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for implementation in
community based centers
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Chimeric Antigen Receptor T-cell (CAR-T) therapy has transformed the treatment
landscape for hematological malignancies, showing high efficacy in patients with
relapsed or refractory (R/R) disease and otherwise poor prognosis in the pre-CAR-
T era. These therapies have been usually administered in the inpatient setting due
to the risk of cytokine release syndrome (CRS) and immune effector cell-
associated neurotoxicity syndrome (ICANS). However, there is a growing interest
in the transition to outpatient administration due to multiple reasons. We review
available evidence regarding safety and feasibility of outpatient administration of
CD19 targeted and BCMA targeted CAR T-cell therapy with an emphasis on the
implementation of outpatient CAR-T programs in community-based centers.
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1 Introduction

Chimeric Antigen Receptor T-cell (CAR-T) therapy has transformed the treatment
landscape for hematological malignancies, showing high efficacy in patients with relapsed
or refractory (R/R) disease and otherwise poor prognosis in the pre-CAR-T era. In the last
seven years, the United States Federal Drug Administration (FDA) has approved six CAR-
T products for several hematologic malignancies, such as large B-cell lymphomas (LBCL),
B-cell acute lymphoblastic leukemia (B-ALL), mantle cell lymphoma (MCL), follicular
lymphoma (FL), multiple myeloma (MM) and recently chronic lymphocytic leukemia/
small lymphocytic lymphoma (CLL/SLL) (1).
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Historically, these therapies have been administered in the
inpatient setting due to the risk of cytokine release syndrome
(CRS) and immune effector cell-associated neurotoxicity
syndrome (ICANS). However, there is now an interest in
investigating the safety and feasibility of outpatient
administration of CAR-T therapy in different settings. To do so
several factors must be considered, including efficacy and safety
profile of each product, patient and disease characteristics, center
infrastructure, logistic aspects, economic implications, and
regulatory considerations. The American Society for
Transplantation and Cellular Therapy convened an expert panel
to review current evidence, survey cellular therapy programs
regarding outpatient administration of these products and
provide guidance on this matter (2).

The evolution towards outpatient CAR T-cell therapy is
motivated by the pursuit of optimizing resource utilization,
reducing healthcare costs, increasing patient satisfaction and
convenience. However, this paradigm shift introduces
complexities such as the need for frequent outpatient monitoring
including telehealth visits and potentially using wearable devices for
vital signs monitoring. The need to strike a balance between patient
safety and successful outcomes with implementation logistics and
resource utilization becomes imperative in this dynamic landscape.

The safety and feasibility of outpatient administration of CAR
T-cell products have been shown by several groups, mostly in
academic centers. University-based programs have established
cellular therapy programs for blood and marrow transplantation
(BMT), with the added advantage of clinical CAR-T experience
acquired through participation in registrational trials and early
implementation of standard of care (SoC) programs once CAR-
T-cells became commercially available. Administration in non-
academic centers or hematology practices affiliated with
community hospitals represents a challenge. Products with a
predictable time frame for immune effector cell toxicities and/or
with lower toxicity profiles can be administered safely as outpatient
in most institutions. This review aims to offer a comprehensive
analysis of the current state, challenges, and advancements in
outpatient CAR-T therapy, with a focus on its application in
community-based centers with cellular therapy programs.

2 CD19 targeted CAR T-cell therapy
for B-cell malignancies

Four commercial CD19 targeted CAR-T products have been
approved for the treatment of R/R B-cell malignancies. Axicabtagene
ciloleucel (axi-cel) received approval for relapsed or refractory Large
B-cell Lymphoma (LBCL) and Follicular Lymphoma (FL),
tisagenlecleucel (tisa-cel) received approval for LBCL, FL and B-cell
ALL (in patients up to 25 years of age), lisocabtagene maraleucel (liso-
cel) for LBCL and CLL/SLL, while brexucabtagene autoleucel (brexu-
cel) is approved for R/R mantle cell lymphoma (MCL) and B-cell
ALL (3-11). CAR-T toxicity profile is variable and is partially
dependent on the type of co-stimulatory domain used in the CAR
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construct, with higher rates of neurological toxicities and CRS
observed with CARs containing CD28 versus 4-1BB costimulatory
domains (12). Most registrational studies for B-cell malignancies
mandated obligatory hospital stay for the monitoring and
management of CAR-T toxicities including CRS and ICANS. Upon
CAR-T approval, the standard approach has been to hospitalize
patients for infusion and toxicity monitoring. This creates
administrative challenges due to increased inpatient bed utilization
and staffing demands. Additionally, a planned prolonged hospital
stay represents an emotional and logistical burden to patients and
caretakers. Strategies for safe outpatient administration of CAR-T
therapies are needed to improve accessibility. Successful outpatient
administration and management of patients treated with tisa-cel, liso-
cel, axi-cel, and brexu-cel have been previously reported (13-16).

