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Key Points

• Real-world patient out-
comes after CAR T
therapy closely resem-
ble data from landmark
phase 2 trials.

• The benefit of CAR T
over alternate therapies
is less clear after
adjusting for baseline
risk factors.

The prognosis of patients with relapsed or refractory (R/R) diffuse large B-cell lymphoma

(DLBCL) is poor. Chimeric antigen receptor (CAR) T-cell therapy has been approved for R/R

DLBCL after 2 prior lines of therapy based on data from single-arm phase 2 trials, with

complete responses (CRs) in 40% to 60% of patients. However, a direct comparison with

other treatments is not available and, moreover, its true efficacy in real-world patients is

unknown. In this single center, retrospective, observational study of 215 patients, we

compared outcomes in patients treated with CAR T-cell therapy (n 5 69) with a historical

population treated with alternate therapies (n 5 146). Patients treated with CAR T cell vs

alternate therapies demonstrated a CR rate of 52% vs 22% (P , .001), median progression-

free survival (PFS) of 5.2 vs 2.3 months (P5 .01), and median overall survival (OS) of 19.3 vs

6.5 months (P 5 .006), and this advantage appeared to persist irrespective of the number of

lines of prior therapy. After adjusting for unfavorable pretreatment disease characteristics,

superior overall response rate in the CAR T cohort remained significant; however,

differences in PFS and OS between cohorts did not. In addition, patients who responded to

alternate therapies demonstrated prolonged remissions comparable to those who

responded to CAR T therapy. We contend that in select clinical scenarios alternate therapies

may be as efficacious as CAR T therapy; thus, additional study is warranted, ideally with

randomized prospective trials.

Introduction

Relapsed or refractory (R/R) diffuse large B-cell lymphoma (DLBCL) is associated with a generally poor
prognosis. Patients with R/R disease after frontline anthracycline-based chemotherapy have a 3-year
event-free survival of;30%.1 Even in fit patients with chemosensitive disease to salvage therapy,;50%
will ultimately progress after autologous hematopoietic cell transplant (AHCT) and experience a median
overall survival (OS) of 10 months.2,3 Those who have disease refractory to primary or salvage
chemotherapy or relapse in #12 months after AHCT have especially poor outcomes, with an overall
response rate (ORR) of 26% to the next line of therapy and median OS of 6.3 months.4 Data for specific
therapies in the third or later lines are limited without a standard of care for these patients.
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Chimeric antigen receptor (CAR) T-cell therapy has been approved
by the US Food and Drug Administration and other regulatory
agencies for patients with R/R DLBCL (including high-grade B-cell
lymphoma, primary mediastinal B-cell lymphoma, and transformed
follicular lymphoma) after 2 prior lines of therapy based on data from
single-arm phase 2 trials. These studies demonstrated impressive
40% to 60% complete responses (CR) rates.5,6 However, in the
ZUMA-1 trial, approximately 60% of responding patients ultimately
progressed, and median progression-free survival (PFS) was only
5.9 months.5 Furthermore, the median duration of response for
those with incomplete responses was only 1.9 months. In the
JULIET trial, median PFS and OS were approximately 3 and 12
months, respectively.6

Although lacking the scientific rigor of prospective studies, real-
world evidence can provide valuable insight into various treat-
ment outcome parameters and hypothesis generation. Real-world
evidence also has the potential to capture a more generalizable
patient population, including patients otherwise unfit for enrollment
in clinical trials. Data from observational studies of patients receiving
commercial CAR T therapy for DLBCL recently presented at he
American Society of Hematology (ASH) Annual Meeting the annual
meeting of the American Society of Hematology have shown
response rates comparable to the pivotal trials for both axicabta-
gene ciloleucel and tisagenlecleucel. However, follow-up in these
studies is limited, and long-term outcomes are unknown.7,8 In
addition, cross-study comparisons are limited by the heterogeneity
of patient populations, variable institutional practices, and differ-
ences in study methodology. We sought to compare outcomes
between CAR T and alternate (non-CAR T) therapies in patients
with DLBCL who had R/R disease after at least 2 prior lines of
systemic treatment in this single institution, retrospective study.

Methods

This was a single center retrospective study of adult patients (age
$18 years) diagnosed with R/R DLBCL and treated with CAR T
or alternate (non-CAR T) therapies at Memorial Sloan Kettering
Cancer Center (MSKCC). The study was approved by the
institutional review board and conducted in accordance with the
Declaration of Helsinki.

