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Abstract

Immune checkpoint inhibitors and Chimeric Antigen Receptor (CAR) T-cell therapies have emerged as concomitant approaches to treat B-cell malignancies.
Immune checkpoint blockade are monoclonal antibodies that override the evasion by tumors of self-destruction through inhibitory signaling. CAR T-cells are
genetically modified to express CAR and, like monoclonal antibodies, are targeted therapies directed toward antigens on tumor cells. Initial studies of immune
checkpoint inhibitors and CAR T-cell therapies report clinical data demonstrating safety and efficacy for both approaches and have constituted a paradigm shift in
the treatment of cancer. Subsequent clinical data reveal safety and efficacy, and also associated toxicities for both approaches. Immune related adverse events can affect

patients’ quality of lives adversely. Further studies may focus on mitigating adverse events and benefitting patients.

Introduction

“If we are at the dawn of a new day in immunotherapy for HM
[Hematological Malignancies], we may begin to envision its morning,”
an author reports in a 2015 issue of the journal Blood, referring to
the immune checkpoint blockade approaches [1]. Anti-Programmed
Death-1 (PD-1), its ligand Programmed Death-Ligand 1 (PD-L1), and
anti-cytotoxic T-lymphocyte antigen 4 (anti-CTLA-4) inhibitors were
being developed (and still are) at the time as immunological targets
for hematological malignancies, and as the foundation for treatment
of these blood cancers, and the author proclaims it a “paradigm-shift”
for their clinical use. However, recently, this proclamation might be
aptly described for chimeric antigen receptor (CAR) T-cell therapies,
which may currently be eclipsing immune checkpoint blockade
inhibitors.

This paper evaluates of both of these approaches for B-cell
malignancies and focuses on diffuse large B-cell lymphoma (DLBCL),
B-cell acute lymphocytic leukemia (B ALL), classical Hodgkin
lymphoma (cHL), and chronic lymphocytic leukemia (CLL), and
presents a critical appraisal of the clinical evidence supporting their
use in the treatment of B-cell malignancies [2-4]. This review compares
and contrasts their current roles for treating B-cell malignancies and
the existing immune-related toxicities [5] and discusses how both
immune checkpoint inhibitors and adoptive cell therapies can produce
strategies for the management of these malignancies [6]. Also, this
paper addresses immune-related adverse events. Both approaches have
demonstrated a dramatic improvement in overall survival in patients
with B-cell malignancies. Prolonged survival rates, longer remission
and less refractory periods result, and each has benefits and limitations
for patients in terms of symptomology and quality of life [7,8].
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Background

Approximately every three minutes one person in the United
States (U.S.) is diagnosed with a blood cancer, of which B-cell
malignancies comprise. An estimated combined total of almost
175,000 people in the U.S. were diagnosed with leukemia, lymphoma
or myeloma in 2018. New cases of leukemia, lymphoma and myeloma
are expected to account for 10 percent of the estimated two million
new cancer cases diagnosed in the U.S. in 2018. An estimated 1.3
million people in the U.S. are either living with, or are in remission
from, leukemia, lymphoma or myeloma. Approximately 22,000 people
die of B cell malignancies each year in the U.S. Patients with some
B cell malignancies cannot be cured by conventional chemotherapy
and monoclonal antibodies. Allogeneic stem cell transplantation is
limited by significant transplant related mortality and a shortage of
suitable donors [9].

The hallmarks of cancer are constant proliferative signaling,
evasion of growth suppressors, resistance to cell death, replicative
immortality, induction of angiogenesis and activating invasion, and
metastasis [10,11]. The dysregulated cellular processes in cancer cells
are in tandem with accumulation of variable genetic alterations and
consequent expression of tumor neoantigens which are not present
in normal cells. In an ideal state, immune cells recognize these new
antigens and kill the cancer cells [12,13].
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Immune checkpoint inhibitors, such as anti-CTLA-4, PD-1, and
PD-L1, and adoptive T-cell therapies, such as CAR T-cell therapy, have
emerged at the forefront in the discovery of cancer immunotherapies
[14,15]. A number of immunomodulatory agents that target immune
system checkpoints, such as the cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4), a receptor that binds with certain molecules to
tell the immune system to slow down, and the programmed cell death
protein 1 (PD-1), a receptor involved with telling T-cells to die and
reduce the death of regulatory T-cells, have received regulatory approval
for the treatment of multiple cancers including malignant melanoma,
non-small cell lung cancer, renal cell carcinoma, classical Hodgkin
lymphoma, and recurrent or metastatic head and neck squamous cell
carcinoma [16].

