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Abstract: Chimeric antigen receptor (CAR) T cells have changed the treatment landscape of
relapsed or refractory diffuse large B cell lymphoma. This review focuses on the biology of
tisagenlecleucel and the clinical data that support its use in this setting. In addition, we discuss
how it compares to other CAR T products, the financial implications for payers, and ongoing trials.
Keywords: CAR T, tisagenlecleucel, diffuse large B cell lymphoma, DLBCL, refractory
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Introduction

Non-Hodgkin lymphoma (NHL) has the seventh highest incidence among all
cancers and is responsible for 4% of cancer-related deaths in the USA.' It is the
most common hematological malignancy, with 74,680 estimated new cases in the
USA in 2018 and 19,910 projected deaths.” Diffuse large B cell lymphoma
(DLBCL) is the most common subtype of NHL, accounting for 30—40% of newly
diagnosed NHL cases.” While about 40% of patients achieve cure with chemoim-
munotherapy, patients with refractory disease have a dismal prognosis with
a pooled cure rate of 7%, as reported by the SCHOLAR-1 study.® As a result, the
recent US Food and Drug Administration (FDA) approval of two chimeric antigen
receptor (CAR) T products™® was welcomed as a breakthrough in the scientific
community. This review will discuss the mechanism of action of tisagenlecleucel,
its role in the therapeutic armamentarium against DLBCL and future directions.

Structure
T lymphocytes play a vital role in adaptive immunity. The highly variable T cell
receptor (TCR) expressed on the surface of T cells can recognize its cognate antigen
presented by major histocompatibility complex (MHC) molecules and convey the
signal for T cell activation, expansion and function, contributing to pathogen
clearance. Immunotherapy based on adoptive T cell transfer can mediate tumor
regression, including the transfer of tumor-infiltrating lymphocytes or genetically
engineered T cells. Among them, CDI19-targeting chimeric antigen receptor-
modified T cell therapy has shown promising clinical responses in the treatment
of relapsed or refractory (1/r) B cell malignancies.’

A CAR combines the antigen-recognition domains from an antibody with the
signaling module of a TCR, and provides efficient targeting of tumor cells
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independently of the MHC, thus overcoming the limitation
of MHC expression and MHC identity in typical TCR
recognition.” The first generation CAR design uses CD3(
alone as the intracellular signaling component, which cannot
generate sufficient antitumor response,® partly because of
poor survival of modified T cells in patients.'” Later studies
demonstrated that fusion of one or more co-stimulatory
domains, such as 4-1BB (CD137) and CD28, to CD3( can
promote proliferation and persistence of CAR T cells while
augmenting their antitumor function.''-'?

Tisagenlecleucel (CTL019), one of the CDI19-directed
CAR T therapies, has been FDA-approved for the treatment
of r/r DLBCL after two lines of therapy.* It is a second
generation CAR, designed using a 4-1BB co-stimulatory
domain. The single-chain variable fragment (scFv) of tisa-
genlecleucel is derived from the mouse monoclonal anti-
body FMC63, which can specifically recognize human
CD19 in its native conformation. A graphic representation
of its structure is presented in Figure 1. Human CDI19 is
expressed in most B cell malignancies and the expression is
restricted within the B cell lineage, making it an attractive
target for CAR T cell therapy. The spacer and transmem-
brane domain of tisagenlecleucel are derived from human
CD8a. The spacer connects the scFv with the transmem-
brane domain, providing flexibility for the optimal binding
of the target antigen. The length and composition of the
spacer could exert an influence on the effector function
during in vivo tumor treatment."?
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CAR T cells with either a CD28 (axicabtagene ciloleucel)
or 4-1BB (tisagenlecleucel) co-stimulatory domain are effec-
tive for the treatment of patients with r/r DLBCL.'* However,
in animal model-based preclinical research and in clinical
trials, the two types of CAR seem to have quite distinct
both
Tisagenlecleucel has been reported to persist and remain

phenotype and behavior, in vivo and in vitro.
functional beyond 4 years in some patients, while CD28
CAR T cells are rarely sustained for more than 2
months.'>'® In vitro experiments also suggest that 4-1BB
CAR T cells have relatively higher proliferative capacity in
culture following stimulation.'””'® In terms of the differentia-
tion status, 4-1BB CAR T cells are more likely to differentiate
into central memory T cells with the expression of CD45RO
and CCR7, which is associated with sustained antitumor
capability. In contrast, CD28 CAR T cells tend to produce
a larger proportion of the effector memory cell subset.'®
4-1BB co-stimulation has been reported to augment
mitochondrial function and biogenesis in CD8" T cells
through the p38—mitogen-activated protein kinase
(MAPK) pathway.'” 4-1BB CAR T cells correspondingly
have an increase in mitochondrial mass, basal oxygen
consumption rate, and spare respiratory capacity, indicat-
ing they are more reliant on oxidative phosphorylation to
generate energy.'® The increased mitochondrial respiratory
capacity is also a key characteristic of CD8" memory
T cells. In comparison, CD28 CAR T cells tend to utilize

