UCSF

UC San Francisco Previously Published Works

Title

Clinical utilization of blinatumomab and inotuzumab immunotherapy in children with
relapsed or refractory B-acute lymphoblastic leukemia

Permalink
https://escholarship.org/uc/item/337338kq
Journal

Pediatric Blood & Cancer, 68(1)

ISSN
1545-5009

Authors

Contreras, Cristina F
Higham, Christine S
Behnert, Astrid

Publication Date
2021

DOI
10.1002/pbc.28718

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/337338kq
https://escholarship.org/uc/item/337338kq#author
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Pedjatr Blood Cancer. Author manuscript; available in PMC 2022 January 01.

-, HHS Public Access
«

Published in final edited form as:
Pediatr Blood Cancer. 2021 January ; 68(1): €28718. doi:10.1002/pbc.28718.

Clinical Utilization of Blinatumomab and Inotuzumab
Immunotherapy in Children with Relapsed or Refractory B-Acute
Lymphoblastic Leukemia

Cristina F Contreras?, Christine S Higham?, Astrid Behnert3, Kailyn Kim#, Elliot Stieglitz3,
Sarah K Tasianl®

1Children’s Hospital of Philadelphia, Division of Oncology and Center for Childhood Cancer
Research; Philadelphia, Pennsylvania

2University of California, San Francisco Benioff Children’s Hospital and School of Medicine,
Pediatrics, Division of Pediatric Bone Marrow Transplantation; San Francisco, California

SUniversity of California, San Francisco Benioff Children’s Hospital and School of Medicine,
Pediatrics, Division of Hematology-Oncology; San Francisco, California

4Sidney Kimmel Medical College at Thomas Jefferson University; Philadelphia, Pennsylvania

SUniversity of Pennsylvania Perelman School of Medicine, Department of Pediatrics and
Abramson Cancer Center; Philadelphia, Pennsylvania

Abstract

Background: The treatment paradigm for patients with relapsed/refractory B-cell acute
lymphoblastic leukemia (rrALL) has been revolutionized given recent clinical trials demonstrating
remarkable success of immunotherapies and leading to drug approvals by United States and
European agencies. We report experience with commercial blinatumomab and inotuzumab use at
two North American pediatric oncology centers in children and adolescents/young adults with B-
ALL.

Procedure: Patients 0-25 years-old treated with the CD19xCD3 bispecific T cell-engaging
antibody blinatumomab and/or the CD22 antibody-drug conjugate inotuzumab from 1 January
2010 to 1 June 2018 were eligible. Disease status included relapsed B-ALL in second or greater
relapse, primary chemotherapy-refractory B-ALL, or B-ALL complicated by severe infection
precluding delivery of conventional chemotherapy.
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Results: We identified 27 patients who received blinatumomab and/or inotuzumab outside of
clinical trials during the study period. Four of the 13 patients (31%) with relapsed disease achieved
MRD-negative remission, and 5 patients (39%) underwent HSCT. In the 12 patients with primary
chemorefractory B-ALL treated with immunotherapy, 11 (92%) achieved minimal residual disease
(MRD)-negative remission as assessed by flow cytometry; 10 patients (83%) underwent
subsequent hematopoietic stem cell transplant (HSCT). Two patients with B-ALL in MRD-
negative remission received blinatumomab due to severe infection and remained in remission after
chemotherapy continuation.

Conclusions: Blinatumomab and inotuzumab can induce deep remissions in patients with
rrALL and facilitate subsequent HSCT or other cellular therapies. Blinatumomab can also serve as
an effective bridging therapy during severe infection. The optimal timing, choice of
immunotherapeutic agent(s), and duration of responses require further investigation via larger-
scale clinical trials.

