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Abstract
Immune therapy has emerged as a promising area of cancer therapeutics based on its potential for tumor selectivity and targeting of 
chemotherapy-resistant clones. Allogeneic transplantation produces durable remissions in a subset of patients, albeit at the cost of graft-
versus-host disease. Recent years have witnessed efforts to induce more selective immune responses via dendritic cell vaccines, autologous 
and engineered T-cell therapy, and immune checkpoint blockade. Optimizing these immunotherapeutic approaches, understanding how 
to best use them in combination, and determining how to integrate them with standard anti-myeloma therapy could provide the potential 
to alter the natural history of this disease. (J Natl Compr Canc Netw 2015;13:1440–1447
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Allogeneic Transplantation:  
Proof of Principle for Immunotherapy 
Outcomes for patients with multiple myeloma have 
dramatically improved since the introduction of nov-
el agents, such as proteasome inhibitors and immu-
nomodulatory dugs. Nonetheless, for most patients, 
current treatment options are not curative, and most 
patients will ultimately experience relapse with refrac-
tory disease. The unique efficacy of cellular therapy is 
highlighted by the observation that allogeneic trans-
plantation results in durable remissions in a subset 
of patients. Data from the European registry demon-
strated an overall survival of 28% at 7 years following 
myeloablative allogeneic transplantation.1 

However, regimen-related toxicity caused by 
myeloablative conditioning; the prolonged period 
of immune dysregulation, which increases increas-
ing the susceptibility for opportunistic infections; 
and the lack of specificity of alloreactive lympho-
cytes, contributing to graft-versus-host disease, re-
sult in prohibitive treatment-associated morbidity 
and mortality. Reduced-intensity conditioning regi-
mens have lowered some of these risks, but at the 
cost of increased risk for relapse.2,3 Tandem autolo-
gous followed by nonmyeloablative transplantation 
has been studied in an effort to segregate the tox-
icity and maximize the therapeutic synergy of dose-
intensive chemotherapy and immune-mediated tar-
geting of malignant plasma cells. In fact, a series of 
phase II studies evaluating sequential autologous and 
nonmyeloablative transplantation showed encourag-
ing results.4,5 However, randomized controlled trials 
evaluating tandem autologous transplantation versus 
sequential autologous/nonmyeloablative allogeneic 
transplantation have shown mixed results.6–12 The 
largest study, conducted by the Blood and Marrow 
Transplant Clinical Trials Network (BMT CTN), 
did not demonstrate a progression-free survival 
(PFS) or overall survival (OS) advantage in the al-
logeneic transplantation arm.10 Consistent with this 
result, 2 meta-analyses of published trials showed 
that treatment-associated mortality was higher in 
patients undergoing nonmyeloablative transplanta-
tion, resulting in no difference in PFS or OS, despite 
higher complete response (CR) rates in the alloge-
neic transplant group.13,14 It is notable, however, that 
the 2 studies with the longest follow-up did demon-
strate a survival advantage for patients undergoing 
autologous followed by nonmyeloablative allogeneic 

transplantation.11,12 The role of allogeneic trans-
plantation continues to be explored, particularly as 
part of primary therapy for patients with poor-risk 
features. Alternatively, the development of immu-
notherapy that can harness the unique benefit of im-
mune-mediated plasma cell killing, while sparing the 
toxicity associated with allogeneic transplantation, 
has the potential to improve outcomes for patients 
with multiple myeloma.

