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ABSTRACT 
Background: Chimeric antigen receptor-T cell therapy with tisagenlecleucel 

has durable efficacy and manageable safety in pediatric 

relapsed/refractory B-cell acute lymphoblastic leukemia (B-ALL). However, 

evidence of its efficacy and safety in patients with Down syndrome-

associated B-ALL is currently limited. 

Case Report: Here, we describe a male pediatric patient with Down 

syndrome-associated refractory B-ALL who was infused with tisagenlecleucel 

twice. He was minimal residual disease-negative and had central nervous 

system 1 status before and after each tisagenlecleucel infusion. Adverse 

events of special interest following the first infusion included grade 2 

cytokine release syndrome, which resolved without the need for tocilizumab, 

and grade 1 immune effector cell-associated neurotoxicity syndrome. 

Though clinically well, B-cell recovery was detected <6 months after the first 

tisagenlecleucel infusion. The second tisagenlecleucel infusion, followed by 

pembrolizumab, was administered in an unsuccessful attempt to restore B-

cell aplasia. Four years after the first tisagenlecleucel infusion, the patient is 

disease-free with no ongoing pembrolizumab toxicity.  

Conclusions: Treatment with two doses of tisagenlecleucel was relatively 

safe and effective in this pediatric case with Down syndrome-associated 

relapsed/refractory B-ALL. The results also suggest that achieving long-term 

B-cell aplasia may not be required for long-term remission in some cases. 
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Introduction 
Children with Down syndrome have an increased risk of 
developing B-cell acute lymphoblastic leukemia (B-ALL) 
compared with age-matched children without this 
disorder. Moreover, patients with Down syndrome and B-
ALL have an increased risk of treatment-related toxicities 
from standard chemotherapy and overall worse 
outcomes versus those without trisomy 21.1 Overall, new 
therapies for pediatric patients with B-ALL and Down 
syndrome are urgently needed. Tisagenlecleucel is a 
cluster of differentiation (CD)19-directed chimeric 
antigen receptor (CAR)-T cell therapy approved for the 
treatment of patients up to 25 years of age with B-ALL 
that is refractory or in second or later relapse.2 CAR-T 
cell therapy is an individualized immunocellular therapy 
that genetically reprograms a patient’s immune cells to 
target and eliminate cancer cells. Tisagenlecleucel has 
demonstrated durable efficacy and a manageable 
safety profile in pediatric patients with 
relapsed/refractory (r/r) B-ALL.3,4 Although subgroup 
analyses from tisagenlecleucel clinical trials have 
demonstrated clinical benefits in patients with Down 
syndrome,3,5 limited evidence exists regarding its 
tolerability, safety, and efficacy in patients with Down 
syndrome and B-ALL.6 Herein we describe a pediatric 
patient with Down syndrome and refractory B-ALL who 
was infused with tisagenlecleucel, received a second 
infusion on early B-cell recovery, and has ongoing, 
durable remission despite very early loss of B-cell 
aplasia. 
 

Case Report 
A 12-year-old Caucasian male with Down syndrome was 
diagnosed with B-ALL. The patient had multiple 
cytogenetic findings (38-48,XY, t[1;15][q21;q22], 
der[20]t[1;20][q21;q11.2], +21c[cp8]/47, XY,+21c 
[12], and fluorescent in situ hybridization: [+] RUNX1) but 
was otherwise negative in his acute lymphoblastic 
leukemia panel. As first-line therapy, the patient received 
a three-drug induction of pegaspargase (2500 IU/m2, 
day 4), vincristine (1.5-2.0 mg intravenous [IV], days 1 
and 8), and age-based steroid therapy (≥10 years old: 
prednisone 60 mg/m2/day by mouth, days 1-28) along 
with intrathecal cytarabine (70 mg, day 1) and 
methotrexate (15 mg days, 8 and 29) for newly 
diagnosed high-risk B-ALL.7 The patient’s initial response 
to first-line induction therapy by day 15 was 68% blasts 
by morphology in his bone marrow; therefore, 
daunorubicin (50 mg/m2) was added for the remainder 
of the treatment per Children’s Oncology Group Protocol 
AALL1131 Down syndrome arm.7 At the end of induction 
therapy (day 29), the patient had minimal residual 
disease (MRD) by flow cytometry (FCM), with 32% blasts 
in his bone marrow. He continued with consolidation 
therapy per AALL1131 Down syndrome arm, and mild 
consolidation (day 29) bone marrow revealed MRD by 
FCM of 14%. At the end of consolidation therapy, the 
patient had MRD by FCM with 3.3% blasts. Due to his 
primary refractory disease and the known increased 
toxicity and treatment-related mortality associated with 
stem cell transplant in patients with Down syndrome,8 he 
was referred for CAR-T cell therapy. 
 

