both treatment groups) for the duration of the
study. Bone marker data from this and other bisphosphonate studies
clearly demonstrate that there is a subset of myeloma patients who do
not respond to, or who become refractory to bisphosphonate therapy.
Patients with persistently elevated bone marker levels are at higher risk
for SREs and disease progression compared with patients who respond
to bisphosphonate therapy and have normalized bone resorption. In an
important study, patients who had high baseline NTX levels (= 64 nM
BCE/mM creatinine) and continued to have elevated NTX levels after
3 months of zoledronic acid therapy (n=26, 15%) had a significantly
increased risk of developing a first SRE (RR=1.71; p=0.035) and short-
er SRE-free survival (RR=1.65; p=0.039) compared to subjects who nor-
malized NTX in response to bisphosphonate treatment (n=137, 81%).
In this study, among patients with high NTX at baseline, 15% treated
with zoledronic acid and 30% treated with pamidronate did not nor-
malize NTX levels after 3 months of bisphosphonate therapy. Although
unknown, one might speculate that patients who did not have bio-
chemical improvement in their NTX levels may have an osteoclast-
independent mechanism of bone resorption and might therefore bene-
fit from additional therapies. Denosumab is a fully human monoclon-
al antibody against receptor activator of nuclear factor-kappaB ligand
(RANKL), the most potent osteoclast activator to-date. In a recent study,
1776 adult patients with solid tumors or MM (n=10% of the total) who
were naive to intravenous bisphosphonates were randomized to receive
either subcutaneous denosumab 120 mg or intravenous zoledronic acid
every 4 weeks. Denosumab produced similar results regarding the delay
in time to first on-study SRE or subsequent SREs compared to zole-
dronic acid, while it also rapidly and potently reduced (by more than
80% within the first month) urinary NTX levels. Novel Markers Regu-
lating Osteoclast/Osteoblast Function: Novel molecules that regulate osteo-
clast function (RANKL, osteoprotegerin, osteopontin, CCL-3),
osteoblast function (dickkopf-1, sclerostin) or both (activin-A) have been
measured in myeloma studies but their results are preliminary and their
value has not been confirmed. Effect of Novel Anti-Myeloma Agents on
Bone Remodeling Markers: The available data suggests that immunomod-
ulatory drugs (thalidomide and lenalidomide) reduce osteoclast function
but have little or no effect on osteoblast activity. Bortezomib reduces
markers of bone resorption and increases markers of bone formation.
Furthermore, bortezomib showed beneficial effects on bone formation
in the clinical setting, increasing bone volume and bone mineral densi-
ty at least in a subset of responding myeloma patients. Conclusions &
Future Directions: Serum ICTP and urinary NTX seem to be more accu-
rate than other bone resorption markers in reflecting both the severity



of bone destruction and the efficacy of response to bisphosphonate
treatment. To date, data on CTX remains sparse, but studies are ongo-
ing. There is also a strong correlation between serum ICTP and urinary
NTX with increased risk for progressive bone disease, development of
SREs and OS. Symptomatic patients who continue to have increased
levels of NTX after 3 months of anti-myeloma and anti-resorptive ther-
apy remain at high risk for both SREs and shortened OS; accordingly
such patients may require more aggressive therapy. The value of bone
markers in the setting of asymptomatic myeloma has also to be evalu-
ated as it may reveal patients at high risk for progression. In the current
era of concern about bisphosphonate-associated adverse side-effects
(i.e. renal impairment, osteonecrosis of the jaw, subtrochanteric femoral
fractures), bone turnover markers may be of particular use: i.e. low lev-
els of serum ICTP/CTX or urinary NTX may provide impetus for decid-
ing to lengthen bisphosphonate dosing regimens (i.e. changing from
monthly to 3-month intervals). Such trials are urgently needed (and
indeed should be highly encouraged) before final conclusions are made
about the introduction of biochemical markers of bone remodeling into
the routine clinical care of MM patients.
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M.B. PEPYS

CENTRE FOR AMYLOIDOSIS AND ACUTE PHASE PROTEINS AND UK NATIONAL
AMYLOIDOSIS CENTRE, DIVISION OF MEDICINE, ROYAL FREE CAMPUS UNI-
VERSITY COLLEGE LONDON, LONDON, UK

Although some monoclonal immunoglobulins, including free light
chains, may sometimes have direct toxic effects on cell and organ func-
tions, the important pathological changes responsible for clinical disease
in systemic AL amyloidosis, and entirely responsible for disease is all oth-
er forms of systemic amyloidosis, are caused by the extracellular depo-
sition of amyloid'. The protean clinical manifestations of amyloidosis,
the need to think of the diagnosis and the requirement to conduct the
appropriate diagnostic investigations, all result in the diagnosis usually
being made late in the course of the disease. Substantial amyloid deposits
which have already caused significant and often irreversible organ dam-
age are generally present. The only therapeutic approach which is clin-
ically effective comprises replacement of damaged organ function, by
dialysis and/or transplantation, to sustain life, and measures to sharply
reduce the abundance of the respective amyloid fibril precursor protein.
If this can be achieved amyloid deposition can be arrested and in some
cases the deposits then regress with clinical benefit. However the nec-
essary chemotherapy, powerful anti-inflammatory treatment or organ
transplantation may be slow to act and/or of limited effectiveness as
well as being difficult, dangerous and expensive. There is thus an urgent
need for new treatments which directly target amyloid deposits for safe
elimination. Amyloid deposits are predominantly composed of amyloid
fibrils which are very stable structures with a common cross core fold
regardless of the type of fibril protein. Deposits are always rich in pro-
teoglycans and glycosaminoglycans of the heparan and dermatan types,
some of which are tightly associated with the fibrils and further sta-
bilise them against proteolytic degradation by phagocytic cells.
Macrophage action is almost certainly the only mechanism by which
amyloid deposits can be cleared in vivo. All amyloid deposits of all types
always contain the non-fibrillar normal plasma protein, serum amyloid
P component (SAP), a member of the pentraxin family of proteins’. This
trace plasma protein circulates in all subjects, including those with sys-
temic amyloidosis, in the range of about 15-50 mg/l, and undergoes
reversible but very avid calcium dependent specific binding to all types
of amyloid fibrils. As a result it becomes highly concentrated in amyloid
deposits so that there can be as much as 20,000 mg of SAP in the amy-
loid deposits of a patient with extensive systemic amyloidosis compared
to the total of 50-100 mg which is normally present in the blood and
extracellular fluid®. We have demonstrated that human SAP in amyloid
deposits is identical to SAP in the circulation and is thus completely
intact and not degraded*, even though the half life of SAP in amyloid
deposits, for example in the liver, is about 30 days compared to its half
life in the plasma of about 24 h. Furthermore the binding of SAP to amy-
loid fibrils powerfully stabilises both components of the complex against
proteolytic degradation by proteases or phagocytic cells in vitro, and
presumably has the same effect in vivo. In vitro amyloid fibrillogenesis
is strongly enhanced by seeding with preformed fibrils or pre-fibrillar
aggregates and SAP promotes this process. SAP is thus very likely to
contribute to formation and persistence of amyloid in vivo. Indeed induc-
tion of systemic AA amyloidosis is retarded and reduced in mice with
targeted deletion of the SAP gene’. Having validated SAP as a therapeu-
tic target we developed a new chemical entity, the palindromic
bis-D-proline compound, (R)-1-[6-[(R)-2-Carboxy-Pyrrolidin-1-y1]-6-oxo-
Hexanoyl]Pyrrolidine-2-Carboxylic acid (CPHPC), intended to both
block the binding of SAP to amyloid fibrils and to remove bound SAP
from amyloid deposits in vivo’. We hoped that complete removal of all
SAP from amyloid deposits would expose the fibrils to accelerated elim-
ination by normal macrophage clearance activity. Surprisingly and unex-
pectedly CPHPC triggers rapid and almost complete depletion of all SAP
from the circulation and extracellular fluid, which persists for as long as
the drug is given’. SAP binds CPHPC in stable complexes containing
two SAP molecules cross linked by 5 CPHPC molecules and these assem-
blies are instantly cleared and catabolised by the liver’®. The depletion
of plasma SAP also clears most of the SAP from amyloid deposits but the
affinity of SAP for CPHPC is insufficient to produce complete dissocia-
tion of all SAP from amyloid deposits in the face of the continuous pro-
duction of 50-100 mg of new SAP per day and the avid binding of SAP
to the solid phase ligands provided by amyloid fibrils’. CPHPC is well
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tolerated by amyloidosis patients and has been administered to more
than 60 subjects for a total of more than 50 patient years without any
adverse effects®” (and unpublished). But up to about 10% of the amyloid
associated SAP remains in major visceral amyloid deposits even after
months of continuous CPHPC treatment’. Nevertheless we have not
observed any new amyloid accumulation in patients on CPHPC, even
those in whom there was progressive deposition before and after CPH-
PC exposure’. Furthermore there were encouraging signs of prolonged
renal and possibly patient survival in subjects receiving CPHPC’. How-
ever we have not detected any amyloid regression’. Thus while CPHPC
may be a useful adjunct to other therapy for amyloidosis it does not
itself promote elimination of the deposits. The capacity of CPHPC to
clear essentially all SAP from the circulation while leaving significant
amounts of SAP specifically bound in the amyloid deposits, suggested
the possibility of using antibodies to SAP to target amyloid for destruc-
tion via the residual SAP in the tissues. We explored this avenue in the
mouse model of systemic AA amyloidosis which very closely resembles
the corresponding human disease. The mouse amyloid deposits were
loaded with human SAP either by using human SAP transgenic mice
and clearing their circulating SAP with CPHPC, or by simply injecting
human SAP into wild type AA amyloidotic animals. Administration of
IgG anti-human SAP antibodies, once the circulating human SAP had
cleared, was tolerated with no clinical or other adverse effects'. Within
one day after antibody treatment the deposits were massively invaded
by macrophages which proceeded to surround, ingest and destroy the
amyloid deposits, in the process fusing to form multinucleate giant cells".
Almost all the amyloid in liver and spleen was destroyed by 10-14 days
and at 28 days after a single antibody does virtually no amyloid or
inflammatory cells were detectable and histological appearances were
normal”. The process does not require the IgG Fc region but is comple-
ment dependent and absolutely macrophage dependent”.

This approach should be applicable to all forms of human amyloido-
sis although its safety and etficacy, especially for amyloid in different
organs and tissues will have to be carefully evaluated. GlaxoSmithKline
have licensed the invention and have fully humanised one of our opti-
mal mouse monoclonal anti-human SAP antibodies. We are currently
working together towards early clinical testing.

REFERENCES

1. Pepys, M.B. (2006) Amyloidosis. Annu. Rev. Med., 57: 223-241.

2 .Pepys, M.B. etal. (1997) Amyloid P component. A critical review. Amy-
101d>:/Int. J. Exp. Clin. Invest., 4: 274-295.

3. Hawkins, PN. et al. (1990) Metabolic studies of radioiodinated serum
amyloid P component in normal subjects and patients with systemic
amyloidosis. J. Clin. Invest., 86: 1862-1869.

4. Pepys, M.B. et al. (1994) Human serum amyloid P component is an
invariant constituent of amyloid deposits and has a uniquely homoge-
neous glycostructure. Proc. Natl. Acad. Sci. USA, 91: 5602-5606.

5. Tennent, G.A. et al. (1995) Serum amyloid P component prevents pro-
teolysis of the amyloid fibrils of Alzheimer’s disease and systemic amy-
loidosis. Proc. Natl. Acad. Sci. USA, 92: 4299-4303.

6. Botto, M. et al. (1997) Amyloid deposition is delayed in mice with tar-
geted deletion of the serum amyloid P component gene. Nature Med.,
3: 855-859.

7. Pepys, M.B. et al. (2002) Targeted pharmacological depletion of serum
amyloid P component for treatment of human amyloidosis. Nature,
417: 254-259.

8. Kolstoe, S.E. et al. (2009) Molecular dissection of Alzheimer’s disease
neuropathology by depletion of serum amyloid P component. Proc.
Natl. Acad. Sci. USA, 106: 7619-7623.

9. Gillmore, ].D. et al. (2010) Sustained pharmacological depletion of serum
amyloid P component in patients with systemic amyloidosis. Br. J.
Haematol., 148: 760-767.

10. Bodin, K. et al. (2010) Antibodies to human serum amyloid P compo-
nent eliminate visceral amyloid deposits. Nature, 468: 93-97.

