1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Transplant Cell Ther. Author manuscript; available in PMC 2023 November 01.

-, HHS Public Access
«

Published in final edited form as:
Transplant Cell Ther. 2022 November ; 28(11): 727-736. doi:10.1016/j.jtct.2022.07.015.

CAR T versus HCT: An Evolving Perspective

Scott R. Goldsmith1:2, Armin Ghobadi2, John F. Dipersio?, Brian Hill3, Mayzar Shadman?,
Tania Jain®

1-Judy and Bernard Briskin Center for Multiple Myeloma Research, City of Hope Comprehensive
Cancer Center, Duarte, CA

2Division of Oncology, Washington University School of Medicine in St, Louis, St. Louis, MO
3Taussig Cancer Institute, Cleveland Clinic, Cleveland, OH

4Clinical Research Division, Fred Hutch Cancer Center and Medical Oncology division, University
of Washington, Seattle. Washington

5Division of Hematological Malignancies and Bone Marrow Transplantation, Sidney Kimmel
Comprehensive Cancer Center, Johns Hopkins University, Baltimore, Maryland

Abstract

Cellular therapy modalities, including autologous (Auto) hematopoietic cell transplantation
(HCT), allogeneic (Allo) HCT, and now chimeric antigen receptor (CAR) T therapy, have
demonstrated long term remissions in advanced hematologic malignancies. Auto and AlloHCT,
through hematopoietic rescue, have permitted the use of higher doses of chemotherapy. AlloHCT
also introduced nonspecific immune-mediated targeting of malignancy resulting in protection from
relapse, although at the expense of similar targeting of normal host cells. In contrast, CAR T
therapy, through genetically-engineered immunotherapeutic precision, allows for redirection of
autologous immune effector cells against malignancy in an antigen-specific and MHC-independent
fashion, with demonstrated efficacy in patients who are refractory to cytotoxic chemotherapy.

It too has unique toxicities and challenges. Non-Hodgkin lymphoma (including large B-cell
lymphoma, mantle cell lymphoma, and follicular lymphoma), B-cell acute lymphoblastic
leukemia, and multiple myeloma are the three main diseases with fully developed CAR T products
with widespread deployment. Recent and ongoing clinical trials are examining the interface
between the three cellular therapy modalities (AutoHCT, AlloHCT, and CAR T), to determine
whether they should be “complementary” or “competitive”. In this review, we examine the current
state of this interface with respect to the most recent data and delve into the controversies and
conclusions that may inform clinical decision-making.
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Introduction

While previous paradigms of systemic therapy treated the immune system as expected
collateral damage, immune cells, manipulated or engineered, now play a central role in
current strategies for advanced hematologic malignancies. Nowhere is this more apparent
than in the treatment modalities of hematopoietic cell transplantation (HCT) and chimeric
antigen receptor T-cell (CAR T) therapy.

The current state of HCT can be subdivided into autologous HCT (AutoHCT) and allogeneic
HCT (AlloHCT) with distinct aims targeting specific malignancies (Figure 1). AutoHCT
allows for hematopoietic rescue following the administration of high-dose, myeloablative
chemotherapy, predominantly in multiple myeloma, relapsed lymphomas, and germ cell
tumors.® In contrast, AlloHCT exploits not only cytotoxic chemotherapy but also the
immunotherapeutic graft-versus-tumor effect from adoptive transfer of a donor immune
system, albeit at the risk of non-specific immune-mediated toxicity in the form of graft-
versus-host disease (GVHD).2 Successful management of acute lymphoblastic leukemia
(ALL) and myeloid malignancies often hinges on the immunotherapeutic effect of AlloHCT,
whereas many bone marrow failure syndromes, aplastic anemia, and even sickle cell disease
respond to donor graft transplantation for hematopoietic purposes.

In some contexts, such as multiple myeloma and myeloid malignancies, the roles of
AutoHCT and AlloHCT, respectively, remain stable to date.3 In others such as B-cell non-
Hodgkin’s lymphomas (NHL), CAR T therapy has challenged and successfully supplanted
HCT in some situations.*® Questions remain in other disease states in which the roles of
CAR T therapy and HCT are not competitive, rather complementary, as CAR T therapy may
serve as a bridge to HCT.

The scenarios in which these strategies are employed require a nuanced approach and
detailed knowledge of the evidence.

In this perspective review, we aim to highlight the current interface between AlloHCT,
AutoHCT, and CAR T. While it is certainly worth acknowledging the explosion of cellular
and immunotherapies (eg. T-cell redirecting therapies) in preclinical and early clinical
development for a wide range of hematologic and solid malignancies (which may represent
a future state of therapeutic options) they remain beyond the scope of the current review.
Herein, we focus predominantly on B-cell ALL, B-cell NHL, and multiple myeloma as these
diseases have the longest record of CAR T clinical development and the most volatility at
the interface of these modalities.

Comparisons and Contrasts in the Management of HCT and CAR T Recipients

Several similarities and differences exist among the three modalities and the management
of patients receiving them (Figure 2). In general, chemosensitivity and disease remission
predict better outcomes for those receiving either AutoHCT or AlloHCT, whereas
patients receiving CAR T treatment generally have active disease that has often proven
refractory to cytotoxic chemotherapy.2:6 While CAR T therapy may be able to overcome
chemorefractoriness, the pre-infusion period can be challenging as the manufacturing of
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autologous product can take a variable length of time and options for bridging therapy
may be limited.” In a “real world” study of axicabtagene ciloleucel (axi-cel) for LBCL,
16% of patients did not receive axi-cel due to disease progression, despite the majority
receiving bridging therapy, and systemic bridging therapy was associated with inferior
outcomes.8 Several early toxicities that occur following any of these cellular modalities
are managed similarly including infections and hematologic toxicities.? The modalities
also have unique toxicities, such as acute and chronic GVHD in AlloHCT and cytokine
release syndrome (CRS) and immune-effector cell associated neurotoxicity syndrome
(ICANS) following CAR T.10.11 While ICANS had previously appeared to be acute or
subacute, some recipients may experience delayed neurotoxicity and/or unconventional
sequelae such as persistent neurocognitive and neuromuscular deficits.12 These toxicities
require that not only the malignant hematologists have a specialized understanding of
their recognition and management, but that all providers (eg. Infectious disease specialists,
intensivists, neurologists, nursing, therapists, etc.) have specific training and experience
in the management of such patients. Interestingly, seemingly different toxicities such as
GVHD and CRS may have convergent therapeutic opportunities, such as targeting of the
Janus kinase (JAK) and PI3 kinase pathways, therefore we are likely to see continued
developments in the supportive management of cellular therapies concurrent with the
development of the therapies themselves.13-18

