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Abstract

Multiple myeloma is a cancer of malignant plasma cells in the bone marrow 
and treatment has vastly improved in the last decade with the introduction of 
novel agents such as immunomodulatory drugs and proteasome inhibitors. 
New therapies are however required to eradicate residual disease and convert 
remission into cure. An increased understanding of immune defects in patients 
with myeloma has allowed for the development of immunotherapies that aim 
to unleash host T cells from tumour suppression and reactivate host immunity. 
Such T cell therapies are currently being trialled in patients producing promising 
results. In this review, we will describe the dysfunctional T cell landscape in 
myeloma, summarise the recent advances in T cell therapies and discuss future 
possibilities for myeloma treatment.
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Introduction
Despite significant therapeutic gains due to the use of 

immunomodulatory drugs (IMiDs) and proteasome inhibitors 
in MM, all patients eventually relapse from persisting residual 
disease and MM remains incurable [1]. New therapies are required 
to eradicate residual disease and promote long term survival. 
Immunotherapy in conjunction with standard chemotherapy may be 
the avenue to long-term remissions and ultimately cures [2,3]. There 
is both direct and indirect evidence that immunological control of 
the malignant myeloma cells is possible. Allogeneic hematopoietic 
stem cell transplantation, the prototypic cellular immune therapy, 
can cure myeloma; however it is associated with high morbidity and 
mortality [4]. Indirect evidence for host anti-tumour activity includes 
the observation of pre-malignancy specific effector T cells in the bone 
marrow of patients with monoclonal gammopathy of undetermined 
significance (MGUS) [5], patients with disease in plateau phase, where 
a significant tumour load is detected but the disease remains stable 
and suggests a degree of host immune control [6] and the correlation 
between expanded CD8+ cytotoxic T cell clones and improved 
survival [7-10]. Whilst the immune system has the ability to target and 
eradicate MM tumour cells, this ability is hampered by widespread 
immune dysfunction in MM, which affects the T cell compartment, 
in particular cytotoxic T cells, which are the predominant type of 
effector cell involved in immune-mediated cancer destruction [11]. 
Tumour-induced mechanisms incapacitate immune cells, including 
tumour-specific cytotoxic T cells, thus permitting tumour evasion 
and consequent progression [12]. In this review, we will highlight 
the current abnormalities in the T cell landscape in MM and the 
development of T cell therapies for MM. In particular, we will review 
the use of IMiDs, checkpoint inhibitors, adoptive T cell therapy, 
dendritic cell (DC) vaccination and alternative approaches to MM 
treatment (Figure 1).

The T cell landscape in MM
A hallmark of cancer is the avoidance of immune destruction 

by the host immune system [13]. There are different mechanisms 
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used by tumour cells to evade the host immune system including 
alterations in how T cells encounter antigen or become activated, 
leading to impaired cytotoxic T cell function [14,15]. Such tumour-
induced immunosuppression may be partly responsible for the lack 
of success of immunotherapy approaches in MM in the past. A full 
understanding of the mechanisms of T cell suppression is required in 
order to restore T cell function and ultimately the ability of these T 
cells to mount an effective immune response against MM.

There are multiple numerical, phenotypic and functional 
abnormalities in the T cell compartment of MM patients [8]. One 
of the earliest defects detected was a decreased CD4:CD8 ratio due 
to a decrease in the absolute number of CD4+ T cells and a normal 
absolute but increased relative number of CD8 T cells [16,17]. Further 
decreases in this ratio have also been linked to disease progression 
[18].

Discrepancies in absolute numbers of regulatory T cells (Tregs) 
and T helper (Th) 17 cells have been reported in MM [19-24], however 
this may be attributed to the differences in methodology and patient 
selection [25]. Of more importance may be the imbalance between 
the numbers of Tregs and Th17 cells (Treg/Th17 ratio) as tumour 
progression is supported by the presence of an immune suppressive 
microenvironment induced by Tregs and a down regulated pro-
inflammatory response by Th17 cells. Significantly increased Treg/
Th17 ratios have been detected in MM patients in comparison to 
patients with monoclonal gammopathy of undetermined significance 
(MGUS) and aged matched healthy controls. The increased Treg/
Th17 ratio favours a suppressive state and also correlated with a 
worse prognosis [25]. Conflicting reports of a skewed ratio towards 
Th17 cells in MM have also been described in the peripheral blood 
and bone marrow [26]. Interleukein (IL)-6 and transforming growth 
factor-β (TGF-β) from the surrounding BM environment plays a role 
in the induction of Th17 cells and a concomitant decrease in numbers 
of Tregs [26,27].

