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Abstract

Multiple myeloma is one of the chronic lymph proliferative disorders that mainly affect elderly population. Despite the fact
that various lines of treatment have been suggested and approved for this type of hematologic malignancy and autologous stem cell
transplantation has also been applied for eligible patients, the optimal combination and sequence of therapy is yet to be determined in
majority of patients. One of the main reasons for this treatment dilemma is the incurable nature of the disease. Moreover, the malignant
cells, show distinct clonal features with a variable response to these suggested therapeutic approach and further genetic changes may
happen once the disease has been progressed hence, the treatment may be extremely difficult in the relapsed cases. This review mainly

focuses on the available immunotherapy in multiple myeloma and ongoing clinical trials for immunotherapy in multiple myeloma.
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Introduction/Epidemiology

Multiple myeloma is a hematologic malignancy that develops
in the bone marrow [1]. On a worldwide scale, it is estimated that
about 86,000 incidence cases occur annually, accounting for about
0.8% of all new cancer cases. About 63,000 subjects are reported to
die from the disease each year, accounting for 0.9% of all the cancer
deaths. Geographically, the frequency is very unevenly distributed in
the world with the highest incidence in the industrialized regions of
Australia/New Zealand, Europe and North America. Incidence and
mortality seems to be stable in Asian countries and increases slowly
over the decades among whites in the western countries [2]. African—
Americans and black people have higher incidence rate than people
of other races [3]. Western countries have higher incidence rate as
compared to Asian countries [4]. According to the data in 2011, it
was estimated that the prevalence of this type of cancer was about
83,367. Incidences (6.1 per 100,000) of this type of cancer were
higher than death (3.4 per 100,000) in both men and women [3].
Multiple myeloma is the 14% leading cause of cancer death [4, 5].
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Multiple myeloma has age-standardized incidence rate of
1.4% and mortality rate of 1.9%.There is an annual increase in the
incidence of multiple myeloma by about 0.7% and annual death
rate has been falling by about 1.3%. Five year survival rate for this
type of cancer was found to be 44.9% [3]. There is predominance of
male over female, with higher incidence observed in between the
age of 65—74 and higher death rate observed in between the age of
75-84 [3]. Individuals having history of monoclonal gammopathy
of undetermined significance (MGUS), possess an annual 1% risk
of multiple myeloma development [3].

While various factors have been implicated, including
environmental, genetic, and infectious, the exact etiology remains

unknown [6] .
Immunotherapy
A) Immunomodulatory Drugs

Thalidomide: Thalidomide in  combination  with
Dexamethasone is approved for the treatment of patients with
newly diagnosed multiple myeloma. Thalidomide treatment of
multiple myeloma patients is accompanied by an increase in the
number of circulating natural killer (NK) cells and an increase
in plasma levels of interleukin-2 and interferon-gamma (T
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cell-derived cytokines associated with cytotoxic activity). The
cellular processes of angiogenesis inhibited by thalidomide may
include the proliferation of endothelial cells. The maximum
plasma concentrations reached approximately 2-5 hours after
administration. The mean elimination half-life of thalidomide in

plasma following single oral doses between 50 mg and 400 mg was
5.5 to 7.3 hours [7].

This drug is contraindicated in pregnancy and hypersensitiv-
ity to the drug or its components. If thalidomide is taken during
pregnancy, it can cause severe birth defects or embryo-fetal death.
'The use of thalidomide in multiple myeloma results in an increased
risk of venous thromboembolism, such as deep venous thrombosis
and pulmonary embolism. The most common adverse reactions are
fatigue, hypocalcaemia, edema, constipation, neuropathy-sensory,
dyspnea, muscle weakness, leukopenia, neutropenia, rash/desqua-
mation, confusion, anorexia, nausea, anxiety/agitation, asthenia,
tremor, fever, weight loss, thrombosis/embolism, neuropathy-mo-
tor, weight gain, dizziness, and dry skin [7].

