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This narrative review seeks to summarize chemotherapeutic regimens commonly used for patients with newly diagnosed
Philadelphia (Ph) chromosome-negative B-cell precursor acute lymphoblastic leukemia (BCP-ALL) in the frontline setting and to
describe the latest clinical research using the bispecific T-cell-engaging immunotherapy blinatumomab in the first-line treatment
setting. Current standard-of-care chemotherapeutic backbones for newly diagnosed Ph-negative BCP-ALL are based on the same
overarching treatment principle: to reduce disease burden to undetectable levels and maintain lasting remission. The adult
treatment landscape has progressively evolved following the adoption of pediatric-inspired regimens. However, these intense
regimens are not tolerated by all, and high-risk patients still have inferior outcomes. Therefore, designing more effective and less
toxic strategies remains key to further improving efficacy and safety outcomes. Overall, the treatment landscape is evolving in the
frontline, and integration of blinatumomab into different standard frontline regimens may improve overall outcomes with a

favorable safety profile.
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INTRODUCTION

While outcomes in the first-line treatment setting for patients with
Philadelphia (Ph)-negative B-cell precursor acute lymphoblastic
leukemia (BCP-ALL) have significantly improved in recent years,
especially for young adults, the prognosis for relapsed or
refractory disease remains poor [1, 2]. Pivotal for preventing
disease relapse is the optimal selection of frontline therapy, with
the goal of improving cure rate among newly diagnosed patients
and limiting long-term toxicities.

Treatment regimens for BCP-ALL remain among the most
complex and intensive in oncology due to variable and often
aggressive disease biology. Therefore, historical treatment strate-
gies have combined multiple cytotoxic agents to maximize
response, minimize development of resistance, and reduce
overlapping toxicities [1, 3-5]. Key treatment goals include
achieving disease remission, gaining rapid and deep control of
measurable residual disease (MRD), preventing disease relapse,
and improving survival (including reducing early mortality) while
limiting toxicities and maintaining long-term quality of life.

Although individual BCP-ALL chemotherapy regimens can vary
among different countries, the fundamental treatment principles
are similar [4, 6]. Specific drug selection, dosing schedules, and

treatment duration are tailored according to patient age, acute
lymphoblastic leukemia (ALL) subtype (e.g., Ph chromosome
status and other genetically defined groups), central nervous
system (CNS) involvement, and early treatment response [4].
Despite these variances, standard chemotherapy backbone regi-
mens have yielded approximately similar outcomes among similar
cohorts of patients [7, 8].

Pediatric studies have played an important role in the treatment
evolution of the BCP-ALL therapy landscape [9]. Although
outcomes in younger adults with newly diagnosed BCP-ALL have
improved following adoption of pediatric-inspired chemotherapy
regimens, older adults continue to have poorer outcomes [10-13].
The 5-year overall survival (OS) in the past decade ranges from
~93% in children, ~73% in younger adults, ~28% to 50% in older
adults (aged 60-69 years), and 10% to 20% in those older than 70
years [4, 13-15].

Attempts to improve outcomes for patients with newly
diagnosed BCP-ALL have historically focused on intensifying
cytotoxic agents and implementing a risk-stratified allogeneic
hematopoietic stem cell transplantation (HSCT) in first remission
for high-risk patients [1]. Today, chemotherapy agents within
conventional age-adjusted regimens are, for the most part, being
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administered at their maximum tolerated doses and, thus, are
limited in terms of further efficacy improvement [1, 3]. The focus
to improve efficacy and safety has benefited from a better
understanding of disease biology and the use of novel targeted
agents across all treatment settings.

Blinatumomab (BLINCYTO®; Amgen Inc.,, Thousand Oaks, CA,
USA), a bispecific T-cell-engaging immunotherapy, has estab-
lished efficacy in adult and pediatric patients with Ph-negative
relapsed/refractory BCP-ALL and MRD-positive BCP-ALL [16, 17]. In
the frontline setting, the positive results reported by the E1910
phase 3 study have led to the US approval of blinatumomab in the
consolidation phase as part of a multiagent chemotherapy
backbone [17-19]. Common chemotherapy backbones used
globally to treat Ph-negative BCP-ALL share substantial similarities,
and incorporation of blinatumomab into these backbones will
most probably have effects similar to those observed in the E1910
trial. In addition, phase 2 trials have evaluated the addition of
blinatumomab as a bridge to HSCT or the replacement of
chemotherapy and showed promising results for both efficacy
and safety [17-27].

The goal of this narrative review is to descriptively summarize
chemotherapeutic regimens commonly used for patients with
newly diagnosed Ph-negative BCP-ALL to show that they are
largely similar, both in terms of agents used and outcomes, and to
underline the clinical benefits achieved when blinatumomab is
incorporated into these regimens.

