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Abstract: Immunotherapy has transformed the treatment of acute 
lymphoblastic leukemia (ALL) over the past 2 decades, leading to excel-
lent outcomes in adults and children. This is especially true in the setting 
of relapsed and refractory (R/R) disease, in which treatment outcomes 
formerly were dismal. Several immune therapies have shown efficacy 
and safety in the R/R setting, including monoclonal antibodies, bispe-
cific antibodies, antibody-drug conjugates (ADCs), and chimeric antigen 
receptor (CAR) T-cell therapy. These new immunotherapy approaches 
have brought about a major paradigm shift in the treatment of R/R 
ALL, with very few long-term side effects in comparison with standard 
chemotherapy. These agents are now being used in patients with newly 
diagnosed ALL, with good response rates. This review discusses novel 
immunotherapeutic options, including bispecific antibodies, ADCs, and 
CAR T-cell–based therapies, in the upfront setting. It also discusses the 
incorporation of novel agents either as monotherapy or in combination 
with cytotoxic chemotherapy and describes our views on how best to 
use these agents in patients with newly diagnosed disease.

Introduction

Treatment for acute lymphoblastic leukemia (ALL) in children and 
adults continues to evolve, with significant advances made over the 
last 2 decades. Several modalities have been developed that notably 
emphasize use of the harnessing the power of the immune system to 
eradicate malignant cells. In the last 20 years, 5-year overall survival 
(OS) in ALL has steadily improved across all ages. The largest gains 
in survival have been in children aged 1 to 14 years, in whom the 
5-year OS rate is now greater than 93% following upfront intensive 
multiagent chemotherapy. In contrast, however, the 5-year OS rates 
with intensive chemotherapy are only 59% in patients aged 20 to 39 
years, 29% in those aged 60 to 69 years, and 13% in those aged 70 
years and older.1 Despite high initial complete response (CR) rates, 
more than half of adults with a diagnosis of ALL ultimately experience 

Integration of Immunotherapy Into the 
Frontline Treatment of Acute Lymphoblastic 
Leukemia
Ajoy Dias, MD,1 and Mark R. Litzow, MD2

1Immune Deficiency Cellular Therapy Program, National Cancer Institute, National Institutes 
of Health, Bethesda, Maryland
2Division of Hematology, Mayo Clinic, Rochester, Minnesota



Clinical Advances in Hematology & Oncology  Volume 23, Issue 6  September 2025    351

U P F R O N T  I M M U N O T H E R A P Y  F O R  A C U T E  LY M P H O B L A S T I C  L E U K E M I A

residual disease [MRD] <10-4) was achieved faster in the 
rituximab recipients, with higher rates of MRD negativity 
at day 21 (60% vs 19%) and week 16 (89% vs 57%).14 
This observation was confirmed by the large multicenter 
randomized GRAALL-2005 study from the Group for 
Research on Adult Acute Lymphoblastic Leukemia. A total 
of 209 adults aged 18 to 59 years were randomly assigned 
to a pediatric-inspired regimen with or without rituximab. 
At a median follow-up of 30 months, the addition of 
rituximab was associated with a lower 4-year cumulative 
incidence of relapse (25% vs 41%) and a higher event-
free survival (EFS) rate (55% vs 43%; hazard ratio [HR], 
0.52). CR rates were similar (92% vs 90%), and the rates 
of nonrelapse mortality (NRM) at 2 years were comparable 
(12% vs 12%). The OS rates were not statistically different 
in the entire cohort (61% vs 50% at 4 years; HR, 0.70), 
but for patients who underwent allogeneic hematopoietic 
cell transplant (allo-HCT) in first CR, OS was better in 
the rituximab arm (HR, 0.55; 95% CI, 0.34-0.91).15 In 
the UK NCRI phase 3 randomized trial from the National 
Cancer Research Institute, patients aged 25 to 65 years did 
not show a significant improvement in EFS when 4 doses 
of rituximab were added to standard-of-care chemother-
apy, regardless of level of CD20 expression. The 3-year 
EFS rates were 43.7% vs 51.4% (HR, 0.85), with relapse 
rates lower in the rituximab group (26.3% vs 31.1%; HR, 
0.85), but these results were not statistically significant 
(P=.29).16 For the full benefit of rituximab in B-ALL, the 
administration of more doses throughout the entire course 
of therapy is likely required.

Ofatumumab (Arzerra, Novartis), another fully 
humanized anti-CD20 monoclonal immunoglobulin G1 
antibody, was tested in an MDACC phase 2 trial.17-19 In 
this trial, the outcome of patients with newly diagnosed 
Ph-negative B-ALL who received hyper-CVAD with ofa-
tumumab was superior to the outcome of those treated 
with hyper-CVAD +/- rituximab (4-year EFS rates, 61% 
vs 43%; 4-year OS rates, 66% vs 48%).20

From the above studies, it is clear that rituximab, 
when added to chemotherapy, improves outcomes in younger 
patients (<60 years of age) with CD20-positive B-ALL. 
Its benefit in older patients or those with CD20 expression 
below 20% is less clear and warrants further research. The 
addition of rituximab with the pediatric-inspired regimens is 
supported, but the optimal dosing and timing remain areas of 
further investigation. We believe that the addition of ritux-
imab to upfront chemotherapy in CD20-positive B-ALL is 
associated with better outcomes in younger patients.

