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Abstract

Background: Chimeric antigen receptor T cells (CAR-Ts) constitute a novel therapeutic strategy for relapsed/refractory
B-cell malignancies. CAR-T therapy has been extensively applied in the clinical setting; however, few systematic studies have
evaluated the cost of CAR-T treatment. This study was conducted to evaluate the total cost and cost structure of CAR-T
therapy and identify potential risk factors leading to increased costs. Methods: We identified the associated risk factors in 89
patients in a phase /2 study. The cohort included patients with acute lymphoblastic leukemia (ALL, n = 55) and non-Hodgkin’s
lymphoma (NHL, n = 34). Results: Overall, the treatment of the ALL cohort was costlier than that of the NHL cohort (P <
0.001). Furthermore, in the ALL cohort, it was costlier to treat patients with a high tumor burden (P < 0.001), high cytokine
release syndrome (CRS) grade (P < 0.001), and complications of infection after CAR-T cell infusion (CTI) in the whole cohort
(P = 0.013) than patients with a low tumor burden, with low CRS grade, and without infection, respectively. CRS grade and
length of stay (P < 0.005) were independent risk factors associated with the total cost in both the ALL and NHL cohorts
during CAR-T therapy. A high tumor burden, duration of fever, and treatment with tocilizumab were independent risk factors
associated with the total cost in the ALL cohort (P < 0.05). Conclusions: CAR-T treatment should be extended to patients
with a low tumor burden or patients in a state of complete remission, and a corticosteroid approach, as opposed to tocili-
zumab, may reduce costs.
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Introduction

Patients with relapsed/refractory (R/R) B-cell malignancies
have a very poor prognosis, with low complete remission
(CR) rates and a short overall survival (OS) time after sal-

! Department of Hematology, Zhoushan Hospital, China

vage chemotherapy. For B-cell lymphoma, the CR rate is
only 7% with a median OS of 6.3 months'. For B-cell acute
lymphoblastic leukemia (ALL), the CR rate is 43%, with a
median OS of 6.1 months®. Therefore, effective therapeutic
strategies are urgently needed for these patients.

Recently, chimeric antigen receptor T cells (CAR-Ts)
have been successfully employed to improve treatment out-
comes for B-cell malignancies; CR rates of 70%-95% and
50%—70% for CAR-T treatment of R/R ALL*® and B-cell
lymphoma® ' have been reported in independent clinical
trials, respectively. Because of the breakthrough efficacy
of CAR-T therapy, on August 30, 2017, the FDA approved
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tisagenlecleucel (Kymriah®, Novartis, Basel, Switzerland)
in the United States for treating patients up to 25 years old
with R/R ALL'. Subsequently, axicabtagene ciloleucel
(Yescarta®, Gilead, Foster City, CA, USA) was approved
for treating adult R/R large B-cell lymphoma and tisagenle-
cleucel for R/R diffuse large B-cell lymphoma, for patients
ineligible for or relapsing after autologous stem cell trans-
plantation'®. Many patients have benefited from CAR-T
therapy, and the frequency of this treatment has steadily
increased.

Despite the incredible efficacy of CAR-T treatment, the
cost is high. Kymriah has a listed price of US$475,000 and
Yescarta has a listed price of US$373,000'°. In the United
States, all costs, including a lengthy hospital stay, outpatient
follow-up, and supportive care for the prevention and treat-
ment of complications, are expected to amount to more than
US$547,000, possibly resulting in total expenses exceeding
USS$1 million per patient'®. Costs may further increase with
complications, including severe cytokine release syndrome
(CRS), CAR-T cell-related encephalopathy syndrome, pan-
cytopenia, and infection'” >, Currently, the economic bur-
den associated with CAR-T treatment is poorly defined and
not well studied. Therefore, data regarding the cost of CAR-
T therapy episodes are of special interest.

