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Tisagenlecleucel: The First CAR 
on the Highway to Remission for 
Acute Lymphoblastic Leukemia 
CRAIG W. FREYER, PharmD, BCOP

Abstract
Tisagenlecleucel is a first-in-class chimeric antigen receptor (CAR)  
T-cell therapy approved by the US Food and Drug Administration in
2017 for relapsed/refractory (RR) acute lymphoblastic leukemia (ALL)
in patients up to 25 years of age. Tisagenlecleucel is an autologous T-
cell therapy that is genetically engineered with a lentiviral vector to
seek and eliminate CD19-expressing B cells throughout the patient’s
body and retain antitumor immune surveillance following remission.
This groundbreaking cellular therapy brings unprecedented single-

of greater than 80% and 6-month relapse-free survivals exceeding 60% 
in a patient population with poor prognosis and few treatment options. 
Patients receiving CAR T-cell therapy are at risk for cytokine release 
syndrome (CRS), neurotoxicity, and infections, along with other toxici-
ties that may be severe or life-threatening. The cornerstone of the man-
agement of moderate to severe CRS is treatment with the interleukin-6 
antagonist tocilizumab, with dramatic responses often occurring within 
24 hours. The optimal management of neurotoxicity following tisagen-
lecleucel remains undefined. It is critical that providers caring for pa-
tients receiving tisagenlecleucel understand the multistep process to 
prepare a patient for therapy, how to closely monitor patients for toxic-
ity, and how to manage emergent adverse events following cell infusion. 

A cute lymphoblastic leu-
kemia (ALL) is an aggres-
sive hematologic malig-
nancy characterized by 

blood and bone marrow infiltration 
by malignant lymphoblasts. In 2018, 
5,960 people are estimated to be di-
agnosed with ALL, and 1,470 deaths 
are anticipated (American Cancer 

Society, 2018). Acute lymphoblastic 
leukemia is the most common pedi-
atric malignancy, yet it has a bimodal 
distribution, with adult diagnoses 
increasing in the sixth decade of life 
(American Cancer Society, 2018). 

Patients with ALL are typically 
grouped by age (pediatric, adolescent 
and young adult, and older adult) J Adv Pract Oncol 2018;9(5):537–544
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and Philadelphia chromosome (Ph) status. Ph-
positive patients are treated with a tyrosine kinase 
inhibitor, often with a corticosteroid and vincris-
tine, or as part of a multiagent regimen (anthracy-
cline, corticosteroid, vincristine, alkylating agent; 
Foà et al., 2011; Ravandi et al., 2010). Younger Ph-
negative patients typically receive similar combi-
nation chemotherapy (often adding pegaspargase 
[Oncaspar]), although older adults may only toler-
ate less intensive induction regimens (Gökbuget, 
2013). Pediatric outcomes are generally favorable, 
with 5-year overall survival (OS) greater than 90% 
(Hunger et al., 2012), while 5-year OS for adults 
more than 30 years old is only 15% to 35% (Rowe 
et al., 2005). Unfortunately, up to 20% of pediat-
ric patients will relapse, with 5-year OS as poor as 
20% (Nguyen et al., 2008). Outcomes for relapsed 
adults also remain dismal, with a median OS of 
only 8 months (Gökbuget et al., 2012). 

Several agents approved by the US Food and 
Drug Administration (FDA) for relapsed/refrac-
tory (RR) ALL are summarized in Table 1. Single-
agent activity in RR ALL has gradually improved, 
with the most impressive outcomes to date ob-
served with tisagenlecleucel (CTL019; Kymriah; 
Maude et al., 2018). CTL019 is the chimeric anti-
gen receptor (CAR)-modified T cell developed by 
the University of Pennsylvania School of Medicine 
(Penn), the Children’s Hospital of Philadelphia 
(CHOP), and Novartis Pharmaceuticals. On Au-
gust 30, 2017, the FDA approved CTL019 for RR B-
cell ALL in pediatric and young adult patients (up 
to 25 years old) in second or later relapse, making 
it the first-ever CAR T-cell therapy approved for 
any indication. The approval of CTL019 marks the 
dawn of a new era in cancer therapeutics, where 

the immune system is trained to target malignant 
cells throughout the body and maintain prolonged 
antitumor surveillance following treatment. 