MANAGEMENT OF AL AMYLOIDOSIS IN 2011
G. MERLINI, G. PALLADINI

AMYLOIDOSIS RESEARCH AND TREATMENT CENTER - FOUNDATION IRCCS
POLICLINICO SAN MATTEO, UNIVERSITY OF PAVIA, ITALY

Systemic immunoglobulin light chain (AL) amyloidosis is caused by
misfolded monoclonal light chains which deposit in target organs as fib-
rillar aggregates causing progressive organ dysfunction. Differently from
multiple myeloma, in AL amyloidosis the clinical picture and prognosis
are determined by the organ dysfunction caused by the amyloidogenic
light chain, posing unique challenges to the treatment and follow up of
patients with this disease. On the one hand, multiorgan failure makes
these patients particularly susceptible to treatment toxicity. Yet, on the
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other hand, reductions in the concentration of the circulating free light
chain (FLC) can rapidly result in marked clinical improvement and pro-
longed survival. The therapy of AL amyloidosis is directed to recover-
ing the function of the target organs through the fastest and deepest
reduction of the concentration of the misfolded amyloidogenic light
chains, minimizing treatment toxicity and supporting the function of
the damaged organs. A timely and correct diagnosis is the key to effec-
tive therapy. Early diagnosis is essential since it allows a broader range
of therapeutic options and the potential recovery of the damaged target
organs. Any patient who presents with a clinical syndrome consistent
with AL amyloidosis should undergo a biopsy to detect amyloid
deposits. If the patient has one of the clinical amyloidosis syndromes
with a monoclonal gammopathy;, it is important to exclude the possibil-
ity of senile systemic amyloidosis, particularly in older men with isolat-
ed cardiac involvement, and of reactive or familial amyloidosis with an
incidental MGUS. It is essential to unequivocally identify the protein
responsible for the disease before embarking on therapy. Mass spec-
trometry can confirm the amyloid protein composition and will likely
become the gold standard for identifying the protein forming amyloid
deposits. The major determinant of outcome in amyloidosis is the extent
of cardiac involvement. Cardiac imaging techniques, echocardiography
and magnetic resonance, have been successfully used for the diagnosis
and prognosis of amyloid cardiomyopathy. Cardiac biomarkers provide
a quantitative assessment of cardiac damage (troponin I or T) and car-
diomyocyte stress (BNE, NT-proBNP), and are the most important pre-
dictors of outcome in amyloidosis. These two biomarkers are at the
basis of a staging system that is now used to stratify patients who are
registering for clinical trials. The use of cardiac biomarkers has been val-
idated, and many other prognostic factors reflecting burden of disease
and organ dysfunction have been recently proposed. The consensus cri-
teria for hematologic and organ response have been recently updated at
the 12th International Symposium on Amyloidosis.! Achieving a hema-
tologic response translates into improved overall survival. Although par-
tial responses can be beneficial, it appears that significant reductions in
free light chain levels are associated with the best clinical responses.
Several active regimens are now available for the treatment of AL amy-
loidosis, including high-dose dexamethasone-based regimens combined
with melphalan (MDex), thalidomide (ThalDex), and cyclophos-
phamide-thalidomide (CTD), high-dose melphalan followed by rescue
with autologous stem cell transplantation (SCT), and the new agents,
lenalidomide (Len), bortezomib (Bor) and pomalidomide. More recent-
ly, the combination of new agents with melphalan- or cyclophos-
phamide-based regimens (LenMDex, LenCDex, BorMDex, CyBorD) are
being tested in several trials. A multinational phase III study comparing
MDex to BorMDex has just started. MDex and SCT are the two most
widely used regimens. The French Myeloma Collaborative Group com-
pared these two regimens in a randomized trial and found no significant
differences for hematologic or organ responses. In a recent update, with
alonger follow-up, the authors did not find any superiority in the inten-
sive (SCT) arm in survival or remission duration even in the landmark
analysis eliminating treatment related mortality.” Treatment for AL amy-
loidosis is highly individualized and is based on age, organ dysfunction,
and regimen toxicities. The choice of novel agent depends on organ
function and pace of disease. Close monitoring of clonal response, eval-
uated by FLC assay, and of cardiac response, evaluated by NT-proBNP
or BNE, should guide regimen changes and duration of therapy. When-
ever possible, patients should be treated within controlled clinical trials.
Although important therapeutic advances have been made in recent
years, a significant proportion of patients die within six months from
diagnosis (Figure 1) and this has remained unchanged over the past 25
years. Most of these patients present with advanced cardiac disease and
their treatment is an unsolved challenge. These patients may not toler-
ate high-dose corticosteroids or multidrug regimens. If they have isolat-
ed cardiac disease, orthotopic heart transplantation should be considered,
followed by chemotherapy to prevent amyloid deposition in the trans-
planted heart. If the patient is not a transplant candidate, a low-dose
regimen (for instance, low-dose BorMDex), should be considered. Bet-
ter understanding of the biology of the amyloidogenic plasma cell clone
and of the molecular mechanisms underlying the light chain misfolding,
tissue targeting and toxicity will define disease-related prognostic crite-
ria and lead to a true risk-adapted therapeutic strategy. Furthermore,
advances in the understanding of the molecular events involved in amy-
loid formation and tissue damage have revealed several new drug targets
and therapeutic approaches including innovative options to enhance
clearance of amyloid deposits. These novel therapeutic opportunities
should raise the clinician’s awareness of AL amyloidosis, in order to
make a diagnosis in the early stages, when full recovery of vital organ
function can still be achieved through a concerted therapeutic approach.
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Figure 1. Survival of patients with AL amyloidosis according to the year
ot diagnosis.
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Renal insufficiency (RI) is a severe and frequent complication in mul-
tiple myeloma (MM), that occurs in nearly half of the patients during the
course of the disease. At diagnosis, 20 to 40% of patients have evidence
of RI, 10% of whom requiring dialysis. In most cases, RI results from
myeloma cast nephropathy (MCN), characterized by cast formation in
the renal distal tubule lumen, secondary to the interaction of monoclon-
al immunoglobulin (Ig) light chains (LCs) with Tamm-Horsfall protein.
Ig LCs, which are freely filtered through the glomerulus, are physiolog-
ically reabsorbed in the proximal tubular (PT) cells, through a mechanism
of endocytosis mediated by the tandem receptors cubilin and megalin,
and then degraded in the lysosomal compartment of the PT cell. There-
fore, MCN is nearly always observed in the context of high-grade MM
secreting large amounts of free LCs, exceeding the capacity of PT reab-
sorption and catabolism. RIin MCN results from both tubular obstruc-
tion by LC casts and severe tubulo-interstitial inflammation, character-
ized by infiltrates of mononuclear cells and giant cell reaction around
casts. Tubulo-interstitial inflammation is triggered by massive PT reab-
sorption of LCs, leading to activation of redox pathways, mitogen acti-
vated protein kinases and NF-kB, leading to production of pro-inflamma-
tory cytokines such as TNF-q, interleukin 6 and 8, and MCP-1. Cellular
injury is accompanied by morphologic and functional alterations of PT
epithelium, including epithelial-mesenchymal transition. Tubulo-intersti-
tial fibrosis rapidly develops in the absence of rapid reduction of circu-
lating free LCs. If the amount of urine LC excretion influences the risk
of RI, which is high when LCs proteinuria is above 2 g/day, MCN is usu-
ally triggered by factors that modify renal perfusion, including dehydra-
tion, hypercalcemia, infections, contrast media, or nephrotoxic drugs
(non-steroidal anti-inflammatory agents, diuretics, angiotensin convers-
ing-enzyme inhibitors). MCN usually presents as isolated acute RI, that
often reveals the underlying MM. Diagnosis relies primarily on urine
electrophoretic analysis, typically showing predominant LC proteinuria.
In some cases, kidney biopsy is required to confirm diagnosis or exclude
another LC-related renal disease. Renal prognosis of MCN is poor, as
recovery of renal function occurs in 50 to 60% of patients, and in only
20 to 30% of those who require dialysis support. Moreover, persistence
of Rl in MM significantly reduces patient survival. Avoiding delays in the
diagnostic assessment and initiation of disease specific treatment is there-
fore essential to improve outcomes. RI imparts a significant negative
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effect on the overall survival of patients with MM. Even small changes
in renal function can have large effects on survival. Patients who are dial-
ysis dependent have the worst fate. While RI is generally viewed as a
marker of disease severity, several studies have suggested that reversal
of RI can restore the normal life expectancy of these patients. Therefore,
it is important that patients with RI be appropriate treated to insure the
best outcome. In an effort to standardize the renal responses for clinical
studies, the International Myeloma Working Group recently published
its Consensus Statement which includes response criteria differentiated
in complete response (CRenal), partial response (PRenal) and minimal
response (MRenal). In the past, the secreted monoclonal protein (M-pro-
tein) has been the target of therapy for MM-related renal failure. How-
ever, since whole Igs are not involved in the pathogenesis of MCN, M-
protein may not be the best target. A more appropriate target is the serum
free LC level (sFLC) since filtered LCs are the quintessential component
of MCN. Recent studies suggest a relationship exist between sFLC and
risk of MCN. In addition, 2 separate studies have now shown that a min-
imum of 50% reduction in sFLC is necessary for recovery of renal func-
tion in patients with biopsy proven MCN. Finally, it is important that this
reduction is achieved early in the patient’s management, those patients
with only moderate sFLC reduction at day 12 were dialysis dependent
for significantly longer than those with a significant early reduction.
Overall, to enable renal recovery in 80% of the population a reduction
of 60% in sFLC is required by day 21. Aside from supportive treatment,
chemotherapy should be initiated as soon as possible. The lack of
nephrotoxicity or need for dose adjustment even with dialysis patients
makes bortezomib a good front line agent in these patients. Data from
CREST and SUMMIT showed bortezomib was effective in patients with
advanced Rl and had similar rates of adverse events as patients with nor-
mal renal function. Bortezomib also has quick time to response. In
VISTA, patients with advanced RI (<30 ml/min) who received borte-
zomib melphalan and prednisone (VMP) were much more likely to have
a hematologic (37% vs 13%) and renal response (37% vs 7%) than
patients treated with MP. Bortezomib may have an advantage over oth-
er agents because of its ability to directly inhibit MCP-1 which is respon-
sible for the inflammatory reaction that leads to the irreversible chronic
tubulointerstitial fibrosis. Corticosteroids have similar properties and a
retrospective review from a single institution demonstrated reversal of
Rlin 73% of their patients treated with high dose dexamethasone with
novel agents. A subgroup analysis of 2 phase 3 trials (MM-009 and
MMO10) using lenalidomide and dexamethasone found 72% of the
patients with RI had at least 1 level of improvement in renal function
according to chronic kidney disease stages. However, the serum creati-
nine cutoff for these two studies was 2.5 mg/dl and patients with RI will
require dose reduction with lenalidomide. To enable a rapid sustained
reduction in sFLC, we must think beyond simple switching off the high
rate of production by the plasma cell clone and consider how free LCs
are removed from the serum. In the setting of normal renal function or
moderate RI the Ig LCs will be rapidly cleared from the circulation by
glomerular filtration. However, in the context of severe RI the serum
half-lives of LCs are increased substantially, from 3-6 hours to 2-3 days.
When this reduced renal clearance is combined with a slow tumour
response to some chemotherapy regimens, high sFLC can result for con-
siderable periods after treatment has commenced. This in turn causes
ongoing tubular injury and a progressive fibrosis. To help break this cycle,
Ig LCs can be directly removed from the circulation by either plasma
exchange (Plex) or high cut-off haemodialysis (HCO-HD). Plasma
exchange has been used in this setting for 30 years and is very effective
at clearing the intravascular compartment. But the distribution of Ig LCs
is predominately extravascular and time for redistribution of LCs from
extra- to intra-vascular compartments is required. Therefore with a short
duration treatment such as Plex the total body clearance of LCs may
actually be quite small. This may explain why the 3 randomised con-
trolled trials of Plex in this setting have failed to show a consistent ben-
efit for the procedure. To safely allow extended removal of LCs from the
serum, HCO-HD can be considered. These new dialysis membranes
allow effective removal of all middle molecules including LCs by
haemodialysis and hemofiltration. Early pilot studies have shown that in
a population of patients with biopsy proven MCN, when LC removal by
HCO-HD is combined with effective chemotherapy there is a sustained
reduction in sFLC. This was associated with improved renal recovery and
patient survival. Two randomised controlled trials are now further eval-
uating this new treatment option: EuLITE (UK + Germany) and MYRE

(France).
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NEW DRUGS AND THERAPEUTIC APPROACHES

PRE-CLINICAL EVALUATION AND NOVEL THERAPEUTICS
A. SPENCER, K. MONAGHAN, E. NICHOLS, S. MITHRAPRAHBU, T. KHONG

MYELOMA RESEARCH GROUE ALFRED HOSPITAL/MONASH UNIVERSITY, MEL-
BOURNE, AUSTRALIA

The introduction of novel therapeutics has seen an improvement in the
median duration of survival for those multiple myeloma (MM) patients
with access to these agents. Furthermore, the achievement of complete
remission (CR) with first line therapy now represents a not unexpected
goal in newly presenting patients, however, no evidence yet exists that
MM is curable with presently available chemotherapeutics. The goal of
our work is to try to improve the rationality of clinical therapeutic eval-
uation via 1. improved pre-clinical testing of potential therapeutics, 2. the
identification of new therapeutic targets, and 3. the optimisation of clin-
ical testing of potential therapeutics. Examples of these strategies are
described. Improved pre-clinical testing of potential therapeutics. Unfortu-
nately, pre-clinical compound evaluation strategies have frequently
demonstrated disappointing translation into the clinical setting. The
mainstay of pre-clinical therapeutic testing has involved the use of
immortalized human myeloma cell lines (HMCL). While gene expression
profiling (GEP) studies have suggested that HMCL are representative of
primary MM and that the predominantly CD45 positive sub-set of
HMCL that retain some degree of IL-6 dependency may be more so, the
extra-medullary growth capacity of HMCL clearly demonstrates their
limited relevance to primary disease. With clear recognition of this limi-
tation we and other investigators have explored the use of HMCL co-cul-
ture systems in an attempt to recapitulate the primary disease and have
incorporated the use of reproducible primary MM cell assays for drug
testing. Using co-culture of HMCL and the stromal cell line HS-5 we can
reproducibly induce MM drug resistance and clearly demonstrate activa-
tion of critical proliferation and survival signaling pathways. In this con-
text we have evaluated the JAK inhibitor CYT387. CYT387 significant-
ly abrogates co-culture induced STAT3 phosphorylation inducing both
apoptosis and cell cycle arrest of HMCL. Importantly CYT387 consistent-
ly synergized with melphalan in inducing MM cell death when tested at
low micro-molar concentrations against both HMCL and primary MM
tumour cells. The identification of potential therapeutic targets. The recog-
nition of new potentially targetable cellular proteins remains an ongoing
challenge. Several investigators have evaluated pre-clinically and in ear-
ly phase clinical trials a variety of small molecule inhibitors of Heat Shock
Protein 90 (HSP90). Our investigations with a potent orally bioavailable
HSP90 inhibitor have demonstrated the putatively beneficial anti-tumour
effects of HSP90 inhibition, including significant reduction in AKT acti-
vation, subsequent reduced AKT protein expression and cellular mislo-
calistion of MEK. As would be expected coincident compensatory over-
expression of the HSP90 chaperones HSP70 and HSP27 was observed.
HSP27, a member of the family of small HSPs is ATP-independent, has
anti-apoptotic capacity and has been implicated in oncogenesis. Evalua-
tion of primary MM cells demonstrated an elevated level of expression
of HSP27 when compared to normal plasma cells and a greater than 5-
fold increased level of expression in CD45 negative/IL-6 independent
HMCL when compared to CD45 positive/IL-6 dependent HMCL. More-
over, [L-6 withdrawal resulted in a rapid increase in HSP27 expression in
CD45 negative HMCL that returned to baseline upon IL-6 addition. Based
on these preliminary data we hypothesise that HSP27 may functionin a
pro-survival role in MM and thus represent a potential novel therapeu-
tic target. Optimisation of clinical testing of potential therapeutics. De-acety-
lase inhibitors (DACI) represent a novel class of anti-cancer agents
presently being evaluated in MM. The rationale for their use in MM is
largely extrapolated from other malignancies but this fact notwithstand-
ing pre-clinical data has demonstrated significant activity against HMCL.
Putative mechanisms of action include the re-expression of previously
silenced genes via histone de-acetylation and the functional modulation
of oncogenic cytoplasmic proteins. DACi may be active against nuclear
[Class 1] and/or cytoplasmic [Class IIB] de-acetylases. We hypothesized
that a sub-set of patients may be more responsive to particular DACi and
strategies facilitating the identification of these patients would enable
more rational evaluation of DACi in clinical trials. Our preliminary inves-
tigations have revealed over-expression of Class I but not Class IIB DAC
in primary MM cells when compared to normal plasma cells. Consistent
with this, evaluation of a panel of DACi with Class I and/or Class IIB
inhibitory activity against a range of primary MM cells while demonstrat-
ing marked inter-patient variation in cell killing also revealed that in all
cases maximal killing occurred with Class I and not Class IIB inhibition.
Finally, GEP of HMCL resistant or sensitive to DACi has revealed only a

limited set of differentially expressed genes. Validation of these data in
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vitro and in the context of a soon to be commenced Phase II clinical tri-
al are pending.

THE EMERGING ROLE OF SECOND GENERATION PROTEASOME INHIBITORS, INCLUDING
CARFILZOMIB AND OTHER AGENTS: CLINICAL DATA

AJ. JAKUBOWIAK (1), D.S. SIEGEL (2), R. VIJ (3), S. JAGANNATH (4),
R. NIESVIZKY (5), P.G. RICHARDSON (6)

(1) UNIVERSITY OF MICHIGAN, ANN ARBOR, MI; (2) JOHN THEURER CANCER
CENTER, HACKENSACK, NJ; (3) WASHINGTON UNIVERSITY SCHOOL OF MEDI-
CINE, ST. LOUIS, MO; (4) MOUNT SINAI MEDICAL CENTER, NEW YORK, NY; (5)
WEILL CORNELL MEDICAL COLLEGE, NEW YORK, NY; (6) DANA-FARBER CAN-
CER INSTITUTE, BOSTON, MA, USA

Proteasome inhibition has been validated as a highly effective strate-
gy in the treatment of multiple myeloma (MM). Bortezomib (Btz), a small
molecule boronate peptide and the first-in-class, reversible proteasome
inhibitor (PI) to have been approved, has shown substantial clinical activ-
ity both as a single agent and in combination, with dramatic improve-
ments seen in survival for MM patients with its use both as initial ther-
apy and in relapse. However, the development of peripheral neuropathy
(PN) and other dose-limiting toxicities (DLTs) can limit its extended use
at full dose and thus curtail its potential effectiveness. Moreover, resist-
ance to Btz-based therapy can emerge over time. To further improve
treatment outcomes in MM, a second generation of proteasome
inhibitors, including carfilzomib (PR-171), salinosporamide (NPI-0052),
MILN9708, CEP18770, and ONX 0912 have entered clinical trials with the
intent of reducing side effects and overcoming resistance. Studies with
carfilzomib (Cfz), a selective and irreversible P, exhibiting activity via the
epoxyketone moiety, are the most advanced among the new PIs current-
ly under development. Initial phase I evaluation established a dosing reg-
imen of Cfz at 20 mg/m’ for 2 consecutive days weekly for 3 weeks in 4
week cycles. Based on favorable tolerability and activity at this dose, the
phase II 003 trial in relapsed and refractory MM was expanded to a 003-
Al pivotal triall with dose-escalation of Cfz from 20 mg/m”’ in the first
cycle to 27 mg/m’ in the second and subsequent cycles. The study
enrolled 266 patients with advanced, progressive MM, which was refrac-
tory to last therapy. Patients had at least 2 prior lines of treatment, which
must have included Btz and either thalidomide or lenalidomide (Len).
Median time since diagnosis was 5.4 years, and all but 1 patient received
prior Btz. Nearly half (44 %) of all patients were refractory to Btz as part
of the lastline of therapy, and overall 88% were either refractory or intol-
erant to Btz. In this heavily pre-treated patient population, Cfz showed
promising activity with 24% of patients achieving PR or better, 34% MR
or better, and 69% at least SD. Response rates in patients refractory to
Btz in the last prior therapy versus any prior therapy were comparable
(=MR 31% vs 28%, respectively). The DOR was 8.3 months for all
patients which was identical for patients with =PR or 2MR, and compa-
rable for patients with disease refractory to Btz as part of last therapy (8.4
months). PFS for all patients was 3.7 months, but was more favorable for
patients with MR (8.1 months), PR (8.8 months), and VGPR (11.6
months). Median OS was also encouraging at 15.5 months. Overall, Cfz
was well-tolerated. Of importance, Grade 3/4 neutropenia was observed
in only 10% of patients and the incidence of PN was low (overall 12%,
= Grade 3 1 %). Fatigue and thrombocytopenia were seen, as was tran-
sient elevation in creatinine, which proved manageable with the intro-
duction of low dose dexamethasone as premedication and hydration as
part of supportive care. The results from phase II 004 trial, which enrolled
less heavily pre-treated patients with relapsed and refractory MM after
1-8 prior lines of therapy, provide additional evidence of activity.” Of
particular interest, a cohort of 66 Btz-naive patients achieved an overall
response rate (=zPR) of 54%, including 29% of patients with responses
=VGPR. The median DOR for this cohort had not been reached at the
time of preparation of this abstract. Interestingly, there was a trend
towards increased depth and duration of responses with the higher dos-
es of Cfz. As in the 003 study, Cfz was generally well-tolerated and PN
was limited. Importantly, Cfz, like Btz, appears to overcome the adverse
prognosis of unfavorable cytogenetics, defined as the presence of del13,
del17p13, t(4;14) or t(14;16).>°

