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ABSTRACT

Introduction: Despite new therapies for
relapsed or refractory (R/R) diffuse large B-cell
lymphoma (DLBCL), treatments with
chemotherapy, single-agent rituximab/obinu-
tuzumab, single-agent lenalidomide, or combi-
nations of these agents continue to be
commonly used.
Methods: This retrospective study utilized lon-
gitudinal data from 4226 real-world electronic
health records to characterize outcomes in
patients with R/R DLBCL. Eligible patients were
diagnosed with DLBCL between January 2010
and March 2022 and had R/R disease treated

with C 1 prior systemic line of therapy (LOT),
including C 1 anti-CD20-containing regimen.
Results: A total of 573 patients treated with C 1
prior LOT were included (31.2% and 13.4%
with C 2 and C 3 prior LOTs, respectively).
Median duration of follow-up was 7.7 months.
Most patients (57.1%) were male; mean stan-
dard deviation (SD) age was 63 (14.7) years.
Overall and complete response rates (95% con-
fidence interval (CI) were 52% (48–56) and 23%
(19–27). Median duration of response and
duration of complete response were 3.5 and
18.4 months. Median progression-free and
overall survival (95% CI) was 3.0 (2.8–3.3) and
12.9 (10.1–16.9) months, respectively. Patients
with a higher number of prior LOTs, primary
refractoriness, refractoriness to last LOT, refrac-
toriness to last anti-CD20-containing regimen,
and prior CAR T exposure had worse outcomes
(i.e., challenging-to-treat R/R DLBCL) compared
with those without these characteristics.
Conclusions: Outcomes in patients with R/R
DLBCL treated with chemotherapy, single-
agent rituximab/obinutuzumab, single-agent
lenalidomide, or combinations of these agents
remain poor, especially for those with chal-
lenging-to-treat R/R DLBCL. These findings
underscore the unmet need for new, safe, and
effective therapies, especially for challenging-
to-treat R/R DLBCL populations.

Prior Presentation: Presented at the 64th American
Society of Hematology (ASH) Annual Meeting and
Exposition; December 10–13, 2022; New Orleans, LA,
and virtual.

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s12325-023-02775-9.

A. Ip
Hackensack Meridian Health, Hackensack
University Medical Center, Hackensack, NJ, USA

A. Mutebi (&) � T. Wang � M. Jun � A. Kalsekar �
F. R. Navarro � M. Sacchi � B. Elliott
Genmab US, Inc., 777 Scudders Mill Road,
Plainsboro, NJ 08536, USA
e-mail: almu@genmab.com

A. Wang � R. Kamalakar
AbbVie, Inc., North Chicago, IL, USA

Adv Ther (2024) 41:1226–1244

https://doi.org/10.1007/s12325-023-02775-9

https://doi.org/10.1007/s12325-023-02775-9
https://doi.org/10.1007/s12325-023-02775-9
https://doi.org/10.1007/s12325-023-02775-9
https://doi.org/10.1007/s12325-023-02775-9
http://crossmark.crossref.org/dialog/?doi=10.1007/s12325-023-02775-9&amp;domain=pdf
https://doi.org/10.1007/s12325-023-02775-9


Keywords: Bispecific antibody; Chimeric anti-
gen receptor; Immunotherapy; Observational;
Real-world evidence; Retrospective; Salvage
therapy; Standard of care

Key Summary Points

Why carry out this study?

Diffuse large B-cell lymphoma (DLBCL) is
an aggressive and common form of non-
Hodgkin lymphoma. Typically, first-line
treatment consists of chemo-
immunotherapy (CIT); however, this
treatment ultimately fails for up to half of
patients

For these patients, clinical outcomes (e.g.,
survival, disease progression) are poor. As
the treatment landscape evolves, real-
world data provide valuable historical
benchmarks

What did this study ask?

We conducted this study to characterize
outcomes in a real-world cohort of
patients with relapsed or refractory (R/R)
DLBCL treated with standard-of-care CIT
over the last 10 years and to examine the
impact of demographic, clinical, and
treatment characteristics on clinical
outcomes

What was learned from this study?

We found that patients with R/R DLBCL
treated with standard-of-care CIT have
suboptimal outcome, and have declining
response rates, progression-free survival,
and overall survival as they progress
through additional lines of therapy

In particular, the most challenging-to-
treat patients with the worst outcomes
were characterized by the following:
refractory disease (i.e., primary refractory,
refractory to their most recent line of
therapy, and/or refractory to their last
anti-CD20-containing regimen), higher
number of prior lines of therapy, and prior
treatment with chimeric antigen receptor
T-cell therapy. These findings highlight
the unmet need for new, safe, and
effective life-prolonging therapies for R/R
DLBCL, especially for challenging-to-treat
patients

