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ABSTRACT

Introduction: CD19-directed chimeric antigen
receptor T cells (CAR T) are approved for treat-
ment of adults with relapsed/refractory diffuse
large B cell lymphoma (DLBCL) following at
least two lines of therapy.
Methods: This study describes real-world treat-
ment patterns after CAR T in adults with
DLBCL. It includes adults diagnosed with
DLBCL in IBM MarketScan Commercial and
Medicare Supplemental healthcare claims data-
bases administered CAR T between 2017 and
2019 (index event) and at least 6 months of

continuous health plan enrollment pre-index.
Kaplan-Meier methods were used to estimate
risk and time to first subsequent treatment after
CAR T, as a proxy for CAR T failure.
Results: Among 129 patients meeting study
criteria, most (123; 95.4%) were hospitalized
during CAR T therapy. Median length of stay
was 17 (25th–75th percentile, 13–22) days.
Estimated 6-month risk of subsequent treat-
ment was 36.2% (95% confidence interval [CI]
27.1–45.8%). During median follow-up of 195
(25th–75th percentile, 102–362) days, median
time to the first line of therapy after CAR T,
accounting for censoring, was 378 days (95% CI
226, not reached). Among 48 patients who
received another therapy after CAR T, 58.3%
received immunotherapy, 50.0% radiation
therapy, 25.0% chemotherapy, 25.0% targeted
therapy, and 12.5% hematopoietic stem cell
transplant.
Conclusions: Among real-world patients with
DLBCL treated with CAR T, the risk of not
achieving a durable response is considerable;
additional, effective options for DLBCL salvage
treatment are needed.Keywords: CAR T; Chi-
meric antigen receptor T cells; Diffuse large B
cell lymphoma; Real-world data; Real-world
evidence; Treatment patterns
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Key Summary Points

Why carry out this study?

Little is known regarding how real-world
patients who do not respond to chimeric
antigen receptor T cells (CAR T) or do not
achieve a durable response are managed
following CAR T therapy failure.

What was learned from the study?

Most CAR T therapy for diffuse large B cell
lymphoma (DLBCL) occurs in the
hospital, with a median length of stay of
17 days.

The risk of not achieving a durable
response is considerable, with a 6-month
probability of subsequent treatment of
* 35%.

The variety of treatments administered
suggests no standard of care after CAR T.

Additional, effective options for DLBCL
salvage treatment are needed.

INTRODUCTION

CD19-directed chimeric antigen receptor T cell
(CAR T) therapies axicabtagene ciloleucel, tis-
agenlecleucel, and lisocabtagene maraleucel
were approved in the US in 2017, 2018, and
2021, respectively, for the treatment of adult
patients with relapsed/refractory diffuse large
B cell lymphoma (DLBCL) following at least two
lines of therapy. These approvals were based on
single-arm open-label clinical trials that repor-
ted overall response rates of 82%, 52%, and
68%, respectively, among patients with DLBCL
[1–3]. As is standard for pivotal trials of new
therapies, restrictive inclusion and exclusion
criteria for enrollment were used, and the trials
were conducted in tightly controlled clinical
settings with close monitoring and follow-up. A
recent analysis found that participants in clini-
cal trials evaluating CAR T were younger than

patients receiving CAR T in real-world settings,
and all but one of the clinical trials excluded
participants with comorbid conditions that
might interfere with treatment or assessments
[4].

While real-world evidence is accumulating
on the safety and effectiveness of CAR T therapy
in routine clinical practice [5–27], most of these
studies may not be generalizable because they
represent the experience of a single center or a
few academic centers and/or they reported on
the experience of few patients (i.e.,\ 50).
Moreover, most of these studies did not report
how patients were treated after CAR T failure.
Thus, little is known regarding how patients
who do not respond to CAR T or do not achieve
a durable response are managed following CAR
T therapy failure. Thus, the objective of this
study was to describe real-world treatment pat-
terns after CAR T therapy among patients with
DLBCL in the US, using a nationwide claims
database.

METHODS

Data

This retrospective cohort study used claims data
for CAR T administration from the IBM Mar-
ketScan� Commercial and Medicare Supple-
mental healthcare claims databases between
January 1, 2017, and December 31, 2019. IBM
MarketScan� is an employer-sponsored insur-
ance claims database, including approximately
20 million insured patients and their depen-
dents annually in the US, with a complete lon-
gitudinal record of inpatient/outpatient services
and prescription drug claims covered under fee-
for-service and capitated health plans. Mar-
ketScan data are deidentified; thus, ethics
committee approval was not required.