Eligible patients were identified by performing an institutional
database query, and data were collected exclusively from electronic
medical records. To be eligible for inclusion into the CAR T cohort,
patients must have received either tisagenlecleucel or axicabtagene
ciloleucel on-label between February 2018 and September 2019 at
MSKCC. De novo DLBCL (including T-cell/histiocyte-rich large
B-cell lymphoma [THRLBCL]), transformed indolent lymphoma,
primary mediastinal B-cell lymphoma (PMBCL), and high-grade
B-cell lymphoma with translocations involving MYC and BCL2 or
BCL6 (HGBL) histology were allowed. All patients who received at
least 2 prior lines of systemic therapy were included for the primary
analysis. Patients who received bridging therapy were included, but
this was not considered a separate line of therapy. Last, patients
were required to have had long enough follow-up to reach the first
response assessment time point, which was generally performed at
30 days after infusion. To be eligible for inclusion in the alternate
therapy cohort, patients had to have had 2 prior lines of aggressive
lymphoma-directed systemic therapy and long enough follow-up
to reach the first response assessment to third-line therapy. All
types of systemic third-line therapies were included, including

experimental therapies. Patients with de novo DLBCL, transformed
indolent lymphoma, PMBCL, THRLBCL, and HGBL histology were
included. Patients with central nervous system (CNS) disease at
time of third-line therapy were included if there was concurrent
systemic disease as well (consistent with our practices for CAR T
eligibility). Future enrollment in a CAR T protocol was not grounds
for exclusion, although data were censored at the time of infusion.
All patients who went on to receive commercial CAR T were
considered duplicate patients and only analyzed in the CAR T
cohort.

The primary study objective was to compare outcomes of CAR T
therapy (after.2 prior lines) and alternate (or non-CAR T) therapies
(after only 2 prior lines) with outcomes of interest including
response rate (CR and ORR), PFS, and OS. Second, a subgroup
analysis for each treatment cohort was performed, evaluating PFS
among patients that achieved either a CR or partial response
(PR) as best objective response. A subgroup analysis was also
performed on patients in both cohorts with elevated lactate
dehydrogenase (LDH; .upper limit of normal) and with bulky
(.10 cm) disease. Third, an additional analysis compared out-
comes between treatment groups when matched by number of
prior lines of therapy (2, 3, or 4 or more prior lines). Disease
response assessment of CR, PR, stable disease, and progressive
disease was made using the Lugano criteria.9 ORR was defined as
the sum of CR and PR rates. PFS was defined as time from start of
treatment until time of aggressive lymphoma progression or relapse
or death from any cause. OS was defined as duration of time from
start of treatment until time to death of any cause. The start of
treatment in the CAR T cohort was defined as date of cell infusion.

Patient and disease characteristics at time of diagnosis and time of
treatment were compared between the CAR T and alternate
cohorts using the x2 test of independence and Fisher’s exact tests
for categorical variables and the Wilcoxon rank-sum test for
continuous variables. Disease responses were compared across
the 2 cohorts using the Fisher’s exact test. Kaplan-Meier methods
were used for analysis of PFS and OS and to calculate 6- and 12-
month event rates along with 95% confidence intervals. Differences
in PFS and OS between the 2 cohorts were compared using the
long-rank test. Univariable Cox regression models were performed
for high-risk prognostic factors, and significant covariates at the
0.05 level (including treatment cohort) were included in the
multivariable survival model. Odds ratios were calculated to
determine the association between high-risk prognostic factors
and ORR. Significant covariates (including treatment cohort) from
the univariate ORR model were included in the multivariable ORR
analysis. The same statistical methods were used for the subgroup
analyses. All computations were performed in R v3.6.1 (Vienna,
Austria). P , .05 was considered statistically significant.

Results

For the primary objective, 215 total patients were included. The
alternate treatment cohort consisted of 146 patients, and the CAR
T cohort consisted of 69 patients. For the alternate cohort, 186 of
2551 patients treated for DLBCL since 2001 underwent at least 3
lines of therapy and had available outcome data at the third line. Of
these patients, 12 were excluded because they were treated with
indolent lymphoma-directed therapy (eg, single-agent rituximab) as
a prior line, 23 were excluded for CNS-only disease, and 5 went on
to receive commercial CAR T therapy and were thus analyzed in the
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other cohort. Of the 72 patients referred to MSKCC for commercial
CAR T therapy beginning February 2018, only 3 patients were
excluded from the CAR T cohort because they were treated off-
label as part of a research protocol (Figure 1).

