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ABSTRACT

Axicabtagene ciloleucel is the first U.S. Food and Drug
Administration–approved autologous anti-CD19 chimeric anti-
gen receptor (CAR) T-cell therapy for the treatment of patients
with relapsed or refractory large B-cell lymphoma after ≥2
prior systemic therapies. Although axicabtagene ciloleucel is
administered only at authorized treatment centers, commu-
nity oncologists play a critical role in the CAR T-cell treatment
journey, recognizing potentially eligible patients for referral
and then, after treatment, closely collaborating with treat-
ment centers to monitor and manage patients long term.
ZUMA-1, the pivotal, multicenter, phase I/II study of 108
patients treated with axicabtagene ciloleucel, resulted in an
objective response rate of 83%, including 58% complete
responses. With a 27.1-month median follow-up, 39% of

patients had ongoing responses. CAR T-cell therapy is associ-
ated with the potentially life-threatening adverse events (AEs)
of cytokine release syndrome and neurologic events, which
generally occur early after treatment. In ZUMA-1, cytokine
release syndrome and neurologic events were generally revers-
ible and grade ≥3 cytokine release syndrome and neurologic
events occurred in 11% and 32% of patients, respectively. Fre-
quent prolonged AEs included hypogammaglobulinemia, B-cell
aplasia, and cytopenias requiring supportive care until recovery
of hematopoietic function. Rate of treatment-related mortality
was low, at <2%. With appropriate management of common
AEs, axicabtagene ciloleucel offers the potential for long-term
durable responses in patients who otherwise lack curative
treatment options. The Oncologist 2020;25:e138–e146

Implications for Practice: Community oncologists should be familiar with key aspects of chimeric antigen receptor (CAR)
T-cell indications and eligibility to help recognize and refer potential patients for this paradigm-changing treatment option
at the appropriate time during the disease course. To ensure optimal long-term outcomes for patients who have been
treated with CAR T-cell therapy, oncologists must also be familiar with common prolonged AEs and their monitoring and
management.

AXICABTAGENE CILOLEUCEL FOR RELAPSED OR REFRACTORY LARGE B-CELL LYMPHOMA

Large B-cell lymphomas are a group of common and aggres-
sive subtypes of non-Hodgkin lymphoma, with diffuse large
B-cell lymphoma (DLBCL) being the most common, with an
incidence rate of 7.0 per 100,000 persons annually in the
U.S. [1]. Newly diagnosed patients with aggressive B-cell
lymphomas are treated with immunochemotherapy, com-
monly rituximab plus cyclophosphamide, doxorubicin, vin-
cristine, and prednisone [2]. Approximately 20%–40% of
patients may fail initial treatment or relapse [3–5]. Patients
who fail first-line treatment but are eligible to receive

intensive treatment are given salvage chemotherapy. If
these patients have disease that is chemosensitive to sal-
vage chemotherapy, they are offered high-dose chemother-
apy consolidation with autologous stem cell transplantation
(ASCT) [2]. Only 40%–60% of patients respond to salvage
chemotherapy, and randomized studies have failed to show
the superiority of any single salvage chemotherapy [3, 4].
Patients who are refractory to immunochemotherapy or
who relapse within 1 year of initial diagnosis are less likely
to respond to standard salvage chemotherapy and, thus,
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less likely to proceed to ASCT [6]. At least 50% of patients
who do proceed to transplantation may relapse [7, 8].
Patients who are refractory to or relapse following second-
line therapy have a very poor prognosis [9].

