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IMPORTANCE Blinatumomab is a CD3/CD19-directed bispecific T-cell engager molecule with
efficacy in children with relapsed or refractory B-cell acute lymphoblastic leukemia (B-ALL).

OBJECTIVE To evaluate event-free survival in children with high-risk first-relapse B-ALL after
a third consolidation course with blinatumomab vs consolidation chemotherapy before
allogeneic hematopoietic stem cell transplant.

DESIGN, SETTING, AND PARTICIPANTS In this randomized phase 3 clinical trial, patients were
enrolled November 2015 to July 2019 (data cutoff, July 17, 2019). Investigators at 47 centers
in 13 countries enrolled children older than 28 days and younger than 18 years with high-risk
first-relapse B-ALL in morphologic complete remission (M1 marrow, <5% blasts) or with M2
marrow (blasts �5% and <25%) at randomization.

INTERVENTION Patients were randomized to receive 1 cycle of blinatumomab (n = 54;
15 μg/m2/d for 4 weeks, continuous intravenous infusion) or chemotherapy (n = 54) for the
third consolidation.

MAIN OUTCOMES AND MEASURES The primary end point was event-free survival (events:
relapse, death, second malignancy, or failure to achieve complete remission). The key
secondary efficacy end point was overall survival. Other secondary end points included
minimal residual disease remission and incidence of adverse events.

RESULTS A total of 108 patients were randomized (median age, 5.0 years [interquartile range
{IQR}, 4.0-10.5]; 51.9% girls; 97.2% M1 marrow) and all patients were included in the analysis.
Enrollment was terminated early for benefit of blinatumomab in accordance with a
prespecified stopping rule. After a median of 22.4 months of follow-up (IQR, 8.1-34.2), the
incidence of events in the blinatumomab vs consolidation chemotherapy groups was 31%
vs 57% (log-rank P < .001; hazard ratio [HR], 0.33 [95% CI, 0.18-0.61]). Deaths occurred in
8 patients (14.8%) in the blinatumomab group and 16 (29.6%) in the consolidation
chemotherapy group. The overall survival HR was 0.43 (95% CI, 0.18-1.01). Minimal residual
disease remission was observed in more patients in the blinatumomab vs consolidation
chemotherapy group (90% [44/49] vs 54% [26/48]; difference, 35.6% [95% CI,
15.6%-52.5%]). No fatal adverse events were reported. In the blinatumomab vs consolidation
chemotherapy group, the incidence of serious adverse events was 24.1% vs 43.1%,
respectively, and the incidence of adverse events greater than or equal to grade 3 was 57.4%
vs 82.4%. Adverse events leading to treatment discontinuation were reported in 2 patients in
the blinatumomab group.

CONCLUSIONS AND RELEVANCE Among children with high-risk first-relapse B-ALL, treatment
with 1 cycle of blinatumomab compared with standard intensive multidrug chemotherapy
before allogeneic hematopoietic stem cell transplant resulted in an improved event-free
survival at a median of 22.4 months of follow-up.
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A pproximately 15% of children with B-cell acute lym-
phoblastic leukemia (B-ALL) relapse after frontline
chemotherapy.1 The prognosis of these children de-

pends mainly on the site of relapse and time from diagnosis
to relapse, although some recurrent chromosomal abnormali-
ties can affect outcomes.2-4 According to the site and timing
of relapse, children are categorized as having standard- or high-
risk first-relapse B-ALL.5 Children with high-risk first-relapse
B-ALL are candidates to receive allogeneic hematopoietic stem
cell transplant when a second cytomorphologic complete re-
mission is achieved; allogeneic hematopoietic stem cell trans-
plant is a very effective approach for preventing further re-
currence in these patients.6

Blinatumomab is a CD3/CD19-directed bispecific T-cell en-
gager molecule that engages T cells to lyse CD19-expressing
B cells.7 Blinatumomab has demonstrated antileukemic activ-
ity in a phase 1/2 study conducted in children with relapsed
or refractory B-ALL8 and induced high rates of complete mini-
mal residual disease response in adults and children with mo-
lecularly resistant B-ALL.9,10

This study was a multicenter, randomized, phase 3
clinical trial designed to compare blinatumomab with inten-
sive multidrug consolidation chemotherapy as the third
consolidation block before allogeneic hematopoietic stem
cell transplant for children with high-risk first relapse
of B-ALL.

Methods
Trial Design, Oversight, and Participants
The study protocol and statistical analysis plan are provided
in Supplement 1 and Supplement 2. The trial protocol was
approved by the ethics committee or institutional review
board at each participating center. Parents or a legally accept-
able representative provided written informed consent.

In this multicenter, open-label, randomized, phase 3
clinical trial, investigators at 47 centers in 13 countries
(eTable 1 in Supplement 3) enrolled children older than
28 days and younger than 18 years with Philadelphia
chromosome–negative, high-risk, first-relapse, B-ALL,
defined according to the International BFM Study Group and
IntReALL Consortium risk classification5 (eTable 2 in Supple-
ment 3). Children were required to have M1 marrow (<5%
morphologic blasts) or M2 marrow (≥5% but <25% morpho-
logic blasts) at randomization. The aim of the trial was to
investigate the efficacy of blinatumomab to reduce residual
leukemia burden before allogeneic hematopoietic stem cell
transplant and, by that, to thereby improve outcome after
allogeneic hematopoietic stem cell transplant. Only patients
completing induction and the first 2 cycles of standard con-
solidation therapy were included in the trial. Patients refrac-
tory to induction or relapsing during the first 2 blocks of con-
solidation chemotherapy were excluded. Patient legal
representatives consented, and randomization was per-
formed immediately before the study therapy and after the
second consolidation course. Complete inclusion and exclu-
sion criteria are provided (eAppendix in Supplement 3).

