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Abstract: Axicabtagene lisoleucel (Axi-cel) is the second approved gene-alterating cancer
treatment and the first in aggressive lymphoma using the “chimeric antigen receptor” (CAR)
technology. T-cells from patients were transfected with CARs and reinfused after
a lymphodepleting chemotherapy. CAR T-cells are “living drugs” with the ability to persist
and expand after a single infusion. Axi-cel is a “second generation” CAR product character-
ized by the use of a retroviral gene vector transfer and by CD28 as costimulatory domain. In
a phase II trial with heavily pretreated patients with aggressive B-cell lymphoma, the overall
response rate was 82% with an ongoing complete response rate of 40% after 6 months — with
expectations of long-term remissions and cure, even though follow-up data are still limited.
There are some prominent side effects like cytokine release syndrome (Grade 3—5: 13%) and
neurotoxicity (Grade 3-5: 28%). Novel strategies for prediction, prevention and treatment of
these critical side effects are warranted. There are new concepts to enhance the efficacy and
prevent resistance in lymphomas. CAR T-cells represent an extremely evolving field with an
inestimable potential in general and particularly in aggressive lymphoma. However, we are
still learning how to use Axi-cel and other CAR-T cells compounds effectively to optimize
the long-term results.

Keywords: chimeric antigen receptor, CAR T-cells, Axicabtagene ciloleucel, diffuse large
B-cell lymphoma, primary mediastinal B-cell lymphoma, transformed follicular lymphoma,

cytokine release syndrome, neurotoxicity, CAR related encephalopathy syndrome

Background

Axicabtagene ciloleucel (Axi-cel; KTE-C19) was approved by the United States
(US) Food and Drug Administration (FDA) in October 2017 and by the European
Medical Agency (EMA) in August 2018 for the treatment of refractory and relapsed
(r/r) aggressive B-cell lymphoma (diffuse large B-cell lymphoma, primary med-
iastinal B-cell lymphoma and transformed follicular lymphoma) after two prior
therapies. It represents the first-in-class approval in lymphoma. Two months before,
in September 2017, Tisagenlecleucel was approved by FDA for the treatment of r/r
B precursor acute lymphoblastic leukemia (ALL) in children and young adults.
Meanwhile, both compounds are approved by FDA and EMA for aggressive
lymphoma, and a third compound — Lisocabtagene maraleucel (Liso-cel,
JCARO17) — has received the FDA breakthrough designation and the EMA
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PRIME status for fast-track approval for aggressive lym-
phoma. Cancer treatment with chimeric antigen receptor
transfected T-cells will shift the paradigms of immunother-
apy and influence the therapeutic field in lymphoma and
other neoplasia. However, the complexity of dealing with
genetically modified and “living” drugs produced from
autologous lymphocytes challenges manufacturers, logisti-
cians, regulatory authorities, health insurances, and medi-
cal teams. This review will focus on the experience of
Axi-cel as a paradigm of a new generation of immunother-
apeutics and will summarize the first experiences after the
US marketing authorization.

Treatment options in aggressive
lymphomas
Diffuse large B-cell lymphoma (DLBCL) represents the
most frequent lymphoma entity in the world.! Regardless
of intensive efforts to establish new treatment standards, the
40-year-old combination of cyclophosphamide, doxorubicin,
vincristine and prednisolone (CHOP), including the mono-
clonal anti-CD20 antibody rituximab (R-CHOP), is still the
basis of the first-line treatment. Using R-CHOP and
R-CHOP-like regimens, two thirds of the patients will
achieve long-term remission, unless they have clinical or
molecular high risk features.* On the other side, the prog-
nosis of 1/r patients is still poor. If intensive treatment is not
possible due to patient’s age and comorbidity, the disease is
not curable in most of the cases.* For patients without
comorbidity, high-dose chemotherapy followed by autolo-
gous stem cell transplantation (ASCT) is an accepted stan-
dard of care. However, the rate of long-term remissions is
about 20% in more recently published clinical trials.>”’
Relapses after ASCT have a median overall survival of 6.1
months.® In the case of refractory disease, the overall survival
is usually not longer than 6—7 months.® Considering, that the
majority of DLBCL patients is older than 65 years and unfit
for intensive treatment, experts estimate that not more than
10% of relapsed or refractory patients can be cured.’
Allogeneic stem cell transplant (Allo-SCT) represents an
alternative approach in some countries for younger and
highly selected patients in order to achieve disease control
by immunotherapy. In prospective and registry trials,'®'" up
to 40% of patients are shown to have long-term remission.
Allo-SCT has still some open issues, like the availability of
a suitable matched donor and the morbidity and mortality
rates associated with complications, like uncontrolled infec-
tions or graft-versus-host disease. For these reasons, patients