Immune Dysregulation in 
Multiple Myeloma
Myeloma is characterized by deficiencies in cellular 
and humoral immunity that contribute to the im-
munosuppressive milieu promoting disease progres-
sion and immune escape.15 Patients with myeloma 
exhibit impairment in humoral immunity, with a 
resultant increased risk of bacterial infection. Al-
terations in natural killer (NK) cell biology result in 
decreased NK cell capacity to lyse malignant plasma 
cells. T-cell immunity is compromised because of 
the lack of effective antigen presentation, polariza-
tion toward an inhibitory phenotype, and increased 
levels of cytokines that suppress function. The com-
plex interaction between stromal elements, such as 
regulatory T cells, myeloid-derived suppressor cells, 
and plasmacytoid dendritic cells (DCs), contributes 
to an immunosuppressive microenvironment that 
promotes tumor growth. Negative costimulatory 
molecules, including CTLA4 and PD-L1, play a vi-
tal role in promoting T-cell exhaustion and anergy in 
the setting of malignancy. Upregulation of the PD-1/
PD-L1 pathway has been noted in patients with my-
eloma.16,17 Plasmacytoid DCs have also been shown 
to express PD-L1, invoking their role in modulating 
T-cell exhaustion and immune suppression.18 The 
development of immune therapy for myeloma fo-
cuses on the development of strategies that reverse 
critical aspects of the immunosuppressive milieu in 
the context of activation of myeloma-specific immu-
nity (Figure 1). 

Vaccine Approaches to Stimulate 
Myeloma-Specific Immunity
Myeloma-associated antigens have been identified 
that are selectively expressed by the malignant clone. 
An ideal candidate would be uniformly expressed by 
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the malignant clone; play an important role in the 
biology of the malignant cell, such that downregula-
tion in the setting of immunologic pressure would 
not be readily seen; be immunogenic; and be highly 
specific to the malignant clone, limiting off-target 
toxicity. The idiotype protein is highly specific to 
the malignant plasma cell clone as the product of the 
unique VDJ rearrangement in this population, but 
its immunogenicity is uncertain.19,20 Cancer-testis 
antigens such as NY-ESO are minimally expressed in 
normal tissues, highly expressed by myeloma cells, 
and upregulated with disease evolution.21 Other ex-
amples of immunostimulatory myeloma-associated 
peptides that have been explored both preclini-
cally and in clinical trials include WT-1, RHAMM, 
HSP96, MUC1, MAGE, HM1.24, and DKK1.22–25 

Myeloma cells present tumor-associated antigens 
in the absence of necessary costimulation, resulting 
in ineffective effector immune responses. As such, 
developing a potent myeloma vaccine relies on ef-
fectively presenting myeloma-associated antigens in 
the context of necessary costimulation, in order to 
evoke activated effector cell responses. In contrast 
to malignant plasma cells, DCs are potent antigen-
presenting cells that strongly express costimulatory 
molecules and secrete stimulatory cytokines, which 
results in T-cell activation. In an effort to evoke ef-
fective myeloma-associated immunity, strategies to 
load tumor antigens onto DCs have been evaluated. 
In one of the first clinical trials to evaluate DC-based 
vaccination in the setting of multiple myeloma, 12 

patients were vaccinated with idiotype-pulsed DCs 
following autologous transplantation. Of these pa-
tients, 2 demonstrated idiotype-specific T-cell re-
sponses and sustained clinical remission.26 Although 
this early study showed promise, subsequent clini-
cal trials evaluating idiotype-pulsed DC vaccines 
in patients in multiple myeloma elicited immune 
responses but generally lacked clinical efficacy.27–29 
APC8020, a product generated by pulsing autolo-
gous DCs with autologous serum containing idiotype 
protein, was studied in patients with multiple myelo-
ma following autologous transplant in a single-arm 
phase II clinical trial. Compared with historical con-
trols, no difference in PFS was observed; however, a 
significant improvement in OS was demonstrated.30 
The observation of improved OS despite a lack of 
difference in PFS is consistent with observations re-
lating to immunotherapy in the setting of solid tu-
mors, wherein a survival advantage has been dem-
onstrated despite a lack of disease regression.31 This 
highlights the potential for immune modulation to 
effect response to subsequent therapy, and the need 
for careful consideration of methods for measuring 
the clinical impact of immunotherapy. 