METHODOLOGY

Clinical trial data were obtained via a search of PubMed,
ClinicalTrials.gov, and specialty national and international con-
gresses. The PubMed search was conducted on October 4, 2024,
using the search terms (acute lymphoblastic leukemia) AND (B-
cell) AND (treatment) with articles also filtered by “clinical trial” or
“review.” Overall, 6226 articles were identified. Titles and abstracts
were manually scanned and were deemed relevant if describing
Ph-negative BCP-ALL studies in the frontline setting. Of 421
clinical trial articles identified, 8 pertained to the frontline setting,
but 3 were specific for MRD and were thus excluded. Of the 5
published articles, 3 were specific for blinatumomab. In addition,
studies were identified from ClinicalTrials.gov, congresses,
reviews, and documented files, including 12 congress abstracts
specific for blinatumomab. Of the 1022 identified review articles,
6 were relevant and served as additional sources to support
clinical data, including 2 articles specific for blinatumomab
[1, 7,10, 28-30].

RESULTS

Commonalities across the Ph-negative BCP-ALL chemotherapy
backbone landscape

Many different chemotherapy regimens are commonly used to
treat newly diagnosed Ph-negative BCP-ALL worldwide, varying
from country to country (Table 1; Fig. 1) [4, 6, 31-36]. While
selection of individual agents, dosing schedules, risk stratification,
indications for HSCT, and therapy durations differ between
treatment regimens, total treatment typically lasts approximately
2 to 3 years (Table 1; Table 2) [4, 37]. Treatment regimens for BCP-
ALL are typically divided into three phases: induction, consolida-
tion, and maintenance. In addition, CNS prophylaxis is also a
critical component of the treatment regimens. In some treatment
regimens, these phases are further subdivided into additional
blocks of therapy, such as intensification or reinduction.

In general, induction therapy typically includes a combination of
vincristine, anthracyclines, and corticosteroids, with or without
asparaginase, and with or without cyclophosphamide [4]. During
this phase, patients are generally admitted to the hospital for their
initial workup and treatment and then may be discharged with
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close outpatient follow-up until remission is achieved, pending
any complications necessitating inpatient care. The consolidation
phase, commonly containing a combination of vincristine,
anthracyclines, corticosteroids, asparaginase, cyclophosphamide,
and various antimetabolite agents, varies in length and intensity
across different protocols and is generally administered in the
outpatient setting, although some intensive regimens require
inpatient care [4, 38, 39]. Some regimens include an intensification
phase before entering maintenance, which essentially is an
abbreviated induction regimen. This is followed by a maintenance
phase, consisting of daily antimetabolite therapy, usually
6-mercaptopurine (6-MP), weekly methotrexate, and in some
studies monthly pulses of vincristine and corticosteroids known as
the POMP regimen. Maintenance generally lasts around 2 years
and is given in the outpatient setting [4]. Another crucial
component of BCP-ALL therapy is CNS prophylaxis with intrathecal
chemotherapy, CNS-directed systemic chemotherapy (high-dose
methotrexate, high-dose cytarabine, asparaginase, dexametha-
sone) delivered throughout therapy, with or without cranial
irradiation, and partly risk-adapted based on CNS status at
diagnosis [4, 39].

In Table 1, many commonalities of conventional BCP-ALL
treatment regimens are shown; most regimens include vincris-
tine, daunorubicin or doxorubicin, dexamethasone (except for the
Linker 4-drug regimen), and PEGylated asparaginase or histori-
cally native L-asparaginase (except the hyper-CVAD regimen).
Cyclophosphamide is administered as the alkylating agent except
in the Dana-Farber Cancer Institute (DFCI) ALL, modified DFCI-01
regimens, and pediatric regimens [4, 40]. Methotrexate and
cytarabine are included in all chemotherapy backbones over a
wide range of cumulative dosing levels, both systemically and
intrathecally, with 6-MP and 6-thioguanine (6-TG) added to some
regimens. Topoisomerase inhibitors, such as teniposide or
etoposide, are also included in just over half of the treatment
regimens.

The cytotoxic effects of chemotherapy inherently lead to acute
and potentially long-term treatment-related adverse events (AEs).
The incidence of selected AEs and treatment-related mortality for
these regimens are shown in Table 3. High doses of myelosup-
pressive agents (e.g., anthracyclines, cytarabine, 6-MP, methotrex-
ate, cyclophosphamide) and immunosuppressive corticosteroids
within regimens can lead to complications such as neutropenic
fever and infection, which require hospitalization and may be life-
threatening [41]. Asparaginase-associated toxicities include hepa-
tic dysfunction, venous sinus thrombosis, pancreatitis, and
hypersensitivity/silent activation, while treatment with anthracy-
clines can induce cardiac toxicity [41-43]. Vinca alkaloids can
induce short-term and even permanent neurotoxicity [44]. 6-TG is
associated with an increased incidence of hepatic sinusoidal
obstruction syndrome (also known as veno-occlusive disease) in
some patients [45]. Other toxicities associated with ALL che-
motherapy reported in clinical practice include myelopathy
symptoms and encephalopathy associated with methotrexate,
osteopenia/osteoporosis and metabolic syndrome with corticos-
teroids, acute complications with radiation therapy, and a broad
spectrum of late effects [44, 46-49].