Study Population

Adults with DLBCL who received CAR T therapy
were identified. The index date was the date of
first CAR T administration, based on at least one
procedure code for administration of CAR T
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therapy (inpatient, central vein: XW043C3;
inpatient, peripheral vein: XW033C3; or out-
patient: 0540T). Each patient was also required
to be C 18 years of age on the index date and
have at least 6 months of continuous health
plan enrollment pre-index. This 6-month base-
line period ensured enough longitudinal data
were available to describe baseline characteris-
tics and recent treatments. Patients were
required to have at least one diagnosis code for
DLBCL (ICD-10-CM: C83.3x) during the base-
line period and were excluded if they had a
baseline diagnosis of acute lymphoblastic leu-
kemia (ICD-10-CM: C91.0x), which is another
approved indication for tisagenlecleucel.

Outcomes

Patients were followed from the index date until
insurance plan disenrollment or December 31,
2019, whichever came first. Any of the follow-
ing treatments (identified using national drug
codes [NDCs] and procedure codes) after CAR T
were a proxy for CAR T failure: radiation ther-
apy; chemotherapy (e.g., bendamustine, gemc-
itabine); targeted therapy (e.g., ibrutinib);
immunotherapy (e.g., rituximab); transplant
(hematopoietic stem cell transplant; or a second
round of CAR T. We assumed that patients
receiving cyclophosphamide and fludarabine
therapy up to 7 days after the first CAR T claim
were receiving lymphodepleting chemotherapy;
thus, administration of either of these medica-
tions within this time frame was not counted as
first-line therapy after CAR T. We also assumed
that CAR T-related claims or stem cell trans-
plants up to 14 days after the index date were
not a second round of CAR T or a stem cell
transplant, respectively.

Lines of therapy after CAR T therapy were
defined as follows. The first line of therapy
included the first post-CAR T treatment plus
any treatment initiated up to 60 days after the
first treatment’s start date. The second line of
therapy was defined as treatments initiated after
the first line of therapy and included all treat-
ments initiated up to 60 days after first treat-
ment in the second line of therapy’s start date.

If a patient received a transplant, this was con-
sidered a separate line of therapy.

Variables

Patient characteristics (age, sex, insurance type,
US census region, and year of CAR T adminis-
tration) were assessed on the index date. Loca-
tion of CAR T administration was categorized as
inpatient or outpatient, and duration of hospi-
talization was assessed from admission and
discharge dates for CAR T administered during
an inpatient stay. We identified DLBCL treat-
ments based on treatment guidelines in effect in
December 2019 (the end of the study period)
from the American Cancer Society (https://
www.cancer.org/cancer/non-hodgkin-lymphoma/
treating/chemotherapy.html) and the National
Comprehensive Cancer Network [28]. Baseline
treatment (within 6 months pre-index) with
radiation therapy, chemotherapy, targeted
therapy, immunotherapy, or transplant (as
defined above) was identified as follows:

• Chemotherapy: bendamustine, bleomycin,
carboplatin, chlorambucil, cisplatin, cladrib-
ine, cytarabine, doxorubicin, etoposide,
gemcitabine, ifosfamide, methotrexate,
mitoxantrone, oxaliplatin, pentostatin,
pralatrexate, procarbazine, vincristine,
vinorelbine

• Targeted therapy: acalabrutinib, belinostat,
bortezomib, copanlisib, duvelisib, ibrutinib,
idelalisib, romidepsin, venetoclax

• Immunotherapy: alemtuzumab, brentux-
imab vedotin, ibritumomab, lenalidomide,
obinutuzumab, ofatumumab, pem-
brolizumab, polatuzumab vedotin, ritux-
imab, thalidomide

• Hematopoietic stem cell transplant
• Radiation therapy

Statistical Analyses

Counts and frequencies for categorical variables
and mean (standard deviation [SD]) or median
(25th–75th percentile) for continuous variables
are reported for patient characteristics and prior
treatments. Among patients receiving a
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treatment following CAR T, counts and fre-
quencies are also reported for individual treat-
ments as well as first and second line of therapy
after CAR T. Kaplan-Meier methods are used to
estimate cumulative risks of subsequent treat-
ment, with 95% confidence intervals (95% CI).

