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CURRENT CLINICAL PRACTICE

Sarcoidosis Mimicking Metastatic Bone Disease in Head

and Neck Cancer

Cecilia Arana Yi, Peter McCue, Marc Rosen, Mitchell Machtay, Rita Axelrod, and Gloria |. Morris

Seminars in

Oncology

At times we encounter clinical prob-
lems for which there are no directly
applicable evidence-based solutions,
but we are compelled by circumstan-
ces to act. When doing so we rely on
related evidence, general principles of
best medical practice, and our expe-
rience. Each “Current Clinical Prac-
tice” feature article in Seminars in
Oncology describes such a challeng-
ing presentation and offers treatment
approaches from selected specialists.
We invite readers’ comments and
questions, which, with your approval,
will be published in subsequent
issues of the Journal. It is hoped that
sharing our views and experiences
will better inform our management
decisions when we next encounter
similar challenging patients. Please
send your comments on the articles,
your challenging cases, and your
treatment successes to me at dr.gjmor
ris@gmail.com. | look forward to a
lively discussion.

Gloria J. Morris, MD, PhD
Current Clinical Practice
Feature Editor

ccording to national can-
cer statistics for 2010,
head and neck cancers
are estimated to account for about
3% of new cancer cases in the
United States, with more than

Address correspondence to Gloria J. Morris,
MD, PhD, Editor, Current Clinical Practice,
Division of Hematology/Oncology, The Tisch
Cancer Institute, the Mount Sinai Hospital,
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49,000 new cases diagnosed and
nearly resultant 12,000 deaths.'™
Squamous cell carcinoma and its
variants are the most common
histologic types of head and neck
cancers, specifically those of the
oral cavity, and pharyngeal and
laryngeal cancers, with alcohol
and tobacco abuse being common
etiologic risk factors in their devel-
opment." More recently, human
papilloma virus (HPV) infection
has emerged as a risk factor for
the development of squamous cell
cancers of the oropharynx, includ-
ing tonsils and base of tongue.l’/l
Carcinoma of the ethmoid
sinus appears to have a different
etiology. Adenocarcinoma is the
most common malignancy of the
ethmoid sinus and may be associ-
ated with occupational dust
exposure.s’6 The percentage of
distant metastasis from primary
ethmoid sinus cancer varies
greatly from 6%-30% and occurs
predominantly in the bone and

meninges.’
Positron emission tomography
(PET)/computed tomography

(CT) scanning is a valuable tool
for the diagnosis and monitoring
of cancer and cancer metastasis.
Nevertheless, its specificity is ham-
pered by non-oncologic medical
conditions such as sarcoidosis.
Here, we present a case of a
locally advanced ethmoid sinus
carcinoma with F-18 fluoro-2-
deoxyglucose (FDG)-PET/CT scans
that were suspicious for skeletal
metastases in follow-up but which
biopsy proved to be granuloma-
tous disease.

Seminars in Oncology, Vol 40, No 5, October 2013, pp 529-534

CASE PRESENTATION

A 42-year-old white woman pre-
sented with stage III T3NOMO
clear cell adenocarcinoma of the
ethmoid sinus. Her initial FDG-
PET/CT revealed increased meta-
bolic activity in the right ethmoid
air cells and extensive mediastinal
and hilar lymphadenopathy. Biop-
sies of the right ethmoid mass
revealed clear cell adenocarci-
noma; mediastinal node biopsies
showed noncaseating granuloma-
tous lymphadenitis consistent
with sarcoidosis. She then under-

went a craniofacial resection,
followed by adjuvant chemoradio-
therapy (clinical trial) with
cisplatin and bortezomib and

achieved complete remission after
treatment.

Two years later, PET/CT dem-
onstrated multiple osseous meta-
stases located in the right and left
iliac bone and left lower anterior
rib, with a standardized uptake
value (SUV) of 8.7, and stable
mediastinal lymphadenopathy
(Figure 1). She had headaches,
occasional sinus infections, and
intermittent bilateral hip pain. A
CT-guided left iliac bone biopsy
revealed granulomatous inflamma-
tion without acid-fast organisms or
fungi (Figure 2). Four years after
therapy completion, she pre-
sented with severe hip pain and
fatigue. The PET/CT scan revealed
again mediastinal and retroperito-
neal hypermetabolic lymphaden-
opathy (maximum SUV of 5.55)
and extensive osseous metabolic
uptake (maximum SUV of 19.47)
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Figure 1. PET/CT scan showed FDG
uptake in the right and left iliac bone.

(Figure 3) within the right hemi-
vertebral body of C7, C3, and T12,
within the bilateral sacral ala, left
ilium, ribs, lower sternum, and left
acromial process, which was con-
cerning for early bone metastases
and no evidence of local sinus recur-
rence. A biopsy of the right sacral ala
demonstrated again noncaseating
granulomatous inflammation. Stain-
ing was negative for cytokeratin
(Figure 4). After this evaluation, she

was started on systemic oral cortico-
steroid therapy with notable
improvement in her bone pain and
fatigue. A repeated PET/CT scan
performed 6 months after cortico-
steroid treatment showed complete
resolution of hypermetabolic media-
stinal and retroperitoneal lympha-
denopathy, as well as near-complete
resolution of hypermetabolic oss-
eous metastases (Figure 5). The
patient has continued to do well
clinically, with no evidence of recur-
rent cancer to date.

We have posed the following
clinical questions: (1) What is the
likelihood of metastatic disease from
a pathologic point of view given
these PET/CT findings? (2) Did this
patient have definitive surgery from
an ear, nose, and throat (ENT) stand-
point? (3) What modalities would
be recommended for further surveil-
lance that would distinguish meta-
stases, given the similar appearance
of sarcoid in the bones? (4) How
would one approach further treat-
ment in the event of recurrence,
given she is on chronic steroids?

PATHOLOGIST’'S EXPERT
OPINION

The staging and monitoring of
oncologic patients often result in
positive imaging results. When
faced with the radiographic find-
ing of a skeletal hotspot, the most
logical clinical course is to rule out
metastatic disease. Sometimes the
addition of a plain film will
clarify the situation, but more
often than not the patient comes
to biopsy. The pathology decision
tree starts with spread of the pri-
mary tumor. However, an undiag-
nosed primary process is always a
consideration. This category of
diseases includes both neoplastic
and non-neoplastic lesions. Inci-
dental primary bone tumors can
include osteomas, nonossifying
fibromas, and angiomas. Various
infections may result in positive
scans and run the gamut of bac-
teria, mycobacteria, mycoses, and
parasites. Additionally, inflamma-
tory foci can be seen in states such
as sarcoidosis, healing fracture

Figure 2. High-power photomicrograph of biopsy specimen from the left iliac bone shows non-caseating granuloma.
Hematoxylin and eosin stain (H&E) x100.
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Figure 3. PET/CT scan shows intense
FDG-uptake mediastinal and retroper-
itoneal hypermetabolic lymphadenopa-
thy (not shown) and extensive osseous
metabolic uptake (maximum SUV of
19.47) within the bilateral sacral ala.

sites, and various metabolic distur-
bances.

Peter McCue, MD
Department of Pathology
Thomas Jefferson University
Hospital

Philadelphia, PA

OTOLARYNGOLOGIST’S
EXPERT OPINION

This is an interesting case for
many reasons. The lesion was first

identified by an outside otolaryng-
ologist in 2005. He performed a
standard endoscopic procedure
for nasal obstruction and polypo-
sis. Despite the fact that there was
skull base erosion on preoperative
imaging, a diagnosis of carcinoma
was never established. The patient
had recurrence of her symptoms
in 2006 and was referred to Jeffer-
son for further evaluation. Our
imaging at that point was very
suspicious for a sinonasal neo-
plasm. Biopsy at that point
revealed clear cell adenocarci-
noma and a metastatic workup
with PET scan revealed the thyroid
and mediastinal findings. Defini-
tive surgery of the primary tumor
was delayed so that the thyroid
and mediastinal lesions could be
evaluated. The lesions were con-
sistent with thyroiditis and non-
caseating granulomas. Definitive
surgery followed by chemoradia-
tion was completed in November
2006. Repeat biopsy of the pri-
mary site in 2007 revealed no
evidence of local recurrence.
There continued to be no evi-
dence of local recurrence, but
follow-up PET scan in 2007 was
consistent with bony metastasis.

Extensive workup since then has
continued to show no evidence of
local or distant metastasis. The
PET scan did show uptake at the
primary site initially and it cer-
tainly was reasonable to assume
metastatic disease. I think this case
does not diminish the usefulness
of PET scanning and emphasizes
the need to confirm PET findings
with definitive biopsy rather than
to assume the patient has meta-
static disease.

Marc R. Rosen, MD
Department of Otolaryngology-
Head & Neck Surgery

Thomas Jefferson University
Philadelphia, PA

RADIATION ONCOLOGIST'S
EXPERT OPINION

This is an unusually dramatic
case of a not so unusual scenario
—the difficulty and imperfection
in using FDG-PET scan for staging/
restaging. The only type of PET
scan approved and reimbursed for
oncology is FDG-PET. High FDG
uptake on PET indicates glucose
hypermetabolism, which is very
typical of malignancy. However,

Figure 4. High-power photomicrograph of biopsy specimen from the right sacral ala shows noncaseating granuloma. H&E 100
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Figure 5. PET/CT scan after corticos-
teroid treatment shows near com-
plete resolution of bone lesions.

elevated FDG uptake is also very
common in inflammatory states,
including autoimmune diseases
(like sarcoidosis), infection, and
postradiation effects. This case
illustrates the importance of skep-
ticism in the interpretation of
FDG-PET; simply assuming the
patient has incurable metastatic
disease could be catastrophic.
When in doubt, biopsy is neces-
sary, particularly if it can be done
without much morbidity and in a
compliant patient who is inter-
ested in and amenable to biopsy.
Given that we are almost cer-
tainly not going to stop using FDG-
PET scanning for staging and
restaging, is there anything else
that can be done noninvasively?
There are several areas of encour-
aging research aimed at improving
the specificity of PET scans. First,
it has been suggested that dual/
multiple time point image acquis-
ition can assist in differentiating
tumor from inflaimmation. On
serial imaging, over a number of
hours, inflammatory lesions tend
to demonstrate progressively low-
er SUV, while tumors tend to re-
tain their high SUV (or may display
an even higher SUV than on the
first reading). Second, using other
tracers (instead of or in addition to
FDG) may be promising. F18-label-
ed 3-deoxy-3'fluorothymidine (FLT),
which measures DNA synthesis and
thus indirectly proliferation, may be

more specific than FDG-PET.
Unfortunately, FLT is not approved
by the US Food and Drug Adminis-
tration at this time, and thus it is
only available for use under inves-
tigational new drug (IND)-approved
clinical research.

Again, the stakes are high in
diagnostic imaging of oncology.
No one wants to misdiagnose
metastatic disease, especially in a
young “curative-intent” patient. A
healthy dose of skepticism should
be a mandatory coproduct in each
FDG syringe.

Mitchell Machtay, MD
Department of Radiation
Oncology

Case Western Reserve Univer-
sity School of Medicine
University Hospitals Seidman
Cancer Center

Cleveland, OH

DISCUSSION

The utility of FDG-PET/CT in
head and neck carcinoma is well
documented.®” FDG-PET/CT is
helpful in assessing response to
chemoradiotherapy and in evaluat-
ing local and distant metastases.
It allows for the visualization not
only of malignant tissues but also
of inflammatory lesions.'® The sen-
sitivity in the detection of head
and neck cancer varies between
47% and 100%, while the specific-
ity ranges from 86%—100%.""

Sarcoidosis is a multisystem
inflammatory disorder that affects
the lungs and skin most often; the
incidence of osseous involvement
is 5%.'> Pulmonary and skeletal
sarcoidosis have been described
to mimic metastatic disease in
people with and without preexist-
ing malignant conditions."*™ ©

A link between sarcoidosis and
cancer has been reported in pre-
vious studies,'”'® and its presence
seems to be associated with worse
prognosis, likely due to immune
deregulation.'® Sarcoidosis also
has been reported at diagnosis,
during treatment, and in the sur-
veillance of cancer patients.”"*'

Sarcoid-like reaction in mediasti-
nal lymph nodes also has been
reported in malignant tumors,
such as Hodgkin lymphoma, and
breast and lung cancers.'*** Che-
motherapy also can cause fluctua-
tions in serum levels of cytokines
that play an important role in
granuloma formation. Although
the incidence of sarcoidosis associ-
ated with malignancy is rare, there
are published data to correlate its
presence with worsening sur-
vival.'"? To our knowledge, there
are no previous reports of adeno-
carcinoma of the ethmoid sinus
associated with sarcoidosis.”’

As discussed before, the accu-
mulation of FDG in inflammatory
sites could lead to false-positive
findings, especially in patients
with a known history of cancer.”*
Therefore, sarcoidosis and other
granulomatous conditions might
be included in the differential
diagnosis, and a biopsy of the
suspicious metastatic site should
be required for confirmatory
diagnosis.

In our case, the abnormal PET/
CT was concerning for the pres-
ence of skeletal involvement in
locally advanced clear cell adeno-
carcinoma of the ethmoid sinus.
However, her good performance
status, the chronicity of the symp-
toms, and intermittent presenta-
tion of the radiological findings
warranted a confirmatory bone
biopsy that was finally consistent
with sarcoidosis.

CONCLUSIONS

PET/CT is a valuable tool in the
staging of head and neck cancer
and other malignancies, but our
case illustrates once again that
false positives do occur. Sarcoido-
sis can and does mimic metastatic
disease on PET/CT scan. Clinical
judgment is needed to determine
the role of confirmatory biopsy,
particularly in cases with a preex-
isting diagnosis of sarcoidosis or
accompanying  bilateral  hilar
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adenopathy that would warrant
further investigation.

When or if recurrent, treatment
is with single-agent or combina-
tion systemic chemotherapy, as
well as utilization of palliative
adjunctive measures including
radiotherapy to areas of sympto-
matic disease. Multiple agents
with systemic activity have been
reported in the literature®” > and
additional options include targeted
therapy, as well as participation in
clinical trials. The choice of agents
would not be impeded by the
diagnosis of sarcoidosis in this
patient. Fortunately, she was
spared of the use systemic chemo-
therapy after judicious bone
biopsy ruled out widespread
metastases.

Cecilia Arana Yi, MD*
Fellow, Medical Oncology
Rita S. Axelrod MD
Professor, Medical Oncology
Thomas Jefferson University
Philadelphia PA

Edited by Gloria J. Morris,
MD, PbD

The Mount Sinai

Medical Center

New York, NY

*Dr Yi's current affiliations are
The UT MD Anderson Cancer
Center and the University of New
Mexico, Albuquerque.
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MULTIPLE MYELOMA

Introduction: Recent Advances in the Understanding and

Management of Multiple Myeloma

hen I entered the myeloma field in 2001,

the disease was mostly managed with con-

ventional chemotherapy with the addition
of high-dose chemotherapy in younger, transplant-
eligible patients. Life expectancy was in 3- to 4-year
range, not very different than two to three decades
earlier. The introduction of thalidomide in late 1990s,
the first of the novel agents for myeloma, coincided
with an increased awareness of the disease among the
general public, in part thanks to the efforts of a few
champions with this diagnosis. The increased aware-
ness led to expanded research funding generated by
existing and new organizations and newly formed
consortia committed to accelerating the development
of new drugs and new treatments.

Indeed, in a little more than just 10 years, the
landscape of multiple myeloma is dramatically
different. We have witnessed the development of
new therapies at an unprecedented speed, which
has led to the approval of a number of new drugs
and combinations, starting with bortezomib, fol-
lowed by lenalidomide, then bortezomib with
liposomal doxorubicin, and most recently carfilzo-
mib and pomalidomide. The development of new
drugs and treatments helped trigger an increase in
broader research efforts leading to significant
advances in our understanding of the biology of
the disease. In particular, we have increased our
insight into the genetic and molecular foundations
of myeloma, including characterization of its het-
erogeneity. Importantly, we have learned about the
value of generating a strong preclinical rationale
before moving to clinical evaluations, establishing
the framework of “bench-to-bedside” development
of new drugs and treatments. This was well illu-
strated in the development and ultimate approval
of the combination of bortezomib and pegylated
liposomal doxorubicin for treatment of relapsed
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myeloma. Most importantly, the increasing number
of therapies and improved understanding of how to
treat myeloma, led to a dramatic improvement in
not only our ability to control the disease and limit
organ damage but to produce meaningfully and
dramatically prolonged patient survival, which by
some recent projections has at least tripled com-
pared to where we were just over a decade ago.
These improvements are so promising that some of
us, recently more and more, dare to set a goal of
“functional cure” for new therapies.

In this issue of Seminars in Oncology a group of
established leaders in multiple myeloma research,
together with their colleagues, review the progress
in their specific areas of expertise and interest. This
issue is divided into sections, with the first one or
two articles of each section focused on a review of
recent progress in an area, and the last providing
additional discussion or commentary regarding the
most challenging or controversial issues covered by
the other experts. We start with a review of the
current understanding of the biology of the disease
and its implication for the development of treat-
ment strategies. This section is followed by the
review of our understanding of the heterogeneity
of myeloma and its implications for the develop-
ment of biology-based personalized therapy. Next
we summarize the important developments in the
treatment of newly diagnosed patients with mye-
loma and discuss “hot topics” such as the impor-
tance of complete response and depth of response,
the role of transplant, and the projections of the
evolution of initial treatment strategies, for both
“transplant” and “nontransplant” patients. We then
review the progress in the treatment of relapsed
and relapsed refractory myeloma with a special
attention to recently approved agents and the most
promising agents in development for treatment of
the disease. We conclude with a commentary on
how the most recently developed and currently
evaluated agents are predicted to contribute to
further progress in the treatment of myeloma and
how we see their integration into existing treat-
ment paradigms.

Despite the advances of the last decade, chal-
lenges remain. The majority of patients are still
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expected to relapse and in the course of their
disease the established treatments become less
and less effective with shorter and shorter duration
of response. In addition, a relatively small (10%—
15%) yet significant proportion of patients with
poor risk factors, which is becoming better defined,
are expected to have much shorter life expectancy
than standard-risk patients, and unfortunately, their
median overall survival is not very different from a
decade ago. We hope that this issue of Seminars in
Oncology not only provides a concise summary of
the state of the field but will help to generate new

ideas, providing additional stimulus to further inno-
vations that lead to further prolongation of life for
all myeloma patients, including patients with high-
risk disease, and hopefully to finding a cure.

Andrzej J. Jakubowiak, MD, PhD
The University of Chicago

Chicago, IL

Guest Editor



Decoding the Pathophysiology and the Genetics of
Multiple Myeloma to Identify New Therapeutic Targets

Panisinee Lawasut,*? Richard W.J. Groen,®¢ Eugen Dhimolea,® Paul G. Richardson,”
Kenneth C. Anderson,“, and Constantine S. Mitsiades®

In recent years, significant progress has been achieved in the characterization of the
transcriptional profiles, gene mutations and structural chromosomal lesions in myeloma cells.
These studies have identified many candidate therapeutic targets, which are recurrently
deregulated in myeloma cells. However, these targets do not appear, at least individually, to
represent universal driver(s) of this disease. Furthermore, evaluation of these recurrent lesions
does not suggest that they converge to a single molecular pathway. Detailed integration of
molecular and functional data for these candidate targets and pathways will hopefully dissect
which of them play more critical roles for each of the different individual molecular defined
subtypes of this disease. This review focuses on how recent updates in our understanding of
myeloma pathogenesis and molecular characterization may impact ongoing and future efforts

to develop new therapeutics for this disease.

Semin Oncol 40:537-548 © 2013 Published by Elsevier Inc.

physiology and heterogeneous genetic lesions of

the tumor cells, compounded by the genomic
instability and molecular evolution of the disease in a
given patient over time, pose major challenges to the
efforts to improve the treatment outcome for this
presently incurable hematologic malignancy. Despite
significant advances in our understanding of the biology
of MM, and the development of new therapeutics with
notable clinical activity, MM patients eventually relapse
to all available therapeutic options currently available.
Translating promising investigational therapies from
preclinical evaluation to successful clinical trials and
individualizing the use of these agents for patients with

I n multiple myeloma (MM), the complex patho-
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specific molecularly defined subtypes of MM remains a
formidable task, since conventional preclinical models
may not always faithfully represent the tumor—micro-
environment interactions operative in patients. In this
review, we will focus on how recent updates in our
understanding of MM pathogenesis and genetics may
lead to a shift in the direction for development of new
therapeutic regimens.

MOLECULAR PROFILING AND GENOME
SEQUENCING STUDIES: IMPLICATIONS FOR
THE IDENTIFICATION OF NOVEL
THERAPEUTIC TARGETS FOR MM

During the last decade, focused (eg, fluorescence
in situ hybridization [FISH]-based cytogenetics) and
open-ended molecular profiling studies (including
evaluation of copy number changes and gene
expression profiles) were performed on primary
patient-derived MM samples or MM cell lines.'™">
These studies stimulated development of molecular
marker-driven  classification systems, including
(1) characterization of hyperdiploid versus non-
hyperdiploid MM1_5’7’1(’; (2) TC (translocation and
cyclin D classification) system; and (3) gene expres-
sion profiling (GEP)-based classification systems,
such as those developed by the University of Arkan-
sas (UAMS)14 or the HOVON (Hemato-Oncologie
voor Volwassenen Nederland; Haemato-Oncology
Foundation for Adults in the in the Netherlands).'’
These molecular classification systems "collapse" the
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heterogeneous MM patient population into smaller
and relatively more homogeneous subgroups, in
order to provide better insight into the biology and
candidate therapeutic targets for each subtype. The
biological and clinical implications of these studies
on the heterogeneity of MM are described in more
detail in other articles in this issue.

Over the last 2—3 years, there has been increased
interest in next-generation sequencing (NGS) of MM
cells. The first comprehensive open-ended NGS
study of this kind involved massively parallel
sequencing of 38 genomes from patient-derived
MM cells and their comparison to matched normal
DNAs.'” This study determined that essentially all
mutations previously known to be highly recurrent
in MM, including NRAS/KRAS and TP53 mutations,
were consistently detected with NGS technologies.
As anticipated, the high-resolution and open-ended
nature of these sequencing studies also identified
mutations not previously recognized in MM: some of
these had been previously detected in other cancers
(eg, activating mutations of the kinase BRAF), while
others are not highly recurrent, if at all present, in
other neoplasms (eg, mutations of FAM46C or DIS3)
studied so far. Interestingly, some of these recurrent
but infrequent mutations converge to discrete
molecular pathways and biological functions. For
example, infrequent mutations also were observed
in several transcription factors critical for plasma cell
biology/myelomagenesis, such as XBP1 (the critical
regulator of the differentiation towards the plasma
cell lineage and a regulator of unfolded protein
response genes); IRF4 (another transcription factor
with a central role in myelomagenesism); and
PRDM1 (BLIMP1), which is transcriptionally regu-
lated by IRF4.'” A high proportion of patients harbor
mutations in different genes regulating RNA process-
ing and protein homeostasis (eg, FAM46C and DIS3)
and the unfolded protein response, or diverse com-
ponents of nuclear factor kappa B (NF-«xB) signaling
or its regulation (consistent with the previously
known role of NF-«kB signaling in MM biology4).

Several genes for histone-modifying enzymes also
have been found to be recurrently mutated in MM
cells, eg, MLL, MLL2, MLL3, UTX, MMSET
(WHSCI) and WHSCIL1."~"? Of note, the transcrip-
tion factor HOXA9, which is regulated, at least in part,
by histone methyltransferase-related genomic events,
is highly expressed in a subset of MM patients,
while depletion of HOXA9 was reported to signifi-
cantly decrease MM cell proliferation.'” These results
raise the possibility that multiple distinct mutations in
genes for histone-modifying enzymes may converge
to concordant functional outcome(s), through down-
stream mediators, such as HOXA9 or other transcrip-
tional networks regulating MM cell proliferation,
survival, and drug resistance. The nature of these

networks may be highly variable among samples from
different MM subtypes. For example, in MM patients
with t(4;14) translocation, there is overexpression of
MMSET, a histone methyltransferase and transcrip-
tional repressor,””?" which induces an increase in
lysine 36 methylation of histone H3 and a decrease in
lysine 27 methylation across the genome.**** The his-
tone methyltransferase activity of MMSET was found
to be essential for growth stimulation by MMSET, and
MMSET is assumed to be a major epigenetic regulator
in t(4;14) MM.?*?% To further underline the complex-
ity of epigenetic regulation in MM, a recent report
showed that histone demethyltransferases also may
have a role in MM pathogenesis.”’

Congruent with a role of epigenetic changes in the
pathogenesis of MM, methylation profiling studies
indicate a pattern of global DNA hypomethylation and
gene-specific hypermethylation during the multistep
transformation from normal plasma cells to monoclo-
nal gammopathy of undetermined significance (MGUS),
and to MM (normal plasma cells > MGUS > MM).
Interestingly, global re-methylation of the genome
appears to occur again during the transformation of
MM to plasma cell leukemia (PCL), and involves genes
implicated in cell—cell signaling and cell adhesion,”®
which may conceivably contribute to tumor cell inde-
pendence from the bone marrow (BM) microenviron-
ment during transformation to PCL.

The recurrent nature of new mutations on cas-
cades with pathophysiological relevance for MM"’
reinforces the notion that a low frequency of
mutation(s) in any individual gene should not neces-
sarily be interpreted as lack of clinical or therapeutic
relevance of this gene. However, further follow-up
validation studies are needed to probe the biological
significance of mutations in certain pathways (eg,
coagulation cascade genes), which are typically not
expressed at substantial levels in MM cells.

Studies of Longitudinal Genetic Changes in
MM Samples

Recent whole-genome sequencing (WGS) studies
of sequential samples from a MM patient with t(4;14)
molecular subtype identified changes in the muta-
tional landscape in MM cells of that patient from
diagnosis to later relapses, and ultimately to PCL.'®
Single-nucleotide variants (SNVs) were detected in
several genes that were previously identified as
mutated in both the Multiple Myeloma Research
Consortium (MMRC) cohort'” and the Catalogue of
Somatic Mutations in Cancer (COSMIC) database,”’
including: AFF1, Cl20rf42, CSMD3, LRRC4C,
PCDH7, PTPRD, PPFIBPI, RBI, and ZKSCANS3.
The frequency of some SNVs within the tumor cell
population fluctuated considerably between samples
collected at different time points in the course of the
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disease.'”*® These findings imply that tumor hetero-

geneity can already be present at diagnosis and that
the dominance of certain tumor clone(s) over others
can shift over time, which may be influenced by the
specific classes of agents used during the course. In
addition to described lesions,"” another similar pilot
study from three high-risk myeloma patients' cells*’
detected mutation in Cereblon (CRBN, which was
recently proposed as a main mediator of the anti-MM
activity of lenalidomide and pomalidomide®”>")
PSMG2 (a gene encoding for a proteasome assembly
protein), and NR3CI (which encodes for the gluco-
corticoid receptor), raising the possibility that these
mutations contribute, at least in part, to resistance of
these patients to immunomodulatory drugs (IMIDs),
proteasome inhibitors, or dexamethasone, respec-
tively. Larger studies will be needed to characterize
the longitudinal changes in the genome of MM cells
in patients. One such study by the MMRC (CoMMpass
project) will seek to correlate the molecular and
clinical data of 1000 newly diagnosed symptomatic
MM patients over a period of 8 years.””

)

Roles of MicroRNAs in the Regulation of Gene
Expression in MM

The discovery of microRNAs (miRNAs) created a
new area of study on post-transcriptional regulation
of gene expression. A large number of miRNAs are
reported to be dysregulated in MM**° and to
influence different aspects of its pathogenesis,
including cell-cycle progression, p53, and MYC.”’
Notably, recurrent mutations in DIS3, FAM46C, and
SF3B1, as identified in NGS studies of MM patients,
also may have a potential role in RNA processing,'’
and could potentially cooperate with other molec-
ular lesions, to alter the levels of specific miRNAs.
miRNA molecules that have been extensively studied
in MM include miR-29b,°**° miR-34a,*>*" and the
mir-17-92 cluster.*> MiR-29b is downregulated in
approximately 60% of MM patients and MM cell lines
and is suppressed when MM cells are co-cultured
with bone marrow stromal cells (BMSCs).>® Further-
more, miR-29b exhibited anti-MM effects in vitro and
in vivo by targeting diverse oncogenic pathways
(including suppression of CDK6 and MCL-1) and by
leading to an aberrant methylation pattern of MM
cells.”®?” Besides, miR-29b impairs osteoclast differ-
entiation and supresses osteoclast activation trig-
gered by MM cells.”> MiR-34a has a tumor-
suppressor activity and is transcriptionally regulated
by p53. TP53 loss/mutation or silencing through
promoter methylation decreased miR-34a expression
in MM cells, while restoration of miR-34a expression
could suppress the levels of Bcl2, CDK4/6, and YY1,
as well as sensitize MM cells to bortezomib.*
Synthetic miR-34a can downregulate BCL2, CDKaO,

and NOTCH]1 at both the mRNA and protein levels,*!
as well as achieve in vivo activity against 7P53-
mutated MM xenografts without major systemic
toxicity. Several other miRNAs affecting the 7P53
pathway have been described, including miR-32,
miR-192, miR-194, and miR-215.7%**

Interestingly, recent studies have identified a
miRNA-based risk-stratification system, which can
significantly improve the predictive power of Inter-
national Staging System (ISS)/FISH risk stratification
in patients from the UK Myeloma IX clinical trial, in a
manner independent of gene expression-derived
prognostic signatures, including those determined
by studies of the UAMS or Intergroupe Francais du
Myélome (IFM), as well as the Myeloma IX study
itself.”” In this miRNA-based risk stratification, the
mir-17-92 cluster was prominently involved and
correlated with the activity of Myc and E2F3, under-
scoring the importance of the Myc/E2F/miR-17-92
negative feedback loop in MM pathogenesis.

KEY DYSREGULATED PATHWAYS IN MM AS
THE FOCUS FOR DEVELOPMENT OF NEW
THERAPEUTIC APPROACHES

The genetic and epigenetic dysregulation observed
in MM cells involves a large number of molecular
pathways that could conceivably represent targets for
therapeutic interventions.

Activation of NF-kB signaling is common in MM,
due to loss-of-function mutations in negative regu-
lators of this pathway,4’7 and/or of stroma-induced
NF-«B signaling in MM cells.*>*® Bortezomib sup-
presses the transcriptional activity of NF-xB, and this
event may contribute to the anti-MM activity of this
compound. However, NF-xB-independent functions
of the proteasome may account for a significant part
of the activity of bortezomib and other members of
this drug class.

The Ras/Raf/MEK/ERK pathway is also frequently
dysregulated in MM.” Specifically, inhibition of MEK/
MAPK exhibits preclinical anti-MM activity,47 which
is enhanced by concomitant inhibition of PI3K/Akt
in 75% of primary MM samples tested with this
combination. Resistance to this combination was
exclusively observed in RAS wild-type cases,”’ sug-
gesting that RAS mutations may identify patients in
whom combined inhibition of these pathways
should be explored in future studies. MEK regulates
MAF transcription in MM cells,*® suggesting
that inhibition of Ras/MEK/ERK may be particu-
larly warranted in MM patients with c-maf over-
expression.

Dysregulation of the PI3K/AKT/mTOR pathway is
also important in MM pathophysiology”: even though
genes involved in this cascade are not frequently
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mutated in MM,"” phospho-AKT is detected in 50% of
cases™ due to activation of this pathway by cytokines/
growth factors or adhesion molecule-mediated interac-
tions with BSMCs.”" It is also plausible that MM cells
harbor genetic lesions, which facilitate the constitutive
activation of PI3K/AKT. For example, the mTOR-
interacting protein DEPTOR (DEP domain containing
mTOR-interacting protein), suppresses SOK1 but
relieves feedback inhibition from mTORC1 to PI3K
signaling, thereby activating Akt. DEPTOR levels are
low in most human cancers, but DEPTOR is overex-
pressed in MM cells with cyclin D1/D3 or c-MAF/MAFB
translocations.”” Interestingly, high levels of DEPTOR
correlate  with response to thalidomide in MM
p::ltients.52 Other studies indicate that SCF (Fbxo9)
and CK2 regulate Akt activity in the context of growth
factor deprivation and promote survival of MM cells.””
Given the role of the PI3K/AKT/mTOR in MM, seve-
ral efforts have been undertaken to inhibit its function,
in some cases with multitargeted agents, eg, the
PI3K/mTOR inhibitors BEZ235>* and BTG-226,”” other
mTOR-targeting agents,S(’ and Akt inhibitors.””

Developmental pathways are frequently dysregu-
lated in human cancers and the progress of this
research in other cancers led to similar interest in
their role in MM.

The Notch family of receptors and ligands are
dysregulated early in MM progression.”® Interactions
of MM cells with BMSCs has been reported to
activate Notch-signaling, both in tumor cells and
BMSC, and then to induce secretion of interleukin-
6 (L-6), vascular endothelial growth factor (VEGF),
and insulin-like growth factor-1 dGF-1).>° Notch
receptors are expressed by MM cells and Notch
ligand DII1 is expressed on BMSCs. DII1 is involved
in tumor migration’® and also has been reported to
contribute to bortezomib resistance,(’0 while block-
ade of the Notch pathway could reverse this effect
and increase MM cell sensitivity to bortezomib.
Notch signaling also has been reported to induce
CXCR4/SDF-1 expression(’1 and, conversely, Notch
inhibition suppresses MM cell migration, prolifera-
tion, and resistance to apoptosis by reducing CXCR4
and SDF-1 levels.®"

The Hedgehog (Hh) pathway has been reported
to regulate the function of MM cells with stem cell—
like features,°>“® conceivably recapitulating the
physiological role of this pathway in regulating
normal stem cells during embryogenesis. After early
development, the Hh pathway is typically silenced in
most normal tissues, except during tissue homeo-
stasis and repair, implying that therapeutic interven-
tions against this pathway can be achieved without
catastrophic toxicities against most healthy tissues.
This notion has been supported by the safety profile
of ismodegib, a Hh inhibitor approved for treatment
of advanced basal cell carcinoma (BCC).(’4 Hh genes

are overexpressed in MGUS and MM patients, com-
pared to healthy donors and aberrant Hh signaling
has been detected in MM, through activation of both
canonical (Hh receptor Smoothened [Smo]-depend-
ent) and noncanonical (Smo-independent) path-
ways.(’2 BMSCs are a source of sonic hedgehog
(Shh) ligand, which suggests a paracrine role for
stroma-derived Hh signals.

The Wnt pathway has been studied extensively in
MM. The Wnt inhibitor DKK1, a suppressor of
osteoblast maturation and function, is considered
to be an important contributor to the impaired bone
remodeling in MM. Anti-DKK1 neutralizing antibod-
ies have been tested as a strategy to suppress MM-
associated bone loss.”> More recently, the Wnt
pathway has been studied as a regulator of MM cell
proliferation and biological aggressiveness. For
example, DKK1 exhibits a biphasic pattern of
expression during the course of MM, with over-
expression during the earlier stages (during which
DKK1 contributes to bone lytic lesions) and low or
nearly undetectable DKK1 levels in more advanced
MM (and MM cell lines).®>® This pattern may be due
to a negative feedback loop of Wnt/p-catenin signal-
ing in MM cells. DKK1 may act as tumor-suppressor,
since low levels of DKK 1 correlate with enhanced
Wnt pathway activation in MM cells®® and transcrip-
tional silencing of DKK1 by CpG-island methylation
of DKK1 promoter is associated with increased Wnt
pathway activation in advanced MM: in contrast,
demethylation of the DKK1 promoter restores DKK1
expression, resulting in inhibition of B-catenin/T-cell
factor (TCF)-mediated gene transcription in MM
lines.® In addition, carly preclinical data suggest
that Wnt antagonists inhibit MM cell proliferation.(’7
Further studies will be needed to evaluate the impact
of inhibition of DKKI1 in advanced MM.

Targeting Transcriptional Regulators With
Oncogenic Properties in MM: CCND, MAF/
MAFB, MMSET/FGFR3

As in many other neoplasms, MM is a disease of
dysregulated transcriptional programs. Interestingly,
several early oncogenic events in MM involve tran-
scription factors such as D-type cyclins (CCND) or
c-maf. "' #%%% Moreover, an increasing volume of
data points to c-myc"®7%7? and IRF4'83031:40.73 54
important regulators of MM biology.

Many transcription factors typically lack structural
motifs amenable to selective binding of currently
available classes of chemical entities, which may
explain, at least in part, the challenges to direct
inhibition of MM-associated transcription fac-
tors.”*7> An approach to bypass these challenges
involves targeting of other, upstream or down-
stream, components of the molecular pathways
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involving such transcription factors. For example,
cyclin-dependent kinases (CDKs) can be targeted
instead of D-type cyclins themselves. Specifically, the
broad-spectrum CDK inhibitor flavopiridol exhibits
preclinical anti-MM activity and has been evaluated
in clinical trials for other hematologic malignancies.
RNAi knockdown of CDK5 emerged among the top
"hits" in an in vitro screen for bortezomib sensitizers,
and the CDKS5 inhibitor, dinaciclib (SCH727965), is
in phase I/II clinical trial.”® CDK9, a key regulator of
transcriptional elongation, is targeted by SNS-032
and AT7519 (inhibitors of CDK9 and other CDKs),
which are also being evaluated in MM.®>”” Although
no selective pharmacologic inhibitors exist for c-maf,
which is overexpressed in approximately 30% of MM
cases,”® MEK inhibitors can inhibit c-maf expression
in cells from both the MMSET (Multiple Myeloma
SET Domain) or MAF subtypes of MM, suggesting a
role for MEK inhibitors to indirectly target c-maf
function.

MYC contributes to progression of normal plasma
cells to MM, and stochastic activation of the MYC
transgene in MGUS-prone mice leads to development
of MM.”® Secondary Myc rearrangements are
observed in 16% of newly diagnosed patients, with
increasing prevalence during disease progression
(and detection in >90% of MM cell lines), indicating
a role for MYC both early and late in myeloma-
genesis. Recently, major progress in therapeutic
targeting of c-myc was achieved with the develop-
ment of JQ1, the prototypic bromodomain inhibitor.
The BET bromodomain (BRD) protein BRD4 contains
recognition domains for chromatin-dependent signal
transduction to RNA polymerase and regulates c-Myc
expression and function. BRD4 has a role in marking
select M/G; phase genes in mitotic chromatin as
transcriptional memory and regulates postmitotic
transcription via direct interaction with the positive
transcription elongation factor complex b (P-TEFb).
Because c-Myc regulates promoter-proximal pause
release of Pol II, also through the recruitment of
P-TEFb, it was hypothesized that targeting BET
bromodomains could result in inhibition of c-Myc—
dependent transcription. Consistent with this
hypothesis, BET inhibition using the small molecule
JQ1 resulted in downregulation of MYC transcription
and subsequent genome-wide suppression of
Myc-dependent  target genes.”” JQ1 induces
a potent in vitro antiproliferative effect via cell cycle
arrest and cellular senescence, but not cell death, and
the cellular processes recover after treatment with-
drawal. JQ1 also effectively reduces tumor growth
rate in murine models, and produces complete
remissions in the genetically engineered c-myc—
driven Vk*myc model.”” However, JQ1 treatment
was not able to decrease tumor burden (compared
to pretreatment baseline) in cell line xenograft

models (of either subcutaneous or diffuse orthotopic
bone lesions).”* Furthermore, those VK*myc mice
which exhibited decreases in MM burden (as meas-
ured by human monoclonal M protein levels in the
peripheral blood) with JQ1 treatment, the tumor
burden increased again after treatment was stopped.
Collectively, these data indicate that Myc is a prom-
inent target and that inhibition of Myc via BRD4
inhibitor shows efficacy in preclinical models, as
validated by multiple follow-up studies.”” However,
the ability of MM cells to survive despite treatment
remains a limitation, and ongoing efforts are address-
ing strategies to develop and optimize BET bromo-
domain inhibitor-based combination regimens.

Until the development of proteasome inhibitors,
MM patients with t(4;14) (15% of MM cases) typically
exhibited suboptimal response to conventional and
high-dose chemotherapy.®” The overexpression of
FGFR3 in MM cells of these patients suggested that
kinase inhibitors or monoclonal antibodies against
this receptor could achieve major clinical
responses.”®' FGFR3 tyrosine kinase inhibitors are
typically active preclinically only against MM cells
with activating FGFR3 mutations, while anti-FGFR3
monoclonal antibodies exhibit activity against both
wild-type and mutant FGFR3-expressing cells.?54
Several FGFR3-targeting agents have been tested
clinically, but so far there are no definitive reports
of major clinical responses from these studies. This
may be due to the fact that t(4;14) dysregulates not
only FGFR3, but also MMSET expression. In fact,
more recent preclinical data suggest that MMSET
may actually represent a more significant driver of
the biology of t(4;14) MM than FGFR3 itself.?**"%
To date, selective MMSET inhibitors have not yet
been developed although progress in structural
biology studies of MMSET protein are poised to
facilitate the structure-function—-based drug design
of such agents.”

BRAF V600E mutations are detected with variable
frequency (2%—4%) in several cohorts'’ of MM cases.
The small molecule inhibitor, vemurafenib, already
approved for use in BRAF-mutant melanoma, could
potentially be wused to treat BRAFmutant MM
patients. Interestingly, BRAF V600E mutation patients
have been reported in small case series to have
relatively short progression-free survival after first-line
of treatment and high prevalence of extramedullary
disease,” although further confirmation is warranted

Loss of p53 function is a relatively rare (~10%)
molecular event in newly diagnosed MM patients, but
TP53 mutations/deletions are associated with adverse
clinical outcome in MM.">*%® There are no available
clinically applicable approaches to restore p53 func-
tion in cells with deletion of both alleles. In terms of
mutant p53, there are efforts to develop small-
molecule inhibitors,®” for example, MIRA-1, which
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are capable of restoring wild-type conformation and
function to mutant p53, and which have in vitro and
in vivo anti-MM activity regardless of p53 mutation.®®
APR-246 (PRIMA-1MET) is capable of restoring tran-
scriptional activity of unfolded wild-type or mutant
p53, through inhibition of MDM2, and has already
reached phase I clinical trial.*’

ARRY-520, a novel kinesin spindle protein (KSP)
inhibitor, was reported to have preclinical anti-MM
activity through degradation of MCL-1.”° This agent
has shown promising early clinical results as a single
agent and as part of combined therapy.”"”*

XPO1/CRMI1 was identified in RNAi screening
studies to be essential for MM cell proliferation.””
XPOI codes for the protein exportin 1, a nuclear
transport protein that exports tumor-suppressor pro-
teins from the nucleus. XPO! expression is increased
with disease progression.g4 Oral selective inhibitors of
nuclear export (SINE) Compounds,()s’% such as KPT-
276 and KPT-330 (currently in phase 1 clinical trials),
exhibit anti-MM activity in vitro and in vivo, as well as
impair osteoclastogenesis and bone resorption via
RANKL inhibition, without impacting osteoblasts.

Immune-Based Therapies

Immune dysregulation has been proposed to play a
critical role in MM progression,”” hence the impor-
tance of developing potent and selective anti-MM
immunotherapeutic strategies. In MM, the number of
dendritic cells (DCs) appears to be increased, but their
immunophenotype is consistent with immature DCs
with inefficient antigen presentation/processing prop-
erties.”® This has led to ongoing studies to test DCs/
MM fusion cell vaccination in combination with
inhibition of PD-1, which promotes T-cell tolerance,
after autologous stem cell transplantation.”®

Another development is the use of monoclonal
antibodies against specific surface molecules in MM
cells, namely, CD38 (daratumumab)’’ and CS1 (elotu-
zumab),'°*~'%® which both show promising results in
phase I/II clinical trials. For example, recent report
(2013 European Hematology Association meeting) of
results from a phase I/1II trial of single-agent daratumu-
mab in patients with relapsed or refractory MM
indicated a response rate of approximately 30% for
the entire study population and 67% for patients
treated with 4 mg/kg and upwards. These results are
promising because these responses to monotherapy
with a monoclonal antibody have not been previously
observed in patients with disease refractory to protea-
some inhibition and IMIDs. Another area of active
research relates to myeloid-derived suppressor cells
(MDSCs), which represent a heterogeneous group of
immature myeloid cells (CD11b"CD14HLA-DR”"™
CD33'CD157) that are capable of suppressing
immune responses.'”*'%7 MDSCs were recently

evaluated in MM patients and were found to be
increased in the peripheral blood and BM of MM
patients.'> MM cells induce MDSC development from
healthy donor peripheral blood mononuclear cells,
whereas interaction with MDSCs supports MM prolif-
eration and suppresses T-cell-mediated immune
responses. Inhibition of the tumor-promoting and
immune-suppressive functions of MDSCs in MM rep-
resents an interesting potential immune-based thera-
peutic strategy.

IMPLICATIONS OF THE TUMOR-
MICROENVIRONMENT INTERACTION ON THE
FUTURE OF MM TREATMENT

MM is a prototypical disease for the study of
interactions between tumor cells and their micro-
environment. A major focus in many studies has
been the role of BMSCs and specifically how adhe-
sion of MM cells to BMSCs can trigger paracrine,
autocrine, and/or juxtacrine (cell adhesion-medi-
ated) activation of proliferative and anti-apoptotic
signaling cascades in MM cells. *0-108-113 Major prog-
ress has been recently achieved in the mechanistic
understanding of these events, and on characterizing
the extensive impact of these events on MM cell
response to diverse therapeutics.

The development of the compartment-specific
bioluminescence imaging (CS-BLD) platform has
allowed high-throughput scalable quantification of
the response of large numbers of MM cell lines to
a very large number of established and investiga-
tional therapeutics both in the presence and in the
absence of different types and sources of BMSCs. *©
CS-BLI-based studies documented that MM cells
acquire resistance in the presence of BMSCs not
only to glucocorticoids, anthracyclines, and alkylat-
ing agents but also to a broader range of agents,
including diverse investigational therapeutics, from
various chemical classes.”® In the context of inter-
action with BMSCs, MM cells actually may become
more sensitive to certain classes of therapeutics,“/‘(’ a
phenomenon termed "microenvironment-dependent
synthetic lethality." A notable example of this prin-
ciple involves multitargeted kinase inhibitors, which
inhibit JAK kinases,’® which may be explained by
the role of JAK kinases as downstream effectors of
signaling events induced by the IL-6/IL-6 receptor
interaction or other gp130 receptor systems on the
surface of MM cells. Microenvironment-dependent
synthetic lethality may have profound implications
for the future of drug development in MM and other
neoplasms: it suggests that a substantial number of
investigational agents with anti-tumor activity exhib-
ited in the context of tumor—microenvironment
interactions may have been missed in the past by
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conventional preclinical development assays, which
are based on culture of tumor cells in isolation and
therefore did not routinely incorporate the element
of interaction between tumor cells and BMSCs (or
other accessory cells).

