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Abstract. Diffuse large B-cell lymphoma (DLBCL) is the
most common subtype of non-Hodgkin's lymphoma (NHL),
representing 30% of all lymphoma cases. Within the first
2-3 years following immunochemotherapy, 30-40% of patients
will experience a relapse or a refractory disease, thereby exhib-
iting a poor prognosis. High-dose immunotherapy followed
by autologous stem cell transplantation is the standard care
for relapsed/refractory (RR) patients with DLBCL. However,
>60% of patients are ineligible for a transplant, presenting
a therapeutic challenge. Chimeric antigen receptor (CAR)
T-cell therapy has shown promising efficacy in patients with
DLBCL, including those with R/R disease. The present study
conducted a meta-analysis that showed highly favorable
outcomes [objective response rate (ORR): 69%; complete
remission (CR): 49%] in B-cell NHL patients (n=419) who were
treated with second-generation CAR T cells. The response rate
varied in different types of B-cell NHL. In 306 patients with
R/R DLBCL eligible for rate evaluation, the ORR and CR
rate mean estimates were 68% [95% confidence interval (CI),
55-79%] and 46% (95% Cl, 38-54%), respectively. Thus, the
findings indicated that immunotherapy with CAR T cells has
improved outcomes for patients with R/R DLBCL and other
subtypes of B-cell NHL compared with standard chemo-
therapy regimens. The study revealed that grade =3 anemia
(34%) and thrombocytopenia (30%) were the most common
adverse effects of CAR T-cell therapy. Incidence of grade =3
cytokine release syndrome and neurotoxicity associated with
CAR T-cell therapy was effectively managed.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common
subtype of non-Hodgkin's lymphoma (NHL), representing
30% of all lymphoma cases (1). The combination of rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisone
is the first line immunochemotherapy used in the treatment of
DLBCL, with cure rates of 60-70% (2-4). However, 30-40% of
these patients will experience a relapse or refractory disease
within the first 2-3 years following immunochemotherapy,
thus exhibiting a poor prognosis (5,6). Early relapses (<1 year)
and late relapses (>5 years) may also occur, with incidence
rates of 10-15 and 3%, respectively (5,7).

High-dose immunotherapy followed by autologous stem
cell transplantation (ASCT) is the standard treatment for
patients with relapsed/refractory (RR) DLBCL that are
<65 years and without major comorbidities; however, >60% of
patients are ineligible for transplant, presenting a therapeutic
challenge (8).

Promising immunotherapy approaches, including chimeric
antigen receptor (CAR) T-cell therapy, have boosted the possi-
bility of novel treatment options for patients with DLBCL (2).
CAR T-cells are a form of immunotherapy in which immune
cells are genetically engineered to target an antigen present on
tumor cells so that they seek out those cells specifically; these
T-cells then initiate an active and sustained immune response
against the target cells (9).

Following years of research and development, the Food
and Drug Administration (FDA) has already approved two
CAR T-cell products. In October 2017, axicabtagene ciloleucel,
marketed as Yescarta, became the first CAR T-cell therapy to
be approved for patients with R/R NHL (10). Findings from
phase II of the ZUMA-1 study revealed that the highest objec-
tive response rate (ORR) achieved using the therapy was 82%,
and the highest complete remission (CR) rate was 54% (11). On
a 12-month follow-up, the durable ORR was found to be 42%,
and the durable CR rate was 40%. In May 2018, tisagenlecleucel
was also approved for the treatment of large B-cell lymphoma,
based on the phase II JULIET study; in the study, the highest
reported ORR and CR rate were 52 and 40%, respec-
tively (12,13). Based on a European Hematology Association
presentation, the durable ORR and CR rate are postulated to
be 34 and 29%, respectively (14). A third CAR T-cell therapy,
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lisocabtagene maraleucel has also shown promise in a phase II
study, which is also expected to lead to FDA approval (15).
In the phase II TRANSCEND study, at the dose level being
explored for FDA submission, the highest ORR and CR rate
were 80 and 59%, respectively; at 6 months, the durable ORR
was 47% and the durable CR rate was 41% (15).