Randomization
Eligible patients were randomly assigned in a 1:1 ratio via
an interactive voice-response system with a computer-
generated random number to receive a third consolidation
course with either blinatumomab or consolidation chemo-
therapy. Randomization was stratified by 2 age groups (1-9 years
and other [<1 year and >9 years], the latter 2 “age groups” hav-
ing a worse prognosis than the former) and 3 bone marrow/
minimal residual disease categories (M1 marrow with mini-
mal residual disease level ≥10-3, M1 marrow with minimal
residual disease level <10-3, and M2 marrow); minimal re-
sidual disease and cytomorphologic bone marrow status were
determined at the end of induction and end of the second con-
solidation course, respectively. A diagnostic lumbar punc-
ture was performed before randomization and children with
evidence of central nervous system involvement at random-
ization were considered per-protocol ineligible.

Treatment
Eligible patients received induction therapy and 2 blocks of
consolidation therapy (eTables 3 and 4 in Supplement 3),
chosen among the IntReALL HR 2010, ALL-REZ BFM 2002,
ALL R3, COOPRALL, and AIEOP ALL REC 2003 protocols at
the investigators’ discretion.11-15 Patients were then random-
ized to receive a third consolidation course with either
blinatumomab (15 μg/m2/d for 4 weeks by continuous intra-
venous infusion) or consolidation chemotherapy according
to the IntReALL HR 2010 protocol (eTables 3 and 4 in
Supplement 3). The consolidation chemotherapy block of
the IntReALL HR 2010 protocol is routinely used in the
AIEOP-BFM protocols16 during the consolidation phase of
high-risk patients. Patients in the blinatumomab group
received dexamethasone (5 mg/m2) before treatment on day 1
to prevent first-dose adverse events. Dose modification
details are provided (eAppendix in Supplement 3). Patients
who achieved a second complete remission (M1 marrow)
after completion of either blinatumomab or consolidation
chemotherapy treatment could undergo allogeneic hemato-
poietic stem cell transplant.

Key Points
Question After induction therapy and 2 blocks of consolidation
chemotherapy, does 1 cycle of blinatumomab compared with a
third course of consolidation chemotherapy before allogeneic
hematopoietic stem cell transplant improve event-free survival in
high-risk first-relapse B-cell acute lymphoblastic leukemia (B-ALL)
in children?

Findings In this randomized clinical trial that included 108
children with high-risk first-relapse B-ALL, treatment with
blinatumomab compared with chemotherapy for consolidation
treatment resulted in a statistically significant hazard ratio
for event-free survival of 0.33 after a median of 22.4 months
of follow-up.

Meaning Blinatumomab compared with chemotherapy for
consolidation treatment improved event-free survival in children
with relapsed B-ALL.
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Outcomes
The primary end point was event-free survival, for which
events were relapse, death, second malignancy, or failure to
achieve complete remission. Overall survival (time from ran-
domization to death) was a key secondary efficacy end point.
Secondary end points included cumulative incidence of re-
lapse, minimal residual disease remission at end of treat-
ment, survival status at 100 days after allogeneic hematopoi-
etic stem cell transplant, and incidence of adverse events. An
exploratory end point was CD19 status at relapse. Additional
secondary end points (incidence of antiblinatumomab anti-
body formation, pharmacokinetic sampling for blinatu-
momab concentrations for population pharmacokinetic analy-
sis, and blinatumomab steady-state concentrations) are not
reported in this article.

Assessments
Complete remission was defined as M1 marrow (representa-
tive bone marrow aspirate or biopsy with <5% blasts with sat-
isfactory cellularity and regenerating hematopoiesis), periph-
eral blood without blasts, and absence of extramedullary
leukemic involvement. Cytomorphologic bone marrow as-
sessments were conducted at University Hospital Schleswig–
Holstein, Kiel.

Minimal residual disease was assessed by real-time quan-
titative polymerase chain reaction (PCR) of clonal T-cell re-
ceptor or immunoglobulin gene rearrangements and multi-
color flow cytometry.17,18 PCR is considered the criterion
standard for quantifying minimal residual disease and has been
validated by the study groups managing pediatric and adult
patients with ALL.19,20 Assessment of minimal residual dis-
ease by PCR and flow cytometry was conducted in parallel, un-
less material was limited, in which case PCR, the most sensi-
tive and robust investigator-independent method, was used.
PCR assessments were conducted at Charité Campus Virchow-
Klinikum Pädiatrie m.S. Onkologie und Hämatologie, Berlin,
Germany, and multicolor flow cytometry at Charles Univer-
sity, Prague, Czech Republic and Westmead Hospital, Sydney,
Australia; assay sensitivity was greater than or equal to 10-4.
Minimal residual disease remission was defined as minimal re-
sidual disease less than 10-4.

Adverse events were graded according to the National Can-
cer Institute Common Terminology Criteria for Adverse Events
version 4.03. Serious adverse events included events that were
fatal; were life threatening; required hospitalization or pro-
longed hospitalization; resulted in disability or incapacity, con-
genital anomaly, or birth defect; or were other medically im-
portant events. Adverse events were continuously collected
on or after the first dose of protocol-specified therapy and up
to and including 30 days after the end of protocol-specified
therapy if the patient did not proceed to allogeneic hemato-
poietic stem cell transplant or more than 90 days after alloge-
neic hematopoietic stem cell transplant.

Sample Size and Power Calculation
An enrollment target of approximately 202 patients and the
observation of 94 events was estimated to provide approxi-
mately 84% power and a noncured hazard ratio of 0.63 in the

blinatumomab vs consolidation chemotherapy group at a
2-sided α level of .05. The calculation was based on a control
true cure rate of 40% (Arend von Stackelberg, MD, Charité-
Universitätsmedizin Berlin, email on October 27, 2013), a con-
trol true median event-free survival of 7 months among non-
cured patients, a true treatment cure rate of 56.2%, and a true
treatment median event-free survival of 11.1 months among
noncured patients (a noncured hazard ratio of 0.63). The 4.1-
month improvement in median event-free survival was con-
sidered clinically meaningful in this high-risk first-relapse pe-
diatric B-ALL population because of their poor outcome with
standard of care and anticipated benefit of less toxicity based
on the data of trial MT103-202 and expanded access cases.5,21-23

Statistical Analysis
The primary end point was event-free survival, calculated from
randomization to the date of relapse or M2 marrow after
achievement of complete remission, failure to achieve com-
plete remission at the end of treatment, second malignancy,
or death owing to any cause, whichever occurred first. Pa-
tients who did not achieve complete remission after treat-
ment or who died before the end-of-treatment disease assess-
ment were assigned an event-free survival duration of 1 day.
Patients who prematurely ended study before observing an
event-free survival event were censored at their last evalu-
able disease assessment date; only 6 of the 108 patients dis-
continued study prematurely before having an event-free sur-
vival event. Patients still alive and event-free were censored
on their last disease assessment date.

