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Abstract

BACKGROUND—Many older adults with B-cell precursor acute lymphoblastic leukemia (BCP-
ALL) have a relapse despite having a measurable residual disease (MRD)-negative complete
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remission with combination chemotherapy. The addition of blinatumomab, a bispecific T-cell
engager molecule that is approved for the treatment of relapsed, refractory, and MRD-positive
BCP-ALL, may have efficacy in patients with MRD-negative remission.

METHODS—In a phase 3 trial, we randomly assigned patients 30 to 70 years of age with
BCR.:ABL 1I-negative BCP-ALL (with :: indicating fusion) who had MRD-negative remission
(defined as <0.01% leukemic cells in bone marrow as assessed on flow cytometry) after induction
and intensification chemotherapy to receive four cycles of blinatumomab in addition to four cycles
of consolidation chemotherapy or to receive four cycles of consolidation chemotherapy alone. The
primary end point was overall survival, and relapse-free survival was a secondary end point.

RESULTS—The data and safety monitoring committee reviewed the results from the third
efficacy interim analysis and recommended that they be reported. Complete remission with or
without full count recovery was observed in 395 of 488 enrolled patients (81%). Of the 224
patients with MRD-negative status, 112 were assigned to each group. The characteristics of the
patients were balanced between the groups. At a median follow-up of 43 months, an advantage
was observed in the blinatumomab group as compared with the chemotherapy-only group with
regard to overall survival (at 3 years: 85% vs. 68%; hazard ratio for death, 0.41; 95% confidence
interval [CI], 0.23 to 0.73; P = 0.002), and the 3-year relapse-free survival was 80% with
blinatumomab and 64% with chemotherapy alone (hazard ratio for relapse or death, 0.53; 95%
Cl, 0.32 t0 0.87). A higher incidence of neuropsychiatric events was reported in the blinatumomab
group than in the chemotherapy-only group.

CONCLUSIONS—The addition of blinatumomab to consolidation chemotherapy in adult
patients in MRD-negative remission from BCP-ALL significantly improved overall survival.
(Funded by the National Institutes of Health and others; E1910 Clinical Trials.gov number,
NCT02003222.)

V/ARIOUS DEVELOPMENTS IN THE PAST decade have led to improved outcomes in adults with B-
cell precursor acute lymphoblastic leukemia (BCP-ALL). These include the use of pediatric-
like intensive chemotherapy regimens in adolescents and young adults,1-2 the assessment

of measurable residual disease (MRD) for prognostication and management decisions,3 and
the development of immunotherapies.? Despite these advances, outcomes in adults with
BCP-ALL are inferior to those in children, owing in part to the increased frequency of
high-risk genetic abnormalities and to the toxic effects of high-dose chemotherapy.®

Blinatumomab is a bispecific T-cell engager molecule composed of an anti-CD19 variable
region linked to an anti-CD3 variable region that brings T cells in proximity to leukemic
blasts to form cytolytic synapses, leading to apoptosis and lysis of the blasts.” A phase

3 randomized trial of blinatumomab as compared with chemotherapy for the treatment of
relapsed or refractory BCR..ABL I-negative BCP-ALL (with :: indicating fusion) showed
improved outcomes® and led to the approval of blinatumomab by the Food and Drug
Administration (FDA) for this indication in 2014. A subsequent study involving patients
with MRD-positive BCP-ALL showed that after one 4-week cycle of blinatumomab, 78% of
the patients had MRD-negative status.® This finding led the FDA to expand the approval of
blinatumomab to include MRD-positive BCP-ALL in 2018.

N Engl J Med. Author manuscript; available in PMC 2025 January 25.
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Adults with BCP-ALL who have MRD-negative remission after induction chemotherapy
have a better prognosis than patients with MRD-positive status, but they still frequently
have a relapse.3 In the Eastern Cooperative Oncology Group—American College of
Radiology Imaging Network (ECOG-ACRIN)-led E1910 trial, which was an international,
randomized, phase 3 clinical trial conducted through the National Clinical Trials Network
(NCTN) of the National Cancer Institute, we studied the effect of the addition of
blinatumomab to standard consolidation chemotherapy in patients 30 to 70 years of age
with BCR.:.ABL 1-negative BCP-ALL.

METHODS

PATIENTS

Patients 30 to 70 years of age were enrolled in this trial. We chose this age range to avoid
competition for enrollment in an NCTN trial involving adolescents and young adult patients
that is being led by the Alliance for Clinical Trials in Oncology group. All the patients
provided written informed consent that allowed for preregistration and for the submission of
diagnostic bone marrow or peripheral-blood samples to confirm the diagnosis of BCP-ALL
and to rule out the presence of the BCR::ABL 1 fusion.