Significant advances have been achieved in our
mechanistic understanding of the molecular cas-
cades triggered in MM cells by their interaction with
BMSCs. Transcriptional profiling analysis of MM cell
lines interacting with immortalized BMSCs indicate
that MM cells exhibit increased transcriptional out-
put of diverse oncogenic pathways, including Ras,
PI3K/Akt, and NF«B, as well as transcriptional
signatures for MYC, IRF4, and other transcriptional
regulatory programs that are important for MM cells
in particular, or malignant cells more broadly.“ The
pleiotropic nature of these molecular events implies
that it may be difficult to abrogate the molecular
consequences of tumor stroma interactions through
suppression of single growth factor(s), cytokine(s),
respective receptors, or downstream signaling cas-
cades.’® Consistent with these observations, neutral-
ization of IL-6 activity in MM-BMSC co-cultures
decreased but did not completely abrogate the
ability of BMSCs to induce resistance of MM cells
to conventional agents, such as doxorubicin.*®

MM cells in the local microenvironment interact
not only with BMSCs but also with other accessory
cells (eg, osteoclasts' 4! 7y, as well as with diverse
growth factors and cytokines. Tumor cell-BMSC
adhesion has been reported to trigger excessive
osteoclast activation and increased MM cell prolifer-
ation and survival, through both direct cell—cell
contact-mediated interactions, as well as the release
of soluble factors, such as IL-6, BAFF, and APRIL.''®
These observations combined with recent reports of
potential survival advantage from bisphosphonate
treatment in MM patients''? suggest that inhibition
of osteoclast function in MM may have a favorable
impact on survival of patients through effects that
are independent of the direct impact of osteoclasts
on bone resorption and the clinical sequelae of
decreased skeletal events.

DCs and macrophages recently have attracted
considerable interest in terms of their possible role
as accessory cells supportive of MM cells in the BM
milieu. Plasmacytoid dendritic cells (pDCs) in the
BM of MM patients have been proposed to mediate,
at least in part, the immune deficiency in this
disease, as well as to promote MM cell proliferation,
survival, and drug resistance.'”’ Targeting toll-like
receptors with CpG oligodeoxynucleotides both
restores pDC immune function and abrogates pDC-
induced MM cell growth. Targeting pDC-MM inter-
actions may thus serve as a therapeutic strategy for
MM. Myeloid dendritic cells (mDCs) in the BM also
interact with MM cells via CD28—CD80/CD86(B7)

mechanism(s).'?""!'?? CD28, a co-stimulatory recep-

tor on T cells, is overexpressed in MM cells during
disease progression and is associated with adverse
survival. Engagement of CD28 on MM cells by its
ligand CD80/CD86 on mDCs directly stimulates the
increase in MM cells of prosurvival signaling via
PI3K/Akt/FoxO3a/Bim, as well as NF«B, leading to
protection against cytotoxic agents and growth
factor withdrawal-induced apoptosis. The interac-
tion with MM cells induces in mDCs a B7-mediated
upregulation of IL-6 (involved in cross-talk with the
Notch pathway) and the immunosuppressive
enzyme IDO. This MM—-mDC interaction and its
protective effect on MM cells can be suppressed by
lenalidomide or anti-CD28 antibody. Interestingly,
the MM-DCs interaction was recently reported to
contribute to genomic instability in MM: cell-to-cell
contact between MM and DCs rapidly induces the
genomic mutator activation-induced cytidine deami-
nase (AID) and AID-dependent DNA double-strand
breaks (DSBs) in MM cells.'?® AID-mediated genomic
damage led to the malignant progression of plasma
cells in vivo and this induction can be inhibited by
blockade of RANKL interactions. Macrophages also
have been reported to provide MM cells with pro-
liferative and anti-apoptotic  signals. PSGL-1
(P-selectin  glycoprotein ligand-1)/selectins and
ICAM-1/CD18 play an important role in
macrophage-mediated MM drug resistance.'?* Inter-
action of macrophages and MM cells activates Src
and Erk1/2 kinases, as well as c-myc pathways, as
well as suppresses caspase activation induced by
chemotherapy. CD14" monocytic cells freshly
explanted from MM BM exhibited a predominantly
pro-inflammatory transcriptomic profile when com-
pared to normal monocytes. Constitutive activation
of MAP3K8 kinase-dependent cascades appears to
regulate the inflammatory activity of monocytes/
macrophages, which acquire a pro-inflammatory
transcriptional profile in the MM microenviron-
ment.'”> MAP3K8 is required for tumor necrosis
factor alpha (TNFa)-mediated ERK activation, while
inhibition of MAP3KS8 results in apoptosis of MM
cells despite their contact with primary stromal cells.

In addition to the known effects of proteasome
inhibitors or IMIDs, new classes of therapeutics are
also capable of targeting the local BM/bone micro-
environment and the support that it provides to the
MM cells. For example, targeting the hypoxic niche
is under evaluation using drugs that inhibit molec-
ular targets in the hypoxia signaling pathway (eg,
HIF-1ae inhibitors), as well as selective hypoxia-
activated prodrugs (eg, TH-SOZ).IZ(’
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KEY CONCEPTS

The recent advances in MM research have identi-
fied novel therapeutic targets that may translate into
improvements in treatment outcome. However,
none of the molecular lesions recurrently present
in MM cells are universal driver(s) of this disease.
Furthermore, evaluation of recurrent lesions does
not suggest convergence of these molecular defects
to one single pathway. Instead, multiple molecular
cascades seem to be concomitantly dysregulated in
this disease, even in its early stages. However, there
is room for optimism that these advances in our
molecular understanding of the disease will translate
into therapeutic benefit. The last decade has seen
major progress in development of new chemical
entities that selectively engage molecular targets
with potential therapeutic value for different can-
cers, including myeloma. Moreover, even though the
molecular complexity and heterogeneity of MM cells
is daunting, there has been increasing emphasis on
identification of molecular targets that play central
role(s) in the biology of this disease which thereby
represent targets for therapeutic interventions.
Importantly, preclinical and clinical translation of
novel agents with multi-targeted features (eg, pro-
teasome inhibitors and immunomodulatory drugs),
as well as use of preclinical models to inform the
design of combination regimens incorporating new
targeted therapies along with these agents, has great
potential to further improve patient outcome.

CONCLUSION

Our understanding of the molecular pathophysi-
ology of MM has significantly expanded over the last
decade. Recurrent mutations in MM oncogenes have
been found, but many of these are either currently
not targetable with existing therapies or too infre-
quent to enable rapid clinical development of spe-
cific therapeutic agents. However, progress in the
study of several different pathways involved in MM
pathogenesis has already provided valuable insights
into new, and potentially beneficial strategies to
treat MM.
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The outlook for patients with multiple myeloma (MM) has improved significantly with the
development of new and more effective therapies, particularly the immunomodulatory agents
and proteasome inhibitors. Preclinical and correlative science investigations have played a
critical role in these advances, providing important insights regarding mechanisms of neo-
plasia, inhibition of tumor growth, and drug resistance. This review highlights the evolution of
drug development in MM, the manner in which preclinical models have contributed to the
process of drug discovery, and important insights gained during the current era of MM drug

development.
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he outlook for patients with multiple mye-

loma (MM) has improved dramatically with

the development of new, more effective
therapeutic agents, particularly the immunomodu-
latory drugs and proteasome inhibitors."” This
progress has been catalyzed by advances in the
understanding of MM biology and the specific
cellular and extracellular processes that drive pro-
liferation of the malignant plasma cell clone. The
development of increasingly sophisticated preclin-
ical models that approximate unique character-
istics of the MM tumor cell microenvironment
has enhanced translation of discovery from the
bench to bedside through identification of promis-
ing therapeutic targets and compounds likely to hit
them. This article reviews the evolution of drug
development in MM, the manner in which preclin-
ical models have contributed to the process of
drug discovery, and important insights gained
during this most recent era of drug development
in MM.
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EARLY STAGES OF CHEMOTHERAPEUTIC
INTERVENTION IN MM

Systematic study of MM therapy began in the
1960s. By this time, MM was known to be a bone
marrow malignancy involving plasma cells character-
ized by production of clonal immunoglobulin.5’4
Study of nitrogen mustard in lymphoma had demon-
strated the significant anti-tumor potential of alkylating
agents in hematologic neoplasia, and investigations of
this drug class in MM soon followed. Several groups
reported on the single-agent activity of both melpha-
>7 and cyclophosphamide® in MM. Predni-
sone'”'" and pulse-dose dexamethasone'® also were
shown to have anti-MM activity in this time period.

Combination chemotherapy with an alkylating
agent and corticosteroid in MM was subsequently
introduced by Alexanian and colleagues, who dem-
onstrated the superiority of melphalan and predni-
sone (MP) over singleagent melphalan.'> The
emergence of MP as a standard in MM treatment
was an important milestone in the field, as it con-
firmed the ability of combination chemotherapy to
induce significant, sustained responses, albeit in no
more than 50% of patients treated with the regimen.

Efforts to improve on MP with the addition of
other chemotherapeutic drug classes such as taxanes
and anthracyclines resulted in more intensive com-
bination regimens such as vincristine, carmustine,
melphalan, cyclophosphamide, and prednisone
(VBMCP)14 and vincristine, doxorubicin, and dexa-
methasone (VAD).'” While these combinations pro-
duced higher response rates than MP, they did not
increase the duration of remission or overall survival
(0S).1%17
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A NEW PARADIGM IN MM DRUG
DEVELOPMENT

The paradigm for treatment of MM changed
in the 1990s following a series of key observations
in the laboratory. On the one hand, MM was shown
to be associated with increased levels of circulating
angiogenic cytokines such as vascular endothelial
growth factor (VEGF) and with increased bone
marrow vascularization.'®'? Meanwhile, thalidomide
was shown to possesses anti-angiogenic properties”’
and anti-tumor effect in an in vivo animal model.”’
On the basis of observations from critical preclin-
ical investigations, thalidomide was evaluated in
relapsed and refractory MM, wherein it demon-
strated significant activity in heavily pretreated
patients.*

Thus, a drug with a high level of single-agent
activity in MM was identified. It was subsequently
shown that thalidomide exerts pleiotropic anti-
tumor effects in MM, including enhancement of
T-cell and NK cell activity, disruption of adhesion
between MM cells and surrounding stromal cells,
and induction of caspase-8—mediated apoptosis.>’
The agent proved to be a suitable therapeutic
partner in combination regimens; in studies involv-
ing patients with newly diagnosed MM, thalidomide
plus MP (MPT) outperformed MP ;110nf:,24’25 while
thalidomide plus dexamethasone (TD) proved to be
superior to dexamethasone alone.”®

The introduction of thalidomide proved to be a
prologue to additional steps in MM drug develop-
ment that have advanced the field still further.
Since 2000, nine new treatments have received US
Food and Drug Administration approval for MM, an
unprecedented rate of drug development in MM,
and indeed in the broader arena of medical oncol-
ogy. A cornerstone of this progress has been the
utilization of sophisticated in vitro and in vivo
preclinical models that recapitulate the intra- or
extramedullary tumor cell environment, and so
can potentially meaningfully inform clinical
studies.

PRECLINICAL MODELS IN MM

Preclinical studies consist of both in vitro and
in vivo animal studies. The objectives of in vitro
studies are to define the impact of target genes and/
or their products (proteins) in MM cells by using
molecular biological approaches (knockdown or
overexpression) or small molecule inhibitors (SMIs),
as well as antibodies (Abs). Primary endpoints of the
studies are not only proliferation, but also drug
resistance, adhesion, and migration of MM cells. Cell
proliferation studies can be assessed by inhibition of
multiple targets using selective SMIs. Since the bone

marrow (BM) microenvironment plays a crucial role
in MM pathogenesis, the effect of SMIs or knock-
down/overexpression of targets also should be
evaluated in the presence of cellular components
of the BM microenvironment (ie, BM stromal cells,
osteoclasts, dendritic cells).?” The results from cell
line studies also should be confirmed in primary
tumor cells from MM patients to define clinical
relevance.

For validation of SMIs or Abs in vivo, several
different models have been used. First, the plasma-
cytoma model in which MM cells are subcutaneously
injected into severe combined immunodeficiency
(SCID) mice;*® second, the diffuse model in which
MM cells are injected intravenously and cells pre-
dominantly localize in mouse bone marrow>’; third,
the SCID-hu model in which a fetal human bone chip
is implanted subcutaneously into SCID mice, fol-
lowed by direct injection of human MM cells into the
chip;so and fourth, the VK*MYC transgenic model
that spontaneously develops a high rate of mono-
clonal gammopathy, evolving to many features of
MM.’"*? In these mouse models, not only tumor
growth inhibition but also inhibition of neoangio-
genesis or alteration of bone remodeling can be
examined.”’

Since the majority of the preclinical studies are
conducted using MM cell lines, there are several
limitations. For example, cell lines proliferate with a
24- to 48-hour doubling time, whereas primary MM
cells do not spontaneously proliferate. In this con-
text, evaluating SMIs modulating cell cycle and/or
mitosis in primary MM cells is challenging and
in vitro results may not predict drug efficacy in
clinical trials.

BORTEZOMIB—A CASE STUDY

The development of the proteasome inhibitor
bortezomib highlights the manner in which preclin-
ical models have enhanced translation of a com-
pound with promising yet unproven activity in MM
from the laboratory to the clinic. Reports that
proteasome inhibition induces apoptosis in chronic
lymphocytic leukemia (CLL) cells brought initial
attention to the potential anti-tumor effect of this
drug class.>**> The effect of proteasome inhibition
in MM was evaluated in a series of investigations
using MM cell lines and patient-derived MM cells
grown on a bone marrow stromal cell (BMSC)
monolayer. These studies identified critical mecha-
nisms through which bortezomib thwarts MM
tumor growth, including inhibition of nuclear factor
kappa light chain—enhancer of activated B cells
(NF-kB), induction of caspase-8/-9-mediated apopto-
sis, cleavage of DNA repair enzymes, and disruption
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of IL-6—induced activation of ERK, STAT3, and AKT
pathways.36’37

Initial clinical evidence of bortezomib’s anti-MM
effect came from a phase I study of the drug in 27
patients with refractory hematologic malignancies.’®
The clearest signal of activity emerged from nine
patients with plasma cell dyscrasias, all of whom
experienced a decrease in paraprotein concentra-
tion, including one patient with a complete response
(CR). After two phase II clinical trials of bortezomib
monotherapy provided further evidence of activity
in MM,>”% a phase III study comparing bortezomib
to high-dose dexamethasone confirmed the drug’s
efficacy in relapsed and refractory disease based on
improvement in overall response rate, progression-
free survival (PFS), and 0s.1!

Further advances in the development of bortezomib
involved combination strategies that were again based
on highly informative preclinical data. Several preclin-
ical studies demonstrated synergy between bortezomib
and conventional agents such as doxorubicin and
melphalan**** and with the immunodulatory agents
thalidomide and lenalidomide.** Rigorous efforts evalu-
ating such combinations in clinical trials have culmi-
nated in multiple phase II studies confirming the
effectiveness of bortezomib-containing regimens in
both relapsed and refractory as well as newly diagnosed
MM. These combinations include bortezomib-dexame-
thasone,”” bortezomib plus liposomal doxorubicin, *°
bortezomib-dexamethasone plus MP,”” bortezomib plus
TD,/'S’49 and bortezomib-doxorubicin-dexamethasone.®
In addition, there are compelling data from phase I/II
clinical trials regarding combinations of lenalidomide-
bortezomib-dexamethasone,’>* as well as cyclophos-
phamide—bortezornib—dexamethasone.53’54

INSIGHTS DERIVED AND FUTURE STEPS

As the rapid translation of laboratory discovery in
the development of bortezomib illustrates, preclin-
ical models play a pivotal role the arena of MM
therapeutics. They provide valuable insights regard-
ing the mechanisms of tumor growth, inhibition of
tumor growth, and drug resistance. They also pro-
vide an experimental platform through which to
systematically screen and identify compounds and
drug combinations with greatest potential for effi-
cacy in the clinic.

There are, of course, important limitations to
these models. Perhaps most importantly, MM is
biologically heterogeneous, and as such tumor mod-
els cannot fully account for behavior of the disease
in a human host. Moreover, even with sophisticated
animal models, drug metabolism and pharmacoki-
netic characteristics can only be approximated prior
to human study. Likewise, drug toxicities associated

with a given agent can only be fully characterized in
the context of clinical trials.

In spite of these limitations, preclinical investiga-
tion will undoubtedly remain at the forefront of drug
discovery in MM. The experimental models will be
further refined as knowledge of MM genetics and
tumor biology deepens and as such they will have
even greater capacity to inform drug discovery by
providing insight on agents that are most likely to
prove effective in the clinic. The impact of such
progress is plain to see, as patients with MM
experience better outcomes as a result of more
effective therapies that are informed by rigorously
conducted preclinical study.”” >’
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Myeloma: Classification and Risk Assessment

Rafael Fonseca and Jorge Monge

Multiple myeloma (MM) is a heterogeneous disease for which several new treatments are
available. Much has been learned about its biology over the past 15 years. We now understand
that there are various subtypes of the disease, each one associated with different outcomes and
clinical pathological features. While a detailed classification of the disease into at least seven or
eight major subtypes is possible, a practical clinical approach classifies the disease into high-
risk and not-high-risk MM. This classification has allowed for tailored approaches to therapy
and treatment planning. Furthermore, the discussion of outcomes with patients should include
risk stratification, as the prospects for survival are quite different depending on whether the
patient has high-risk MM or not. The tools for measuring risk subcategory are widely available
and now routinely employed in the clinic. The continued search for genetic abnormalities that
underlie the biology of MM may allow for even better precision therapy in the future.

Semin Oncol 40:554-566 © 2013 Elsevier Inc. All rights reserved.

ultiple myeloma (MM) is a neoplasm that

arises from the malignant proliferation of

plasma cells." MM always arises as a pro-
gression from the monoclonal gammopathy of unde-
termined significance MGUS).”™ The last 15 years
have witnessed heretofore unprecedented under-
standing of the biology of the disease. It is now clear
that at least some of the genetic abnormalities that
ultimately give rise to MM arise as a consequence of
errors during the normal process of plasma cell
development.’ Specifically, and much like other B-
cell lymphomas, the presence of chromosome trans-
location involving the immunoglobulin heavy chain
(IgH) genes accounts for approximately half of MM
cases.”® The other half of MM is hyperdiploid MM, for
which, despite some progress, we still lack full under-
standing of the genetic drivers.>””'°

CLINICAL STAGES OF THE PLASMA CELL
NEOPLASMS

There are various stages in the development of
plasma cells disorders. The earliest stage that can be
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recognized in the clinic is MGUS."" However, it is
quite likely that earlier stages of plasma cell prolif-
eration exist (mini-MGUS or pre-MGUS) but that the
level of proliferation is minimal and therefore not
easily identifiable in the clinic. To detect MGUS,
patients must have a significant concentration of a
monoclonal protein such that it is identifiable (or
measurable) in a protein electrophoresis or patients
must have an abnormality in the serum-free light
chain assay. The same genetic abnormalities that are
present in MM are typically present in patients with
MGUS.'*'° patients with MGUS, by definition, will
have none of the complications associated with
MM.'' These patients also have a lower prevalence
of the genetic aberrations believed to be indicators
of clonal progression, such as deletions of chromo-
some 17.'%7'° An intermediate stage between MGUS
and active MM is known as smoldering myeloma
(SMM)."” Patients with SMM also have a lower
prevalence of genetic aberrations believed to be
associated with disease progression. One interesting
feature of patients with early-stage plasma cell
tumors is that they appear to have a lower frequency
of genomic instability as opposed to patients with
MM (unpublished observations).

The progression of MGUS and SMM to MM is
believed to result from the acquisition of secondary
genetic changes, although other factors such as
microenvironment changes as well as deregulation
of the immune system may contribute in supporting,
or allowing, this progression.'®'? The specific
changes that result in this progression are not fully
identified, although some, such as mutations of RAS,
are observed in a significantly higher proportion of
MM cases than MGUS.*""**
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MM has some racial association being twice as
common in patients of African descent.””*> Very
few studies have attempted to understand the biol-
ogy of the disease in this population.”*** One study
reported that African-American patients with MM
have a lower frequency IgH translocation.”® Another
study reported that the prevalence of MGUS is
higher in patients of African origin.?* It is quite likely
than that these differences are secondary to genetic
susceptibility factors, although the precise mecha-
nisms is not known.”**’

FROM CYTOGENETICS TO MOLECULAR
CLASSIFICATION OF RISK ASSESSMENT

Biologically, MM can be broadly categorized into
two genetic categories; hyperdiploid MM and non-
hyperdiploid MM.“® The latter is characterized by a
high prevalence of chromosomal translocations.®™®

Hyperdiploid Myeloma

Hyperdiploid MM is observed by fluorescence
in situ hybridization (FISH) in about 50% of the
cases,”® and is generally believed to be associated
with a better outcome. These patient's clonal cells
harbor multiple trisomies of the odd-numbered chro-
mosomes, with the exception of chromosome 13.%”
Hyperdiploidy is observed even in the earliest stages
of the disease, such as in MGUS,'>*? and is therefore
considered to be an initiating pathogenetic event,
although the mechanisms for this remain
unclear.””'”%° Patients with hyperdiploidy detected
by FISH are found to have a better prognosis and
longer survival than their counterparts.”’ This prog-
nostic benevolence is lost in cases where hyper-
diploidy is also associated with other genetic markers
of progression or aggressiveness such as —17p13."¢
The prognostic impact of hyperdiploidy by karyo-
type analysis is unknown, since in and of itself,
abnormal metaphases are an indicator of poor prog-
nosis.”* The classic patient with hyperdiploid MM is
an elderly male, who has IgG-kappa MM and many
bone lytic lesions.

Non-hyperdiploid MM

Non-hyperdiploid MM is characterized by a rela-
tive high prevalence of IgH chromosome transloca-
tions (>85%).”® Most of these patients, with the
exception of most of those with a t(11;14)(q13;q32)
translocation, have an aggressive disease course,
characterized by rapid relapse and shorter sur-
vival.>*~* These patients also have a higher fre-
quency of progression of genetic events such as
chromosome 13 and 14 deletion, chromosome 17

abnormalities, chromosome 1q amplification, and 1p

deletion.””” High-risk MM is more common in
patients with non-hyperdiploid MM.?*—>?

The three major subtypes of chromosome abnor-
malities include the t(11;14)(q13;q32), t(4;14)(p106;
q32), and t(14;16)(q32;q23).

Translocation t(11;14)(q13,q32)

The t(11;14)(q13;932) chromosomal translocation
is one of the most common genetic abnormalities in
MM.>>*1=%3 This translocation results in increased
expression of the cyclin D1 gene (CCNDI). This
chromosomal translocation has been observed in
MGUS as well as in MM.'®" Patients with this
abnormality can be subdivided into two categories:
one with a rather indolent course and one associated

. . 4 .
with more aggressive features.”” Gene expression

profiling has been able to categorize individual cases
into these two Categories.45 This chromosome aber-
ration is also quite common in patients with primary
plasma cell leukemia and light chain amyloidosis.z‘(’_48
It is notable that many of these patients have a very
stable genome (with fewer copy number aberrations
and interstitial breakpoints), and therefore this likely
explains the overall better outcome for many
of them.

High-Risk Translocations

The two major translocations associated with
aggressive disease are the t(4;14)(p16;q32)
(observed in 15% of cases) and the t(14;16)(q32;
q23) (observed in 5% of cases).”” The t(4;149)(p16;
q32) is associated with dysregulation of the expres-
sion of FGFR3 and MMSET.* The t(14;16)(q32;q23)
is associated with increased expression of C-maf.””
These two translocations have been associated
in most studies with a more aggressive clinical
course, although their impact as prognostic factors
has been diminished (although not fully eliminated)
by the introduction of proteasome inhibitors.”’
Some studies have questioned the usefulness
of the t(14;16)(q32;q23) as a predictor,52 but the
consensus is that it is still important as a prognostic
factor.”®

Progression Genetic Events
Chromosome 17 Deletions

Chromosome 17 deletions have been identified as
crucial in the identification of patients with high-risk
MM.**>%%5 Most of them involve the short arm of
chromosome 17, and almost always include the
TP53.7%%7 Interestingly, mutations of TP53 have
not been routinely detected in these patients, differ-
ent from what is observed in chronic lymphocytic
leukemia, and in fact only a small minority of them
have this mutation.” These patients have more
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aggressive variants of MM with a short time to
relapse, extramedullary disease, and CNS involve-
ment.>>>” All primary genetic subtypes of the dis-
ease can acquire chromosome 17 deletions as part of
disease progression. Patients with this abnormality
have a worse prognosis, with 17p13 deletions being
the single most powerful genetic marker for risk
stratification.

Other Genetic Factors of Importance

Other genetic factors associated with outcome
have been identified as well. Notable among these
are chromosome 1 abnormalities.*®' Chromosome
1p deletions often coexist with chromosome 1q
duplications or amplification. Both of these abnor-
malities have been associated with more aggressive
disease. Deletions of chromosome 14 are more
common in patients who have hypodiploid MM,
and therefore also have been associated with a more
aggressive clinical course.”>®? The importance of
MYC abnormalities as a prognostic risk factor has not
been fully tested,*>°* although one large clinical
study showed no effect.® Hypodiploidy, usually
detected by karyotype only, is also an important
negative prognostic risk factor.®!

High-Risk Classification Via Gene Expression
Profiling

Several studies have addressed the role of gene
expression profiling as a prognostic marker for
MM, 0394572775 The group from the University of
Arkansas Medical Sciences has conducted the most
comprehensive studies.*”*> They have shown that
utilization of RNA-based microarrays can accurately
identity 15% of patients who have very aggressive
disease.””>* This team also has used gene expression
profiling for the identification of other important
clinical outcomes such as responsiveness to borte-
zomib.”*7*7% The test is now commercially available
and can be performed by reference laboratories. The
clinical implications for these results have been
validated in multiple data sets. Other research teams
have identified various other gene expression profil-
ing signatures that can aid in prognostica-
tion.' 3772775 Most of these signatures are not
overlapping, and it is not clear whether any of them
can perform any better in routine clinical care than
the 70-gene signature developed by the University of
Arkansas. Other models have explored gene expres-
sion profiling to detect high-risk MM cases, including
novel genetic signatures,””’? array-based compara-
tive hybridization,?” and a centrosome-based index”*
(Table 1).

Next-Generation Sequencing, Clonal
Evolution, and Tides

A thorough analysis of MM cases using next-
generation sequencing (NGS) confirmed previously
known genetic mutations, and discovery of new
altered pathwzlys.(’2 Interestingly, these new recur-
rent mutations would not not normally have
been sought by rational hypothesis testing, and
included seemingly unrelated genes such as those
involved in the coagulation cascade. Similar efforts
have reported in the search of tyrosine kinase
mutations.®’ Unfortunately, and despite the tech-
nological sophistication, as of yet these studies
have failed to yield major new insights into the
biology of the disease and further analysis is under-
way. However, they have paved the way for the
thorough understanding of the subclonal nature
of MM.

Combining high-throughput genomic tools such
as NGS with single-cell analysis such as FISH, we and
others have shown the existence of multiple clones
within a single patient with MM.**%% While these
clones are all related, and originate from a common
ancestor, multiple branches of evolution arise. This
branching diversity creates a complex adaptive
system that can favor clonal selection and drug
resistance.®®* Understanding the potential clinical
implications of subclones in MM as a prognostic
marker for the disease would seem to be an impor-
tant avenue of research. It seems logical that patients
who have a greater number of clones will have
greater adaptability, and therefore potentially should
be classified as high risk exclusively on the presence
of this phenotype/genotype.

Genomic Instability

One question that has not been solved is why
certain genetic markers are associated with more
aggressive disease? Recent data suggest that the
genetic markers that identify high-risk MM also
correlate with patients who have greater degrees of
genomic instability.®> In fact, Chung et al have
shown that genomic instability, a characteristic
measured by the surrogate marker of genomic com-
plexity, is a major prognostic factor for MM.?” Data
from our group have shown that patients with
greater degrees of genomic instability will tend to
have a shorter survival and more aggressive pheno-
types.®” Perhaps it is genomic instability that should
be considered the most important prognostic factor
for disease. Genomic instability is likely the most
important determinant for clonal aggressiveness by
allowing the genomic evolution of clones capable of
one-drug resistance, making this permissive environ-
ment more significant than the specifics of the
genetic aberrations observed.



Table 1. Gene Expression Profiling as a Prognostic Marker in Multiple Myeloma

GEP Signature Outcome Measured P Value Outcome Measured P Value
UAMS 70-gene signature’’ EFS (HR of high v low risk) OS (HR of high v low risk)
Training cohort (n = 351) 4.51 <.001 5.16 <.001
Test cohort (n = 181) 3.41 .002 4.75 <.001
H-MM signature'° PFS (median in days) Response to bortezomib
Cluster 3 v others 253 v 127 13 70% v 29% .02
Median survival (mo)

Cluster 3 v cluster 1 122 v 27 .04
Centrosome index (CI)”* OS (hazard ratio) OS in patients with Pl >2

(median in mo)
High v low CI 1.95 .04 30.6 v 45.6 .04

PFS (median in mo) OS (median in mo)
Enrolled in bortezomib trials 2.8 v 4.9 .02 11.5v. 20.9 .0002
(high v low ClI)

IFM 15-gene signature’> Mean 3-yr survival OS (hazard ratio)
High v low risk 47.4% v 90.5% NR 6.8 .001
Treatment response by GEP-defined risk’’
GEP high-risk EFS (hazard ratio) OS (hazard ratio)
2003-33 trial 2.57 <.001 2.43 .001
2006-66 trial 2.77 .019 3.00 .016
EMC 92 -gene signature’’ % of patients identified as high risk OS (hazard ratio)
UAMS-TT2 data set 19.4 3.4 <.001
UAMS-TT3 data set 16.2 5.23 <.001
MRC-IX data set 20.2 2.38 <.001

Abbreviations: GEP, gene expression profiling; UAMS, University of Arkansas for Medical Sciences; H-MM, Hyperdiploid Multiple Myeloma; EMC, Erasmus University Medical Center;
IFM, Intergroupe Francophone du Myelome; OS, overall survival; PFS, progression-free survival.
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Predictive Biomarkers, Cereblon

It is logical to expect that a number of genetic
mutations will ultimately confer resistance to certain
drugs used for the treatment of MM. The first such
important discovery was the identification of cere-
blon (CRBN) as a key target of immunomodulatory
agents.®>®” While it is unclear whether all activity of
immunomodulatory agents is mediated via CRBN,
the lack of expression of this gene has a high degree
of correlation with drug resistance to immunomodu-
latory agents. CRBN was recently described as the
genetic factor for teratogenicity of immunomodula-
tory agents, and subsequently tested as a biomarker
in MM. While more studies are needed, the marker
predicts with high accuracy response and survival
parameters among patients treated with immunomo-
dulatory agents.®**”

PROGNOSIS AND TREATMENT OUTCOME:
A MOVING TARGET

Conceptual Discussion

Many variables contribute to the development of
prognostic systems for patients with MM, including
disease biology itself, use of specific drugs, and
sequencing of agents. The complexity is such that
one might want to consider various prognostic
systems for MM that include stage of the disease,
medications being used, previous treatment admin-
istered, and other host factors and comorbidities.
This high complexity to establish prognosis is some-
what specific to MM, and unlike that of most solid
tumors since these patients will commonly be
treated with all active medications at one point of
their disease course or another (it is not unusual to
see a patient was receiving six-line therapy for the
disease). Currently available prognostic markers
mostly estimate overall survival but will be limited
in their ability to precisely determine which is the
best sequence for use of the agents and the duration
of responses to specific treatment strategies. The
situation is further complicated as most MM patients
are now treated with combinatorial strategies, add-
ing complexity to the decision-making process.

Combinatorial strategies, discussed elsewhere in
this issue of Seminars, have resulted in superior
outcomes with regard to response, and early indica-
tors suggest that deep responses (eg, complete
responses) will translate to improvements in overall
survival.**®® Another complexity is that many of
these novel agents have improved the survival and
outcomes for patients, irrespective of risk status.®?"

However, one of the most notable findings in risk
prognostication research in MM is that high-risk
patients fare better when they are treated with
proteasome inhibitors.”"”*™”* This observation led

to the first set of risk-stratified treatment recommen-
dations suggesting that earlier introduction of protea-
some inhibitors during induction is indicated for high-
risk patients.()4 However, nowadays it is nearly ubig-
uitous that most MM patients, irrespective of risk, will
be treated with proteasome inhibitors as first-line
therapy. Thus, the contribution of risk stratification as
a tool for drug selection for induction is limited. We
recommend the utilization of risk stratification for
patient counseling and post stem cell transplantation
(SCT) therapy. It also has been noted that obtaining a
complete response is of crucial importance for
patients who have high-risk MM.””

One valuable use for risk stratification is patient
counseling. With the advent of so many new drugs,
some have called MM a “chronic disease.” A patient
diagnosed with high-risk MM is not one with a
“chronic disease” and has a higher risk of mortality
in the 2-3 years post diagnosis.’®’’ While some of
the aforementioned studies suggest abrogation of
traditional genetic classifiers by the introduction of
proteasome inhibitors, long-term follow-up, and suf-
ficiently powered studies, suggest that high-risk MM
patients still fare worse.®””>“? Although the intro-
duction of proteasome inhibitors has nevertheless
improved outcomes for some high-risk MM
patients,”®”° many still have a shorter duration of
response and survival.”*°' The discussion in the
scientific literature will sometimes prematurely
claim that a novel combination “overcomes high-
risk MM,” but longer duration of follow-up usually
confirms early reports as pyrrhic victories if only
used during induction.”””? However, recent clinical
data suggest that the use of proteasome inhibitors
as consolidation therapy is beneficial for patients
with t(4;14)(p16;q32).°%?° It is important to recog-
nize that at the time of diagnosis, patients with high-
risk MM already have clinicopathologic features of
more aggressive disease (eg, greater tumor burden,
more hypercalcemia, etc) and also have a higher
propensity for faster relapse.”” 3639 Furthermore,
many of them present with greater degrees of clonal
evolution. Unfortunately, high-risk MM remains a
challenge and a much greater threat to MM patients
than standard disease.

Melphalan and Autologous Stem Cell
Transplantation Following Doublets

Multiple studies have shown that genetic factors
associated with high-risk disease predict outcomes in
patients treated with conventional forms of chemo-
therapy (eg, melphalan-based therapy) and also with
simple inductions (eg, vincristine, doxorubicin, and
dexamethasone [VAD] or bortezomib and dexame-
thasone [VD]) followed by SCT.>*37%° These studies
showed a much shorter progression-free survival and
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overall survival among patients with high-risk MM
treated with these agents. Recently Avet-Loiseau and
colleagues showed that a short (4 months) induction
with bortezomib in combination with dexamethasone
improves the outcomes of MM patients with t(4;14)
(p16;q32) but not for those with —17p13.”" Older
studies have shown that induction with thalidomide
and dexamethasone (TD) or VAD followed by a single
autologous SCT in patients with t(4;14)(p16;q32)
would result in nearly ubiquitous relapse in the 12
months post SCT 20277 Simple inductions (doublets)
and autologous SCT seem thus incapable of abrogat-
ing the effects of high-risk genetic markers.

Modern Induction (triplets)

The use of combinatorial strategies has resulted in
a much greater proportion of patients achieving deep
responses,”” and as mentioned previously, early indi-
cators suggest a beneficial effect on long-term out-
comes including overall survival in some.*®?* While
clinical trials are addressing the role of carfilzomib as
part of induction regimens,”’ most current clinical
practice is based on the combination of bortezomib
and dexamethasone with either cyclophosphamide
(CyBORD)”® or lenalidomide (RVD).”” Similar combi-
nations are being pursued with great success now
replacing bortezomib with carfilzomib. One such
study showed a dramatic rate of deep responses
among newly diagnosed MM patients treated with
carfilzomib, Lenalidomide, and dexamethasone.”” All
of these regimens are highly active and achieve deep
responses in the majority of cases. Many authors still
favor the use of combinations including cyclophos-
phamide due to lower cost, immediate availability,
good tolerability, and no need to adjust doses in
patients with renal dysfunction. However, both strat-
egies (ie, adding either cyclophosphamide or lenali-
domide to proteasome inhibitors and dexamethasone)
are appropriate and similar. Details regarding the
various options for induction are discussed elsewhere
in this issue of Seminars.

There is one hypothetical situation where lenali-
domide may be preferable over cyclophosphamide
in these combinations. In patients with high-risk
MM, the clonal cells are capable of greater genomic
instability, and thus introduction of alkylating agents
when the tumor burden is high might be deleterious
by allowing clonal evolution favoring the creation of
drug-resistance clones. While the rationale for this is
largely hypothetical, and the fact that lenalidomide
also may be genotoxic (based on the reported
second primary malignancies), favoring lenalidomide
in the induction of high-risk MM seems reasonable.
This hypothesis remains to be proven but may be a
reason to choose non-alkylator-based regimens in
newly diagnosed high-risk MM.

RISK STRATIFICATION FOR CONSOLIDATION
AND MAINTENANCE

Overview

Performing an autologous SCT remains one of the
mainstays for treatment of eligible MM patients.
Given the aforementioned discussion it seems that
risk stratification will have a greater influence on
patient counseling and selection of post SCT ther-
apy. But also given the possible genotoxic effects of
high-dose melphalan in tumor cells, it seems reason-
able to seek maximal tumor bulk reduction in cases
of high-risk MM.

An interesting conceptual development for MM
treatment, based on the results of several large
clinical trials, is that the duration of therapy seems
to be important for optimal outcomes. This
approach has been explored in the setting of main-
tenance post SCT,'’”'°"  consolidation after
SCT,*®828390 3nd maintenance after induction in
non-SCT candidates.”*"'"*

While the terms “consolidation” and “mainte-
nance” are used to describe the temporal association
of various treatments, the reality is that many of
them represent semantic variations for (merely)
continuation of therapy. Whether there is a biologic
difference between consolidation, intensification, or
maintenance is unclear, and mostly reflects physi-
cians’ perception of treatment toxicity (eg, mainte-
nance is “less toxic”). It has become increasingly
clear that longer duration of therapy may be impor-
tant.'%>'°* A potential rationale for this might be that
MM cells have a very low proliferative rate so that it
is only because of prolonged exposure that oppor-
tunities to expose mitotic cells to anti-MM
treatments exist.

Maintenance and Risk Stratification

Two large clinical trials have evaluated lenalido-
mide as maintenance after SCT, one of which show-
ed improvements in overall survival.'’>'°! The other
study (Intergroupe Francophone du Myelome [IFM])
has not shown improvement in overall survival, but
did find a very significant increase in progression-
free survival.'’’ This last study, despite randomiza-
tion, had a greater proportion of high-risk MM
patients among those receiving lenalidomide main-
tenance, which no doubt could have had a major
impact on the study results (10% v 20%). In another
maintenance study, the use of thalidomide appeared
to be deleterious to patients with high-risk MM."'°> It
is possible that incomplete therapeutic interventions
(eg, low-dose “maintenance”) in the context of high-
risk MM engenders subclone selection, and therefore
disease aggressiveness ensues. Overall maintenance
as a strategy seems to be a laudable goal, but its



Table 2. Maintenance Therapies After Stem Cell Transplantation

Length of CR or VGPR Second Primary
Regimen Treatment (%) PFS (mo) 3-yr OS (%) EFS (mo) Cancers Adverse Events
Lenalidomide v Until relapse 84 v 76 41 v 23 (HR 0.5, 80 vV 84 (HR 1.25, 40 v 23 (P <.001) 3.1 v 1.2 per 100 Thromboembolic
placebo '’ P = .009) P <.00D) P = .29 patient-years events: 6% V 2%
P = .002) @ =.0D
Lenalidomide v Until NR 46 v 27 88 ¥ 80 (HR 0.62, 43 v 27 (P <.001) 7.8% v 2.6% (NR) Thromboembolic
placebo ' progression (P <.001) P =.053) events: 1% v 0%
INR)
Thalidomide ¥ no  Until NR Overall: 23 v 15 Opverall: no NR NR Any serious adverse
maintenance'®® progression (P <.001) difference (HR reaction: 9.1% v
0.91, 95% CI 2.6% (P = .0001)
0.72-1.17;
P = 40)
Adverse iFISH: 9 Adverse iFISH:
V12 (P = .48  worse OS
P = .009)
Thalidomide/ Up to 3 years, NR 78% v 63% U No difference NR NR NR
bortezomib v discontinued 49% at 2 years
thalidomide v at disease P =.0D
alfa2-IFN”* progression

Abbreviations: CR, complete response; VGPR, very good partial response; PFS, progression-free survival; OS, overall survival; EFS, event-free survival; NR, no reported; HR, hazards ratio;
Cl, confidence interval; iFISH, interphase fluorescence in situ hybridization.
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application in the various risk categories needs to be
explored further. It is possible that selection of
patients based on post SCT disease burden (none
to minimal to measurable) and risk category could be
used to determine who is more likely to derive
benefit from maintenance (Table 2).

Post SCT Consolidation and Risk Stratification

More recent studies have addressed the role of
combinatorial strategies with new agents in the post
SCT setting. These studies have shown an improve-
ment in depth of responses and various measure-
ments of survival. Some have shown that addition of
bortezomib in the setting of post SCT consolidation
is beneficial for patients with high-risk disease,
mainly those with t(4;14)(p16;q32).*° One large
study showed that bortezomib administration
improved outcome for all cytogenetic subtypes, in
particular patients with 17p13.%” This is in contra-
diction to the IFM study but could very well be
explained by the longer duration of therapy in the
German study.’' In another study, Cavo and col-
leagues showed that two cycles of consolidation
after SCT with the combination of bortezomib,
thalidomide, and dexamethasone improved the qual-
ity and duration of responses.”’ More importantly,
they showed that for patients with the t(4;14)(p16;
q32) the administration of bortezomib eliminated
the prognostic significance of the marker.”” Given
the low number of cases no specific analysis could
be done for 17p13. The group from the University of
Arkansas has shown the benefit of adding bortezo-
mib in the context of their Total Therapy
3 protocol**(Table 3).

Minimal Residual Disease and Risk
Stratification

A growing body of literature has shown that more
precise estimates of residual disease after SCT, and
similar strategies will be important to estimate out-
come, and presumably later to determine the need
for additional or continued therapy.'’""'? This
literature is exemplified by both studies that use
molecular methods and flow cytometry.'®™'? The
use of flow cytometry is favored given that is appears
to be as sensitive and more widely available,
although it is still technically challenging.'®®™''°
Integrating these new assays into large clinical trials
that also determine risk stratification will be key to
incorporate both variables into the decision process
regarding need of additional treatment.

CONSENSUS RECOMMENDATION FOR
PROGNOSTIC TESTING AND CLASSIFICATION

International recommendations for testing state
that patients should have some measurement of
genetic variability as an integral part of proper
disease management.”®> A practical and simple
approach is to identify high-risk genetic subtypes
using one of two methods: FISH or gene expression
profiling (Table 4). If FISH is to be used, the probes
should include, at a minimum, testing for the t(4;14)
(p16;q32), t(14;16)(q32;q23), and —17p13.> This
testing can be done on samples submitted to a
central laboratory. The testing should be done only
on samples where the plasma cells have been
selected for scoring, either by magnetic beads puri-
fication or by costaining with antibodies that detect
the MM cells (eg, cytoplasmic immunoglobulin-FISH).

Table 3. Post Stem Cell Transplantation Consolidation Therapies by Chromosomal Abnormalities

Chromosomal
Regimen Abnormality PValue 3-yr OS (%) P Value
Bortezomib o
thalidomide®’
del(17p13) 26.2 v 12 mo .024 69 v 17 .028
t(4;14) 253 v 21.7 mo 12 66 vV 44 .37
+1921 28.2 v 23.6 mo 22 77 v 62 .10
del(13q14) 27.4 v 25.2 mo 27 81 v 61 .072
VID v TD' "3
All patients HR 0.63 (95% Cl, .0061 86 v 84 3
0.45-0.88)
del(13q) HR 0.49 (95% ClI, .0039 NR
0.31-0.79)
t(4;14) HR 0.51 (95% Cl, .0174 NR

0.29-0.88)
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Table 4. Recommendations for Testing and
Risk Classification

High-Risk Markers

Standard Risk

FISH
t(4;,14)(p16;932)
t(14;16)(q32;923)

Hyperdiploidy
t(11;14)(q13;
q32)
del17p13
GEP
UAMS 70-gene or 17-gene
signature
Other signatures

Not doing this will greatly diminish the sensitivity
of the assay, and will result in unacceptable high
rates of false-negative results, particularly for dele-
tions. Oftentimes the samples submitted for FISH
analysis (third pull from an aspirate) will contain
a much lower percentage of plasma cells than
the first aspirate (hemodiluted) and the presence
of deletions will be within the range of normal
for a given probe, even if all cells have an abnor-
mality.

An alternative is to test samples by gene expres-
sion profiling. It is important to follow the laboratory
recommendations for sample collection and submis-
sion, but if done properly these samples can be
submitted to a centralized commercial reference
laboratory.

Testing can be repeated, but the major genetic
subtypes of the disease will not change over time.
Change is likely to be observed only for the high-risk
genetic markers (eg, -17), signatures (high-risk GEP),
as well as the acquisition of secondary genetic
factors associated with progression (1p/1q aberra-
tions). In conclusion it is important to consider risk
stratification as an integral part of the management
of MM patients, information that is useful for treat-
ment planning and also for patient counseling. Few
markers are able to fully discriminate outcome, and
likely never will. Development of new biomarkers,
predictive of resistance (such as CRBN deletions),
and perhaps of therapeutic intervention, is needed
to further advance the field of MM therapeutics.
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Individualized Therapy in Multiple Myeloma: Are We
There?

Saulius Girnius®® and Nikhil C. Munshi®?

Multiple myeloma (MM), a heterogeneous plasma cell dyscrasia with a variety of clinical
presentations and outcomes, is undergoing a treatment renaissance. While new drug classes
have been discovered, a subset of high-risk MM remains relatively refractory to treatment.
Current risk stratifications models, such as Durie-Salmon and the International Staging System,
estimate disease burden and prognosis. Cytogenetics and gene expression profiles can help
further identify more aggressive disease. Additionally, molecular and immunophenotypic assess-
ment of minimal residual disease (MRD) and different imaging studies can identify patients at
higher risk for relapse. It is now an opportune time to develop algorithms to combine all of the
currently available clinical and genomic information to begin to inform specific therapeutic
intervention in individual patients or at least smaller subgroups with similarly behaving disease.
Semin Oncol 40:567-576 © 2013 Published by Elsevier Inc.

ultiple myeloma (MM) has significant het-

erogeneity in its disease course. Almost

one quarter of patients die within 2 year
but 10% can live almost 15 years. With development
of new classes of agents, the 5-year overall survival
(OS) has improved from 31.1% in 1999 to 42.2%
today.' However, the l-year survival has improved
only modestly, increasing from 74.2% to 76.5%. This
lack of improvement can be explained best by the
intrinsic behavior of the myeloma clone, as well as
comorbidities affecting the host. The incidence of
MM increases with age and the median age of
diagnosis in the United States is 69 years.' Thus,
patients can have significant comorbidities that
require reduction in the dosage of therapeutic agents
or simply do not tolerate side effects. In addition,
frail patients are not appropriate for high-dose
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therapy, such as autologous stem cell transplantation
(ASCT). Lastly, some patients elect less intensive
therapies for social or personal reasons.