Keywords

acute lymphoblastic leukemia; blinatumomab; immunotherapy; inotuzumab; hematopoietic stem
cell transplantation

INTRODUCTION

B-acute lymphoblastic leukemia (B-ALL) is the most common malignancy of childhood
with approximately 3500 new patients diagnosed annually in North America. While the
majority of children and adolescents and young adults (AYAs) with B-ALL are cured with
modern risk-stratified chemotherapy regimens, resulting in event-free survival (EFS) >85%,!
outcomes for those patients who relapse or are refractory to frontline chemotherapy remain
suboptimal. At first relapse, the most predictive prognostic variables for outcomes include
duration of first remission and site of relapse. Early medullary relapse, defined by the
Children’s Oncology Group (COG) as <36 months from initial leukemia diagnosis and by
the Berlin-Frankfurt-Miinster (BFM) group as <18 months, is associated with worse
outcomes.23 Children with primary chemotherapy-refractory disease (particularly those with
induction failure)* may benefit from allogeneic hematopoietic stem cell transplantation
(HSCT) in first remission, although achievement of sufficiently low or negative minimal
residual disease (MRD) with conventional cytotoxic chemotherapy to proceed to HSCT can
be challenging. As expected, EFS and overall survival (OS) rates have been historically
lower with subsequent relapse.® Intensive salvage therapies for patients with relapsed/
refractory B-ALL (rrALL) are associated with appreciable infectious and end-organ
sequelae,8 emphasizing need for alternative therapeutic approaches to overcome
chemoresistance and/or decrease toxicity.

New antibody-based immunotherapies targeting B-cell surface markers have demonstrated
remarkable clinical activity in patients with rrALL, leading to United States FDA and EMA
approval of several agents in recent years. Blinatumomab, a bispecific CD19 x CD3 T-cell
engager (BIiTE) antibody, links and directs endogenous CD3+ effector T-cells against
CD19+ B-cells (malignant and non-malignant) to induce apoptosis.” Phase 1, 2, and 3
clinical trials of blinatumomab have demonstrated remission induction rates of >30% in
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patients with rrALL.8-12 Particular efficacy was demonstrated in patients with MRD-level
disease as a bridge to HSCT with a recent study reporting achievement of MRD negativity in
>78% of adults with rrALL and markedly improved relapse-free survival (RFS) and 0S.13 A
retrospective study in pediatrics also demonstrated efficacy in eliminating MRD-level
disease prior to HSCT.14 A COG randomized phase 3 trial AALL1331 (NCT02101853)
assessed potential non-inferiority of blinatumomab intercalation versus standard salvage
chemotherapy upon RFS and OS in children and AYAs with first relapse of B-ALL,1° as
well as potential for decreasing salvage therapy-associated toxicity. Preliminary outcomes
suggest an advantage for blinatumomab both in terms of higher rates of MRD-negative
responses and decreased toxicity compared to conventional chemotherapy as post-
reinduction consolidation prior to HSCT.16

The antibody-drug conjugate (ADC) inotuzumab ozogamicin is comprised of an anti-CD22
monoclonal antibody bound to the anti-tumor antibiotic calicheamicin. Inotuzumab was
recently approved by the FDA and EMA for use in adults with rrALL based upon phase 2
and randomized phase 3 clinical trial data demonstrating 80.7% versus 29.7% remission re-
induction rates in patients treated with inotuzumab or standard chemotherapy, respectively.
17.18 One study of 12 children with rrALL treated with compassionate-access inotuzumab in
France reported complete or partial remission in 8 patients, although nine patients
subsequently died of relapsed/progressive disease.1® A more recent retrospective review of
51 pediatric patients with rrALL treated with inotuzumab via compassionate or commercial
access reported a 67% CR rate. However, 11 of 21 (52%) of these heavily-pretreated patients
who underwent subsequent HSCT developed sinusoidal obstructive syndrome (SOS), a
higher than expected rate than was previously observed in adults with rrALL (11%).18:20
The recent COG AALL1621 phase 2 trial (NCT02981628) studied the efficacy of
inotuzumab in 48 uniformly-treated children and AYAs in second or greater relapse of B-
ALL,; preliminary outcomes show CR rates >50%, nearly two-thirds of whom achieved
MRD negativity.2! Preliminary results of the Dutch ITCC-059 study also showed
remarkable efficacy of inotuzumab in pediatric patients with rrALL with an 80% overall
response rate and 79% of responding patients achieving an MRD-negative CR.22

In the current retrospective study, we sought to determine (1) the rates of commercial
blinatumomab and inotuzumab usage in children and AYAs with rrALL at two large
academic North American pediatric oncology centers and (2) the ability to bridge patients
successfully to subsequent allogeneic HSCT or other cellular immunotherapies.

