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Abstract

The field of immunotherapy in cancer treatments has been accelerating over recent years and has entered the
forefront as a leading area of ongoing research and promising therapies that have changed the treatment
landscape for a variety of solid malignancies. Prior to its designation as the Science Breakthrough of the Year in
2013, cancer immunotherapy was active in the treatment of hematologic malignancies. This review provides a
broad overview of the past, present, and potential future of immunotherapy in hematologic malignancies.
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Background
The field of immunotherapy in cancer treatments has
been accelerating over recent years and has entered the
forefront as a leading area of ongoing research and
promising therapies that have changed the treatment
landscape for a variety of solid malignancies. Prior to its
designation as the Science Breakthrough of the Year in
2013 [1], cancer immunotherapy was active in the treat-
ment of hematologic malignancies. This review provides
a broad overview of the past, present, and potential fu-
ture of immunotherapy in hematologic malignancies.

The past (and present)
Those in the field of treating hematologic malignancies
can boast utilizing one of the oldest forms of cancer im-
munotherapy: allogeneic hematopoietic stem cell trans-
plantation (HCT). The first allogeneic transplant was
performed in 1968 by E. Donnall Thomas, who would
go on to win the Nobel Prize for being a pioneer in this
technology and the father of stem cell transplantation.
Although it has been referred to as “the chemotherapist’s
bluntest weapon” [2], as it indeed aims to eradicate the
hematopoietic and immune systems of a patient, it is
often the only curative option for many patients with
hematologic malignancies. Moreover, with widening
clinical indications and the use of alternative donors, its

use only continues to increase [3]. In addition, allogeneic
HCT has provided a model of immunotherapy in
hematologic malignancies, offering invaluable information
that can be used as the field moves forward. For example,
we have learned about the sensitivity of hematologic ma-
lignancies to the “graft-versus-leukemia” or “graft-versus-
tumor” effect, and thus, we know these are appropriate
targets for immunotherapy [4, 5]. This sensitivity has been
demonstrated by several factors: (1) the efficacy of allo-
geneic transplant in chemo-refractory disease [6, 7], (2)
the use of donor lymphocyte infusions to treat relapse
after transplant [8, 9], and (3) the use of reduced-
intensity or non-myeloablative conditioning regimens
(“mini-transplant”) [10], where the reliance of efficacy
and disease eradication is primarily on the graft-versus-
leukemia effect, with little contribution from high-dose
chemotherapy.
The overall survival after allogeneic transplant has im-

proved significantly over the past several decades [11],
although this is mainly due to improvements in non-
relapse mortality and advances in supportive care (treat-
ment and prevention of infections or graft-versus-host
disease (GVHD), for example) [12]. In addition, novel
transplant strategies have been refined to overcome obsta-
cles such as donor availability. For example, haploidentical
donor transplant using post-transplant cyclophosphamide
as GVHD prophylaxis has shown outcomes similar to
matched unrelated donor transplants with lower risk of
GVHD [13, 14]. Strategies such as this have widened the
applicability of allogeneic transplant and will impact the
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field of transplantation moving forward. Unfortunately, re-
lapse of the underlying malignancy remains the most
common cause of failure or death after transplant,
underscoring the need to improve the way in which we
are able to harness the immune system to treat
hematologic malignancies and how far we still have to
go to achieve cure. Nonetheless, we have learned, and
continue to learn, immensely about the immune system
in the treatment of hematologic malignancies from the
evolving and advancing field of allogeneic HCT, which
has helped to move the field of novel immunotherapies
forward.

Novel aspects of hematologic malignancies
Although immunotherapy has shown success in a wide
variety of cancers including many solid tumors, there
are some unique features of hematologic malignancies in
this setting that makes these cancers well poised as targets
of immunotherapy [15]. First is the sensitivity to immune
attack, as previously discussed. In addition, cells of the im-
mune system and cells of the malignancy are in constant
contact with each other within the hematopoietic system,
making the environment conducive to constant immune
surveillance. Moreover, since the cellular origins of the
malignancy are those of the immune system, these malig-
nant cells are immunostimulatory by their nature. Finally,
for the purposes of research and being able to study the
immune mechanisms in these malignancies, these malig-
nancies are accessible and thus easy to sample, especially
before and after treatment.
In contrast to these advantages, there are also some

disadvantages that hematologic malignancies carry with
them in this setting, related to these same factors. As
mentioned, the cellular origins are the same between the
malignancy and the immune system. Although this is in
some ways advantageous, the disadvantage is that the
malignant cells themselves may also be stimulated by
the inflammatory response and cytokine milieu. Also,
given that these cells are by their very nature exploita-
tions of the normal immune system, we know that the
normal immune response is at a deficit and may be hin-
dered overall [16]. Finally, and importantly, the mecha-
nisms by which the malignancies have achieved immune
evasion are likely exceptional, given the close contact
with normal immune cells as previously mentioned [17].
Thus, successful immune strategies have to be able to
overcome these immune escape mechanisms.
This review will focus on five categories of immuno-

therapies in the treatment of hematologic malignancies
in which there have been accelerating development, based
on various strategies of harnessing the immune system. It
should be noted that there is ongoing research and devel-
opment of other novel strategies that may be entering the
clinical arena in the near future.

The present
Monoclonal antibodies
Rituximab, an anti-CD20 monoclonal antibody targeting B
cells, was the first monoclonal antibody to be approved by
the United States Food and Drug Administration (FDA)
for the treatment of cancer in 1997 and since has become
the prototype for anti-CD20 monoclonal antibodies and a
backbone of B cell malignancy treatment regimens. It is a
type I antibody and thus exhibits complement-dependent
cytotoxicity and antibody-dependent cytotoxicity. Since ri-
tuximab, newer monoclonal antibodies directed against
CD20 have been developed for use in B cell malignancies,
including ofatumumab and obinutuzumab. Ofatumumab
is a second generation, fully humanized anti-CD20 mono-
clonal antibody that binds to a different site than rituxi-
mab, and is also a type I antibody. This agent was FDA
approved for the treatment of previously treated chronic
lymphocytic leukemia (CLL) in 2009 or in combination
with chlorambucil for the treatment of previously un-
treated CLL in 2014 [18, 19]. Obinutuzumab is another
second-generation anti-CD20 monoclonal antibody that is
a glycoengineered type II antibody, which differs from the
others in that it induces direct cell death, along with en-
hanced antibody-dependent cytotoxicity. This agent was
FDA approved in combination with chlorambucil for the
treatment of previously untreated CLL in 2013 and in
combination with bendamustine for the treatment of
relapsed/refractory follicular lymphoma (FL) in 2016
[20, 21]. Studies are ongoing with both of these agents,
which may highlight the best role of these agents in the
context of current B cell malignancy regimens.
Multiple myeloma (MM) had been long left out of the

