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Key Points

•CAR T-cell therapy is
associated with 2 po-
tentially costly and
resource-intensive AEs:
CRS and NEs.

• Reducing the inci-
dence/severity of these
AEs improves safety
outcomes and may
lower management
costs associated with
CAR T-cell therapy.

Chimeric antigen receptor (CAR) T-cell therapies have demonstrated high response rates in

patients with relapsed/refractory large B-cell lymphoma (LBCL); however, these therapies

are associated with 2 CAR T cell–specific potentially severe adverse events (AEs): cytokine

release syndrome (CRS) and neurological events (NEs). This study estimated the

management costs associated with CRS/NEs among patients with relapsed/refractory LBCL

using data from the pivotal TRANSCEND NHL 001 trial of lisocabtagene maraleucel, an

investigational CD19-directed defined composition CAR T-cell product with a 4-1BB

costimulation domain administered at equal target doses of CD81 and CD41 CAR1 T cells.

This retrospective analysis of patients from TRANSCEND with prospectively identified CRS

and/or NE episodes examined relevant trial-observed health care resource utilization

(HCRU) associated with toxicity management based on the severity of the event from the

health care system perspective. Cost estimates for this analysis were taken from publicly

available databases and published literature. Of 268 treated patients as of April 2019, 127

(47.4%) experienced all-grade CRS and/or NEs, whichwere predominantly grade#2 (77.2%).

Median total AE management costs ranged from $1930 (grade 1 NE) to $177 343 (concurrent

grade $3 CRS and NE). Key drivers of cost were facility expenses, including intensive care

unit and other inpatient hospitalization lengths of stay. HCRU and costs were significantly

greater among patients with grade $3 AEs (22.8%). Therefore, CAR T-cell therapies with

a low incidence of severe CRS/NEs will likely reduce HCRU and costs associated with

managing patients receiving CAR T-cell therapy. This clinical trial was registered at www.

clinicaltrials.gov as #NCT02631044.

Introduction

Non-Hodgkin lymphoma (NHL) is the most common blood cancer in the United States and includes
numerous subtypes with distinct biological and clinical behaviors.1,2 Diffuse large B-cell lymphoma
(DLBCL) is an aggressive and common NHL subtype, accounting for 30% to 40% of all newly
diagnosed cases.2,3 First-line treatment of patients with DLBCL usually comprises chemotherapy and
rituximab with or without radiotherapy, with the most established accepted therapy being a combination
of rituximab, cyclophosphamide, hydroxydaunorubicin, vincristine, and prednisone (R-CHOP).4 Although
most patients respond to first-line treatment, 20% to 50% of patients with DLBCL experience relapse
or are unable to achieve remission after first-line therapy5,6; prognosis is poor in these cases. Patients
with progressive disease after receipt of R-CHOP are typically treated with combination salvage
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chemotherapy, and those who respond to treatment may sub-
sequently undergo autologous hematopoietic stem cell trans-
plantation (HSCT) if they are sufficiently fit.5,7 Historically, there
have been limited effective treatment options for patients with
relapsed/refractory DLBCL who are ineligible for or relapse after
autologous HSCT.5,8 However, recent developments in chimeric
antigen receptor (CAR) T-cell therapy now provide an option with
the possibility of cure.

CAR T-cell therapies have demonstrated high response rates in
patients with relapsed/refractory LBCL, including DLBCL (de novo
or transformed from any indolent lymphoma), high-grade B-cell
lymphoma with MYC and BCL2 and/or BCL6 rearrangements,
primary mediastinal B-cell lymphoma, and grade 3B follicular
lymphoma.9-11 With the introduction of CAR T-cell therapies, 2
key adverse events (AEs) have emerged: cytokine release syndrome
(CRS) and neurological events (NEs). CRS, an inflammatory
reaction that can be mild (eg, fever alone) or severe (resulting in
multiorgan failure), results from immune activation and the release
of inflammatory cytokines.12 In addition to CRS, NEs, ranging from
confusion and aphasia to encephalopathy, may occur among
patients who receive CAR T-cell therapy. The incidence and
severity of CRS and NEs vary among CAR T-cell therapies, with all-
grade and grade $3 CRS events ranging from 42% to 93% and
2% to 22%, respectively, and NEs ranging from 21% to 64%
and 10% to 28%, respectively.9-11 Both high- and low-grade CRS
and NEs are associated with various clinical and economic
consequences, including potentially expensive medications and
extended hospitalization stays.13,14 Currently, there is limited
research to estimate the health care resource utilization (HCRU)
and economic burden of CRS and NEs among patients who
received lisocabtagene maraleucel (liso-cel), an investigational
CD19-directed defined composition 4-1BB–costimulated CAR
T-cell product administered at equal target doses of CD81 and
CD41 CAR1 T cells.13-15