Two interim analyses were planned to assess benefit when
approximately 50% and approximately 75% of the total num-
ber of event-free survival events were observed. Stopping for
benefit was based on the O’Brien-Fleming24 member of the
family of Lan-DeMets25 α spending functions, which is more
conservative during early interim analyses. The critical P value
corresponding to this spending function was .003 for the 50%
interim analysis.

Patients were analyzed according to their randomized
treatment group, regardless of the treatment they received
after they were randomized (ie, intention-to-treat analysis).
Analysis of efficacy included all patients who underwent ran-
domization; analysis of safety included all patients given
either blinatumomab or consolidation chemotherapy. Time-
to-event end points were summarized with the Kaplan-Meier
method, and treatment groups were compared with 2-sided
stratified log-rank tests. A Cox regression model also tested
for a treatment-by-subgroup interaction (an interaction term
with a P < .10 may be suggestive of an inconsistent treatment
effect). Subgroups included age (1-9 years vs other [<1 year
and >9 years]), bone marrow (M1 vs M2 marrow), minimal
residual disease categories (<10-3 vs ≥10-3), sex (boys vs girls),
time to relapse (<18 months vs ≥18 months and ≤30 months),
and extramedullary disease at relapse (yes vs no). Treatment
effects were described with a hazard ratio with 95% CI, esti-
mated with a stratified Cox regression model. Percentages of
patients with minimal residual disease remission were sum-
marized with an exact binomial 95% CI. Patient incidences of
all treatment-emergent adverse events were summarized.
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The cumulative incidence of relapse was analyzed with an
extension of the Cox regression model, whereby deaths that
occurred before relapse and were considered unrelated to an
otherwise undocumented relapse were treated as a compet-
ing risk.26 Descriptive statistics identified the extent of miss-
ing data. A post hoc analysis of event-free survival account-
ing for the effect of study center was performed with a
semiparametric gamma frailty model treating study center as
a random effect. A sensitivity analysis was performed to esti-
mate the treatment effect of overall survival conditioning on
the time at which patients in the consolidation chemo-
therapy group received blinatumomab.27 The statistical soft-
ware used for the analyses was SAS version 9.4. Because of
the potential for type I error owing to multiple comparisons,
findings for analyses of secondary end points should be inter-
preted as exploratory.

Results
Trial Population and Treatment
Patients were enrolled between November 2015 and July 2019.
After approximately 50% of the total event-free survival events

had occurred (49 of the total 94 events; data cutoff date, July
17, 2019), the independent data monitoring committee rec-
ommended early termination of enrollment because the pre-
specified criterion to declare benefit in favor of blinatu-
momab was met (the observed P < .001 was less than the
threshold of .004). This analysis included 108 patients who had
undergone randomization (54, blinatumomab; 54, consolida-
tion chemotherapy); 54 of 54 patients (100.0%) received 1 cycle
of blinatumomab and 51 of 54 patients (94.4%) received con-
solidation chemotherapy (Figure 1). Six patients randomized
to the consolidation chemotherapy group received blinatu-
momab before allogeneic hematopoietic stem cell trans-
plant; 5 of 6 patients received blinatumomab after a relapse
event (3, M3; 2, M2 marrow) after consolidation chemo-
therapy and 1 of 6 patients received blinatumomab because of
refractory minimal residual disease–positive M1 marrow af-
ter consolidation chemotherapy. Two patients in the blinatu-
momab group and none in the consolidation chemotherapy
group were continuing trial treatment at the analysis. The base-
line demographics and disease characteristics of the 2 treat-
ment groups were comparable, except there was a higher per-
centage of female patients in the consolidation chemotherapy
group than in the blinatumomab group (59.3% vs 44.4%)

Figure 1. Flow of Patients Through the Trial of Blinatumomab vs Chemotherapy in Children With B-Cell
Acute Lymphoblastic Leukemia (B-ALL)

13 Excluded
5 Not M1 or M2 at randomization
2 Not Ph- high-risk first-relapse B-ALL patients
1 Did not provide informed consent
1 Had clinically relevant CNS pathology

requiring treatment
1 Had chemotherapy-related toxicities

that had not resolved to ≤ grade 2
1 Had CD19-negative blasts
1 Eligible but not randomized
1 Screened but study ended due to

early closure of enrollment

121 Children and adolescents with high-risk
relapsed B-ALL assessed for eligibility

108 Randomized

54 Randomized to receive consolidation
chemotherapy
51 Received intervention as randomized
3 Did not receive chemotherapy as

randomized
2 Parental refusal to continue treatment
1 Investigator decided to pursue

alternative therapy

54 Randomized to receive blinatumomab
54 Received intervention as randomized

54 Analyzed for efficacy
51 Analyzed for adverse events
54 Analyzed for minimal residual disease
38 Included for hematopoietic stem cell

transplant analysis

54 Analyzed for efficacy
54 Analyzed for adverse events
54 Analyzed for minimal residual disease
48 Included for hematopoietic stem cell

transplant analysis

32 Observed through July 17, 2019a

22 Discontinued study
16 Deaths
5 Consent withdrawals
1 Sponsor decision

43 Observed through July 17, 2019a

11 Discontinued study
8 Deaths
2 Consent withdrawals
1 Sponsor decision

Randomized patients were stratified
based on age and bone
marrow/minimal residual disease.
M1 marrow is indicated as <5%
morphologic blasts; M2 marrow,
5%-<25% morphologic blasts.
Ph− indicates Philadelphia
chromosome negative, ie, patients
with Philadelphia chromosome
were excluded.
a Data cutoff date occurred when

50% of total enrollment
experienced defined study survival
events. The final analysis is planned
for January 2023.
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(Table 1). No patient younger than 1 year was included in the
trial. Induction therapy and the first 2 courses of consolida-
tion were balanced between the 2 groups.