Patients were subsequently registered in the trial if they met additional eligibility criteria that
were based on hepatic and renal function. Hydroxyurea was allowed for up to 5 days before
the initiation of trial therapy. Glucocorticoid treatment was allowed after the submission of
baseline samples.

TREATMENTS AND RANDOMIZATION

The chemotherapy backbone was based on that used in our previous trial, MRC UKALL
XII/ECOG E2993,1011 with modification to make it similar to pediatric ALL treatment
regimens by the reduction of the daunorubicin dose,! the replacement of Escherichia coli-
derived asparaginase with pegaspargase (with omission of pegaspargase in the two cycles
of induction therapy and dose reductions in the intensification and consolidation phases in
patients =55 years of age), the use of dexamethasone instead of prednisone,1? the extension
of cycle 2 of induction therapy from 28 to 42 days, and in a later amendment, the optional
addition of rituximab therapy if the patient was CD20-positive (Fig. 1).°

Induction treatment consisted of two cycles of chemotherapy. Patients who had a
morphologic complete remission with or without complete count recovery at the end of
induction proceeded to the intensification phase, which involved a 28-day cycle of high-dose
intravenous methotrexate and pegaspargase for central nervous system prophylaxis.

Bone marrow evaluation that was performed after count recovery from the intensification
treatment was assessed centrally for MRD by means of six-color flow cytometry (Tables
S1 through S4 in Supplementary Appendix 1, available with the full text of this article

at NEJM.org). Patients in morphologic remission with MRD of less than 0.01% leukemic
cells in the bone marrow were considered to have MRD-negative status and were randomly
assigned either to the control group, in which they received four cycles of consolidation
chemotherapy (chemotherapy-only group), or to the blinatumomab group, in which they

N Engl J Med. Author manuscript; available in PMC 2025 January 25.
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received the same four cycles of chemotherapy plus four cycles of blinatumomab.
Randomization was stratified according to patient age (30 to 54 years or =55 years), CD20
status (positive or negative), rituximab use (yes or no), and whether transplantation was
intended (yes or no).

Patients who were assigned to the blinatumomab group received two cycles of
blinatumomab at a dose of 28 g per day for 4 weeks with a 2-week interval between

cycles, followed by four cycles of chemotherapy and two additional cycles of blinatumomab.
Patients who were assigned to the chemotherapy-only group received the same four cycles
of consolidation chemotherapy.

In the initial trial design, patients with MRD-positive status also underwent randomization.
After the approval of blinatumomab therapy for patients with MRD-positive status, a
protocol amendment assigned all subsequent patients with MRD-positive status to the
blinatumomab group.

Patients were allowed to receive an allogeneic transplant from any donor and to receive any
conditioning regimen after at least two cycles of blinatumomab in the blinatumomab group
or at any time after the commencement of consolidation chemotherapy in the chemotherapy-
only group. After the receipt of consolidation therapy, patients proceeded to maintenance
therapy, which continued for 2.5 years from the start of the intensification phase. The
planned duration of treatment was the same in the two trial groups.

TRIAL DESIGN AND OVERSIGHT

The trial was conducted in Canada, Israel, and the United States. The protocol, which

is available at NEJM.org, was approved by the central institutional review board of the
National Cancer Institute. The trial was conducted in accordance with the principles of the
Declaration of Helsinki.

The trial was funded by the Cancer Therapy Evaluation Program (CTEP) of the National
Cancer Institute, designed by ECOG-ACRIN, and approved by CTEP and Amgen. Data
collection and monitoring procedures are described in Supplementary Appendix 1. Amgen
had no role in data collection and analysis or in the writing or submission of the manuscript.
The principal investigator (first author) reviewed case-report forms for all the patients
enrolled in the trial, wrote the manuscript with the approval of all the authors and

without the assistance of nonauthors, and made the decision to submit the manuscript for
publication.

ASSESSMENT OF MRD AND CYTOGENETIC AND MOLECULAR ANALYSES

Patient eligibility was confirmed centrally with the use of bone marrow or peripheral-blood
samples assessed by means of flow cytometry and polymerase-chain-reaction assay to
confirm the diagnosis of BCP-ALL and negativity of the BCR.:ABL 1 fusion, respectively.
MRD in bone marrow was assessed by means of the different-from-normal approach and the
standardized six-color Children’s Oncology Group BCP-ALL MRD flow cytometry assay.13
Before randomization, the required sensitivity level of 0.01% was achieved in all patient
samples.

