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Abstract
Multiple myeloma (MM) is a hematologic cancer derived from malignant
plasma cells within the bone marrow. Unlike most solid tumors, which originate
from epithelial cells, the myeloma tumor is a plasma cell derived from the
lymphoid cell lineage originating from a post-germinal B-cell. As such, the MM
plasma cell represents an integral component of the immune system in terms of
both antibody production and antigen presentation, albeit not efficiently. This
fundamental difference has significant implications when one considers the
implications of immunotherapy. In the case of lymphoid malignancies such as
myeloma, immune-based strategies must take into consideration this important
difference, potentially necessitating immunotherapy targeted toward MM to be
altered from that targeted at solid tumors. Typically, the immune system
“surveys” cells within our body and is able to recognize and attack cancerous
cells that may arise. However, some cancer cells are able to evade immune
surveillance and continue to flourish, causing disease. The major mechanism
leading to an effective tumor-specific response is one that enables effective
antigen processing and presentation with subsequent T-cell activation, expan-
sion, and effective trafficking to the tumor site. Plasma cells employ several
mechanisms to escape immune surveillance which include altered interactions
with T-cells, DCs, bone marrow stromal cells (BMSC’s), and natural killer cells
(NK Cells) that can be mediated by immunosuppressive cells such as and
myeloid-derived suppressor cells (MDSC’s) and cytokines such as IL-10, TGFβ,
and IL-6 as well as down-regulation of the antigen processing machinery. Many
therapies have been developed to reestablish a functional immune system in MM
patients. These include adoptive T-cell therapies to deliver more tumor-specific
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T-cells, vaccines to increase the tumor-specific precursor frequency of the
endogenous T-cell population, immunomodulatory agents (IMiDs) such as
thalidomide and lenalidomide to enhance global endogenous immunity, immunos-
timulatory cytokines, and antibodies to specifically target tumor-specific cell-
surface proteins or cytokines. This review will dissect these various approaches
currently being explored in MM as well as highlight some future directions for
myeloma-specific immune-based strategies.
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1 Interactions with Bone Marrow Stromal Cells (BMSC)

As with most tumors, interactions with the surrounding microenvironment are
critical to their survival [1–3]. BMSC interactions with plasma cells are a key factor
for the survival of MM tumor cells. Adhesion of MM cells to BMSC’s stimulates
the production of various anti-apoptotic and cell cycle activating proteins [4, 5].
A major factor contributing to plasma cell survival through BMSC interaction is
IL-6, which has a wide range of functions that serve to increase MM proliferation
and survival [4] as well as IL-1β which is largely responsible for the production of
IL-6 in BMSC’s.

IL-6 induces MM proliferation by activating the Ras/Raf/MEK/ERK pathway as
well as by blocking p21 and p27, which inhibit CDK. IL-6 also initiates a
pro-survival cascade in MM cells though the MAPK/JAK/STAT3 pathway by
activating Mcl1, Bcl-xL, and cMyc as well as down-regulating Bim [4].

The Wnt pathway has been found to be aberrantly expressed in myeloma and is
responsible for cell proliferation, differentiation, and apoptosis. Dickkopf 1 (Dkk1)
inhibits Wnt signaling and plays a role in osteolytic bone disease. Dkk1 inhibition
with a neutralizing antibody has been shown to increase osteoblast activity, reduce
osteoclast activation, and restore bone mineral density. Additionally, it reduces IL-6
levels and adhesion of MM cells to BMSC’s [6].

CCL25 and its receptor CCR9 can increase MM survival in a stroma-dependent
interaction [5]. CCL25 is secreted by MM tumor cells and is proposed to be a
chemo-attractant for mesenchymal stem cells (MSCs), promoting the survival MM
tumor. Detectable CCL25 expression was found in 5 of 6 MM cell lines and 11 of 14
primary MM tumor cells by Western blot. When mice were co-injected with MM
and mesenchymal stem cells (MSC’s), more than twice as many MM cells were
observed in the femur compared to injecting MM cells alone. Additionally, an
in vitro transwell system showed that MSCs had elevated levels of IL-6, VEGF,
IL-10, IGF-1, and DKK1 after 48 h of coculture with MM cells, and MM cells
showed both increased levels of pAKT, pERK, Cyclin D2, CDK4, and Bcl-xL as
well as decreased levels of Caspase-3 and PARP after 24 h of coculture with MSC’s.
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1.1 CD4/CD8 T-Cells

Extensive evidence exists to suggest that disease progression in MM is associated
with a loss of tumor-specific immunity [7]. suggesting that immune surveillance
may play a role in the prevention of MM disease progression. In MM patients
demonstrating long-term survival (MM-LTS), clonally expanded T-cell populations
have a much higher proliferative capacity than in non-LTS-MM patients. Inter-
estingly however, no significant differences in IFNγ production were observed
between T-cells from LTS versus non-LTS patients. Additionally, MM patients
have fewer TH17 cells than LTS-MM patients by both absolute number and per-
centage of total T-cells. The Treg/Th17 ratio was also higher in MM patients
compared to MM-LTS patients, with the ratio in MM-LTS rivaling that of healthy
donors [8].

