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TO THE EDITOR:
For children with high-risk, first-relapse B-cell precursor acute
lymphoblastic leukemia (B-ALL), allogeneic hematopoietic stem cell
transplantation (alloHSCT) after achieving a second complete
remission (CR) remains the best, potentially curative treatment
[1, 2]. In addition, a minimal residual disease (MRD)-negative status at
the end of consolidation is an important prognostic indicator as
demonstrated in the Children’s Oncology Group Studies AALL1131
(high risk) and AALL0932 (standard risk), and ALLR3 and ALL-REZ
BFM 2002 studies [1, 3]. Blinatumomab, a CD3/CD19-directed
bispecific T-cell engager (BiTE®) molecule, demonstrated a favorable
benefit-risk profile prior to/after alloHSCT in patients with relapsed/
refractory B-ALL in clinical trials and real-world experience studies
[4–6], with early termination of enrollment in phase 3 trials in young
adults and children because of blinatumomab benefit [4, 6]. In the
phase 3 trial in pediatric high-risk, first-relapse B-ALL, blinatumomab
consolidation pre-alloHSCT resulted in improved event-free survival
(EFS) and MRD remission vs. chemotherapy, with EFS benefit
consistently found in all subgroups, including those with extra-
medullary disease and very early relapse (<18 months) [6].
Enrollment was terminated for EFS benefit of blinatumomab
(p< 0.001) per independent data monitoring committee’s (DMC)
recommendation based on the July 2019 datacut. Follow-up data
presented here are from September 2021, with overall survival (OS)
benefit becoming apparent with longer follow-up.

METHODS
Trial design
In this open-label, phase 3 trial (ClinicalTrials.gov: NCT02393859) [6],
eligible patients were children with Philadelphia chromosome–negative,

high-risk, first-relapse B-ALL post-induction and 2 consolidation cycles
achieving an M1 (<5% blasts) or M2 (≥5% and <25% blasts) bone marrow
[6]. Patients were randomized to receive either a third consolidation cycle
with blinatumomab (15 μg/m2/day, 4 weeks, intravenous) or chemother-
apy according to the IntReALL HR 2010 protocol [7]; children achieving/
maintaining a second CR (M1 marrow) were eligible for alloHSCT. There
were no restrictions on preparative regimen, donors, or stem cell source for
alloHSCT.
The primary endpoint was EFS; events were relapse or M2 marrow post-

CR, failure to achieve morphological CR at the end of treatment, second
malignancy, or death (due to any cause), whichever occurred first. OS was
the key secondary efficacy endpoint. Analysis was intent to treat, i.e., per
randomization, including all patients for efficacy and those receiving
protocol-specified therapy for safety. The trial protocol was approved by
each center’s ethics committee/institutional review board. Parents or legal
guardians provided written informed consent. Trial data were available to
all authors and analyzed at Amgen.

RESULTS/DISCUSSION
Between November 2015 and August 2019, 111 patients were
randomized (blinatumomab: 54, chemotherapy: 57) at 47 centers
in 13 countries; data from the primary analysis with data cutoff of
July 17, 2019, including 108 patients have been reported
previously [6]. Enrollment was terminated for blinatumomab
benefit (p < 0.001) per DMC’s recommendation (July 2019 analysis
of ~1/2 of total EFS events). Data cutoff for this updated analysis
clean snapshot was September 20, 2021. Baseline characteristics
were comparable between the two randomization groups;
notably, all patients randomized to blinatumomab received
blinatumomab, while five patients randomized to chemotherapy
did not receive it (Supplementary Tables 1 and 2).
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After a median follow-up of 44 months, EFS was significantly
improved with blinatumomab vs. chemotherapy with a hazard
ratio (HR) of 0.35 (95% confidence interval (CI): 0.20–0.61, stratified
log-rank p < 0.001, 4-year Kaplan–Meier estimates: 59% vs. 27%)
(Fig. 1). EFS benefit was seen in all pre-specified subgroups,
including very early relapse (i.e., <18 months from diagnosis) or
extramedullary disease (probably due to better systemic control,
although blinatumomab can cross the blood-brain barrier, and
low concentrations of blinatumomab have been detected in the
cerebrospinal fluid of patients with relapsed/refractory ALL [8]),
and independent of baseline MRD (i.e., after 2 cycles of
consolidation therapy). With longer follow-up, blinatumomab
now demonstrates a strong benefit also for OS, with an HR of
0.34 (95% CI: 0.17–0.69, stratified log-rank p= 0.002, 4-year
Kaplan–Meier estimates: 77% vs. 49%); previously, in the July
2019 primary analysis, the OS HR was 0.43 (95% CI: 0.18–1.01) [6].
EFS, OS, and MRD remission (<10−4 blasts by polymerase chain
reaction (PCR), or flow-cytometry if PCR data were not available)
were all improved with blinatumomab, both overall and
independent of baseline MRD (< or ≥10−3) (Table 1), with >90%
of MRD remissions achieved by day 15 [9]. This is particularly
interesting, as day 15 MRD responses to blinatumomab in children
with relapsed/refractory B-ALL were shown to predict response
[10]. Further details on MRD response in the two randomization
arms have been recently published [9]. A higher frequency of

patients in the blinatumomab vs. chemotherapy arms proceeded
to alloHSCT (94% vs. 68%).
Second relapses occurred in 17/54 (31%) blinatumomab and