CAR T Therapy Challenges Transplant-Based Standard of Care in Relapsed/Refractory
Aggressive B-cell Non-Hodgkin’s Lymphomas

Until the introduction of CD19-targeting CAR T therapy, patients with large B-cell
lymphoma (LBCL) who developed relapsed or refractory disease following salvage
chemotherapy and AutoHCT had dismal outcomes with little chance of long-term
survival.1® The studies which supported this salvage approach in the first place identified
chemosensitivity as a prerequisite to success of AutoHCT, inherently identifying a subclass
of patients that required a different approach to their disease.20-21 Some chemorefractory
patients did respond to AlloHCT, suggesting the possibility of immunotherapeutic
susceptibility, although the risks of high transplant-related morbidity and mortality limited
its applicability.22

State of the art of CD19 CAR T for NHL and recent data on earlier usage—

As no standard of care existed for LBCL patients who relapsed after AutoHCT or were
ineligible principally due to chemorefractoriness, three CD19-targeting CAR T products
received regulatory approval based on notable and durable responses as third-line treatment
options for these patients.23-26 The preclinical, early phase, and pivotal studies that led

to their designations have been reviewed in detail previously.2:2527 Briefly, ZUMA-1 (axi-
cel), JULIET (tisagenelecleucel), and TRANSCEND NHL-001 (lisocabtagene maraleucel,
liso-cel) investigated their CAR T therapies in single-arm studies in LBCL relapsed after

2 lines and/or AutoHCT.23:25.26 Treatment-refractory patients comprised 79%, 55%, and
67%, respectively. Notably, bridging chemotherapy was not permitted in ZUMA-1 and need
for bridging therapy was associated with worse response rate in JULIET. All had notable
efficacy with complete response rates of 58%, 38%, and 53%, and 1-year PFS of 44%, 35%,
and 44%, respectively.
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With demonstrated efficacy in this highly-refractory population, questions regarding whether
such benefits could be provided earlier in the treatment course led to the design and
execution of randomized controlled trials pitting each of these products against standard-of-
care (SoC) in the second-line setting. Data from these trials were recently presented and
published (Table 1).28-30

ZUMA-T7 (axi-cel), BELINDA (tisagenlecleucel), and TRANSFORM (liso-cel) all
randomized patients 1:1 versus SoC, which consisted of several cycles of platinum-based
salvage chemotherapy followed by AutoHCT for those who achieved a partial response
(PR) or complete response (CR).28-30 |n the primary analysis of ZUMA-7, axi-cel led to
improved event-free survival (EFS) over SoC with a trend toward improved overall survival
(OS) at a prespecified interim analysis. In a prespecified interim analysis of TRANSFORM,
liso-cel led to improved EFS compared to the SoC arm. In BELINDA, there was not

a statistically significant difference in EFS between the tisagenlecleucel and SoC arms,

and therefore OS was not formally assessed. Response rates mirrored the EFS results and
investigators concluded that the safety profiles were consistent with the prior pivotal studies
for third-line therapy. Elsawy et al. reported health-related quality of life outcomes from
ZUMA-7, highlighting significantly better Day 100 patient-reported outcomes among the
axi-cel arm compared to SoC, which may help inform clinical decisions. 3!

Distinctions between and limitations of second-line CD19 CAR T studies

in LBCL—Despite the differences in outcomes, there are several important distinctions
between the trials pertaining to the study design, populations, and interventions which limit
the validity of comparisons between the cellular therapies themselves, although they did
provide some clarity in select scenarios.®

All three trials, included adult patients with histologically-proven LBCL, although
ZUMA-7, unlike the others, excluded primary mediastinal B-cell lymphoma and grade 3B
follicular lymphoma. TRANSFORM was the only of the three to allow patients with active
secondary central nervous system involvement, although very few were included (n = 4).
The organ function requirements for ZUMA-7 were marginally more stringent, although it is
unclear to what extent they had an impact.

The three trials have published data at different stages of maturity; the primary analysis of
ZUMA-7 (N = 359) was published with a median follow-up of 24.9 months. BELINDA
(N = 322) published the primary analysis of EFS and given the non-significant result

of this primary endpoint is not formally testing OS. The prespecified interim analysis of
TRANSFORM was presented, reporting a significantly different EFS, albeit with a smaller
sample size of 184 patients and median follow-up of 6.2 months.

Event-free survival was chosen as the primary endpoint for these trials although was
defined differently between trials. In ZUMA-7 and TRANSFORM EFS included, in
addition to disease progression (PD) or death, failure to achieve response to therapy or
change in therapy. EFS in BELINDA was defined as time from randomization to stable
or progressive disease at or after week 12, or death, but need for third-line therapy was
not considered an event. The investigators argued that stable or non-responsive disease
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in relapsed/refractory LBCL is associated with short time-to-progression and survival,
justifying this endpoint. Importantly, participants in BELINDA had a response assessment
at 6 weeks post-randomization that did not impact EFS but rather was used to evaluate
disease burden prior to tisagenlecleucel infusion or to inform decisions to adjust salvage
chemotherapy in the SoC arm.

