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Abstract

Immunotherapy has played an important part in improving the life of patients with lymphoproliferative diseases especially since
the addition of rituximab to chemotherapy in the CD20-positive neoplasms in the 1990s. While this field of passive immuno-
therapy is continuously evolving, several breakthroughs will expand the treatment modalities to include more active immuno-
therapy. With the approval of immune checkpoint-blocking antibodies for Hodgkin lymphoma and bispecific antibodies for acute
lymphoblastic leukemia (ALL), activation of endogenous T cells already plays a role in several lymphoid malignancies. With the
approval of cellular therapies with CAR-T cells for ALL and diffuse large B cell lymphoma, the impact of the manipulation of
immune responses is taken even further. Vaccines are cellular therapies in the opposite end of the spectrum in terms of side
effects, and while the big breakthrough is still to come, the prospect of a very low-toxic immunotherapy which could be
applicable also in premalignant states or in frail patients drives a considerable research activity in the area. In this review, we
summarize the mechanisms of action and clinical data on trials in the lymphoid neoplasms with chimeric antigen receptor T cells,
bispecific antibodies, immune checkpoint-blocking antibodies, and antineoplastic vaccination therapy.

Keywords Immunotherapy - Lymphoma - Leukemia - Multiple myeloma - CAR-T cells - Bispecific antibodies - Vaccination
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Introduction

Lymphoproliferative neoplasms are a large group of heteroge-
neous malignancies arising from different stages of
lymphocyte maturity and ranging from immature
lymphoblasts in acute lymphoblastic leukemias (ALLs) to
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final differentiated plasma cells in multiple myeloma (MM).
During lymphocyte development, the lymphocytes gain
highly specialized functions and can be discerned by distinct
surface markers, which have been attractive for targeted
therapy.

Lymphoproliferative neoplasms remain difficult diseases to
control. Modulating the immune system is an attractive treat-
ment option, as the immune system is capable of attacking
leukemic cells. The best evidence for the potential effect of
immunotherapy against leukemia was in many years the often
sustained remissions associated with hematopoietic stem cell
transplantation (HSCT) in hematological malignancies.
Although initially considered a method of bone marrow res-
cue after high-dose chemotherapy, it is now well known that
HSCT generates a graft-versus-leukemia response, which can
be further enhanced with donor lymphocyte infusion. HSCT is
still the chosen therapeutic option for most hematologic ma-
lignancies, even though it remains a dangerous procedure with
many complications. Thus, cancer immunologists have
sought additional approaches to stimulate anti-leukemia im-
munity in order to activate the adoptive immune system, and
recent years have given us several major breakthroughs. In
this review, we focus on giving a condensed overview of the
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progress in immunotherapy for lymphoproliferative neo-
plasms. This includes the immune treatment modalities of
chimeric antigen receptor (CAR) T cells, immune
checkpoint-blocking antibodies, bispecific antibodies, and
vaccination therapy. The evolving field of monoclonal anti-
body (mAb) therapy is elaborate and beyond the scope of this
review. In addition, the clinical and pathological distinctions
between lymphoproliferative neoplasms will not be covered.
The clinical data from selected studies will be summarized for
ALL and CLL in Table I, for lymphomas in Table 2, and
multiple myeloma in Table 3.

Chimeric antigen receptor T cells

CAR-T cells are T cells genetically modified to express a
CAR. This receptor consists of a variable immunoglobulin
chain coupled with a T cell receptor (TCR) CD3 signaling
domain (Fig. 1(D)). A costimulatory domain, either CD28 or
4-1BB, has been added to second-generation CARs and both
are present on third-generation CARs. Modern gene editing
techniques, such as CRISPR-Cas9, are used for further inter-
esting developments. The variable immunoglobulin chain is
responsible for antigen recognition, and the most successful
target has been CD19 [38]. CAR-T cell therapy has an inher-
ent risk of cytokine release syndrome (CRS), characterized by
shock-related symptoms due to the release of cytokines such
as IL-6 when the T cells are infused and activated simulta-
neously. Despite being a severe and potentially life-
threatening side effect, CRS is well managed using the anti-
IL6R mAD tocilizumab and steroids. Neurotoxicity is another
potentially severe side effect with clinical presentation over-
lapping CRS, but seems to have a different pathogenesis.
These symptoms are often reversible with steroids or discon-
tinuation of the causing agent.

