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abstract

PURPOSE Children’s Oncology Group trial AALL1621 was conducted to prospectively determine the safety and
efficacy of inotuzumab ozogamicin (InO) in pediatric and adolescent patients with relapsed or refractory (R/R)
B-cell acute lymphoblastic leukemia (B-ALL).

PATIENTS AND METHODS This single-arm phase II trial enrolled patients age 1-21 years with R/R CD22-positive
B-ALL. In cycle 1, InO dosing was 0.8mg/m2 intravenously on day 1 and 0.5mg/m2 on days 8 and 15 of a 28-day
cycle with response evaluation at day 28. Using a two-stage design, the trial was continuously monitored for
dose-limiting toxicities and sinusoidal obstruction syndrome (SOS). CD22 expression was retrospectively
evaluated by central flow cytometry.

RESULTS Forty-eight patients were evaluable for response and toxicity; 19 had complete response (CR) and nine
CR with incomplete count recovery (CRi) after cycle 1 (CR/CRi rate: 58.3%; two-sided 90% CI, 46.5 to 69.3).
Twenty-seven of 28 patients with CR or CRi had minimal residual disease measured by flow cytometry; 18
(66.7%) had minimal residual disease, 0.01%. Seven of 28 patients (25%) with CR or CRi had delayed count
recovery past day 42 in cycle 1. Three (6.3%) patients had grade 3 ALT elevation and one patient had grade 3
hyperbilirubinemia in cycle 1. Of 21 patients undergoing hematopoietic stem-cell transplantation after InO, 6
(28.6%) developed grade 3 SOS. Partial CD22 expression and lower CD22 site density were associated with
lower likelihood of response to InO.

CONCLUSION InO is effective andwell tolerated in heavily pretreated children and adolescents with R/R CD22-positive
B-ALL. SOS after hematopoietic stem-cell transplantation and prolonged cytopenias were notable. CD22 modulation
was identified as a mechanism of resistance. Expanded study of InO combined with chemotherapy is underway.

J Clin Oncol 40:956-967. © 2022 by American Society of Clinical Oncology

INTRODUCTION

Approximately 10%-20% of children and young adults
with B-cell acute lymphoblastic leukemia (B-ALL) will
relapse.1,2 Effective therapies that bridge to hemato-
poietic stem-cell transplantation (HSCT) or chimeric
antigen receptor (CAR) T-cell therapy with manage-
able toxicities are critical. Inotuzumab ozogamicin
(InO; Pfizer Inc, New York, NY) is a CD22-directed
antibody-drug conjugate covalently linked to N-Ac-
g-calicheamicin dimethylhydrazide.3 Upon binding to
surface CD22, InO is internalized and traffics to the
lysosome where calicheamicin is released.3 InO was
superior to chemotherapy in adults with relapsed or
refractory (R/R) B-ALL in the INO-VATE trial.4 Toxic-
ities include myelosuppression, infection, and sinu-
soidal obstruction syndrome (SOS).5,6

Studies of InO in children are limited. Among 51 chil-
dren treated via compassionate access, the rate of
complete response (CR) or CR with incomplete count
recovery (CRi) was 67%; 11 of 21 children (51%) re-
ceiving HSCT after InO developed SOS.7 The European
Innovative Therapies for Children with Cancer consor-
tium phase I trial of InO in children with R/R B-ALL
confirmed the US Food and Drug Administration
(FDA)–approved adult dose of 1.8 mg/m2 per course
(fractionated schedule) as the pediatric recommended
phase II dose.8 The AALL1621 phase II trial sought to
define the efficacy and safety in pediatric patients with
R/R B-ALL. We measured rates of morphologic re-
sponse after one and two cycles, minimal residual
disease (MRD) by flow cytometry, dose-limiting toxic-
ities (DLTs), and SOS incidence and severity during InO

ASSOCIATED
CONTENT

Data Supplement

Protocol

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.