CAR T cells have thus shown promising efficacy in patients
with DLBCL, including those with R/R disease; however, this
therapy is also associated with unexpected toxicities that can be
life-threatening, including cytokine release syndrome (CRS)
and neurotoxicity (16). Therefore, the challenges in DLBCL
management are to reduce toxicity, prolong disease-free
survival and determine factors that can predict relapse of
DLBCL following CAR T-cell therapy.

The aim of the present study was to evaluate the general
outcomes of CAR T-cell therapy in B-cell NHL, including
the ORR and CR rate, progression-free survival (PFS), overall
survival (OS) and adverse effects.

Materials and methods

Meta-analysis. The meta-analysis was designed in accordance
with the principles set by the PRISMA checklist (17). Inclusion
criteria specified all clinical studies between 2010 and 2018 in
which adult patients with DLBCL received the second genera-
tion of anti-CD19 or anti-CD20 CAR T-cell therapy. Ongoing
clinical trials without reported outcomes and clinical trials
with first-generation CAR T-cell therapy were excluded.

The literature search was performed using the following
electronic medical bibliographic databases: PubMed
(https://pubmed.ncbi.nlm.nih.gov/), Scopus (Www.scopus.
com), and Web of Science (https:/www.webofknowledge.com).
Relevant oncology conference proceedings were also searched.
Terms used included ‘anti-CD19’, ‘anti-CD20’, ‘diffuse large
B-cell lymphoma’, ‘DLBCL’, ‘CAR T-cells’ and ‘chimeric
antigen receptor T-cells’. The references of the retrieved
articles and previous review articles were reviewed manually
to obtain additional articles. Two investigators independently
screened the retrieved titles and abstracts; the full texts were
screened if the articles met the inclusion criteria. The full texts
of these selected articles were obtained and evaluated by all
investigators to confirm eligibility for inclusion (Fig. 1).

Data were extracted using a structured template, and
disagreements were resolved by consensus during the processes
of screening and data extraction. For each study included, the
following information was obtained: Author and year; phase
of the study; patient population; CAR construct and signaling;
dose of infused CAR T-cells; conditioning or lymphodepleting
chemotherapy; origin type of the CAR T cells (autologous vs.
donor-derived/allogeneic); outcomes; survival; and adverse
effects. Second-generation CAR T-cell therapies in phase I
and phase II clinical trials were selected for the final analysis.
The primary outcome was ORR, while the secondary outcome
was CR. Other secondary outcomes were PFS and OS. The
toxicity data were analyzed in two main categories: Grade 3-4
CRS and severe neurotoxicity.

Statistical analysis. The meta-analysis was performed using
Comprehensive Meta-Analysis software (version 3.3.070;
BioStat, Inc.) due to the small sample size in most of the studies

included (18). The pooled odds ratios (event rate) estimates of
ORR, CR and adverse events with 95% confidence intervals (CI)
were obtained using the random-effects model. Statistical hetero-
geneity of the trials' results was assessed via graphical inspections
of the forest plots and by calculating a Chi-squared (%) test for
heterogeneity with a significance level of P<0.10.

Results

Clinical trial and patient clinical characteristics. The initial
search identified 293 potentially relevant studies, and from
those, a total of 11 clinical trials including 441 patients with
B-cell lymphoma were included in the final analysis. Of these,
292 (66%) patients had de novo R/R DLBCL, 73 (17%) patients
had transformed DLBCL from follicular lymphoma (FL), and
15 (3%) had transformed from chronic lymphocytic leukemia
(CLL) or marginal zone lymphoma (MZL). Furthermore,
25 (6%) had FL, 18 (4%) had primary mediastinal large B-cell
lymphoma (PMBCL), 14 (3%) had mantle cell lymphoma (MCL),
and the remaining 4 patients had other B-cell lymphomas (1%).
Tables I-III present the characteristics and clinical outcomes
of CAR T-cell therapy in the studies analyzed (11,13,15,19-30).

Efficacy. Over a median follow-up time of 19.6 months,
response data were available for 419 of the patients with B-cell
NHL. The pooled ORR (95% CI) was 69% (57-79%; Fig. 2),
and the pooled CR rate (95% CI) was 49% (44-52%; Fig. 3).