CD19-Targeted Antibodies: Blinatumomab
CD19 is a type I transmembrane glycoprotein that is 
expressed in both normal B cells and leukemic blasts, 
and it plays an essential role in B-cell differentiation.21,22 

relapse and outcomes have historically been poor in both 
children and adults, with a 5-year OS rate of less than 50% 
in children and a dismal rate of less than 10% in adults.2-5 
Immunotherapy has profoundly affected the landscape of 
relapsed ALL, particularly B-cell ALL (B-ALL), in which 
agents like the CD3-CD19 bispecific antibody blinatumo-
mab (Blincyto, Amgen) and the CD22 antibody-drug con-
jugate (ADC) inotuzumab ozogamicin (InO; Besponsa, 
Pfizer), as well as chimeric antigen receptor (CAR) T-cell 
therapy, have shown impressive results. Rituximab, a 
monoclonal antibody directed toward CD20, was the first 
immunotherapy against B-ALL. Although most of the 
initial trials with immunotherapy focused on relapsed or 
refractory (R/R) B-ALL, immunotherapeutic agents are 
now being successfully integrated into frontline therapy 
with excellent outcomes. This review discusses the use of 
immunotherapy in newly diagnosed ALL and how best to 
use it in clinical practice.

Upfront Immunotherapy for Philadelphia 
Chromosome–Negative B-Cell ALL

CD20-Targeted Antibodies:  
Rituximab and Obinutuzumab
Rituximab is a chimeric (murine-human) monoclonal 
antibody targeting the CD20 antigen found on the 
surface of normal and malignant B cells.6 Approximately 
40% to 50% of cases of B-ALL are CD20-positive, 
defined as a CD20-positive blast count of at least 20%.7-9 
CD20 expression in adult B-ALL is a negative prognostic 
factor, associated with a higher incidence of relapse (65% 
vs 42%; P<.001) and a lower 3-year OS rate (27% vs 
40%; P=.03).10,11 

Clinical Trials With Rituximab. Initial trials added 
rituximab to the standard induction chemotherapy 
backbone for newly diagnosed CD20-positive B-ALL. In 
the MD Anderson Cancer Center (MDACC) trial, 282 
adults and adolescents with de novo Philadelphia chromo-
some–negative (Ph-negative) B-ALL were treated with the 
hyper-CVAD chemotherapy regimen (hyperfractionated 
cyclophosphamide, vincristine, doxorubicin, and dexa-
methasone) with or without rituximab. Patients received 
2 doses of rituximab during each of the first 4 cycles. The 
addition of rituximab improved the 3-year CR rate (70% 
vs 38%; P<.001) and the 3-year OS rate (75% vs 47%; 
P=.003) in patients younger than 60 years. However, older 
patients derived no additional benefit from rituximab and 
no additional toxicity.12,13 The German Multicenter Study 
Group for Adult ALL (GMALL) investigated rituximab 
in patients with standard-risk B-ALL. Although the rates 
of CR, early death, and failure were similar in the groups 
with and without rituximab (94% vs 93%, 5% vs 4%, 
and 1% vs 2%, respectively), molecular CR (measurable 
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Blinatumomab is a bispecific antibody that targets CD19 
on B cells and CD3 on cytotoxic T cells, directing T cells 
to attack B-cell leukemic blasts.21 It first received US Food 
and Drug Administration (FDA) approval in 2014 for R/R 
Ph-negative B-ALL in adults,23 with approval expanded in 
2017 to include Ph-positive B-ALL and in 2018 to cover 
both children and adults with MRD of 0.1% or greater 
in first or second CR.24,25 Full FDA approval was based 
on results from the TOWER and ALCANTARA trials. 
In the phase 3 TOWER trial, outcomes with blinatu-
momab were superior to those with chemotherapy, with 
CR rates of 34% vs 16% and CR rates with incomplete 
hematologic recovery (CRi) of 44% vs 25% (P<.001). OS 
(7.7 vs 4 months) and median CR duration (7.3 vs 4.6 
months) were significantly better in the blinatumomab 
group.21 In a follow-up study to the ALCANTARA trial of 
patients with R/R Ph-positive B-ALL, a propensity score 
analysis showed better CR/CRi rates (36% vs 25%) and 
an OS HR of 0.77 (95% CI, 0.61-0.96) in the patients 
who received blinatumomab than in historical controls, 
indicating a 23% reduction in risk of death.26 In the 
BLAST trial of MRD-positive ALL, 88 of 113 evaluable 
patients (78%) achieved MRD negativity after 1 cycle of 
blinatumomab, with median relapse-free survival (RFS) 
of 23.5 vs 5.6 months (P=.002) and OS of 38.8 vs 12.4 
months (P=.002) in the MRD-negative vs MRD-positive 
patients, respectively.27 However, blinatumomab was less 
effective in the patients with a high disease burden,28,29 
extramedullary disease,30 programmed death ligand 1 
(PD-L1) expression on blasts,31 or loss/alteration of CD19 
expression.32 Because of its short half-life, continuous 
infusion over 28 days is required, and the drug carries a 
potential risk for cytokine release syndrome (CRS) during 
the first cycle, necessitating inpatient administration. 
Ongoing studies are comparing the economic effect of 
blinatumomab with that of other salvage options.33 In a 
recently published phase 1b trial, 29 patients were treated 
with subcutaneous blinatumomab in either of 2 dosing 
schedules: 250 µg once daily for week 1 and 500 µg 3 
times per week thereafter (250 µg/500 µg) or 500 µg once 
daily for 1 week and 1000 µg 3 times per week thereafter 
(500 µg/1000 µg). The results were promising, with high 
response rates and acceptable toxicity in patients with 
heavily pretreated R/R B-ALL, improving convenience 
and potentially reducing costs.34 Treatment-related grade 
3 CRS events at dose levels of 250 µg/500 µg and 500 
µg/1000 µg were 21.4% and 23.1%, respectively. The 
rates of grade 3 neurologic events, including immune 
effector cell–associated neurotoxicity (ICANS), were 
42.9% and 23.1%, respectively. The reason for the higher 
rate of neurologic events at the lower dose level is unclear. 
A larger sample size of patients may be needed for further 
evaluation.34

