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Key Points

• Commercial CAR T-
cell therapies including
CARs with CD28
domain may be given
safely as outpatient
without intense home
monitoring.

• Low-grade CRS can
be managed in the
outpatient setting with
a well-structured
system.
Recent studies demonstrating the feasibility of outpatient chimeric antigen receptor

(CAR)–modified T-cell therapy administration are either restricted to CARs with 41BB

costimulatory domains or use intensive at-home monitoring. We report outcomes of

outpatient administration of all commercially available CD19- and B-cell maturation

antigen (BCMA)–directed CAR T-cell therapy using a strategy of no remote at-home

monitoring and an early cytokine release syndrome (CRS) intervention strategy. Patients

with hematologic malignancies who received CAR T-cell therapy in the outpatient setting

during 2022 to 2023 were included. Patients were seen daily in the cancer center day

hospital for the first 7 to 10 days and then twice weekly through day 30. The primary end

point was to determine 3-, 7-, and 30-day post–CAR T-cell infusion hospitalizations. Early

CRS intervention involved administering tocilizumab as an outpatient for grade ≥1 CRS.

Fifty-eight patients received outpatient CAR T-cell infusion (33 myeloma, 24 lymphoma, and

1 acute lymphoblastic leukemia). Of these, 17 (41%), 16 (38%), and 9 patients (21%) were

admitted between days 0 to 3, 4 to 7, and 8 to 30 after CAR T-cell infusion, respectively. The

most common reason for admission was CAR T-cell–related toxicities (33/42).

Hospitalization was prevented in 15 of 35 patients who received tocilizumab for CRS as an

outpatient. The nonrelapse mortality rates were 1.7% at 1 month and 3.4% at 6 months. In

conclusion, we demonstrate that the administration of commercial CAR T-cell therapies in

an outpatient setting is safe and feasible without intensive remote monitoring using an

early CRS intervention strategy.
Introduction

Chimeric antigen receptor (CAR)–modified T-cell therapy has significantly altered the management of
hematologic malignancies.1-4 Initially approved for the treatment of relapsed or refractory acute
lymphoblastic leukemia (ALL) in 2017, CAR T-cell therapy has since been approved for multiple B-cell
malignancies including relapsed or refractory large B-cell lymphoma (LBCL), multiple myeloma (MM),
follicular lymphoma, and mantle cell lymphoma (MCL).1,3,5-12 Given the risk of potentially life-threatening
adverse events including cytokine release syndrome (CRS) and immune effector cell–associated
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neurotoxicity syndrome (ICANS), CAR T-cell therapy was admin-
istered in the inpatient setting in the initial clinical trials, and the
same pattern followed in the real world. The duration of inpatient
stay varies from 1 to ≥4 weeks depending on institutional prac-
tices, product features, and patient characteristics. This leads to
potentially higher health care costs and inpatient resource utiliza-
tion and may limit access to this life-saving therapy.13,14 Further-
more, prolonged hospitalization can lead to physical
deconditioning, increased risk of nosocomial infections, anxiety,
and depression in patients, affecting their quality of life.15

Given the shortcomings of inpatient management of CAR T-cell
therapy, emerging data have demonstrated the safety and feasibility
of outpatient administration of CAR T-cell therapy.16,17 However,
studies reporting outpatient management of CAR T-cell therapy
often use a very rigorous monitoring system for patients, including
the use of remote patient monitoring devices, after-hour patient
checks by the health care team including phone calls, as well as an
initial inpatient monitoring period.18,19 This in turn makes outpatient
administration logistically complex and may lead to increased
patient anxiety, affecting their quality of life.20 On the contrary, due
to the higher rates of immune-related adverse events associated
with CD28 domain–containing CAR T-cell products, such as axi-
cabtagene ciloleucel (axi-cel), outpatient administration of com-
mercial CAR T-cell therapy has generally been limited to products
with 41BB costimulatory domain, such as lisocabtagene mar-
aleucel and tisagenlecleucel, or use complex home monitoring
systems for CRS monitoring.18,19 In addition, unlike lymphoma,
data for outpatient administration of anti-BCMA CAR T-cell therapy
for MM, particularly ciltacabtagene autoleucel (cilta-cel), are
limited.19 We report our experience of outpatient management of
commercially available CAR T-cell therapy products, using a
strategy of no remote monitoring and early intervention for CRS.
Methods