The myeloma clone also may have intrinsic prop-
erties that can make it more resistant to treatment.
Cytogenetics and gene expression profiling (GEP)
are improving our recognition and understanding of
these properties. Recent evaluation for minimal
residual disease (MRD) after aggressive treatment is
playing an increasing prognostic role in the manage-
ment of MM. Current trends are showing survival
benefits of multiple drug cocktails, ASCTs, and
maintenance chemotherapy, all at the risk of increas-
ing toxicity. The ultimate goal in management of MM
is to prolong OS while minimizing toxicity from the
disease and its treatment. In this article, we will
discuss current clinical, biochemical, and genomic
correlates of disease behavior, as well as the emerg-
ing role of novel markers of response to identify not
only patient subgroups but also individual patient
characteristics to select specific therapy to provide
further improvement in long-term outcome and to
establish a pathway for the future individualized
therapy.

EXISTING RISK STRATIFICATION MODELS:
STRENGTHS AND WEAKNESSES

The Durie-Salmon Staging System” (DSS) and the
International Staging System'5 {dSS) are the two most
commonly used risk stratification models. The DSS
system stratifies the tumor mass of myeloma by

Seminars in Oncology, Vol 40, No 5, October 2013, pp 567-576 567
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assessing serum hemoglobin, calcium, creatinine,
paraprotein level, urinary light chain excretion, and
the number of lytic lesions on skeletal survey.
Evaluation of lytic lesions is highly subjective, result-
ing in the interoperator variability. Moreover, other
variables, specifically serum creatinine and hemoglo-
bin, can be affected by underlying non-myeloma
comorbidities, rather than myeloma tumor burden.
Furthermore, positron emission tomography/com-
puted tomography (PET/CT) and magnetic reso-
nance imaging (MRID) are now being used more
frequently and could provide a better estimate of
the tumor burden than a skeletal survey. Lastly, DSS
is less predictive of outcome since novel agents have
better efficacy in reducing tumor burden.>* Thus, it
is not as reproducible as ISS and not used as
frequently.

The ISS, designed from a statistical analysis of
survival data, found two independent variables that
correlated with survival: serum f,-microglobulin and
albumin. The ease of use and uniform distribution of
stages has allowed wide use of the ISS.>® However,
ISS has number of shortcomings as well. For exam-
ple, with ASCT, as well as with use of novel agents,
the predictive value between ISS stage I and II
diminishes.”” Second, P -microglobulin besides
higher tumor burden can be elevated with dimin-
ished renal function conveying higher risk. Prior to
routine use of newer drugs, renal failure conveyed
poor survival outcome. With the use of novel agents
and ability to achieve higher depth of responses,
improvement in renal function is frequently
observed. For example, bortezomib, used alone or
in combination in patients starting hemodialysis,
improved hematologic response rates to 75% and
long-term dialysis was spared in 15%.° A recent
series with newly diagnosed MM showed an
improvement in renal function in bortezomib-based,
thalidomide-based, and lenalidomide-based therapy
in 77%, 55%, and 43% of patients with renal insuffi-
ciency.” Thus, it remains to be seen if ISS stage III
remains prognostic if renal function is improved.

The variables used in ISS and DSS system are
clinical correlates of the disease, rather than markers
of the biology of myeloma. Neither system assesses
parameters such as proliferation or genetics. Thus,
newer stratification to individualized therapy focuses
on cytogenetics and GEP. Cytogenetic analysis is
widely available, but only approximately 30% of
clones have abnormal karyotypes.'”'" Compared to
other hematologic malignancies, cytogenetic analysis
in MM is complicated by low proliferative activity
and difficulty obtaining plasma cells on a bone
marrow aspirate. Use of fluorescence in situ hybrid-
ization (FISH) thus has become widely acceptable as
it can detect chromosomal changes in interphase
cells and can be informative in almost all patients

with MM.'*'? More recent techniques such as high-
density comparative genomic hybridization (aCGH)
and single-nucleotide polymorphism (SNP) arrays
have confirmed genomic aberrations in all myeloma
patients.'*'”

Deletion of 17p (del(17p)), affecting only 11% of
MM,'® is the most clinically relevant cytogenetic
abnormality. The gene coding for p53, a key tumor-
suppressor gene that regulates cell cycle arrest after
DNA damage, is located on the short arm of chromo-
some 17. This abnormality is associated with a
particularly poor prognosis and a multivariate analysis
showed a hazard ratio (HR) of 3.29 and 3.93 for
event-free survival (EFS) and OS, respectively. Since
chemotherapy commonly cause DNA damage, the
absence of p53 could explain chemotherapy resist-
ance and the shorter progression-free survival (PFS).
53 mutations tend to accumulate with relapse'” and
are present in 20%-50% of primary plasma cell
leukemia.'® A recent report has suggested that this
risk of poor outcome is especially significant if 60% of
cells demonstrate del(17p) abnormality. Patients with
this abnormality may require individualization of
therapy as discussed below.

Two translocations involving the immunoglobulin
heavy chain gene rearrangement (IGH) on chromo-
some 14 have poor prognostic significance in MM:
t(4;14) and t(14;16). Early studies with standard-dose
chemotherapy showed an almost 50% reduction in
median survival in the presence of t(4;14).'>'° Even
with aggressive treatment with ASCT, t(4;14) was
associated with poor outcomes.’’ However,
bortezomib-based therapy and Total Therapy 3
(TT3) seem to at least partially overcome its negative
prognostic effects.”"** The recent Intergroupe Fran-
cophone du Myélome (IFM) analysis suggested that t
(4;14) more strongly impacts outcomes in patients
with high, rather than low, p,-microglobulin, sug-
gesting other additional factors play a significant
role.'® The t(14;16) and t(14;20) are relatively rare
cytogenetic abnormalities that are linked to poor
outcomes, although this has not been explored
clinically in great depth.

Deletion of chromosome 13 (del(13)) is a common
chromosomal abnormality in MM. This likely occurs
early in the disease course, since del(13) is seen both
in monoclonal gammopathy of unknown significance
(MGUS) and MM. Early studies have shown decreased
hematologic response rates (RR), EFS, and OS com-
pared to normal (:ytogenetics.25 Cytogenetic analysis,
compared to FISH, detected fewer patients (14% v
51%, respectively) but was associated with higher
relapse rates at 3 years (61% vV 38%, P = .02) and
death at 3 years (43% V 35%, P = .1).%% The largest
series of more than 1,000 patients found that while
del(13) did negatively impact survival, it lost its
prognostic value in the absence of del(17p) and/or
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t(4:14).'° Therefore, the International Myeloma
Working Group AIMWG) recommends routine FISH
analysis for 17p13, t(4;14), and t(14;16), especially in
design of clinical trials, but not for dell3.

CGH, SNP, and GEP have now allowed identifica-
tion of prognostically important groups based on
perturbation of specific genes. Two groups have
developed a 15-gene model”” and 70-gene models>®
based on GEP of CD138-purified MM cells and differ-
entiated patients into high- and low-risk groups to
accurately predict survival. The high-risk group
accounted for 13%-25% of patients and accurately
predicted poor survival despite treatment. These
assays were developed in patients who were treated
with two ASCTs. Subsequent recent studies have
continued to demonstrate prognostic value of GEP-
based signatures in predicting outcome even with use
of novel agent-based therapies and thereby in selec-
tion of therapeutic interventions. It is interesting to
note that despite their prognostic relevance there is
not a single common gene between the 70-gene and
15-gene signatures, suggesting both the redundancy
in the biological system and also need for further
improvement in definitions of prognostic groups. The
15-gene GEP assay focuses on genes affecting prolif-
eration and chromosomal abnormalities, whereas the
70-gene GEP has almost one third either over- or
under-expressed genes on chromosome 1. A potential
shortcoming is that these GEP identify only the high
risk MM and do not further stratify low or intermedi-
ate risk clones. A third recent 92 gene-based GEP
signature described by the HOVON group is able to
predict reduced overall survival number of other
datasets with a HR of 3.40 for the Total Therapy 2
(TT2) study, 5.23 for the TT3 study, 2.38 for the
Medical Research Council (MRC)-IX study and 3.01

for the Assessment of Proteosome Inhibition for
Extending Remission (APEX) study (P <.0001 in all
studies). Each of these signatures identifies limited
number of patients at high risk where one could
investigate more intensive intervention, including
more aggressive maintenance therapy. As shown in
Table 1, two other high-throughput genomic methods
have been applied to identify risk. A genome-wide
analysis using high-density SNP arrays found three
independent lesions—amp(1q23.3), amp(5q31.3),
and del(12p13.31)—that were predictive of outcome
following a multivariate analysis.'> After adjusting for
established prognostic factors, amp(5q31.3) was found
to be a favorable marker and del(12p13.31) and amp
(1g23.3) unfavorable ones. Along with f,-microglobu-
lin, these markers successfully stratified the 5-year
survival and this model was independently validated.'”

EMERGING ROLE OF NOVEL MARKERS OF
RESPONSE

Although pretherapeutic factors influence the
algorithm to individualize the therapy, with the use
of combination novel agent-based regimens, where
responses can be observed in more than 90% of the
patients and complete responses in over 30%—40%
patients, post-therapy response status is also becom-
ing an important marker to prognosticate and to
inform further individualized therapeutic decisions.
For example, patients not achieving at least a partial
remission after three-drug combination regimen
require more specific modification in their therapy
to obtain greater cytoreduction, and also more
intense consolidation and maintenance therapy to
sustain the response.27 Lower expression of Cere-
blon, a ubiquitin ligase, is reported to suggest

Table 1. Genomic Studies to Identify Patients With High-Risk MM

No. of Genes/ % High
Study Type Loci Risk Survival: Low v High Risk
Carrasco et al, 2006'* aCGH - - EFS improved, OS - NS
Shaughnessy et al, GEP 70/17 13% 2-year OS: 91% v 54%
2007°°
Deceaux et al, 2008*° GEP 15 25% 3-year OS: 91% v 47%
Avet-Loiseau et al, SNP 3 loci 30% 5-year OS 78% v median of 33.7
2009'° mo
Dickens et al, 2010°* GEP 97/6 25% 48 v 32 mo
Walker et al, 2010°° SNP/ 12 NR Significant impact on survival
FISH
Shaughnessy et al, GEP 80 9-11% 2-year OS 92% s 60%
2011°°
Kuiper et al, 20125/ GEP 92 22% Median 39.8 mo v NR

Abbreviations: MM, multiple myeloma; aCGH, high-density comparative genomic hybridization; GEP, gene expression profiling;
SNP, single-nucleotide polymorphism; FISH, fluorescence in situ hybridization; EFS, event-free survival; NR, not reached; OS,

overall survival; NS, not significant.
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resistance to therapy with immunomodulatory
drugs.”®*” However, larger studies looking at Cere-
blon protein expression may be necessary to con-
firm this finding and to apply it to clinical practice.
Resistance to bortezomib has been evaluated using
number of techniques, including high-throughput
RNAi screen.”® The genes identified include the
proteasome subunits PSMAS5, PSMB2, PSMB3, and
PSMB7, as well as Aurora kinase A, CDK5, and
modulators of aggresome pathway. With the emerg-
ing data that depth of response has a clear relation
with survival outcome, this algorithm will be now
extended to see whether a maximal response has
been obtained and whether further individualized
therapy is needed to attain MRD. This also has led to
redefinition of responses and development of meth-
ods to estimate true MRD.

Methods are being evaluated to improve our
ability to detect MRD. These methods include incor-
poration of serum free light chain (FLC) in the
complete remission (CR) definition, immunopheno-
typic methods (iCR), and molecular methods (mCR).
In 20006, the IMWG incorporated serum FLC as part
of its response criteria in MM.?' sCR, defined as
normalization of serum FLC and absence of residual
clonal cell in the bone marrow by immunohisto-
chemistry or immunofluorescence, can predict an
eventual response in 85%, correlates with survival
outcomes, and has a sensitivity of 1 clonal cell in
10°-10° cells.®* iCR can have sensitivity of 1 clonal
cell in 10 cells with seven-color flow cytometry and
correlates with improved time to progression (TTP),
PFS, and 0S.°° mCR, evaluated using polymerase
chain reaction (PCR) with allele-specific oligonucleo-
tides (ASOs) of the IgH region, has sensitivity of
detecting 1 clonal cell in 10°™° cells.” * MCR can be
achieved in both allogeneic stem cell transplantation
and ASCT in 27%—69%>""% and 15%—21% of patients,
respectively.*”*° While PFS is prolonged in mCR, the
data are still conflicting for 08.7*%! jCR and mCR
remain investigational techniques due to technical
proficiency required to perform these tests, but will
likely have major role in the future in determining
post-transplant individualized therapy.42

PET and MRI imaging have been explored as
markers of response. Two studies have shown that
a high standardized uptake value (SUV) prior to
treatment correlated with shorter PFS.*>** The
Arkansas Group reported their experience using
PET/CT during TT3.*> After induction chemother-
apy, a PET/CT CR, defined as no focal lesions or
extramedullary disease, correlated with improved
OS (HR 0.33, P = .001) and EFS (HR 0.47, P = .013),
when compared to less than CR. A retrospective
series evaluated the role of PET/CT in hematologic
non-CR after treatment with ASCT or allogeneic
stem cell transplantation.4(’ The sensitivity for

detecting a lesion in a hematologic very good partial
response (VGPR) was only 34.1%, but was as high as
63.6% in stable disease, both of which are of lower
sensitivity than in pretreatment PET/CTs. Twenty
percent of detected lesions were extramedullary
and likely would have been missed by a skeletal
survey. The maximum SUV did not correlate with
any prognostic markers. Thus, PET imaging may
have a prognostic role after induction chemother-
apy and can improve detection of focal or extra-
medullary lesions in patients with a less than VGPR.
Similarly, survival benefits of resolution of MRI-
identified lesions have been described.”” An impor-
tant question now is, do we further intervene and
individualize therapy based on residual disease
based on imaging?

SYNTHESIZING FACTORS TO INDIVIDUALIZE
THERAPY

In selecting the most appropriate treatment for a
patient, a number of clinical, biochemical, and
genomic correlates are considered (Table 2). Clinical
factors, including age and the frailty of the patient,
may preclude specific therapy such as high-dose
therapy. The goal of treatment of elderly patients
remains maximal response and this can be typically
achieved not just with a melphalan-prednisone—based
regimen but also with novel agent combinations.*®
Typically, dose adjustments and alternate schedules or
routes of administration can be considered. Comor-
bidities, such as cardiomyopathy and neuropathy,
limit the dose, respectively, of corticosteroids and
bortezomib. Diseaserelated variables, such as renal
failure, bone disease, and anemia, help determine
initial cytoreductive therapies, as well as supportive
care treatment. Routinely used biochemical variables,
including B,-microglobulin and lactate dehydrogenase,
are markers of tumor volume or growth and provide
prognostic information in newly diagnosed MM. As
discussed above, cytogenetics, including FISH, remain
relevant for prognosis and treatment. del(13q) and t
(4;14) have decreasing roles with novel agents, but
del(17p) remains a marker of poor prognosis and
warrants aggressive treatment with three-drug combi-
nations, ASCT, and consideration of allogeneic stem
cell transplant early on in the treatment.*’

As of yet no clear algorithm based on peer-
reviewed evidence is available. Treatment algorithms
published so far are largely based on expert opinion
and analysis of a vast amount of data. For example,
Mayo Clinic’s Stratification of Myeloma and Risk-
Adapted Therapy (mSMART) provides guidelines
for patient stratification into high-, intermediate-,
and standard-risk groups based on cytogenetics,
FISH, and GEP’°; however, selection of therapy for
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Table 2. Factors To Be Considered for Individualization

Identified Group With Therapeutic

Factor Impact Impact
Clinical
Age Older age Modify dose and schedule
Comorbidities Frailty Frail patient Precludes high-dose therapy

Cardiac function
Neurology
Myeloma-related renal
failure
Predominant bone

disease
Immunoparesis

Plasma cell leukemia

Biochemical
ISS/ B2-microglobulin

LDH
MRD
Genomics
Cytogenetics/FISH
del(17p)
del(13q)

t(4;14)
t(14;16), t(14;20)

GEP

SNP profile

aCGH profile

Genome/exome
sequencing

Presence of cardiac dysfunction
including cardiomyopathy

Neuropathy

Renal failure: creatinine > 2.0 mg/dL

Presence and extent of bone disease

Suppressed uninvolved
immunoglobulin/frequent infections
Aggressive high-risk disease

High-risk stage llI

High LDH with aggressive high-risk
disease
MRD negative patient

Aggressive high-risk disease

Loses prognostic value in absence of
del(17p) and/or t(4;14)

High-risk disease

Aggressive high-risk disease

High risk group using 70-, 15-, or 92-
gene signature

Can identify a high-risk group but data
not independently validated

Limited data and not validated
limited data; high potential for future

identification of targets to
individualize therapy

Caution with corticosteroids

Caution with bortezomib
Prefer bortezomib-based regimen

Early use of bisphosphonates

Consider prophylactic antibiotics or
intravenous immunoglobulin

3-drug induction regimen, ASCT and
2-drug maintenance

3-drug induction regimen, ASCT and
2-drug maintenance

3-drug induction regimen, ASCT and
2-drug maintenance

Improved outcome/survival

3-drug induction regimen, ASCT and
2-drug maintenance
No specific intervention recommended

Bortezomib-based 3-drug regimen
Bortezomib-based 3-drug regimen

3-drug induction regimen, ASCT and
2-drug maintenance

Not available commercially and no
specific intervention recommended
based on SNP profile

Not available commercially and no
specific intervention recommended
based on aCGH profile

Not available commercially and no
specific intervention recommended
based on mutational profile

Abbreviations: ASCT, autologous stem cell transplantation; ISS, International Staging System; LDH, lactate dehydrogenase; MRD,
minimal residual disease; FISH, fluorescence in situ hybridization; GEP, gene expressin profiling; SNP, single-nucleotide
polymorphism; aCGH, high-density comparative genomic hybridization; GEP, gene expression profiling.

these groups is not yet based on patients’ specific
molecular or genomic characteristics. The National
Comprehensive Cancer Network (NCCN) guidelines
are intentionally broad and include most available
treatment regimens; Palumbo et al published recom-
mended dose reductions based on age and comor-
bidities, which supplements shortcomings of other
guidelines.”’

The individualization of therapy does not end
with initial induction and consolidation but has to
be incorporated into therapy of relapsed patients as
well. Besides the prognostic factors described above,
which determine the intervention as well as out-
come, upon relapse additional variables are incorpo-
rated into treatment decision. The depth and
duration of the initial response provides valuable
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information. For example, in patients with a long
remission post-ASCT re-transplantation can be con-
sidered. In patients refractory to treatment or those
with an aggressive relapse, an appropriate alternate
therapy to fit a patient’s responsiveness or resistance
to previous therapy will need to be considered to
individualize therapy. Moreover, those patients who
have initially indolent disease by genomic analysis
could acquire new genomic change that may por-
tend poor outcome, requiring a change in the
therapeutic approach

HOW TO MOVE FORWARD IN
INDIVIDUALIZING THERAPY?

The current molecular methods identify a subset
of patients, 15%—20%, with high-risk disease and
shorter (<2 year) survival. A number of methods
are available to identify this risk group. Patients
should be evaluated for these risk features at the
time of diagnosis. Those who are not categorized as
high risk should have their risk status rechecked at
the time of relapse. The patients classified as high-
risk have poor-risk despite aggressive intervention,
including high-dose theapy and ASCT. However, that
does not mean that such intervention should not be
utilized. Although the benefit from ASCT in these
high-risk patients is not same as in standard-risk
patients, it still provides improvement in both PFS
and OS. In all trials except TT3 and possibly
bortezomib-based therapy surrounding ASCT,’*>?
del(17p) correlates with the worst prognosis. Even
with aggressive treatment with two ASCT, the
median survival in patients with del(17p) was only
22 months.'® GEP shows promise in determining
which patients may benefit from aggressive consol-
idation therapy. Patients with high-risk disease based

on 70- and 92-gene GEP had shorter survivals.””*° In

the 70-gene model developed by the Arkansas group,
patients in the high-risk group have 2-year OS and
EFS of 50% and 54%, respectively.”® In the 15-gene
model developed by the IFM group, patients with
high-risk disease have shorter survival compared to
those with low-risk disease (HR 6.06, P <.001).”’
Importantly, it appears that achieving MRD-negative
status in higher risk MM can provide additional
information about relapse risk.>* Patients with mCR
or iCR are likely to have a durable remission,
whereas those with positive MRD and poor cytoge-
netics likely will have short PFS, suggesting the need
for further intervention.”” In one study in patients
with poor-risk cytogenetics and positive MRD at 100
days, the median PFS was 6 months and OS was 21
months.’® Lastly, patients who relapse early from
hematologic CR, defined as relapse within 1 year of
ASCT, have poor outcomes with a median OS of 39
months.”®

In summary, there is an agreement that high-risk
disease should be treated aggressively with multi-
agent induction chemotherapy, high-dose melpha-
lan/ASCT, further consolidation, and then mainte-
nance chemotherapy, although evidence from
randomized trials is lacking. High-risk patients with
del(17p) seem to be most sensitive to a bortezomib-
based treatments and ASCT (Table 3). In the
HOVON-65/GMMG-HD4 trial,”® of the 37 patients
with del(17p), those randomized to the bortezomib-
based arm had longer median PFS (26.2 v 12 months,
P = .024) and 3-year survival (69% vV 17%, P = .028).
In the bortezomib arm, del(17p) was not an inde-
pendent predictor of PFS and OS by multivariate
analysis, suggesting an aggressive bortezomib- and
stem cell transplant—based therapy may compensate,
at least in part, for del(17p) MM. Lenalidomide and

Table 3. Role of Novel Agents in Individualizing Therapy

Novel Agents/
Combinations

Clinical Impact

Bortezomib-based

(17p)
Lenalidomide-based

Improves OS in t(4;14); in 3-drug combination, may improve OS in del

Improves outcome del(13q) and t(4;14); in combination with bortezomib,

may improve outcome in del(17p)

Pomalidomide-based and
carfilzomib-based

Alkylating agent-based
therapy'®

Genomic subgroups remain to be evaluated

Significant efficacy in high proliferative disease.

ASCT High-risk cytogenetics predict unsustained CR (HR 17.3)

Allogeneic SCT
and t(4;14)

Auto-allo tandem SCT may positively impact outcome in del(13), del(17p)

Abbreviations: OS, overall survival; ASCT, autologous stem cell transplantation; SCT stem cell transplantation; CR, complete

response; HR, hazards ratio.
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Table 4. Common Genomic Abnormalities and Specific Agents to Individualize Therapy

Cytogenetic

Abnormality Target Potential Drug/Drug Classes
t(4;14) FGFR3 FGFR inhibitor: Dovitinib, AB1010, MGFR18775
MMSET Histone methyltransferase inhibitors; MEK inhibitor: selumetinib
t(11;14) Cyclin D1 CDK inhibitor: seleciclib; dinaciclib HDAC inhibitors
t(14;16) MAF MEK inhibitor: selumetinib
Mutations B-RAF BRAF inhibitor: vemurafenib
RAS Farnesyl transferase inhibitor: tipifarnib MEK inhibitor: selumetinib

p38/MAPK inhibitor: SCIO-469

thalidomide do not reduce the deleterious effect in del
(17p) MM, and thus should be used in combina-
tion.”””® The success of this study and TT3 in del
(17p) stresses the importance and success of frequent,
aggressive, multi-agent therapy, incorporating ASCT.

Plasma cell leukemia (PCL), defined as the pres-
ence of >2 x 10°/L peripheral blood plasma cells
or plasmacytosis of >20% of circulating leuko-
cytes, has the worst prognosis of plasma cell
dyscrasias. Primary PCL (pPCL), which can develop
independent of multiple myeloma, has a 6-month
median survival but this can be increased to
1.8 years with aggressive treatment using a combi-
nation of agents.’” Although both are plasma cell
dyscrasias, pPCL has a different molecular profile
from MM.®’ Unfavorable prognostic factors includ-
ing high-risk cytogenetics and GEP, as well as
elevated f,-microglobulin, are almost always
observed.'® Proteosome inhibitors and immunomo-
dulatory agnets have been studied as initial induc-
tion therapies for PCL. Lenalidomide (in
combination with dexamethasone) is the only
novel agent to be studied prospectively in pPCL.
It resulted in a VGPR in 34.7% and an overall
response rate of 60.8%.°' In this study, all seven
transplanted patients are still in remission. Several
retrospective studies have shown the benefit of
bortezomib-based combination chemotherapy regi-
men. The largest trial reported an overall response
rate of 79% and >VGPR of 38%.°”

FUTURE DIRECTION OF PERSONALIZED
THERAPY

In the past as well as the current era, personalized
therapy for MM routinely occurs when chemother-
apy is tailored to a patient’s comorbidities. For
example, the dose of chemotherapy is reduced in
the frail, bortezomib is used with caution in patients
with underlying neuropathies, and lenalidomide is
reduced in renal failure.”' Prognostic implications of

cytogenetics have been known for a while, but poor-
risk cytogenetics may start affecting treatment deci-
sions. Bortezomib seems to overcome the increased
risk associated with t(4;14). TT3 and the HOVON-
65/GMMG-HD4 regimen may prolong survival in
patients with del(17p). As seen in Table 4, a number
of cytogenetic changes have been correlated with
expression of specific genes that can now be
targeted for specific effects. For example, patients
with t(4:14) clearly have upregulation of the FGFR3
and MMSET genes. New classes of drugs that
specifically inhibit function of these genes are under
investigation. Demonstration of the efficacy of such
therapies will usher in the era where drug selection
can be made truly on the basis of expressed gene
products. However, due to heterogeneity in tumor
clones, it may still be necessary to continue to
include those agents that have broader activity.
Further advancements in genomic technology are
also required to detect precise abnormalities that
change transcriptome and its eventual biological
effects. Moreover, bone marrow stromal cell inter-
actions protect the myeloma clone and may require
more complex studies for effective individualization.
Genomics could be used to assess the interaction
between these two and provide targets for treat-
ment.®® Future directions should focus on integra-
tive oncogenetic profiles and more sensitive
assessment of agents with specific targeting of gene
effect in the context of cellular milieu as well as
patient’s clinical status.
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Initial Treatment of Nontransplant Patients
With Multiple MyelomaC. Cerrato and A. Palumbo

Chiara Cerrato and Antonio Palumbo

During the last two decades, many steps forward have been made in the treatment of multiple
myeloma (MM) thanks to the introduction of the novel agents thalidomide, lenalidomide, and
bortezomib. Despite this, MM remains an incurable disease. Elderly patients (265 years)
represent the majority of subjects. Differently from younger (<65 years) and fit patients,
elderly patients are usually not eligible for transplantation. Gentler approaches with novel
agents plus conventional chemotherapy with melphalan-prednisone are commonly adopted in
this setting. Data show that a sequential approach including induction followed by consol-
idation/maintenance therapy is an optimal strategy to improve patient outcome. In addition,
second-generation novel agents are currently under investigation and may represent valuable

alternative treatment options in the future.

Semin Oncol 40:577-584 © 2013 Elsevier Inc. All rights reserved.

ultiple myeloma (MM) is an incurable

plasma cell disorder that accounts for

approximately 10% of all hematologic can-
cers and 1% of all cancers; the median age at
diagnosis is 70 years."

MM usually evolves from an asymptomatic stage
defined as monoclonal gammopathy of undeter-
mined significance (MGUS).*” Treatment should be
started in symptomatic myeloma only, which is
characterized by the presence of organ damage
(CRAB features): hypercalcemia, renal failure, ane-
mia, and bone disease.®’

The choice of the treatment should be based on
scientific evidence and patients’ characteristics such
as age or comorbidities.

The tests recommended for the diagnosis of
myeloma are routine and include complete blood
cell count, chemistry panel, serum protein electro-
phoresis on acetate strip to estimate the M band by
densitometer, immunofixation, a technique for the
identification of proteins after separation by either
conventional electrophoresis or isoelectric focusing,
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quantification of immunoglobulin, 24-hour urine
collection for proteinuria, urinalysis using electro-
phoresis or immunofixation, and, finally, measure-
ment of both urine M-component and albumin
levels.® Additional tests to evaluate bone marrow
plasma cell infiltration include aspirate plus trephine
biopsy with testing for cytogenetics, fluorescent
in situ hybridization (FISH), and immunophenotyp-
ing. Bone survey, including spine, pelvis, skull,
humeri, and femurs, is requested. p,-microglobulin,
C-reactive protein, and lactate dehydrogenase also
may be assessed, while free—light chain (FLC) ratio in
serum may be evaluated when conventional
M-component quantification is negative or equivo-
cal.” The final diagnosis of myeloma requires 10% or
more clonal plasma cells infiltration on bone marrow
examination and CRAB features.®

Prognostic factors play a crucial role in MM. The
International Staging System (ISS) defines three risk
groups; stage I with median survival of 62 months
(serum f,-microglobulin <3.5 mg/L and serum albu-
min 235 g/L), stage II with median survival of 44
months (serum f,-microglobulin >3.5 mg/L and
serum albumin <35 g/L or serum f,-microglobulin
3.5-5.5 mg/L), and stage IIIl with median survival of
29 months (serum f-microglobulin 25.5 mg/L).9
Serum FLC ratio incorporated into the ISS can
improve the risk stratification.'”'" To detect chro-
mosomal abnormalities cytogenetics and FISH can be
used. The presence of deletion 17p13 or t(4;14) or
t(14;16) or chromosome 1 abnormalities is associ-
ated with a poor prognosis.'*'?

In Europe, patients younger than 65 years of age
are commonly considered eligible for autologous stem
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cell transplantation (ASCT), whereas patients older
than 65 years or with comorbidities are usually not
considered ASCT candidates, as they are more suscep-
tible to side effects that may cause treatment inter-
ruption. Therefore, gentler approaches seem to be
more appropriate. However, since biologic age can be
different from chronologic age, this age cutoff can no
longer be considered the only criterion, and it is
necessary to evaluate comorbidities to determine
whether a patient is a good candidate for transplanta-
tion."* In addition, elderly patients may be classified as
very fit, with an excellent performance status (Karnof-
sky score >80%)"> and no comorbidities (Charlson
score 0)1(’; fit, with a good performance status (Kar-
nofsky score 60%—80%) and very limited comorbidities
(Charlson =2); or unfit, with a poor performance
status (Karnofsky score <60%) and relevant comor-
bidities (Charlson >2). Based on this classification,
different therapeutic approaches may be adopted.

EVIDENCE-BASED SELECTION OF INITIAL
TREATMENT

For more than 40 years, the combination of oral
melphalan and prednisone (MP) was the conven-
tional therapy for elderly patients.'” The introduc-
tion of novel agents such as the first in-class
proteasome inhibitor bortezomib and the immuno-
modulatory drugs (IMIDs) thalidomide and lenalido-
mide has improved the efficacy of MM treatment.'® "
The use of novel agents in fact increased response
rates, as recently defined,”' including the complete
response (CR) rate, which was shown to be associ-
ated with improved survival.**

Here follows a description of the main novel
agent—based regimens that can be adopted for the
treatment of elderly patients with MM.

Thalidomide-Based Therapies

Five randomized studies have compared the com-
bination of MP plus thalidomide (MPT) with the
conventional combination MP.>>*” The three-drug
combination is now considered one of the standards
of care for elderly patients as outcome was superior
in the MPT group; the partial response (PR) rates
were 42%—76% versus 28%—48% with MPT and MP,
respectively, and progression-free survival (PFS)
times were 14-28 versus 10—-19 months. An overall
survival (OS) advantage was observed only in the
French studies (Table 1).%° 24

The main adverse event (AE) associated with MPT
was grade 3—4 neutropenia (16%—48%), and it was
mainly related to melphalan (Table 2). In the five
MPT trials, the rate of thrombocytopenia was 3%—
14%, peripheral neuropathy 6%—-23%, and venous
thromboembolism (VTE) 3%—12%. When

administering MPT, antithrombotic prophylaxis is
recommended. MPT is now considered a standard
of care in this setting; it is commonly used for the
treatment of fit patients and also unfit ones, with
appropriate dose reductions (Table 3).

Thalidomide was also assessed in association with
an alternative alkylating agent, cyclophosphamide,
and a corticosteroid, dexamethasone. The Medical
Research Council (MRC) compared the combination
of thalidomide-cyclophosphamide-dexamethasone
attenuated (CTDa) with the standard MP; the overall
response rate was significantly higher with CTDa
than MP (63.8% vV 32.6%), primarily because of
increases in the rate of CRs (13.1% V 2.4%) and very
good partial responses (VGPRs; 16.9% vV 1.7%). PFS
and OS were similar between groups.

CTDa was associated with higher rates of throm-
boembolic events, constipation, infection, and neuro-
pathy than MP.*® Overall, more patients died in the MP
group (62%) compared with the CTDa group (57%)
mainly due to disease progression and myeloma-related
infections. Based on the higher response rates, CTDa
can be considered an alternative to standard MP. CTDa
was particularly advantageous in terms of PFS and OS
for patients with favorable interphase FISH.*®

Bortezomib Based-Therapies

A randomized trial of 682 patients comparing
bortezomib plus MP (VMP) with the former standard
MP demonstrated a statistically significant improve-
ment in PR rate (71% vV 35%) and in all other efficacy
endpoints, such as CR rate (30% V 4%), median time
to progression (TTP; 24 months v 17 months), and
3-year OS (69% V 54%).

The incidence of nonhematologic AEs was higher
with VMP than with MP. The rate of grades 3—4
peripheral sensory neuropathy was 14% with VMP
versus 0% with MP. Gastrointestinal complications
were more frequent in the VMP group (19% vV 5%).
Treatment-related deaths were similar in both groups
2%). The frequency of herpes zoster infection was
higher in the VMP group; therefore, acyclovir pro-
phylaxis is always recommended.**?"

Today, VMP is considered a new standard of care
for elderly patients together with MPT. A random-
ized trial compared VMP combination with the
regimen bortezomib-thalidomide-prednisone (VTIP).
There were no significant differences in 2-year TTP,
PFS, or OS, but the incidence of cardiac toxicity was
higher in patients treated with VIP (8.5% V 0%). In
the VTP arm, a significantly higher rate of patients
discontinued treatment (17% vV 8%, P = .03). In the
VMP arm, patients had a higher rate of hematologic
AEs, particularly neutropenia (37% vV 21%) and
thrombocytopenia (22% vV 12%). VMP was consider-
ably better tolerated, with no difference in survival.



Table 1. Efficacy of Novel Agent-Containing Induction Regimens

Combination

No. of Patients

Schedule

At Least PR

CR

PFS/EFS/TTP

oS

References

MPT

MPT

MPT

MPT

MPT

CTD

VMP

VMP

VMPT-VT

Rd

MPR

125

113

182

165

167

426

344

130

254

152

M: 0.25 mg/kg, d 1-4

P: 2 mg/kg, d 1-4

T: 400 mg/d for twelve 6-week cycles
M: 0.25 mg/kg, d 1-4

P: 2 mg/kg, d 1-4

T: 100 mg/d for twelve 6-week cycles
M: 0.25 mg/kg, d 1-4

P: 100 mg/d, d 1-4

For 6-week cycles until plateau

T: 400 mg/d until plateau, reduced to 200 mg/d until progression
M: 0.25 mg/kg

P: 1 mg/kg, d 1-5

T: 200 mg/d for 8

4-week cycles, followed by

T: 50 mg/d until relapse

M: 4 mg/m?, d 1-7

P: 40 mg/m” d 1-7 for six 4-week cycles
T: 100 mg/d until relapse

M: 9 mg/mz, d 1-4

P: 60 mg/m?, d 1-4

V:1.3 mg/mz, d 1,4,8,11,22,25,29,32 for first four 6-week cycles;
d 1, 8, 15, 22 for subsequent five 6-week cycles

M: 9 mg/m?, d 1-4

P: 60 mg/m?, d 1-4

V:13 mg/m2 twice weekly (d 1, 4, 8, 11, 22, 25, 29, and 32) for
one 6-week cycle, followed by once weekly (d 1, 8, 15, and 22)
for five 5-week cycles

M: 9 mg/m?, d 1-4

P: 60 mg/m?, d 1-4

V: 1.3 mg/m?, d 1, 8, 15, 22

T: 50 mg, d 1-42 for nine 5-week cycles

Maintenance

V: 1.3 mg/m? every 15 d

T: 50 mg/d

R: 25 mg, d 1-21

d: 40 mg, d 1, 8, 15, 22 for a 4-week cycle
M: 0.18 mg/kg, d 1-4

P: 2 mg/kg, d 1-4

R: 10 mg, d 1-21 for nine 4-week cycles
Maintenance:

R: 10 mg, d 1-21

76%

62%

57%

66%

76%

64%

71%

89%

89%

68%

77%

13%

7%

13%

23%"

15%

13%

30%

20%

38%

4%

16%

50% at 28 mo

50% at 24 mo

50% at 15 mo

67% at 24 mo

50% at 22 mo

50% at 13 mo

50% at 22 mo

50% at 34 mo

56% at 36 mo

50% at 25 mo

55% at 24 mo

50% at 52 mo

50% at 44 mo

50% at 29 mo

29% at 24 mo

50% at 45 mo

50% at 33,2 mo

41% at 36 mo

74% at 36 mo

89% at 36 mo

87% at 24 mo

92% at 12 mo

23

24

25

26

27

28

29-30

31

32

36

39

T CR plus VGPR.

“Disease-free survival.
Abbreviations: PR, partial response; CR, complete response; PFS, progression-free survival; EFS, event-free survival; TTP, time to progression; OS, overall survival; TD, thalidomide-dexamethasone;
MPT, melphalan-prednisone-thalidomide; VMP, bortezomib-melphalan-prednisone; VTP, bortezomib-thalidomide-prednisone; MPR, melphalan-prednisone-lenalidomide; VMPT-VT, bortezomib-
melphalan-prednisone-thalidomide followed by bortezomib-thalidomide maintenance; Rd, lenalidomide plus low-dose dexamethasone; CTD, cyclophosphamide-thalidomide-dexamethasone;
NA, not available; mo, months.
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Table 2. Safety (grades 3—4 adverse events) of Novel Agent-Containing Induction Regimens

Regimen N Neutropenia Thrombocytopenia Peripheral neuropathy VTE References
MPT 129 16% 3% 8% 9% 23
MPT 125 48% 14% 6% 12% 24
MPT 113 23% NA 20% 6% 25
MPT 165 NA NA 23% 3% 26
MPT 182 25% 8% 6% 8% 27
CTD 427 NA NA 7% 16% 28
VMP 344 40% 38% 13% 1% 29,30
VMP 130 39% 27% 7% 1% 31

VMPT 254 38% 22% 12% 5% 32
Rd 220 20% 5% 2% 12% 36
MPR 152 70% 37% 0% 3% 39

Abbreviations: TD, thalidomide-dexamethasone; MPT, melphalan-prednisone-thalidomide; VMP, bortezomib-melphalan-predni-
sone; VTP, bortezomib-thalidomide-prednisone; MPR, melphalan-prednisone-lenalidomide; VMPT-VT, bortezomib-melphalan-
prednisone-thalidomidefollowed by bortezomib-thalidomidemaintenance; Rd, lenalidomide plus low-dose dexamethasone; CTD,

cyclophosphamide-thalidomide-dexamethasone; NA, notavailable.

Therefore, it confirmed its role as a standard of care
in MM patients ineligible for the ASCT.”'

A phase III trial compared a four-drug combination
including MP plus bortezomib and thalidomide
(VMPT) followed by maintenance with bortezomib-
thalidomide (VT) with the new standard VMP.>? In the
VMPT-VT arm, VGPR and CR rates were higher
(VGPR: 55% V 45%; CR: 39% v 21%). After a median
follow-up of 17.8 months, patients included in the
VMPT arm showed a significantly longer 2-year PFS
(70% vV 58%). After a median follow-up of 47.2 months,
an OS advantage with VMPT-VT over VMP was
detected: median OS was not reached in the VMPT-
VT arm and was 58.2 months in the VMP arm.*’
Neutropenia and cardiac complications were higher in
the VMPT-VT arm than in the VMP arm, and mainly
consisted of neutropenia (38% V 28%) and cardiac
toxicity (10% vV 5%). In order to reduce the overall
incidence of grade 3—4 peripheral neuropathy, borte-
zomib administration was reduced in both arms from a
twice-weekly schedule to a once-weekly infusion (1.3

rng/m2 on days 1, 8, 15, 22). Of note, the once-weekly
schedule did not appear to have a negativel impact on
efficacy in this patient population."’4

Both VMP and VMPT-VT are suitable options for
fit patients. In unfit patients, VMP with appropriate
dose modifications is also a feasible and attractive
option (Table 3).

Lenalidomide-Based Therapies

The combination of lenalidomide with high-dose
dexamethasone (RD) has been compared to high-
dose dexamethasone alone in a phase III randomized
trial.”> Outcome was improved with RD, in partic-
ular the 1-year PES (77% v 55%). Incidence of treat-
ment discontinuation due to grades 3—4 AEs such as
neutropenia and non-neutropenic infections was
higher in the RD arm.

Another trial compared RD with the combination
of lenalidomide with low-dose dexamethasone
(Rd).’“’ RD induced higher overall response
rate compared with Rd (79% vV 68%, respectively,

Table 3. Treatment Strategies for Elderly Myeloma Patients Based on Patients’ Status

Patient Status

Suggested Approach

Very fit Karnofsky performance status 280%
Charlson index = 0

Fit Karnofsky performance status 60%—-80%
Charlson index <2

Unfit Karnofsky performance status <60%
Charlson index >2

Reduced-intensity autologous transplantation
VMP/VMPT-VT

MPR-R/Rd

MPT (full-dose regimens)

MPT/VMP

Rd (reduced-dose regimens)

Abbreviations: VMP, bortezomib-melphalan-prednisone; VCD, bortezomib-ciclophosphamide-dexamethasone; VRD, bortezomib-
lenalidomide-dexamethasone; VMPT-VT, bortezomib-melphalan-prednisone-thalidomide/bortezomib-thalidomide;  MPR-R,
melphalan-prednisone-lenalidomide with lenalidomide maintenance; Rd, lanalidomide—low-dose dexamethasone; MPT, melpha-
lan-prednisone-thalidomide; VD, bortezomib-dexamethasone.
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P = .008). Nevertheless, TTP and PFS were not
improved in the high-dose group, and the 1-year OS
was 96% with Rd compared to 87% with RD (P =
.0002), related to higher incidence of early deaths
and of AEs in patients treated with RD, with a
negative impact on survival. Considering its efficacy
and good toxicity profile, Rd can be considered a
good option for patients not eligible for ASCT.

A recent study evaluated a sequential approach
with lenalidomide plus MP (MPR) followed by lenali-
domide maintenance (MPR-R) as compared to MPR
and MP with no maintenance. MPR-R prolonged the
median PFS by 17 months in comparison to MPR and
MP (31 v 14 v 13 months; P <.001). The 3-year OS
was similar among the three treatment arms (70% vV
62% VvV 66%). AEs were mainly hematologic: grade
4 neutropenia was reported in 35% of MPR-R patients
and 32% of MPR patients. Concerns about the
increased risk of second primary malignancies (SPMs)
with lenalidomide have been recently raised. The 3-
year rate of SPM was 7% with both MPR-R and MPR,
and 3% with MP. However, the benefit associated with
MPR-R seem to outweigh the increased risk of SPMs.”’

Both Rd and MPR-R are effective and safe in fit
elderly MM patients. In addition, because of the good
tolerability and the survival benefit, the two-drug
regimen Rd seems an appropriate option also for
unfit MM patients (Table 3).

AUTOLOGOUS STEM CELL
TRANSPLANTATION

Patients over 65 years of age are commonly con-
sidered ineligible for standard melphalan (MEL200;
200 mg/m?) followed by ASCT. Yet, for very fit elderly
patients, the option of reduced intensity transplanta-
tion (MEL100; 100 mg/rnz) can be considered.

MP has been compared with intermediate-dose
melphalan and reduced-intensity ASCT in two differ-
ent studies.””*® In patients aged 65-70 years, the
response rate was better in the ASCT arm, but there
was no difference in PFS or OS. Reduced intensity
ASCT led to better event-free survival (EFS) as well.

The second trial included patients aged 65-75
years, and compared reduced-intensity ASCT with
the standard MP and also with the combination MPT.
Patients treated with MPT had a longer PFS and OS
compared with those treated with MP or MEL100,
but no differences between MP and MEL100 were
found: at a median follow-up of 51.5 months, the
median OS was 33.2 months in the MP arm, 51.6
months in the MPT arm, and 38.3 months for
patients treated with MEL100.

Based on available data on elderly patients,
reduced-intensity transplantation is suggested in
patients with excellent clinical conditions, namely,

fit elderly patients with no comorbidities and
between 65 and 70 years of age (Table 3).

ROLE OF EXTENDED TREATMENT AND
MAINTENANCE IN TRANSPLANT INELIGIBLE
PATIENTS

The most important goal of maintenance therapy is
to maintain outcome after induction, to prolong the
duration of response, and to prolong survival.’” No
specific guidelines are available at the moment; we
have only few data about the efficacy of maintenance
regimen in elderly patients. The first maintenance
therapy consisted of continuing chemotherapy after
successful induction with the combination MP.***!

Thalidomide-Based Strategies

The advantage of using thalidomide is the oral
administration. Thalidomide maintenance has been
evaluated in four studies where patients had been
treated with MPT induction.

In the first trial, the dose of thalidomide was
100 mg/day. The median PFS was significantly longer
in the arm with thalidomide maintenance than in the
control arm (25 months v 15 months, respectively).
Median OS was 47.6 months with maintenance
versus 45 months with no maintenance.?”"*?

In the second trial, the dose of thalidomide was
reduced to 50 mg/d. In the MPT arm followed by
thalidomide maintenance, an advantage in terms of
0OS was detected (40 months v 31 months).>®

In the Nordic study, thalidomide was given at the
dose of 200 mg/d; there was no advantage in terms
of PFS (15 months v 14 months) and OS (29 months
v 32 months).?’

In all of these studies, the administration of
thalidomide was associated with development of
peripheral neuropathy.

Thalidomide maintenance has been assessed in two
others studies that demonstrated an improvement of
PFS but no OS advantage.*® Another trial compared two
different maintenance regimens. The first consisted of
thalidomide associated with interferon; the second
included interferon alone.”® All of the patients had
received an induction regimen with either thalidomide-
dexamethasone (TD) or MP. A PFS improvement was
observed with thalidomide-interferon maintenance
(27.2 v 13.2 months). Also in this case, grades 3—4
neuropathy occurred in 7% versus 0%.