Carfilzomib combinations are now in the early phase of clinical devel-
opment. At the time of this review, initial results are available for the CRd
combination (Cfz + Len + Dex). In the phase I portion of the CRd study
in patients with relapsed and refractory MM following 1-3 prior lines of
prior therapy, the overall response rate (>PR) was 78% including a VGPR
rate of 40%." The regimen was well tolerated, with no DLTs seen up to
the maximum planned dose levels of Cfz 20/27 mg/m’, Len 25 mg per
dose, and Dex 40 mg, allowing prolonged administration for up to 2
years. A more recent phase 1/2 study of CRd in the treatment of front-
line MM enrolled 31 patients, including both transplant and non-trans-



plant candidates, requiring initial treatment.” Transplant candidates under-
went stem cell collection after 4 cycles of CRd but stem cell transplant
could be deferred with treatment continuing for a total of 8 cycles fol-
lowed by CRd as maintenance therapy. Toxicities to date have been man-
ageable, with the MTD not yet reached and patients now at the highest
planned dose level of Cfz 36 mg/m’, Len 25 mg, and Dex 40 mg. After a
median of 6 cycles (range 1-13), the best response rates include >PR 96 %,
>VGPR 70%, CR/nCR 55%. Responses occurred rapidly, with all but 1
patient achieving PR after 2 cycles. Depth of response also appears rapid
and further improves with the increasing duration of treatment. CRd
maintenance also appears feasible, without emergence of significant PN
or myelosuppression reported. Encouragingly, all patients are alive and
none have shown evidence of disease progression. Although still early,
these results compare favorably to the most effective regimens for new-
ly diagnosed MM, such as RVD. The results of both CRd studies provide
additional support to the recently initiated phase III ASPIRE trial of CRd
vs Rd in relapsed MM. Clinical studies with other proteasome inhibitors
are in early phase. NPI-0052 is a non-peptide-based natural product tar-
geting all 3 active sites of the proteasome. Initial evaluations adopted a
convenient weekly dosing schedule (D1, 8 and 15 every 4 weeks). Pre-
liminary results from an ongoing phase I study using this schedule in
relapsed and refractory MM, including a significant proportion of Btz-
refractory patients, show paraprotein response and prolonged SD, even
at low doses.® Also, inhibition of proteasome activity equals or exceeds
that obtained with efficacious doses of Btz, without producing significant
AEs including PN, although renal toxicity is a potential concern. Enroll-
ment for a twice weekly dosing schedule is currently underway, with
paraprotein responses described. Similarly, studies with MLN9708, an
orally bioavailable, reversible boronic acid-based PI and CEP-18770,
another boronic acid-based inhibitor, are actively enrolling, with encour-
aging initial results reported. In single-agent studies of MLN9708 in
patients with relapsed and refractory MM, paraprotein responses have
been seen and toxicities have proven manageable, with no significant PN
reported to date. Combination studies with Len and Dex in the upfront
setting are now underway. With the same goal of oral therapy, ONX 0912
is a potent, irreversible, orally bioavailable, peptide epoxyketone PI and
a structural analog of Cfz. It is currently undergoing clinical evaluation in
a phase I trial in patients with advanced solid tumors with plans for stud-
ies in MM. In summary, the results from these eatly studies with novel,
second generation PIs, are encouraging and build on the success seen
with Btz. It appears that particular PIs may have unique features, distin-
guishing them from other agents in this same broad class, including over-
coming resistance to Btz and having different toxicity profiles. Second
generation Pls therefore have the promise of providing important addi-
tional therapeutic options for the treatment of MM.
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CURRENT STATUS OF POMALIDOMIDE IN MYELOMA
M.Q.LACY
DIVISION OF HEMATOLOGY, MAYO CLINIC, ROCHESTER, MN, USA

Pomalidomide is the newest immunomodulatory drug. Phase I trials in
relapsed myeloma established pomalidomide as being well tolerated in
doses ranging from 1-5 mg/day with response rates (>PR) ranging from
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25-50% (1-3) depending on how heavily pre-treated was the population
of patients. The first phase Il study using pomalidomide and dexametha-
sone (Pom-Dex) for myeloma was conducted in patients with relapsed
disease after 1-3 prior regimens4. Pomalidomide was given orally at 2
mg/day, continuously, along with dexamethasone (40 mg) given week-
ly. The study included 60 patients and showed an overall response rate
(=PR) of 63%, including 33 % who achieved VGPR or CR (Table 1). Addi-
tionally 82% had at least a 25% decrease in their M-spike. Importantly,
the study showed responses among 40% of patients who were lenalido-
mide refractory, suggesting non-cross resistance with other IMiDs.
Responses were seen in 74% of patients with high risk cytogenetic or
molecular markers. The median progression free survival was 11.6
months and was not significantly different in the patients with high risk
disease compared to those with standard risk disease. Long-term follow-
up of this cohort indicates the median duration of response was 21.3
months. Two year survival was 76%. Follow up trials have focused on
developing pomalidomide as salvage therapy for patients with relapsed
myeloma that is refractory to novel agents. A cohort of lenalidomide-
refractory patients5 was treated with responses of =PR in 31% of patients
and response duration was 9.1 months. The median overall survival was
13.9 months. The MM-002 phase /1l study3 included patients who had
previously been treated with both bortezomib and lenalidomide and
were refractory to their most recent regimen. Responses of PR or better
were seen in 25%. The ITFM 2009-02 trial6 included myeloma patients
who were symptomatic and progressing following at least two cycles of
lenalidomide and bortezomib (either separately or in combination).
Pomalidomide was given orally either at 4 mg/day on days 1-21 of each
28-days (arm A) or continuously on days 1-28 of each 28-day cycle (arm
B). Dexamethasone was given orally at 40 mg daily on days 1, 8, 15 and
22 of each cycle. Among 92 patients enrolled, responses of PR or better
were seen in 42% (Arm A) and 39% (Arm B).

Table 1. Pomalidomide use in myeloma.

Regimen | #prior regimens, | Schema Doses >PR
median

PFS/DOR/0S, months

Phase | trials

Sehey et al. JCO 2004 Pom 3 28/28 MTD 2 mg 54% 9.7/-/22.5

Streetly et al. BJH 2008 Pom 4 28/28 | MTD5mg Q0D | 50% 10.5/-/33

Richardson et al. ASH 2010 | PomzDex 6 21/28 MTD 4 mg 25% 5/5/20

Phase Il trials

Lacy etal. JCO 2009 Pom/dex 28/28 2mg 63% | 11.6/21.3/76% at 2 yrs

Lacy et al. Leuk 2010* Pom/Dex 28/28 2mg 32% 9.1/4.8/13.9

Leleu et al. ASH 2010 Pom/Dex 21/28 4mg 42% 7.3/4/88% at 4 m

Leleu et al. ASH 2010 Pom/Dex 28/28 4mg 39% 5/4/85% at 5 m

Richardson et al. ASH 2010 | PomsDex 21/28 4mg 25% NA

Lacy et al. ASH 2010** Pom/dex 28/28 2mg 26% 6.5/12/78% at6 m

olo|la|s|a|a|~

Lacy et al. ASH 2010** Pom/dex 28/28 4mg 26% 3.3/NA/69% at 6 m

*Lenalidomide; **Lenalidomide and bortezomib refractory.

Mayo Clinic investigators recently reported results of pomalidomide
therapy comparing two different dosing strategies in sequential Phase II
trials for patients with relapsed myeloma that was refractory to both
lenalidomide and bortezomib7. Pomalidomide was given orally 2 mg/day
or 4 mg/day, on days 1-28 of a 28-day cycle, with dexamethasone given
40 mg daily on days 1, 8, 15 and 22. Responses of PR or better were seen
in 26% in both cohorts. The 2 mg cohort showed responses of minor
response (MR) or better in 49% versus 40% in the 4 mg cohort. The
median duration of response in the 2 mg cohort was 12 months. Toxici-
ty consisted primarily of neutropenia with grade 3 or 4 neutropenia seen
in 49% of the patients treated with 2 mg daily and 66% of those treated
with 4 mg daily. This data suggests that there is not a dose response for
pomalidomide and that there is no distinct advantage for 4 mg over the
2 mg per day dose. The data presented here again confirms remarkable
activity of the Pom/dex regimen. In myeloma, pomalidomide appears to
overcome resistance to both lenalidomide and bortezomib.
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Despite the improvement observed in the patients’ outcome in the
last years, MM remains incurable and novel therapeutic options are still
necessary for relapsed or refractory patients. In this regard, several drugs,
such as DAC inhibitors, that target specific mechanisms of the tumor cells
are currently being explored. Deacetylases (DACs) are enzymes special-
ized in removing acetyl groups from their client proteins, which can be
both, histone- and non-histone proteins such as &-tubulin, p53, p73,
retinoblastome, several steroid receptors, E2F family members, Bcl-6,
Hsp90, or HIF-1ot among others. The rationale for using these drugs in
MM relies in the fact that there is a general pattern of deacetylation in
neoplastic cells that could be reverted with the use of DAC inhibitors.
Moreover, several of these non-histone proteins play an important role
in the pathogenesis of MM. This is the case of p53, an important tumor
suppressor gene for all malignancies, but specifically for multiple myelo-
ma. Another mechanism potentially targeted by DAC inhibitors is the
unfolded protein response: DACs have an important role in this pathway
at least through two different mechanisms: the deacetylation of HSP-90
that allows its correct functioning and the formation of aggresomes by
DACS. The inhibition if both mechanisms with DAC inhibitors abro-
gates this pathway of survival of the MM tumor cell. Several groups of
DAC inhibitors are currently available: Aliphatic acids (valproic acid);
cyclic peptides (romidepsin (FK-228)); benzamides (entinostat (MS-275)
or MGCDO0103) and hydroxamates (vorinostat (SAHA), panobinostat
(LBH589), TSA (Trichostatin A), belinostat (PDX-101), resminostat
(RAS2410), LAQ824 or [TF2357). A different small molecule that does not
fit into any of the previous classes is tubacin, which was recently
described as a specific inhibitor of DAC6 and induces acetylation of tubu-
lin and Hsp-90, without affecting histone acetylation. Preclinical studies
have demonstrated interesting activity of most of these drugs mediated
through various mechanisms: the induction of apoptosis and cell cycle
arrest mainly by the upregulation of p21; the interference with the inter-
action between plasma cells and the microenvironment or the inhibition
of angiogenesis. Moreover they also have a role in protecting murine
models from myeloma bone disease. Regarding the clinical efficacy, four
trials have explored the activity of panobinostat, [TF2357, vorinostat and
romidepsin in monotherapy (table 1) with modest results in all of them
but with an acceptable safety profile, being the most frequent adverse
events general symptoms (fatigue, anorexia), haematological and GI tox-
icity (dehydration, diarrhea, and nausea). The observation of disease
stabilization and some responses, together with the in vitro data show-
ing marked synergism in combination with other antimyeloma agents,
prompted the investigation of the activity of DACi in combination with
conventional (melphalan, doxorubicine or dexamethasone) or novel
(bortezomib or lenalidomide) antimyeloma agents (Table 2). These com-
binations have resulted in general in good response rates even in patients
previously refractory to the drugs used in the combination. Regarding the
combination with bortezomib there is a good preclinical rationale for its
use as it simultaneously targets three steps in the unfolded protein
response pathway: the proteasome, the chaperone system (Hsp-90) and
the aggressome. The main toxicity for this combination apart from the
specific toxicity of this class of drugs has been the thrombocytopenia. A
further step has been to add Pegylated liposomal doxorubicine (PLD) to
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this combination with some good quality responses. Both vorinostat and
panobinostat have also been combined with lenalidomide and dexam-
ethasone in two phase I trials, with general symptoms and myelosuppre-
sion being the most significant side effects. In conclusion, the solid pre-
clinical rationale for the use of DACi in MM as well as the positive clin-
ical results, particularly in combination with other agents such as borte-
zomib or lenalidomide, suggest that this class of drugs may reach
approval as antimyeloma agents. At this moment, phase III randomized
trials are underway in order to prove if the combination of DACi with
either bortezomib or lenalidomide plus dexamethasone are superior to
the standards used at present for relapsed/refractory patients.

Table 1. Most relevant results of clinical trials with DACi in monother-
apy in MM.

DACi Reference Phas [ n | ORR
Panobinostat Wolf ASH 2008 I 381 3%
Vorinostat | Richardson CI Lymph 2008 I 13 | 10%
ITF2357 Gally Ann Hemat 2010 II 191 7%
Romidepsin Niesvizky ASH 2005 I 12 | 0%

Table 2. Most relevant results of clinical trials with DACi in combina-
tion in MM.

DACi Combination Reference Phas | n | ORR
Vorinostat Bortezomib Badros CCRes 2009 1 23 | 2%
Vorinostat Bortezomib Weber IMW 2008 1 34 | 43%
Vorinostat Bortezomib Weber IMW 2008 1 13* | 38%
Panobinosta Bortezomib San Miguel ASCO 2010 | Ib | 47 | 55%
Romidepsin Bortezomib Harrison ASH 2008 1 25 | 67%

Vorinostat PLD + Bortezomib Voorhees ASH 2010 1 32 | 72%
Panobinosta Lenalidomide + Dex Mateos ASCO 2010 Ib | 46 | 57%

Vorinostat Lenalidomide + Dex Richardson ASH 2010 I 30 | 53%
Panobinosta Melphalan Berenson ASH 2009 I 15 | 27%
Panobinosta | Melphalan + Thalidomide + Dex Offidani ASH 2010 Vi | 24 | 50%

* All patients were previously exposed to Bortezomib

MONOCLONAL ANTIBODIES IN THE TREATMENT OF MULTIPLE MYELOMA
S.LONIAL (1), S. JAGANNATH (2)

EMORY UNIVERSITY SCHOOL OF MEDICINE AND MT. SINAI SCHOOL OF MED-
ICINE, USA

Monoclonal antibodies offer the possibility of targeted therapy to elim-
inate the tumor cells selectively with minimal side effects. The initial
antibodies produced using hybridoma technology established in 1975,
were mouse monoclonal antibodies that were highly immunogenic. Sub-
sequent improvement in antibody engineering resulted in the develop-
ment of chimeric, humanized and fully humanized monoclonal antibod-
ies that are better tolerated and perform well in clinical setting.

Multiple myeloma is an excellent disease for treatment with mono-
clonal antibodies. The tumor cells express a wide range of surface anti-
gens that can be targeted. The myeloma tumor growth is dependent on
its interaction with the microenvironment, especially osteoclasts,
osteoblasts and endothelial cells. Therefore the antibody can be target-
ed against growth factors or its receptors or surface antigens expressed
by stromal cells upon interaction with tumor cells. Currently, more than
10 monoclonal antibody candidates have entered clinical development.
Monoclonal antibodies directed against myeloma cells surface antigens
(CD 40, HM 1.24, IGF-1R, CD56, Cs1, CD138, CD74, IL-6R, CD 38,
TRAIL-R1) or growth factors and microenvironment targets (IL-6, RAN-
KL, DKK1, VEGE BAFF). Monoclonal antibodies targeting the CD 20
antigen expressed by the mature B cell has been highly successful in the
treatment of non-Hodgkin's lymphoma, chronic lymphocytic leukemia
and Waldenstrom's macroglobulinemia. Clinical studies with Rituximab
have been generally ineffective in the treatment of multiple myeloma
due to poor expression of this antigen in plasma cells. CD40 is a mem-
ber of the tumor necrosis factor receptor super family and is highly
expressed on multiple myeloma cells and on bone marrow stromal cells.
Two anti-CD 40 antibodies, dacetuzumab (SGN-40) and lucatumumab
(CHIR-12.12, HCD122) had shown promise in the preclinical model, but
failed to show significant clinical activity. CD 74 is a transmembrane
protein that forms the invariant portion of HLA-DR and is expressed on
myeloma cells. A humanized anti-CD74 monoclonal antibody coupled



with doxorubicin IMMU-110) is being evaluated in a phase 1/2 study.
CD56 is expressed aberrantly in myeloma tumor cells. A humanized
monoclonal antibody to CD56 conjugated to spindle poison maytansi-
noid has shown some clinical activity. Humanized antibody to CD38
(HuMax-CD38) has shown preclinical activity and is currently in phase
1/2 safety study in patients with relapsed or refractory myeloma. Synde-
can-1 or CD138 is a cell surface heparan sulfate proteoglycan that is high-
ly expressed by plasma cells, myeloma cells and rarely in epithelial cells.
BTO062 is a chimeric monoclonal antibody conjugated to maytansinoid
and is currently in phase 1 clinical trial. Preliminary results on 27 evalu-
able patients indicated clinical benefit in half of the patients treated with
stabilization of disease for >9 weeks. Elotuzumab is a fully humanized
monoclonal antibody against CS1 which is universally expressed at high
levels on plasma cells and myeloma cells. Phase 1 clinical trial showed no
dose limiting toxicity but also no efficacy. In phase 1 study of elotuzum-
ab plus bortezomib objective response was noted in 48% of 27 evaluable
patients with a median time to progression of 9.5 months. When elo-
tuzumab was combined with lenalidomide and dexamethasone in phase
1B trial of 28 patients the overall response rate was 82%. Among 22
patients with treated until progression, the median time to progression
is not reached at one year. The results were confirmed in a subsequent
phase 2 study of 26 patient with the same combination resulting in an
overall response rate of 85%. Based on the positive phase 1 and phase 2
results, a phase 3 trial of lenalidomide and weekly dexamethasone with
or without elotuzumab is currently underway. A chimeric IgG1k Anti-IL-
6 monoclonal antibody, siltuximab (CNTO 328) has been evaluated either
as a single agent or in combination regimens for multiple myeloma. Sup-
pression of serum C-reactive protein (CRP) following treatment with sil-
tuximab is a pharmacodynamic marker of IL-6 bioactivity. In a phase 1
study among 15 patients with relapsed multiple myeloma partial response
was noted in 3 patients and long-lasting stable disease in 2 patients (224
days and 533 days). In a phase 2 study of siltuximab and bortezomib in
relapsed/refractory multiple myeloma the overall response rate was 57 %
among 21 patients treated with a median time to progression of 8.7
months. Similarly, in another phase 2 trial in relapsed and refractory mul-
tiple myeloma siltuximab and dexamethasone showed a response rate of
20% among 44 evaluable patients. Currently a phase III trial of MPV with
and without siltuximab in underway. Denosumab (Prolia) is a fully
human IgG2 monoclonal antibody to receptor activator of nuclear factor-
B ligand (RANKL), an osteoblast-derived glycoprotein. Myeloma tumor
cells induce over expression of RANKL by marrow stromal cells result-
ing in osteoclast activation and lytic bone lesions. In a phase II trial 95
patients with relapsed myeloma (53 patients) or in plateau phase (43
patients) were treated with denosumab. Denosumab substantially sup-
pressed bone resorption in both relapsed and plateau-phase MM sub-
jects, as measured by serum C-terminal telopeptide of type 1 collagen
(sCTx). There was minimal antitumor response. Denosumab is currenty
approved for the prevention of skeletal-related events in solid tumors but
not in myeloma. In multiple myeloma overexpression of Dickkopf-relat-
ed protein 1 (DKK1) by plasma cells with correlated with the lytic bone
disease. DKK 1 primarily inhibits cell osteoblasts while RANKL activates
osteoclasts resulting in pure lytic bone disease seen in multiple myeloma.
A fully humanized anti-DKK 1 monoclonal antibody, BHQ880, is current-
ly in clinical trial both in the relapsed myeloma as well as in high-risk
asymptomatic multiple myeloma. A number of monoclonal antibodies
are currently in clinical trial for the treatment of myeloma. Most of the
antibodies tested to date have not been efficacious as a single agent. The
combination of lenalidomide and dexamethasone with elotuzumab
appears promising and is currently in a phase 3 pivotal trial. Thus mon-
oclonal antibody therapy will be most effective when combined with
existing treatments for multiple myeloma.
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High dose therapy (HDT) is a standard treatment for young patients
with myeloma. Residual disease is always present after HDT and an
effective maintenance treatment is required to prevent relapse. This
phase 3 trial investigated the efficacy of lenalidomide (LEN) for mainte-
nance after transplantation. Patients, under 65, with non-progressive dis-
ease after a first line HDT were randomized to receive consolidation
with LEN (25 mg/d, 21 days/month, for 2 months) followed by mainte-
nance with either placebo (Arm A) or LEN (10 to 15 mg/d) until relapse
(Arm B). From July 2006 to August 2008, 614 patients were randomized.
Patient’s characteristics of each group were similar. On July 2010, the tri-
al was unblinded and the final analysis was performed with a median
follow up of 34 months from randomization and 44 months from diag-
nosis. Consolidation with LEN improved the very good partial response
rate (VGPR) (p<0.0001). Maintenance with LEN improved the progres-
sion-free survival (PES): median 24 months from randomization in arm
A, versus 42 months from randomization in arm B (HR=0.5, p<10-8).
This benefit was observed across all stratified subgroups of patients. In
multivariate analysis, PFS was related to maintenance with LEN
(p<0.0001), and to response (CR/VGPR) after consolidation (p<0.01).
Although maintenance treatment with LEN was well tolerated, several
patients developed malignancies including AML, MDS, ALL, HD and sol-
id tumors. All ITFM centers were asked to report every secondary malig-
nancies for patients within this trial. Updated data will be presented at
the meeting.