A total of 306 patients with de novo or transformed DLBCL
were eligible for response rate evaluation. The ORR was 68%
(55-79%; Fig. 4) and the CR rate was 46% (38-54%; Fig. 5).

The PFS was reported for 234 patients with B-cell
lymphoma from the 11 clinical trials, and at 12 months, the
PFS was 43% (95% CI, 35-75%). The median and mean PFS
durations were 4.5 and 4.1 months (95% CI, 1.5-5.9 months),
respectively (data not shown).

The OS was reported for 317 patients, and at 12 months, it
was 58% (95% CI, 49-60%). The median and mean OS dura-
tions were 13.2 and 14.2 months (95% CI, 8.3-22.2 months),
respectively (data not shown).

Safety. Safety was evaluated for 421 patients (Table III). The
most frequently reported grade =3 adverse effects were anemia
in 34% of patients (95% CI, 25-45%), thrombocytopenia
at 30% (95% CI, 18-46%), and febrile neutropenia at 19%
(95% CI, 9-36%). The risks of grade =3 CRS and neurotoxicity
in patients were 18% (95% CI, 11-27%) and 19% (95% CI,
12-28%), respectively (Fig. 6).

Heterogeneity. Statistical heterogeneity was observed among
the 11 clinical trials in several outcomes, including ORR for
patients with B-cell NHL (P=0.002; Fig. 2), ORR for patients
with DLBCL (P=0.007; Fig. 4), and adverse events such as
CRS (P=0.000), neurotoxicity (P=0.000), febrile neutropenia
(P=0.001), anemia (P=0.003) and thrombocytopenia (P=0.016;
Fig. 6).

Discussion

The efficacy of CAR T-cell immunotherapy has improved
notably over the last decade. To date, three generations of CAR
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Articles identified through
database search

(n=293)

Articles excluded (n=76)
e Conferences abstract with
incomplete data, n=11
e Abstract only, n=21

Y

Articles screened by title
and abstracts
(n=217)

\4

e Not in English, n=6
e Duplications, n=38

Records excluded as inapplicable

A 4

Full text screened for

A 4

(n=185)

Records excluded (n=21)
> e Not relevant review articles, n=6

eligibility
(n=32)

|| Eligibility | | Screening || Identification |

A 4

Articles included in meta-
analysis
(n=11)

Included

e Case reports, n=3
e Incomplete data, n=3
e Not clinical trial related, n=9

Figure 1. Flow diagram of the study selection process.

Study name Subgroup within study Statistics for each study Event rate and 95% CI
Event Lower Upper

rate limit limit Z-value P-value
Zuma 1A ORR 074 037 098 10%6 0273 —_——
Zuma 1B ORR 082 076 08B 6007 0000 . |
Juliet ORR 0516 0415 0616 0311 07% E 3
Transcend ORR 0716 0&21 07% 426 000 E
uP ORR 0643 0454 079% 140 01% +i-
Fred Hutch ORR 063 0451 0784 143 0149 -
Wang-14 ORR 074 037 098 106 0273 —_—
Wang-16 ORR 094 0465 0997 197 00 [
Brudno-A ORR 089 050 0% 1.91 0050 —
Brudno-B ORR 020 0050 0541 174 000 ——
Kochenderfer-2015 ORR 089 050 0985 1.961 0050 i

060 0573 078 30865 00R -

-1.00 -0.50 0.00 0.50 1.00

Figure 2. Forest plot of the ORR of patients with any B-cell lymphoma. Squares represent the event rates (square size reflects the study-specific statistical
weight); horizontal lines represent the 95% CI; and diamonds represent the pooled estimate based on a random-effects model. ORR, objective response rate;

CI, confidence interval.

T-cells have been constructed; of these, the second and third
generations of CAR T-cells show superior clinical outcomes
relative to the first generation (31). It has been reported that
first-generation CAR T-cells show decreased immune acti-
vation, limited efficacy and short duration of persistence,
providing no evidence of clinical benefit for the treatment of
B-cell NHL (32-34).