The last trial that tested the use of thalidomide as
a maintenance regimen was the MRC Myeloma IX
trial where patients could receive either MP or CTDa
and then were randomized to receive thalidomide
maintenance or no maintenance. The PFS improve-
ment was higher in patients assigned to
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maintenance, in particular in those who had already
received thalidomide as induction therapy.44

The best dosage for thalidomide in maintenance
therapy should range between 50 and 100 mg/d. The
prolonged administration of this drug can affect a
patient’s quality of life.*

The trials described showed an advantage in PFS,
but the follow-up is still too short to detect a survival
advantage with thalidomide maintenance. In the
context of elderly MM, more trials are including
maintenance as part of the therapeutic approach.
Lenalidomide and bortezomib are more often used
compared with thalidomide as maintenance. Main-
tenance therapy is usually administered for 2 years
or until relapse. However, clinical trials to assess the
optimal duration of maintenance are needed.

Lenalidomide-Based Strategies

Lenalidomide seems to be a potentially better
maintenance approach in elderly patients.

Lenalidomide maintenance after MPR (MPR-R) has
been evaluated recently in a phase III trial, in compar-
ison with MPR or MP inductions only.”” Lenalidomide
maintenance significantly improved the median PFS
compared with MPR alone (26 months v 7 months). A
longer follow-up is needed to assess the impact of the
maintenance regimen on OS. Lenalidomide was asso-
ciated with an increased incidence of SPMs compared
with MP (3%), but no differences between MPR-R and
MPR were seen (7% in both arms).

A phase II study on patients aged 65-75 years
evaluated lenalidomide plus prednisone as consolida-
tion followed by lenalidomide alone as maintenance
(RP-R), after bortezomib-doxorubicin-dexamethasone
(PAD) induction and reduced-intensity transplantation
with melphalan 100 mg/m**® This sequential
approach resulted in a 2-year PFS of 69% and a
2-year OS of 86%. RP-R significantly improved
response achieved after induction, with the CR rate
increasing from 12% to 40%. Neutropenia remained
the major toxicity, with a grade 3—4 event occurring
in 16% of patients. The available data suggest that
lenalidomide is a good maintenance approach in this
setting and it may be preferred to thalidomide
because of the lack of neurologic side effects.

Bortezomib-Based Strategies

The Spanish group evaluated the efficacy of borte-
zomib associated with either thalidomide (VT) or
prednisone (VP) as maintenance regimen after induc-
tion with VMP or bortezomib-thalidomide- predni-
sone.”” After a median follow-up of 38 months from
start of maintenance, the CR rate increased from 24%
at the end of induction (mean value obtained after
VMP and bortezomib-thalidomide-prednisone induc-
tions) to 42%, with a slightly higher rate with VT

compared with VP (46% v 39%). Median PFS was also
longer with VT than VP (39 v 32 months), although
this advantage was not statistically significant. Simi-
larly, OS was only slightly longer with VT than with
VP (5-year OS: 69% vV 50%)."”

The most important AE associated with the use of
bortezomib is peripheral neuropathy, which occurred
in 9% of VT patients and in 3% of VP patients.

Another trial evaluated VT maintenance after the
four-drug induction regimen VMPT in comparison
with standard VMP followed by no maintenance.’”
The maintenance regimen consisted of 1.3 mg/m?” of
bortezomib every 14 days, thalidomide at 50 mg/day
for 2 years or until relapse. At a median duration of
maintenance of 23.8 months, the 4-year PFS was 65%
in the VMPT-VT arm and 49% in the VMP group,
with 33% reduced risk of death for patients receiving
VT maintenance. VI maintenance was also well
tolerated; hematological toxicity occurred in 5% of
patients, peripheral neuropathy in 7% of patients.””

Bortezomib as a single agent at the dose of
1.6 mg/m”® was also evaluated in patients treated
with bortezomib-dexamethasone (VD), bortezomib-
thalidomide-dexamethasone (VID), or VMP as induc-
tion therapy.48 The most frequent AE was grade 3—4
peripheral neuropathy, which occurred in 5% of
patients. Dose reductions are a good option to
reduce neurologic toxicity and to allow patients to
stay longer on treatment. Based on the available
trials, bortezomib maintenance seems beneficial and
well tolerated in elderly patients, with a neurologic
toxicity lower than thalidomide. Its benefits are
particularly evident when a reduced-schedule is
used, and it is a valuable maintenance option when
combined with thalidomide.

CONCLUSION

The introduction of new drugs that can be differ-
ently combined with conventional chemotherapy or
low-dose dexamethasone has changed substantially
the treatment paradigm for patients with MM, and a
wider variety of treatment options is now available
for elderly patients.

Physicians now have the opportunity to choose
the best treatment regimen according to patient
characteristics; compliance also has to be consid-
ered, especially for elderly patients.

The goal of therapy in elderly patients is to
achieve and maintain maximal response while limit-
ing treatment-related toxicities as much as possible.
Therefore, an optimal treatment should always bal-
ance efficacy outcome with its toxicity profile.
Randomized phase III trials found that MPT, MPV,
and MPR-R were more effective than the standard
of care MP. VMPT combination followed by VT
maintenance was more effective than VMP and
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can be another option to treat patients older than 65
years. Before choosing treatment, a careful geriatric
assessment of the patients is needed. MPT, VMP,
MPR-R, and VMPT-VT full-dose regimens should be
recommended in elderly patients with good clinical
conditions. If patients have a high risk of throm-
boembolism, VMP should be preferred. For patients
with renal failure, VMP and MPT should be consid-
ered. In those with pre-existing neuropathy, MPR is
well tolerated and thus proved to be a feasible
option. In patients 275 years of age or frail with
comorbidities, MPT or VMP with lower doses or two-
drug combinations such as Rd are suggested.

Management of side effects during the induction
regimen is a crucial aspect. Supportive care and dose
modifications can be considered to manage
myelosuppression.

Consolidation and maintenance therapies have
shown promising results, prolonging remission dura-
tion and giving PFS advantages. Thalidomide, Lena-
lidomide, and bortezomib as single agents are well
tolerated and can be administrated after induction in
a sequential approach.

In patients older than 65, thalidomide maintenance
is a good option after MPT, but neuropathy is a major
concern. Lenalidomide maintenance proved to be a
valid strategy after MPR induction. Bortezomib is
commonly used as maintenance, yet dose reductions
are needed to reduce the risk of peripheral neuro-
pathy. Also, when choosing the consolidation/main-
tenance approach, the benefits and risks associated
with each approach have to be carefully considered.

Second-generation novel agents, such as carfilzomib,
pomalidomide, elotuzumab, and bendamustine, are
currently being evaluated. Future trials may validate
their role, and they may be a good alternative option to
improve treatment outcome also in the elderly setting.
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Over the last decade, thalidomide, bortezomib, and lenalidomide have been introduced into
the armamentarium of myeloma therapies. These novel agents have improved the rate of
complete remission both before and after autologous stem cell transplantation (ASCT) without
substantially increasing toxicity, which has important implications as the achievement of high-
quality responses is a significant prognostic factor for outcome. This review will focus on the
most recent results of novel agent-based induction therapies, as well as on interesting
developments in the transplant phase that are aimed at improving the results of conditioning

regimens.
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hen considering the impact of high-dose
S K / therapy (HDT) and autologous stem cell
transplantation (ASCT) in treatment of
multiple myeloma, we have to distinguish two
distinct time periods, the first one before and the
second one after the introduction of novel agents.
The former period, which corresponds to the 1990s,
provided the proof-of-concept regarding the benefit
of early ASCT and resulted in the procedure becom-
ing the standard of care. The incorporation of the
novel agents into the transplant procedure has led to
an improvement in response rates, progression-free
survival (PFS), and overall survival (OS) but also,
paradoxically, to the questioning of the role of ASCT
as part of frontline treatment.’ This comes at the
very time when important advances in the under-
standing of the biology of the disease are leading
some physicians to believe that a risk-adapted strat-
egy should be routinely used, with biological param-
eters guiding treatment decisions in daily practice.
These points will be discussed in detail in other
articles of this issue of Seminars in Oncology.
Over the last decade, thalidomide, bortezomib,
and lenalidomide have been introduced into the
therapeutic armamentarium. These novel agents
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have improved the rate of complete response (CR)
both before and after ASCT without substantially
increasing toxicity, which has important implica-
tions as the achievement of high-quality responses
is a significant prognostic factor for outcome.' In
addition, novel agent-based consolidation therapy
following ASCT has resulted in the achievement of
molecular CRs>” and recent data also show that
maintenance strategies following HDT may dramati-
cally increase PFS.*” This review will focus on the
most recent results of novel agent-based induction
therapies, as well as on interesting developments in
the transplant phase that are aimed at improving the
results of conditioning regimens. The role of con-
solidation and maintenance are discussed elsewhere
in this issue by Cavo et al.

INCORPORATING NOVEL AGENTS INTO THE
INITIAL TREATMENT STRATEGY: EVIDENCED-
BASED SELECTION OF PRETRANSPLANT
INDUCTION

Until 2000, the combination of vincristine, dox-
orubicin, and dexamethasone (VAD) was the induc-
tion regimen most widely used prior to ASCT and
was considered the standard of care.' The primary
objective of incorporating novel agents in this
setting is to increase the CR rate not only prior to
but also after ASCT. A further objective of incorpo-
rating novel agents during induction is to reduce the
proportion of patients requiring a second ASCT
because of a suboptimal response (less than very
good partial response [VGPR]) to the first ASCT

step.©
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Thalidomide was the first novel agent to be
compared to VAD either in combination with dex-
amethasone (TD),” or with doxorubicin plus dexa-
methasone (TAD).*? Overall, the benefit of TD or
TAD compared to VAD remained modest. Other
thalidomide combinations also have been evaluated.
The CTD regimen (cyclophosphamide, thalidomide,
and dexamethasone) was investigated in a large
randomized study in the United Kingdom, and
results showed high CR rates both before and after
AscT."?

The second novel agent to become available,
bortezomib, was investigated in combination with
dexamethasone in a large trial by the Intergroupe
Francophone du Myélome (IFM; IFM 2005-01) and
prospectively compared to VAD.'' Post-induction
CR or near-CR (nCR), at least VGPR, and overall
response rates were significantly higher with borte-
zomib plus dexamethasone versus VAD. The supe-
rior response rates in the bortezomib plus
dexamethasone induction arms of the trial translated
into better response rates after HDT. This improve-
ment also had an impact on the overall outcome: the
median PFS was 36 versus 30 months with bortezo-
mib plus dexamethasone versus VAD, respectively.
Survival was not superior in the bortezomib plus
dexamethasone arms of the study, possibly due to
effective salvage regimens at the time of relapse. The
level of response achieved with bortezomib plus
dexamethasone post-induction in the IFM 2005-01
trial is now considered the goal of current therapies,
and, as a result, bortezomib plus dexamethasone has
become the backbone of induction therapy prior to
ASCT to which other more complex regimens are
being compared.

The addition of a third agent to the bortezomib
plus dexamethasone regimen, such as thalidomide
(VID),'? doxorubicin (VDD or PAD),B’14 lenalido-
mide (VRD),"” or cyclophosphamide (VCD),'® has
been tested in several small phase II studies and the
outcomes appear even better, with response rates of
around 90% and CR rates of up to 24%. In all of these
studies, the frequent, rapid, and deep responses
consistently translated into improved outcomes.

Three prospective studies have already shown
that VID is superior to TD or bortezomib plus
dexamethasone.'”™'” The Italian myeloma study
group prospectively compared VID to TD in 474
patients with newly diagnosed MM prior to tandem
ASCT. They found that VID resulted in higher CR
and at least VGPR rates as compared to TD, which
translated into a better PFS after HDT.!” However,
the addition of bortezomib to the TD regimen was
associated with a significant increase in the inci-
dence of grade 3—4 adverse events (AEs) (56% vV
33%), including peripheral neuropathy (PN) (10% vV
2%). The Spanish myeloma study group also

compared VTID to TD and to another, more complex
chemotherapy regimen that included bortezomib
prior to ASCT in 386 patients. They confirmed that
VTD was able to achieve the highest pre- and post-
ASCT CR rates.'® In the IFM 2007-02 trial, four cycles
of the “standard” bortezomib plus dexamethasone
induction regimen were prospectively compared to
four cycles of VID with lower doses of bortezomib
(1 mg/m? instead of 1.3 mg/m® and thalidomide
(100 mg/d instead of 200 mg/d, which was the dose
in the Italian and Spanish trials) in order to reduce
the rate of neuropathy.'® Again, VID was found to
result in superior CR plus VGPR rates both before
and after ASCT. The reduction in the doses of both
bortezomib and thalidomide was associated with a
reduction in the incidence of neurotoxicity, with
grade 22 PN occurring in 14% of the patients in the
VID arm. The IFM 2007-02 study, therefore, con-
firmed the superiority of a three-drug combination
over a two-drug combination as induction therapy
prior to ASCT. The results of a phase III randomized
prospective trial comparing VAD versus PAD as
induction prior to HDT have also been reported.”’
This study corroborated the superiority of the
bortezomib-based three-drug induction regimen over
VAD; OS was also superior in the bortezomib arm of
the trial.

As yet, no data are available that could allow us to
draw conclusions regarding the superiority of one
triplet combination, such as VID, VRD, VCD, or
PAD, over the other from phase III randomized trials.
However, the IFM group will initiate a trial to
compare VID versus VCD in a randomized fashion
in the near future.

Four-drug combinations also have been evaluated,
such as VRD plus pegylated liposomal doxorubi-
cin,”’ VRD plus cyclophosphamide (VDCR),** or
VID plus cyclophosphamide (VIDC),”* and com-
pared to three-drug regimens in at least two different
randomized phase II trials. The phase II EVOLUTION
trial, which was not specifically designed to compare
induction regimens prior to ASCT, evaluated VDC,
VDR, and VDCR in 140 previously untreated MM.**
Patients received V (bortezomib) 1.3 mg/rn2 (days 1,
4, 8, 11) and D (dexamethasone) 40 mg (days 1, 8,
15), with either C (cyclophosphamide) 500 mg/m?
(days 1, 8) and R (lenalidomide) 15 mg (days 1-14;
VDCR) or R 25 mg (days 1-14; VDR), C 500 mg/m?>
(days 1, 8; VDC) or C 500 mg/m2 (days 1, 8, 15; VDC-
modified) in 3-week cycles (maximum, eight cycles).
As patients were allowed to go off-study for an ASCT
after four cycles, responses were first evaluated at
four cycles. After four cycles, 80%, 73%, 63%, and 82%
of patients in the VDCR, VDR, VDC, and VDC-modified
arms had a confirmed response. The responses seen
with VDCR appeared to be similar but not superior to
those seen with the VDR or VDC-modified arms.
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However, the incidence of toxicities with VDCR
appeared to be higher than in the other arms, espe-
cially hematologic toxicity. The authors therefore
concluded that no substantial advantage was derived
from VDCR over the three-drug combinations, and
considered that the VDR and VCD-modified regimens
should be preferred in clinical practice and for further
comparative testing. Another recent phase II study
prospectively investigated bortezomib 1.3 mg/m?,
thalidomide 100 mg, and dexamethasone 40 mg, with
(n = 49 patients) or without (n = 49 patients)
cyclophosphamide 400 mg/m? for four 21-day cycles
(VIDC v VID), followed by ASCT.** The primary end
point was the combined CR/nCR rate following induc-
tion therapy. Fifty-one percent of patients receiving
VID achieved a CR or nCR compared to 44% of
patients on the VIDC arm, with confirmed CRs in
29% and 31%, and overall response rates of 100% and
96%, respectively; a VGPR or better was observed in
69% in both arms. Post-ASCT, combined CR/nCR rates
were 85% (VID) and 77% (VIDC). Three-year overall
survival was 80% (both arms). Grade 3—4 AEs and
serious AEs were observed in 47% and 22% (VTD) and
57% and 41% (VIDC) of patients, respectively. Impor-
tantly, the primary health-related quality-ofdife score
(European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire C30 [EORTC
QLQ-C30] Global Health score) steadily increased with
VTD during induction and reached a clinically relevant
difference versus baseline post-transplantation. The
conclusions of this important trial were the following:
both VID and VIDC regimens are highly active
induction regimens; however, VIDC was associated
with increased toxicity and the suggestion of transient
decreases in quality of life as assessed by the Global
Health score, without an increase in activity.

Overall, current data are not supporting the use
of four-drug combinations as part of induction
therapy. Thus, based on response rates, depth of
response, and PFS as surrogate markers for outcome,
three-drug combinations, mainly VID, VRD, VCD, or
PAD are currently the standard of care prior to
ASCT. 1,12—-20,21-23

Promising novel agents are under evaluation. The
second-in-class proteasome inhibitor, carfilzomib,
has recently been combined with lenalidomide and
dexamethasone (CRD) as part of frontline therapy in
untreated MM.?* This combination produces unpre-
cedented CR rates and could be one of the most
attractive induction regimens prior to ASCT. A
prospective comparison of CRD versus VRD is
planned in cooperative groups. In the near future,
oral proteasome inhibitors, such as MLN9708 or
oprozomib, will be combined with dexamethasone,
lenalidomide, or the third-in-class immunomodulatory
drug, pomalidomide, which potentially has greater
activity. For example, MLN9708 is currently tested in

combination with lenalidomide and dexamethasone as
part of frontline therapy in a phase I/II study.”” These
oral combinations may turn out to be the more
effective options, and they could certainly be the
more convenient regimens for both patients and
physicians.”®

The high efficacy of the novel agents has led some
groups to test these agents upfront without incor-
porating an ASCT step and interesting results have
been reported. Lenalidomide plus low-dose dexame-
thasone (Len/dex) as part of frontline therapy with-
out ASCT vyielded similar survival rates at 2 years as
compared with Len/dex followed by ASCT in a non-
randomized trial conducted by the Eastern Cooper-
ative Oncology Group (ECOG).”” Furthermore, in
a non-randomized phase II trial of lenalidomide-
bortezomib-dexamethasone in the upfront setting,
in which the choice of proceeding to HDT or not
was based on physician or patient preference, no
difference in outcome was seen for the two
approaches.'” Finally, a recent phase I/II trial of
carfilzomib in combination with lenalidomide and
low-dose dexamethasone as frontline treatment
showed that this triplet combination without ASCT
was able to induce an impressive rate of stringent
CR, and a 24-month PFS rate of 92%.%* Based on
these results, many colleagues have begun to con-
sider the use of such novel agent-based therapies
without the upfront application of ASCT as an
alternative to early transplantation and the role of
ASCT itself has become a matter of debate: should it
be used upfront or as a salvage treatment at the time
of progression in patients initially treated with novel
agents? This unresolved issue will be discussed else-
where within this issue of Seminars.

TRANSPLANT PHASE: RECENT PROGRESS
AND FUTURE DIRECTIONS

While many studies have been performed in the
induction, consolidation, and maintenance settings,
few trials have been dedicated to conditioning
regimens prior to ASCT. Nevertheless, several
attempts have recently been made to improve this
step of the HDT procedure. The current standard
conditioning regimen is melphalan 200 mg/m?
(Mel200) administered intravenously (IV). This regi-
men was first introduced by the London group in the
early 1990s in a series of 53 patients.”® At that time,
total body irradiation (TBD was still the most fre-
quently used preparative regimen for ASCT, based
on the experience of the Arkansas group.”” In the
prospective, randomized IFM 90 trial, which dem-
onstrated for the first time the superiority of HDT
over conventional therapy in a series of 200 patients,
the conditioning regimen prior to ASCT consisted of
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8 Gy TBI plus melphalan 140 mg/m?2 (Mel140/TBI).”°
Other studies undertook comparisons of condition-
ing regimens, but most of these were based on data
from international’' or national®® registries and not
on prospective randomized trials. The IFM group
was the first to initiate such a trial comparing Mel200
to melphalan 140 mg/m? plus 8 Gy TBI (Mell140/
TBD).?” A total of 282 patients with newly diagnosed
MM were prospectively randomized; 140 were
treated with Mel140/TBI (arm A) and 142 with
Mel200 (arm B). Disease response to four cycles of
VAD before randomization and ASCT were identical
in the two arms. In arm B, hematologic recovery was
significantly faster regarding both neutropenia and
thrombocytopenia. In addition, transfusion require-
ments were significantly lower, and the median
duration of hospitalization was significantly shorter
in arm B. The incidence of severe mucositis was
significantly increased in arm A, and five toxic deaths
(3.6%) were observed in this arm, as compared to
none in arm B. Following HDT, the CR, VGPR, and
partial response (PR) rates were comparable in the
two arms. Furthermore, the median duration of
event-free survival (EFS) was similar (21 v 20.5
months), but the 45-month survival rate was 65.8%
in arm B versus 45.5% in arm A (P = .05). This
difference was attributed in part to the use of better
salvage regimens after relapse in patients treated
with Mel200. The results from the trial suggested
that Mel200 was at least as effective as Mel140/TBI
but that it was a less toxic conditioning regimen.
Melphalan 200 mg/m? therefore became the pre-
ferred preparative regimen.

A variety of strategies have been explored with
the aim of improving on the results of Mel200,
including dose escalation, and the addition of other
chemotherapeutic agents, radionuclides, or novel
agents, such as bortezomib.

Higher doses of melphalan prior to ASCT have
been tested since the non-hematologic toxicity of
the agent is low. In a phase I dose-escalation study
Phillips et al investigated incremental increases of
20 mg/m? from a melphalan starting dose of 220 mg/m?
and demonstrated that the maximum tolerated dose
of melphalan was 280 mg/m* when used in combi-
nation with the cryoprotective agent amifostine.>*
Only 18 of the 58 patients examined in this series
presented with MM, which was mainly of advanced
nature prior to ASCT, and it was therefore not
possible to draw any conclusion regarding the
clinical outcome or to define the antitumor efficacy
of this regimen. Another small phase II study showed
encouraging results with melphalan 220 mg/m?
followed by ASCT in relapsed/refractory patients.””
The regimen was generally tolerable, the most frequent
adverse event being severe mucositis. In order to
further increase the response rate without increasing

the toxicity of HDT, a combination of anti-IL6 mono-
clonal antibody and dexamethasone was subsequently
added to melphalan 220 mg/m? in 16 patients with
advanced MM.*® A strong inhibition of interleukin-6
activity was observed in all patients and was correlated
with the high CR rate achieved with this combination
therapy. Nevertheless, in the absence of a randomized
trial comparing melphalan at 200 mg/m? versus 220
mg/m? or more, the impact of the higher dose is
unknown.

The addition of another cytotoxic agent has not
yet resulted in convincing improvements as the
apparent increase in anti-myeloma activity occurred
at the expense of increased toxicity. In the Spanish
PETHEMA/GEM2000 trial, the first 225 patients who
were enrolled in the study received the combination
of oral busulfan 12 mg/kg plus melphalan 140 mg/m?
(BuMel), but because of a high frequency of veno-
occlusive disease (VOD), the protocol was
amended®’ and the next 542 patients received
Mel200.°® The investigators subsequently compared
the outcome of the two cohorts of patients, and
found that the transplant-related mortality was sig-
nificantly increased in the BuMel group due to VOD.
Although the median PFS was significantly longer
with BuMel, survival was similar in both cohorts.
Since then, busulfan IV has become available and
this formulation may reduce toxicity and result in
greater efficacy. The Spanish group recently com-
pared IV busulfan (BU) 9.6 mg/kg and MEL140
versus MEL200 as a conditioning regimen before
ASCT for newly diagnosed patients with MM.?” Fifty-
one patients received IV BU plus MEL140 while 102
patients were treated with MEL200 in a 1:2 matched
control analysis. No differences in the overall and CR
rates were observed after ASCT between the groups.
After a median follow-up of 63 and 50 months in the
control and BU plus MEL groups, the PFS was 24 and
33 months, respectively (P = .10). The most fre-
quent toxicities included mucositis and febrile neu-
tropenia in both groups. No case of VOD was
observed. Transplant-related mortality was 4% and
2% in BU plus MEL and control groups, respectively.
The authors concluded that IV BU plus MEL may be
considered an effective and well-tolerated alternative
to a MEL-only approach as a conditioning regimen
for patients with MM who are candidates for ASCT.

Another strategy that has been explored in an
attempt to enhance the activity of HDT prior to
ASCT is the addition of a radionuclide to high-dose
melphalan. Giralt et al reported the results of a
combination of Holmium 166 (‘**Ho-DOTMP), a
radiotherapeutic that localizes specifically to the
skeleton and can deliver high doses of radiation to
the bone and bone marrow, with either high-dose
melphalan alone (Mell40 or Mel200) or Mell140/
TBLY In a phase I/II dose-escalation study of
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high-dose 156Ho-DOTMP plus melphalan, 83 patients
received '®"Ho-DOTMP to deliver a nominal radia-
tion dose of 20, 30, or 40 Gy to the bone marrow.
The CR rates achieved after the procedure were
encouraging (23% in primary refractory patients, and
40% in first remission consolidation cases), but long-
term follow-up of the patients revealed two signifi-
cant late toxicities: grade 2—3 hemorrhagic cystitis
described in 23 patients, and renal toxicity of grade
3 or higher observed in 14 cases with eight patients
developing a severe form of sustained renal impair-
ment associated with microangiopathic hemolytic
anemia, thrombocytopenia, uncontrolled hyperten-
sion, and elevated lactate dehydrogenase. This
delayed toxicity is an important drawback of this
conditioning regimen precluding its further use.

Another P emitter, 153 samarium, conjugated
with the diphosphonate compound EDTMP in the
radiopharmaceutical '>*Sm-EDTMP, which avidly
concentrates in bone, also has been investigated in
MM patients in combination with high-dose melpha-
lan. In a phase I study, a total of 12 patients received
escalating doses of ">>*Sm-EDTMP (n = 3 per group;
6, 12, 19.8, and 30 mCi/kg) and a fixed dose of
Mel200 followed by ASCT.*' No dose-limiting tox-
icity was seen, and to better standardize the marrow
compartment radiation dose, the study was modified
such that an additional six patients were treated at
the targeted absorbed radiation dose to the red
marrow of 40 Gy, based on a trace-labeled infusion
1 week prior to the therapy. No delayed toxicity was
observed, and the overall response rate was 94%,
including seven VGPRs and five CRs. Subsequently, a
total of 46 patients (29 in first response and 17 with
relapsed or refractory disease) were enrolled in the
phase II study investigating the same combination
calculated to deliver 40 Gy to the bone marrow prior
to Mel200 and ASCT.*? The adverse events attribut-
able to the radioisotope were mild and manageable.
Post-transplant, 33% of patients had achieved a CR
and another 26% had achieved a VGPR. Study
patients were compared to 102 patients who were
simultaneously treated off-study with single agent
high-dose melphalan conditioning, and no difference
regarding response rates, PFS or OS among patients
treated with or without '>>*Sm-EDTMP was seen. The
authors concluded that this regimen warrants further
study in the phase III setting.

Synergistic effects between bortezomib and melpha-
lan have been reported both in vitro™ and in vivo.**
Combining bortezomib and high-dose melphalan is
consequently a logical and attractive approach to
improve the efficacy of the conditioning regimen.
Furthermore, the combination is expected to be well
tolerated because of the absence of overlapping
toxicities. These observations formed the basis for a
phase 1I trial conducted by the IFM, which was aimed

at evaluating CR and VGPR rates, as well as toxicity of
the combination of bortezomib and melphalan admin-
istered as a conditioning regimen. Fifty-four newly
diagnosed patients received bortezomib (1 mg/m?* x 4)
and Mel200 (Bor-HDM),45 and overall, 70% of
patients achieved at least a VGPR, including 17
patients with a CR (32%) after ASCT. No toxic deaths
were observed and bortezomib did not increase the
hematologic toxicity. Only one case of grade 3—4
peripheral neuropathy was reported. A matched
control analysis was conducted comparing this
cohort to patients from the IFM 2005-01 trial, who
were treated with Mel200 single-agent prior to
HDT.'' Patients were matched for response to
induction therapy and type of induction, and the
CR rate was found to be higher in the group
receiving Bor-HDM conditioning (35% v 11%; P =
.001), regardless of induction therapy. The results
suggest that Bor-HDM is a well tolerated and promis-
ing conditioning regimen. These findings were
recently confirmed in the relapse setting in a small
series of heavily pretreated patients,46 and in a phase
I/1I trial performed in the US involving 39 patients.47
In this latter trial, only patients who did not achieve
a VGPR following one or more induction regimens
were enrolled and were randomized to receive a
single escalating dose of bortezomib (1.0, 1.3, or
1.6 mg/m?) either 24 hours before or 24 hours after
Mel200. No severe adverse effects were reported,
and the overall response rate was 87%, with 51%
achieving a VGPR or better.

Overall, Mel200 is still considered the standard of
care, but this regimen could be modified in the
future based on the results of ongoing or planned
phase III trials. The Spanish group has initiated a
randomized study comparing Mel200 to IV busulfan
+ melphalan and the IFM group will in the near
future commence a prospective trial designed to
compare Mel200 to Bortezomib plus high-dose
melphalan.

CONCLUSIONS

Recent studies examining novel agents as induction
treatment prior to ASCT have shown that three-drug
combinations are the standard of care. Nevertheless,
no randomized trial has as yet prospectively compared
one combination versus the others. Regarding the
transplant phase, the available data confirm that
Mel200 should continue to be considered the gold
standard conditioning regimen for patients under-
going ASCT for MM. Nevertheless, avenues aimed at
further improving response rates have been opened,
and the most exciting areas of research involve the
combinations of Mel200 with novel agents, such as
bortezomib, or with other chemotherapeutic agents,
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such as IV busulfan. These combinations warrant
testing in future randomized trials.
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Until the advents of novel agents, partial response (PR) or better was the established gold
standard to initial therapy of multiple myeloma (MM), and treatment goals were focused on
relieving symptoms, prevention of organ damage, and modest improvements in survival. With
the introduction of autologous stem cell transplant (ASCT), deeper responses, including
complete responses (CRs) were more frequent, and contributed to longer survival. In the era of
novel therapies, ASCT remains commonly used and its impact on outcome appears superior,
albeit less so than when compared with conventional therapy, and its survival benefit is yet to
be established in either setting. In addition, in non-transplant candidates, novel therapies have
now significantly improved the overall response rates, depth of response, and clinical benefit,
to the levels previously only observed with ASCT, which now increasingly challenges the role
and timing of ASCT in eligible patients. Nevertheless, the two approaches of treatment,
transplant or no transplant, remain commonly accepted. With an improvement in the
tolerability of newer regimens and the deferral of ASCT in transplant candidates, the debate
has emerged whether the two-pathway approach to the treatment of newly diagnosed
myeloma should be re-evaluated. At the same time, treatment goals are also shifting. Many
believe that MM can be converted into a chronic disease and that a functional cure maybe a
realistic goal, for at least a proportion of patients. This contribution will review these points of

discussion and the evolving approach to treatment of newly diagnosed MM.
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EVOLVING ROLE OF AUTOLOGOUS STEM
CELL TRANSPLANT IN THE ERA OF NOVEL
AGENTS

he role and timing of high-dose chemother-

apy with single or tandem autologous stem

cell transplant (ASCT) as consolidation of
initial treatment of multiple myeloma (MM) in the
era of conventional therapy, as well as outcome from
studies with ASCT in the era of novel agents, are
reviewed in more detail by Drs Moreau and Touzeau
in this issue of Seminars in Oncology.

Transplant studies in MM patients who received
induction with novel agents provide clear evidence
that consolidation with high-dose melphalan and
ASCT will further improve the depth of response
by increasing rates of very good partial response
(VGPR) and complete response (CR). The latter
convey clinical benefit as reflected by improved
progression-free survival (PFS), although no differ-
ence in overall survival (OS) has been seen to date.
Importantly, difference in pretransplant VGPR/CR
rates between three-drug novel induction regimens
and two-drug novel regimens remains statistically
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significant after ASCT,"* suggesting that selection of
more active induction regimens will result in higher
rates of CR and VGPR after transplant. However, in
view of the lack of evidence that transplant improves
OS and with mounting evidence from recent studies
that extended treatment with novel regimens with-
out transplant can result in similar overall survival
and with less toxicity,” the role of transplant has
been challenged. In the context of these studies,
which provided delayed transplant as an option, the
critical question has emerged as to whether all or
only a subgroup of patients may benefit from ASCT
and if so, where in the treatment sequence should
transplant be incorporated.

Retrospective analyses and non-randomized trials
have been informative but not definitive. In a large,
retrospective analysis of 290 newly diagnosed MM
patients treated with immunomodulatory drug
(IMiD)-based induction therapy, there was no OS
difference at 4 years between those who underwent
early versus late transplant, where the cut-off for
transplant was set at 12 months.® In a post hoc analysis
of the Eastern Cooperative Oncology Group (ECOG)
E4A03 clinical trial which randomized patients to
lenalidomide plus low-dose versus high-dose dexame-
thasone,” the survival for those who underwent early
transplant appeared higher among all age groups,
including those over the age of 70.° On the other
hand, in the phase II portion of the trial with
lenalidomide, bortezomib, and dexamethasone
(RVD), which achieved a remarkable 100% rate of PR
or better in both the phase I and phase II portions of
the study, similar rates of PFS and OS were observed
for patients undergoing transplant versus those who
did not at 18 months of follow-up.” Likewise, the
phase I/II trial of carfilzomib, lenalidomide, and dex-
amethasone (CRd), which was designed to continue
extended CRd treatment also in transplant candidates,
showed not only very high response rates with a 60%
rate of stringent CRs but also a favorable PFS of 94% at
24 months of follow—up.*/’() The results of these two
trials support the notion that prolonged treatment with
a combination of a proteasome inhibitor and IMiDs is
not only feasible but may prolong disease-free survival
and provide outcomes similar to that observed with
transplant used as intensification. However, these
promising results were generated in small, single-arm
trials, with relatively short follow-up, and their results
should be viewed as hypothesis-generating, rather than
as evidence that ASCT is not needed. In addition, there
is still a question whether durability of CR achieved
with novel regimens is as good as CR achieved with
high-dose melphalan and ASCT, with many believing
that even in the era of active regimens such as RVD
and CRd, patients may benefit further from transplant
used as intensification. On this assumption, a CRd trial
is currently enrolling transplant candidates to receive

CRd induction for four cycles followed by ASCT
followed by an extended CRd treatment as in the
original CRd trial design.

Moreover, a definite answer to the timing of ASCT
in the treatment of MM is anticipated to come from the
Dana Farber Cancer Group and the Inter-Groupe
Francophone du Myeloma (IFM) international trial,
which is designed to evaluate the role of early versus
delayed transplant incorporating RVD consolidation
and maintenance. Specifically, based on the results of
two independent RVD trials,”'® patients receive RVD
induction followed by randomization to transplant
followed by RVD consolidation followed by lenalido-
mide maintenance versus extended RVD treatment
followed by lenalidomide maintenance. The primary
endpoint of the study is PFS, with secondary endpoints
including OS, response rate, toxicity, and quality of life,
as well as cost assessment. In addition, incorporated
into the study design is extensive correlative science
which may help determine whether certain subgroups
of patients could be identified as not needing trans-
plant early, or, conversely those who might benefit
from initial use of transplant.

A similar question was asked in the recently
completed randomized phase III trial conducted by
Palumbo and colleagues.'' In this trial, transplant
eligible patients received four cycles of induction
therapy with lenalidomide plus low-dose dexame-
thasone (Rd), following which they were random-
ized to either consolidation with six cycles of
melphalan, prednisone, and lenalidomide (MPR) or
tandem ASCT. Each arm then underwent a second
randomization to lenalidomide maintenance versus
observation. At a median follow-up of 45 months,
results demonstrated a superior PFS in the transplant
arm compared to conventional treatment. Although
there was no OS benefit in the transplant group, it is
likely that longer follow-up is needed to detect this
difference. Nevertheless, the study appears to sup-
port a role for ASCT in the era of novel agents but is
limited by the absence of a proteasome inhibitor in
either arm. Moreover, the results are perhaps not
surprising, as MPR is not as effective as other current
novel regimens, and that alternative novel agent-
based therapies such as RVD or CRd may be better
choices than MPR for non—transplant-based therapy.

The Role of Transplant in the Era of Novel
Agents-The Bottom Line

In view of these results and other trials, ASCT
remains part of the standard of care for treatment of
MM in younger patients and should be considered in
all transplant-eligible patients. While more myeloma
specialists are now adopting the practice of early stem
cell collection and deferring transplant until the time of
relapse in standard-risk patients, this should ideally be
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done in the context of a clinical trial as the evidence
for this approach remains an area of active research.
The decision for early transplant is influenced by
different factors, including patient’s age, tolerability of
the induction regimen, potential toxicities of extended
treatment, depth of response to initial therapy, comor-
bidities, and patient’s preference. In the current era of
personalized therapy, it is likely we soon will be able
to identify subgroups of patients who may benefit
from early transplant or those in which transplant
may not be necessary or can reasonably be delayed.
The evaluation of minimal residual disease by multi-
parametric flow cytometry and possibly by other
methods, including polymerase chain reaction (PCR),
may become an increasingly useful tool in this context,
and is discussed in more detail subsequently.

THE ROLE OF DEPTH OF RESPONSE IN INITIAL
TREATMENT

Initially with ASCT and then with the emergence
of more active and better tolerated novel regimens
alone and in combination with ASCT, the ability to
achieve CRs has progressively increased over time.
Since the achievement of deeper responses appears
to be associated with improved clinical benefit, a
link between rate of CR and long-term outcome has
been proposed. Formal analyses have showed stat-
istical correlation between rates of CR and PFS in a
number of studies and with OS in a smaller number
of reports. Recently, some investigators have pro-
posed a shift of treatment goals to overall strategies
which give the best chance for the achievement of the
deepest and most durable responses in both ASCT and
non-ASCT patients. However the issue is far from
settled and some of the controversies stem not least
from different definitions of CR used in prior stud-
ies,"*'> now mostly resolved with the acceptance of
the consensus International Myeloma Working Group
(AMWG) response criteria. These include a new cat-
egory of stringent CR (sCR), which builds upon the
original CR and near CR (nCR) used in the modified
European Bone Marrow Transplant (EBMT) crite-
ria."*'> In addition, lack of consistency in how to take
into account time and duration of achievement of CR
may have contributed to some of the controversy.l(’
This section will review the role of CR as a predictor
and as a surrogate marker of response to therapy.

The Role of CR in the Era of Conventional
Therapy

The importance of achieving a CR in newly
diagnosed multiple myeloma (NDMM) patients had
already been proposed in the era of conventional
therapy. Although varying definitions of CR were
used in prior studies,'”'® this association seemed

evident in the setting of ASCT with only one large
non-transplant study demonstrating a survival bene-
fit for patients who achieved CR'” while no associ-
ation in others.'®*° This lack of correlation in the
non-transplant setting is not surprising given the low
rates of CR seen with conventional drugs. In the
setting of ASCT consolidation, however, increased
CR rates post-transplant translated in multiple anal-
yses into longer PFS,'*?! and in some retrospective
studies, into superior 0S.%*7** In a large meta-
analysis reporting outcomes of 4,990 ASCT patients,
there was a clear association between maximal
response (CR/nCR/VGPR) post-SCT and OS and
event-free survival (EFS)/PFS.24

The Role of CR in the Era of Novel Agents
CR in Patients Receiving ASCT

There is extensive evidence in NDMM treated
with novel-based induction regimens including tha-
lidomide (THAL), bortezomib (BTZ), and lenalido-
mide (LEN) followed by ASCT with or without
consolidation that CR achievement post-SCT
improves survival.>>' Although novel agent—based
regimens yield high pretransplant VGPR and CR
rates, the correlation of post-induction response
with outcome, especially improved OS, has been
mostly reported based on outcome from single-arm
prospective and retrospective series. #3737 Probably
the best evidence comes from analysis of random-
ized trial IFM 2005-01 of induction treatment with
VAD versus VD followed by transplant, which
showed a correlation between VGPR and PFS.
Regardless of type of induction, but also the achieve-
ment of VGPR prior to ASCT had greater impact on
PFS than the achievement of VGPR post—SCT.'54

There are more randomized studies in which post-
SCT CR achievement was associated with EFS and
OS benefit, including TT2 with randomization to
THAL,”” and the PETHEMA study, which compared
BTZ/THAL/DEX (VTD) versus TD versus VBMCP/
VBAD/B. In the latter, VID induction resulted in a
higher pre- and post-SCT CR and a significantly
longer PFS. Correlation between post-induction CR
and survival was not reported.”’ Similarly, in the
GIMEMA phase III trial assessing VID versus TD
induction followed by double ASCT, and then VTID
versus TD consolidation resulted in sequential
improvement of CR in the VID versus the TD arm;
this correlated with longer PFS. Again, an impact of
post-induction responses was not reported.’® Using
landmark analysis, HOVON reported that the
achievement of CR was superior with novel induc-
tion regimens with THAL, doxorubicin (DOX), and
DEX (TAD) and BTZ, DOX, and DEX (PAD), but not
VAD.”®?? A meta-analysis of data pooled from the
PETHEMA, GIMEMA, HOVON-65/GMMG-HD4, and
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IFM 2005-01 trials discussed above demonstrated
improved CR and VGPR rates with BTZ-DEX-con-
taining regimens that were associated with longer
PFS, if achieved at 4 months post-SCT but not post-
induction.*®

On the other hand, the results from several trials
cast a doubt on significance of achievement of CR,
either pre- and/or post-transplant. The previously
described IFM 2005-01 trial of induction with VAD
versus BTZ-DEX (VD) failed initially to show statis-
tical correlation between depth of response and
survival.”” However, later updates from this study
showed statistically significant correlation with both
pre- and post-transplant VGPR.>* Another landmark
study of vID versus VD showed statistically higher
CR rates in the three- versus two-drug regimen,;
however, there was no statistical difference in PFS
and OS between two arms, likely related to the
relatively short follow-up.”

CR in Transplant-Ineligible Patients

Novel drugs have been incorporated into the
treatment of non-transplant candidates, most com-
monly in association with melphalan-prednisone
(MP), resulting consistently in higher overall
response rates, and rates of CR, PFS, and OS, as
reviewed by Cerrato and Palumbo in this issue of
Seminars. Initially, because some of MPT versus MP
studies showed no difference in PFS and OS, despite
higher CR rates in MPT arms, some questioned
whether CR rate is a good surrogate endpoint for
survival in transplant-ineligible patients. Subse-
quently, the first evidence of role of depth of
response in transplant-ineligible patients came from
the phase III VISTA trial, which demonstrated that
VMP is superior to MP. In this study, the achieve-
ment of CR versus PR by modified EBMT criteria in
the VMP arm was associated with significantly longer
time to progression (TTP) but no significant differ-
ence in 0S.’® Furthermore, TTP was similarly pro-
longed among patients achieving CR versus VGPR by
IMWG criteria. Interestingly, CR duration appeared
similar among patients achieving early CR before
cycle 5 and later during VMP treatment.”® In a more
recent phase III trial, which evaluated the four-drug
regimen of VMP plus THAL (VMPT) followed by
maintenance with BTZ-THAL (VMPT-VT) compared
with VMP alone in untreated elderly patients, a
higher CR rate in the VMPT-VT arm was associated
with statistically significant prolongation of PFS, and
per a recent update, prolongation of 08.>>% How-
ever, there was no formal analysis of outcome based
on depth of response. In a phase III trial in the
elderly of reduced-intensity induction with BTZ,
THAL, and prednisone (VIP), compared with BTZ,
melphalan, and prednisone (VMP) followed by

BTZ-based maintenance,”’ immunophenotypic (IP)
remissions, representing MRD-negative disease in a
subset of patients with CR, were associated with
better outcome. Median PFS was not reached in the
MRD () cases compared with 31 months for MRD
(+) cases. No formal analysis was presented for
patients achieving or not achieving CR. However,
an estimated 3-year PFS of was 90% for those in IP
remission, but only 39% for CR, 34% for nCR, and
29% for PR. Finally, a meta-analysis performed to
assess the impact of CR on PFS and OS in 1,175
elderly patients enrolled in the prospective non-
transplant studies treated with the regimens MP,
MPT, VMP, or VMPT showed an OS benefit for
patients who achieved CR.*? Patients who achieved
CR versus VGPR had higher rates of 3-year PFS (67%
v 27%) and OS (91% v 70%). Similar benefit was seen
in patients older than 75 years of age, supporting the
use of CR as a surrogate endpoint for long-term
outcome in the elderly, despite concerns from MPT
studies. LEN-based regimens have not been included
in this meta-analysis, in part because of lower CR
rates in the elderly compared to other BTZ-based
combinations. Thus, there is limited information on
correlation between CR and time to event from
studies with LEN in the non-transplant setting. In a
phase I/1I study of LEN plus MP in the elderly, 1-year
EFS and OS were 92% and 100%, for all patients,
although EFS appeared longer in those achieving
2VGPR. Correlation with CR was not reported. The
evidence from randomized trials is lacking. In
untreated patients 65 years or younger assigned to
MP, MPR, or MPR followed by LEN maintenance
(MPR-R), induction arms with LEN yielded higher
VGPR (29.4% V 9.1%) and longer median duration of
CR (31 v 22 months).”> However, at 30 months
median follow-up, despite more than a tripling of the
rate of VGPR, MPR without LEN maintenance did not
improve median PFS or 3-year OS versus MP. Given
the small numbers of CR attained, induction alone
without continued therapy was not enough to
impact time to event, as the only arm with an
improved PFS was MPR followed by LEN
maintenance.

Recent Frontline Regimens With Superior Depth
and Duration of Response

A number of recent phase I/II studies in NDMM,
which enrolled both transplant-eligible and -ineli-
gible patients, reported superior rates of nCR/CR
and CR/sCR reaching 80% and 60%, respectively,
which are dramatically better than results seen
historically in similar patient populations. In the
phase I/II study of LEN, BTZ, and DEX (RVD) for
NDMM, response rates of 57% 2nCR and 74% ZVGPR
were associated with a PFS rate 75% at 18 months,
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and an overall response rate of 100% PR or better for
all evaluable patients (n = 66).” In a large random-
ized phase II trial (EVOLUTION), in which three- and
four-drug combinations including LEN (R), BTZ (V),
DEX (D), and cyclophosphamide (C) were assessed
in NDMM, patients were assigned to VDCR, VDR
(reflecting a different dose and schedule of DEX
compared to RVD), VCD, and VCD-modified fol-
lowed by maintenance V in all arms.** Although
CR/VGPR rates and the corresponding 1-year PFS
were not statistically different between arms, PFS
appeared to reflect high rate of deep responses in all
arms. Interestingly, the best performing regimens in
this study from the standpoint of both outcome and
minimal residual disease proved to be VRD and VCD
modified. Most recently, a phase I/II study assessed
carfilzomib (CFZ), LEN, and DEX (CRd) in NDMM
patients, again including both transplant-eligible and
-ineligible patients.4 After a median of 12 cycles, 62%
of patients achieved at least nCR and 42% sCR, and
in 36 patients completing eight or more cycles, 78%
reached at least nCR and 61% sCR. At a median 22
months of CRd treatment, the response rates further
increased, including sCR at 55%. After a median of 25
months of follow-up these high CR rates are asso-
ciated with an exceptional 2-year PFS of 94%, with
OS of 98%.”