Patient and disease characteristics at time of diagnosis are listed in
supplemental Table 1. There were 7 patients with PMBCL and 4
with THRLBCL in the alternate cohort and 1 with THRLBCL in the
CAR T cohort. There was a higher frequency of transformed low-
grade lymphoma in the CAR T compared with the alternate cohort
(P 5 .005). In the CAR T cohort, 51% had activated B-cell
phenotype, 20% were double expressor, 41% had positive MYC
expression, and 12% were HGBL (supplemental Table 2). Molec-
ular and histologic subtypes within the alternate cohort were
infrequently reported; thus, these data were not analyzed for this
study. Disease characteristics at time of treatment with alternate or
CAR T treatment are listed in Table 1. The median age was 66 and
63 years in the alternate and CAR T cohorts, respectively (P 5 .5).
ECOG was .1 in 13% of patients treated with CAR T therapy
compared with 8.5% in the alternate therapy cohort (P 5 .4). LDH
was more frequently elevated in the alternate cohort compared with
the CAR T cohort (66% vs 45%; P 5 .007). Patients treated with
alternate therapies were more likely to have refractory disease
(stable disease or progressive disease to last prior therapy or
relapse , 12 months after AHCT) compared with those treated

with CAR T (79% vs 33%; P , .001). Seven patients treated with
alternate therapy had known prior or active CNS disease compared
with 1 in the CAR T group. The number of patients with prior AHCT
was similar for the alternate and CAR T cohorts (14% vs 20%;
P5 .2). Median number of prior lines of therapy in the CAR T cohort
was 3 (range, 2-7). The most frequently used third-line therapies in
the alternate cohort were platinum-based regimens (29%), in-
vestigational agents (26%), etoposide-based regimens (8.9%), and
anthracycline-based regimens (8.9%). Ten patients (6.8%) received
consolidation with allogeneic hematopoietic cell transplantation and
12 with AHCT (8.2%) (Table 2). In the CAR T cohort, 47 received
axicabtagene ciloleucel and 22 received tisagenlecleucel (supple-
mental Table 3).

The median follow-up for the CAR T and alternate cohorts was 14.6
(range, 1.2-18.9) and 30.6 months (range, 2.1-162), respectively.
The ORR in the CAR T and alternate cohorts was 72% vs 32%
(P , .001), and the CR rate was 52% vs 22%, respectively (P ,
.001). The median PFS and OS in the CAR T cohort were 5.2 and
15.8 months, respectively, contrasted with 2.3 and 6.5 months,
respectively, in the alternate cohort (Table 3; Figure 2). In univariate
analysis, pretreatment ECOG .1, elevated LDH, tumor bulk (.10
cm), .1 extranodal site, and refractory disease were adverse
factors associated with both shorter PFS and OS (all P, .05). Use
of non-CAR T therapy was also associated with worse PFS and OS.

DLBCL patients from database 1
(2001-2017)

N=2,308

DLBCL patients from database 2
(7/31/17-current)

N=243

Indolent lymphoma-
directed therapy

N=12

CNS only disease
N=23

Commercial CAR T
N=5

Final inclusion
population

N=146

All DLBCL patients
N=2,551

�3 lines of
systemic therapy

N=2,065

�3 lines of
systemic therapy

N=186

A

Received commercial CAR T
(Feb 2018-Sep 2019)

N=72

Research protocol (off-label)
N=3

Axicabtagene ciloleucel
N=47

Tisagenlecleucel
N=22

Final inclusion population
N=69

B

Figure 1. Consort. (A) Cohort 1: alternate therapy group. Of 2551 total patients diagnosed with DLBCL and treated at MSKCC, 186 patients had at least 3 lines of therapy

and available outcome data at the third line. Of these, 12 were excluded because they were treated with indolent lymphoma-directed therapy (eg, rituximab) as a prior line, 23

were excluded for CNS-only disease, and 5 who ultimately received commercial CAR T therapy were duplicate patients included in the other cohort. The final inclusion

population consisted of 146 patients. (B) Cohort 2: CAR T therapy group. Of 72 patients who were referred to MSKCC for commercial CAR T therapy beginning in February