We performed a retrospective review of patients who received
commercially available CAR T-cell therapy in the outpatient setting.
The study was approved by the institutional review board. The
strategy of outpatient CAR T-cell therapy administration was
deployed in January 2022 in our center. All adult patients with
hematologic malignancies receiving a commercial CAR T-cell
therapy product from January 2022 onward were required to
receive treatment in the outpatient setting with the following
exceptions: presence of active central nervous system disease,
ongoing hemodialysis, lack of caregiver support, and a diagnosis of
ALL (which were later included from June 2023 onward). Patients
were required to stay within 45 minutes of the cancer center, along
with an adult caregiver.

Procedure

Patients were seen daily (including weekend days) in the cancer
center day hospital for the first 7 to 14 days after infusion and then
twice weekly through day 30 in the general hematology outpatient
clinics. No remote monitoring of vital signs or patient symptoms
was performed via electronic devices or after-hour patient check-
ins (eg, telephone calls). Lymphodepletion and CAR T cells were
administered in an outpatient infusion center (day hospital), where
the patients were evaluated daily by a treating physician and/or an
advanced practice provider (APP) and transplant nursing staff. In
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addition, our hospital has a 24-hour clinic, an outpatient unit staffed
with nurses, an APP, and an on-call physician operating 24 hours a
day, which was used for after-hours (5 PM-7 AM) patient concerns.
The day hospital and 24-hour clinic are equipped to administer
outpatient antibiotics, tocilizumab, chemotherapy drugs, blood
products, and immunosuppressive agents and are functional on
weekends and holidays.

Early CRS intervention involved administering tocilizumab in the
outpatient setting for grade ≥1 CRS (Figure 1). Tocilizumab could
be administered in the day hospital during normal working hours
(7 AM to 5 PM) or in the cancer center’s 24-hour clinic during
nighttime (5 PM-7 AM). Patients were admitted if they developed >1
grade CRS, ICANS, neutropenic fevers, suspicion 114 of immune
effector cell associated Hemophagocytic Lymphohistiocytosis-like
syndrome (IEC115 HS) or evidence of hemodynamic compromise.
Patients with CRS but none of the above symptoms received up to 2
doses of tocilizumab as outpatients (day-hospital/24-hour clinic) and
were then monitored for a maximum of 8 hours after the last dose. If
the symptoms resolved, patients were discharged home with routine
follow-up as per their schedule. Patients with persistent fever despite
2 doses of tocilizumab were admitted to the hospital.

Statistical analysis

Descriptive statistics were used for baseline patient and treatment
characteristics, and data for toxicity, efficacy, and resource utilization
were summarized using frequency tables. The primary end point of
the current analysis was to assess the inpatient admission rates
within 3, 7, and 30 days after outpatient CAR T-cell administration.
CRS and ICANS were graded according to the American Society for
Transplantation and Cellular Therapy consensus criteria.21 Univariate
analysis was done using χ2 and Fisher exact tests for categorical
variables. Kaplan-Meier methods and log-rank tests were applied for
progression-free survival (PFS) and overall survival (OS) for all
patients. PFS was defined as the time from CAR T-cell infusion to the
earliest of disease relapse, progression, or death. OS was defined as
the time from CAR T-cell infusion to death from any cause.

Results

Of the 98 patients who received commercial CAR T-cell therapy
between January 2022 to December 2023, a total of 64 patients
were eligible to receive outpatient CAR T-cell infusion (Figure 2).
Among the 34 patients who received planned inpatient CAR T-cell
therapy, the reasons included active central nervous system lym-
phoma (n = 14), ALL (n = 4; administered before June 2023),
recipients of a nonconforming product on expanded access pro-
tocols (n = 5), poor performance status (n = 4), patient refusal
(n = 2), ongoing hemodialysis (n = 2), and other reasons (n = 3). Of
the 64 patients meeting the criteria for outpatient administration, 28
patients lived locally within 45 minutes of the hospital, whereas 26
used an on-campus hospital guest house (Kathy’s house), and 10
used hotels or resided with family in the area. Fifty-eight of these 64
patients received the CAR T-cell infusion as outpatients, whereas 6
patients started lymphodepletion on outpatient basis but had to be
admitted and received CAR T-cell infusion inpatient (Figure 2).
Reasons for admission included a decline in performance status
(n = 4), new onset shortness of breath (n = 1), and fevers (n = 1).