Efficacy
Primary Outcome: Event-Free Survival
The median follow-up time for event-free survival was 22.4
months (interquartile range, 8.1-34.2). Sites of relapse are pro-
vided (Table 2). Events were reported for 17 of 54 patients
(31.5%) in the blinatumomab group and 31 of 54 (57.4%) in the

Table 1. Demographic and Clinical Characteristics of Children
at Randomization in the Trial of Blinatumomab
vs Chemotherapy in B-ALL

No. (%)

Blinatumomab
(n = 54)

Consolidation
chemotherapy
(n = 54)

Age, y

Median (range) 6 (1-17) 5 (1-17)

Distributiona

1-9 39 (72.2) 38 (70.4)

10-18 15 (27.8) 16 (29.6)

Sex

Boys 30 (55.6) 22 (40.7)

Girls 24 (44.4) 32 (59.3)

Raceb

White 50 (92.6) 43 (79.6)

Other 3 (5.6) 5 (9.3)

Asian 1 (1.9) 3 (5.6)

Black or African American 0 3 (5.6)

Ethnicityc

Not Hispanic or Latino 53 (98.1) 51 (94.4)

Hispanic or Latino 1 (1.9) 3 (5.6)

B-cell precursor subtyped

Common ALL 31 (57.4) 29 (53.7)

Pre–B-ALL 20 (37.0) 19 (35.2)

Pro–B-ALL 3 (5.6) 6 (11.1)

Genetic abnormalities
at diagnosis of first
high-risk relapse

Favorable prognosis 8 (14.8) 10 (18.5)

Hyperdiploidy 6 (11.1) 6 (11.1)

t(12;21)(p13;q22)/
TEL-AML1

2 (3.7) 4 (7.4)

Unfavorable prognosise 7 (13.0) 9 (16.7)

t(v;11q23)/KMT2A
rearranged

2 (3.7) 6 (11.1)

t(1;19)(q23;p13.3)/
E2A-PBX1

2 (3.7) 2 (3.7)

Hypodiploidy 2 (3.7) 0

Prognosis undefined 5 (9.3) 6 (11.1)

History of extramedullary
relapse at diagnosis of first
high-risk relapse

10 (18.5) 14 (25.9)

Central nervous system 8 (14.8) 11 (20.4)

Testis 1 (1.9) 1 (1.9)

Other 1 (1.9) 2 (3.7)

M1 (bone marrow aspirate
or biopsy with <5% blasts)
assessment per
central laboratory,
No./total evaluable (%)f

54/54 (100.0) 51/53 (96.2)

Minimal residual disease at
screening for randomization
≥10-4 blastsg

29 (53.7) 28 (51.9)

Time from first diagnosis
to relapse, mean (SD), mo

21.9 (8.0) 22.8 (12.3)

Time from first diagnosis
to relapse, mo

≥18 and ≤30 32 (59.3) 28 (51.9)

<18 19 (35.2) 22 (40.7)

>30 3 (5.6) 4 (7.4)

(continued)

Table 1. Demographic and Clinical Characteristics of Children
at Randomization in the Trial of Blinatumomab
vs Chemotherapy in B-ALL (continued)

No. (%)

Blinatumomab
(n = 54)

Consolidation
chemotherapy
(n = 54)

Performance score,
No./total evaluable (%)h

100 25/52 (48.1) 18/51 (35.3)

90 19/52 (36.5) 18/51 (35.3)

80 7/52 (13.5) 13/51 (25.5)

70 1/52 (1.9) 1/51 (2.0)

60 0/52 1/51 (2.0)

Abbreviations: B-ALL, B-cell acute lymphoblastic leukemia; PCR, polymerase
chain reaction.
a Although children younger than 1 year and older than 28 days were allowed to

enroll in the trial, there were no patients younger than 1 year who were
enrolled. Because the trial enrolled first-relapse patients, it would take time for
an infant to receive a diagnosis, receive treatment, and relapse within the first
year of age.

b Race was reported on the electronic case report form in accordance with
guardian report. Options included American Indian or Alaska Native, Asian,
Black or African American, Native Hawaiian or other Pacific Islander, White,
or other.

c Ethnicity was reported on the electronic case report form in accordance
with guardian report. Options included Hispanic or Latino and not Hispanic
or Latino.

d B-precursor subclassification is based on the immunophenotype of the
lymphoblasts. For pro–B-ALL, lymphoblasts express CD19, CD34, CD22, TdT,
and cytoplasmic CD79a, but do not express CD10. For common ALL,
lymphoblasts also express CD10. For pre–B-ALL, lymphoblasts express
CD22, CD34, CD19, TdT, cytoplasmic CD79a, CD10, and the cytoplasmic μ
heavy chain.

e One patient in the blinatumomab group with IAMP21 and 1 in the consolidation
chemotherapy group with t(17;19)(q22;p13)/TCF3-HLF also carried a genetic
abnormality predicting an unfavorable prognosis.

f Evaluated after 2 blocks of high-risk consolidation and before study treatment.
g All patients had minimal residual disease of bone marrow specimens evaluated

by PCR and/or flow cytometry to detect ALL cells. If a patient had minimal
residual disease evaluated by both PCR and flow cytometry, the value
obtained by PCR was included in the analysis. Minimal residual disease is
defined by the presence of at least 0.01% (ie, �10-4) ALL cells in a bone
marrow specimen and predicts the likelihood of relapse.

h Lansky performance score28 is recorded for patients younger than 16 years
and Karnofsky performance score29 is recorded for those aged 16 years or
older. The Lansky scale assesses performance in children with cancer via a
parental assessment of usual play activity during the prior week, ranging from
“unresponsive” (0%) and “no play; does not get out of bed” (10%) to “minor
restrictions in physically strenuous activity” (90%) and “fully active, normal”
(100%). The Karnofsky Performance Scale uses patient and caregiver
evaluation to rate functional status from 0 to 100 from death (0%) to full
independent ability to complete activities of daily living (100%).
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Table 2. Event-Free Survival, Overall Survival, Minimal Residual Disease Remission, and Allogeneic Hematopoietic Stem Cell Transplant Outcomes