2018, 3 were excluded because they were treated off-label as part of a research protocol. The final inclusion population consisted of 69 patients, of which 47 received

axicabtagene ciloleucel and 22 tisagenlecleucel.
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In multivariate analysis, only pretreatment LDH and tumor bulk
remained significant for both PFS and OS, whereas ECOG
remained significant for PFS, and extranodal sites were significant
for OS. Type of treatment was no longer significant for PFS or OS in
this model. In a subgroup of 117 patients with elevated LDH, the
median PFS in the CAR T and alternate groups was 2.8 and 1.7
months, respectively (P 5 .1), and median OS in the CAR T and
alternate groups was 7.7 and 4.2 months, respectively (P 5 .1). In
35 patients with bulky disease, the median PFS in the CAR T and
alternate groups was 1.2 and 1.8 months, respectively (P5 .2), and
median OS in the CAR T and alternate groups was 3.7 and 5.2
months, respectively (P5 .3) (supplemental Figure 1). In a univariate
analysis for ORR, elevated pretreatment LDH, 2 or more extranodal
sites, and refractory disease were associated with decreased
likelihood of response, as was alternate treatment. Adjusting for
these variables in a multivariable model, only elevated LDH and
alternate treatment remained significant (Table 4).

For patients who only received 2 prior lines of treatment, ORR with
CAR T (n 5 32) compared with alternate therapy (n 5 146) was
75% vs 32% (P , .001) and median PFS was 6.4 vs 2.3 months
(P5 .04). After 3 prior lines of treatment, ORR with CAR T (n5 23)

contrasted to alternate therapy (n 5 59) was 74% vs 16%
(P , .001), and median PFS was 12.3 vs 1.7 months (P , .001).
After 4 or more prior lines, ORR with CAR T (n 5 14) compared
with alternate therapy (n 5 26) was 64% vs 8%, and median PFS
was 3.0 vs 1.4 months (P 5 .008). In this group, number of prior
therapies ranged from 4 to 7, with a median of 4 and 5 in the
alternate and CAR T groups, respectively (Table 5; Figure 3).

Among the 36 patients within the CAR T cohort who had a CR, the
12-month PFS was 70%, and the median was not reached. Of the
patients in the CAR T cohort with PR as their best response,
12-month PFS was 18%, and the median was 2.2 months. Of the
32 patients in the alternate treatment cohort who had a CR, the
12-month PFS was 81%, and the median PFS was 65 months. Of
the 14 who had PR, there was a 50% 12-month PFS with a median
of 9.9 months (supplemental Table 4; Figure 4). In this group of
responders to alternate therapy, of the 21 patients who proceeded
to consolidation with either autologous (n 5 11) or an allogeneic
hematopoietic cell transplant (HCT; n 5 10), 3 (14%) relapsed. Of
the 25 patients who did not undergo HCT, 14 (56%) ultimately
relapsed.

Discussion

The introduction of CAR T therapy has rapidly shifted the landscape
of treatment of aggressive lymphoid malignancies. Since the initial
approval of CD19-targeted CAR T cells for acute lymphoblastic
leukemia in August 2017, there have been 2 additional US Food
and Drug Administration approvals for second-generation CAR T
therapies within the span of 1 year, with several more likely on
the horizon. Despite encouraging response rates in clinical
trial populations, a minority of patients have long-term durable
responses. Furthermore, data demonstrating the true efficacy and
broad feasibility of CAR T therapy in real-world populations are
limited. In addition, cross-study comparisons between prospec-
tive clinical trials and observational studies (eg, SCHOLAR-1),

Table 1. Disease characteristics at time of treatment

Characteristics Alternate CAR T P

Total, n 146 69

Age

Median (range), y 66 (27-91) 63 (19-85) .5

.60 y, n (%) 90 (62) 43 (62) ..9

ECOG .4

0-1, n (%) 130 (92) 60 (87)

$2, n (%) 12 (8.5) 9 (13)

Unknown, n 4 0

Bulk >10 cm, n (%) 23 (16) 12 (17) ..9

Unknown, n 3 0

Number of EN sites, n (%) .5

0-1 97 (66) 42 (61)

.1 49 (34) 27 (39)

Elevated LDH, n (%) 86 (66) 31 (45) .007

Unknown, n 15 0

Stage ..9

Limited, n (%) 24 (16) 11 (16)

Advanced, n (%) 122 (84) 58 (84)

BM involvement, n (%) 5 (3.6) 10 (21) <.001

Unknown, n 9 22

Refractory disease <.001

No, n (%) 31 (21) 46 (67)

Yes, n (%) 114 (79) 23 (33)

Missing, n 1 0

Prior AHCT, n (%) 20 (14) 14 (20) .2

Prior allogeneic-HCT, n (%) 3 (2) 4 (6) .2

P values in bold are statistically significant.
BM, bone marrow; ECOG, Eastern cooperative oncology group; EN; extranodal.