These results, although not from randomized
trials, further support a notion that an improved
depth of response may yield superior PFS and OS, for
RVD and CRd clearly exceed historical standards.
Certainly, these encouraging results need to be
validated in larger randomized trials, including a
soon to start comparison of CRd versus RVD phase
III trial as part of a cooperative group effort. Never-
theless, it can be concluded that a combination of an
active regimen with long-term tolerability, allowing
for prolonged treatment, may yield both high rates of
overall response as well as CR and time to event
benefit that equal or surpass that of historical results
from studies with sequential therapy including
induction with an active novel regimen, followed
by ASCT, and post-SCT consolidation and/or
maintenance.

Role of CR in the Relapsed/Refractory Setting

The impact of achievement of CR on survival also
appears to be important in the relapsed setting,
mostly since the introduction into clinical practice
of novel agents, which in turn may further validate
the importance of this parameter in NDMM. In the
APEX trial comparing BTZ with high-dose DEX, CR
rates were associated with a longer median
treatment-free interval and time to alternative ther-
apy versus VGPR/PR and there was a trend towards
longer TTP and 0S.*> In a pooled analysis of the

MM-009 and MM-010 phase III studies of LEN/DEX
versus high-dose DEX, achievement of CR/VGPR was
associated with improved response duration and
TTP, but prolonged OS was only seen when compar-
ing CR to PR.“**7 At 48 months follow-up, the
median response duration, TTP, and OS were longer
in patients with CR/VGPR than in those with PR.>®
In a recently published trial, time to progression was
significantly longer with VID than TD in relapsed
myeloma and was associated with higher CR/nCR
rate (45% vV 25%; P = .001). At 24 months there was
a trend to also longer OS in VID versus TD arm (71%
vV 65%; P = .093).%° It is anticipated that the results
from a number of ongoing randomized trials in
relapsed myeloma, including results from the ASPIRE
trial of CRd versus Rd, may generate additional
information on the correlation between the depth
of response and time to event in this setting.

Limitations of CR

The impact of tumor biology. Attainment of CR is not
only a function of drug activity but also of tumor
biology.'® Few clinical predictors of CR have been
previously identified in the context of specific
clinical trials. IgA isotype, elevated lactate dehydro-
genase (LDH) levels, and the presence of cytogenetic
abnormalities have been associated with higher CR
rates and paradoxically shorter OS.?” This is likely
reflective of higher tumor proliferative activity with
greater sensitivity to cytotoxic chemotherapy but
subsequently rapid relapse rates. The Arkansas
group demonstrated that importance of achieving
CR may differ between standard versus high-risk
disease. Gene expression profile (GEP) data from
668 uniformly treated patients on TT2 showed a
correlation of CR with prolonged EFS and OS,
whereas patients with low-risk disease had similar
survival regardless of CR attainment.*”

CR duration. More recently, it has been shown that
not only achievement but also durability of CR is
predictive of outcomes. A retrospective analysis of
three phase III trials of alkylator-based induction in
transplant-ineligible patients demonstrated that dura-
tion of response from initial therapy was a major
predictor of 0S.”” This also has been demonstrated
by the Arkansas group, both in the context of TT2
and TT3. In TT2, a 3-year sustained CR after start of
treatment was associated with prolonged OS com-
pared to patients who never achieved CR or
achieved CR but relapsed within 3 years of starting
therapy.”' In TT3, the addition of BTZ was associ-
ated with improved CR durability and improved EFS
and a trend toward improved OS compared to TT2
with or without THAL.”> CR rates post-SCT were
similar between the two studies; however, the 2-year
sustained CR rate was superior (91% v 81%) in TT3
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versus TT2, which translated into improved EFS and
a trend toward improved OS. A landmark analysis
revealed that both failure to achieve CR and, espe-
cially, loss of CR were independently associated with
inferior survival.”> Furthermore, data from TT2 also
indicate that durability of CR rather than CR achieve-
ment may be a better predictor of PFS/OS in high-
risk patients.54 Thus, in high-risk disease, CR may not
be a surrogate marker for an improved outcome and
in this group of patients the ultimate strategy should
be focused on maintaining CR.'°

MRD as an emerging predictor of outcome. The role,
significance, and assessment of MRD in MM are
evolving rapidly. As association between depth of
response and long-term outcomes appears to be
clearly emerging, the need to examine patients
beyond sCR level of response is valid. Although the
optimal measurement tool or combination of tools
that is also clinically feasible remains to be defined
prospectively, multi-parametric flow (MPF) and
molecular response (MR) by PCR are approaching
the forefront. Identification of MRD by MFC has been
widely demonstrated to be of clinical importance
and may soon be incorporated into the routine
evaluation of all patients. This is supported by
several large phase III trials that demonstrate a
correlation between MRD (-) disease at 100 days
post-ASCT and survival.’> >’ In one study, MRD(),
immunofixation (IF)(-) patients and MRD(Q), IF(+)
patients had significantly longer PFS than MRD(+), IF
() patients suggesting that MPF may be a more sensitive
method than immunofixation for detection of residual
clones and have stronger correlation with outcomes.””
In another study, MRD (+) disease in addition to
cytogenetics at 100 days post-ASCT was predictive of
loss of CR status.”® Several trials in the elderly also have
demonstrated that immunophenotypic CR by MPF was
the strongest predictor of TTP, PFS,”” and 0s. %!

MR with PCR assessment of immunoglobulin gene
rearrangements for MRD also has been examined in
the context of prospective studies and in general has
been considered to be more sensitive than MPF.
However, when compared directly in a group of 130
patients who achieved CR/VGPR post-induction or
SCT on the GEM2000/2005 trial, MR provided
similar prognostic value to IP remissions.”” More
recently, comparable results for MPF and MR-based
evaluation of MRD were shown, with slightly higher
proportion of patients recorded as MRD(-) by PCR-
based methods.®'

While these methods have already proved to be
feasible surrogate markers and are soon to become
primary endpoints in clinical trials, we still need to
overcome several challenges before incorporating
them into clinical practice. While MPF may be more
applicable in the clinical setting, and has already
been reported as feasible in a number of European

studies,’” it is currently only available in several

centers in the United States and its techniques have
not yet been standardized among the different
institutions. Furthermore, the data provided by
MPF are highly time-dependent, in addition to vari-
ability of the quality of the aspirate. Because of these
constraints, PCR-based techniques may eventually
emerge as superior for evaluation of MRD. Finally,
the ultimate role of MRD assessment should not be
limited to predicting treatment outcome, but ulti-
mately to aide in monitoring of the disease and
detection of early relapse, which still needs addi-
tional and prospective validations.

The Role of CR—Conclusion

In summary, CR has been associated with improved
outcomes in NDDM, both in the setting of ASCT and in
non-transplant candidates and also in relapsed/refrac-
tory myeloma. Its association at any point of initial
treatment with PFS is very strong. Although it is still
not clear how important is the depth of response prior
to transplant, studies to date suggest that selecting an
induction regimen with high probability of achieving
CR is important. On the other hand, there is no
evidence to support a change of initial choice of
induction treatment in an attempt to achieve pre-
transplant VGPR, nCR, or CR, despite reports of
association of pretransplant depth of response with
improved time to event. Furthermore, it is not estab-
lished whether the achievement of CR has the same
prognostic value if attained with novel regimens alone
versus with contribution of ASCT. There is also not
enough evidence for CR to be used as a surrogate
endpoint for PFS in NDDM, given that duration of CR,
rather than achievement of CR, may better predict
survival. With the development of more sophisticated
methods for detection of MRD, attention may soon
shift beyond CR/sCR to MRD as an endpoint. At this
time, there are not enough data to use MRD as a
surrogate endpoint of treatment or as a substitute for
cure. However, rapid progress in this area is being
made and we can anticipate that MRD may soon be
accepted as a surrogate endpoint, which may hasten
advances towards discovering a cure.

NON-TRANSPLANT AND TRANSPLANT
TREATMENT PATHWAYS: ARE WE READY TO
SHIFT TO A DIFFERENT PARADIGM?

In the era of conventional therapy where
response rates to induction therapy were poor, and
the goal of treatment was achievement of PR and
prevention of organ damage, patients were stratified
to those who are transplant eligible and consolidated
with high-dose melphalan/SCT and those who were
transplant ineligible and received oral melphalan
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with prednisone (MP). Therefore, efforts to approve
new agents in newly diagnosed myeloma were
mostly focused on the non-transplant population.
Because MP was considered a standard of care in the
pre—novel agent era, many studies in non-transplant
candidates were designed to compare MP plus novel
agent versus MP alone. Combination regimens such
as melphalan-prednisone-thalidomide (MPT), borte-
zomib-melphalan-prednisone (VMP), and melphalan-
prednisone-lenalidomide followed by lenalidomide
maintenance (MPR-R), have now proved to be
superior to MP in large randomized phase III trials
(for details see Ceratto and Palumbo in this issue). To
improve further outcome beyond novel triplet regi-
mens with MP-backbone, two novel agents were
added to MP (VMPT) followed by bortezomib and
thalidomide maintenance (VT). The study has shown
higher response rates, PFS, and, at recent update,
also OS when compared to VMP.>?% Although
these results show an improvement compared to
triplet MP-based regimens, it appears that median
PFS and OS is still shorter than the best results
achieved with strategies involving transplant in
younger patients. Is this because of transplant or
because we are limiting our evaluations in non-
transplant patients to MP-based regimens? What if
we use established non-MP based regimens such as
VD, Rd, VDT, RVD, or CRd in transplant-ineligible
patients? We already have learned that VD has
comparable activity, PFS, and OS to VMP from a
completed randomized study conducted in the US
community-based oncology centers.®’ Comparison
of MPT with Rd, which has completed enrollment,
awaits final reports. If this study shows at least
comparability of Rd to MPT, there would be
opportunity to use Rd in place of MP-based regi-
men as comparator in upcoming randomized trials
in non-transplant candidates. But even if both VD
and RD are established as comparable to MP-based
novel triplets, an argument can be made to also use
three-drug regimens in the elderly, with the pre-
sumption that these regimens may be less tolerated
in this population of patients. And indeed, out-
come in the VDT arm was not different from that in
the VD arm in a randomized study in elderly
patients in the community setting.®* However, if
we bring more active, and at the same time better
tolerated regimens to the elderly, this could
improve the outcome in this population as well.
The results from the RVD trial’ and from the CRd
trial® in patients aged 65 years and older®” indicate
that we can do better in this patient population. It
is possible that with such regimens, randomized
trials in NDMM can be designed for all age groups,
stratified by transplant eligibility, and break from
the current practice of separate studies for trans-
plant and non-transplant candidates.

SUMMARY AND FUTURE DIRECTIONS

The achievement of CR to initial therapy in multiple
myeloma is now possible in the majority of patients
due to more effective targeted agents and integration
of extended sequential therapy to the treatment
algorithm. Furthermore, attainment of CR at any time
point during treatment in both transplant eligible and
ineligible patients is associated with improved out-
come; it thus is likely to be established as a goal of
therapy in all patients with NDMM. Because of signifi-
cant improvement in outcomes and achievement of
high rates of CR without transplant, the role of ASCT is
being re-evaluated. Although ASCT still may be needed
and can be considered a standard of care in all eligible
patients, we need to establish whether to perform
ASCT in all eligible patients early in the course of
therapy or in a subgroup of patients with defined
characteristics. Rational, biologically derived combina-
tion approaches with novel agents incorporating
newer drugs and first in class antibodies provide the
prospect of yet further improvements in outcome.**%”
In addition, as we refine the definition of CR by
incorporating modern methodologies for detection of
MRD in those in clinical CR and improve our surrogate
endpoints, in the near future we may be able to
identify patients who are possibly fundamentally cured
(ie, enjoy durable CR lasting many years) and in whom
treatment may be tailored accordingly.
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New Developments in Post-transplant Maintenance
Treatment of Multiple Myeloma

Hong Liu and Philip McCarthy

Treatment of multiple myeloma (MM) has evolved significantly over the past two decades with
high-dose chemotherapy and autologous stem cell transplant (ASCT), incorporating novel
therapies such as proteasome inhibitors (PIs) and immunomodulatory drugs (IMiDs) during
induction and post-transplant maintenance therapies. We reviewed the evolution of maintenance
therapy from traditional chemotherapy, interferon (IFN), and prednisone to the current use of
thalidomide, lenalidomide, and bortezomib in posttransplant maintenance setting. Based on
existing literature, either thalidomide or lenalidomide can be recommended for maintenance
therapy post-transplant resulting in improved progression- free survival (PFS) and overall survival
(OS). Thalidomide is less tolerated than lenalidomide and does not improve survival in patient
subgroups who had achieved at least a very good partial response (VGPR) or who had
chromosome 13 deletion. Thalidomide maintenance maybe even detrimental in patients with
high-risk cytogenetics. Alternatively, lenalidomide maintenance improves PFS in all subgroups of
patients including those achieving at least a VGPR and those with high-risk cytogenetics, and
improves OS in one other study. Bortezomib maintenance improves PFS and OS as part of
induction and maintenance when compared to thalidomide maintenance and it is uncertain as to
whether this improvement was due to bortezomib used during induction. The future research in
maintenance therapy may include incorporation of current novel agents and testing new oral

agents such as pomalidomide, or ixazomib or antibody therapy with elotuzumab.
Semin Oncol 40:602-609 © 2013 Elsevier Inc. All rights reserved.

SHORT REVIEW OF PRIOR RESEARCH OF
MAINTENANCE IN MYELOMA

ultiple myeloma (MM) was first recognized
M in the 19th century and was described as

“mollities ossium” accompanied by the pres-
ence of Bence Jones protein in urine." The median
overall survival (MOS) was short: a few months due to
the lack of effective treatment at that time. By the
1950s, the first effective treatment for MM was
established with alkylating agent-based therapy,
including melphalan, which improved the MOS to
36 months from the time of diagnosis.” Over the past
15 years, many advances in MM treatment, including
autologous stem cell transplant (ASCT) and novel
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agents (proteasome inhibitors [PIs] and immunomo-
dulatory drugs [IMiDs]), have further improved the
MOS.> However, MM is not a curable disease. Vir-
tually all MM patients eventually relapse or have
progressive disease. Thus, strategies to improve on
remission duration have been considered. Consolida-
tion therapy for MM to enhance outcome and prolong
response after induction therapy is discussed by Cavo
et al in this issue of Seminars in Oncology. Maintenance
therapy has been explored to prolong survival by
sustaining disease control following induction chemo-
therapy. The first clinical trial of maintenance therapy
was led by SWOG. Published in 1975, it consisted of
96 patients responding to 12 months of various
melphalan combination regimens who were random-
ized to one of three maintenance treatments: carmus-
tine with prednisone, continued melphalan with
prednisone, or no Chemotherapy./l No differences in
relapse, remission duration, or OS were found among
these three groups. A second randomized control trial
with 185 patients who responded initially to
melphalan-prednisone (MP) confirmed no survival
benefit in patients randomized to MP maintenance.’
An increased incidence of secondary acute leukemia
was reported in patients with prolonged melphalan

602 Seminars in Oncology, Vol 40, No 5, October 2013, pp 602-609
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treatment.”’ The focus of maintenance therapy was
therefore moved away from cytotoxic chemotherapy
to IMiDs. Interferon (IFN) and glucocorticoids have
been tested in the maintenance setting and proved to
have survival benefit but were associated with sig-
nificant toxicities and poor tolerability.

Interferon

IFNs are cytokines produced naturally by cells in
response to viral challenge. IFN has both antiproli-
ferative and immunomodulating effects and was first
shown to have anti-myeloma properties as a single
agent in 1979.° Subsequent trials using IFN as
maintenance therapy revealed different results: some
showed a progression-free survival (PFS) benefit and
a trend in improved OS. However, most trials did not
demonstrate a significant OS benefit." Two meta-
analyses”'’ showed a significant improvement in
PFS and OS. The Myeloma Trialists’ Collaborative
Group conducted a meta-analysis using individual
patient data from 24 IFN maintenance trials They
reported a superior PFS (33% v 24%, P <.00001) and
OS (53% V 49%, P = .01) in patients treated with IFN
maintenance (2—6 million units [MU] x 2-3 times per
week) versus observation at 3 years of follow-up.’
The MOS benefit was 4 months. Fritz et al performed
a meta-analysis based on 13 trials of IFN maintenance
therapy versus observation and confirmed a PFS
benefit of 4.4 months (P <.01) and an OS benefit
of 7 months (P <.01)."° The routine use of IFN
maintenance therapy is limited by significant adverse
events (AEs). Almost all patients experience flu-like
symptoms, including fever, chills, myalgias, head-
aches, and malaise. Other major toxicities include
depression, arrhythmias, liver function abnormal-
ities, anorexia, nausea, diarrhea, or hematologic
toxicities. The toxic side effects of IFN maintenance
therapy caused discontinuation of treatment in up to
37% of patients in clinical trials."’

Glucocorticoids

Glucocorticoids were found to have significant
antimyeloma effect as single agents'>'® or as part
of combination therapy due to additive or synergistic
activity.'*'> The first randomized maintenance trial
using glucocorticoids was published in 1998 by
Salmon et al from SWOG.'® Eighty-nine newly diag-
nosed MM patients who achieved remission were
randomized to one of two maintenance arms: IFN (3
MU three times weekly) plus 50 mg prednisone (IFN/
P) versus IFN alone until relapse. Patients who
received IFN/P maintenance had an improved PFS
(19 v 9 months, P = .008) without OS benefit (57 v
46 months from the start of maintenance, P = .306).
The role of glucocorticoids alone as maintenance
therapy was evaluated in the subsequent SWOG

9210 trial.'” One hundred twenty-five patients achiev-
ing at least a 25% tumor reduction were randomized
to receive either 50 mg or 10 mg of prednisone on
alternate days until disease progression. The patients
receiving 50 mg alternate-day prednisone as mainte-
nance had a significantly better PFS (14 v 5 months, P
= .003) and OS (37 v 26 months, P = .05) from the
time of maintenance randomization when compared
with 10 mg every other day. A comparison of
dexamethasone (20 mg daily for 4 days per month)
with IFN maintenance (3 MU 3 x weekly) showed a
similar duration of remission and OS between the two
arms.'® Another randomized trial comparing dexame-
thasone versus observation showed an improved
median PFS (2.8 years v 2.1 years, P = .0002) without
OS benefit (4.1 years v 3.8 years, P = .4)."” Gluco-
corticoids have not shown a consistent benefit in
improving OS. Long-term maintenance therapy with
glucocorticoids led to grade 3 and higher AEs,
including increased infection, weight gain, myopathy,
myalgia, change in mood, and Cushingoid features in
one quarter of the SWOG 9210 trial patients.

RECENT UPDATES ON ROLE OF
MAINTENANCE AFTER TRANSPLANT

A major advance in MM treatment has been made
since the introduction of IMiDs (thalidomide, lenali-
domide) and PIs (bortezomib). These novel agents
have recently become the center of interest for
maintenance therapy.

Thalidomide

Thalidomide, initially marketed as a sedative and
antiemetic medicine in 1950s, was banned in early
1960s after causing severe congenital deformities.”’
In the late 1990s, thalidomide was found to have
anti-angiogenesis and immunomodulatory effects,
and exhibited an anti-tumor effect against refractory
MM.*"** Rajkumar et al demonstrated the superior
efficacy of thalidomide and dexamethasone com-
pared to dexamethasone alone in newly diagnosed
MM patients and established a new standard of care
in 2006.%* Thalidomide became the focus of interest
for maintenance studies because of the lack of
severe hematologic toxicity and its oral formulation.

There are seven trials with thalidomide mainte-
nance with or without corticosteroids after ASCT
published to date.”* ™" Artal et al reported the
benefit of thalidomide maintenance after ASCT.**
In this Intergroup Francophone du Myélome (IFM)
99 study, 597 patients were randomized to three
groups: thalidomide until progression plus pamidro-
nate, pamidronate alone, or no maintenance at
2 months post tandem ASCT. Significantly more
patients on the thalidomide arm achieved complete
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responses (CRs) or very good partial responses
(VGPRs) (67% vV 57% vV 55%, P = .03). Thalidomide
maintenance improved the event-free survival (EFS)
at 3 years post randomization (52% vV 37% UV 36%,
P <.009), and the OS (4 years post diagnosis: 87% v
74% V 77%, P <.04). Subgroup analyses showed that
thalidomide maintenance did not benefit patients
who achieved a VGPR or CR at randomization or
patients with the chromosome 13 deletion cytoge-
netic abnormality. The subgroup analyses were
limited by small number of patients as only 55
patients with chromosome 13 deletion and 100
patients with VGPR or CR received thalidomide
maintenance.

Barlogie et al reported superior CR rates (62% vV
43%) and EFS (56% vV 44%) with thalidomide main-
tenance for patients receiving Total Therapy 2
(TT2).”> TT2 consisted of four cycles of induction
therapy, tandem ASCT, four cycles of consolidation
therapy, and 1 year of maintenance with IFN and
dexamethasone. Patients randomized to the thalido-
mide arm received thalidomide 100 mg daily for the
first year, then 50 mg every other day until disease
progression or AEs occurred. The OS survival benefit
was not obvious at the initial report; however, with a
longer follow-up of 87 months, a significantly
improved OS (P = .04) was found in thalidomide
maintenance group.”’ Patients with metaphase-
defined cytogenetic abnormalities benefited more
with thalidomide maintenance (OS at 5 years, 56% V
43%; P = .02) with earlier segregation of the survival
curves at 2 to 3 years, compared to 7 years for those
without cytogenetic abnormalities.”” There is a limi-
tation to evaluating the exact benefit of thalidomide
maintenance in TT2 because only the thalidomide
maintenance group received thalidomide during
induction and the control group did not receive
thalidomide induction. The survival benefit in the
thalidomide group could be derived from thalidomide
induction or the inclusion of thalidomide in both
induction and maintenance phases.

In the Dutch-Belgian Hemato-Oncology Coopera-
tive Group (HOVON)-50 study,”’ 556 patients were
randomized to two arms: induction with vincristine,
doxorubicin, and dexamethasone (VAD) followed by
ASCT and IFN maintenance (arm A) or induction
with thalidomide, doxorubicin, and dexamethasone
(TAD) followed by ASCT and thalidomide 50 mg daily
maintenance (arm B). Thalidomide maintenance sig-
nificantly improved best overall response rate (88% V
79%, P = .005), EFS (34 months v 22 months,
P <.001), PFS (34 months v 25 months, P <.001)
without significant difference in OS (73 months v 60
months, P = .077). The HOVON-50 study arm A did
not receive thalidomide as a part of induction therapy
and the EFS and PFS benefit may not be due solely to
thalidomide maintenance.

Two studies?®*® evaluated maintenance therapy

with thalidomide (100-200 mg daily) for 1 year”® or
until progression,”” respectively, with prednisone
(every other day). Both trials showed a superior
PFS with thalidomide/prednisone maintenance. The
OS benefit was seen in one trial (3-year OS, 86%
v 75%; P = .004)*° and not the other (4-year OS, 68%
v 60%; P = .18).”°

Another trial evaluating the role of thalidomide with
corticosteroid maintenance was recently reported by
the Brazilian Multiple Myeloma Study Group (BMMSG/
GEMOH).? One hundred eight patients were random-
ized to receive maintenance with dexamethasone or
dexamethasone with thalidomide (200 mg daily) for 12
months or until progression. At a median follow-up of
27 months, the 2-year PFS was superior in the
dexamethasone with thalidomide maintenance arm
(64% v 30%, P = .002) compared to dexamethasone
alone. The addition of thalidomide to dexamethasone
as maintenance improved the PFS mainly in patients
who did not achieve at least a VGPR post ASCT. There
was no significant difference in 2-year OS (85% v 70%,
P=.27.

Recently, the British Medical Research Council
(MRC) Myeloma IX study examined thalidomide
maintenance for transplant eligible and non—trans-
plant-eligible patients.”” Patients were randomized
to thalidomide therapy (50-100 mg) or to no main-
tenance. In the transplant group, thalidomide main-
tenance resulted in a significant longer PFS (30 v 23
months, P <.001). There were no significant OS
difference between arms (HR=0.91, P = .4) at a
median follow-up from maintenance randomization
of 38 months. Patients with adverse cytogenetics
[t(4;14), t(14;16), t(14;20), del 17p, del 1p32, gain
1q21] attained a similar PFS (9 v 12 months, P = .49)
but a worse OS (P = .009). This study suggests that
thalidomide maintenance benefited only low-risk
myeloma patients.

A meta-analysis of six thalidomide maintenance
trials was recently published and confirmed the
improvement of both PFS (HR = 0.65, P <.01) and
a trend toward significant improvement in OS (HR =
0.83, P = .07).55 The OS improvement was more
prominent in subgroups using corticosteroids with
thalidomide as maintenance (HR = 0.70, P = .02).
More frequent venous thrombosis (risk difference,
0.024; P <.05) and peripheral neuropathy occurred
with thalidomide maintenance. The side effects of
thalidomide limited long-term use, with the median
duration of thalidomide maintenance varying from
7—24 months in the trials discussed above.

Lenalidomide

Lenalidomide, a derivative of thalidomide is a
more potent stimulator of T-cell proliferation, and
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interleukin (IL)-2 and IFN-y production.“’54 Lenali-

domide decreases the secretion of IL-6, tumor
necrosis factor (ITNF)-a, and IL-1f in a dose-
dependent manner. Given the less risk of neuro-
toxicity (up to 17% incidence of mild to moderate
peripheral neuropathy with full-dose lenalidomide)
compared to thalidomide and the efficacy of at lower
doses, lenalidomide became the next logical choice
for maintenance therapy studies. Palumbo et al
reported the feasibility and efficacy of using lenali-
domide as consolidation-maintenance therapy in a
pilot phase II trial,?” that served as the foundation for
two phase III post ASCT lenalidomide maintenance
trials recently published.’>” In both trials, study
drug assignments were unblinded early because of a
dramatic, significantly improved PFS or time to
progression (TTP), the primary endpoints.

The IFM-2005-02 trial examined 614 MM patients
who had received VAD or bortezomib/dexametha-
sone induction, followed by a single or double (21%)
ASCT and two cycles of lenalidomide consolidation
and who were then randomized to lenalidomide
maintenance or placebo.”’ The patients on the
lenalidomide arm took 10 mg lenalidomide daily
(increased to 15 mg after 3 months if tolerated) until
disease progression or unacceptable AEs. Lenalido-
mide consolidation increased the CR rate from 14%
to 20% (P <.001) and the VGPR rate from 58% to
67% (P <.001). The best response during lenalido-
mide maintenance improved but not significantly
(CR rate, 25% vV 22%, P = .4; VGPR rate, 77% v 70%,
P = .08). At a median follow-up of 45 months (36
months after randomization), the median PFS was
significantly improved in the lenalidomide mainte-
nance arm (41 v 24 months, HR = 0.5; P <.001).
The probability of surviving free of progression for
3 years post randomization was 59% versus 35%
favoring the lenalidomide maintenance group. The
PFS benefit was seen in all patient subgroups who
received lenalidomide maintenance therapy, inde-
pendent of response status at randomization
(VGPR/CR or not), By-microglobulin level, or pres-
ence or absence of 13q deletion. The 3-year OS after
randomization was similar in both groups (80% in
the lenalidomide group and 84% in the placebo
group, HR = 1.25; P = .29). There were more
patients with adverse cytogenetic disease [t(4;14)
or deletion 17p] in the lenalidomide maintenance
group (P <.01).

In the Cancer and Leukemia Group B (CALGB)
100104 trial, 460 MM patients received induction
therapy (multiple regimens), a single ASCT, and ran-
domization to lenalidomide maintenance (10 mg daily
for 3 months, then increased to 15 mg if tolerated) or
to placebo.”® The median TTP was significantly pro-
longed in the lenalidomide maintenance group (46
months v 27 months, HR = 0.48; P <.001). When the

primary endpoint (TTP) was met, 86 of 128 eligible
patients in the placebo group crossed over and
received lenalidomide maintenance therapy. Based on
an intent-to-treat analysis, at a median follow-up of 34
months, the OS was significantly improved with
lenalidomide maintenance compared to placebo (85%
v 77%, P = .03) despite the cross-over. In a subgroup
analysis, there was evidence that induction therapy
with lenalidomide was associated with improved OS in
the lenalidomide maintenance group as compared
with the placebo group (P = .03). CALGB 100104
patients received different induction therapies when
compared to the IFM 05-02 patients. Twenty-nine
percent of CALGB 100104 patients received thalido-
mide-based and 35% received lenalidomide-based
induction therapy whereas majority of patients (96%)
in IFM-2005-02 received VAD or bortezomib and
dexamethasone. In the IFM-2005-02 trial, both exper-
imental and control arms received 2 cycles of lenali-
domide consolidation post- transplant; whereas no
consolidation was given posttransplant in CALGB
100104 trial. The IFM 05-02 study stopped lenalido-
mide maintenance therapy at an estimated 32 months
of therapy. The reasons for stopping therapy are
described in the next section. The difference in patient
population, induction therapies, length of mainte-
nance treatment and trial design may explain the
difference of OS benefit between the IFM-2005-02
and CALGB 100104 trials. In addition, poor risk
cytogenetic profiles including 17p deletion and t
(4:149) were more common in the lenalidomide group
(p=0.000) in the IFM-2005-02 trial which may have
adversely affected the survival.

A major concern during maintenance therapy is
any toxicity that limits its long-term use, the ability to
receive future treatment after progression or results
in life-threatening illness. In both the IFM and
CALGB studies, grade 3 or 4 AEs were mostly
hematologic events. The incidences of grade 4
neutropenia were 13% for the CALGB lenalidomide
arm and 3% for the placebo arm. The incidences of
grade 4 thrombocytopenia were 5 and 3% for the
lenalidomide and placebo arms, respectively. The
IFM aggregated grade 3 and 4 AEs. For neutropenia
the incidences for the lenalidomide and placebo
arms were 51% and 18%, respectively. The aggre-
gated grade 3 and 4 thrombocytopenia AEs were
14% and 7%, respectively, for the lenalidomide and
placebo arms. There were more non-hematologic
grade 3 toxicities on the CALGB lenalidomide arm
and no difference in grade 4 and 5 AEs when
compared with placebo. There were more throm-
boembolic events (6% v 2%) on the IFM lenalidomide
arm when compared to placebo. The maintenance
discontinuation rate due to AEs was 10% and 1% for
lenalidomide and placebo, respectively, in the
CALGB study and 27% and 15%, respectively, in
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the IFM study. Both the IFM-2005-02 and CALGB
100104 trials reported an increased risk of second
primary malignancies (SPM). In the IFM-2005-02,
new hematologic malignancies and solid tumors
were reported in 4% and 3% of patients treated with
lenalidomide maintenance as compared to the pla-
cebo group who developed 2% hematologic malig-
nancies and 1% solid tumors, respectively. In the
CALGB 100104 study, 3.5% and 4% of patients in the
lenalidomide maintenance arm developed new hem-
atologic malignancies and solid tumors, as compared
to the control group who developed 0.4% and 2.2%
new hematologic malignancies and solid tumors,
respectively. The second hematologic malignancies
were acute myeloid leukemia (AML), myelodysplas-
tic syndrome (MDS), acute lymphoblastic leukemia
(ALL), Hodgkin lymphoma (HL), and non-Hodgkin
lymphoma (NHL). Compared to the placebo arms,
the IFM-2005-02 lenalidomide arm had an increase in
ALL and HL without increase in AML/MDS, whereas
the CALGB 100104 lenalidomide arm had an
increase in AML/MDS without an increase in ALL
and HL. Despite the increase in SPM, lenalidomide
maintenance therapy reduced the risk of MM relapse
by 50% in both trials and prolonged the OS in CALGB
100104 trial. Cavallo et al recently reported the
decrease in the risk of progression with lenalidomide
maintenance post-transplant or post-melphalan/pre-
dnisone/lenalidomide (MPR) therapy.’® At a median
follow-up of 38 months, the PFS for transplant and
MPR patients receiving lenalidomide maintenance
versus patients not receiving maintenance was 66%
versus 47%, respectively (P = .002). There is no
difference in OS at the time of this report.

Bortezomib

Bortezomib is a PI that induces high response
rates in both relapse/refractory and newly diagnosed
MM patients.s()_41 Bortezomib induction therapy
improves the survival of MM patients with selected
high-risk cytogenetic abnormalities.*>** Bortezomib
has been studied as post ASCT consolidation ther-
apy.“’45 In the transplant setting, there is one
bortezomib phase III randomized maintenance trial
published to date. The HOVON and the German
Multicenter Myeloma Group (GMMG) randomized
613 newly diagnosed MM patients to VAD induction,
high-dose chemotherapy and ASCT and maintenance
therapy with thalidomide 50 mg daily for 2 years
(arm A), or to bortezomib, doxorubicin, and dex-
amethasone (PAD), high-dose chemotherapy and
ASCT and maintenance with bortezomib 1.3 mg/m?*
intravenously every 2 weeks for 2 years.4(’ At a
median follow-up of 40 months, the quality of
response was significantly improved in arm B: the
near CR/CR rate was 38% in arm A versus 50% in arm

B, the VGPR or better rate was 61% in arm A versus
75% in arm B. The 3 year PFS and OS were
significantly higher in arm B with a PFS of 48%
versus 42% in arm A (HR, 0.81, p=0.047) and OS of
78% in arm B and 71% in arm A (HR, 0.74, p=0.048).
Seventy-eight percent of patients in the VAD arm
started thalidomide maintenance therapy as com-
pared to 65% patients in the PAD arm who started
bortezomib maintenance therapy. Completion of
maintenance was achieved in 27% of the thalidomide
maintenance arm and 47% of the bortezomib main-
tenance arm. Discontinuation of maintenance ther-
apy was due to progressive disease (PD) (31%),
toxicity (31%), and other reasons (2%) in the thali-
domide maintenance group versus PD (29%), toxic-
ities (9%), or other reasons (9%) in the bortezomib
maintenance arm. The study demonstrated that
PAD/ASCT/bortezomib maintenance is superior to
the VAD/ASCT/thalidomide maintenance even in
patients with renal impairment or with adverse
fluorescence in situ hybridization (FISH)-defined
poorrisk cytogenetics [t(4;14), amplification of
1q21, and del 17p]. Due to the study design, it is
difficult to conclude whether the benefit is due to
the bortezomib-containing induction, maintenance,
or both.

COMBINED NOVEL THERAPIES FOR
MAINTENANCE

Combination of novel therapies using bortezomib
and thalidomide (VT) as maintenance therapy has
been evaluated in both non-transplant and transplant
patients. In the non-transplant setting, two random-
ized control trials were reported to date with
marginal benefit.*”*® These studies compared two
groups of patients randomized to receive either
bortezomib, melphalan, prednisone, and thalido-
mide (VMPT) induction followed by VT maintenance
(bortezomib 1.3 mg/m* every 2 weeks plus thalido-
mide 50 mg daily) for 2 years or VMP induction
without maintenance and reported a better CR rate
(B38% v 24%, P <.001) and 3-year PFS (56% v 41%, P
= .008) in patients received VT maintenance. The 3-
year OS was similar (89% v 87%, P = .77). After a
longer follow-up (median follow-up of 47.2 months),
median OS was significantly better in the VMPT-VT
arm compared with the VMP arm (not reached v
58.2 months).48 However, due to the study design, it
is unclear the benefit in CR and PFS was purely due
to VT maintenance or including thalidomide in
induction. Palumbo et al compared two maintenance
therapies with 3 years of bortezomib (one cycle
every 3 months) plus thalidomide 50 mg daily (VT)
or prednisone 50 mg every other day (VP) and found
no statistical significant difference in both PFS (39 v
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32 months, P=.1) and OS (5-year OS 69% v 50%, P =
.1).*? Rosinnol et al recently reported the result of
VT maintenance in transplant setting.”” The patients
were randomized to three groups to receive main-
tenance therapies for 3 years with either VT (borte-
zomib one cycle every 3 months and thalidomide
100 mg daily), T (thalidomide 100 mg daily) or IFN
(3 MU 3 times/wk). The maintenance therapies
increased CR rate by 15%-19% without difference
among each group. The PFS was significantly longer
with VT compared with T and IFN with no increased
toxicities and OS were similar among three main-
tenance groups.

BISPHOSPHONATES

The MRC myeloma IX study also evaluated the
effect of zoledronic acid on the reduction of skeletal
events and improvement of clinical outcomes.’'>?
The study randomized 1,970 newly diagnosed MM
patients to zoledronic acid (4 mg IV every 3-4 weeks)
or clodronic acid (1,600 mg per day orally).
Bisphosphonates were started during induction ther-
apy and continued until disease progression or
adverse event. Patients received bisphosphonates
for a median of 350 days (range, 137-632). At a
median follow-up of 3.7 years, zoledronic acid
significantly improved PFS by 12% (95% CI, 2-20),
reduced mortality by 16% (HR 0.84, P = .0118) and
extended MOS by 5.5 months (50 months v 44.5
months, P = .04). Both bisphosphonates were gen-
erally well tolerated with similar incidence of acute
renal fajlure. Zoledronic acid was associated with
higher rates of osteonecrosis of the jaw (4%) than
clodronic acid (< 1%).

RECOMMENDATIONS IN VIEW OF EXISTING
EVIDENCE

The International Myeloma Working Group
(AMWG) recently published consensus recommenda-
tions regarding maintenance therapy in multiple
myeloma.”® Offering maintenance therapy to MM
patients has to be individualized based on the
patient’s age, performance status, prior treatment
and tolerance of the novel agents, and cytogenetic/
FISH risk stratification. Thalidomide maintenance
post ASCT is an option that increases PFS consis-
tently and OS marginally. The dose should be limited
to 50-100 mg daily with the duration of therapy
limited to 1 year or less to limit significant neuro-
toxicity. Patients with FISH-defined poor-risk cytoge-
netics had an inferior outcome with thalidomide
maintenance compared to control.”’ Thalidomide
maintenance did not benefit patients who achieved
at least a VGPR at randomization or patients with del

a 3)24. Lenalidomide maintenance post ASCT is well
tolerated and active in most risk groups. Lenalido-
mide maintenance improved PFS or TTP significantly
in both the IFM and CALGB trials, and OS in the
CALGSB trial. The starting dose should be 10 mg daily
with the dose adjusted between 5 mg and 15 mg
depending on tolerability. The duration of mainte-
nance is to continue until PD or unacceptable
toxicity. In contrast to thalidomide, lenalidomide
maintenance improved PFS in all stratified subgroups
of patients including those achieved at least a VGPR
and those with high-risk cytogenetics (del(lSq)).}’7
Due to the concern for second primary malignan-
cies, the question has been raised as to whether a
shorter duration of lenalidomide maintenance ther-
apy (eg, 2 or 3 years) would still provide the same
survival benefit. Biweekly bortezomib maintenance
therapy is feasible for up to 2 years.% It remains to
be determined if the PFS and OS benefit observed in
the HOVON/GMMG trial is attributed to bortezomib
induction, maintenance, or the combination. The
combination of bortezomib and thalidomide as main-
tenance is feasible and showed improved PFS com-
pared to thalidomide alone.’” The incorporation of
bortezomib in maintenance therapy may overcome
the poor impact of high risk cytogenetics.

Further trials using novel agents in combination as
part of induction, consolidation, ASCT, and main-
tenance should improve MM PFS, OS, and long-term
outcome. Using lenalidomide and bortezomib as
standards for maintenance therapy will allow for
future study comparisons. Clinical trials that incor-
porating oral IMiDs such as pomalidomide or pro-
teasome inhibitors such as ixazomib (MLN9708) or
oprozomib will define optimal approaches to main-
tenance therapy.
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Role of Consolidation Therapy in Transplant Eligible
Multiple Myeloma Patients

Michele Cavo, Annamaria Brioli, P. Tacchetti, B.A. Zannetti, K. Mancuso, and E. Zamagni

The role of high-dose therapy and autologous stem-cell transplantation (ASCT) in the treatment
of multiple myeloma (MM) has continued to evolve in recent years. The novel agents
thalidomide, bortezomib, and lenalidomide have been successfully incorporated into induction
therapy in preparation for ASCT and are currently being investigated also as post-ASCT
consolidation and maintenance therapy. Consolidation treatment is generally short term and
aims to increase the frequency and depth of response obtained with the previous treatment
phases, including novel agent-based induction therapy and ASCT. This review will focus on
recent trials of novel agents as post-ASCT consolidation therapy, offering an overview of pros
and cons of this new treatment strategy in the ASCT sequence for MM patients.

Semin Oncol 40:610-617 © 2013 Elsevier Inc. All rights reserved.

ver the last two decades, high-dose therapy
O (HDT) and autologous stem cell transplan-

tation (ASCT) has been the mainstay of
upfront treatment for younger patients with newly
diagnosed multiple myeloma (MM) based on the
increased rate of complete response (CR) and pro-
longed overall survival (OS) reported in comparison
with conventional chemotherapy in several phase III
studies."” A systematic review and meta-analysis of
randomized clinical trials comparing ASCT with
standard-dose therapy has confirmed a significant
benefit in prolonging progression-free survival (PFS),
but not OS, with a single ASCT.? Conflicting results
also have been reported by various groups who
compared a single versus double ASCT, mainly due
to heterogeneity across different trials.*

The role of ASCT in the treatment of MM has
continued to evolve in recent years.”® The choice of
induction therapy has shifted from conventional che-
motherapy to newer regimens incorporating the
immunomodulatory derivatives (IMiDs) thalidomide
or lenalidomide, and/or the proteasome inhibitor,
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bortezomib.® Novel agent—based induction therapies
have affected unprecedented rates of CR that rival
those previously seen with conventional chemother-
apy and subsequent ASCT. Excellent activity shown by
IMiDs and/or bortezomib before ASCT has led to their
investigational use as consolidation and maintenance
therapy after autotransplantation.”® Although the
terms consolidation and maintenance are often used
synonymously in the transplant setting, the rationale
supporting these two strategies is different. Consol-
idation treatment is generally short-term and aims to
increase the frequency and depth of response
obtained with the previous treatment phases, includ-
ing HDT and ASCT. Maintenance therapy is given for a
prolonged time period with the goal of decreasing the
risk of relapse, while ensuring a good quality of life.
This review will focus on post-ASCT consolidation
therapy, offering an overview of pros and cons
reported in studies so far available in MM.

ASCT AS CONSOLIDATION THERAPY IN THE
PRE-NOVEL AGENT ERA

Before the novel agent era, the probability of achi-
eving CR for transplant-eligible MM patients primar-
ily treated with conventional induction regimens,
such as vincristine-doxorubicin-dexamethasone (VAD)
or high-dose dexamethasone (HD-dex) alone, was
below 5%. Based on these disappointing results,
ASCT has been traditionally considered the standard
strategy to further increase the CR rate. Data from
several randomized trials confirmed that the en-
hanced frequency of CR obtained with ASCT in
comparison with conventional chemotherapy,

610 Seminars in Oncology, Vol 40, No 5, October 2013, pp 610-617


dx.doi.org/10.1053/j.seminoncol.2013.07.001
dx.doi.org/10.1053/j.seminoncol.2013.07.001
dx.doi.org/10.1053/j.seminoncol.2013.07.001
mailto:michele.cavo@unibo.it

Role of consolidation therapy in transplant eligible multiple myeloma patients 611

resulted in longer PFS, while OS benefit was incon-
sistent.” Subsequent efforts to improve the results of
ASCT relied upon the existence of a dose-response
relationship for melphalan. To further increase the
cytotoxic dose intensity, administration of two
sequential courses of melphalan requiring double,
or tandem, ASCT was explored in several pilot
studies. Following demonstration that such a proce-
dure was feasible and effective, five randomized
trials addressed the question of single versus double
ASCT as upfront therapy for MM.”~"? Results of these
trials were not homogeneous. In particular, while
extended event-free survival (EFS) with double ASCT
was observed in most of the studies, an OS benefit
was not consistently shown.” ' A meta-analysis of
data pooled from controlled clinical trials confirmed
that double ASCT was associated with improved
response rates and EFS in comparison with a single
ASCT.” In two studies of double ASCT, post hoc
analyses of several subgroups of patients suggested
that the second autotransplant was of major benefit
for those patients who failed to achieve either CR or
at least very good partial response (VGPR) after the
first ASCT.”'° However, a major limitation of these
studies was their lack of power to demonstrate the
equivalence of one versus two transplants for patients
achieving high-quality responses after the first course
of HDT. With the recent incorporation of novel agents
into the transplantation sequence, the role of single
versus double ASCT still remains undetermined and
needs to be prospectively evaluated in randomized
clinical trials. Two of these studies are currently
ongoing in Europe and the United States, one headed
by the European Myeloma Network and the other
chaired by the Blood and Marrow Transplant Clinical
Trials Network (BMT CTN).

NOVEL AGENTS AS CONSOLIDATION
THERAPY AFTER ASCT

Rationale

The novel agents thalidomide, lenalidomide, and
bortezomib have been successfully combined with
one another and/or with cytotoxic drugs to form
various doublet, triplet, and quadruplet regimens
that have been widely investigated as induction
therapy before ASCT. Doublet therapies incorporat-
ing thalidomide-dexamethasone  (TD) 14,15 or
bortezomib-dexamethasone (VD)I(’ were superior
to VAD or HD-dex alone in terms of increased overall
response rate, including CR (generally, <10% with
novel agents). In two phase III studies comparing
triplet thalidomide-based regimens with VAD, the
rate of CR or at least VGPR with the addition of
doxorubicin or cyclophosphamide to TD was
slightly higher than that previously seen with

TD.'”'® In comparison with TD or VD, triplet
bortezomib-based therapies further enhanced the rate
of CR to the 20%-30% range, including CR plus VGPR
rates averaging approximately 60%.'°"** Based on
these favorable results, a three-drug regimen incorpo-
rating bortezomib combined with an IMiD or a
cytotoxic drug, like cyclophosphamide or doxorubi-
cin, is currently considered the standard of care in
preparation for ASCT.®** High-dose melphalan requir-
ing ASCT is complementary with novel agents and
further increases the rate of CR and VGPR, even in
the face of high tumor cell mass reduction affected by
newer induction regimens. In several phase III studies
the gain offered by novel agents incorporated into the
ASCT sequence in terms of enhanced high-quality
responses translated into extended PFS'”*"*? and,
albeit less frequently, OS.>* Achievement of conven-
tionally defined CR after induction therapy and ASCT
is associated with improved prognosis and represents
a major endpoint of current treatment strategies
incorporating autotransplantation upfront.24 How-
ever, increasing the depth of response up to the level
of undetectable minimal residual disease (MRD) and
maintaining a sustained CR are even stronger predic-
tors of favorable long-term outcomes than attainment
of CR per se.”>*° To reach these objectives, over the
last years the novel agents have been extensively
investigated as part of post-ASCT consolidation and
maintenance strategies.