Use and type of bridging therapy was a key difference in the studies’ designs and

reflected the makeup of the populations that were enrolled. ZUMA-7 allowed only
glucocorticoids as a bridging therapy in the axi-cel arm in order to avoid lymphoma
progression during the manufacturing period. Therefore, patients who had impending

organ compromise due to mass effect were excluded per protocol, potentially limiting the
generalizability of the results. In contrast, both BELINDA and TRANSFORM permitted
chemoimmunotherapy as bridging, therefore permitting the inclusion of patients with bulky
or more rapidly-progressing disease. Notably in BELINDA, while the majority (83%)

of patients received bridging therapy, 26% of patients had progressive disease before
tisagenlecleucel infusion yet were included in the final analysis. A smaller majority (63%)
of patients in TRANSFORM received bridging chemotherapy. ZUMA-7 and TRANSFORM
had balanced baseline characteristics. Due to a stratification error by IPI score, BELINDA
had an imbalance of high-grade B-cell lymphomas, activated B-cell (ABC) lymphomas, and
IP1, with less aggressive disease biased toward the SoC arm. BELINDA and TRANSFORM
had a higher proportion of ABC LBCL than ZUMA-7.

Axi-cel demonstrated superiority over SoC in patients with relapsed/refractory LBCL
without impending organ compromise, whose disease can be controlled with glucocorticoid
bridging therapy. The authors of ZUMA-7 do conclude that in the “real-world” bridging
chemotherapy may be necessary, although it remains unclear if such patients would derive
the same benefit either due to nature of their disease and/or the impact of bridging

therapy itself. As TRANSFORM allowed for bridging chemotherapy, liso-cel appears more
efficacious than SoC in such patients, although the follow-up for that trial is shorter and the
population notably smaller than ZUMA-7 and BELINDA, therefore analysis of more mature
data is awaited. Tisagenlecleucel did not result in a significant improvement in efficacy
over SoC. Some argue that the eligibility criteria allowed for more advanced or more
aggressive disease which was reflected in the majority receiving bridging chemotherapy,
and it remains unclear if a trial with a more selected population would have yielded similar
or different results.> Importantly, salvage chemotherapy followed by AutoHCT remains
standard practice for those who relapse >12 months from primary therapy as second-line
CAR T has yet to be studied among such patients in randomized trials.

Outcomes of chemosensitive patients undergoing either AutoHCT or CD19
CAR T—As the aforementioned studies randomized patients at early relapse, we lack
prospective data on the comparative efficacy between AutoHCT and CAR T in patients
responding to second-line chemotherapy. Shadman and colleagues queried the Center for
International Blood & Marrow Transplant Research (CIBMTR) registry database to examine
outcomes in patients who achieved a PR and subsequently underwent either CAR T therapy
or AutoHCT.32 Their analysis identified a significant difference in 2-year incidence of
progression and OS favoring the AutoHCT cohort. These differences held true among
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patients with primary refractory disease or relapsed within 12 months. While this was a
retrospective study and could not elucidate the reasons for choice of modality after achieving
a PR to salvage chemotherapy, it potentially argues for reserving CAR T for those in this
population who relapse after AutoHCT. Prospective studies addressing this question are
warranted, especially since many patients intended for second-line CAR T will receive and
potentially respond to bridging chemoimmunotherapy.

Potential earlier use of CAR T invites questions for subsequent use of both
AutoHCT or AlloHCT in LBCL—Use of CAR T therapy in the second-line setting

for LBCL will lead to more questions among those who progress after CAR T, such as
whether there is a role for post-CAR T chemotherapy and AutoHCT, or should renewed
consideration be given to AlloHCT. Dreger et al. recently published a perspective on CAR
T and AlloHCT for LBCL.33 Their review of predominantly registry studies and one
prospective trial of AlloHCT for aggressive B-cell lymphomas concluded that the 3-year
PFS was approximately 35%, similar to that of CAR T therapy, albeit the non-relapse
mortality was as high as 30%. A retrospective intention-to-treat analysis of patients with
active LBCL intended for either AlloHCT (n=60) or CAR T therapy (n=41) of whom
65% and 73% received their respective cellular immunotherapy.3* CAR T therapy was
associated with a numerically longer median OS (CAR T 475d vs. AlloHCT 285d,
P=0.88), albeit without reaching statistical significance, and the non-relapse mortality
was significantly lower than AlloHCT. Therefore, AlloHCT has been relegated to select
indications in LBCL including those with suspicion for myelodysplasia or significant
prolonged cytopenias.3? Its role after progression post-CAR T remains an area of interest,
especially in patients ineligible for or unresponsive to subsequent clinical trials, although
historically chemosensitivity has been predictive of AlloHCT success.

BCMA CAR T Therapy and HCT — Complements and Competitors

The current state of AutoHCT for multiple myeloma—High dose melphalan with
AutoHCT remains a current standard in the treatment of multiple myeloma for those

with acceptable performance status and organ function, even with the advent of novel
therapies such as proteasome inhibitors (PIs) and immunomodulatory drugs (IMIDs).3°

The Intergroupe Francophone du Myélome (IFM) 2009 demonstrated that bortezomib-
lenalidomide-dexamethasone (RVd) induction followed by high dose melphalan and
AutoHCT led to superior PFS relative to longer use of RVd induction without AutoHCT.36
However, several interesting observations relating to this trial have been made with extended
follow-up and more granular analysis. Patients who achieved minimal residual disease
(MRD) negativity in either arm had similar outcomes which were significantly better than
those who never achieved MRD negativity.3” Additionally, analysis of long-term follow-up
validated the concept that AutoHCT can be delayed until after first progression as there were
not significant differences in PFS2 (defined as the time from randomization to progression
on next line therapy or death) or OS between arms.38 The majority (76.7%) of those in the
non-transplant cohort underwent AutoHCT at first relapse; a caveat to the delayed AutoHCT
approach is that not all will be transplant-eligible at first relapse.3° In light of these data and
potential mutagenic effects of high-dose melphalan, ongoing efforts aim to use aggressive
quadruplet induction regimens and MRD-adaptive protocols to avoid or delay its use.40

Transplant Cell Ther. Author manuscript; available in PMC 2023 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Goldsmith et al.