glucose metabolism.'® In terms of signaling, investigators

Target tumor cell
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Figure | TCR versus CAR. A typical TCR recognizes peptides presented by MHC molecules on the antigen-presenting cells or tumor cells and convey the signal for T cell
activation through CD3. The diagram on the right shows the structure of tisagenlecleucel, which comprises a scFv that can directly bind to target antigen, a transmembrane

domain, a co-stimulatory domain and a T cell activation domain.

Abbreviations: MHC, major histocompatibility complex; TCR, T cell receptor; CAR, chimeric antigen receptor; scFv, single-chain variable fragment.
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have used liquid chromatography—tandem mass spectro-
metry (LC-MS/MS) to show that CAR stimulation in both
CD28 and 4-1BB CAR induced almost identical protein
phosphorylation events. The major difference, however,
mainly lies in the kinetics and the strength of signaling.
Stimulation through CARs with CD28 co-stimulatory
domain alters the phosphorylation states of proteins
involved in multiple pathways within a relatively short
time and with a larger intensity.*°

CAR T cell production

The production of CAR T cells starts with leukapheresis®'
and T cell separation using counterflow centrifugal
elutriation.”” Further separation of T cell subsets can be
achieved through fluorescence-activated cell sorting
(FACS) or immunomagnetic methods.”?

Transduction of the CAR gene into T cells can be
achieved through various methods, the most common of
which is the use of a viral vector. Use of clustered reg-
ularly interspaced short palindromic repeats (CRISPR)/
Cas9 technology has also been reported.”* Both lenti-
viruses and gamma-retroviruses have been used for this
purpose, with the former possessing a safer integration site

profile, >~

and thus being preferred in most CAR T cell
therapy trials, including CTL019. Before transduction,
T cells are activated with beads carrying anti-CD3/CD28
antibodies.?” Then, the vectors are cultured along with the
T cells, thereby “injecting” the genetic material responsi-
ble for CAR encoding in the form of RNA.*® This CAR
encoding information is permanently integrated into the
genome of the patient’s cells, as the RNA is reverse-
transcribed into DNA. The CAR gene is subsequently
translated by the patient’s cells and expressed on the cell
surface. The pool of T cells subsequently undergoes
expansion, which is usually achieved in a bioreactor.
Once the product reaches the target number of cells, it is
cryopreserved and transported to the center for infusion
into the patient.

Standard of care before CAR T

Upfront chemoimmunotherapy with rituximab, cyclopho-
sphamide, doxorubicin, vincristine, and prednisone
(R-CHOP) for DLBCL leads to a cure for approximately
36.5% of the patients older than 60 years after 10 years of
follow-up.?” This percentage may actually be higher con-
sidering that many patients in this study died from other
causes during the long follow-up. Even better results can
be observed with younger patients and good-prognosis

disease.>® However, many patients either have refractory
disease or relapse shortly after they achieve remission.
Refractory DLBCL is suggested when the tumor burden
has shrunk <50% after first line treatment,31 whereas
relapsed DLBCL refers to disease that emerges after
a period of complete remission. Patients with r/r DLBCL
receive second line chemotherapy, with an overall
response rate (ORR) around 40% and complete response
(CR) rates around 20%.%* One-third of these patients will
subsequently receive autologous stem cell transplantation
(ASCT) for consolidation,* which has been established as
the standard of care for this population based on the
PARMA trial33 Patients who receive ASCT have a 50%
chance of long-term survival without relapse, regardless of
the type of response (CR or partial remission [PR]) that
they achieved prior to ASCT, as evaluated by computed
tomography (CT).>* The response assessed by positron
emission tomography (PET) can further refine the predic-
tion of the ASCT outcome, with patients achieving com-
plete metabolic response prior to transplant having an
approximately 70% long-term disease-free survival versus
30% for partial responders.®>*® Ultimately, patients who
relapse after ASCT have a dismal prognosis, with
a median overall survival (OS) of 9.9 months.*” Poor
prognostic factors are an International Prognostic Index
(IPI) score >2 or relapse within 1 year post-ASCT."’
Patients who did not respond to second line therapy have
an even worse prognosis, with median OS of about 4.4
months.*® A follow-up to the CORAL study showed that
about 33% of evaluable patients achieved CR with third
line regimens,’® but the rest of the patients died soon,
probably because of the extent of the disease or accumu-
lating toxicities from chemotherapy. This CR rate is much
higher than the one observed in the SCHOLAR-1 study for
DLBCL refractory to first or second line chemotherapy or
relapse <12 months after ASCT (CR 3—15%).> This could
be partly attributed to the fact that SCHOLAR-1 included
patients from observational cohorts and not highly selected
patients from clinical trials.