1.2 Th17

Th17 cells are pro-inflammatory T-cells that may aid in mounting T-cell responses
against tumor. Conversely, Tregs have been shown to suppress immune responses,
including those mounted by Th17 cells. In MM, the balance between immuno-
suppressive Tregs and pro-inflammatory Th17 cells is thought to play an important
role in mediating an effective immune response. Patients with MM show increased
levels of Th17 cells in the peripheral blood (PB) compared to healthy donors.
Additionally higher PB Th17 levels (3.7 % vs. 5.14 %; p = 0.019) correlate with
more advanced clinical disease (Stage I/II vs. stage III, respectively) [9].

When the ratio of Treg:Th17 in PB was examined, patients with a Treg/Th17
ratio greater than 2SD above the mean had significantly reduced OS (p = 0.025)
[10]. Of note in this study, patients with high Treg/Th17 ratios all had normal Treg
levels, indicating that a decrease in the number of Th17 cells in PB is the driving
force in increased disease burden, contradicting the previously discussed data.

While these data look at Th17 cells in the peripheral blood, MM is a disease that
originates in the bone marrow (BM) which provides the rationale for examining
immune responses in that compartment. IL-6 plays a role in both Th17 and Treg
cells promoting Th17 differentiation while suppressing Treg production [11, 12].
Furthermore, cytokines such as IL-6, TGFβ and IL-1b that skew CD4 cells toward a
TH17 phenotype are largely found in the BM of MM patients, but not in the PB or
in BM or healthy donors [13].

1.3 Regulatory T-Cells

Regulatory T-cells (Tregs) are CD4+ T-cells that express high levels of CD25 as
well as FoxP3, CTLA-4, and GITR. Tregs secrete the inhibitory cytokines, IL-10
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and TGFβ, suppress immune function, and prevent autoimmunity by killing T-cells
via granzyme and perforin. IL-10 is required for the suppressive function of Tregs
in vivo [14] as well as for transplant immunity [15]. TGFβ is both secreted and
expressed on the surface of Tregs. Transmembrane TGFβ is important for inhibition
of NK activation via NKG2D [16], while secreted TGFβ is necessary for T-cell
suppression [17–19]. Tregs suppress the immune system but the full effect this has
on an immune-derived malignancy such as MM remains to be fully elucidated.

Peripheral blood (PB) Tregs are elevated in MM patients compared to healthy
volunteers [20, 21]. Additionally, it was observed that both naïve and activated
Tregs were elevated (p = 0.015 and p = 0.036, respectively). However, no differ-
ences were seen in PB Tregs between healthy volunteers and MGUS, SMM, or
patients in remission. BM Tregs were elevated in relapse patients compared to
healthy volunteers (p = 0.035), however, no differences were seen between any
other groups of patients. Furthermore, Treg function was similar in MM and healthy
patients [20].

In contrast to the above-mentioned data, patients with MGUS and MM have
significantly reduced numbers of Tregs compared to healthy donors [22]. This
shows that Tregs in MGUS and MM patients are significantly less functional and
ineffectively suppress T-cells, which could ultimately result in greater numbers of
hyperactivated T-cells.

When CD4+/CD25+ cells from the PB are compared to that of the BM, MM
patients were found to have significantly more FoxP3+ cells in the PB compared to
BM (52.2 % versus 2.2 %). Additionally, these FoxP3+/CD4+/CD25+ cells from
the PB had the ability to suppress T-cell proliferation by greater than 90 %, whereas
those from the BM demonstrated no suppressive capabilities. These data indicate
that FoxP3+/CD4+/CD25+ cells in the PB and BM of MM patients are functionally
distinct cell types [13].