Page 7

Controversy and considerations pertaining to AlloHCT in multiple myeloma
—While AutoHCT, whether early or delayed, yields a PFS and possibly OS benefit,
patients almost invariably experience disease progression. Investigators have long sought

to exploit the graft-versus-myeloma (GVM) effect of AlloHCT, although high non-relapse
mortality and lack of early benefit have made it controversial.** However, long-term data
comparing modalities may yet validate the putative immunotherapeutic benefits in select
populations. The BMT CTN 0102 trial compared tandem AutoHCT (auto-auto) to AutoHCT
followed by AlloHCT (auto-allo) without specifying induction regimens and using biologic
randomization.*2 Early on, 3-year PFS and OS were comparable between cohorts and
non-relapse mortality was significantly higher in the auto-allo cohort. Interestingly, those
with chronic GVHD had lower incidence of relapse. With extended follow-up, those with
standard risk disease had similar outcomes regardless of modality, but among those with
high risk disease (defined as elevated beta-2-microglobulin or deletion chromosome 13)
auto-allo had significantly better 6 and 10-year PFS compared to auto-auto, (31% vs. 13%
[p=0.05] and 21% vs. 4% [p=0.03]), although higher NRM negated the relapse benefit as OS
was comparable.*3 A pooled analysis of extended follow-up of auto-auto versus auto-allo
trials suggested that not only did auto-allo confer protection from initial relapse and longer
PFS, but significantly longer post-relapse survival, implying that the GVM effect may be
potentiated with novel therapies even at disease progression.* Importantly, these studies
were conducted prior to the widespread implementation of novel therapies and updated

risk stratification, so their generalizability to modern myeloma patients is limited. However,
they highlight that select subsets of patients could benefit from AlloHCT, especially with
measures to reduce NRM, warranting continued study, and redirecting immune cells against
myeloma will likely be an integral component of achieving functional cures.*®

Pivotal and ongoing studies of BCMA CAR T therapy and their interface with
AutoHCT—Targeted redirection of autologous T-cells against MM required a specific
MM target for CAR generation. B-cell maturation antigen (BCMA) was identified as a
highly- and specifically-expressed cell surface antigen on malignant plasma cell, ultimately
leading to two commercially approved CAR T products, idecabtagene vicleucel (ide-cel)
and ciltacabtagene autoleucel (cilta-cel).#6-49 Both are approved for MM patients who
have received at least four prior lines of therapy, including a proteasome inhibitor,
immunomodulatory drug, and anti-CD38 monoclonal antibody. While not a prerequisite
for these CAR T therapies, the majority of patients in the respective registration trials had
undergone prior AutoHCT; in KarMMa-1 studying ide-cel, 94% had progressed following
AutoHCT whereas 90% had undergone AutoHCT and progressed prior to receiving cilta-cel
on the CARTITUDE-1 study. This is likely reflective of standard practice at this juncture.
Interestingly, a small number of patients (n = 8) on CARTITUDE-1 had prior AlloHCT
whereas such patients were excluded from KarMMa-1; the outcomes of this subgroup have
not yet been described independently.

A principal focus of the ongoing KarMMa and CARTITUDE series of studies is the
identification and treatment of high-risk populations, either by staging or clinical scenarios,
in whom early CAR T therapy may augment AutoHCT or may be incorporated after first
progression (Table 2). Two cohorts from CARTITUDE 2, cohort A (progressive disease

Transplant Cell Ther. Author manuscript; available in PMC 2023 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Goldsmith et al.

Page 8

after 1-3 prior lines of therapy) and cohort B (relapse within 12 months of AutoHCT

or initiation of non-transplant-based MM therapy) have released early data on 20 and 18
patients, respectively.59:°1 In cohort A, the majority had undergone prior AutoHCT, the =>CR
rate was 85% and at a median follow-up of 9.7 months the 6-month PFS was 90%. In cohort
B, 14/18 (77.8%) had received prior AutoHCT, and at a median follow-up of 4.7 months, the
>CR rate was 27.8%; among those with =3 month follow-up the >CR rate was 38%. These
data are immature and primary endpoints yet to be analyzed, but of interest will be whether
early relapse post-AutoHCT can be mitigated by early CAR T treatment, or whether this
group of patients continues to be high risk and experience worse outcomes.

Ongoing and future studies of BCMA CAR T as a substitute or comparator for
AutoHCT in MM—While these studies seek to improve the post-transplant response, other
ongoing provocative studies seek to substitute AutoHCT altogether with CAR T (Table 2).
Among these, the recently-announced phase 3 CARTITUDE-6 (NCT05257083) study will
directly compare cilta-cel with AutoHCT in the upfront setting among patients receiving
quadruplet (daratumumab-bortezomib-lenalidomide-dexamethasone) induction. The results
of these studies could be practice-changing, and key questions beyond the efficacy endpoints
will be addressed. The impact of lymphodepleting chemotherapy and BCMA CAR T
treatment on hematopoietic progenitor cell mobilization and collection remains unanswered
and is relevant as AutoHCT may be a therapeutic option at disease progression. Another
salient question pertains to whether the less pretreated nature of these participants will
impact the efficacy and safety of the CAR T products. Additionally, some of these studies
include lenalidomide maintenance among those receiving CAR T therapy, which to date has
an unknown impact on the efficacy and persistence of the CAR T cells.