Although the idiotype protein was the first  
myeloma-associated antigen to be studied in clinical 
trials, idiotype has been shown to be a weak immuno-
gen, increasing interest in targeting other, more strongly 
immunogenic myeloma-associated antigens. Peptide-
based vaccines against WT1 and RHAMM-R3 have 
been studied in clinical trials. WT1 peptide vaccine was 
administered in the setting of refractory disease. An im-
mune response was evoked in response to vaccination, 
and evidence was seen of clinical activity, with minimal 
clinical response according to European Group for Blood 
and Marrow Transplantation (EGBMT) criteria.32 

In 2 phase I/II clinical trials evaluating an 
RHAMM peptide vaccine in patients with acute 
myeloid leukemia, myelodysplastic syndromes, and 
multiple myeloma, a total of 7 patients with mul-
tiple myeloma were treated with RHAMM peptide 
vaccine. Six of 7 patients with multiple myeloma 
treated on 1 of these 2 clinical trials demonstrated 
an immune response to vaccination, and in 3 of 7 
patients with multiple myeloma, a clinical effect 
of vaccination was observed.33,34 A recent phase I 
clinical trial demonstrated the safety and immu-
nologic potency of vaccinating patients with DC 
pulsed with mRNA specific for MAGE-3, survivin, 
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Figure 1  Targets of immune-based therapy for multiple myeloma. 
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or B-cell maturation antigen (BCMA) after au-
tologous transplant. An antigen-specific immune 
response was demonstrated in 2 of 12 patients.35 
Clinical trials are ongoing to investigate vaccina-
tion against NY-ESO or MAGE-A3 and granulo-
cyte macrophage colony-stimulating factor (GM-
CSF; ClinicalTrials.gov identifier: NCT00090493); 
MUC1 peptide and GM-CSF (ClinicalTrials.gov 
identifier: NCT01232712); and XBP1, CD138, 
and CS1 in patients with smoldering myeloma  
(ClinicalTrials.gov identifier: NCT01718899). 

A limitation to vaccine approaches that target 
an individual tumor antigen is the potential for tu-
mor cells to evade immune recognition through 
downregulating expression of that antigen. As such, 
whole-cell vaccine approaches have been studied, 
with the advantage of presenting patient-specific, 
and potentially unidentified, antigens to immune 
effector cells. Strategies to introduce whole tumor 
cell antigens include pulsing with lysates,36 electro-
poration with tumor-derived RNA or DNA,37–39 and 
loading of tumor-derived apoptotic bodies.40 

Our group developed a vaccine model in which 
patient-derived myeloma cells are fused with autolo-
gous ex vivo–generated DCs, such that a broad array 
of myeloma-associated antigens, including neoanti-
gens arising from unique mutations of a given patient, 
are presented in the context of DC-mediated costim-
ulation. A phase I clinical trial evaluating the DC/ 
myeloma fusion vaccine was completed in patients 
with advanced multiple myeloma.41 Vaccination re-
sulted in the expansion of myeloma-specific T cells 
in most patients, despite a median of 4 prior regimens 
in the treated patients; 66% of patients demonstrated 
disease stabilization, ranging from 2 months to greater 
than 2 years. In a subsequent phase II clinical study, 
vaccination with DC/myeloma fusions was adminis-
tered after autologous transplantation.42 The period 
of early posttransplant lymphopoietic reconstitution 
was associated with the suppression of regulatory T 
cells and the expansion of myeloma-reactive T cells. 
This environment offered a potent platform for vacci-
nation, resulting in further boosting of the myeloma-
directed immune response.