Accepted on
December 8, 2021
and published at
ascopubs.org/journal/
jco on January 10,
2022: DOI https://doi.
org/10.1200/JCO.21.
01693

956 Volume 40, Issue 9

https://ascopubs.org/doi/suppl/10.1200/JCO.21.01693
https://ascopubs.org/doi/suppl/10.1200/JCO.21.01693
http://ascopubs.org/journal/jco
http://ascopubs.org/journal/jco
http://ascopubs.org/doi/full/10.1200/JCO.21.01693
http://ascopubs.org/doi/full/10.1200/JCO.21.01693
http://ascopubs.org/doi/full/10.1200/JCO.21.01693


therapy and subsequent HSCT. Exploratory studies included
correlation of response with InO pharmacokinetics (PK) and
surface CD22 expression.

PATIENTS AND METHODS

Children’s Oncology Group (COG) AALL1621 (Clinical-
Trials.gov identifier: NCT02981628), a single-arm, open-
label phase II trial, enrolled from June 2017 to May 2019.
The trial was temporarily closed twice, once for planned
interim response assessment and once to assess SOS
cases after stopping rules were triggered. The study was
approved by the National Cancer Institute Pediatric Central
Institutional Review Board and local institutional review
boards according to institutional policy. All participants or
legally authorized guardians provided consent. Eligibility
criteria are detailed in the Data Supplement (online only).
Patients with prior SOS were excluded. Patients with Down
syndrome were eligible.

Treatment and Response Assessment

Patients received FDA-approved fractionated dosing for
adults with InO administered intravenously over 1 hour on
days 1, 8, and 15 of each 28-day cycle.4 The Data Sup-
plement details treatment and supportive care guidelines.
Bone marrow morphologic response was evaluated on day
28 of cycles 1, 2, 4, and 6. The Data Supplement details
response definitions. MRDwasmeasured by flow cytometry
at a COG-approved laboratory. MRD-negativity was defined
as , 0.01% lymphoblasts.

Safety Analysis

Patients who received at least one dose of InO were
evaluable for toxicity. Adverse events (AEs) were assessed
using National Cancer Institute Common Terminology
Criteria for Adverse Events version 4.03 and version 5.0
(after November 13, 2018). Grade 3 and higher non-
hematologic AEs were collected. The Data Supplement
defines DLTs. Continuous safety monitoring for a cycle 1

DLT rate of$ 30% and SOS rate of$ 15%was performed.9

SOS was defined by the modified Seattle criteria10; SOS
grading reported herein uses Common Terminology Criteria
for Adverse Event version 5.0. The monitoring boundary for
SOS was exceeded in stage 1. Following review of stage 1
data (see the Results section), separate SOS monitoring
rules were instituted for: (1) any grade SOS during first two
cycles; (2) grade $ 4 SOS up to 12 months from last InO
dose; and (3) grade $ 4 SOS after initiation of HSCT
conditioning until 12 months from last InO dose. Peripheral
blood lymphocyte subpopulations were assessed every one
to two cycles.

PK and CD22 Expression

InO PK and central evaluation of surface CD22 expression
(CD22%) and site density (CD22 antibody bound per cell
[ABC, sites per cell]) were performed in a subset of patients
(Data Supplement).

Efficacy Analysis

The primary end point of rate of CR or CRi after cycle 1 was
estimated among all eligible patients enrolled with a two-
sided 90% Agresti-Coull CI reported.11 Patients who re-
ceived at least one dose of InO were evaluable for response.
A two-stage admissible design was used (detailed in the
Data Supplement).12 Secondary or exploratory efficacy end
points included event-free survival (EFS) and overall sur-
vival (OS), with EFS events including treatment failure,
relapse, secondmalignancy neoplasm, or death because of
any cause, whichever occurred first, and OS events being
death because of any cause (detailed in the Data Sup-
plement). Data cutoff was December 31, 2020.

RESULTS

Patients

Forty-nine patients enrolled; one was inevaluable because
of elevated hepatic transaminases on repeat testing before
starting therapy and was not treated. Forty-eight patients

CONTEXT

Key Objective
Effective therapies that bridge to potentially curative hematopoietic stem-cell transplantation (HSCT) or chimeric antigen

receptor (CAR) T-cell therapy with manageable toxicities are critical to improving outcomes for patients with relapsed or
refractory B-cell acute lymphoblastic leukemia. Although inotuzumab ozogamicin (InO) is effective in adults, studies in
children are limited. This phase II trial evaluated InO in pediatric relapsed or refractory B-cell acute lymphoblastic
leukemia.