As multiple myeloma is the most recent disease to obtain approved CAR T products and

a disease in which HCT is quite entrenched in the treatment paradigm, it remains to be
seen whether CAR T therapy will replace or be an adjunct to HCT. Additionally, as BCMA
CAR T therapy has yet to demonstrate plateaus in relapse incidence and PFS, strategies

to mitigate relapse could foreseeably include consolidative AIloHCT in select high-risk
populations.

CD19 CAR T Therapy as a “Destination” or a Bridge to AlloHCT in B-cell Acute
Lymphoblastic Leukemia

B-cell acute lymphoblastic leukemia (B-ALL) is a heterogenous disease with highly varied
outcomes influenced by patient age, clinical factors, and molecular characteristics. While
some may be cured with aggressive, prolonged chemotherapy regimens, others are directed
toward early consolidative AIloHCT in light of their high risk of relapse.>2-54 Relapsed B-
ALL historically carries a dismal prognosis, even with the introduction of immunotherapies
such as blinatumomab and inotuzumab-ozogamicin.>%:56

CD19 CAR T therapy originated as a treatment for relapsed/refractory B-ALL, with initial
approval of tisagenlecleucel for pediatric, adolescent and young adult (AYA) patients, and
a recent indication for brexucabtagene autoleucel (brexu-cel) for adults. The preclinical and
clinical development of CD19 CAR T products for B-ALL has been previously reviewed,

Transplant Cell Ther. Author manuscript; available in PMC 2023 November 01.


https://clinicaltrials.gov/ct2/show/NCT05257083

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Goldsmith et al.

Page 9

extensively.257 Throughout the clinical trials and reviews, two interfaces exist between
AlloHCT and CAR T - the efficacy and outcomes of CAR T among those who relapsed
after prior AlloOHCT and the role and impact of consolidative AllOHCT after CAR T.58

Among the larger trials of CD19 CAR T for B-ALL, around 40-60% of patients had
undergone prior AlloHCT. In the pivotal ELIANA trial, complete response (CR) rates
to tisagenlecleucel among children and AYAs were similar regardless of prior AlloHCT,
although long-term PFS and OS subgroup data are unavailable.>%:69 Similarly, prior
AlloHCT did not significantly impact the CR/CRi rates of brexu-cel among adults in the
pivotal ZUMA-3 study.51

In both of these studies a minority of patients proceeded to consolidative AlloHCT
post-CAR T, and even among those who did not, a substantial proportion experienced
durable remissions. The decision to proceed to consolidative AlloHCT is influenced by
whether or not a patient has had a prior AlloHCT, and while these pivotal studies

suggested that durable remissions are possible in its absence, others suggest that AlloHCT
consolidation may be beneficial.62 Jiang et al. conducted a prospective study in which they
compared 47 patients who received a 4-1BB CD19 CAR T product and achieved MRD
negativity, who then either went on to AlloHCT or not.53 Twenty-one patients, all transplant
naive, proceeded to consolidative AlloHCT, and 26 did not for various reasons (5 prior
AlloHCT, 5 contraindicated due to comorbidity, 3 lacking donor, 13 personal choice). While
consolidative AlloHCT did not improve overall survival, there was a significant benefit
relating to event-free and relapse-free survival, highlighting the potential added value of the
graft-versus-leukemia effect.

Several disease and treatment-specific factors are posited to contribute to the risk of relapse
post-CAR T and influence clinical decision-making regarding consolidative AlloHCT
(Figure 3). For example, studies have demonstrated that CAR T persistence and/or persistent
B-cell aplasia (a surrogate for persistence) predicts longer disease-free intervals in B-ALL,
and some have suggested that CAR products with 4-1BB signaling domains demonstrate
longer persistence. This concept is based mainly on the ELIANA trial in which 67 of

75 patients did not proceed to AlloHCT and the 12-month EFS was 50%, therefore may
only be applicable to pediatric and young adult patients.59-60.64 Trials of tisagenlecleucel

in older populations or other 4-1BB CAR T products, albeit smaller and heterogenous,
tend to favor consolidative AlloHCT.83.65-67 |nterestingly, available data on recipients of
CD19 CAR T products with CD28 costimulatory domains suggests a reversal of the role

of consolidative AlloHCT based on age group. Shah et al. suggested the importance of
consolidative AlloHCT in children, adolescents, and young adults who received a CD19
CAR T product with CD28 costimulatory domain; 21 of 28 patients who achieved MRD-
negative CR underwent AlloHCT (4 who had had prior AlloHCT) at a median of 54 days
from CAR T infusion, with a 5-year EFS of 61.9% and cumulative incidence of relapse of
9.5% at 24 months.%8 All seven who did not proceed to AlloHCT in MRD-negative CR after
CAR T relapsed at a median of 152 days. Importantly, 6 of 7 had already relapsed after

a first AlloHCT, therefore the disease risk, in addition to the treatment choice of CAR T
only, likely contributed to the outcomes in this group. Interestingly, in the phase 2 study

of brexu-cel (a product with a CD28 costimulatory domain) in adults with B-ALL, only a
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minority of patients (18%) underwent consolidative AlloHCT, and the duration of remission
among responders was unchanged whether censoring for AIloHCT or not. The investigators

in this study did not disclose the reasons for proceeding with AlloHCT in these ten patients.
61

While costimulatory domain and B-cell recovery have been informative regarding risk of
relapse post-CAR T, their predictive values are limited. Recently, Pulsipher and colleagues
published a translational study examining the predictive utility of serial MRD measurements
among pediatric and AYA recipients of tisagenlecleucel in both the ENSIGN and ELIANA
phase 2 trials. Patients who exhibited any bone marrow NGS-MRD positivity by 28d and

3 months (l.e. any detectable clonal sequence even if below the quoted limit of detection)
had a dramatically higher risk of relapse than those with MRD-negativity, HR of 4.87 and
12, respectively. While B-cell recovery was predictive of early relapse if present by day 28,
it lacked predictive value if occurring by 3 months, and those with CD19-negative relapses
often displayed MRD-positivity despite persistent B-cell aplasia. A small number of patients
who developed MRD-positivity underwent AloHCT prior to overt relapse, usually because
of B-cell recovery. While these patients were censored from the relapse analyses, most were
alive by end of follow-up whereas most MRD-positive patients without subsequent AlloHCT
died. Future studies are needed, however an evolving paradigm involves serial NGS-MRD
measurements from both bone marrow and peripheral blood along with donor search for all
patients, allowing for rapid intervention with AlloHCT at the time of MRD-positivity.