In China, CAR-T therapy has not been approved for clin-
ical application and is currently in clinical trials; the CAR-T
product is free. Detailed real-world cost estimates associated
with CAR-T treatment episodes, excluding the CAR-T pro-
duction fee, are limited. Given this lack of evidence, we
assessed the costs, symptoms, and toxicities associated with
CAR-T treatment in 89 Chinese patients with R/R B-cell
malignancies and identified the associated factors. Depend-
ing on the medical insurance policy, 50%—100% of the total
cost of the 89 patients is borne by the government, and the
remainder is borne by the patients themselves, which is dif-
ferent from the third-party payer systems in other countries.

Materials and Methods
Patients and Clinical Protocols

This study (ChiCTR-ORN-16008948, ChiCTR-OIC-
17011310, ChiCTR1800015575) was performed according
to the Declaration of Helsinki. Patients with R/R ALL or
non-Hodgkin’s lymphoma (NHL) who were administered
lymphodepletion chemotherapy and CAR-T cell infusion
(CTD) from July 2015 to May 2019 in a phase 1/2 open-
label single-institution clinical trial were included after
approval by the ethics committee of the First Affiliated Hos-
pital of Zhejiang University. The inclusion criteria were as
follows: (1) age less than 75 years; (2) R/R CD19+ ALL,
R/R CD19+ diffuse large B-cell lymphoma or follicular
lymphoma; (3) relapse after hematopoietic stem cell trans-
plantation (HSCT) without evidence of graft-versus-host
disease and not requiring immunosuppression therapy;
(4) measurable disease and adequate performance status and

organ function; and (5) patients with adequate renal and hepa-
tic function with an Eastern Cooperative Oncology Group
performance status of 0—2. Patients with central nervous sys-
tem leukemia were ineligible. The study protocol was
approved by the institutional review board of the First
Affiliated Hospital, School of Medicine, Zhejiang University,
and all patients provided written, informed consent. Patients
with R/R ALL underwent disease assessment with bone mar-
row aspiration before CTI, and patients with NHL underwent
positron emission tomography/computed tomography (PET/
CT) examination. All patients were administered a single
cycle of lymphodepletion chemotherapy, followed by CTI
at doses of 1.0 x 106-10.0 x 106 cells/kg. All CAR-T cells
were from the same costimulatory domains, as described in
our clinical trials®>. Granulocyte colony-stimulating factor
(5 ng/kg) was administered daily when the absolute neutro-
phil count (ANC) was <500 cells/mm?>, and patients were
admitted in a laminar flow ward. The serum immunoglobulin
G levels were evaluated prior to and approximately weekly
after CTI, and immunoglobulin (400 mg/kg, intravenous
injection IV) was recommended if the serum immunoglobulin
G levels were less than 600 mg/dL. Patients with a body
temperature of >38°C and neutropenia were immediately
treated with 1 g of meropenem/imipenem every 8 h; blood
cultures were carried out for patients with body temperatures
of >38°C and repeated if necessary. Tocilizumab and corti-
costeroid were administered to terminate CRS, which was
dependent on the patient’s condition.

Cost Calculation and Structure

When a patient was enrolled in this clinical trial, all
treatment-related costs began to be calculated until the
patients were discharged or died after CTI. Hospitalization
costs were extracted from the hospital information system,
which provided inpatient personal information, diagnosis,
treatment process, nursing records, and hospital bills. The
costs were classified using 10 components as follows: drugs,
laboratory tests, radiology examinations, transfusions, nur-
sing, physicians, treatment, oxygen supply, room charges,
and others. In this study, drugs mainly included chemother-
apy drugs, immunoglobulin, antibiotics, and tocilizumab.
The treatment cost was mainly related to the costs of leuka-
pheresis, injection, infusion, and monitoring. Several
patients were administered donor’s CAR-T, and thus the
donor’s inpatient costs were incorporated in the patient’s
cost. Several patients died from infection or primary disease
just after CTI and were not included in the analysis, as they
did not complete the entire treatment process. In this study,
all the costs were inpatient costs and did not include indirect
costs. In our calculations, we intentionally excluded costs
associated with stem cell transplantation, as the objective
of our study was to estimate costs strictly related to the
administration and adverse effects of CAR-T therapy, rather
than all costs associated with the potential downstream path-
ways of CAR-T recipients.
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Table I. Clinical and Treatment Characteristics Before and After Chimeric Antigen Receptor T-Cell Therapy.