Knowledge Generated
InO was effective with high response rates andminimal residual disease , 0.01% in two thirds of responders. Importantly, a

significant proportion of responding patients proceeded to potentially curative HSCT and/or CAR T-cell therapy. For
patients proceeding to HSCT after InO, sinusoidal obstruction syndrome is a significant toxicity.

Relevance
The study demonstrates the utility of InO as a bridge to HSCT or CAR T-cell therapy and highlights the need to identify

modifiable sinusoidal obstruction syndrome risk factors for patients receiving HSCT after InO.
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received at least one InO dose and were evaluable for
response and toxicity (Table 1). The Data Supplement
details patient flow. In cycle 1, 45 patients (93.8%) re-
ceived all prescribed doses of InO without dose modifi-
cation. Two patients progressed within two doses and one
patient received two doses because of DLT (drug rash with
eosinophilia and systemic symptoms). The median number
of cycles was 2 (range, 1-6).

Efficacy

Of 24 patients enrolled in stage 1, 10 had CR and five had
CRi after cycle 1, meeting the Protocol (online only)–
defined threshold to proceed to stage 2. Among all patients
(N 5 48) following cycle 1, 19 had CR and nine had CRi
(58.3%; two-sided 90% CI, 46.5 to 69.3). With 28 patients
achieving CR or CRi after cycle 1, the null hypothesis was
rejected and InO deemed promising. MRD was evaluated
for 27 of 28 patients (96.4%) with cycle 1 CR or CRi, of
whom 18 (66.7%) had MRD , 0.01% and three (11.1%)
had MRD 0.01%-0.099%. Three patients had partial re-
sponse (PR), nine had stable disease (SD), and eight had
progressive disease (PD). Two patients with PD because of

TABLE 1. Patient Characteristics
Patient Characteristic N 5 48

Age at enrollment, years

Median (range) 9 (1-21)

1-9, No. (%) 25 (52)

10-12, No. (%) 4 (8)

13-17, No. (%) 11 (23)

18-21, No. (%) 8 (17)

Sex, No. (%)

Female 19 (40)

Male 29 (60)

Self-reported race, No. (%)

Asian 2 (5)

Black or African American 5 (12)

White 34 (81)

Multiple races 1 (2)

Unknown 6

Self-identified ethnicity, No. (%)

Hispanic or Latino 11 (26)

Not Hispanic or Latino 31 (74)

Unknown 6

Disease status at enrollment, No. (%)

Primary refractory disease with at least
two prior induction attempts

2 (4)

First relapse refractory to at least one
prior reinduction attempt

10 (21)

Second or greater relapse 32 (67)

First relapse with no prior reinduction
attempt (DS)

1 (2)

Any relapse after HSCT 3 (6)

CNS status at enrollment, No. (%)

CNS 1 44 (92)

CNS 2 0

CNS 3 4 (8)

DS, No. (%)

No 45 (94)

Yes 3 (6)

Prior HSCT, No. (%)

No 37 (77)

Yes 11 (23)

Prior CAR T-cell therapy, No. (%)

No 37 (77)

Yes 11 (23)a

CD19 product 10

CD22 product 2

(continued in next column)

TABLE 1. Patient Characteristics (continued)
Patient Characteristic N 5 48

Prior blinatumomab therapy, No. (%)

No 34 (71)

Yes 14 (29)

WBC (1,000/mL) at study entry, No. (%)

Median (range) 5.75 (0.3-5.47)

Marrow blasts at study entry, No. (%)

Median (range) 81 (6-100)

M2 (5-25) 9 (19)

M3 (. 25) 39 (81)

Cytogenetics/FISH, No. (%)

Trisomy 4 and 10 0

ETV6-RUNX1 5 (12)

iAMP21 2 (5)

KMT2A rearrangement 6 (14)

BCR-ABL1 t(9;22) 2 (5)

Other 14 (33)

PBX1-TCF3 t(1;19) 4

Hypodiploidy 1

Not available 6 (12.5)

Abbreviations: CAR, chimeric antigen receptor; DS, Down
syndrome; FISH, fluorescence in situ hybridization; HSCT,
hematopoietic stem-cell transplantation.

aOne patient had two separate prior CD19 and CD22 CAR-T cell
therapies.
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CNS progression achieved bone marrow CR with MRD
, 0.01% and 0.02%.