Previous studies have modeled the costs associated with CRS and
NE management after CAR T-cell therapy.15,16 This study used data
from the pivotal TRANSCEND NHL 001 clinical trial (hereafter
referred to as TRANSCEND) of liso-cel to estimate the manage-
ment costs associated with CRS and NEs in the LBCL cohort
comprising patients with relapsed/refractory DLBCL not otherwise
specified (either de novo or transformed from any indolent
lymphoma), high-grade B-cell lymphoma with MYC and BCL2
and/orBCL6 rearrangements, primary mediastinal B-cell lymphoma,
or grade 3B follicular lymphoma.11 TRANSCEND is a multicenter
seamless-design phase 1 study, with the first patient enrolled in
January 2016.11 Patients with LBCL who subsequently relapsed
after receiving prior anti-CD20–containing chemoimmunother-
apy and/or undergoing prior autologous or allogeneic HSCT
were treated with liso-cel at 1 of 3 target dose levels (50 3 106,
100 3 106, or 150 3 106 CAR1 T cells).

Methods

The study protocol and protocol amendments were approved by the
following institutional review boards (IRBs) at participating sites:
Memorial Sloan Kettering Cancer Center IRB/Privacy Board-B,
University of Texas MD Anderson Cancer Center IRB, Advarra IRB
(formerly Chesapeake IRB), Dana-Farber/Harvard Cancer Center
IRB, University of Alabama IRB for Human Use, Beckman Research
Institute of the City of Hope National Medical Center IRB, University

of Nebraska Medical Center IRB, University of California San
Francisco IRB, Fred Hutchinson Cancer Consortium IRB, Northside
Hospital IRB, Western IRB, and University of Pittsburgh IRB.
The study was conducted in accordance with the Declaration of
Helsinki.

This study is a retrospective microcosting analysis of data from
TRANSCEND. The clinical trial database (data cutoff date, 12 April
2019) contained data on patient demographics, clinical and
treatment information, AEs (including CRS and NEs, grade of
AEs, and treatments for CRS and NEs), and HCRU. The analysis
included adult patients with relapsed/refractory LBCL in the
TRANSCEND trial who were treated with liso-cel11 and who
experienced a treatment-emergent (defined as starting any time
from initiation of liso-cel administration through and including
90 days afterward) CRS or NE episode after receiving liso-cel. CRS
was prospectively identified by investigators and defined as an AE
using the Medical Dictionary for Regulatory Activities preferred term
“cytokine release syndrome.” An NE was identified by investigators
as a central nervous system AE that was reported as related to
liso-cel. CRS was graded according to the Lee et al12 criteria. NEs
were graded according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (version 4.03).17 For
patients who experienced multiple occurrences of the same AE,
subsequent events starting within 7 days of resolution of the
previous event were considered a single episode.11 The data were
deidentified and compliant with Section 164.514(a) of the Health
Insurance Portability and Accountability Act Privacy Rule; thus, no
institutional board review was required, because this study was
exempt under Exemption 45 CFR 46.101(b)(4). This study adhered
to the Strengthening the Reporting of Observational Studies in
Epidemiology checklist for cohort studies.18

Patient classification

Patients were included if they experienced any treatment-emergent
CRS and/or NE episode.17 Patients were stratified by the treatment-
emergent AE they experienced: (1) CRS only, (2) NE only, (3)
nonconcurrent CRS and NE (defined as experiencing both with
a gap between AE episodes), or (4) concurrent CRS and NE
(defined as experiencing both with any overlap in AE episodes).
Stratifications were further refined by AE severity. Patients who
experienced an episode of CRS or NE only were classified according
to individual grade, whereas patients who experienced episodes of
both events were classified based on the highest grade of either the
CRS and/or NE episode (grade 1-2 or $3).