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL), an
aggressive form of non-Hodgkin lymphoma
(NHL), is the most common type of lymphoma,
accounting for * 30% of all NHL cases [1], with
the annual number of new US cases estimated at
5.6 per 100,000 persons [2] and an estimated
national prevalence of up to 142,889 cases [3].
For patients with DLBCL, the most commonly
recommended first-line (1L) treatment is multi-
agent chemo-immunotherapy (CIT) with ritux-
imab plus cyclophosphamide, doxorubicin,
vincristine, and prednisone (R-CHOP) [4].
However, up to 50% of patients with DLBCL
relapse after or are refractory to 1L CIT [5, 6],
and their clinical outcomes are poor, especially
in high-risk subgroups (double-hit or double-
expressor DLBCL) [7–10]. In a 2021 study of the
Veteran Affairs Cancer Registry System
(N = 270), patients with relapsed or refractory
(R/R) DLBCL had a median progression-free
survival (PFS) ranging from 5 to 6 months
[11, 12] and median overall survival (OS) of\1
year [11–14].

The recommended treatment for patients
with R/R DLBCL who are not frail and lacking
major comorbidities is salvage chemotherapy
followed by consolidation with high-dose
chemotherapy and autologous stem cell trans-
plantation (HDT-ASCT) [4, 15]. It is estimated
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that at least half of patients with R/R DLBCL are
ineligible for HDT-ASCT because of advanced
age, comorbidities, or other access issues [16].
Among those who are eligible, only 30% to 40%
respond to salvage chemotherapy, allowing
them to subsequently undergo HDT-ASCT [5].
Even among patients with R/R DLBCL who
respond to salvage therapy and undergo HDT-
ASCT consolidation, about 50% ultimately
relapse following transplantation [5]. As such,
for most patients with R/R DLBCL, there are no
curative treatment options [5]. Instead,
chemotherapy, single-agent rituximab/obinu-
tuzumab, single-agent lenalidomide, or combi-
nations of these agents remain common
components of standard of care (SOC) in
patients with R/R DLBCL [17, 18].

Recently approved therapeutic options, such
as chimeric antigen receptor T cell (CAR T)
therapy, polatuzumab vedotin, tafasita-
mab ? lenalidomide, loncastuximab tesirine, or
selinexor, may be considered treatment options
for patients with R/R DLBCL, including those
who have received C 2 lines of therapy (LOTs)
and/or who are not eligible for ASCT [19–27]. In
phase 1/2 clinical trials, CAR T was associated
with overall response rates (ORR) ranging from
52 to 82% (of 93–256 treated patients in the
non-intention-to-treat population) [22, 28, 29].
More recently, CAR T therapies have demon-
strated significant benefit in phase 3 random-
ized trials against salvage therapy with the
intent to consolidate with HDT-ASCT among
patients with primary refractory DLBCL or with
relapse within 12 months of 1L therapy [30],
representing a major advance for patients with
R/R DLBCL. However, the use of CAR T therapy
has been underscored by high rates of disease
progression within 12 months of treatment,
serious toxicities, limited eligibility for treat-
ment (47.8% ineligible in a real-world Dutch
study), and logistical challenges related to
manufacturing, distribution, and workforce
training [22, 31–35]. In clinical trials of polatu-
zumab vedotin (n = 40 treated), selinexor
(N = 127), and loncastuximab tesirine
(N = 145), ORR ranged from 28 to 48%
[24, 36, 37]. ORR was higher in a clinical trial
(N = 80) of tafasitamab ? lenalidomide (60%),
although 50% of study patients had only one

prior LOT, and patients with primary refractory
disease were excluded from participation [38].
Real-world outcomes of polatuzumab-based and
tafasitamab-based regimens have also been
suboptimal and worse than in clinical trials
[39–41]. These outcomes highlight an unmet
medical need for innovative therapies with
better efficacy and tolerability.

With the therapeutic landscape evolving
rapidly for R/R DLBCL, real-world data are
needed to provide historical benchmarks
regarding treatment response and survival, and
also to contextualize outcomes from uncon-
trolled clinical trials [42]. Several US Food and
Drug Administration (FDA) approvals of novel
therapies for serious or life-threatening cancers,
including R/R DLBCL, have been based on
results from uncontrolled studies across
heterogenous patient populations
[19, 22, 25–29, 42].

This study characterizes a real-world cohort
of patients with R/R DLBCL treated with SOC
therapy over the last 10 years. The study
objective was to describe clinical outcomes in a
real-world cohort of patients treated with
chemotherapy, single-agent rituximab/obinu-
tuzumab, single-agent lenalidomide, or combi-
nations of these agents in the R/R DLBCL
setting and to examine the impact of demo-
graphic, clinical, and treatment characteristics
on clinical outcomes.