While ideally a prospective, randomized clinical trial would be able to answer the question
of whether or not to consolidate with AlloHCT, such a trial may be pragmatically
challenging due to the numerous confounding variables as well as the risk of ablating

CAR T cells in a proportion of patients still benefiting from them. As larger numbers of
patients are treated with CD19 CAR T for B-ALL, leveraging cellular therapy registries may
provide insight and predictive modeling that could inform decisions on whether to proceed
to consolidative AlloHCT or not after CD19 CAR T therapy.

Conclusion and Future Directions

The pioneering work of both AlloHCT and AutoHCT, while initially met with skepticism
and frustrations, eventually demonstrated the curative potential of these modalities

in advanced, otherwise fatal hematologic malignancies.?1:69-73 By circumventing the
dose-limiting toxicity of myeloablation, they greatly increased the therapeutic windows

for cytotoxic chemotherapy regimens and, in the case of AlloHCT, unlocked the
immunotherapeutic benefit of the donor immune system. Concurrent advances in supportive
care have reduced the transplant-related morbidity and mortality and increased the
accessibility of both HCT options.

The development of CAR T echoes that of HCT, following some decades behind. It required
repeated trial and error with a “bench-to-bedside and back” approach in order to optimize
signaling endodomains and create effective and persistent subsequent generations.”479 Now
well into clinical deployment of these refined models, CAR T therapy has once again
demonstrated the ability of immune cells to treat and potentially cure advanced hematologic
malignancies such as B-ALL, LBCL, and MM.
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Both the cellular therapy technology and the manner in which they are used continue to
evolve in tandem. The most recent CAR T versus SoC trials in LBCL signal potential
updates to the second-line treatment algorithm in carefully-selected patients with early
relapse or primary refractory disease. As such, the role, timing, and source of HCT will
likely depend on factors such as disease burden and chemosensitivity, and its sequencing
with CAR T will need to be tailored at the patient-level. Upcoming trials in multiple
myeloma may signal similar change, although could just as easily demonstrate the
superiority of HCT.

The regulatory approval and widespread usage of multiple CAR T products has
demonstrated the potential and persistence of this therapeutic modality. Many other cellular
therapy products are in clinical development, aiming for new targets in patients refractory
to these approved products, employing techniques to allow for allogeneic “off-the-shelf”
products, or targeting other hematologic and solid malignancies.8%81 Some will never
interface with HCT. Others such as in acute myeloid leukemia, in which there is significant
overlap between leukemic antigens and those found on normal hematopoietic progenitors,
may require concurrent HCT with genetically-modified donor grafts in which the CAR
target is edited from the normal hematopoietic cells.82.83

The advent of genetically-engineered cellular therapies has reinvigorated the conversation
regarding the role of HCT in the treatment of hematologic malignancies. The question

as to whether CAR T and HCT are competitive or complimentary is complicated and
situationally dependent. As the technologies and data evolve, so too will the perspectives,
and the challenge will continue to be understanding the nuances of the data so that they may
be applied to individual patients in a tailored fashion.
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Highlights

. The indications for and interface between AlloHCT, AutoHCT, and CAR T
therapy are continuously evolving.

. Management of the cellular therapy platforms overlaps in some respects
and differs in others, necessitating a comprehensive training and continued
innovation that can be translated between modalities.

. Recent and ongoing studies comparing the platforms in hematologic
malignancies have unique details that must be understood in order to
appropriately apply the data.
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CAR

Figure 1. Current state of hematologic malignancy indications for CAR T, AlloHCT, and
AutoHCT.

These diseases reflect potential indications for the three cellular therapy platforms.
Importantly, however, these platforms are generally not interchangeable and the selection

of the appropriate modality must be tailored to the disease biology and treatment history

of each individual patient. MM, multiple myeloma;, PCNSL, primary CNS lymphoma;, FL,
follicular lymphoma; MCL, mantle cell lymphoma; DLBCL, diffuse large B-cell lymphoma;
B-ALL, B-cell acute lymphoblastic leukemia, cHL, classical Hodgkin lymphoma;

PTCL, peripheral T-cell lymphoma,; T-ALL, T-cell acute lymphoblastic leukemia; AML,
acute myeloid leukemia; MDS, myelodysplastic syndrome, MF, myelofibrosis; MPN,
myeloproliferative neoplasm
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( AutoHCT | | CAR-T
Work Disease remission/MRD status, chemosensitivity, Donor: Sib, MUD, Active disease, pace, organ fx, effect
OIRUp organ function, fitness for transplant (HCT-CI) Haplo, UCB of prior tx on CAR-T cells, insurance
Collection Mobilized leukapheresis I Graft source: PBSCs, BMSCs, UCB Non-mobilized leukapheresis

Prolonged manufacturing period.