No. (%)
Absolute difference, %
(95% CI)

Blinatumomab
(n = 54)

Consolidation chemotherapy
(n = 54)

Primary end point

Event-free survival 37 (69) 23 (43)

Events 17 (31) 31 (57)

Total relapses 13 (24) 29 (54)

Isolated bone marrow 6 (11) 12 (22)

M2 marrow after achievement of complete remission 4 (7) 12 (22)

Combined bone marrow 2 (4) 0

Central nervous system extramedullary 1 (2) 2 (4)

Extramedullary at other sitesa 0 3 (6)

Death from any cause other than relapse 4 (7)b 2 (4)c

Failure to achieve complete remission after treatment
with investigational product

0 0

Second malignancy 0 0

Secondary end points

Overall survival

Death from any cause 8 (15) 16 (30)

Minimal residual disease remission by minimal residual disease status
at baseline (minimal residual disease evaluable set)d,e,f

Blinatumomab remission,
No./total evaluable (%)

Consolidation chemotherapy
remission, No./total evaluable (%)

Minimal residual disease remission 17/20 (85) 20/23 (87) −2.0 (−31.2 to 28.0)

No minimal residual disease remission 27/29 (93) 6/25 (24) 69.1 (45.4 to 85.5)

Total 44/49 (90) 26/48 (54) 35.6 (15.6 to 52.5)

Blinatumomab
(n = 48)

Consolidation
chemotherapy (n = 38)

Subset of patients who underwent allogeneic hematopoietic stem cell
transplant in second complete remission

Time to transplant, median (range), mo 1.9 (1 to 3) 1.7 (1 to 3)

Stem cell source

Peripheral blood 20 (42) 9 (24)

Bone marrow 24 (50) 24 (63)

Cord blood 4 (8) 5 (13)

Donor type

Matched sibling 12 (25) 10 (26)

Haploidentical relatedg 13 (27) 10 (26)

Matched unrelated 17 (35) 12 (32)

Mismatched unrelated 6 (13) 6 (16)

Receipt of conditioning total body irradiation 27 (56) 18 (47)

Receipt of conditioning chemotherapy 21 (44) 20 (53)

Died after receiving a hematopoietic stem cell transplant

Transplant-related deathh 4 (8) 4 (11)

Due to relapse/disease progression 3 (6) 8 (21)

Abbreviation: PCR, polymerase chain reaction.
a Testicular extramedullary relapse was not observed in either group.
b All events occurred after allogeneic hematopoietic stem cell transplant:

hemophagocytic lymphohistiocytosis (in the context of acute graft rejection),
respiratory failure due to pneumonia, hepatic failure (developing after
graft-vs-host disease), and infection (in the context of graft-vs-host disease).

c Causes of death included acute respiratory failure (occurring after allogeneic
hematopoietic stem cell transplant) and fungal sinusitis.

d Minimal residual disease remission is defined as <10-4 blast cells. Minimal
residual disease remission was analyzed at end of treatment (cycle 1, day 29)
of investigational product. Patients who were part of the minimal residual
disease evaluable set and were missing postbaseline disease assessments
were considered not to have achieved a response. Patients assessed included
those in the minimal residual disease evaluable set who had minimal residual
disease status at baseline as defined earlier and minimal residual disease

response at end of treatment (cycle 1, day 29) of investigational product for
the respective assessment methods.

e The minimal residual disease evaluable set included patients for whom
evaluable baseline minimal residual disease marker could be found with either
of the minimal residual disease assessment methods: PCR or flow cytometry.

f For minimal residual disease status at baseline, if both a PCR and flow
cytometry value was available, then the minimal residual disease PCR value
was taken because PCR is more sensitive.

g Includes mismatched sibling, haploidentical mother, and haploidentical father.
h Causes of transplant-related death in the blinatumomab group included

hepatic failure (n = 1), respiratory failure (n = 1), hemophagocytic
lymphohistiocytosis (n = 1), and graft-vs-host disease with fungal infection
(n = 1). Causes in the consolidation chemotherapy group were fungal sinusitis
(n = 1), myocardial infarction (n = 1), multiorgan failure (n = 1), and acute
respiratory failure (n = 1).
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consolidation chemotherapy group (Table 2, Figure 2A). Event-
free survival was significantly prolonged after blinatu-
momab compared with consolidation chemotherapy (P < .001
by the stratified log-rank test). The event-free survival haz-
ard ratio from a stratified Cox proportional hazard model was
0.33 (95% CI, 0.18-0.61) in favor of blinatumomab. The 24-
month Kaplan-Meier estimate of event-free survival rate was
66.2% (95% CI, 50.1%-78.2%) in the blinatumomab group and
27.1% (95% CI, 13.2%-43.0%) in the consolidation chemo-
therapy group (Figure 2A).

A post hoc analysis accounting for the effect of study cen-
ter resulted in a hazard ratio of 0.37 (95% CI, 0.20-0.66), a value
similar to the primary analysis hazard ratio stated earlier.

The hazard ratio remained in favor of blinatumomab in all
specified subgroups (Figure 3). Among patients with very early
relapse (<18 months from initial diagnosis to relapse), events
were reported for 6 of 19 patients (31.6%) in the blinatu-
momab group and 14 of 22 (63.6%) in the consolidation che-
motherapy group (hazard ratio = 0.21; 95% CI, 0.07-0.59)
(Figure 3; eTable 5 in Supplement 3). Fewer events were ob-
served in blinatumomab-treated patients than in those given
the consolidation chemotherapy block independent of the
minimal residual disease level measured at the end of induc-
tion or before treatment start (Figure 3).