Upfront Blinatumomab With Chemotherapy in 
Younger Patients. The exciting results of blinatumomab 
in the R/R and MRD-positive settings led to its integra-
tion with chemotherapy in upfront treatment. Several 
phase 2 studies have demonstrated that blinatumomab 
and InO, either alone or in combination with chemo-
therapy, are effective. The phase 2 GIMEMA (Gruppo 
Italiano Malattie Ematologiche dell’Adulto) LAL2317 
trial administered 2 courses of blinatumomab after stan-
dard pediatric-inspired induction chemotherapy. The first 
dose was administered after early consolidation (“cycle 
3”) and the second after late consolidation (“cycle 6”). A 
total of 149 patients were enrolled in this study (median 
age, 41 years; range, 18-65 years; 18% >55 years); 132 
entered remission, 122 received blinatumomab, and 109 
had an MRD assessment before and after the first dose 
of blinatumomab. The percentage of patients with MRD 
negativity increased from 72% to 93% (P<.001) after 
blinatumomab, with 23 of 30 MRD-positive patients 
(76%) becoming MRD-negative. At a median follow-up 
of 38.1 months, median OS and disease-free survival 
(DFS) were not reached and the estimated 3-year OS and 
DFS rates were 71% and 65%, respectively, with an excel-
lent outlook for patients aged 18 to 40 years with early 
MRD negativity (DFS rate, 92%). Pre-blinatumomab 
MRD positivity predicted a worse outcome, especially 
in patients with high-risk genetic features (KMT2A rear-
rangements, IKZF1 deletion with or without additional 
copy number alterations, and other adverse molecular 
rearrangements and aberrations involving CLRF2, JAK2, 
ABL1, TP53, and HLF:TCF3) and in those with a high 
white blood cell count. Notably, the 3-year survival rate 
of blinatumomab-treated patients was 82%. The results 
were remarkable in the patients assigned to chemotherapy 
(3-year OS, 91%; 3-year DFS, 75%) and somewhat less 
favorable in those assigned to allo-HCT (3-year OS, 59%; 
3-year DFS 50%) owing to their higher risk of relapse and 
transplant-related mortality, although with a better out-
come in transplant recipients (OS, 69%; DFS, 63%). The 
global risk of relapse and incidence of remission mortality 
were 28% and 7%, respectively. This chemotherapy-bli-
natumomab trial yielded remarkable results that require 
further improvement in high-risk patients and those with 
early MRD persistence.35

The phase 2 MDACC trial evaluated sequential bli-
natumomab added to hyper-CVAD in younger adults 
with newly diagnosed Ph-negative B-ALL. A total of 
38 patients (median age, 37 years; range, 29-46) were 
treated. After a median follow-up of 37 months, 79% 
of the patients were alive at the last follow-up, and 74% 
were in continuous first response. The 3-year RFS rate 
was 73%, with a 3-year RFS rate of 77% in patients aged 
18 to 39 years and of 68% in those aged 40 years and 
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older, with no relapses beyond 2 years. The 3-year RFS 
rate was 84% for patients achieving MRD negativity after 
1 cycle of blinatumomab vs 50% for those who did not 
achieve MRD negativity. Multiparameter flow cytometry 
was used to assess MRD, with a sensitivity of 1×10-4 on 
each bone marrow aspirate. MRD was also assessed by 
next-generation sequencing (the clonoSEQ MRD assay), 
with a sensitivity of 1×10-6. The 3-year RFS rate was 82% 
(55%-94%) for patients without high-risk disease features 
before treatment and 66% (41%-82%) for those with at 
least one high-risk feature. High-risk disease was defined 
as follows: persistent MRD positivity after 2 cycles of 
intensive chemotherapy, high-risk cytogenetics (eg, 
KMT2A rearrangement, complex karyotype, low hypo-
diploidy or near-triploidy), CRLF2 overexpression by 
flow cytometry (suggestive of Ph-like ALL), or presence of 
a TP53 mutation. No treatment-related deaths occurred, 
although infections were common (37% during induc-
tion and 71% during consolidation). CRS of any grade 
occurred in 15% of patients, with grade 3 or higher CRS 
developing in only 1 patient. Blinatumomab-related neu-
rologic events of any grade occurred in 47% of patients, 
with grade 3 ICANS developing in 11% (4 patients: 2 
encephalopathy, 1 ataxia, and 1 delirium). No deaths due 
to these events were reported. Allo-HCT was reserved for 
patients with at least one high-risk genomic feature; 15 of 
the 17 patients without high-risk features did not undergo 
allo-HCT and only one relapsed, suggesting that blina-
tumomab-containing regimens may be effective without 
allo-HCT for some patients. In contrast, more than half 
of the patients with high-risk features underwent allo-
HCT in first response, and these patients had a 3-year 
OS rate of 76%. The 10 patients with genomic features 
historically classed as high-risk did not receive allo-HCT, 
and 6 of these patients remained in continuous response 
at the last follow-up, indicating potential cure with blina-
tumomab-based regimens in some patients with high-risk 
features.36 Although these results appear encouraging, it 
is worth noting that the study was a single-arm phase 2 
trial and the median follow-up is 37 months, so a longer 
follow-up is needed to determine benefit.

In the French phase 2 GRALL-2014-QUEST trial, 
high-risk patients with a median age of 35 years (range, 
18-60) and a KMT2A rearrangement (KMT2A-r), IKZF1 
intragenic deletion (IKZF1del), and/or MRD of at least 
10-4 after induction received up to 5 cycles of blinatumo-
mab during the consolidation and maintenance phases, or 
as a bridge to allo-HCT. Among the 94 evaluable patients, 
the 2.5-year OS rate was 79% and the DFS rate was 72%. 
Patients with very high-risk disease (MRD ≥0.1% after 
induction cycle 1 and/or ≥0.01% after induction cycle 
2) had worse DFS rates (68.8% vs 90.6% for others). 
Factors significantly associated with better DFS included 

DUX4/ERG deletion, low MRD before blinatumomab, 
and complete MRD response after blinatumomab.37 This 
trial underscored the role of blinatumomab in improving 
outcomes for high-risk patients and reducing the need for 
allo-HCT. 