Ongoing therapy

X Short period between induction and
Pre-Infusion/Tx

ASCT To bridge or not? If so, with what?
Conditioning MAC — often disease-specific MAC vs. RIC Lymphodepletion (i.e. Flu/Cy)
Early Post- Chemo-related toxicities: GI, pulm l Acute GVHD ]l CRS, ICANS/Neurotox
—
Infusion/Tx Infections, cytopenias/transfusions
Late Post- Chemo-related toxicities l Chronic GVHD ]I B-cell aplasia/Acquired hypogamma
—

Infusion/Tx Infections, cytopenias/transfusions, disease recurrence/progression

Figure 2. Similarities and differences in the workup and management of patients undergoing
HCT or CART.

MRD, minimal residual disease. HCT-CI, HCT-comorbidity index. Sib, matched sibling
donor; MUD, matched unrelated donor; Haplo, haploidentical; UCB, umbilical cord blood;
PBSC, peripheral blood stem cell; BMSC, bone marrow stem cell; MAC, myeloablative
conditioning; RIC, reduced intensity conditioning; GVHD, graft-versus-host disease; CRS,
cytokine release syndrome; ICANS, immune effector cell associated neurotoxicity syndrome
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Disease Risk
and MRD

Loss of B- CART
cell Aplasia Persistence

Co-
stimulatory
Domain

Figure 3.
Patient, disease, and treatment considerations in deciding on AlloHCT consolidation after

CD19 CAR T therapy in B-cell acute lymphoblastic leukemia
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Phase 3 clinical trials comparing CD19 CAR T therapy versus standard-of-care (SoC) in primary refractory or
early relapsed large B-cell lymphomas.

Trial

ZUMA-7

BELINDA

TRANSFORM

Eligibility

Adults>18 yo

DLBCL including tFL, HGBCL,
DLBCL NOS - PMBCL, FL3B,
and CNS involvement excluded No
impending organ compromise

R/R <12 mo after 1L CIT

ECOG PS <1, LVEF = 50%; CrCl =
60mL/min

Adults=18 yo

Aggressive B-NHL: DLBCL NOS,

FL3B, PMBCL, THRBCL, ALK+ LBCL,
HGBCL (DH/TH and NOS), tFL, tMZL —
active CNS disease excluded

R/R <12 mo after 1L CIT

ECOG PS <1, LVEF = 45%; CrCl =2
60mL/min

Adults (18-75 yo)

DLBCL NOS, HGBCL (double/
triple hit) with DLBCL histology,
FL3B, PMBCL, THRBCL -- CNS
involvement allowed

R/R <12 mo after 1L CIT

ECOG PS <1, LVEF = 40%; CrCl
> 45 mL/min

Stratification

« Refractory vs Relapsed
*SAAIPI 0/1 vs 2/3

 Refractory vs Relapsed <6mo vs. 6-12
mo

«IP10/1vs. 2+

« Geographic — US vs. non-US

« Refractory vs Relapsed
* SAAIPI 0/1 vs 2/3

Primary EFS (by BIRC) EFS (by IRC) — at or after week 12 EFS (by IRC)
Endpoint
Response d50, 100, and 150 after randomization, Wk 6 and 12, g3mo for 1 yr, gémo for 2y, Wk 9 and 18, then Mo 6, 9, 12, 18,
Assessments the g3mo for 2y, then g6mo until 5y annually to 5y 24,36
Arm, N CART, 180 SoC, 179 CART, 162 SoC, 160 CART, 92 SoC, 92
randomized
Treatment Axi-cel (2x106 2-3 cycles of Tisagenlecleucel 2-3 cycles of Liso-cel 3cycles of CIT
CAR* cells) CIT then HDT/  (0.6x108 CAR* cells)  CIT then HDT/  (100x10° then HDT/
« Infused, n= 170 AutoHCT for « Infused, n= 162 AutoHCT for CAR* cells) AutoHCT for
« Bridging: those with CR « Bridging: CIT those with CR « Infused, n=00  those with CR
glucocorticoids only, ~ or PR allowed multiple or PR, or «Bridging: CIT  OF PR
n=65 * CIT, n=168 cycles/regimens, n= second salvage allowed, n=58 «CIT, n=91
* LDC = FluCy * AutoHCT, 135 CIT if not «LDC=Flucy (CR,n=28)
30/500 x 3d n=64 Crossover  « LDC = FluCy « CIT, n=155 30/300 x 3d * AutoHCT,
(off protocol), 25/250 x 3d or benda 2" regimen, n=43
n= 90 x 2d n=86 « Crossover (on
¢ AutoHCT, protocol), n=50
n=52 Crossover
(on protocol),
n=81
Refractory to 133 (74) 131 (73) 107 (66) 107 (67) 67 (73) 68 (74)
1°,n (%)
EFS HR (95% CI) = 0.40 (0.31-0.51), sHR (95% CI) = 1.07 (0.82-1.4), P=0.61  sHR (95% CI) = 0.35 (0.23-0.53),
P<0.001 Median EFS 3.0 vs. 3.0 mo P<0.0001
Median EFS 8.3 vs. 2.0 mo |24-mo EFS 6-mo EFS 63.3% vs. 33.4% | 12-
41% vs. 16% mo EFS 44.5% vs. 23.7%
PFS HR (95% CI) = 0.73 (0.53-1.01), Not reported sHR (95% CI) = 0.41 (0.25-0.66),
P=0.054 P=0.0001
Median PFS 14.7 vs. 3.7 mo | 24-mo OS 6-mo PFS 69.4% vs. 47.8% | 12-
46% vs. 27% mo PFS 52.3% vs. 33.9%
oS HR (95% CI) = 0.73 (0.53-1.01), SHR (95% CI) = 1.24 (0.83-1.85), P=NS  sHR (95% CI) = 0.51 (0.26-1.00),
P=0.054 P=0.026
Median OS NR vs. 35.1 mo |24-mo OS 6-mo OS 91.8% vs. 89.4% |12-mo
61% vs. 52% 0S 79.1% vs. 64.2%
Response, 65/83 32/50 28.4/46.3 27.5/42.5 66/86 39/48
CR/ORR, %
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Median onset,
d