monoclonal antibody arena until recently, with the surge
in development of effective monoclonal antibody therap-
ies based on identification of target antigens. Two of
these agents have been FDA approved in the treatment
of relapsed/refractory multiple myeloma and show much
promise. Daratumumab is an anti-CD38 monoclonal
antibody that was FDA approved for the treatment of
MM in patients who received at least three prior therapies
including a proteasome inhibitor and an immunomodula-
tory agent. CD38 is a transmembrane glycoprotein that is
ubiquitously expressed on MM cells, and other monoclonal
antibodies targeting this antigen are in development. Dara-
tumumab induces overall response rates (ORR) of 29–36%
in heavily pretreated patients as a single agent [22–24]. In
two recent randomized controlled trials, there was signifi-
cantly improved ORR of 83–93% when daratumumab was
added to bortezomib or lenalidomide and dexamethasone,
compared to these agents alone, with 61–63% reduction
in risk of progression or death [25, 26]. Elotuzumab is
an anti-SLAMF7 (or CS1) monoclonal antibody that was
FDA approved in combination with lenalidomide and
dexamethasone for the treatment of relapsed/refractory
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MM in November 2015. SLAMF7 is a glycoprotein that is
expressed on both MM cells and natural killer cells and
exhibits antitumor effects through antibody-dependent
cytotoxicity, as well as enhancing activation of NK cell
cytotoxicity via SLAMF7 ligation, thus having dual targets.
It has shown significantly improved 1-year and 2-year
progression-free survival (PFS) of 68 and 41% compared
in combination with lenalidomide and dexamethasone
compared to these agents alone, with an ORR of 79% [27].
Of note, aside from infusion reactions, the addition of
both of these monoclonal antibodies to current MM treat-
ment regimens has not led to additive toxicities. Other
combination trials are ongoing evaluating different com-
bination regimens and clinical settings for these and other
monoclonal antibodies in MM. In addition to CD38 and
SLAMF7, other potential targets include CD138, CD56,
CD40, and B cell-activating factor (BAFF) [28]. These
agents are likely to change the treatment paradigms of
MM in the near future.

Antibody-drug conjugates
Antibody-drug conjugates take monoclonal antibodies a
step further by linking the targeting antibody with a
cytotoxic agent. The initial excitement of these direct
drug delivery systems rose and fell with the approval and
subsequent withdrawal of gemtuzumab ozogamicin
(GO) in 2000 and 2010, respectively. However, a recent
meta-analysis from five randomized controlled trials that
included 3325 patients with acute myeloid leukemia
(AML) demonstrated that the use of GO improved 5-year
overall survival and reduced the risk of relapse [29]. The
absolute survival benefit was especially apparent in pa-
tients with favorable and intermediate risk cytogenetics.
These data among others have prompted reconsideration
of the withdrawal of GO. Nonetheless, recent momentum
has been gained in hematologic malignancies again with
the development of brentuximab, an anti-CD30 antibody
linked to a microtubule inhibitor, MMAE. Because of its
efficacy in the treatment of relapsed/refractory Hodgkin
lymphoma (HL) (either after autologous stem cell trans-
plant or in patients who are not transplant candidates)
and in relapsed systemic anaplastic large cell lymphoma,
which are both malignancies in which CD30 is highly
expressed, brentuximab received FDA approval for the
treatment of both of these diseases in 2011 [30, 31]. It also
received approval for post-autologous stem cell transplant
consolidation in patients with HL at high risk of relapse or
progression in 2015, based on data showing a median PFS
of 43 months compared to 24 months for patients who re-
ceived placebo [32].
Inotuzumab ozogamicin (IO) is another antibody-drug

conjugate that has been tested in hematologic malignan-
cies. This agent targets CD22 and is linked to the potent
antitumor antibiotic calicheamicin. IO was recently shown

to have significantly improved complete remission (CR)
rate of 81% compared to standard therapy in a phase 3
trial in patients with relapsed or refractory acute lympho-
blastic leukemia (ALL) [33], a patient population in whom
outcomes would otherwise be dismal. This agent may dra-
matically impact the outcomes of patients with ALL as
further study is ongoing. Another antibody-drug conjugate
that has recently gained attention is SGN-CD33A, which
links an anti-CD33 antibody, targeting AML cells, with a
pyrrolobenzodiazapine dimer. CD33 is expressed on cells
with myeloid lineage and was the target for the antibody
in GO. SGN-CD33A has shown a CR rate of 33% in re-
lapsed AML as monotherapy and CR rates of 60 and 65%
as monotherapy or in combination with a hypomethylat-
ing agent in unfit AML, respectively [34, 35]. Importantly,
it has not displayed any signal of concerning hepatotox-
icity, which was associated with GO. Other targets for
antibody-drug conjugates that are in development include
CD138, CD19, and CD33.

Bispecific T cell engagers
Another exciting area of novel immunotherapies are the
bispecific T cell engagers (BiTEs). These agents have two
antibody variable fragments, one that includes anti-CD3,
that are joined by a linker, and thus have dual specificity
for CD3 on T cells as well as a tumor surface antigen
[36, 37]. These agents physically bring together T cells
and the tumor cells to catalyze the formation of the im-
munologic synapse and lead to a polyclonal T cell re-
sponse and cytotoxicity of the tumor cell. Importantly,
this process is independent of MHC expression, thus
bypassing one of the mechanisms of tumor immune eva-
sion. CD19 is a marker on most B cell malignancies and is
specific to B cells, making it an ideal target in immuno-
therapy for these cancers, which will be highlighted in
BiTEs and in the discussion of chimeric antigen receptor
(CAR) T cells.
The prototype for BiTEs is blinatumomab, which has

dual specificity for CD3 and CD19, and has been shown
to be effective in patients with relapsed or refractory B
cell ALL [38, 39]. In a phase 2 study in patients with re-
lapsed/refractory Philadelphia chromosome (Ph)-negative
B cell ALL, the CR/CR with incomplete count recovery
(CRi) rate was 43%, and half of these patients were able to
proceed to allogeneic stem cell transplantation [40]. An
earlier study demonstrated a CR/CRi rate of 69%, 28% of
whom went on to have overall survival (OS) ≥30 months
[41, 42]. Based on these data, blinatumomab received
accelerated FDA approval for the treatment of relapsed
or refractory Ph-negative B cell ALL in December 2014. It
has also been studied in the setting of Ph-positive B
cell ALL after treatment with tyrosine-kinase inhibitor
therapy showing a CR/CRi rate of 36%, including
those with a T315I mutation, half of whom went on to
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undergo allogeneic stem cell transplantation, and has
also been used in patients with minimal residual disease
(MRD) after chemotherapy to achieve MRD-negative
disease, leading to improved survival [43, 44]. Studies
in relapsed/refractory non-Hodgkin lymphoma (NHL)
including diffuse large B cell lymphoma have been
promising, showing overall response rates of 43–69%
[45, 46]. The primary concerning toxicities are the
cytokine release syndrome (CRS) and neurotoxicity,
which will be discussed further in the discussion of
CAR T cell therapies. In addition, this agent requires
continuous intravenous administration for 4 weeks of a
6-week cycle, which may be a feasibility issue, but can
be done in the outpatient setting. Additional targets
that are being developed include CD33 BiTEs for AML
and also bispecific NK cell engagers (“BiKEs”) linking
CD16 with a tumor target antigen.