should by highly selected with regard to age and comorbidity.
Furthermore, considering that the graft-versus-lymphoma
effect needs up to 3 months after transplant in order to exploit
its function, this option is suitable only in the case of chemo-
or radiotherapy-controlled disease at the time of transplant.
Novel drugs with the potential to improve the prognosis
are still limited. The antibody-drug conjugate Polatuzumab
vedotin achieved a breakthrough designation of the FDA
and the Prime designation of the EMA in 2017 based on
a randomized phase-II trial with significant prolongation of
progression free survival (PFS) and overall survival (OS) in
the combination with rituximab and bendamustin compared
with them alone.'? The combination of the anti-CD19 anti-
body MOR208 with lenalidomide shows a promising pro-
longation of the PFS in a still recruiting phase II trial'® and
received a FDA breakthrough designation in 2017. Most
other compounds tested in phase-I or II trials show
a response rate of approximately 30% and a PFS of only
6 months.* The unmet medical need is obviously high.
Axi-cel is also approved for r/r primary mediastinal
B-cell lymphoma (PMBCL) and transformed follicular
lymphoma (tFL). PMBCL is an aggressive Non-Hodgkin
lymphoma with some Hodgkin-lymphoma-like features
(young patients, mediastinal involvement). The prognosis
was poor until the introduction of rituximab. Nowadays,
long-term remission are achieved with R-CHOP-like regi-
mens in the vast majority of patients.'* However, r/r
patients still have a poor outcome. In a phase-II trial, the
checkpoint inhibitor pembrolizumab showed an overall
response rate of 47% leading to a FDA approval in 2018."
De novo tFL may have an acceptable prognosis — with-
out pretreatment of the follicular lymphoma part. In the r/r
setting, the outcome is comparable to r/r DLBCL.'®
With the approval of two commercial CAR T-cell pro-
ducts (Axi-cel, Tisagenlecleucel) and the FDA break-
through designation of a third construct (Liso-cel), there
is a real chance for game-changing improvements in the
field of aggressive B-cell lymphoma.

History of CAR T-cell therapy and

Axi-cel

The first description of a chimeric antigen receptor composed
of the T-cell receptor domains fused to the antibody’s variable
domains comes from Zelig Esshar from Weizmann Institute
in Rehovot, Israel, in 1989."7 This simple construct repre-
sents the “first generation” of CAR.'® The first clinical trials
in humans with solid tumors using these “first generation”
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CARs were published in 2006 and showed disappointing
results without significant tumor regression'®*° The main
reason was the lack of costimulatory domains that could elicit
the T-cell activation. However, the first clinical report of
a patient with metastatic colon carcinoma using a “third gen-
eration CAR” (anti-ERBB2-CD28-4-1BB-CD3{) ended in
a fatal cytokine storm.?' The first success of a second gen-
eration CAR was reported on an anti-CD19 CAR (4.1BB;
CD3{) constructed by the University of Pennsylvania in three
patients with chronic lymphocytic leukemia (CLL)* fol-
lowed by publications in pediatric ALL.** At the National
Cancer Institute (NCI), several first and second generation
CARs were developed.”*** An anti-CD19 CAR (CD28;
CD3{) compound went into further clinical evaluation for
lymphoma patients. The first proof of principle of a similar
construct was published in 2012 in patients with indolent
lymphoma.®® In the same year, the NCI entered into coopera-
tion with Kite Pharma for development and commercializa-
tion of cancer therapeutics including a CAR product named
KTE-C19 or Axi-cel. Based on the data of a large phase II-
trial (ZUMA-1),”” Axi-cel was approved for the treatment of
patients with two relapses with DLBCL, PMBCL and tFL in
October 2017 (FDA) and August 2018 (EMA). As assessed
in December 2018, six clinical trials using Axi-cel are regis-
tered in clinicaltrials.gov.*®

Review of pharmacology, mode of
action, preparation and
pharmacokinetics of Axicabtagene

ciloleucel

Axi-cel is generated from autologous lymphocytes expres-
sing a so-called second generation CAR consisting of
a peptide sequence from the variable region of
a monoclonal antibody against CD19 (FCM63, the same
as in Tisagenlecleucel and Liso-cel), the { chain of the
T-cell receptor and CD28 as a costimulatory molecule.”
CD19 is a transmembrane glycoprotein which is highly
expressed in all the stages of differentiation of normal and
pathological B-cells. CD19 directed therapies were effec-
tive in both ALL and most B-cell Non-Hodgkin lympho-
mas. The T-cell stimulation by the { chain of the T-cell
receptor is weak as demonstrated by in vivo and in vitro
trials of the first generation CARs.** A costimulatory
domain is necessary in order to obtain an enhanced activa-
tion of T-cells. CD28-based CAR T-cell constructs are

thought to have a greater peak expansion whereas 4-1BB-

based constructs show a longer persistence.>” On the other
hand, 4-1BB-based CAR T-cells can induce early exhaus-
tion limiting the efficacy.® However, no direct in vivo
comparisons of different CAR compounds were performed
in order to prove these preclinical observations.