ALL, n =55 NHL, n = 34 P Total, n = 89
Baseline characteristics
Age, median (range), years 27 (7-67) 48 (23-71) <0.001 35 (7-71)
Female 28 (50.9%) 13 (38.2%) 0.246 41 (46.1%)
Prior antitumor treatment regimens 5 (224 8 (5-24) <0.001 6 (2-24)
IgG, median (range), mg/dL 745 (302-1,856) 700 (195-1,321) 0.430 744 (195-1,856)
ANC < 500 cells/mm? before CTI 15 (27.3%) 2 (5.9%) 0.013 17 (19.1%)
Fever before CTI 24 (43.6%) 7 (20.6%) 0.027 31 (34.8%)
Prior autologous and/or allogeneic HSCT 17 (30.9%) 4 (11.8%) 0.040 21 (23.6%)
Infection in prior treatment 15 (27.3%) 5 (14.7%) 0.170 20 (22.5%)
Disease status
<20% blasts*/I-II° 20 (36.4%) 9 (26.5%) 0.362 29 (32.6%)
>20% blasts*/IlI-IV® 35 (63.6%) 25 (73.5%) 60 (67.4%)
Post CAR-T cell characteristics
Duration of neutropenia 6 (0-78) 1.5 (1-36) <0.001 4 (0-78)
Duration of fever 7 (0-45) 6 (0-63) 0.091 6 (0-63)
CRS grade®
0 7 (12.7%) 5 (14.7%) 0.001 12 (13.5%)
1-2 29 (52.7%) 23 (67.6%) 52 (58.4%)
3-5 19 (34.7%) 6 (17.6%) 25 (28.1%)
Corticosteroid 6 (10.9%) 5 (14.7%) 0.599 I (12.4%)°
Tocilizumab 18 (32.7%) 5 (14.7%) 0.061 23 (25.8%)°
Length of stay, median (range), days 33 (14-103) 18 (11-104) <0.001 27 (11-104)

ALL: acute lymphoblastic leukemia; ANC: absolute neutrophil count; CAR-T: chimeric antigen receptor T cell; CICAE: common terminology criteria for
adverse events; CRS: cytokine release syndrome; CTI: CAR-T cell infusion; HSCT: hematopoietic stem cell transplantation; IgG: immunoglobulin G; NHL:

non-Hodgkin’s lymphoma.
*Blasts referred to the blast cells in the bone marrow.

® Patients with NHL were examined via positron emission tomographic/computed tomographic scanning before CTl and staged in accordance with the results.

“The severity of CRS was graded according to 4.0.

9Fourteen patients received only tocilizumab, two patients received only corticosteroids, and nine patients received both.

Statistical Analysis

Summary statistics were determined for categorical vari-
ables, along with median and ranges for continuous vari-
ables. To compare two or three sets of data, we used
nonparametric tests. To evaluate the risk factors for total
cost, we performed linear regression analysis. Because the
cost data are not orthodox, before regression analysis we log-
transformed the data and confirmed that the data were nor-
mally distributed. Neutrophil recovery was defined as the
first of 3 consecutive days with an ANC > 500 cells/mm”.
Patients with body temperatures of >38°C within 72 h
before CTI were considered to have a fever before CTI. The
body temperatures of every patient were recorded from the
first day of inpatient treatment to death or discharge. The
duration of fever was defined as a body temperature of
>38°C from the first day up to the third consecutive day with
a body temperature of <37.3°C.

Results
Clinical and Treatment Characteristics

During the study period, 89 patients with R/R ALL or
NHL were administered CTI. Patients and treatment char-
acteristics are listed in Table 1. The median age was 35
years (range 7-71 years), and 41 patients (46.1%) were