TREATMENT 
Leukapheresis material was initially collected for CAR-T 
cell production at another medical facility. Leukapheresis 

material was collected without incident, but the patient 
required a temporary central venous catheter because 
peripheral venous access was not feasible. The patient 
received bridging chemotherapy with a maintenance 
dose of daily 6-mercaptopurine and weekly 
methotrexate. Disease evaluation by bone marrow MRD 
by FCM prior to lymphodepleting chemotherapy was 
2.6%, and he had central nervous system 1 (CNS1) status 
(cerebrospinal fluid negative). After an appropriate 
washout period following bridging chemotherapy, 
subsequent lymphodepleting chemotherapy with 
fludarabine (30 mg/m2/day IV for 4 days) and 
cyclophosphamide (500 mg/m2/day IV for 2 days) was 
given. After 2 days of rest, the patient was infused with 
tisagenlecleucel (2.1×106 CAR-T cells/kg) on a managed 
access program protocol (NCT03601442),9 due to a 
slightly suboptimal CAR+ T-cell viability of 68%. 
 
The patient experienced some adverse events (AEs) post 
infusion, including grade 2 cytokine release syndrome 
with hypoxia at day 6, which resolved with low-flow 
supplemental oxygen via a nasal cannula. There was no 
associated fever or hypotension, and he did not require 
tocilizumab. The patient also experienced grade 1 
immune effector cell-associated neurotoxicity syndrome 
(ICANS) on day 2 with pupil asymmetry. His Cornell 
Assessment of Pediatric Delirium score was 0, and no 
medical intervention was required. The ICANS resolved 
by day 3 (duration of 1 day). Day 28 bone marrow 
evaluation revealed that he was MRD-negative by FCM 
(<0.2%). Although the patient was clinically well, early 
B-cell recovery was detected in peripheral blood by day 
81 (CD19+ 3%; absolute CD19+ count 69 cells/µL) and 
confirmed on day 92 (CD19+ 5%; absolute CD19+ 
count 106 cells/µL); he was also bone marrow FCM MRD-
negative and had continued CNS1 status. 
 

An additional dose of tisagenlecleucel was available 
from the original manufacturing process. After repeat 
lymphodepletion with fludarabine/cyclophosphamide 
(same as previously described), a second tisagenlecleucel 
infusion (2.10×106 CAR-T cells/kg) was given in an 
attempt to restore B-cell aplasia. Disease status was 
reassessed prior to lymphodepletion; the patient 
remained FCM MRD negative (<0.02%) with CNS1 status 
and had absolute CD19+ count 148 cells/µL in his 
peripheral blood.  
 

The patient received his second tisagenlecleucel infusion 
on day 144 (Figure 1) followed by pembrolizumab 14 
days later (10 mg/kg, 200 mg maximum). On day +28, 
following the second dose of tisagenlecleucel, the patient 
was FCM MRD negative with CNS1 status. He achieved 
hematologic recovery, but peripheral blood FCM after 
the second dose of tisagenlecleucel (day +36) revealed 
B-cell aplasia was not re-established (CD19+ 2%; 

absolute CD19+ count 30 cells/μL). A second dose of 

pembrolizumab (10 mg/kg, 200 maximum) was given on 
day 50 to aid in achieving B-cell aplasia. Pembrolizumab 
induced an autoimmune response, including fever and 
cough. Computed tomography (CT) of the chest showed 
left lower lobe pneumonia (day +71). Blood cultures and 
bronchoalveolar lavage testing were negative for 
infectious etiologies, and the patient was discharged from 
the hospital. 
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Figure 1. B-Cell response post tisagenlecleucel infusion. CD, cluster of differentiation; Pembro, pembrolizumab. 