The manufacturing process begins with the collection of
the starting material by leukapheresis. The target cell count in
the ZUMA-1 trial was 5-10x10° mononuclear cells.*!
T-cells were selected through magnetic beads and activated
eg, by anti-CD3 antibodies and Interleukin-2, subsequently
transfected with CAR genes by a gamma retroviral viral
vector, followed by expansion and preparation of the final
product.** For an extended clinical use, the production pro-
cess was optimized, eg, omitting the preparation with mag-
netic beads and a shortening of the expansion period.>

Viral vectors guide RNA to reverse-transcribe into DNA
and permanently integrate into the genome of the autologous
T-cells. Subsequently, the viral vector will be washed out.
Lentiviral vectors, which are used in other commercially
available products (eg, Tisagenlecleucel), had the theoretical
advantage of a safer integration site profile.>* However, there
is so far no report about secondary malignancies or other
genotoxic events in the follow-up of treated patients.

Axi-cel is administered as a single-dose infusion contain-
ing a suspension of 2x10° CAR T-cells per kilogram body
weight up to a maximum of 2x10® cells.* The rapid expan-
sion of these cells has a peak within 7-14 days and is
accompanied with peak levels of interleukins secreted from
activated immune cells.?’ In the ZUMA-1 trial, CAR T-cells
were still detectable in most patients at 180 days after
infusion.”® The extent of expansion, eg, measured by the
area under the curve within 28 days was associated with
a response but also with acute side effects.”” The prognostic
relevance of CAR T-cell persistence remains unclear: in the
first clinical trials from NCI with lymphoma®® and ALL,*’
the loss of CAR T-cell persistence or recovery of normal
B-cells was associated with a poor prognosis. This is in
contrast to the long-term follow-up data of the ZUMA-1
trial, where B-cell recovery was observed in over half the
patients with ongoing remission at 12 months.*®

Efficacy studies, including any
comparative studies and relevant

case reports
The preclinical and early clinical development of Axi-cel
started at the NCI, including the first clinical experience in
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humans using an anti-CD19-CD28-CD3{ CAR. Axi-cel
was then further developed by Kite Pharma (now owned
by Gilead) towards the approval of the FDA and EMA.

In 2012, the first clinical trial in eight patients with
indolent B-cell malignancies (four chronic lymphocytic leu-
kemia (CLL), three follicular lymphoma (FL) and one
splenic marginal zone lymphoma (MZL)) was published®
using the NCI anti-CD19 CAR (CD28; CD3{) compound.
In this trial, a single agent lymphodepleting course with
fludarabine was used for conditioning and administration
of interleukin-2 after reinfusion was mandatory. Six of eight
patients achieved objective remissions (three CLL, two FL,
one MZL) and four out of eight patients had long-term
depletion of normal polyclonal CD19 B-cells. Four out of
eight patients experienced significant toxicity in terms of
cytokine-mediated side effects which resolved completely
except for one patient who died from influenza.

In a subsequent clinical trial, 15 patients with B-cell
malignancies (nine DLBCL, two indolent lymphoma, and
four CLL) were treated with fludarabine/cyclophospha-
mide as a preparation regimen, without the addition of
Out of 15 patients,
a complete remission (CR) including four out of seven
patients with refractory DLBCL. Thirteen out of 15
patients experienced grade 3 or 4 toxicities including

interleukin-2.%® eight achieved

hypotension (n=4) and neurological side effects (n=6).

Given the promising results particularly in DLBCL, the
following trial focused on aggressive lymphoma.
Twenty-two patients (19 with DLBCL, two with FL and
one with mantle cell lymphoma) were treated with anti
CD19 CAR T-cells.*® There was a 73% remission rate with
55% of patients achieving a CR. Eleven out of 12 CR patients
presented an ongoing response with a median duration of
12.5 months without any further treatment. The most pre-
dictive factors for achieving a CR were a higher peak of
blood CAR T-cells and an elevated serum level of IL-15.%°
All patients experienced grade 3 or 4 toxicities which are in
line with the subsequently recognized CAR-related cytokine
release syndrome (CRS). Furthermore, 12 patients experi-
enced grade 3 or 4 neurological events. Grade 3 and 4
neurologic toxicities were associated with increased blood
CAR T-cell counts. CAR T-cells were also detected in the
cerebrospinal fluid.

The ZUMA-1 trial’’ — the first trial with Axi-cel or
KTE-019 in cooperation with Kite pharma — consisted of
a phase I and phase II part. In the phase L*' seven patients
were treated resulting in an overall response rate of five out
of seven and CR rate of four out of seven (three patients

with ongoing CR over 12 months). In the subsequent multi-
center phase II trial (ZUMA-1),>’ 111 patients with
DLBCL, PMBCL and tFL refractory to last treatment or
relapsing after autologous stem cell transplantation were
included. Since the majority of sites were located in the
US (21 sites, one site in Israel), the time from leukapheresis
to transfusion was short (17 days). Only one patient was
excluded due to unsuccessful manufacturing, seven patients
were excluded due to adverse events and/or tumor progres-
sion and two patients due to non-measurable disease. The
rate of effectively treated patients (101/111: 91%) is higher
than in the JULIET trial with Tisagenlecleucel*? or the
TRANSCEND trial with Lisocaptagene maraleucel.*’ In
contrast to these both trials, the time between inclusion
and treatment and particularly between leukapheresis and
reinfusion (“vein to vein” time) was exceptionally short
(median: 17 days). Bridging chemotherapy was not
allowed. During the commercial phase, the “vein to vein”
time will be probably prolonged, especially for countries
outside the US, with the need of cryopreserving the cell
products at least for a transitional period.