Forty patients without PD were eligible for cycle 2. Table 2
details response for the 26 patients who received cycle 2
and subsequent treatment received by the 14 patients who
elected to come off study. Thirty of 48 patients (62.5%; two-
sided 90% CI, 50.6 to 73.0) achieved CR or CRi within the
first two cycles; 21 (70%) had MRD , 0.01%. Thus, 21 of
48 patients (43.8%) achieved MRD-negative CR or CRi
within two cycles. All 13 patients with MRD-negative CR or
CRi after cycle 1 who received a second cycle maintained
MRD-negative remission, and three of six with CR or CRi
and positive or unknown MRD after cycle 1 achieved MRD
, 0.01% after cycle 2. Seven patients with PR or SD after
cycle 1 received cycle 2, of whom two achieved CR or CRi
with detectable MRD and one cleared MRD after cycle 3. In
univariate analysis, age was significantly associated with
response after cycle 1 (P 5 .023) with a higher response
rate for those age 7-17 years (Data Supplement). Cyto-
genetics did not correlate with response, although analysis
is limited by small sample size. Notably, no patient with
KMT2A rearrangement (KMT2A-R, n 5 6) achieved MRD-
negative CR or CRi.

Subsequent Therapy and Survival

Response, subsequent therapy, and individual patient
outcomes are illustrated in Figure 1. Twenty-one patients
(43.8%) underwent allogeneic HSCT following study

therapy; 17 patients with CR or CRi underwent HSCT within
3months of the last InO dose and four (two CR, one PR, and
one PD) underwent HSCT 6-12 months after InO following
either chemotherapy (n5 1) or CAR T-cell therapy (n5 3).
Fourteen patients (29.2%) received CAR T-cell therapy
following InO including nine within 3 months (five CR or
CRi, two PR, and two SD), three during 3-6 month follow-up
(all CR or CRi), and two after . 2 years of follow-up. Seven
of eight patients with CR or CRi who received CAR T-cell
therapy within the first 6 months of follow-up did not receive
other bridging therapy. One patient with KMT2A-R had
MRD-positive CR with loss of CD22 expression after InO
(Fig 2C), proceeded to CD19 CAR T-cell therapy, and
subsequently had myeloid lineage switch.

Among 48 treated patients, 18 were alive at last follow-up
(median follow-up duration 2.2 years, range, 1.1-3.4
years). Thirty died; 26 from disease and four from toxicity
(three post-HSCT). Thirty-five patients had an EFS event:
13 treatment failures, 15 relapses, one second malignancy
neoplasm, and six deaths. The estimated 2-year EFS and
OS rates were 28.6% (95% CI, 15.9 to 42.8) and 36.0%
(95% CI, 22.3 to 49.9), respectively (Fig 3A). Patients with
MRD-negative CR or CRi within two cycles (n 5 21) had
2-year EFS rate 57.7% (95% CI, 31.9 to 76.8; Fig 3B). For
24 patients with CR or CRi who proceeded to HSCT
(n 5 17) or CAR T-cell therapy (n 5 7) without additional
bridging therapy, 2-year EFS rate was 58.8% (95% CI, 32.5
to 77.8) for HSCT and 68.6% (95% CI, 21.3 to 91.2) for

TABLE 2. Morphologic and Minimal Residual Disease Response to Two Cycles of Inotuzumab Ozogamicin