METHODS

Patients

Patients aged 0-25 years treated with blinatumomab and/or inotuzumab from January 1,
2010 to June 1, 2018 at our institutions with clinical follow-up until June 1, 2019 were
eligible for inclusion. Patients who received blinatumomab or inotuzumab on clinical trials
(e.g., COG AALL1331 or AALL1621) were excluded from this study. Subjects were
classified as having primary chemotherapy-refractory ALL (MRD =0.01% after two or more
induction attempts as assessed by flow cytometry), relapsed B-ALL in second or greater
relapse, or ALL complicated by an acute infection precluding delivery of standard
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myelosuppressive chemotherapy. Patients were coded with unique study identifiers (USIs).
Medical records were reviewed to abstract clinical data, including age at initial leukemia
diagnosis, sex, National Cancer Institute ALL risk status,23 frontline chemotherapy
regimen(s), age at leukemia diagnosis and/or relapse, salvage therapy regimens
(chemotherapy, immunotherapy), bone marrow MRD quantification by flow cytometry (FC),
MRD quantification by high-throughput sequencing of immunoglobulin rearrangements
(HTS), and receipt of allogeneic HSCT. This study was approved by the Institutional Review
Boards at the Children’s Hospital of Philadelphia (CHOP) and the University of California,
San Francisco (UCSF) Benioff Children’s Hospital and conducted in accordance with the
Declaration of Helsinki.

Evaluation of response

Patients’ treatment responses to blinatumomab and inotuzumab were classified as CR if
marrow demonstrated <5% blasts morphologically (M1). An additional category of MRD-
negative CR (<0.01% by FC) was included. Some patients who were MRD-negative by FC
were also assessed for MRD negativity by HTS of immunoglobulin heavy chain gene
rearrangements.* Partial response (PR) was defined as a reduction in blasts from M3
(>25%) to M2 (5-25%). Progressive disease (PD) was defined as an increase of at least 25%
blasts by absolute number of blasts. Stable disease (SD) was defined as patients who did not
satisfy requirements for CR or PR.

Evaluation of toxicity

Adverse events of interest including neurotoxicity, cytokine release syndrome, sinusoidal
obstructive syndrome and tumor lysis syndrome were graded using the Common
Terminology Criteria for Adverse Events, version 4.

RESULTS

We identified 27 patients who received commercial blinatumomab and/or inotuzumab during
the study period from 2010 to 2018 (Figure 1). Five patients received both agents at different
points in their care. At the time of initial de novo B-ALL diagnosis, patients were a median
age of 9.2 years (0.4-29.2). Seventeen of the 27 (63%) were male, 10 were NCI standard
risk (SR; 37%), 17 were NCI high risk (HR; 63%), and 21/27 (78%) were CNS 1 at
diagnosis (Table 1).

At the time of blinatumomab and/or inotuzumab administration, 13 (48%) were in first or
greater relapse, 12 (44%) patients were classified as refractory (MRD =0.01% after two or
more induction attempts), and two (7%) patients had B-ALL complicated by an acute
infection that precluded administration of standard-of-care cytotoxic chemotherapy (Table 2,
Supplemental Table 1). The median number of cycles for each immunotherapy agent was
one (range 1-4). Individual clinical courses and outcomes are shown in Figure 2.
Representative patients from each of the three disease classifications are presented below as
illustrative teaching cases prior to summary data for this case series.

Pediatr Blood Cancer. Author manuscript; available in PMC 2022 January 01.
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(1) Immunotherapy treatment of a patient with relapsed B-ALL