CD8+ Tregs have been identified as well [23, 24] and while they also express
FoxP3, CTLA4, and GITR, their mechanism of action does not involve TGFβ or
IL-10, but rather TNFα and CCL4, causing cells to become cytostatic. CD8+ Tregs
in both PB and BM are elevated in patients with MM compared to healthy donors.
Multiple studies have demonstrated that tumor-induced CD4+ iTregs are created in
a contact-dependent manner by MM tumor cells and express higher levels of
FoxP3, PD-1 and GITR than nTregs [23, 25]. Additionally, proliferation of MM
induced CD4+ iTregs is mediated by ICOS/ICOS-L interactions and not by the
standard IL-10 or TGFβ interactions [25].

Tregs have multifaceted interactions and functions with T-cells in the myeloma
setting. Tregs cannot simply be grouped together as having a single mechanism of
action or effect on T-cells or the myeloma environment. There are clear differences
in both phenotype and function of Tregs, which must be taken into consideration
and studied, to better understand their role in Myeloma.
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2 NK Cells

Natural killer (NK) cells are cytotoxic lymphocytes that do not express CD3,
defined by the expression of CD56 in humans and function as cytotoxic cells in a
non-HLA-restricted manner. Immunophenotyping was done on MM patients fol-
lowing HSCT. They found that at 1 month post-transplant, NK levels were pre-
dictive of PFS. Patients with NK counts below 100 cells/uL had an average PFS of
2.2 months compared to 11.6 months for patients with NK counts above 100
cells/uL. However, this was not predictive of OS or time to next treatment [26].

NK cells from healthy donors do not express PD-1, however, NK cells from MM
patients do. This phenotypic difference indicates that there is potentially a func-
tional change occurring in NK cells in response to the MM tumor helping to create
an immunosuppressive environment for the tumor to thrive [27].

NK cells also express a variety of surface receptors, including NKG2D, that can be
used to recognize tumor cells, or cells that are in a state of stress expressing ligands
such as MICA, MICB, and ULBP1-6. The NKG2D receptor, also expressed on CD4
and CD8 cells, has been shown to be critical for the recognition and lysis of MM cells
[28]. Additionally, MICA expression on plasma cells and shedding of MICA
(sMICA) correlates with MM progression. MGUS patients express high levels of
MICA on their plasma cells compared to normal donors, and MM patients express
intermediate MICA levels but high sMICA levels. MGUS patients also have high
levels of anti-MICA antibodies whereas MM patients do not [29]. The presence of
anti-MICA antibodies ameliorates the suppressive effects of MICA on NKG2D,
whereas the loss of these antibodies contributes to MM disease progression. There-
fore, the use of anti-MICA antibodies may prove to be a viable therapeutic in MM.

3 DC’s

Dendritic cells (DCs) are one of the most effective antigen presenting cells (APCs)
for stimulating naïve T-cells. However, MM patients have not only fewer DC cells
and precursors compared to healthy donors [30, 31], but also have impaired DC
function. Peripheral blood DCs (PBDCs) from MM patients have decreased
expression of HLA-DR, CD40, and CD80 and are nonfunctional. This effect is
mediated by IL-6. Conversely, CD14+ derived DCs (Mo-DCs) are fully functional
in both normal in MM patients [31]. This observation brings into question the use
of PBDCs for therapeutic use in MM, discussed later.

4 MDSC’s

Myeloid-derived suppressor cells (MDSC’s) are immunosuppressive cells of the
myeloid lineage. They suppress the function of T-cells mainly via up-regulation of
iNOS, ROS, and Arg-1. Two subsets of MDSC’s have been described,
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polymorphonuclear MDSCs (PMN-MDSCs) and monocytic MDSCs (M-MDSCs).
PMN-MDSCs are Ly6Clo/Ly6G+ and use ROS to mediate T-cell suppression,
while M-MDSC are Ly6Chi/Ly6G− and have increased levels of NO, but not ROS
[32]. Significant MDSC accumulation is observed in BM and PB of MM patients
compared to healthy donors [32, 33], and the majority of MDSC’s in the BM are
PMN-MDSC’s. Additionally, the frequency of MDSCs increases with disease
progression (newly diagnosed < relapsed < relapsed/refractory) with significantly
different (p < 0.025) frequencies between healthy donors and relapsed/refractory
patients [33].

In a murine model in which MDSCs are unable to accumulate in tumor-bearing
mice (S100A9 model), reduced tumor growth is observed, accompanied by an
accumulation of antigen-specific CD8+ T-cells in the spleen and BM. Either
adoptive transfer of MDSCs or anti-CD8 mAb negate this effect. Interestingly, there
is no correlation between disease extent and MDSC levels in this murine model [32].

