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Infants with B-cell acute lymphoblastic leukemia (B-ALL) have poor outcomes because of

chemotherapy resistance leading to high relapse rates. Tisagenlecleucel, a CD19-directed

chimeric antigen receptor T-cell (CART) therapy, is US Food and Drug Administration

approved for relapsed or refractory B-ALL in patients #25 years; however, the safety and

efficacy of this therapy in young patients is largely unknown because children ,3 years of

age were excluded from licensing studies. We retrospectively evaluated data from the

Pediatric Real-World CAR Consortium to examine outcomes of patients with infant B-ALL

who received tisagenlecleucel between 2017 and 2020 (n 5 14). Sixty-four percent of patients

(n 5 9) achieved minimal residual disease-negative remission after CART and 50% of

patients remain in remission at last follow-up. All patients with high disease burden at time

of CART infusion (.M1 marrow) were refractory to this therapy (n 5 5). Overall,

tisagenlecleucel was tolerable in this population, with only 3 patients experiencing $grade 3

cytokine release syndrome. No neurotoxicity was reported. This is the largest report of

tisagenlecleucel use in infant B-ALL and shows that this therapy is safe and can be effective

in this population. Incorporating this novel immunotherapy into the treatment of infant

B-ALL offers a promising therapy for a highly aggressive leukemia.
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Key Point

� Real-world use of
tisagenlecleucel in
infant B-ALL shows
that this novel therapy
can be effective and
safe in a highly
aggressive leukemia.
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Introduction

Infant B-cell acute lymphoblastic leukemia (B-ALL) is an aggressive
form of ALL diagnosed in patients younger than 12 months of age.
Most have KMT2A gene rearrangement (KMT2Ar), which is a high-
risk feature associated with chemotherapy resistance and relapse.1

Despite intensive chemotherapy regimens, estimated 5-year event-
free survival (EFS) for infants with KMT2Ar B-ALL is ,40% and
overall survival (OS) after relapse remains dismal at 20%.2-6 Novel
therapies such as chimeric antigen receptor T (CART) cells are
needed. The apheresis and manufacturing of CART in infants with
B-ALL can be challenging because of small patient size, high leuke-
mia burden, and heavily pretreated disease resulting in impaired
T-cell function and expansion.7,8

Tisagenlecleucel (KYMRIAH, Novartis), a CD19-directed CART, was
US Food and Drug Administration approved in August 2017 for
treatment of relapsed/refractory (R/R) B-ALL and is commercially
available to patients up to age 25 years.9-12 The ELIANA trial
excluded patients younger than age 3 years; therefore, the published
CART experience in infant B-ALL is limited.7,13-15 Because of poor
outcomes with chemotherapy and a US Food and Drug Administra-
tion indication including infants, experience is accumulating treating
R/R infant B-ALL with tisagenlecleucel. We describe the real-world
experience of R/R infant B-ALL treated with tisagenlecleucel using
data from the Pediatric Real-World CAR Consortium (PRWCC).

Methods

The PRWCC, a multi-institutional consortium, has collected retrospec-
tive data on pediatric and young adult patients with B-ALL who
received commercial tisagenlecleucel from August 2017 through
March 6, 2020. Retrospective data were abstracted from the PRWCC
database of patients with infant ALL, defined as ,12 months of age
at the time of original diagnosis. The primary outcome for this study
was 1-month complete remission (CR) rate. Responders were defined
as having minimal residual disease (MRD)-negative (,0.01%) CR by
flow cytometry at day 28 after infusion. Additional outcomes included
6-month OS and EFS, toxicities including cytokine release syndrome
(CRS) and neurotoxicity, and rationale for noninfusion. CRS was retro-
spectively graded according to American Society for Transplantation
and Cellular Therapy guidelines, and neurotoxicity was graded per the
American Society for Transplantation and Cellular Therapy, CART
Related Encephalopathy Syndrome, or institutional standard.16,17 Each
center obtained independent institutional review board approval. The
study was conducted in accordance with the Declaration of Helsinki.