Table 1 summarizes the baseline characteristics of all patients
intended for outpatient administration and those who actually
OUTPATIENT ADMINISTRATION OF CAR T-CELL THERAPY 4321



Does the patient have any one of the following:
1. Mental status changes (confusion, disorientation, word finding difficulties, etc) or any neurological findings suspicious for ICANS/neurotoxicity onset
2. Fevers ( 100.4°F) in a neutropenic patient (ANC 1000/uL)
3. Hypoxia (oxygen saturation 91%) requiring supplemental oxygen or patient with subjective complaint of severe dyspnea
4. Low blood pressure ( 90mmHg systolic or 60mmHg diastolic) after adequate fluid replacement
5. Laboratory suspicion for hemophagocytic lymphohistocytosis (HLH)
6. Opinion of Rn, APP/NP or MD physically examining the patient (based on any worrisome exam finding or complaints e.g. chest pains, cardiac rhythm abnormalities, 'toxic' appearing patients
7. Known or very high suspicion of an infectious process requiring intravenous antibiotic therapy

Yes No

Admit to inpatient for further
treatment

Initial Outpatient Workup
- CBC, CMP (if not done within the same calendar day), ferritin, CRP. CBC and CMP should be repeated every
   24 hours
- Infectious Workup

• Blood cultures (two peripheral or one peripheral and one from each lumen of CVAD)
• Urinalysis
• Chest x-ray (PA/lateral)

- Monitor vital signs and pulse every 1-2 hours and PRN per RN discretion
- Electrocardiogram
- ICE neurologic assessment, see addendum. Repeat every 12 hours.

Daytime hours (08:00-16:30): Day Hospital RN in
collaboration with Primary BMT Physician/APP Team

Nighttime hours (16:30-08:00): 24-hour clinic RN in collaboration
with Inpatient BMT Physician/ Night APP Team

Management:
- Antiemetics and antipyretics as needed
- Continue antimicrobial prophylaxis, tumor lysis prophylaxis, seizure prophylaxis
- Start levofloxacin (if not already ongoing) in febrile patients (regardless of ANC). Antibiotics may be discontinued if blood cultures remain negative after 48 hours.
- In the presence of hypotension ( 90mmHg systolic or 60mmHg diastolic) administer 1-Liter/hr normal saline. If persistent hypotension page BMT&CT attending on-call
- Administer tocilizumab 8mg/kg IV (Max dose 800 mg/infusion) if:

• Fever ( 100.4°F)
• Hypotension ( 90mmHg systolic or 60mmHg diastolic) requiring 2 liters of fluid resuscitation
• Any high-risk patient for CRS based on clinical judgement of treatment clinician
• Tocilizumab may be repeated after 12 hours in case of persistent fever. If a second dose is needed, monitor for an additional 8 hours

Resolution of symptoms and afebrile
for more than 8 hour with no need for
supplemental oxygen and/or IV fluids
to support blood pressure

No resolution of symptoms within
23 hours, need for supplemental
oxygen and/or IV fluids to support
blood pressure

Discharge to home. Follow up next day
with regular appointment

Admit to hospital

Figure 1. Management of CRS as outpatient. ANC, absolute neutrophil count; BMT, blood and marrow transplant; CBC, complete blood count; CMP, complete metabolic