PDE5 inhibition is an approach to inhibiting MDSC function. PDE5 inhibition
increases proliferation and infiltration of T-cells in the myeloma tumor environment
that can render adoptive T-cell therapy more effective [34]. In fact, in one case
study, PDE5 inhibition regenerated tumor-specific T-cell function in a patient with
end-stage MM [35].

5 Therapies

5.1 Autologous Stem Cell Transplant

Autologous stem cell transplantation (ASCT) is largely considered frontline therapy
for myeloma patients under the age of 65. The primary goal of ASCT is a platform
to deliver high dose chemotherapy with stem cell rescue. However, there is an
increasing appreciation of the role myeloablative chemotherapy can play as a
platform for immunotherapy. Specifically, through its myeloablation, it can:
(1) provide effective lymphodepletion to enhance homeostatic lymphocytic prolif-
eration following adoptive T-cell transfer; (2) abolish the intrinsic tolerogenic
mechanisms that usually serve to impair the generation of effective antitumor
immunity; and (3) potentially augment the efficacy of tumor-specific vaccines by
enabling such vaccine to effectively skew the developing T-cell repertoire toward
greater tumor recognition [36, 37].

5.2 Allogeneic Bone Marrow Transplant (BMT)

Allogeneic SCT (allo-SCT) using HLA-identical (or haploidentical) donor cells has
also been used to treat MM. However, graft versus host disease (GVHD) remains a
sizeable obstacle with a significant morbidity and mortality. Patients who receive
allo-SCT upfront as opposed to upon relapse or progressive disease show an increase
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in 2-year progression free survival (PFS) (63 % vs. 25 %) and overall survival
(OS) (81 % vs. 52 %) [38]. However, myeloablative allo-SCT has historically been
associated with an unacceptably high transplant-related mortality of >40 % [39–41].
In conclusion, the high graft v myeloma effect of allogeneic transplants must be
balanced with the significant mortality. An approach to reduce such toxicity includes
the use of post-transplant cyclophosphamide which has dramatically reduced the
incidence of GVHD, minimized the use of immunosuppression in HLA-identical
transplants and opened this modality as a therapeutic option even to HLA-
mismatched donors thus dramatically increasing donor availability [42].

6 Adoptive T-Cell Therapy

Adoptive T-cell therapy activates and expands tumor-specific T-cells ex vivo to
reverse T-cell tolerance and increase their numbers. One advantage of adoptive T-cell
therapy is the quantity of T-cells that can be generated and infused into patients.
Evidence from several studies has shown the extent to which T-cells can rapidly and
efficiently eradicate rather large tumor burdens. A limitation of this approach has been
the expense and manufacturing needs required to implement such an approach.

7 Marrow-Infiltrating Lymphocytes

Marrow-infiltrating lymphocytes (MILs) are bone marrow-derived T-cells expan-
ded ex vivo using CD3/CD28 beads in the presence of all cells from the bone
marrow, including the tumor cells. The rationale for the development of this
approach was to utilize an endogenous T-cell population obtained from the tumor
microenvironment. However, in addition to it being the site of disease in hema-
tologic malignancies such as myeloma, the bone marrow also has several unique
immunologic properties. It is also a reservoir for central memory T-cells, which are
the most efficient at maintaining long-term immunity [43, 44]. Furthermore, MILs
possess many other important and unique properties essential to effective adoptive
T-cell therapy: they are present in all patients; they can traffic to the bone marrow
upon reinfusion; and can kill tumor and persist over time [45]. This has led to the
development of clinical trials showing the ability of MILs to impart a measurable
myeloma-specific response that correlates with clinical outcomes in patients.

8 CARs

Chimeric antigen receptors (CARs) are T-cells with genetically modified trans-
membrane proteins that confer target specificity. CARs posses an antigen-specific
extracellular domain as well as an intracellular domain that transduces an activation
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signal. While first generation CARs targeted CD19 and were stimulated via a CD3ζ,
second generation CARs have co-stimulatory molecules, such as CD28 or 41BB in
addition to CD3ζ and third generation CARs have multiple intracellular signaling
domains. A group at Ohio State has developed a second generation CAR using NK
cells that target CS-1/SLAM7, a surface protein highly expressed in MM cells.
These SLAM7 CAR NK cells demonstrate increased cytotoxicity via cell lysis of
tumor cell lines, and increased specificity for myeloma tumor compared to
mock-transduced or empty vector NK cells. Promising results were seen in both
in vitro models as well as in mouse models [46]. Mice with IM9 MM tumor showed
a significant reduction in tumor burden and increased survival when treated with
SLAM7 CAR NK cells as compared to mock-transduced NK cells and untreated
controls (p < 0.05 and <0.01, respectively) [46].