The Australasian Leukaemia and Lymphoma group 
(ALLG) introduced early blinatumomab to reduce the 
burden and intensity of chemotherapy. They observed 
a CR rate of 100%, with 70% of patients achieving an 
MRD response after the first cycle (1B), which increased 
to 83% after the second cycle (2B) of blinatumomab. The 
estimated 2-year EFS and OS rates were 62% and 69%, 
respectively.38 In a recently published study in children with 
newly diagnosed standard-risk B-ALL, blinatumomab in 
combination with chemotherapy achieved an estimated 
3-year DFS rate of 96.0%±1.2% with blinatumomab and 
chemotherapy vs 87.9%±2.1% with chemotherapy alone 
at a median follow-up of 2.5 years. The estimated 3-year 
DFS rate among patients with an average risk of relapse 
was 97.5%±1.3% with blinatumomab and chemotherapy 
vs 90.2%± 2.3% with chemotherapy alone. Among those 
with a higher risk of relapse, the corresponding values 
were 94.1%±2.5% and 84.8±3.8%, respectively, suggest-
ing that the addition of blinatumomab to combination 
chemotherapy in patients with newly diagnosed child-
hood standard-risk B-ALL with average or higher risk of 
relapse significantly improved DFS.39

The phase 3 Eastern Cooperative Oncology Group 
and American College of Radiology Imaging Network 
(ECOG-ACRIN)-E1910 international multicenter trial 
randomized 224 of 488 adult patients with newly diag-
nosed Ph-negative B-ALL (aged 30-70 years) who achieved 
an MRD-negative CR after induction/intensification to 
receive conventional chemotherapy with or without blina-
tumomab. Patients received multiagent induction therapy 
with a Berlin-Frankfurt-Münster–like regimen adapted 
from E2993/UKALLXII.40,41 Pegaspargase (Oncaspar, 
Shire) was added for patients younger than 55 years, and 
rituximab was added for patients with CD20-positive B 
cells. After induction of remission, patients who achieved 
CR/CRi proceeded to intensification with high-dose 
methotrexate plus pegaspargase, after which remission 
and MRD were determined with 6-color flow cytometry 
(MRD negativity was defined as <1×10-4). MRD-negative 
patients were randomized to 4 cycles of consolidation 
chemotherapy alternating with 4 cycles of blinatumomab 
or to chemotherapy alone. After the FDA approval of bli-
natumomab for patients with MRD positivity, those with 
MRD positivity were assigned to the blinatumomab arm. 
All patients received maintenance therapy with 6-mercap-
topurine/vincristine/methotrexate/prednisone (POMP). 
For the entire cohort, the CR/CRi rate after induction 
was 81%. The addition of blinatumomab significantly 
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improved outcomes in MRD-negative patients. The 
3-year OS rates were 85% in the blinatumomab group 
vs 68% in the chemotherapy-alone group (P=.002), and 
the 3-year RFS rates were 80% vs 64%, respectively (HR, 
0.53; 95% CI, 0.32-0.87). The incidence of grade 3 or 
higher neuropsychiatric events was higher in the blinatu-
momab group than in the control group (23% vs 5%).42 
Unlike sequential blinatumomab duration and cycles of 
hyper-CVAD, which were reduced, consolidation chemo-
therapy duration in the E1910 protocol was not reduced 
and yet the regimen was safe and significantly more 
effective than chemotherapy alone. Among 132 patients 
younger than 55 years, the 3-year OS rates with blinatu-
momab vs chemotherapy alone were 95% vs 79% (HR, 
0.16; 95% CI, 0.05-0.47), and the 3-year RFS rates were 
87% vs 70% (HR, 0.31; 95% CI, 0.14-0.69). Among 93 
patients aged 55 years and older, the 3-year OS rates were 
70% vs 65% (HR, 0.66; 95% CI, 0.33-1.35), and the 
3-year RFS rates were 69% vs 57% (HR, 0.74; 95% CI, 
0.39-1.43). Although the benefit was more pronounced 
in younger patents, it was still evident in patients aged 
55 years and older.42 The smaller benefit in older patients 
may be explained by their not receiving pegaspargase, 
higher-risk features of disease, or their not receiving allo-
HCT owing to age and comorbidities.43 Subgroup analy-
sis revealed that blinatumomab was particularly beneficial 
for patients with undetectable MRD (HR, 0.51; 95% CI, 
0.27-0.97; P=.038), whereas patients with MRD between 
undetectable and 0.01% had no significant OS difference 
(median OS, not reached vs 38.0 months; HR, 0.35; 
95% CI, 0.06-1.94; P=.16).43 This is the first randomized 
multicenter study showing the benefit of upfront sequen-
tial blinatumomab with chemotherapy in Ph-negative 
B-ALL. In this trial, morphologic CR with or without 
complete count recovery after induction was observed 
in 395 patients (81%), but 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 transplant. The results 
supported the FDA approval of blinatumomab for a third 
indication, as part of consolidation treatment for patients 
of all ages.

These studies collectively highlight the potential of com-
bining blinatumomab with intensive chemotherapy in the 
upfront treatment of newly diagnosed Ph-negative B-ALL, 
particularly in adults younger than 55 years. The combina-
tion has improved CR and MRD negativity rates and has 
reduced relapse rates, suggesting that it may become a new 
standard of care in Ph-negative adult B-ALL. For patients 
younger than 55 years, we recommend incorporating blina-
tumomab with intensive chemotherapy. 