Trial ZUMA-7 BELINDA TRANSFORM
TEAE, any/ 100/91 100/83 99/84 99/90 100/92 99/87
2Gr 3,%
CRS, Any, % 92 N/A 61 N/A 49 N/A
Gr 3/4 6 5 1
Gr5 0 0 0
Median onset, 3 4 5
d
NE, Any, % 69 20 10 N/A 12 N/A
Gr 3/4 21 1 3 4
Gr5 0 0 0 0

7 23 5 11

DLBCL, diffuse large B-cell lymphoma; tFL, transformed follicular lymphoma; HGBCL, high-grade B-cell lymphoma; NOS, not otherwise
specified; PMBCL, primary mediastinal B-cell lymphoma; FL3B, follicular lymphoma grade 3B; CNS, central nervous system; R/R, relapsed/
refractory; 1L CIT, first-line chemoimmunotherapy; SAAIPI, second-line age-adjusted international prognostic index; EFS, event-free survival;
BIRC, blinded independent review committee; THRBCL, T-cell histiocyte rich large B-cell lymphoma; DH/TH, double-hit/triple-hit; tMZL,

transformed marginal zone lymphoma;
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Ongoing clinical trials of BCMA CAR T therapy to augment response to or replace autologous HCT in
multiple myeloma.

Trial

KarMMa-2
NCT03601078

KarMMa-4
NCT04196491

BMT CTN 1902
NCT05032820

CARTITUDE 2
NCT04133636

CARTITUDE 5
NCT04923893

Study Design

Phase 2, multicohort,
open- label in clinically
high-risk patients with

Phase 1, single-arm,
dose-finding for
treatment of high-

Phase 2, single-arm
of ide-cel in patients
with <VGPR after

Phase 2, multiple,
small exploratory
cohorts of patients

Randomized, Open
Label Phase 3 of
frontline therapy in

after LDC, assigned to
different cohorts

— Leukapheresis
— Bridging x 1
(same as
induction) — ide-
cel

maintenance X

> 6 months —
<VGPR —
leukapheresis -—
ide-cel — Len
maintenance

RRMM risk NDMM AutoHCT with RRMM at patients in whom
different treatment AutoHCT is not
stages planned as initial

therapy
Control None None None None VRd x 8 — Rd
Experimental Patients receive ide-cel Induction x 3 cycles | AutoHCT — Len Patients receive cilta- VRd x 6 —

cel at different
treatment stages
depending on cohort
enrolled

Leukapheresis —
VRd x 2 bridging —
cilta-cel

rapid progression to
most recent

« 2a: R-ISS 11l and PD
* <18 mo of induction
+ AutoHCT +Len

« 2b: R-ISS Il and PD
* <18 mo since start
of initial therapy, no
AutoHCT

¢ 2c: R-ISS 1l and
<VGPR 70 to 110d
post AutoHCT
Measurable disease.
ECOG

<1.No CNS
involvement, plasma
cell leukemia,
clinically significant
chronic diseases,
AutoHCT < 12
weeks from
leukapheresis.

1. Must not receive
Dara with cycles

2 or 3, and no
dexamethasone with
cycle 3. Adequate
hematologic
parameters and
organ function,

no CNS
involvement, no
clinically significant
comorbidities

months,

<VGPR after at
least 6 months

Len maintenance,
adequate
performance status,
organ function,
hematologic
parameters; no
prior AlloHCT,
CNS, PCL, or
amyloidosis; must
have measurable
disease, no clinically
significant medical
comordibities

N 181 (total) 60 40 160 (total) 650
Primary Cohort 1: ORR DLT rates, AES CR rate MRD-" rate after 1 yr PFS
Endpoint Cohorts 2: CR rate
Key TTR, DOR, PFS, TTP, CRrate, ORR, Disease progression, ORR, =2VGPR, CBR, Sustained MRD™
Secondary 0S, AEs, MRD" rate, DOR, TCR, best response, DOR, TTR, MRD~ MRD- rate at 9
Endpoints HRQoL, PK feasibility NRM, AEs, CRrate after 1 yr, AES | mo, MRD" CR
of initiating 0S, maintenance rate. OS. >CR rate
maintenance, PFS, feasibility, CAR T PFS2 AEs. CAR T
0s, expansion and activation. |
PK persistece expansion,
persistence, HRQoL
Key Cohort dependent. NDMM, measurable | AutoHCT (with Cohort dependent. NDMM with
Eligibility « 1: RRMM subjects disease, R-1SS IlI, melphalan > * A: PD after 1-3 lines | measurable disease
with = 3 prior with ECOG < 140mg/m?) within 12 | « B: early relapse after at screening, ECOG

1% line

e C: prior PI, IMID,
CD38, and BCMA tx
« D: <CR after 1% line
AutoHCT

« E: 15t line high

risk with no AutoHCT
planned

« F: 1% line standard
risk after initiation of
therapy

Measurable disease.
ECOG < 1. No major
ongoing toxicity from
prior therapy. No CNS
involvement

<1, no planned
AutoHCT as initial
treatment, adequate
hematologic and
organ function, no
CNS involvement or
hepatitis B or C

RRMM, relapsed/refractory multiple myeloma; LDC, lymphodepleting chemotherapy; ORR, overall response rate; CR, complete response; TTR,
time-to-response; DOR, duration of response; TTP, time-to-progression; HRQoL, health-related quality of life; R-iSS, revised International Staging
System; Len, lenalidomide; NDMM, newly-diagnosed multiple myeloma; PCL, plasma cell leukemia; CBR, clinical benefit rate; PI, proteasome
inhibitor; IMID, immunomodulatory drug; BCMA, B-cell maturation antigen; PFS2, progression-free survival after second-line therapy.
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