PHASE IIl INTERGROUP STUDY OF LENALIDOMIDE VERSUS PLACEBO MAINTENANCE
THERAPY FOLLOWING SINGLE AUTOLOGOUS STEM CELL TRANSPLANT (ASCT) FOR MUL-
TIPLE MYELOMA (MM): CALGB ECOG BMT-CTN 100104
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HURD (7), V. HARS (2), C. JIANG (2), J. POSTIGLIONE (2), L. BRESSLER (8), S.
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Disease relapse/progression is the primary cause of treatment failure
after ASCT for MM. The primary objective of this study was to inves-
tigate if maintenance lenalidomide (Len) would prolong time to progres-
sion (TTP) following single ASCT with melphalan 200 mg/m?2. Eligibil-
ity included Stage I-IIl MM, =1 year from diagnosis, =22 months of induc-
tion with stable disease or better (=SD), age <70 years. Patients (pts)
with =2SD were randomized at day 100 post-ASCT to Len or placebo
until disease progression, after stratification by -2 microglobulin lev-
el and prior thalidomide or Len therapy. Starting Len dose was 10
mg/day, increased to 15 mg/day or decreased for toxicity; 568 pts were
enrolled (04/2005-07/2009). The fifth interim analysis based on 460 ran-
domized pts at a median follow-up of 17.6 months at study unblinding
(12/2009) demonstrated a significantly longer TTP with Len. 46/231
Len and 97/229 placebo pts experienced an event (one-sided unadjust-
ed P<0.0001); estimated HR of 0.37. The median TTP was 43.6 months
for Len and 21.5 months for placebo. Using all follow-up events as of
02/2011, 65/231 Len and 114/229 placebo pts have experienced an event
(one-sided unadjusted P<0.0001); HR of 0.43. Deaths in the Len and
placebo arms were 13 and 24 respectively (unadjusted P<0.049) up to
12/2009 and as of 2/2011 are 21 and 37 respectively (unadjusted
P<0.019). Significant delay in TTP in the Len arm was observed, regard-
less of stratification. Len initiated at day 100 post-ASCT in MM patients
significantly improves TTP and appears to improve overall survival.
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Advances in cancer detection and treatment have tripled cancer sur-
vivorship since 1971, and the population of cancer survivors has grown
by 2% each year (Travis et al, 2006). However, longer survival increas-
es the risk of second primary malignancy (SPM) development in these
patients, possibly through late sequelae of treatment, aging, and/or
genetics (National Cancer Institute; Fraumeni et al, 2006). Among these,
age is a well-characterized risk factor for primary malignancy develop-
ment, and data from the Italian region demonstrate increased incidence
rates per year of life for each 10-year age group studied: 0.40% (ages 45-
54), 0.97% (ages 55-64), 1.82% (ages 65-74), 2.54% (ages 75-84), and
8.86% (ages 85+). The risk of SPM development should be reported as
SPM incidence per year of follow-up, and age should be considered a risk
factor. Multiple myeloma (MM) is an incurable malignancy character-
ized by multiple relapses, and eventually, refractory disease and death.
Therapy advances have resulted in significant survival benefits, with 5-
year relative survival rates among patients with MM of all age groups
having increased from 26 % to 38% for patients first diagnosed in 1975-
1977 and 1999-2006, respectively (Travis et al, 2006). In these patients,
prolonged survival may increase the risk of developing an SPM. Registry
studies conducted in the United States and Sweden have shown that
MM patients are at a higher risk for the development of non-Hodgkin’s
lymphoma (NHL; 1.7-fold), acute myeloid leukemia (AML; 8-fold), and
chronic myeloid leukemia (CML; 2.5-fold) compared with all cancer
patients (Dores et al, 2006; Dong et al, 2001). The goal of this presen-
tation is to discuss the issue of SPM emergence in recent clinical trials
evaluating the use of lenalidomide in autologous stem cell transplant
(ASCT)-eligible and -ineligible patients with newly diagnosed MM
(NDMM). The current report describes SPM incidence in patients
enrolled in MM-015 as well as spontaneous SPM reports from investi-
gators for additional investigator sponsored trials. MM-015 is a phase 3
trial designed to evaluate the efficacy and safety of continuous lenalido-
mide treatment (melphalan, prednisone, and lenalidomide induction fol-
lowed by lenalidomide maintenance [MPR-R]) vs fixed-duration regi-
mens of melphalan and prednisone (MP) or melphalan, prednisone, and
lenalidomide (MPR) in transplant-ineligible patients aged = 65 years. A
post hoc analysis evaluated incidence rates (IRs) per 100 person-years for
SPMs and risks of SPM relative to disease progression risk. As of the May
2010 data cut-off prior to site-unblinding (median follow-up: 25 months),
12 total cases of SPMs were reported (4/150 in MPR-R [IR = 1.40], 6/152
in MPR [IR = 2.05], and 2/153 in MP [IR = 0.67]), including 2 myelodys-
plastic syndromes (MDS) cases in MPR-R and 2 AML cases in each of
MPR-R and MPR arms. In the MPR/MPR-R vs MP group, the incidence
of AML/MDS was 3.6% vs 0.7 %, respectively. A longer follow-up is
needed to draw definite conclusions. Solid tumors were reported in 6
patients (1/150 in MPR-R, 3/152 in MPR, and 2/153 in MP) and were of
heterogeneous tumor types. No B-cell malignancies were reported. Of
note, the early detection of some solid tumors may end up in their cure.

The progression-free survival (PES) benefit afforded by lenalidomide
maintenance outweighs the increased SPM risk, as indicated by
increased progression risk for MP and MPR vs MPR-R. The median PES
for MPR-R vs MP was 31 vs 13 months (P < .001), resulting in a 60%
reduction in the risk of disease progression (hazard ratio [HR] = 0.395)
(Palumbo et al, ASH 2010). Similarly, 2-year PFS rates were higher for
patients receiving MPR-R vs MP (55% vs 16%) (Palumbo et al, ASH
2010). The impact of relapse and the occurrence of a second cancer on
patient outcomes has been evaluated. For patients receiving lenalido-
mide maintenance (MPR-R), the risk of death or progression at 2 years
is 45% and the risk of SPM at 2 years is 3%. In patient receiving MP
alone the risk of death or progression at 2 years is 84% and the risk of
developing an SPM for these patients at 2 years is <1 %. Similarly, when
SPMs were added as additional events for PFS, the hazard ratio for dis-
ease progression and SPM development for MPR-R vs MP (HR = 0.408;
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P <.001) was similar to the PES analysis that did not include SPMs (HR
=0.395; P <.001). Although longer follow-up is needed, these prelimi-
nary data suggest that the risk-benefit profile remains in favor of
enalidomide maintenance.

In the Dutch MPR-R vs melphalan-prednisone-thalidomide followed
by thalidomide maintenance (MPT-T) study, 200 patients were evaluat-
ed; so far 3 cases of SPM were observed. In an EMNTG study, 319
patients = 65 years were randomly assigned to receive treatment with
either lenalidomide plus low-dose dexamethasone (Rd), MPR, or
cyclophosphamide-lenalidomide plus low-dose dexamethasone (CRd).
To date, after a median follow-up of 8 months, no SPMs were reported.
In a previously published study evaluating lenalidomide as consolida-
tion-maintenance following bortezomib, adriamycin, and dexametha-
sone (PAD) induction and ASCT in NDMM patients (Palumbo et al,
JCO 2010), 102 patients (median age 67) received lenalidomide mainte-
nance and 2 cases of SPMs were reported. In another EMNTG study
comparing MPR with tandem melphalan 200 mg/m2 (MEL200) and
ASCT (Palumbo et al, ASH 2010), 402 patients < 65 years of age were
included, and after 2 years of follow-up 2 cases of SPM were reported.
In a phase 3 study (343 patients) comparing cyclophosphamide-lenalido-
mide-dexamethasone (CRD) with MEL200 followed by ASCT, no SPMs
were reported. On the contrary, one case of SPM was detected in a
GIMEMA phase 2 study evaluating the role of MPR-R as induction in
elderly NDMM (54 patients; Palumbo et al, JCO 2007). A total of 46
NDMM patients were enrolled in a study assessing the role of lenalido-
mide-prednisone (RP) as induction followed by MPR and no SPM cases
were reported. The rates of SPM reported here are those currently avail-
able in our database; they may be underestimated due to the lack of a
specific query on SPM to the participating centers. Efforts are currently
ongoing and specific queries are requested to update the incidence of
SPM in these studies. Results will be presented at the meeting.
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Background. The occurrence of SPM in MM pts has been well recog-
nized based on disease natural history and associated treatments. Giv-
en the association of aging with development of malignancies and recent
concerns over the potential of increased SPM risk with long term Len
exposure, SPM incidence from Len studies was compared with expect-
ed background invasive cancer incidence from the US SEER Cancer Reg-
istries, 2003-2007. Methods. Data from Len-based arms of 11 Celgene-
sponsored studies in RRMM pts who received 224 months (mos) of Len
were analyzed for SPM incidence. By SEER definition, non-melanoma
skin cancers and in situ malignancies were excluded. Results. Median
age at enrollment was 64 (range 29-92). Median Len duration for all
studies was 5 mos (range 0.03-58.27); 313 (8.2%) pts received =224 mos
(median duration 34 mos [range 24-58.3]). In all pts, 57 SPMs were iden-
tified in 56 pts (8 MDS, 1 AML, 2 B-cell malignancies [low grade B-cell
lymphoma, Epstein-Barr virus associated lymphoproliferative disorder],
46 solid tumors [ST]) corresponding to an IR of 2.15 and a standardized
incidence ratio (SIR) of 0.77 (95% CI 0.43-1.28). No B-cell malignancies
were reported in pts with =224 mos of Len. SPM IRs compare favorably
with IR from SEER (range 1.3-2.2/100 patient-yrs [PY] for persons aged
60-85+). Conclusion. Len-based therapy for RRMM, including durations
=24 mos, did not significantly increase the SPM IR compared to IR for
invasive cancers reported by SEER. Rigorous efforts are underway to fur-
ther characterize SPM and identify risk factors.
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Background: The phase 3 MM-009/010 trials demonstrated a significant
survival benefit for Len+Dex compared with placebo (PBO)+Dex
(Dimopoulos 2007; Weber 2007). However, pts who live longer have an
increased SPM risk. Among persons aged 65+ the incidence of invasive
cancer is 2.1 per 100 person-years. Thus, we examined SPM risk in MM-
009/010. Methods: This post hoc analysis was based on pooled MM-
009/010 data. SPM IRs per 100 person-years were evaluated during active
treatment. Incidence rates of SPM among 23,838 MM pts in the US SEER
Cancer Registries (1973-2000) were used to calculate Standardized Inci-
dence Ratios (SIRs) for solid tumor (ST) malignancies (MDS data not
available in SEER). Results: SPMs were low, with 6 ST and 2 MDS cases
in the Len+Dex arm and 2 ST cases in the PBO+Dex arm. No AML or
B-cell malignancies were observed. IRs for ST malignancies were equiv-
alent by arm (1.06 per 100 person-years in Len+Dex vs. 0.90 per 100 per-
son-years in PBO+Dex). SIRs were similar for Len+Dex and PBO+Dex
active treatment (0.76 [95% CI: 0.28-1.68] vs 0.64 [0.11-2.12]). With an
additional median 1.5 years of follow-up only one new SPM was iden-
tified in the Len+Dex arm. Conclusions: ST IRs were low during active
treatment, did not differ between arms, and were consistent with back-
ground incidence. SIRs were not consistent with increased ST risk. Dur-
ing long-term follow-up, detection of new malignancies decreased great-
ly as only survival data were collected. SPM risk is not increased, result-
ing in no change to the benefit-risk profile for Len in RRMM.
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RISK OF SUBSEQUENT PRIMARY MALIGNANCIES IN PATIENTS WITH MULTIPLE MYELO-
MA BEFORE AND AFTER THE INTRODUCTION OF NOVEL THERAPIES: A POPULATION-
BASED STUDY IN SWEDEN

S. MAILANKODY (1), R. PEEIEEER (1), S. KRISTINSSON (2), M. BJORKHOLM (2), L.
TURESSON (3), O. LANDGREN (1)

(1) NATIONAL INSTITUTES OF HEALTH (NIH), BETHESDA, USA; (2) KAROLINSKA
INSTITUTE, STOCKHOLM, SWEDEN; (3) MALMO UNIVERSITY HOSPITAL, MAL-
MO, SWEDEN

Background. The risk of developing acute myeloid leukemia (AML)
and/or myelodysplastic syndromes (MDS) following the use of alkylat-
ing agents to treat multiple myeloma (MM) has been recognized for
many years. We aimed to characterize the risk of subsequent primary
malignancies in MM pts before and after the introduction of novel ther-
apies. Methods. Using high-quality population-based data from Sweden,
we assessed the risk of secondary malignancies in all MM pts (n=9,926)
diagnosed 1986-2005 (follow-up until 2006). We estimated standardized
incidence rates (SIRs) for all subsequent primary hematologic and solid
tumors overall and separately for pts diagnosed before/after 1995 (intro-
duction of highdose melphalan/ASCT) and 2000 (introduction of IMiDs),
respectively. Results. We found an overall excess risk of AML (SIR=7.6;
95% CI 4.6-11.7), non-specified myeloid leukemias (including MDS)
(SIR=21.7; 11.6-37.1) and non-melanoma skin cancer (SIR=2.2; 1.7-2.7).
There was no significantly increased risk for other hematologic or solid
tumors. The results were the same when we stratified by calendar peri-
od (before/after 1995 and 2000). Conclusions. Based on all MM pts diag-
nosed in Sweden 1986-2005, we confirm the excess risk of developing
AML/MDS. With the exception of non-melanoma skin cancer, no oth-
er malignancies were significantly increased. Results were very similar
in analyses restricted to pts diagnosed before vs. after 1995, suggesting
that highdose melphalan/ASCT may not alter short term risk of second
cancers. Longer follow-up is needed to better define risks in the IMiD-
era.
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MONOCLONAL IMMUNOGLOBULIN AND THE NERVE,
WALDENSTROM’S MACROGLOBULINEMIA

NEUROPATHY IN MONOCLONAL GAMMOPATHY
E. NOBILE-ORAZIO

DEPARTMENT OF TRANSLATIONAL MEDICINE, MILAN UNIVERSITY, 2ND NEU-
ROLOGY, IRCCS HUMANITAS CLINICAL INSTITUTE, ROZZANO, MILAN, ITALY