Another CAR NK cell (NK-92MI) has been developed targeting CD138 with
encouraging preclinical activity. These CD138 CARs show increased cytotoxicity
and antitumor activity in both in vitro and xenograft studies [47]. Both IFNγ and
granzymeB were significantly increased in the NK-92MI cells compared to mock
transfected cells in response to CD138+ tumor cell lines as well as primary patient
tumor cells, demonstrating tumor-specific cytotoxicity. Furthermore, the cytotoxi-
city of the NK-92MI cells was maintained even after irradiation with 10 Gy. This
finding has important implications in ameliorating the risk of unrestrained prolif-
eration after transplant of the transplanted cells.

Non-antigen-specific CARs may also prove to be effective in MM. NKG2D is a
receptor expressed on some CD8+ T-Cells, γδT-cells, and NK cells. It facilitates
cell lysis in a non-MHC restricted and TCR-independent manner and has multiple
ligands, several of which are selectively expressed in MM tumor cells. Enriching
for NGK2D+CD3+CD8+ T-cells increases autologous myeloma cell lysis and
demonstrates a role for NKG2D in killing autologous myeloma tumor [28, 48].
Therefore, creating a CAR targeting NKG2D or other non-antigen-specific mole-
cules may prove to be an effective means of targeting the MM tumor as well.

9 Vaccines

Cancer vaccines aim to prime an endogenous T-cell response to tumor-specific
antigens. Approaches used are highly variable but all seek to achieve this goal.

10 DC Vaccines

Dendritic cell (DCs) vaccines aim to elicit antitumor responses by overcoming the
immunosuppressive environment created by the tumor. Several approaches have
been applied to DC vaccines to ultimately generate measurable tumor-specific
T-cell responses. One historical approach used idiotype-pulsed (Id-pulsed) DCs
[49–53]. However, a potential drawback in using Id as a tumor target in myeloma is
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that it is largely a secreted protein potentially more likely to induce tolerance but
incapable of effectively mounting a tumor-specific immune response that could
result in tumor cell killing.

Tumor lysate-pulsed DCs is another approach that has been used in MM. In the
5TGM1 myeloma mouse model, DCs pulsed with tumor lysate have a much more
potent antitumor response than Id-pulsed DCs [54]. This data suggests that tumor
lysates serve as better tumor antigens than Id. Considering that the whole tumor cell
likely possesses multiple tumor antigens that include, but are not limited to Id, these
findings are not unexpected. A potential risk in using whole tumor lysates, however,
is that antigens expressed on normal cells may also be expressed in the tumor,
presented by the DC and recognized by T-cells as a foreign antigen, mounting a
non-tumor-specific response.

Creating DC/tumor fusions is another means of creating at DC-based vaccine.
This approach attempts to combine the entire antigenic repertoire of autologous
tumors with efficient antigen presentation of a DC to maximize the immune
response that can be generated by such an approach. In a clinical trial with patients
who had undergone ASCT and had a minimum of 20 % plasma cells in the BM, 36
patients received a DC/tumor fusion vaccine and 12 of these patients also received
GM-CSF. 78 % of patients achieved a CR or VGPR (47 % and 31 %, respectively)
and at a median follow-up time of 45.6 months, the 2-year PFS was 57 % [55].

10.1 Tumor Associated Antigen Vaccines

MM lacks many defined tumor-specific antigens making it difficult to specifically
target the tumor using an antigen-specific approach. One study used the RHAMM-R3
peptide (CD168) as a vaccine to treat MM. RHAMM is expressed in 100 % of MM
tumor cells, but is not expressed in PBMCs or healthy donor CD34+ BMSCs. Fol-
lowing treatment with R3, 2 of 4 (50 %) of patients had reduced plasma cells and
β2-microglobulin in the BM as well as a reduction of free light chains in the serum
and/or urine [56]. Additionally, in 4/9 (44 %) of patients, a CD8+ RHAMM-
R3-specific T-cell response was observed. Of these 4 patients showing an immuno-
logical response, one had decreased blasts in the BM and another had a reduction of
free light chains. However, the other two patients showed no clinical changes [57].