SCHOLAR-1, a pooled analysis of 636 patients with
refractory large B-cell lymphoma, demonstrated an objec-
tive response rate (ORR) of 26%, with a complete response
(CR) rate of 7% and a median overall survival (OS) of only
6.3 months [9]. Overall, it is estimated that only 10%–25%
of patients with relapsed or refractory large B-cell lym-
phoma are cured [2, 6]. Prior to chimeric antigen receptor
(CAR) T-cell therapy, treatment options for these patients
were limited to trials of different salvage chemotherapies
or other investigational treatment with very low likelihood
of success [9]. Allogeneic hematopoietic stem cell trans-
plantation is offered to a small subset of patients who may
have already failed ASCT but were able to achieve remission
with another salvage regimen [10, 11]. Thus, a clear unmet
need exists for a more effective therapy for patients with
refractory large B-cell lymphoma to achieve remission and,
hopefully, cure. To address this unmet need, ZUMA-1 was
the first multicenter study to investigate an autologous
anti-CD19 CAR T-cell therapy, axicabtagene ciloleucel, for
the treatment of patients with refractory large B-cell
lymphoma [12].

Axicabtagene ciloleucel was designed to overcome the
limitations of the immune system in eradicating cancer, includ-
ing potential suboptimal T-cell activity and insufficient num-
bers of tumor-specific T cells [13]. It accomplishes this by
using a second-generation CAR construct that incorporates
both a CD3ζ activation domain and a CD28 costimulatory
domain to maximize CAR T-cell activation in response to CD19
antigen (Fig. 1). In addition, a large number of CAR T cells can
be manufactured and expanded in culture prior to infusion
into the patient to ensure that sufficient tumor-target T cells
are present to generate a robust immune response. Condition-
ing regimens, administered before CAR T-cell infusion, have
been optimized to additionally enhance expansion of CAR
T cells in the body. The construct used for axicabtagene
ciloleucel was developed through pioneering work at the
National Cancer Institute (NCI) [14–16]. In long-term follow-
up of an early phase I study at the NCI, four of five patients
with CR maintained responses, which were still ongoing for
38–56 months [17].

The pivotal, multicenter, phase I/II study of axicabtagene
ciloleucel, ZUMA-1, demonstrated a high rate of durable
responses in patients with refractory large B-cell lymphoma
[12, 18]. In 101 patients treated with axicabtagene ciloleucel
in the phase II portion of ZUMA-1, the best ORR was 83%,
including a 58% rate of CR [18]. At a median follow-up of
27.1 months, ongoing responses were observed in 39% of
patients, with a median duration of response of 11.1 months.
Median OS had not yet been reached, and 24-month survival
was 50.5% (Fig. 2). In the phase I portion of ZUMA-1, long-
term responses were observed in three of seven treated
patients who maintained ongoing CR at 24 months [12].
CAR T-cell therapies are associated with potentially life-
threatening adverse events (AEs), notably cytokine release
syndrome (CRS) and neurologic events [19]. CRS has also been
associated with some monoclonal antibodies and bispecific

T-cell engagers, and results when inflammatory cytokines are
released from a large number of activated immune cells
[19–21]. Fever is considered a hallmark of CRS presentation.
Other common symptoms include hypotension, tachycardia,
hypoxia, and chills [19, 20, 22]. At its most severe, CRS
can manifest as atrial fibrillation, cardiac arrest, renal in-
sufficiency, capillary leak syndrome, and hemophagocytic
lymphohistiocytosis. Neurologic events can present with or
without, or subsequent to, CRS, and the exact etiology of neu-
rologic events is not well understood [19]. CAR T cells have
been observed in the cerebrospinal fluid, and elevation of cer-
tain cytokines has been demonstrated to be associated with
neurologic events, suggesting they could possibly be due to a
cytokine-mediated mechanism [23, 24]. Common neurologic
events include encephalopathy, tremor, dizziness, aphasia,
and delirium; serious neurologic events include seizures, leu-
koencephalopathy, and cerebral edema [19, 22]. In ZUMA-1,
grade ≥3 CRS and neurologic events occurred in 11% and
32%, respectively, of the 108 patients and were, in general,
fully reversible [12, 25]. Common and serious symptoms of
CRS and neurologic events, as well as the typical time during
which these events commonly presented, are shown in
Figure 3 [12, 18, 20]. These AEs usually present acutely,
associated with the expansion and activity of CAR T cells in
the patient. The median onset of CRS in ZUMA-1 was day
2 after CAR T-cell infusion, with resolution by day 8 [12].
Similarly, the median onset of neurologic events occurred
early, on day 5, and resolved by day 17 after CAR T-cell infu-
sion [12]. The rate of treatment-related mortality was low,
at <2%.
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Figure 1. Axicabtagene ciloleucel structure.
Abbreviation: CAR, chimeric antigen receptor.
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Based on results from ZUMA-1, axicabtagene ciloleucel
became the first autologous anti-CD19 CAR T-cell therapy
approved by the U.S. Food and Drug Administration for
the treatment of patients with relapsed or refractory large
B-cell lymphoma after ≥2 prior systemic therapies (Table 1)
[22]. Large B-cell lymphoma comprises a variety of sub-
types, and axicabtagene ciloleucel is specifically indicated
for treating DLBCL not otherwise specified, primary mediastinal
B-cell lymphoma, high-grade B-cell lymphoma, and DLBCL aris-
ing from follicular lymphoma. Patients do not need to test
CD19-positive to be treated with axicabtagene ciloleucel. In
ZUMA-1, 50% (5/10) of patients with CD19-negative disease
and 43% (33/77) of patients with CD19-positive disease at
baseline had ongoing responses to axicabtagene ciloleucel, with