Additionally, the recent success of immune checkpoint inhibitors
for the treatment of multiple different cancers has markedly increased
interest in their investigation as combination regimens, often in
conjunction with established systemic and local therapies [17,18].
Although the combination of immunooncology agents with molecularly
targeted agents or radiotherapy offers the potential for synergistic
antitumor immune responses, a valid concern is the increased risk of
immune-mediated toxic effects [19].

Adoptive T-cell therapies such as CAR T-cell therapies have
been developed as approaches to specifically treat hematological
malignancies. CAR T cell therapies - that have been genetically
engineered for a new antigen-specificity - have displayed significant
success in treating patients with hematologic malignancies, leading to
three recent U.S. Food and Drug Administration approvals [20,21].

The development of immune checkpoint blockade treatments

The treatment of cancer has largely relied on killing tumor cells with
nonspecific cytotoxic therapies and radiotherapy [2]. This approach,
however, has limitations including severe systemic toxicities, bystander
effects on normal cells, recurrence of drug-resistant tumor cells, and the
inability to target micro-metastases or subclinical disease [2].

Immune checkpoint inhibition evolved as a way to exploit the
cancer cell’s inhibitory pathway and self-destruct upon stimulation or
activation. For proper T cell activation, two separate signals are required
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Figure 1. Immune Checkpoint Inhibition Mechanisms. The antigen presenting cell presents
the inhibitory signal through the major histocompatibility complex, which blocks the T-cell
from killing tumor cells. Immune checkpoint inhibitors, such as anti-CTLA4 and anti-
PD-1, override this inhibition [10]
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(Figure 1) [10,22]. The first signal is mediated by antigen-dependent T
cell receptor (TCR) binding to the major histocompatibility complex
(MHC) molecule of an antigen-presenting cell (APC). The second
signal is antigen-independent, co-stimulatory, or co-inhibitory signal
delivered by the APCs. The second signal modulates TCR signaling and
determines the T cell’s fate [10,22].

Cancer cells can exploit the programmed death-1 (PD-1) immune
checkpoint pathway to avoid immune surveillance by modulating
T-lymphocyte activity. In part, this may occur through overexpression
of PD-1 and PD-1 pathway ligands (PD-L1 and PD-L2) in the
tumor microenvironment. PD-1 blockade has produced significant
antitumor activity in solid tumors, and similar evidence has emerged in
hematologic malignancies [23].

The development of immune checkpoint inhibition, whose
mechanisms are described above, is one of the most striking innovation
in the clinical development of immunotherapy. Monoclonal antibodies
(mAbs) restore and augment the antitumor immune activities of
cytotoxic T cells by mainly blocking immune checkpoint molecules
on T cells or their ligands on antigen-presenting and tumor cells [24].
Based on preclinical data, many clinical trials have demonstrated the
acceptable safety profiles and efficacies of mAb in various cancers. The
first-in-class approved immune checkpoint inhibitor was ipilunimab,
which is a fully humanized mAb that blocks the immunosuppressive
signal by cytotoxic T-lymphocyte antigen-4. Thereafter, nivolumab was
also approved for use in the treatment of advanced renal cell cancer in
August 2016, of Hodgkin's lymphoma in December 2016, and of head
and neck cancer in March 2017 in Japan [24].

It is now recognized that established tumors have numerous
mechanisms of suppressing the antitumor immune response including
production of inhibitory cytokines, recruitment of immunosuppressive
immune cells, and upregulation of coinhibitory receptors known as
immune checkpoints. La-Beck et al. conducted one of the first reviews
on the immune checkpoint inhibitors. In highlighting similarities and
differences among the three immune checkpoint inhibitors approved by
the U.S. Food and Drug Administration—ipilimumab, pembrolizumab,
and nivolumab—they facilitate therapeutic decision making [2,25].
However, there is limited clinical success amongst pediatric patients
[26,27].

Immune checkpoint blockade inhibitors: The landscape of
treatments from recent clinical trials

Based on the success of PD-1 blocking mAbs in the treatment of
solid tumors, two phase 1 studies were initiated testing those antibodies
in a broad array of HMs. The first study (NCT01592370) tested the
safety and single-agent activity of the anti-PD1 mAb nivolumab in
patients with relapsed or refractory (R/R) multiple myeloma (MM),
non-HL (NHL), and classical HL [3]. The second study (NCT01953692,
KEYNOTE-013) tested another PD-1 mAb, pembrolizumab, in
R/R myelodysplastic syndromes (MDS), MM, NHL, and HL [1].
Preliminary results from both studies have now been reported. Both
studies enrolled patients with multiply R/R HL, with a median of 4 to
5 lines of prior systemic therapy; most had had prior brentuximab and
prior autologous stem cell transplantation (ASCT) [1,28,29].