The transfer of membrane proteins between cells during cell-
to-cell contact, termed trogocytosis, can alter the phenotype and 
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function of cells [28]. Trogocytosis occurs in MM and is more 
prevalent than in other B cell malignancies including chronic 
lymphocytic leukemia and Waldenstrom’s macroglobulinaemia 
[29]. These studies demonstrated T cells were more commonly 
recipients of trogocytosis, rather than B cells or natural killer cells. 
Trogocytosis occurs in a unidirectional manner and T cells acquire 
CD86 and human leucocyte antigen (HLA)-G antigens after contact 
with malignant plasma cells. The acquisition of these molecules, in 
particular HLA-G, alters the function of T cells, converting them 
into acquired Tregs, which are able to inhibit the proliferation and 
function of other T cells, similar to that of natural Tregs.

Numerically normal but functionally defective dendritic 
cells (DC) in the blood of patients can lead to impaired antigen 
presentation to cytotoxic T cells and suppressed recognition and 
killing of malignant plasma cells. After stimulation with CD40 ligand, 
DC from MM patients are unable to significantly upregulate the 
expression of the B7 co-stimulatory molecules, CD80 and CD86. 
The immature DCs are unable to provide co-stimulation to T cells, 
leading to impaired antigen presentation to T cells. The failed 
upregulation of DC co-stimulatory molecules is induced by TGF-β 
and IL-10 secreted by malignant plasma cells [30] and this defect can 
be reversed by the addition of exogenous IL-12 or interferon (IFN)-γ 
[31]. Tumour secreted IL-6 can also alter the number, phenotype, 
function and development of DCs. IL-6 inhibits the growth of CD34+ 
DC progenitors, causing the cells to differentiate into CD1a- CD14+ 
monocytes with phagocytic function rather than antigen-presenting 

abilities [32]. In addition, DCs in MM also have a decreased ability to 
stimulate allogeneic T cell responses and these features are hallmarks 
of tolerogenic DC [33]. Absence of co-stimulation during T cell 
activation can also induce T cell anergy or hypo-responsiveness of 
the T cell, tolerance or T cell death. Sub-optimal presentations of 
antigens due to the presence of inhibitory signals and/or poor co-
stimulation also contribute to this anergic phenotype.

Myeloid derived suppressor cells (MDSC) are a heterogeneous 
population of immature myeloid progenitor cells that have tumour 
promoting and immune suppressive properties [34]. Increased 
numbers of MDSC are found in MM patients and there is a 
bidirectional beneficial relationship between MDSC and malignant 
plasma cells [35,36]. In co-cultures, MDSCs inhibit autologous T cell 
proliferation in both the peripheral blood and bone marrow. MDSC 
also exert suppressive effects on immune effector cells resulting in 
repressed CD4+ T cells, CD8+ T cells and NKT cell mediated anti-
tumour immune responses [35]. The granulocytic subset of MDSC 
(HLA-DR- CD33+, CD11b+, CD15+) are significantly increased 
in MM patients with progressive disease. This subset is the most 
inhibitory and these cells are able to generate additional Treg cells 
and are stimulated by G-CSF during stem cell mobilization [36].