Patient CHOP26 was diagnosed with HR B-ALL in 2014 at 6 years of age after presenting
with fatigue, hepatomegaly, and a white blood cell (WBC) count of 5,270 cells/mm?3 with
7% peripheral blasts. She had no extramedullary disease (CNS1), and leukemia cytogenetics
and FISH analysis of her bone marrow showed trisomy 5. She received a three-drug
induction on COG study AALL0932, had EOI FC MRD of 1.1%, was reclassified as very
high risk, and was treated with post-induction therapy as per COG study AALL1131. She
had persistent low-level MRD at end of consolidation (0.09%) and mid-interim maintenance
(0.013%) that was below institutional standard-of-care recommendations at the time for
HSCT in CR1 in a patient with initially SR B-ALL,2% and she completed chemotherapy as
per AALL1131. She subsequently experienced a late medullary relapse in 2017 at 12
months off therapy (39 months from initial diagnosis) and was re-induced with UKALLR3
therapy on COG study AALL1331.16:26 She had end-reinduction FC MRD of 2.5% and was
removed from study to pursue definitive immunotherapy given concerns for chemoresistant
disease. She achieved MRD 0% after one cycle of inotuzumab and was recommended to
undergo 10/10 HLA-matched allogeneic HSCT. Family declined allogeneic HSCT due to
toxicity concerns, and the patient subsequently received CD19-redirected chimeric antigen
receptor T cells (CD19CART) in an MRD-negative state in lieu of transplant. She had early
B cell recovery at 4.5 months after CD19CART, received a second infusion of CD19CART
in an MRD-negative remission without re-induction of normal B cell aplasia, and remains in
continued MRD-negative remission at 16 months post-inotuzumab (13 months after initial
dosing of CD19CART).

(2) Immunotherapy treatment of a patient with primary chemotherapy-refractory B-ALL

Patient UCSF2 was diagnosed with HR B-ALL in 2016 at 11 years of age after presenting
with a WBC count of 200,000. He had no extramedullary disease (CNS1). Leukemia
cytogenetics, FISH, and molecular analyses showed a normal male karyotype without
detected fusions or other pathogenic mutations. He received a four-drug induction as per
COG AALL1131 and had flow cytometric EOl MRD of 15.9%. MRD by FC at the end of
consolidation, interim maintenance, and delayed intensification chemotherapy were 0.5%,
0.78% and 0.14%, respectively. Given his persistent MRD positivity, he was treated with
blinatumomab with goal of subsequent HSCT. He achieved MRD negativity (0%) after one
cycle of blinatumomab without appreciable side effects and then underwent haploidentical
transplantation from his mother. He remains in continued clinical CR at 26 months post-
HSCT.

(3) Immunotherapy ‘bridging’ treatment of a patient with de novo B-ALL and systemic
fungal infection

Patient UCSF4 was diagnosed with SR B-ALL in 2017 at 23 months old after presenting
with pancytopenia with a WBC count of 2.6 and 7% peripheral blasts. He had microscopic
evidence of CNS leukemia involvement (CNS2b) and no other sites of extramedullary
disease. He received a three-drug induction therapy as per AALL0932 and cleared his CSF
with intrathecal chemotherapy. Day 8 peripheral blood and day 29 marrow FC MRD were
0.044% and 0%, respectively. His post-induction course was complicated by invasive

Pediatr Blood Cancer. Author manuscript; available in PMC 2022 January 01.
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mucormyecosis of the sinuses, requiring prolonged anti-fungal therapy with liposomal
amphotericin and caspofungin and extensive surgical debridement with anterior skull base
resection for graft reconstruction. Given this infectious severity and risk of prolonged
neutropenia with usual post-induction cytotoxic chemotherapy, he received one cycle of
blinatumomab during active medical and surgical management of his Mucorinfection. He
tolerated blinatumomab well without toxicity, and his marrow remained MRD-negative prior
to resumption of post-induction therapy as per AALL0932. He is currently in maintenance
and in continued clinical remission at 22 months from diagnosis.

Relapsed disease—Among the 13 patients with multiply-relapsed disease, the median
percent of bone marrow blasts by FC prior to therapy was 51.8% (0.08-98) and 21.0% (0.0-
97.9) post-therapy. Best response was categorized as MRD-negative CR for 4 patients (31%,
1 following blinatumomab, 3 following inotuzumab), morphologic CR for 1 patient (8%)
who received both blinatumomab and inotuzumab, PR for 1 patient (8%) following
inotuzumab, SD for 2 patients (15%) after inotuzumab, and PD for 5 patients (39%, 1
following blinatumomab, 2 after inotuzumab, and 2 after both blinatumomab and
inotuzumab). Four of the 13 patients (31%) underwent HSCT after inotuzumab (n=3
patients) or blinatumomab (n=1) therapy. Five of the 13 patients also received CD19CART
and/or CD22CART following inotuzumab or blinatumomab, four of them intended as
definitive therapy without planned subsequent HSCT (Table 2, Figure 1). Two of the 5
patients who achieved CR were alive and in continued remission with a median of 21.9
months at the time of last follow-up (Table 2, Figure 2).