In 1989, Eshhar et al demonstrated the potential of
genetically modified T cells in cancer therapy.’”
However, it was not until 25 years later that CAR T cells
received FDA approval. The first generation anti-CD19 or
anti-CD20 CAR T cell administration to refractory
DLBCL patients was not very efficacious, probably
because of the antitransgene rejection reactions noted in
some patients and poor persistence.*” Two clinical trials by
cornerstone for the

Kochenderfer et al were a

OncoTargets and Therapy 2019:12

submit your manuscript

4545

Dove


http://www.dovepress.com
http://www.dovepress.com

Zavras et al

Dove

establishment of CAR T cell therapy for r/r DLBCL
42 Both with
a CD28 co-stimulatory domain. In the first trial, allogeneic

management. trials used constructs
anti-CD19 CAR T cells were administered to patients with
B cell malignancies who did not respond to or relapsed
after allogeneic stem cell transplantation and donor lym-
phocyte infusions. Three patients exhibited responses.*! In
the second trial, patients with r/r DLBCL received con-
ditioning chemotherapy with fludarabine and cyclopho-
sphamide and then an infusion of autologous anti-CD19
CAR T cells. Out of seven patients being treated for 1/r
DLBCL, four obtained CR, two obtained PR, and one had
stable disease after CAR T cell infusion.*? These promis-
ing results led to several phase II studies testing different
CAR T cell products for r/r DLBCL.

JULIET study

Clinical benefits of CTLO19 in human studies were first
reported in chronic lymphocytic leukemia (CLL)* and in
acute lymphoblastic leukemia (ALL).** A single-center
phase Ila trial conducted by University of Pennsylvania
investigators tested this product in B cell lymphomas. In
the interim analysis, six out of 14 patients (43%) with
DLBCL achieved CR at 6 months;*> 86% of those patients
maintained their response at a median follow-up of 28.6
durability of
treatment.*> This led to a single-arm, multicenter, pivotal
phase II trial of CTLO19 in adult patients with t/r
DLBCL.* Of the total 165 patients enrolled in the study,
111 (67%) received a single CTLO19 infusion (median
3x10* CAR-positive viable T cells) in the inpatient or
outpatient setting. Failure to receive cell infusion was

months, thereby demonstrating the

primarily due to death, production failure, and/or physi-
cian/patient decision to seek other therapy choices during
the long period of product delivery (median time from
enrollment to infusion was 54 days).*

The median age of patients was 56 years (range
22-76 years) and 76% had stage 3 or 4 disease at the
time of enrollment. Nearly all patients (95%) had
received at least two and 52% had received at least
three prior lines of chemotherapy, whereas 49% had
received ASCT.* Prior to infusion, the majority of
patients received lymphodepleting chemotherapy with
fludarabine and cyclophosphamide (250 mg/mz/day for
3 days) or bendamustine (90 mg/m*/day for 2 days);
seven patients did not receive lymphodepleting che-
motherapy, as per the investigator’s decision. From the
111 patients who received CTLO19 infusion, the best

ORR was 52% (95% CI 41-62%), with 40% CR. At 6
months, CR was 29% and PR was 4%. Four patients
with stable disease and 12 patients with PR on imaging
at 1 month converted to a CR at a median of 2 months.
Patients who exhibited a CR had an estimated probabil-
ity of 81% of maintaining their response at 1 year. The
median OS of the patients who received the infusion
was 12 months (95% CI 7 months to not reached). The
results of the JULIET study led to FDA approval of
tisagenlecleucel for patients with r/r DLBCL (de novo
or transformed) after having received two lines of
chemotherapy.*

Investigators have tried over the years to identify
factors that predict response to CAR T therapy. Studies
on patients with ALL and CLL showed that greater
expansion and longer persistence of tisagenlecleucel is
associated with longer event-free survival.*® However,
this was not observed in the JULIET study, where
responders and non-responders had similar expansion
and persistence of CTL019.* Response did not depend
on CDI19 expression either, as the study included
patients with no CD19 expression who responded to
the infusion. Expression of programmed death-1 (PD-
1), lymphocyte activation gene-3 (LAG-3), and T cell
immunoglobulin and mucin domain-3 (TIM-3) was
examined in tumor tissues prior to infusion. None of
them was found to be predictive of response but the
investigators noted that the five patients with the highest
PD-1/PD-L1 interaction score and the 11 patients with
the highest number of LAG-3-positive T cells either did
not respond or relapsed shortly after their response.