WHAT IS A CAR T CELL? 
Chimeric antigen receptor T cells are autologous 
T cells genetically modified to express a cell sur-
face receptor against a tumor surface antigen. For 
CTL019, genetic modification occurs when T cells 
are infected with a lentivirus containing a DNA se-
quence encoding a murine anti-CD19 single-chain 
variable fragment (scFv) receptor, the costimula-
tory molecule 4-1BB, and the signal transduction 
molecule CD3ζ. CD19 is a B-cell surface antigen 
expressed in the majority of B-cell malignancies, 
including B-cell ALL, chronic lymphocytic leuke-
mia, and B-cell non-Hodgkin lymphoma (NHL), 
but with minimal expression in multiple myeloma 
and no expression on hematopoietic stem cells 
(Wang, Wei, & Liu, 2012). Following infusion, 
CTL019 cells traffic toward malignant cells, bind 
CD19 on the cancer cell surface and become ac-
tivated, resulting in antigen-mediated tumor cell 
death, proinflammatory cytokine release, and CAR 
T-cell proliferation. Following tumor cell elimina-
tion, CTL019 persists in the blood and bone mar-
row, conducting tumor surveillance to prevent fu-
ture relapse (Porter et al., 2015). 

Manufacturing of CTL019 requires peripheral 
blood mononuclear cell harvest via leukapheresis. 
Cells are cryopreserved and shipped to a central-
ized manufacturing facility where T cells are iso-
lated, infected with the lentiviral vector, expanded 
several thousand fold, refrozen into a suspension 
in a single-infusion bag, and shipped in liquid ni-
trogen back to the treatment facility (Novartis, 

Table 1. FDA-Approved, Single-Agent Therapies for Relapsed/Refractory Acute Lymphoblastic Leukemia 

Medication Author Number of patients Age group CR/CRi OS

Clofarabine Jeha et al., 2006 61 Pediatric 20% 20% (12 mo)

Liposomal 
vincristine

O’Brien et al., 2013 65 Adult 20% 35% (6 mo) 
8% (12–18 mo)

Blinatumomab Kantarjian et al., 2017 271 Adult 34% 54% (6 mo) 

Inotuzumab 
ozogamicin 

Kantarjian et al., 2016 109 Adult 81% 23% (24 mo) 

Tisagenlecleucel Maude et al., 2018 75 Pediatric and 
young adult 

81% 76% (12 mo) 

Note. CR = complete remission; CRi = complete remission with incomplete blood count recovery. 
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2018). The average turnaround time is 22 days 
(Novartis, 2018). 

In the interim, patients receive lymphode-
pleting chemotherapy (for ALL, fludarabine at 30 
mg/m2 daily for 4 days and cyclophosphamide at 
500 mg/m2 daily for 2 days is advised) to allow for 
CTL019 expansion in the bone marrow, in addi-
tion to providing temporary disease control and 
tumor burden reduction until CTL019 infusion 
and expansion. Pediatric and young adult patients 
with RR ALL receive 0.2 to 5 × 106 CTL019 cells/
kg (if ≤ 50 kg) or 0.1 to 2.5 × 108 CTL019 cells (if 
> 50 kg) over 1 to 3 minutes (10–20 mL/min) 2 to 
14 days following the completion of lymphodeple-
tion with fludarabine and cyclophosphamide (No-
vartis, 2018).

CLINICAL STUDIES
B-Cell Acute Lymphoblastic Leukemia
The first trial reported from the Penn/CHOP group 
in RR ALL included 25 patients (5–22 years) and 5 
older patients (26–60 years) who received physi-
cian’s choice of lymphodepleting chemotherapy 
followed by 0.76 to 20.6 × 106 CTL019 cells/kg. 
Patients were heavily pretreated, receiving 1 to 4 
prior regimens, with 18 out of 30 receiving prior 
allogeneic stem cell transplant (alloSCT), and 3 
receiving prior CD19-directed therapy with blina-
tumomab. Complete remission (CR) was observed 
in 90% of patients, including 67% of patients re-
ceiving prior blinatumomab and 2 patients with 
central nervous system (CNS) leukemia prior to 
CTL019 infusion. Graft-vs.-host disease (GVHD) 
was not observed in patients receiving prior al-
loSCT, despite CTL019 being autologous in origin 
(Maude et al., 2014). Six-month event-free survival 
and OS were 67% and 78%, respectively. Relapses 
following CTL019 were due to loss of CTL019 per-
sistence or loss of ALL CD19 expression (Maude 
et al., 2014). A later report of a total of 53 patients 
treated on this trial with a median follow-up of 
10.6 months demonstrated that more than half 
of relapses were CD19-negative, highlighting the 
persistence of CTL019 but the possibility of ALL 
antigenic escape (Grupp et al., 2015). 