CAR T cells
An incredibly promising area for immunotherapy in
hematologic malignancies has been the development and
refinement of CAR T cell therapy, which is a field that is
moving at an accelerated pace. This therapy involves not
only targeting tumor antigens directly but also augmen-
tation of these targeted immune effectors. CAR T cells
are autologous T cells that are engineered to express
chimeric antigen receptors against a specific tumor surface
antigen, thus are antigen specific and HLA independent,
and therefore are independent of MHC expression. The
general anatomy of CARs includes a single-chain variable
fragment derived from an antibody, linked by a hinge and
transmembrane domain to an intracellular T cell signaling
domain with a costimulatory domain (number and type
depending on the specific CAR) [47, 48]. This strategy has
been particularly successful in hematologic malignancies,
given several advantages compared to solid tumors: there
are established cell surface antigens to target (e.g., CD19
on B cell malignancies); tumor sampling is straightforward
and less invasive than in solid tumors, as discussed previ-
ously; and importantly, there is already a natural homing
of T cells to the areas where the malignancy is located,
e.g., blood, bone marrow, lymph nodes, thus making the
road for these CARs straightforward.
The process by which patients undergo CAR T cell

therapy begins with collection of autologous T cells by
leukapheresis. The CAR is then introduced into the T
cells through one of the several mechanisms, most com-
monly using viral vectors, and then, the cells undergo
culture for expansion. Usually, patients undergo lympho-
depleting chemotherapy prior to CAR T cell infusion,
which can enhance in vivo expansion of T cells through
the expression of homeostatic cytokines, such as IL-7
and IL-15. This in vivo expansion has been correlated
with response to therapy, thus may be more significant

than the actual dose of T cells that are infused [49–52].
The engagement of tumor antigen by CAR to the T cells
then leads to cytotoxicity and massive T cell prolifera-
tion, which again is going to be independent of MHC
expression.
The first successful CAR T cell therapies have targeted

CD19 in B cell malignancies. Table 1 summarizes pub-
lished clinical trials using CD19 CAR T cells, which are
from only a few institutions across the country. These
studies have been performed in patients with NHL, CLL,
and ALL, all with relapsed and/or chemo-refractory dis-
ease. With the exception of the first study, which utilized
a first-generation CAR T cell and yielded no responses,
all of these trials used second-generation CAR T cells,
which are defined as CARs that include the single costi-
mulatory domain derived from either CD28 or 4-1BB.
Third-generation CARs include two costimulatory do-
mains and are currently being evaluated in clinical trials.
Table 1 highlights the response rates with CAR T cell
therapies in heavily pretreated, relapsed, and refractory
patient populations. In particular, responses in ALL have
been extremely successful in patients who would other-
wise have dismal outcomes. There are also studies show-
ing responses in patients with relapsed disease after
allogeneic stem cell transplant, another clinical setting in
which salvage is rare, by using CAR T cells from the
stem cell donor. Of note, even with responses, there was
no evidence of GVHD in these studies. All of these trials
have also demonstrated in vivo duration of the CAR T
cells, which is associated with duration of response, and
the observation that responses were generally correlated
with the presence of the cytokine release syndrome, a
potentially fatal consequence of CAR T cell therapy.
From these early experiences with CAR T cells, there

have been some important lessons that have been
learned. For example, durable remissions are possible in
relapsed/refractory NHL, CLL, and ALL, and the persist-
ence of circulating CAR T cells has been seen more than
4 years after infusion in patients with CLL [53]. In
addition, remarkable CR rates of 90% have been seen in
relapsed/refractory ALL, which is significant compared
to historical controls [52, 54]. Moreover, CAR T cells
have been effective in pre- and post-transplant disease
settings and chemo-refractory disease, areas where standard
therapies have typically failed. Interestingly, central nervous
system disease has been cleared with CAR T cell therapy as
well, an area that standard therapies do not penetrate. Also,
although factors that are predictive for response are still be-
ing studied, response does seem to correlate with the in
vivo expansion of CAR T cells (rather than the infused
dose) and the presence of the cytokine release syndrome.
Finally, when relapses occur, antigen-positive relapses tend
to occur after CAR T cells are no longer in circulation.
Interestingly, B cell aplasia, an on-target, off-tumor effect,
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can be a surrogate for the persistence of CAR Tcells. When
antigen-negative relapses occur, this may happen despite
the presence of circulating CAR T cells, and strategies are
being developed to try to overcome this, such as dual anti-
gen target CAR T cells. Based on the exciting early experi-
ences with CAR T cell therapy, CTL019, a CD19 CAR T
cell construct owned by Novartis, received FDA break-
through therapy designation in July 2014 for the treatment
of relapsed/refractory ALL. There is much ongoing work in
antigen discovery for other malignancies, such as B cell
maturation antigen (BCMA) in multiple myeloma [8], or
CD123 in AML [55].
A discussion about CAR T cells would not be

complete without highlighting the CRS, an inflammatory
process related to exponential T cell proliferation associ-
ated with massive cytokine elevation. Important lessons
learned from early experiences with CAR T cells have
demonstrated the necessity of this response and the ap-
propriate management of the clinical syndrome. Although
the presence of CRS may correlate with response, the se-
verity does not seem to be related to response, suggesting
that efforts to decrease the severity of the syndrome are
appropriate. Nonetheless, it is an expected manifestation
of CAR T cell therapy and potentially fatal if not managed
appropriately; thus, guidelines have been developed for
recommended diagnosis and management of CRS [56].
Clinically, CRS is characterized by very high fevers and
flu-like symptoms and, when severe, can lead to vascular
leak, hypotension and hemodynamic instability, and
multi-organ failure. Management of CRS not uncom-
monly necessitates transfer to the intensive care unit. The
only known predictor of CRS at this time is disease bur-
den at the time of transfer; however, there have also been
correlations with levels of C-reactive protein (CRP) and
IL-6 prior to the development of CRS that have been dem-
onstrated [49]. An agent that has become important in the
management of CRS is tocilizumab, an anti-IL-6 agent
that is approved for the treatment of rheumatoid arthritis.
Because of the rise in IL-6 associated with CRS, this agent
was used in early experiences and was found to be ex-
tremely effective at treating even life-threatening CRS,
while not impacting the antitumor response. Although
steroids have been used in the management of CRS, there
is theoretical concern about dampening the T cell re-
sponse and impacting efficacy. As previously mentioned,
CRS is seen with BiTE therapy as well, and tocilizumab
is used in the management of CRS in this clinical setting
as well.
Other toxicities that are associated with CAR T cell

therapy include neurotoxicity, which can include head-
aches, confusion, hallucinations, dysphasia, ataxia, apraxia,
facial nerve palsy, tremor, dysmetria, global encephalop-
athy, and even seizures [57]. The reported incidence varies
between 0 and 50%. This is an acute toxicity that is not

related to CRS, as it has developed after the occurrence
and treatment of CRS, and is not prevented by prior treat-
ment with tocilizumab. However, most cases resolve on
their own and are self-limited without any known long-
term or persistent deficits [58]. In terms of chronic toxic-
ities, the on-target, off-tumor effect of B cell aplasia was
already mentioned as a surrogate for the persistence of
CAR T cells in the circulation. This has been managed
with regular intravenous immunoglobulin infusions.
Whether this leads to any long-term infectious issues and
whether any other long-term toxicities exist with CAR T
cell therapy are questions that are still unknown, but this
is being carefully monitored and studied in previously
treated patients in ongoing long-term follow-up studies.
Despite all of these advances in CAR T cell therapy,