profile; CRP, C-reactive protein; PRN, as needed.
received cell infusion as outpatient. The median age in all patients
was 62 years (range, 21-82); 40% (n = 28) were female, and 87%
(n = 56) were Caucasians. There were 32 patients with MM, 27
with LBCL (including 3 double-hit, 4 Richter transformation, and 4
transformed from follicular lymphoma), and 1 each with Burkitt
lymphoma, MCL, ALL, and plasma cell leukemia. The median prior
lines of therapy were 4 (range, 1-12), whereas 38 patients (9 LBCL
and 29 MM) had a prior autologous hematopoietic cell transplant
and 11 (10 MM and 1 LBCL) had a prior allogeneic hematopoietic
cell transplant. Only 7 patients received dexamethasone for CRS
prophylaxis, all with LBCL, following US Food and Drug Adminis-
tration amendment to axi-cel prescribing information on 31 January
2022, per treating physician discretion. None of the patients
received anakinra for prophylaxis. For reporting outcomes, patients
are grouped into B-cell lymphoma (LBCL, Burkitt lymphoma, and
MCL), MM (MM and plasma cell leukemia), and ALL.
4322 FURQAN et al
Hospital admissions

Among the 58 patients who received CAR T-cell infusion as out-
patients, 42 patients (72%) were admitted to the hospital between
days 0 to 30 (Table 2), within a median of 4 days (range, 0-22) after
CAR T-cell infusion. The median length of hospitalization was
4 days (range, 1-14). Among those who were admitted, 17 patients
(40%) were admitted within 72 hours, 16 (38%) between 4 and
7 days, and 9 (22%) between 8 and 30 days. One patient required
intensive care unit admission due to grade 4 ICANS.

Among patients with B-cell lymphoma, 21 of 24 patients (87%)
were hospitalized within 30 days, including 9 who were admitted
within 72 hours, 11 admitted between 4 and 7 days, and 1
admitted between 8 and 30 days. The median length of hospitali-
zation was 5 days (range, 2-14). Of note, all patients who received
dexamethasone prophylaxis were admitted. The rate of admission
27 AUGUST 2024 • VOLUME 8, NUMBER 16



Patients who received commercial CAR T-cell
products between 1/2022-12/2023,

n = 98

Patients eligible for outpatient
CAR T-cell therapy,

n = 64*

Patients who received outpatient
CAR T-cell infusion

n = 58#

Lymphoma
n = 24

Multiple Myeloma
n = 34

Patients not eligible for outpatient CAR T-cell therapy, n = 34
• CNS lymphoma (n = 14)
• ALL (n = 4, before 06/2023)
• Non-conforming product on expanded access protocols (n = 5)
• Poor performance status (n = 4)
• Patient refusal (n = 2)
• Ongoing hemodialysis (n = 2)
• Other reasons (n = 3)

Patients admitted before CAR T-cell infusion
(during/after outpatient lymphodepletion), n = 6

• Decline in performance status (n = 4)
• New onset shortness of breath (n = 1)
• Fever (n = 1)

Figure 2. Eligibility and outpatient administration of CAR T-cell therapy. *Included in safety (CRS/ICANS rates) and efficacy analyses. #Included in hospitalization rates

analyses. CNS, central nervous system.
in patients with MM was 64% (21/33), including 8 who were
admitted within 72 hours, 5 admitted between 4 and 7 days, and 8
admitted between 8 and 30 days, whereas the median length of
hospitalization was 3.5 days (range, 1-13). The single patient with
ALL was admitted on day 4 due to bacteremia.

The rates of 30-day admission varied among different CAR T-cell
products. The rate of admission in patients receiving axi-cel, the
most common product used for lymphoma in our cohort, was 82%
(14/17), and the median time to admission was 4 days (range, 1-
13) after CAR infusion. The rate of admission in patients receiving
cilta-cel, the most common product used for MM, was 58% (14/
24), and the median time to admission was 8 days (range, 3-22)
after CAR infusion. All patients who received dexamethasone
prophylaxis were admitted.

The most common reason for admission was CAR T-cell–related
toxicities in 32 of 42 patients: CRS in 20 patients (48%), ICANS in 3
patients (7%), and both CRS and ICANS in 9 patients (21%). Other
reasons for admission included disease progression (3/42), infec-
tions (3/42), gastrointestinal symptoms (3/42), and pain (1/42).

CRS/ICANS incidence and management

Grade 1 to 2 CRS developed in 51 patients, including 24 of 29
patients (83%) with B-cell lymphomas, 26 of 34 patients (76%)
with MM, and 1 of 1 patient (100%) with ALL (Table 2). There were
no cases of grade ≥3 CRS. All patients with CRS received
tocilizumab.