Acute lymphoblastic leukemia

The CAR-T cell product tisagenlecleucel was approved
by the US Food and Drug Administration (FDA)
August 30, 2017, for children and young adults with
ALL due to remarkable results in relapsed and refracto-
ry (R/R) ALL [1]. In this international study of 75
evaluable patients, the overall remission rate at 3 months
was 81%, with a 12-month overall survival (OS) of
76%. The medium duration of remission was still not
reported in the updated results, but the median OS was
19 months. In adult ALL, a similar construct was tested
in 53 adults and induced complete remission in 83%,
with a median OS of 12.9 months. However, patients
with <5% blasts in the bone marrow prior to CAR-T
cell infusion had a median OS of 20.1 months [2].

@ Springer

Approval for adult leukemia is still pending, but expect-
ed in the near future.

The first CD22 CAR-T cell study in ALL was published in
2018 [3]. In a heavily pretreated group of 21 young/pediatric
patients (age 7-30 years), the overall complete response (CR)
rate was 57%. This study included patients previously treated
with blinatumomab, CD19 CAR-T cells, and/or inotuzomab
ozogamicin; 9 out of 10 patients in this group went into CR.

The most common adverse event (AE) after CAR-T cell
therapy in general is CRS, with frequencies of 77-85% in the
large studies [1, 2]. In the study by Maude et al. [1], 46% of
patients were admitted to the ICU for treatment of CRS. In
contrast, only 26% of patients had CRS grade 3+ in the study
by Park et al. [2], which may reflect the differences in the
study population (i.e., children vs. adults) or the criteria used
to distinguish CRS from other similar reactions. Neurological
symptoms, such as confusion, aphasia, and encephalopathy,
were also common but not severe, and both CRS and neuro-
logical events were associated with high disease burden [2].

As an on-target off-tumor effect, all patients in the study by
Maude et al. who responded to the treatment experienced
long-lasting B cell aplasia with the need for immunoglobulin
substitution [1].

Diffuse large B cell lymphoma

As B cell lymphoma cells express similar differentiation
markers as B-ALL cells, similar approaches have been
explored in these diseases. The second generation CD19
CAR-T cell product axicabtagene ciloleucel was ap-
proved by the FDA for R/R diffuses large B cell lym-
phoma (DLBCL). Phase II trials involving 101 treated
patients resulted in an initial overall response rate
(ORR) of 82%, with 40% still in CR after a median
follow-up of 15.2 months [11]. Another CD19 CAR-T
cell product, CTLO19, achieved the best ORR of 59%,
with a CR rate of 30% after 6 months, in 99 patients
[12]. The third notable CD19 CAR-T cell product,
JCAR 017, was tested in 68 R/R DLBCL patients and
demonstrated the best ORR of 75% and 6-month CR of
37% [13]. The safety profiles were comparable in all
three studies, with 80-90% experiencing grade 3+
AEs, predominantly neutropenia and anemia, and CRS
occurring in >90% of patients, though mostly with low
grade symptoms.

CD20 is an established target for immunotherapy in B cell
lymphomas and CD20 CAR T cells has been developed.
Small studies have reported promising results on one or two
patients in different lymphoma subtypes [39]. In a phase Il a
study recruiting patients with R/R NHL, primarily DLBCL, 9
of 11 patients had an objective response and 6 achieved CR
[14]. Thus, CD20 seems just as promising a target as CD19 in
lymphoma patients.
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Fig. 1 Mechanism of immune activation by the major immunotherapy
concepts. (A) T cells recognize tumor antigens through the TCR/MHC
interaction, and if primed, the T cell starts the killing process of the tumor
cell. However, if the T cell receives inhibitory signals from PD-L1 or PD-
L2, the T cell is inactivated. Antibodies blocking the PD-1 stimulation,
prevent the T cell inactivation, allowing the tumor killing process to
proceed. (B) The activation through the TCR is mediated by CD3 and
antibodies binding to CD3 can have an activating effect on the T cell. The
CD3/CD19 bispecific antibodies bypass the antigen recognition step and
activate the T cells in close relation to CD19 positive B cells. (C) Priming
of T cells often needs co-stimulatory signals from antigen-presenting cells
(APC) such as dendritic cells. When APC are exposed to large amounts of