Following this single-center success, a multi-
center US pediatric RR ALL study (ENSIGN) was 
conducted with centrally manufactured CTL019. 
Twenty-nine patients were treated, with a CR/

complete remission with incomplete blood count 
recovery (CRi) rate of 69% (Maude et al., 2016). 
Six-month relapse-free survival (RFS) and OS 
were 66% and 76%, respectively (Maude et al., 
2016). This was the first multicenter study to dem-
onstrate the feasibility of centralized CAR-T man-
ufacturing, with a median time from enrollment to 
infusion of 37 days, in addition to demonstrating 
similar CTL019 efficacy across multiple centers 
with heterogeneous patient populations. 

The FDA approval of CTL019 for RR ALL was 
based on the phase II, multicenter ELIANA trial,  
the first global CAR-T trial using centralized man-
ufacturing. Seventy-five pediatric and young adult 
patients (median age 11 years, range 3–23 years) 
with heavily pretreated RR ALL (median 3 prior 
therapies, 61% with prior alloSCT) and extensive 
disease burden (median marrow blast percentage 
74%) were enrolled. Most patients received lym-
phodepleting chemotherapy followed by a single 
dose of CTL019 (0.2 to 5.4 × 106 cells/kg), with a 
median time from study enrollment to CTL019 in-
fusion of only 45 days. With a median follow-up 
of 13 months, CR/CRi was achieved by 81% of pa-
tients, all of whom had minimal residual disease– 
negative responses by flow cytometry. Relapse-free 
survival and OS at 12 months were 59% and 76%, 
respectively, and the median duration of response 
has not been reached despite only 8 patients re-
ceiving alloSCT following CTL019. The majority 
of patients who relapsed following CTL019 did so 
with CD19-negative disease (Maude et al., 2018). 

B-Cell Non-Hodgkin Lymphoma 
Following the early success of CTL019 in RR ALL, 
researchers targeted B-cell NHL, a more com-
mon malignancy with consistent CD19 expres-
sion. In the first clinical report published in late 
2017, 28 adults received physician’s choice of lym-
phodepleting chemotherapy followed by 1 to 5 × 
108 CTL019 cells. The overall response rate (ORR) 
was 64%; CR rates were 43% in patients with dif-
fuse large B-cell lymphoma (DLBCL) and 71% 
in patients with follicular lymphoma, with more 
than 85% of responses maintained at a median  
follow-up of 28 months (Schuster et al., 2017). 

Preliminary results from a phase II, mul-
ticenter, multinational trial of CTL019 in RR 
DLBCL (JULIET) were presented in late 2017. 
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Ninety-nine patients received a median of 3.1 × 108 
CTL019 cells, with an ORR of 53% (39.5% CR) and 
a 6-month RFS of 73.5%, demonstrating the feasi-
bility of centralized manufacturing of CTL019 for 
DLBCL (Schuster et al., 2017). The FDA approved 
CTL019 for the treatment of adults with RR DLB-
CL after two or more lines of prior systemic thera-
py on May 1, 2018 (Novartis, 2018). 

ADVERSE EVENTS 
Cytokine Release Syndrome 
The most significant and life-threating adverse 
event (AE) of CAR T-cell therapy is cytokine release 
syndrome (CRS), with a median onset of 3 days fol-
lowing CTL019 infusion. In the ELIANA trial, 77% 
of patients experienced any grade of CRS, with 21% 
and 25% experiencing grade 3 and 4 CRS, respec-
tively (Maude et al., 2018). Virtually all cases of CRS 
present with a fever, and other early symptoms often 
mimic severe flu-like illness. Progressive CRS may 
result in signs and symptoms of multiorgan involve-
ment, including nausea, vomiting, transaminitis, hy-
perbilirubinemia, and azotemia (Lee et al., 2014). 