Despite this, single-agent PD-1 blockade yielded overall response
rates (ORR) of 87% (with a complete response (CR) rate of 17%)
and 65% (CR rate of 21%) with nivolumab and pembrolizumab,
respectively [1,30]. Although the median follow-up is still short, many
of the responses appear durable, with some patients now in continued
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remission for over a year. Another important finding in both studies
was the favourable safety profile in patients with HM, as was also
demonstrated by prior studies of another anti-PD-1 mAb, pidlizumab
[1]. This is a salient result, as many patients on those studies had
previously received other agents with potential lung toxicity, including
radiation, high-dose carmustine, and brentuximab vedotin, raising
the concern that PD-1 blockade could lead to a high incidence of
pneumonitis in this patient population. In fact, the incidence of
pneumonitis in those trials, although not negligible, did not appear
excessive, with 13 cases (including 3 severe and 1 fatal case) among
134 patients [31]. Overall, the safety profile of PD-1 blockade in HM
appeared similar to that in patients with solid tumors; the rate of severe
(grade 3) drug-related adverse events was around 20% in both trials,
and only 2 life-threatening (grade 4) and 1 fatal treatment-related
toxicities were reported among 134 patients. PD-1 blockade therefore
appears to be a tolerable treatment in HM [32].

In a recent preliminary Phase Ib study, nivolumab showed
efficacy and tolerability in patients with relapsed and refractory B-cell
lymphoma. In phase I, open-label, dose-escalation, cohort-expansion
study, patients with relapsed or refractory B-cell lymphoma received
the anti-PD-1 monoclonal antibody nivolumab at doses of 1 or 3 mg/
kg every 2 weeks [23,32]. The study aimed to evaluate the safety and
efficacy of nivolumab and to assess PD-L1/PD-L2 locus integrity and
protein expression. Eighty-one patients were treated, and drug-related
adverse events occurred in 51 (63%) patients. Objective response
rates were 40%, 36%, 15%, and 40% among patients with follicular
lymphoma, diffuse large B-cell lymphoma, mycosis fungoides, and
peripheral T-cell lymphoma, respectively. Nivolumab was well tolerated
and exhibited antitumor activity in extensively pretreated patients with
relapsed or refractory B- cell lymphomas [23,32].

Loss of donor-mediated immune antitumor activity after allogeneic
hematopoietic stem-cell transplantation (HSCT) permits relapse of
hematologic cancers. According to Davids, et al, immune checkpoint
blockade established by targeting cytotoxic T-lymphocyte-associated
protein 4 with ipilimumab could restore antitumor reactivity through
a graft-versus-tumor effect. A phase 1/1b multicenter, investigator-
initiated study was conducted to determine the safety and efficacy
of ipilimumab in patients with relapsed hematologic cancer after
allogeneic HSCT [33]. A total of 28 patients were enrolled. Immune-
related adverse events, including one death, were observed in 6 patients
(21%), and graft-versus-host disease (GVHD) that precluded further
administration of ipilimumab was observed in 4 patients (14%).
Among 22 patients who received a dose of 10 mg per kilogram, 5 (23%)
had a complete response, 2 (9%) had a partial response, and 6 (27%)
had decreased tumor burden [33]. Complete responses occurred in 4
patients with extramedullary acute myeloid leukemia and 1 patient with
the myelodysplastic syndrome developing into acute myeloid leukemia.
Four patients had a durable response for more than 1 year. Early-phase
data showed that administration of ipilimumab was feasible in patients
with recurrent hematologic cancers after allogeneic HSCT, although
immune-mediated toxic effects and GVHD occurred [33].