Follicular lymphoma and mantle cell lymphoma

CTLO019 has been tested in 14 heavily treated follicular lym-
phoma (FL) patients, demonstrating an ORR of 79%, with 71
in CR after 6 months [40]. Other studies including a small
number of FL patients have demonstrated similarly encourag-
ing results with an ORR of 80-100% [5, 41]. However, FL is
often kept in check with less intensive strategies. Results from
mantle cell lymphomas (MCL) are limited by very few pa-
tients in the reported studies, and the results vary between
different studies. A larger phase II trial with the KTEO019 con-
struct is ongoing, and results are expected during 2018
(NCT02601313).

Chronic lymphocytic leukemia

In 17 evaluable R/R chronic lymphocytic leukemia (CLL)
patients, the CTL0O19 construct induced an ORR of 53%, with
a CR rate of 35% at a median follow-up of 9 months [4]. More
recently, a third generation CD19 CAR-T cell product tested
in 24 CLL patients induced an ORR of 71%, with a CR rate of
21% 4 weeks after infusion [6]. The BTK inhibitor ibrutinib
approved for CLL has been shown to have an immune restor-
ative effect and could be an interesting agent in combination
with immunotherapy. This was confirmed preclinically, com-
bining ibrutinib with CD19/CD3 CAR-T cells, and early clin-
ical short-term results revealed a CR rate of 89% [7, 42]
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immunogenic tumor peptides they will present them for T cells and
provide the co-stimulatory signals. This can be done in vitro by fusing
APC with tumor cells or pulse APCs with tumor fragments, or in vivo
with peptide vaccines. (D) Chimeric antigen receptor consists of a
variable region of an antibody and the T cell activating CD3-zeta
region. The genetic code for this receptor is transfected in to autologous
T cells, expanded and re-infused in the patient. 2nd Generation CAR-T-
cells have either CD28 or 4-1BB as a co-stimulatory region, and 3rd
generation have both. PD-1, programmed death receptor 1; PD-L1/PD-
L2, PD-1 ligand 1 and 2; TCR, T cell receptor; MHC, major
histocompatibility complex; APC, antigen-presenting cell

T cell lymphoma and Hodgkin lymphoma

T cell lymphomas are rare and heterogeneous, complicating
studies on novel drugs. In contrast to B cell aplasia which can
be substituted with immunoglobulins, the lack of T cells is
often fatal and no substitute is available. Furthermore, malig-
nant T cells share an immunophenotype with the autologous T
cells used for the CAR-T constructs, making them hard to
distinguish from the neoplastic T cells. However, a group from
Washington University developed a CD7-targeting CAR-T
cells product with minimal self-recognition due to knock-out
of CD7 expression on the CAR-T cells. They also deleted the
alpha chain of the TCR in the transduced T cells to enable
allogeneic application [43]. CAR-T cells targeting CD30 are
being tested in Hodgkin lymphoma (HL) and some T cell
lymphomas. Early results show some efficacy but are based
on few patients, and a majority was refractory to brentuximab
vedotin, which may be suboptimal for another CD30-targeting
agent [44, 45].

Multiple myeloma

As myeloma cells are the malignant counterparts of mature
plasma cells, they infrequently express CD19 [46]. However,
relapses may arise from less differentiated, chemo-insensitive
CD19-positive subpopulations [47]. Thus, a CD19-CAR-T
cell product has been tested as consolidation therapy to sal-
vage high-dose chemotherapy and autologous stem cell
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transplantation (ASCT) [26]. Ten patients with relapse after
ASCT underwent salvage ASCT, followed by CTLO19 infu-
sion 14-16 days later. The dose was 10-fold lower than in
previous trials in ALL and CLL due to concerns regarding
toxicity, and only one patient experienced grade 1 CRS. Two
patients had longer progression-free survival (PFS) after
ASCT+CDI19-CAR-T cell treatment than after the initial
ASCT. Compared to an historical control treated with salvage
ASCT, the patients had longer PFS in this trial.