there are still unanswered questions that researchers in
the field are trying to move quickly to answer. For ex-
ample, the optimal CAR T cell construct and graft en-
gineering are yet unknown, such as the best intracellular
signaling costimulatory domain or generation of CAR,
the ideal CD4:CD8 T cell ratio in the infused graft, or
even the predominance of effector memory versus central
memory cells and impact of the presence of regulatory T
cells, among other factors. Identification of targets and
antigen discovery in other malignancies, including not just
hematologic but solid tumor malignancies as well, is
another important area of ongoing study. For example,
a recent study from the National Institutes of Health
demonstrated the safety and efficacy of anti-BCMA
CAR T cells in patients with multiple myeloma, show-
ing impressive responses in heavily pretreated, refrac-
tory multiple myeloma [8]. CAR T cells for AML are
being developed and studied as well, although the best
antigen in AML is not as clear [55]. Anti-CD22 CAR T
cells for ALL are also being evaluated [59]. In addition
to antigen discovery, the ideal duration of engraftment
of the CAR T cells is also unknown and likely differs
for different malignancies. Furthermore, the impact of
the tumor microenvironment is likely an important fac-
tor in CAR T cell therapy, for example the presence of
inhibitory factors such as programmed-death ligand 1
(PD-L1) expression, and work is ongoing to evaluate
combining immune checkpoint inhibitors with CAR T
cells therapy. Moreover, as mentioned, there is work
ongoing to develop strategies and new CAR T cells that
may overcome antigen-negative relapse. One such strategy
that is being developed is dual antigen CAR T cells target-
ing CD19 and CD22 in ALL, as CD19-negative relapses
may still express CD22 [60]. Finally, there needs to be a
focus on the very important issues surrounding technical,
regulatory, and financial obstacles, so that CAR T cell
manufacturing and utilization can be done a wide scale, as
opposed to only being available at a handful of specialized
institutions. Although these questions remain unanswered,
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it is clear that CAR T cell therapy is going to become an
essential strategy in the treatment of hematologic malig-
nancies, and further discoveries will only enhance the effi-
cacy and applicability of this groundbreaking therapy.

Immune checkpoint blockade
With the understanding that malignancies can usurp
immune checkpoint pathways such as cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4) and pro-
grammed-death 1 (PD-1) as a mechanism of immune es-
cape, immune checkpoint blockade was developed as a
therapeutic strategy that has been shown to be effective in
many solid tumors such as melanoma, non-small lung
cancer, renal cell cancer, and urothelial cancer [61, 62].
Compared to solid tumor malignancies, therapy with im-
mune checkpoint inhibitors (such as inhibitors of PD-1
and its ligand PD-L1) has yet to be fully explored in regard
to potential efficacy, although the growing data on efficacy
in Hodgkin’s lymphoma (HL) has been exceptional. There
are several observations that suggest why HL is uniquely
vulnerable to PD-1/PD-L1 blockade [63]. First, HL bi-
opsies show Reed-Sternberg cells that are typically
surrounded by an extensive (but ineffective) immune
infiltrate. Second, HL is characterized by genetic alter-
ations in 9p24.1, which results in PD-L1 and PD-L2
copy gain and overexpression, with as many as 97% of
newly diagnosed classical HL biopsy specimens dem-
onstrating 9p24.1 copy gain or amplification [64, 65].
Third, Epstein-Barr virus (EBV) infection is common
in HL, which also leads to PD-L1 overexpression,
which is one of the mechanisms that allow viral persist-
ence in the host [66]. Finally, increased surface expression
of PD-L1 in HL tumor biopsies has been observed.
Clinical experiences have confirmed the responsive-

ness of these tumors to immune checkpoint blockade. A
phase 1 study evaluated nivolumab (anti-PD-1 antibody
approved for use in melanoma, non-small cell lung can-
cer, and renal cell cancer) in patients with relapsed/re-
fractory hematologic malignancies including MM, NHL,
and HL. An expansion cohort for HL patients was per-
formed that included 23 patients with a median of five
lines of prior therapy [67]. The ORR was 87% (CR rate
17%), and PD-L1 and PD-L2 expression was observed in
all tumor samples that were tested. A phase 2 study of
80 HL patients with failure after autologous stem cell
transplant and either relapse or failure of subsequent
brentuximab therapy showed an ORR of 66% after treat-
ment with nivolumab [68]. Based on these data, nivolu-
mab was approved for the treatment of relapsed/
refractory HL after autologous stem cell transplant and
brentuximab in May 2016. Pembrolizumab, an anti-PD-
1 inhibitor approved for use in melanoma, non-small
lung cancer, and head and neck cancers, has also been
evaluated in HL. A phase 1b study of pembrolizumab

with an expansion cohort for patients with HL evaluated
31 patients, half of whom had received five or more
prior lines of therapy, and showed an ORR of 65%, with
more than 70% of responses lasting longer than 24 weeks
[69]. Other studies with pembrolizumab are ongoing.
Ongoing research also aims to determine the ideal com-
bination and timing of these agents in HL, but evidence
clearly demonstrates an impressive responsiveness of HL
to immune checkpoint blockade.
Another area where immune checkpoint blockade may

play an interesting role in hematologic malignancies is
after stem cell transplantation, given the unique immune
environment. There is evidence of increased expression
of PD-1 and PD-L1 in the setting of relapsed ALL after
blinatumomab and relapsed AML, suggesting a role for
inhibitors in these settings [70, 71]. The pros of this clin-
ical setting are that it is a minimal residual disease state,
immune reconstitution leads to increases in lymphocytes
that are targets of PD-1 inhibition, and at least in the
setting of allogeneic transplant, there may be augmenta-
tion of the graft-versus-tumor effect. However, a major
con in this setting is the potential for inciting or exacerbat-
ing graft-versus-host disease after allogeneic transplant.
Pidilizumab, another anti-PD-1 inhibitor, has been used

in a phase 2 study of 72 patients with diffuse large B cell
lymphoma after autologous stem cell transplant [72]. The
18-month PFS was 72%, including a response rate of 55%
in patients who had measurable disease after transplant.
Although CTLA-4 blockade has not been as extensively
studied in hematologic malignancies, ipilimumab, an anti-
CTLA-4 inhibitor approved for use in melanoma, was
studied in a phase 1/1b study of patients with relapsed dis-
ease after allogeneic stem cell transplant [73]. Twenty-
eight patients were treated, where six patients experienced
immune-related adverse events including one death and
four patients experienced GVHD. Among patients who re-
ceived the higher dose of ipilimumab of 10 mg/kg, two
had a partial response and six had decreased tumor bur-
den. The role of these agents in the post-allogeneic stem
cell transplant setting is something that will need to be
studied carefully in terms of safety and efficacy.

Conclusions
The future
The past and present have been extremely exciting times
for immunotherapy in hematologic malignancies, but the
future looks quite incredible and we are moving there
quickly. Several goals are already on the horizon with on-
going research in these areas. For example, there is continu-
ing development and refinement of antigen discovery and
novel immunotherapies. We are also trying to broaden the
availability of novel immunotherapies beyond just highly
specialized centers. In addition, we are developing experi-
ence in the management of unique complications related to
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novel immunotherapies and establishing practice guide-
lines, which will be essential with broadening use. More-
over, it will be important to refine appropriate clinical
endpoints and response assessments in studying these
novel agents. Finally, combining immunotherapies is an ex-
citing area of research that will likely further enhance our
ability to harness the immune system to fight hematologic
malignancies. What will be the best role for some of these
novel immunotherapies, especially in the context of HCT?
Are these best suited to be used as a bridge to HCT, to treat
post-HCT relapse, or as a treatment in cases of transplant-
ineligible patients or those without a donor? Our best hy-
pothesis is that these novel therapies will be used as a com-
plement to HCT with all of these clinical circumstances.
Depending on many factors including durability of tumor
response, a small possibility exists that novel therapies may
even replace HCT in the future as a curative option for
some hematologic malignancies, but for now, HCT remains
as an essential therapeutic option, and combining HCT
with novel therapies is a clear step in our future. Perhaps
someday, the visions of both E. Donnall Thomas and Paul
Ehrlich can synergize, where what has been described as
the “chemotherapist’s bluntest weapon” can be combined
with novel immunotherapies to achieve what is truly the
“magic bullet” for patients with hematologic malignancies.