Table 2. Third-line therapies used in alternate cohort

Third-line regimens n (%)

Platinum-based combination (eg, DHAP) 43 (29)

Clinical trial 38 (26)

Etoposide-based (eg, CEPP) 13 (8.9)

Anthracycline-based combination (eg, CHOP) 13 (8.9)

Bendamustine-rituximab 9 (6.2)

Lenalidomide-rituximab 8 (5.4)

Gemcitabine-based 6 (4.1)

Ibrutinib 5 (3.4)

IVAC 3 (2.0)

Rituximab monotherapy 2 (1.3)

Other 6 (4.1)

Consolidation after third line

Allogeneic transplant 10 (6.8)

Autologous transplant 12 (8.2)

CEPP, cyclophosphamide/etoposide/procarbazine/prednisone; CHOP, cyclophospha-
mide/doxorubicin/vincristine/prednisone; DHAP; dexamethasone/cytarabine/cisplatin; IVAC,
ifosfamide/etoposide/cytarabine.
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which typically consist of trial-ineligible patients, should be made
cautiously.10 In the current study, we describe our single center
experience treating patients with commercial CAR T therapy for
R/R DLBCL. We report response rates, PFS, and OS comparable
to the pivotal trials and markedly better than outcomes seen in
patients treated with alternate therapies before the CAR T era.
However, when adjusting for baseline unfavorable disease biology,
the seemingly inferior outcomes associated with use of alternate
therapies are less clear. Moreover, this CAR T cohort selectively
excludes patients that are shunted to alternate therapy given rapid
disease kinetics prohibiting logistical hurdles of apheresis and CAR
T-cell manufacturing.

Characteristics and outcomes of patients who received commercial
CAR T therapy at our center resemble data from other real-world
studies.7,8,11-13 The Center for International Blood & Marrow
Transplant Research (CIBMTR) postmarketing observational study

for axicabtagene ciloleucel demonstrated a CR rate of 52%. In this
study of 295 patients, the population was slightly younger (median
age of 61) and fitter (95% with ECOG 0-1) than ours; however,
66% had chemotherapy-resistant disease before infusion (com-
pared with 33% in ours).7 In the CIBMTR postmarketing study for
tisagenlecleucel, of 47 evaluable patients, the CR rate was 38%,
and 30% of patients died of disease progression at a median follow-
up of about 6 months. In this population, median age was 65, but
only 3 patients had ECOG . 1.8 Finally, a real-world analysis of 91
patients with DLBCL who received commercial CAR T therapy in
the United Kingdom demonstrated notably poorer responses and
rates of durable remissions compared with the pivotal trials. With
median follow-up of 4.8 months, median event-free survival was only
3.1 months overall. For patients receiving axicabtagene ciloleucel,
the CR rate was 21% and about 60% experienced progression. For
tisagenlecleucel, the CR rate was 17% and about 70% progressed.
In this patient population, median age was lower at 56 years;
however, 88% were refractory to the most recent prior treatment.11

Baseline characteristics of patients included in our study population
were fairly skewed for higher-risk disease (eg, high International
Prognostic Index) as expected. At time of treatment with third-line
alternate therapy or with CAR T cells (third line or greater), the
cohorts did not differ significantly in age or ECOG status. However,
patients who received CAR T therapy tended to have lower LDH
and a lower frequency of refractory disease to most recent prior
therapy, indicating these patients may have had more favorable
lymphoma biology. Of note, in the CAR T group, the percentage of
patients with poor-risk histologies (eg, double hit or double
expressor) was representative of DLBCL in the general population.
In the alternate cohort, when examining the types of treatment
received by patients at their third line, a large number of patients
were fit enough to receive platinum regimens, undergo HCT, or
were eligible for a clinical trial.