Introduction. The association of neuropathy with monoclonal gam-
mopathy has been known for several years, even if the clinical and
pathogenetic relevance of this association is not completely defined.
This is not a marginal problem as: a) monoclonal gammopathy is pres-
ent in 1-3% of the population above 50 year in whom it is often
asymptomatic, and, b) in at least 8% of patients is associated with a
symptomatic neuropathy with a prevalence in the population above
50 years of at least 1 per 1,000, representing one of the leading causes
of neuropathy in aged people. Monoclonal gammopathy may result
from malignant lymphoproliferative diseases including multiple
myeloma or solitary plasmocytoma, Waldenstrém's macroglobuline-
mia (WM), other IgM secreting lymphoma or chronic lymphocytic
leukaemia, as well as from primary amyloidosis (AL) and cryoglobu-
linemia. In most instances it is not associated with any of these disor-
ders and is defined monoclonal gammopathy of undetermined signif-
icance (MGUS) for its possible, though infrequent, evolution into
malignant forms. Several data support the pathogenetic role of the
monoclonal gammopathy in the neuropathy particularly when of IgM
isotype. There is however not yet defined therapies for these neu-
ropathies, as their efficacy have not been confirmed in randomized tri-
als. Neuropathy and IglVl monoclonal gammopathy. A symptomatic neu-
ropathy has been reported in up to 50% of patients with IgM mono-
clonal gammopathy. Some of these patients have WM or other forms
IgM secreting lymphoprolipherative disease. The majority has howev-
er an [gM MGUS whose only clinical manifestation is the neuropathy
leading to its inclusion in the group of IgM-related disorders. Differ-
ent forms of neuropathies have been associated with IJgM monoclon-
al gammopathy including cranial nerve palsies, mononeuropathies or
mononeuritis multiplex often associated with WM and lymphoma and
related to lymphoplasmacytic infiltration of nerves, amyloid deposi-
tion, cryoglobulinemic vasculitis or microangiopathy of endoneurial
vessels. The vast majority of patients have however a chronic progres-
sive, symmetric and predominantly distal neuropathy which is often
attributed to a reactivity of the M-protein with neural antigens includ-
ing the myelin-associated glycoprotein (MAG), sulfatide and several
gangliosides. These reactivities are found in approximately two thirds
of the patients, and are particularly frequent in those with MGUS
(84%). Neuropathy associated with anti-MAG IgM. In almost 50% of the
patients with IgM-related neuropathy the M-protein reacts with MAG
and other cross-reactive glycoconjugates (Nobile-Orazio et al. 1998).
Almost 80% of these patients have and IgM MGUS while most
remaining patients have an otherwise asymptomatic WM. This neu-
ropathy is quite homogeneous being characterized by distal and sym-
metric, predominantly sensory involvement, gait ataxia and postural
tremor in the upper limbs. Motor impairment is usually less prominent
and often appears later. The neuropathy mostly affects men in their
sixties or seventies and usually runs a slowly progressive course with
approximately 50% of the patients requiring a support to walk after
15 to 20 years (Niermeijer et al. 2010). Electrophysiological and mor-
phological studies are consistent with a demyelinating neuropathy.
The possible role of anti-MAG antibodies in the neuropathy is support-
ed by their almost invariable association with the neuropathy and by
the fact that their presence often predicts the development of neu-
ropathy In addition pathological studies on nerve biopsies often dis-
close the presence these antibodies and complement on myelin and
complement mediated demyelination of nerve was experimentally
induced in animals by intraneural or systemic injection of these anti-
bodies. These data led to the use of several therapies directed at reduc-
ing monoclonal IgM antibodies in these patients. Even if almost 50%
of patients were reported to improve after one of more of these ther-
apies their efficacy was not confirmed in randomized trials (Lunn and
Nobile-Orazio 2006). More recently approximately 30% of the
patients were reported to improve after therapy with the humanised
anti-CD20 monoclonal antibody (Rituximab). The results did not how-
ever achieve statistical significance in two randomized trials (Dalakas
etal. 2009; Leger et al. 2010). It remains unclear the long-term benefit
on the neuropathy of these therapies as the follow-up seldom exceed-
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ed two years (Benedetti et al. 2008). This data would be particularly
important considering the slow progression of the neuropathy and the
adverse effects of these therapies. Neuropathy associated with anti-sul-
fatide and antiglycolipid antibodies. Several other anti-neural reactivities
of IgM M-proteins have been reported in patients with IgM related
neuropathies but their role in the neuropathy is still debated (Joint
task force EENS/PNS 2010). High titers of anti-sulfatide IgM antibod-
ies can be found in 4% of the patients with a demyelinating sensori-
motor neuropathy associated with IgM monoclonal gammopathy
(Nobile-Orazio et al. 2008) while lower titers can be found in patients
with other neuropathies. The possible pathogenetic relevance of this
association is supported by morphological studies on nerve biopsy
showing deposits of the M-protein and of complement. Few data are
however available on the clinical response to treatment in these
patients. IgM antibodies to the ganglioside GM1 were originally
reported in patients with IgM monoclonal gammopathy and multifo-
cal motor neuropathy, even if most subsequently reported patients did
not to have IgM monoclonal gammopathy. A few patients with neu-
ropathy and IgM monoclonal gammopathy reacting to the disialosyl
containing gangliosides GQ1b, GD1b, GT1b, GD3 and GD2 have been
reported (Willison et al. 2001). Most patients have a chronic sensory
demyelinating ataxic neuropathy associated with mild or no weak-
ness, recurrent ophthalmoplegia and cold agglutinin activity of the M-
protein. Willison proposed for this syndrome the acronym
CANOMAD (Chronic Ataxic Neuropathy with Ophthalmoplegia, M-
protein, cold Agglutinins and anti-Disyalosil antibodies). Most of these
patients improve after therapy with IVIg (Attarian et al 2010) which
are often ineffective in other IgM-related neuropathies confirming that
the search for these reactivities has practical implication for the treat-
ment of this neuropathy. Neuropathy and IgG monoclonal gammopathy.
Less clear is the relationship between neuropathy and IgG monoclon-
al gammopathy. Some patients have multiple myeloma where the neu-
ropathy is occasionally the presenting symptom but more frequently
occurs in patients with established disease. In these patients the neu-
ropathy is clinically heterogeneous reflecting the presence of different
pathogenetic mechanisms. More typical are the features of the neu-
ropathy associated with osteosclerotic myeloma which is often asso-
ciated with other non-neurological manifestations typical of the
POEMS (Polyneuropathy, Organomegaly, Endocrinopathy, M-protein
and Skin changes) syndrome (Dispenzieri et al. 2004). The majority of
patients have however an [gG MGUS, which is often found during the
work-up or follow-up of the neuropathy (Nobile-Orazio et al. 2002).
Almost 50% of the patients have a chronic demyelinating neuropathy
clinically and therapeutically indistinguishable from chronic inflamma-
tory demyelinating polyradiculoneuropathy, while most of the remain-
ing has a predominantly sensory axonal or mixed neuropathy. The
possible role of IgG M-proteins in the neuropathy remains unclear as
no consistent reactivity of IgG M-proteins with nerve or endoneurial
deposits of IgG have been reported and in over 50% of patients the M-
protein become manifest after the neuropathy. Neuropathy and IgA
monoclonal gammopathy. Only few patients with neuropathy and IgA
monoclonal gammopathy have been reported representing in most
series a small proportion of the patients with neuropathy and mono-
clonal gammopathy. Some patients have myeloma or a POEMS syn-
drome (see above) while others have IgA MGUS. The clinical and elec-
trophysiological features of the neuropathy in these patients are quite
heterogeneous (Nobile-Orazio et al 2002) making it difficult to iden-
tify a prevailing type of presentation except that the neuropathy is
almost invariably chronic progressive. Anti-neural reactivity or
endoneurial deposits of IgA M-proteins have been rarely reported in
these patients and few patients have been reported to improve with
immune therapies so that the pathogenetic role of the monoclonal
gammopathy in the neuropathy remains unclear.
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POEMS SYNDROME: DIAGNOSIS AND TREATMENT
A. DISPENZIERI
DIVISION OF HEMATOLOGY, MAYO CLINIC, ROCHESTER, MN, USA

Recognition of the complex of a combination of peripheral neuropa-
thy, organomegaly, endocrinopathy, monoclonal plasmaproliferative
disorder (typically A), skin changes, papilledema, extravascular volume
overload (peripheral edema, pleural effusions, ascites), sclerotic bone
lesions, thrombocytosis, Castleman disease, increased levels of circu-
lating vascular endothelial growth factor, and abnormal pulmonary
function tests is the first step in diagnosing POEMS syndrome, a rare
paraneoplastic syndrome due to an underlying plasma cell dyscrasia.
Peripheral neuropathy dominates the clinical picture, with an ascend-
ing, symmetric, sensorimotor, predominantly demyelinating neuropa-
thy. Table 1 includes criteria for a diagnosis of POEMS syndrome. -
existing Casleman’s disease or lymph nodes with Castleman-like
pathology is not unusual. Over the past two decades, restrictive lung
disease, pulmonary hypertension, and arterial events, including stroke,
have become increasingly recognized. Although the majority of
patients have osteosclerotic myeloma, these same patients usually have
only 5% bone marrow plasma cells or less (almost always monoclon-
al ), and rarely have anemia, hypercalcemia or renal insufficiency.
Serum M-spikes are small, and although free light chain elevations are
common, the K/ ratio is more often normal than not. Fewer than 10%
of patients have proteinuria exceeding 0.5 g/24 hours and/or serum
creatinine greater than or equal to 1.5 mg/dL. The renal histology is
diverse with membranoproliterative features and evidence of endothe-
lial injury being most common. These characteristics and the superior
median survival differentiate POEMS syndrome from multiple myelo-
ma The pathogenesis of this multisystem disease is complex. Eleva-
tions of vascular endothelial growth factor and pro-inflammatory
cytokines are the hallmark of this disorder. Little is known about the
plasma cells except that more than 95% of the time they are A light
chain restricted with restricted VA germline gene usage. POEMS syn-
drome is not an immunoglobulin deposition disease. The dominant
feature of this syndrome is the peripheral neuropathy, and not infre-
quently patients are initially diagnosed with chronic inflammatory
demyelinating polyneuropathy (CIDP) or, less frequently, Guillain-Bar-
ré. The two best ways to distinguish POEMS from monoclonal gam-
mopathy associated peripheral neuropathy and AL amyloidosis is to
measure a plasma or serum VEGF level. The course of POEMS syn-
drome is usually chronic with reported median survivals ranges from
33 months to nearly 14 years. The number of POEMS features does not
affect survival. Fingernail clubbing and extravascular volume overload,
i.e. effusions, edema, and ascites, and respiratory symptoms are all
associated with a significantly shorter overall survival.

For patients with a dominant sclerotic plasmacytoma, first line ther-
apy is irradiation. Systemic therapy is appropriate for patients with
diffuse sclerotic lesions or absence of any bone lesion and those who
have not demonstrated stabilization of their disease 3 to 6 months
after completing radiation. Useful approaches include therapy with
corticosteroids, low dose alkylator therapy, and high dose chemother-
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apy with peripheral blood stem cell transplant. Intensive supportive
care measures must also be instituted including physical therapy,
orthotics, diuretics, analgesics, and CPAP. Plasmapheresis and/or intra-
venous gammaglobulin are not effective. The role of anti-VEGF ther-
apies, immune modulatory drugs, and proteasome inhibitors has not
yet been well defined, but drugs with known high rates of treatment
related neuropathy should not be considered as first line therapy.
Despite the theoretic rational for using bevacizumib in patients with
POEMS syndrome, this therapy may result in as much harm as good
and should not be considered a standard. Thalidomide and lenalido-
mide both have activity, but potential side-effects of neuropathy and
thrombosis should not be ignored.

When therapy is effective, response of systemic symptoms and skin
changes typically precede those of the neuropathy, with the former
beginning to respond within a month, and the latter within 3-6 months
with maximum benefit frequently not seen before 2 to 3 years. Clini-
cal response to therapy correlates better with VEGF level than M-pro-
tein level, and complete hematological response is not required to
derive substantial clinical benefit.

Table 1. Critetia for the Diagnosis of POEMS Syndrome™*

Mandatory or major criteria 1. Polyneuropathy (typically demyelinating)

2. Monoclonal plasma cell-proliferative disorder (almost always A)
Other major criteria 3. Castleman disease
(one required) 4. Sclerotic bone lesions

5. Vascular endothelial growth factor elevation
Minor criteria 6. Organomegaly (splenomegaly, hepatomegaly, or lymphadenopathy)
7. Extravascular volume overload (edema, pleural effusion, or ascites)

8. Endocrinopathy (adrenal, thyroid,* pituitary, gonadal, parathyroid,
pancreatic*)

9. Skin changes (hyperpigmentation, hypertrichosis, glomeruloid
hemangiomata, plethora, acrocyanosis, flushing, white nails)

10. Papilledema
11. Thrombocytosis / polycythemiat

Clubbing, weight loss, hyperhidrosis, pulmonary hypertension/
restrictive lung disease, thrombotic diatheses, diarthea, low vitamin
B12 values

Other symptoms and signs

Possible associations Arthralgias, cardiomyopathy (systolic dysfunction), and fever

POEMS, polyneuropathy, organomegaly, endocrinopathy, M protein, skin changes. The diag-
nosis of POEMS syndrome is confirmed when both of the mandatory major criteria, one of the three
other major ctitetia, and one of the six minor criteria are present. *Because of the high prevalence
of diabetes mellitus and thyroid abnormalities, this diagnosis alone is not sufficient to meet this minor
criterion. Anemia and/or thrombocytopenia are distinctively unusual in this syndrome unless
Castleman disease is present.
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THE ROLE OF PURINE ANALOGS IN THE FRONT LINE TREATMENT OF WALDENSTROM’S
MACROGLOBULINEMIA

V. LEBLOND
HOPITAL PITIE SALPETRIERE, PARIS, FRANCE

Waldenstrom’s macroglobulinemia (WM), a rare B-cell malignancy,
is incurable. Conventional treatment consists of alkylating agents
(especially chlorambucil), purine analogs and Rituximab. Purine ana-
logues such as fludarabine and cladribine are active. Response rates to
first-line therapy range from 38 to 95%. Discrepancies in response
rates between different studies could be due to the small patient pop-
ulations and to differences in patient characteristics and response cri-
teria. Trials of purine analogs combination therapy with drugs such as
cyclophosphamide with or without Rituximab give higher response
rates in small series. To better determine the efficacy of purine analogs
as first line therapy, we have conducted a randomized trial in France
and UK, comparing the efficacy of chlorambucil to fludarabine in
untreated patients. The WM1 study was a prospective international
randomized open-label study that included patients with previously
untreated WM MZL and LPL. At registration, patients were stratified
as having WM, SLVL, or LPL, and were randomized in the two arms.
The aim of the study was to compare the efficacy of oral CBL at a dose
of 8 mg/m’ for 10 days every 28 days to a maximum of 12 cycles with
oral F at a dose of 40 mg/m’ orally for 5 days every 28 days to a max-
imum of 6 cycles. 418 patients were enrolled into the study from 07/01
t012/09. 414 patients received at least one course of chemotherapy.
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Figure 1: Progression free survival (p=0.02)
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There were 339 WM, 37 MZL and 38 LPL with a median age of 68
years (40-89). 207 patients were randomized in the F arm and 207
patients in the CBL arm. At inclusion, the median of haemoglobin
(g/L), platelets (Giga/L), albumin (g/L) and beta 2 microglobulin (mg/])
were 10, 220, 37.1 and 3.7 respectively. The overall response rate
(CR+PR) was 47.8 in the F arm versus 38.6 in the CBL arm (p=0.06).
With a median follow-up time of 36 months, the median of progres-
sion free survival time (PFS) and disease free survival (DFS) were sta-
tistically longer in the F arm: PES 36.3 m vs 27.1 m (p=0.02, Figure 1)
and DFES 38.3m vs 19.9 m ( p= 0.001, Figure 2). In WM group, factors
influencing negatively PFS were CBL arm, albumin< 40 g/L and Beta2
microglobulin >3 mg/L. Main toxicity was haematological with 13.7 %
vs 3.4% of grade IV neutropenia and 12% vs 7% of grade IV anemia
in F and CBL arms respectively. F by oral route is a safe and effective
ambulatory treatment in WM patients, even the elderly and more
effective than CBL with a duration of response over 3 years.
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Figure 2: Disease free survival (p=0.001)
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IMMUNOTHERAPY IN MYELOMA, MYTH OR REALITY
D.JOSHUA

ROYAL PRINCE ALFED HOSPITAL, SYDNEY, AUSTRALIA

There is considerable evidence for immune mediated control of dis-
ease in myeloma. Stable levels of paraprotein during plateau phase dis-
ease and the impact of GvM in the allogeneic setting demonstrate the
ability of the host’s immune system to control disease. Why then has
immunotherapy proven to be only marginally effective in myeloma¢
Possible explanations include the inability to select an appropriate anti-
gen, exhaustion and anergy of cytotoxic T cell clones, and the complex
immunosuppressive interactions between the tumour and its host caus-
ing dysfunctional dendritic cells, an inbalance in the control by
Treg/Th17 cells and an increased number of T-cells with acquired regu-
latory functions. Our studies demonstrate the number of Tregs in the
blood is increased, Th17 cells reduced, and Treg function is impaired
compared with aged matched controls, but increased in patients on
lenalidomide, compared with untreated patients. New data on Trogocy-
tosis demonstrates that myeloma cell membrane antigens can be passed
to T-cells. Acquired expression of antigens such as HLA-G on T-cells
induces Tregs in patients with myeloma. HLA-G expression is quite het-
erogenenous on malignant plasma cells ranging from 0-96% and carries
adverse prognostic significance. Therefore these complex interactions
make induction of successful immunotherapy problematic, not only
related to the inability to choose the appropriate antigen but predomi-
nately because of the complex immunomodulatory interactions between
the tumour and its host.
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DEFINITE ANALYSIS OF DONOR VERSUS NO DONOR COMPARISON OF NEWLY DIAG-
NOSED MYELOMA PATIENTES INCLUDED IN THE HOVON 50/54 STUDY
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Allogeneic Stem Cell Transplantation (Allo-SCT) as a treatment option
for multiple myeloma (MM) patients is controversial. We have present-
ed two earlier interim analysis (donor versus no donor: ASH 2008 and
EHA 2010) of the Hovon 50/54 study in which we found no benefit for
Auto/Allo-SCT as part of first line therapy as compared to Auto-SCT fol-
lowed by maintenance with thalidomide or Interferon. Comparable
studies performed by the Italian study group led by B. Bruno and the
EBMT however have shown that prolonged follow-up may be necessary
to find a favourable Graft Versus Myeloma effect. We will perform a new
analysis to present the definite donor versus no donor comparison after
a median follow-up of 72 months. Only patients are included in the
analysis that have received the full induction therapy, the HDM200, had
all sibs HLA typed and were treated in a centre with an Allo-SCT poli-
cy. 122 patients had a sibling donor of which 100 patients underwent the
Allo-SCT between 2 and 6 months following HDM after conditioning
with low dose TBI only (2Gy). 139 patients had no sibling donor of
which 122 patients started with maintenance therapy. As shown by ear-
lier analysis - median follow-up of 60 months-, PES and OS were com-
parable between the two groups. For patients that did receive their allo-
cated treatment the curves began to diverge in favour of the Allo-trans-
planted group. The final analysis will be performed in the beginning of
2011 and the results presented during the workshop may show if a
delayed Graft versus Myeloma effect becomes apparent after prolonged
follow-up.
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MULTIEPITOPE VACCINE TO TREAT PATIENTS WITH MYELOMA-RELATED DISEASE:
POTENTIAL CLINICAL APPLICATION

J. BAE, K. ANDERSON, N. MUNSHI
DANA FARBER CANCER INSTITUTE, BOSTON, USA

The efficacy of peptide vaccine can be enhanced by using multiple
immunogenic epitopes derived from different tumor-associated antigens
(TAAs) and inducing broad cytotoxic T lymphocyte (CTLs) responses
against tumor cells. The goal of our study was to examine the effective-
ness of combination of four immunogenic HLA-A2+ peptides specific to
XBP1 unspliced, XBP1 spliced, CD138 and CS1 antigens to induce CTLs
response targeting multiple myeloma (MM) cells. The peptide-specific
CTLs were generated ex vivo by repeated stimulation of T lymphocytes
from HLA-A2+ normal donors with antigen-presenting cells pulsed with
each individual peptide or all peptides combined together. The CTLs
were evaluated for their specific subtypes and immune function using
MM cell lines or primary cells. We observe that CTLs generated by the
combination peptides induced tumor-specific immune responses includ-
ing IFN-y production, cell proliferation, and cytotoxicity in response to
HLA-A2+ MM cells. In addition, stimulation with the multiple peptides
induced significantly increased CD8+ CTLs, as well as activated (CD69+)
and effector memory (CD45RO+/CCR7-) CTLs, but decreased naive
(CD45RO-/CCR7+) CTLs compared to control. Moreover, the CTLs
generated using the combination peptides demonstrated similar or
greater response, compared to CTLs generated using individual pep-
tides. Thus, targeting multiple TAAs, XBP1, CD138 and CS1, using a
cocktail of specific peptides may provide an effective immune response
for therapeutic application in patients with MM and related plasma cell
disorders.
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JUMPING TRANSLOCATIONS 1Q12 CONTRIBUTETO COPY NUMBER (CN) VARIATIONS IN
MULTIPLE MYELOMA (MM): UNEXPECTED CN GAINS INVOLVING DUPLICATIONS AND
TRANSLOCATIONS OF RECEPTOR CHROMOSOMES (RC).