Another interesting target in MM is the B cell maturation
antigen (BCMA), a member of the TNF receptor superfamily.
BCMA is frequently expressed on myeloma cells, as well as
plasmacytoid dendritic cells, normal plasma cells, and some
memory B cells, but is absent from non-hematopoietic tissue
and hematopoietic stem cells [48-51]. Second generation
BCMA CAR-T cells have been developed, and the results of
a phase I study and preliminary results of a phase II study in
MM have been reported [27-29]. Responses and AEs were
related to dose, and patients with PR or better had a higher
peak of CAR-T cells and a reduction in soluble BCMA [28,
29]. Another BCMA CAR-T cell product (bb2121) is in a
phase I dose-escalation trial (NCT02658929); results from
21 patients have been published. No DLTs occurred in these
patients, and CRS occurred in 71% of patients. CRS was
associated with higher dose levels but, in contrast to ALL,
does not seem to be associated with tumor burden. The RR
in patients treated with > 150 x 10° cells was 94%. Nine of ten
evaluable patients were MRD-negative [52].

The BMCA CAR-T cell product LCAR-B38M is being
assessed in an ongoing study that has reported an ORR of
100% in 19 treated patients with CR and MRD-negativity in
6 patients. CRS was reported in 74% of patients and has been
manageable, with one grade 3 and one grade 4 case, which
recovered with treatment [31]. As considerable enthusiasm is
felt in the field, several studies of BCMA CAR-T cells are
underway.

Myeloma is one of the few indications in which T cells with
an engineered TCR instead of CAR has been tested. In con-
trast to CAR-T cells, the TCR-engineered T cells can target
MHC-presented peptides representing intracellular proteins,
and have reduced the risk of CRS. The main disadvantage is
the HLA-restriction of the TCR [38]. A phase I/II trial has
tested an autologous T cell with an affinity-enhanced TCR
against the cancer testis antigen NY-ESO-1 combined with
standard melphalan high-dose chemotherapy. Twenty patients
were enrolled, five of which relapsed after ASCT, and 12
patients had high-risk cytogenetic markers. The treatment
was safe, with no CRS, despite an increase in serum IL-6.
Three patients had grade 3 gastrointestinal autologous graft
versus host disease (GVHD), and three patients had a rash that
may have been a GVHD symptom possibly related to the
engineered T cells. Of the 20 patients, 70% attained CR or
near CR. An ongoing study has combined NY-ESO-1 TCR-

transfected T cells with pembrolizumab (NCT03168438). A
way to minimize GVHD could be via a transfection technique
that simultaneously knocks out the endogenous TCRs, mini-
mizing harmful combinations of endogenous alpha and beta
chains [53]. As with newer CAR-T cell techniques aiming to
disrupt TCR genes or beta-2-microglobulin genes, the tech-
nique may lead to a possible allogeneic off-the-shelf product
[38].

Bispecific antibodies

Bispecific antibodies are antibodies with affinity to two dif-
ferent targets. A commonly used combination is the B cell
marker CD19 with the T cell marker CD3, which brings the
cytotoxic T cells in close proximity to the malignant B cells
(Fig. 1(B)). New antibody constructs are being developed
with variations in form and number of binding sites. Some
have affinity to several different antigens such as the
trispecific antibodies and others have an increased number
of identical binding sites to increase avidity [54].
Blinatumomab, a bispecific T cell engager (BiTE®) specific
for CD3and CD19, currently dominates this field, although a
lot of new antibodies are being evaluated in ongoing trials.
One drawback of Blinatumomab is the short half-life demand-
ing continuous infusions, while other constructs with pre-
served Fc-domains have longer half-life.