N Engl J Med. Author manuscript; available in PMC 2025 January 25.
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Local results of cytogenetic and fluorescent in situ hybridization analyses were reviewed by
the ECOG-ACRIN cytogenetics committee. Total RNA stranded transcriptome sequencing
was performed on 419 of 481 eligible diagnostic patient samples with the use of the

TruSeq library preparation and HiSeq 2000 or 2500 or NovaSeq 6000 sequencers (I1lumina).
BCP-ALL subtypes were assigned as described in our analyses of the E2993 cohort (Fig. S1
in Supplementary Appendix 1).1415

END POINTS

The primary objective was to compare, in the MRD-negative subpopulation, overall survival
(primary end point) among patients who received blinatumomab plus chemotherapy with
that among patients who received chemotherapy alone. Overall survival was defined as the
time between randomization and death from any cause. A secondary end point was relapse-
free survival, which was defined as the time between randomization and relapse or death
(whichever occurred first). Safety was assessed according to the Common Terminology
Criteria for Adverse Events, version 4, of the National Cancer Institute.

Subgroup analyses of overall survival were performed in subgroups defined according

to age (<55 vs. =55 years), combined molecular risk (favorable vs. intermediate vs.
unfavorable; see below), BCR::ABL 1-like genotype (yes vs. no), intention to undergo
transplantation (yes vs. no), CD20 status (positive vs. negative), and rituximab use (yes

vs. no). The subgroup analysis of combined molecular risk was conducted post hoc.

The combined molecular risk categories were defined as follows: favorable risk as DUX4-
rearranged, high-hyperdiploid, 7CF3::PBX1, or PAX5 P80R; intermediate risk as PAX5-
altered, PAX5..ETV6, MEFZD-rearranged, or ZNF384-rearranged; and unfavorable risk as
KMTZ2A-rearranged, low-hypodiploid or near-haploid, BCR::ABL I-like, BCL Z-rearranged
or MYC-rearranged (or both), ETV6..RUNXI-like with /GH::CRLFZ2fusion, and high-
hyperdiploid with BCR::ABL I-like, CRLF2-rearranged. Further details are provided in the
Definition of Combined Risk Assignment section in Supplementary Appendix 1.

STATISTICAL ANALYSIS

We intended to enroll 488 patients with BCR.:ABL I-negative ALL in the trial. On the
basis of available data, we assumed that at least 190 of 488 patients (39%) would have an
MRD-negative remission and undergo randomization. We calculated that, with adjustment
for sequential monitoring, the trial would have 80% power to detect a 45% lower risk in the
blinatumomab group relative to the chemotherapy-only group, using a one-sided log-rank
test at the significance level of 0.025, with the number of deaths needed for the analysis set
at 94.

Estimates of overall survival and relapse-free survival, including medians and confidence
intervals, were calculated by means of the Kaplan—-Meier method. Comparison of overall
survival between the treatment groups was conducted with the use of the two-sided stratified
log-rank test with the stratification factors of age, CD20 status, rituximab use, and intention
to receive a transplant. Using the same stratification factors as above, we used stratified

Cox proportional-hazards models to assess the treatment effect on overall survival and
relapse-free survival with adjustment for possible clinical and biologic risk factors. The

N Engl J Med. Author manuscript; available in PMC 2025 January 25.
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interaction between the treatment groups and the logarithm of survival time was included in
the Cox model as a time-varying covariate to test the proportional-hazards assumptions,
and the assumptions were confirmed to be valid. To further account for the potential

effect of transplant receipt on the comparison of overall survival, a sensitivity analysis

was conducted with the use of a Cox model, with stratification according to MRD status,
patient age, CD20 status, and rituximab use; the model included receipt of a transplant as a
time-varying covariate. Full details are provided in Supplementary Appendix 1. The widths
of the confidence intervals that are reported here were not adjusted for multiplicity and may
not be used in place of hypothesis testing.

ENROLLMENT AND PATIENT CHARACTERISTICS

The trial began in December 2013 and met the enrollment goal in October 2019. A total of
766 patients registered for the initial screening, and 488 were enrolled. Most of the patients
who were found to be ineligible at the initial screening had BCR::ABL I-positive ALL.
BCR::ABL 1-positive disease was subsequently identified in 6 enrolled patients, and T-cell
ALL in 1 enrolled patient. All 488 patients were included in the subsequent analyses (Fig.
2). Details of the 481 eligible patients are presented in Table S5 in Supplementary Appendix
2, available at NEJM.org (see also Supplementary Appendix 1). A total of 44 patients

with MRD-positive status underwent randomization under the initial trial protocol; after the
protocol amendment, 18 subsequent patients with MRD-positive status were assigned to the
blinatumomab group.

The median age of the enrolled patients was 51 years (range, 30 to 70), with 59% of the
patients being younger than 55 years of age (median in this subgroup, 42 years) and with
41% being 55 years of age or older (median in this subgroup, 62 years) (Table 1). On

the basis of a combined cytogenetic and molecular risk profile, outcome risk according to
genomic leukemia subtype was successfully assigned in 409 of the 481 eligible patients
(85%); no risk could be assigned in 72 patients (15%).1°> The majority of the patients (57%)
were deemed to be at unfavorable risk (see the definition of combined risk assessment in
Supplementary Appendix 1).