J. SAWYER (1), E. TIAN (2), J. LUKACS (3), R. LICHTI BINZ (3), B. NAIR (2), S.
WAHEED (2), S. USMANI (2), E VAN RHEE (2), B. BARLOGIE (2), J. SHAUGH-
NESSY (2)

(1) DEPARTMENT OF PATHOLOGY AND MYELOMA INSTITUTE FOR RESEARCH
AND THERAPY, LITTLE ROCK, USA; (2) MYELOMA INSTITUTE FOR RESEARCH
AND THERAPY, UNIVERSITY OF ARKANSAS FOR MEDICAL SCIENCES, LITTLE
ROCK, USA; (3) DEPARTMENT OF PATHOLOGY, UNIVERSITY OF ARKANSAS FOR
MEDICAL SCIENCES, LITTLE ROCK, USA

MM is characterized by complex chromosome aberrations including
an unbalanced rearrangement known as a jumping translocation 1q12
(T1q12). Two types of JT1q12 can occur: One type results in the translo-
cation of the entire 1q to the telomere of a RC, increasing the CN of
genes on the 1q. A second type of JT1q12 results in a whole-arm unbal-
anced translocation which increases the CN of genes on 1q, while
decreasing the CN on the RC. We investigated 60 cases with 1q aberra-
tions by G-banding, FISH and SKY for CN changes relating to JT1q12.
Thirty-five cases showed deletions in RCs, including 11 with 16g-, 6
with 19q-, 3 with 6q-, and two each with 5¢- and 8p-. Surprisingly, four
cases showed unexpected translocations of RCs, with two cases demon-
strating telomeric JT1q12s resulting in the translocation of the distal por-
tion of the RCs. One of these cases showed the duplication of distal 18q
including BCL2 and its subsequent translocation to 21p. The other telom-
eric case showed an inverted duplication of distal 8¢, including c-MYC,
and the 1q12~23 amplicon, thus co-amplifying these two segments. Two
cases with whole-arm 1q12 and 16q11.2 translocations showed jump-
ing translocations of 16q11.2. The most striking case showed amplifica-
tion of both 16q11.2 and the 1q12~23, resulting in multiple CN increas-
esin 16q11.2 and 1q12~23, and CN losses of 16¢- and 11p-. These find-
ings demonstrate that JT1q12 aberrations can be involved in the dupli-
cation and translocation of non-homologous chromosome segments and
result in an unexpected CN increase for genes on RCs.
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CEREBLON (CRBN) IS A REQUIREMENT FOR THE ANTI-MYELOMA ACTIVITY OF THALIDO-
MIDE, LENALIDOMIDE AND POMALIDOMIDE

Y.X. ZHU (1), E. BRAGGIO (1), C.X. SHI (1), J. SCHMIDT (1), L. BRUINS (1), R.
FONSECA (1), PL. BERGSAGEL (1), C.C. BIORKLUND (2), R. ORLOWSKI (2), A.K.
STEWART (1)

(1) MAYO CLINIC, SCOTTSDALE, SCOTTSDALE, USA; (2) MD ANDERSON CAN-
CER CENTER, HOUSTON, USA

Only 30% of MM patients respond to single agent IMiD therapy and
the mechanism of action of IMiDs is unclear. Cereblon (CRBN) was
identified as a primary teratogenic target of thalidomide. We investigat-
ed the role of CRBN in the anti-MM activity of IMiDs. CRBN RNAi
knock-down in MM lines induced cytotoxicity post transfection. Cells
which survived with stable CRBN depletion are highly resistant to both
lenalidomide (Len) and pomalidomide, but not to bortezomib, dexam-
ethasone or melphalan. Isogenic MM cell lines (sensitive or resistant to
Len) carry deletions of genomic CRBN on array CGH eg. in MML.S, a
mono-allelic deletion in the sensitive line becomes bi-allelic in the resist-
ant line. Gene expression changes induced by Len are dramatically sup-
pressed by CRBN knockdown further demonstrating that CRBN is
required for Len activity. A lower CRBN expression level was detected
by RT-PCR and mRNA sequencing from 3 patients at relapse after Len
treatment compared with baseline patient samples. GEP analysis indi-
cated that MM cell lines (generally more resistant to IMiDs) have a low-
er expression level of CRBN compared with primary MM cells. How-
ever, only 12% of HMCL and 1.2% of MM patient have a monoallelic
deletion of CRBN on array CGH. Gene expression profile (GEP) identi-
fied 123 shared changes in MM cells treated with Len or CRBN knock-
down. Those genes are enriched for cell survival and immune response
signaling. In summary, CRBN is an essential requirement for IMID activ-
ity and low levels correlate with lack of drug response. CRBN levels
should predict therapeutic response.
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IDENTIFICATION OF GSK-3 AS A PRIMARY TARGET OF IMIDS AND BIOMARKER
OF CLINICAL RESPONSE USING DROSOPHILA

S. TRUDEL (1), S.E. SCANGA (2), EG. MASTRONARDI (2), E.N. WEI (1), E MER-
CURIO (3), A. LOPEZ-GIRONA (4), S. GAIDAROVA (4), D. WEBB (4), C. CHEN (1),
AK. STEWART (5), A.S. MANOUKIAN (2)

(1) PRINCESS MARGARET HOSPITAL, TORONTO, CANADA; (2) ONTARIO CANCER
INSTITUTE, TORONTO, CANADA; (3) BIOTHERYX, CHAPPAQUA, USA; (4) CEL-
GENE, SAN DIEGO, USA; (5) MAYO CLINIC, SCOTTSDALE, USA

Immunomodulatory drugs (IMiD®s) have proven beneficial in the
treatment of multiple myeloma (MM). Pre-clinical studies demonstrate
multiple direct and indirect anti-tumor activities including anti-angio-
genic, proapoptotic, anti-proliferative and immunomodulatory effects.
Evidence suggests a putative interaction of IMiDs with Wnt signaling,
though the precise target in this pathway remains unknown. The genet-
ic simplicity of Drosophila has proven useful in delineating Wnt signal-
ing in mammalian systems. Accordingly, we have applied Drosophila
to elucidate the mechanism of action of IMiDs on Wnt signaling.
Drosophila fed IMiDs present with morphological phenotypes that
precisely replicate wingless (Wg) pathway mutants suggesting that
IMiDs directly inhibit Wg/Wnt signaling in Drosophila. Furthermore,
using epistasis analysis, we show that thalidomide represses DIl expres-
sion in WT Drosophila however genetic mutants lacking Sgg/GSK-3
activity fail to respond suggesting that functional GSK-3 is required for
biologic activity. We show that IMiDs disrupt membrane localization
of Sgg indicating that the bioactivity of IMiDs is achieved through the
translocation and potentiation of Sgg/GSK-3 in Drosophila. Finally, we
demonstrate that IMiDs fail to induce GSK-3 translocation in pomalido-
mide resistant myeloma cell lines and remarkably in a Phase II clinical
trial of single agent lenalidomide for CLL, GSK-3 localization predict-
ed for clinical response. In summary, our results indicate that IMiDs tar-
get GSK-3 function and identify GSK-3 as a potential biomarker of clin-
ical response.
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A PHASE 111 STUDY OF ENOXAPARIN VS ASPIRIN AS THROMBOPROPHYLAXIS FOR
PATIENTS WITH NEWLY DIAGNOSED OF MULTIPLE MYELOMA TREATED WITH LENALIDO-
MIDE-BASED REGIMENS.

E CAVALLO (1), T. CARAVITA (2), E DI RAIMONDO (2), G. CICCONE (3),

B. LUPO (1), M. MARCATTI (2), A. BARALDI (2), N. PESCOSTA (2), A.P. EALCONE
(2), R RIA (2), L. BALDINI (2), L. MASINI (2), T. GUGLIELMELLI (2), G. GAIDANO
(2), G. BENEVOLO (4), C. CANGIALOSI (2), M. GALLI (2), L. CATALANO (2),
A.LAROCCA (1), A. NAGLER (5), M. BOCCADORO (1), A. PALUMBO (1)

(1) MYELOMA UNIT, DIVISION OF HEMATOLOGY, UNIVERSITY OF TORINO,
A.O.U. SAN GIOVANNI BATTISTA, TORINO, ITALY; (2) ITALIAN MULTIPLE MYELO-
MA NETWORK, GIMEMA, ITALY, ITALY; (3) UNITA DI EPIDEMIOLOGIA DEI
TUMORI, A.O.U. SAN GIOVANNNI BATTISTA E CPO, PIEMONTE, TORINO, ITALY;
(4) EMATOLOGY 2, ASO SAN GIOVANNI BATTISTA, TORINO, ITALY; (5) HEMATOL-
OGY DIVISION & CORD BLOOD BANK, CHAIM SHEBA MEDICAL CENTER, TEL-
HASHOMER, ISRAEL

Preliminary studies on multiple myeloma (MM) patients (pts) treated
with a combination of lenalidomide and dexamethasone have shown an
increased risk of thrombosis (between 11% and 75%). This randomized
phase III trial compared the efficacy and safety of low-molecular weight
heparin (LMWH) or aspirin (ASA) as thromboprophylaxis in newly diag-
nosed MM pts younger than 65 yrs, treated with lenalidomide-based
regimens. A total of 402 transplantation candidates received four 28-
day cycles of lenalidomide (25 mg d 1-21) and low-dose dexametha-
sone (40 mg d 1,8,15,22) (Rd) as induction and randomized to consoli-
dation with six 28-day cycles of melphalan (0,18 mg/Kg d 1-4), pred-
nisone (2 mg/Kg d 1-4) and lenalidomide (10 mg d 1-21) (MPR) or tan-
dem melphalan 200 mg/mq with stem-cell support (MEL200). Eligible
pts were randomly assigned to receive LMWH (Enoxaparin 40 mg/d,
N=166) or ASA (Aspirin 100 mg/d, N=176) during Rd induction and
MPR consolidation. The incidence of any G3-4 thrombotic events
occurred early during induction (median 1,3 months) in 2 (1,20%) and
4 (2,27 %) pts in the LMWH and ASA groups, respectively (risk differ-
ence=-1.07%; 95%Cl= - 3.86% to 1.72%, p=0.452). Only one throm-
botic event was detected during MPR consolidation. Deep vein throm-
bosis were equally distributed (2 and 2 pts) while 2 pulmonary embolism
were observed only in the ASA group. Only 1% of minor bleeding was
seen. In conclusion our data indicate a low overall incidence of throm-
bosis and suggest that both LMWH and ASA have a similar thrombo-
prophylactic effect in lenalidomide treated MM pts.

0-09

MINIMAL RESIDUAL DISEASE (MRD) ASSESSMENT USING MULTIPARAMETER FLOW
CYTOMETRY (MFC) PREDICTS OUTCOME IN BOTH INTENSIVELY AND NON-INTENSIVELY
TREATED PATIENTS: RESULTS FROM THE MRC MYELOMA IX TRIAL

A. RAWSTRON (1), R. DE TUTE (1), A. CHILD (2), E DAVIES (3), W. GREGORY (2),
S.BELL (2), A. SZUBERT (2), N. NAVARRO-COY (2), M. DRAYSON (4), S. FEYLER
(5), E ROSS (6), G. COOK (1), G. JACKSON (7), G. MORGAN (3), R. OWEN (1)
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ICS LABORATORY, SALISBURY, UK; (7) UNIVERSITY OF NEWCASTLE, NEWCAS-
TLE, UK

The purpose of this study was to evaluate the impact of MRD on
outcome in both younger patients treated with autologous transplanta-
tion and older patients treated with less intensive regimens. In an analy-
sis of 711 intensively treated patients MRD was assessed following
induction with either CVAD or CTD and at day 100 post HDM. The
presence of MRD at day 100 (demonstrable in 66 %) was highly predic-
tive of outcome (PFS 21 months versus 39 months for MRD- patients,
p=0.0001). A particularly favourable outcome was demonstrable in the
subset of patients who became MRD- at the end induction therapy (PES
46 months, p=0.0015). When the effect of maintenance thalidomide
was considered the PFS was shortest in those MRD+ patients who did
not receive maintenance and longest in those who were MRD- and
received thalidomide (p=0.004). Subsequent analyses demonstrated a
consolidation effect in that 32% of MRD+ pts who received mainte-
nance became MRD-. Similarly a maintenance effect was also demon-
strable as 80% of MRD- patients who received maintenance remained
MRD- versus 46 % for no maintenance (p=0.01). MRD was also assessed
following the completion of therapy (CTDa or M&P) in 510 non-trans-
plant eligible patients. Only 8% became MRD- but a significantly



improved PES was demonstrated (p=0.028). MRD assessment using
MEC is highly predictive of outcome in the context of both intensive and
non-intensive therapies. The effects of maintenance strategies can also
be evaluated and our data would suggest that maintenance thalidomide
can eradicate MRD in a significant proportion of patients.
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PROGNOSTIC RELEVANCE OF 18F-FDG PET/CT IN NEWLY DIAGNOSED MULTIPLE
MYELOMA PATIENTS RECEIVING UP-FRONT AUTOLOGOUS STEM-CELL TRANSPLANTA-
TION (ASCT): A PROSPECTIVE STUDY

E.ZAMAGNI (1), C. NANNI (2), E PATRIARCA (3), B. ZANNETTI (1), A. PEZZI (1),
P. TACCHETTI (1), E. ENGLARO (4), G. PERRONE (1), S. BUTTIGNOL (3), A. BRIOLI
(1), L. PANTANI (1), E CAROBORANTE (3), M. BACCARANI (1), S. FANTI (2), M.
CAVO (1)
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We prospectively analyzed the prognostic relevance of PET/CT at
diagnosis, after induction and after ASCT in 192 newly diagnosed MM
patients. At baseline, 44% of the patients showed = 3 focal lesions (FLs),
46% had SUV values > 4.2 and in 6% extramedullary disease (EMD)
could be detected. These 3 variables adversely affected 4-year estimates
of PFS (= vs < 3 FLs: 43% vs 65%, P=0.01; SUV > vs <4.2: 43% vs 64%,
P=0.008; presence vs absence of EMD: 25% vs 65%; P=0.0008) and OS
(= vs <3 ELs: 77 % vs 90%, P= 0.03; presence vs absence of EMD: 60%
vs 89%); P= 0.0008). Persistence of severe FDG uptake after induction
predicted for shorter PES (P= 0.004). After 3 months from ASCT, PET/CT
was negative in 65 % of the patients whose 4-year PFS and OS estimates
were superior in comparison with those of patients with positive
PET/CT (PES: 62% vs 43%, P= 0.02; OS: 88% vs 75%, P=0.02). In mul-
tivariate analysis, both severe PET/CT involvement at diagnosis (SUV >
4.2 and/or EMD) and persistence of FDG uptake after ASCT were inde-
pendent predictors of worst PES (SUV > 4.2=HR: 2.0, 95%CI: 1.13-3.72;
EMD=HR: 15.0, 4.0-55.8; FDG uptake after ASCT=HR: 2.12, 1.19-3.77)
and OS (EMD= HR: 6.99, 2.28-21.46; FDG uptake after ASCT= HR:
3.57,1.03-12.39). PET/CT involvement at diagnosis and after ASCT is a
reliable predictor of prognosis in autografted MM patients. In particular,
post-ASCT complete FDG suppression is associated with extended PFS
and OS.
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IMPROVED PROGRESSION FREE SURVIVAL WITH BORTEZOMIB CONSOLIDATION AFTER
HIGH DOSE MELPHALAN; RESULTS OF A RANDOMIZED PHASE 11l TRIAL
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HOSPITAL, UMEA, SWEDEN; (13) AARHUS UNIVERSITY HOSPITAL, AARHUS, DEN-
MARK; (14) RIKSHOSPITALET, OSLO, NORWAY; (15) AALBORG SYGEHUS, AAL-
BORG, DENMARK; (16) KAROLINSKA UNIVERSITY HOSPITAL, STOCKHOLM,
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A randomized phase III trial was designed to explore the effect of
consolidation with single agent bortezomib, given from 3 months after
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high dose melphalan with autologous stem cell support (ASCT) to borte-
zomib naive patients. Between November 2005 and April 2009, 370
were randomized to either no consolidation therapy or to bortezomib
consolidation which was given in a dose of 1.3 mg/m’ twice weekly in
a 3 week schedule for the first 2 cycles. In the following four cycles,
bortezomib was given once weekly in a 4 week schedule for a total of
20 injections over 21 weeks. All analyses were performed on an inten-
tion to treat basis. The mean total dose of bortezomib given was 82%
(median 90%) of the planned dose. At the time of randomization the
proportion of patients in CR/nCR was 20% in the bortezomib group and
21% in the control group and patients in = VGPR were 39% in both
groups. Results. The median progression free survival measured from the
time of randomization was 27 (95% confidence interval 24-29) months
for patients in the bortezomib group compared to 20 (95% confidence
interval 17-23) months for patients in the control group, p = 0.02. The
proportions of patients achieving = VGPR were 70% in the bortezomib
group versus 58% in the control group, p = 0.01. The 2-years OS is 90%
in both groups. Conclusions. Our results indicate that consolidation with
bortezomib given as a single agent after high dose melphalan is feasible
and does prolong progression free survival after ASCT.
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A PHASE 1/2 MULTI-CENTER, RANDOMIZED, OPEN LABEL DOSE ESCALATION STUDY TO
DETERMINE THE MAXIMUM TOLERATED DOSE (MTD), SAFETY, AND EFFICACY OF POMA-
LIDOMIDE (POM) ALONE OR IN COMBINATION WITH LOW-DOSE DEXAMETHASONE
(DEX) IN PATIENTS (PTS) WITH RELAPSED AND REFRACTORY MULTIPLE MYELOMA
(RRMM) WHO HAVE RECEIVED PRIOR TREATMENT (TX) THAT INCLUDES LENALIDOMIDE
(LEN) AND BORTEZOMIB (BORT)