Cycle 1 Response
No. of Patients

(N 5 48) Response Rate, %
No. of Patients Who Received

Cycle 2 (n 5 26) Cycle 2 Response

CR or CRi, MRD , 0.01% 18a 37.5 13 13 CR or CRi, MRD
, 0.01%

CR or CRi, MRD $ 0.01% or
unknown

10b 20.8 6 3 CR, MRD , 0.01%
2 CR or CRi,

MRD $ 0.01%c

1 PD

PR 3d 6.3 2 1 CRi, MRD $ 0.01%
1 PD

SD 9e 18.8 5 1 CR, MRD $ 0.01%
2 PR
1 SD
1 PD

PD 8 16.7 0 (not eligible for further
therapy after cycle 1)

Abbreviations: CAR, chimeric antigen receptor; CR; complete response; CRi, complete response with incomplete count recovery, HSCT,
hematopoietic stem-cell transplantation; MRD, minimal residual disease; PD, progressive disease; PR, partial response; SD, stable disease.

aOf the 18 patients, five did not proceed to cycle 2. Four of the five patients received HSCT and one received CAR T-cell therapy after being off
protocol.

bOf the 10 patients, four did not proceed to cycle 2. Two of the four patients received HSCT, one received CAR T-cell therapy, and one received
chemotherapy after being off protocol.

cOf two patients with CRi and MRD . 0.01% at end of cycle 2, one achieved MRD , 0.01% after cycle 3 and one relapsed.
dOf the three patients, one did not proceed to cycle 2. Patient received CAR T-cell therapy after being off protocol.
eOf the nine patients, four did not proceed to cycle 2. One of the four patients received CAR T-cell therapy, one received chemotherapy, and two

did not have reported additional therapies but died shortly after being off protocol.
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FIG 1. Swimmer’s plot depicting individual patient response, subsequent therapy, and outcomes for 48 patients. Data are censored as of December
31, 2020. Patients with Down syndrome are denoted as DS. Dark bars indicate InO given on study. Initial response to cycle 1 is indicated by CR, CRi,
PR, SD, or PD. For patients who received cycle 2, response is indicated as CCR or CCRi if previously achieved CR or CRi with cycle 1. Duration of
initial response is indicated by color (CR or CRi5 blue; PR or SD5 red, PD5 gray). HSCT is indicated by star, and CAR T-cell therapy is indicated by
triangle. Patient 9 received six cycles of therapy on study and continued to receive commercial InO for an additional year before relapse. Patient 19
with KMT2A rearrangement received CD19 CAR T-cell therapy following three cycles of InO and subsequently developed lineage switch to acute
myeloid leukemia (denoted as SMN). C, censored; CAR, chimeric antigen receptor; CCR, continuous complete response; CCRi, continuous
complete response with incomplete count recovery; CR, complete response with or without count recovery; CRi, complete response with incomplete
count recovery; D, death; DS, Down syndrome; HSCT, hematopoietic stem-cell transplantation; InO, inotuzumab ozogamicin; PD, progressive
disease; PR, partial response; R, relapse; SD, stable disease; SMN, second malignant neoplasm.
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CAR T-cell therapy (overall 62.0% [95% CI, 39.6 to 78.1],
Fig 3C). Patients with$ 2 relapses (n5 32) had superior 2-
year EFS rate (41.7%; 95%CI, 23.7 to 58.7) compared with
10 patients with first relapse refractory to $ 1 prior rein-
duction attempt (0%, P 5 .001) despite similar response
rates (Data Supplement).

Safety and Toxicity

Nine patients experienced DLT in cycle 1, not crossing
predefined stopping bounds. Hematologic DLT was the
most common, reported in seven of 28 patients (25%) with
CR or CRi; one additional patient was inevaluable because
of platelet transfusion just before day 42. Nonhematologic
DLTs included one grade 3 pulmonary hemorrhage with
concurrent thrombocytopenia, one grade 3 stroke-like
event proximate to intrathecal methotrexate, one grade 3
respiratory distress, and one grade 3 drug rash with eo-
sinophilia and systemic symptoms. This patient tolerated
rechallenge with dose-reduced InO in cycle 2 without
toxicity, suggesting an alternate drug cause.