Key Secondary Outcome
Overall Survival
The median follow-up time for overall survival was 19.5 months
(range, 0.1-44.1 months). There were 24 deaths, 8 (14.8%) in
the blinatumomab group and 16 (29.6%) in the consolidation
chemotherapy group. The overall survival hazard ratio from
a stratified Cox proportional hazard model was 0.43 (95% CI,
0.18-1.01) (Figure 2B; eTable 6 in Supplement 3). A sensitivity
analysis that estimated the treatment effect conditioning on
the time at which 13 patients in the consolidation chemo-
therapy group received blinatumomab resulted in a hazard ra-
tio for overall survival of 0.35 (95% CI, 0.12-1.01) (eTable 7 in
Supplement 3).

Among patients with very early relapse, there were 9
deaths, 2 of 19 patients (10.5%) in the blinatumomab group and
7 of 22 (31.8%) in the consolidation chemotherapy group (haz-
ard ratio, 0.23; 95% CI, 0.05-1.13) (eTable 8 in Supplement 3).

Other Secondary Outcomes
Minimal Residual Disease
The proportion of patients who had minimal residual disease
remission, as defined by having fewer than 10-4 blast cells on
a bone marrow aspirate within 29 days of treatment initia-
tion, was assessed by PCR and flow cytometry. Minimal re-
sidual disease remission by PCR was observed in 90% of pa-
tients (44/49) in the blinatumomab group and in 54% (26/48)
in the consolidation chemotherapy group (absolute percent-
age difference, 35.6% [95% CI, 15.6%-52.5%]) (Table 2). In the
subgroup of patients who were in minimal residual disease re-
mission at baseline, most remained there in both groups: 85%
in the blinatumomab group and 87% in the consolidation che-
motherapy group. In the subgroup of patients who had de-
tectable minimal residual disease at baseline (>10-4), 93% of

Figure 2. Efficacy End Points of Blinatumomab vs Chemotherapy
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patients (27/29) treated with blinatumomab achieved mini-
mal residual disease remission after treatment compared with
24% (6/25) treated with consolidation chemotherapy (abso-
lute percentage difference, 69.1% [95% CI, 45.4%-85.5%]).
Minimal residual disease remission by flow cytometry was
comparable to that observed with PCR and was observed in
more patients in the blinatumomab vs consolidation chemo-
therapy group (90.6% [48/53] vs 60.4% [32/53]).

Allogeneic Hematopoietic Stem Cell Transplant
Because patients participating in this clinical trial were high
risk, the intent was for all patients achieving a second com-
plete remission to undergo an allogeneic hematopoietic stem
cell transplant while in continuous complete remission. Forty-
eight patients (88.9%) in the blinatumomab group and 38
(70.4%) in the consolidation chemotherapy group under-
went allogeneic hematopoietic stem cell transplant while in
second continuous complete remission (Table 2). Of these pa-
tients, 56.3% in the blinatumomab group and 47.4% in the con-
solidation chemotherapy group received total body irradia-
tion as part of the conditioning regimen; 8.3% of patients (4/48)
in the blinatumomab group and 10.5% (4/38) in the consoli-
dation chemotherapy group experienced transplant-related fa-
talities. Three of 48 patients (6.3%) in the blinatumomab group
and 8 of 38 (21.1%) in the consolidation chemotherapy group
died after receiving allogeneic hematopoietic stem cell trans-
plant owing to relapse. A Kaplan-Meier estimate of mortality
at 100 days after allogeneic hematopoietic stem cell trans-
plant was 5.6% (95% CI, 1.4% to 20.5%) for the consolidation
chemotherapy group and 4.2% (95% CI, 1.1% to 15.6%) for the
blinatumomab group. The Kaplan-Meier median time to death
was not reached for either treatment group.

Relapse
Relapse (from randomization to relapse/date of censoring) oc-
curred in 13 of 54 patients (24.1%) in the blinatumomab group
and 29 of 54 (53.7%) in the consolidation chemotherapy group.
The stratified hazard ratio for the cumulative incidence of re-
lapse from a Cox proportional hazard model was 0.24 (95% CI,
0.13-0.46) (Figure 2C), and the cumulative incidence rates of
relapse at 24 months were 24.9% (95% CI, 13.2%-38.5%) in the
blinatumomab group and 70.8% (95% CI, 50.7%-83.9%) in the
consolidation chemotherapy group. One patient in each treat-
ment group experienced CD19-negative relapse.

Adverse Events
Adverse events were collected from start of therapy until 90
days after allogeneic hematopoietic stem cell transplant or
30 days for patients not receiving such transplant. Adverse
events were reported in all patients (54/54) in the blinatu-
momab group and 96.1% (49/51) in the consolidation chemo-
therapy group (Table 3); adverse events occurring in at least
5% of patients in the blinatumomab group are shown in
eTable 9 in Supplement 3. No fatal adverse events were
reported. In the blinatumomab group, adverse events with a
patient incidence of greater than or equal to 25% were
pyrexia (81.5%, 44/54), nausea (40.7%, 22/54; 1 grade ≥3),
headache (35.2%, 19/54), stomatitis (35.2%, 19/54; during
conditioning therapy for allogeneic hematopoietic stem cell
transplant), and vomiting (29.6%, 16/54; grade ≤2). In the
consolidation chemotherapy group, adverse events with a
patient incidence of 25% or more were stomatitis (57.4%,
31/51), anemia (45.1%, 23/51), thrombocytopenia (39.2%,
20/51), neutropenia (35.3%, 18/51), and febrile neutropenia
(25.5%, 13/51).