The present meta-analysis showed highly favorable clinical
outcomes in patients with B-cell NHL that were treated with
second-generation CAR T-cells. The results for 419 patients in
11 trials showed an ORR and CR rate mean estimate of 69%
(95% CI,57-79%) and 49% (95% C1,44-52%), respectively. The
response rates to CAR T-cells varied between different types of
B-cell NHL. In 306 patients with R/R DLBCL eligible for rate
evaluation, the ORR and CR rate mean estimates were 68%
(95% CI, 55-79%) and 46% (95% CI, 38-54%), respectively;

these results are comparable to the results reported on patients
analyzed in the SCHOLAR-1 study, which showed an ORR of
26% and a CR rate of 7% with standard systemic therapy (35).
Thus, the present findings suggested that CAR T-cell immu-
notherapy has significantly improved treatment outcomes
for patients with R/R DLBCL, as well as other B-cell NHL
subtypes. Comparisons between the reported outcomes in
clinical trials included in the present study are difficult due
to the clinical heterogeneity in the variables between clinical
trials, including differences in patient populations, B-cell
NHL subtypes disease specific variables, CAR T-cell methods,
follow-up times and duration. Additionally, it has been
suggested that the differences in clinical outcome could be due
to clinical factors such as the CAR construct and signaling,
conditioning or lymphodepleting chemotherapy, prior ASCT,
prior treatments or other dissimilarities that will require
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Study name Subgroup within study Statistics for each study Event rate and 95% CI

Event Lower Upper
rate limit limit Z-value P-value

Zuma 1A CR 0571 020 08% 0377 076 —t
Zuma 1B CR 058 048 066 1683 002 -
Juliet CR 038 034 050 -196 000 -
Transcend CR 050 048 0615 03B 062 s 3
uP CR 0571 0387 0738 0753 0451 ——
Fred Hutch CR 038 010 05166 -170 007 —a—
Wang-14 CR 0266 002 0673 -106 0273 —_—
Wang-16 CR 094 04% 0997 1947 0022
Brudno-A CR 022 00% 050 -152 0118 ——
Brudno-B CR 0100 00% 0467 -2084 0037 —-—
Kochenderfer-2015 CR 056 0251 083 0333 0732 —_—T—
0488 0438 050 04 0646

-1.00 -0.50 0.00 0.50 1.00
Figure 3. Forest plot of the CR rate of patients with any B-cell lymphoma. Squares represent the event rates (square size reflects the study-specific statistical

weight); horizontal lines represent the 95% CI; and diamonds represent the pooled estimate based on a random-effects model. CR, complete remission;
CI, confidence interval.

Study name Subgroup within study Statistics for each study Event rate and 95% CI

Event Lower Upper
rate limit limit Z-value P-value

Zuma 1A ORR 0714 037 098 1065 0273 ——
Zuma 1B ORR 0818 0716 08% 500 0000 ]
Juliet ORR 0516 0415 06166 0311 075%
Transcend ORR 07% 0687 082 460 000 .
UP ORR 0500 0260 0740 0000 1.000
Fred Hutch ORR 06% 030 087 088 03R —
Wang-14 ORR 0714 037 098 106 0273 S
Wang-16 ORR 090 036 09 1474 0140 s
Brudno-A ORR 0657 0154 097 0565 0571 —_—
Brudno-B ORR 0250 0034 0762 -0%1 0341 —
Kochenderfer-2015 ORR 08 026 098 1287 018 b
0631 0551 078 268 0007 2
-1.00 -0.50 0.00 0.50 1.00

Figure 4. Forest plot of the ORR of patients with diffuse large B-cell lymphoma. Squares represent the event rates (square size reflects the study-specific
statistical weight); horizontal lines represent the 95% CI; and diamonds represent the pooled estimate based on a random-effects model. ORR, objective
response rate; CI, confidence interval.