Chemotherapy backbone adaptation strategies

Selecting appropriate treatment intensity for a patient requires
careful evaluation of comorbid conditions, performance status,
and abilities to attend to activities of daily living [4]. The treatment
intensity of standard multiagent chemotherapy regimens is
modified by risk factor and across age-based subpopulations to
maximize efficacy while maintaining an acceptable toxicity profile.
Pediatric regimens are considered the most complex and intense.
Common regimens used in young adults (aged 18-40 years) are
either derived directly from the pediatric regimen or modified to
increase tolerability (i.e., pediatric-inspired regimens (Table 1;
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Fig. 1 Comparing Phases of Therapy in Ph-Negative BCP-ALL Treatment Regimens: CALGB 10403 (US), hyper-CVAD (US, Australia),
UKALLXII/ECOG E2993 (US), GRAALL-2014 (France), PETHEMA ALL-96 (Spain), GIMEMA LAL 1913 (Italy), HOVON-100 (Netherlands,
Belgium), UKALL14 (UK), JALSG 202-0 (Japan). Gray arrow represents induction phase, orange arrow represents consolidation phase, and
gold arrow represents maintenance phase. Yellow text represents CNS prophylaxis. ALL acute lymphoblastic leukemia, BCP-ALL B-cell precursor
acute lymphoblastic leukemia, CNS central nervous system, HD high dose, IT intrathecal, Ph Philadelphia chromosome.
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- Prednisone
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Fig. 1 (Continued)

Fig. 1) [1, 4, 38, 39, 50, 51]. For older patients (aged 55 or 60 and
older), chemotherapy regimens are further modified with dose
reduction/omission of anthracycline and other myelosuppressive
agents (e.g., mini hyper-CVD or the age-adapted German Multi-
center Study Group for Adult ALL [GMALL] backbone) [4, 25].
Consistently, similar age-based adaptations have been made to all
other treatment regimens as well. The integration of targeted
agents to existing standard-of-care (SOC) chemotherapy treat-
ment backbones has also been used to improve efficacy in specific
Ph-negative patient populations. Examples include the inclusion
of inotuzumab ozogamicin for CD22-positive disease, rituximab or
ofatumumab for patients with CD20-positive disease, or the use of
blinatumomab in CD19-positive disease [4, 52-54].

SPRINGER NATURE

Blinatumomab integration into SOC chemotherapy backbones
Studies have evaluated the role of adding blinatumomab to
standard chemotherapeutic backbones for patients with newly
diagnosed Ph-negative BCP-ALL (Table 4) [17-27, 55-59]. In a
phase 2 study in patients aged 18 to 65 years, adding
blinatumomab (2 cycles) after the first early consolidation cycle
3 and after late consolidation cycle 6 of the Gruppo Italiano
Malattie Ematologico dell’Adulto (GIMEMA) LAL 1913 backbone
resulted in 3-year disease-free survival (DFS) and OS of 66% and
71%, respectively, after a median follow-up of 37.5 months [23].
Whereas the GIMEMA LAL 1913 regimen alone historically
reports a 3-year DFS and OS of 61% and 65%, respectively, after
a median follow-up of 38.7 months [60].
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Table 2.

ALL".

Common Regimen N Median Age (Range), y
PETHEMA ALL-96 [71] 81 20 (15-30)
MRC UKALLXII/ECOG2993 [82] 1229 30 (14-65)
DFCI ALL [70] 92 28 (18-50)
Linker 4-drug regimen [74] 84 27 (16-59)
CALGB 10403 [69] 295 24 (17.0-39.0)
USC/MSKCC ALL [73] 51 32 (18-57)
CALGB 8811 Larson [75] 197 32 (16-80)
GRAALL-2014 [22] 104 36 (18-59)
Hyper-CVAD [53] 69" 41 (32-50)
GIMEMA LAL 1913 [60] 139* 41 (18-65)
HOVON-100[61] 79° 42 (18-70)
JALSG 202-0 [81] 229! 43

UKALL14 [80] 288" 45 (22-65)
ECOG1910 Control** [17, 19] 112 50 (30-70)
Modified DFCI-01 [40] 517t 65 (60-79)

Summary of Efficacy Outcomes With Common SOC Chemotherapy Regimens in Newly Diagnosed Adult Patients With Ph-Negative BCP-

Outcome Summary

+ Median follow-up: 4.2y
* 6-year EFS: 61% (95% CI: 51-72)
* 6-year OS: 69% (95% Cl: 59-81)

+ Median follow-up: 8.9y
* 5-year OS: 42% (95%Cl: 39-44)

* Median follow-up: 4.5y
* 4-year DFS: 66% (95% Cl: 50-78)
* 4-year OS: 68% (95% Cl: 53-79)

* Median follow-up: 5.6y

« 5-year EFS: 52% for 78 patients who achieved remission
« 5-year DFS: 54% for patients who achieved remission

« 5-year OS: 47% (overall population)

* Median follow-up: 64.2 mo (0.4-110)
* 3-year EFS: 59% (95% Cl: 54-65)

* 3-year DFS: 81.7% (95% Cl: 58.4-NE)
* 3-year OS: 73% (68-78)

» Median follow-up: NR
« 7-year DFS: 58%
« 7-year OS: 58%

» Median follow-up: 43 mo (24-64)
« Estimated median survival: 36 mo

+ Median follow-up: 4.3y
+ 2.5-year DFS (Ph-negative BCP-ALL patients): 54% (95% Cl: 43-63)
+ 2.5-year OS (Ph-negative BCP-ALL patients): 76% (95% Cl: 66-83)