Grade 3 or higher AEs in cycles 1 and 2 are summarized in
the Data Supplement. The most common AEs in cycle 1
were febrile neutropenia (29.2%) and infection (16.7%),
predominantly bacterial. AEs were uncommon in subse-
quent courses, with grade 3 or higher neutropenia and/or
thrombocytopenia noted in 19.2% of patients in cycle 2. No
InO-related deaths occurred. Three (6.3%) patients had ALT
increase (maximumgrade 3), five (10.4%) hadAST increase
(maximum grade 3), and one had grade 3 bilirubin in cycle
1. In cycle 2, one patient had grade 3 ALT. No patient re-
quired InO dose modification for hepatic toxicity. No SOS
occurred during InO monotherapy. Peripheral B-cell aplasia
was observed in all evaluated patients. No impact on pe-
ripheral T cells was observed (Data Supplement).

Among 24 patients enrolled in stage 1, four developed
grade 3 SOS after HSCT, triggering protocol-defined
stopping rule (any grade SOS rate . 15%). As the rate
of post-HSCT SOS was similar to prior studies, stopping
rules were modified to capture severe events ($ grade 4)
after HSCT or any grade events during InO therapy. In stage
2, two patients developed grade 3 SOS after HSCT. Overall,
SOS occurred in 12.5% (six of 48) of all patients and 28.6%
(six of 21) of those undergoing HSCT. All six received early
intervention including defibrotide; five recovered and one
died from other HSCT complications (Data Supplement).
Clinical features were evaluated for the 21 patients who
underwent HSCT. No statistically significant associations
with SOS were observed, with analysis limited by small
numbers (Data Supplement).

Pharmacokinetics

InO trough levels were obtained in 22 patients in cycle 1 and
12 patients in cycle 2. Median trough levels increased with
each dose, with trough levels during cycle 2 higher than the
corresponding time points in cycle 1 (Data Supplement),
consistent with reported PK data.8,13 Trough levels did not
differ by response to cycle 1 (Data Supplement). For 10
patients with trough levels on day 1 of cycle 2, InO was
detectable at low levels (median 9.2 ng/mL, range, 0.99-
35.3 ng/mL), although cycle 2 day 1 started at least three
weeks from the last dose of InO in cycle 1 in 80% of patients
(median time between cycle 1 last InO dose and start of cycle
2 5 20 days, range, 7-29 days; Data Supplement).

CD22 Site Density and Expression

Among 27 patients with paired pre- and post-cycle 1 samples,
median baseline CD22 ABC was 1,022 sites per cell (range,
290-8,848 sites per cell) for nonresponders (n 5 13) and
4,123 sites per cell (range, 762-10,715 sites per cell) for
responders (n5 14; P5 .008). Median baseline CD22%was
similar but ranged more widely in nonresponders (98%;
range, 40%-100%) versus responders (99%; range, 92.9%-
100%; P 5 .014). For nonresponders, ABC did not change
significantly pre- and post-cycle 1 (Fig 4A), but CD22% de-
creased in eight of 13 patients (median, 82%; range, 1.4%-
100%) compared with baseline (median, 98%; range, 40%-
100%, P5 .007; Fig 4B). For the four patients with baseline
CD22%, 90%, evaluations after cycle 1 revealed emergence
of predominantly CD22-negative populations. Representative
modulation of CD22 expression is depicted in Figure 2.
Among four patients with KMT2A-R who were evaluated
centrally, three had partial CD22% at baseline and all had
ABC , 1,500 sites per cell.

DISCUSSION

In this phase II single-arm trial, the rate of CR or CRi with one
cycle of InO was 58.3% with MRD , 0.01% in 66.7% of
responders. On the ITCC-059 phase I trial, the rate of CR or
CRi for 11 patients at this dose was 85%.8 The difference
may be because of sample size, given overlapping CIs as trial
populations were similar. Collectively, these response rates
compare favorably with blinatumomab and tisagenlecleucel,
CD19-targeted immunotherapies that are FDA-approved for
children with R/R B-ALL. The RIALTO phase II trial of bli-
natumomab had rate of CR or CRi 59.2% (95% CI, 48.4 to
69) with 78% of responders MRD-negative and the ELIANA
phase II trial of tisagenlecleucel had rate of CR or CRi
of 81% (95% CI, 71 to 89) with 100% of responders
MRD-negative.14,15 Tisagenlecleucel has superior survivor