Among the 101 patients receiving Axi-cel, the response
rate was 82% with a 54% CR.?’ The median duration of
response was 8.1 months. At an updated analysis with
a median follow-up of 15.4 months, 40% of patients
remained in CR. The overall survival at 18 months was 52%.

Grade 3-5 cytokine release syndrome (CRS) occurred in
13% of patients and grade 3—5 neurologic events in 28%.’
Three patients died during treatment, one patient from
hemophagocytic lymphohistiocytosis and another patient
from cardiac arrest in association with a CRS, while
a third patient died from unrelated pulmonary embolism.

One year after the approval of Axi-cel, “real world
data” were presented at the annual meeting of the
American Society of Hematology (ASH) 2018 for the
first time (Table 1).***’ One of the most remarkable
observations was that a significant proportion (up to
50%) of patients did not fulfill the original inclusion cri-
teria of the ZUMA-1 trial (eg, due to reduced performance
status, low platelets, low glomerular filtration rate, history
of central nervous system (CNS) lymphoma, previous
Allo-SCT etc.)44 this fact obviously does not affect the
outcome in the largest series.** The time from leukapher-
esis to reinfusion was longer (21-27 days),***” and brid-
ging chemotherapy was often necessary. Furthermore,
histological diagnoses other than DLCBL were included
compared with the ZUMA-I.
Nevertheless, the best response rate was comparable or

more frequently as
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Table | “Real world” data with Axi-cel from US sites, as presented at the ASH meeting 2018

ZUMA- 1?7 17 sites™ 6 sites** Houston*¢ Houston*¢ Stanford*’
Elderly* Younger*

Patient leukapheresed 11 294 117 na. na. 25
Patient treated 101 274 104 20 52 22
Age (years) 58 (23-76) 60 (21-82) 64 (21-84) 68 (65-83) 42 (23-64) na.
Fullfilling inclusion criteria of ZUMAI 100% 57% 52% na. na. 64%

78% 32% 57% 20% 40% na.
Bridging 0% 55% 31% n.a. n.a. n.a.
Time from leukapheresis to reinfusion 17 days 27 days n.a. n.a. n.a. 22 days
Best OR/best CR 82%/58% 81%/57% 71%/144% 94%171% 78%/50% 86%/45%
Grade 3-5 CRS 13% 7% 16% 10% 15% 0%
Grade 3-5 CRES 28% 33% 39% 45% 58% 27%
Tocilizumab use 43% 63% 67% 75% 64% 77%
Fatal events 3/101 7274 7/104 na. na. na.

Note: *Also including patients from clinical trials.

Abbreviations: OR, overall response; CR, complete response; n.a., not available; DLBCL, diffuse large B-cell lymphoma; tFL, transformed follicular lymphoma; PMBCL,
primary mediastinal lymphoma; CRS, cytokine release syndrome; CRES, CAR related encephalopathy syndrome.

slightly decreased compared to the ZUMA-1 t trial. The
toxicity profile is similar to the ZUMA-1 trial. The
reported incidence of severe CRS appears lower, which
can be partially explained by a higher usage of tocilizu-
mab. In the retrospective analysis of a single center experi-
ence, safety and efficacy of Axi-cel therapy were
comparable in the two subsets of elderly and younger
patients (> and <65 years).*®

Currently, potential markers for efficacy and response are
under study. Recent works pointed out that a low day 0
C-reactive protein (CRP) together with a high absolute leu-
cocyte count (ALC) during the leukapheresis represent
potential predictors of response,*” as well as a low day 0
CRP, low levels of ferritin, IL-6 and TNF-o could be asso-
ciated with a better outcome at day 30 after the reinfusion.
High serum cytokine levels of IL-6 and angiopoietin 2/angio-
poietin 1 ratio at day 1 were correlated with severe cytokine

release syndrome.*®

Safety and tolerability

The reinfusion of CAR T-cells is associated with several
acute but usually self-limiting toxicities. The most promi-
nent side effects are the CRS and the neurotoxicity,
recently described as CAR-related encephalopathy syn-
drome (CRES).*’ Ongoing cytopenia is frequently found

in trials of ALL50 Late effects are rare; however, the
B-cell depletion is ongoing and may lead to a clinically
significant hypogammaglobinemia.>”