Acute lymphoblastic leukemia

In July 2017, blinatumomab was approved for use in R/R B-
ALL based on a randomized trial testing blinatumomab
against standard chemotherapy. The trial included 405 patients
and demonstrated an improved median OS of 7.7 months and
CR rate of 34% in the blinatumomab arm vs. a median OS of
4.0 months and CR rate of 12% in the chemotherapy arm [8].
The FDA approval was recently expanded to include MRD-
positive patients in remission after standard treatment. The
approval was based on a single-arm study with 113 MRD-
positive patients in which 88 (78%) achieved MRD-
negativity after the addition of one cycle of blinatumomab
[55]. Several different constructs have been tested in clinical
trials, but the combination of CD3 and CD19 seems to be the
focus in ALL [54].

In a phase III study, grade 3+ AEs were reported in 87% of
patients treated with blinatumomab compared to 92% treated
with chemotherapy. The most common AEs were neutropenia
(38%) and infections (34%), but both were less frequent in the
blinatumomab arm. Pyrexia has been the most reported AE,
with an incidence of up to 80% but mainly low grade [56].
AEs of interest are CRS and neurological events, such as
encephalopathy, confusion, and aphasia, but they occurred at
low rates in this study, and neurological events were similar in
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the two cohorts (9 vs. 8%). Three percent of patients were
thought to have a fatal outcome related to blinatumomab,
compared to 7% related to chemotherapy.

Non-Hodgkin lymphoma and CLL

In R/R DLBCL, blinatumomab has been shown to induce an
objective response in 9 of 21 patients (43%), with 4 (19%)
achieving CR [15]. Thirty-nine percent had to stop the treat-
ment during stepwise dose escalation due to disease progres-
sion, and the authors speculated that a higher dose could have
benefited these patients. However, a flat dose arm with the
target dose was stopped after two patients due to neurological
events. A phase I basket trial evaluated the safety and efficacy
in different subtypes of non-Hodgkin lymphoma (NHL); 15
patients with FL had an OR of 80% and CR rate of 40%. In
MCL, the OR was 72% and CR rate 43% [16]. These are
encouraging results, but no long-term follow-up was reported
on these patients. The activity of blinatumomab in CLL has
only been explored in vitro and in murine studies but, despite
its efficacy, no further trials have been reported [57].

Hodgkin lymphoma and T cell lymphoma

Both HL and T cell lymphomas often express CD30, and the
toxin-conjugated anti-CD30 mAb brentuximab vedotin has
approved indications in these diseases. Thus, bispecific
CD30 antibodies have been tested in HL, but with limited
responses. The tetravalent antibody specific for CD30 and
CD16A was designed to activate natural killer cells instead
of T cells and has been tested in 26 HL patients; 11.5% had
a partial response and 50% had stable disease [17]. This con-
struct is being tested in combination with the immune check-
point inhibitor pembrolizumab and in CD30-positive T cell
lymphomas (NCT02665650, NCT03192202).

Multiple myeloma

No results are available in MM, but several constructs involv-
ing CD3/BMCA and CD3/CD38 specific sites have complet-
ed preclinical evaluation and are now in clinical trials [50,
58-61].

Immune checkpoint inhibitors

T cells are regulated in both the priming phase and the effector
phase. Immune checkpoint molecules on the T cell surface can
shut down the activity of the cell if ligands to the receptor are
present in sufficient amounts. In the priming phase, CTLA-4
has an important impact on regulating the activation of T cells.
In the effector phase, the checkpoint molecule PD-1 on the T
cell interacts with the ligands PD-L1 and PD-L2 on tumor
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cells and other cells in the microenvironment. Antibodies
blocking the receptor or their ligands prevent the negative
signal and preserve the activity of the T cells. The checkpoint
ligands are often upregulated in the environment of tumors
and on tumor cells, preventing spontaneous clearance by the
immune system (Fig. 1(A)). The mentioned checkpoints are
being targeted in an increasing number of malignancies, in-
cluding hematological malignancies [62]. The regulatory
mechanisms of immune activation and inhibition consist of a
meshwork of proteins and pathways, and several other check-
points are being targeted in preclinical and clinical trials.