Table 3. Outcomes by treatment cohort

Outcomes Alternate CAR T P

Total, n 146 69

CR rate, % 22 52 <.001

ORR, % 32 72 <.001

6-mo OS, % (95% CI) 55 (47-64) 71 (61-82)

12-mo OS, % (95% CI) 39 (31-48) 64 (54-77)

Median OS, mo 6.5 19.3 .006

6-mo PFS, % (95% CI) 29 (23-38) 49 (39-63)

12-mo PFS, % (95% CI) 25 (19-33) 44 (33-58)

Median PFS, mo 2.3 5.2 .01

P values in bold are statistically significant.
CI, confidence interval.
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Figure 2. Kaplan-Meier curves of all 215 patients comparing outcomes by treatment cohort. (A) PFS. (B) OS.
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In our study, response rates to CAR T therapy were almost identical
to that of the pivotal clinical trials and those reported by the
CIBMTR in the real-world observational cohorts. Interestingly, the
response rates in the alternate therapy group were better than
those reported in the SCHOLAR-1 study (22% CR rate vs 7%).
However, patient selection for SCHOLAR-1 was selectively
enriched with very high-risk patients, only including those with
primary or secondary refractory disease or experiencing relapse in
under 12 months. Still, OS was comparable between our
population and SCHOLAR-1 with a median OS of 6 months (vs
6.3 months) and 25% OS (vs 30%) in 1 year. When outcomes
between the 2 cohorts in our study were compared directly,
response rate, PFS, and OS were significantly better in the CAR T
therapy group, albeit with shorter follow-up in this group. When
analyzing more homogeneous populations by subclassifying each
cohort by number of prior treatment lines, the benefit of CAR T
therapy appears to persist, irrespective of the number of lines of
prior therapy. Also as expected, we observed a steady decline in
both response rate and PFS with increasing subsequent lines of
therapy in both cohorts.

Despite the encouraging response rates, PFS, and OS of the CAR
T cohort, greater than two-thirds ultimately progressed after CAR
T cells. Moreover, after adjusting for poor prognostic variables in
both cohorts, including elevated LDH, bulky disease, extranodal
sites, elevated ECOG status, and refractory disease, the superiority
of CAR T therapy was less pronounced for PFS and OS. Indeed,
patients who received alternate therapy had a significantly in-
creased incidence of elevated LDH and refractory disease
compared with those patients who were referred for CAR T cells.
Furthermore, the subgroup analysis performed on patients with
elevated LDH and bulky disease demonstrated that CAR T therapy
did not significantly improve PFS and OS (supplemental Figure 1).
The superior response rate seen with CAR T therapy, however,
appears unaffected by these aggressive disease features. In the
multivariate analysis, results for ORR adjusted for the same
prognostic covariates demonstrated the difference in treatment
cohort remained statistically significant. Finally, in an analysis that
specifically evaluated outcomes in responding patients, the rate of
relapse or progression was higher in patients that received CAR
T cells compared with alternate therapies. This is especially true for

patients only achieving a PR as best response to CAR T cells (not
reached vs 58% 12-month PFS). Although relatively small in
number, the patients who did experience a response to alternate
therapies had encouraging long-term outcomes, especially those
with a CR. Although many of these patients proceeded to either
autologous or allogeneic HCT, those that did not still experienced
relatively favorable outcomes.

There are several limitations to the current study. First, as a single
center study conducted at a large academic center, the patient
population is not fully representative of the broader community.
Therefore, our data should be validated across other institutions
before drawing generalizable conclusions. Second, the alternate

Table 4. Factors prognostic of PFS, OS, and ORR on multivariable analysis

Prognostic factors

PFS OS ORR

HR (95% CI) P HR (95% CI) P OR (95% CI) P

Elevated LDH 1.7 (1.2-2.7) .009 2.1 (1.4-3.2) <.001 0.3 (0.2-0.6) <.001

Transformed 0.9 (0.6-1.3) .5 0.8 (0.5-1.1) .2 1.2 (0.6-2.5) .6

Bulk .10cm 1.8 (1.2-2.9) .01 1.7 (1.1-2.7) .03 — —

.1 EN site 1.2 (0.8-1.8) .3 1.6 (1.1-2.3) .02 0.6 (0.3-1.2) .1

ECOG .1 2.1 (1.2-3.7) .01 1.7 (1.0-3.1) .06 — —

BM positive 0.7 (0.3-1.6) .4 — — — —

Refractory 1.4 (0.9-2.3) .1 1.5 (1.0-2.3) .07 0.6 (0.3-1.2) .1

CAR T Ref Ref Ref

Alternate 1.1 (0.7-1.8) .7 1.3 (0.8-2.1) .2 0.2 (0.1-0.4) <.001

P values in bold are statistically significant. Dashes indicate analysis was not performed on these factors as they were not significant in the univariable analysis.
EN, extranodal; HR, hazard ratio; LDH, lactate dehydrogenase.