CRS is caused by the activation of lymphocytes and
myeloid cells with the subsequent release of inflammatory
cytokines, eg, IL-2, IL6 and GM-CSF deriving from acti-
vated T-cells and IL-1RA, IL-10, IL-6, IFNa from mono-
cytes and macrophages.”’ The clinical symptoms are highly
variable, starting from mild constitutional symptoms until
life threatening multiorgan dysfunction including the hemo-
phagocytic lymphohistiocytosis (HLH). After CAR T-cell
reinfusion and during their expansion, an increase of serum
level of several cytokines as IFN-y, Interleukin-6 and TNF-a
was documented and correlates with clinical symptoms.
Since the increment of T-cells starts after reinfusion and the
maximum peak of T-cell expansion is about day 8, CRS-
associated symptoms are expected between day 2 and 14. In
most cases, CRS is fully reversible within 2-3 weeks. In
context of CAR T-cell treatment and other immunotherapies,
anew grading system was developed and published by Lee.*®
For the comparison of different CAR T-cell trials, it is worth
mentioning that grading scores may differ, eg, in trials with
Tisagenlecleucel.

In the ZUMA-1 trial,”” the incidence of higher grade
neurologic events was significantly associated with the
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expansion of CAR T-cells. In an analysis of 44 serum
biomarkers, elevated serum levels of Interleukin-2,
GM-CSF and ferritin were associated particularly with
the occurrence of neurotoxicity, but not with CRS.

Tocilizumab, an anti-IL-6 receptor antibody initially
approved for treatment of several rheumatic diseases,
was widely used in the treatment of CRS. The therapeutic
effect was described for the first time in a series of pedia-
tric ALL patients treated with Tisagenlecleucel.”® Usually,
the symptoms of CRS were mitigated within a few hours.
Tocilizumab is now approved by FDA and EMA for the
treatment of CRS. After its administration, IL-6 levels
typically rise transiently suggesting theoretically, that the
neurotoxicity can be triggered or enhanced. However,
clinical data provide no significant differences in the neu-
rotoxicity in tocilizumab-treated patients. Siltuximab, an
anti-IL-6 antibody approved for the treatment of
Multicentric Castleman disease, has the theoretical advan-
tage in rapid reduction of the IL-6 levels. Siltuximab is
used as a reserve medication in case of tocilizumab failure.
Therefore, the experience is still limited.

1,447 collected

In the real world experience of Axi-ce
data show that there might be a decrease of the incidence
of CRS due to the implementation of risk management
systems and broad use of Interleukin-6 receptor antago-
nists. On the other side, the neurotoxicity — or CRES —
remains an unmet problem. Clinical symptoms may vary
from mild tremor, headache or impaired handwriting to
disorientation, aphasia, somnolence, seizures and cerebral
edema in the severe forms.*”>' The pathophysiology is
not completely understood. The passive diffusion of peak
level interleukins as well as the trafficking of CAR T-cells
through the brain blood barrier may contribute to these
symptoms. However, severe neurotoxicity seems to be
a “class effect” of anti-CD19 redirected T-cell therapies,
also observed in Blinatumomab and other CD19-directed
bispecific antibodies.”® In other CAR and bispecific anti-
body trials with alternative targets, neurologic symptoms
are often mild despite high interleukin peaks. Since CD19
antigen is usually not detectable in brain tissue, this aspect
remains unexplained. Some investigators observed
a biphasic course of CRS,*° with a first phase within
5 days after reinfusion, with is reversible by anti-IL-6
treatment and a second phase after 5 days, which is gen-
erally not responsive to anti-IL-6 treatment, but partially to
high dose corticosteroids.

Surveillance and early diagnosis are essential in the

management of CRES. For the grading, the three times

daily neurological assessment method CARTOX is
recommended,” which includes a simple 10-point neuro-
logical assessment. A new experimental approach for the
treatment of CRES is provided by mouse experiments,
suggesting that IL-1 receptor antagonist anakinra may
protect mice from CRS and CRES in contrast to
tocilizumab.> However, clinical experience is limited at
the time of this publication.

CAR T-cells “late effects” is an emerging field analyz-
ing the complications occurring and/or persisting beyond
90 days after the reinfusion. Among late effects one of the
most frequent is prolonged cytopenia, in some cases
requiring platelets or red blood cell transfusions and/or
hematopoietic growth factors. The B-cell depletion occur-
ring after CAR T-cells reinfusion could lead to a clinically
significant hypogammaglobinemia, with a consequently
increased risk of late infections.>® Secondary malignancies
were also observed: therapy-related myelodysplastic syn-
dromes, non-melanoma skin cancer, non-invasive bladder
cancer. However, given the intensive pretreatment of the
patients, the incidence of secondary malignancies is within
the expectation. Late immune-related and neurologic
events, like, respectively, granulomatous disease and tran-
sient ischemic attack, were also detected.”® Finally in
a small series of patients receiving CART-cells after fail-
ure of Allo-SCT (time from transplant to CAR T-cells was
46.3 months), the onset of a late acute graft versus host
disease was documented. Most of those late events were
mild, suggesting the long-term safety of this therapeutic
s‘[rategy.54