Among the patients who received tocilizumab for CRS (n = 48), 35
received the first dose of tocilizumab in the outpatient setting. Fifteen
of these 35 patients did not require admission for CRS, whereas 3
patients were admitted for CRS after 48 hours of initial outpatient
management. CRS in these patients was managed by using tocili-
zumab in the outpatient setting, preventing the need for hospitali-
zation. Among patients developing CRS and receiving the first dose
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of tocilizumab outpatient (n = 35), the number needed to treat (with
outpatient tocilizumab) to prevent 1 additional hospitalization was
2.3. Figure 1 summarizes the outpatient management of CRS.

Twenty patients developed ICANS, including 14 patients with
lymphoma and 6 with MM. Among these, 9 were grade 1 to 2
(5 with lymphoma and 4 with MM), whereas 11 patients had grade
3 to 4 ICANS (9 with lymphoma and 2 with MM). All patients with
ICANS were treated in the inpatient setting.

Among the 7 patients who received dexamethasone for CRS/
ICANS prophylaxis, 6 patients developed CRS (all grade 1-2),
whereas 5 had ICANS (grade 1-2, n = 2; grade 3, n = 3). There
were no differences in rates of CRS (86% vs 82%; P > .99) and
ICANS (71.4% vs 40.9%; P = .2) in patients who received dexa-
methasone compared with those who did not.

Outcomes

Among all patients who were intended for outpatient CAR T-cell
therapy (n = 64), 28 patients with lymphoma and 33 patients with
MM were evaluable for response. The overall response rate (ORR)
in patients with lymphoma was 71% (complete response
[CR] = 13 [CR rate = 46%]; partial response [PR] = 7), whereas
the ORR in patients with MM was 72% (24/33; CR = 15 [CR
rate = 45%]; very good partial response/PR = 9). The 1 patient
with ALL had a CR at day 28. Table 2 shows the outcomes of all
patients intended for outpatient infusion and patients who received
the cell infusion as outpatient.

After a median follow-up of 6 months, the median PFS and OS in all
patients with lymphoma were 6.15 months and 9.14 months,
whereas the 6-month PFS and OSwere 53% and 61%, respectively
(Fig. 3A-B). The median PFS and OS in all patients with MM were
14.2 months and not reached (NR), whereas the 6-month PFS and
OS were 88% and 88%, respectively (Fig. 3C-D).
OUTPATIENT ADMINISTRATION OF CAR T-CELL THERAPY 4323



Table 1. Baseline characteristics of patients receiving outpatient CAR T-cell therapy

Baseline characteristics Patients with outpatient cell infusion (n = 58)

All patients intended for outpatient

administration (n = 64)

Median age (range), y 62 (21-82) 62 (21-82)

Female 47% (27) 44% (28)

Race

Caucasian 86.2% (50) 87.6% (56)

African American 5.2% (3) 5% (3)

Hispanic 3.4% (2) 3.1% (2)

Asian 3.4% (2) 3.1% (2)

Other 1.7% (1) 1.6% (1)

Histology

Aggressive B-cell lymphoma 39.7% (23) 44% (28)

MCL 1.7% (1) 1.5% (1)

Myeloma 56.9% (33) 53% (34)

ALL 1.7% (1) 1.5% (1)

Median prior lines of therapy (range) 4 (1-12) 3 (1-12)

Previous auto-HCT

Aggressive B-cell lymphoma 35% (8/23) 36% (10/28)

MM 91% (30/33) 91% (31/34)

Previous allo-HCT

Aggressive B-cell lymphoma 4.3% (1/23) 3.6% (1/28)

MM 27.3% (9/33) 29.4% (10/34)

Bridging therapy

Aggressive B-cell lymphoma 39% (9/23) 43% (12/28)

MM 33% (11/33) 35% (12/34)

Median LDH before lymphodepletion 205 (112-1228) 205 (112-1228)

Type of CAR

Axi-cel 17 22

Tisa-cel 1 1

Liso-cel 5 5

Brexu-cel 2 2

Cilta-cel 21 24

Ide-cel 9 10

Lymphodepletion

Flu-Cy 50% (29/58) 52% (33/64)

Bendamustine 50% (29/58) 48% (31/64)

Allo-HCT, allogeneic hematopoietic cell transplant; auto-HCT, autologous hematopoietic cell transplant; Brexu-cel, brexucabtagene autoleucel; Ide-cel, idecabtagene vicleucel; LDH, lactate
dehydrogenase; Liso-cel, lisocabtagene maraleucel; Tisa-cel, tisagenlecleucel.
The rates of 1-month and 6-month non-relapse mortality (NRM) in
patients with lymphoma were 1.7% and 3.4%, respectively. The
cause of 1-month and 6-month NRM was refractory ICANS.