women. The study patients were pretreated with a median
of 6 prior lines of chemotherapy (range 2-24) before CTI,
and 21 patients (23.6%) underwent a prior autologous
and/or allogeneic HSCT. Before CTI, 17 patients
(19.1%) had an ANC < 500 cells/mm>. Thirty-one
patients (34.8%) had fever. Sixty patients (67.4%), with
blast cells in the bone marrow >20% or stage ITI-IV
according to PET/CT scan before CTI, were considered
to be in a state of high tumor burden. Twenty-nine
patients (32.6%), with blast cells in the bone marrow
<20% or stage I-II according to PET/CT scan before
CTI, were considered to be in a state of low tumor bur-
den. In the total cohort, the median length of stay was 27
days (range 11-104 days), whereas the ALL cohort had a
longer stay than the NHL cohort at 33 days (range 14—
103 days) versus 18 days (range 11-104 days), respec-
tively. Additionally, the median duration of neutropenia
in the ALL cohort was longer than that in the NHL cohort
at 6 days (range 0-78 days) versus 1.5 days (range 1-36
days), respectively. Furthermore, we divided the patients
into remission and nonremission groups according to the
evaluation after treatment. There were 63 patients in the
remission group and 26 patients in the nonremission
group. Forty-seven (85.4%) patients with ALL and 16
(47.1%) patients with NHL were in the remission group.



4 Cell Transplantation

Us dollars Us dollars
s ALL
g I | ..o NHL
§2000 e
§2000 P
42000 4 o
. 13200 4— ~
22000 i 13200 1.
s L & 5 a0’
Mra o —— 2. o
820047 T -
' & . .
e ; 1200 4 7 = g %
o] o 1200 ] *a =T
:‘ = -t H .
%004 Y & 3 % cAms % : Yos Bt
_ér ¥ O ] L ¥ 58 43 85
0 — dul 7 gl T A ¥ =% =¥
-" o F o & & 3] & > > > > & Y &
& @.‘é\ 0"9 & &‘.\ & \?\- 3 f ‘}(} e\\‘d\ & £ & \‘p" & P & 6“0 & 6?«
& f & §F \\’Q & & & & @
B & ¥ & g & .‘Q’e @9
b \) QQ"‘ o « oF
&

Fig. 1. Distribution of costs and comparison of costs between groups. (A) Distribution of costs in total cohort. (B) Comparison of costs
between the ALL and NHL cohorts (total cost, P < 0.001; drug cost, P < 0.001; transfusion, P < 0.001; treatment cost, P = 0.001; lab test, P <
0.001; physician, P < 0.001; nursing, P = 0.012; others, P < 0.001; oxygen supply, P = 0.015; room charge, P = 0.023). ALL: acute

lymphoblastic leukemia; NHL: non-Hodgkin’s lymphoma.

Total Cost of CAR-T Treatment

The median total hospitalization cost was US$8,514 (range
US$1,861-120,029) for patients in the total cohort versus
US$13,354 (range US$2,605-54,268) for patients in the
ALL cohort and US$5,707 (range US$1,861-120,029) in the
NHL cohort. The total cost of the ALL cohort was signifi-
cantly higher than in the NHL cohort (P < 0.001).

Structure of Cost during CAR-T Therapy

The descriptive findings following CAR-T treatment during
hospitalization are presented in Fig. 1A. The drug cost was
the main expenditure, ranging from 18% to 80%, with a
median ratio of 51%. The median drug cost was US$4,269
(range US$451-87,883). Lab tests were the second highest
cost, with the median lab tests cost at US$1,930 (range
US$255-10,066). Treatment costs ranked third, with a med-
ian of US$1,068 (range US$457-5,361). “Other” costs
(mainly materials) ranked fourth, and the median was
US$375 (range US$54-1,438). Next were radiology exam-
inations, nursing, and room charges, with median costs of
US$299 (range US$0-3,182), US$267 (range US$51-
2,457), and US$192 (range US$26-5,052), respectively. The
lowest cost was oxygen supply, transfusions, and physicians,
with median costs of US$91 (range US$0-1,432), US$72
(range US$0-8,167), and US$57 (range US$23-221),
respectively.