Patient’s perspective

In the ZUMA-1 trial, Axi-cel met the primary endpoint of
improving the response rate in comparison to
a prespecified response rate of 20% according to historical
results in the setting of r/r DLBCL.?’ Considering the
adjusted comparison of ZUMA-1 and SCHOLAR-I,
Axi-cel seems to prolong significantly the survival in
patients with a mostly incurable status of disease.”
However, the fast track approval of FDA and EMA is
based on a phase II trial including 101 patients with
a median follow-up of only 15.1 months. There should
be an awareness about the immaturity of these data and the
lack of randomized comparisons. Whereas there is
a detailed knowledge about management of acute side
effects, data about long-term side effects and quality of
life is limited. Persistent B-cell aplasia and immunoglobu-

lin deficit is the only well-documented long-term side
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effect manageable with intravenous immunoglobulin
replacement. There are potential long-term side effects at
least theoretically predictable, eg, secondary malignancies
by insertional oncogenesis of the viral vectors, develop-
ment or exacerbation of neurologic disorders, development
or exacerbation of autoimmune disorders.’® Furthermore,
there is no systematic evaluation of quality of life in any of
the commercially tested CAR T-cell products.

An example of a more critical view to the new technol-
ogies is the appraisal of the United Kingdom National
Institute of Health and Care Excellence (NICE) which did
not recommend the treatment with Axi-cel within the mar-
ket authorization.”” This was justified by the fact that the
“exact size of the benefit ... is unknown” without a valid
comparator, and that “the cost-effectiveness estimates are
above the range...”. With a similar rationale, there is no

recommendation for Tisagenlecleucel in DLBCL.

Comparison to other commercial

CAR T-cell products

In 2018, anti-CD19 CAR  T-cell
Tisagenlecleucel, was approved by FDA and EMA for treat-
ment of DLBCL and tFL.** Furthermore, Lisocabtagene
maraleucel (Liso-cel or JCARO17) achieved the FDA break-
through and EMA PRIME designation in 2017.** Compared
with Axi-cel, both compounds use a lentiviral vector and

another product,

a 4-1BB instead of CD28 as costimulatory domain. In con-
trast to Tisagenlecleucel, Liso-cel is a product with precisely
defined flat doses of transfected CD4 and CDS8 cells
(Table 2). For both products, data from phase-II trials with
more than 100 patients are available (Tisagenlecleucel:
JULIET, Liso-cel: TRANSCEND). The time from inclusion
to treatment and from leukapheresis to reinfusion was vari-
able and longer than in the ZUMA-1 trial. Bridging therapy
was allowed and used in the majority of patients. A larger
proportion of patients did not receive the reinfusion due to
medical reasons such as disease progression or technical
reasons like nonconforming products (JULIET42 54 out of
165 patients; TRANSCENDA43 32 out of 134). As a result of
different strategies in the recruitment phase and considering
the various clinical background, it is difficult to compare the
three different trials, especially with regard to efficacy data.
The best overall response rate in JULIET was 52% (CR
40%), and in TRANSCEND 75% (CR 55%). After 6 months,
30% or 34% of patients remain in CR, respectively. The
toxicity profile appeared to be similar between the three
compounds, although, as previously mentioned, a direct

comparison is nearly impossible, not only due to imbalances
in patient characteristics, but also considering the different
scoring systems and management strategies (eg, Tocilizumab
use) adopted for the occurrence of CRS and CRES. Grade 3
and 4 CRES might be higher in Axi-cel (28%, JULIET: 12%;
TRANSCEND: 12%), and grade 3 and 4 CRS lower in
Liso-cel (1%, JULIET: 23%, ZUMA-1: 13%). Differences
between the commercial products will crystallize more in
future, while up-to-date technical and logistic matters might
influence the choice of the compound more than medical
reasons alone.

Mechanism of resistance and new

strategies
In the ZUMA-1 trial, 82% of patients initially responded.?’
However, many patients lost their response within 6-9
months after treatment. Therefore, it is important to evaluate
the mechanisms of primary and secondary resistance.
CD19 loss is a prominent mechanism of resistance in
CD19 redirected T-cell therapies observed with bispecific
antibodies as well as CARs. In ZUMA-1, 3 out of 11 (27%)
patients lost their CD19 expression at time of disease
progression.”® In an additional report including patients
treated with commercially available Axi-cel, five out of
eight patients with progressive disease had a CD19 loss.>”
A more relevant mechanism of resistance derives from
the immunosuppressive environment of the lymphoma.
Inhibitory checkpoint regulators such as PD-1 and PD-L1
have been shown to be upregulated in CAR-T cells and in
the microenvironment and may contribute to
resistance.®®®" In the ZUMA-1, eight out of ten evaluable
patients experiencing disease progression presented PD-L1
positivity (80%).>® PD-L1 positivity is also observed in
many other trials with CD19 CARs, particularly in ALL,
and in CD19 redirected bispecific antibodies.®? This sug-
gests that Axi-cel activity could be augmented by incor-
porating PD-L1 blockade into the treatment strategy. In
a case report presented at the ASH congress in 2017,% one
patient with DLBCL experiencing disease progression
after treatment with Axi-cel with a high expression level
of PD-L1 received nivolumab as a further salvage strategy
and proved to get a secondary expansion of CART-cells
and a subsequent clinical response. In the ZUMA-6 trial,**
the PD-L1 antagonist atezolizumab was given in addition
to Axi-cel starting at different time points (day 21, 14 and
1 in different cohorts). In a phase-I trial including 12
patients, the combination showed an acceptable safety
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Table 2 Comparison of commercially developed anti-CD19 CAR T-cell compounds