Abbreviations
ALL: Acute lymphoblastic leukemia; AML: Acute myeloid leukemia; BAFF: B
cell-activating factor; BCMA: B cell maturation antigen; BiKE: Bispecific NK cell
engager; BiTE: Bispecific T cell engager; CAR: Chimeric antigen receptor;
CLL: Chronic lymphocytic leukemia; CR: Complete remission; CRi: CR with
incomplete count recovery; CRP: C-reactive protein; CRS: Cytokine release
syndrome; CTLA-4: Cytotoxic T-lymphocyte-associated protein 4;
EBV: Epstein-Barr virus; FDA: United States Food and Drug Administration;
FL: Follicular lymphoma; GO: Gemtuzumab ozogamicin; GVHD: Graft-versus-
host disease; HCT: Allogeneic hematopoietic stem cell transplantation;
HL: Hodgkin lymphoma; IO: Inotuzumab ozogamicin; MM: Multiple myeloma;
MRD: Minimal residual disease; NHL: Non-Hodgkin lymphoma;
ORR: Overall response rate; OS: Overall survival; PD-1: Programmed-death 1;
PD-L1: Programmed-death ligand 1; PFS: Progression-free survival;
Ph: Philadelphia chromosome

Acknowledgements
Not applicable.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Authors’ contributions
AI and SZP both contributed to the writing of the manuscript. Both authors
read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1University of Pittsburgh Cancer Institute, 5150 Centre Ave, Suite 554,
Pittsburgh, PA 15213, USA. 2National Cancer Institute, National Institutes of
Health, Bethesda, MD, USA.

Received: 20 December 2016 Accepted: 29 March 2017

References
1. Couzin-Frankel J. Breakthrough of the year 2013. Cancer immunotherapy.

Science. 2013;342:1432–3.
2. Mukherjee S. The emperor of all maladies. New York: Scribner; 2010.
3. Pasquini, M.C., and Zhu, X. Current uses and outcomes of hematopoietic stem

cell transplantation: CIBMTR summary slides. 2015. http://www.cibmtr.org.
Accessed 2017.

4. Horowitz MM, Gale RP, Sondel PM, Goldman JM, Kersey J, Kolb HJ, Rimm
AA, Ringden O, Rozman C, Speck B, et al. Graft-versus-leukemia reactions
after bone marrow transplantation. Blood. 1990;75:555–62.

5. Weiden PL, Flournoy N, Thomas ED, Prentice R, Fefer A, Buckner CD, Storb
R. Antileukemic effect of graft-versus-host disease in human recipients of
allogeneic-marrow grafts. N Engl J Med. 1979;300:1068–73.

6. Duval M, Klein JP, He W, Cahn JY, Cairo M, Camitta BM, Kamble R,
Copelan E, de Lima M, Gupta V, et al. Hematopoietic stem-cell
transplantation for acute leukemia in relapse or primary induction failure.
J Clin Oncol. 2010;28:3730–8.

7. Lieskovsky YE, Donaldson SS, Torres MA, Wong RM, Amylon MD, Link MP,
Agarwal R. High-dose therapy and autologous hematopoietic stem-cell
transplantation for recurrent or refractory pediatric Hodgkin’s disease: results
and prognostic indices. J Clin Oncol. 2004;22:4532–40.

8. Ali SA, Shi V, Maric I, Wang M, Stroncek DF, Rose JJ, Brudno JN, Stetler-
Stevenson M, Feldman SA, Hansen BG, et al. T cells expressing an anti-B-cell-
maturation-antigen chimeric antigen receptor cause remissions of multiple
myeloma. Blood. 2016. doi: https://doi.org/10.1182/blood-2016-04-711903.

9. Collins Jr RH, Shpilberg O, Drobyski WR, Porter DL, Giralt S, Champlin R,
Goodman SA, Wolff SN, Hu W, Verfaillie C, et al. Donor leukocyte infusions
in 140 patients with relapsed malignancy after allogeneic bone marrow
transplantation. J Clin Oncol. 1997;15:433–44.

10. Carella AM, Giralt S, Slavin S. Low intensity regimens with allogeneic
hematopoietic stem cell transplantation as treatment of hematologic
neoplasia. Haematologica. 2000;85:304–13.

11. Gooley TA, Chien JW, Pergam SA, Hingorani S, Sorror ML, Boeckh M, Martin
PJ, Sandmaier BM, Marr KA, Appelbaum FR, et al. Reduced mortality after
allogeneic hematopoietic-cell transplantation. N Engl J Med. 2010;363:2091–101.

12. Chang YJ, Xu LP, Wang Y, Zhang XH, Chen H, Chen YH, Wang FR, Han W,
Sun YQ, Yan CH, et al. Controlled, randomized, open-label trial of risk-
stratified corticosteroid prevention of acute graft-versus-host disease after
haploidentical transplantation. J Clin Oncol. 2016;34:1855–63.

13. Kanakry CG, Fuchs EJ, Luznik L. Modern approaches to HLA-haploidentical
blood or marrow transplantation. Nat Rev Clin Oncol. 2016;13:10–24.

14. Ciurea SO, Zhang MJ, Bacigalupo AA, Bashey A, Appelbaum FR, Aljitawi OS,
Armand P, Antin JH, Chen J, Devine SM, et al. Haploidentical transplant with
posttransplant cyclophosphamide vs matched unrelated donor transplant
for acute myeloid leukemia. Blood. 2015;126:1033–40.

15. Bachireddy P, Burkhardt UE, Rajasagi M, Wu CJ. Haematological
malignancies: at the forefront of immunotherapeutic innovation. Nat Rev
Cancer. 2015;15:201–15.

16. Whiteside TL. Immune cells in the tumor microenvironment. Mechanisms
responsible for functional and signaling defects. Adv Exp Med Biol. 1998;
451:167–71.

17. Andersen MH. The targeting of immunosuppressive mechanisms in
hematological malignancies. Leukemia. 2014;28:1784–92.

18. Wierda WG, Kipps TJ, Mayer J, Stilgenbauer S, Williams CD, Hellmann A,
Robak T, Furman RR, Hillmen P, Trneny M, et al. Ofatumumab as single-
agent CD20 immunotherapy in fludarabine-refractory chronic lymphocytic
leukemia. J Clin Oncol. 2010;28:1749–55.

19. Hillmen P, Robak T, Janssens A, Babu KG, Kloczko J, Grosicki S, Doubek M,
Panagiotidis P, Kimby E, Schuh A, et al. Chlorambucil plus ofatumumab

Im and Pavletic Journal of Hematology & Oncology  (2017) 10:94 Page 8 of 10

http://www.cibmtr.org/
https://doi.org/10.1182/blood-2016-04-711903


versus chlorambucil alone in previously untreated patients with chronic
lymphocytic leukaemia (COMPLEMENT 1): a randomised, multicentre, open-
label phase 3 trial. Lancet. 2015;385:1873–83.