* Median follow-up: 44 mo (26-53)
* 4-year EFS: 59% (95%Cl: 48-73)
* 4-year OS: 68% (95% Cl: 58-81)

* Median follow-up: 38.7 mo (2.2-64.2)
* 3-year EFS: 53.4% (95% Cl: 45.5-62.8)
* 3-year DFS: 61.4% (95% Cl: 52.9-71.1)
* 3-year OS: 64.9% (95% Cl: 57-73.9)

* Median follow-up: not reported

« 5-year EFS (Ph-negative BCP-ALL patients): 48% (95% Cl: 36-58)
« 5-year DFS (Ph-negative BCP-ALL patients): 52% (95%Cl: 40-63)
+ 5-year OS (Ph-negative BCP-ALL patients): 61% (95% Cl: 49-71)

* Median follow-up: 7.5-7.8y

* 5-year DFS (Hd-MTX): 58% (95% Cl: 45-68); 56% (43-68) for BCP-ALL subgroup
+ 5-year DFS (Id-MTX): 32% (95% Cl: 22-43); 35% (23-46) for BCP-ALL subgroup
+ 5-year OS (Hd-MTX): 64% (95% Cl: 51-74)

* 5-year OS (Id-MTX): 48% (95% Cl: 37-59)

* Median follow-up: 53.7 mo (40.3-70.4)

* Median EFS: 23.2 mo (95% Cl: 19.2-34.0)

* 3-year EFS: 43.7% (95% Cl: 37.8-49.5); 43.1% (95% Cl: 35.9-50.0) for Ph-negative
BCP-ALL

* Median OS: 40.1 mo (95% Cl: 33.2-75.0); 48.8% (95% Cl: 41.5-55.7) for Ph-
negative BCP-ALL

* Median follow-up: 3.6y
* 3-year RFS: 64.0%
3-year OS: 68.0%

* Median follow-up: 21.6 mo (0.7-95)
« 5-year DFS (Ph-negative-negative pts): 57.4% (95% Cl: 32.8-75.8)
« 5-year OS (Ph-negative pts): 40.5% (95% Cl: 20.0-60.2)

"Most of these studies include a mixed population of patients with ALL; however, most patients had BCP-ALL. Findings for the mixed population reported

unless otherwise noted.

"Based on 67 patients with BCP-ALL and 2 patients with B-cell lymphoblastic lymphoma.

*Includes 1 patient with lymphoblastic lymphoma.

SPh-negative BCP-ALL population; HOVON-70 approach was used in patients aged <40 years.

lincludes 196 with BCP-ALL.
#*Includes 202 with Ph-negative BCP-ALL.

**Time from randomization with patients already receiving induction therapy and MRD-negative.

Includes 48 patients with BCP-ALL, of which 32 had Ph-negative BCP-ALL.

ALL acute lymphoblastic leukemia, BCP-ALL B-cell precursor acute lymphoblastic leukemia, DFCI Dana-Farber Cancer Institute, DFS disease-free survival, EFS
event-free survival; GIMEMA Gruppo ltaliano Malattie Ematologico dell’Adulto, GRAALL Group for Research on Adult Acute Lymphoblastic Leukemia, Hd high
dose, HOVON Haemato Oncology Foundation for Adults in the Netherlands, /d intermediate dose, IQR interquartile range, MTX methotrexate, NE not estimable,
NR not reported, OS overall survival, Ph Philadelphia chromosome, RFS relapse-free survival.

In the Haemato Oncology Foundation for Adults in the
Netherlands (HOVON)-146 study, the HOVON group evaluated
the addition of blinatumomab to both prephase (1 cycle, for
2 weeks only) and consolidation (2 cycles) within HOVON-

Blood Cancer Journal (2024)14:203

70-based pediatric-inspired chemotherapy regimen in patients
aged 18 to 70 years with Ph-positive and Ph-negative BCP-ALL
[27, 59]. The 4-year event-free survival (EFS) and OS for patients
with Ph-negative BCP-ALL were 49% and 70%, respectively, after a

SPRINGER NATURE
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Table 4. Outcomes From Clinical Trials Evaluating Blinatumomab in Combination With Chemotherapy for Treatment of Newly Diagnosed Ph-

Negative BCP-ALL.
Regimen (NCT)

Blinatumomab as a
replacement for select
chemotherapy cycles

ALLG ALLO8: Low-intensity
hyper-CVAD +
blinatumomab
(ACTRN12617000084381)
[24]

SWOG 1318; Blinatumomab
induction and prednisone
+ vincristine + MTX + 6-
MRP (NCT02143414) [56]

Alliance A041703,
blinatumomab +
inotuzumab ozogamicin
(NCT03739814) [57, 58]

Mini-hyper-CVD
inotuzumab ozogamicin +
blinatumomab
(NCT01371630) [55]

SPRINGER NATURE

Treatment Schema

Four cycles of low-intensity
chemotherapy, alternating with 4
cycles of blinatumomab
consolidation and then 2y of
POMP maintenance

Two cycles of blinatumomab
induction and 3 cycles of
blinatumomab consolidation
followed by 18 months of POMP

Two cycles of inotuzumab
ozogamicin induction followed
by blinatumomab consolidation
for 2 cycles and up to another 3
cycles