Hodgkin lymphoma and primary mediastinal B cell
lymphoma

The PD1 inhibitors nivolumab and pembrolizumab have been
approved for HL due to encouraging clinical results. PD-L1
and PD-L2 are upregulated in HL, as well as in primary me-
diastinal B cell lymphoma (PMBCL) due to amplification of
the gene region 9p24.1. In a study of 243 HL patients, 69%
were reported to have objective responses to nivolumab, with
16% achieving CR and 53 achieving PR [18]. The median
response duration was 16.6 months, and the 1-year OS was
92%. Very similar results were reported for 210 R/R HL pa-
tients treated with pembrolizumab, with an ORR of 69% and
CR rate 0f 22.4%. The median OS and DOR were not report-
ed, but the 9-month OS was reported to be 97.5% [19].
Several interesting trials are ongoing and include first-line
approaches, and two phase III trials of note are
NCT02684292, in which pembrolizumab is being tested di-
rectly against brentuximab, and NCT03138499, in which
nivolumab is being tested with brentuximab vs. brentuximab
alone. Despite the same gene amplification being present in
PMBCL, the results have been more modest, with an ORR of
41% and CR of 11.7% in 17 evaluable patients, probably
reflecting a more resistant lymphoma subtype in general [20].

Non-Hodgkin lymphomas

In a pooled phase 1 trial testing nivolumab as monotherapy in
R/R lymphoid malignancies, 11 patients with DLBCL
achieved an OR of 36%, with 18% achieving CR and 18%
PR, representing the largest patient cohort for this disease
[21]. The same study included ten patients with FL, three of
whom had PR and one had CR with durable responses. In
contrast, none of the four MCL patients responded, and larger
datasets are not available for this disease. Twenty-three T cell
lymphoma patients were included, with an OR of 17% (2 out
of 13 patients with mycosis fungoides and 2 out of 5 patients
with peripheral T cell lymphoma). Encouragingly, a retrospec-
tive report of seven patients with natural killer/T cell lympho-
ma demonstrated responses in all patients, and five patients
were in CR after 6 months [22].
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Chronic lymphocytic leukemia

Among CLL patients, only patients with Richter transforma-
tion (RT) seem to benefit from checkpoint inhibition.
Pembrolizumab induced an objective response in 4 of 9 RT-
CLL patients and no responses were observed in 16 CLL
patients without RT [9]. Similar results were seen with
nivolumab in combination with ibrutinib; only the RT patients
had an increased benefit compared to ibrutinib alone [10].
Checkpoint inhibition in ALL is a limited field, but combina-
tions with the other successful T cell-directed treatments are
being explored, as the combination could be synergetic [63].
A case report demonstrated an anti-leukemic effect of low-
dose nivolumab in two post-transplant ALL patients, but this
is a daring field due to the increased risk of allogenic GVHD
[64].

Multiple myeloma

Trials of immune checkpoint-blocking monoclonal antibodies
(ICBs) have not produced as encouraging results in myeloma
as in several types of lymphomas. In the basket trial of
nivolumab as monotherapy for hematological malignancies,
the best response for myeloma was stable disease (SD) (17 of
27 patients) [21]. The authors speculate that the known tumor
heterogeneity and complex interactions with the tumor micro-
environment could play a role in the lack of response.
Compared to age-matched healthy donors and the non-
clonal T cells in myeloma patients, the clonal tumor-
infiltrating T cells were in a senescent state with low PD-1
expression, rather than an exhausted state with high PD-1
expression [65]. This implies that PD-1 blockade alone would
not have an effect, even though the myeloma cells and micro-
environment are PD-L1-positive.

Lenalidomide has a stimulating effect on T cells and natural
killer cells and has been shown to enhance the effect of ICBs
in vitro [66]. Thus, trials combining immunomodulatory im-
ide drugs iMiDs and ICBs have been initiated. The initial
reports from a phase I dose-escalation trial of pembrolizumab,
lenalidomide, and low-dose dexamethasone, KEYNOTE-023
(NCT02036502), showed responses in 13 of 17 patients, with
4 VGPR and 9 PR, and manageable toxicity [67]. A phase II
trial of pembrolizumab, pomalidomide, and low-dose dexa-
methasone included 48 R/R MM patients [33]; the ORR was
60% (6% sCR, 2% CR, 19% VGPR, 33% PR), a higher re-
sponse rate than in studies with pomalidomide and dexameth-
asone alone. The addition of pembrolizumab to pomalidomide
and dexamethasone seems to significantly improve the activ-
ity but at a significant cost in terms of the known ICB-
associated autoimmune side effects. AEs possibly associated
with pembrolizumab were pneumonitis (n=6 cases), hypo-
thyroidism (n =5), adrenal insufficiency (n =2), hepatitis
(n=2), and vitiligo (n=1).