a minimum of 1 year of follow-up [25]. Patients with high-risk
genetics, including double-hit, triple-hit, or double-expressor
lymphoma, were not excluded from treatment with axicab-
tagene ciloleucel. Patients with T-cell/histiocyte-rich large B-cell
lymphoma were also not excluded from ZUMA-1. Axicabtagene
ciloleucel is contraindicated for patients with primary central
nervous system lymphoma [22]. Treatment centers have varied
practices as to which specific central nervous system evaluation
may be required prior to CAR T-cell treatment.

At the time of this publication, axicabtagene ciloleucel
represents one of two approved anti-CD19 CAR T-cell treat-
ment options for refractory large B-cell lymphoma (Table 1).
Tisagenlecleucel has indications similar to those of axicab-
tagene ciloleucel, except that it is not approved for primary
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Figure 2. Survival outcomes with axicabtagene ciloleuecel in patients with large B-cell lymphoma. Overall survival (A) and
progression-free survival (B) in ZUMA-1.
Abbreviations: CI, confidence interval; NE, not evaluable; NR, not reached.
Reprinted from The Lancet Oncology, 20(1):31–42, FL Locke et al., “Long-term safety and activity of axicabtagene ciloleucel in refrac-
tory large B-cell lymphoma (ZUMA-1): A single-arm, multicentre, phase 1-2 trial,” Copyright 2019, with permission from Elsevier [18].
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mediastinal B-cell lymphoma because patients with this lym-
phoma subtype were not included in the pivotal trial, JULIET
[26–28]. The phase II JULIET trial of tisagenlecleucel demon-
strated an ORR of 54%, including a CR of 40% in 99 evaluable
patients, with a median follow-up of 19 months [27]. Median
OS was 11.1 months, and 12- and 18-month survival rates
were 48% and 43%, respectively. Grade ≥3 CRS occurred in
23% of patients, and grade ≥3 neurologic events occurred in
18% of patients [26]. Additionally, lisocabtagene maraleucel

is an anti-CD19 CAR T-cell therapy under investigation in
patients with relapsed or refractory aggressive non-Hodgkin
lymphoma [29]. TRANSCEND NHL 001, the pivotal study of
lisocabtagene maraleucel, has demonstrated an ORR of 80%
and a CR rate of 59% in 73 patients, with a median of
12 months of follow-up. Median OS has not been reached
in TRANSCEND, and the 12-month survival rate was 63%.
Grade ≥3 CRS has occurred in 1% of patients, and grade ≥3
neurologic events have occurred in 15% of patients. Overall,

CRS
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Figure 3. Overview of CRS and neurologic events. Common and serious symptoms (A) and median timing of onset and resolution
(B) of CRS and neurologic events with axicabtagene ciloleucel.
Abbreviations: CAR, chimeric antigen receptor; CRS, cytokine release syndrome; HLH, hemophagocytic lymphohistiocytosis;
MAS, macrophage activation syndrome.
Adapted from Journal of the Advanced Practitioner in Oncology, 10(suppl 3):21–28, S Adkins, “CAR T-cell therapy: Adverse events
and management,” Copyright 2019, with permission from Harborside [36].