The impact on clinical outcomes of consolidation
therapy for transplant-eligible MM patients is dis-
cussed below and summarized in Table 1.

Conventional Chemotherapy With or Without
Thalidomide

The use of consolidation therapy after ASCT was
pioneered by Barlogie et al as part of Total Therapy 2
(TT2), an intensified treatment program that was
primarily aimed at evaluating in a randomized fash-
ion the role of thalidomide incorporated into double
ASCT.?” In addition, TT2 introduced post-transplant
consolidation therapy, initially with DCEP (dexame-
thasone plus 4-day continuous infusions of cyclo-
phosphamide, etoposide and cisplatin) for four
cycles versus DCEP alternating with CAD (4-day
continuous infusions of cyclophosphamide, doxoru-
bicin, dexamethasone) for eight cycles and, in a later
phase, with D-PACE (dexamethasone plus 4-day
continuous infusions of cisplatin, doxorubicin,
cyclophosphamide, etoposide) for four cycles. Puls-
ing HD-dex was offered as an alternative consolida-
tion strategy to those patients who failed platelet
recovery or response to DCEP induction. In a post
hoc analysis, the outcomes of patients randomized to
the non—thalidomide-based arm of TT2 were com-
pared with those of patients enrolled in the previous



Table 1. Studies of Post-ASCT Novel Agent-Based Consolidation Therapy: Impact on Outcomes

No. of
Reference  Type of Trial Treatment Scheme Patients Response Rate EFS or PFS oS
Bortezomib-based
Cavo’ Phase llI VTD v TD consolidation 160 v 161 CR/nCR pre consolidation: 3-yr PFS 3-yr OS
63% v 55% (P = NS) 60% v 48% 90% v 88%
CR/nCR post consolidation: P =.042 P = NS
73% v 61% (P = .020)
Mellgvist*® Phase llI Bortezomib consolidation 187 v 183 =VGPR pre consolidation: Median PFS 3-yr OS
V no consolidation 40% v 39% (P = NS) 27 mv 20 m 80% v 80%
=VGPR post consolidation: P =.05 P = NS
71% v 57% (P = .009)
Leleu®’ Retrospective ~ VTd consolidation v no 121 v 96  CR post consolidation: 52% v Median TTP 4-yr OS
comparison consolidation 30% (P = .001) not reached v 84% v 91%
25 m P = NS
(P = .005)
Ladetto>’ Phase Il VTD consolidation 39 CR pre VID: 15% Median PFS 3-yr OS
CR post VTD: 49% 60 m 89%
Lenalidomide-based
Attal®’ Phase llI Len consolidation + Len 307 v 307 CR pre consolidation: NR after NR after
maintenance 58% consolidation consolidation
v Len consolidation + CR post consolidation:
placebo 69%
P <.001
Roussel*? Phase II RVD consolidation 31 sCR/CR pre VRD: 42% NR NR

sCR/CR post VRD: 48%

Abbreviations: VTD, bortezomib, thalidomide, dexamethasone; TD, thalidomide, dexamethasone; CR, complete response; nCR, near complete response; PFS, progression-free
survival; OS, overall survival; ns, not significant; VGPR, very good partial response; VTd, bortezomib, thalidomide, low dose dexamethasone; TTP, time to progression; Len,
lenalidomide; NR, not reported; VRD, bortezomib, lenalidomide, dexamethasone sCR, stringent complete response; VRD, bortezomib, lenalidomide, dexamethasone.

4%

[D 12 0ADD "W



Role of consolidation therapy in transplant eligible multiple myeloma patients 613

TT1 program that did not include thalidomide and
post-ASCT consolidation therapy.”’ Despite similar
rates of CR with the two treatments in the overall
patient population, TT2 was associated with a higher
5-year probability of EFS (43%) and sustained CR (45%)
than TT1 (28% and 32%, respectively; P <.001 for
both comparisons). In comparison with TT1, TT2
extended both EFS and OS for patients whose tumors
lacked chromosomal abnormalities. Among patients
who were enrolled in TT2 and had abnormal meta-
phases in their bone marrow plasma cells, those
receiving post-ASCT consolidation chemotherapy had
a longer OS (measured from a 6-month landmark after
the second autotransplantation) at 4 years (76%)
compared with those treated with HD-dex (34%)
(P <.020). The 4-year OS estimate for patients who
were enrolled in TT1 and did not have cytogenetic
changes was 69%, suggesting that consolidation che-
motherapy in TT2 improved the outcome of the high-
risk cytogenetic subgroup to the level obtained with
TT1 in the low-risk group. However, results of this
retrospective analysis should be cautiously interpreted
due to differences between studies with respect to the
treatment program that included a more intensive
induction chemotherapy in TT2 and the lack of post-
transplant consolidation therapy in TT1.

Bortezomib

A phase III study was designed to evaluate the role
of bortezomib as single agent consolidation therapy
after ASCT in patients not previously exposed to the
proteasome inhibitor.”® A total of 370 patients were
randomized three months after a single ASCT to
receive no consolidation therapy or standard-dose
bortezomib given twice-weekly for the first two
3-week cycles and then once weekly on days 1, 8,
and 15 for four additional 4-week cycles. The rate of
at least VGPR at the time of randomization was in the
39% range in both treatment arms. After bortezomib
consolidation therapy, the probability of achieving CR
plus VGPR was 71%, a value significantly higher than
the 57% seen in the control group (P = .008). As a
result, median PFS measured from the time of ran-
domization was 27 months for bortezomib-treated
patients compared to 20 months (P = .05) for those
randomly assigned to the no consolidation arm.

Bortezomib Combined With Thalidomide

Bortezomib combined with thalidomide and dex-
amethasone (VID) has been reported to vyield
profound and quick tumor cell mass reduction before
ASCT. Based on these data, several groups have
explored the activity of this triplet regimen
as consolidation therapy after a single or double ASCT.

In a large phase III study designed to compare
VTD versus TD as induction therapy prior to ASCT,

321 patients who were initially randomized to the
VID (n = 160) or TD (n = 161) arms of the study
were planned to receive two 35-day cycles of the
same triplet or doublet regimens as consolidation
following double autotransplantation.” In both arms,
thalidomide and dexamethasone as part of consol-
idation therapy were given at the dose of 100 mg
daily and 320 mg per cycle, respectively, while
bortezomib, 1.3 mg/m” once per week on days 1,
8, 15, and 22, was incorporated into VTD. At the
landmark of starting consolidation therapy, the rates
of CR were similar in the two treatment groups.
However, after consolidation the frequency of CR
was significantly higher with VID (61%) than TD
(47%) (P = .012). Overall, the probability of upgrad-
ing from less than CR before consolidation to CR
after consolidation therapy was two times higher for
the VTID-treated group compared with TD (31% v
17%, P = .030). With a median follow-up of 30
months from start of consolidation therapy, the
estimated 3-year PFS rate was significantly longer
with VID versus TD (60% v 48%, P = .042), a gain
retained across subgroups of patients with poor
prognosis and confirmed in a multivariate analysis.

The activity of VID consolidation after a single
ASCT preceded by VID induction was recently
reported by another group.”” Consolidation was
given for two 3-week cycles and included standard-
dose, twice-weekly, bortezomib combined with tha-
lidomide, 100 mg daily. Clinical outcomes of these
patients were retrospectively compared with those
of a control group who received the same treatment
without consolidation therapy. Results confirmed
the benefits of consolidation therapy in terms of
increased rate of CR (52% vV 30%, P = .001) and
reduced probability of relapse 21% vV 45%, P =
.001), although no difference in PFS was seen
between the two groups.

An additional phase II study was designed to
enroll patients who had achieved at least a VGPR
after double ASCT and had an available molecular
marker to detect MRD.?° Thirty-nine bortezomib-
naive patients who met these criteria were inclu-
ded and received four 35-day cycles of bortezomib
(1.6 mg/m* on days 1, 8, 15, and 22), thalidomide
(up to the maximum daily dose of 200 mg) and
dexamethasone (20 mg on days 1-4, 8-11, and 15-18).
The CR rate increased from 15% after double ASCT
to 49% after VID consolidation therapy. MRD, as
evaluated by qualitative polymerase chain reaction
(PCR) using tumor-clone-specific primers, was unde-
tectable in a single patient (3%) before the start of
consolidation therapy and in six patients of 37 (16%)
who were assessed after consolidation. In these
latter patients, consolidation therapy yielded a quan-
titative tumor cell mass reduction in the range of
approximately four natural logarithms. Patients
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achieving a low residual tumor mass measured by
quantitative PCR had a significantly longer PFS in
comparison with those who failed this objective.

Lenalidomide

Lenalidomide is the ideal agent to be used as
maintenance therapy due to the oral formulation, the
lack of neurological toxicity and its dual mechanism
of action, including immunomodulation. In a phase
III trial, patients with nonprogressive disease after a
single ASCT were randomized to receive consolida-
tion therapy with lenalidomide followed by lenalido-
mide maintenance or lenalidomide consolidation
followed by placebo.’’ In the consolidation phase
of the study, lenalidomide was given at 25 mg/day
for 3 weeks every 28 days, for a total of two cycles.
Although the primary study endpoint was PFS for
patients randomized to lenalidomide maintenance or
placebo, results of consolidation therapy were
briefly reported. Overall, consolidation with
standard-dose lenalidomide improved the rate of
CR plus VGPR, which increased from 58% before
consolidation to 69% after consolidation therapy
(P <.000D).

Lenalidomide Combined With Bortezomib

In a phase II study, lenalidomide (25 mg/d for 21
days) was combined with standard-dose, twice-
weekly, bortezomib and dexamethasone to form a
triplet regimen (RVD) that was given as induction
therapy before, and consolidation after, a single
ASCT.** The primary study endpoint was the best
response achieved after two 3-week cycles of RVD as
consolidation therapy. The rate of CR, including
stringent CR, observed among 31 patients who were
enrolled was 42% after ASCT and 48% after RVD
consolidation. Overall, consolidation therapy upgra-
ded responses in 26% of patients, but only one of
them had undetectable MRD assessed by flow

cytometry.

Ongoing Studies Exploring the Role of Novel
Agent-Based Consolidation Therapy

The role of novel agents as (part of) consolidation
therapy after ASCT needs to be prospectively
explored in the context of randomized clinical trials
before routine consolidation can be recommended.
One of these trials is currently ongoing in Europe
and is headed by the European Myeloma Network
(EMNO2 study). Patients with newly diagnosed MM
are randomized to an intensive therapy arm including
single or double ASCT upfront or to a non-intensive
treatment comprising bortezomib-melphalan-pre-
dnisone (VMP) eventually followed by salvage ASCT
at the time of relapse. In both arms a second

randomization to receive two cycles of RVD consol-
idation or no consolidation is planned after ASCT
upfront or VMP. In the United States, the ongoing
BMT CTN 0702 trial aims to evaluate the role of a
second ASCT as consolidation therapy after the first
transplant versus four cycles of RVD versus no
consolidation.

TOXICITIES RELATED TO CONSOLIDATION
THERAPY

Based on data so far reported, consolidation treat-
ment appears to be generally safe and well tolerated,
regardless of the class and number of agents used as
part of the treatment program.

The most common adverse event reported with
the use of thalidomide- and bortezomib-based treat-
ment is peripheral neuropathy (PN), a complication
that can impair patients’ quality of life. Thalidomide-
induced PN (TiPN) is typically dose-dependent
(more prevalent with daily doses higher than 200
mg) and duration-dependent (more likely to occur
after 6-12 months of treatment). Bortezomib-
induced PN (BiPN) is more frequently sensory, often
painful, rarely presenting with motor signs. It is
dose-dependent and reaches a plateau at a threshold
dose ranging between 30 and 45 mg/m?. Because
consolidation is short-term and treatment intensity is
frequently lower in comparison with other phases of
the ASCT sequence, in many studies the frequency
and severity of treatment-emergent or -worsening PN
was low. In a study of bortezomib as single agent,
grade 2 or higher PN was observed in 5% of patients.
In two studies ef investigating the triplet VID
regimen with standard-dose bortezomib, either once
or twice a week, and thalidomide 100 mg daily, the
rate of grade 3—4 PN did not exceed 1%.”*° In an
additional study in which four cycles of VID as
consolidation were planned using higher doses of
bortezomib (1.6 mg/mz, once per week) and thali-
domide (up to 200 mg/daily), grade 3—4 neuropathic
pain was reported in 13% of cases.”” Grade 2 PN was
observed in 13% of patients treated with two cycles
of RVD,?” while 8% of patients receiving two VID
cycles had grade 2-3 neurological toxicity.’

Myelosuppression is the most common toxicity
related to lenalidomide therapy. In a study designed
to administer 4 two cycles of RVD consolidation
with bortezomib at the standard dose and lenalido-
mide at 25 mg daily for 3 weeks, grade 3—4
neutropenia and thrombocytopenia were seen in
17% and 10% of patients, respectively.”” As
expected, severe thrombocytopenia (grade 3—4)
was observed more frequently in comparison with
that reported with the triplet VID regimen (5.5% all
grades).” Notably, no major infectious complications
were reported with RVD.?”



Table 2. Studies of Post-ASCT Novel Agent-Based Consolidation Therapy: Grade 3-4 Toxicities

Reference Type of Trial Treatment Scheme No. of Patients Hematologic Toxicity Nonhematologic Toxicity
Cavo’ Phase Il VID v TD 160 v 161 NR Infections: 1.2% v 3.1% (P = NS)
HZV: 0.6% v 0.6% (P = NS)
Gl: 1.8% v 0.6% (P = NS)
PN: 0.6% v 0% (P = NS)
DVT: 0.6% v 0.6% (P = NS)
Mellqvist*® Phase Il Bortezomib consolidation 187 v 183 NR PN grade>2: 5% v 1% (P <.04)
v no consolidation
Ladetto>° Phase II VD 39 Thrombocytopenia 5% Infections: 12%
HZV: 5%
Gl: 7%
PN: 7%
Fatigue: 8%
Roussel*” Phase Il RVD 31 Neutropenia: 17% Grade 2 PN: 13%

Thrombocytopenia: 10%

Abbreviations: DVT, deep vein thrombosis; Gl, gastrointestinal; HZV, herpes zoster virus; NR, not reported; PN, peripheral neuropathy; TD, thalidomide, dexamethasone; VRD,

bortezomib, lenalidomide, dexamethasone; VTD, bortezomib, thalidomide, dexamethasone.
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In one study designed to compare no consolida-
tion with six cycles of bortezomib as single-agent
consolidation therapy, the planned number of bor-
tezomib infusions was 20 and the median number of
infusions actually received was 19, corresponding to
a median given dose of 90% (calculated as the total
given dose divided by the total planned dose for
each patient).”” In another study of VID versus TD
consolidation, 93% of the patients in the VID arm
received the planned doses of bortezomib and
thalidomide; in TD arm 97% of patients received
the planned dose of thalidomide.’

The impact of consolidation therapy on patients’
quality of life was prospectively evaluated in a phase
I study.”® In comparison with no consolidation,
fatigue was reported more frequently after the first
two cycles of bortezomib given twice weekly and
was no more registered when the once-weekly
schedule was used.

The major toxicities of consolidation therapy
reported in the above-mentioned trials are summar-
ized in Table 2.

CONCLUSION AND OPEN ISSUES

Overall, all available studies demonstrate that
novel agent—based consolidation therapy enhances
the frequency and depth of response achieved with
the previous treatment phases, including induction
with novel agents and either single or double ASCT.
In several trials, the depth of response was improved
up to the molecular level, a finding previously seen
only after allogeneic stem cell transplantation.
Enhanced rates and quality of responses offered by
consolidation therapy translated into an extended
PFS, suggesting that this treatment phase contrib-
uted to the improved clinical outcomes seen on an
intention-to-treat analysis of the entire ASCT
sequence.'” Nevertheless, the role of consolidation
needs to be formally demonstrated before this treat-
ment strategy is routinely recommended.

Notably, in several trials the superior activity of a
particular induction regimen was retained despite re-
administration of the same therapy as post-ASCT
consolidation, suggesting that a switch from one
class to another class of novel agents is not necessary
moving from induction to consolidation therapy. As
previously demonstrated in the induction phase, it is
likely that combining two different agents with
different mechanisms of action, like a proteasome
inhibitor with an IMiD, may help to maximize the
activity of consolidation therapy.

Consolidation treatment appears to be generally
safe, with a substantial reduction of toxic events in
comparison with those frequently seen with the
same regimen in the induction phase, a finding
possibly related to a reduction in treatment intensity

and changes in the schedule of the drugs. Recent
availability of subcutaneous bortezomib, as well as of
novel proteasome inhibitors that have little neuro-
logical toxicity, would potentially allow a higher
dose-intensity and/or more prolonged consolidation
therapy. Whether more intensive consolidation regi-
mens might ultimately result in improved activity
and reduced toxicity compared with previous ones
remains an open issue.

Additional, not yet addressed, is issues include the
choice of the best consolidation therapy, the need, if
any, to use consolidation therapy in all patients or,
by the opposite, to plan a risk- and/or response-
adapted consolidation strategy and the interface of
consolidation with subsequent maintenance ther-
apy. All of these issues should be addressed in the
context of future prospective randomized trials
designed to further improve long-term clinical out-
comes, while retaining a good quality of life.
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Novel Generation of Agents With Proven Clinical Activity
in Multiple Myeloma

Maria-Victoria Mateos, Enrique M. Ocio, and Jesus F. San Miguel

The activity observed with proteasome inhibitors and immunomodulatory drugs (IMIDs) in
multiple myeloma (MM) has prompted the development of second- and third-generation agents
with similar, but not exactly the same, mechanisms of action as their predecessors. This review
summarizes the mechanism of action and the available data on the clinical activity of novel
proteasome inhibitors (carfilzomib, oprozomib, ixazomib, and marizomib) and novel IMIDs
(pomalidomide), stressing the similarities and differences with bortezomib, and with thalido-
mide and lenalidomide, respectively. In summary, these novel agents have shown clinical
activity as single agents and in combination with dexamethasone, with similar or even higher
efficacy than their parental drugs; moreover, they may even overcome resistance, indicating
that there are some differences in their mechanisms of action and resistance. These data
indicate that both the inhibition of the proteasome and the modulation of the immune system
are good strategies to target MM tumor cells and this, along with the absence of complete
cross-resistance observed among these drugs, open new avenues to optimize their use through
the most appropriate sequencing and combinations.

Semin Oncol 40:618-633 © 2013 Elsevier Inc. All rights reserved.

he outcome of multiple myeloma (MM)

patients has dramatically improved in recent

years and this has been possible essentially
due to the introduction of several classes of agents,
mainly proteasome inhibitors and immunomodula-
tory drugs (MIDs)." Nevertheless, MM is still con-
sidered an incurable disease in the vast majority of
patients and the classical pattern of evolution of the
disease is of subsequent responses/relapses, with
each relapse generally being of shorter duration than
the previous ones. In this scenario, there is a need
for novel drugs, either with novel mechanisms of
action, or agents based on the mechanisms of action
that have already been demonstrated to be effective
in the treatment of MM. Although several agents
directed against novel targets have been developed,

Haematology Department, University Hospital of Salamanca, Cancer
Research Center (IBMCC-CSIC), University of Salamanca, Institute
of Biomedical Research of Salamanca (IBSAL), Spain.

Conflicts of interest: M.-V.M. and J.F.S.M. have received honoraria

from Onyx, Celgene and Milennium. E.M.O. has received honoraria

from Onyx and Celgene. E.M.O. and J.F.S.M. have received research
funding from Celgene.

Address correspondence to Maria-Victoria Mateos, MD, PhD, Depart-
ment of Hematology, University Hospital of Salamanca, P. San
Vicente, 58-182, 37007 Salamanca, Spain. E-mail: mvmateos@usal.es

0270-9295/ - see front matter

© 2013 Elsevier Inc. All rights reserved.

http://dx.doi.org/10.1053/j.seminoncol.2013.07.005

their activity as single agents is generally limited and
most of them need to be combined with others with
a broader spectrum of activity to have efficacy. By
contrast, the pleiotropic activity of proteasome
inhibitors and of IMIDs has clearly demonstrated
clinical activity and this has led to the development
of second- and third-generation derivatives with
several aims: to maintain or even increase the
activity of the parental drugs, to decrease toxicity,
and to find a more convenient schedule or route of
administration.

This article reviews the rationale for the use of
these novel proteasome inhibitors and IMIDs and the
clinical results currently available with these agents.

PROTEASOME INHIBITORS

Biological Rationale for Their Anti-myeloma
Effects

The discovery of the catalytic activity of the
proteasome” along with the synthesis of bortezomib
(PS-341),” the first-in-class proteasome inhibitor and
the demonstration of its preclinicall45 and clinical®™®
activity in MM, has been one of the major milestones
in the treatment of MM patients in the last years.

The proteasome is an intracellular enzyme com-
plex responsible for the degradation of most of the
intracellular proteins. It has three important catalytic
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subunits: the B1 (caspase-like), p2 (trypsin-like), and
p5 (chymotrypsin-like), that, in selected conditions,
such as after exposure to interferon-y (IFN-y) or
tumor necrosis factor-o (TNF-o), may be replaced
with fli (LMP2), f2i (MECL1 or LMP10), and p5i
(LMP7) to form what is called the immunoprotea-
some.” When a cell needs to eliminate a protein, it
becomes polyubiquitinated by a specialized set of
enzymes, and is then recognized by the proteasome
and degraded into small peptides.'’

This pathway is of key importance in cellular
homeostasis and its inhibition has been associated
with several biological processes that lead to an anti-
myeloma effect.''™"? Among the main consequences
responsible for this anti-tumor activity, it is impor-
tant to highlight the blockade of the degradation of
cyclin- or cyclin-dependent kinase (CDK)-inhibitors
and several anti-apoptotic and tumor-suppressor
proteins. Proteasome inhibition also prevents the
clearance of misfolded proteins, inducing endoplas-
mic reticulum (ER) stress and activation of the
unfolded protein response.]/"]S Finally, proteasome
inhibitors block the nuclear factor-kB (NF«B) tran-
scription factor pathway, by preventing the degra-
dation of the IkB (inhibitor of NF-kB) after its
polyubyquitination by IKK (IkB kinase).'®

Development of Proteasome Inhibitors: From
Bortezomib to Second-Generation
Proteasome Inhibitors

Bortezomib was the first proteasome inhibitor
introduced into the clinic. It is a boronic acid
derivative that reversibly inhibits the chymotrypsin-
and caspase-like activities of both the constitutive
proteasome and the immunoproteasome.'”'?
Although the intravenous route is the most common
way of administration, subcutaneous administration
may be equally effective and less toxic, and both
routes are currently approved.'’

Bortezomib has represented an excellent example
of a novel drug that was quickly moved from the
bench to the beside and, now, after a decade of
experience in clinical practice, the investigation
continues in order to optimize its use not only in
terms of efficacy but safety and tolerability as well.

The initial phase I trial with bortezomib as mono-
therapy in patients with relapsed and/or refractory
hematologic malignancies showed a clinical benefit
in the nine patients with plasma cell dyscrasias
included in the trial including one with a durable
complete remission (CR), who also was the first
myeloma patient ever treated with bortezomib.”’
This activity against relapsed/refractory myeloma
was then further evaluated in two multicenter phase
II trials, the Study of Uncontrolled Multiple Myeloma
Managed with Proteasome Inhibition Therapy

(SUMMIT) and the Clinical Response and Efficacy
Study of Bortezomib in the Treatment of Relapsing
Multiple Myeloma (CREST).>*' Patients on the SUM-
MIT trial received an initial dose of 1.3 mg/m?, while
the smaller CREST study also explored a lower dose
of 1.0 mg/m”. On the SUMMIT trial, where most of
the patients included had disease refractory to the
last line of treatment, a partial response (PR) or better
was seen in 27% of the 193 evaluable patients. In
addition, 10% of patients achieved CR or near-CR,
with a median time to progression (TTP) of 7 months,
approximately double that with their previous line of
therapy.® The patients included in the CREST trial
had relapsed or refractory disease after frontline
therapy and received bortezomib either alone at
1.3 mg/m? or with the addition of dexamethasone;
the response rate was 50%. On the other hand, the
cohort of patients who received bortezomib at
1.0 mg/m® achieved an overall response rate of
38%. Considering this result, most of the following
trials have used bortezomib as an intravenous push at
1.3 mg/m”. However, it is interesting to note that the
efficacy observed with 1.0 mg/m” was balanced with
a lower likelihood of developing some adverse events
and this finding has been considered in the manage-
ment of bortezomib for dose-reduction schedules.”’
The data observed in the SUMMIT trial were the
rationale for an accelerated approval of bortezomib
for relapsed/refractory myeloma patients, and led to
a randomized phase III trial, the Assessment of
Proteasome Inhibition for Extending Remissions,
or APEX study.” This trial included patients who
had relapsed after no more than three prior lines of
therapy, and were randomized to receive bortezo-
mib as monotherapy at 1.3 mg/m2 as an intravenous
push on days 1, 4, 8, and 11 followed by a 10-day
rest period or high-dose dexamethasone as mono-
therapy. The first report of the results already
observed a significant benefit for bortezomib
arm, with a 2PR rate of 38%, including 9% CRs,
compared with 18% and <1% for the dexametha-
sone arm. Continued therapy led to an improvement
in the responses rate on the bortezomib arm up
to 43%, while no significant benefit was observed
in patients on the dexamethasone arm. The median
TTP was 6.22 months with bortezomib and 3.49
with dexamethasone, and this benefit also translated
into overall survival (OS), with a median of 29.8
and 23.7 months for bortezomib and dexametha-
sone, respectively.” These data supported the full
approval of bortezomib for patients with relapsed
and/or refractory myeloma who had received at least
one prior therapy, and it was registered as an
antineoplastic agent for intravenous use only at a
dose of 1.3 mg/m?” given as a 3- to 5-second bolus
intravenous injection via peripheral or central intra-
venous catheter, followed by a standard saline flush;
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in addition, it is indicated to maintain at least a 72
hours rest period between doses in order to allow a
restoration of the proteasome function towards
baseline.

The aforementioned three trials clearly supported
modulation of the proteasome function as an attrac-
tive therapeutic option; moreover, preclinical stud-
ies showed that bortezomib could enhance the
sensitivity to other agents and, in many cases, even
overcome drug resistance.”” The first preclinical data
showed a synergistic and/or additive effect between
bortezomib and corticosteroids, and accordingly, in
the SUMMIT and CREST studies, patients with sub-
optimal responses to single-agent bortezomib
received dexamethasone at 20 mg on the day on
and after each dose of bortezomib. With this
approach, improvements in the quality of response
were seen in up to one third of such patients, and
other trials have shown that with the addition of
corticosteroids, response rates improve to 60% or
more, without increases in toxicity.“’21

The second step was to combine bortezomib with
other agents, such as pegylated liposomal doxorubi-
cin. A phase III randomized trial showed that
this combination was able to improve the median
TTP as compared to bortezomib alone by approx-
imately 3 months (9.3 months vV 6.5 months).
Based on these results, bortezomib plus pegylated
doxorubicin was approved for relapsed and/or
refractory myeloma patients.”> Bortezomib has also
been combined with alkylating agents, including
cyclophosphamide, melphalan, and bendamustine.
Melphalan-based combinations with bortezomib
have been widely used, ranging from the doublet
to four-drug programs, such as bortezomib, melpha-
lan, prednisone, and thalidomide.”* The next step
was to combine bortezomib with the IMiDs, thalido-
mide and lenalidomide. These combinations have
resulted in an overall response rate up to 60%—70%
and, notably, they have shown activity even in
patients who had previously relapsed or progressed
through bortezomib plus dexamethasone, or lenali-
domide plus dexamethasone.”” >’

Based on the positive results obtained with borte-
zomib in relapsed and/or refractory myeloma
patients, several groups moved to use it upfront,
both in young patients candidates to autologous
stem cell transplant and in elderly patients. Four
randomized trials have evaluated the role of
bortezomib-based combinations as induction therapy
in transplant candidate myeloma patients, revealing
a high efficacy (>80% response rate, with 20%-30%
CRs) that increased after autologous stem cell trans-
plant, confirming the results of numerous pre-
vious pilot studies with bortezomib-based combina-
tions.”*' In patients who are not candidates to
autologous stem cell transplant, bortezomib in

combination with melphalan and prednisone also
has proved to be superior to conventional therapy,
with high overall and CR rates (81% and 30%,
respectively), and a significantly longer TTP (24
months) and OS (60% at 3 years) as compared with
conventional schemes. This combination, bortezo-
mib plus melphalan and prednisone, was the last
approval obtained for bortezomib, in this case for
untreated MM patients not eligible for stem cell tran-
splantation.””

As far as tolerability is concerned, all these trials
contributed also to establish the pattern of adverse
events (AEs) of bortezomib and their management.
In the SUMMIT trial, the most significant AEs
reported were thrombocytopenia, fatigue, periph-
eral neuropathy, and neutropenia.® It should be
noted that in the CREST trial, the cohort of patients
receiving bortezomib at a dose of 1 mg/m? experi-
enced a lower likelihood of developing some adverse
events such as diarrhea, vomiting, and neuropathy.”'
The APEX trial, including more than 600 patients,
was optimal to define the toxicity profile; the most
significant side effects of all grades were diarrhea
(57%), nausea (57%), fatigue (42%), constipation
(42%), neuropathy (36%), vomiting (35%), anorexia
(35%), and thrombocytopenia (35%). Although the
majority of these AEs were grade 1 or 2, thrombo-
cytopenia, gastrointestinal toxicity, and peripheral
neuropathy have been more extensively studied
because they are probably the most significant,
especially peripheral neuropathy. Thus, the fre-
quency of grade 3—4 thrombocytopenia and gastro-
intestinal symptoms are approximately of 25% and
20%, respectively.” Concerning bortezomib-related
peripheral neuropathy, its incidence of grade 3—4
ranged from 8%—15% and no significant differences
in incidence, severity, or outcome have been
reported between newly diagnosed and relapsed
and/or refractory patients. However, patients who
received bortezomib-containing therapy as initial
induction did experience less neuropathic pain and
fewer symptoms, which resolved or improved more
quickly than in those with relapsed disease. More-
over, the new combination schemes using weekly
doses of bortezomib have shown a significant reduc-
tion in the incidence of peripheral neuropathy,
which is now between 5%-8%.7%

Based on these positive results, bortezomib as a
proteasome inhibitor is considered part of the back-
bone of the treatment of MM patients and its intro-
duction in the setting of relapsed and newly diagnosed
patients translated into prolonged OS. However, mye-
loma remains as an incurable disease and patients
finally have subsequent relapses. In addition, some
patients become bortezomib-refractory, which is why
other proteasome inhibitors were necessary to
increase the treatment armamentarium and also to
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Table 1. Biological Features of the Most Relevant Proteasome Inhibitors in MM
Catalytic Activity Inhibition

Proteasome Inhibitor Type CcT-L C-L T-L Pattern of Inhibition Route
Bortezomib (PS-341) Boronic acid X X Reversible IV/SC
Carfilzomib (PX-171) Epoxyketone X Irreversible v
Oprozomib (ONX-0912) Epoxyketone X Irreversible PO
Ixazomib (MLN-9708)  Boronic acid X X Reversible IV/PO
Marizomib (NPI-0052)  Salinosporamide X X X Irreversible v

Abbreviations: CT-L, chymotrypsin-like; C-L, caspase-like; T-L, trypsin-like; 1V, intravenous; SC, subcutaneous; PO, oral.

be able to rescue bortezomib-refractory patients. For
this reason, novel proteasome inhibitors emerged,
belonging to the same chemical family of boronic
acids (ixazomib [MLN-9708])) or to different structural
families such as epoxyketones (carfilzomib and opro-
zomib) or salinosporamides (marizomib) (Table 1).
These agents differ in the biological properties, as they
target different catalytic subunits of the proteasome as
compared to bortezomib, being either selective of the
chymotrypsin-like activity such as carfilzomib or opro-
zomib, or having a broader pattern of inhibition, as is
the case of marizomib. Another difference is the
reversibility of the inhibition, and, in this regard,
carfilzomib and oprozomib irreversibly inhibit this
activity. Finally, some of these novel agents have the
potential to be orally bioavailable, including ixazomib
and oprozomib. The next section reviews the
clinical results with these novel proteasome inhibitors
(Table 2).

Efficacy and Safety Results With the Novel
Proteasome Inhibitors

Carfilzomib

Carfilzomib is a second-generation proteasome
inhibitor widely introduced in the clinic following
bortezomib and, in fact, the US Food and Drug
Administration (FDA) granted accelerated approval
to carfilzomib injection for the treatment of patients
with MM who have received at least two prior
therapies, including bortezomib and an immunomo-
dulatory agent, and have demonstrated disease pro-
gression on or within 60 days of the completion of
the last therapy.

It has a quite different pattern of proteasome
inhibition as compared with bortezomib. In this
regard, carfilzomib induces an irreversible inhibition
of the proteasome, and, therefore, the proteasomal
activity of the cells is only restored when they
synthesize new proteasomes. Morever, also in con-
trast to bortezomib, carfilzomib has a great specific-
ity against the 5 (chymotrypsin-like) subunit, with
very little or no inhibitory effect in the other

catalytic subunits. These biological differences may
lead to differences in their clinical activity and, in
fact, preclinical experiments have demonstrated that
carfilzomib may overcome bortezomib resistance.’’

Regarding the preclinical rationale for choosing
one schedule of administration, Demo et al*®
observed in preclinical in vivo experiments that
carfilzomib was well tolerated when administered
for either 2 or 5 consecutive days and the anti-tumor
efficacy of this drug delivered on 2 consecutive days
was greater than that of bortezomib administered on
its usual clinical dosing schedule with 2 days rest
after each dose. This may be due to the higher
efficacy of a sustained inhibition of the proteasome
for 48 hours, and led to the choice of the 2 consec-
utive days weekly schedule for most of the clinical
studies.

The first phase I study with carfilzomib was
performed in patients with advanced hematological
malignancies, including 29 patients with MM.?” Car-
filzomib was given during 5 consecutive days of a 14-
day cycle at escalating doses. The maximum tolerated
dose (MTD) was determined to be 15 mg/m2 and anti-
tumor activity was observed at doses greater than 11
mg/mz; one PR and one minor response (MR) were
observed in MM. The most significant nonhemato-
logic toxicities included fatigue, nausea, and diarrhea
in more than a third of patients, and most were grade
1 or 2 in severity. No grade 3 or 4 peripheral neuro-
pathies were reported.

The first trial that evaluated the administration of
carfilzomib, twice weekly on consecutive days for
3 weeks in 28-day cycles, was performed by Alsina
et al (PX-171-002).°% It was a dose-escalating phase 1
trial that included 28 patients with relapsed/refrac-
tory MM. The minimal effective dose (MED) was 15
rng/m2 with maximum (80%) proteasome inhibition
achieved in peripheral blood and mononuclear cells
at this dose. The MTD was not reached at 27 mg/m?.
Seven of the 26 evaluable patients achieved a
response: five PRs and two MRs. Regarding safety,
a reversible grade 2 creatinine increase was reported
in some patients and was associated with a rapid



Table 2. Most Relevant Clinical Trials With Novel Proteasome Inhibitors in Monotherapy in Relapsed/Refractory MM

Drug Trial Phase n Dose Schedule ORR (>PR)
Carfizomib PX-171-001°’ 1 10 MM MTD: 15 mg/m? 1-5 /14d 10%
(PR-171) PX-171-002°% 1 28 MM Recommended dose: 1-2, 8-9, 15-16/28d 19%
20 mg/m? initially
27 mg/m? from C1D8
PX-171-003A0°° 2 46 20 mg/m? 1-2, 8-9, 15-16/28d 17%
PX-171-003A1''° 2 266 20 mg/m? in CT 1-2, 89, 15-16/28d 24%
27 mg/m2 from C2
PX-171-004""%3 2 129 Btz-naive pts C-1: 20 mg/m? 1-2, 8-9, 15-16/28d C-1: 42%,
C-2: 20 mg/m? in C1 C-2:52%
27 mg/m2 from C2
35 Btz-treated pts 20 mg/m? 1-2, 8-9, 15-16/28d 17%
PX-171-005%° 2 39, renal 15 mg/m? in C1 1-2, 89, 15-16/28d 25%
impairment) 20 mg/m? in C2
27 mg/m? from C3
Ixazomib C16004'"" 1 36 MTD: 2.97 mg/m? 1,8, 15/28d 1%
(MLN-9708) C16003""? 1 57 MTD: 2 mg/m? 1,4,8,11/21d 13%
Marizomib NPI-0052-101, 1 34 MTD: 0.4 mg/m? in 1,4,8,11/21d 14%
(NPI-0052) NPI-0052-102%3 1h inf. & 0.5 mg/m?

in 2h inf.

Abbreviations: ORR, overall response rate; PR, partial response; Btz, bortezomib; pts, patients; MTD, maximum tolerated dose.
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decline in M-protein without evidence of tumor lysis
syndrome. Cyclic thrombocytopenia was rapidly
reversible and painful peripheral neuropathy was
not reported.

Based on the data obtained in these studies, two
phase II trials were initiated in patients with relapsed
and refractory MM. PX-171-003-A0 included 46 MM
patients relapsing after at least two prior lines of
therapy. All were also refractory to the last line of
therapy.”” They received carfilzomib at 20 mg/m? on
days 1, 2, 8,9, 15, and 16 of a 28-day cycle for up to
12 cycles. The overall response rate (ORR) was 17%
and the clinical benefit rate (CBR) including MR was
24%. The good results obtained in this part of the
trial prompted the expansion into the PX-171-003-
A1, which included 266 patients who had previously
received bortezomib, an IMiD, and an alkylator.40
The dose and schedule of treatment were identical
to that in the PX-171-003-A0 trial in the first cycle,
but then dose was escalated to 27 mg/m” from cycle
2. The ORR (2PR) was 24% with a median duration
of response of 7.8 months and a median OS of 15.6
months. A second trial, PX-171-004, was started in
relapsed/refractory MM, and patients were stratified
according to whether or not they had been exposed
previously to bortezomib. The schema of treatment
was identical to that described for the PX-171-003
trial, but 129 patients were included in two cohorts;
a first cohort received 20 mg/m? of carfilzomib for
the 12 cycles of the trial and a second received the
dose escalated to 27 mg/m? from cycle 2. Among the
bortezomib-naive patients, 42% and 52% achieved
2PR in the 20- and 27-mg/m” cohorts, respectively.*!
The median TTP was 8.3 months and median
duration of response was 13.1 months in cohort 1,
while the median TTP and duration of response for
cohort 2 have not been reached. These figures
compare favorably with the 43% ORR and 6.2 months
of TTP observed with bortezomib in a similar
population in the APEX trial, despite the fact that
the PX-171-004 trial included more patients refrac-
tory to prior therapies.”® It also indicates a dose-
response relationship for the drug, and this observa-
tion was confirmed and quantified using a statisti-
cally rigorous, multivariate analysis including 430
patients from phase II studies, showing that the dose
response relationship was also apparent in the
magnitude of response (PR or better) across study
p::u'ticipants.42 Thirty-five patients were previously
exposed to bortezomib, but not necessarily refrac-
tory to it, and after treatment with carfilzomib at 20
mg/m?, 17% of them achieved a PR or better.*® This
is similar to what was observed in the PX-171-003 in
which 19% of patients refractory to bortezomib in
their last line of therapy obtained >PR,*° probably
indicating a non-complete cross-resistance between
these two proteasome inhibitors. It is important to

remark that the MTD for single-agent carfilzomib has
not been defined in the relapsed setting. In fact, the
drug is being tested in a dose-escalation trial with
doses up to 56 mg/m? that have proven to be safe.

The role of prognostic factors, such as high-risk
cytogenetic abnormalities, has been evaluated in the
PX-171-003 and -004 trials.** Although numbers are
still small, response rates were almost identical in
patients with standard- and high-risk cytogenetic
abnormalities, showing a trend towards to a higher
response rate for t(4;14) but a lower rate for
t(14;16), as well as a shorter duration of response
for the subgroup of patients with del 17p13.

The PX-171-005 trial was designed to evaluate the
activity and safety of this novel proteasome inhibitor
in patients with renal insufﬁciency.45 Carfilzomib
was administered at a dose of 15 mg/m* intra-
venously on days 1, 2, 8, 9, 15, and 16 every 28
days for cycle 1, escalating to 20 mg/m? in cycle
2 and 27 mg/m” from cycle 3, with the possibility of
adding dexamethasone in case of suboptimal
response (patients failing to achieve PR by cycle
2 or CR by cycle 4). Thirty-nine patients with differ-
ent degrees of renal impairment were enrolled.
Pharmacokinetic and pharmacodynamic parameters
were similar across all groups. Carfilzomib was
undetectable in plasma within 3 hours and did not
accumulate after cycle 2, and PR or better was
achieved in 25% of patients with a 7.9-month median
duration of response.

Regarding safety, a pooled analysis of the toxicity
profile of 526 patients receiving carfilzomib in
monotherapy in these three phase II trials (PX-171-
003, 004, and 005) has been reported recently.46
The most frequent AEs (present in 230% of patients)
were fatigue (55%), anemia (47%), nausea (45%),
thrombocytopenia (36%), dyspnea (35%), diarrhea
(33%), and pyrexia (30%). The grade 3 AEs present in
210% of patients were mostly hematological: throm-
bocytopenia (23%), anemia (22%), lymphopenia
(18%), and neutropenia (10%). Interestingly, only
14% developed peripheral neuropathy (with only
1.3% grade 3). Moreover, dose modifications or
discontinuations were required in only 5 patients
(1%). Renal AEs (mainly grade 2) were reported in
174 (33%) patients, but carfilzomib was discontin-
ued because of a renal AE in only 21 patients (4%),
which is in line with the results of the PX-171-005
trial performed in patients with renal impairment.45
Concerning cardiac toxicity, cardiac failure events
were reported in 7% of patients regardless of cau-
sality. Cardiac events resulting in treatment discon-
tinuation included congestive heart failure (%),
cardiac arrest (1%), and myocardial ischemia
(< 1%). The extent to which cardiac events were
due to patients’ baseline comorbidities, toxicity from
prior treatments, effects of MM, carfilzomib itself, or
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a combination of these factors could not be deter-
mined. Rates and causes of death were consistent
with those observed in heavily pretreated patients
with end-stage MM. The conclusion of this analysis is
that single-agent carfilzomib has an acceptable safety
profile in heavily pretreated patients with relapsed
and refractory MM.

Based on all these trials and in order to support
regulatory approvals around the world, a phase III
randomized trial (Focus) has just completed its
recruitment in Europe, comparing carfilzomib versus
best supportive care in patients with relapsed and
refractory MM who have received three or more
prior therapies.

Apart from all these studies of carfilzomib mono-
therapy, several combinations are currently being
explored, both in the relapsed and the upfront
settings. The PX-171-006 trial has studied the combi-
nation of carfilzomib with lenalidomide and low-
dose dexamethasone in 52 relapsed refractory
patients. It showed excellent tolerability that
allowed the continued administration of the combi-
nation for up to 18 cycles and an ORR of 78%
including 18% CR/near-CR, 22% very good partial
response (VGPR), and 38% PR.%7 Fifty-three newly
diagnosed patients also have been treated with this
combination in a recently reported phase I/II
study.48 Successful stem cell harvest was achieved
in all the patients in which it was attempted. After a
median of 12 cycles, 62% of patients achieved at
least near-CR and 42% stringent CR. Responses were
rapid and improved during treatment. In 36 patients
completing eight or more cycles, 78% achieved at
least near-CR and 61% stringent CR. With a median
follow-up of 13 months, the 24-month progression-
free survival estimate was 92%. Regarding the toxicity
profile, low rates of neutropenia (12% of grade 3—4)
were observed, and 24% of patients had peripheral
neuropathy that was limited to grade 1/2 in all cases.
Another combination that is being explored is carfil-
zomib plus thalidomide and dexamethasone in
untreated patients; so far, the ORR is 84% (stringent
CR + CR = 21%), but some safety concerns have been
raised around the occurrence of two tumor lysis
syndromes, five cardiac events, and grade 1/2 periph-
eral neuropathy (probably thalidomide-related) in 35%
of patients.49 Other drugs such as histone deacetylase
inhibitors (vorinostat or panobinostat), pomalidomide,
or alkylators are being investigated with carfilzomib in
different combinations. Finally, a randomized phase III
trial (Aspire) comparing the efficacy and safety of
lenalidomide plus low-dose dexamethasone with or
without carfilzomib in patients with relapsed or
progressive MM has already completed enrollment.’®

Oprozomib (ONX-0912 and previously PR-047) is
another second-generation proteasome inhibitor”'
that is a structural analog of carfilzomib and is orally

bioavailable. It has demonstrated high levels of
proteasome inhibition and an acceptable safety
profile in a phase 1 trial in patients with advanced
solid tumors,’” and the preliminary results of a phase
Ib trial in chronic lymphocytic leukemia and MM
(nine patients included) has shown one PR and one
MR among the MM patients. The main AEs were
gastrointestinal toxicity and thrombocytopenia.”

MLN9708 (Ixazomib)

MLN9708 is other second-generation proteasome
inhibitor. It is a dipeptidilic boronic acid that is
rapidly hydrolyzed in water and converts into
MLN2238, the active form that potently, reversibly,
and selectively inhibits the proteasome. As com-
pared with bortezomib, MLN9708/MLN2238 has a
shorter proteasome dissociation halflife (18 v 110
minutes), a larger blood volume distribution at
steady state, and greater pharmacodynamic effects
in tissues. MLN2238 is active, even in bortezomib-
resistant cells and a head-to-head analysis of
MLN2238 versus bortezomib showed a significantly
longer survival time in tumor-bearing mice treated
with MLN2238 than mice receiving bortezomib.”*

MLN9708 is the first proteasome inhibitor used in
the clinics that is orally bioavailable. Several phase I
studies have evaluated the safety of MLN9708 in
different patient populations and by using different
routes of administration (oral or intravenous). More-
over, the preliminary pharmacokinetic (PK) results
indicate that the administration of MLN9708 in a flat
dose is feasible, which makes it very convenient for
oral administration.””

Two studies are evaluating the oral administration
of MLN9708 in monotherapy in relapsed/refractory
MM patients previously exposed to proteasome
inhibitors. One of them (C16004), including to date
32 patients, uses a weekly administration (days 1, 8,
and 15 of 28-day cycles) of the drug. The MTD has
not yet been reached at 2.94 mg/m” and 11% of
patients had 2PR (one VGPR, one PR, eight stable
disease [SD]).S(’ The second one (C16003) is admin-
istering MLN9708 in a biweekly schedule (days 1, 4,
8, and 11 of 21-day cycles).”” In the dose-escalating
phase of this trial, 26 patients were included and the
MTID was established at 2 mg/m”. Thirty more
patients have been included in the dose-expansion
phase thus far. Preliminary results showed an ORR of
13% (one CR, five PRs, one MR, 28 SD).