RESULTS

Patient characteristics

We identified 129 adults with DLBCL receiving
CAR T in the US from 2017 to 2019 (Table 1).
Mean (SD) patient age at the index date was
55.7 (11.1) years, and 34.1% of patients were
female. Most patients (86.8%) were commer-
cially insured. By year, 3.1%, 41.9%, and 55.0%
of patients received CAR T in 2017, 2018, and
2019, respectively. Most patients (95.3%) were
hospitalized during CAR T administration; the
median length of stay was 17 (25th–75th per-
centile, 13–22) days.

Prior Treatments

Most patients (69.0%) were treated with radia-
tion therapy or systemic treatment at baseline:
radiation therapy (25.6%), chemotherapy
(45.7%), targeted therapy (11.6%),
immunotherapy (51.9%), or transplant (5.4%).
The most used individual systemic treatment
within 6 months before CAR T was rituximab
(45.7%) (Supplementary Material Table S1).

Treatments after CAR T

Median follow-up after CAR T administration
was 195 (25th–75th percentile 102–362) days.
The 6-month risk of receiving another line of
therapy after CAR T was 36.2% (95% CI: 27.1%,
45.8%) and the 12-month risk was 47.9% (95%
CI 37.0%, 58.9%) (Fig. 1). The median time to
initiation of the first line of therapy after CAR T,
accounting for censoring, was 378 (95% CI: 226,
not reached) days.

Among the 48 patients who were treated
after CAR T, median time between treatments
was 100 (25th–75th percentile, 53–144) days.

Table 1 Characteristics of patients administered CAR T
therapy between 2017 and 2019

Total
N = 129

Age, years, mean (SD) 55.7 (11.1)

Sex, female, n (%) 44 (34.1)

Insurance, n (%)

Commercial 112 (86.8)

Medicare 17 (13.2)

US census region, n (%)

Midwest 41 (31.8)

Northeast 27 (20.9)

South 34 (26.4)

West 15 (11.6)

Unknown 12 (9.3)

Year CAR T administered, n (%)

2017 4 (3.1)

2018 54 (41.9)

2019 71 (55.0)

Treatment within 6 months pre-index, n (%)a

Any radiation therapy or systemic

treatment pre-index

89 (69.0)

Radiation therapy 33 (25.6)

Chemotherapy 59 (45.7)

Targeted therapy 15 (11.6)

Immunotherapy 67 (51.9)

Hematopoietic stem cell transplant 7 (5.4)

Hospitalization during CAR T therapy,

n (%)

123 (95.3)

Index hospitalization length of stay, days

(n = 123), median [25th–75th percentile]

17 [13–22]

CAR T chimeric antigen receptor T cell, SD standard
deviation
aSpecific pre-index treatments are provided in Supple-
mentary Material Table S1
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Subsequent treatments initiated included radi-
ation therapy (50.0%), chemotherapy (25.0%),
immunotherapy (58.3%), targeted therapy
(25.0%), or hematopoietic stem cell transplant
(12.5%) (Table 2). The most common first lines
of therapy after CAR T were ibrutinib in five
patients (12.8%), pembrolizumab in five
patients (12.8%), lenalidomide plus rituximab
in four patients (10.3%), lenalidomide alone in
three patients (7.7%), and rituximab alone in
three patients (7.7%); all other treatments or
combinations of treatments were used by only
one or two patients (Table 3). Nine patients
received a second line of therapy during follow-
up, including pembrolizumab monotherapy (2
patients [22.2%]), transplant (2 patients
[22.2%]), gemcitabine plus oxaliplatin
(± rituximab) (2 patients [22.2%]), and other

Fig. 1 Estimated cumulative risk of subsequent treatment after CAR T

Table 2 Categories of treatments administered after
CAR T

Total, n (%)
N = 48

Radiation therapy 24 (50.0)

Any subsequent systemic treatment 39 (81.3)

Chemotherapy 12 (25.0)

Targeted therapy 12 (25.0)

Immunotherapy 28 (58.3)

Hematopoietic stem cell transplant 6 (12.5)

Second CAR T 0

CAR T chimeric antigen receptor T cell
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combinations (each 1 patient [11.1%]) (Supple-
mentary Material Table S2).

DISCUSSION

This is one of only a few studies to assess treat-
ment patterns after CAR T therapy among real-
world patients with DLBCL. In this study, we
analyzed data from a large claims database and
reported on real-world treatment patterns for
adults in the US with DLBCL who received CAR
T between 2017 and 2019, across a variety of
practice settings nationwide. Our analysis
resulted in two significant findings. First, most
patients were treated in the inpatient setting
and had a prolonged hospitalization. Second,
many patients received salvage therapy after
CAR T, and there was no consistent pattern of
therapy used in this setting, suggesting that
there is no standard of care following CAR T
failure.