HCRU and unit cost estimation

Relevant HCRU associated with the treatment and management of
CRS and NEs was identified in the trial based on CRS and NE
management guidelines. HCRU was defined as any office visits,
standard inpatient (non–intensive care unit [ICU]) hospitalizations,
ICU stays, diagnostic laboratory work or imaging, procedures, or
medications consistent with management protocols and expert
opinion on the specific AE (either CRS or NE) and severity that
occurred on or between the dates of CRS and NE onset and
resolution. A unit cost was applied to each incidence of HCRU,
accounting for frequency and duration of each resource (Figure 1).
Patient follow-up for this HCRU analysis was defined as the time
from CRS or NE onset after liso-cel treatment to resolution. Any AEs
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that occurred after anticancer treatment subsequent to liso-cel or
after liso-cel retreatment were not considered in this analysis.

The cost analysis was performed from a health care system
perspective. Unit costs were obtained from 2019 public databases,
including the National Inpatient Sample, Centers for Medicare
and Medicaid Services (CMS) Physician Fee Schedule, CMS
Outpatient Prospective Payment System, CMS Durable Medical
Equipment Fee Schedule, and CMS Laboratory Fee Schedule.19-23

Costs were limited to those observed within the clinical trial setting
and thus did not capture all potential costs that might be incurred
in a real-world setting (eg, professional fees). The national pay-
ment amounts were used from these sources. Wholesale acquisition
costs were obtained from the IBM Micromedex RED BOOK for unit
costs of medications and evaluated at the dispensed amounts
to incorporate drug wastage.24 When necessary, unit costs were
obtained from peer-reviewed literature and inflated to 2019 US
dollars using the US Bureau of Labor Statistics consumer price index
for medical care.25,26

Given that reimbursement rates do not reflect actual costs,
a payment/cost ratio was applied to Medicare payment rates to
estimate the true cost of HCRU incurred by the health care
system.27 Furthermore, we used cost ratios from the literature for
cost adjustments to reflect the site of care where the health services
occurred or were administered.28,29 Values of key unit costs are
provided in Table 1.

Study outcomes

The primary study outcome was the cost of CRS and NE
management, which was aggregated to estimate the total cost for
an individual patient. Costs were grouped into 4 HCRU categories:
(1) diagnostics, (2) procedures, (3) medications, and (4) facility
costs. The total cost was calculated per patient; a median total cost
of CRS and NEs was evaluated and reported. All cost outcomes are
presented in 2019 US dollars.

Secondary outcomes included incidence and cost of CRS and/or
NEs by AE severity grade. We also evaluated the rates of key HCRU

of interest, such as tocilizumab, corticosteroid, and vasopressor
use, mechanical ventilation, and ICU admission. Lastly, the hospital
length of stay (LOS) was calculated during the time in which
a patient experienced a CRS or NE episode, categorized by
standard inpatient and ICU days.

Statistical analysis

Descriptive statistics were employed to summarize the costs of
CRS and NE management; because of the small sample size,
median rather than mean costs were reported. Median costs were
aggregated by HCRU category, specifically medication, diagnostic,
procedure, and facility costs. Medication costs included any
medications that were given to manage CRS or NEs. Diagnostics
included laboratory work and imaging costs. The procedures
category included dialysis and mechanical ventilation costs; the
costs for outpatient visits, standard inpatient hospitalizations, and
ICU stays were represented in the facilities category. Counts and
rates were calculated for key HCRU of interest. Times to CRS/NE
onset and resolution were evaluated relative to the date of liso-cel
administration (ie, defined as day 1). Descriptive values were
generated for times to CRS/NE onset and resolution, LOS, and
cost outcomes. All statistical analyses were performed in Microsoft
Excel for Office 365 (version 2002).