Notably, vaccination was associated with the 
delayed conversion of partial to complete responses 
in a subset of patients, suggesting the targeting of 
posttransplant residual disease.42 Vaccination was 
well tolerated and, importantly, was not associated 

with clinically significant cytopenias or autoimmu-
nity. The most common adverse event related to 
vaccination involves transient erythema and ten-
derness at the vaccine site. In preclinical studies, 
we demonstrated that lenalidomide augments im-
mune response to vaccination.43 Given the evolving 
role of lenalidomide maintenance after autologous 
transplantation and its potential role as a immune 
modulatory agent in the posttransplant setting, we 
initiated a national randomized phase II through 
the Clinical Trials Network (CTN protocol 1401) 
in which patients will be randomized to receive the 
fusion vaccine and lenalidomide maintenance com-
pared with lenalidomide maintenance alone after 
autologous transplantation. The primary end point is 
to evaluate the CR rate at 1 year after transplant. As 
a secondary end point, an integrated assessment of 
humoral and cellular immunity and correlation with 
clinical impact will be explored.

Adoptive T-Cell Therapy
Vaccine therapy is limited by poor responsiveness of 
native effector cell populations, particularly in patients 
with more advanced disease. An alternative strategy 
is the ex vivo generation of activated T-cell popula-
tions that may show greater responsiveness to help to 
restore myeloma-specific immunity and be engineered 
to specifically target myeloma-associated antigens. An 
initial clinical trial evaluated adoptively transferred ex 
vivo activated and expanded T cells administered to 
patients with multiple myeloma after autologous trans-
plantation in an effort to improve immune reconsti-
tution, augment antimyeloma immunity, and amplify 
response to vaccination. A total of 42 patients were 
randomized to receive ex vivo anti-CD3/anti-CD28 
costimulated autologous T cells on day 12 or 100 af-
ter autologous transplant, and to receive 2 doses of 
pneumococcal vaccine with or without an initial vac-
cination prior to T-cell collection. Notably, this study 
demonstrated that a priming vaccination prior to T-cell 
collection was critical for the development of anti-
pneumococcal immunity.44 In a subsequent study, 54 
patients received ex vivo costimulated T cells on day 2 
after autologous transplant. Patients who were HLA2- 
positive received a pneumococcal vaccine plus a tu-
mor vaccine composed of HLA2.1-restricted pep-
tides telomerase and survivin, whereas HLA2.1-
negative patients received only a pneumococcal 
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vaccine. Immune response to vaccination was ob-
served in both groups, without a difference in event-
free survival.45 A phase II clinical trial is underway 
evaluating activated T cells administered in com-
bination with a peptide vaccine against MAGE-3  
(ClinicalTrials.gov identifier: NCT01245673). In 
another ongoing study, activated T cells are adminis-
tered in conjunction with an idiotype vaccine after au-
tologous transplantation (ClinicalTrials.gov identifier: 
NCT01426828). 

A potentially promising approach of obtaining 
myeloma-specific T cells for ex vivo manipulation and 
adoptive transfer involves the use of bone marrow–
infiltrating cells (MILs).46 These cells are thought to 
represent a polyclonal population of T cells reactive 
to myeloma-associated antigens but subject to tumor-
induced anergy in the bone marrow microenviron-
ment. In preclinical studies, bone marrow–derived 
lymphocytes have been shown to demonstrate greater 
proliferative response to ex vivo activation and expan-
sion and greater myeloma-specific cytotoxicity com-
pared with lymphocytes isolated from the peripheral 
blood.47 A clinical trial is being conducted in which 
MILs undergo ex vivo activation and are reinfused on 
day 3 after autologous transplantation (ClinicalTrials.
gov identifier: NCT00566098). 

Chimeric Antigen Receptor T-Cell Therapy
Although adoptive transfer of ex vivo–expanded au-
tologous T cells shows promise, challenges remain in 
isolating and expanding myeloma-reactive T cells 
from the blood or bone marrow. An exciting alter-
native approach lies in the generation of genetically 
modified chimeric antigen receptor cells (CARs). 
CAR T cells are synthetically engineered via trans-
duction of a specific variable fragment of a mono-
clonal antibody into the T-cell receptor. Similar to 
native T cells, CARs function via activation of the 
zeta-chain of the CD3 complex, with second- and 
third-generation CARs containing additional co-
stimulation, such as 4-1BB, CD28, or OX40, pro-
viding a constitutive source of T-cell activation and 
bypassing the complexity of the signaling between 
antigen-presenting cells and T cells. CD19 CARs 
have been extensively studied in chronic lympho-
cytic leukemia and acute lymphoblastic leukemia,48 

with particularly exciting durable remissions demon-
strated in patients with refractory ALL. 