Results and discussion

Patient characteristics

Of 16 patients with infant B-ALL within the PRWCC database, 14
underwent infusion with tisagenlecleucel. Two patients with primary
refractory disease were not infused: 1 because manufacturing failure
and the other because of progression of leukemia and death. Table 1
includes baseline characteristics and response to therapy for infused
patients.

Of 14 infused patients, the majority (86%) had KMT2Ar. Of the 2
remaining patients, 1 had normal (KMT2A-germline) and 1 had
unknown cytogenetics. Four patients (29%) had prior hematopoietic

Table 1. Baseline characteristics and CART details

All patients Responders* Nonresponders

n 5 14 n 5 9 n 5 5

Age at CART, median (range), y 0 (0-9) 2 (0-9) 1 (0-2)

KMT2Ar status

Yes 12 8 4

No 1 0 1

Unknown 1 1 0

Frontline therapy EOI response

MRD-negative CR 5 3 2

MRD-positive CR 7 5 2

.M1 1 1 0

Not assessed 1 0 1

Prior immunotherapy and HSCT

Blinatumomab 3 3 0

Inotuzumab 3 1 2

HSCT 4 2 2

Disease category before CART

Primary refractory 5 4 1

First relapse† 5 2 3

Second or greater relapse 4 3 1

MRD status before CAR

MRD-negative CR 3 3 0

MRD-positive CR 6 6 0

.M1 5 0 5

ALC at time of T-cell collection,
median (range), cells/mL

1610
(240-3330)

1564
(240-5120)

1692
(300-3330)

CART cell dose infused,
median (range),
(3106 CAR T cells/kg)

2.29
(1.3-4.6)

2.65
(1.6-4.6)

1.72
(1.3-2.4)

CRS

Any grade 11 6 5

$Grade 3 3 1 2

HSCT while in CART-mediated

remission‡

Yes 1 1 0

No 13 8 5

Disease status after CART

Refractory to CART 4 0 4

Remains in CR after CART 7 7 0

Relapsed after CART 3§ 2 1

Myeloid transformation

Yes 4 1 3

No 3 1 2

Death 4 0 4

Time after CART at last follow-up,
median (range), d

231
(44-856)

290
(137-856)

85
(44-389)

ALC, absolute lymphocyte count; EOI, end of induction.
*Defined as MRD-negative CR at day 28 after CART.
†First relapse: patients with first relapse that was refractory to salvage therapy (n 5 3),

patients with first relapse after HSCT (n 5 2).
‡The indication for the patient who received HSCT while in CART-mediated remission

included preemptive per discretion of treating physician.
§All retained CD191 status, extramedullary (skin, n 5 1), marrow only (n 5 1), marrow

and central nervous system (n 5 1).
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stem cell transplant (HSCT). Three patients (21%) had prior blinatu-
momab and 3 patients (21%) had prior inotuzumab. Indications for
CART included primary refractory (n 5 5), first relapse (n 5 5), and
second or greater relapse (n 5 4). Before CART infusion, 5 patients
(36%) had .M1 marrow (.5% blasts; range, 6%-90% blasts) and
9 patients (64%) were in morphologic CR, including 3 patients in
MRD-negative CR. Before infusion, 9 patients were CNS1, 2 were
CNS2, and 3 were not assessed. No patients had other active extra-
medullary disease at time of CART infusion. The median time from
apheresis to infusion was 6 weeks (range, 5-15 weeks). All patients
received lymphodepleting chemotherapy (fludarabine/cyclophospha-
mide) before infusion. Median CART dose was 2.2 3 106 cells/kg
(range, 1.3-4.6 3 106 cells/kg).

Responders vs nonresponders

Nine patients (64%) achieved an MRD-negative CR at day 28 after
CART infusion. Five patients (36%) failed to achieve MRD negativity
(nonresponders), 1 of whom was in morphologic CR (flow MRD not
assessed) and 4 of whom failed to achieve morphologic CR ($5%
disease). The median duration of follow-up was 231 days (range,
44-856 days).