Sensitivity analysis

We conducted a probabilistic sensitivity analysis using a Monte
Carlo simulation modeling approach on key cost parameters with
1000 iterations to address median cost parameter uncertainty and
obtain 95% confidence intervals. Base case inputs were randomly
varied using an assumed distribution (b distribution was assumed
for key cost ratios, and g distribution was assumed for unit cost
inputs) to generate cost estimates.

Results

Patient demographics and characteristics

The LBCL cohort of TRANSCEND comprised 268 patients who
received liso-cel. Overall, 127 (47.4%) of 268 patients experienced

Liso-cel Admin

Diagnostics Monitoring Monitoring Monitoring Monitoring

Prophylactic Measures

Hospital Days

Lymphodepletion AE treatment (ie, tocilizumab, corticosteroids)

CRS and/or NE HCRU

CRS or NE Onset Date CRS or NE Onset Date CRS or NE Resolution Date

mmddyy mmddyy mmddyy mmddyy mmddyy

Figure 1. Study methodology. Dates were recorded to accurately account for the frequency and duration of any events experienced by individual patients to inform the cost

calculations for this study.
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a CRS and/or NE episode; of these 127 patients, 47 (37.0%) had
CRS only (17.5% of the total population), 14 (11.0%) had NEs only
(5.2% of the total population), and 66 (52.0%) had both CRS and
NEs (24.6% of the total population). Most patients with CRS and/or
NEs (n 5 98 [77.2%] of 127) experienced a grade 1 or 2 event
(Table 2).

The median age of patients with a CRS and/or NE episode was
62 years, ranging from age 18 to 86 years. These patients were
predominantly male (65.4%) and White (87.4%). Patient de-
mographics are grouped by AE category (CRS and NEs) and
severity (grade) in Table 1. Demographic characteristics were
similar across AE cohorts. Most patients who experienced a CRS

and/or NE episode (n 5 112 [88.2%] of 127) were administered
liso-cel in the inpatient setting, whereas 15 patients (11.8%) were
administered liso-cel in the outpatient setting (Table 2).

Onset and duration of CRS and NE episodes

From liso-cel infusion, the median (range) time to onset and duration
of the first CRS episode were 5.0 (1.0-14.0) and 5.0 (1.0-17.0)
days, respectively. From liso-cel infusion, the median (range) time to
onset and duration of the first NE episode were 9.0 (1.0–66.0) and
11.0 (1.0–86.0) days, respectively. Median times to onset and
resolution from the first CRS onset were similar across AE grade
stratifications. The duration of CRS and/or NEs was longest among
patients with concurrent grade$3 CRS and NEs (Table 3). Among