Expanded populations of cytotoxic CD8+ T cell clones are 
frequently detected in MM patients [10]. The presence of these cells is 
linked to a favorable prognosis [7,10,37] and are postulated to play a 
role in anti-tumour immunity. Despite their prognostic significance 
the cells are unable to proliferate in vitro in response to T cell receptor 
ligation, in comparison to other non-clonal T cells, suggesting tumour-
induced dysfunction [10,38]. T cell clones are a universal feature of 
long term survivors of MM and in these patients, the clones remain 
proliferative suggesting a role in improving survival. [38]. Clonal T 
cell dysfunction was shown to be related to telomere-independent 
senescence or senescence associated secretory phenotype (SASP) as 
the cells were able to produce IFN-γ [10]. Potential targets to restore 
cell function, including blocking of the TGF-SMAD pathway have 
also been identified [10]. Restoring their function provides a unique 
opportunity to enhance natural anti-tumour immunity in MM and 
has potential to develop a novel cell therapy based on the restoration 
of the host’s immune response.

Standard MM therapies alter the T cell landscape
To optimize the efficacy of immunotherapy it is essential to 

understand the therapeutic landscape in MM, and how this alters 
immunity. Dramatic improvements in outcomes for MM patients 
over the last 15 years have been predominantly due to the advent of 
novel agents (namely immunomodulatory drugs and proteasome 
inhibitors). Three drug combinations containing two novel agents and 
glucocorticoids, or one novel agent, an alkylating chemotherapeutic 
agent and a glucocorticoid are able to induce complete responses 
in 75% of patients [39]. Broadly speaking, novel T cell therapies 
are being trialled in three clinical contexts: 1) in combination with 
these conventional regimens at induction or relapse, 2) after the 
completion of conventional therapy when disease bulk is low, or 3) 
in the relapsed/refractory setting when multiple lines of conventional 
therapy have failed. All of these strategies require an understanding 
of the effects of conventional therapies on T cells and how this alters 
their susceptibility to manipulation and in particular, suggest the 

Figure 1: Overview of T cell therapies for the treatment of multiple myeloma.
Immunotherapies currently being trialled aim to enhance the host immune 
response against multiple myeloma through three different methods: 1) 
Generation of new T cell responses through dendritic cell (DC) vaccination to 
prime T cell responses against antigens; 2) Modulation of T cell responses 
by unleashing T cells from tumour suppression using checkpoint inhibitor 
antibodies, administering IMiDs, removal of suppressive cells (Tregs) 
and cytotoxic chemotherapy and 3) Redirection of T cell response using 
genetically modified T cells such as CAR T cells and BiTe antibodies to 
induce T cell recognition and killing of malignant tumour cells.
Abbreviations: Abs: Antibodies; BiTe: Bi-specific T cell engagers; CAR: 
Chimeric Antigen Receptor; CTL: Cytotoxic T Lymphocyte; DC: Dendritic 
Cell; IMiDs: Immunomodulatory Drugs; MM: Multiple Myeloma; PD-1: 
Programmed Death Protein-1; PD-L1: PD-1 ligand; Th17: T helper 17 cells; 
Treg: Regulatory T cell.
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window of immunological opportunity will be when disease control 
is at its optimum.

Immunomodulatory drugs
Immunomodulatory drugs (IMiDs) acquired this moniker for 

their ability to promote T cell activation. It was initially shown that 
Thalidomide greatly lowers the threshold for T cell proliferation and 
cytokine production upon T cell receptor (TCR) engagement [40]. 
Importantly, there is no detectable change to T cell behavior in the 
absence of TCR ligation, suggesting that these agents enhance T cell 
function, without affecting T cell specificity. Subsequent generations 
of IMiDs do this more potently. Mechanistically, they achieve this 
by bypassing the need for T cell co-stimulation, through inducing 
tyrosine phosphorylation of CD28 and downstream signaling 
[41]. The mechanism of action of IMiDs has only been recently 
described [42], and the T-cell stimulatory effect is attributable to 
cereblon-mediated modulation of the E3-ubiquitin ligase leading 
to the degradation of T cell suppressing signaling molecules Ikaros 
and Aiolos [43]. Practically, this infers that T cells can proliferate 
in response to the suboptimal stimulus of an immature DC, with 
low levels of co-stimulatory molecule expression. As DCs have 
a maturation defect in MM [44], demonstrating impaired up-
regulation of co-stimulatory molecules, this may provide a solution in 
vivo to their dysfunction and impaired ability to present antigen. In T 
cells in CLL, there is a defect in the recruitment of signaling molecules 
upon TCR stimulation and subsequently an inadequate antigen-
dependent F-actin polymerisation, leading to weak immunological 
synapses [45]. Lenalidomide has the ability to repair these defects and 
strengthen synapse formation in vivo [45,46] and it is possible that it 
supports immune synapse formation in MM.