A total of 19 of 488 patients (4%) died from toxic effects during induction treatment.

The causes of death included sepsis, intracranial hemorrhage, pulmonary mucormycosis,
hepatic failure, myocardial infarction, stroke, and respiratory failure. At the completion of
two cycles of induction therapy, 395 patients (81%) had either a complete remission (364
patients [75%]) or a complete remission with incomplete count recovery (31 patients [6%])
and were continuing in the trial. Of the 395 patients who had a remission, 109 did not reach
the next trial registration after the intensification phase because of death, recurrent disease,
adverse events, or withdrawal from the trial (Table S6 in Supplementary Appendix 1).

After the intensification phase, 224 patients had MRD-negative status and were randomly
assigned in a 1:1 ratio to the blinatumomab group or the chemotherapy-only group (112
patients in each group). The characteristics of the patients at diagnosis, including the
combined risk profile, were balanced between the groups (Table 1 and Table S7A, S7B,

N Engl J Med. Author manuscript; available in PMC 2025 January 25.
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and S7C in Supplementary Appendix 1). The BCR::ABL I-like genotype (a genotype subset
that lacks the translocation but carries a transcriptional profile that resembles BCR..ABL 1-
positive disease and has a poor prognosis) was present in 14% of the patients who had been
assigned to the blinatumomab group and in 13% of those who had been assigned to the
chemotherapy-only group.

EFFICACY OUTCOMES

In September 2022, the ECOG-ACRIN data and safety monitoring committee reviewed

the results of the third efficacy interim analysis at a median follow-up of 43 months

and recommended that the results be released. The results of this third efficacy interim
analysis are presented in this article. Among the 224 patients with MRD-negative status who
underwent randomization, 22 in each group underwent allogeneic transplantation during the
trial. After stopping trial treatment and going on to receive alternate treatment, an additional
6 patients in the blinatumomab group underwent transplantation (for a total of 28 patients in
the blinatumomab group who underwent transplantation), as compared with an additional 10
patients in the chemotherapy-only group (for a total of 32 patients in the chemotherapy-only
group). No substantial between-group difference was observed in the percentage of patients
who underwent transplantation (Tables S8 and S9 in Supplementary Appendix 1).

The primary end point of the trial was overall survival from the time of randomization,
assessed among patients with MRD-negative status. There were 17 deaths in the
blinatumomab group (8 deaths from relapse and 9 from non-relapse-related causes, largely
from infection) and 40 deaths in the chemotherapy-only group (31 deaths from relapse and
7 from non-relapse-related causes, also largely from infection, as well as 2 from unknown
causes). The 3-year overall survival in the blinatumomab group was 85%, as compared with
68% in the chemotherapy-only group. Treatment with blinatumomab significantly improved
overall survival as compared with chemotherapy alone (hazard ratio for death, 0.41; 95%
confidence interval [C1], 0.23 to 0.73; P = 0.002) (Fig. 3A), a result that crossed the stopping
boundary for efficacy (a two-sided P value of 0.007) at the data-cutoff date for this interim
analysis. Results of the analysis of relapse-free survival were similar to those of the overall
survival analysis. The 3-year relapse-free survival was 80% in the blinatumomab group and
64% in the chemotherapy-only group (hazard ratio for relapse or death, 0.53; 95% CI, 0.32
to 0.87) (Fig. S2 in Supplementary Appendix 1).

A multivariable analysis was performed to examine the treatment effect, with adjustment
for sex, white-cell count, platelet count, hemoglobin level, peripheral blood blasts, bone
marrow blasts, ECOG performance-status score, and combined molecular risk category.
Age, CD20 status, intended rituximab use, and intention to receive an allogeneic transplant
were used as stratification factors. In this analysis, the hazard ratio for death with
blinatumomab as compared with chemotherapy alone was 0.44 (95% CI, 0.23 to 0.81).

A multivariable analysis of relapse-free survival showed a hazard ratio for relapse or death
in the blinatumomab group as compared with the chemotherapy-only group of 0.57 (95%
Cl, 0.33 to 0.98). In sensitivity analyses in which receipt of a transplant was included as

a time-varying covariate, the hazard ratio for death with blinatumomab as compared with

N Engl J Med. Author manuscript; available in PMC 2025 January 25.
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chemotherapy alone was 0.43 (95% ClI, 0.24 to 0.79), and the hazard ratio for relapse or
death was 0.53 (95% Cl, 0.31 to 0.91).