Four (4) cycles of mini-hyper-
CVAD followed by 4 cycles of
blinatumomab consolidation
then maintenance with
alternating blocks of 3 cycles of
POMP and one cycle of
blinatumomab for 12 cycles. A
total of 4 cycles of inotuzumab
ozogamicin were given during
induction

Study N
Phase

2 30
2 29
2 33
2 80

Age
Range

40-67y

66-84y

60-84y

63-72y

Outcome Summary

*» Median follow-up: NR

+ Estimated 2-y median EFS:
61% (median EFS 36 mo)

+ Estimated 2-y median OS: 79%
(median OS NR)

» Safety: grade 3 CRS (n=1); no
treatment-related deaths

* MRD: 13 of 19 responders had
available MRD data, with 12/
13 (92%) MRD-negativity

* Median follow-up: 3.14 y

+ Estimated 3-y DFS: 37% (95%
Cl: 17-57)

+ Estimated 3-y OS: 37% (lower
1-sided 90% ClI: 26)

* Binary 3-y OS: 34% (95% Cl:

18-54)

Safety: most common grade

3-4 AEs, hyperglycemia (14%),

dyspnea (10%), febrile

neutropenia (10%),

hypertension (10%), and lung

infection (7%)

MRD: NR

Median follow-up: 22 mo
1-y EFS: 75% (95% Cl: 61-92)
1-y OS: 84% (95% Cl: 72-98)
2 deaths in remission (n =1
after HSCT), 1 death without
remission from respiratory
failure with sinusoidal
occlusion syndrome of liver
(n=1)

Safety: Common grade 3-5
AEs, neutropenia (88%),
thrombocytopenia (73%),
anemia (42%), leukopenia
(39%), lymphopenia (27%),
febrile neutropenia (21%), and
encephalopathy (12%)

MRD: 94% negativity

Median follow-up: 92.8 mo
Median PFS (with
blinatumomab): 56.4 mo (95%
Cl 11.3-69.7)

Median OS (with
blinatumomab): 56.4 mo (95%
Cl 16.3-70.0)

2-y PFS (with blinatumomab):
60.9% (95% Cl: 24.0-76.5)

5-y PFS (with blinatumomab):
41.8% (95% Cl: 28.5-65.0)

2-y OS (with blinatumomab):
59.6% (95% Cl: 38.6-75.5)

5-y OS (with blinatumomab):
40.9% (95% Cl: 17.0-63.9)
Safety: most common grade
3-5 AEs, thrombocytopenia
(78%), hyperglycemia (36%),
febrile neutropenia (33%); no
treatment-related deaths
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Table 4. continued

Regimen (NCT)

GMALL BOLD (NCT
03480438) [25]

Addition of blinatumomab to
chemotherapy regimens

GIMEMA LAL 1913 +
sequential blinatumomab
(NCT03367299) [20, 23]

HOVON-146:
Blinatumomab added to
prephase and consolidation
chemotherapy (based on
HOVON-70)*
(NCT03541083) [27, 59]

GRAALL-2014 +
blinatumomab
(NCT03709719) [21, 22]

Hyper-CVAD +
blinatumomab
(NCT02877303) [26]

E1910 Study
(NCT02003222) [17-19]

Treatment Schema

One cycle dose-reduced
chemotherapy + 1 cycle
blinatumomab as induction,
followed by 3 cycles of
blinatumomab alternating with
age-adapted chemotherapy as
consolidation

Six cycles of chemotherapy with
2 cycles of sequential
blinatumomab consolidation
(cycles 2 and 6)

Chemotherapy with 1 cycle of
prephase blinatumomab (for 2
weeks), followed by 2 cycles of
blinatumomab consolidation
(each 4 wk)

Chemotherapy with 5 cycles of
blinatumomab consolidation and
maintenance

Four cycles of chemotherapy,
followed by 4 cycles of
blinatumomab consolidation,
then maintenance with
alternating blocks of 3 cycles of
POMP and one cycle of
blinatumomab for 15 cycles

Two cycles of blinatumomab,
followed by 3 cycles of
consolidation chemotherapy
then cycle 3 of blinatumomab
followed by cycle 4 of
chemotherapy and then a fourth
cycle of blinatumomab

Study N Age
Phase Range

2 47 56-76y

2 149 18-65y

2 71 (overall
population)

18-70y

18-59y

18-39y
(n=22)
240y

(n=16)

3 224 (blinatumo-
mab plus
chemo-therapy,
n=112; chemo-
therapy alone,
n=112)

30-70y

Outcome Summary

* MRD: NR

+ Median follow-up: 2.1y

- 3-y EFS: 60%

* 1-y OS: 80%

* 3-y OS: 67%

+ Safety: no unexpected events

* MRD: 93% negativity rate
* Median follow-up: 37.5 mo
* 3-y DFS: 66%

* 3-y OS: 71%

+ Safety: not stated

* MRD: 91% negativity rate

(n =56)

* Median follow-up: 43 mo

* 4-y EFS: 49% (Ph-negative
BCP-ALL patients)

* 4-y OS: 70% (Ph-negative BCP-
ALL patients)

« Safety: grade 3 CRS (21%)

* MRD: 72% negativity rate

* Median follow-up: 2.3y

* 2.5-y DFS: 72% (95% Cl: 60-80)
* 2.5y 0S: 79% (95% Cl: 67-88)
« Safety: not stated