Refractory disease—In the 12 patients with refractory B-ALL, the median percent blasts
by FC pre- and post-therapy was 3.35% (range 0.0-53%) and 0% (0.0-50%), respectively.
Eleven patients (92%) achieved MRD-negative CR as best response, while one patient (8%)
experienced progressive disease on blinatumomab and then achieved a morphologic CR with
inotuzumab with negative FC MRD in a hypocellular marrow. Four patients with negative
MRD by FC were assessed by HTS after treatment with blinatumomab, and two (50%) were
also MRD-negative by HTS. Ten of the 12 patients (83%; 9 of whom received
blinatumomab, one of whom received blinatumomab and then inotuzumab prior to
transplant) underwent subsequent HSCT. One patient received CD19CART after receipt of
both blinatumomab and inotuzumab (Figure 1). Eleven of the 12 patients (92%) are alive
and in continuous CR with a median of 25.3 months at the time of last follow-up (Table 2,
Figure 2).

Severe infection precluding systemic chemotherapy—Two patients with B-ALL
received blinatumomab as bridging therapy due to severe infection in this study. One patient
had de novo disease and developed an invasive systemic fungal infection as described above
in the third vignette. The other patient had relapsed disease and achieved an MRD-negative
response with UKALL R3 reinduction chemotherapy as per AALL1331,26 but developed an
intercurrent severe Pseudomonas peri-rectal abscess requiring multiple surgical
debridements and diverting colostomy. The patient then received one cycle of blinatumomab
while recovering from her infection before proceeding to allogeneic HSCT. Both patients
were in MRD-negative remission before and after blinatumomab and remain alive in

Pediatr Blood Cancer. Author manuscript; available in PMC 2022 January 01.
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continued clinical CR at the time of final study follow-up at 20.7 and 16.6 months,
respectively (Table 2, Figure 2).

Adverse effects of immunotherapy—Ten of the 27 patients (37%) had adverse events
during immunotherapy (summarized in Table 3). Of those 18 patients who received
blinatumomab, six developed CRS (grade 1, n=2; grade 2, n=1, grade 3, n=2; grade 4, n=1).
Four patients experienced neurologic complications, one of which was classified as grade 4.
One patient treated with blinatumomab and one patient with inotuzumab experienced
moderate SOS treated with defibrotide, both occurring post-HSCT. No patients experienced
TLS as a result of blinatumomab or inotuzumab immunotherapy.

DISCUSSION

In this two-institution case series, we highlight the short- and long-term therapeutic potential
of two now FDA-approved CD19 or CD22 antibody-based immunotherapies in a variety of
clinical scenarios for children with B-ALL: (1) relapsed disease, (2) primary chemotherapy-
refractory disease, and (3) non-myeloablative bridging therapy in the setting of severe
infection. The alternative mechanisms of action of immunotherapies that can successfully
overcome chemoresistance in patients with leukemia has shifted the therapeutic paradigm
and facilitated MRD negativity prior to HSCT that is essential to maximize long-term cure.
24 A relatively new dilemma for pediatric hematologist/oncologists is how to prioritize
available commercial or investigational immunotherapies for patients with rrALL, including
blinatumomab, inotuzumab, and cellular therapies to achieve deep and durable remission,
maximize EFS and OS, and potentially minimize treatment-associated toxicity.