Disease status before CART infusion affected outcomes for this
population. All 5 patients with .M1 marrow before infusion were
nonresponders, whereas all 9 responders were in morphologic CR
at the last evaluation before infusion (MRD-positive, n 5 6; MRD-
negative, n 5 3). The median CART dose for responders and non-
responders was 2.65 cells/kg (range, 1.6-4.6 3 106 cells/kg) vs
1.72 cells/kg (range, 1.3-2.4 3 106 cells/kg), respectively. There
were equal numbers of responders and nonresponders with prior
HSCT (each n 5 2). All 3 patients with previous blinatumomab
exposure achieved MRD-negative CR.

Seven of 9 responders (78%) had ongoing CR at last follow-up,
with only 1 patient undergoing HSCT in remission after CART. This
patient underwent HSCT preemptively per the discretion of the
treating physician. Two responders relapsed after CART. One
underwent HSCT following relapse, and both remain alive at last
follow-up. The median duration of follow-up for responders was 290
days (range, 137-856 days). Of the nonresponders, all remained
refractory and 4 died (refractory disease, n 5 3; transplant-related
mortality, n 5 1) with a median time to death of 71 days (range,
44-132 days). The median duration of follow-up for nonresponders

was 85 days (range, 44-389 days). The median time of the duration
of B-cell aplasia was 171 days (28-414 days). The estimated post-
CART 6-month EFS and OS in this cohort were 48% and 71%,
respectively. Figure 1 illustrates each patient’s disease course from
the time of CART infusion through last follow-up.

Myeloid transformation has been described in KMT2Ar B-ALL fol-
lowing CD19-directed therapy.18-20 Lineage switch, including mye-
loid transformation, is reported in infant B-ALL, independent of
CART.21 In this infant cohort, 4 patients (29%, 1 responder and
3 nonresponders) experienced myeloid transformation following
CART, 3 of whom had KMT2Ar.

Safety

Overall, CART was tolerable in this cohort, with 11 patients (79%)
experiencing CRS of any grade and only 3 patients (21%)
experiencing $grade 3 CRS. One patient with grade 3 CRS
received tocilizumab, steroids, and anakinra. One patient with grade
4 CRS received steroids and anakinra. No other patients with CRS
required medications for immune suppression. There was no neuro-
toxicity reported.

This analysis demonstrates that CART is feasible, tolerable, and
associated with clinical responses in R/R infant B-ALL. Of patients
in morphologic remission (with or without MRD) at the time of infu-
sion, all achieved, and the majority maintained, an MRD-negative
remission after CART. Conversely, all patients with high disease
burden at time of CART infusion (.M1 marrow) were refractory to
this therapy. Although further validation is necessary, these data
suggest infants with .M1 marrow may be at high risk of nonres-
ponse to CART. Additionally, MRD detection at day 28 after CART
emerged as a poor prognostic indicator, with 80% of MRD-
positive patients experiencing death, in contrast to 78% of patients
achieving MRD-negative CR who remain alive with sustained dura-
ble responses at time of last follow-up. This is a promising out-
come for this chemotherapy refractory cohort of patients.

There are a number of challenges associated with leukapheresis and
manufacturing of CART in small patients such as those with infant
B-ALL. In this cohort, only 1 of the 16 patients who underwent leuka-
pheresis was unable to be infused because of manufacturing failure.
This is in line with other reports showing feasibility of collection and
manufacturing in this cohort.22 Last, this report demonstrates the
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Figure 1. Swimmer plot illustrating the clinical course of patients with infant B-ALL following CART infusion.
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safety of tisagenlecleucel in infant B-ALL with manageable CRS and
no neurotoxicity reported. Although these data are limited by the small
number of patients, retrospective nature, and short duration of follow-
up, in the absence of a clinical trial, it highlights that incorporation of
CART into the treatment for this highly chemotherapy-resistant popu-
lation offers promise for future improvements in outcomes for R/R
infant B-ALL. Larger studies to better understand the long-term out-
comes in responders and optimal timing of therapy are needed.
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