Blinatumomab in Elderly Patients. Blinatumomab 

has been studied as a treatment for older patients with 
B-ALL; these patients typically have poor outcomes with 
chemotherapy, with 5-year OS rates of 10% to 20%.44 
In the SWOG 1318 study, single-agent blinatumomab 
was used for 1 to 2 cycles as induction until response, 
followed by 3 cycles of consolidation and 18 months 
of POMP maintenance therapy. In 29 patients aged 65 
years and older, the CR rate was 66% and the 3-year DFS 
and OS rates were both 37%, which compared favorably 
with the rates in historical controls for this age group.45 
A GMALL study evaluated sequential blinatumomab 
with chemotherapy in patients aged 56 to 76 years. Those 
with a CR or partial response (PR) after chemotherapy 
received blinatumomab, whereas those with induction 
failure received a second induction cycle of chemotherapy, 
followed by 3 consolidation cycles of blinatumomab and 
up to 2 years of standard maintenance. Of 33 evaluable 
patients, 85% responded, 9% failed treatment, and 29% 
achieved a molecular response. One-third of those with 
induction failure after the first cycle achieved a CR after 
the second, resulting in a CR rate of 83%, and 82% of 
the patients with a CR had a molecular response after 
blinatumomab. The OS rates at 1 year were 100% for 
patients aged 55 to 65 years and 66% for those older than 
65 years. The 1-year DFS rate was 89%, with no deaths 
occurring during blinatumomab treatment.46 

The phase 3 Golden Gate study is currently enrolling 
patients with newly diagnosed Ph-negative B-ALL aged 
55 years and older or 40 to 54 years with severe comorbid-
ities. The study is randomizing patients to receive either 
blinatumomab alternating with low-intensity chemother-
apy or standard chemotherapy. Patients randomized to 
the investigational arm receive blinatumomab for 2 cycles 
during induction, 2 cycles during consolidation, and 3 
cycles during maintenance therapy, alternating with che-
motherapy. In a preliminary safety run-in phase, among 
10 patients in the investigational arm, no deaths occurred, 
the treatment was well tolerated, and all patients achieved 
a CR. Additionally, 90% of the patients had an MRD 
response of less than 10-4 after the first induction cycle.47 

In summary, the incorporation of blinatumomab in 
frontline regimens for older patients appears promising, with 
favorable tolerability and efficacy, low rates of treatment-re-
lated mortality, high rates of MRD negativity, and favorable 
short-term survival outcomes according to early reported 
data. Studies are ongoing to determine the best use of blina-
tumomab. We therefore recommend enrolling older patients 
(>55 years) with newly diagnosed Ph-negative B-ALL in 
frontline immunotherapy trials that would minimize chemo-
therapy-related toxicities and potentially improve outcomes.

CD22-Targeted Agents: Inotuzumab Ozogamicin 
InO is a CD22-directed humanized monoclonal antibody 
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linked to the cytotoxin N-acetyl-γ-calicheamicin via a 
butanoic acid linker. CD22 is a type I transmembrane 
protein that inhibits B-cell receptor signaling.48-52 The 
phase 3 INNOVATE study compared InO with standard 
intensive chemotherapy in R/R B-ALL and showed signif-
icant benefits with InO, leading to FDA approval.53 The 
trial showed significantly higher rates of CR (80.7% vs 
29.4%; P<.001) and MRD negativity (78.4% vs 28.1%; 
P<.001) with InO. The median duration of remission 
was longer for InO (4.6 vs 3.1 months; P=.03), and more 
patients proceeded to allo-HCT (41% vs 11%; P<.001). 
Survival analysis showed longer PFS with InO (5.0 vs 1.8 
months; P<.001) and OS (7.7 vs 6.7 months; P=.04). The 
most significant nonhematologic toxicity was vaso-occlu-
sive disease (VOD) of any grade (11% vs 1%).53 

Upfront InO With Combination Chemotherapy 
in Older Adults. Given the success of InO in the R/R 
setting, several studies examined its use in the frontline 
setting. The MDACC conducted a single-center phase 2 
study combining InO with cyclophosphamide, vincris-
tine, and dacarbazine as a lower-intensity induction regi-
men (mini-hyper-CVD) in newly diagnosed Ph-negative 
B-ALL. Of 52 patients enrolled, 48 received InO starting 
on day 3 of the first 4 cycles at doses between 1.3 and 
1.8 mg/m2, followed by 1.0 to 1.3 mg/m2 in subsequent 
cycles. The rates of CR/CRi and CR with incomplete 
platelet recovery (CRp) were 98% (85% CR, 10% CRp, 
and 2% CRi), with 96% responders achieving MRD 
negativity (assessed by multiparameter flow cytometry 
[MFC], sensitivity <10-4). After a median follow-up of 29 
months, the 3-year PFS rate was 49% and the OS rate was 
56%.54 Updated results showed a 5-year CR rate of 76% 
and an OS rate of 46%.55 However, 22 patients (42%) 
could not complete induction or consolidation owing 
to therapy-related complications, and 6 patients (12%) 
died of treatment-related complications, including 5 with 
infections and 1 with VOD. All patients had hepatic 
adverse events, with 17 of these (33%) grade 3 or higher. 
VOD developed in 4 patients (8%) after a median of 3 
cycles (range, 1-4), including 1 patient after allo-HCT. 
Despite the reduced intensity of this regimen, a sub-
stantial proportion of patients older than 70 years died 
in remission, raising concerns for potential late toxicity. 
The GMALL-Initial-1 study combined InO at 1.8 mg/
m2 in cycle 1 of induction with dexamethasone, followed 
by 1.5 mg/m2 in cycles 2 and 3. Patients in CR proceeded 
with conventional consolidation, reinduction, and main-
tenance therapy. Among the 43 patients treated, the CR/
CRi rate was 100%, with MRD negativity rates of 53% 
after cycle 2 and 74% after cycle 3. The 3-year EFS and 
OS rates were 55% and 73%, respectively. Nonfatal VOD 
occurred in 1 patient.56 The French EWALL-INO phase 
2 study evaluated InO with low-intensity chemotherapy 
in older patients. It included a 2-part induction regimen 