Currently-approved immunotherapies for patients with B-ALL target B cell antigens CD19
and CD22. CD19 is near-universally expressed at high level in childhood B-ALL, while
CD22 surface expression can be more variable, particularly in specific genetic subtypes of
B-ALL.2728 |n comparison to CAR T cell immunotherapy, blinatumomab and inotuzumab
are ‘off-the-shelf’ products that are immediately available for use and have been associated
with a lower incidence of CRS. While blinatumomab or inotuzumab monotherapy has not
generally been used as definitive therapy without subsequent allogeneic HSCT,10:20 our
results demonstrate that these agents can be effectively used to induce often-deep MRD
negativity and facilitate prompt HSCT, which has been shown to improve outcomes for
many patients.24:29.30

While often well-tolerated, blinatumomab and inotuzumab can be associated with serious
side effects. CNS toxicity has been reported in up to 10% of patients treated with
blinatumomab.19 Neurotoxicity symptoms range from headache and disorientation to
seizure, encephalopathy, and aphasia. Symptoms usually resolve shortly after interruption of
treatment. In our cohort, we observed blinatumomab-associated neurotoxicity in 22% of
treated patients, the majority of which were <= grade 3 and resolved spontaneously or with
supportive care. Only one patient experienced grade 4 neurotoxicity (encephalopathy) that
fully resolved with temporary pausing of blinatumomab infusion. High-grade CRS was rare
in our population (three patients with grade 3 or 4 CRS) and generally did not require dose
modifications to blinatumomab or inotuzumab.

Pediatr Blood Cancer. Author manuscript; available in PMC 2022 January 01.
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Hepatotoxicity with SOS is a known adverse effect of inotuzumab ozogamicin that can be
life-threatening, particularly when administered in close proximity to HSCT.18:20.21 5OS s
caused by damage to the hepatic endothelium that causes blood extravasation through the
space of Disse with consequent downstream obstruction and hemorrhagic necrosis.3! The
precise mechanism for inotuzumab-associated SOS remains unknown, but is thought likely
due to its conjugation with calicheamicin that has been linked to SOS in patients with AML
treated with gemtuzumab.32 SOS occurrence can be delayed and has been reported up to two
years after HSCT, most frequently following dual-alkylator conditioning regimens.31:33.34
Current strategies to prevent SOS include limiting number of inotuzumab cycles, avoiding
concomitant hepatotoxic medications and dual-alkylator HSCT conditioning, and
prophylactic use ursodiol and/or defibrotide.3° In our study, we observed SOS in one patient
treated with inotuzumab and one patient treated with blinatumomab, both occurring post-
transplant and treated successfully with defibrotide and supportive care. While one patient
(UCSF21; treated with inotuzumab) did not receive a dual-alkylator conditioning regimen,
the other patient (UCSF22; treated with blinatumomab) received both total body irradiation
and cyclophosphamide, which may have contributed to SOS pathology.

In summary, we report a ‘real-world’ experience at two large academic pediatric centers
using blinatumomab and inotuzumab for several indications in children and adolescents with
B-ALL. While our study is limited by its retrospective nature, small patient numbers, and
shorter-term follow-up, it highlights the remarkable potential of pediatric oncologists’ new
armamentarium of immunotherapeutic options that can now be commercially accessed.
Patients with NCI high-risk B-ALL MRD positivity after two induction attempts (EOC
timepoint) are known to have higher rates of relapse and poor survival compared to their
MRD-negative counterparts and are thus often allocated to HSCT,38 but historically have
unable to achieve deep MRD-negative remissions with additional cytotoxic chemotherapy.
Similarly, patients who are MRD-negative prior to HSCT have superior outcomes compared
to those who are transplanted with disease.243¢ The conversion to MRD negativity by FC in
patients with primary refractory B-ALL in 11 of 12 patients using primarily blinatumomab
is a particularly promising finding in our series. We further show that blinatumomab can
convert patients from FC-MRD positivity to HTS-MRD negativity, which may be associated
with improved outcomes.3 In this study, children with multiply-relapsed B-ALL also
benefited from blinatumomab or inotuzumab therapy; conversion to MRD negativity was
less frequent, but still allowed for definitive treatment with HSCT or CAR T cell
immunotherapy in certain patients. We predict that these off-the-shelf immunotherapies may
be particularly useful in heavily-pretreated patients in whom T cell pheresis for cellular
immunotherapy is unsuccessful. Lastly, blinatumomab also offered a non-myelosuppressive
alternative for patients with B-ALL and severe opportunistic infections, which allowed
delivery of effective anti-fungal therapy while not compromising continued delivery of
effective anti-leukemia therapy. In summary, immunotherapy with the FDA- and EMA-
approved agents blinatumomab and inotuzumab offer novel treatment options for rrALL
patients who have not adequately benefited from conventional chemotherapy. The optimal
timing and sequence of antibody-based and cellular immunotherapies in children and AYAs
with relapsed/refractory or newly-diagnosed B-ALL remains incompletely elucidated, and

Pediatr Blood Cancer. Author manuscript; available in PMC 2022 January 01.