Wilms tumor gene (WT-1) is a universal tumor antigen that is processed by MM
cells and expressed in the context of HLA class 1. WT-1 is recognized by cytotoxic
CD8+ T-cells, that are able to efficiently kill MM tumor cells via perforin-mediated
cytotoxicity and WT-1-specific CTLs are found in MM patients [58]. Based on this
preclinical data, a patient was given WT-1 vaccine. In this case report, the per-
centage of MM cells in the BM decreased from 85 to 25 % and the M-protein levels
decreased from 3.6 to 0.6 g/day [59] making a strong case for further studies using
a WT-1 vaccine.

While vaccines against tumor antigens is a promising means of eliciting a
tumor-specific immune response, finding MM-specific antigens has proven to be a
major obstacle.
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10.2 Whole Cell Vaccines

Allogeneic vaccines can be used to target MM via shared tumor antigens between
the MM tumor and the cells used in the vaccine. In one study, a combination of MM
tumor cell lines (H929 and U266) and a GM-CSF-producing cell line (K562/GM)
are irradiated and combined to form a vaccine. Patients received 3 monthly vacci-
nations and a booster vaccination at 6 months. All patients were previously on a
Len-containing regimen, which was continued as a single agent in addition to the
vaccine. Additionally, these patients needed to be in one of three categories to
receive vaccine: (1) in a stable nCR for at least 4 months, (2) converting from IFE
negative to positive, or (3) show signs of early relapse from nCR to an
M-spike <0.3 g/dL. Twelve patients were vaccinated and 16 were observed without
vaccination. PFS was significantly improved for patients who received the vaccine
compared to those who did not and the overall CR rate for patients receiving vaccine
was 64 %. Of the 4 patients receiving vaccine in category 1, 3 achieved a true CR
and one achieved an nCR. All 3 patients in category 2 achieved true CRs. In category
3, 1 patient achieved a CR, 1 SD and 3 PD. Additionally, patients achieving a CR
had more central memory CD8 T-cells at baseline in the BM and blood, more
phenotypically active CD8 in the BM and had more tumor-specific IFNγ production.
This study demonstrates that in the MRD setting, the combination of an allogenic
vaccine with Len has significant clinical benefit compared to Len alone [60].

Allogeneic vaccines are an off-the-shelf product. Since it is made using cell lines
and not primary cells, there is a theoretically unlimited supply available for treating
patients.

11 Antibodies

Using monoclonal antibodies (mAbs) to specifically target proteins expressed on
tumor cells is a desirable treatment approach for many cancers, including MM,
since it is a universally applicable, highly specific form of therapy available to all
patients. Several mAbs have been developed to target the MM tumor based on
cell-surface expression of proteins as well as secreted survival factors. Rituximab,
targets CD20 and it’s primary use is in non-Hodgkin lymphomas, but has been used
in myeloma as well. Rituximab targets CD20, which is differentially expressed on
MM plasma cells. Less than one third of MM tumor cells express CD20, as mature
plasma cells tend to lose CD20 expression. However, patients who do have
CD20-expressing MM tend to have more aggressive disease and lower overall
survival [61]. Furthermore, there are data suggesting that CD20 is expressed on
what may be precursor myeloma cells [62], providing suitable rationales for tar-
geting CD20 in myeloma. In one study, out of 19 MM patients treated, 6 (32 %)
had a clinical response to Rituximab therapy (1 PR, 5 SD), and all 6 of these
patients had CD20+ BMPCs (Bone Marrow Plasma Cells) [63]. Another study in
relapsed/refractory MM showed that no patients achieved an objective response.
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22 % of patients (2 of 9) had SD at 6 months while the rest (88 %) had progressive
disease [64]. A subsequent study selected only for patients with CD20+ MM and
showed that 7 % of patients (1 of 14) had a minor response while 36 % (5 of 14)
had stable disease yielding a clinical response rate of 43 % [65].

CD38 is expressed in many heme malignancies including MM and may have a
pro-survival role [66]. CD38 ligation to CD31 activates NFκB, leading to cytokine
secretion and proliferation of T-cells. Several CD38 mAbs have been created,
including daratumumab (DARA) and SAR650984. DARA is an IgG1 k antibody that
has therapeutic efficacy inMM patients, especially in combination with IMiDs and/or
proteasome inhibitors [67]. Several mechanisms have been proposed for DARA,
including Ab-dependent cellular cytotoxicity (ADCC), complement-dependent
cytotoxicity (CDC) [68], Fc receptor-mediated crosslinking [69] and antibody-
vdependent cellular phagocytosis (ADCP) [70]. Promisingpreliminary clinical results
have been seen with DARA. When treated with 4, 8, or 16 mg/kg DARA, patients
showed 80–100 % reduction of bone marrow plasma cells [71]. Additionally, in
combination with lenalidomide and dexamethasone, 8/11 patients achieved a PR or
better while the remaining 3 patients achieved MR (2) and SD (1) [72].