Lenalidomide: It is a thalidomide analogue, indicated for the
treatment of patients with multiple myeloma, in combination
with dexamethasone, in patients who have already taken one prior
therapy. Lenalidomide is involved in the activation of T cells and
NK cells, increased numbers of Natural Killer T (NKT) cells
and inhibition of pro-inflammatory cytokines (e.g., TNF-a and
IL-6) by monocytes. In multiple myeloma cells, the combination
of lenalidomide and dexamethasone synergizes the inhibition of
cell proliferation and the induction of apoptosis. It binds with
plasma proteins to approximately 30%. Two identified metabolites
of Lenalidomide are hydroxy-lenalidomide and N-acetyl-
lenalidomide. The mean half-life of lenalidomide was three hours
in healthy subjects and three to five hours in patients with multiple
myeloma.

It is contraindicated in pregnancy and in hypersensitivity to
lenalidomide. Lenalidomide is thalidomide analogue and has
teratogenic effects. Lenalidomide can cause significant neutropenia
, thrombocytopenia and venous and arterial thromboembolism.
Most common adverse reactions are fatigue, neutropenia,
constipation, diarrhea, muscle cramp, anemia, pyrexia, peripheral
edema, nausea, back pain, upper respiratory tract infection, dyspnea,
dizziness, thrombocytopenia, tremor and rash [8].

Pomalidomide: Itisindicated for the treatment of patients with
multiple myeloma who have received at least two prior therapies,
including lenalidomide and bortezomib and have demonstrated
disease progression on or within 60 days of completion of the last
therapy. Possible mechanism is the enhancement of T cell- and
NK cell-mediated immunity and inhibition of pro-inflammatory
cytokines production, (e.g., TNF-a and IL-6) by monocytes.
Pomalidomide is eliminated with a median plasma half-life of
approximately 9.5 hours in healthy subjects. In multiple myeloma

patients, t,, was approximately 7.5 hours.

Pomalidomide is contraindicated in pregnancy because it is
a thalidomide (human teratogen) analogue. There may be Deep
Venous Thrombosis (DVT) and Pulmonary Embolism (PE)
in patient taking this drug. Most common adverse reactions are
fatigue and asthenia, neutropenia, anemia, constipation, nausea,
diarrhea, dyspnea, upper respiratory tract infections, back pain, and

pyrexia [9].
B) Proteasome Inhibitors

Bortezomib: Bortezomib is a proteasome inhibitor indicated
for the treatment of patients with multiple myeloma, either in
first line or in progression after prior treatment. Bortezomib can
reversibly inhibit chymotrypsin-like activity of the 26S proteasome
in mammalian cells. The 26S proteasome degrades ubiquitinated
proteins and maintain homeostasis within cells. Bortezomib
inhibited 26S, leads to disruption of normal homeostatic
mechanisms, and can cause cell death. Specifically, the agent
inhibits nuclear factor (NF)-kappaB, a protein that is constitutively
activated in some cancers, thereby interfering with NF-kappaB-
mediated cell survival, tumor growth and angiogenesis. In vivo,
bortezomib delays tumor growth and enhances the cytotoxic
effects of radiation and chemotherapy

'The mean elimination half-life of Bortezomib upon multiple
dosing ranges from 40 to 193 hours (dose 1 mg/m?). Bortezomib
is contraindicated in patients with hypersensitivity to Bortezomib,
boron or mannitol. Most common adverse reactions are asthenic
conditions, diarrhea, nausea, constipation, peripheral neuropathy,
vomiting, pyrexia, thrombocytopenia, psychiatric disorders,
anorexia and decreased appetite, neutropenia, neuralgia, leukopenia,
and anemia [10-13].

Carfilzomib: An epoxomicin derivate with potential
antineoplastic activity. Carfilzomib irreversibly binds to and
inhibits the chymotrypsin-like activity of the 20S proteasome,
an enzyme responsible for degrading a large variety of cellular
proteins. Inhibition of proteasome-mediated proteolysis results in
an accumulation of polyubiquinated proteins, which may lead to
cell cycle arrest, induction of apoptosis and inhibition of tumor

growth [14].