Table 1. Anti-CD19 CAR T-cell therapies approved or under investigation in relapsed/refractory large B-cell lymphoma

Therapy
Axicabtagene ciloleucel
(Yescarta) [22]

Tisagenlecleucel
(Kymriah) [26] Lisocabtagene ciloleucel [29]

Patient
population

Approved for the treatment of adult
patients with relapsed or refractory
large B-cell lymphoma after two or
more lines of systemic therapy,
including DLBCL not otherwise
specified, primary mediastinal large
B-cell lymphoma, high-grade B-cell
lymphoma, and DLBCL arising from
follicular lymphoma

Approved for the treatment of adult
patients with relapsed or refractory
large B-cell lymphoma after two or
more lines of systemic therapy,
including DLBCL not otherwise
specified, high-grade B-cell
lymphoma, and DLBCL arising from
follicular lymphoma

Under investigation in patients with
DLBCL after two or more lines of
therapy, including DLBCL not
otherwise specified (de novo or
transformed follicular lymphoma)
and high-grade B-cell lymphoma
(double-/triple-hit)

CAR Anti-CD19 scFV, CD28 costimulatory
domain, CD3ζ activation domain

Anti-CD19 scFV, 4-1BB costimulatory
domain, CD3ζ activation domain

Anti-CD19 scFV, 4-1BB costimulatory
domain, CD3ζ activation domain;
manufactured in a 1:1 ratio of CD4:
CD8 T cells

Pivotal trial ZUMA-1 [12, 18] (NCT02348216) JULIET [28] (NCT02445248) TRANSCEND NHL 001 [29]
(NCT02631044)

Abbreviations: CAR, chimeric antigen receptor; DLBCL, diffuse large B-cell lymphoma; scFV, single-chain variable fragment.
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the clinical development and approvals of anti-CD19 CAR
T-cell therapies, including axicabtagene ciloleucel, represent
an important advance in the treatment of relapsed or refrac-
tory large B-cell lymphoma. In addition to the commercial
approval for patients with ≥2 prior therapies, an international,
multicenter, randomized study, ZUMA-7, is investigating
axicabtagene ciloleucel versus standard of care for patients
who have failed or relapsed after first-line immunochemo-
therapy and intend to proceed to high-dose therapy with
ASCT (NCT03391466). Additionally, real-world data on patients
treated with commercially available CAR T-cell therapy are
emerging and appear to support findings from clinical trials
demonstrating high rates of responses, with similar safety pro-
files [30, 31].

THE CAR T-CELL THERAPY TREATMENT JOURNEY

Evaluation
Commercial CAR T-cell therapy is currently available for
patients only after ≥2 prior therapies, and only through a
Yescarta (axicabtagene ciloleucel; Kite, a Gilead Company,
Santa Monica, CA) and Kymriah (tisagenlecleucel; Novartis
Pharmaceuticals Corporation, Hanover, NJ) Risk Evaluation
and Mitigation Strategy program–certified center, which
ensures that health care providers who prescribe or admin-
ister these therapies are able to manage CRS and neurologic
toxicities [22, 26]. However, academic centers, such as
those that are authorized treatment centers for CAR T-cell
therapy, may also have access to clinical trials evaluating
the efficacy of CAR T-cell therapy in earlier treatment set-
tings, such as after failure of front-line chemotherapy. The
optimal timing to refer patients to academic centers can be
as soon as suspicion of primary refractory disease or upon
recognition of relapse after first-line therapy, before
second-line treatment is initiated.