Table 1. Key unit costs and probabilistic sensitivity analysis parameters

Parameter Base case input Reference Detail Low High Assumed distribution*

Reimbursement/cost ratio, % 87.0 27 — 43.5 1.31 b

Clinic/HOPD cost ratio, % 38.0 28 — 19 57 b

HOPD/IP cost ratio, % 35.0 29 — 17.5 52.5 b

HOPD office visit, $ 115.85 21 APC 5012 57.93 173.78 g

Standard inpatient bed day, $ 2420.77 19 Adjusted to 2019 US$ 1210.38 3631.15 g

ICU bed day, $ 7181.84 25 Adjusted to 2019 US$ 3590.92 10772.75 g

CT head scan with contrast, $

Nonfacility TC 107.76 20 HCPCS 70460 53.88 161.64 g

26; phys. comp. 58.38 20 HCPCS 70460 29.19 87.57 g

TC; APC 480.77 21 APC 8006 240.39 721.16 g

MRI brain scan with contrast, $

Nonfacility TC 227.77 20 HCPCS 70552 113.89 341.66 g

26; phys. comp. 91.54 20 HCPCS 70552 45.77 137.31 g

TC; APC 855.60 21 APC 8008 427.80 1283.40 g

PET scan with contrast, $

Nonfacility TC 1375.61 20 HCPCS 78608 687.81 2063.42 g

26; phys. comp. 73.52 20 HCPCS 78608 36.76 110.28 g

EEG, $

Nonfacility TC 375.89 20 HCPCS 95819 187.95 563.84 g

26; phys. comp. 59.46 20 HCPCS 95819 29.73 89.19 g

TC; APC 252.31 21 APC 85722 126.16 378.47 g

Lumbar puncture, $

Nonfacility 152.09 20 HCPCS 62270 76.05 228.14 g

Facility 80.37 20 HCPCS 62270 40.19 120.56 g

Mechanical ventilation, $ per d 2644.91 25 Adjusted to 2019 US$ 1322.46 3967.37 g

Dialysis, $ per d 611.73 20 APC 5401 305.87 917.60 g

Vasopressin, $ 301.25 24 NDC: 63323-0302-09 150.63 451.88 g

Norepinephrine, $ 77.67 24 NDC: 55390-0002-10; 25 mg/min 38.84 116.51 g

Siltuximab, $ 8571.74 24 NDC: 50242-0135-01 4285.87 12857.61 g

Anakinra, $ 155.01 24 NDC: 66658-0234-07; 100 mg 77.51 232.52 g

Tocilizumab, $ 4477.30 24 NDC: 50242-0135-01; 800 mg 2238.65 6715.95 g

26; phys. comp., physician component; APC, Ambulatory Payment Classification; CT, computed tomography; EEG, electroencephalogram; HCPCS, Healthcare Common Procedure
Coding System; HOPD, hospital outpatient department; IP, inpatient hospital; MRI, magnetic resonance imaging; NDC, National Drug Code; PET, positron emission tomography; TC,
technical component.
*The b distribution is applied to model the behavior of random variables limited to finite length. Given that estimates cannot be ,0, the b distribution was selected. The b distribution is

a suitable model for the random behavior of percentages and proportions. g distribution is assumed for cost data, specifically for using small sample sizes that often have nonnormal
distribution (mean and median are not similar); thus, cost studies often use a g distribution to address the skewness of cost data that are subject to wide variance and likely a wide range,
with a few outliers that affect the mean cost.
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patients who developed NEs after CRS onset, the median gap
between CRS onset and NE onset was 5 days.

Among the 66 patients with both CRS and NEs (21 [31.8%]
nonconcurrent and 45 [68.1%] concurrent), CRS onset occurred
before NE onset in 52 (78.8%). Specifically, of the 45 patients
within the concurrent CRS and NE group, CRS preceded NE onset
in 31 (68.9%), NE onset occurred first in 8 (17.8%), and 6 (13.3%)
experienced CRS onset and NE onset on the same day. For all 21
patients with nonconcurrent CRS and NEs, CRS onset occurred
before NE onset.

HCRU

Most patients were either admitted to the hospital (if treated as an
outpatient) or remained in the hospital (if treated as an inpatient) for
CAR T-cell infusion and monitoring. Among the 127 patients who
experienced a CRS and/or NE episode, only 17 (13.4%) required
any ICU stay for CRS and/or NE management. For management of
CRS with or without NEs, 18 patients (14.2%) received tocilizumab
only, 23 (18.1%) received corticosteroids only, and 33 (26.0%)
received tocilizumab plus corticosteroids. In addition, 1 patient with
concurrent grade $3 CRS and NE episodes remained in the ICU
for the entire duration of CRS and NE management. Corticosteroid
use increased as the severity of CRS and NEs increased (Table 4).

An additional analysis of LOS was performed. Total LOS ranged
from 0 to 81 days (median, 7 days), with most time spent in
a standard (non-ICU) inpatient bed (median ICU LOS, 0 days).
Patients with both CRS and NEs had generally longer total LOSs
than those with only a CRS or NE episode. The longest median
LOS was experienced by those with nonconcurrent grade$3 CRS
and NEs and with any-grade concurrent CRS and NEs. The median
ICU stay was longest for patients with concurrent grade $3 CRS
and NEs (Table 4).