following a 5-day corticosteroid pre-phase. In induction 
1, InO at 1.8 mg/m2 was given with weekly vincristine 
and pulse dexamethasone. In induction 2, patients in CR/
CRp received InO at 1.0  mg/m2 with a week of dexa-
methasone and low-dose cyclophosphamide, plus triple 
intrathecal chemotherapy. For patients in CR/CRp, this 
was followed by 6 cycles of consolidation followed by 
POMP maintenance for up to 18 months. Among 131 
treated patients, the CR/CRp rate was 90% (85% CR, 
5% CRp), and 81% achieved MRD negativity after 2 
courses of induction. The 2-year OS rate was 54%, and 
the 2-year leukemia-free survival rate was 50%. Of the 
118 patients in CR/CRp, 11 (9%) received an allo-HCT, 
and VOD developed in 3 patients (2%), including 1 
patient after allo-HCT.57

The single-arm, phase 2 Alliance A041703 study 
investigated a completely chemotherapy-free induction 
regimen for elderly patients with newly diagnosed Ph-neg-
ative B-ALL. In this study, InO was given for induction 
course 1A at 1.8 mg/m2 fractionated, repeated in cycle 1B 
if in CR/CRi or induction course 1C if not, and followed 
by blinatumomab consolidation. The CR/CRi rate among 
33 treated patients was 85% and reached 97% after con-
solidation. After a median follow-up of 22 months, the 
1-year EFS rate was 75% and the 1-year OS rate was 84%. 
The 12 events that occurred included 9 relapses, 2 deaths 
in remission, and 1 death without remission that was due 
to VOD.58 The data support further study of this highly 
active and tolerable chemotherapy-free regimen, which 
demonstrates durable remissions and requires longer fol-
low-up to evaluate its efficacy and safety fully.

Upfront InO in Younger Adults With Combina-
tion Chemotherapy. Combination approaches using 
InO are being explored in younger adults with newly 
diagnosed Ph-negative B-ALL. The phase 2 MDACC 
study evaluated the combination of hyper-CVAD plus 
blinatumomab with or without InO in patients aged 60 
years or younger. The regimen included conventional 
hyper-CVAD alternating with high-dose methotrexate 
and cytarabine for up to 4 cycles, followed by 4 cycles 
of blinatumomab consolidation and then POMP and 
blinatumomab maintenance. In the first cohort, all 38 
patients responded, with 97% achieving MRD negativity 
by flow cytometry. The 3-year RFS and OS rates were 
73% and 81%, respectively.36 After the first 38 patients, 
the study was modified to add InO (0.3 mg/m2) on days 
1 and 8 of 2 cycles of methotrexate/cytarabine in the 
hyper-CVAD regimen and to 2 of the 4 cycles of bli-
natumomab consolidation. As of June 2023, 75 patients 
were treated, with 37 receiving InO and the remaining 
38 not receiving InO. In the 59 patients with active dis-
ease at study initiation, the CR rate was 100%, and 92% 
achieved MRD negativity. After a median follow-up of 
26 months, the 3-year OS rate was 88% and the 3-year 
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RFS rate was 79%. The 18-month RFS rate was 92% 
in the patients treated with InO vs 76% in those who 
did not receive InO (P=.18), and the 18-month OS 
rates were 100% vs 84% (P=.04). Among 23 patients 
(31%) with high-risk ALL (complex karyotype with ≥5 
abnormalities, 11q23 translocations) who proceeded to 
allo-HCT in first CR, no cases of VOD occurred.59,60 

The multicenter phase 3 Alliance A041501 study 
of patients aged 18 to 39 years with newly diagnosed 
ALL evaluated adding 2 cycles of InO (1.5  mg/m2/
cycle) to an intensive pediatric-inspired CALGB 10403 
chemotherapy regimen. Patients achieving CR/CRi or 
PR were randomized 1:1 to receive InO or continue 
the CALGB 10403 backbone. Following induction 
in the experimental arm, 2 cycles of InO (1.5  mg/m2/
cycle) were administered. A total of 273 patients were 
enrolled, with an overall CR rate of 86.8%; 46 patients 
were not randomized owing to death (5), withdrawal 
(6), ineligibility (3), toxicity (5), receipt of nonprotocol 
therapy (8), progression (8), or other (14). At a median 
follow-up of 28.3 months for randomized patients, the 
3-year EFS rate was 69.0% for the InO arm and 66.7% 
for the control arm (HR, 0.97; 0.58-1.63). The 3-year 
OS rate was 79.4% (71.0%-88.7%) for the InO arm and 
80.3% (71.9%-89.6%) for the control (HR, 1.05; 0.55-
2.01). The rate of undetectable MRD at course 2, day 
56, was 80.6% in the InO arm and 74.2% in the control 
arm. Univariate analysis showed improved EFS with InO 
in patients with a positive low-density microarray card 
(which tests for Ph-like ALL) and Hispanic ethnicity. 
There were 22 grade 5 events, 7 of which occurred before 
randomization. Of the 15 grade 5 events in the random-
ized cohort, 12 were reported in the InO arm and 3 in 
the control arm. Of the 12 grade 5 events in the InO 
arm, all occurred during courses of intensive consolida-
tion complicated by prolonged pancytopenia infection/
sepsis (8), hepatobiliary events in the setting of infection 
(2), multiorgan failure (1), or postsurgical complications 
(1). These events occurred after InO during course 2 (3), 
course 3 (5), or course 4 (4). The primary endpoint of this 
trial was to determine if the addition of InO improved 
EFS with the pediatric-inspired regimen CALGB 10403 
without censoring for allo-HCT. Although this endpoint 
was not met, the data provide compelling evidence for 
the continued use of pediatric regimens in young adults 
with Ph-negative B-ALL, and InO may still be efficacious 
if late toxicity can be mitigated.61 Similar observations 
were made in the second safety analysis of the Children’s 
Oncology Group (COG) AALL1732 phase 3 study, in 
which high infection rates in the chemotherapy-plus-InO 
arm led to a 20% reduction in InO dosing.62,63 The ALL-
Together1 frontline trial (NCT04307576) is evaluating 
the addition of 6 weekly doses of InO at 0.5  mg/m2 
per dose after intensive chemotherapy in children with 

intermediate- to high-risk ALL. These ongoing trials will 
be critical in determining optimal dosing strategies that 
balance toxicity risk with improved outcomes.