 
 

The patient was readmitted on day +85 with a continued 
cough, low-grade fever, poor appetite, nausea, vomiting, 
and diarrhea. Chest CT was repeated and showed new 
right middle lobe pneumonia. Blood cultures and 
bronchoalveolar lavage were again negative, and the 
patient was discharged with voriconazole to treat a 
presumed fungal infection. The patient was readmitted to 
the hospital on day +101 with continued cough, low-
grade fever, nausea, vomiting, diarrhea, poor appetite, 
significant weight loss, stomatitis, and angular cheilitis. He 
received IV methylprednisolone (1 mg/kg/day) for a 
presumed pembrolizumab-induced autoimmune 
response, after which he clinically improved. After 3 days 
of IV methylprednisolone treatment, the patient 
transitioned to oral prednisone (1 mg/kg/day), which 
was gradually tapered over 1 month. 
 

OUTCOME AND FOLLOW-UP 
At the most recent follow-up (day +1572, 52 months 
after the first tisagenlecleucel infusion), the patient was 
clinically well with no overt signs of disease relapse or 
ongoing pembrolizumab toxicity. The patient never 
achieved a second B-cell aplasia but remains alive and 
disease free >4 years after the first tisagenlecleucel 
infusion. 
 

Discussion  
CAR-T cell therapy with tisagenlecleucel was effective 
and tolerable in this patient with primaryrefractory B-ALL 
and Down syndrome. Despite experiencing early B-cell 
recovery (day 81) following the first tisagenlecleucel 
infusion, and not achieving restoration of B-cell aplasia 
after reinfusion with a second dose of tisagenlecleucel, 
the patient remains in remission and is without relapse.  
 

Previous case reports in pediatric patients with B-ALL 
have shown that pembrolizumab administered with CAR-
T cell reinfusion can increase and/or prolong CAR-T cell 
persistence.10,11 Furthermore, it has been shown that the 
addition of pembrolizumab was well tolerated, with no 

increase in the incidence or severity of key AEs associated 
with CAR-T cell infusion and no additional autoimmune 
toxicity.10,11 In contrast, our patient case showed the 
addition of pembrolizumab following the second 
tisagenlecleucel infusion did not help restore B-cell 
aplasia, but instead resulted in pembrolizumab-related 
toxicity. 

 
Maintenance of B-cell aplasia post CAR-T cell infusion is 
generally considered a surrogate marker for CAR-T cell 
persistence. Indeed, clinical outcomes are typically better 
in patients who have CAR-T cell persistence ≥6 months, 
and early B-cell recovery may indicate CAR-T cell 
therapy failure, warranting consideration of stem-cell 
transplantation.4 However, this case supports a “watch 
and wait” approach, which is especially noteworthy for 
patients with Down syndrome who may not tolerate stem-
cell transplantation and may develop toxicities related to 
additional immunotherapy attempting to re-establish B-
cell aplasia. Further, as more data become available, 
MRD assessed by next-generation sequencing may be a 
more sensitive and reliable predictor of a patient’s risk 
of relapse, independent of B-cell recovery.12 

 

Conclusions 
This case contributes to the growing body of evidence 
that CAR-T cell therapy is safe and effective for patients 
with Down syndrome and r/r B-ALL and may help avoid 
chemotherapy-related toxicities.3,6 In general, the clinical 
community has presumed that prolonged CAR-T cell 
persistence and B-cell aplasia were needed for long-
term remission, and that B-cell recovery was associated 
with a risk of CD19+ relapses.13 The results here seem to 
indicate that achieving long-term B-cell aplasia may not 
be required for long-term remission in some patients. 
Additional long-term follow-up of patients from clinical 
trials and the real-world setting will be needed to better 
understand whether patients may be considered cured 
without persistent B-cell aplasia. 
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