MATERIALS AND METHODS

Study Design

This observational, retrospective cohort study
utilized longitudinal data from the COTA elec-
tronic health records (EHR) database (COTA,
New York, NY, USA). The COTA EHR database
contains de-identified patient demographic and
clinical information, including diagnostic,
treatment, and outcomes data, for an estimated
4226 patients (at the time of the analysis) with
DLBCL from US academic medical centers and
community practice sites. Patients eligible for
this study had a recorded diagnosis of DLBCL
and DLBCL treatment at any time between
January 2010 and March 2022.
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Figure 1 summarizes the study design.
COTA’s proprietary algorithm was used to
define what constituted a LOT. The index date
for a given LOT was defined as the initiation
date of the first eligible treatment with the rel-
evant LOT. The pre-index baseline period was
defined as the time between the first confirmed
DLBCL diagnosis and the index date (inclusive).
The post-index observation period was defined
as the duration from the index date until death
or end of data availability (i.e., end of the study
period), whichever occurred first. To be con-
sidered as the index LOT, the LOT must have
comprised a regimen of interest administered in
2L or later (C 2L) treatment setting (i.e., R/R
setting). Regimens of interest were defined as
chemotherapy, single-agent rituximab/obinu-
tuzumab, single-agent lenalidomide, or combi-
nations of these agents (see the Supplementary
Material for a list of qualifying regimens). Each
patient contributed data to the analysis of out-
comes for just one LOT. If the patient had
records indicating more than one qualifying
LOT, one LOT was randomly selected as the
index LOT.

Given that the COTA database houses de-
identified, secondary data, this analysis did not
require Institutional Review Board approval.

Patient Population

To be included in the study, patients had to be
age C 18 years with documented CD20? ma-
ture B-cell neoplasm with de novo DLBCL (in-
cluding ‘‘double-hit’’ or ‘‘triple-hit’’ DLBCL) or
DLBCL histologically transformed from all
indolent subtypes. Additionally, patients were
required to have R/R disease previously treated
with C 1 systemic antineoplastic therapy that
included C 1 anti-CD20 monoclonal antibody-
containing regimen. Relapsed disease was
defined as disease that recurred C 6 months
after completion of therapy. Refractory disease
was defined as disease that either progressed or
relapsed within 6 months following completion
of therapy. Patients had to have been treated
with a regimen of interest (detailed above and
in the Supplementary Material) in the C 2L
setting. If patients had a history of exposure to
ASCT or novel therapies such as anti-CD19 CAR
T, they must have progressed to a regimen of
interest for inclusion in this analysis. Other
inclusion criteria were an Eastern Cooperative
Oncology Group (ECOG) performance status
0–2 and C 1 post-index evaluable response
assessment, or a date of death, if the death
occurred before the post-index evaluable
response assessment.

Patients meeting any of the following criteria
prior to or on the index date were excluded:
central nervous system lymphoma or known

Fig. 1 Study design. DLBCL diffuse large B-cell lymphoma, LOT line of therapy
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history of prior malignancies other than NHL,
chronic heart failure or acute myocardial
infarction within 6 months of the index date, or
human immunodeficiency virus infection.

Outcomes

Outcomes included ORR, complete response
(CR), duration of response (DOR), duration of
complete response (DOCR), PFS, and OS. ORR
was defined as the proportion of patients with
CR or partial response (PR) of any duration as
the best documented response for the given
LOT. CR was the proportion of patients with CR
of any duration as the best documented
response for the given LOT. DOR was the time
from the first documentation of CR or PR to the
earliest of first documented progressive disease
(PD) or death. DOCR was the time from the first
documentation of CR to the earliest of first-
documented PD or death. DOR and DOCR were
only calculated for patients who achieved ORR
and CR, respectively, for a given LOT. PFS was
defined as the time from initiation of the given
LOT to the earliest of first-documented PD or
death. OS was the time from initiation of an
index LOT to all-cause death.

For DOR, DOCR, PFS, and OS, death due to
any cause was considered. For DOR, DOCR, and
PFS, patients without an assessment of PD or
death date prior to initiating the subsequent
LOT were censored at the date of their last
clinical assessment. For OS, patients without a
death date were censored at the date of last
recorded follow-up. All study outcomes were
evaluated both overall and stratified by LOT.
ORR was also stratified by number of prior
LOTs, primary refractoriness, refractoriness to
last LOT, prior exposure status to CAR T, and
refractoriness to most recent anti-CD20-con-
taining regimen. In addition, subgroup analyses
were conducted among patients treated with
C 2 and C 3 prior LOTs.

Finally, the associations among patient
demographic, clinical, and treatment charac-
teristics and clinical outcomes were assessed.
When multiple observations of patient demo-
graphic or clinical characteristics were available,

the observation closest to the index date was
used.

Statistical Analysis

Continuous variables are presented as mean,
standard deviation (SD), and median values.
Categorical variables are presented as frequen-
cies and percentages. Time-to-event parameters
are described using Kaplan-Meier estimates
(median time and corresponding 95% confi-
dence intervals [CIs]). Chi-square and Fisher’s
exact tests were used to determine the signifi-
cance in the difference between ORRs for
patients by primary refractoriness, refractori-
ness status to last LOT, refractoriness status to
most recent anti-CD20-containing regimen,
and (prior) exposure status to CAR T. The
number and percentage of missing data were
recorded, and observations with missing end-
point information were excluded from analysis.