Carfilzomib is indicated for the treatment of patients with
multiple myeloma who have received at least two prior therapies,
including treatment with Bortezomib and an immunomodulatory
therapy. Carfilzomib irreversibly binds to and inhibits the
chymotrypsin-like activity of the 20S proteasome, an enzyme
responsible for degrading a large variety of cellular proteins.
Inhibition of proteasome-mediated proteolysis results in an
accumulation of polyubiquinated proteins, which may lead to cell
cycle arrest, induction of apoptosis and inhibition of tumor growth.

Carfilzomib is rapidly and extensively metabolized. Half-life of
Carfilzomib was found to be < 1 hour on Day 1 of Cycle 1. Common

adverse reactions are fatigue, anemia, nausea, thrombocytopenia,
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dyspnea, diarrhea and pyrexia. Other adverse effects are cardiac
Adverse Reactions including heart failure and ischemia, Pulmonary
Hypertension, Pulmonary Complications, Tumor Lysis Syndrome
(TLS), Thrombocytopenia, Hepatic Toxicity and Hepatic Failure
and Embryo-fetal Toxicity [11].

Few other Proteasome inhibitors that are under clinical trial
phase I-111 are listed in table 1 below:

C) Monoclonal Antibodies(IMABs):

Monoclonal antibodies are nonspecific that are made by
identical immune cells that are all clones of a unique parent cell,
in contrast to polyclonal antibodies, which are made from several
different immune cells [12-14]

There is no MAB that is approved for multiple myeloma. Few

drugs that are under clinical trial phase I-III as monotherapy are
listed in table 2 below,

Adoptive T cell Therapy

The transfusion of lymphocytes, referred to as adoptive T cell
therapy, is being tested for the treatment of cancer and chronic
infections. Adoptive T cell therapy has the potential to enhance
antitumor immunity, augment vaccine efficacy, and limit graft-
versus-host disease [15-26].

Few drugs that are under clinical trial phase I-III in this class
are listed in table 3 below:

Vaccines

There are no vaccines that are approved for multiple myeloma.

Clinical trial .
Drug identifier no. Phase Study design Target
Ixazomib NCT01564537 Phase III  Randomized, Double Blind Proteasome
Oprozomib NCT01416428  Phase I/I1 gon—Randommed, Safety/Efficacy Study, Proteasome
pen Label
USP14/UCHLS inhibitor VLX1570  NCT02372240 |Phase I/II |Open Label USP14, UCHLS5

Table 1: Non-FDA Approved proteasome inhibitors

Clinical trial

Drug ientifier no. Phase Study Design Target
Daratumumab NCT02136134 Phase IIl | Randomized, Efficacy Study, Open Label CD38
Elotuzumab NCT01335399 Phase III |Randomized,Efficacy Study, Open Label CS1
MORO03087 (MOR202) NCT01421186 Phase I/II Non-Randomized, Safety Study, Open Label CD-38

DKN-01 NCT01711671 |Phase V11 Randomized, Safety/Efficacy Study, Open Label DKK1
Cetuximab NCT01524978 Phase II  Safety/Efficacy Study, Open Label EE?SFC(Vé()OE)
BI-505 NCT01838369 Phase Il  Pharmacodynamics Study, Open Label ICAM-1
Lucatumumab NCT00231166 Phase II |Safety Study, Open Label CD40
Siltuximab NCTO01484275 Phase Il |Randomized, Safety/Efficacy Study, Double Blind 1L-6
Pembrolizumab NCT01953692 Phasel  Non-Randomized, Safety/Efficacy Study, Open Label PD-1
Nivolumab NCT01592370 PhaseI = Non-Randomized, Safety Study, Open Label PD-1
Pidilizumab NCT02077959 Phasel |Safety/Efficacy Study, Open Label PD-1
MEDI-551 NCT00983619 PhaseI |Non-Randomized, Safety/Efficacy Study, Open Label | CD-19

Table 2: Non-FDA Approved monoclonal antibodies
Clinical trial .
Drug identifier no. Phase Study Design Target

NY-ESO-1¢259-modified T cells NCT01892293 |Phase /11 | SafetyStudy, Open Label
Non-Randomized, Safety/Efficacy Study, Tumor cells

Cytokine-induced killer cells NCT00460694 Phase 1/11

NY-ESO-1 and LAGE-1

Open Label
CD3/CD28 NCT01426828 |Phase II |Safety/Efficacy Study T-cell activation
CART-19 T cells NCT02135406 Phase I | Treatment CD19