Following second-line systemic treatment failure or relapse,
patients can be evaluated for eligibility for commercial CAR T-cell
therapy (Fig. 4). Insurance coverage is available for patients, but
approvals may take several weeks to obtain. Therefore, for
patients who are reasonable candidates, the process of obtaining
coverage can often be initiated during evaluation, which is
important for limiting treatment delays.

Apheresis
Axicabtagene ciloleucel manufacturing begins with leuka-
pheresis (Fig. 5). A patient’s apheresis material is collected
at the authorized treatment center. This process takes
approximately 3–4 hours, during which time 10–20 L of
blood is recirculated and approximately 100–500 mL of
apheresis material is collected. The apheresis material col-
lection bag is shipped cold to the central manufacturing
facility [13].

Manufacturing
Axicabtagene ciloleucel is manufactured in a robust,
quality-controlled process. T cells are enriched from the
apheresis material, transduced with a retroviral vector con-
taining the CAR gene, and then expanded in culture until
they reach the target dose, at which point the cells are

washed and cryopreserved for shipment back to the treat-
ment center. Each lot undergoes a series of tests to ensure it
meets certain standards prior to release [13]. Manufacturing
took a median of 17 days from apheresis to delivery back to
the treatment site in ZUMA-1 [12]. Although this describes
the axicabtagene ciloleucel manufacturing process, specific
details of manufacturing and turnaround times vary across the
anti-CD19 CAR T-cell therapies. Although bridging therapy was
not allowed on ZUMA-1, in the commercial setting, some
patients may benefit from bridging therapy during the
manufacturing period [30, 31]. Patients are monitored closely
during this period to evaluate their disease status, determine
their need for a bridging therapy, and confirm that they are
still functionally able to receive CAR T-cell therapy based on
factors such as Eastern Cooperative Oncology Group perfor-
mance status, organ function, and/or evidence of infection.
We have experience using bridging therapies, such as cortico-
steroids, chemotherapy, and radiation. Bridging therapy was
also allowed in the JULIET study but was not required [28].
Further study is needed to determine optimal management of
patients during the period between leukapheresis and CAR
T-cell infusion.

Lymphodepletion and CAR T-Cell Infusion
The treatment center coordinates with the manufacturer to
estimate the date of CAR T-cell product arrival and to orga-
nize treatment logistics in advance. Once the treatment
center receives the CAR T-cell product from the manu-
facturing facility, the patient undergoes lymphodepleting

EVALUATION

≈1 to 2 weeks for insurance authorization

APHERESIS AND MANUFACTURING

Median 17-day turnaround time in ZUMA-1

LONG-TERM FOLLOW-UP

Long-term care and monitoring by local oncologist

LYMPHODEPLETION AND CAR T-CELL INFUSION

6 days from start of lymphodepletion to
CAR T-cell infusion

DISEASE ASSESSMENT AND AE MONITORING

4-week minimum required stay near treatment center

Figure 4. The CAR T-cell treatment journey.
Abbreviations: AE, adverse event; CAR, chimeric antigen receptor.
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chemotherapy. Lymphodepletion consists of a regimen of
fludarabine (30 mg/m2) and cyclophosphamide (500 mg/m2)
for 3 days (day −5, day −4, day −3), which can be adminis-
tered in an outpatient setting at the authorized treatment
center [22]. Currently, centers usually admit patients prior to
certain CAR T-cell infusions. Axicabtagene ciloleucel is admin-
istered 3 days after completion of lymphodepletion (day 0)
and infused at a target dose of 2 × 106 CAR T cells/kg [22].
Before lymphodepletion and again before axicabtagene cilo-
leucel infusion, patients are carefully monitored and evalu-
ated for any signs of inflammation to ensure they are not
treated while they may have an underlying infection.