Bivariate and multivariate logistic regression
analyses were performed to assess the associa-
tion between binary response outcomes and
patient demographic, clinical, and treatment
characteristics, with odds ratios (ORs) and cor-
responding 95% CIs computed. Bivariate and
multivariate Cox proportional-hazards regres-
sion analyses were performed to assess the
association between time-to-event outcomes
and patient demographic, clinical, and treat-
ment characteristics, with hazard ratios (HRs)
and corresponding 95% CIs computed. If vari-
ables were highly correlated in multivariate
analysis (e.g., primary refractoriness, refractori-
ness to last LOT, and refractoriness to most
recent anti-CD20-containing regimen), models
were run one at a time with each variable. The
Akaike information criterion was used to select
the final model and reported associations.

All statistical analyses and data tabulations
were calculated using Statistical Analysis Soft-
ware (SAS�) for Windows release 9.4 (64 bit) or
later (SAS Institute Inc., Cary, NC, USA) or
RStudio (Boston, MA, USA; version 3.6.2).
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RESULTS

Baseline Demographic and Clinical
Characteristics

In total, 573 patients who had been treated
with C 1 prior LOT were included in the study
(Table 1). Of these, 179 (31.2%) were treated
with C 2 prior LOTs and 77 (13.4%) were
treated with C 3 prior LOTs. Median duration of
follow-up for patients treated with C 1, C 2,
and C 3 prior LOTs, respectively, was 7.7
months, 5.4 months, and 4.4 months. Table 2
shows patient baseline demographic and clini-
cal characteristics. Over half (57.1%) were male
and 81.9% were white. Mean (SD) patient age
was 63 (14.7) years, and 50.1% were diagnosed
after age 65. Most patients (68.8%) had only
one prior LOT, and the percentage of patients
with prior (pre-index) CAR T, ASCT, or polatu-
zumab-based therapies was low (B 7.0% for all).
Most patients had received only one previous
anti-CD20-containing regimen (73.7%), while
the remainder (26.3%) received C 2 previous
anti-CD20-containing regimens. A total of 21
patients (3.7%) had single-agent rituximab,
single-agent obinutuzumab, or single-agent
lenalidomide as the qualifying LOT for this
analysis. ECOG status was 0 or 1 for 82.0% of

patients, 68.6% had Ann Arbor stage III/IV dis-
ease, 44.7% had bulky disease, 30.7% had B
symptoms, 32.5% had International Prognostic
Index (IPI) scores of 3–5 at diagnosis, and 8.7%
had double-/triple-hit DLBCL as determined by
fluorescence in situ hybridization (FISH).
Regarding refractory status, 62.0% were primary
refractory, 68.6% were refractory to their last
LOT, and 67.7% were refractory to their most
recent anti-CD20-containing regimen. Of those
with previous CAR T (n = 16), 87.5% were
refractory to CAR T.

Response Rates

Response rates and DOR overall and by number
of prior LOTs are shown in Table 3. Overall, in
this R/R patient population, ORR (95% CI) was
52% (48–56), CR (95% CI) was 23% (19–27), and
PR (95% CI) was 29% (25–33). ORR (95% CI) for
patients with 1 (n = 394 evaluable patients), 2
(n = 102), 3 (n = 42), and C 4 (n = 35) prior
LOTs, respectively, was 57% (52–62), 45%
(35–55), 36% (22–52), and 31% (17–49). CRs
(95% CI) were 27% (23–32), 17% (10–25), 7%
(1–19), and 9% (2–23) for patients with 1, 2, 3,
and C 4 prior LOTs, respectively. Overall, med-
ian DOR and median DOCR were 3.5 and 18.4
months, respectively. Median DOR (95% CI) for

Table 1 Patient attrition

Criteria N

Adult C 18 years old and diagnosed with DLBCL on or after January 1, 2010 4226

Previously treated with[ 1 line of systemic therapy, including C 1 anti-CD20-containing regimen 1188

Treated with regimen of interest 920

ECOG performance status 0–2 764

C 1 post-index evaluable response assessment, or date of death 756

Treated with C 1 prior LOT, after applying exclusion criteria 573

Treated with C 2 prior LOTs, after applying exclusion criteria 179

Treated with C 3 prior LOTs, after applying exclusion criteria 77

DLBCL diffuse large B-cell lymphoma, ECOG Eastern Cooperative Oncology Group, LOT line of therapy
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Table 2 Patient demographic and clinical characteristics

Characteristic N = 573

Male 327 (57)

Race (white) 469 (81.9)

Missing 16 (2.8)

Age, mean (SD) [range], years 63 (14.7) [20–89]

Age at diagnosis

B 65 286 (49.9)

66–75 168 (29.3)