FIG 2. (Continued). pre-InO, which is further decreased post-InO. (B) Uniformly positive ex-
pression of CD22 pre-InO, with partial/bimodal expression of CD22 post-InO. (C) CD22 ex-
pression ranging from moderate to dim pre-InO with diminished CD22 expression post-InO
(KMT2A-rearrangment with subsequent lineage switch to acute myeloid leukemia after CD19-
directed therapy). InO, inotuzumab ozogamicin.
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outcomes with EFS 50% (95% CI, 35 to 64) at 12 months
and unlike blinatumomab or InO has the potential for long-
term cure without subsequent HSCT. The side effect profiles
of these CD19-targeted immunotherapies include cytokine
release syndrome and neurologic toxicity.16,17 Administration
of these therapies can be logistically challenging as blina-
tumomab requires continuous intravenously infusion for

28 days and tisagenlecleucel requires T-cell collection,
manufacturing, and infusion at specialized treatment cen-
ters. By contrast, InO has easier administration but a sig-
nificant risk of SOS for patients proceeding to HSCT.

Although not curative alone, InO is highly effective as a
bridge to potentially curative therapy. Among 30 patients
with CR or CRi, 24 (80%) proceeded to HSCT (n 5 17) or
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FIG 3. Outcomes after InO monotherapy. (A) EFS and OS of the 48 patients treated on study. The estimated EFS rate was 28.6% (95% CI, 15.9 to
42.8) at 2 years and 19.6% (95% CI, 7.9 to 35.1) at 3 years. The estimated OS rate was 36.0% (95% CI, 22.3 to 49.9) at 2 years or 3 years. (B) EFS
and OS of patients with morphologic CR or CRi and MRD, 0.01% by flow cytometry with one or two cycles of treatment. Among patients with best
response of CR or CRi andMRD, 0.01%, EFSwas 71.4% (95%CI, 47.2 to 86) at 1 year and 57.7% (95%CI, 31.9 to 76.8) at 2 year, and the 2-year
OS rate was 68.6% (95% CI, 41.8 to 84.9). (C) EFS and OS of patients who received HSCT or CART without other bridging therapy following a best
response of CR or CRi after up to two cycles of InO. Of the 30 patients who achieved CR or CRi after up to two cycles of InO, four patients had an event
at the end of InO therapy or shortly after being off protocol, two patients did not have HSCT or CART within 6 months without other therapy, and the
remaining 24 patients had HSCT or CART following CR or CRi. Of the 24 patients who received HSCT or CART following CR or CRi, 2-year EFS and
OS rates were 62.0%% (95%CI, 39.6 to 78.1) and 66.2% (95%CI, 43.6 to 81.5), respectively. CART, chimeric antigen receptor T-cell therapy; CR,
complete response; CRi, complete response with incomplete count recovery; EFS, event-free survival; HSCT, hematopoietic stem-cell trans-
plantation; InO, inotuzumab ozogamicin; MRD, minimal residual disease; OS, overall survival.
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CAR T-cell therapy (n 5 7) within the first 6-month follow-
up period with 2-year EFS rate of 53.1%. Despite concern
that patients with MRD-negative remission and peripheral
B-cell aplasia after InO therapy might impair CAR T-cell
expansion because of lack of antigen target, patients in this
study received CAR-T cell therapy without prolonged
delay.18,19 No impact on peripheral blood CD3 counts was
observed, suggesting that T-cell collection after InO is
feasible, although T-cell function after InO requires further
study. Investigations regarding duration of B-cell aplasia
after InO, optimal timing of T-cell collection, and outcomes
after CAR T-cell therapy are ongoing.