Comparison to other CAR T cells
for r/r DLBCL

Two other second generation CAR T cell products have
been evaluated for their efficacy against r/r DLBCL.
A summary of the differences is shown in Table 1.
Their structural difference from tisagenlecleucel lies in
the transmembrane and/or co-stimulatory domains,
whereas the TCR signaling domain and the anti-CD19
scFv remain the same.* In contrast to CTL109, axicab-
tagene ciloleucel (Axi-cel) uses CD28 for both co-
stimulatory and transmembrane domains. Lisocabtagene
maraleucel (Liso-cel) has IgGy as a spacer, CD28 for the
and 4-1BB for the co-

stimulatory domain.*” Finally, whereas CTL109 is pro-

transmembrane domain,

duced from peripheral blood mononuclear cells enriched
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Table | Differences among the three pivotal trials for CAR T cell therapy in aggressive non-Hodgkin lymphoma. The majority of the

patients had de novo diffuse large B cell lymphoma

JULIET*

CART product Tisagenlecleucel (CTLOI9)

Antigen recognition FMCé3
Spacer CD8a
Transmembrane domain CD8a
Co-stimulatory domain 4-1BB

T cell composition Not specified
Cell dose 3x10®
Patients enrolled 165

Patients receiving infusion I

Median age (years) 56

Lymphodepleting chemotherapy Flu/Cy or bendamustine

Bridging chemotherapy Allowed
Six-month ORR 33%
Six-month CR 29%
CRS grading scale Penn
Any grade CRS 58%
Grade 3 and 4 CRS 22%
Any grade ICANS 26%

Grade 3 and 4 ICANS 15%

Treatment-related deaths None

ZUMA-1>'¢ TRANSCEND *’
Axicabtagene ciloleucel Lisocabtagene maraleucel
(KTE-CI9 or Axi-cel) (JCAROI7 or Liso-cel)
FMCé63 FMCé3

CD28 1gG4

CD28 CD28

CD28 4-1BB

Not specified CD4/CD8 1:1
2x10%kg Ix108

19 134*

108 I 14*

58 60

Flu/Cy Flu/Cy

Not allowed Allowed

82% 47%

54% 41%

Lee Lee

92% 37%

1% 1%

67% 25%

33% 15%

3 patients None

Notes: All patient characteristics and side effects refer to the patients who received the infusion. Response rates refer to patients who received the infusion and were

evaluable for their disease; * This patient number is from the FULL cohort.

Abbreviations: CAR, chimeric antigen receptor; Flu/Cy, fludarabine/cyclophosphamide; ORR, overall response rate; CR, complete remission; AE, adverse event; CRS,
cytokine release syndrome; ICANS, immune effector cell-associated neurotoxicity syndrome.

for lymphocytes, Liso-cel is produced in a standardized
1:1 CD4" to CDS8" ratio.

Axi-cel was the first CAR T cell agent to gain FDA
approval for r/r DLBCL, based on the results of the
ZUMA-1 study, a phase I/II clinical trial.” The trial involved
patients with r/r DLBCL, primary mediastinal B cell lym-
phoma and transformed follicular lymphoma who had
received at least two prior lines of therapy. Here, the ORR
was 83% and the CR 58%.” Taken together, these results
showed a statistically significant 77% decreased risk of early
death compared to the standard salvage chemotherapy results
of the SCHOLAR-1 study in a retrospective analysis adjust-
ing for multiple variables.*® The major differences between
JULIET and ZUMA-1 are the use of cryopreserved apheresis
products as well as bridging chemotherapy (in 93% of
patients infused) in the former, so as to prevent rapid disease
progression.

Liso-cel was investigated through the TRANSCEND
NHL 001 study, a phase I trial which has enrolled so far
102 evaluable r/r large B cell lymphoma patients, which,
in contrast to ZUMA-1 and JULIET, also included patients

with central nervous system (CNS) lymphoma, worse per-
formance status (Eastern Cooperative Oncology Group
[ECOG] 2), and relapse post-hematopoietic stem cell
transplantation.*® In the CORE population, which included
only patients with DLBCL, it showed a 47% ORR and
41% CR rate at 6 months. Liso-cel has already received
breakthrough therapy designation from the FDA, and FDA
approval is expected in 2019.