[ 75 119 (20.8)

Year of diagnosis

2010–2015 301 (52.5)

2016–2021 272 (47.5)

Number of prior LOTs

1 394 (68.8)

2 102 (17.8)

3 42 (7.3)

C 4 35 (6.1)

Prior novel treatments (pre-index)

CAR T 16 (2.8)

ASCT 40 (7.0)

Polatuzumab based 7 (1.2)

Selinexor 1 (0.2)

Number of previous anti-CD20-

containing regimens

1 422 (73.7)

2 107 (18.7)

3 35 (6.1)

C 4 9 (1.6)

ECOG PS

0 161 (28.1)

1 309 (53.9)

2 103 (18.0)

Ann Arbor stage III/IV 393 (68.6)

Missing 50 (8.7)

Table 2 continued

Characteristic N = 573

Bulky diseasea 256 (44.7)

Missing 133 (23.2)

B symptoms 176 (30.7)

Missing 29 (5.1)

DLBCL molecular classification

GCB 212 (37.0)

Non-GCB 176 (30.7)

Unknown/missing 185 (32.3)

IPI scores 3–5 at diagnosis 186 (32.5)

Missing 177 (30.9)

Extranodal involvement (any

number)

458 (79.9)

Missing 82 (14.3)

Primary refractory 355 (62.0)

Refractory to last LOT 393 (68.6)

Refractory to most recent anti-

CD20-containing regimen

388 (67.7)

Double-/triple hitb 50 (8.7)

Missing 254 (44.3)

CAR T refractory 14/16 (87.5)

Biomarker

BCL2 97 (16.9)

Missing 276 (48.2)

BCL6 83 (14.5)

Missing 292 (51.0)

CMYC 66 (11.5)

Missing 243 (42.4)

Creatinine

\ Lower limit 36 (6.3)

[Upper limit 69 (12.0)

Missing 21 (3.7)

LDH

\ Lower limit 9 (1.6)
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patients with 1 (n = 226 evaluable patients), 2
(n = 46), 3 (n = 15), and C 4 (n = 11) prior
LOTs, respectively, was 4.5 (3.2–5.7), 2.9
(1.7–5.2), 2.1 (1.1–4.1), and 2.5 (1.3–3.2)
months. Median DOCR (95% CI) for patients
with 1 (n = 108 evaluable patients), 2 (n = 17), 3
(n = 3), and four (n = 3) prior LOTs, respec-
tively, was 23.5 (13.0–44.0), 9.6 (4.9–not
reached [NR]), 18.2 (2.2–NR), and 4.6 (2.1–NR)
months.

For patients treated with C 2 prior LOTs,
ORR (95% CI) was 40% (33–48), CR (95% CI)
was 13% (8–19), and PR (95% CI) was 27%
(21–35). For patients treated with C 3 prior
LOTs, ORR (95% CI) was 34% (23–45), CR (95%
CI) was 8% (3–16), and PR (95% CI) was 26%
(17–37) (Table 3).

Progression-free Survival and Overall
Survival

Overall, median PFS (95% CI) was 3.0 (2.8–3.3)
months and median OS (95% CI) was 12.9
(10.1–16.9) months (Table 3). Figure 2 shows
the Kaplan-Meier plot for PFS by the exact
number of prior LOTs, while Fig. 3 shows simi-
lar data for OS. Median PFS (95% CI) for patients
with 1 (n = 394 evaluable patients), 2 (n = 102),
3 (n = 42), and C 4 (n = 35) prior LOTs, respec-
tively, was 3.6 (3.0–4.2), 2.6 (2.1–3.2), 1.9

Table 2 continued

Characteristic N = 573

[Upper limit 295 (51.5)

Missing 31 (5.4)

Albumin (\ lower limit) 182 (31.8)

Missing 37 (6.5)

Hematocrit (\ lower limit) 383 (66.8)

Missing 38 (6.6)

Comorbidities

Diabetes without chronic

complication

126 (22.0)

Diabetes with chronic

complication

7 (1.2)

Renal disease 82 (14.3)

Obesity 76 (13.3)

Chronic pulmonary disease 60 (10.5)

Rheumatic disease 28 (4.9)

Cerebrovascular disease 26 (4.5)

Myocardial infarction 23 (4.0)

Unspecified viral hepatitis B

without hepatic coma

13 (2.3)

Peptic ulcer disease 13 (2.3)

Peripheral vascular disease 13 (2.3)

Mild liver disease 11 (1.9)

Dementia 11 (1.9)

Moderate to severe liver disease 10 (1.8)

Table 2 continued

Characteristic N = 573

Unspecified viral hepatitis C

without hepatic coma

10 (1.8)