1duosnue Joyiny

Contreras et al. Page 9

ongoing or soon-to-open clinical trials investigating these agents will likely yield new
insights in the coming years.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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PD progressive disease
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Figure 1.
Schema of administered immunotherapy to pediatric patients with B-ALL.
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Table 1.

Demographic characteristics and initial risk status at B-ALL diagnosis.
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Age at NCI Age at Rel
Study USI diagnosis Sex Cl\(ljisast:;giss at risk Cytogenetic alterations relapse ¢ ap*s ¢
(years) g status (vears) type
. Late
CHOP6 9.2 F CNS1 SR JAZFI-TAX1BPI fusion 14.3 medullary
CHOP7? 39 M CNS 2¢ SR CDKN2A deletion 9.8 Late
. : medullary
CHOP13 13.8 M CNS1 HR TCF3-HL Ffusion 15 Early
' medullary
P2ZRY8-CRLF2Zfusion
IKZF1, PAXS, Early
CHOP14 34 F CNS1 HR CDKNZA, and TP53 59 medullary
deletions
CHOP15 6 M CNS1 SR CDKNZ2A deletion 7 Early
medullary
Partial IAMP21 RUNX1 Late
CHOP16 6 M CNS1 SR amplification 125 medullary
Relapse S Early
CHOP17 14.3 M CNS1 HR Low hypodiploidy 15.4 medullary
- Very early
CHOP18 11 M CNS 1 HR Low hypodiploidy 11.8 medullary
. Early
UCSF21 8.5 F CNS 1 SR ETV6-RUNXI fusion 104 medullary
UCSF23 1.9 M CNS1 HR None detected 6.1 Early
: ) medullary
iAMP1 and RUNX1 Earl
UCSF24 14.3 M CNS 1 HR amplification CDKNZA 15.2 d "y
deletion medullary
CHOP25 33 M CNS 1 SR Hypodiploidy 12 Late
) medullary
CHOP26 6.9 F CNS1 SR Trisomy 5 10.2 Late
) Y ) medullary
UCSF1 19.4 F CNS1 HR Hypodiploidy - -
UCSF2 11 M CNS 1 HR None detected - -
UCSF3 18.8 M CNS 2 HR IGH-CRLF2fusion - -
UCSF5 5.3 M CNS1 SR Hyperdiploidy - -
CHOP8 0.4 M CNS 2a HR KMTZ2A rearrangement - -
CHOP9 17 M CNS 1 HR JAZF1-TAX1BPI fusion - -
Refract IGH-CRLF2fusion
efractory | ycsrio 29.2 M CNS 2¢ HR JAKZ mutation FLT3- - -
ITD
UCSF11 4.3 F CNS 2 SR RUNX1-ETV6fusion - -
KRAS mutation
CHOP12 18.5 M CNS 1 HR CDKN2A deletion - -
UCSF19 26 F CNS 1 HR BCR-ABL 1 fusion - -
UCSF22 12.8 F CNS 1 HR None detected - -
CHOP27 10.4 F CNS 1 HR PAX5-JAKZ fusion - -
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Age at NCI Age at Rel
Study USI diagnosis Sex CNdiSast:;giss at risk Cytogenetic alterations relapse ¢ ap*s ¢
(years) g status (years) type
UCSF4 18 M CNS 2b SR Hyperdiploidy - -
Other . Early
UCSF20 0.8 F CNS1 HR KMT2A-MLLT3fusion - medullary

very early = medullary relapse <18 months, early = medullary relapse >= 18 months and <36 months, late = medullary relapse > 36 months from
initial B-ALL diagnosis, - = not applicable.