Regarding toxicity, in the two oral studies in MM,
the most common all-grades AEs were fatigue (30%—
40%), thrombocytopenia (30%—40%), nausea (30%),
diarrhea (25%), vomiting (20%), and less frequently
rash and neutropenia. Between 14%—21% of patients
had AEs resulting in dose reductions and in 6%—11%
the drug had to be discontinued. This indicates a
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similar toxicity profile to that previously observed
with bortezomib. Interestingly, only 10% of the
patients reported peripheral neuropathy, and in all
of them it was grade 1-2; moreover, all of these
patients had residual peripheral neuropathy at the
time of entry in the trial.

Other studies are currently studying the activity
of this drug in different combinations in newly
diagnosed MM. This is the case of the combi-
nation with melphalan and prednisone (C16006) or
with lenalidomide and low-dose dexamethasone
(C16005 and C16008). The preliminary results of
the first of these trials in 65 patients were recently
reported, with a 88% 2PR rate and a safety profile
similar to that already reported with this agent:
grade 3 any-drug-related AEs in 40% of patients,
including erythematous rash, and nausea and vom-
iting (5% each). Low rates of peripheral neuropathy
were observed, with one patient (3%) experiencing
grade 3 and three patients (9%) grade 2 peripheral
neuropathy.”®

The results of the combination with melphalan
and prednisone, based on the weekly administration
of MLN9708, have been recently reported, with all
15 patients evaluable for response achieving 2PR
(three CRs, six VGPRs, and six PRs) and a good
tolerability, similar to that already mentioned.’”

Marizomib

Marizomib (NPI-0052 or salinosporamide A) is a
non-peptide novel proteasome inhibitor that was
isolated from the marine actimomycete Salinispora
tropica. Tt differs structurally from other proteasome
inhibitors that are peptide mimetics, and these struc-
tural differences translate into significant differences
in proteasome inhibition, toxicology, and efficacy
profiles between these two classes of inhibitors.®"
It is a potent inhibitor of the three catalytic subunits of
the proteasome, which is different than what has been
described for bortezomib (quite specific of the f1 and
B5), and carfilzomib (B5-specific). Moreover, similar to
carfilzomib and different from bortezomib, it has an
irreversible pattern of inhibition. This explains, at least
in part, the synergy observed in an in vivo model with
the combination of bortezomib + NPE0052.%
Although it is orally active, the trials performed to
date have used the intravenous formulation.

Three phase I trials in advanced solid tumors or
refractory lymphoma (NPI-0052-100), in MM (NPI-
0052-101), and in advanced malignancies (NPI-0052-
102) are currently recruiting patients. Trials 101 and
102 included 44 and 25 MM patients, respectively.®’
Marizomib was given intravenously on days 1, 4, 8,
and 11 of 21-day cycles. Dexamethasone was admin-
istered to all patients in the first trial and only in case
of suboptimal response in the second one. One third

of the patients had received previous bortezomib
and more than 50% of them were bortezomib-
refractory. Nineteen percent of patients achieved a
PR and 57% SD. In the bortezomib-refractory pop-
ulation, the response rate was similar (17% 2PR and
67% SD), indicating that NPI-0052 may overcome
bortezomib resistance due to its different mecha-
nism of action. The most frequent AEs were fatigue,
insomnia, nausea, diarrhea, constipation, headache,
and pyrexia, but most of them were grade 1/2. No
significant peripheral neuropathy was observed,
suggesting that the bortezomib-induced peripheral
neuropathy may be an off-target effect not related to
proteasome inhibition.

Novel Immunomodulatory Agents:
Pomalidomide

Mechanism of Action of Immunomodulatory
Agents

Following the discovery of the anti-myeloma
activity of thalidomide, several analogs (lenalido-
mide-CC-5013 and pomalidomide-CC-4047) with sim-
ilar structure were developed. Although the
mechanisms underlying their effect has been exten-
sively studied, they are not yet clearly understood. In
this regard, recent studies suggest that they bind to
cereblon, a molecule that forms an E3 ubiquitin
ligase complex with damaged DNA binding protein
1 (DDB1) and Cul4A,°"®° and the absence of cere-
blon is associated with resistance to IMIDs. Several
mechanisms have been associated with the anti-
tumor activity of lenalidomide, such as a decrease
in interferon regulatory factor 4 (IRF4) levels,®®”
the induction of several CDK inhibitors (p15, p16,
p21, and p27),°%°? or the induction of p21 WAF-1
expression through an LSD1-mediated epigenetic
mechanism.”® This agent also disrupts the interac-
tion between tumor cells and their microenviron-
ment by decreasing interleukin-6 and vascular
endothelial growth factor (VEGF) levels.°®”! How-
ever, the most specific effect of this group of drugs is
the immunomodulatory effect, which is mediated
through the augmentation of natural killer (NK)
cytotoxicity,””’® the inhibition of regulatory T
cells,”* and the restoration of the immune synapse
formation.”’

Although thalidomide, lenalidomide, and pomalido-
mide share a common basic structure and mechanism,
they differ in their potency related to their cytotoxic,
immunomodulatory, and anti-angiogenic properties.7(’

Clinical Results With Thalidomide and Lena-
lidomide

Thalidomide was the first IMiD introduced into the
treatment of MM patients and its therapeutic efficacy
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was initially shown in 19997 in relapsed/refractory
MM with an ORR of 37% (2% CR, 12% near-CR) and a
2-year event-free survival (EFS) and OS rates of 20%
and 48%, respectively. A review of phase II studies
using thalidomide as monotherapy in 1629 MM
patients shows an ORR of 29%.”® In combination
with dexamethasone, the PR rate increases to 35%
and 55% (mean, 47%), and extends the progression-
free survival (PFS) as compared with placebo/dex-
amethasone (PFS at 1 year: 46.5% U 31%, P = .004).”°
Even higher response rates (55%—76%) have been
reported upon adding cyclophosphamide, melpha-
lan, or etoposide. In fact, the oral combination of
thalidomide plus cyclophosphamide and dexametha-
sone is widely used in this setting, and in the
experience of the Spanish Myeloma Group (GEM),
this combination results in a response rate of 60%,
including 10% CRs, and it yields durable responses
(57% EFS at 2 years).go Thalidomide was subse-
quently moved to the first line of therapy and, at
present, its use in combination with bortezomib plus
dexamethasone is one of the standard induction
regimens in young patients.””*"%* In elderly patients,
thalidomide in combination with MP (melphalan +
prednisone) or cyclophoshamide and adjusted dose
of dexamethasone represent also two standards of
care for this patient population.®” 5% One of the most
significant issues of thalidomide is the toxicity pro-
file, especially peripheral neuropathy. This
thalidomide-related AE led to a high rate of discontin-
uation of treatment, especially in elderly patients.
At present, thalidomide is being replaced by the
next IMiD, Lenalidomide, which is more potent and
less toxic. Initial results from phase I and II studies
conducted in relapsed/refractory patients showed
that lenalidomide, used as a single agent, has rela-
tively low activity with response rates ranging from
17%-29%.5>%° However, its activity was markedly
increased when lenalidomide was combined with
dexamethasone. Two phase III trials (one in the
United States and the other in Europe) compared
lenalidomide plus dexamethasone versus dexame-
thasone alone in relapsed/refractory MM. In both
studies, the lenalidomide arm was associated with a
significantly higher response rate (PR, mean 60% v
22%), CR rate (15% vV 2%), and longer time to
progression (median, 11.1 v 4.7 months). Moreover,
treatment with lenalidomide/dexamethasone is asso-
ciated with longer median OS (35 v 31 months) in
spite of the fact that 42% of patients from the
dexamethasone arm crossed over.®”*® The activity
of this regimen was independent of the number of
lines of therapy, including transplant and previous
use of thalidomide as well as age. These trials
supported the approval of lenalidomide plus dex-
amethasone in relapsed and/or refractory MM
patients. Lenalidomide also has been evaluated in

relapsed/refractory MM patients in combination
with anthracyclines, such as doxorubicin plus
dexamethasone with a response rate of 87% (23%
CRs)*? or liposomal doxorubicin, vincristine, and
dexamethasone (DVd-R) with a response rate (ZPR)
of 75%, including 29% CR/near-CR. It also has been
combined with cyclophosphamide and dexametha-
sone (Len-Cy-Dex) showing a response rate of
65%.”° Lenalidomide also has been moved to the
upfront setting, as an induction regimen in young
and elderly patients and also as maintenance ther-
apy. In spite of these positive results, as occurs
with the proteasome inhibitors, patients became
lenalidomide-refractory and other new IMiDs were
needed. Pomalidomide emerged as the next-
generation IMiD. The next sections review the
clinical trials that have been reported with this
agent with or without dexamethasone in MM
(Table 3).

Initial Clinical Results With Pomalidomide

The first study in MM was a phase I study of
pomalidomide alone in relapsed/refractory MM
patients, who had previously received at least two
cycles of treatment (CC-4047-MM-001). Twenty-four
relapsed or refractory patients with a median num-
ber of three prior lines of treatment were treated
with oral pomalidomide at escalating doses of 1, 2,
and 5 mg, in two different schedules: daily”' and
every other day.”” The MTD was defined at 2 mg for
the daily schedule. The drug was tolerated with no
serious nonhematologic adverse events. Three
patients developed a deep venous thrombosis
(DVT). Thirteen of the 24 evaluable patients (54%)
experienced at least a PR and four patients (17%)
entered CR with a PFS of 9.7 months and a median
OS of 22.5 months. In the second cohort, 20 patients
received pomalidomide on alternate days. MTD was
defined as 5 mg. No thrombotic events were
observed. Ten percent of patients had a CR, and
2PR was achieved in 50% of subjects. PFS was 10.5
months and median OS was 33 months. The most
common AEs in both cohorts were hematological
(neutropenia, which was the main dose-limiting
toxicity, and thrombocytopenia). As indicated, DVT
was only observed in the once-daily dosing.

An alternative schedule of pomalidomide alone
and in combination with dexamethasone given dur-
ing 21 days of a 28-day cycle was explored in the
phase Ib/II trial CC-4047-MM-002. In the phase I
portion of the study, 38 patients who had received
at least two prior therapy regimens including
lenalidomide and bortezomib and were refractory
to the last regimen were enrolled. Twenty-four of
the patients were refractory to both bortezomib
and lenalidomide. The median of prior lines of
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Table 3. Most Relevant Clinical Trials With Pomalidomide +/— Dexamethasone in MM

Response DOR PES OS

Reference Phase n Dose Schedule Dex >PR  (mo) (mo) (mo)
C-4047-MM-001
Schey”" 1 24  MTD:2 mg 1-28 (daily) No 54% 9.7 225
Streetly”” 1 20 MTD: 5mg 1-28 (every No 50% 10.5 33
other day)
CC-4047-MM-002 1b 38 MTD:4mg 1-21 Yes' 22% + 6.5 3.7 17
richardson”>°* Dex: 2 PR
2 108 4 mg {21 No 13% 7.7 4.6 14.4
2 113 4 mg 1-21 40 mg/wk  34% 83 26 13.6
Lacy”>'%? 2 60 2 mg 1-28 40 mg/wk  65% 21 13 40
Lacy'©'/192 2 34 2 mg 1-28 40 mg/wk  32% 9 4.7 27
Lacy' % 2 60 4 mg 1-28 40 mg/wk  37% 7.9 93%"
2 35 2 mg 1-28 40 mg/wk  26% 16 6.5 17
Lacy' %103 2 35 4 mg 1-28 40 mg/wk  29% 3 33 9
Lelag!04105 2 43 4 mg 1-21 40 mg/wk  35% 11.4 6.3
2 41 4 mg 1-28 40 mg/wk  34% 7.9 6.3

Abbreviations: PR, partial response; DOR, duration of response; PFS, progression-free survival; OS, overall survival; MTD, maximum

tolerated dose; Dex, dexamethasone.
* Lenalidomide-refractory patients.
T Dex added in 20 non-responding patients.
* 0S @ 6 months.

therapy was six (range, 2-17).>> The MTD was
4 mg and this was the dose selected for the phase II
portion of the study. Twenty-two percent of
patients achieved 2PR (one CR, six PRs) with an
estimated median duration of response of 28.1 weeks,
and estimated median PFS of 16.1 weeks. In 20
patients, dexamethasone was added due to lack of
response to pomalidomide, and two PRs and seven
MRs were observed with the combination. Neutrope-
nia and anemia were the most common grade 3/4
toxicities. The phase II part of this trial randomized
221 patients with a median number of five prior
therapies (range, 2—13) to receive pomalidomide alone
at 4 mg on days 1-21 of a 28-day cycle (n = 108) or
pomalidomide at the same dose plus low-dose dex-
amethasone (40 mg/wk) (n = 113).”* Responses (ZPR)
were seen in 13% of patients in the pomalidomide-
alone arm, and in 34% in the pomalidomide -+
dexamethasone arm, including 1% CR in each arm.
Median PFS was 4.6 versus 2.6 months and median OS
was 14.4 versus 13.6 months for pomalidomide +
dexamethasone versus pomalidomide, respectively.
These results demonstrate the potentiation of pomali-
domide with dexamethasone, and therefore this com-
bination will be the one further pursued in the next

trials. Responses were similar in the subgroup of
patients refractory to both lenalidomide and bortezo-
mib, but with slightly lower median PFS and OS. The
most frequent grade 3/4 AEs were neutropenia (38% v
47%), febrile neutropenia (2% V 2%), thrombocytope-
nia (19% v 21%), anemia (21% vV 17%), pneumonia
(9% v 8%), and fatigue (10% v 8%). All grades of
peripheral neuropathy, DVT, and renal failure occurred
in 7% versus 10%, 2% versus 1%, and 2% versus 1% of
patients.

Another phase II study evaluating the administra-
tion of pomalidomide at 2 mg every day continu-
ously plus low-dose dexamethasone in a less heavily
pretreated population of patients with relapsed/
refractory MM who had only received one to three
prior regimens was simultaneously performed.””°
Sixty patients were treated with pomalidomide,
achieving an ORR of 65% (including three CRs and
17 VGPRs) and a PFS of 13 months. These results are
quite similar to those observed with lenalidomide +
dexamethasone in two phase III trials that showed
60% 2PR (15% CR) and a TTP of 11.2 months.*”*%?7
Nevertheless, it has to be noted that in the pomali-
domide study two thirds of the patients had received
previous IMIDs.
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Clinical Results of Pomalidomide in Lenalidomide-
Refractory Patients

An important question with these novel deriva-
tives is whether they are able to overcome the
resistance to the first-in-class agents or not. In fact,
regarding IMIDs, there are some preclinical and
retrospective clinical data suggesting that pomalido-
mide may overcome lenalidomide resistance.”®'*°
To address this question, several trials have explored
the activity of pomalidomide + dexamethasone in
lenalidomide-refractory patients (Table 3). These
trials have shown quite comparable responses, with
approximately one third of patients achieving 2PR.
The first trial was an expansion of the aforemen-
tioned trial conducted by Lacy et al,”” and treated 34
lenalidomide-refractory patients with pomalidomide
2 mg on days 1-28.'°" ORR was 32% with a PFS of
4.7 months. Lacy also performed a second trial'*?
based on the MTD of 4 mg previously reported in the
phase Ib/II trial performed by Richardson et al.”?
Sixty patients were included with a response rate of
37% and a PFS of 7.9 months.

Finally, two phase II trials have been performed
to evaluate different doses or schemas of admin-
istration in patients refractory to both lenalidomide
and bortezomib. The first used the continuous dose
of pomalidomide (28/28), and two cohorts of
patients were included. One received 2 mg and
the other 4 mg of pomalidomide.'**'°® Thirty-five
patients were treated in each arm with similar
response rates (26% V 29%) but superior PFS (6.5 v
3.3 months) and 6 months OS (76% vV 67%) for the
2-mg cohort. Myelosuppression was again the most
common toxicity and discontinuations due to AEs
were more frequent in the 4-mg cohort (3% V 16%).
Another phase II trial randomized patients to
receive pomalidomide (oral 4 mg daily) and dex-
amethasone (oral 40 mg weekly) in two different
schedules: 21/28 or 28/28.'%'°% Eighty-four pati-
ents were enrolled: 43 in arm 21/28 and 41 in arm
28/28, with a median number of prior lines of
therapy of five (range, 1-13). The ORR was 35% in
arm 21/28 and 34% in arm 28/28. The median PFS
was 6.3 (range, 4.1-9.1) months in either arm, and
the median durations of response were 11.4 (range,
3.7—-13.6) months and 7.9 (range, 4.0- not reported)
months in arms 21/28 and 28/28, respectively. The
activity observed in all patients in these two studies
suggests that pomalidomide may overcome, at least
partially, the resistance to both lenalidomide and
bortezomib.

All of these trials have led to the phase III
randomized trial (Nimbus) comparing pomalidomide
+ dexamethasone versus high-dose dexamethasone
in 455 refractory MM patients who have failed to
respond to both bortezomib and lenalidomide.

Obviously all patients had received previous lenali-
domide and bortezomib and 93% and 78% were
lenalidomide- and bortezomib-refractory, respec-
tively. The ORR was significantly better for the
pomalidomide arm (21% vV 3%) and the PFS was
double for patients receiving the IMID (3.6 vV
1.8 months; hazards ratio [HR] = 0.45, P <.001).
There was also a significant advantage in OS, despite
the fact that almost one third of patients in the high-
dose dexamethasone arm received pomalidomide
after progression (not reached v 7.8 months; HR =
0.53, P <.001). Regarding toxicity, both arms were
comparable and only a higher incidence of grade 3/4
neutropenia was observed in patients receiving
pomalidomide (42% v 15%)."*°

What Is the Optimal Dose and Schedule of
Pomalidomide + Dexamethasone?

Regarding the optimal dosing, no direct com-
parison has been performed with all four sched-
ules of treatment (2 ¥ 4 mg and 21 v 28 days of
treatment). Nevertheless, some conclusions may
be obtained from the two studies previously
mentioned. The study of Lacy et al'®? suggests
that 4 mg administered continuously (28/28)
seemed to be too toxic, with an inferior duration
of response, PFS, and OS than 2 mg in this same
schedule. Nevertheless, in the French study from
Leleu et al,'®*'%> the incorporation of a 1-week
rest period to the 4-mg dose improved the safety
profile and induced a better duration of response
than the continuous dosing. Thus a dose of 4 mg
on days 1-21 followed by a 1-week rest period has
been chosen as the standard for subsequent
randomized trials.

Combinations of Pomalidomide in Relapsed/
Refractory MM

Several trials are currently exploring the activity
of pomalidomide and dexamethasone in combina-
tion with several anti-myeloma agents in previously
treated MM patients. This is the case of the combi-
nation of pomalidomide + cyclophosphamide -+
prednisone administered during six cycles and then
maintenance with pomalidomide and dexametha-
sone until progression. It has resulted in an ORR of
51% (6% CR) in 55 patients and 41% =PR in
lenalidomide-refractory patients. The main grade
3 AEs were neutropenia (16%), rash (7%), and
infections (9%).'%7 Clarithromycin also has been
combined in 98 patients, 54% of them lenalidomide-
and bortezomib-refractory, with and ORR of 57% (7%
stringent CR) and a PFS of 8.6 months.'%® Finally, a
combination with the proteasome inhibitor carfilzo-
mib has recently been reported with 50% 2PR in 32
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relapsed/refractory patients. PFS was 7.4 months and
the OS at 1 year was 90%.'% All of these data indicate
that pomalidomide, similar to the first-generation
IMIDs, is a good partner for combination with several
agents.

CONCLUSION

Second- and third-generation proteasome inhibi-
tors and IMIDs, when used as monotherapy, display
similar activity to their respective parental drugs in
relapsed refractory MM patients. Some of them, ie,
carfilzomib, ixazomib, and pomalidomide, are cur-
rently being explored in combination with several
novel and approved anti-myeloma agents both in the
relapsed and the newly diagnosed settings.

Regarding proteasome inhibitors, several of them
with different properties have been designed and, in
fact, these biological differences translate into differ-
ent clinical efficacy and toxicity. In this regard, the
activity of carfilzomib in relapsed MM patients is
similar or possibly higher than that previously
observed with bortezomib in a less heavily treated
population. By contrast, ixazomib and marizomib are
in earlier stages of development and it is still
premature to draw definite conclusions about their
activity. As far as toxicity is concerned, there are
clear differences, as the novel drugs have not shown
significant peripheral neuropathy, a side effect that if
not correctly managed limits the possibility of
administration of bortezomib and may be related to
off-target effects of bortezomib.

Pomalidomide seems to be quite similar to lenali-
domide in terms of efficacy and toxicity. Again the
activity shown in relapsed patients compares favor-
ably with that previously observed with lenalido-
mide, and it has a favorable toxicity profile, with
neutropenia being the most frequent AE.

A very important piece of information that is
derived from these studies is that the second- and
third-generation compounds have only partial cross-
resistance with their parental drugs. This suggests
the presence of different mechanisms of action and
of resistance for these novel drugs, despite having
the same basic molecular structure and the same
scientific rationale for their use.

These data indicate that both the inhibition of the
proteasome as well as the modulation of the immune
system are good strategies to target MM and this,
along with the absence of complete cross-resistance
observed among these drugs, and the promising
efficacy and safety of several combinations that are
currently being tested with a wide variety of novel
and conventional agents, opens new avenues to
optimize their use through the appropriate sequenc-
ing and combinations.
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Novel Agents for Multiple Myeloma to Overcome
Resistance in Phase Ill Clinical Trials

Robert Z. Orlowski

The incorporation of novel agents such as bortezomib and lenalidomide into initial therapy for
multiple myeloma has improved the response rate of induction regimens. Also, these drugs are
being increasingly used in the peri-transplant setting for transplant-eligible patients, and as part
of consolidation and/or maintenance after front-line treatment, including in transplant-
ineligible patients. Together, these and other strategies have contributed to a prolongation
of progression-free survival (PFS) and overall survival (OS) in myeloma patients, and an
increasing proportion are able to sustain a remission for many years. Despite these improve-
ments, however, the vast majority of patients continue to suffer relapses, which suggests a
prominent role for either primary, innate drug resistance, or secondary, acquired drug
resistance. As a result, there remains a strong need to develop new proteasome inhibitors
and immunomodulatory agents, as well as new drug classes, which would be effective in the
relapsed and/or refractory setting, and overcome drug resistance. This review will focus on
novel drugs that have reached phase III trials, including carfilzomib and pomalidomide, which
have recently garnered regulatory approvals. In addition, agents that are in phase II or III,
potentially registration-enabling trials will be described as well, to provide an overview of the

possible landscape in the relapsed and/or refractory arena over the next 5 years.
Semin Oncol 40:634-651 © 2013 Elsevier Inc. All rights reserved.

he last decade has in some ways been a

golden era for novel therapeutic drug devel-

opment in multiple myeloma. It started with
the approval of the proteasome inhibitor bortezomib
for relapsed and refractory myeloma in May 2003,
based on positive findings from a pivotal phase II
study.' This was followed by approvals of bortezomib
for relapsed myeloma after at least one prior therapy,
first as a single agent in March 2005, and then in
combination with pegylated liposomal doxorubicin in
May 2007.° By June 2008, bortezomib was approved
for initial therapy of myeloma based on a randomized
study with bortezomib incorporated into a regimen
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with melphalan and prf:dnisone.4 Immunomodulatory
drugs (IMiDs) entered the fray against myeloma when
thalidomide, which had been used for many years off-
label in the relapsed and/or refractory setting,” was
approved with dexamethasone as induction therapy in
May 2006.%7 Shortly thereafter, in June 2006, lenalido-
mide with high-dose dexamethasone was approved for
patients with relapsed disease after at least one prior
therapy.®” Most recently, the second-generation pro-
teasome inhibitor carfilzomib gained regulatory appro-
val for relapsed and refractory disease in July 2012,"°
and the third-generation immunomodulator pomalido-
mide was approved for the same population in
February 2013.""

Beyond just the approval of these novel agents,
two important trends have emerged in the myeloma
field, which include moving novel agents first
approved in later lines of therapy into the upfront
setting, and combining the various drug classes into
more effective regimens. Examples of the former
include the recent success of regimens such as
lenalidomide with low-dose dexamethasone,'? and
bortezomib either with dexamethasone'® or with
thalidomide and dexamethasone,'* in outperforming
older induction regimens to establish new standards
of care. Examples of the latter trend to combine
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proteasome inhibitors and IMiDs include bortezomib
with thalidomide and dexamethasone,14’15 which
also may provide superior outcomes in the relapsed
setting,'® and regimens such as bortezomib with
lenalidomide and dexamethasone.'”'® Moreover,
combinations of the most recent generation of
agents in each class are being tested as well, as
evidenced by studies of carfilzomib with lenalido-
mide and dexamethasone,'”?° bortezomib with
pomalidomide and dexamethasone,”’ and carfilzo-
mib with pomalidomide and dexamethasone,””
among others. While some of these have not yet
reached the phase III setting, and their full impact on
clinical outcomes in myeloma are yet to be deter-
mined, it is clear that those that have been part of
the first wave of novel drugs have made a very
positive impact on prognosis in this disease. Several
studies indicate that novel agents have improved
outcomes, especially in newly diagnosed*® but also
in relapsed patients,zy‘z”24 and have added to the
benefits of traditional approaches such as stem cell
transplantation®>*° to the point that survival has
been doubled in some settings.””™*>’ Moreover, an
increasing proportion of patients remain in complete
remission for prolonged periods of time, prompting
some to consider the possibility that at least a
fraction of myeloma patients may already be func-
tionally cured of their disease.”**%%°

Despite these encouraging findings, and the like-
lihood that the recently approved agents will find
their way into earlier lines of therapy, the vast
majority of patients with multiple myeloma will still
eventually relapse after front-line therapy. As a
result, there remains a need to develop new protea-
some inhibitors and immunomodulatory agents, and
especially new drug classes, which would be effec-
tive in the relapsed and/or refractory setting. These
agents would be especially useful if they could
overcome drug resistance that may have emerged
due to prior therapy, and if their use could be guided
by biomarkers that identify patients who would be
most likely to benefit. This contribution will review
some of the current drug classes and agents that
could possibly meet some of these criteria, and will
update the reader on their progress towards the goal
of incorporating them into our armamentarium
against multiple myeloma.

DEACETYLASE INHIBITORS

Histone deacetylases (HDACs), along with histone
acetyl transferases, regulate acetylation of a wide
variety of cellular proteins, including histones.
Through these modifications, HDACs influence path-
ways involved in many key processes in myeloma
cells, including gene expression, cell cycle progres-
sion, DNA replication and repair, and protein folding

through chaperone functions, among others
(reviewed recently’”*"). Deacetylase inhibitors have
shown activity against preclinical models of mye-
loma through a number of important mechanisms.
These include cell cycle arrest through increased
expression of p21VA*! decreased expression of the
interleukin (IL)-6 receptor, and retinoblastoma pro-
tein dephosphorylation, as well as apoptosis through
increased expression of Bax.’>”? Additional mecha-
nisms include cleavage of Bid, as well as of poly
(ADP)ribose polymerase (PARP) by calpains, inhib-
ition of stromal cell IL-6 production,” induction of
caspatses,54 and suppression of members of the
insulin-like growth factor (GF)/IGF-1 receptor
(AGF-1R) pathway, DNA synthesis and repair
enzymes, and expression of proteasome subunits
and therefore of proteasome activity.”” Deacetylase
inhibitors have been validated in a number of
combinations with both conventional and novel
agents preclinically against multiple myeloma.’* >
Perhaps the strongest rationale has been provided
for combination regimens with proteasome inhibi-
tors, based in part on the reduction of proteasome
subunit expression by HDAC inhibitors,””> which
would sensitize cells to agents like bortezomib. In
addition, proteasome and deacetylase inhibitors acti-
vate apoptosis synergistically by inducing oxidative
injury and mitochondrial dysfunction.’® Proteasome
inhibition induces formation of aggresomes, aggre-
gates of ubiquitin-conjugated proteins that protect
cells from the toxic effects of these proteins, while
HDAC inhibitors in general, and HDAC-6 inhibition
in particular, disrupt this, thereby enhancing cell
killing.®”*® Finally, recent studies identified signaling
through the IGF-1/IGF-1R pathway as an important
contributor to bortezomib resistance,”® and the
ability of HDAC inhibitors to suppress IGF-1/IGF-1R
signaling®” is another rationale for combining them.
Taken together, these multiple cooperative mecha-
nisms provided strong support for the possibility
that a regimen of a proteasome and deacetylase
inhibitor could achieve chemosensitization, and pos-
sibly also overcome chemoresistance.

Vorinostat

Vorinostat (suberoylanilide hydroxamic acid,
SAHA; Zolinza, Merck, Whitehouse Station, NJ) was
evaluated first as a single agent in multiple myeloma
in a phase I study that was abbreviated by the
sponsor, and therefore did not identify a maximum
tolerated dose (MTD).40 Common drug-related
adverse events (AEs) included fatigue, anorexia,
dehydration, diarrhea, and nausea, and one minor
response (MR) was seen among 10 evaluable
patients. The combination of vorinostat and borte-
zomib was then studied in two phase I trials, the first
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of which administered bortezomib at 1.0 or 1.3 mg/
m?” on days 1, 4, 8, and 11 of every 21-day cycle,
along with vorinostat at 100-500 mg on days 1-8 of
each 21-day CYClC.4] Nonhematologic toxicities
included diarrhea (seen in 52%), nausea (48%),
fatigue (35%), peripheral neuropathy (57%), and
increased creatinine (30%), while hematologic tox-
icities included thrombocytopenia (52%), anemia
(30%), and neutropenia (17%). Also, QT interval
prolongation was noted in two patients who were
treated at one level above what was ultimately
defined as the MTD. Of 21 evaluable patients, nine
(42%) experienced at least a partial response (PR)
and, interestingly, none experienced an improve-
ment with the addition of dexamethasone. In the
second phase I study, bortezomib was dosed from
0.7-1.3 mg/m?®, while vorinostat was dosed for 14
days at 200 mg twice daily, 400 mg daily, or 300 mg
twice daily.42 Toxicities of any grade seen in at least
one quarter of patients included nausea (74%),
diarrhea (74%), fatigue (68%), thrombocytopenia
(59%), vomiting (59%), peripheral neuropathy
9%), fever (29%), and constipation (27%). Nine of
34 patients (27%) achieved a PR, while two patients
had MRs (6%), and another 20 had stable disease
(SD) (59%). Notably, of seven patients whose disease
was bortezomib-refractory, one experienced a PR
while the other six had SD, and the duration of
response was 120 days among all patients who had
SD or better.

The encouraging data obtained from the phase I
combination studies led to the design and comple-
tion of a phase II trial designed to determine if
vorinostat could overcome resistance to bortezomib.
Patients with at least two prior lines of therapy
whose disease was refractory to bortezomib, and
either refractory or ineligible for thalidomide and/or
lenalidomide, received bortezomib and vorinostat,
and dexamethasone could be added after four cycles
if progression or SD was seen.”> An overall response
rate (ORR) (PR or better) of 17% was reported, while
the clinical benefit response (CBR) rate (MR or
better) was 31%, with a duration of response of
6.3 months. Progression-free survival (PFS) was 3.13
months, while the median overall survival (OS) was
11.2 months. Also, a phase III randomized study
comparing single-agent bortezomib with placebo to
the combination of bortezomib with vorinostat has
been completed and reportf:d.44 While the ORR (PR
or better) and the CBR rate (MR or better) both were
significantly better for the combination regimen
(Figure 1), the response duration was not, at
8.5 months for bortezomib and vorinostat, compared
to 8.4 months for bortezomib alone. Moreover, PFS
was 7.63 months for the combination versus 6.83
months for bortezomib alone, and while this repre-
sented a statistically significant difference (P = 0.01),

40%
CBR: 71% vs. 54%, P<0.0001
35% i :
30% ORR: 56% vs. 41%, P<0.0001
i I L 1
25% M Vorinostat/
20% Bortezomib
15% M Bortezomib
0
10%
> .
0%
CR VGPR PR MR SD

Figure 1. Response rates seen in patients treated on the
VANTAGE 088 trial for relapsed myeloma with either
bortezomib, or the combination of vorinostat and borte-
zomib. Abbreviations: CR, complete response; CBR, clin-
ical benefit response; MR, minor response; ORR, overall
response rate; PR, partial response; SD, stable disease;
VGPR, very good partial remission.

it translated to a benefit of only 24 days, which was
not clinically meaningful. Finally, though not mature,
the OS data were comparable for the two arms,
while a number of hematologic and non-hematologic
toxicities were increased by the addition of vorino-
stat. These findings do suggest the possibility that a
subset of patients may benefit from the regimen of
vorinostat and bortezomib, and that if they could be
identified prospectively using a molecular signature,
this could still be a valuable therapeutic approach.
For now, however, further development of vorino-
stat in the multiple myeloma setting has been put
on hold.

Panobinostat

Panobinostat (LBH589, Novartis Corp, New York,
NY), like vorinostat, inhibits a number of the known
human deacetylases, including those in classes I, I,
and IV, and has activity preclinically against mye-
loma both alone, and in combinations, including
with bortezomib, through analogous mechanisms. "
BA phase II study of single-agent panobinostat given
three times weekly for each week of a 3-week cycle
described grade 3 or 4 toxicities that occurred in at
least 5% of patients as including neutropenia (32%),
thrombocytopenia (26%), anemia (18%), back pain
(8%), hypercalcemia (8%), hypokalemia (8%), fatigue
(5%), and pneumonia (5%).49 Among the 38 patients
evaluated, one PR and one MR were seen, demon-
strating that, as was the case for vorinostat, single-
agent deacetylase inhibitors probably do not have a
significant role in relapsed and/or refractory mye-
loma, despite one case report of a near-CR after
panobinostat.”’® The combination of panobinostat
and bortezomib was studied in a phase Ib trial,
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which allowed addition of dexamethasone starting
with cycle 2 if a suboptimal response was seen.’’
Based on this study, the MTD of panobinostat was
identified as 20 mg given three times weekly for
2 weeks, along with the standard dose and schedule
of bortezomib. Among 47 patients in the dose-
escalation phase, 36 (76%) achieved at least an MR
or better, and 75% of 12 evaluable patients in the
dose-expansion cohort did as well. Also of note, 11/
19 (58%) patients who had previously bortezomib-
refractory disease responded to the combination. As
a result of these very encouraging data, a phase
randomized III trial comparing bortezomib and dex-
amethasone with or without panobinostat (Table 1)

is underway. While data about the primary end-
points have not yet been reported, preliminary
presentations of planned interim analyses of up to
525 blinded patients focusing on toxicity have
indicated a comparable safety profile to that

expected of bortezomib and dexamethasone.’*>?

PROTEASOME INHIBITORS

Bortezomib is the first proteasome inhibitor to
reach the clinic, and garnered approvals as a single
agent in the relapsed and/or refractory setting based
on exciting data from phase I through III trials,'*>*
and was subsequently approved as part of front-line

Table 1. Phase Il Trials of Novel Agents in Relapsed/Refractory Multiple Myeloma’

Clinicaltrials. Projected Estimated
Trial gov ldentifier Regimens Control v Experimental Accrual Completion
Novel proteasome inhibitors
ASPIRE NCT01080391 Lenalidomide/dexamethasone v 780 12/2013
Carfilzomib/lenalidomide/
dexamethasone
FOCUS NCTO01302392 Best supportive care v Carfilzomib 302 6/2014
ENDEAVOR NCT01568866 Bortezomib/dexamethasone v Carfilzomib/ 888 1/2015
dexamethasone
TOURMALINE- NCT01564537 Lenalidomide/dexamethasone v 703 2/2019
MM1 MLN9708/lenalidomide/
dexamethasone
Novel immunomodulatory agents
NIMBUS NCT01311687 High-dose dexamethasone v 426 5/2013
Pomalidomode/dexamethasone
OPTIMISMM  NCT01734928 Bortezomib/dexamethasone v 782 1/2015
Pomalidomide/bortezomib/
dexamethasone
Novel deacetylase inhibitors
VANTAGE 088 Bortezomib v Vorinostat/bortezomib 637 12/2011
PANORAMA-T NCT01023308 Bortezomib/dexamethasone v 762 6/2013
Panobinostat/bortezomib/
dexamethasone
Novel monoclonal antibodies
ELOQUENT-2 NCT01239797 Lenalidomide/dexamethasone v 640 3/2014
Elotuzumab/lenalidomide/
dexamethasone
Novel signal transduction inhibitors
AB06002 NCT01470131 Bortezomib/dexamethasone v Masitinib/ 300 4/2013
bortezomib/dexamethasone
ADMYRE NCT01102426 Dexamethasone v Plitidepsin/ 250 6/2014
dexamethasone
PERIFOSINE NCT01002248 Bortezomib/dexamethasone v Perifosine/ 450 9/2014
339 bortezomib/dexamethasone

* Data are based on a search of clinicaltrials.gov performed on February 23, 2013, using the terms “multiple myeloma” and “relapse”
and “phase 3.” The “estimated completion” column provides the date when data about the primary endpoint will be mature, as provided
by the study sponsors. Studies within each drug category are arranged based on when they may be expected to report their primary
endpoint data. Phase Ill single-center trials, studies of nontherapeutic interventions, and those that did not incorporate a novel agent

were excluded.
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therapy with melphalan and prednisone.4 By validat-
ing the proteasome as a target for cancer therapy,
bortezomib also spurred interest in the possibility
that other drugs targeting the proteasome, and
indeed the entire ubiquitin-proteasome pathway,
could play a role in our armamentarium against
multiple myeloma as well. A number of inhibitors
of the constitutive and/or immunoproteasomes are
under study preclinically and clinically,”>>°® and
carfilzomib and ixazomib have reached the phase
III setting for multiple myeloma.

Carfilzomib

Carfilzomib (Kyprolis, Onyx Pharmaceuticals,
South San Francisco, CA) is a peptide epoxy-ketone
that binds the N-terminal threonine active site of the
5 subunit of the proteasome in an irreversible
manner, possibly providing a more durable inhibi-
tion of the proteasome than reversible agents such as
bortezomib.””>® In models of multiple myeloma,
carfilzomib induced apoptosis in part through the
c-Jun-N-terminal kinase (JNK), and activated both the
intrinsic and extrinsic caspase pathways.”” Notably,
carfilzomib was effective against cell lines and
primary samples that were resistant to conventional
and novel drugs, including bortezomib, acted syn-
ergistically with other agents such as dexametha-
sone,’” and showed in vivo anti-tumor activity.®” In
addition to its anti-myeloma effects, carfilzomib also
may have the benefit of suppressing bone resorption
and promoting bone anabolic activities,”' and may
be more specific than bortezomib for the protea-
some,’” possibly contributing to a more favorable
toxicity profile.

Phase I studies of carfilzomib evaluated the safety
and toxicity of this drug on two schedules, including
dosing 5 days in a row followed by 9 days off,”® or
two consecutive days for 3 weeks on and 1 week off,
which translated to dosing on days 1, 2, 8, 9, 15, and
16 of every 28-day Cycle.(’4 On the more intensive
schedule, the MTD was 15 mg/mz, with dose-
limiting toxicities (DLTs) including febrile neutrope-
nia and thrombocytopenia.(ﬁ Activity was seen
against mantle cell lymphoma, Waldenstrom’s mac-
roglobulinemia, and multiple myeloma, with the
latter including a response in a patient whose
disease had previously been refractory to bortezo-
mib. With twice-weekly consecutive-day dosing, an
MTD was not identified, and the highest dose level
tested administered carfilzomib at 20 mg/m? on days
1 and 2 of cycle 1, and then 27 mg/m® on subse-
quent days of that cycle, and on all later dosing
days.(’4 As was the case for the earlier phase I trial,
the latter also showed evidence of activity against
multiple myeloma and non-Hodgkin lymphoma, and

this schedule was selected for further evaluation in
the phase II setting.

One combination regimen incorporating carfilzo-
mib that has garnered particular attention is that with
lenalidomide and dexamethasone. For patients with
relapsed or progressive myeloma,”” no MTD was
defined, and the highest level was recommended
for further study. This consisted of carfilzomib at 20
mg/m? on days 1 and 2 of cycle 1, followed by 27
mg/m” on all subsequent days of cycle 1 and later
cycles, along with lenalidomide at 25 mg on days
1-21, and dexamethasone at 40 mg on days 1, 8, 15,
and 22. Treatment-emergent AEs that occurred in at
least 10% of patients, and that reached grade 3 or
4 severity, included neutropenia (40%), thrombocy-
topenia (33%), anemia (18%), lymphopenia (18%),
hyperglycemia (15%), hyponatremia (15%), and
hypophosphatemia (15%), with no grade 3 or 4 neu-
ropathic events. The ORR including patients with at
least a PR was 63%, and clinical benefit with at least
an MR was seen in 75%, while response duration and
PFS were 11.8 and 10.2 months, respectively. A
similar regimen also has been studied in the front-
line setting,'” where carfilzomib was escalated to the
highest planned dose level of 36 mg/m* with
standard-dose lenalidomide and low-dose dexametha-
sone. Addition of a proteasome inhibitor to an
immunomodulatory agent could have the ability to
overcome lenalidomide resistance through a number
of mechanisms. Cereblon expression has been found
to be important for the effects of lenalidomide and
other immunomodulatory drugs (IMiDs), and low
expression may be associated with resistance.®”°
Since the abundance of most cellular proteins is
regulated in part through the ubiquitin-proteasome
pathway, inhibition of the proteasome should
increase cereblon levels, which could enhance the
activity of lenalidomide. Also, cereblon may itself
inhibit the proteasome by binding to the B4 sub-
unit,®” which is a distinct target from the p5 subunit
to which carfilzomib predominantly binds, possibly
providing a mechanism for synergistic proteasome
inhibition. Finally, resistance to lenalidomide also has
been associated with activation of signaling through
the Wnt/B-catenin p::lthvvay,(’8 possibly through upre-
gulation of CD44 and adhesion-mediated drug resist-
ance.”® P-catenin is also a target for the ubiquitin-
proteasome pathway,” but it may be cleared in part
through aggresomes.”' Thus, it is possible that
proteasome inhibition directs B-catenin to the aggre-
some/lysosome pathway, leading to decreased signal-
ing throught the Wnt/f-catenin pathway, thereby
overcoming lenalidomide resistance.

Due to the encouraging data with carfilzomib in
the phase I setting, phase II studies were initiated
targeting patients with relapsed and refractory dis-
ease. Regulatory approval of carfilzomib was based
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on the outcomes from the PX-171-003-A1 trial, in
which patients received dosing at 20 mg/m? during
cycle 1, and then 27 mg/m?® starting in cycle 2.
Among 257 patients who were evaluable for effi-
cacy, of whom 95% had disease that was refractory
to their most recent line of therapy, and 80% were
either refractory or intolerant to lenalidomide and
bortezomib, an ORR of 24% was reported. Responses
were also sustained, with a duration of response of
7.8 months, and a median OS of 15.6 months.'’
Common AEs that reached grade 3 or 4 severity, and
were seen in at least 5% of patients, included
thrombocytopenia (29%), anemia (24%), lymphope-
nia (20%), neutropenia (11%), pneumonia (9%),
hyponatremia (8%), fatigue (8%), leukopenia (7%),
hypophosphatemia (6%), and upper respiratory tract
infection (5%). Peripheral neuropathy of any grade
was seen in only 33 patients (12%), including only
three events at grade 3 (1%) and none at grade 4.
A second study of carfilzomib, PX-171-004, evaluated
patients with relapsed and/or refractory myeloma
who were bortezomib-naive, and included two
cohorts, the first of which received dosing at
20 mg/m* throughout, while the second used
stepped up dosing in cycle 2 at 27 mg/m?’* as
had been the case for PX-171-003-A1. The toxicity
profile was comparable to the prior phase II study,
with again a low rate of peripheral neuropathy.
Notably, there was a trend towards a better response
rate in the latter cohort (42% V 52%), response
durability (median duration of response of 13.1
months vV not reached), and time to progression
(TTP; median of 8.3 months v not reached) with the
latter approach. An additional phase II study of note
focused on patients with relapsed and/or refractory
disease who had been exposed to bortezomib,”® and
reported a response rate of 17.1%, indicating the
presence of some cross-resistance between bortezo-
mib and carfilzomib, while duration of response
was >10.6 months and TTP was 4.6 months. Addi-
tional information about phase II studies with carfil-
zomib can be found in the article by Mateos et al in
this issue.

Several phase III trials that will provide further
insights into the role of carfilzomib are currently
underway (Table 1). The ASPIRE study comparing
lenalidomide and low-dose dexamethasone with or
without carfilzomib for patients with relapsed mye-
loma who have received one to three prior lines of
therapy has already completed enrollment. Positive
data from this trial would lead to full approval of
carfilzomib for patients in the relapsed setting,
supporting the earlier approval of single-agent carfil-
zomib in relapsed and refractory myeloma. In addi-
tion, the FOCUS study is comparing carfilzomib to
best supportive care in patients with relapsed and
refactory myeloma who have undergone at least

three prior lines of treatment.”* FOCUS also has
completed enrollment, and encouraging findings
could support the approval of carfilzomib in Europe.
Finally, the ongoing ENDEAVOR study for patients
with one to three prior lines of therapy and relapsed
myeloma is comparing bortezomib and dexametha-
sone as a salvage regimen to carfilzomib and dex-
amethasone. Notably, in this study, carfilzomib is
being administered at 20 mg/m? on days 1 and 2 of
cycle 1, and then 56 mg/m? for all later doses. This
dosing is based on results from a phase Ib study
indicating that carfilzomib can be safely administered
at doses up to 56 mg/m? as an infusion over 30
minutes,”” as opposed to the standard 2—-10 minutes.
AEs with this approach were similar to those in other
carfilzomib studies, including fatigue (36%), head-
ache (36%), thrombocytopenia (36%), anemia (32%),
cough (32%), dyspnea (32%), insomnia (27%), upper
respiratory tract infection (27%), nausea (23%), and
hypertension (18%). Responses were seen in
patients with relapsed and/or refractory myeloma,
including two very good PRs. Moreover, a recent
phase II study using this approach in patients with
relapsed or refractory multiple myeloma corrobo-
rated the encouraging safety signal,”® and noted a
response rate of 58% among patients who received
at least four cycles of therapy or who progressed
during their first four cycles. ENDEAVOR will there-
fore determine if this higher dose carfilzomib regi-
men has a role to play in therapy of relapsed
myeloma.