For ALL patients treated with CTL019, high 
tumor burden prior to infusion increases the risk 
of severe CRS, where symptoms can rapidly prog-
ress to high-grade fevers, hypoxia, and hypoten-
sion. Roughly half of the patients treated in ELI-
ANA required admission to the intensive care unit 
and approximately one-quarter required vaso-

pressor support for CRS management (Maude et 
al., 2018). Numerous inflammatory cytokines are 
released during CRS, with interleukin (IL)-6 iden-
tified as the primary driver (Maude et al., 2014; 
Teachey et al., 2016). Cytokine concentrations can 
be measured; however, results are not available in 
real time at most centers. Surrogates for cytokines, 
such as ferritin and C-reactive protein, are often 
elevated during CRS and may be trended to moni-
tor CRS therapy response. 

More than one grading scale for CRS is cur-
rently in use (Lee et al., 2014; Porter et al., 2015); 
as such, grading may differ across studies of vari-
ous CAR T-cell therapy products. CTL019 studies 
used the Penn Grading System for CRS, which is 
summarized in Table 2. Severe or life-threatening 
CRS is managed with the IL-6 receptor antago-
nist tocilizumab (Actemra), now FDA-approved 
for CRS (Genentech, 2017). In ELIANA, 48% re-
ceived at least 1 dose of tocilizumab, with repeat 
dosing considered for patients with inadequate 
response (Maude et al., 2018). Responses are often 
rapid and dramatic, with fever resolution in just 
a few hours and blood pressure improvement al-
lowing weaning of vasopressors in hours to 1 to 
2 days. Cytokine release syndrome management 
recommendations from the tisagenlecleucel pack-
age insert are summarized in Table 3; however, in-
dividual centers may use different protocols with 
slight variations. 

Table 2. Penn Grading System for Cytokine Release Syndrome 

Grade 1 
(Mild)

Grade 2 
(Moderate)

Grade 3 
(Severe)

Grade 4 
(Life-threatening)

Able to be managed 
with nonparenteral 
supportive care 
(e.g., antipyretics, 
antiemetics)

At least one of the following 
present: 
•• Hospitalization needed 

for management of CRS-
related symptoms, including 
neutropenic fever

•• Parenteral nutrition or other 
parenteral supportive care 
required

•• Signs of moderate/severe 
organ dysfunction, including 
grade 3 LFT abnormalities or 
grade 2 renal failure related 
to CRS

Hospitalization needed for 
management of at least one of 
the following: 
•• Hypotension requiring 

IV fluids or low-dose 
vasopressors

•• Hypoxia requiring 
supplemental oxygen (nasal 
cannula, high flow, CPAP/
BiPAP)

•• Organ dysfunction, including 
grade 4 LFT abnormalities or 
grade 3 renal failure related 
to CRS

•• Coagulopathy requiring FFP 
or cryoprecipitate

At least one of the 
following present: 
•• Hypotension requiring 

high-dose vasopressors
•• Hypoxia requiring 

mechanical ventilation  

Note. CRS = cytokine release syndrome; LFT = liver function test; IV = intravenous; CPAP = continuous positive airway 
pressure therapy; BiPAP = bilevel positive airway pressure; FFP = fresh frozen plasma. Adapted from Porter et al. (2015).
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Tocilizumab does not appear to impact the 
efficacy or expansion of CTL019 (Maude et al., 
2014). Patients with severe CRS and inadequate 
response to tocilizumab may require broader anti- 
inflammatory therapy with corticosteroids to sus-
tain life. There is at least a theoretical risk of ab-
rogating CAR-T efficacy due to the lymphotoxic 
effects of steroids, but it is unclear what dose or 
duration of steroid therapy negatively impacts ef-
ficacy. The combination of infection and CRS can 
be particularly fatal, such that patients with active 
infection should not receive CTL019. Patients with 
CRS should be managed with broad-spectrum an-
timicrobials until infection is ruled out (Frey et al., 
2014, 2016). 