CAR T-cell therapy has been associated with sig-
nificant toxicity, such as cytokine-release syndrome 
and neurotoxicity. CD19 CARs are being evaluated 
in multiple myeloma in an effort to target the CD19-
positive myeloma-initiating cell population. A re-
cent publication reported on the first patient treated 
in a clinical trial in which CD19-specific CAR T 
cells were administered after high-dose melphalan.49 
Remarkably, a complete response was observed in 
this patient with relapsed myeloma, who had previ-
ously been treated with 9 regimens, including autol-
ogous transplantation. Notably, at the time of publi-
cation, response was ongoing at 12 months. Several 
other clinical trials evaluating CARs in multiple 
myeloma are underway, including a phase I study of a 
CD28-based CAR directed at the kappa light chain  
(ClinicalTrials.gov identifier: NCT00881920) 
and a CAR directed against CD138 (CART-138; 
ClinicalTrials.gov identifier: NCT01886976). Other 
targets, including the NKG2D receptor, whose li-
gands are expressed on myeloma cells and enhance 
NK cell–mediated lysis, have demonstrated thera-
peutic potency in mouse models,50 and will be stud-
ied in upcoming clinical trials. 

NK Cell Therapy
NK cells represent an important immune effector 
cell population that is not reliant on HLA restric-
tion and has the potential for potent antimyeloma 
activity. NK cells undergo activation as a result of 
either increased expression of activating ligands, or 
decreased expression of inhibitory ligands. IPH2101, 
a human monoclonal antibody against common 
inhibitory KIRs (killer cell immunoglobulin-like 
receptors), enhances NK cell–mediated killing of 
autologous myeloma cells. The drug was studied in 
a phase I trial in patients with relapsed/refractory 
multiple myeloma, resulting in disease stabilization 
in a subset of patients, without evidence of disease 
regression.51 IPH2101 is currently being evaluated in 
patients with smouldering myeloma (ClinicalTrials.
gov identifiers: NCT0124855 and NCT01222286), 
and in combination with lenalidomide in patients 
with relapsed disease (ClinicalTrials.gov identifier: 
NCT01217203). 

Elotuzumab (HuLuc63), a humanized anti-CS1 
monoclonal antibody (mAb) that can augment NK 
cell–mediated antimyeloma immunity, induces my-
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eloma cell death through antibody-dependent cel-
lular cytotoxicity. In a phase I study of patients with 
relapsed/refractory myeloma, elotuzumab demon-
strated minimal single-agent activity.52 In preclini-
cal studies, it demonstrated synergy with bortezomib 
and lenalidomide. In a phase I study of elotuzumab 
and bortezomib, an overall response rate of 48% 
was observed.53 In a phase II study of elotuzumab 
in combination with lenalidomide and dexametha-
sone, the overall response rate was 84% (n=71).54 In 
a recent phase III randomized controlled trial, elo-
tuzumab plus lenalidomide and dexamethasone was 
compared with lenalidomide and dexamethasone 
alone in patients with relapsed/refractory multiple 
myeloma. Notably, the combination of elotuzumab, 
lenalidomide, and dexamethasone resulted in a 30% 
reduction in the risk of death or disease progression 
compared with the control arm.55 Adverse events re-
lated to elotuzumab have included lymphopenia and 
infusion reactions, such as fevers and hypertension.55 
An alternative strategy has been the development of 
NK CARs, in which human NK cells are genetically 
engineered to express a CAR that is specific to a my-
eloma associated target, in addition to a costimulatory 
signaling domain. In preclinical studies, NK CARs 
targeting CS1 potently lysed human myeloma cells in 
a xenograft model.56