+ Median follow-up: 37 mo

* 3-y RFS: 73% (95% Cl: 56-85)

*3-y OS: 81% (95% Cl: 65-91) vs
4-y OS hyper-CVAD

+ Safety: most common grade
3-5 AEs, infection or febrile
neutropenia (82%); no
treatment-related deaths

* MRD: only MRD-negative
patients included

+ Median follow-up: 3.6y

* 3-y OS: 85%

* 3-y RFS: 80%

« Safety: higher incidence of
grade >3 neuropsychiatric AEs
with blinatumomab 23%
versus chemotherapy alone
(5%; P < 0.001)

"The HOVON-70 regimen (developed for patients <40 years old) was adapted for ages >40 years with reduced doses of anthracyclines, methotrexate,

etoposide, and pegaspargase.

6-MP 6-mercaptopurine, AE adverse event, BCP-ALL B-cell precursor acute lymphoblastic leukemia, CRS cytokine release syndrome, DFS disease-free survival, EFS
event-free survival, GIMEMA Gruppo lItaliano Malattie Ematologico dell’Adulto, GRAALL Group for Research on Adult Acute Lymphoblastic Leukemia, HOVON
Haemato Oncology Foundation for Adults in the Netherlands, MRD measurable residual disease, MTX Methotrexate, NR Not reported, OS overall survival, Ph
Philadelphia chromosome, RFS relapse-free survival, SAE serious adverse event.

median follow-up of 43 months [59]. Findings from the historical
phase 3 HOVON-100 backbone (for patients aged < 40 years, the
HOVON-70 backbone, as mentioned above, was used), showed
5-year EFS and OS of 48% and 61%, respectively, for patients with
Ph-negative BCP-ALL; median follow-up was 70 months for the
overall population [61]. The GMALL Trial 08/2013 for newly
diagnosed patients aged 18 to 55 years used upfront blinatumo-
mab in all patients with MRD persistence > 0.01% after consolida-
tion | followed by stem cell transplantation. The 3-year overall
survival in this subgroup was 77% [62].

A phase 2 trial in high-risk adults aged 18 to 59 years (with
complete remission after induction and first consolidation)
evaluated frontline blinatumomab added to both consolidation
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(5 cycles) and maintenance therapy of the Group for Research on
Adult Acute Lymphoblastic Leukemia (GRAALL)-2014 regimen
[22]. After a median follow-up of 2.3 years, 2.5-year DFS and OS
were 72% and 79%, respectively. In contrast, after a median
follow-up of 4.3 years with GRAALL-2014 alone, 2.5-year DFS and
OS were 54% and 76%, respectively [22].

Results from a phase 2 single-arm study in patients aged =14
years (median [range], 37 [18-45] years) using the full-intensity
hyper-CVAD backbone with 4 cycles of blinatumomab in the
consolidation phase and 3 cycles in the maintenance phase (total of
7 blinatumomab cycles) reported a 3-year OS of 81%, with a median
follow-up of 37 months [26]. In comparison, results from the
historical hyper-CVAD regimen showed a 4-year OS of 68% [53].
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Finally, the benefit of adding blinatumomab to a standard
chemotherapy backbone to improve survival outcomes was
conclusively demonstrated by the Eastern Cooperative Oncology
Group (ECOG)-American College of Radiology Imaging Network
(ACRIN) E1910 study [19]. The E1910 study was a phase 3,
randomized controlled trial that compared modified UKALLXII/
ECOG E2993 chemotherapy alone to the same chemotherapy plus
four cycles of blinatumomab in adults aged 30 to 70 years with
MRD-negative disease (< 10 after induction and intensification
therapy [17-19]. Among MRD-negative patients, 3-year OS was
85% for the blinatumomab arm versus 68% for chemotherapy
alone (hazard ratio [HR], 0.41 [95% Cl, 0.23-0.73]; P = 0.002) after a
median follow-up of 3.6 years [19]. Additionally, 3-year relapse-
free survival was 80% for the blinatumomab arm versus 64% for
chemotherapy alone (HR, 0.53 [95% Cl, 0.32-0.87]; P=0.013) [19].

Blinatumomab with lower-intensity chemotherapy regimens
Results from studies evaluating chemo-minimizing strategies that
use blinatumomab to replace some chemotherapy treatment in
vulnerable patients (e.g., elderly) with newly diagnosed Ph-
negative BCP-ALL have been reported. Final findings from the
Australasian Leukemia and Lymphoma Group (ALLG) ALLO8 phase
2 study in patients aged 40 to 67 years assessing the addition of
blinatumomab consolidation to a low-intensity hyper-CVAD regi-
men estimated a 2-year median OS of 79% [24].

In the phase 2 SWOG 1318 study, blinatumomab was
administered to elderly patients (median [range] age 75 [63-81]
years; n=29) as induction therapy for two cycles until reaching
complete remission (CR) or CR with incomplete count recovery
(CRi); this was followed by 3 cycles of blinatumomab post
remission followed by POMP maintenance [56]. The estimated
3-year OS was 37%. The binary 3-year OS was 34%, which is
significantly higher than historical rates of 10%.