Neurotoxicity
The second most severe CAR T-cell therapy– 
associated AE is neurotoxicity. Neurologic events 
(NEs) with CTL019 typically occur following the 
peak of CRS symptoms, but can also occur without 
prior CRS (Maude et al., 2014). Most cases occur 

within 8 weeks of infusion (Novartis, 2018). In the 
ELIANA trial, 13% of patients experienced grade 
3 NEs, with no grade 4 events or cerebral edema 
observed (Maude et al., 2018). The most common 
NEs with CTL019 were headache (37%), encepha-
lopathy (34%), and delirium (21%; Novartis, 2018). 
Although the etiology of NEs remains unclear, 
studies with other CAR T-cell therapies suggest 
that loss of vascular integrity and infiltration of 
leukocytes and inflammatory cytokines into the 
central nervous system occurs (Gust et al., 2017). 
However, despite virtually all patients demon-
strating CTL019 penetration into the cerebrospi-
nal fluid, severe neurotoxicity remains uncommon 
(Grupp et al., 2015) and the presence of CNS leu-
kemia does not increase the risk of neurotoxicity 
(Rheingold et al., 2015). Optimal treatment of NEs 
following CTL019 is unclear. For mild or moder-
ate cases, only supportive care is advised. Cortico-
steroids may be beneficial for treating grade 3 to 
4 NEs (Maude et al., 2014). Tocilizumab does not 
seem to treat or prevent NEs (Maude et al., 2014). 

Table 3. Tisagenlecleucel Cytokine Release Syndrome Management Recommendations 

Severity Presentation Management recommendation 

Early-stage/
low-grade CRS 
(prodromal 
syndrome)

Low-grade fever, fatigue, anorexia •• Infectious workup
•• Administer neutropenic fever–directed 

antimicrobials (if neutropenic)
•• Symptomatic support (acetaminophen, 

antiemetics)

Overt CRS One or more of the following:
•• High-grade fever
•• Hypoxia
•• Mild hypotension

As above, plus: 
•• Intravenous fluids and/or low-dose 

vasopressors (as appropriate)
•• Supplemental oxygen 

Severe or life-
threatening CRS

One or more of the following:
•• Hemodynamic instability despite 

intravenous fluids and low-dose 
vasopressors

•• Worsening respiratory distress (infiltrates, 
increasing oxygen requirement, high-
flow oxygen or mechanical ventilation 
requirement)

•• Rapid clinical deterioration  

As above, plus:
•• High-dose or multiple vasopressors
•• Tocilizumab

»» Weight < 30 kg: 12 mg/kg IV over 1 hour
»» �Weight ≥ 30 kg: 8 mg/kg IV over 1 hour 
(max: 800 mg) 

Resistant CRS No clinical improvement in 12–18 hours, 
or worsening at any time despite prior 
management

As above, plus:
•• Methylprednisolone at 2 mg/kg daily until 

vasopressors and high-flow oxygen are no 
longer needed, then rapidly taper 

•• If no response to steroids within 24 hours, 
repeat tocilizumab as above

•• If no response to second dose of 
tocilizumab, consider a third dose or 
alternative CRS treatment 

Note. CRS = cytokine release syndrome. Information from Novartis (2018).



542J Adv Pract Oncol AdvancedPractitioner.com

FREYERPRESCRIBER'S CORNER

Infection 
Infection of all grades was observed in 59% of 
pediatric RR ALL patients treated with CTL019, 
with 35% developing grade ≥ 3 infections (No-
vartis, 2018). Infection risk is influenced by the 
cell product itself, in addition to the underly-
ing disease, immunosuppression and neutrope-
nia related to lymphodepleting chemotherapy, 
cumulative effects of prior therapies, and hypo-
gammaglobulinemia resulting from B-cell apla-
sia. Hypogammaglobulinemia was reported in 
43% of RR ALL patients and may persist for the 
duration of CTL019 persistence. Deficient pa-
tients may need intravenous gamma globulin 
supplementation (Novartis, 2018). Herpes sim-
plex virus and Pneumocystis pneumonia pro-
phylaxis are advised for patients receiving CAR 
T-cell therapy. Some centers use filgrastim when 
absolute neutrophil count is less than 500/mm3  
following CAR T-cell therapy (Brudno & Ko-
chenderfer, 2016); however, colony-stimulating 
factors (specifically granulocyte-macrophage col-
ony-stimulating factor [GM-CSF]) may theoreti-
cally worsen CRS. Myeloid growth factors, partic-
ularly GM-CSF, are not recommended during the 
first 3 weeks following CTL019 or until CRS has 
resolved (Novartis, 2018). 