The 1-month and 6-month NRM in patients with MM were both 0.
After a median follow-up of 6 months, 28 patients relapsed. There
were 16 deaths, including 11 patients with lymphoma and 5 with
MM. The most common cause of death was progressive disease,
which occurred in 14 patients (lymphoma, n = 9; MM, n = 5),
followed by ICANS (lymphoma, n = 2).
4324 FURQAN et al
Impact of lymphodepletion

Thirty-three patients received fludarabine and cyclophosphamide
(Flu-Cy), whereas 31 received bendamustine lymphodepletion.
Although, not statistically significant, the rates of CRS (68% vs
88%; P = .07) and ICANS (23% vs 39%; P = .18) were lower in
patients who received bendamustine than those who received Flu-
Cy. Similarly, rates of admission were lower in patients who
received bendamustine, although not statistically significant (62%
vs 86%; P = .07). The median length of hospitalization in patients
27 AUGUST 2024 • VOLUME 8, NUMBER 16



Table 2. Outcomes of patients receiving outpatient CAR T-cell therapy

Outcomes Patients with outpatient cell infusion (n = 58)

All patients intended for outpatient

administration

(n = 64)

ORR*

LYM 74% (17/23; CR = 12; PR = 5) 71% (20/28; CR = 13; PR = 7)

MM 75% (24/32; CR = 15; VGPR/PR = 9) 73% (24/33; CR = 15; VGPR/PR = 9)

Median PFS

LYM 4.6 mo 6.2

MM 12.8 mo 14.2

Median OS

LYM 9.14 mo 9.14

MM NR NR

CRS*

(All grade 1-2)

All patients

(n = 58)

79% (46)

LYM

(n = 24)

83% (20)

MM

(n = 33)

76% (25)

All patients

(n = 64)

80% (51)

LYM

(n = 29)

83% (24)

MM

(n = 34)

76% (26)

ICANS 28% (16) 45% (11) 15% (5) 31% (20) 48% (14) 18% (6)

Grade 1-2 15% (9) 8% (5) 12% (4) 14% (9) 17% (5) 12% (4)

Grade 3-4 12% (7) 25% (6) 3% (1) 22% (11) 31% (9) 6% (2)

30-d admissions* 72% (42) 87% (21) 64% (21)

Days 0-3 34% (17) 37% (9) 32% (8)

Days 4-7 44% (16) 46% (11) 37% (5)

Days 8-30 19% (9) 4% (1) 26% (8)

First dose tocilizumab

Outpatient 60% (35)

Inpatient 15% (9)

LYM, lymphoma; VGPR, very good partial response.
*The single patient with ALL had grade 1 CRS and was admitted on day 4 due to bacteremia with a CR on day 28.
who received Flu-Cy vs bendamustine is 5 days (range, 2-14) vs
3 days (range, 2-10), respectively.

In patients with lymphoma, the rates of hospital admission were
significantly lower in patients who received bendamustine than
those who received Flu-Cy (33% vs 100%; P = .001). The rates of
CRS (71% vs 87%; P = .4) and ICANS (29% vs 67%; P = .06) in
patients with lymphoma were lower in bendamustine, although not
statistically significant. There was no difference in response rates
(69% vs 85%; P = .6), PFS (NR vs 6 months; P = .75) or OS (NR
vs 6 months; P = .84). The median length of hospitalization was
longer in the Flu-Cy (6.5 days; range, 2-14) than the bendamustine
group (2.5 days; range, 2-8).