We compared 10 cost components between the ALL and
the NHL cohorts. For the NHL cohort, the cost was signif-
icantly lower than in the ALL cohort: drugs (median

US$7,854 vs 2,037, P < 0.001), transfusion costs (median
US$451 vs 0, P <0.001), treatment costs (median US$1,131
vs 948, P = 0.001), lab test costs (median US$2,261 vs
1,150, P < 0.001), physicians costs (median US$68 vs 39,
P < 0.001), others (median US$407 vs 211, P < 0.001),
nursing (median US$327 vs 218, P = 0.012), oxygen supply
(median US$137 vs 30, P = 0.015), and room charges (med-
ian US$239 vs 149, P = 0.023; Fig. 1B). Additionally, the
NHL cohort had a shorter length of stay (median 33 days vs
18.5 days, P < 0.001).

During CAR-T treatment, we divided the 89 patients into
two cohorts according to their CRS grade: CRS grade 0-2
and CRS grade 3-5; patients with CRS grade 3 or higher cost
more, with the total cost and the above-mentioned 10 cost
components being higher: total cost (median US$20,123 vs
6,400, P < 0.001), drug costs (median US$12,612 vs 2,813,
P < 0.001), transfusion costs (median US$806 vs 0, P =
0.001), treatment costs (median US$1,275 vs 1,051, P =
0.002), lab test costs (median US$3,142 vs 1,447, P = 0.001),
radiology examination costs (median US$429 vs 237, P <
0.001), nursing costs (median US$402 vs 242, P = 0.002),
oxygen supply costs (median US$203 vs 44, P < 0.001),
room charges (median US$327 vs 166, P = 0.009), physi-
cian costs (median US$79 vs 52, P = 0.005), and others
(median US$526 vs 306, P = 0.001; Fig. 2A).

During CAR-T treatment, 13 patients were considered as
infected according to microbiological tests; we divided the
89 patients into two cohorts, the noninfected and the infected
cohorts, and determined the total cost. Seven cost compo-
nents were increased: total cost (median US$7,451 vs
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Fig. 2. Cost comparison between cohorts according to CRS grade or infection. (A) Comparison of costs between patients with CRS grade
0-2 and CRS grade 3-5 (total cost, P < 0.001; drug cost, P < 0.001; transfusion, P = 0.001; room charge, P = 0.009; treatment cost, P = 0.002;
nursing, P = 0.002; radiology examination, P < 0.001; lab test, P = 0.001; oxygen supply, P < 0.001; physician, P = 0.005; other, P = 0.001). (B)
Comparison of costs between infected and noninfected patients (total cost, P = 0.013; drug cost, P = 0.020; transfusion, P = 0.012; room
charge, P = 0.017; nursing, P = 0.048; lab test, P = 0.007; oxygen supply, P = 0.007; physician, P = 0.029). CRS: cytokine release syndrome.

19,449, P = 0.013), drug costs (median US$3,171 vs 11,132,
P = 0.020), transfusion costs (median US$54 vs 1,806, P =
0.012), lab tests (median US$1,568 vs 2,893, P = 0.007),
nursing (median US$252 vs 578, P = 0.048), oxygen supply
(median US$69 vs 265, P = 0.007), room charges (median
USS$171 vs 371, P = 0.017), and physician costs (median
US$52 vs 72, P = 0.029; Fig. 2B).

In the ALL cohort, patients with a high tumor burden
had higher costs, and the total cost and 10 cost components
were increased: total cost (median US$5,872 vs 19,854, P <
0.001), drug costs (median US$2,851 vs 12,499, P <0.001),
transfusion costs (median US$0 vs 1,095, P < 0.001), treat-
ment cost (median US$764 vs 1,309, P < 0.001), lab tests
(median US$1,504 vs 2,983, P < 0.001), radiology exam-
inations (median US$229 vs 368, P = 0.007), nursing
(median US$230 vs 402, P < 0.001), oxygen supply (med-
ian US$27 vs 189, P = 0.001), room charges (median
USS$136 vs 325, P < 0.001), physician costs (median
USS$58 vs 79, P = 0.003), and others (median US$306 vs
588, P < 0.001; Fig. 3A). In the NHL cohort, there was no
significant difference (P > 0.05) between patients with high or
low tumor burdens (Fig. 3B).

Risk Factors Associated with Cost during
CAR-T Therapy

We then analyzed various pre- and posttreatment clinical
factors to identify risk factors associated with total costs.