Figure 3. Event-Free Survival by Study Subgroups

Favors
blinatumomab

Favors consolidation
chemotherapy

1010.1
Hazard ratio (95% CI)

No. of events/No. treated (%)

Blinatumomab
Consolidation
chemotherapySubgroup

Age, y

Hazard ratio
(95% CI)

12/39 (30.8) 23/38 (60.5)1-9 0.37 (0.18-0.74)
5/15 (33.3) 8/16 (50.0)>9 0.32 (0.10-1.01)

Minimal residual disease at end of induction
12/35 (34.3) 19/34 (55.9)<10–3 Blast cells 0.46 (0.22-0.95)
3/15 (20.0) 9/16 (56.3)≥10–3 Blast cells 0.21 (0.05-0.78)

Minimal residual disease before treatment start
6/25 (24.0) 13/26 (50.0)<10–4 Blast cells 0.42 (0.16-1.11)
11/29 (37.9) 18/28 (64.3)≥10–4 Blast cells 0.32 (0.15-0.68)

Sex
9/30 (30.0) 14/22 (63.6)Male 0.20 (0.08-0.47)
8/24 (33.3) 17/32 (53.1)Female 0.54 (0.23-1.26)

Time to relapse, mo
6/19 (31.6) 14/22 (63.6)<18 0.21 (0.07-0.59)
10/32 (31.3) 17/28 (60.7)≥18 and ≤30 0.43 (0.20-0.95)

Extramedullary disease at relapse
4/10 (40.0) 8/14 (57.1)Yes 0.53 (0.16-1.78)
13/44 (29.5) 23/40 (57.5)No 0.34 (0.17-0.67)

A Cox regression model tested for
treatment × subgroup interaction.
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The patient incidence of adverse events of grade 3 or
higher was 57.4% (31/54) in the blinatumomab group and
82.4% (42/51) in the consolidation chemotherapy group
(Table 3). Adverse events of grade 3 or higher with a patient
incidence of 10% or more included thrombocytopenia and
stomatitis (each 18.5%, 10/54), neutropenia (16.7%, 9/54),
and anemia (14.8%, 8/54) in the blinatumomab group, and
anemia (41.2%, 21/51), thrombocytopenia (35.3%, 18/51), neu-
tropenia and stomatitis (each 31.4%, 16/51), febrile neutrope-
nia (25.5%, 13/51), and elevated liver enzyme levels (17.6%,
9/51) in the consolidation chemotherapy group. Adverse
events leading to treatment discontinuation were reported in
2 patients (3.7%; 1 grade 3 nervous system disorder, 1 grade 4
seizure) in the blinatumomab group and none in the consoli-
dation chemotherapy group.

The incidence of serious adverse events was 24.1% in the
blinatumomab group and 43.1% in the consolidation chemo-
therapy group (Table 3 and eTable 10 in Supplement 3). The
most frequently reported serious adverse events were neuro-
logic symptoms and seizure (each 3.7%, 2/54) in the blinatu-
momab group and febrile neutropenia (17.6%, 9/51) in the con-
solidation chemotherapy group.

The incidence of grade 3 or higher neutropenia and
febrile neutropenia in the blinatumomab group was 16.7%
and 3.7%, respectively. The incidence of grade 3 or higher
neutropenia and febrile neutropenia in the consolidation
chemotherapy group was 31.4% and 25.5%, respectively. Ten
patients (18.5%) allocated to receive blinatumomab experi-
enced infections of grade 3 or higher; in 7 patients, infections
occurred after receipt of allogeneic hematopoietic stem cell
transplant preparative regimens; and 9.8% of patients (5/51)
given consolidation chemotherapy developed grade 3 or
higher infections.

The incidence rates of neurologic events were 48.1% in the
blinatumomab group and 29.4% in the consolidation chemo-
therapy group; 3 patients in the blinatumomab group and 1 in
the consolidation chemotherapy group had neurologic events
that were grade 3 or 4 (eTable 11 in Supplement 3). Two pa-
tients in the blinatumomab group and 1 in the consolidation
chemotherapy group experienced cytokine release syn-
drome at less than grade 3.

Discussion
In this randomized clinical trial in children with high-risk first-
relapse B-ALL, 1 cycle of blinatumomab as the third consoli-
dation block before allogeneic hematopoietic stem cell trans-
plant was associated with improved event-free survival and
lower risk of leukemia recurrence compared with consolida-
tion chemotherapy.

The lower risk of disease recurrence—resulting in better
event-free survival—in patients administered blinatumomab
is consistent with data showing that minimal residual disease
remission before allogeneic hematopoietic stem cell trans-
plant improves posttransplant outcomes in childhood
ALL.13,30,31 Blinatumomab treatment therefore may repre-
sent a valuable consolidation treatment that appears to be more

effective than conventional chemotherapy before transplant
for this patient population.

Several trials have demonstrated that improved survival
and response to blinatumomab are associated with low leu-
kemia burden.8-10 In this study, the outcomes of patients in
minimal residual disease remission or with low persistent leu-
kemia burden were improved after 1 cycle of blinatumomab
(as late consolidation treatment) followed by allogeneic

Table 3. Number of Patients Experiencing Adverse Eventsa

No. of patients (%)

Blinatumomab
(n = 54)

Consolidation
chemotherapy
(n = 51)

Any adverse event (including serious
adverse events)

54 (100.0) 49 (96.1)

Any serious adverse eventb 13 (24.1) 22 (43.1)

Adverse event leading to discontinuation
of trial treatment

2 (3.7) 0

Grade ≥3 adverse event 31 (57.4) 42 (82.4)

Grade ≥3 adverse events in ≥3%
of patients in either group

31 (57.4) 42 (82.4)

Thrombocytopeniac 10 (18.5) 18 (35.3)

Stomatitisd 10 (18.5) 16 (31.4)

Neutropeniae 9 (16.7) 16 (31.4)

Anemia 8 (14.8) 21 (41.2)

Leukopeniaf 4 (7.4) 4 (7.8)

Pyrexia 3 (5.6) 0

Elevated liver enzyme levelsg 3 (5.6) 9 (17.6)

Aplasia 2 (3.7) 4 (7.8)

Febrile neutropenia 2 (3.7) 13 (25.5)

Hypotension 2 (3.7) 1 (2.0)

Hypokalemia 1 (1.9) 2 (3.9)

Epistaxis 0 3 (5.9)

Cytopeniah 0 2 (3.9)

Hepatotoxicity not otherwise
specified

0 2 (3.9)

a Adverse events were coded with MedDRA version 22.1 and graded according
to the National Cancer Institute Common Terminology Criteria for Adverse
Events version 4.03. Patients who experienced the same event multiple times
were counted once and their worst grade is reported.