35/57 (61%) chemotherapy patients (Supplementary Figs. 1 and
2). With blinatumomab, second relapses with extramedullary
disease occurred in 6/54 (11%) patients, with central nervous
system (CNS) involvement in 6 (11%); three patients had isolated
extramedullary relapse (all solely CNS). With chemotherapy,
second relapses with extramedullary disease occurred in 9/57
(16%) patients, with CNS involvement in 3 (5%); five patients had
isolated extramedullary relapse (2 solely CNS). Late events (≥2
years on study) were all due to relapses. For the four
blinatumomab patients with relapse 2–4.4 years on study, two
had relapse in the CNS and two in the bone marrow; these
relapses occurred 1.9–4.3 years post-alloHSCT. There was one
chemotherapy patient with combined bone marrow and CNS
relapse at 2.6 years on study and 2.5 years post-alloHSCT. CD19-
negative relapse rates were low after both blinatumomab (2/54,
4%) and chemotherapy (1/57, 2%). CAR-T cell therapy after
relapse post-study therapy was reported for 4/54 blinatumomab
patients and 12/57 chemotherapy patients; 5 of the 12
chemotherapy patients received blinatumomab after developing
relapsed/refractory disease and prior to CAR-T cells. In this small
dataset, we did not observe evidence suggesting an adverse
impact of blinatumomab on subsequent CAR-T cells.

Fig. 1 Survival by treatment arm and event-free survival subgroup analysis. A Survival probability over time is shown by treatment arm,
i.e., blinatumomab or chemotherapy, for both event-free survival (left panel) and overall survival (right panel). Censoring indicated by circles
and triangles for blinatumomab and chemotherapy, respectively. CI confidence interval, HR hazard ratio. B Event-free survival hazard ratios
with 95% confidence intervals are shown for subgroups as indicated. *Stratification by marrow status (M1) at randomization and MRD after
induction therapy. HR for M2 was not evaluable (n= 4 in each arm). BM bone marrow, CI confidence interval, EM extramedullary, EFS event-
free survival, HR hazard ratio, MRD minimal residual disease.
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Adverse events (AEs) were consistent with those reported in the
primary analysis (Supplementary Table 3) [6]. No AE deaths were
recorded. Grade ≥3 AE rates were 61%with blinatumomab and 83%
with chemotherapy. There was no grade ≥3 cytokine release
syndrome (CRS); CRS was reported in 1 chemotherapy patient
(grade 1) and 2 blinatumomab patients (grade 1: 1, grade 2: 1).
Grade ≥3 neurologic events were reported in 4 patients (blinatu-
momab: 3, chemotherapy: 1). In the blinatumomab arm, there were
2 patients with grade 3 events (neuropathic pain worsening to
grade 3 following transplantation, unrelated to blinatumomab;
treatment-related grade 3 dysphasia/depressed level of conscious-
ness (study day 2) that resolved with blinatumomab discontinua-
tion) and 1 patient with a grade 4 seizure (study days 2–3, resolved
with blinatumomab discontinuation). In the chemotherapy arm, 1
patient had grade 3 confusion study days 3–5 attributed to
ifosfamide, administration of which was interrupted.
Although there is heterogeneity in assessing CD19-negative

relapse rates, when using treated patients as the denominator,
low rates of CD19-negative relapse have been reported in
blinatumomab trials of children [4, 5, 11] and adults [12, 13], with
1 analysis showing that reduced CD19 expression with blinatu-
momab was transient [14]. Other studies have shown that prior
blinatumomab does not affect responses to CAR-T cells and vice
versa [15]. Thus, the literature to date indicates that CD19
expression is preserved after blinatumomab treatment for the
vast majority of patients who have relapsed, indicating that most
would be eligible for subsequent anti-CD19 CAR-T cell therapy.
In conclusion, as compared with chemotherapy, treatment with

blinatumomab for consolidation cycle 3 therapy pre-alloHSCT
resulted in improved OS, EFS, and MRD remission rates,
independent of baseline MRD, in children with high-risk first-
relapse B-ALL. EFS benefit with blinatumomab was seen in all
subgroups, including those with very early relapse and extra-
medullary disease. Extramedullary relapse rate was similar in
blinatumomab and chemotherapy arms. The incidence of CD19-
negative relapse was low in both treatment arms. The previously
described better safety profile of blinatumomab treatment was
confirmed with longer follow-up data. Whether earlier adminis-
tration of blinatumomab therapy in the treatment course could
provide additional benefit in this patient population remains to be
explored.

DATA AVAILABILITY
Qualified researchers may request data from Amgen clinical studies. Complete details
are available at the following: http://www.amgen.com/datasharing.
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Table 1. Outcomes by MRD status at baseline.

Survival MRD remissionb

Blinatumomab Chemotherapy EFSa OSa Blinatumomab (n= 54) Chemotherapy (n= 56)c

All N= 54 N= 57 0.38 (0.22–0.65) 0.33 (0.17–0.68) 91 (80–97) 48 (35–62)

MRD < 10−3 n= 43 n= 37c 0.32 (0.16–0.63) 0.27 (0.10–0.68) 91 (78–97) 70 (53–84)

MRD ≥ 10−3 n= 11 n= 19c 0.56 (0.22–1.42) 0.63 (0.22–1.83) 91 (59–100) 5 (0.1–26)

CI confidence interval, EFS event-free survival, HR hazard ratio, MRD minimal residual disease, OS overall survival, PCR polymerase chain reaction.
aData are unstratified HR (95% CI).
bData are % response rate (95% CI) from cycle 1 day 29 of receiving study drug (i.e., blinatumomab or chemotherapy); MRD remission was defined as
MRD < 10−4 by PCR, or flow-cytometry if PCR data were not available.
cOne patient had inevaluable baseline MRD status.
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