Axicabtagene ciloleucel (KTEO0I19)

Tisagenlecleucel

Lisocabtagene

Refractory to last treatment
Patients included

Patients infused

Time from leuka-pheresis

/enrolment to reinfusion

Refractory disease:

(1) PD or SD to most recent chemotherapy (2) PD or
relapse within 12 months after ASCT

74%
1
101
17 days

(1) after at least two lines
of therapy

(2) either relapsed after or
ineligible for ASCT

55%

165

11

54 days

(CTLOI9) Maraleucel
(JCARO017)
Structure
Anti-CD19 domain FCMé63 FCMé3 FCMé63
Costimulatory domain CD28 4-1BB 4-1BB
Viral transfection Gamma-retrovirus Lentivirus Lentivirus
Target Cells PMBCs PMBCs CD4:CDS8 ratio = |
Phase-ll clinical trial ZUMA-1? JULIET#? TRANSCEND*
Patient characteristics
Indication DLBCL, tFL, PMBCL DLBCL, tFL DLBCL, tFL, PMBCL, FL3b

(1) after two lines of
treatment

(2) MCL after one line of
treatment

67%

134

114

n.a.

(3.9 months; NR)*®

Efficacy

Best OR/best CR OR 82% CR 54% OR 52% CR 40% OR 75% CR 55%
CR after 6 months 40% 29% 34%

Toxicity

CRS grade 3-5 13% 22% 1%

Tocilizumab usage 43% 14% 12%

CRES grade 3-5 28% 12% 12%

Duration of response I'l months NR NR

(181; 527 days) (5 months; NR)

Abbreviations: PMBC, peripheral blood mononuclear cells; PD, progressive disease; SD, stable disease; DLBCL, diffuse large B-cell lymphoma; tFL, transformed follicular
lymphoma; PMBCL, peripheral mediastinal B-cell lymphoma; FL3b, follicular lymphoma grade 3b; ASCT, autologous stem cell transplantation; OR, overall response; CR,
complete response; CRS, cytokine release syndrome; CRES, CAR related encephalopathy syndrome; NR, not reached.

profile and high response rates, opening the phase II part
of this trial.

How to place Axi-cell in the future

treatment of DLBCL

In the SCHOLAR-1 analysis of refractory DLBCL from two
large randomized trials and two academic databases,” the
overall survival was limited to 67 months. In
a comparison of SCHOLAR-1 and ZUMA-1 adjusted for
imbalances in key prognostic covariates, the CR rate of Axi-
cel is tenfold higher than after standard-of-care treatment.”
The risk of death decreased at 77%. Considering that
a relevant proportion of patients included in the
SCHOLAR-1 registry would not fulfill the ZUMA-1

inclusion criteria, this analysis cannot replace a randomized
comparison. Given the fact, that only 10-20% of patients
with relapsed or refractory patients are curable by ASCT or
conventional chemotherapy,” a vast majority of those
patients would be theoretically candidates for CAR T cell
therapy.® So far, the limited availability of certified sites, the
manufacturing capacity of the companies and the economic
burden challenge the broad implementation of CAR T-cells
in the treatment of r/r DLBCL.

CAR T-cell therapy will also challenge the use of
allo-SCT in selected patients. Although evaluated particu-
larly in phase-II trials'® and in registries,'" allo-SCT is
a valid option for younger patients with relapsed and
refractory diseases. The use of allo-SCT is limited by
several factors: 1) the availability of a matched donor
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(maybe enhanced by the use of haploidentical donors); 2)
the time for donor identification and selection; 3) the time
to establish a competent host immunity and consequently
a graft-versus-lymphoma effect after transplant; and
finally 4) the significant mortality and morbidity by graft-
versus-host disease and opportunistic infections. However,
in phase-II trials of highly selected patients with comple-
tely HLA matched donors, the survival rates are promis-
ing. Whether CAR T-cells will present an alternative
therapy for selected young patients with available comple-
tely matched donors, is still a matter of debate.