Ixazomib

Both of the currently approved proteasome inhib-
itors are administered as injections, with bortezomib
delivered either through an intravenous or subcuta-
neous route,”’ while carfilzomib is delivered intra-
venously. Ixazomib (Millennium: The Takeda
Oncology Co, Cambridge, MA), on the other hand,
also known as MLN9708, is the first orally available
proteasome inhibitor to reach the clinic. This drug,
which is rapidly metabolized in vivo to the active
agent, MLN2238, is characterized by a shortened
proteasome dissociation half-life, which may allow it
to more rapidly redistribute from off-target tissues to
tumor cell proteasomes, and induce greater anti-
tumor activity.”® In models of multiple myeloma,
ixazomib activated apoptosis through both caspase
8 and caspase 9, induced the endoplasmic reticulum
stress response while inhibiting nuclear factor kappa
B, and showed synergistic anti-tumor activity in
combination with dexamethasone and lenalido-
mide.”” Recent studies also suggest a role for mod-
ulation of micro RNA 33b by ixazomib in its
mechanism of action.®’
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As a single agent in the relapsed and/or refractory
setting, the MTD of ixazomib given on the bortezo-
mib schedule of days 1, 4, 8, and 11 every 21 days
was 2.0 mg/m>.®' Drugrelated AEs included fatigue
(45%), thrombocytopenia (30%), nausea (26%), diar-
rhea (25%), vomiting (23%), and rash (23%), while
neuropathy (8%) was rare. Among 36 response-
evaluable patients, six had at least an MR (17%),
while 22 patients had SD (61%). A second study has
been evaluating ixazomib given once weekly, and has
reported similar drugrelated AEs, though with
a lesser incidence of rash and no DLTs as of yet.®’
Finally, a phase I/II study is being conducted with
ixaomib in combination with lenalidomide and dex-
amethasone for patients with previously untreated
multiple myeloma.®> An ORR of 88% has been seen to
date, including 18% in CR and 40% with a very good
PR, while tolerability has been comparable to what
would be expected of single-agent ixazomib, as well
as lenalidomide with low-dose dexamethasone.'”
Based on the latter data, a phase III study in the
relapsed and/or refractiory setting is ongoing compar-
ing lenalidomide and low-dose dexamethasone with
or without the addition of ixazomib on days 1, 8, and
15 of every 28-day cycle. Successful completion of
this study with supportive data could lead to the
regulatory approval of this oral proteasome inhibitor.

IMMUNOMODULATORY AGENTS

Thalidomide and lenalidomide are the first two
members of the IMiD family to obtain regulatory
approvals for treatment of multiple myeloma, and they
have contributed significantly to the improvements
seen recently in patient outcomes.* ™ Other IMiDs
are also under development, with pomalidomide being
the agent that has advanced furthest, having been
approved on an accelerated basis in February 2013 for
patients with relapsed and refractory myeloma who
have had at least two prior lines of therapy that
included bortezomib and lenalidomide.

Pomalidomide

Pomalidomide is a third-generation IMiD that was
previously known as CC-4047, and while Actimid
(Celgene Corp, Summit, NJ) was its trade name in
the past, the current name is Pomalyst (Celgene).
Like other agents in this class of drugs, pomalido-
mide has multiple mechanisms of action, including
modulating and stimulating the host immune system,
inhibiting angiogenesis and production of stromal
cell cytokines that would normally make the micro-
environment more permissive for myeloma cells,
and also directly suppressing tumor cell proliferation
and activating programmed cell death.®*®° While
structurally similar to thalidomide and lenalidomide,

pomalidomide has been shown in a number of assays
to be more potent than its predecessors,””*® which
in part prompted hopes that it could help to over-
come resistance that had emerged after therapy with
either thalidomide or lenalidomide.

The first phase I study of pomalidomide in
patients with relapsed or refractory multiple mye-
loma found it to be well tolerated from the stand-
point of serious non-hematologic AEs but did report
neutropenia and deep vein thrombosis.*” An MTD of
2 mg/d was identified, and MR or better was seen in
67% of patients, while 54% experienced at least a PR.
Correlative studies showed an associated increase in
serum levels of the IL-2 receptor and of IL-12,
supporting the possibility of T-cell costimulation as
a mechanism of action. Pomalidomide at 2 mg daily
was then combined with low-dose dexamethasone,
and this regimen was found to be well tolerated and
active against relapsed myeloma,” with a similar
ORR of 63%, including CR in three patients (5%), and
very good PR in 17 (28%). Response durability was
also documented, with a PFS of 11.6 months, which
was not significantly reduced in patients with high-
risk cytogenetic features. This approach also was
shown to be effective against myeloma that was
relapsed and refractory,”’ though, as would be
expected, the response rates were lower in this
group that had more resistant disease, with 32% of
patients having a PR or better.

One area of controversy that arose early in the
development of pomalidomide was with respect to
its most appropriate dose and schedule. Pomalido-
mide was given at either 2 mg or 4 mg continuously
with low-dose dexamethasone in patients with mye-
loma that was refractory to both bortezomib and
lenalidomide in a non-randomized study.”” Myelsup-
pression was the most commonly seen toxicity,
while MRs or better were seen in 49% of patients
who received 2 mg dosing, and 43% who received
4 mg dosing. Interestingly, the OS rates at 6 months
for these two groups were 78% and 67%, suggesting
that there was no advantage for the 4-mg dose over
the 2-mg dose. Also, two different schedules of
pomalidomide with low-dose dexamethasone have
been studied in such patients with so-called double-
refractory myeloma, comparing pomalidomide at
4 mg given for 21 days of each 28-day cycle, or
pomalidomide with continuous dosing throughout
the cycle.”” This randomized study suggested that
the median time to the first response could be longer
with dosing for only 21 days, but the response rates
were comparable (Table 2), and most of the meas-
ures of response durability were either similar, or
favored 21-day dosing followed by 1 week off.
Finally, the appropriate dose was likely settled by a
phase I study of patients who had refractory mye-
loma after prior therapy with both lenalidomide and
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Table 2. Outcomes Data From the IFM 2009-02 of Pomalidomide With Low-Dose Dexamethasone

in Relapsed/Refractory Multiple Myeloma®

Outcome Measure,

Pomalidomide 21/28 Days Pomalidomide 28/28 Days Total Population

n (%) (n = 43) (n =41) (N = 84)

Overall response rate (at 15 (35%) 14 (34%) 29 (35%)
least PR)
CR rate 1 (2%) 2 (5%) 3 (4%)
Very good PR rate 1 (2%) 1 (2%) 2 (2%)
PR rate 13 (30%) 11 (27%) 24 (27%)
SD rate 19 (44%) 21 (51%) 40 (48%)
Progressive disease rate 5 (12%) 3 (7%) 8 (10%)
Not evaluable 4 (9%) 3 (7%) 7 (8%)

Median time to first 2.7 1.1 1.8
response (mMo)

Median response 6.4 8.3 7.3
duration (mo)

One-year relapse-free 42% 47% 44%
survival (%)

Median time to 5.5 4.6 5.4
progression (mo)

Median PFS (mo) 5.4 4.4 4.6

Median OS (mo) 14.9 14.8 14.9

Abbreviations: CR, complete response; PR, partial response; SD, stable disease; OS, overall survival; PFS, progression-free survival.

“
Data are from Leleu et al.”*

comparing all of the doses and schedules, the dose
that was taken forward into registration studies was
4 mg for 3 consecutive weeks of each 28-day cycle.

Accelerated approval of pomalidomide was
recently granted based on the findings of the MM-
002 phase II study, which randomized patients to
either pomalidomide alone or to pomalidomide with
low-dose dexamethasone.”” Grade 3 and 4 AEs for
the two arms were predominantly hematologic,
including neutropenia, thrombocytopenia, anemia,
or leukopenia, while non-hematologic events
included pneumonia, fatigue, back pain, and dysp-
nea. The response rate for pomalidomide alone was
9%, while PR or better was seen in 30% of patients
who received the combination. Median duration of
response was 7.4 months for pomalidomide with
dexamethasone, while it had not yet been reached
with pomalidomide alone, suggesting that while
dexamethasone was improving the response rate, it
was in patients with biologically more aggressive
disease that was not likely to remain in remission.
However, other durability measures tended to favor
the combination, including PFS, which was

and OS was significantly superior for the combina-
tion (Table 3), and these data may support the
approval of this treatment regimen in Europe.

A confirmatory phase III study of pomalidomide is
underway, which is comparing pomalidomide with
bortezomib and dexamethasone to bortezomib and
dexamethasone in patients with one to three prior
lines of therapy (Table 1). This is based in part on data
from a phase I study of the three-drug regimen, which
did not detect DLTs within the planned dosing
cohorts,?' and noted a PR or better rate of 73%.
Encouraging findings from the international phase III
study would support full approval of pomalidomide.
Other interesting combinations based on pomalido-
mide that are being studied include carfilzomib with
pomalidomide and dexamethasone, which has
reported a 50% ORR in patients with lenalidomide-
refractory disease,”” and pomalidomide with clarithro-
mycin and dexamethasone, which induced a PR or
better in 54% of patients with relapsed or refractory
myeloma. The interested reader is referrred to the
contribution in this issue of Seminars by Mateos et al
for additional data on pomalidomide.
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Table 3. Progression-Free and Overall Survival Data From the NIMBUS Study in Relapsed/

Refractory Multiple Myeloma®

Pomalidomide + Low-Dose High-Dose
Dexamethasone Dexamethasone  Hazard
Outcomes by Group (n = 302) (n = 153) Ratio P Value
Median PFS
Intent-to-treat population 3.6 mo 1.8 mo 045 <.001
Refractory to bortezomib 3.6 mo 1.8 mo 0.47 <.001
Refractory to lenalidomide 3.7 mo 1.8 mo 0.38 <.001
Refractory to bortezomib 3.2 mo 1.7 mo 0.48 <.001
& lenalidomide
Median OS
Intent-to-treat population Not reached 7.8 mo 0.53 <.001
Refractory to bortezomib Not reached 8.1 mo 0.56 .037
Refractory to lenalidomide Not reached 8.6 mo 0.39 .003
Refractory to bortezomib Not reached 7.4 mo 0.56 .003

& lenalidomide

Abbreviations: PFS, progression-free survival; OS, overall survival.

* Data from Dimopoulos et al.”®

MONOCLONAL ANTIBODIES

No monoclonal antibodies have yet been
approved for the treatment of multiple myeloma,
though this is likely to change in the near future,
since a number of such agents are in clinical trials
and showing encouraging signs of activity. Several of
these antibodies have been raised against cell surface
proteins, such as elotuzumab, which recognizes CS1,
daratumumab, which is directed against CD38, and
lorvotuzumab mertansine, which targets CD138.
Other antibodies target cytokines that are important
to the plasma cell in its microenvironment, such as
siltuximab, which neutralizes 1L-6, and tabalumab,
which recognizes B-cell-activating factor. A number
of excellent reviews have recently been published
that detail the properties and preclinical as well as
known clinical activity of these antibodies.®'”’~?
Two of these, siltuximab and elotuzumab, have
reached potential registration-enabling studies, and
greater detail about these agents is provided below.

Siltuximab

Signaling through the IL-6 pathway has been
shown to play a key role in myleoma pathobiology,
including in processes such as plasma cell prolifer-
ation, survival, and chemotherapy resistance, as well
as osteoclast activation, providing a strong rationale
to target IL-6 with monoclonal antibodies.'’"'"’!
Preclinical studies with siltuximab (Janssen Pharma-
ceuticals, Titusville, NJ) revealed activity as a single
agent against both IL-6—-dependent and —independ-
ent cell lines and primary samples, and it enhanced
the cytotoxicity of bortezomib in an additive to

synergistic manner.'’” This occurred in part through
inhibition of bortezomib-mediated induction of anti-
apoptotic heat shock protein 70 and myeloid cell
leukemia 1. Additional studies showed that siltux-
imab sensitized models of myeloma to corticosteroid-
induced cell death,'”” as well as to alkylating agents
such as melphalan.l(“/

Based in part on the strong rationale outlined
above, siltuximab was studied in a phase I dose-
escalating trial for patients with relapsed and refrac-
tory myeloma.'’” Treatment was well tolerated, and
decreases were seen in the IL-6 surrogate marker
C-reactive protein, but no responses were seen
among the 12 patients treated. The excellent safety
profile of single-agent siltuximab was then con-
firmed in a subsequent phase I study in patients
with a variety of hematologic malignancies, includ-
ing B-cell non-Hodgkin lymphoma, myeloma, as well
as Castleman’s disease, in which DLTs were not
seen.'’® Notably, activity was seen against multiple
myeloma, with five patients treated for at least one
year showing benefit, including two CRs,'%° and the
possibility to achieve CR with single-agent siltuxi-
mab also has been reported from another study.'®’
These findings prompted a phase II study of siltux-
imab in patients with myeloma, which included one
cohort in which siltuximab was used first and
dexamethasone could be added later if an inad-
equate response was seen, while a second cohort
gave the two agents together.'’® Siltuximab alone
showed no activity in this heavily pretreated pop-
ulation, among whom 83% were relapsed and
refractory to their last line of therapy. However,
when combination therapy with siltuximab and
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dexamethasone was given, 23% of patients achieved
at least an MR, including in patients whose disease
was previously refractory to a corticosteroid-
containing regimen. Response durations were rea-
sonable as well, with a median PFS of 3.7 months,
median TTP of 4.4 months, and a median OS of 20.4
months. Finally, the results of a randomized phase II
study were recently reported, which compared the
efficacy of bortezomib with placebo to bortezomib
with siltuximab in relapsed myeloma patients with
up to three prior lines of therapy who were
bortezomib-naive.'”” While the ORR was superior
for the combination compared to bortezomib alone
(55% achieved at least a PR vV 47%), as was the CR
rate (11% v 7%), significant differences in long-term
outcomes were not seen. Progression-free survival,
for example, which was the primary endpoint, was
245 days for the combination in 142 patients, while
for bortezomib with placebo it was 232 days in 144
patients. Also, OS slightly favored patients in the
bortezomib + placebo arm, at 1,121 days, compared
with 1,068 days for the bortezomib/siltuximab arm.
A number of factors likely contributed to the neg-
ative outcome of this study, including the use of
what was later identified as a suboptimal dose and
schedule for siltuximab, a greater rate of discontin-
uations due to AEs on the siltuximab arm, and the
influence of subsequent therapies on outcome.
However, due to these disappointing findings, fur-
ther development of siltuximab in multiple myeloma
has been halted.

Elotuzumab

Elotuzumab (Bristol-Myers Squibb, New York, NY)
targets CS1, which was noted to be highly expressed
on more than 97% of primary patient plasma cells,"'”
although it also has been found on natural killer (NK)
cells, NK-like T cells, and CD8" T cells."'" Consistent
with the possibility that this protein plays a role in
cellular adhesion, eloutuzmab inhibited binding of
myeloma cells to stromal cells.''” It exerted an anti-
body-dependent cytotoxic effect both alone' '’ and in
the presence of effector NK cells."'" Also, elotuzu-
mab exerted enhanced activity when it was added to
a variety of conventional and novel agents, including
bortezomib''>!'? and lenalidomide,''® and it showed
anti-tumor activity in vivo."''>'"!

As a single agent, with elotuzumab adminstered
intravenously every 2 weeks from 0.5 to 20 mg/kg,
no MTD was identified in the phase I study, while
common AEs included cough, headache, back pain,
fever, and chills."'? CS1 on marrow plasma cells was
found to be saturated at 10 and 20 mg/kg, but stable
disease was the best response, and was seen in nine
patients (27%). In combination with bortezomib,
elotuzumab again was well tolerated without an

MTD within the tested range, while frequent grade
3 and 4 AEs were lymphopenia and fatigue.' "“ PR or
better was seen in 48% of 27 evaluable patients and,
interestingly, although only three patients had
bortezomib-refractory disease, two responded, and
the overall median TTP was an encouraging
9.5 months. The most impressive clinical activity in
a phase I setting was obtained when elotuzumab was
combined with lenalidomide and low-dose dexame-
thasone, which likewise found no DLTs or MTD.'"”
Some myelosuppression was seen, with neutropenia
in 36% of patients and thrombocytopenia in 21%,
and two patients did have serious infusion-related
toxicities during the first treatment cycle only. A PR
or better was seen in 82% of patients, including 21/
22 (95%) who were lenalidomide-naive, 15/16 (94%)
who had been exposed to thalidomide, and 10/12
(83%) of those whose disease was refractory to their
most recent therapy. To obtain additional informa-
tion to guide a phase III trial, a randomized phase II
study was then started comparing lenalidomide and
dexamethasone with elotuzumab at either 10 or 20
mg/kg.''® Common toxicities in this larger study
were lymphopenia (in 19%), neutropenia (18%),
thrombocytopenia (16%), anemia (12%), leukopenia
(10%), hyperglycemia (10%), pneumonia (7%), diar-
rhea (7%), fatigue (7%), and hypokalemia (6%), while
infusion reactions occurred in 12% of patients.
Notably, while the ORR and PFS were excellent in
both arms (Table 4), there was a trend towards
better results in both of these endpoints with the 10-
mg/kg dose. As a result, the ongoing phase III study
comparing lenalidomide/low-dose dexamethasone
with or without elotuzumab (Table 1) is using this
lower dose, and has already reached its accrual goal.

SIGNAL TRANSDUCTION INHIBITORS

The major drug classes being tested in myeloma
remain within the catgories of deacetylase inhibitors,
proteasome inhibitors, immunomodulatory agents, and
monoclonal antibodies. However, a number of other
agents with activity as inhibitors of signal transduction
pathways important to the pathobiology of multiple
myeloma also are being evaluated in radomized phase
III trials that could lead to new drug approvals.

Masitinib

Masitinib, also known as AB1010 (AB Science,
Paris, France) (and KINAVET-CA1 for canine use), is
a novel phenylaminothiazole-type tyrosine kinase
inhibitor that targets the stem cell factor receptor
c-Kit, as well as the platelet-derived growth factor
receptor (PDGFR), the intracellular Lyn kinase, and
fibroblast growth factor receptor (FGFR) 3.7 1t was
first reported to delay TTP of recurrent or non-
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Table 4. Response Rate and Response Durability Data From a Phase Il Trial of Elotuzumab With
Lenalidomide and Low-Dose Dexamethasone in Patients With Relapsed/Refractory Multiple

Myeloma”
Elotuzumab 10 mg/kg Elotuzumab 20 mg/kg  Overall
(n = 36) (n = 36) (N =73)
Median PFS (mo) 26.9 18.6 25.0
ORR, n (%) 33 (92%) 28 (76%) 61 (84%)
Selected subgroup analyses
ORR and PFS in patients with 1 prior NR 91%
line of therapy
25.0 mo
ORR and PFS in patients with 2 or NR 78%
more prior lines of therapy
21.3 mo
ORR and PFS in patients with prior NR 82%
treatment with thalidomide
26.9 mo

Abbreviations: NR, not reported; ORR, overall response rate; PFS, progression-free survival.

*Data are from reference (116).

resectable grade II or III mast cell tumors in can-
ines.''® A later phase I human study determined that
12 mg/kg/d was safe for human dosing, and also
reported stable disease in 29% of patients with
imatinib-resistant gastrointestinal stromal tumors
(GISD).'"? Activity in this disease was later confirmed
in the first-line for patients with GIST, who experi-
enced a median PFS of 41.3 months.'*” Among other
human malignancies, masitinib is active against sys-
temic and cutaneous mastocytosis,'*' as well as mast
cell leukemia.'** Preclinical studies documenting the
activity of masitinib either alone, or in combination
with other agents, have not yet appeared in the peer-
reviewed literature. However, c-Kit is expressed in
myeloma and may play a role in plasma cell prolifer-
ation,'”> and FGFR-3, especially in the setting of the
4;14 translocation, is known to contribute to high-
risk features of this disease.'** Also, since signaling
through Lyn kinase'?>'*® and PDGFR'?’ may play
roles in myeloma proliferation and angiogenesis, it is
certainly possible that masitinib may have activity
against this disease. To determine if this could be
the case, a phase III trial comparing bortezomib and
dexamethasone to masitinib with bortezomib and
dexamethasone is currently underway (Table 1).

Plitidespin

Plitidepsin (Aplidin, PharmaMar, Madrid, Spain) is a
marine-derived cyclodepsipeptide that has shown
activity against myeloma in both the syngeneic
5T33MM murine mouse model,'*® and in human
myeloma cell lines and primary samples.'*” In the
latter, plitidepsin activated the p38 and JNK kinases,

and also induced Fas/CD95 translocation to lipid rafts,
as well as caspase activation. A phase II clinical trial of
plitidepsin has been completed targeting patients
with relapsed and refractory multiple myeloma,
which administered this drug at 5 mg/m” as a 3-
hour infusion every 2 weeks, with the possibility to
later add oral dexamethasone if a suboptimal
response was seen. Common hematologic toxicities
included grade 3 and 4 anemia (in 29% of patients),
thrombocytopenia (18%), and neutropenia (18%).
Non-hematologic toxicities included elevations of
laboratory studies such as the alanine (28%) or as-
partate (10%) aminotransferases, creatinine (4%) or
creatine kinase (6%), and alkaline phosphatase or total
bilirubin (2% each), as well as fatigue (16%), myalgia
(4%), or either nausea, muscle weakness, anorexia,
vomiting, or dyspnea (2% each).”® The ORR (includ-
ing at least MRs) was reported as 13% with plitidepsin
alone, which rose to 22% in the 19 patients who also
received dexamethasone. Time to progression and
PES for plitidepsin alone was 2.3 months, which rose
to 4.2 and 3.8 months, respectively, in the subgroup
who received added dexamethasone. In the ongoing
phase III study (Table 1), plitidepsin with dexame-
thasone is being compared to dexamethasone alone
for patients with relapsed or relapsed and refractory
disease that has been treated with at least three but
not more than six prior regimens.

Perifosine

Perifosine ([octadecyl-(1,1-dimethyl-piperidinio-4-
yD-phosphate]; KRX-0401, Keryx Biopharmaceuti-
cals, Inc, New York, NY) is an alkylphospholipid
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that was found to induce cytotoxicity in myeloma
cell lines and patient samples, overcome drug resist-
ance, and enhance the activity of other anti-myeloma
agents.'?' This occurred in part through activation of
the JNK pathway, and in association with inhibition
of activation of anti-apoptotic Akt.'*' Since activa-
tion of Akt by bortezomib is a proposed mechansim
of resistance to this proteasome inhibitor,'?" "%
perifosine could be a directed strategy to enhance
proteasome inhibitor sensitivity, and possibly over-
come drug resistance. Additional mechanisms of
action for perifosine may include downregulation
of Survivin,'*® while recruitment of death receptors
and associated signaling molecules into lipid rafts
may play a role as well.'**'%° Two combination
approaches to myeloma therapy incorporating peri-
fosine have been reported, including one study with
lenalidomide and dexamethasone,lg(’ and another
with bortezomib, which allowed later addition of
dexamethasone.'”” The latter has formed the basis
for an ongoing phase III study comparing bortezo-
mib/dexamethasone to the same regimen with
added perifosine (Table 1). Eligible patients include
those who have had one to four prior lines of
therapy, and are relapsed and/or refractory, provid-
ing that their disease was not refractory to a
bortezomib-containing regimen. Selection of the
latter strategy was based in part on the findings from
the phase I trial, which recommended a perifosine
dose of 50 mg daily for further study in combination
with bortezomib. Toxicities seen in at least 25% of
patients included nausea (63%), diarrhea (57%),
fatigue (43%), musculoskeletal pain (42%), upper
respiratory tract infection (33%), anorexia (33%),
peripheral neuropathy (29%), vomiting (29%), and
coughing (25%). More significant, grade 3 or 4 events
in at least 10% of patients included thrombocytope-
nia (23%), neutropenia (15%), anemia (14%), pneu-
monia (12%), musculoskeletal pain (11%), and
bleeding (10%). Responses, including at least an
MR, were seen in 41% of patients overall, including
in 13/20 (65%) who were bortezomib relapsed, and
17/53 (32%) who were bortezomib-refractory. These
encouraging findings formed the rationale for the
randomized study, the results of which are eagerly
awaited.

CONCLUSIONS

The recent approvals of carfilzomib and pomali-
domide for patients with relapsed and refractory
myeloma after at least two prior lines of therapy are
likely harbingers of their future adoption into the
relapsed setting for patients with one or more prior
therapies. Moreover, other new agents that repre-
sent new drug classes, such as panobinostat and
elotuzumab, may be on the cusp of approval, since

registration-enabling studies have already been fully
enrolled, and hopefully positive data will be
reported soon. Further in the future, even more
novel drugs are showing promise, including other
monoclonal antibodies such as daratumumab,'>® and
new drug classes such as kinesin spindle protein
inhibitors.'*>'** If they continue to demonstrate
encouraging activity in the refractory setting, they
too may soon become incorporated into the treat-
ment algorithm for relapsed disease. These will give
patients and caregivers facing decisions on treatment
of relapsed myeloma an ever wider and better array
of treatment options, which will likely induce a
greater response rate and deeper response quality
than our currently available agents and, most impor-
tantly, improve quality of life and OS.

Despite this encouraging picture, many chal-
lenges remain for development of drugs in the
relapsed setting. With the increasing efficacy of
front-line therapy,”” > and the greater tendency to
use maintenance after either stem cell trans-
plantlm’142 or standard dose :;1pproaches,'43”'44
fewer patients will have relapsed disease. Patients
will tend to either stay in remission, which will
certainly be welcome, or will develop disease that is
refractory and more chemotherapy resistant, which
will slow drug development. The latter may prove to
be an argument that will allow continued use of the
accelerated approval pathway for myeloma, without
which all new drug applications would likely need to
come from large, randomized phase III studies that
slow the time to wide availability of new drugs.
Another matter is that of the economics of therapy,
since while current analyses have suggested that
agents such as bortezomib, thalidomide, and lenali-
domide alone, and in combination, are likely cost-
effective,'*>'#° there is agreement that more studies
are needed in this area.'"”

All of these arguments support the need for a
greater understanding of the molecular mechanisms
that support the pathobiology of multiple myeloma
in the relapsed setting. It is likely that drug resistance
is mediated by a finite set of pathways whose relative
contributions will vary in individual patients in a
manner that could be determined through the use of
validated biomarkers. If so, this would allow
genomic and proteomic analyses to be performed
on primary samples from patients with relapsed
myeloma to determine which targets need to be
suppressed or activated to restore sensitivity to
drugs that were used successfully in a prior line of
therapy, or to maximize the benefits of the available
new drug options. For example, if lenalidomide
resistance emerged due to decreased expression of
Cereblon,®>°® current data argue that pomalidomide
alone may be less successful for such patients, while
pomalidomide with a proteasome inhibitor to
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increase Cereblon levels could be of value. In
contrast, if lenalidomide resistance were instead
mediated by induction of the Wnt/p-catenin path-
way,”® pomalidomide could be more successful, or
lenalidomide could be reused with approaches that
suppress Wnt/fB-catenin, such as antibodies that
target CD44, or all-trans retinoic acid, which reduces
CD44 expression.”” By so personalizing therapy, we
would optimize patient outcomes by targeting the
vulnerabilities of each person’s myeloma, minimize
toxicities by limiting exposure of patients to agents
to which their disease would be unlikely to respond,
save valuable healthcare resources, and speed new
drug development.
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The Future of Drug Development and Therapy
in Myeloma

Sagar Lonial and Lawrence H. Boise

The treatment options and outcomes for patients with myeloma has dramatically improved
over the past decade, due in large part to the availability of improved anti-myeloma treatments
including high dose therapy, thalidomide, bortezomib, and lenalidomide. Many of the currently
active agents are effective because of their impact on normal plasma cell biology, suggesting
that targeting the plasma cell, rather than malignant cell biology has led to more effective
therapy. Additionally, the use of combination therapy, with agents that are synergistic when
combined, has led to deeper responses, and these have likely also contributed to improve-
ments not only in progression free but also overall survival. With the wealth of new agents
coming into the myeloma space, it is incumbent upon us as investigators to utilize efficient
study designs with novel statistical approaches in order to rapidly test and evaluate new drugs.
These concepts as well as a few selective promising targets in early development will be

reviewed in the current discussion.

Semin Oncol 40:652-658 © 2013 Elsevier Inc. All rights reserved.

reatment options for myeloma have dramat-

ically changed over the past 10 years due in

large part to the development of new agents
that are significantly more effective than historical
treatment options of alkylating agents and cortico-
steroids. Many of the treatment advances are a
consequence of an improved understanding of
malignant and normal plasma cell biology, which
has resulted in the identification of targets and
pathways that are critical for myeloma cell survival.
In this review we will discuss many of the key
questions in current myeloma therapy, including
the roles of combinations versus sequenced therapy,
new potential targets, novel clinical trial designs, and
genomics in allowing for the rapid development of
new treatments, with an eye towards personalized
medicine.
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RATIONAL APPROACH TO DRUG
DEVELOPMENT

Decades of clinical investigation prior to the late
1990s resulted in the development and refinement
of ways to deliver combinations of alkylating agents
and corticosteroids in all phases of myeloma treat-
ment. The initial choice of melphalan was somewhat
fortuitous but could not be shown to improve
survival when compared with other chemotherapy-
based approaches,' until the introduction of high-
dose melphalan followed by autologous bone mar-
row or stem cell transplant.” While high-dose ther-
apy did improve outcomes compared with
conventional therapy, when post relapse therapy
consisted largely of alkylating agents, again, limited
benefit was noted.” The use initially of thalidomide
and then bortezomib radically changed the level of
response among relapsed patients, and then in ear-
lier stages of treatment.” While the mechanisms of
action for these two agents appear to be very differ-
ent (cereblon bindings’(’ and proteasome inhibition,’
respectively), they both have normal plasma cell
biology as a common theme. Proteasome function is
critical for normal and malignant plasma cell survival
as a consequence of continued protein production
by plasma cells even when in a transformed or
malignant phenotype, though malignant plasma cells
may be more susceptible to the effects of persistant
proteasome inhibition due to deregulation of other
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survival pathways. This concept of plasma cell
dependence upon proteasome function is best
exemplified by the recent use of bortezomib in the
setting of antibody-mediated solid organ rejection,
where normal plasma cells are the source of
antibody-mediated rejection.®” In a similar fashion,
cereblon, a known target for the immunomodulatory
agents (ImIDs) thalidomide, lenalidomide, and poma-
lidomide, is equally expressed between normal
plasma cell, monoclonal gammopathy of undeter-
mined significance (MGUS), smoldering, and symp-
tomatic myeloma, suggesting its presence and
function are not limited to malignant plasma cells.”
As such, the use of proteasome inhibitors (PIs) and
ImIDs appears to be effective as a consequence of
targeting their role in the normal plasma cell biology
maintained in the myeloma plasma cell rather than
targeting “oncogenic” transformation. To continue
along this line, the most active agents in myeloma
that we currently use, thalidomide, lenalidomide,
pomalidomide, bortezomib, carfilzomib, and cortico-
steroids, all target normal plasma cell biology that
renders myeloma cells more susceptible to these
types of treatment approaches compared to other
tumor types.

However, normal plasma cell biology is not suffi-
cient to account for the fate and survival of a trans-
formed cell that is no longer sufficiently regulated by
normal homeostatic mechanisms. Thus, targeting
malignant plasma cell biology is also essential and is
likely different depending on the specific genetic or
genomic transformative events that have occurred to
generate a specific malignant clone. These can
include events such as chromosomal translocations
[t(4:14), FGFR3 or MMSET activation, t(14;16), maf
overexpression], deletion of 17p (p53 deletion), and
mutations such as n-ras or kras.'>'' The associated
biologic changes with these events provide a survival
advantage for the malignant clone, which is distinct
from normal plasma cell biology. It is in this area that
we have the greatest work to do when it comes to
drug development, because these targets may not
represent single-agent response-inducing drugs in a
large and heterogeneous patient population. How-
ever, when combined with the PI/ImID backbone
approaches, they may represent unique and effective
ways to circumvent drug resistance by addressing
specific oncogenic transformative events allowing for
eradication of the malignant clone. If these oncogenic
changes contribute to or are unrelated to PI/ImID
resistance is unknown, and may depend on the
specific mutation. They may be associated with
enhanced genomic instability, which is known to
contribute to clonal evolution and generalized drug
resistance. It is in this area, as investigators, that we
need to target our clinical trials to subsets of patients
who harbor specific oncogenic abnormalities not

based on normal biology but rather as a consequence
of genomic aberrations and instability. In the quest to
cure or induce longterm remissions for patients,
effective strategies of treatment will likely require
targeting normal plasma cell biology in conjunction
with targeting acquired mutations resulting in onco-
genic transformation.

SINGLE-AGENT VERSUS COMBINATION
APPROACHES

In the practice of oncology, the question of
sequential administration of chemotherapy versus
combination chemotherapy is one that is often asked
and frequently debated. In solid tumors such as
metastatic breast cancer or lung cancer, combinations
rarely lead to improvements in overall response rate,
and are often associated with increased toxicity. The
relative lack of increased efficacy when agents are
combined, and poorer overall adverse event profile,
results in a lack of benefit as assessed by the objective
outcomes of progression-free survival (PFS) or overall
survival. However, there are numerous examples in
oncology where combination therapy does offer
significant benefit over sequential therapy both in
the context of curative or palliative therapy such as R-
CHOP for non-Hodgkin lymphoma, ABVD (doxorubi-
cin, bleomycin, vinblastine, dacarbazine) for Hodgkin
lymphoma, or FCR (fludarabine, cyclophosphamide,
rituximab) for chronic lymphocytic leukemia. Thus
while combination therapy does have its limitations,
these are often a direct result of poorly understood
biology and tolerability-based assessments rather than
conceptual concerns over combinations." In mye-
loma, the story of combination versus sequential
therapy has been historically dominated by the use
of largely ineffective combinations of chemotherapy
(M2 regimen, vincristine, BCNU [carmustine], cyclo-
phosphamide, melphalan, prednisone) when com-
pared to the standard melphalan and prednisone
MP) regimen.1 Given the low overall response rates
(ORR) for any of these historical regimens, it is not
surprising that the use of sequential therapy was
equivalent (or equally ineffective) to the use of
combination therapy, when it consisted of historical
agents with modest activity. Current combinations of
agents, specifically combinations of PIs and ImIDs
(RVD,'? VTID [bortezomib/thalidomide/dexametha-
sone]'®) have resulted in heretofore unexpected
ORRs, depth of response, and duration of response.
In a series of patients from the Intergroupe Franco-
phone du Myelome (IFM) group treated with RVD
(lenalidomide, bortezomib, dexamethasone) induc-
tion, single autologous transplant, followed by con-
solidation and maintenance therapy, PFS at 2 years is
approximately 88% with greater than very good
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partial response (VGPR) rates of 84%."* In another
series reported by Nooka et al, patients receiving RVD
followed by either early or delayed autologous trans-
plant had an estimated 90% survival at 4 years.'’
These small experiences are being tested in large
randomized phase III clinical trials, and represent the
power of combination therapy in the induction
setting. In the relapsed disease setting, trials testing
combination therapy over single agents were first
established as demonstrating superiority in the con-
text of bortezomib versus bortezomib + liposomal
doxorubicin'® and more recently we have tested
more intense three-drug combinations versus two-
drug combinations in the relapsed setting as well. In a
series from Garderet et al,'” the duration of remission
for a group of early relapse patients who were treated
with VTD versus TD (thalidomide/dexamethasone) in
the relapsed setting was significantly longer than any
duration of remission noted to date in a relapse trial.
Based on these observations, it is clear that in a
disease such as multiple myeloma, the use of rationale
combinations based on synergistic interactions
between drugs, not simply combining agents that
each have limited activity, is able to demonstrate
significant clinical benefit. This is in sharp counter
distinction with many solid tumors, where the use of
combination therapy is associated with increased
toxicity favoring a sequential approach. This does not
appear to be the case with myeloma. With the
evaluation of new agents in the relapsed disease setting
being tested as part of three drugs used sequentially
versus three-drug combinations, we will have addi-
tional opportunities to more fully evaluate the benefit
of combination therapy not only in newly diagnosed
patients but also in patients with relapsed disease.

INNOVATIVE CLINICAL TRIAL DESIGNS

Standard approaches for phase I studies have used
what is now known as the modified Fibonacci dose
escalation schema or the "3+3” dose-escalation
design. While this approach is easy to understand
and easy from the clinical perspective to execute,
there are considerable concerns that this type of
phase I dose escalation results in too many patients
exposed to lower doses of study drugs, and that
when reasonable doses are finally achieved, there is
little power in the three or six patients evaluated at
that dose cohort to provide any significant confi-
dence on the safety of the maximum tolerated dose
(MTD). Of late, there have been several attempts to
use more statistical-based models that incorporate
Bayesian approaches to dose escalation that have the
potential to more rapidly escalate through low-dose
cohorts, reduce the number of patients treated with
subtherapeutic doses of study drug, and at the same
time to increase the number tested at clinically

significant doses to increase the predictive power
of the final MTD to be an effective dose.'® Addition-
ally, these Bayesian approaches also have the poten-
tial to speed up enrollment over traditional phase I
designs, and for this reason are being tested and used
more frequently.'”~** However, while there may be
numerous advantages to these modified phase I
designs, it is not clear they are more efficient from
either the investigator or patient perspective. Many
phase I studies now in myeloma or other diseases are
multi-site studies, and thus several patients may be
ready at different locations to begin dosing. While
the 343 design may not be ideal, it does allow sites
to anticipate the dose and timing for enrolling the
next patient with greater ease. Additionally, standard
phase 1 dosing allows the principal investigator of
a study to anticipate how many patients will be
enrolled in the phase I portion of the study making
the actual conduct of the study and the budget
process significantly easier. This can be enhanced
by following the phase I dose-escalation portion of
any given trial with a phase II study that is used for
confirmation of the initial safety signal, and one that
provides additional power around the efficacy signal
as well.”> As with all study designs, there may be
types of studies where one design is superior to
others and clinical experience and situation dictate
the optimal approach. It has been our experience
that when running early-phase single-agent studies,
the use of Bayesian phase I dose escalation is likely
preferable from the perspective of reducing the
fraction of under-dosed patients, and in order to
evaluate fewer patients at lower dose cohorts.”!
However, when combination trials are designed
where the goal is the evaluate how to best combine
two agents whose single-agent dose and safety is
known, a standard 3+3 design may be more effi-
cient, especially if the trial is a multicenter trial.
Another area of significant discussion in myeloma
and in oncology in general regards the design of
phase II studies. It has been the case that most active
agents in myeloma were tested in a larger phase II
setting”*® as a prelude to a larger confirmatory
phase III randomized clinical trial. These large phase
II studies (typically 200-300 patients) have tended to
be single arm trials with the goal of establishing
efficacy and toxicity in a large patient population
with relapsed and refractory disease. This is different
from what is often done in other oncology areas,
where the proof of principle is first evaluated in the
context of a randomized phase II study, where half
the patients receive study drug, and the other do not.
This is done in an attempt to eliminate bias when
interpreting a single-arm study in the relapsed setting,
and also provides the opportunity to avoid commit-
ting a large number of patients to a phase III study
when the new agent does not have sufficient activity
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for approval. From the clinical perspective, the advant-
age of the large phase II study is a better and more
robust experience with safety and efficacy. This is of
even greater advantage when the agent being tested
clearly has significant activity, and is clearly a biologic
and clinical advance over currently available treat-
ments. However, when an agent has marginal activity,
or the benefit from early-phase studies does not clearly
demonstrate a major advantage over existing therapies,
the use of a randomized phase II design where only
half the patients receive study drug can offer a quick
way to assess the efficacy of the new drug. Addition-
ally, the use of randomized phase II studies is of benefit
when testing an endpoint such as PFS, while the use of
single-arm studies are only suited to evaluate overall
response rate when compared with historical controls.
For the approval of bortezomib and carfilzomib, single-
arm studies were sufficient due to high levels of
activity in the context of refractory disease where
few treatment options were available, and toxicity of
existing agents is quite high. Both approaches likely
have some benefit depending on the agent, class of
drugs, and absolute benefit for patients.

INCORPORATING NEW DRUGS AND TARGETS
WITH EXISTING EFFECTIVE AGENTS

It is clear that there are two classes of agents, which
are very active in treating plasma cell disorders, PlIs,
and ImIDs. When combined, virtually all patients will
respond, so how are new agents and targets best
incorporated? To decipher this puzzle, one needs to go
back to a model that accounts for agents that target
basic plasma cell biology (PIs and ImIDs), and those
that target oncogenic targets (translocations, muta-
tions, expression of epigenetically silenced genes).
Thus, while combinations such as RVD are very active,
to enhance durability of response and depth of
response, one would need to additionally target spe-
cific oncogenic drivers of malignant plasma cell sur-
vival. While antibodies may be able to be applied in a
more broad fashion (they represent normal plasma cell
biology and rarely have overlapping toxicity with
existing agents), the use of agents such as KSP (kinesin
spindle protein) inhibitors, poly (ADP-ribose) polymer-
ase (PARP) inhibitors, and nuclear transport inhibitors
will likely depend in part on the specifics of a patients
myeloma. In this manner, one could imagine four- or
five-drug induction regimens that use Pls, ImIDs,
corticosteroids, and an antibody, and the fifth drug
would depend on a tumor’s specific biology. Alter-
natively, one could define a series of "HCVAD” type
(cyclophosphamide, vincristine, doxorubicin, dexame-
thasone, cytarabine, methotrexate) rf:gimens27 with
alternating A and B blocks where the agents that are
alternated are combinations of patient-specific

oncogenically targeted agents in combinations with
PIs, ImIDs, and antibodies. Thus, the broad use of
agents that target specific biology would not be in
global unselected patients, as we currently do trials but
rather would be more focused on niche patient
populations when added to standard myeloma

regimens.

FUTURE DRUGS AND TARGETS IN
DEVELOPMENT

Targeting Nuclear Export Signals

Cargo transported from the nucleus to the cyto-
plasm are exported through the nuclear pore com-
plex (NPC) and while small proteins can pass freely
through the NPC, larger ones must be assisted by a
transport receptor.”® Transport receptors belong to
the karyopherin-p family of proteins including chro-
mosome maintenance protein-1 (CRM1)/exportin-1
(XPOI).28 CRM1 recognizes a leucine-rich export
signal in the cargo protein and when complexed to
RanGTP will export proteins into the cytoplasm.
CRM1 has been shown to be overexpressed in many
tumors.”” Interestingly many of the cargo proteins
exported by CRM1 are tumor-suppressor proteins
and can contribute to tumorigenesis through the
export of proteins including p53 and pRb.***” More-
over, CRM1 was identified as a promising target in
myeloma cells via an RNAi screen of 6,722 druggable
targets.”' CRM1 ranked in the top 50 targets in this
screen. Additionally, topoisomerase Ilo is a cargo
protein of CRM1 and its nuclear export can result in
resistance to doxorubicin and etoposide in human
myeloma cell lines.”” Together these findings point
to the promise of targeting CRM1 as a therapeutic
strategy in cancer, especially myeloma. Early studies
focused on the use of leptomycin B, which inhibits
CRM1 through covalent modification of the reactive
site cysteine residue (528).30 While active in pre-
clinic models, leptomycin B was shown to be too
toxic for clinical use in a phase I study.’” A new
series of CRM1 inhibitors referred to as selective
inhibitors of nuclear export (SINE) has been devel-
oped and has shown promise in preclinical models,
including in myeloma.34_3(’ KPT-330 an orally avail-
able SINE is in phase I trials in both solid tumors and
hematologic malignancies.

Kinesin Spindle Protein Inhibitors

The use of anti-mitotics in myeloma has been
hindered by significant toxicity and questionable
activity. Anti-mitotics were widely used in myeloma
as part of the VAD (vincristine, doxorubicin, and
dexamethasone) combination that was a standard of
care prior to the introduction of PIs and ImIDs.
However the role of vincristine in this combination
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was brought in to question.”’ Taxanes also had little
activity or significant toxicity. An Eastern Coopera-
tive Oncology Group (ECOG) study of docetaxel in
relapsed/refractory myeloma was not positive® and
an additional study with paclitaxel as upfront treat-
ment in myeloma showed a 29% objective response
rate and median survival that was comparable to
melphalan-prednisone.”” However, dose-limiting tox-
icity was significant in this study. Toxicity of anti-
microtubule agents is due to inhibition of non-
mitotic actions of microtubules in post-mitotic
cells.”” Therefore anti-mitotics that do not function
through inhibition of microtubules are desirable for
therapy as they should have an enhanced therapeu-
tic index. One such agent that has been developed
to function in this fashion is ARRY-520."' ARRY-520
is an inhibitor of KSP. KSP is essential for spindle
assembly and equal segregation of sister chromatids;
therefore, inhibition of KSP results in metaphase
arrest but does not alter non-mitotic effects of
microtubules.*” A recent study demonstrated that
ARRY-520 induces mitotic arrest and apoptosis in
human myeloma cell lines.*> Mitotic arrest and cell
death correlated with loss of Mcl-1, an anti-apoptotic
protein that is essential for myeloma cell survival.
Consistent with this model, silencing of the Mcl-1
inhibitor, Noxa, also results in ARRY-520 resistance
while silencing of Mcl-1 sensitizes cells. Clinical trials
with ARRY-520 are underway in myeloma and
recently presented data from a phase II study
suggests activity in patients that are refractory to
bortezomib and ImIDs.** A phase I study of the
combination of ARRY-520 and carfilzomib,"® and a
combination with bortezomib are underway.

Bromodomain Inhibitors

Epigenetic targeting is an area of great interest in
oncology as a method by which to impact the
expression, or lack thereof, of important genes
following malignant transformation. However, much
of the effort in this area has been focused on the
process of "writing” or “erasing” markings on histones.
The bromodomains represent a new area for epige-
netic targeting that is responsible for the “reading”
pattern of histone acetylation, and thus represents a
different target than the traditional histone deacety-
lase inhibitor or histone methyltransferase inhibitors,
which are currently used to treat various hematologic
malignancies.*® Recently identified inhibitors of the
bromodomain, targeting the BET subfamily, have
been shown both to inhibit inflammation (I-BBET762)
significantly and to promote tumor cell differentiation
JQD in the context of murine models.”” In the
context of myeloma, data using JQ1 have demon-
strated the ability to modulate the activation of c-myc,
a transcription factor known to be activated in both

early- and late-stage myelomas. Data from Delmore
et al have identified JQ1 as an agent that directly
displaces BET bromodomains from binding chroma-
tin, thereby blocking the effects of myc activation
without directly inhibiting myc.48 The net result of
this pharmacologic intervention is inhibition of pro-
liferation and interaction, via BRD4, with IgH
enhancers, and ultimately indirect inhibition of myc
effects without direct blockade of the transcription
factor itself.*® Clinical studies are currently underway
to further test the clinical impact of this strategy.

CONCLUSION

The development of new, more effective treat-
ment options for patients with myeloma in all phases
of treatment, have had a dramatic impact on the
depth of response, duration of remission, and overall
survival of patients. To make further improvements,
specific attention needs to be paid not only to the
transformative changes (oncogenic changes) but also
to better understanding how long-lived plasma cells
survive and resist the effects of standard treatment.
To test these approaches, novel clinical trials may be
useful to minimize the exposure of low doses of new
agents to patients, but these novel trial designs need
to be balanced with approaches that efficiently and
safely enroll patients in the context of multicenter
trials. Finally, advances have occurred in large part
due to the use of PIs and ImIDs, but new targets and
agents are needed to better understand differences
among a heterogeneous group of patients classified
pathologically as multiple myeloma. Efficient drug
development coupled with clinical trials and corre-
lative mechanistic studies will help to bring these
new agents to our patients, and eventually overcome
treatment resistance.
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