Direct comparison among these three products has
been difficult for several reasons. First, the eligibility
criteria and the patient population differ among the trials.
In addition, the numbers of patients who ended up receiv-
ing the infusion were not similar, probably owing to man-
ufacturing speed. For example, only 9% of the patients in
ZUMA-1 did not receive the infusion versus 33% in the
JULIET study.*'® Thus, patients with more aggressively
progressing disease were more likely to be included in the
ZUMA-1 trial than in JULIET. Furthermore, bridging che-
motherapy between leukapheresis and CAR T cell infusion
was allowed in JULIET and TRANSCEND studies, but
not in ZUMA-1.*>* The bridging chemotherapy could

OncoTargets and Therapy 2019:12
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have decreased the tumor burden, which may have led to
less toxicity, as both cytokine release syndrome (CRS) and
neurotoxicity have been correlated with tumor burden in
ALL studies.’®*' On the other hand, it may have affected
the pretreatment inflammatory state of the patient’s body,
which is crucial for CAR T cell expansion and persistence.
To summarize, direct comparisons are currently infeasible
and the final decision on which product to use will most
likely depend on the experience that each center has with
each product.

Use of tisagenlecleucel in DLBCL
after FDA approval

Axi-cel and tisagenlecleucel have both been approved by
the FDA for treatment of r/r DLBCL after at least two
lines of therapy, including high-grade B cell lymphomas
and DLBCL that arises from follicular lymphoma.?’->
Axi-cel has also been approved for r/r primary mediastinal
B cell lymphoma. National Comprehensive Cancer
Network (NCCN) guidelines have incorporated both as
options for DLBCL that responds partially, progresses, or
relapses after first salvage therapy including ASCT.> Most
physicians would agree that on progression through first
salvage therapy or relapse within 1 year from ASCT, the
results of the JULIET study are much improved in com-
parison to the SCHOLAR-1 study (CR 33% vs 3—-15%).
However, the role of CAR T after PR to first salvage
therapy and relapse more than 1 year after ASCT is con-
tentious. As mentioned above, even the patients who go
into ASCT with partial
a 25-30% chance of long-term disease-free survival.*>3¢
Thus, the choice between ASCT and CTLO019 is not
straightforward and many people would advocate in

metabolic remission have

favor of ASCT since there are better follow-up data avail-
able. In terms of relapse 1 year after ASCT, several small
cohorts have been reported with favorable results (median
0S >1 year)’’>*% with either chemotherapy or novel
agents, so opting for those modalities before considering
CTLO19 remains an option.

It is important to highlight that CAR T cells were
studied in highly selected patients; patients had ECOG
<1, no major comorbidities, and no history of CNS pathol-
ogy. Physicians should remain cautious when extrapolat-
ing data from clinical trials to post-FDA approval use in
patients, as they can be much sicker, heavily pretreated,
and inherently less likely to respond. While there are no
“real-world” data available for tisagenlecleucel, we do

have the real-world data for Axi-cel.’® Although with
a short 30-day follow-up in comparison to the ZUMA-1
report, the ORRs were comparable at 79% versus 82%,
and grade 3 or higher CRS 7% versus 13%, with neuro-
toxicity of 31% in both groups, respectively. Results were
comparable within these groups despite differences in
patient characteristics, and a long-term follow-up of the
real-world group would be reflective of the true benefits.
Similarly to the JULIET trial, 56% of patients in the Axi-
cel real-world study received bridging chemotherapy
between apheresis and cell infusion. In JULIET, the inves-
tigators withdrew 23% patients for other reasons, apart
from problems in manufacturing.* The primary reasons
were death or physician investigator decision. This deci-
sion was mainly driven by fast progression of the disease
even though bridging chemotherapy was allowed up to 2
weeks before infusion. This is reflective of the difficulty in
managing a progressing patient while waiting for CAR T
cell manufacture. It is unlikely that the insurance compa-
nies would ever approve the manufacturing and cryopre-
servation of CAR T cells on first relapse for future use to
eliminate the long manufacturing time. However, pharma-
ceutical companies may elect to provide such programs in
the future to boost the use of their products.

Adverse effects

CAR T cell therapy-specific adverse effects have been
recognized. The most common ones are CRS, neurotoxi-
city, hypogammaglobinemia, and prolonged cytopenias. In
December 2018, the American Society for Blood and
Marrow Transplantation (ASBMT) published consensus
guidelines on the criteria used to define and grade CRS
as well as neurotoxicities.”’

CRS

CRS refers to a hyperinflammatory state that results from
a marked increase in serum pro-inflammatory cytokines.>®
Patients present with a constellation of symptoms, starting
from flu-like symptoms with fever and occasionally pro-
gressing to hypoxia and hypotension requiring corrective
measures.”’ CRS is the most common adverse effect of
CAR T cell therapy, with its frequency ranging from
approximately 80% to 90% of the patients infused.*'®>’
The onset, duration, and severity of adverse events differ
among products. The investigators of the JULIET study
reported 3 days as the median time of onset from infusion
and 7 days as the median duration of symptoms.*
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The grading system of CRS was different in each
study. While the CTLO19 studies used the Penn grading
system,'” the Axi-cel studies used the Lee criteria.® The
differences between the two systems were recently
reviewed.®' Based on the ALL studies, the severity of
the syndrome highly depends on the tumor burden at the
time of CAR T cell infusion.*>®? However, this has not
been validated in the lymphoma studies. Teachey et al
showed significantly elevated serum interferon-y (IFNy),
IL-6, 1L-8, IL-10, soluble IL-2 receptor-a (sIL2Ra), inter-
feron-y-inducible protein-10 (IP10), monocyte chemoat-
(MCP1),
interferon-y (MIG), and macrophage inflammatory pro-
tein-1f (MIP1P) levels among patients with ALL who
were treated with CTLO19 with CRS grade 4 or higher
compared to grades 0-3 CRS.®® C-reactive protein (CRP)
can potentially serve as a marker of CRS severity, as