A phase II study evaluated pidilizumab monotherapy in patients
with recurrent DLBCL who had received auto-HSCT [34]. The rationale
was to enhance effector T cell function through PD-1 blockade after
auto- HSCT to eliminate possible residual disease. Patients started by
receiving pidilizumab intravenously at a dose of 1.5 mg/kg every 42
days for three cycles from 30 to 90 days after auto-HSCT. A total of 72
patients were enrolled and 60 patients finished all 3 cycles. A total of
66 patients were evaluable. The overall progression free survival (PFS)
was 72% at 16 months (90% CI: 60%-82%) exceeding the historical
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data of 69%. The median time to initial response was 30 weeks (range:
6-69 weeks). Among the 35 patients who had residual disease by CT-
imaging at time of post-auto-HSCT restaging, the overall response rate
(ORR) was 51%, including 12 (34%) complete response (CR) and 6
(17%) partial response (PR). However, the ORR fell to 33% for the 9
patients with positive PET scan at restaging. The most frequently seen
grade 3/4 adverse events (AEs) were neutropenia (19% of patients) and
thrombocytopenia (8%). No autoimmune toxicity, infusion reactions or
treatment-related mortality was observed. Treatment with pidilizumab
has led to a substantial expansion of PD-1 bearing activated helper T
cells within 24 h, suggesting an on-target effect. Eleven patients with
relapsed or refractory DLBCL were enrolled in the aforementioned
phase I study of nivolumab. Four patients (36%) responded to the
therapy with 1 CR while the PFS rate at 24 weeks was 24% [34].

A Phase II trials were registered on clinicaltrials.gov for nivolumab
in hematologic malignancies: A single-arm, open-labelled, Phase II
study of patients with relapsed/refractory DLBCL that failed AHCT or
two prior standard regimens in patients that are transplant ineligible
(NCT02038933). The primary endpoint was ORR and secondary
endpoints include further anti-tumor effects. Nivolumab was
administered at 3 mg/kg every 2 weeks until progression of disease. The
primary endpoint is ORR and secondary endpoints include duration of
response and other anti-tumor effects [35].

Adverse effects and toxicities: consensus recommendations

As reported by Puzanov et al, consensus recommendations have
been released from the Society for Immunotherapy of Cancer (SITC)
Toxicity Management Working Group. Increasing use of immune-
based therapies, including immune checkpoint inhibitors, has exposed
a discrete group of immune-related adverse events (irAEs) [36]. Many
of these are driven by the same immunologic mechanisms responsible
for the drugs therapeutic effects, namely blockade of inhibitory
mechanisms that suppress the immune system and protect body
tissues from an unconstrained acute or chronic immune response.
Skin, gut, endocrine, lung and musculoskeletal irAEs are relatively
common, whereas cardiovascular, hematologic, renal, neurologic and
ophthalmologic irAEs occur much less frequently [36].

Overall, irAEs are broken down into two major categories, based
on the opinions of the workshop organizers regarding the frequency
with which they are seen in clinical practice: frequently reported
(dermatologic, gastroenterological, endocrine, respiratory, and
rheumatologic/musculoskeletal) and uncommon (cardiovascular,
hematologic, renal, neurologic and ophthalmologic) [35]. Infusion
reactions, which are more common with mAbs based on a wildtype
IgG1 backbone and less common with IgG4 antibodies, are also
addressed. Within each body system, information is divided into three
sections: clinical presentation and epidemiology, diagnostic evaluation,
and guidance on when to refer to a disease specialist. Among the SITC’s
consensus recommendations are prednisone for abdominal pain and
hepatitis, and thyroid replacement therapy for hypothyroidism. Due
to incidences of relapse and remission and side effects observed for
immune checkpoint inhibitors, the development of CAR T cells paved
the way for further cancer immunotherapeutic approaches.

The development of adoptive cell therapies

Because tumor-reactive T cells cannot be reliably cultured from
most human tumors, methods have been developed to engineer T
cells to express genes encoding tumor-antigen specific T cell therapies.
Another approach to adoptive T cell therapy is to engineer T cells
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to express chimeric antigen receptors (CARs). CARs are made of an
antigen-recognizing receptor coupled to signaling molecules that
can activate T cells expressing the CAR. The antigen receptors most
commonly incorporated into CARs are single chain variable regions of
a monoclonal antibody joined by a peptide linker. CD19 is promising
target for antigen-specific T cell therapies because malignant B cells,
normal B cells and follicular dendritic cells express it [37,38].

CARs are designed with domains derived from different origins,
including an extracellular ligand binding domain, a transmembrane
domain, and intracellular ligand domains. The extracellular ligand
binding domain confers target specificity (Figure 2). The intracellular
signaling domains drive CAR T cell effector functions. For durable
T-cell activation, co- stimulatory signaling is also required. CARs allow
the expressing T cell to effectively kill target tumor cells and ideally
persist and provide ongoing immune surveillance. While some normal
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Figure 2. Anatomy of a CAR. All of the components except of the lipid bilayer which part
of the host cell membrane are encoded by the plasmid. [Adapted from Gill, et al.]
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Figure 3. Components of a successful adoptive cellular immunotherapy. The patient
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functions. [Adapted from Gill, et al.]
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B cells die after receiving therapies targeting CD109, it is well-tolerated
(Figure 3) [37].