Risk factors associated with costs via univariate and multi-
variate analysis are shown in Table 2. According to our
previous description, there were significant differences in
cost between the ALL and the NHL cohorts. Age, sex, prior
chemotherapy, and prior autologous and/or allogeneic HSCT
were not correlated with increased total costs (Table 2). CRS
grade (B: 0.163, 95% CI: 0.053-0.274, P = 0.005; B: 0.303,
95% CI: 0.132-0.474, P = 0.001, respectively) and length of
stay (B: 0.023, 95% CI: 0.014-0.031, P < 0.001; B: 0.036,
95% CI: 0.017-0.054, P < 0.001, respectively) were inde-
pendent risk factors associated with total cost during CAR-T
therapy for both the ALL and the NHL cohorts. For the ALL
cohort, the tumor burden before CTI (B: 0.007, 95% CI:
0.002-0.011, P = 0.002), duration of fever (B: 0.017, 95%
CI: 0.033-0.040, P = 0.001), and treatment with tocilizumab
(B: 0.377, 95% CI: 0.001-0.033, P = 0.040) were indepen-
dent risk factors associated with the total cost during CAR-T
therapy.

Discussion

This study describes the total cost and cost structure in
patients with R/R ALL and NHL during CAR-T treatment.
We compared the ALL cohort and the NHL cohort; the ALL
cohort showed higher costs, particularly the cohort with a
high tumor burden. We found that the CRS grade and length
of stay were independent risk factors associated with the
total cost in both cohorts, and the CRS grade, length of stay,
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Fig. 3. Comparison of costs between high and low tumor burden groups. (A) Comparison of costs between high and low tumor burdens in
the ALL cohort (total cost, P < 0.001; drug cost, P < 0.001; transfusion, P < 0.001; lab test, P < 0.001; treatment cost, P < 0.001; room charge,
P < 0.001; nursing, P < 0.001; radiology examination, P = 0.007; oxygen supply, P = 0.001; physician, P = 0.003; others, P < 0.001). (B)
Comparison of costs between high and low tumor burdens in the NHL cohort (total cost, P > 0.05; drug cost, P > 0.05; transfusion, P > 0.05;
lab test, P > 0.05; treatment cost, P > 0.05; room charge, P > 0.05; nursing, P > 0.05; radiology examination, P > 0.05; oxygen supply, P > 0.05;
physician, P > 0.05; others, P > 0.05). ALL: acute lymphoblastic leukemia; NHL: non-Hodgkin’s lymphoma.

tumor burden, duration of fever, and treatment with tocili-
zumab were independent risk factors in the ALL cohort.

In recent decades, salvage chemotherapy and salvage
allogeneic HSCT were the main treatment strategies for R/
R hematological malignancies** 2’, although there are some
limitations. Patients treated with salvage chemotherapy have
a low incidence of remission and poor OS'®. Although allo-
HSCT is a potentially curative treatment option for hemato-
logical malignancies, pretransplantation minimal residual
disease negativity plays an important role in long-term free
survival®®?%; the outcome of salvage allo-HSCT is poor.
Moreover, old age is typically associated with poor prog-
nosis both in salvage chemotherapy and in allo-HSCT. Ter-
williger found that age is a factor affecting poor prognosis*,
as the elderly tend to have disease with more comorbidities,
which increase the costs. In our study, we found that age was
not correlated with increased total costs, and high CR rates
of B-cell malignancies have been reported in our center and
other independent clinical trials® '*. Thus, our study showed
that CAR-T treatment may be a better choice for R/R B-cell
malignancies compared to salvage chemotherapy and sal-
vage allo-HSCT.

In our study, the NHL cohort showed lower costs than the
ALL cohort. This may be related to the following factors: (1)
the ALL cohort had a longer length of stay (P < 0.001); a
long length of stay is correlated to the use of a room and
higher nursing and physician costs, as well as a high risk of

nosocomial infection, which can further increase the costs.
Our study showed that the length of stay was an independent
risk factor associated with the total cost of all 89 patients; (2)
the ALL cohort had a long duration of neutropenia (P <
0.001), which is correlated with higher costs.