20. Goede V, Fischer K, Busch R, Engelke A, Eichhorst B, Wendtner CM,
Chagorova T, de la Serna J, Dilhuydy MS, Illmer T, et al. Obinutuzumab plus
chlorambucil in patients with CLL and coexisting conditions. N Engl J Med.
2014;370:1101–10.

21. Sehn LH, Chua N, Mayer J, Dueck G, Trneny M, Bouabdallah K, Fowler N,
Delwail V, Press O, Salles G, et al. Obinutuzumab plus bendamustine versus
bendamustine monotherapy in patients with rituximab-refractory indolent
non-Hodgkin lymphoma (GADOLIN): a randomised, controlled, open-label,
multicentre, phase 3 trial. Lancet Oncol. 2016;17:1081–93.

22. Usmani SZ, Weiss BM, Plesner T, Bahlis NJ, Belch A, Lonial S, Lokhorst HM,
Voorhees PM, Richardson PG, Chari A, et al. Clinical efficacy of
daratumumab monotherapy in patients with heavily pretreated relapsed or
refractory multiple myeloma. Blood. 2016;128:37–44.

23. Lonial S, Weiss BM, Usmani SZ, Singhal S, Chari A, Bahlis NJ, Belch A,
Krishnan A, Vescio RA, Mateos MV, et al. Daratumumab monotherapy in
patients with treatment-refractory multiple myeloma (SIRIUS): an open-label,
randomised, phase 2 trial. Lancet. 2016;387:1551–60.

24. Lokhorst HM, Plesner T, Laubach JP, Nahi H, Gimsing P, Hansson M, Minnema
MC, Lassen U, Krejcik J, Palumbo A, et al. Targeting CD38 with daratumumab
monotherapy in multiple myeloma. N Engl J Med. 2015;373:1207–19.

25. Palumbo A, Chanan-Khan A, Weisel K, Nooka AK, Masszi T, Beksac M, Spicka
I, Hungria V, Munder M, Mateos MV, et al. Daratumumab, bortezomib, and
dexamethasone for multiple myeloma. N Engl J Med. 2016;375:754–66.

26. Dimopoulos MA, Oriol A, Nahi H, San-Miguel J, Bahlis NJ, Usmani SZ, Rabin
N, Orlowski RZ, Komarnicki M, Suzuki K, et al. Daratumumab, lenalidomide,
and dexamethasone for multiple myeloma. N Engl J Med. 2016;375:1319–31.

27. Lonial S, Dimopoulos M, Palumbo A, White D, Grosicki S, Spicka I, Walter-
Croneck A, Moreau P, Mateos MV, Magen H, et al. Elotuzumab therapy for
relapsed or refractory multiple myeloma. N Engl J Med. 2015;373:621–31.

28. Ocio EM, Richardson PG, Rajkumar SV, Palumbo A, Mateos MV, Orlowski R,
Kumar S, Usmani S, Roodman D, Niesvizky R, et al. New drugs and novel
mechanisms of action in multiple myeloma in 2013: a report from the
International Myeloma Working Group (IMWG). Leukemia. 2014;28:525–42.

29. Hills RK, Castaigne S, Appelbaum FR, Delaunay J, Petersdorf S, Othus M,
Estey EH, Dombret H, Chevret S, Ifrah N, et al. Addition of gemtuzumab
ozogamicin to induction chemotherapy in adult patients with acute
myeloid leukaemia: a meta-analysis of individual patient data from
randomised controlled trials. Lancet Oncol. 2014;15:986–96.

30. Younes A, Gopal AK, Smith SE, Ansell SM, Rosenblatt JD, Savage KJ,
Ramchandren R, Bartlett NL, Cheson BD, de Vos S, et al. Results of a pivotal
phase II study of brentuximab vedotin for patients with relapsed or
refractory Hodgkin’s lymphoma. J Clin Oncol. 2012;30:2183–9.

31. Pro B, Advani R, Brice P, Bartlett NL, Rosenblatt JD, Illidge T, Matous J,
Ramchandren R, Fanale M, Connors JM, et al. Brentuximab vedotin (SGN-35)
in patients with relapsed or refractory systemic anaplastic large-cell
lymphoma: results of a phase II study. J Clin Oncol. 2012;30:2190–6.

32. Moskowitz CH, Nademanee A, Masszi T, Agura E, Holowiecki J, Abidi MH, Chen
AI, Stiff P, Gianni AM, Carella A, et al. Brentuximab vedotin as consolidation
therapy after autologous stem-cell transplantation in patients with Hodgkin’s
lymphoma at risk of relapse or progression (AETHERA): a randomised, double-
blind, placebo-controlled, phase 3 trial. Lancet. 2015;385:1853–62.

33. Kantarjian HM, DeAngelo DJ, Stelljes M, Martinelli G, Liedtke M, Stock W,
Gokbuget N, O'Brien S, Wang K, Wang T, et al. Inotuzumab ozogamicin
versus standard therapy for acute lymphoblastic leukemia. N Engl J Med.
2016;375:740–53.

34. Stein AS, Walter RB, Erba HP, Fathi AT, Advani AS, Lancet JE, Ravandi F,
Kovacsovics TJ, DeAngelo DJ, Bixby D, et al. A phase 1 trial of SGN-CD33A
as monotherapy in patients with CD33-positive acute myeloid leukemia
(AML) [abstract]. Blood. 2015;126:324.

35. Fathi AT, Erba HP, Lancet JE, Stein EM, Walter RB, DeAngelo DJ, Faderl S,
Jillella AP, Ravandi F, Advani AS, et al. SGN-CD33A plus hypomethylating
agents: a novel, well-tolerated regimen with high remission rate in frontline
unfit AML [abstract]. Blood. 2015;126:454.

36. Rogala B, Freyer CW, Ontiveros EP, Griffiths EA, Wang ES, Wetzler M.
Blinatumomab: enlisting serial killer T-cells in the war against hematologic
malignancies. Expert Opin Biol Ther. 2015;15:895–908.

37. Fan G, Wang Z, Hao M, Li J. Bispecific antibodies and their applications.
J Hematol Oncol. 2015;8:130.

38. Wu J, Fu J, Zhang M, Liu D. Blinatumomab: a bispecific T cell engager (BiTE)
antibody against CD19/CD3 for refractory acute lymphoid leukemia. J
Hematol Oncol. 2015;8:104.

39. Fan D, Li W, Yang Y, Zhang X, Zhang Q, Yan Y, Yang M, Wang J, Xiong D.
Redirection of CD4+ and CD8+ T lymphocytes via an anti-CD3 x anti-CD19
bi-specific antibody combined with cytosine arabinoside and the efficient
lysis of patient-derived B-ALL cells. J Hematol Oncol. 2015;8:108.

40. Topp MS, Gokbuget N, Stein AS, Zugmaier G, O'Brien S, Bargou RC,
Dombret H, Fielding AK, Heffner L, Larson RA, et al. Safety and activity of
blinatumomab for adult patients with relapsed or refractory B-precursor
acute lymphoblastic leukaemia: a multicentre, single-arm, phase 2 study.
Lancet Oncol. 2015;16:57–66.