Recent analyses of claims data reported sim-
ilar findings to our study regarding the per-
centage of patients receiving CAR T in an
inpatient setting and length of hospitalization.
An analysis of 177 Medicare patients (mean,
70 years of age; 59% male) between October
2017 and September 2018 found that 94%
received CAR T in the inpatient setting. Among
patients administered CAR T in the inpatient
setting, the reported median length of stay was
16 (25th–75th percentile, 11–21) days [29].
Similarly, patients receiving CAR T at two Mayo

Table 3 First-line therapy after CAR T

Category
First line of therapy

Any subsequent
treatment, n (%)
N = 39 a

Chemotherapy alone

Bendamustine 1 (2.6)

Etoposide 1 (2.6)

Immunotherapy ± chemotherapy

Pembrolizumab 5 (12.8)

Lenalidomide, rituximab 4 (10.3)

Lenalidomide 3 (7.7)

Rituximab 3 (7.7)

Bendamustine, rituximab 2 (5.1)

Bendamustine, brentuximab,

gemcitabine, oxaliplatin,

rituximab

1 (2.6)

Brentuximab, pembrolizumab 1 (2.6)

Cisplatin, gemcitabine,

pembrolizumab, rituximab

1 (2.6)

Cytarabine, rituximab 1 (2.6)

Obinutuzumab 1 (2.6)

Targeted therapy

Ibrutinib 5 (12.8)

Ibrutinib, venetoclax 2 (5.1)

Immunotherapy and targeted therapy

Ibrutinib, rituximab 2 (5.1)

Gemcitabine, oxaliplatin,

rituximab, venetoclax

1 (2.6)

Ibrutinib, lenalidomide,

obinutuzumab, venetoclax

1 (2.6)

Ibrutinib, rituximab, venetoclax 1 (2.6)

Hematopoietic stem cell transplant

Transplant alone 2 (5.1)

Table 3 continued

Category
First line of therapy

Any subsequent
treatment, n (%)
N = 39 a

Transplant, lenalidomide,

rituximab

1 (2.6)

Specific systemic treatments administered after CAR T
administration are provided in Supplementary Material
Table S2
CAR T chimeric antigen receptor T cell
aExcludes patients receiving radiation therapy after CAR T
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Clinic centers between 2018 and 2020 were
hospitalized for a median for 14 days [25]. An
analysis of 485 patients treated with CAR T in a
hospital setting in France between 2019 and
2020 reported even longer median length of
hospitalization, ranging from 24 to 26 days [30].
In an analysis of claims from four US databases,
88–100% of patients in each database were
hospitalized during CAR T receipt and median
length of stay for CAR T administration ranged
from 14 to 17 (range 1–91) days. Mean total cost
of care for CAR T administration (inpatient,
outpatient, and pharmacy) was considerable,
ranging from $353,642 to $525,772 across the
four databases [31].

We observed that subsequent treatment fol-
lowing CAR T administration, a proxy for CAR T
failure, was common in our study. The proba-
bility of receiving an additional line of therapy
was [ 35% at 6 months and almost 50% at
12 months. Our analysis did not include
patients whose disease progressed but who were
not subsequently treated, or patients who died,
and thus does not capture all patients who
failed CAR T. In addition, current treatment
guidelines for B cell lymphoma from the
National Comprehensive Cancer Network
(NCCN) recommend enrolling a patient with
DLBCL in a clinical trial if a CAR T has already
been given [32], but we were not able to identify
patients who went on to receive an investiga-
tional agent. Thus, the true CAR T failure rate is
likely higher than what we observed in this
study. Our results are consistent with an anal-
ysis of administrative data with many of the
same limitations as this study; that analysis
identified 145 patients receiving 3 or more lines
of therapy for DLBCL between 2017 and early
2020, including 25 patients who received CAR T
as third-line therapy [21]. Among CAR T-treated
patients, over a median follow-up time of
8 months, 48.0% (12/25) required a fourth-line
therapy.

Among the 48 patients who were subse-
quently treated after CAR T in our analysis, we
found that the median time between treatments
was 100 (25th–75th percentile, 53–144) days.
These findings are consistent with a recent
analysis of CAR T use in 205 patients with
DLBCL across four US administrative claims

databases that reported that, among patients
who were subsequently treated, median time to
subsequent therapy after CAR T ranged from 98
to 107 days across databases [31]. To our
knowledge, no published real-world study has
assessed time to next treatment using Kaplan-
Meier methods.