tractant  protein-1 monokine induced by

patients with higher grade CRS were shown to have sig-
nificantly more elevated CRP.**%?

The Penn grading scale provides detailed guidance
about the treatment algorithm of CRS.®' Mild CRS
(grade 1) is treated with supportive care, such as antipyre-
tics and antiemetics. Moderate reaction (grade 2) requires
hospitalization for management of CRS-related symptoms,
such as fever with neutropenia and the need for intrave-
nous therapies. More severe reaction (grade 3) also
prompts hospitalization for management of hypotension
with intravenous fluids or low-dose vasopressors, coagulo-
pathy with fresh-frozen plasma, cryoprecipitate, or fibrino-
gen concentrate, and hypoxia with supplemental oxygen.
Life-threatening complications, such as hypotension
requiring high-dose vasopressors and hypoxia requiring
mechanical ventilation, are classified as grade 4 CRS.
Meanwhile, the Lee scale defines grade 2 CRS as hypo-
tension that responds to fluid boluses or a low dose of one
vasopressor, with a higher dose required or the addition of
a second vasopressor for grade 3 CRS. To date, the main-
stay of severe CRS management is IL-6-receptor blockade
with the monoclonal antibody tocilizumab. FDA approval
was granted based on retrospective analysis of two
53-69%.%
Tocilizumab is indicated for grade 4 CRS on the Penn

scale or grade 2 CRS on the Lee scale based on the FDA-
27,52

cohorts, demonstrating response rates

approved package inserts.

Lymphotoxic high-dose steroids (>100 mg daily) have
similar efficacy to tocilizumab in reducing CRS symptoms
within 1-3 days, but the latter has the advantage of not
inhibiting the CAR T cell function, thereby preserving the

anti-cancer treatment effect.’® Low-dose corticosteroids,
ie, <2 mg/kg, and especially when administered early
after the onset of symptoms of CRS, on the other hand,
did not seem to impact the in vivo expansion of CAR
T cells.>*® However, these data are from the ALL studies.
The investigators of ZUMA-1 reported similar response
rates between patients who received and those who did not
receive steroids.'® In JULIET, 10% of patients received
steroids but their response rate was not reported.4 To date,
steroids (including methylprednisolone, hydrocortisone,
and dexamethasone) are reserved for tocilizumab-
refractory CRS.?’

The ongoing trial NCT02906371 aims to show whether
early administration of tocilizumab prior to CRS develop-
ment in patients with high tumor burden would be bene-
ficial. IL-6 levels cannot be used to guide pre-emptive
therapy, as IL-6 does not significantly rise before the
development of CRS and, thus, cannot be a trustworthy
marker of subsequent CRS development and the need for
tocilizumab.®® The direct IL-6 inhibitor siltuximab is also
being used for management of CRS refractory to tocilizu-
mab and steroids by some groups.®® Preclinical data sup-
port the theory that IL-1 blockade could also be highly

effective in treating CRS,°768

and clinical trials are likely
to start using anakinra (an IL-1-receptor antagonist) in the

near future.

Neurotoxicity

Although neurological manifestations can occur in the
spectrum of CRS, CAR T cell-related neurotoxicity is
distinct from CRS and is termed CAR T cell-related ence-
phalopathy syndrome (CRES).® More recently, it was
named immune effector cell-associated neurotoxicity syn-
drome (ICANS) by the ASBMT.”” Symptoms range from
mild
impaired handwriting, tremors, and somnolence, to more

impairment, confusion, aphasia, disorientation,
severe impairment, eg, seizures, motor weakness, obtunda-
tion, increased intracranial pressure (ICP), and cerebral
edema.®® Transient neurological symptoms have ranged
between 23% and 67% in phase I and II clinical trials
for DLBCL.*>* All trials used the Common Terminology
Criteria for Adverse Events (CTCAE) grading. ICANS can
occur simultaneously with CRS or after CRS has
subsided.®” The pathophysiology of ICANS has not been
fully elucidated but it seems that high levels of cytokines,
endothelial activation, and increased blood-brain barrier