Study name Subgroup within study Statistics for each study Event rate and 95% CI

Event Lower Upper
rate limit limit Z-value P-value

Zuma 1A CR 0571 020 086 0377 076
Zuma 1B CR 04 0384 064 -0114 09
Juliet CR 038 034 050 -19%6 000
Transcend CR 0548 0433 0638 0818 0413
upP CR 0420 0206 0634 -058 054 —a—
Fred Hutch CR 0182 0046 0807 -194 004 ——
Wang-14 CR 0286 0072 0673 -106 023 —_——
Wang-16 CR 090 036 04 1474 0.140
Brudno-A CR 0338 0043 086 -056 0571 —_—
Brudno-B CR 0250 0034 072 -09%51 0.341 e
Kochenderfer-2015 CR 0875 0266 098 1.287 018

0460 030 0583 -0 0345 . 2

-1.00 -0.50 0.00 0.50 1.00

Figure 5. Forest plot of the CR rate of patients with large B-cell lymphoma. Squares represent the event rates (square size reflects the study-specific statistical
weight); horizontal lines represent the 95% CI; and diamonds represent the pooled estimate based on a random-effects model. CR, complete remission;
CI, confidence interval

further investigation (36-39). Given the consequences of clin-  heterogeneity was also observed for several outcomes, such
ical heterogeneity or methodological dissimilarities among as ORR and adverse events. Thus, a systematic review of
CAR T-cell clinical trials included in this study, statistical literature is warranted following the present meta-analysis to
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Group by Study name Subgroup within study  Statistics for each study
Subgroup within study Event Lower Upper
rate limit
Anemia Zuma 1 Anemia 0.435 0.345 0.530
Anemia Juliet Anemia 0.387 0.301 0.481
Anemia Transcend Anemia 0.373 0.284 0.470
Anemia uP Anemia 0.107 0.035 0.284
Anemia Brudno-B Anemia 0.100 0.014 0.467
Anemia 0.344 0.254 0.446
CRS Zuma 1 CRS 0.111 0.064 0.186
CRS Juliet CRS 0.216 0.149 0.302
CRS Transcend CRS 0.010 0.001 0.066
CRS uP CRS 0.179 0.076 0.364
CRS Fred Hutch CRS 0.125 0.048 0.289
CRS Wang CRS 0.143 0.020 0.581
CRS Brudno-A CRS 0.375 0.125 0.715
CRS Brudno-B CRS 0.300 0.100 0.624
CRS Kochenderfer-2015 CRS 0.400 0.192 0.652
CRS 0.178 0.111 0.274
Febrile neutropenia Zuma 1 Febrile neutropenia 0.324 0.243 0.418
Febrile neutropenia Juliet Febrile neutropenia 0.144 0.090 0.222
Febrile neutropenia UpP Febrile neutropenia 0.107 0.035 0.284
Febrile neutropenia 0.190 0.089 0.361
Neurotoxicity Zuma 1 Neurotoxicity 0.324 0.243 0.418
Neurotoxicity Juliet Neurotoxicity 0.117 0.069 0.191
Neurotoxicity Transcend Neurotoxicity 0.127 0.075 0.207
Neurotoxicity upP Neurotoxicity 0.107 0.035 0.284
Neurotoxicity Fred Hutch Neurotoxicity 0.281 0.153 0.458
Neurotoxicity Wang Neurotoxicity 0.063 0.004 0.539
Neurotoxicity Brudno-A Neurotoxicity 0.125 0.017 0.537
Neurotoxicity Brudno-B Neurotoxicity 0.100 0.014 0.467
Neurotoxicity Kochenderfer-2015 Neurotoxicity 0.400 0.192 0.652
Neurotoxicity 0.188 0.119 0.283
Thrombocytopenia Zuma 1 Thrombocytopenia 0.241 0.169 0.330
Thrombocytopenia Juliet Thrombocytopenia 0.279 0.204 0.370
Thrombocytopenia Transcend Thrombocytopenia 0.490 0.395 0.586
Thrombocytopenia Brudno-B Thrombocytopenia 0.100 0.014 0.467
Thrombocytopenia 0.304 0.183 0.461
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Event rate and 95% ClI

limit Z.value P-value

-1.343
-2.352
-2.545
-3.470
-2.084
-2.939
6.791
-5.586
-4.592
-3.093
-3.640
-1.659
-0.699
-1.228
-0.769
-5.395
-3.575
-6.592
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0.179
0.019
0.011
0.001
0.037
0.003
0.000
0.000
0.000
0.002
0.000
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0.000
0.000
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Figure 6. Forest plot of the rates of adverse events (grade =3) in patients with any B-cell lymphoma. Squares represent the event rates (square size reflects
the study-specific statistical weight); horizontal lines represent the 95% CI; and diamonds represent the pooled estimate based on random-effects model.