In addition to lowering the T cell rheostat for activation, 
Lenalidomide has the ability to reduce the suppressive effect of Tregs 
and MDSCs on T effector cells, and this may further potentiate anti-
tumour immune responses [47-49]. All of the above is demonstrated 
by the fact that when Lenalidomide is administered at the time of 
vaccination with pneumococcal 7-valent vaccine, antigen-specific T 
cell responses are markedly increased [50]. The effect of Lenalidomide 
dose and schedule has recently been examined in a murine lymphoma 
model [51]. Continual low dose therapy but not high dose therapy, 
was associated with better vaccine-related protection from tumour 
challenge. This was dependent on both CD4+ and CD8+ T cells, and 
associated with a drop in both Treg and myeloid-derived suppressor 
cells. Lenalidomide appears to be the most promising novel agent 
to take forward into clinical trials combined with DC vaccination 
therapies. When combined with a MM DC tumour fusion vaccine in 
vitro, T cell responses were enhanced, with increased Th1 polarization 
and killing of tumour targets [48].

IMiDs such as thalidomide are also able to stimulate additional 
T cell clones, which are linked to a better prognosis. In the MM6 
trial that investigated the use of thalidomide as maintenance therapy 
following autologous transplant, T cell clones were initially detected 
in 48% of patients prior to transplant. After transplant, for patients 
who received control maintenance (prednisolone), the T cell clone 
incidence remained similar, at 47%, however, in the patient group 
that received thalidomide maintenance, clone incidence increased to 
76% [9]. The presence of clones on multivariate analysis was found 

to be an independent factor in prolonging progression free survival.

Cytotoxic chemotherapy: The most commonly used cytotoxic 
chemotherapy agent in the treatment of MM in transplant eligible 
patients is cyclophosphamide and it has stimulated recent interest for 
its immunomodulatory effects. The effects of cyclophosphamide are 
dose dependent. The immune modulatory effects occur at a low dose 
(20 mg/kg) in mice which promote immune-mediated suppression of 
tumour growth [52]. It does this at least in part through the depletion 
of Tregs [53]. However, at higher doses (200 mg/kg) there is bone 
marrow suppression and decreases in effector cell numbers, and 
these benefits are lost. The immune effects of cyclophosphamide 
are also dose dependent in humans [54]. Importantly, the doses 
of cyclophosphamide used in MM in induction therapies like 
cyclophosphamide, thalidomide and dexamethasone (CTD) are 
similar to the doses found to be immune-potentiating (300 mg/m2) 
in humans [55,56].

Glucocorticoids: While novel agents and cyclophosphamide may 
have positive effects on T cell mediated immunity, Glucocorticoids 
(GC) are ubiquitous in MM treatment protocols, and they 
dramatically suppress T cell immunity. T cells undergo apoptosis 
at pharmacological concentrations of GC, dependent on levels of 
BCL-2 [57]. In addition, GC modulate gene expression through 
glucocorticoid response elements, altering Tec kinase levels, and 
suppressing signaling downstream of the TCR [58].

Therefore, conventional therapeutic regimens used in MM 
contain agents that both enhance and inhibit T cell immunity. In 
particular, with regards to GC, a difficult balance must be struck 
between the synergistic anti-MM effects of GC and novel agents, and 
the fact that GC will greatly limit any immune potentiating effects. A 
rational way to assess this is in the maintenance phase after autologous 
transplantation, with a randomization to IMIDs with or without GC, 
and this is currently being assessed in the context of pomalidomide 
(MM14).