The phase I and II studies have paved the way for the two
phase III pembrolizumab studies, KEYNOTE-185
(NCT02579863) with lenalidomide-dexamethasone and
KEYNOTE-183 (NCT02576977) with pomalidomide-dexa-
methasone. Unfortunately, both of these studies showed an
increased rate of death in the pembolizumab arm (19 vs. 9 in
the lenalidomide study and 29 vs. 21 in the pomalidomide
study), which led the FDA placing a full clinical stop on the
trials as of July 3, 2017, including the ongoing phase I
KEYNOTE-023.

Clinical trials with nivolumab-based combinations were
also put on partial hold by the FDA. This partial hold has been
lifted on the phase I CheckMate-039 testing nivolumab plus
daratumumab (anti-CD38 mAb) with or without
pomalidomide and dexamethasone, and on the phase II
CA204142, a multiple cohort study including an arm with
the anti-SLAMF7-mAb elotuzumab and lenalidomide. The
three-armed phase 111 trial of pomalidomide dexamethasone
with or without nivolumab and with or without elotuzumab is
still on hold. Trials with combinations involving the anti-PD-
L1-mAb durvalumab have similarly been put on full hold or
partial hold.

Interestingly, one double refractory patient in the mono-
therapy nivolumab trial [21] went into ongoing CR for >
30 months on subsequent local radiotherapy against a bony
plasmacytoma that developed while the patient was treated
with nivolumab [68]. This suggests that ICBs may support
an abscopal effect. Plans to study an effect of pembrolizumab
with radiotherapy are under way (NCT03267888).

Vaccination therapy

Vaccination strategies attempt to boost immunological tumor
killing by enhancing tumor antigen recognition and presenta-
tion. Numerous strategies are possible, as there are multiple
steps in the immune-mobilizing process that can be optimized
independently [69]. Central elements are the targeted antigen
and its specificity for the tumor, the administration and accen-
tuation of the chosen antigen, and use of an adjuvant to stim-
ulate the desired immune response when the antigen is intro-
duced. The principle of vaccination therapy is illustrated in
Fig. 1(C). Several different antigens have been targeted within
hematological malignancies, and several techniques have
been utilized for antigen presentation, ranging from cell-
based vaccines to peptide vaccines. In cell-based vaccines,
the antigen-presenting cells are loaded with the selected anti-
gens ex vivo or fused with tumor cells to ensure a broad
antigen repertoire representing the tumor. Peptide vaccines
consist of a few chosen antigens thought to be directly relevant
to the tumor and administered in great numbers. The adjuvants
vary in properties and are used for different methods. The
most common adjuvants are Toll-like receptor ligands, GM-
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CSF, and IL-12. Thus, vaccination therapy is a diverse and
evolving field. One of the limitations of current vaccines is the
immune inhibitory environment of most tumors, which is im-
portant to address in future studies.