The phase 2 Alliance A041703 study in older adults (n=33;
median [range] age, 71 [60-84] years) evaluated outcomes
following treatment with inotuzumab ozogamicin during induc-
tion (3 cycles) and blinatumomab as consolidation therapy (2
cycles). After a median follow-up of 22 months, 1-year OS was
84%; 2 deaths occurred in remission [57]. With longer follow-up,
this may improve on the rates reported for inotuzumab
ozogamicin in combination with low intensity chemotherapy
(mini-hyper-CVD) in older patients from a phase 2 study, 2-year OS
of 66% [63].

An open-label phase 2 study has evaluated the combination of
mini-hyper-CVD and inotuzumab ozogamicin with or without
blinatumomab in patients aged 60 years or older [55]. Blinatu-
momab was added to both the consolidation phase (4 cycles) and
during the dose-reduced POMP maintenance phase. Median PFS
with blinatumomab (n = 31) was 56.4 months with a 2- and 5-year
PFS of 61% and 42%, respectively, versus 34.7 months and 57%
and 42%, respectively, without blinatumomab (n = 49). Median OS
was 564 months with a 2- and 5-year OS of 60% and 41%,
respectively, with blinatumomab versus 40.9 months and 65% and
47%, respectively, without blinatumomab.

In the GMALL BOLD study, eligible patients aged 56 to 76 years
received one cycle of age-adapted induction chemotherapy and
blinatumomab (induction phase), followed by three further cycles
of blinatumomab alternating with age-adapted consolidation
cycles [25]. With a median follow-up of approximately 2 years,
the 3-year OS was 67%. Results from the historical GMALL
standard regimen for older patients showed a 3-year OS of 49%
[25].

Safety with blinatumomab-containing regimens

Limited toxicity data studies evaluating the addition or replace-
ment of blinatumomab to SOC chemotherapy regimens have
shown the combinations to be generally well tolerated (Table 4)
[18, 24, 26, 27, 58]. Treatment with hyper-CVAD backbone plus 4
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cycles of blinatumomab in both the consolidation and main-
tenance phases was safe, with the most common grade 3 to 5
events being infection or febrile neutropenia (82%), alanine
transaminase or aspartate transaminase elevation (26%), or
hyperglycemia (21%) [26]. Grade 3 cytokine release syndrome
(CRS) was reported in only one patient (3%) and resolved within
24 h. Overall, 47% of patients developed a blinatumomab-related
neurologic event of any grade, with only one patient (3%)
discontinuing therapy due to treatment-related neurotoxicity. No
treatment-related deaths were reported. In another study, the
combination of blinatumomab added to consolidation of a low-
intensity hyper-CVAD regimen was tolerable, and one case of
grade 3 CRS was reported with no treatment-related deaths [24].
Treatment with HOVON-70-based chemotherapy plus 1 cycle of
prephase blinatumomab followed by 2 cycles of blinatumomab
consolidation reported grade =3 CRS in 21% of patients [27]. In
the E1910 study with 4 cycles of consolidation blinatumomab, the
safety results were consistent with the established safety profile of
blinatumomab. Grade > 3 treatment-related neuropsychiatric AEs
were reported in 23% of 111 patients who started treatment with
blinatumomab versus 5% of 112 patients receiving chemotherapy
alone (P <0.001) [18, 19]. In a phase 2 study in patients > 60 years
old that used a combination of mini-hyper-CVD and inotuzumab
with or without blinatumomab, the most common grade 3 and 4
AEs were thrombocytopenia (78%), hyperglycemia (36%), and
febrile neutropenia (33%) and there were no early deaths on the
trial. Seven deaths on study included five from neutropenic
infections [55]. AEs related to cytopenia and immunosuppression
are not unexpected and show that, despite low intensity
chemotherapy with or without blinatumomab, these AEs still
can occur, especially in older (=70 years) patients. In the phase 2
SWOG 1318 study evaluating blinatumomab induction and
consolidation followed by POMP maintenance in older patients,
the most common grade 3 and 4 AEs were hyperglycemia (14%),
dyspnea (10%), febrile neutropenia (10%), hypertension (10%),
and lung infection (7%); 1 patient each developed a grade 3 CRS
and a neurologic AE [56]. In the Alliance A041703 phase 2 study
evaluating inotuzumab ozogamicin induction and blinatumomab
consolidation in older patients, common grade =3 AEs were
neutropenia (88%), thrombocytopenia (73%), anemia (42%),
leukopenia (39%), lymphopenia (27%), febrile neutropenia (21%),
and encephalopathy (12%) [58]. In the GMALL BOLD study, no
unexpected safety events have been reported, and the overall
mortality in induction and CR was low [25].