permeability play a role.”*’
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ICANS is usually fully reversible, even though fatal
cases have been reported.” However, the JULIET trial did
not report any deaths related to CTL019.* Management
of ICANS depends on the grade; however, all patients
will need assessment for increased ICP with fundoscopy,
whereas neuroimaging is reserved for higher grade
ICANS.%° The strategy was different among different
products but both trials used tocilizumab if CRS was
concurrent with ICANS.** Steroids for ICANS were
more frequently used with Axi-cel, whereas in JULIET
only two patients received steroids because of persistence
of ICANS after CRS had resolved.* This difference was
probably related to the higher rates of neurotoxicity that
were observed in the ZUMA-1 trial. Additional treatment
with anti-epileptics and hyperventilation/hyperosmolar
therapy may be required for the management of seizures
and cerebral edema, respectively.®® Although not stan-
dard of care, levetiracetam is being used for seizure
prophylaxis in high-risk patients or in patients receiving
a product that is known to have a high incidence of
ICANS, such as Axi-cel.

Hypogammaglobulinemia

B cell depletion by CD19 CAR T cells invariably leads to
hypogammaglobinemia, which can be managed with
immunoglobulin replacement.**’® Of note, the B cell
count can be used as a pharmacodynamic measure of
CTLO19 functional persistence in the blood, and B cell
aplasia is associated with the duration of remission in
children and young adults with ALL.** However, in
ZUMA-1 75% of patients who had ongoing responses at
2 years exhibited B cell recovery, while some of them
started recovering their B cells at 9 months.” These data
suggest that sustained responses in lymphoma patients do
not require long-term persistence of CAR T cells.

Pancytopenia

Cytopenias are seen almost universally in patients who
receive CAR T cell infusions. Clinicians attribute them
mostly to the lymphodepleting chemotherapy but often
they persist for much longer. For example, in the
JULIET study, 41% of the treated patients had grade 3/4
thrombocytopenia and/or grade 3/4 neutropenia 28 days
from the time of infusion. Whereas all grade 3/4 neutro-
penias had resolved at 3 months from the infusion, 38% of
grade 3/4 thrombocytopenias persisted. Preclinical data
from studies on mice suggest that CAR T cells impact
bone marrow progenitors regardless of the CAR T target,

which is suggestive of toxicity secondary to the cytokine-
after the
Investigators from the National Institutes of Health noted
that in an anti-CD22 CAR T cell trial, the cytopenias were
present despite evidence of trilineage hematopoiesis in the

rich microenvironment cell infusion.”!

bone marrow, which differs from the chemotherapy-
induced myelosuppression.”> In addition, the patients®
neutrophils improved rapidly upon the administration of
granulocyte colony-stimulating factor, which again argues
in favor of an alternative mechanism of neutropenia (e,
myelokathexis) rather than myelosuppression.

Toxicity comparison among
different CAR T cell agents

Toxicities were reported in all lymphoma trials with CAR
T cells. However, there are some differences in the inci-
dence of these toxicities among the trials. CTLO19 led to
CRS of any grade in 58% of patients enrolled in the
JULIET study; 22% developed CRS grade >3; tocilizumab
was administered in 14% of patients.* ICANS was diag-
nosed in 26% of patients, whereas 15% had grade 3 or 4
ICANS.* In ZUMA-1, 92% of the patients developed CRS
(11% had CRS grade >3 and 43% received tocilizumab),
and 67% developed neurotoxicity (33% had ICANS grade
3 or 4).>'° For Liso-cel, 37% of patients on the updated
FULL cohort of the TRANSCEND study developed CRS
(only 1% had CRS grade >3, whereas 21% received toci-
lizumab), and 23% developed neurotoxicity (13% had
ICANS grade 3 or 4).*’ Direct comparison of side effects
reported in these trials should be approached with caution
given the differences in trial and product design, baseline
characteristics, type of lymphodepleting chemotherapy,
bridging chemotherapy, and different grading scales.
Future studies should be designed using the harmonized
definitions and criteria for CRS and neurotoxicity as pub-
lished in the 2018 ASBMT consensus guidelines.”’