Table 3: Adoptive T cell therapy
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Few vaccines that are under clinical trial phase I-III are listed in
table 4 below [27-30],

Cytokines

There are no drugs in this class that are approved for multiple
myeloma. Few drugs that are under clinical trial Phase I-III are

listed in table 5 below [31-35].
Autologous Stem Cell Transplant

Stem cell transplantation is a technique, which is used in
combination with high dose chemotherapy. This treatment is used
for multiple myeloma to produce a long lasting effect. Although
high-dose chemotherapy can kill myeloma cells, it can also destroy
normal blood-forming cells (hematopoietic stem cells) in the
bone marrow. Stem cell transplantation can replace hematopoietic
stem cells.Common side effects of high-dose chemotherapy and
transplantation include nausea, vomiting, diarrhoea, mucositis
(inflammation of the lining of the mouth and digestive tract) and

fatigue [36-38].

Hematopoietic stem cells are normally found in the bone
marrow and in the peripheral blood (blood found in the arteries
or veins). Stem cells are collected after approximately four cycles of
initial (induction) myeloma therapy, in order to reduce the amount
of myeloma cells. Medications that stimulate the production of
stem cells (called mobilizing) are often used to obtain sufficient
stem cells for several transplants [39].

Apoptotic Inducers

Neoplastic growth arises from the dysregulation of cell
growth, proliferation, and programmed death. Various tumor
suppressors prevent such aberrant cell expansion by slowing
progression of the cell cycle, or by inducing apoptosis. Apoptosis
Inducers act on various apoptosis-related proteins to promote
apoptotic cell death.

There is no apoptotic agent that is approved for multiple
myeloma. Only drug that is under clinical trial phase I-1II is listed
in table 6 below:

MAPK (Mitogen-activated protein kinase) inhibitors

There is no MAPK inhibitor that is approved for multiple

myeloma. Only drug that is under clinical trial phase I-III is listed
in table 7 below [40].

Tyrosine Kinase Inhibitors (TKIs)

There are no TKI inhibitors that are approved for multiple
myeloma. Few drugs that are under clinical trial phase I-III is
listed in table 8 below [41]

PI3K (Phosphoinositide 3-kinase inhibitor) Inhibitors
'There are no PI3K Inhibitors that are currently FDA approved

for multiple myeloma. The drug that is under clinical trial phase

I-II1 is listed in table 9 below [42-50]

Drug Sllelrr::xcfi :I::l Phase Study Design Target
GM-CSF NCTO01349569 |Phase II  |Efficacy Study, Open Label Myeloma cells
MV-NIS NCT02192775 |Phase II  |Safety/Efficacy Study, Open Label Tumor
Dendritic cells pulsed with KRN7000 |[NCT00698776 |Phase I/II | Safety/Efficacy Study, Open Label Myeloma cells
PVX-410 NCT01718899 |Phase I Non-Randomized, Safety Study, Open Label | Myeloma cells
MAGE-A3 Protein + AS15 NCTO01380145 [Phase] |Safety Study, Open Label Myeloma cells

Table 4: Non FDA Approved vaccines

Drug Clinical trial identifier no. Phase Study Design Target
ALT-803 NCT02099539 Phase I/I1 Safety/Efficacy Study, Open Label ~ IL-15
Filgrastim (G-CSF) NCT0209292 Phase I1 Safety/Efficacy Study, Open Label G-CSF receptors
TG-0054 NCT02104427
Phase 11 Safety/Efficacy Study, Open Label CXCR4

Table 5: Non-FDA Approved Cytokines
Drug Clinical trial identifier no. Phase Study Design Target
Arsenic trioxide ~ NCT00661544 Phase I/11 Safety/Efficacy Study, Open Label Myeloma cells

Table 6: Non-FDA apoptotic inducers
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mTOR Inhibitors

There are no mTOR Inhibitors that are currently FDA
approved for multiple myeloma. The drug that is under clinical trial
phase I-III is listed in table 10 below [51]

Miscellaneous Drugs

Few other miscellaneous drugs that are not approved by FDA
and are under clinical trial phase I-III are listed in table 11 below

[52-54]

Clinical trial

. . Phase
identifier no.