In patients with MM, the rates of CRS (65% vs 88%; P = .22),
ICANS (18% vs 18%; P > .99), and hospital admissions (59% vs
64%; P > .99) were not statistically different between the 2 groups.
There was no difference in response rates (71% vs 86%; P = .3)
and OS (NR for both cohorts; P = .36), whereas PFS was higher in
patients who received Flu-Cy than those who received bend-
amustine (24.6 vs 10.3 months; P = .01). There was no difference
in the median length of stay between the Flu-Cy (3.5 days; range,
1-13) and bendamustine (3.5 days; range, 2-10) groups.

Impact of bridging therapy

Twenty-four patients (37.5%) required bridging therapy before
CAR T-cell therapy, including 12 patients with lymphoma and 12
27 AUGUST 2024 • VOLUME 8, NUMBER 16
with MM. In patients with lymphoma, the rates of CRS (92% vs
71%; P = .35), ICANS (50% vs 47%; P > .99), and hospital
admissions (89% vs 80%; P > .99) were not different among the
patients who received bridging therapy compared with those who
did not. Similarly, there were no differences in the rates of CRS
(67% vs 82%; P = .5), ICANS (23% vs 14%; P = .65), and
hospital admissions (83% vs 55%; P = .14) among patients with
MM who received bridging therapy compared with those who did
not.

Impact of inpatient vs outpatient administration

To compare the outpatient vs inpatient administration of CAR T-cell
therapy, we included a historical control receiving planned inpatient
CAR T-cell therapy in the 2 years (2020-2021) preceding our
outpatient program (n = 23; baseline characteristics shown in
supplemental Table 2).

The median length of hospitalization for patients in the historical
control was 18 days (range, 6-89). During the first 30 days after
CAR T-cell therapy, the historical control used an average of
20.6 days per patient in the hospital compared with a per patient
average of 6.2 days in the outpatient cohort (average hospital days
saved per patient of 14.4 days in the first month after therapy).

In patients with lymphoma (n = 21), the ORR was 62% (CR = 11;
PR = 2). The PFS and OS rates at 6 months were 43% and 59%,
respectively. The median PFS and OS were 1.3 months and
OUTPATIENT ADMINISTRATION OF CAR T-CELL THERAPY 4325
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Figure 3. Outpatient CAR-T outcomes. (A) PFS of patients with lymphoma. (B) OS of patients with lymphoma. (C) PFS of patients with MM. (D) OS of patients with MM. LYM,

lymphoma.
13 months, respectively, which were not statistically significant
from the median PFS (6 months; P = .4) and OS (9 months; P = .4)
of patients who received outpatient CAR T-cell therapy. The 1-
month and 6-month NRM were both 14.3% in the inpatient CAR
T-cell therapy group. None of the patients with MM (n = 2) had a
response to CAR T-cell therapy.

Discussion

Although several recent studies have reported the feasibility of
outpatient CAR T-cell therapy, these studies, such as our cohort,
were generally small but were often either limited to the 41BB-
containing CAR T cells or had applied intense home monitoring
strategies.17,18,22-24 We report our experience of outpatient
administration of all commercially available CAR T-cell products
including the CD28-containing axi-cel and both anti-BCMA–con-
taining CAR T-cell therapies, cilta-cel and idecabtagene vicleucel,
without instituting an intense remote monitoring system. This is
also, to our knowledge, the first report of management of low-grade
CRS in the outpatient setting, thus preventing admission in select
patients.

Several factors influence the successful administration of CAR
T-cell therapy in the outpatient setting, including an adequate
infrastructure (eg, appropriate infusion space), well-trained staff
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(physicians, APPs, nurses, and pharmacy), the ability to treat
patients after work hours, and several patient-related factors (eg,
performance status, availability of a caregiver, and ability to reside
near the center).25-27 Therefore, at our center, we established
several safeguards and guidelines for the successful outpatient
administration of CAR T cells. We have a well-established day
hospital capable of outpatient transplant and cell therapy infusions,
as well as a 24-hour clinic for after-hours care, staffed by a dedi-
cated oncology nurse, APP, and physician (on call). We have
previously reported the feasibility of performing outpatient autolo-
gous and allogeneic hematopoietic cell transplantation with
reduced-intensity conditioning using the same system.28,29