Disease Assessment and AE Monitoring
Following treatment, patients are closely monitored for signs
and symptoms of AEs, particularly CRS and neurologic
events, which can have rapid onset after CAR T-cell adminis-
tration. Multidisciplinary care teams are thoroughly trained
on standard operating procedures for AE management and
escalations of care, which are tailored at each treatment
center, because early identification and intervention are criti-
cal for optimizing outcomes of patients who experience AEs.
The majority of patients receiving CAR T-cell therapy require
inpatient care to manage these potentially serious acute
AEs. During the first month after CAR T-cell therapy, patients
are closely monitored on a weekly basis at minimum.

In ZUMA-1, most patients experienced hypogammaglo-
bulinemia and B-cell aplasia, and 31% received intravenous
immunoglobulin (IVIG) therapy at some point after CAR
T-cell infusion [18]. Patients may also experience delayed

(i.e., normal counts at discharge and early in the postinfusion
period) or prolonged cytopenias after CAR T-cell therapy.
Beginning at the treatment center, immunoglobulin levels
may be monitored monthly, and blood counts of patients with
cytopenia may be monitored up to twice a week, as needed.
The benefit of IVIG in the absence of infections remains
unclear but may be considered in patients with immunog-
lobulin G levels lower than approximately 400 mg/dL. Hyp-
ogammaglobulinemia is common during and after lymphoma
therapy, but few patients require IVIG support, suggesting
there may be some inherent predisposition for patients
who do.

For patients with ongoing neutropenia after discharge,
granulocyte colony-stimulating factor support may be con-
sidered until absolute neutrophil counts have recovered to
at least 1,000 cells/μL. Patients with cytopenias more than
1 month after CAR T-cell infusion may undergo a repeat
bone marrow biopsy to check bone marrow recovery.
For patients with prolonged cytopenias lasting more than
2 months, other interventions, such as eltrombopag for
transfusion-dependent thrombocytopenia, may be consid-
ered on a case-by-case basis. Conditioning chemotherapy
prior to CAR T-cell therapy can result in T-cell depletion in
addition to severe neutropenia, leading to increased risk for
infections. Infection prophylaxis including antibacterial pro-
phylaxis with ciprofloxacin or levofloxacin and antifungal
prophylaxis with fluconazole until absolute neutrophil counts
recover to at least 1,000 cells/μL, Pneumocystis pneumonia
prophylaxis until CD4+ cell counts reach at least 200 cells/μL
or for 3 months after CAR T-cell infusion (whichever is
shorter), and herpes simplex virus prophylaxis with acyclovir
or valacyclovir for 3–6 months after CAR T-cell infusion
(or longer depending on the degree of immunosuppression)
should be considered.

Disease may be assessed as early as 1 month after CAR
T-cell infusion by a computed tomography (CT) or positron
emission tomography-computed tomography (PET-CT) scan.
Because responses may not always be evident at 1 month
and may improve over time, PET-CT may be performed at
3 months after infusion. Initial response assessment is gen-
erally performed by the authorized treatment center, and
practices vary. In the ZUMA-1 trial, 39% of patients with
partial response or stable disease at 1 month subsequently
achieved a CR on follow-up imaging [18].

For commercially available CAR T-cell therapies, patients
are required to stay near the treatment center for at least
4 weeks after infusion so that any early complications that
arise can be quickly responded to at the primary treatment
center. Patients should not drive or operate heavy machin-
ery for at least 8 weeks after infusion [22, 26], and many
centers require the patient to stay locally for up to 8 weeks.
This can be a major financial burden for some patients;
however, housing support may be available through insur-
ance or patient support organizations, and a social worker
at the treatment center can help patients and their care-
givers navigate access to these resources.