Antibody therapies
Immune checkpoint blockade in MM: Cancers escape immune 

surveillance by suppressing anti-tumour T cells through multiple 
mechanisms, including the hijacking of immune checkpoints 
pathways involving molecules such as programmed cell death 
protein-1 (PD-1) and cytotoxic T lymphocyte associated antigen-4 
(CTLA-4) [59]. PD-1 is a particularly relevant checkpoint in MM as 
there is increased expression on CD4, CD8 and NK cells from patients 
with MM [60,61]. Interestingly, PD-1 levels normalize upon recovery 
after autologous stem cell transplantation [60]. However, PD-1 is not 
expressed on clonally expanded cytotoxic T cells in the MM bone 
marrow [62]. These T cell clones are associated with an improved 
prognosis [37] [63,10], hence are strong candidates as MM-specific 
T cells. For immune checkpoint blockade to be an effective modality, 
it is not only crucial to be able to reverse tumour-induced T cell 
dysfunction through blockade, but also for those re-activated T cells 
to have the ability to specifically recognize a tumour epitope. The lack 
of PD-1 on the prognostically significant clonal T cells may explain 
the limited clinical response to PD-1 blockade in MM [62].

In addition, PD-L1, a ligand for PD-1, is increased on malignant 
plasma cells from MM patients in comparison to healthy plasma cells 
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[61], as well as on the supportive stromal cells [64], although there are 
also conflicting reports of low levels of PD-L1 on plasma cells [65]. 
When mice are transplanted with murine MM, PD-1 is unregulated 
on CD4 and CD8 T cells. This is proportional to tumour load, is more 
marked in tumour-bearing tissue and is associated with an exhausted 
phenotype [66]. Furthermore, PD-L1 expression was driven in part by 
increased copy number and was highest in hyperdiploid MM, and not 
associated with poor prognostic cytogenetics subgroups. Pre-clinical 
data supports the promise of PD-1 checkpoint blockade. Anti-PD-1 
increases granzyme expression in T and NK cells from refractory MM 
patients and enhances their ability to kill autologous MM cells. The 
addition of PD-1 blockade enhanced T cell responses to a myeloma 
DC fusion vaccine in vitro, with increased Th1 polarization and 
cytotoxic capacity [60]. Taken together, this means the PD-1/PDL-1 
axis is relevant in MM, and has the capacity to enhance autologous 
anti-MM immunity.

The initial results of single agent PD-1 checkpoint blockade in 
MM were disappointing [62,67]. Of the 27 relapsed and refractory 
MM patients who received 2nd weekly nivolumab, there was only one 
response. However, given all patients had received at least 2 prior 
lines of therapy, and 52% had received at least 4 prior lines, the fact 
that 63% achieved stable disease with a median PFS of 10 weeks, may 
indicate some limited activity in this heavily pre-treated group [67]. It 
is not possible to draw much from a single patient response in a clinical 
trial, but the one individual, who responded required radiotherapy to 
a single rib plasmacytoma mid study, and recommenced nivolumab 
afterwards. They remain in CR at 14 months since discontinuation. 
There is current interest in the abscopal effect, where by local 
radiotherapy leads to the regression of distant tumours through 
immunological mechanisms, and checkpoint blockade promotes 
this [68,69]. An intriguing study of immunological biomarkers 
in a melanoma patient who developed the abscopal effect after 
receiving radiotherapy whilst on CTLA-4 blockade (ipilumumab), 
demonstrated an increase in CD4 T cell activation and melanoma 
antigen specific T cell responses with CTLA-4 blockade, but with 
no further increase after radiotherapy despite a dramatic clinical 
response [68]. Further studies are required to dissect the mechanisms 
behind this phenomenon.

In contrast to the limited efficacy of single agent PD-1 blockade, 
more impressive effects have been described in combination with 
IMiDs. It has recently been demonstrated that lenalidomide can 
enhance immune checkpoint blockade-induced immune responses 
in MM [70]. Pembrolizumab in combination with lenalidomide 
and low dose dexamethasone was tested in relapsed patients with 
51% having received >3 prior therapies, and 41% having failed 
IMiDs [71]. The ORR was 76% (n=17), with 4 VGPR and 9 PR. 
Whilst responses in IMiD refractory patients are mentioned, the 
response rate in lenalidomide refractory patients is not mentioned. 
A combination of pembrolizumab, pomalidomide and low dose 
dexamethasone has also been tested in the heavily pre-treated 
patients with a median of 3 prior lines of therapy, all patients having 
received both IMiDs and Proteasome inhibitors, and 75% refractory 
to both, with 21% refractory to Lenalidomide alone. In addition, 
all patients had cytogenetic abnormalities, with 1q+ in 72% and 
high-risk FISH in 40%. The ORR was subsequently lower at 50% 
(11/22) with 23% VGPR or better and 27% PR [72]. However, these 