SAR650984 is a newer IgG1 antiCD38 mAb that also has ADCC, CDC, and
ADCP activity against MM tumor cell lines and cytotoxicity of both MM cell lines
and primary patient tumor. Additionally, SAR650984 drastically decreased tumor
volume in xenograft studies of MOLP-8 and H929 cells compared to bortezomib
[73]. However, SAR650984 has not yet entered the clinic.

CD56, also known as neural cell adhesion molecule (N-CAM) is not expressed
by benign plasma cells, but is highly expressed in MM cells [74]. Lorvotuzumab
mertansine (LM) is an antibody-drug conjugate that targets MM cells via high
affinity CD56 mAb and is conjugated to the drug Maytansine, which inhibits
tubulin. As a single agent in heavily pretreated patients with CD56+ MM, 16.2 %
had objective responses (OR) and 40.5 % had SD for greater than 3 months,
including those with ORs [75]. LM in combination with Lenalidomide and Dex-
amethasone shows greater clinical benefit with a 56.4 % OR and 66.1 % CR rate in
relapsed/refractory MM [76].

CS1 (CRACC, SLAMF7) is a glycoprotein highly expressed on the surface of
plasma cells. It is a member of the CD2 receptor family and contains an
immunoreceptor tyrosine-based switch motif (ITSM) that is involved in lymphocyte
activation [77]. Elotuzumab targets CS1 and is currently entering phase III clinical
trials. Data from phase I trials show that elotuzumab alone yielded no objective
responses (≥PR), while 26.5 % of patients had stable disease after about two
months and the rest had progressive disease [78]. When combined with bortezomib,
48 % of patients had an objective responses and a median time to progression
(TTP) of 9.5 months [79]. When elotuzumab is combined with lenalidomide and
low-dose dexamethasone, objective responses were seen in 82 % of patients with a
median TTP not reached after 16.4 months [80]. Preliminary data from a phase II
study with elotuzumab combined with lenalidomide and dexamethasone show an
overall ORR of 84 %, with a 92 % ORR in the cohort receiving 10 mg/kg elo-
tuzumab and 76 % in those receiving 20 mg/kg. Patients receiving 10 mg/kg had
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not reached PFS at 20.8 months while PFS was 18.6 months for those receiving
20 mg/kg. While elotuzumab may not work well as a single agent, in combination
with lenalidomide and dexamethasone elotuzumab appears to be a promising new
therapeutic for MM.

CD40 is a member of the TNF-receptor family. It is required for B-cell activation
and differentiation and is more highly expressed in patients with B-cell malig-
nancies, such as MM. Dacetuzumab, a CD40 mAb, has not shown promising
results in a phase 1 trial as a single agent; no patients achieved an OR and 20 %
achieved SD [81]. Lucatumumab, another CD40 mAb, has completed a phase 1
study in which 33 patients were evaluated. One patient achieved a PR while 12
(43 %) had SD as a best response [82]. Neither Lucatumumab nor Dacetuzumab
show promising clinical results as a single agent, however, like many therapeutics
they warrant further investigation in combination with other therapies, but no data
has been published to date.

IL-6 is not expressed on the surface of MM cells, however, it is an important
factor in their proliferation. Siltuximab is an anti-IL-6 mAb that so far has shown
minimal clinical benefit. In a Phase I trial, 13 MM patients were treated and 2
(15 %) had a CR [83]. In a Phase II trial and RRMM, initially 14 patients received
siltuximab alone, 10 whom later received dexamethasone. 39 additional patients
were then treated with a combination of siltuximab and dexamethasone with a
response rate of 23 % (17 % CR and 6 % PR). No responses were seen with
siltuximab alone [84]. Another phase II trial evaluated bortezomib, melphalan and
prednisone therapy with or without siltuximab (VMP versus S + VMP) in newly
diagnosed transplant eligible patients. ORR was only 8 % higher in S + VMP than
VMP alone (88 % versus 80 %, respectively) whereas ≥VGPR was 20 % higher in
S + VMP than VMP (71 % vs. 51 %). Finally, median PFS as well as 1 year OS
were equivalent in both groups showing definitively that siltuximab has no addi-
tional benefit to VMP therapy in MM [85].