Long-Term Follow-Up in the Community Setting
After CAR T-cell infusion, patients are provided a wallet card
at discharge that they are directed to carry with them at all

LYMPHOCYTE
ENRICHMENT/
T-CELL ACTIVATION

SAME PATIENT
INFUSION

T-CELL
EXPANSION

LEUKAPHERESIS
COLLECTION

RETROVIRAL
TRANSDUCTION

Figure 5. The manufacturing process for axicabtagene ciloleucel.
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times. The wallet card includes symptoms that could be
indicative of a serious AE for which to seek immediate
medical treatment as well as contact information for the
CAR T-cell treating oncologist. Patients not experiencing
any serious symptoms 4 weeks after CAR T-cell infusion can
return home. Treatment centers coordinate with a patient’s
local oncologist on key aspects of long-term care. This is
especially pertinent for care of common prolonged and
late-onset AEs such as hypogammaglobulinemia, cytopenias,
and infections that may require ongoing supportive care and
monitoring after the patient returns home.

PRACTICAL GUIDANCE FOR REFERRING PATIENTS FOR CAR
T-CELL THERAPY

To maximize a patient’s chance of receiving CAR T-cell ther-
apy, it is important for community oncologists to refer
patients early and broadly. Patients with relapsed or refrac-
tory large B-cell lymphoma who have failed two or more
prior lines of therapy have very poor outcomes, and no
standard of care exists for their management. In addition,
as mentioned above, patients should be referred to aca-
demic centers after failure of or relapse following first-line
immunochemotherapy. Academic centers that are autho-
rized treatment centers for CAR T-cell therapy can provide
the broadest range of care options for these patients, such
as clinical trials and evaluation for transplant, based on
their disease and individual preferences. Clinical trials may
also be available for patients with DLBCL arising from indo-
lent lymphoma other than follicular lymphoma or from
chronic lymphocytic leukemia.

For a patient who may be a reasonable candidate for
CAR T-cell therapy, referring as early as possible is impor-
tant for getting the evaluation process started. From the
time a patient is referred to an authorized treatment center
for CAR T-cell therapy to the time of CAR T-cell infusion,
the process can take 4–6 weeks. Monitoring of patients
may help facilitate prompt identification of treatment fail-
ure or disease relapse. For patients with stage III–IV DLBCL
who have achieved complete remission as assessed by end-
of-treatment PET-CT, the NCCN Clinical Practice Guidelines
in Oncology (NCCN Guidelines) recommend surveillance
imaging (chest/abdomen/pelvic CT scan) no more than once
every 6 months for up to 2 years after completion of ther-
apy and then only as clinically indicated [32]. For patients
who have questionable residual uptake (by PET-CT) at the
end of treatment, it is important to follow up with either a
biopsy or repeat imaging with PET or CT within 4–8 weeks
depending on clinical suspicion.

Although patients may benefit from CAR T-cell therapy
regardless of the number of prior lines of therapy [33],
postponing CAR T-cell treatment until further in the disease
course after additional treatment failures runs the risk of
the patient becoming too frail as the result of advanced dis-
ease or effects of prior treatments. Patients who progress
on first-line therapy should be referred directly to academic
centers whenever possible for management because high
rates of relapse are observed with second-line treatments.
Academic centers are equipped to facilitate a smooth and
rapid transition to the next line of therapy, especially CAR

T-cell therapy, if patients are already receiving treatment
there, which may be particularly important for patients with
rapidly progressing disease. It can be helpful to periodically
confirm which academic centers in your state offer CAR
T-cell therapy, because the number of authorized treatment
centers continues to expand.

Although patients may benefit from CAR T-cell
therapy regardless of the number of prior lines of
therapy, postponing CAR T-cell treatment until
further in the disease course after additional treat-
ment failures runs the risk of the patient becoming
too frail as the result of advanced disease or effects of
prior treatments. Patients who progress on first-line
therapy should be referred directly to academic
centers whenever possible for management because
high rates of relapse are observed with second-line
treatments.