Results of a US Cell Therapy Consortium analysis for LBCL
patients showed outpatient tisa-cel administration was feasible and
safe. In the outpatient group less than half (45%) of tisa-cel
recipients required an unplanned admission. The median length
of stay for patients who had an unplanned admission due to
toxicities was shorter (5 days vs 13 days) when compared to the
inpatient group (16). Another large database analysis, this one from
the Center for International Blood & Marrow Transplant Research
(CIBMTR), showed real world liso-cel outcomes paralleled those of
the TRANSCEND trial with an overall favorable toxicity profile.
The incidence of grade = 3 CRS and ICANS were 3% and 11%,
respectively, while 48% and 70% of patients did not experience any
CRS or ICANS (13). These findings support the feasibility of
outpatient liso-cel administration. This was confirmed by the
OUTREACH (NCT03744676) trial which evaluated liso-cel in
patients with third line or later R/R LBCL treated at US
community sites with outpatient monitoring. Inpatient
monitoring was allowed in the study at investigator’s discretion.
Among 82 patients treated with liso-cel, 70% were monitored as
outpatients. The need for inpatient monitoring was mostly due to
unfavorable disease characteristics. Any grade CRS reported in 40%
of patients; with no patients experiencing grade >3 CRS. In terms of
neurological events, 29% of patients experienced any grade ICANS
with 10% experiencing GR > 3. Tocilizumab and/or corticosteroids
were administered to 29% of patients. In outpatients, 37%
experienced any grade CRS and 28% any grade ICANS.
Hospitalization was not necessary in 25% of patients who started
with the outpatient infusion and 32% were hospitalized within 4
days. Initial hospitalization lasted a median of 6 days (range, 1-28)
for outpatients versus 15 days (range, 3-31) for inpatients. The
OUTREACH study showed outpatient liso-cel administration is
feasible and safe outside of academic center settings (14).

The University of Pennsylvania group reported their outpatient
experience with tisa-cel in R/R non-Hodgkin lymphoma (NHL).
After lymphodepletion, patients were evaluated for the presence of
bulky disease, organ dysfunction or increase in symptoms. Those
without risk factors received outpatient tisa-cel with frequent clinic
visits for monitoring. A total of 68 patients were treated with
outpatient tisa-cel. Any grade CRS rate was 40.3%, with no
reported grade 3-5 CRS events. Hospitalization was required in
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19.4% of patients within 72 hours, and in 36.1% within 30 days of
product infusion. The median length of hospital stay was 5 days.
This analysis demonstrated the safety and feasibility of outpatient
tisa-cel administration, with 64% of patients not requiring
hospitalization (17).

Axi-cel and brexu-cel have some of the highest response rates but
carry higher risks of CRS and ICANS. Dholaria and colleagues
reported a series of 13 patients treated with axi-cel and brexu-cel
(LBCL, n=9; MCL, n=4) in the outpatient setting (15). Relevant staff
and caregiver training was implemented, as well as telemedicine visits
for remote outpatient monitoring. Criteria for outpatient
administration included tumor sum of product diameters (SPD)
less than 1000 mm® and minimal comorbidities. Patients were
monitored with twice daily in-person visits and one overnight
remote visit via telemedicine through day 14 post- CAR-T infusion.
The median time to hospitalization was 96 hours with a median
inpatient stay of 7 days. Most (92%) patients experienced CRS, and
more than half (54%) experienced neurological toxicities.
Hospitalization was not necessary in 3 (23%) patients. This study
highlights the possibility of avoiding hospitalizations in selected
patients receiving CAR-T products with CD28 costimulatory
domain. The frequency of clinical follow up visits (both in-person
and telehealth) may not be feasible in all institutions due to staffing
demands, resources, and patient or caretaker limitations. The Medical
University of South Carolina group reported their real-world
experience with outpatient CAR-T. Of the 32 patients who received
outpatient infusion, hospitalization was not required through day +30
for 4 (12.5%) patients (18).