Data are n (%) unless otherwise specified
ASCT autologous stem cell transplant, CAR T chimeric
antigen receptor T cell, DLBCL diffuse large B-cell lym-
phoma, ECOG PS Eastern Cooperative Oncology Group
performance status, FISH fluorescence in situ hybridiza-
tion, GCB germinal center B-cell, IPI International Prog-
nostic Index, LDH lactate dehydrogenase, LOT line of
therapy
aBulky disease is defined as tumor measurements C 10 cm
and/or mediastinal disease[ 1/3 of the transthoracic
diameter, within 30 days of initial diagnosis
bBased on FISH
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(1.5–2.5), and 1.7 (1.2–2.9) months; median OS
(95% CI) for these patient groups was 17.4
(13.0–26.7), 10.6 (5.9–16.4), 6.1 (3.1–12.6), and
4.1 (2.9–11.2) months, respectively. See Sup-
plemental Figs. 1–4 for Kaplan-Meier plots of OS
by subgroup (e.g., primary refractory, refractory
to last LOT, refractory to last anti-CD20-con-
taining regimen, and CAR T failure). Median OS
ranged from 5.2 to 10.0 months for these
subgroups.

For the subgroup of patients with C 2 prior
LOTs, median PFS (95% CI) was 2.4 (2.0–2.7)
months and median OS (95% CI) was 6.2
(5.2–10.9) months. For patients treated with
C 3 prior LOTs, median PFS (95% CI) was 1.9
(1.5–2.5) months and median OS (95% CI) was
5.1 (3.2–7.3) months (Table 3).

Associations Between Patient
Characteristics and Clinical Endpoints

Figure 4 shows ORR by treatment history in the
overall cohort, including patients who were
primary refractory, refractory to last LOT, CAR T
exposed, and refractory to most recent anti-
CD20-containing regimen. ORRs were signifi-
cantly lower for patients who had primary
refractory disease (46% vs 62% not primary
refractory; P = 0.0001), were refractory to their
last LOT (44% vs 69% not refractory to last LOT;
P\ 0.0001), and/or refractory to their most
recent anti-CD20-containing regimen (45% vs
68% not refractory to last anti-CD20-containing
regimen; P\0.0001). There was no significant
difference in ORR between the very small
number of patients (n = 16) who were CAR
T-exposed (44%) vs those who were not (52%).

Table 3 Response rates and duration of response, overall and by number of prior LOTs

Response rate (% [95% CI]), mDOR, mDOCR, mPFS, and mOS (months [95% CI])

Number of prior LOTs

‡ 1 ‡ 2 ‡ 3 1 2 3 ‡ 4

N 573 179 77 394 102 42 35

ORR 52 (48–56) 40 (33–48) 34 (23–45) 57 (52–62) 45 (35–55) 36 (22–52) 31 (17–49)

CR 23 (19–27) 13 (8–19) 8 (3–16) 27 (23–32) 17 (10–25) 7 (1–19) 9 (2–23)

PR 29 (25–33) 27 (21–35) 26 (17–37) 30 (25–35) 28 (20–38) 29 (16–45) 23 (10–40)

N with

ORR

298 72 26 226 46 15 11

mDOR 3.5 (3.0–4.7) 2.7

(1.9–3.4)

2.3

(1.3–3.3)

4.5 (3.2–5.7) 2.9 (1.7–5.2) 2.1 (1.1–4.1) 2.5

(1.3–3.2)

N with CR 131 23 6 108 17 3 3

mDOCR 18.4

(11.8–32.7)

9.6 (4.9–28) 8.5

(2.1–NR)

23.5 (13–44) 9.6 (4.9–NR) 18.2

(2.2–NR)

4.6

(2.1–NR)

N 573 179 77 394 102 42 35

mPFS 3.0 (2.8–3.3) 2.4

(2.0–2.7)

1.9

(1.5–2.5)

3.6 (3.0–4.2) 2.6 (2.1–3.2) 1.9 (1.5–2.5) 1.7

(1.2–2.9)

mOS 12.9

(10.1–16.9)

6.2

(5.2–10.9)

5.1

(3.2–7.3)

17.4

(13.0–26.7)

10.6

(5.9–16.4)

6.1

(3.1–12.6)

4.1

(2.9–11.2)

CR complete response; DOCR duration of complete response; DOR duration of response; LOT line of therapy; m median;
NR not reached; ORR overall response rate; OS overall survival; PFS progression-free survival; PR partial response

1234 Adv Ther (2024) 41:1226–1244



Tables 4 and 5 show regression analysis
results. In bivariate analysis, the following fac-
tors were significantly associated with worse
outcomes (reduced likelihood of ORR and CR;
increased risk of progression [PFS] and mortality
[OS]) across all models: increasing prior LOTs (2,
3, or C 4 vs 1 prior LOTs), IPI risk score 3–5 (vs
0–2); primary refractoriness (vs not primary
refractory), refractoriness to last LOT (vs
relapsed), and refractoriness to last anti-CD20-
containing regimen (vs relapsed). In addition,
CAR T failure was significantly associated with a
92% increased risk of mortality. Note that the
sample size for patients with previous CAR T
exposure was small (n = 16).