Financial implications

CTLO19 was first approved for refractory B cell ALL, and
the US$475,000 cost stirred up discussions among insurance
companies, policy-makers, physicians and patients.”
However, after the FDA approval for r/r DLBCL, Novartis
matched the price of Gilead’s Axi-cell at $373,000 only for
that indication.”® This is only the cost for treatment acquisi-
tion. Severe adverse reactions, such as neurotoxicity and
CRS, which may require anti-IL-6 factor administration, ie,
tocilizumab, can add an additional cost of up to $200,000.7°
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This cost has to be compared to the cost of treating an r/r
DLBCL patient in the pre-CAR T cell era. The total lifetime
cost of r/r DLBCL patient management can approach
$600,000-750,000 per patient, including first and second
line treatments, as well as the cost of care for adverse
events.”® Around 80% of this cost is attributable to the
acquisition of third line and subsequent treatment, and care
for adverse events from these therapies.”® The Institute for
Clinical and Economic Review (ICER) issued a report on
the cost-effectiveness of CAR T therapies.”” According to
the report, CTLO19 and Axi-cel are cost-effective for all
approved indications. The committee did not have available
outcomes of CTL0O19 on DLBCL at that time-point, but they
reported $45,871 cost per quality-adjusted life year (QALY)
gained for CTLO19 in ALL and $136,078 per QALY gained
for Axi-cel in r/r DLBCL. These costs meet the generally
accepted threshold of $50,000-150,000 per QALY gained.
These numbers may change as we obtain more information
on long-term outcomes, as shown in cost-effectiveness stu-
dies of CAR T cells in ALL.”®7° It is important to note that
the ICER report is solely targeted to the US market. For
example, the UK-based National Institute for Health and
Care Excellence initially deemed CTLO19 too expensive
for the UK National Health Service® and approved it only
after the company offered the product at a confidential dis-
counted price.®!

The first year after the FDA approval of CTLO19 for
ALL was difficult for hospitals as there was no billing code
for administration of CAR T cells, creating significant finan-
cial strain on the institutions. On August 17, 2018, the
Center for Medicare Services (CMS) finally added new
ICD-10 procedure codes for the outpatient administration
of CAR T cells and modified the existing diagnosis-related

include CAR T administration.®® Despite the positive steps,
the American Society of Hematology and the ASBMT
raised significant concerns as these changes were created
to cover outpatient administration of CAR T cells, while the
majority of the hospitals in the USA have not yet acquired
the experience to perform the infusions in the outpatient
setting.®> Apart from that, based on CMS’s 3-day payment
rule, if patients who receive infusion of CAR T cells in the
outpatient setting develop side effects that need inpatient
care within 72 hours of treatment, the cost of CAR
T administration is transferred to the DRG that the hospital
will use to cover the patient’s hospitalization.** As more
CAR T products for a variety of indications are likely to
gain FDA approval in the coming years, these controversies
are expected to intensify.

Future potential

CTLO19 has proven to be a revolution in the treatment of
hematological malignancies. The scientific community is
striving to further improve the outcomes. At the time of
writing in 2019, there are five active trials using CTL019
in DLBCL. A summary of the trials is shown in Table 2.
First, NCT03570892 (BELINDA) is a randomized, open-
label, phase III trial comparing CTL019 to first salvage
in patients with DLBCL who were refractory or relapsed
after rituximab- and anthracycline-containing front-line
chemoimmunotherapy. CTLO19 is not yet indicated for
the first salvage setting and this trial will challenge the
standard of care. One of the trials was initiated after
investigators at the University of Pennsylvania observed
a response to anti-PD-1 therapy in a patient with DLBCL
who progressed after CTL019 infusion.®*> NCT02650999
is enrolling patients with DLBCL who relapse or fail to

group (DRG) for autologous bone-marrow transplantationto  respond to CTL019 infusion. Patients receive
Table 2 Ongoing trials with CTLO19 in diffuse large B cell lymphoma

Trial Population | Setting Phase | Treatment Primary outcome

NCT03570892 Adults At relapse/progression after front line 1] CTLOI19 vs salvage CIT + EFS

(BELINDA) therapy ASCT

NCT03630159 Adults At relapse/progression after two lines Ib CTLOI9 + pembrolizumab DLTs/ORR

(PORTIA) of therapy

NCT03610724 Pediatric At relapse/progression after at least one | I CTLOI9 ORR

(BIANCA) therapy

NCT02650999 Adults At relapse/progression after CTLOI9 11l Pembrolizumab AE

infusion
NCT02374333 Pediatric Relapse/refractory after CAR T therapy | | CTLOI9 AE

Abbreviations: CIT, chemoimmunotherapy; ASCT, autologous stem cell transplantation; EFS, event-free survival; DLTs, dose-limiting toxicities; ORR, overall response rate;

AE, adverse event.
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pembrolizumab and the primary outcome is safety.
Preliminary results have been presented and indicate
that pembrolizumab is active in this setting.
NCT03630159 (PORTIA) is a similar trial which aims
to determine the efficacy of the combined use of pem-
brolizumab along with CTLO019 in patients with 1/r
DLBCL. The FDA approval of CTL019 for r/r DLBCL
was confined to adults. NCT03610724 (BIANCA) will
establish the safety and efficacy of CTL0O19 in pediatric
NHL patients, while NCT02374333 will help the scien-
tific community to understand the role of reinfusion in r/r
DLBCL after cell therapy.
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