studies are uncontrolled, and ORR to low dose dexamethasone and 
pomalidomide in the relapsed refractory setting are significant; for 
example the ORR was 35% in IFM2009-02 with a more heavily pre-
treated population with a median of 5 prior lines of therapy [73], and 
34% in a similarly heavily pre-treated population with a median of 3 
prior lines of therapy [74]. Larger cohorts and controlled trials are 
required, to confirm what appears to be synergism between these two 
immunomodulatory therapies.

BiTe antibodies: Another application of antibody therapy to treat 
MM is through Bi-specific T cell engagers (BiTe). BiTe antibodies 
are composed of single fragment chain variable components with 
two specificities, joined by a linker [75]. This allows one antibody to 
target one antigen on one cell, and a different antigen on another cell. 
The widest application of this is to target an antigen that the tumour 
bears, and the T cell receptor, through CD3 [75]. Importantly, this 
not only brings the T cell and tumour within proximity, but leads to 
tumour-specific activation of T cells [76], and the formation of an 
immunological synapse [77].

Clinical efficacy has been demonstrated in ALL with a CD3-CD19 
directed BiTe, Blinotumumab, in relapsed disease [78], with 43% CR 
rates. There is pre-clinical validation of this approach in MM. B cell 
maturation antigen (BCMA), is an attractive target as its expression 
is restricted to MM cells, and it is expressed widely in MM [79]. 
Subsequently, one CD3-BCMA targeting BiTe has been shown to 
induce MM cell line death and promote survival in xenograft models 
[80], and an alternative construct kills MM cell lines, while activating 
T cells and releasing inflammatory cytokines, with favorable 
pharmacokinetics in non-human primate studies with no reported 
major toxicity [81]. The great benefit of antibody therapeutics is how 
prone they are to alterations and optimization. A BiTe antibody 
targeting CD138 and CD3 with a high affinity IgG1 region to target Fc 
and therefore associate with activated NK cells in addition to T cells, 
has shown promise in preclinical testing [82]. These antibodies now 
need to be tested in the clinic and this is currently under commercial 
investigation. The most promising agent targets BCMA, CD3 and has 
enhanced Fc binding, and is currently under investigation in a Phase 
I clinical trial (NCT02064387).

Immune effects of anti-CD38 antibodies: MM targeting 
antibodies have had dramatic effects in the clinic, with the use of 
daratumumab, a CD38 specific antibody that has single agent efficacy 
[83] and also induces deep responses in combination with other novel 
agents [84]. However, CD38 is expressed on numerous immune cell 
populations and anti-CD38 antibodies are immunomodulatory. 
Daratumumab has been shown to selectively abrogate a novel 
population of CD38+ Tregs, which are more immunosuppressive 
than CD38- Tregs in vitro. Concomitantly, there was an increase in 
absolute numbers of helper and cytotoxic T cell subsets. Interestingly, 
daratumumab promoted clonal T cell expansions, and this was more 
prevalent in patients with good clinical responses, suggesting an 
antigen driven T cell response with daratumumab treatment [85].