The feasibility of outpatient administration has been demonstrated
in several clinical trials and retrospective studies.22,23,30 Although
these CAR T-cell therapies contain the 41BB costimulatory
domain, the data for CD28-containing CAR T cells are limited and
often use a very intense home monitoring system. The use of
remote monitoring systems/devices adds to health care resource
utilization, can lead to patient anxiety, and result in excessive reli-
ance on these devices, thus delaying medical care.18,20,31,32 We
did not implement such remote monitoring systems and relied on
patient and caregiver education as well as on a system that has
worked in our outpatient autologous and allogeneic transplant
recipients for over a decade.28,29
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Another noteworthy point in our study is the outpatient management
of grade 1 CRS. Due to this, 15 of the 35 patients who developed
CRS and received tocilizumab in the outpatient setting did not
require admission for CRS. Our study, albeit small, provides data
that low-grade CRS can be managed in the outpatient setting using
an early intervention strategy, thus preventing hospital admission and
saving inpatient resources for patients with the highest needs.

There are several advantages of outpatient CAR T-cell therapy.
With the decrease in hospitalization rates and duration, there is a
considerably lower utilization of health care resources and a
decreased burden on limited hospital beds. The median hospitali-
zation duration is at least 2 to 3 times shorter in the outpatient than
inpatient CAR T-cell administration. Additionally, the health care
costs associated with CAR T-cell therapy administration are 2 to 4
times higher in the inpatient than in the outpatient setting, which is
mainly driven by the cost of inpatient stay.26 On the contrary, given
the complex regulations regarding insurance coverage and copays
as well possible need for travel and/or lodging, there may be a
higher financial burden on the patients, especially in the United
States.27,33 Outpatient administration also requires a need for a
24-hour caregiver who can provide adequate support and has a
sufficient understanding of CAR T-cell therapy–related toxicities.

The rate of admission in our study was ~72%; the most common
reason for admission was CRS, whereas the rates and days of
hospitalization varied considerably with different CAR T-cell ther-
apy products.17,22 As previously reported in several studies, due to
higher rates of immune-related toxicities, the admission rate was
considerably higher in axi-cel, with a median day of admission at
4 days after infusion.1,29 Conversely, the median day of admission
was day 8 with cilta-cel, consistent with the known late onset of
toxicities with cilta-cel.9

In our study, although not statistically significant, the rates of CRS,
ICANS, and hospital admissions were lower in patients who
received bendamustine than Flu-Cy, especially among patients with
lymphoma. This is consistent with prior studies reporting comparable
efficacy but lower toxicities rates with bendamustine than Flu-Cy
lymphodepletion in patients with lymphoma.34-36 On the contrary,
both the efficacy and toxicity profiles were comparable between
bendamustine and Flu-Cy in patients with MM receiving anti-BCMA
CART-cell therapy.37 Therefore, this may present a potential to
reduce immune toxicities–related admissions in patients who receive
outpatient CAR T-cell therapy. On the contrary, although a small
number of patients (n = 6) received dexamethasone prophylaxis, this
did not affect the rates of any grade CRS, ICANS, and hospital
admissions, which is similar to reported data.38

Our study has some limitations including its retrospective nature as
well as lack of a prospective comparator, which can create
selection bias. Additionally, the follow-up for survival outcomes is
relatively short but the primary aim of this study was to report 30-
day hospitalizations for which all included patients had adequate
follow-up. Our data for outpatient administration for patients with
ALL or those who received brexucabtagene autoleucel are also
limited (1 each). In addition, our approach of outpatient manage-
ment of low-grade CRS requires well-trained staff and availability of
a 24-hour center where these patients can be monitored without
being hospitalized, which may not be possible at other centers.

In conclusion, we demonstrate that CAR T-cell therapy can be
successfully administered as outpatient in a suitable setting, which
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includes patient and caregiver education regarding CAR T-cell–
related toxicities, a 24-hour available center for monitoring patients
in case of toxicity, and a well-trained nursing staff and physician
(including on-call physicians). In addition, carefully selected
patients with low-grade CRS may be safely treated as outpatients
with early administration of tocilizumab for grade 1 symptoms,
preventing hospital admissions.
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