DISCUSSION

Ph-negative BCP-ALL SOC treatment strategies aim to reduce the
risk of relapse in frontline therapy, with the goal of improving cure
rates while minimizing the risk of short- and long-term toxicities.
The choice of an established Ph-negative BCP-ALL chemotherapy
regimen in the frontline setting, including intensity, not only
depends on clinical factors, such as age (e.g., younger adults vs
older adults), comorbidities, and prognostic factors, but can vary
from country to country, per health center, and according to
physician choice. In many European countries treatment
approaches are defined on a national level through multicenter
study groups and are imbedded in long-term organizational
infrastructures, such as reference laboratories, biobanks, or clinical
registries [64, 65]. The efficacy and safety outcomes of these
different chemotherapy regimens are largely similar, with no
single regimen demonstrating clear superiority. The addition of
blinatumomab to a standard chemotherapy backbone in the
E1910 study has resulted in significantly improved overall survival
and relapse-free survival outcomes. Promising results were also
reported from single-arm phase 2 trials, adding blinatumomab
into different standard chemotherapeutic backbone regimens and
for different age groups [17-27]. The addition of blinatumomab
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has also supported the evaluation of dose-reduced chemotherapy
regimens, allowing vulnerable (e.g., older) patients to be treated
more effectively.

These data have led the current NCCN Clinical Practice
Guidelines in Oncology (NCCN Guidelines’) to recommend
blinatumomab as part of frontline multiagent consolidative
therapy across all groups of adult patients with newly diagnosed
Ph-negative BCP-ALL [4]. The approach was also supported by the
current European Society for Medical Oncology and European
LeukemiaNet recommendations [64, 66]. The E1910 study results
[17-19], which span across both the younger and older adult
subpopulations, have played a pivotal role in shaping the current
guidelines [4]. The E1910 chemotherapy backbone was designed
to accommodate patients aged 30 to 70 years by modifying the
UKALLXII/ECOG E2993 regimen to be more “pediatric inspired” for
younger adults (<55 years) and to reduce the intensity for older
patients, defined as > 55 years of age [18, 19]. This approach also
aligns with current clinical practice, in which younger adult
regimens are used up to the age of 55 years [66]. The lower age
cut-off of 30 years was reportedly selected only to avoid a parallel
recruiting clinical trial in the United States and was not based on
any concerns regarding toxicity or efficacy in a younger adult
population (18-29 years) [19].

Studies have also shown that the incorporation of blinatumo-
mab into reduced-intensity chemotherapy regimens can improve
both outcomes and safety profile in older populations, who
historically have had poorer outcomes compared with their
younger counterparts [24, 25, 55]. To conclusively demonstrate
the efficacy of blinatumomab while reducing toxic chemotherapy
in older patients, the ongoing phase 3 Golden Gate study
(NCT04994717) is evaluating outcomes of blinatumomab alter-
nating with low-intensity chemotherapy in induction, consolida-
tion, and maintenance compared with age-adapted GMALL or
hyper-CVAD regimens in patients aged =55 years with Ph-
negative BCP-ALL [67]. Findings from the safety run-in provide
support that this regimen is well tolerated with an acceptable
safety profile [67].

Duration of therapy also represents a significant burden for
patients with Ph-negative BCP-ALL. The use of blinatumomab in
the frontline setting to reduce the overall duration of therapy has
been addressed in a phase 2 study and is being investigated in an
ongoing phase 3 study (Golden Gate, NCT04994717) [26, 67]. In
addition, moving blinatumomab administration to an earlier
timepoint in the treatment regimen may help induce deeper
responses earlier on, helping further improve outcomes
[25-27, 67]. This is also being explored in ongoing studies, such
as the Golden Gate study.

The addition of blinatumomab into SOC frontline therapy in
BCP-ALL, together with its favorable safety profile, has demon-
strated a significant improvement in overall outcome in a
randomized trial, and we believe these results can be applied to
different standard backbones and different age groups [19].
However, data also show that blinatumomab is not effective for
CNS disease due to poor penetration in the cerebrospinal fluid
[68]. Therefore, particular attention should be paid to CNS
prophylaxis. CNS-directed treatment should be continued and
reinforced, especially if chemotherapy with potential CNS
penetration is being omitted in the chemotherapy minimization
approach per SOC in blinatumomab-containing regimens. Other
essential considerations include relapse risk involving other
sanctuary sites and the occurrence of CD19-negative relapses. It
is also important to highlight that, although efficacy outcomes are
generally similar across different chemotherapy regimens, studies
differ in design and patient populations. For example, the
E1910 study results are for patients who were in MRD-negative
CR prior to start of consolidation [19]. Further, the transplantation
indications, conditioning regimens, donor type, and rate of
transplantation vary significantly among studies. Therefore,
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interpretation should be made with caution. Further studies will
continue to generate evidence to highlight the extent to which
and in which subgroups chemotherapy can be replaced by
immunotherapy and whether the combination of different
targeted agents may further improve results.

The future of BCP-ALL therapy belongs to optimal and
combined use of targeted therapies. Therefore, it is reasonable
to expect that further significant reductions in chemotherapy in
the frontline setting will become SOC by using antibody-drug
conjugates to de-bulk, with bispecific antibodies (including the
newer generation of subcutaneous blinatumomab, which is under
development) being used to drive a deeper response and
chimeric antigen receptor T-cell therapy being used as further
consolidation in select patients (eg, high-risk patients or patients
who are MRD-positive after bispecific treatment).

CONCLUSIONS

Despite differences across the current SOC chemotherapeutic
backbones for newly diagnosed Ph-negative BCP-ALL, they are all
based on the same overarching treatment principles. The
treatment landscape continues to evolve in the frontline setting,
and data suggest that the integration of blinatumomab will add
benefit regardless of the chemotherapy backbone.
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