b Serious adverse events included events that were fatal; were life threatening;
required hospitalization or prolonged hospitalization; resulted in disability
or incapacity, congenital anomaly, or birth defect; or were other medically
significant events as determined by the reporter. There were no fatal adverse
events in either group. Seriousness criteria are defined by regulations. Grading
is a measurement of severity against a predefined scale. Although there exists
some overlap between seriousness and grading (eg, grade 5 and fatal events),
they are not entirely synonymous.

c Adverse events for MedDRA-preferred terms “thrombocytopenia” and
“platelet count decreased.”

d Adverse events for MedDRA-preferred terms “stomatitis” and “mucosal
inflammation”; occurred after completion of blinatumomab treatment and
considered to be unrelated to blinatumomab treatment.

e Adverse events for MedDRA-preferred terms “neutropenia” and “neutrophil
count decreased.”

f Adverse events for MedDRA-preferred terms “leukopenia” and “white blood
cell count decreased.”

g Alanine aminotransferase increased, alanine aminotransferase, aspartate
aminotransferase increased, aspartate aminotransferase,
γ-glutamyltransferase increased, or hypertransaminasemia.

h One patient had pancytopenia, and 1 had cytopenia in 2 cell lines.

Blinatumomab vs Chemotherapy and Event-Free Survival in Children With B-ALL Original Investigation Research

jama.com (Reprinted) JAMA March 2, 2021 Volume 325, Number 9 851

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.0987?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.0987
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.0987?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.0987
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.0987


hematopoietic stem cell transplant. This finding provides a
rationale for evaluating the role of blinatumomab in children
with chemotherapy-sensitive leukemia, including newly
diagnosed or low-risk first-relapse B-ALL. Such studies
(eg, NCT03914625, NCT03117751, NCT03643276) are under-
way worldwide and will define the role of blinatumomab in
these clinical contexts.

Blinatumomab also appeared to be more effective than che-
motherapy as the third consolidation block before allogeneic
hematopoietic stem cell transplant in patients experiencing
very early relapse (relapse within 18 months from diagnosis),
a challenging subset of patients with a dismal prognosis.5,32

Moreover, previously published studies have shown that the
efficacy of blinatumomab, like that of other immunothera-
pies but unlike chemotherapy, does not seem to be affected
by the presence of high-risk genetic abnormalities.10,33,34

The toxicity profile of blinatumomab was consistent
with that expected in patients with limited leukemia burden.
The incidence of hematologic toxicities, including febrile
neutropenia, was lower in the blinatumomab group than in
the consolidation chemotherapy group; thus, blinatumomab
may offer a safety benefit over intensive multidrug consoli-
dation chemotherapy. This observation is important because
standard, intensive-consolidation, multidrug chemotherapy
after induction chemotherapy is commonly associated with
the occurrence of toxicities that may be fatal or reduce the
likelihood of proceeding to allogeneic hematopoietic stem
cell transplant.35 Neurologic toxicity and cytokine release
syndrome have been reported to be peculiar toxicities asso-
ciated with the use of blinatumomab.36 Only 3 patients in
the blinatumomab group and 1 in the consolidation chemo-
therapy group had grade 3 or 4 neurologic events, and there
were no reported events of cytokine release syndrome of
grade 3 or higher in the blinatumomab group, likely because
of the low leukemic burden of patients. The greater inci-
dence of grade 3 or higher infections in the blinatumomab
group could be explained by the adverse event reporting
period ending 30 days after the last dose of investigational
product. This period ended later for patients randomized
to receive blinatumomab owing to the duration of adminis-
tration, often overlapping with subsequent anticancer
therapy. Specifically, 7 of 10 blinatumomab group infections
and 0 of 5 consolidation chemotherapy group infections
occurred after receipt of allogeneic hematopoietic stem cell
transplant preparative regimens. Consistent with this obser-
vation, previous studies in children and adults treated with
blinatumomab have not shown any increased risk of infec-
tion after blinatumomab.37-39

The Children's Oncology Group conducted a randomized
trial in which children, adolescents, and young adults with

first-relapse B-ALL after induction therapy received either 2
cycles of intensive multidrug chemotherapy or 2 cycles of
blinatumomab as consolidation treatment before allogeneic
hematopoietic stem cell transplant.39 As in this study, treat-
ment with blinatumomab resulted in less severe toxicities,
higher rates of minimal residual disease remission, greater
likelihood of proceeding to allogeneic hematopoietic stem
cell transplant, and improved overall survival; minimal
residual disease clearance was observed after the first cycle
of blinatumomab.

Preliminary data suggest that CD19 chimeric antigen re-
ceptor T-cell therapy may be effective in children with mul-
tiple relapsed or refractory childhood B-ALL or with disease
relapsing after allogeneic hematopoietic stem cell transplant,
including persistent minimal residual disease40; however,
grade 3 or 4 adverse events, including neurotoxicity and cyto-
kine release syndrome, were reported in approximately one-
third of patients.41 To date, to our knowledge, chimeric anti-
gen receptor T-cell therapy has not been evaluated in children
with first-relapse B-ALL. Because patients with ALL often need
immediate treatment, a potential advantage of blinatu-
momab is that it is an already manufactured, immediately avail-
able drug, whereas chimeric antigen receptor T-cell therapy re-
quires patient-specific engineering and therefore may not be
as readily available. Lack of head-to-head comparisons be-
tween immunotherapies precludes any definitive conclu-
sions on their relative roles and merits.

Limitations
This study has several limitations. First, because only 1 course
of consolidation therapy with blinatumomab was applied, it
is unknown whether additional cycles with or without replace-
ment of either some or all consolidation chemotherapy blocks
could further improve patient outcomes. Second, the num-
ber of patients who experienced an isolated extramedullary
involvement at first high-risk relapse was too low to allow in-
ference of definitive conclusions on the efficacy of blinatu-
momab in comparison with consolidation chemotherapy in this
patient subset. Third, studies are needed to evaluate the role
of blinatumomab in pediatric patients experiencing standard-
risk first relapse of B-ALL.

Conclusions
Among children with high-risk first-relapse B-ALL, treat-
ment with 1 cycle of blinatumomab compared with standard
intensive multidrug chemotherapy before allogeneic hema-
topoietic stem cell transplant resulted in an improved event-
free survival at a median of 22.4 months of follow-up.
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