Clinical trials for recent FDA-approved CAR-T cell agents

Kochenderfer, et al. reported in 2009 eradication of B-lineage cells
and regression of lymphoma in a patient treated with T cells genetically
engineered to recognize CD19. Prolonged elimination of CD19+ cells
in the patient indicated in vivo antigen specific activity of anti-CD19-
CAR-expressing T cells [39].

Investigators at Memorial Sloan Kettering Cancer Center (New
York, NY) were the first to publish clinical trial results describing
CD19-targeted CAR T-cell therapy of patients with relapsed B-ALL.
In this study, all five patients treated with CAR T cells achieved
minimal residual disease negative complete remission. Updated results
describing the treatment of 16 patients with relapsed or refractory
B-ALL treated with CAR T cells were recently published: the overall
CR rate in this trial was 88% and 12 of 14 patients were classified as
minimal residual disease negative. 44% of these patients went on to
standard-of- care allogeneic hematopoietic stem cell transplant [40].

Initial studies from University of Pennsylvania (Philadelphia, PA)
reported potent anti-leukemic effects of CD19 CAR T cell therapy in
three patients with refractory chronic lymphocytic leukemia where
two of the three patients achieved MRD-CR. Infused CAR T cells
proliferated up to 10,000-fold and persisted in recipients for at least 6
months and shown to retain antitumor activity after six months [41].

Novartis received its first ever FDA approval for a CAR-T cell
therapy, tisagenlecleucel, for children and young adults with B-cell ALL
that is refractory or has relapsed at least twice. First-in-class therapy
showed an 83% (52/63) overall remission rate in this patient population
with limited treatment options and historically poor outcomes
[42]. Tisagenlecleucel’s approval was followed by FDA approval of
asicabtagene ciloleucel, which employs similar mechanisms [20].

A recent report released by the American Society of Clinical
Oncology (ASCO) showed that CAR-T therapy trials show longer term
benefits [21]. In addition to being named the 2018 Advance of the Year
by ASCO, CAR-T cell therapy, unlike checkpoint inhibitors, boosts the
ability of the body’s immune system to fight cancer using the patient’s
own genetically re-engineered cells.

ZUMA-6 (NCT02926833), a phase II trial of a second type of
anti-CD19 CAR-T therapy, called axicabtagene ciloleucel (Yescarta),
enrolled 111 adults with refractory large B-cell lymphoma [21]. After
a median time of 15.4 months, 82% of patients had decreased signs
and symptoms of disease and 54% experienced a complete regression
of disease [21]. Furthermore, 52% of patients were alive 18 months
after treatment. There were some significant adverse effects, including
myelosuppression, cytokine release syndrome, and neurologic events.
The FDA approved the drug for use in this population in October 2017
[21].

Toxicities and limitations

There are a number of toxicities and limitations associated with
CAR T-cell therapy. Cytokine Release Syndrome (CRS) is a condition
hallmarked by increased cytokine production and associated
inflammation. CRS generally correlates with increased IFN, GM-CSE,
IL-10, and IL-6, as well as CAR T cell expansion [20,43]. Cytokine
release syndrome clinical presentation includes fever, nausea,
anorexia, tachycardia and/or hypotension, cardiac dysfunction, renal
impairment, and hepatic failure among other conditions. Higher disease
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burdens correlated with greater CRS severity. Anti-tumor activity of
CAR T therapies, however, was not predicated by disease severity, as
patients who did not experience CRS may still responded to therapy.
Clinical trial results from the University of Pennsylvania/ Children’s
Hospital of Philadelphia, as well as the ELIANA trial indicated that
CRS severity specifically correlated with patient IL-6 levels. As a result,
the FDA concurrently approved tocilizumab with tisagenlecleucel
for the treatment of CAR T-associated CRS. Subsequent studies have
confirmed tocilizumab efficacy in reversing CRS symptoms, as well as
having little to no inhibitory effect upon CAR T therapeutic efficacy
[20,44].