Given the unsatisfactory results of salvage treatment
after first relapse,” ' an earlier placement of CAR-T cell
therapy in first relapse is under discussion and will be
addressed in several phase III trials. ZUMA-7 is a phase
III randomized trial of Axi-cel versus standard-of-care
(R-DHAP, R-ICE, R-ESHAP followed by ASCT in
responding patients) in patients with r/r DLBCL.®
Comparable concepts of other CAR-T cell compounds
are underway, eg, the BELINDA trial (NCT03570892)
with Tisagenlecleucel or the TRANSFORM trial with
liso-cel (NCT03575351).

Future directions
Beyond Axi-cel, a confusing amount of new developments
will push into clinical practice. Given the class effect of
neurotoxicity in CD19-directed immunotherapies and the
frequent secondary loss of CDI19, alternative targets in
B-cell lymphoma, like CD20, CD22 and HLA-DR are war-
ranted. CD20 is well-established, but has the theoretical
disadvantage of loss of efficacy in anti-CD20 antibody pre-
treated patients. However, first clinical results suggest effi-
cacy without evidence of neurotoxicity.®” CD22 was
successfully used for the treatment of ALL.°® CD22 CARs
may also be a valuable option in B-cell lymphoma, partially
since no commercial CD22 antibody pretreatment may
decrease the efficacy.”® Finally, thanks to an initial desensi-
tization of the chimeric receptor with a consequent increase
of the avidity for the target, HLA-DR CARs could improve
CAR T-cells selectivity while sparing the normal B cells.”®

Multitarget CAR approaches comes into clinical inves-
tigation. Particularly in ALL patients, where resistance by
CD19 loss is more frequent than in lymphoma patients,
CD19 and CD22 can be simultaneously attacked eg, using
a CAR “cocktail”, a bicistronic CAR (two CARs in one
retroviral vector) or a bispecific CAR.”""?

The strong lymphocyte activation by CD19-CD28-CD
3 CAR constructs is responsible for side effects and

might lead to early exhaustion and shortened persistence.
Replacing the hinge and transmembrane domain from
CD28 (as usual in Axi-cel) to eg, CD8-alpha lowers the
cytokine levels in vitro and the side-effects in first clinical
experience.”* In another model, CD28 “null” mutations
can decrease the CAR T-cell exhaustion in vitro.”> By
reducing the immunoreceptor tyrosine-based activation
motifs (ITAMs) of the CAR molecule from three to one,
strong activation and early exhaustion can be prevented,
calibrating the activation potential and efficacy of CARs.”®

An alternative strategy for prevention of T-cell exhaus-
tion is the modulation of the primary transfected cells by
cell selection. In the setting of Axi-cel, peripheral mono-
nuclear cells (PMCs) were transfected after limited mod-
ifications, in contrast to Liso-cel, where defined amounts
of CD4- and CDS8-cells were transfected independently.
However, there is no evidence that differences in
CD4/CD8 composition may impact the outcome.?’ As an
alternative strategy, autologous central memory-enriched
T-cells (Tcm) can be enriched ex-vivo and transfused in
the setting of ASCT.”” In a phase-I trial with 17 patients,
the PFS after ASCT was promising (36.1 months).”® There
are at least theoretical considerations about pretreatment
before harvesting in order to improve the function of CAR
T-cells. At least in CLL patients, side effects can dimin-
ished and expansion can be enhanced by the use of ibru-
tinib pretreatment during leukapheresis and in the first
weeks after CART reinfusion.”*

Conclusions

Since the first successes of CAR-T-cells in ALL and aggres-
sive lymphoma, we are experiencing a new era of immu-
notherapy in cancer. To date, the treatment landscape of
aggressive lymphoma and pediatric ALL is widely chan-
ging — at this time mainly limited by the establishment of
highly complex manufacturing and distribution pathways
and the high costs of the products. We are learning rapidly
how to expand this principle also to elderly and unfit
patients, to earlier stages of aggressive lymphomas, and to
other non-Hodgkin lymphomas such as mantle cell lym-
phoma (ZUMA-2; NCT02601313) or indolent lymphoma
(ZUMA-5; NCTO03105336). Axi-cel treatment could be
further improved 1) by optimizing the logistic aspects like
the application (short “vein to vein” time, fresh application
of the product); 2) by making progress in predicting, pre-
venting and treating CRS and CRES (eg, by alternative
cytokine inhibitors like anakinra or siltuximab); and 3) by
enhancing the expansion, persistence and efficacy of CAR

Cancer Management and Research 2019:11

submit your manuscript

2401

Dove


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

Viardot et al

Dove

T-cells (eg, immune checkpoint blockade, ibrutinib to
enhance CAR T-cell expansion, other immunomodulating
drugs). The most exciting field is the development of new
CAR constructs like interleukin armoured (fourth genera-
tion) CARs, bispecific CARs to avoid resistance by antigen
loss or “on-off” CARs for regulating toxic effects.®'** The
development of allogeneic “off the shelf” CAR-Tcells might
help to shorten the time to transfusion. With the selection of
suitable tumor antigens, the CAR principle could be
extended to many fields of cancer therapy.
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