Among the 132 patients younger than 55 years of age, overall survival and relapse-free
survival appeared to be improved among those who received blinatumomab as compared
with those who received chemotherapy alone. In this subgroup, the 3-year overall survival
was 95% with blinatumomab and 70% with chemotherapy alone (hazard ratio for death,
0.16; 95% CI, 0.05 to 0.47), and the 3-year relapse-free survival was 87% and 70%,
respectively (hazard ratio for relapse or death, 0.31; 95% CI, 0.14 to 0.69). Among the 93
patients 55 years of age or older, treatment with blinatumomab appeared to improve both
overall survival (at 3 years: 70%, vs. 65% with chemotherapy alone; hazard ratio for death,
0.66; 95% CI, 0.33 to 1.35) and relapse-free survival (at 3 years: 69% vs. 57%; hazard ratio
for relapse or death, 0.74; 95% CI, 0.39 to 1.43). Details are provided in Figure 3B and
Figures S3, S4, and S5 in Supplementary Appendix 1. Although the magnitude of benefit of
blinatumomab was larger in patients younger than 55 years of age, benefit was also observed
in patients 55 years of age or older.

Integrated genetic and genomic analysisl41° enabled the subgrouping of patients into
favorable risk (defined as DUX4-rearranged [17 patients], high-hyperdiploid [24 patients],
TCF3:.PBX1 [13 patients], or PAX5 P80R [12 patients]), intermediate risk (defined as
PAX5-altered [34 patients], PAX5..ETV6 [3 patients], MEF2D-rearranged [8 patients], or
ZNF384-rearranged [14 patients]), and unfavorable risk (defined as KMT2A-rearranged [66
patients], low-hypodiploid or near-haploid [90 patients], BCR..ABL 1-like [100 patients],
BCL 2-rearranged or MY C-rearranged [10 patients], £7V6.::RUNXI-like with /GH.:CRLF2
fusion [2 patients], and high-hyperdiploid with BCR..ABL I-like, CRLF2-rearranged [1
patient]). In a post hoc subgroup analysis, blinatumomab therapy appeared to improve both
overall survival and relapse-free survival in all three risk groups (Fig. 3B and Figs. S6, S7,
and S8 in Supplementary Appendix 1).

ADVERSE EVENTS

Data on treatment-related adverse events were available for 479 enrolled patients.
Treatment-related adverse events that occurred during consolidation therapy in patients with
MRD-negative status are reported in Table 2. Among the patients who had MRD-negative
status and received blinatumomab, a treatment-related non-hematologic toxic effect of grade
3 occurred in 43%, of grade 4 in 14%, and of grade 5 in 2%, as compared with 36%, 15%,
and 1%, respectively, among patients with MRD-negative status in the chemotherapy-only
group (P = 0.87). A treatment-related neurologic or psychiatric adverse event of grade 3 or
higher occurred in 23% of the 111 patients who started treatment with blinatumomab, as
compared with 5% of the 112 patients in the chemotherapy-only group (P<0.001). Causes
of death are listed in Table S10 in Supplementary Appendix 1. Details of all the treatment-
related toxic effects of grade 3, 4, or 5 according to each step of the trial and according to
treatment group are provided in Table S11 in Supplementary Appendix 2.

N Engl J Med. Author manuscript; available in PMC 2025 January 25.
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DISCUSSION

This randomized phase 3 trial showed an overall survival benefit with blinatumomab added
to consolidation chemotherapy in patients with BCR::ABL I-negative disease who were 30
and 70 years of age and had BCP-ALL in MRD-negative remission. Because these patients
have a better prognosis than those with MRD-positive remission, an intentional prolonged
follow-up was necessary to have enough events to show a benefit with regard to overall
survival. Although the trial was not powered for subgroup analyses, patients younger than 55
years of age appeared to have the greatest benefit.

Other trials of blinatumomab have shown a benefit in patients with MRD-positive disease,
including the BLAST trial, which showed that after one 4-week cycle of blinatumomab,
78% of 113 evaluable patients had a complete MRD response; this result led to an
accelerated FDA approval of blinatumomab in MRD-positive BCP-ALL.® At a median

of 22 months, improved event-free survival with blinatumomab was seen among children
with a first relapse of BCP-ALL who had completed induction therapy and two cycles of
consolidation therapy and had been randomly assigned to receive additional consolidation
with blinatumomab, as compared with those who had been assigned to receive additional
chemotherapy, before allogeneic transplantation.1® With longer follow-up, an overall
survival advantage with blinatumomab was also seen in that trial, and the benefit of
blinatumomab as compared with chemotherapy was seen in both MRD-negative and
MRD-positive patients with regard to both event-free survival and overall survival.1” The
Children’s Oncology Group randomly assigned patients up to 30 years of age with a

first relapse to receive either blinatumomab or chemotherapy in consolidation after they
had a remission with chemotherapy; although the trial did not meet its prespecified end
point, it showed a significant improvement in the likelihood of an MRD-negative status
with blinatumomab.18 These two trials led to the full FDA approval of blinatumomab for
MRD-positive disease.