These studies suggest that InO is highly effective and well 
tolerated as frontline therapy for Ph-negative B-ALL and 
appears independent of disease burden. However, in combi-
nation with chemotherapy, it may lead to significant toxicity. 
Fractionated dosing with chemotherapy or blinatumomab 
may improve safety without compromising efficacy. Further 
studies are needed to optimize dosing strategies and evaluate 
the contributions of InO and blinatumomab in treatment 
outcomes.

Upfront Immunotherapy for Ph-Positive and 
Ph-Like B-Cell ALL

The t(9;22) translocation is the most common cytogenetic 
abnormality in adult ALL, accounting for 20% to 25% of 
cases.64,65 Historically, the treatment of Ph-positive B-ALL 
consisted of intensive induction chemotherapy followed 
by allo-HCT. However, the long-term outcomes with this 
approach were suboptimal, with 5-year survival rates rang-
ing from 10% to 30% and increasing to 35% to 45% with 
allo-HCT.66-68 With the use of tyrosine kinase inhibitors 
(TKIs) in the frontline setting, CR rates have improved to 
90% to 100%, and the 5-year OS rate is approximately 
50% with or without allo-HCT.69-73 A recent study using 
the third-generation TKI ponatinib (Iclusig, Takeda) in 
the frontline setting with chemotherapy has shown an 
impressive 3-year OS rate of 83%.72

Frontline Blinatumomab for Ph-Positive ALL
Patients with Ph-positive B-ALL who experience relapse 
after TKI therapy have poor outcomes, necessitating 
novel approaches.

The GIMEMA LAL2116 (D-ALBA) trial evaluated 
a chemotherapy-free combination induction regimen of 
dasatinib and corticosteroids for 3 months, followed by 2 
to 5 cycles of blinatumomab, in patients with newly diag-
nosed Ph-positive B-ALL. This approach achieved a CR 
rate of 98% in 63 adults with newly diagnosed Ph-positive 
B-ALL. The molecular response rate improved from 29% 
to 60% after the first cycle of blinatumomab, with further 
increases after additional cycles.74 The 4-year DFS rate 
was 76%, OS was 81%, and EFS was 75%. The IKZF1plus 
genotype was associated with a worse prognosis (4-year 
DFS rate of 46%). A recent update reported 9 relapses, 
including 4 hematologic relapses, 4 cases of isolated central 
nervous system (CNS) disease, and 1 nodal relapse, and a 
T315I mutation was detected in 6 of the 8 patients with 
relapse.75 In the SWOG 1318 study, which combined 
dasatinib and blinatumomab in patients aged 65 years 
and older with Ph-positive B-ALL, the CR rate was 92%, 
and 31% achieved complete molecular remission (CMR). 
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Median OS was 6.5 years and median DFS was not 
reached as of June 29, 2023. The 3-year DFS and OS rates 
were 72% and 75%, respectively.76,77 In the MDACC trial 
combining ponatinib (a TKI effective against ABL1 muta-
tions like T315I) with blinatumomab, the CMR rate was 
83%, with a 3-year EFS rate of 77% and OS rate of 91% 
in 60 patients. Unlike in the D-ALBA and SWOG trials, 
blinatumomab was introduced with ponatinib on day 1, 
likely contributing to high CMR rates. Only 2 patients 
underwent allo-HCT in first remission, suggesting that 
this chemotherapy-free regimen may obviate the need for 
allo-HCT in some patients.78 These outcomes suggest that 
combining TKI and blinatumomab can be effective in 
older adults, who typically cannot tolerate intensive thera-
pies. However, CNS relapse remains a significant concern 
in patients with Ph-positive B-ALL treated with chemo-
therapy-free regimens. Both the D-ALBA and SWOG tri-
als reported isolated CNS relapses (4 patients in D-ALBA 
and 2 in the SWOG trial).75,77,79 To address this problem, 
the MDACC trial increased the number of prophylactic 
intrathecal chemotherapy doses from 12 to 15, and the 
ongoing GIMEMA LAL2820 trial (NCT04722848) is 
doing the same.79

The ECOG-ACRIN Cancer Research Group is lead-
ing a US intergroup randomized phase 3 study (EA9181, 
NCT04530565) comparing blinatumomab plus a TKI 
(dasatinib or ponatinib) with hyper-CVAD chemother-
apy plus a TKI in patients with newly diagnosed Ph-pos-
itive B-ALL. Similarly, the GIMEMA study is comparing 
chemotherapy with imatinib vs blinatumomab with 
ponatinib induction (ALL2820, NCT04722848). These 
studies will likely transform the paradigm of frontline 
therapy for Ph-positive B-ALL.

Frontline Inotuzumab for Ph-Positive B-Cell ALL and 
Ph-Like ALL
InO has not been evaluated in the frontline setting for 
Ph-positive or Ph-like B-ALL. It has shown efficacy in the 
R/R setting without a TKI in the INO-VATE trial and 
in a single-center study in combination with bosutinib 
(Bosulif, Pfizer).80,81 A phase 2 study using InO with 
dasatinib and dexamethasone for upfront treatment is 
ongoing (NCT04747912).