Total cost of CRS and NE management

Median component and total costs to manage CRS and NEs are
presented by AE type and severity with 95% confidence intervals
from the probabilistic sensitivity analysis (Table 5; Figure 2). Median
total costs for AE management ranged from $1930 to $177343.
More severe AEs were associated with higher median total costs.
Median costs for CRS or NEs only, respectively, were $7517
(range, $2421-$37 616) and $1930 ($0-$3992) for grade 1,
$18013 ($5630-$46 972) and $17 074 ($4947-$64 214) for
grade 2, and $61228 (no range; n 5 1) and $17609 ($6584-
$48485) for grade 3. As expected, costs were highest among
patients who experienced concurrent CRS and NEs, especially
when both AEs were grade $3. Additional summary statistics were
calculated for AE management costs across all patients and ranged
from $0 to $454093 (Table 5; Figure 2).

Exploratory analysis

An exploratory analysis was conducted for patients treated with liso-
cel in the outpatient setting. Among the 15 patients with CRS and
NEs who were treated in the outpatient setting, 13 required hospital
admission for toxicity management, with a median LOS of 5 days.
Furthermore, only 1 of 15 patients who received liso-cel in the
outpatient setting required ICU monitoring. The median total cost of
all-grade CRS and/or NE management for patients who received
liso-cel in the outpatient setting was $14566 compared withT
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$26186 for patients who received liso-cel in the inpatient setting
(n 5 112).

Discussion

CRS or NE episodes occurred in 127 patients (47.4%) who were
administered liso-cel in the TRANSCEND clinical trial. Among these
patients, HCRU and CRS/NE management costs varied extensively
between AE stratifications. Median costs ranged from $7517 to
$61 228 for those with CRS only and from $1930 to $17609 for
those with NEs only. Median costs ranged from $21871 to
$58 953 for nonconcurrent CRS and NEs and from $33219 to
$177343 for concurrent CRS and NEs. Costs increased
significantly by grade for both CRS and NEs.

This analysis found that inpatient hospitalization and ICU LOS were
the key drivers of CRS and/or NE management costs. Facility costs
comprised an average of 79.7% of total management costs across
all patients. Medications, including tocilizumab for the management
of CRS, were not a major component of costs, most likely because
of the low rate of use in TRANSCEND. Drug expenditures
comprised an average of 9.4% of total costs, although drug costs
for liso-cel and lymphodepletion were not part of this calculation,
because they were provided to patients who enrolled in TRAN-
SCEND and were not used in the treatment of CRS or NEs. A
recent site-of-care analysis by Lyman et al15 indicated that CAR

T-cell therapy acquisition costs can be substantial, but administra-
tion in an outpatient setting does have posttreatment cost-saving
implications. Additional consideration should be given to re-
imbursement rates for inpatient vs outpatient administration of
CAR T-cell therapy, which vary by site and insurer.

Moreover, HCRU and costs differed substantially between patients
who experienced a grade $3 CRS or NE episode compared with
those who did not. Eleven (37.9%) of the 29 patients with grade$3
events were admitted to the ICU for AE management compared
with 6 (6.1%) of the 98 patients with grade #2 events. Given that
77.2% of patients treated with liso-cel who experienced CRS and/
or NEs had grade #2 events, this further limited the need for ICU
management, which was required in only 17 patients (13.4%).
Management of grade $3 events resulted in a 193.3% increase
in aggregated median costs vs grade #2 events ($50 586 vs
$17246, respectively). These HCRU and cost differences are
significant, because most patients who experienced CRS and/or
NE episodes after liso-cel administration did not have grade $3
events.