P.G. RICHARDSON (1), D. SIEGEL (2), R. BAZ (3), S.L. KELLEY (4), N.C. MUNSHI
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Background: POM is a distinct IMiD® immunomodulatory drug with
potent anti-proliferative and pro-apoptotic activities in vitro, which is
effective in pts with relapsed MM after multiple lines of tx. This Ph1/2
study evaluated MTD, safety, and efficacy of POM + 40mg dex/wk in pts
with RRMM after =2 prior regimens, including Bort and Len. Results from
Ph1 and preliminary results from Ph2 are reported. Methods: In Ph1, 28-
day cycles of POM (2-5mg; D1-21) with the option to add dex 40mg/wk
after 4 cycles if no response or progression. All pts received thrombopro-
phylaxis. In Ph 2, pts were randomized to receive POM at MTD (4mg) +
dex 40mg/wk. Results: Enrollment was completed with 38 and 221 pts in
Ph1 and Ph2. Data from 28 evaluable pts in Ph1 and 120 pts in Ph2 (all
pts starting tx as of April 30, 2010; median follow up 27 wks) are present-
ed. Median number of prior tx was 6 (range 2-17) and 5 (range 2-13),
respectively. Neutropenia (63% and 42%), infections (30% and 31%),
thrombocytopenia (16% and 22%), and anemia (21% and 20%) were the
most common Gr 3/4 AEs in Ph1 and Ph2, respectively. In Ph 1, partial
response or better (=PR) was 25 %, with minimal response or better (=MR)
50%. In Ph2, =PR is 25%, with =MR 88% reported to date. In Ph1, medi-
an duration of response, PFS, and overall survival were 20.1 wks, 20.1
wks, and 79.6 wks each. Conclusions: POM 4mg/day on D1-21 of each 28-
day cycle with or without dex shows promising efficacy and manageable
toxicity in pts who have RRMM, and have resistant disease after multi-
ple lines of tx, including both Len and Bort.

0-13

RESULTS OF PX-171-003-A1, AN OPEN-LABEL, SINGLE-ARM, PHASE (PH) 2 STUDY OF
CARFILZOMIB (CFZ) IN PATIENTS (PTS) WITH RELAPSED/REFRACTORY MULTIPLE
MYELOMA (R/R MM)
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Introduction: CFZ is a highly selective proteasome inhibitor in devel-
opment for treatment of MM. PX-171-003-A1 was an open-label, sin-
gle-arm ph 2b study in pts with R/R MM. Materials and Methods: Pts
with =2 prior therapies, including bortezomib (BTZ) and lenalidomide
or thalidomide, received CFZ on Days 1, 2, 8, 9, 15, 16 of each 28-day
cycle (C), at 20 mg/m? in C1, escalating to 27 mg/m? for C2-12. Primary
endpoint was overall response rate (ORR). Secondary endpoints were
clinical benefit response (CBR), duration of response (DOR), overall sur-
vival, time to progression, progression-free survival, and safety. Results:
257/266 enrolled pts were response-evaluable. Median prior lines of
therapy was 5 (range 1-20); 99.6% received prior BTZ. Median ORR
was 24.1%; median DOR was 8.3 mo (95% CI1 5.6, 9.2). CFZ was effec-
tive despite baseline peripheral neuropathy (PN) (see Table).

Response category All prs (N=257)  Pis with baseline PN
n(%)* (N=202)
n(%)*
Complete response 1(0.4) 1(0.5)
Very good partial response 13 (6.1) 10 (5.0)
Partial response 48 (18.) 37 (18.3)
Minimal response 26 (10.1) 20 (9.9)
Stable disease 89 (34.6) 67 (33.2)
Progressive disease 69 (26.8) 57 (28.2)
Not evaluable 11 (4.3) 10 (5.0)
Overall response rate (=PR) 62 (24.1) 48 (23.8)
95% confidence 19.0, 29.8 18.1,30.2
interval
Clinical benefit response (=zMR) 88 (34.2) 68 (33.7)
95% confidence 28.5,40.4 27.2,40.6

interval

*Response as assessed by Independent Review Committee.

27 pts (10%) completed all 12C and continued onto extension study
PX-171-010. The most common adverse events (AEs) Grade =3, regard-
less of relationship to CFZ, were thrombocytopenia (27 %) and anemia
(22%). <1% of pts had Grade 3/4 PN. Conclusions: Single-agent CFZ
achieved durable responses in pts with R/R MM. CFZ was well tolerat-
ed; there were no unexpected toxicities, AEs were manageable, and
worsening PN was uncommon. Pts entering the study with baseline PN
had an ORR of 23.7% suggesting that baseline PN does not preclude
CFZ treatment and response. Cumulative AEs were not observed, sug-

gesting the potential for prolonged use of CFZ for MM.
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DECLINING MYELOMA MORTALITY RATES IN THE UNITED STATES FOLLOWING INTRO-
DUCTION OF NOVEL THERAPIES

E. LIBBY, A. EBAID, D. QUINTANA, C. WIGGINS
UNIVERSITY OF NEW MEXICO CANCER CENTER, ALBUQUERQUE, USA

Improved survival of young patients (<65) with multiple myeloma
(MM) has resulted from usage of oral melphalan and prednisone, autol-
ogous stem cell transplantation and introduction of the novel agents
(dgualidomide, bortezomib and lenalidomide). This success is evident in
clinical research trials but any influence on the MM general population
is unknown.We studied a national database to analyze the impact of the
introduction of the novel agents on survival rates for MM patients of all
ages. Death records from the US National Center for Health Statistics
were used to characterize time trends in MM mortality rates in the Unit-
ed States (US) during the period 1969-2007. Temporal trends in MM
mortality rates were characterized with joinpoint regression techniques.
In the US population under 65 years of age, MM mortality increased
from 1969-1995 (Annual Percent Change (APC) =0.4; p<0.05) and
decreased rapidly thereafter (APC =-2.4; p<0.05). Among those 65 years
of age and older, increasing MM mortality rates from 1969-93 were fol-
lowed by a plateau during the period 1993-2002; rates among the eld-
erly declined after 2002 (APC =-1.7; p<0.05).

Table 1. US Myeloma Age-Specific Mortality Rates 1969-2007
i <64 years of age L 65+ years of age ]

Declining MM mortality rates in young patients were observed dur-
ing a time period after bone marrow transplantation became the pre-
ferred therapy for patients in this age group. Similarly, declining MM
mortality rates for elderly patients were observed shortly after thalido-
mide was licensed by the FDA for treatment of this disease in 2001.
Conclusion: the novel agents are contributing to improved survival for
myeloma patients of all ages.
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17 MYELOMA CELL SURVIVAL GENES, IDENTIFIED IN COCULTURES, ARE ASSOCIATED
WITH PATIENT POST RELAPSE SURVIVAL AND PRESENT TARGETS FOR THERAPY

J. EPSTEIN, I. ENTIN, S. YACCOBY, J. SAUGHNESSY, B. BARLOGIE
UNIVERSITY OF ARKANSAS FOR MEDICAL SCIENCES, LITTLE ROCK, USA

Interaction with osteoclasts and mesenchymal stem cells supports sur-
vival of primary myeloma cells. We identified changes in global gene
expression profiling (GEP) of freshly isolated myeloma cells after cocul-
ture with osteoclasts or with mesenchymal stem cells. Interaction with
osteoclasts induced expression changes in 675 genes and with mesenchy-
mal stem cells changed the expression of 296; 58 genes were similarly
changed in both coculture systems. To determine if these genes revealed
potential therapeutic targets, we analyzed whether changes in the
expression of these genes at relapse were associated with post relapse
survival of 71 patients with GEP at baseline and at first relapse. We also
determined whether the level of expression of these genes at first relapse
was associated with post relapsed survival of 127 patients. All patients
were treated on TT2 protocol. While the change of expression
(relapse/baseline signal) of 7 genes, dichotomized at the median, was
marginally predictive of survival of the 71 patients (>40% misclassified),
expression of 17 genes, dichotomized at the median, was significantly
predictive of post relapse survival of the 127 patients (log-rank p=0.0001,
median survival 13 vs. 61 mo, HR 4.4). We validated the model on 32
relapsed patients after TT3 therapy (p=0.003, median 8 vs. 25 mo, HR
3.9), and 98 patients who relapsed after various regimens (p=0.0054,
median survival 15 vs. 57 mo, HR 2.2). We identified survival associat-
ed genes whose expression affect post relapse survival and which pres-
ent potential targets for myeloma therapy.
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ANALYSIS OF 1GG AND IGA MONOCLONAL GAMMOPATHIES BY NEPHELOMETRIC
MEASUREMENT OF INDIVIDUAL IMMUNOGLOBULIN /A RATIOS

M. KRA]J, B. KRUK

INSTITUTE OF HEMATOLOGY AND TRANSFUSION MEDICINE, WARSAW,
POLAND

Availability of antibodies which bind to conformational epitopes span-
ning the junctional regions between bound « or A light chains and their
respective heavy chain partners has allowed the specific measurement
of serum IgGx, IgGA, IgAk and IgAM concentrations. In turn, this has
enabled calculation of IgGk/IgGA and IgAx/IgAM ratios (heavy/light
chain or HLC ratios) for individual patients (Bradwell et al. Clin Chem
2009; 55: 1646). In this study, diagnostic value of HLC ratios was com-
pared with serum protein immunofixation (IFE) results. Fresh and
archived, frozen sera from 31 patients with monoclonal gammopathy
including 25 with multiple myeloma were assayed. Serum protein elec-
trophoresis and IFE were performed using HYDRASYS 2 apparatus
(Sebia) and antisera from the same company. Igk/A pairs concentrations
were measured on Siemens BNII nephelometer, using reagents from Bind-
ing Site. IFE and HLC ratio results were concordant for 24 of the 31 IFE
— monoclonal protein positive samples. IFE detected 2 “minor” IgGk
bands (1 oligoclonal after ASCT, 1 reactive) and 1 IgA\ with polyclonal
background that were not detected by HLC assay. In 5 cases with diclon-
alIgGk + IgGA gammopathy revealed in IFE, HLC ratios were normal and
in 3 cases with diclonal IgG + IgA gammopathy, including 2 IgGk + IgAA
cases and 1 IgGxk + IgA\, HLC ratios were concordant with IFE. Conclu-
sion. HLC assay cannot replace IFE although provides numerical results.

P-003

EVOLUTIONARY SEQUENCE OF CYTOGENETIC ABERRATIONS DURING THE ONCOGENESIS
OF PLASMA CELL DISORDERS. DIRECT EVIDENCE AT SINGLE CELL LEVEL

D. ALPAR, Z. NAGY, B. KAJTAR, P. JAKSO, M. DAVID, S. KOSZTOLANY],
J. HERMESZ, L. KERESKAI, L. PAJOR

UNIVERSITY OF PECS, PECS, HUNGARY
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Only indirect evidence is available regarding the exact temporal
sequence of cytogenetic aberrations during the oncogenesis of plasma
cell disorders (PCD). We investigated bone marrow specimens from 185
patients with PCD by fluorescence in situ hybridization (FISH). The A13,
p53 deletion and IGH disruption were found in 47.2, 7.5 and 58.9% of
cases, respectively. Incidences of IGH/FGFR3, IGH/CCND1 and IGH/c-
MAF aberrations within the IGH positive group were 22.6, 21.7 and
6.6%, respectively. In 25 cases harboring at least two specific aberrations,
combined FISH analysis has been performed at single cell level. Clonal
evolution was observed in 16% of cases. Recurrent IGH translocations
were the earliest aberrations followed by A13 and p53 deletion. Our
results not only support the current model of the oncogenesis of PCD
but provide the first direct evidence at single cell level. In 25% of IGH
positive cases examined by combined FISH analysis the recurrent IGH
translocations were presented only in a subset of purified plasma cells.
Subsequently, we extended our observation to all 185 patients screened
in this study. In 21.8% of cases harboring specific recurrent IGH translo-
cation (IGH/FGFR3 20.0%, IGH/CCND1 16.7% and IGH/c-MAF
28.6%) the aberration was presented in less than two-thirds of purified
plasma cell population. The presence of more than one IGH transloca-
tions was excludable in these cases. Recurrent IGH translocations are ear-
ly genetic events during the oncogenesis of PCD but their initiating role
is questionable in a not negligible subset of cases.

P-004
THE ROLE OF TJP1 IN SENSITIZING MULTIPLE MYELOMA CHEMOTHERAPY AGENTS
L. YANG (1), R. ORLOWSKI (2)

(1) SOOCHOW UNIVERSITY, SUZHOU, CHINA; (2) MD ANDERSON CANCER CEN-
TER, HOUSTON, USA

Chemotherapy agents are extremely important in the treatment of
liquid malignancies, including multiple myeloma (MM). Unfortunately,
chemotherapy resistance in these situations is the most significant cause
of treatment failure. Thus, identification of novel genes that plays a cru-
cial role in MM chemosensitivity may greatly help to predict, treat, or
circumvent chemoresistance in MM and improve clinical outcomes.
Toward this purpose, we have successfully developed a high-through-
put siRNA based functional target validation approach and identified 34
potential chemosensitivity genes, in which one gene identified with the
top frequency was TJP1 (Tight junction protein 1). Our further studies
on TJP1 suggested that targeting TJP1 led to tumor cell resistant to sev-
eral chemotherapy agents, including doxorubicin (Dox), cisplatin (Cis),
methotrexate (MTX), and bortezomib. Further analysis with 264 borte-
zomib treated MM patients indicated that expression level of TJP1 cor-
related with patient response to bortezomib. Two clones and pooled
RPMI 8226 MM cell line, which were developed against bortezomib
treatment in our lab, showed loss of TJP1 expression, suggesting a role
of TJP1 may play in bortezomib resistance development. More impor-
tantly, TJP1 targeting in myeloma cells resulted in cell resistance to borte-
zomib treatment. Together, these findings have led us to propose that
TJP1 is important determents of myeloma chemotherapy.
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CLINICAL IMPACT OF LOW PLASMA MIR-92A LEVELS IN MONOCLONAL GAMMOPATHIES
Y. SEIICHIRO