Checkpoint Blockade
The PD-L1/PD-1 pathway is a negative costimula-
tory pathway that induces a state of T-cell exhaus-
tion, preventing activation and expansion of T-cell 
populations. A greater understanding of the critical 
role that this pathway plays in mediating tumor tol-
erance has led to clinical trials evaluating antibodies 
to both PD-1 and PD-L1, in which durable clinical 
responses were observed in patients with advanced 
malignancy.57 Adverse events related to immune 
checkpoint blockade have included autoimmune 
complications, including pneumonitis and colitis, 
which are treated with steroids. Preclinical studies 
have supported the role that this pathway plays in 
blunting immune-mediating killing of plasma cells 
in multiple myeloma.16 

Clinical trials are underway to investigate anti-
bodies to PD-1 and PD-L1 in hematologic malignan-
cies, including multiple myeloma. It is important to 
consider that, to date, the hematologic malignancy 

in which blockade of the PD-L1/PD-1 pathway has 
shown efficacy is Hodgkin disease,57 which is char-
acterized by a significant native immune infiltrate 
in the tumor bed. Optimizing response to PD-L1/
PD-1 blockade in multiple myeloma may require 
combining this approach with strategies that stimu-
late myeloma-reactive T cells in the blood and bone 
marrow. In preclinical studies, we have shown that 
PD-1 blockade augments immune response to DC/
myeloma fusion cell vaccination.16 In an effort to 
couple immune checkpoint blockade with strategies 
that expand myeloma-reactive T cells, we are con-
ducting a clinical trial in which patients with mul-
tiple myeloma are treated with pidilizumab in com-
bination with DC/myeloma fusion cell vaccination 
in the early period after autologous transplantation 
(ClinicalTrials.gov identifier: NCT01067287).

Conclusions
Immunotherapy has the potential to improve out-
comes for patients with multiple myeloma. DC vac-
cines, adoptive and genetically engineered T-cell 
therapy, monoclonal antibodies, and immune check-
point blockade have each demonstrated encouraging 
results. Future directions lie in understanding how 
to incorporate each of these approaches with stan-
dard antimyeloma therapy, optimizing the timing of 
immunotherapy, and learning how to combine im-
munotherapeutic strategies to maximize potency and 
limit toxicity. The field of immunotherapy is poised 
to alter the natural history of multiple myeloma, and 
change it from a chronic to a potentially curable dis-
ease.
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3.  Which of the following is true about 

elotuzumab?

a.  It is a vaccine generated by puls-

ing autologous dendritic cells with 

autologous serum containing idio-

type protein

b.  In a recent phase III trial, the 

combination of elotuzumab, lenalidomide, and dexa-

methasone resulted in a reduction in the risk of death 

or disease progression compared with lenalidomide and 

dexamethasone

c.  Both a and b

choice questions. Credit cannot be obtained for tests complet-
ed on paper. You must be a registered user on NCCN.org. If you 
are not registered on NCCN.org, click on “New Member? Sign 
up here” link on the left hand side of the Web site to register. 
Only one answer is correct for each question. Once you suc-
cessfully answer all posttest questions you will be able to view 
and/or print your certificate. Software requirements: Internet

Instructions for Completion
To participate in this journal CE activity: 1) review the learning 
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tent; 3) take the posttest with a 66% minimum passing score 
and complete the evaluation at http://education.nccn.org/
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Posttest Questions
1.  True or False:  Myeloma is characterized by deficiencies in 

cellular and humoral immunity that contribute to the im-
munosuppressive milieu promoting disease progression and 
immune escape.

2.  The immunotherapeutic strategies currently being evalu-
ated in clinical trials for treatment of multiple myeloma 
include:
a. Dendritic cell vaccines
b. Autologous and engineered T-cell therapy
c. Natural killer cell
d. immune checkpoint blockade
e. All the above
f. a, c, and d