High tumor burden was another risk factor associated
with the increased total cost in the ALL cohort. The follow-
ing factors may have been related: (1) The high tumor bur-
den cohort showed a longer duration of neutropenia after
CTI; even before CTI, these patients were already in a state
of neutropenia; the patients should be treated with granulo-
cyte colony-stimulating factor and antibiotics for infection
prevention, and admitted to a laminar flow ward, which
results in higher costs. (2) The high tumor burden cohort
was also accompanied by low platelets and low hemoglobin;
this cohort required frequent transfusion as support treat-
ment; in our study, transfusion costs were significantly
increased. A higher disease burden is associated with the
development of severe CRS and severe neurotoxicity, and
higher burden malignancy involvement in the bone marrow
has been established as a risk factor for toxicity in patients
with B-cell malignancies®'?*'*°. Park found that a low
tumor burden before CAR-T treatment was associated with
favorable outcomes in patients with R/R ALL®. Hay et al.
identified a high marrow tumor burden as an independent
predictor of CRS and delayed hematopoietic recovery in
patients with grade > 4 CRS, which can result in higher
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Cell Transplantation

costs'®. Taken together, CAR-T treatment can be performed
in patients with a low tumor burden R/R ALL to improve
long-term free survival, decrease treatment-associated com-
plications, and reduce treatment costs. Treating patients with
low malignancy burdens may be optimal, in terms of both
efficacy and cost savings, but may not always be possible.

Here, CRS grade was an independent risk factor associ-
ated with the total cost of all 89 patients, and the duration of
fever was an independent risk factor associated with the total
cost in the ALL cohort. It has been reported that the first
presenting symptom of CRS is typically fever. Park et al.
compared serum cytokine panels in patients with CRS who
had infections to those of uninfected patients, but found no
differences®'. Currently, CRS and infection cannot be dis-
tinguished in patients administered CAR-T treatment and
presenting with fever. Furthermore, the incidence of infec-
tion in CAR-T treatment was comparable to observations
from salvage or primary therapy for patients with B-cell
malignancies®'2. For patients with fever after CTI, antibio-
tics are required, and patients should be treated until the
temperature returns to normal. In our study, the main expen-
diture was drug costs, and antibiotics are the main expendi-
ture among these costs. Shortening the duration of fever
would reduce costs. Corticosteroid treatment clearly has a
role in toxicity management, and it has been reported that
timely and effective cytokine-directed treatment with corti-
costeroids is important for avoiding CRS-associated death®*.
Tocilizumab enables CAR-T cells to be administered safely
to many patients without significantly compromising effi-
cacy34; however, the price is high. In our study, treatment
with tocilizumab was an independent factor associated with
the total cost because of its high price. Corticosteroids can
reduce costs but also potentially reduce the efficacy of CAR-
T cell therapy, specifically when used as a replacement for
tocilizumab. To reduce costs, corticosteroids are a better
choice.

Increasing numbers of patients will be treated with CAR-
T therapy because of its ability to induce a high remission
rate. At present, CAR-T treatment in China remains in the
clinical trial stage. Currently, there are few reports of the
cost of CAR-T treatment>. Our study provides an overview
and analysis of the data in patients who underwent CAR-T
treatment, providing a reference for government and insur-
ance companies.

This study had several limitations, including its retrospec-
tive nature and limited sample size which may have influ-
enced the reliability of the statistical analysis. The choice of
covariates for multivariable analysis may have been con-
strained by the small number of observed events, including
costs of the donors’ hospitalization in cases of donor-derived
CAR-T cells which may overestimate costs compared to
patients administered autologous products, which is far more
common and currently the only method of administering
commercially available CAR-T cell products. Additionally,
excluding patients who died shortly after treatment may have
underestimated costs, as these patients likely required more

supportive care for complications and therefore would have
increased costs.

Conclusions

This study provides a broad and comprehensive description
of the total costs and structure of costs in this novel cohort.
The results suggest that CAR-T treatment should be
extended to patients with a low tumor burden or patients in
a state of CR. Further studies of larger cohorts in multiple
centers are required to obtain more extensive data pertaining
to the overall cost of CAR-T treatment.
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