Other Toxicities 
Coagulopathy may occur following CTL019 and 
correlates with CRS severity with 71% of patients 
with grade 4 CRS, requiring treatment with cryo-
precipitate (Büchner et al., 2017). Despite severe 
hypofibrinogenemia, significant changes in inter-
national normalized ratio, activated partial throm-
boplastin time, and fatal bleeding events are un-
common (Büchner et al., 2017). Providers should 
monitor coagulation parameters and for signs of 
bleeding and administer cryoprecipitate accord-
ing to institutional standards. Standard institu-
tional tumor lysis syndrome prophylaxis is ad-
vised following lymphodepleting chemotherapy 
and CTL019 infusion. Hypersensitivity reactions 
to the CTL019 cell product itself or dextran and 
dimethylsulfoxide in the cell product may occur. 
Premedication with acetaminophen and diphen-
hydramine 30 to 60 minutes prior to CTL019, 
along with monitoring for hypersensitivity reac-
tions, is required. 

IMPLICATIONS FOR THE  
ADVANCED PRACTITIONER
CTL019 is only available via a risk evaluation 
and mitigation strategies (REMS) program. Sites 
wishing to use CTL019 must register as Kymriah 
Treatment Centers after demonstrating the abil-
ity to manage the logistics and toxicities of CAR 
T-cell therapy. Currently, such centers are limited 
to academic medical centers with experience in  
alloSCT. Care is typically provided by the stem cell 
transplant division or a dedicated cellular therapy 
service. All staff that prescribe, dispense, or ad-
minister CTL019 must complete REMS training 
on toxicity management prior to patient care. 

Advanced practitioners (APs) practicing in 
centers using CTL019 may be involved in patient/
family counseling, toxicity monitoring, and man-
agement. Advanced practitioners must explain the 
risk of CRS, neurotoxicity, and infection following 
CTL019, including the timing of symptom onset 
and when patients need to return to the hospital 
for evaluation. Advanced practitioners must be 
comfortable identifying when intervention for 
CRS is indicated and when therapy beyond tocili-
zumab may be required. Advanced practitioners 
should consider delaying infusion in patients with 
active or uncontrolled infection, serious and un-
resolved AEs from prior therapies, active GVHD, 
or progressive leukemic burden following lym-
phodepleting chemotherapy to avoid augmenting 
CTL019 toxicity. 

Advanced practitioners must be aware of in-
stitutional mechanisms to ensure that at least 2 
doses of tocilizumab are immediately accessible 
for each patient receiving CTL019. Hepatitis B 
and C screening is required prior to CTL019 as re-
activation can occur following B-cell aplasia. Hu-
man immunodeficiency virus (HIV) screening is 
also required, as some HIV assays may cross-react 
with the lentiviral vector, yielding false-positive 
results post infusion (Novartis, 2018). 

Patients must stay within 2 hours of the treat-
ment facility for 4 weeks following infusion to 
enable prompt management of CRS or NEs if 
necessary. Due to the potential for neurotoxicity, 
patients should not drive or operate heavy ma-
chinery for 8 weeks following CTL019. Live virus 
vaccines should be avoided for at least 2 weeks 
prior to the start of lymphodepleting chemothera-
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py, and until immune recovery following CTL019. 
Patients should be informed of the risk of manu-
facturing failure, which is approximately 9%, such 
that all patients receiving leukapheresis may not 
ultimately receive CTL019 (Novartis, 2018). Inser-
tional mutagenesis from the lentiviral vector may 
increase the risk of secondary malignancies such 
that patients should receive lifelong monitoring 
(Novartis, 2018). A lengthy prior approval process 
will be necessary to ensure insurance coverage 
for CTL019 given its $475,000 price tag; however, 
the manufacturer has stated that Medicaid will 
not have to pay for the drug for Medicaid-covered 
children who do not show response by day 30 
(Skinner, 2017). 

CONCLUSIONS 
CTL019 is a first-in-class CAR-T therapy approved 
for RR ALL in pediatric and young adult patients 
up to age 25 and for adults with RR DLBCL. In RR 
ALL, CTL019 offers impressive CR and OS rates 
for a poor-risk patient population with limited 
treatment options. With unprecedented efficacy 
comes unique and potentially life-threatening 
toxicities such as CRS, neurologic toxicities, and 
infection, all of which require APs with special-
ized training for appropriate management. l
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