Patients who receive CAR T-cells can also develop reversible
neurotoxicity independently of CRS. While global encephalopathy
is the most common toxicity, other symptoms have been reported
(seizures, aphasia, hallucinations). The symptoms are usually brief and
self-limited. It is of unknown etiology. NTX, which can present as CAR
T-related encephalopathy (CRES), includes a variety of neurological
symptoms, including confusion, delirium, expressive aphasia,
obtundation, myoclonus, and seizure. White matter degradation has
also been observed in some severe cases [20]. To date, causality of
CRES is unknown, but studies suggest that cytokine secretion and
subsequent breakdown of the blood-brain barrier may play a role. of
note, patients treated with blinatumomab - a bi-specific anti-CD19/
CD3 BiTE antibody - also have increased incidence of neurological
toxicities similar to those observed in patients treated with CAR T [45].

CRES treatment includes supportive care and consistent
neurological evaluation. CRES also requires a neurological evaluation,
as well as tocilizumab administration if symptoms are associated with
CRS. Unlike CRS where tocilizumab has a clear role, the efficacy of
tocilizumab in reversing CRES is not well established. CRES requires
ICU transfer, and some centers utilize tocilizumab administration if
associated with CRS. Corticosteroids - including dexamethasone or
methylprednisolone - are also recommended for grade 3/4 CRES.

Combination of immune checkpoint inhibitors with t-cell
based therapies

Adoptive T cell therapy in combination with immune checkpoint
inhibitors may elicit promising treatments. The antitumor effect of
combinational therapy with CAR T-cells and PD-1 inhibitor was
investigated preclinically using transgenic Her2 mice treated with Her2-
specific CAR T-cells. Tumor Her2 antigen triggered PD-1 upregulation
in CAR T-cells, and PD-1 blockade enhanced Her2-specific T-cell
functions and decreased MDSC in the tumor microenvironment,
leading to enhanced anti-tumor effect [43]. A clinical trial to study the
combination of CD19-CAR T-cells and ipilimumab in patients with
B-cell lymphoid malignancies including pediatric patients has been
initiated (NCT00586391).

When non-clonal T-cells are gene-modified with CAR or armed
with bispecific antibodies, they mediate potent anti-tumor cytotoxicity,
leading to strong T-cell activation and production of proinflammatory
cytokines [26]. However, despite promising clinical responses (e.g.
CD19-directed T-cell based immunotherapy), tumor recurrence
was observed, partly because of genomic instability and the effects
of cancer immune editing [20]. Additional resistance mechanisms
include downregulation or loss of target antigen expression, tumor-
associated dendritic cell dysfunction, increased T-regulatory cells,
immunosuppressive cytokines, activation of alternative signaling
pathways, and anti-antibody formation [26].
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Use of hematopoietic cell transplantation in conjunction
with immune checkpoint inhibitors and car t-cell therapies

As described earlier, hematopoietic cell transplantation has been
considered the standard curative therapy for many patients with
hematological malignancies. In addition to the cytotoxic effects of the
chemotherapy and radiation used in the conditioning regimen, the
benefits of hematopoietic cell transplantation are derived from a reset
of the immune system and harnessing the ability of donor T cells to
eliminate malignant cells. With the dawn of the era of immunotherapies
in the form of checkpoint inhibitors and chimeric antigen receptor T
cells, the role of hematopoietic cell transplantation has evolved [46,47].

Ghosh et al. found that immunotherapy with checkpoint inhibitors
is increasingly being used for relapsed Hodgkin and non-Hodgkin
lymphoma after auto-HCT. Checkpoint inhibitors are also being tested
after allo-HCT with observable benefits in treating hematological
malignancies, but with a potential risk of increased GVHD and
transplant-related mortality. Immunotherapy with CD19 CAR T cells
are powerful options with aggressive B cell malignancies both for therapy
and as induction leading to allo-HCT [48,49]. While immunotherapies
with checkpoint inhibition and CAR T cells are increasing being used
to treat hematological malignancies, HCT remains a standard of care
for most of the diseases with the best chance of cure. Combination of
these therapies with HCT has the potential to more effectively treat
hematological malignancies [50,51].

Summary

Clinical data reveal safety and efficacy in Phase I and II trials for
both approaches that have subsequently achieved Phase III approvals.
Relapsed and refractory B cell malignancies, particularly classical
Hodgkin lymphoma in adults and B cell acute lymphoblastic leukemia
in pediatric patients, can now be considered to be amenable for immune
checkpoint inhibitors and CAR T-cell treatments. Associated immune
related adverse events are treatable, and in some cases reversible,
but may affect patients’ quality of lives adversely. Future studies may
concentrate on developing lines of treatment that avoid immune-
related toxicities and benefit adult and pediatric patient populations.
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