3 BCMA targeted CAR T-cell therapy
for multiple myeloma

Two B-cell maturation antigen (BCMA) directed CAR-T
products, idecabtagene vicleucel (ide-cel) and ciltacabtagene
autoleucel (cilta-cel) are approved for patients with R/R multiple
myeloma (RRMM). Despite their efficacy in heavily pre-treated
populations, accessibility remains a challenge. The registrational
study for ide-cel required the first 10 patients to remain hospitalized
for a minimum of 7 days following product administration,
thereafter, outpatient management of additional patients was an
option (NCT03361748). The registrational study for cilta-cel
(NCT03548207) mandated hospitalization of the first 6 patients
for at least 2 weeks after receiving cilta-cel infusion. Patients who
received cilta-cel outpatient were asked to remain within 1 hour of
the study site for 2 weeks after cell infusion (19, 20).

Fortunately, as our understanding of CAR-T toxicities,
prophylaxis and management strategies continue to improve the
field is moving towards outpatient administration and hospitalization
either at defined timepoints or once immune effector-cell related
toxicities occur. For example, the feasibility of outpatient cilta-cel is
currently being explored in the phase Il CARTITUDE-2 MMY2003
(NCT04133636) and the phase III CARTITUDE-5 MMY3004
(NCT04923893) studies. Lymphodepleting chemotherapy and cell
product infusion are administered in the outpatient setting with
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planned hospitalization on day +5. Deferring hospitalization until day
+5 is reasonable given that the median times to onset of CRS and
ICANS for this product are 7 and 8 days, respectively.

For CAR-T products like ide-cel, where toxicity onset is earlier,
alternative strategies are needed. The median onset of CRS after ide-
cel infusion is 1 day and the median onset of ICANS is 2 days. Bansal
and colleagues reported the results of outpatient administration of
several CAR-T products including ide-cel and cilta-cel. Patients were
admitted based on certain clinical or laboratory findings like presence
of fever, elevated C- reactive protein within 24-hour or less doubling
time, or new neurologic symptoms. All three patients in the outpatient
ide-cel group were admitted. For cilta-cel, 17 of 22 patients were
admitted. While these numbers remain small, there does seem to be a
potential signal that outpatient administration of BCMA products is
feasible (21). Thus far outpatient CAR-T administration has not been
shown to worsen overall safety outcomes. Lastly, it should be noted
that median length of hospital stay was relatively short at 4 and 5 days
for ide-cel and cilta-cel, respectively.

In an effort to improve detection and early intervention of CAR-T
related toxicities, the use of wearable technology has been
implemented by some institutions. These devices can remotely
detect changes in temperature, pulse, oxygen saturation, and
respiratory rate. Rajeeve et al. report the results of an investigator
initial trial that enrolled 14 patients evaluating the feasibility of using
wearable devices (WD) for detecting CRS following autologous CAR-
T therapy in RRMM. Most notable in this study was the excellent
inter-observer correlation (95% CI) = 0.952 (0.901-0.977).
Additionally, CRS was detected by threshold temperature method
approximately 3 hours earlier than SoC nursing vital signs (22). The
authors concluded that reliable CRS detection by WD may support
the transition from inpatient to outpatient administration of cellular
therapies. Further efforts are underway in order to further explore this
promising and convenient platform.

4 Patient selection for outpatient
CAR-T

Adequate patient selection is essential for successful outpatient
CAR-T administration. The ASTCT expert panel opinion outlined
several factors that should be considered when evaluating a patient
for outpatient CAR-T therapy (2). These factors can be grouped
into clinical and logistical aspects. Age, performance status,
comorbidities, organ function, and disease characteristics are
among the most relevant clinical factors to consider. The specific
criteria to consider outpatient versus inpatient may differ between
treatment centers and cellular therapy physicians. Logistical aspects
for outpatient administration include proximity to the treatment
center, around the clock caregiver support and 24/7 access to
qualified healthcare personal for direct admission and emergent
management of complications.