CRS, cytokine release syndrome; CI, confidence interval.

summarize the evidence of relevant clinical factors that may
have clinical utility in predicting CAR T-cell therapy clinical
outcomes. Furthermore, with an increased number of clinical
studies, detailed associations between clinical factors and
clinical outcomes with CAR T-cell therapy will be uncovered
further in the future.

The high response rates from second-generation CAR
T-cells observed in the present analysis come with challenges
posed by adverse events and toxicities of treatment. Evidence
suggests that these adverse events tend to occur rapidly within
the first few weeks of treatment and can cause potentially
life-threatening complications (28,29).In 419 patients with
B-cell NHL evaluated for safety, it was observed that grade
=3 anemia (34%; 95% CI, 25-45%) and thrombocytopenia
(30%; 95% CI, 18-46%) were the most common adverse
effects of CAR T-cell therapy. Additionally, grade =3 CRS
and neurotoxicity were estimated in 18% (95% CI, 11-27%)
and 19% (95% CI, 12-28%) of the patients, respectively. In the
present analysis, incidence of CRS and neurotoxicity varied
greatly in trials. The study by Kochenderfer et al (29) reported
the highest rates of grade 3 or higher CRS and neurotoxicity,
which was 40% (95% CI, 19-65%). Based on a previous
report, administration of interleukin (IL)-2 is associated
with significant neurotoxicity in patients treated with CAR
T-cells (40). Although IL-2 was not administered to patients
in their study, neurological toxicity still occurred in certain
patients. A potential factor to consider is that all patients had
received cyclophosphamide and fludarabine lymphodeple-
tion. Of note, all patients recovered completely from their

neurological toxicities (29). In the Fred Hutchinson Cancer
Research Center CAR T-cell clinical trial, grade =3 CRS and
neurotoxicity were observed in 13% (95% CI, 5-29%) and
28% (95% CI, 15-46%) of patients, respectively, and these
were predominantly observed in patients who had received
cyclophosphamide and fludarabine lymphodepletion and
higher CAR T-cell dose (24). A reduction in the CAR T-cell
dose in subsequent patients achieved ORR and CR rates of 82
and 64%, respectively. In TRANSCEND trial, however, dose
level was not associated with CRS or neurotoxicity (39). Of
note, the relatively high CRS and neurotoxicity rates observed
in single center studies are due to relatively small sample size;
additionally, two of the trials are allogeneic CAR T-cells in
origin (24,27,28).

Following the expansion of CAR T-cell clinical trials, the
therapeutic procedures and treatment outcomes markedly
improved. In the analysis of three front-running multi-center
CAR T-cell clinical studies, highly comparable rates of
grade =3 CRS and neurotoxicity were observed. In the
ZUMA-1 trial, grade =3 CRS and neurotoxicity were observed
in 11 and 32% of patients, respectively; despite the high rate
of grade =3 neurotoxicity, patients were effectively managed
and with extended follow-up, there were no new unexpected
serious adverse events and no new-onset neurological events
associated with the CAR T-cells (11,19). In the JULIET trial,
grade =3 CRS and neurotoxicity were observed in 22 and
12% of patients, respectively; all cases of severe CRS were
reversible, and no deaths were reported (13,20,21). In the
analysis of the TRANSCEND trial, lower rates of toxicities



wd 2| SPANDIDOS
) PUBLICATIONS

were observed, with grade =3 CRS occurring in only 1% of
patients, whereas neurotoxicity presented in 13%; additionally,
no deaths from CRS or neurotoxicity were reported in this
trial (15,22). In conclusion, the present meta-analysis reported
on a large number of patients with B-cell NHL treated with
second-generation CAR T-cells. The study showed a high
clinical response rate to CAR T-cell therapy among patients
with B-cell NHL, particularly with DLBCL, compared with
standard chemotherapy regimens. Incidence of CRS and
neurotoxicity associated with CAR T-cell therapy were effec-
tively managed.
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