Single-group phase 2 trials are exploring the use of blinatumomab as first-line treatment.

A study involving 38 patients (median age, 37 years) who received four cycles of hyper-
CVAD chemotherapy (which includes cyclophosphamide, vincristine sulfate, doxorubicin,
dexamethasone, methotrexate, and cytarabine) followed by four cycles of blinatumomab
showed an estimated 3-year relapse-free survival of 73%. A total of 32 of 33 patients (97%)
had an MRD-negative status over the course of therapy.1® The GIMEMA (Gruppo Italiano
Malattie Ematologiche Dell’ Adulto) group designed a phase 2 trial of a pediatric-intensive
regimen involving 149 patients up to 65 years of age (median age, 41 years), with dose
adjustments for patients older than 55 years of age, that added two cycles of blinatumomab
to consolidation chemotherapy. After the first cycle of blinatumomab, the percentage of
patients with MRD-negative status increased, from 70% (85 patients) before the receipt

of blinatumomab to 93% (102 patients) after the receipt of blinatumomab (P<0.001). At

a median follow-up of 37.5 months, overall survival was 71% and disease-free survival

was 66% — findings that are higher than those seen in historical controls.2? The GMALL
(German Multicenter Study Group for Adult Acute Lymphoblastic Leukemia) group treated
patients 56 to 76 years of age (median age, 66 years), in whom three cycles of standard
consolidation chemotherapy was replaced with three cycles of blinatumomab.?! After the
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first cycle of blinatumomab, the incidence of complete remission increased, from 76%
before the receipt of blinatumomab to 85% after the receipt of blinatumomab, with the
incidence of MRD-negative status increasing from 18% to 82%. Overall survival was 80%
at 1 year and 67% at 3 years. The percentage of patients with MRD-negative status was
82% with blinatumomab and 55% in a historical control group (P = 0.006); 3-year overall
survival was 67% and 49%, respectively (P = 0.08), and among patients with a complete
remission, 83% and 55%, respectively, remained in complete remission at 3 years (P =
0.06).21

In the present trial, morphologic complete remission with or without complete count
recovery after induction was observed in 395 patients (81%). Only 286 of these patients
reached the randomization or assignment step after the intensification phase. The remainder
of the patients did not do so for reasons that included relapse, toxic effects, death,
withdrawal of consent, and transplantation. Of the 488 patients who had been initially
registered, 280 (57%) were categorized on the basis of genomic analysis as having high-
risk disease, which probably accounts for the relatively low percentage of patients with
a complete remission, as well as the fact that many of these patients did not reach
randomization. Trials currently in development are exploring the use of blinatumomab
earlier in the course of disease, including a trial of blinatumomab alternating with
low-intensity chemotherapy as compared with standard-care chemotherapy among older
adults with newly diagnosed BCR..ABL 1-negative disease (ClinicalTrials.gov number,
NCT04994717).

In this randomized trial, we found a significant improvement in overall survival among
patients 30 to 70 years of age who had an MRD-negative remission of BCP-ALL

and received blinatumomab plus chemotherapy in consolidation, as compared with
chemotherapy alone. The incidence of reported neuropsychiatric adverse events was higher
with blinatumomab than with chemotherapy alone.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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: ) Induction Cycle 1 (28 days)
Cytarabine, 70 mg intrathecally on day 1

Daunorubicin, 25 mg/m? intravenous push on days 1, 8, 15, and 22
Vincristine, 1.4 mg/m? of body-surface area intravenously on days 1, 8, 15, and 22 (cap each dose at 2 mg total)
Dexamethasone, 10 mg/m? orally on days 1-7 and 15-21 (cap at 20 mg/day; days 1-7 only if =55 yr of age)
Methotrexate, 12.5 mg intrathecally on day 14 only, with a window of +1 day
Pegaspargase, 2000 IU/m? intravenously or intramuscularly on day 18 (omitted if =55 yr of age) (cap dose at 1 vial or 3750 1U)
Rituximab, 375 mg/m? intravenously on days 8 and 15 if CD20-positive (optional)

v

Induction Cycle 2 (42 days)

Cyclophosphamide, 1000 mg/m? intravenously on days 1 and 29 (give 800 mg/m? per dose if >60 yr of age)
Cytarabine, 75 mg/m? intravenously or subcutaneously on days 1-4, 8-11, 29-32 and 36-39
Mercaptopurine, 60 mg/m? orally on days 1-14 and 29-42
Methotrexate, 12.5 mg intrathecally on days 1, 8, 15, and 22, with a window of +1 day
Pegaspargase, 2000 1U/m? intravenously or intramuscularly, on day 15 (omitted if =55 yr of age) (cap dose at 1 vial or 3750 IU)
Rituximab, 375 mg/m? intravenously on days 8 and 15 if CD20-positive (optional)

v

Intensification (28 days)
Methotrexate, 3 g/m? intravenously on days 1 and 8
Leucovorin rescue therapy, 10 mg/m?intravenously every 6 hr for 4 doses, beginning 22-24 hr after completion of methotrexate;
then 10 mg/m? orally every 6 hr for 72 hr
Pegaspargase, 2000 1U/m? intravenously or intramuscularly on day 9; 1000 1U/m? if =55 yr of age (cap dose at 1 vial or 3750 IU)
v