Time to next treatment was assessed in the
pivotal trial of axicabtagene ciloleucel, ZUMA-1
[1]. Median time to next anticancer therapy in
that trial was 8.7 (range 0.3–53.8) months [33].
The median time to the first line of therapy after
CAR T was considerably longer in our study
(median 378 days), likely because of differences
in how the endpoint was operationalized; in
ZUMA-1, time to next treatment was defined as
time to initiation of new anticancer therapy
(except stem cell transplantation but likely
including other investigational treatments) or
all-cause mortality.

Patients who were treated following CAR T
in our analysis received a diverse range of
treatments and combinations of treatments.
Most patients received treatments that seemed
to be individualized, with no clear pattern in
the treatments used. A single-center study from
Germany reported that 15 patients experienced
relapse/progression at a median of 82 (range
9–269) days after CAR T [24]. These patients
received 19 salvage treatments after CAR T fail-
ure, including targeted therapy (10 treatments),
immunotherapy (4), chemotherapy (3), or
radiation therapy (2). A single-center analysis of
53 patients in the US with relapsed or refractory
aggressive B cell lymphomas treated with CAR T
between 2017 and 2020 reported that 49% (26/
53) of patients were subsequently treated and
that post-CAR T progression therapy commonly
involved clinical trial enrollment or use of
novel agents or supportive care, with no clear
standard of care [26]. A two-center analysis of 34
patients treated with CAR T between 2018 and
2020 in the US found that, among the 12
patients receiving additional salvage therapy,
radiotherapy (7/12), polatuzumab/ben-
damustine/rituximab (3/12) (Pola-BR), and
pembrolizumab (3/12) were the most common
[25].

There is currently no therapy approved for
patients who have failed CAR T. Moreover,
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current NCCN treatment guidelines suggest a
variety of treatment options for patients in
second or later relapse who previously received
CAR T, including clinical trial participation,
alternative second-line chemotherapy (but the
guidelines note patients are unlikely to derive
benefit from this approach), palliative radiation
therapy, or best supportive care [32]. Our find-
ings support that there is no clear standard of
care following CAR T failure and underscores
the need for additional, effective treatment
options after CAR T failure in adults with
DLBCL.

Our findings must be interpreted in the
context of a few limitations. We used subse-
quent treatment initiation as a proxy for CAR T
failure and could not capture use of investiga-
tional treatments, disease progression, or death.
While we are likely to have underestimated the
CAR T failure rate, a recent study suggests that
most patients who progress on CAR T receive a
subsequent therapy; 12/15 patients who pro-
gressed on CAR T were subsequently retreated
[25]. In our analysis, no information was avail-
able in claims regarding number of prior lines of
therapy, disease severity, or characteristics of
treatment centers (e.g., size, teaching affiliation,
prior CAR T experience). Over the study period,
information on type of CAR T received was
missing for[ 90% of patients because the pro-
cedure codes for specific CAR T therapies that
were recently added were not yet in use and
thus outcomes by type of CAR T received could
not be examined. We could not determine
treatment indication and assumed that any use
of cyclophosphamide or fludarabine up to
7 days after the index date was lymphodeplet-
ing chemotherapy. As such, patients initiating
CAR T combination treatment (e.g., CAR
T ? rituximab) would be misclassified as initi-
ating a subsequent treatment. We also assumed
that all CAR T-related claims or stem cell
transplants up to 14 days after the index date
were not a second round of CAR T or a stem cell
transplant, respectively. It is possible, but unli-
kely, that these other therapies were given as
salvage treatments. The study period, from 2017
to 2019, represented early real-world experience
with CAR T therapy in a limited population that
may represent a subset of patients with more

severe disease and with limited follow-up to
observe subsequent treatments. Moreover, the
landscape for DLBCL is changing rapidly. Sev-
eral therapies for DLBCL have been approved
recently, including polatuzumab vedotin, seli-
nexor, tafasitamab, and loncastuximab tesirine,
which may change how patients are treated
after CAR T. Moreover, outpatient administra-
tion of CAR T may become more frequent as
research has found that CAR T may be safely
administered in an outpatient setting [34].

CONCLUSIONS

In summary, most CAR T administrations for
DLBCL occurred in the hospital setting, and the
median length of stay during CAR T adminis-
tration was substantial, at more than 2 weeks.
The risk of requiring additional therapy within
6 months after CAR T was high, supporting the
need for additional, effective salvage treatment
strategies for patients with DLBCL who do not
respond to CAR T or do not achieve a durable
response.
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