Table 5. Outcomes by treatment cohort and number of prior lines of

therapy

Outcomes Alternate CAR T P

2 prior lines

Total, n 146 32

CR rate, % 22 56 <.001

ORR, % 32 75 <.001

Median OS, mo 6.5 19.3 .02

Median PFS, mo 2.3 6.4 .04

3 prior lines

Total, n 59 23

CR rate, % 8.6 52 <.001

ORR, % 16 74 <.001

Median OS, mo 4.7 Not reached .001

Median PFS, mo 1.7 12.3 <.001

4 prior lines

Total, n 26 14

CR rate, % 8 43 .02

ORR, % 8 64 <.001

Median OS, mo 2.9 7.0 .03

Median PFS, mo 1.4 3.0 .008

P values in bold are statistically significant.
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cohort patients were treated over a long period of time (2001-
2018), which may be associated with significant differences in
management practices and patient outcomes irrespective of the
type of the therapy received. However, this would be expected to
bias against this cohort compared with the CAR T patients who
received their care more recently. Patient selection bias is
a common limitation to retrospective studies; however, this is
controlled to some extent by multivariate analysis, which adjusts for
baseline variables of patients. Also, many additional confounding
variables likely exist that are not identified. Additionally, heteroge-
neity exists between the cohorts. For example, patients in the

alternate cohort all received 2 prior lines compared with those in the
CAR T cohort, who have received between 2 and 7 prior lines.
However, outcomes are typically worse after successive lines of
therapy, and when analyzing outcomes classified by number of prior
lines, the results are consistent with that from the primary analysis. In
fact, we see greater separation of the curves between the 2 cohorts
with subsequent lines of prior therapy.

In summary, patients who received CAR T cells appear to have
superior response rates, PFS, and OS compared with a historical
group of patients receiving alternate or non-CAR T therapy. When
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adjusting for unfavorable pretreatment factors, although response
rate remains significantly better, overall PFS and OS do not. This
suggests that patients treated with CAR T cells may have less
aggressive disease biology and growth kinetics that permit up to
1 month or more for the manufacturing process to be complete. Our
data also show that patients with objective responses to alternate
third-line therapy may have long-term remissions, although a signif-
icant number were exposed to the extra burdens of HCT. Therefore,
if patients are treated at a center where CAR T therapy is an option,
it may be a useful tool for cases of significant disease burden that
necessitate treatment with a high likelihood of response. Despite
the potential for unique toxicities, the experiences at our institution
have underscored that CAR T therapy is generally well tolerated by
a broad range of patients, including those traditionally considered
unfit because of advanced age.14,15 However, there continues to be
an important role for use of alternate therapy in the appropriate
setting for patients with R/R disease. For instance, if CAR T therapy
is unavailable at a given location, patients may still benefit from
immediately available conventional or targeted therapy, and if
a good response is attained, they may not need to be referred to
a CAR T center and could be considered, if eligible, for autologous
or allogeneic HCT. Alternate off-the-shelf therapies may also be
necessary in cases of rapid disease kinetics. Finally, a significant
percentage of patients with R/R disease will still have prohibitively
poor performance status, making them ineligible for CAR T cells.
Future CAR T studies should focus on identifying the most
appropriate sequencing with other therapies (including HCT) and
patient selection variables. Prospective (ideally) randomized studies
that compare CAR T cells to conventional therapies head-to-head
are also warranted. Of note, the phase 3 trials BELINDA
(NCT03570892), ZUMA-7 (NCT03391466), and TRANSFORM
(NCT03575351) are currently ongoing, and we eagerly await these
results. There continues to be a need for novel next-generation CAR
T therapies that lead to more durable responses.

In conclusion, the CD19-targeted CAR T products axicabtagene
ciloleucel and tisagenlecleucel remain an important treatment
option for patients with R/R DLBCL. However, we contend that
alternate therapies may be as efficacious as CAR T therapy in select
clinical scenarios. Therefore, additional study continues to be
warranted, ideally with randomized prospective trials.
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