The low incidence of severe CRS and NEs and time to onset of
these toxicities among those treated with liso-cel support the
ongoing investigation of outpatient administration for some patients,
which would also significantly limit health care expenditures.11 Of
the 25 patients who received liso-cel in the outpatient setting of

Table 3. CRS and NE characteristics (N 5 127)

Grade* n (%)†

Median (range) n (%)‡

CRS onset, d CRS resolution, d NE onset, d NE resolution, d CRS onset before NE NE onset before CRS Same onset

CRS only

Any 47 (37.0) 5.0 (1.0-14.0) 9.0 (2.0-17.0) — — — — —

1 33 (26.0) 5.0 (2.0-14.0) 8.0 (2.0-17.0) — — — — —

2 13 (10.2) 5.0 (1.0-9.0) 9.0 (6.0-15.0) — — — — —

$3 1 (0.8) 3.0 (3.0-3.0) 8.0 (8.0-8.0) — — — — —

NE only

Any 14 (11.0) — — 10.0 (2.0-34.0) 20.0 (7.0-94.0) — — —

1 4 (3.1) — — 12.5 (8.0-20.0) 23.5 (18.0-32.0) — — —

2 3 (2.4) — — 17.0 (14.0-20.0) 20.0 (20.0-20.0) — — —

$3 7 (5.5) — — 8.0 (2.0-34.0) 19.0 (7.0-94.0) — — —

Nonconcurrent CRS and NE

Any 21 (16.5) 4.0 (1.0-11.0) 9.0 (2.0-19.0) 13.0 (6.0-66.0) 25.0 (6.0-92.0) 21 (100.0) 0 0

CRS and NE #2 16 (12.6) 3.0 (1.0-7.0) 9.0 (2.0-19.0) 14.5 (6.0-66.0) 27.5 (6.0-92.0) 16 (100.0) 0 0

CRS or NE $3 5 (3.9) 6.0 (3.0-11.0) 12.0 (8.0-13.0) 13.0 (9.0-15.0) 23.0 (22.0-55.0) 5 (100.0) 0 0

Concurrent CRS and NE

Any 45 (35.4) 4.0 (1.0-12.0) 10.0 (3.0-24.0) 7.0 (1.0-18.0) 16.0 (3.0-90.0) 31 (68.9) 8 (17.8) 6 (13.3)

CRS and NE #2 29 (22.8) 5.0 (2.0-8.0) 10.0 (3.0-24.0) 7.0 (1.0-16.0) 14.0 (3.0-42.0) 20 (69.0) 6 (20.7) 3 (10.3)

CRS or NE $3 12 (9.4) 4.0 (1.0-12.0) 11.5 (6.0-23.0) 8.0 (1.0-18.0) 18.0 (12.0-90.0) 8 (66.7) 2 (16.7) 2 (16.7)

CRS and NE $3 4 (3.1) 4.0 (3.0-8.0) 12.5 (9.0-16.0) 5.5 (4.0-12.0) 12.5 (25.0-30.0) 3 (75.0) 0 1 (25.0)

Any CRS 113 5.0 (1.0-14.0) 9.0 (2.0-24.0) — — — — —

Any NE 80 — 9.0 (1.0-66.0) 19.0 (3.0-94.0) — — —

*Lee et al12 criteria were used to determine CRS toxicity grade, and National Cancer Institute Common Terminology Criteria for Adverse Events (version 4.03)17 were used to determine
NE toxicity grade.
†Percentages based on patients who experienced a CRS and/or NE episode.
‡Percentages calculated within each row.
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TRANSCEND, 10 (40.0%) did not experience any CRS or NE
episodes. The 15 outpatients with CRS and/or NEs had decreased
rates of HCRU and lower median costs for AE management
compared with inpatients, which is consistent with the site-of-care
analysis by Lyman et al.15

Although CAR T-cell therapies have shown promising response
rates and durable clinical efficacy, the financial considerations of
such treatments continue to be a topic of concern for key
stakeholders.30,31 CAR T-cell products with better safety profiles
may provide more consistent cost estimates.15 Furthermore, there
are growing concerns about the overall impact of treatments on the
health care system, particularly with regard to inpatient and ICU
capacities. A CAR T-cell therapy that is associated with a low
incidence of grade$3 events, a low rate of transfer to the ICU, and
a safety profile that supports the option of outpatient administration
in some patients would further reduce the strain on the health care
system. This study provides further context for resource allocation
and the cost implications for the management of CRS and NEs
associated with liso-cel.