41. Zugmaier G, Gokbuget N, Klinger M, Viardot A, Stelljes M, Neumann S, Horst
HA, Marks R, Faul C, Diedrich H, et al. Long-term survival and T-cell kinetics
in relapsed/refractory ALL patients who achieved MRD response after
blinatumomab treatment. Blood. 2015;126:2578–84.

42. Topp MS, Kufer P, Gokbuget N, Goebeler M, Klinger M, Neumann S, Horst
HA, Raff T, Viardot A, Schmid M, et al. Targeted therapy with the T-cell-
engaging antibody blinatumomab of chemotherapy-refractory minimal
residual disease in B-lineage acute lymphoblastic leukemia patients results
in high response rate and prolonged leukemia-free survival. J Clin Oncol.
2011;29:2493–8.

43. Martinelli G, Dombret H, Chevallier P, Ottmann OG, Goekbuget N, Topp MS,
Fielding AK, Sterling LR, Benjamin J, Stein AS. Complete molecular and
hematologic response in adult patients with relapsed/refractory
Philadelphia chromosome-positive B-precursor acute lymphoblastic
leukemia following treatment with blinatumomab: results from a phase 2
single-arm, multicenter study (ALCANTARA) [abstract]. Blood. 2015;126:679.

44. Gokbuget N, Dombret H, Bonifacio M, Reichle A, Grauz C, Faul C, Diedrich
H, Topp MS, Broggemann M, Horst HA, et al. Long-term outcomes after
blinatumomab treatment: follow up of a phase 2 study in patients with
minimal residual disease positive B-cell precursor acute lymphoblastic
leukemia [abstract]. Blood. 2015;126:680.

45. Goebeler ME, Knop S, Viardot A, Kufer P, Topp MS, Einsele H, Noppeney R,
Hess G, Kallert S, Mackensen A, et al. Bispecific T-cell engager (BiTE)
antibody construct blinatumomab for the treatment of patients with
relapsed/refractory non-Hodgkin lymphoma: final results from a phase I
study. J Clin Oncol. 2016;34:1104–11.

46. Viardot A, Goebeler ME, Hess G, Neumann S, Pfreundschuh M, Adrian N,
Zettl F, Libicher M, Sayehli C, Stieglmaier J, et al. Phase 2 study of the
bispecific T-cell engager (BiTE) antibody blinatumomab in relapsed/
refractory diffuse large B-cell lymphoma. Blood. 2016;127:1410–6.

47. Maus MV, Grupp SA, Porter DL, June CH. Antibody-modified T cells: CARs
take the front seat for hematologic malignancies. Blood. 2014;123:2625–35.

48. Maude SL, Teachey DT, Porter DL, Grupp SA. CD19-targeted chimeric
antigen receptor T-cell therapy for acute lymphoblastic leukemia. Blood.
2015;125:4017–23.

49. Lee DW, Kochenderfer JN, Stetler-Stevenson M, Cui YK, Delbrook C, Feldman
SA, Fry TJ, Orentas R, Sabatino M, Shah NN, et al. T cells expressing CD19
chimeric antigen receptors for acute lymphoblastic leukaemia in children
and young adults: a phase 1 dose-escalation trial. Lancet. 2015;385:517–28.

50. Brudno JN, Somerville RP, Shi V, Rose JJ, Halverson DC, Fowler DH, Gea-
Banacloche JC, Pavletic SZ, Hickstein DD, Lu TL, et al. Allogeneic T cells that
express an anti-CD19 chimeric antigen receptor induce remissions of B-cell
malignancies that progress after allogeneic hematopoietic stem-cell
transplantation without causing graft-versus-host disease. J Clin Oncol.
2016;34:1112–21.

51. Park JH, Geyer MB, Brentjens RJ. CD19-targeted CAR T-cell therapeutics for
hematologic malignancies: interpreting clinical outcomes to date. Blood.
2016;127:3312–20.

52. Maude SL, Frey N, Shaw PA, Aplenc R, Barrett DM, Bunin NJ, Chew A,
Gonzalez VE, Zheng Z, Lacey SF, et al. Chimeric antigen receptor T cells for
sustained remissions in leukemia. N Engl J Med. 2014;371:1507–17.

53. Porter DL, Hwang WT, Frey NV, Lacey SF, Shaw PA, Loren AW, Bagg A,
Marcucci KT, Shen A, Gonzalez V, et al. Chimeric antigen receptor T cells
persist and induce sustained remissions in relapsed refractory chronic
lymphocytic leukemia. Sci Transl Med. 2015;7:303ra139.

54. Davila ML, Riviere I, Wang X, Bartido S, Park J, Curran K, Chung SS, Stefanski
J, Borquez-Ojeda O, Olszewska M, et al. Efficacy and toxicity management of
19-28z CAR T cell therapy in B cell acute lymphoblastic leukemia. Sci Transl
Med. 2014;6:224ra225.

Im and Pavletic Journal of Hematology & Oncology  (2017) 10:94 Page 9 of 10



55. Gill S, Tasian SK, Ruella M, Shestova O, Li Y, Porter DL, Carroll M, Danet-
Desnoyers G, Scholler J, Grupp SA, et al. Preclinical targeting of human
acute myeloid leukemia and myeloablation using chimeric antigen
receptor-modified T cells. Blood. 2014;123:2343–54.

56. Lee DW, Gardner R, Porter DL, Louis CU, Ahmed N, Jensen M, Grupp SA,
Mackall CL. Current concepts in the diagnosis and management of cytokine
release syndrome. Blood. 2014;124:188–95.

57. Brudno JN, Kochenderfer JN. Toxicities of chimeric antigen receptor T cells:
recognition and management. Blood. 2016;127:3321–30.

58. Ghorashian S, Pule M, Amrolia P. CD19 chimeric antigen receptor T cell
therapy for haematological malignancies. Br J Haematol. 2015;169:463–78.

59. Haso W, Lee DW, Shah NN, Stetler-Stevenson M, Yuan CM, Pastan IH,
Dimitrov DS, Morgan RA, FitzGerald DJ, Barrett DM, et al. Anti-CD22-
chimeric antigen receptors targeting B-cell precursor acute lymphoblastic
leukemia. Blood. 2013;121:1165–74.

60. Sadelain M. CAR therapy: the CD19 paradigm. J Clin Invest. 2015;125:3392–400.
61. Postow MA, Callahan MK, Wolchok JD. Immune checkpoint blockade in

cancer therapy. J Clin Oncol. 2015;33:1974–82.
62. Pardoll DM. The blockade of immune checkpoints in cancer

immunotherapy. Nat Rev Cancer. 2012;12:252–64.
63. Armand P. Immune checkpoint blockade in hematologic malignancies.

Blood. 2015;125:3393–400.
64. Green MR, Monti S, Rodig SJ, Juszczynski P, Currie T, O'Donnell E, Chapuy B,

Takeyama K, Neuberg D, Golub TR, et al. Integrative analysis reveals selective
9p24.1 amplification, increased PD-1 ligand expression, and further
induction via JAK2 in nodular sclerosing Hodgkin lymphoma and primary
mediastinal large B-cell lymphoma. Blood. 2010;116:3268–77.

65. Roemer MG, Advani RH, Ligon AH, Natkunam Y, Redd RA, Homer H,
Connelly CF, Sun HH, Daadi SE, Freeman GJ, et al. PD-L1 and PD-L2 genetic
alterations define classical Hodgkin lymphoma and predict outcome. J Clin
Oncol. 2016;34:2690–7.