Product selection for outpatient CAR T-cell therapy
administration is also dependent on the toxicity profile of each
CAR-T product and the time to onset of CRS and ICANS. Certain
products exhibit a rapid onset of toxicities (axi-cel, brexu-cel and
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ide-cel) after product infusion, while others exhibit a later CRS and
ICANS onset (liso-cel, cilta-cel, tisa-cel). The time to onset and the
rates of severe CRS/ICANS can inform decisions regarding
outpatient CAR-T infusion and help guide planned admissions at
specified timepoints.

5 Discussion

In non-academic settings, CAR-T products with a rapid toxicity
onset or higher rates of Grade >=3 CRS/ICANS may be administered
in a hospital environment for close monitoring in the post infusion
period, while the late onset or lower toxicity agents allow for easier
planning of outpatient infusion and follow-up, tailed by a planned
admission for monitoring closer to the time point of toxicity
emergence or at the time of toxicity occurrence, therefore shortening
the overall hospital stay duration and improving bed space utilization.

Community based centers with more limited resources may favor
inpatient administration of products with higher toxicity rates and
early onset of CRS/ICANS due to staffing limitations, lack of timely
after-hours admission pathway, and lack of dedicated 24/7
emergency units with adequately trained personal. Moreover, the
implementation of preventative interventions such as corticosteroids
or anakinra can exert influence on the time of onset and severity of
CRS and ICANS (23-25). For example, the prophylactic
administration of corticosteroids, as observed in cohort 6 of the
ZUMA-1 trial, resulted in a delay in CRS onset to 5 days compared to
the earlier onset observed in cohort 1 (23).

If the objective is to administer CAR-T therapy in the outpatient
setting, it may be prudent to consider widespread prophylactic
strategies along with implementation of safety measures across the
healthcare system with the aim of mitigating and delaying severe
toxicities. For community-based outpatient CAR-T programs it is
essential to reach providers in the emergency department (ED) and
other urgent services within the community network and create
awareness of the need for quick intervention in cellular therapy
recipients. Electronic Medical Record (EMR) labels and patient chart
alerts for CAR-T recipients that include contact numbers for the cell-
therapy team are useful and can provide a safety net to avoid delays in
care. Caregiver support is also a critical component and education must
include provider contact information and vital signs self-monitoring
(26). If wearable devices are being used the clinical team must ensure
caretakers are familiar with their role in detection of vital signs changes.

Establishing an outpatient CAR T-cell therapy program in a
non-academic setting is a complex but achievable goal. A successful
program requires careful planning, significant resources, and
adherence to regulatory standards. Some of the key components
needed to establish such a program are shown in Figure 1. A
detailed description of each component is provided here:

5.1 Infrastructure and equipment

5.1.1 Facilities
Dedicated spaces with the necessary infrastructure to perform
leukapheresis, administer cell therapy and monitor patients for
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adverse reactions. Centers with pre-existing BMT programs have an
easier path to implementation.

5.1.2 Laboratory services
Access to a laboratory capable of handling pre-CAR-T testing,
ongoing monitoring, and emergent need for services.

5.2 Staffing and training

5.2.1 Specialized staff

A team of healthcare professionals trained in CAR T-cell therapy
administration, including hematologists, advance practice providers,
nurses, pharmacists, coordinators, and support staff. Training should
cover the unique side effects and management protocols specific to
CAR-T therapy.

5.2.2 Continuous education

Ongoing training programs to keep staff updated on the latest
developments, protocols, and safety measures. Extending education
to other providers and staff outside of the Hematology and Cell
Therapy programs is essential to increase awareness and enhance
communication in centers affiliated with community hospitals.