Follicular lymphoma

Vaccines have generally been explored in indolent dis-
eases with limited tumor burden, allowing time for the
production of personalized vaccines and giving the vac-
cine optimal conditions in which to establish an immune
response [69]. Thus, indolent lymphomas have been the
center of attention, with results from three phase III
trials in FL [23-25]. These vaccines were based on
the idiotype of the malignant cells, which is the variable
region of the B cell receptor and unique for the entire
malignant B cell clone. The vaccines failed to show a
clinical benefit in a randomized setting, but a subgroup
evaluation in one study revealed that patients develop-
ing a vaccine-specific immune response (41%) had a
significantly longer median PFS of 40 months than both
controls and patients in the same arm with no immune
response [25]. Unplanned subgroup analyses in another
study revealed significantly longer disease-free survival
for patients receiving IgM isotype rather than IgG vac-
cine isotypes compared to controls [24]. A major limi-
tation of the idiotype vaccine is the unique B cell clone
for each patient requiring a personal vaccine, which can
have long production times of several months.
Therefore, current development is focusing on more
commonly shared targets. One such approach is the
targeting of immune checkpoint ligands, such as PD-
L1 and PD-L2, aiming at both the tumor cells and the
immunosuppressive environment, which we are current-
ly testing in FL (NCT03381768) [70]. Another broad,
but individualized, approach is cell-based vaccines in
which dendritic cells have been exposed to tumor cells
to present a larger repertoire of antigens. Early clinical
results have been reported for these approaches in a
small number of FL and cutaneous T cell lymphoma
patients, with some effect, but no recent reports are
available [71, 72].

Chronic lymphocytic leukemia

In CLL, a similar strategy has been used in post-allogenic
transplant patients in which the patients receive irradiated
autologous tumor cells. Patients elicited specific immune
responses with no increased GVHD and demonstrated a 2-
year PFS of 82%, but without a comparable control [73]. A
similar vaccine is currently being tested in untreated CLL
patients in NCT01976520.
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Multiple myeloma

Thus far, peptide-based vaccines for myeloma have not had
encouraging results, which might rely the immune suppres-
sive microenvironment of MM and the expression of PD-L1.
[74] However, trials are ongoing and results pending. A clas-
sic dendritic cell-based vaccine study tested autologous den-
dritic cells loaded with irradiated autologous myeloma cells.
The phase I trial enrolled 12 patients, with clinical data from
nine patients treated with the highest dose of 10 x 10° cells
weekly for 4 weeks. Seven of the nine patients had immuno-
logical responses. However, the clinical responses were mod-
est with one minor response; five patients had stable disease,
and three patients had progressive disease [34]. In a study
from the Mayo Clinic, patients were vaccinated as consolida-
tion after ASCT with autologous antigen-presenting cells, in-
cluding dendritic cells loaded with autologous serum as a
source of M-protein. The 27 treated patients had a longer
median OS than 124 consecutive non-enrolled patients (5.3
vs. 3.4 years; P =0.02). The study was not randomized [35]. A
vaccine employing autologous dendritic cell/myeloma cells
fused via treatment with polyethylene glycol (DC/MM fusion
vaccine) has been tested in a phase I trial of patients with so-
called active myeloma. Of 16 evaluable patients, 11 experi-
enced disease stabilization after vaccination; 3 had ongoing
stable disease at 12, 25, and 41 months. A phase II study of the
DC/MM fusion vaccine was performed as consolidation after
ASCT; 78% of patients attained CR or VGPR. The authors
argued that because 17% of the patients had an improved
depth of response to CR/nCR 100 days after transplantation
(four from VGPR and two from PR) and after vaccination
completion, this is consistent with an impact of the vaccine.
An ongoing randomized multicenter phase 1 trial is testing the
addition of this DC/MM fusion vaccine and GM-CSF to
lenalidomide maintenance after ASCT (NCT02728102). As
an attempt to overcome the immunosuppressive environment
in MM, we are conducting a vaccination trial targeting PD-L1
(NCT03042793).

Conclusion

Treatments for lymphoproliferative diseases are undergoing a
revolution after many years of work by resilient research
groups. These treatments have come a long way, but much
work is still needed. As the clinical relevance of immunother-
apy is now firmly established, the costly work of improving
the treatments is warranted. Furthermore, the treatments have
to be tested against earlier lines of therapy and compared to
traditional treatments, as they may be beneficial at an earlier
stage of disease. Adding the T cell preserving ICBs to the T
cell activating strategies is an obvious strategy not fully ex-
plored, and the parallel field of immune-modulating drugs and
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small molecule inhibitors, which are known to have immune-
restorative properties, could have a synergetic effect. Finally,
biological features responsible for the response and resistance
to treatment should be explored to allow us to offer the right
combination at the right time to the right patient.
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