Cellular therapies
DC vaccination: Dendritic cells are the professional antigen-

presenting cells of the immune system, and have the ability to 
stimulate T cell responses to new tumour antigens. When used as a 
cellular therapy, this involves (1) removing cells (usually monocytes) 
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from the body, (2) maturing them in vitro into monocyte-derived DC 
(MoDC) (3) exposing them to a source of tumour antigen and (4) re-
administering them so that they will traffic to lymph nodes and prime 
T cell responses [86]. There was a scientific rationale for this approach 
in MM, as myeloid DC (mDC) have an altered phenotype in MM 
with partial maturation [32,87,88] and a maturation defect, with 
impaired up-regulation of CD80 when stimulated by CD40L [30]. 
This is attributable to factors within the tumour microenvironment 
including TGFβ and IL-10, and can be reversed in vitro with IL-12 
and IFN-γ [31]. Consequently, mDC have a decreased ability to 
stimulate T cell proliferation and the production of Th1 cytokines 
[32,87,88]. Hence, it was reasonable to perform DC maturation 
outside of this suppressive tumour microenvironment. While MoDC 
generated in the presence of MM tumour lysate or MM bone marrow 
sera are defective [32,89,90], MoDC developed from MM patients’ 
monocytes in the absence of tumour-related material are functional 
[91,92]. However, there are reservations as to how well Mo-DC 
migrate after injection and also in their ability to process and present 
antigen [93,94].

Numerous trials have now been conducted using DC vaccination 
in MM and a full discussion is beyond the scope of this review but 
definitive clinical efficacy has been difficult to demonstrate. The 
Mayo group reported a survival advantage with their DC enriched 
mononuclear cell vaccine of 5.3 years when compared to a historical 
control cohort with 3.4 years, however this is not truly controlled 
data and remains open to criticism [95]. Rosenblatt et al vaccinated 
patients with a MoDC tumour fusion as a consolidation strategy after 
conventional induction and autologous transplantation, and while 
they report 24% converting from PR to CR during the vaccination 
schedule [96], paraprotein levels continue to decrease in up to 39% 
of patients more than 100 days after autologous transplant without 
any further intervention [97], so it is unclear whether this was truly a 
vaccine effect. However, we must remember the lessons learnt from 
the clinical evaluation of Sipeleucel T, the only FDA-accredited blood 
DC based vaccine therapy in use [98]. It was necessary to enroll 512 
patients with castrate-resistant prostate cancer in a randomized 
controlled trial to demonstrate a benefit, and furthermore, while 
there was no different in progression-free survival, there was a 
significant increase in overall survival of 2 to 3 months. Hence, 
the nature of immunological control is fundamentally different to 
chemotherapy induced tumour death, with the potential to enter 
a state of equilibrium, wherein tumour persists but its effects are 
limited. This demands that we assess the clinical effects of immune 
therapies in a fundamentally different way to conventional agents 
and small molecule inhibitors, with an increased focus on survival 
benefits and disease stability, along with the use of robust harmonised 
T cell biomarkers. Indeed, when we view the MM DC vaccination 
trials in this light, multiple trials have reported stable disease in 
vaccinated patients with demonstrable anti-tumour T cell responses 
[99,100,101], and this may reflect clinical efficacy.

The successful induction of anti-tumour T cell responses in vivo 
in these trials demonstrates that MM patients’ T cells can recognize 
the tumour if appropriately primed. There are options for improving 
DC vaccination, notably by using blood DC as an alternative source 
[102]. There are a number of therapies which can enhance T cell 
responses, for example PD-1 checkpoint blockade enhances the 

potency of a MM DC vaccine in vitro [60], and is now being assessed 
in a clinical trial (NCT01067287). Moving forward, it will be sensible 
to rationally combine DC therapies with T cell therapies for improved 
clinical outcomes.

Chimeric antigen receptor (CAR) T cells in MM: The 
fundamental role of the cytotoxic T cell in eliminating tumour cells 
has recently been underscored by advances in immunotherapy using 
chimeric antigen receptor (CAR) T cells and immune checkpoint 
blockade [103]. CAR T cells are autologous T cells that are genetically 
modified to express receptors containing an antigen recognition 
domain that recognises a specific target on tumour cells, as well as 
co-stimulatory and T cell activation domains. Infusion of CAR T cells 
aims to induce T cell recognition and killing of malignant tumour 
cells. A number of CAR T cells against different targets are currently 
being investigated in MM patients. CD19 CAR T cells have been 
successful in inducing good clinical responses in a number of B cell 
malignancies, most noticeably in acute lymphoblastic leukemia. 
Interestingly, CD19 CAR T cells have also been efficacious in MM 
despite the absence of this marker on plasma cells [104]. Autologous 
stem cell transplantation followed by infusion of CD19 CAR T cells 
led to a complete response in a MM patient who was previously 
refractory to nine lines of therapy. There was no detectable serum 
or urine monoclonal protein and the response persisted despite the 
fact that CAR T cells were no longer detectable. The efficacy was 
attributed to CAR T cells targeting a CD19+ MM precursor plasma 
cell population or to the possible depletion of normal CD19+ B cells 
that were pro-myeloma [105].