Upfront CAR T-Cell Therapy
No frontline studies of CAR T-cell therapy for newly diag-
nosed B-ALL have been conducted. In the United States, 3 
autologous CAR T-cell products are currently approved for 
R/R B-ALL: tisagenlecleucel (tisa-cel; Kymriah, Novartis) 
for children and young adults up to age 25 years, brexu-
cabtagene autoleucel (brexu-cel; Tecartus, Kite) for adults, 
and obecabtagene autoleucel (Aucatzyl, Autolus) for adults, 
on the basis of the phase 2 ELIANA, ZUMA-3, and FELIX 
trials, respectively.82-89

Although most older adults with newly diagnosed 
B-ALL may attain CR following low-intensity chemo-
therapy with or without InO or blinatumomab, consoli-
dation after remission poses significant challenges.

Older patients treated with consolidation therapies 
such as chemotherapy and allo-HCT frequently expe-
rience long-term treatment-related complications or 
treatment failure. As a result, the earlier use of CAR T-cell 
therapy in the treatment of Ph-negative B-ALL is impera-
tive. CAR T-cell therapy has been effective in patients with 
a low tumor burden or MRD positivity.90-93 In a recently 
reported study from China, CD19 CAR T-cell therapy 
was used in the frontline setting for patients with newly 
diagnosed Ph-positive B-ALL who had achieved morpho-
logic remission after initial induction with systemic and 
intrathecal chemotherapy and TKI therapy. Following CR, 
patients received 1 cycle of an investigational CD19 CAR 
T-cell product, followed by 3 additional cycles of CD19 
CAR T-cell therapy in combination with CD19-positive 
feeding T cells and TKI therapy. A total of 13 patients 
were treated in the phase 1 portion of the study. A total of 
62% of patients were in CMR before CAR T-cell therapy 
and 92% were in CMR after all CAR T-cell therapy cycles. 
At the time of reporting, only one patient had experienced 
CNS relapse. Grade 1 CRS was observed in 69% of 
patients, primarily following the first CAR T-cell infusion, 
and no cases of ICANS occurred.94 A similar approach was 
retrospectively reported recently, in which CD19 CAR 
T-cell therapy was used to treat 2 children with high-risk 
B-ALL who were ineligible for allo-HCT. Both children 
maintained long-term MRD-negative remission following 
CD19 CAR T-cell therapy, although both received sub-
sequent therapies, including CD22 CAR T-cell therapy 
in one case.95 Currently, an ongoing pediatric consortium 
study is using tisagenlecleucel in MRD-positive CR1 at 
the end of consolidation (NCT03876769). In addition, 
an upcoming multi-institutional study will investigate 
brexucabtagene autoleucel in adults with persistent MRD 
following induction therapy.

Several other ongoing studies are evaluating CAR 
T-cell therapy for MRD-positive B-ALL after induc-
tion chemotherapy (NCT05535855, NCT04788472, 
NCT04740203, NCT03919526, NCT06078306, and 
NCT06481241). A phase 1/2 study using bispecific 
CAR T-cell therapy targeting CD19 or CD19/CD22 
demonstrated effectiveness in eradicating MRD without 
significant toxicities.96,97

Upfront Immunotherapy in T-Cell ALL

T-cell ALL (T-ALL) originates from early T-cell progenitors 
and comprises 25% of adult and 15% of pediatric ALL 
cases.98 Treatment for newly diagnosed T-ALL typically 
involves multiagent chemotherapy, but immunotherapy is 
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in the early stages of development. Targeting cell surface 
receptors is a promising strategy, but because immune cells, 
including normal T cells, may express the same receptors, 
serious adverse effects like fratricide of normal T cells with 
T-cell depletion can occur. Alemtuzumab, an anti-CD52 
humanized monoclonal antibody, was trialed in a study of 
patients with R/R T-ALL. This study also included a few 
patients who had not received prior therapies, but none 
of them achieved a response, and significant toxicities 
occurred, including viral reactivations.99,100

The CD38-targeting monoclonal antibody daratu-
mumab (Darzalex, Janssen Biotech) is effective in children 
and young adults when combined with chemotherapy 
in R/R disease, as shown in the DELPHINUS study.101 
Studies are evaluating its use in newly diagnosed very 
high-risk T-ALL (NCT06253637, DARATALL-VHR) 
and in R/R disease (NCT05289687, NCT03384654, 
NCT03207542, NCT06570915). Ongoing trials are also 
investigating monoclonal antibodies targeting CD52 and 
CD38 (isatuximab; Sarclisa, Sanofi-Aventis); CD3-CD38 
bispecific antibodies (NCT05038644)102; and CAR T-cell 
therapy directed to CD7, CD4, CD5, anti-TRBC1, 
anti-CD1a, CCR9, CD38, and CAR natural killer (NK) 
cells for R/R disease after frontline therapy.103 One novel 
approach is fratricide-resistant anti-CD7 CAR T-cell ther-
apy (NS7CAR-T) using lentiviral transduction of periph-
eral T cells; it showed promising results in 60 patients, with 
2-year OS and PFS rates of 63.5% and 53.7%, respectively, 
in R/R T-ALL, with a manageable safety profile.104

Conclusion

Immunotherapy has revolutionized the treatment of R/R 
ALL. Although rituximab was the first agent used in 
CD20-positive ALL, the advent of bispecific antibodies 
(eg, blinatumomab and InO) and CAR T-cell therapy is 
transforming the paradigm of ALL treatment. The incor-
poration of these antibodies into the treatment of newly 
diagnosed Ph-positive and Ph-negative B-ALL shows 
promise, but challenges remain in dose optimization, 
combination strategies (eg, with InO), route of adminis-
tration, management of toxicities, and cost-effectiveness. 
Immunotherapy in T-ALL is still in development and 
mostly restricted to R/R disease. As therapies evolve, the 
therapeutic landscape will likely benefit not only younger 
and fitter patients but also older and frailer individuals. 
Immunotherapy has great potential to reduce and eventu-
ally largely replace the use of chemotherapy in ALL.
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