Our results are generally in accordance with other CAR
T cell–associated AE management cost analyses. Hernandez
et al16 found nondrug costs for treating CRS were $30 000 to
$36 000 for the average patient and as high as $56 000 for those
with severe CRS. We observed a relatively similar cost range in this
study, with escalating costs associated with CRS severity. Lyman
et al15 also performed a cost analysis with similar findings for
inpatients ($81 611 total for drugs, procedures, and hospitaliza-
tion), although the main focus of this study was to compare the
costs of care between inpatient and nonacademic specialty
oncology network outpatient settings. In the latter setting, medical
procedure costs were universally lower, suggesting that treating
patients with CAR T-cell therapy as outpatients could mitigate some
of the associated costs (40.4% cost reduction). Additionally, cost-
effectiveness analyses tend to suggest that CAR T-cell therapy may
be more cost effective than salvage chemotherapy and stem cell
transplantation, although all 3 studies caution their findings are
preliminary.32-34

Various assumptions were required for the clinical considerations
and economic evaluation. It was assumed that the database
captured all clinical and resource utilization; no methods to address
missing data were employed. Because of the dynamic nature of
CRS and NEs, patients may experience a range of AE severity.
However, patients were stratified based on the maximum AE grade
that occurred. In addition, the management of care may transition
between sites of care over the course of an AE episode. On days
where AE management took place in multiple facilities, the higher-
level unit was selected. Costs were limited to those observed within
the clinical trial and therefore did not include additional costs that
may be incurred in the real-world setting (eg, professional fees and
cost of the liso-cel product once commercially available).

This analysis was performed from the health care system perspective;
however, data on the true costs for each site of care in the health care
system were not available. Estimates by site of care relied on ratios
found in the literature. Reimbursement rates were used as source
values for cost estimation, and a reimbursement/ cost ratio was
applied. Drug costs were assumed to be equivalent for all sites of
care. True drug acquisition costs may differ across hospitals as
a result of 340B program eligibility, contracting power, and other
factors. However, despite the limited availability of hospital-specific
cost data, this analysis provides a relative relationship on HCRU
and costs between AE grade severity levels. Although unit cost
estimates were based on the most recently available public
databases or peer-reviewed literature, they may not reflect the
current cost burden of resources. However, these sources are
consistent with recent CAR T-cell therapy economic modeling
efforts.15,16,34,35 Because of the uncertainty surrounding cost
inputs, the validity of the results were tested in a sensitivity analysis.
Even with the introduction of uncertainty, the association of
increasing costs with AE severity was consistent. Moreover, the
estimations represent national averages and may not be generaliz-
able to specific institutions or geographic areas.

This study focused exclusively on the management of CRS and
NEs. Other prevalent AEs such as cytopenias and hypogammaglo-
bulinemia were not included. In a conservative approach, this
resource and cost analysis was restricted to those HCRUs listed in
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the clinical trial management protocol by AE and severity or those
that were informed by expert opinion.

This analysis was restricted to patients who received liso-cel in
the TRANSCEND trial; thus, the findings for HCRU and cost
estimations may not represent outcomes for other CAR T-cell
therapies or in settings outside of a clinical trial given different AE
profiles or management strategies.10,36-39 Furthermore, given the
small sample size for many of the AE stratifications, particularly
regarding average or median cost estimates for grade $3 AEs,
generalizability is limited.

We believe this study is among the first to estimate costs for CRS
and NEs by AE type and severity. In addition, it explores the
resource and cost implications when a patient experiences both
CRS and NE episodes. The findings contribute to the existing
literature estimating the economic impact of treatment with a CAR
T-cell therapy, while highlighting the significant difference in costs
to manage CRS and NEs depending on the severity of the event.
Liso-cel is associated with low rates of grade $3 AEs, which may
reduce the HCRU and economic costs of managing patients who
are treated with CAR T-cell therapy.
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