Randomization to C lid:
‘ Blinatumomab-+chemotherapy group (MRD-positive patients also assigned to this group) or chemotherapy-only group

Blinatumomab+Cllemotherapy Group Chemotherapy-Only Group

Consolidation Cycle 1 (28 days)
Blinatumomab, 28 yg/day by continuous infusion for 28 days

14 Days off
v

Consolidation Cycle 2 (28 days)
Blinatumomab, 28 yig/day by continuous infusion for 28 days
v

Consolidation Chemotherapy Cycle 3 or Chemotherapy-Only Group Cycle 1 (28 days)
Cytarabine, 75 mg/m? intravenously or subcutaneously on days 1-5
Etoposide, 100 mg/m? intravenously on days 1-5
Methotrexate, 12.5 mg intrathecally on day 1, with a window of +1 day
Pegaspargase, 2000 [U/m? intravenously or intramuscularly on day 5; 1000 1U/m? if 255 yr of age (cap dose at 1 vial or 3750 IU)
Rituximab, 375 mg/m? intravenously on day 5 if CD20-positive (optional)
v

v
Consolidation Chemotherapy Cycle 4 or Chemotherapy-Only Group Cycle 2 (28 days)
Cytarabine, 75 mg/m? intravenously or subcutaneously on days 1-5
Etoposide, 100 mg/m? intravenously on day 1-5
Methotrexate, 12.5 mg intrathecally on day 1, with a window of +1 day
Rituximab, 375 mg/m? intravenously on days 5 if CD20-positive (optional)

2 2
Consolidation Chemotherapy Cycle 5 or Chemotherapy-Only Group Cycle 3 (42 days)
Daunorubicin, 25 mg/m? intravenous push on days 1, 8, 15, and 22
Vincristine, 1.4 mg/m? intravenously on days 1, 8, 15, and 22 (cap each dose at 2 mg total)
Dexamethasone, 10 mg/m? orally on days 1-7, and 15-21 (cap at 20 mg/day; days 1-7 only if =55 yr of age)
Methotrexate, 12.5 mg intrathecally on day 2, with a window of +1 day
Cyclophosphamide, 650 mg/m? intravenously on day 29
Cytarabine, 75 mg/m? intravenously or subcutaneously on days 30-33 and 37-40
Mercaptopurine, 60 mg/m? orally on days 29-42
Rituximab, 375 mg/m? intravenously on day 8 if CD20-positive (optional)

Consolidation Cycle 6 (28 days)
Blinatumomab, 28 pg/day by continuous infusion for 28 days

v
Consolidation Chemotherapy Cycle 7 or Chemotherapy-Only Group Cycle 4 (28 days)
Cytarabine, 75 mg/m? intravenously or subcutaneously on days 1-5
Etoposide, 100 mg/m? intravenously on days 1-5
Methotrexate, 12.5 mg intrathecally on day 1, with a window of +1 day
Rituximab, 375 mg/m? intravenously on day 5 if CD20-positive (optional)

v
Consolidation Cycle 8 (28 days)
Blinatumomab, 28 pig/day by continuous infusion for 28 days
v

Maintenance Therapy
Vincristine, 1.4 mg/m? intravenously on day 1 every 3 mo (cap each dose at 2 mg/dose) with prednisone
Prednisone, 60 mg/m? orally on days 1-5 every 3 mo
Methotrexate, 20 mg/m? orally or intravenously once per wk
Mercaptopurine, 75 mg/m? orally once per day continuously
Methotrexate, 12.5 mg intrathecally on day 1, with a window of +3 day every 3 mo

Figure 1. Treatment Schema.
If leukemia was present in the central nervous system at diagnosis, methotrexate (at a dose

of 12.5 mg, administered intrathecally or by means of an Ommaya reservoir) was to be given
twice weekly until blasts were not present in cerebrospinal fluid. If the patient subsequently
had a complete remission, a total dose of 1800 cGy of cranial irradiation, administered in 10
daily fractions of 180 cGy per fraction, was to be given during the first cycle of maintenance
therapy. Maintenance therapy was planned to continue for 2.5 years from the start of the
intensification phase. U denotes international units.
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488 Patients were enrolled and
started step 1 induction therapy