TOKYO MEDICAL UNIVERSITY, TOKYO, JAPAN

Purpose: The aim of this study is to evaluate the clinical relevance of
the miR-92a in plasma obtained from patients with monoclonal gam-
mopathies, because miR-17-92 polycistronic miRNA plays a crucial role
in neo-angiogenesis and lymphoid development and neoplastic transfor-
mation. Methods: We measured plasma miR-92a values (miR-92a/miR-
638) using qRT-PCR in 166 patients with monoclonal gammopatyies,
and compared results with those in normal controls. The association
between plasma miR-92a levels and clinical features, including thera-
peutic response, was also evaluated. Results: Plasma miR-92a values were
significantly low in newly-diagnosed symptomatic MM compared with
normal subjects (P < .0001), irrespective of CRAB symptoms . Howev-
er, no significant differences of miR-92a levels were found between smol-
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dering myelomas (P = .208) or MGUS (P = .894) when compared with
healthy subjects. The cut-off level of plasma miR-92a/miR-638 in all
MM patients at diagnosis was 0.2331, and the sensitivity of miR-
92a/miR-638 level at the time of diagnosis of MM was 89.29% (95% CI
: 78.12% to 95.97%). The plasma miR-92a of MM at the complete
response recovered to similar level of healthy subjects. In contrast, the
plasma miR-92a was still lower even in MM with VGPR than in healthy
subjects (P = .0007). Conclusion: This is a first report of detectable miR-
NAs in plasma obtained from multiple myeloma and its related diseases.
The current results indicate that the plasma miR-92a value could be a
novel biomarker not only for diagnosis but also for monitoring myelo-
ma patients after chemotherapy.
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GROWTH DIFFERENTIATION FACTOR 15 IN MULTIPLE MYELOMA: IN VITRO BIOACTIVITY
ON MYELOMA CELLS AND PROGNOSTIC SIGNIFICANCE IN PATIENTS
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ATTAL (1), P. BOURIN (2)
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We previously reported that growth differentiation factor 15 (GDF15)
is overproduced by bone marrow mesenchymal stem cells from patients
with multiple myeloma (MM) as compared with those from healthy
individuals, with pathophysiological consequences that remain unde-
fined. We report here that in vitro, GDF15 increased survival of a stro-
ma-dependent (MOLP-6) MM cell line but not that of a stroma-inde-
pendent (MM1.S) line. This GDF15 bioactivity involved Akt-dependant
signaling, with T308 Akt phosphorylation in MOLP-6 and primary MM
cells but not in MM1.S cells. In addition, GDF15 could confer resistance
to melphalan, bortezomib and to lenalidomide in both MM cell lines,
with an Akt-dependant signaling for MOLP-6, but not for MM1.S. Con-
sidering these results, we then tested the significance of a plasma con-
centration of GDF15 (pGDF15) in 131 MM patients and found that it
was correlated with the main prognostic factors of the disease : Inter-
national Staging System, Durie Salmon disease stage, 52 microglobulin
level, haemoglobin, presence or absence of del13, creatinemia, calcemia,
serum M protein and albumin. For the 81 patients with high pGDF15
level, the probabilities of event-free and overall survival 30 months after
diagnosis were 50% and 75%, respectively. For the 50 patients with
low pGDF15 level, these probabilities were 80% and 97 %, respective-
ly (P<0.0045 and P<0.013, respectively). Microenvironment-derived
GDF15 is a survival and chemoprotective factor for MM cells and patho-
physiologically linked to initial parameters of the disease and patient sur-
vival.
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MULTIPLE MYELOMA PLASMA CELL (MM PC) CO-EXPRESSION OF HEPATOCYTE
GROWTH FACTOR (HGF) ISOFORMS AND OF THE RECEPTOR CMET IS ASSOCIATED WITH
OVERALL SURVIVAL (0S) IN MM PATIENTS
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(1) ODENSE UNIVERSITY HOSPITAL, ODENSE C, DENMARK; (2) IMM, UNIVER-
SITY OF SOUTHERN DENMARK, ODENSE C, DENMARK; (3) HERLEV HOSPITAL,
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Aberrant production of HGF/cMet in MM PCs has been described.
Studies on HGF and MM have focused on measuring full-length or all
isoforms of HGF expression. However, naturally occurring shorter HGF
isoforms are known to work as partial inhibitors. We examined the total
and HGF isoforms and cMET expression levels in isolated MM PC of
>150 newly diagnosed patients with MM, MGUS and healthy volun-
teers(HV). Methods: Aberrant MM PCs were sorted by fluorescence acti-
vated cell sorting, a cDNA archive was generated by global reverse tran-
scription and amplified (Rasmussen et al, BJH 2003). Quantitative PCR
was performed using B-actin as internal reference gene. Determination
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of positivity or negativity was made from a cut-off-value at 10E-05. The
HGF primers covered full-length HGF (mRNA1 and 3), HGF2 primers
mRNA 2 and 4 and HGF5 primers mRNA 5. The MM patients were
treated with either HD melphalan with ASCT or melphalan-prednisone
according to age. Results: =1 of the HGF isoforms were found to be
expressed in PCs from 43 % of MM patients, 32% of MGUS and 0% of
HV. Expression of =21 HGF isoform was associated to an adverse OS
(p=0.04). Looking at isoforms, only the quantitative expression of tran-
script variant 5 was associated with an adverse OS (p=0.02). Expression
of cMET was observed in 38% of MM patients and associated to an
adverse OS (p=0.04). Expression of total HGF was correlated with the
expression of cMET (p=0.002). Thus, the co-expression of total
HGF/cMet in MM patients seems to identify a group with an adverse
prognosis, possibly through autocrine mechanisms.
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FUNCTIONAL PROPERTIES OF CD138- AND CD138+ CELLS IN MULTIPLE MYELOMA:
STUDY IN THE 5T33MM MODEL

E. VAN VALCKENBORGH (1), S. LUB (1), X. DEHUI (1), E. DE BRUYNE (1), E.
MENU (1), . AGARWAL (2), H. JERNBERG-WIKLUND (2), K. VANDERKERKEN (1)

(1) VRIJE UNIVERSITEIT BRUSSEL, JETTE, BELGIUM; (2) UPPSALA UNIVERSITY,
UPPSALA, SWEDEN

Multiple myeloma (MM) contains a heterogenous mix of tumor cells
including CD138- and CD138+ cells. While some studies described that
CD138- cells are a minor population containing MM clonogenic and
therapy-resistant cells, others show that only CD138+ cells are able to
proliferate and engraft. These studies clearly demonstrate that pheno-
typical and functional different tumor populations exist, but results are
controversial. We investigated CD138- and CD138+ tumor populations
in the murine syngeneic 5T33MM model. Both in vitro (clonogenic
assay) and in vivo engraftment studies suggest that both populations
form colonies and induce MM disease in a syngeneic environment, albeit
CD138+ cells more apparent than CD138- cells. Real-time PCR for
Blimp-1 and bcl-6 indicate that CD138- cells are less differentiated than
CD138+ cells. We investigated in vitro the sensitivity of CD138- and
CD138+ cells to drugs (bortezomib (Bz), MG132, melphalan, LBH589,
17AAG) by measuring cell viability and caspase3/7 activation. CD138-
cells tend to be more resistant to drugs. Subsequently, we investigated,
the phenotype of 5T33MM cells after in vivo treatment with Bz. The
percentage of CD138- 5T33MM cells was significantly increased when
mice were treated with Bz compared to vehicle. Preliminary results indi-
cate that CD138- cells express more ABCG2, an ABC transporter
involved in resistance. In conclusion, both CD138+ and CD138- cells are
important in MM development with the CD138- cells being more thera-
py-resistant indicating that CD138- MM cells should be included in fur-
ther investigations.
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IMPACT OF SINGLE NUCLEOTIDE POLYMORPHISMS IN GENES INVOLVED IN INFLAMAS-
SOME AND STRUCTURAL CYTOPLASM FRAMEWORK IN SURVIVAL AND PROGRESSION
IN PATIENTS WITH MULTIPLE MYELOMA UNDERGOING AUTOLOGOUS STEM CELL
TRANSPLANTATION

C. FERNANDEZ DE LARREA (1), A. NAVARRO (2), T. DIAZ (2), B. MARTIN (1),
M.T. CIBEIRA (1), N. TOVAR (1), L. ROSINOL (1), M. ROVIRA (1), M. ROZMAN
(1), A. URBANO (1), M. MONZO (2), ]. BLADE (1)
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Background: Polymorphisms in proteins involved in cytosolic macro-
complex with regulatory functions in the immune system have previous-
ly shown to have prognostic impact after stem cell transplantation. Oth-
erwise, SNPs in miRNA proteins pathway and in the target genes bind-
ing sites have been observed to miRNAs-related alterations in solid
tumors with different prognostic implications. In both cases, no experi-
ence in multiple myeloma (MM) has been reported. Methods: 137
patients with chemosensitive MM (73M/64F, median age 55 years) inten-
sified with autologous stem cell transplantation (SCT) have been stud-
ied. The genes evaluated were NLRP2, NLRP3, ATBF1 and EP300 for
innate immune system and KRT81, AFF1 and FAM179b for miRNA tar-
get genes. Results: Overall survival was significantly longer in patients
with SNPs in KRT81 (rs3660; p=0.029) and NLRP2 (rs1043684;
p=0.053)(Figures 1 and 2). There was a trend toward a longer in progres-
sion-free survival for KRT81 (p=0.17), but not for NLRP2. A polymor-
phism in EP300 (rs20551) was associated with higher incidence of
implant syndrome (42% vs. 12%, p=0.015). No other associations with
prognosis or toxicities were observed. Conclusion: NLRP2 was only asso-
ciated with OS, as previously reported in the allogeneic SCT setting. In
contrast, EP300 and NLRP3 did not show any relation with progression
and mortality. This is the first report in haematological malignancies
that a polymorphism in the miRNA binding site in keratin gene (KRT81)
has been associated with prognosis. Further studies on proliferation and
miRNA interaction are encouraged.
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DNA REPAIR SINGLE NUCLEOTIDE POLYMORPHISMS IN RELAPSED OR REFRACTORY
MULTIPLE MYELOMA PATIENTS TREATED WITH THALIDOMIDE: IMPACT ON RESPONSE
AND SURVIVAL

C. FERNANDEZ DE LARREA (1), M.T. CIBEIRA (1), A. NAVARRO (2), T. DIAZ (2),
D. FUSTER (2), N. TOVAR (2), L. ROSINOL (1), M. MONZO (2), J. BLADE (1)
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RATORY, HUMAN ANATOMY UNIT. SCHOOL OF MEDICINE. UNIVERSITY OF
BARCELONA. IDIBAPS, BARCELONA, SPAIN

Background: Thalidomide was the first of the so-called new drugs
incorporated in the treatment of multiple myeloma (MM). The analysis
of polymorphisms in drug metabolism pathways could help to identify
patients with possible different treatment response and outcome. Meth-
ods: Single nucleotide polymorphisms (SNPs) in 12 genes involving mul-
tidrug resistance, drug metabolic pathways, DNA repair systems and
cytokines were examined in 28 patients (13M/15F; median age 59 years)
with relapsed/refractory multiple myeloma (MM) treated with single
agent thalidomide and the results were correlated with response, toxic-
ity and overall survival (OS). Results: The response rate to thalidomide
was higher in patients with hetero- (AC) or homozygous (CC) SNPs in
ERCC1 (rs735482) than in those with wild type (AA), with the ERCCS
heterozygous SNP 1517655 (CG) than those with the homozygous SNP
(GG) or wild type (CC), and with heterozygous XRCC5 (AG) polymor-
phism rs1051685 than those with wild type (AA). Longer OS was asso-
ciated with the homo- and the heterozygous SNP in ERCC1 (AC + CC
vs. AA; p=0.005) and with the heterozygous SNP in XRCC5 (rs1051685)
(AG vs. AA; p=0.02) (Figures 1 and 2). The heterozygous polymorphism
in GSTT1 (CT vs. TT) was associated with a lower frequency of thalido-
mide-induced peripheral neuropathy (p=0.04). Conclusion: SNPs in
ERCC1 and XRCC5 were strongly associated with higher response rate
and longer OS to thalidomide in patients with relapsed /refractory MM.
SNPs in ERCCS5 were also associated with greater response rate.

Fignre 1. Owverall survival of relapsed refractory MM patientztreated with thalidonnde according to
ERCCL (rs7 33482) genotype (AA=wild-type, CC=homozy gous SNP, AC=heta ozy zous SNP)
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Fignre 2. Overall survival ofrelapsedivefiactory MM patients treated with thalidomide according to
NROCS {rsl051685) genobype (AA=wild vpe, AG=helerozvgaiiz SNP)
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PROGRESSION THROUGH MGUS TO MULTIPLE MYELOMA DRIVES DIFFERENTIAL ACCU-
MULATION OF T CELL SUBSETS VIA BONE MARROW EXPRESSION OF CCR4 AND CXCR3
LIGANDS
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PRATT (1)

(1) UNIVERSITY OF BIRMINGHAM, BIRVIINGHAM, UK; (2) NEW CROSS HOSPITAL,
WOLVERHAMPTON, UK

haematologica | 2011; 96(s1) | $35



Abstracts

Multiple Myeloma is a malignant disease of bone marrow plasma
cells characterised by immunodeficiency and T cell abnormalities. We
explored how changes in chemokine levels reflect chemokine receptor
expression on T cell populations in the blood and bone marrow of nor-
mal, MGUS and myeloma patients to assess the impact of altered
chemokine gradients on T cell distribution. We also investigated T cell
adherence and migration using bone marrow mesenchymal stem cells
(BMMSC) from these patient groups. CXCR3 ligands, CCR4 ligands,
CXCL8 and CXCL12 were significantly increased in the blood and bone
marrow often progressively from MGUS to myeloma. The frequency of
CCR4 expressing T cells in the bone marrow was higher in myeloma
patients for both CCR4+ CD4+ (p=0.0002) and CCR4+ CD8+ T cells
(p=0.0058). The CCR4+ Th17 CD4+ population showed a significant
reduction in the blood paralleling an increase in the bone marrow. The
frequency of both CXCR3+ CD4+ and CXCR3+ CD8+ T cells were
reduced in the blood but maintained in the bone marrow in both MGUS
and myeloma. Functional studies showed increased T cell adherence
and migration to myeloma BMMSCs compared with that towards con-
trol BMMSC. Chemokine gradients and T cell migration are factors in
T cell dysfunction in the myeloma microenvironment. Here we show
CXCR3 chemokines and CCR4 chemokines are important to the altered
T cell distribution. Therapies targeted against the excess chemokines
may have beneficial effects directly against the tumour cells expressing
chemokine receptors and in reversing the distorted T cell environment.
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TARGETING BTK AS A TREATMENT FOR MYELOMA STEM CELLS

E ZHAN, Y. YANG, M. ZANGARI, M. ZENG, H. XU, G. TRICOT
UNIVERSITY OF UTAH, SALT LAKE CITY, USA

Evidence of the existence of a myeloma stem cell (MMSC) has been
provided; MMSC are enriched in the CD138- and CD19+/CD27+ frac-
tion, indicating a memory B-cells phenotype. Bruton’s tyrosine kinase
(BTK) is critical for B cell development, differentiation, and signaling.
The loss-of-function mutations of BTK results in lack of mature B lym-
phocytes and immunoglobulins (Igs). In this study, MMSC (CD138-
fraction) were isolated from 4 MM cell lines. Stem cell characteristics
were verified by clonogenic in vitro assays and tumor formation in
NOD/SCID mice. The real-time PCR analyses indicated that BTK lev-
els were significantly higher levels in MMSC than in CD138+ bulk MM
cells. Over-expressing BTK in CD138+ cells resulted in enhanced clono-
genic potential, increased drug resistance and increased Wnt, Hh and
Notch activity, as evidenced by higher expression levels of ¢-catenin,
Smo and GLI1, and Notch1, respectively. Furthermore, increased BTK
modulated myeloma cell adhesion and migration. Whereas knockdown
of BTK by shRNA or a BTK inhibitor LFM-A13 induced MM cell death,
growth inhibition, decreased clonogenesis, and altered cell adhesion and
migration. Our results indicate that BTK may play an important role in
maintaining myeloma stemness and myeloma cell adhesion and migra-
tion. It represents a logical target to attack both myeloma stem cells and
the bone marrow microenviroment.
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MICRORNAS CHANGES OCCUR IN MULTIPLE MYELOMA CELLS IN THE CONTEXT OF
BONE MARROW (BM) MILIEU

A.ROCCARO, A. SACCO, AK. AZAB, P. MAISO, Y. ZHANG, Y. LIU, G.ISSA, E
AZAB, H. NGO, P. QUANG, I. GHOBRIAL

DANA-FARBER CANCER INSTITUTE, BOSTON, USA

Introduction: Primary MM cells present with a specific miRNA signa-
ture as compared to normal plasmacells. Nevertheless, miRNA changes
that occur in MM cells in the context of BM milieu have not been exam-
ined yet. Methods: miRNA profiling has been performed on MM cell
lines either alone or in co-culture with BM stromal cells, MM primary
CD138+ cells, normal CD138+ cells. In vitro and in vivo functional stud-
ies were performed on miRNA-15a- and -16-1-precursors-transfected
cells. In vivo MM cell growth has been evaluated by either using in vivo
imaging model, bioluminescence. Angiogenesis has been studied both
in vitro and in vivo. Result: Pre-miRNA-15a- and -16-1-transfected MM
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cells showed decreased DNA synthesis, decreased cyclinD1/cyclinD3/
cdk6/pRb protein expression and cell cycle arrest, vs scramble probe-
transfected MM cells. NFkB pathway inhibition was also observed. Inhi-
bition of MM cell growth was confirmed in vivo; anti-angiogenic prop-
erties of miRNA-15a and -16-1 were validated both in vitro and in vivo.
miRNA profiling of MM cells cultured with BMSCs differ from MM
cells which were not grown in contact with BMSCs: predicted targeted
genes of increased miRNAs included negative regulators of NFkB,
PIBK/Akt/mTOR, and MAPK/ERK signaling pathways; as well as tumor
suppressors, pro-apoptotic factors and cyclin-dependent kinases
inhibitors. Summary: miRNAs play a key role in MM pathogenesis by
regulating plasmacell tumor clone growth. BMSCs exert a modulatory
effect on miRNA profiling in MM cells, which results in promoting MM
cell growth and inducing MM cell survival.
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MALIGNANT PLASMA CELL SURVIVAL IN BONE MARROW
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Introduction: 1t is not fully understood why the bone marrow (BM) is
so efficient in sustaining long-term survival of plasma cells (PC), a
process required to maintain humoral immune memory. In the present
study we analyzed the role of APRIL, a cytokine of the TNF-family, in
sustaining normal and malignant PC survival in the BM microenviron-
ment. Methods and Results: Staning sections of human BM with antibod-
ies specific for either cells producing APRIL or secreted APRIL, we
showed that myeloid precursors, the main hematopoietic component of
BM, were the dominant producers of APRIL. We confirmed these find-
ings by in vitro cultures and by detailed FACS analysis on BM cell sus-
pensions, and found that early hematopoietic cytokines, including the
stem cell factor, were able to induce APRIL in myeloid precursors. APRIL
mediated PC survival in in vitro co-culture experiments and in a mouse
model, in which we blocked APRIL with specific antibodies.To investi-
gate the role of APRIL in multiple myeloma (MM), we used a new
mouse model of MM, the MOPC-315BM model, in which a variant of
the plasmocytoma cell line MOPC-315 leads to full-blown MM after in
iv injection. We found that APRIL levels stayed high despite
hematopoiesis impairment occurring upon BM invasion by the MOPC-
315BM cells, and that APRIL-producing myeloid precursors were selec-
tively protected during this invasion in an IL-6 dependent manner. Con-
clusion: Our study demonstrates a link between myelopoiesis and
PC/MM cell survival, and points to new treatment approaches for this
still incurable disease.
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DLL1/NOTCH INTERACTION INDUCES DRUG RESISTANCE TO B