Drug

Erastin analogue PRLX 93936 NCT01695590 Phase I/11

Conclusion

Multiple myeloma is a cancer of plasma cells in the bone
marrow. Its incidences are found more in African—American and
black people. Men are affected more by myeloma than women.
It is the 14™ leading cause of death. Immunotherapy has proven
to be effective in the treatment of multiple myeloma. Various
immunotherapeutic agents that are approved by FDA for multiple
myeloma include Lenalidomide, Pomalidomide, Carfilzomib, and
Bortezomib. Other drugs are under clinical trials. Our success in

Study design Target

Safety/Efficacy Study, Open Mitochondrial outer membrane protein

Label VDACs 2,3
Table 7: Non-FDA Approved MAPK inhibitors
Clinical trial .
Drugs identifier no. Phase Study design Target
Dasatinib NCT01609816 |Phase I/II | Safety Study, Open Label SRC-family protein-tyrosine kinases
Linsitinib NCT01672736 |Phasel/Il1 |Efficacy Study, Open Label IGF-1R
Cab finibs- MET, RET, 1(VEGFR-1), 2(VEGFR-2),
al Otz?;ﬂlg 4)8 NCT01866293 |Phase I/II |Safety/Efficacy Study, Open label ~ [3(VEGFR-3), KIT, 3(FLT-3), TIE-2,
faate TRKB, AXL
Ibrutinib NCT01962792 |Phase I/II |Non-Randomized, Safety/Efficacy BTK activity
Study, Open label
Vemurafenib NCT01524978 Phase IT |Safety/Efficacy Study, Open label | BRAF(V600E) kinase
Trmetinib NCT01989598 |Phase IT |Efficacy Study, Open label MEK 1,2
Ceritinib NCT02186821 |Phase II Randomized, Safety/Efficacy Study,ALK
Open label
Phase I CK2
Silmitasertib NCT00891280 Non-Randomized, Open label
LGH447 NCT02144038 |Phase I lgggr—ll?:éljlomized, Safety  Study, PIM-1, -2 and -3 serine/threonine kinases
Table 8: Non-FDA Approved tyrosine kinase inhibitors
Drugs Clinical trials identifier no. Phase Study design Target
BYL719 NCT02144038 Phase I1 Non-Randomized, Safety Study, Open Label | PIK3
Table 9: Non-FDA Approved PI3K inhibitor
Drug Clinical trials identifier no. Phase Study design Target
Sirolimus NCT00305682 Phase 11 Safety/Efficacy Study, Open Label mTOR
Table 10: Non-FDA Approved mTOR inhibitor
Clinical trials .
Drug identifier no. Phase Study design Target
ARRY-520 NCT02384083 Phase I/11 Safety/Efficacy Study, Open label ~ KSP
SMAC mimetic LCL161 NCT01955434 Phase 11 Efficacy Study, Open label Caspases-3,-7 and -9

Table 11: Non-FDA Approved miscellaneous drugs.
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treating multiple myeloma is increasing and advancing with the
knowledge of the function of the immune system. Researchers are
still challenged in exploring innate and adaptive immune systems.
Immunotherapy has been a promising development in the past few
years. The recent activities have increased our understanding of the
tumor microenvironment, various immunotherapeutic modalities
or combination therapy (like chemotherapy with immunotherapy).
Additionally, the effects of such modalities in combination with
immunotherapy in cancer patients are still exploratory phase. The
complete perspective of immunotherapy treatment has not been
utilized. Proper preclinical and clinical designs are the important
pillars in understanding the future of immunotherapy in treating
cancer patients.

Abbreviations

NF= Nuclear factor,

NK-= Natural Killer,

TNF= Tumor Necrosis factor,
MABs=Monoclonal antibodies,
FDA=Food and Drug Administration,
mTOR= Mammalian Target of Rapamycin Immunotherapy,
IFN=Interferon,

IL=Interleukin,

HLA= Human leukocyte antigen,
TK=Tyrosine Kinase,

MAPK-= Mitogen-activated protein kinase
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