66. Green MR, Rodig S, Juszczynski P, Ouyang J, Sinha P, O'Donnell E, Neuberg
D, Shipp MA. Constitutive AP-1 activity and EBV infection induce PD-L1 in
Hodgkin lymphomas and posttransplant lymphoproliferative disorders:
implications for targeted therapy. Clin Cancer Res. 2012;18:1611–8.

67. Ansell SM, Lesokhin AM, Borrello I, Halwani A, Scott EC, Gutierrez M,
Schuster SJ, Millenson MM, Cattry D, Freeman GJ, et al. PD-1 blockade with
nivolumab in relapsed or refractory Hodgkin’s lymphoma. N Engl J Med.
2015;372:311–9.

68. Younes A, Santoro A, Shipp M, Zinzani PL, Timmerman JM, Ansell S, Armand
P, Fanale M, Ratanatharathorn V, Kuruvilla J, et al. Nivolumab for classical
Hodgkin’s lymphoma after failure of both autologous stem-cell
transplantation and brentuximab vedotin: a multicentre, multicohort, single-
arm phase 2 trial. Lancet Oncol. 2016;17(9):1283–94.

69. Armand P, Shipp MA, Ribrag V, Michot JM, Zinzani PL, Kuruvilla J, Snyder ES,
Ricart AD, Balakumaran A, Rose S, Moskowitz CH. Programmed death-1
blockade with pembrolizumab in patients with classical Hodgkin lymphoma
after brentuximab vedotin failure. J Clin Oncol 2016;34(31):3733–39.

70. Schnorfeil FM, Lichtenegger FS, Emmerig K, Schlueter M, Neitz JS, Draenert R,
Hiddemann W, Subklewe M. T cells are functionally not impaired in AML:
increased PD-1 expression is only seen at time of relapse and correlates with a
shift towards the memory T cell compartment. J Hematol Oncol. 2015;8:93.

71. Kohnke T, Krupka C, Tischer J, Knosel T, Subklewe M. Increase of PD-L1
expressing B-precursor ALL cells in a patient resistant to the CD19/CD3-
bispecific T cell engager antibody blinatumomab. J Hematol Oncol. 2015;8:111.

72. Armand P, Nagler A, Weller EA, Devine SM, Avigan DE, Chen YB, Kaminski
MS, Holland HK, Winter JN, Mason JR, et al. Disabling immune tolerance by
programmed death-1 blockade with pidilizumab after autologous
hematopoietic stem-cell transplantation for diffuse large B-cell lymphoma:
results of an international phase II trial. J Clin Oncol. 2013;31:4199–206.

73. Davids MS, Kim HT, Bachireddy P, Costello C, Liguori R, Savell A, Lukez
AP, Avigan D, Chen YB, McSweeney P, et al. Ipilimumab for patients
with relapse after allogeneic transplantation. N Engl J Med. 2016;375:
143–53.

74. Jensen MC, Popplewell L, Cooper LJ, DiGiusto D, Kalos M, Ostberg JR,
Forman SJ. Antitransgene rejection responses contribute to attenuated
persistence of adoptively transferred CD20/CD19-specific chimeric
antigen receptor redirected T cells in humans. Biol Blood Marrow
Transplant. 2010;16:1245–56.

75. Kochenderfer JN, Yu Z, Frasheri D, Restifo NP, Rosenberg SA. Adoptive
transfer of syngeneic T cells transduced with a chimeric antigen receptor

that recognizes murine CD19 can eradicate lymphoma and normal B cells.
Blood. 2010;116:3875–86.

76. Kochenderfer JN, Dudley ME, Feldman SA, Wilson WH, Spaner DE, Maric I,
Stetler-Stevenson M, Phan GQ, Hughes MS, Sherry RM, et al. B-cell depletion
and remissions of malignancy along with cytokine-associated toxicity in a
clinical trial of anti-CD19 chimeric-antigen-receptor-transduced T cells.
Blood. 2012;119:2709–20.

77. Savoldo B, Ramos CA, Liu E, Mims MP, Keating MJ, Carrum G, Kamble RT,
Bollard CM, Gee AP, Mei Z, et al. CD28 costimulation improves expansion
and persistence of chimeric antigen receptor-modified T cells in lymphoma
patients. J Clin Invest. 2011;121:1822–6.

78. Brentjens RJ, Riviere I, Park JH, Davila ML, Wang X, Stefanski J, Taylor C,
Yeh R, Bartido S, Borquez-Ojeda O, et al. Safety and persistence of
adoptively transferred autologous CD19-targeted T cells in patients with
relapsed or chemotherapy refractory B-cell leukemias. Blood. 2011;118:
4817–28.

79. Kalos M, Levine BL, Porter DL, Katz S, Grupp SA, Bagg A, June CH. T cells
with chimeric antigen receptors have potent antitumor effects and can
establish memory in patients with advanced leukemia. Sci Transl Med.
2011;3:95ra73.

80. Porter DL, Levine BL, Kalos M, Bagg A, June CH. Chimeric antigen receptor-
modified T cells in chronic lymphoid leukemia. N Engl J Med. 2011;365:725–33.

81. Brentjens RJ, Davila ML, Riviere I, Park J, Wang X, Cowell LG, Bartido S,
Stefanski J, Taylor C, Olszewska M, et al. CD19-targeted T cells rapidly induce
molecular remissions in adults with chemotherapy-refractory acute
lymphoblastic leukemia. Sci Transl Med. 2013;5:177ra138.

82. Kochenderfer JN, Dudley ME, Carpenter RO, Kassim SH, Rose JJ, Telford WG,
Hakim FT, Halverson DC, Fowler DH, Hardy NM, et al. Donor-derived CD19-
targeted T cells cause regression of malignancy persisting after allogeneic
hematopoietic stem cell transplantation. Blood. 2013;122:4129–39.

83. Kochenderfer JN, Dudley ME, Kassim SH, Somerville RP, Carpenter RO,
Stetler-Stevenson M, Yang JC, Phan GQ, Hughes MS, Sherry RM, et al.
Chemotherapy-refractory diffuse large B-cell lymphoma and indolent B-cell
malignancies can be effectively treated with autologous T cells expressing
an anti-CD19 chimeric antigen receptor. J Clin Oncol. 2015;33:540–9.

84. Grupp SA, Kalos M, Barrett D, Aplenc R, Porter DL, Rheingold SR, Teachey
DT, Chew A, Hauck B, Wright JF, et al. Chimeric antigen receptor-modified T
cells for acute lymphoid leukemia. N Engl J Med. 2013;368:1509–18.

85. Turtle CJ, Hanafi LA, Berger C, Gooley TA, Cherian S, Hudecek M,
Sommermeyer D, Melville K, Pender B, Budiarto TM, et al. CD19 CAR-T cells
of defined CD4+:CD8+ composition in adult B cell ALL patients. J Clin
Invest. 2016;126:2123–38.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Im and Pavletic Journal of Hematology & Oncology  (2017) 10:94 Page 10 of 10


	Abstract
	Background
	The past (and present)
	Novel aspects of hematologic malignancies

	The present
	Monoclonal antibodies
	Antibody-drug conjugates
	Bispecific T cell engagers
	CAR T cells
	Immune checkpoint blockade

	Conclusions
	The future
	Abbreviations

	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