In multivariate regression analysis, the fol-
lowing factors were significantly associated with
a reduced likelihood of achieving an overall
response (Table 4): primary refractoriness (OR
0.59 [95% CI 0.40–0.86]; P = 0.007 vs not

primary refractory), refractoriness to last LOT
(0.45 [0.30–0.69]; P\ 0.001 vs relapsed),
refractoriness to last anti-CD20-containing reg-
imen (0.49 [0.33–0.74]; P\ 0.001 vs relapsed),
and year of diagnosis 2016–2021 (0.58
[0.40–0.83]; P = 0.003 vs diagnosed 2010–2015).
In addition, the following factors were associ-
ated with a reduced likelihood of achieving CR
in multivariate analysis (Table 4): increasing
prior LOTs (2 vs 1 prior LOTs, OR 0.48 [95% CI
0.25–0.93]; P = 0.030; 3 vs 1 prior LOTs, 0.18
[0.05–0.68]; P = 0.011; C 4 vs 1 prior LOTs, 0.26
[0.07–0.94]; P = 0.040), refractoriness to last
LOT (0.59 [0.37–0.93]; P = 0.025 vs relapsed),
and refractoriness to last anti-CD20-containing
regimen (0.61 [0.39–0.96]; P = 0.033 vs
relapsed).

In multivariate regression analysis, the fol-
lowing factors were significantly associated with
an increased risk of disease progression

Fig. 2 Kaplan-Meier plot for PFS by number of prior LOTs. LOTs lines of therapy, m median, PFS progression-free
survival
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(Table 5): increasing prior LOTs (3 vs 1 prior
LOTs, OR 1.98 [95% CI 1.06–3.67]; P = 0.032; C
4 vs 1 prior LOTs, 2.35 [1.20–4.60]; P = 0.013).
In addition, the following factors were signifi-
cantly associated with increased mortality risk
(Table 5): Ann Arbor stage III–IV (OR 1.35 [95%
CI 1.02–1.78]; P = 0.043 vs I–II); B symptoms
(1.27 [1.03–1.57]; P = 0.027 vs none), increasing
prior LOTs (2 vs 1 prior LOTs, 1.45 [1.12–1.87];
P = 0.005; 3 vs 1 prior LOTs, 1.73 [1.19–2.52];
P = 0.005; C 4 vs 1 prior LOTs, 1.70 [1.14–2.55];
P = 0.010), primary refractoriness (1.32
[1.07–1.63]; P = 0.011 vs not primary refrac-
tory), refractoriness to last LOT (1.39
[1.11–1.75]; P = 0.005 vs relapsed), and refrac-
toriness to last anti-CD20-containing regimen
(1.39 [1.11–1.74]; P = 0.005 vs relapsed).

Double-/triple-hit DLBCL was not signifi-
cantly associated with worse outcomes in any of

the models, although data were missing for this
variable in 44.3% of patients.

DISCUSSION

This observational, retrospective claims data-
base study of real-world patients with R/R
DLBCL treated with chemotherapy, single-
agent rituximab/obinutuzumab, single-agent
lenalidomide, or combinations of these agents
showed poor overall response and survival in
patients treated with C 1 prior LOT, with worse
outcomes in patients treated with C 2 and C 3
prior LOTs. As patients progressed through
LOTs, they had progressively poorer outcomes,
with a disproportionately larger attenuation of
CR vs ORR. Attenuation was also observed for
PFS, OS, DOR, and DOCR as patients progressed
through LOTs. Additionally, this study

Fig. 3 Kaplan-Meier plot for OS by number of prior LOTs. LOTs lines of therapy, m median, OS overall survival
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identified some factors that characterize chal-
lenging-to-treat R/R DLBCL patients: treatment
with multiple prior LOTs, primary refractori-
ness, refractoriness to last LOT and/or last anti-
CD20-containing regimen, and prior CAR T
exposure.

Previous studies have characterized ORR and
survival in DLBCL. SCHOLAR-1 was an inter-
national multicohort analysis (N = 636) that
pooled patients from two real-world observa-
tional cohorts and two phase 3 clinical trials [5].
The study retrospectively evaluated outcomes
in patients with refractory DLBCL (28% primary
refractory) in the rituximab era [5], which fol-
lowed the drug’s 2006 FDA approval for 1L
treatment of DLBCL in combination with
chemotherapy [43]. In SCHOLAR-1, enrolled
patients had refractory disease, defined as PD
after C 4 cycles of 1L chemotherapy, stable dis-
ease after two cycles of later-line chemotherapy
as best response, or relapse B 12 months fol-
lowing ASCT [5]. In these patients, ORR and CR
were 26% and 7%, respectively, slightly lower
than current study results for patients with C 2
(40%) and C 3 (34%) prior LOTs, and markedly
lower than patients with C 1 prior LOT (52%),
although patient selection criteria differed from
the current study. Median OS in SCHOLAR-1
was 6.3 months [5], consistent with the median
OS identified for patients treated with C 2 prior