Central evaluation of surface CD22 expression confirmed
that pre-existing partial CD22-positivity is associated with
poor response. In INO-VATE, only two of five patients with
CD22% , 70% achieved MRD-negative CR.4 Pharmaco-
dynamic analysis found that patients with high CD22%
benefitedmost from InO.4,20 In this study, two of four patients
with CD22% , 90% achieved CR or CRi but neither had
MRD, 0.01%. For CD22 site density, patients without CR or
CRi had lower median baseline CD22 ABC. However, some
patients with low ABC did respond; no clear threshold was
identified for dim expression that would preclude InO re-
sponse. Patients with KMT2A-R, who commonly have lower

ABC and/or partial CD22 expression,21,22 had poor re-
sponses; zero of six patients achieved MRD-negative CR or
CRi, consistent with adult outcomes.23 One patient with
KMT2A-R demonstrated myeloid lineage switch following
subsequent CD19 CAR T-cell therapy; it is unknownwhether
InO exposure contributed as lineage switch has been re-
ported with CD19-targeted therapy.24,25 Further research is
needed to understand mechanisms of CD22 modulation in
response to InO. Furthermore, predictors of response to InO
beyond CD22 expression remain incompletely understood
and may include host factors and cell intrinsic mechanisms
of resistance similar to the calicheamicin-conjugated
antibody-drug conjugate gemtuzumab ozogamicin.26

InO was well tolerated in these heavily pretreated patients.
Delayed count recovery beyond day 42 occurred in 25% of
patients achieving CR or CRi in cycle 1, consistent with prior
trials demonstrating myelosuppression as a significant
toxicity.4,8 The rates of febrile neutropenia and infection
were much lower than reported with intensive chemo-
therapy for similar patients and are consistent with trials
demonstrating decreased toxicity with immunotherapy.27-29

Although significant hepatic toxicity including SOS was not
observed during InO therapy, lower-grade ALT and bilirubin
elevations were not captured on this trial. The SOS rate with
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subsequent HSCT was significant (28.6%), similar to prior
studies.6-8 With analysis limited by small numbers, no other
risk factors were identified, including use of dual alkylator
conditioning regimens or abnormal ALT or bilirubin before
HSCT, which have been associated with SOS in adults.6

While prophylactic ursodiol and/or defibrotide peri-HSCT did
not appear to affect SOS risk, larger studies of prophylaxis in
patients undergoing HSCT after calicheamicin-based ther-
apies are needed. Althoughmost SOS cases resolved quickly
in this trial, physician awareness of prior InO exposure and
early intervention including defibrotide may be helpful, as
SOS has the potential for significant post-HSCT morbidity
and mortality. Reduced InO dosing before HSCT to mitigate
SOS risk is under investigation in adults (ClinicalTrials.gov
identifier: NCT03677596). Another strategy to optimize the
risk-benefit ratio is to incorporate InO into frontline acute
lymphoblastic leukemia therapy for patients who are unlikely
to need HSCT in the immediate future (ClinicalTrials.gov
identifier: NCT03959085, NCT03150693).

Trough PK sampling in a subset of patients showed accu-
mulation over the course of each cycle consistent with target-
mediated clearance and increasing half-life with cumulative

dosing as published.8,13 There was a nonsignificant trend
toward higher troughs in patients with CR or CRi in cycle 1,
consistent with exposure-response modeling in adults
where InO exposure correlated with response and MRD-
negativity.30 Trough InO levels at cycle 2 day 1 were de-
tectable in most patients, albeit at low levels, even in patients
with significant delay from the last InO dose in cycle 1. This
may affect clinical trial designs incorporating blocks of InO
because of potential toxicity in subsequent chemotherapy
cycles.

Although the response rate with InO is encouraging in this
heavily pretreated population, combining InO with che-
motherapy has the potential to improve the rate, depth, and
duration of remission, allowing more patients to proceed to
curative therapies and potentially decrease the emergence/
selection of CD22-negative blasts. Adult trials have dem-
onstrated the success of this approach with dose reduc-
tions of both InO and chemotherapy.31,32 COG AALL1621 is
now evaluating InO combined with augmented Berlin-
Frankfurt-Munster consolidation chemotherapy used in
frontline COG trials, establishing the safety for future in-
corporation of this promising agent.
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