Although overlap exists between patients who are candi-
dates for transplant and patients who are candidates for
CAR T-cell therapy, some patients ineligible for transplant
can receive CAR T-cell therapy. The evaluation process for
CAR T-cell therapy eligibility differs from that for transplant.
Importantly, patients who are refractory to chemotherapy
are generally ineligible for transplant but may be able to
receive CAR T-cell therapy. Patients as old as 76 years were
treated on ZUMA-1 [12], and clinical experience has shown
that patients older than 65 years can receive similar clinical
benefits of CAR T-cell therapy in the commercial setting
without significant risk for additional toxicities [34]. Patients
older than 80 years have been treated with commercial
CAR T-cell therapy [31]. These are patients who traditionally
would be considered too advanced in age to undergo trans-
plantation. We also had success administering commercial
CAR T-cell therapy to patients with a broader range of
organ function than reflected in the criteria for eligibility for
ZUMA-1. Only an individual evaluation at an authorized
treatment center can determine whether a patient may be
a candidate for CAR T-cell therapy.

KEY CONSIDERATIONS FOR CARE OF PATIENTS AFTER CAR
T-CELL THERAPY

The community oncologist is a critical partner with an active
role in the long-term management of patients who have
been treated with CAR T-cell therapy after they transition
home from the treatment center. Patients in response who
are not experiencing serious AEs can return home after
their 4- to 8-week stay near the treatment center after CAR
T-cell infusion [22]. Because CD19 is expressed by normal
B cells, patients can experience prolonged hypogammaglobu-
linemia and B-cell aplasia after CAR T-cell treatment, and some
patients may require supportive care with IVIG. Patients can
also experience prolonged cytopenias, and blood counts should
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be periodically monitored. These patients may be receiving sup-
portive care for low blood counts or infection prophylaxis.
Because of treatment-related immunosuppression, patients are
at ongoing risk for serious infections after discharge following
CAR T-cell therapy. In ZUMA-1, a total of 10 patients experi-
enced serious AEs at least 6 months after CAR T-cell infusion,
8 of whom had infections that occurred 7.1–18.6 months after
treatment [12]. Coordination and communication between the
local oncologist and CAR T-cell treatment oncologist are impor-
tant during the months after patients return home from their
minimum 4-week stay near the treatment center. After this
period, the authorized treatment center, in coordination with
the local oncologist, may have patient follow-ups every 2 weeks
until month 3, then decreasing in frequency to 6 months and
12 months after CAR T-cell infusion, then yearly until 5 years
after CAR T-cell infusion. During this period, routine laboratory
monitoring, administration of supportive care, clinical surveil-
lance of lymphoma, and imaging are largely conducted by the
local oncologist.

Numerous strategies are under development for
salvaging patients who relapse after CAR T-cell
therapy, and management of these patients remains
an active area of clinical investigation. Immunothera-
pies have been shown to modulate CAR T-cell
activity, and for a patient who may have some level
of persistent CAR T cells even after relapse, sub-
sequent treatments must be carefully considered
and their effects monitored.

Additionally, if a patient treated with CAR T-cell therapy
experiences disease relapse, it is important to send the
patient back to the authorized treatment center where he
or she initially received CAR T-cell therapy, ideally before a
biopsy is performed, so it can be done at the treating cen-
ter. Numerous strategies are under development for salvag-
ing patients who relapse after CAR T-cell therapy, and
management of these patients remains an active area of

clinical investigation. Immunotherapies have been shown to
modulate CAR T-cell activity [35], and for a patient who
may have some level of persistent CAR T cells even after
relapse, subsequent treatments must be carefully consid-
ered and their effects monitored.

CONCLUSION

CAR T-cell therapy represents a personalized, cellular immu-
notherapy for cancer treatment. The community oncologist
plays a fundamental role in the CAR T-cell treatment jour-
ney, first by referring patients to an academic center that is
an authorized treatment center for CAR T-cell therapy at an
appropriate point in their disease course and then by pro-
viding long-term support of patients through management
of prolonged AEs and disease monitoring. Axicabtagene
ciloleucel and other anti-CD19 CAR T-cell therapies offer the
potential for durable remissions in a significant proportion of
patients with relapsed or refractory large B-cell lymphoma.
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