Anti-myeloma activity has also been demonstrated with CAR T 
cells recognizing BCMA which is expressed by some B cells, normal 
plasma cells and malignant plasma cells [79]. Two patients were 
treated with the highest dose level of BCMA-CAR T cells (9x106 
CAR+ T cells/kg body weight). The first patient had chemotherapy 
resistant disease with a heavily infiltrated BM of up to 90% plasma 
cells. Following administration of BCMA-CAR T cells, plasma cells 
were undetectable by flow cytometry and the patient went into 
stringent complete remission for 17 weeks prior to relapse. The 
second patient, who also had chemotherapy resistant disease with 
plasma cells constituting 80% of the BM, has had a very good partial 
response to date following CAR T cell treatment. Higher numbers of 
BCMA-CAR T cells were required to induce responses in patients in 
comparison to CD19-CAR T cells, which could possibly be attributed 
to weaker BCMA expression on plasma cells, differences in CAR T 
cell design and the presence of soluble BCMA in serum and in the 
bone marrow. The BCMA-CAR T cells were found to be of an effector 
memory T cell phenotype and expressed increased levels of PD-1 
and CD57, indicative of a highly differentiated cell phenotype [106]. 
Both patients treated on the highest dose level exhibited cytokine 
release syndrome and experienced fevers, hypotension, dyspnoea and 
cytopenias, much like the patients that received CD19-CAR T cell 
treatment in MM and ALL. Other targets for are also currently being 
investigated, including CD138, a molecule that is highly expressed on 
MM plasma cells, with stable responses observed in 5 patients thus 
far [107].

Despite the impressive clinical results thus far, the mechanisms 
of action and efficacy are not completely understood. In addition, 
adoptively-transferred T cells are also autologous T cells, which 
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may also mean they are susceptible to existing tumour suppressive 
mechanisms [108]. Preclinical data demonstrated that the presence of 
Tregs in the tumour microenvironment could inhibit the CAR T cell 
activity against tumour cells in a murine model [109]. Modifications 
to the early generation of CAR T cells to secrete IL-12 were required 
to combat the suppressive effects exerted by Tregs [110]. Further 
problems may include off target issues, as target antigens may be 
expressed on normal non-malignant cells or tissues. B cell aplasia was 
seen in patients with the use of CD19 CAR T cells [111]. Unexpected 
serious adverse events and fatalities resulted from MAGE-A3 CAR 
T cells as cardiac muscle protein, titin, was found to be a previously 
unknown alternative target for the MAGE-3 CAR T cells [112].

Future possibilities
Although MM remains incurable at present, there are a wide range 

of treatment options that reduce tumour burden and improve the 
quality of life for patients. The overall survival for MM has improved 
dramatically since the introduction of novel therapies such as IMiDs 
and proteasome inhibitors, however most patients eventually relapse. 
The T cell therapies discussed in this review now provide a promising 
avenue towards a potential cure for patients with myeloma by 
targeting and removing residual tumour burden, however, there is 
still much to learn about their long term persistence. T cell therapies, 
which utilise autologous T cells, may also be susceptible to the same 
in vivo tumour suppressive mechanisms and tumour escape can 
occur through clonal evolution and loss of antigenicity [108]. The 
re-activation of innate, natural tumour immunity in MM patients 
remains a prospect to eradicate residual tumour cells and produce a 
cure. The restoration of protective tumour-induced T cell clones may 
be a possible avenue to achieve this and also for the identification of 
MM-specific antigens that could be exploited for therapy.
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