155 Did not enter step 2
8 Never started step 1 treatment
67 Did not have a complete remission
or complete remission with
incomplete count recovery
14 Had adverse event, side effect,
or other complicating disease
16 Chose alternative therapy
22 Had disease progression or relapse
3 Died
11 Withdrew or were withdrawn by
physician
14 Were ineligible to continue to step 2

333 Patients were enrolled in step 2
intensification phase

47 Did not enter step 3
2 Never started step 2 treatment
6 Had adverse event, side effect,
or other complicating disease
12 Chose alternative therapy
19 Had disease progression or relapse
8 Withdrew or were withdrawn by
physician

286 Were included in step 3 registration

l l

224 Had MRD-negative 62 Had MRD-positive
status status
224 Underwent 44 Underwent 18 Were assigned after
randomization randomization protocol amendment
112 Were assigned to 112 Were assigned to 22 Were assigned to 22 Were assigned to 18 Were assigned to
the blinatumomab the chemotherapy- the blinatumomab the chemotherapy- the blinatumomab
group only group group only group group

135 Did not enter step 4
11 Never started step 3 treatment
9 Had adverse event, side effect,
or other complicating disease
75 Chose alternative therapy or
allogeneic transplantation
5 Died
18 Had disease progression or relapse
13 Withdrew or were withdrawn by
physician
4 Had unknown reason

151 Were included in step 4 maintenance
therapy

Figure 2. Randomization and Treatment Phases.
Shown is the status of patients throughout the course of the trial from initial registration (488

patients), followed by 2.5 months of induction therapy (step 1), along with the numbers and
reasons why patients did not proceed to intensification (step 2, which included 333 patients)
and the following intensification phase and the numbers and reasons why patients did not
proceed to the step 3 registration (which included 286 patients). In step 3, patients were
randomly or nonrandomly (after protocol amendment 14) assigned to a trial group. Patients
who were positive for measurable residual disease (MRD) who had undergone the initial
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randomization were all later assigned to the blinatumomab group in the trial. The reasons
that patients did not proceed to step 4 maintenance therapy after consolidation therapy are
listed.
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A Overall Survival among Patients with MRD-Negative Status

100
90
g 80 Blinatumomab
,g 70
& 60
S 50
? 404 Chemotherapy only
§ 30
£ o |
Hazard ratio for death, 0.41 (95% Cl, 0.23-0.73)
109 P=0.002 by log-rank test
0 T T T T T T 1
0 12 24 36 48 60 72 84
Months since Randomization in Step 3
No. at Risk
Blinatumomab 112 106 99 65 41 19 8 1
Chemotherapy only 112 96 85 53 28 15 5 0
B Subgroup Analysis
Chemotherapy
Subgroup Blinatumomab Only Hazard Ratio for Death (95% Cl)
no. of deaths/total no.
All MRD-negative patients 17/112 40/112 — 0.41 (0.23-0.73)
Age E
<55 yr 4/66 21/65 - 0.16 (0.05-0.47)
=55 yr 13/46 19/47 ——.—— 0.66 (0.33-1.35)
Combined molecular risk :
Favorable 0/19 6/28 0.00
Intermediate 2/22 5/19 - 0.32 (0.06-1.65)
Unfavorable 12/50 24/45 —— 0.39 (0.19-0.78)
BCR::ABLI-like genotype N
BCR::ABL1-like 2/16 7/15 o 0.28 (0.06-1.36)
Not BCR::ABL1-like 15/96 33/97 —B— 0.40 (0.22-0.74)
Transplantation intended E
Yes 6/36 13/35 » 0.40 (0.15-1.05)
No 11/76 27/77 —n— 0.37 (0.18-0.75)
CD20 status .
Positive 7/45 16/46 I 0.43 (0.18-1.04)
Negative 1/26 7/26 - ' 0.13 (0.02-1.05)
Rituximab use i
Yes 5/33 14/36 . 0.38 (0.14-1.06)
No 3/38 9/36 - — 0.28 (0.08-1.03)

Blinatumomab
Better

1.00 2.00
Chemotherapy Only
Better

Figure 3. Overall Survival Accordingto Trial Group and Clinical and Molecular Features.
Panel A shows the comparison of median overall survival among the MRD-negative

patients. The widths of the confidence intervals (shaded areas) were not adjusted for
multiplicity and may not be used in place of hypothesis testing. Panel B shows the subgroup
analysis of overall survival between the blinatumomab group and the chemotherapy-only
group among the MRD-negative patients. The stratification factors of CD20 status and
rituximab use were added in protocol addendum 9. The subgroup analysis that was

defined according to combined molecular risk was post hoc. The size of the squares is
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inversely proportional to the standard error of the hazard ratio estimates, and arrows indicate
confidence intervals that exceed the graphed space.
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