12 Checkpoint Blockade

The role of PD-1 is to maintain T-cell homeostasis by limiting the proliferation and
activation of T-cells. However, many tumors usurp this mechanism and over-express
PD-L1, engaging PD-1 on T-cells and generating tumor-specific T-cell tolerance
[86–89]. Therapy targeted at blocking programmed death-1 (PD-1) and its ligand
(PD-L1) transformed the field of immunotherapy in immunogenic solid tumors, such
as renal cell carcinoma and melanoma [90, 91] and more recently Hodgkin’s lym-
phoma [92]. More recently, inhibition of PD-1 and PD-L1 has also been shown to
work in non-immunogenic solid tumors such as lung, ovarian, and breast cancers
[91, 93]. These findings have opened the door to studying PD-1 and PD-L1 in a wide
variety of tumor types. There are four PD-1 mAbs (Nivolumab, Pidilizumab,
Pembrolizumab, and MK-3475) and four PD-L1 mAbs (BMS-936559,
MSB0010718C, MEDI4736, and MDPL3280A) currently in clinical trials. Despite
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the significant efficacy in certain malignancies, the overall efficacy of single agent
PD-1 blockade in relapsed MM is negligible [94].

Syngeneic mice lacking PD-1 completely suppress MM tumor (J558L) forma-
tion whereas mice expressing PD-1 form rapidly growing tumor demonstrating a
clear role of PD-1 and its interaction with PD-L1 in MM [89]. More recently, data
shows that treatment with a PD-L1 mAb in combination with lymphodepletion with
irradiation eliminate MM in a murine 5T33 model, again highlighting the impor-
tance of the PD-1/PD-L1 axis in MM [95].

CTLA4 is an inhibitory molecule expressed on T-cells that binds to CD80 and
competes with CD28, a co-stimulatory molecule that also binds CD80, but with
lower affinity. CTLA4 has been shown to maintain control to T-cell proliferation
[96] as well as being critical for proper function of Tregs [97, 98]. 70 % of MM
patients have increased CTLA4 expression and may be associated with an accu-
mulation of immunosuppressive Tregs in the bone marrow microenvironment [99].
Blocking CTLA4 has proven to be an effective therapeutic strategy in patients with
metastatic melanoma [100], opening the doors for its use in other malignancies,
including MM.

13 IMiDs

Immunomodulatory drugs (IMiDs), such as thalidomide, lenalidomide, and
pomalidomide, are often used as both frontline and maintenance therapy for MM.
Beneficial clinical outcomes are seen with the use of IMiDs, and while many
studies have given insights into how these drugs work, their exact mechanism of
action is only recently being understood.

IMiDs have been shown to increase the proliferation and function of T-cells.
Greater lytic capacity as well as higher percentages of polyfunctional T-cells
(T-cells secreting multiple cytokines) was observed in MM patients receiving
IMiDs following ASCT, due at least in part to decreased Tregs and increased DC
function [101]. Furthermore, the immunomodulatory properties of lenalidomide
(Len) was confirmed by demonstration about its ability to enhance both infectious
vaccines [102] as well as possibly tumor vaccines [60]. The induction of Rho
GTPases with pomalidomide (Pom) may contribute to improving immune synapses
in T-cells [103]. IMiDs effects on DCs could also play a role in the enhanced T-cell
functionality. DCs treated with lenalidomide or pomalidomide have enhanced
endocytic ability as well as an increased levels of CD86, MHC I, and MHC II on
the DC cell surface [104]. Additionally, DCs that have been pretreated with Len or
Pom show significantly enhanced cross-priming of CD8+ T-cells and priming of
CD4+ T-cells. Additionally, these CD8+ T-cells are more cytotoxic, exhibiting
increased levels of both IFNγ and perforin.

However, other studies suggest that IMiDs may prove to be harmful to immune
surveillance long-term for myeloma patients. Clave et al., observed that 6 months
post ASCT, terminally differentiated CD8 T-cells are reduced in the presence of Len.
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Pro-inflammatory cytokines such as TNFαwere also reduced in the blood of patients
receiving Len after ASCT. Furthermore, Len also significantly increased the NK cell
activity as well as the percentage of Treg cells 18 months post ASCT [105, 106].

14 Summary

There are many promising immunotherapeutic treatments available for the Multiple
myeloma, however, we have not yet been able to cure this disease by enabling the
immune system to fight off the cancer completely. The immune system is an
intricate network of cells and signaling molecules with multifaceted microenvi-
ronments creating a complex system for targeted therapies. However, as we learn
more about the immune system and how it interacts with the tumor, we can con-
tinue to create more potent and targeted therapies.
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