5.3 Regulatory compliance
and accreditation

5.3.1 Certification

Obtaining certification from regulatory bodies, such as the FDA,
which often requires adherence to specific guidelines for facilities and
staff involved in administering CAR-T therapy. In the US all CAR-T
products are available under a REMS (Risk Evaluation and Mitigation
Strategy) program to ensure safe administration. REMS requirements
typically include elements aimed at educating healthcare providers
and patients about potential risks and appropriate use. These
encompass training programs for healthcare professionals, as well

Infrastructure and
Equipment \

Partnerships and Stafﬁpg_ and
Collaboration Training
/ \
[ \
| |
Data Regulatory

Compliance and
Accreditation

Management and
Research

/

Adverse Event

Patient Selection

Management and Support

FIGURE 1
Key components of a CAR-T program in community-based centers.
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as patient education materials outlining the treatment’s benefits, risks,
and necessary precautions. REMS for CAR-T products also involve
protocols for monitoring and managing adverse events, ensuring
timely reporting and intervention once immune effector -cell related
toxicities occurs.

5.3.2 Accreditation

Pursuing accreditation from professional organizations, such as
the Foundation for the Accreditation of Cellular Therapy (FACT),
which can help ensure adherence to best practices in cellular therapy.

5.4 Patient selection and support

5.4.1 Eligibility criteria

Establishing criteria for patient eligibility based on the current
indications for CAR-T and considering the patient’s overall health and
ability to tolerate the therapy. Guidelines for inpatient vs outpatient
administration and established care pathways should be available.

5.4.2 Support services

Providing comprehensive patient support, including education
about CAR-T therapy, financial counseling, psychological support,
and long-term follow-up care.

5.5 Adverse event management

5.5.1 Protocols for side effects

Developing detailed protocols for the management of common
CAR-T therapy side effects, such as CRS, ICANS, hematotoxicity
and infectious complications.

5.5.2 Emergency care
Ensuring rapid access to emergency services and intensive care
units capable of managing severe adverse reactions.

5.6 Data management and research

5.6.1 Patient registry

Keeping detailed records of treatments and outcomes to
contribute to the broader knowledge base of CAR T-cell therapy
safety and efficacy. Encourage participation and reporting to
CIBMTR or similar collaborative registry-based research efforts.

5.7 Partnerships and collaboration
5.7.1 Collaboration with academic centers
Forming partnerships with academic centers and industry

leaders in CAR-T therapy for knowledge exchange, research
participation, and referral networks.
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In summary, available data supports the safety and feasibility of
outpatient CAR-T administration with the caveat of a majority of the
studies being conducted in large academic centers, where resources
are readily available. Community-based programs need to overcome
additional challenges for implementation of successful CAR T-cell
programs and transition to outpatient administration in a safe
manner. Establishing pathways that ensure quick and efficient
transitions of care between outpatient and inpatient is essential.
Telehealth visits and WD are useful tools, but their widespread
implementation may be limited due to lack of funding and staffing
demands. Outpatient CAR-T therapy programs in non-academic
settings will continue to expand as the indications and spectrum of
commercially available products broadens. When evaluating the
financial aspects of administering CAR-T in an outpatient setting,
it’s crucial to understand the factors that impact overall costs. One
key element is the potential for reduced acquisition costs, a benefit
that is relevant under the 340B Drug Pricing Program available in the
US (27). This program allows institutions to purchase medications at
discounted prices for outpatient administration. Moreover, Medicare
reimbursement policies and patient status determination play a
critical role in financial considerations. For instance, if a patient
needs to be admitted as inpatient to the hospital during the 72 hours
following product infusion, the associated costs are transferred to the
inpatient setting and covered under a Diagnosis-Related Group
(DRG) payment system (28). This results in lower reimbursement
because DRG payments are typically fixed amounts based on the
diagnosis and treatment provided, rather than reflecting the actual
cost of the therapy. A first step to mitigate these challenges could be
selecting CAR-T products with later onset of toxicities where it is
feasible to complete lymphodepletion and cell infusion as outpatient,
and then admitting pre-emptively on or after day +4. This approach
can help US community-based centers with limited resources for
afterhours admissions ensure patients receive timely and appropriate
care for CAR-T related complications, while optimizing costs.
Establishing an outpatient CAR-T program is both challenging and
rewarding. It not only requires significant upfront investment and
ongoing dedication to excellence but also provides an invaluable
service to patients by making life-saving treatments more accessible.
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