Pediatr Blood Cancer. Author manuscript; available in PMC 2022 January 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Contreras et al. Page 17

Table 2.

Treatment and outcome characteristics for patients who received blinatumomab and/or inotuzumab.

Patients with B-ALL 27
Patients with refractory disease, n (%) 12 (44.4)
Patients with relapsed disease, n (%) 13 (48.2)
Patients with “other” disease status, n (%) 2(7.4)

Treatment
Blinatumomab, n (%) 13 (48.2)
refractory disease, n (%) 9 (75.0)
relapsed disease, n (%) 2 (15.4)
“other,” n (%) 2 (100)
Inotuzumab, n (%) 9(33.3)
refractory disease, n (%) 1(8.3)
relapsed disease, n (%) 8 (61.5)

“other,” n (%)

Both, n (%) 5(18.5)
refractory disease, n (%) 2 (16.7)
relapsed disease, n (%) 3(23.1)

“other,” n (%)

Median MRD by FC prior to immunotherapy

refractory disease, % 3.4
relapsed disease, % 51.8
“other,“ % 0

Median MRD by FC post immunotherapy

refractory disease, % 0
relapsed disease, % 21
“other,“ % 0

Best response to immunotherapy

Complete remission 4(14.8)
refractory disease, n (%) 3(25.0)
relapsed disease, n (%) 1(7.7)

“other,” n (%)

MRD-negative complete remission 13 (48.2)
refractory disease, n (%) 9 (75.0)
relapsed disease, n(%) 4(30.8)

“other,” n (%)

Partial remission 1(3.7)

refractory disease, n (%)

relapsed disease, n (%) 1(7.7)

“other,” n (%)
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Patients with B-ALL 27
Stable disease 2(7.4)
refractory disease, n (%)
relapsed disease, n (%) 2 (15.4)
“other,” n (%)

Progressive disease 5 (18.5)
refractory disease, n (%)

relapsed disease, n (%) 5(38.5)
“other,” n (%)

Additional therapy
Allogeneic HSCT 15 (55.6)
refractory disease, n (%) 10 (83.3)
relapsed disease, n (%) 4(30.8)
“other,” n (%) 1(50.0)
CAR T cells 9(33.3)
refractory disease, n (%) 3(25.0)
relapsed disease, n (%) 5(38.5)
“other,” n (%) 1(50.0)

Treatment outcome
Median last follow-up, months 16.6
refractory disease, months 253
relapsed disease, months 8.5
“other,” months 18.6
Alive at last follow-up, n (%) 17 (63.0)
refractory disease, n (%) 11 (91.7)
relapsed disease, n (%) 2 (15.4)
“other,” n (%) 2 (100)
Ifalive, CR at last follow-up, n (%) 15 (55.6)
refractory disease, n (%) 11 (91.7)
relapsed disease, n (%) 2 (15.4)
“other,” n (%) 2 (100)

Pediatr Blood Cancer. Author manuscript; available in PMC 2022 January 01.

Page 18



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Contreras et al.

Table 3.

Adverse effects of immunotherapy in study subjects.

Variable Blinatumomab cohort (n=18) | Inotuzumab cohort (n=14)
Mean number of cycles (range) 1.47 (0.5-4) 1.62 (1-3)
Total complications, n (%) 9 (50.0%) 1(7.1%)
CRS, n (%) 6 (33.3%) 0
grade 1, n (%) 2 (33.3%) n/a
grade 2, n (%) 1 (16.7%) nfa
grade 3, n (%) 2 (33.3%) n/a
grade 4, n (%) 1 (16.7%) nfa
Neurotoxicity, n (%) 4 (22.2%) 0
grade 2, n (%) 3(75.0%) nfa
grade 4, n (%) 1(25.0%) n/a
HSCT following immunotherapy, n (%) 13 (72.2%) 5 (35.7%)
SOS post-HSCT, n (%) 1(7.7%) 1 (20.0%)

Page 19

Note bene: This table contains 5 patients who received both blinatumomab and inotuzumab. Percentage of SOS post-HSCT refers to total number
of patients who underwent HSCT in each cohort.
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