LOTs in the current study. Also consistent with
the current results is a prior real-world database
analysis of CIT-treated patients with R/R DLBCL
(N = 212) who received C 3L treatment
between 2014 and 2020. These patients had an
ORR and CR of 35.9% and 9.4% in the 3L set-
ting and 40.7% and 6.3% in the 4L setting,
respectively. Median OS was 7.7 months and 4.4
months, respectively [18]. These slightly differ-
ent findings from the present study may be due
to differing definitions of a LOT and different
selection criteria, as the CIT cohort excluded
patients treated with lenalidomide and obinu-
tuzumab. Lastly, a recent, retrospective, obser-
vational cohort study (RE-MIND2) analyzed
outcomes in R/R DLBCL patients treated with
systemic therapies in the C 2L setting (N = 76).
RE-MIND2 reported an ORR and CR of 48.7%
and 21.1%, with a median PFS of 5.8 months
and a median OS of 11.6 months, respectively.
Notably, the RE-MIND2 cohort excluded dou-
ble-/triple-hit patients and had a smaller pro-
portion of primary refractory patients (15.8%)
and patients who were refractory to last LOT
(46.1%) than the current study [44]. Taken
together, the evidence suggests poor real-world
outcomes for patients with R/R DLBCL, despite
the availability of multiple rituximab-based
regimens and other novel therapies.

Fig. 4 ORR (95% CI) by treatment history. *Statistical significance. Note the small sample size for patients with previous
CAR T exposure (n = 16). CAR T chimeric antigen receptor T cell, LOT line of therapy, ORR overall response rate
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In the current study, several treatment-re-
lated factors were significantly associated with
poorer outcomes, effectively characterizing a
very challenging-to-treat R/R DLBCL patient
subgroup. Characteristics consistently associ-
ated with worse ORR, PFS, OS, and DOR were an
increasing number of prior LOTs, primary
refractoriness, refractoriness to last LOT, and
refractoriness to last anti-CD20-containing reg-
imen. In multivariate analysis, patients with
C 4 vs 1 prior LOT had a 74% reduction in the
likelihood of CR, a 135% increased risk of PD,
and a 70% increased risk of mortality. Patients
who were primary refractory vs not had a 41%
reduction in the likelihood of overall response
and a 32% increased mortality risk. These pat-
terns continued for patients who were refrac-
tory to their last LOT vs those who were
relapsed; these patients had a 55% reduction in
likelihood of overall response, a 41% reduction
in likelihood of CR, and a 39% increased mor-
tality risk. Lastly, patients who were refractory
to their last anti-CD20-containing regimen vs
those who were relapsed had a 51% reduced
likelihood of overall response, a 39% reduced
likelihood of CR, and a 39% increased mortality
risk. It was notable that, in bivariate analysis,
despite the small number of CAR T failures,
there was a 92% increased mortality risk in
patients who failed prior CAR T therapy.

The strengths of this real-world study are its
large sample size and its capture of data span-
ning an entire decade. This study also included
patients who are typically underrepresented in
clinical trials. For example, nearly two-thirds of
study patients were primary refractory, nearly
half had bulky disease, and one in ten was
heavily pretreated with C 3 prior LOTs. These
features have led to patients being excluded
from participating in clinical trials of novel
DLBCL treatments [36, 38].

This analysis also had several limitations. In
retrospective real-world observational studies,
outcomes monitoring may be inconsistent rel-
ative to clinical trial protocols. As such, out-
comes may be subject to surveillance bias
depending on the frequency of clinical assess-
ments. Due to the retrospective and observa-
tional nature of the data, this study may be
subject to incomplete records and/or data

documentation, variability in the quality of
information recorded, and differences in clini-
cal practices across study sites [45, 46]. While
the overall study sample size was reasonable,
some subgroups were smaller (e.g., prior CAR T
exposure and later LOTs), limiting the ability to
conduct robust analyses that adjust for all fac-
tors, including potential confounders. COTA’s
proprietary algorithm was used to define what
constituted a LOT; this definition may have
differed from what the treating clinicians had
intended. Finally, if patients in the COTA
database have systematically different demo-
graphic or clinical characteristics than the
overall population of patients with DLBCL, the
outcomes of this study may not be fully repre-
sentative or generalizable to the general patient
population with DLBCL in the US.

CONCLUSIONS

This study demonstrates that treatment out-
comes remain poor in patients with R/R DLBCL
treated with SOC. Factors consistently associ-
ated with worse outcomes were primary refrac-
tory disease, refractory to last LOT, refractory to
last anti-CD20-containing regimen, number of
prior therapies, and prior CAR T exposure.
These factors characterize challenging-to-treat
R/R patients and highlight the unmet need for
new, safe, and effective therapies to improve
outcomes in patients with R/R DLBCL.
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