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Abstract: Although adults with B-cell acute lymphoblastic leukemia (B-ALL) achieve high 
complete remission (CR) rates following treatment with intensive multi-agent chemotherapy 
regimens, up to two-thirds of these patients eventually relapse. Unfortunately, adults with 
relapsed or refractory (R/R) B-ALL have a poor prognosis, with variable responses to 
salvage chemotherapy regimens and allogeneic stem cell transplant. As such, the need to 
develop effective and well-tolerated treatments for this patient population has been of 
paramount importance over the past decade. In this regard, treatment options for R/R 
B-ALL patients have expanded considerably over a relatively short period of time, with 
the approvals of blinatumomab, inotuzumab ozogamicin and tisagenlecleucel occurring 
within only the past six years. Blinatumomab, a CD19 x CD3 bispecific T-cell engager 
(BiTE) was the first of these immune therapies to receive approval, and for many patients, is 
used as first-line salvage therapy. A number of large clinical trials have demonstrated 
improved progression-free survival and overall survival for R/R B-ALL patients receiving 
blinatumomab as compared to those receiving conventional salvage chemotherapy. In addi
tion to being approved for both Philadelphia chromosome-negative and Philadelphia chro
mosome-positive R/R B-ALL, blinatumomab is also the only ALL therapy that carries 
approval for the treatment of measurable residual disease (MRD). Although blinatumomab 
has changed the therapeutic landscape for adults with R/R B-ALL, a number of important 
clinical considerations and questions remain, including the potential role of blinatumomab in 
the frontline setting, mechanisms of resistance, optimal goal MRD level, the role of trans
plant following MRD clearance, the optimal place for blinatumomab in the context of other 
recently approved immune-mediated therapies, and real world outcomes for patients treated 
outside the context of clinical trials. These issues are the focus of ongoing studies, which will 
hopefully inform future clinical practice regarding the utility of blinatumomab in the treat
ment of B-ALL patients. 
Keywords: blinatumomab, BiTE antibody, B-cell acute lymphoblastic leukemia, relapsed 
and refractory disease, measurable residual disease, MRD

Introduction
Acute lymphoblastic leukemia (ALL) comprises the overwhelming majority of 
acute leukemia diagnoses in the pediatric population and approximately 20% of 
acute leukemia diagnoses in adults.1 Outcomes in children have dramatically 
improved since the 1950’s, with long-term survival rates of ~90%. Survival out
comes in adolescents and young adults (AYAs) as well as older adults, however, are 
not as comparable given the presence of high-risk genetic features and presence of 
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co-morbidities that limit the use of several agents that are 
known to be especially active in pediatric ALL.2 

Furthermore, approximately one-third of standard risk 
and two-thirds of high-risk adult patients will eventually 
relapse and long-term outcomes for such patients are 
exceedingly poor.3 Overall complete remission (CR) rates 
for relapsed or refractory (R/R) patients after first salvage 
therapy are typically 40% for those with Philadelphia 
chromosome-negative (Ph-) B-ALL with one and 
three year survival rates of only 26% and 11%, 
respectively.2 Factors that are known to be associated 
with poor overall prognosis include the presence of mea
surable residual disease (MRD) following induction ther
apy, older age and cytogenetics (such as Ph-like ALL, 
complex karyotype, hypodiploidy, and others).4

In light of the poor outcomes associated with R/R 
B-ALL, it became evident that novel, more effective treat
ment options were urgently needed for these patients. 
Blinatumomab (Blincyto, Amgen), a CD19 x CD3 bispe
cific T-cell engager (BiTE) antibody, was the first immune 
therapy to emerge as an effective treatment for adults with 
R/R B-ALL. Its unique mechanism of action, coupled with 
its tolerable toxicity profile and high response rates led to 
approval by the US Food and Drug Administration (FDA) 
in 2014 for the treatment of R/R B-ALL, based on the 
results of the MT103-211 trial.5 Additional studies showed 
efficacy for blinatumomab in patients with MRD positivity 
including the BLAST trial in which blinatumomab was 
shown to improve overall survival (OS) in B-ALL patients 
by effectively converting MRD+ patients to MRD- 
status.6,28–30 This led to FDA approval in 2018 for the 
treatment of B-ALL patients with MRD, defined as detect
able disease of ≥0.1%. The aims of this review are to 
briefly describe the pharmacology of blinatumomab and 
to describe its current place in the therapeutic armamentar
ium for R/R and MRD+ B-ALL patients. We also discuss 
ongoing clinical investigations that will further inform the 
future of blinatumomab in the treatment of B-ALL 
patients.

Blinatumomab: Mechanism of 
Action and Management of 
Toxicities
Mechanism of Action
Blinatumomab is a BiTE antibody that transiently links 
CD19-positive B-cells with CD3-positive T-cells, subse
quently inducing both T-cell mediated lysis of B-cells as 

well as T-cell proliferation. It targets the pan-B-cell anti
gen, CD19, which is present on B-lymphocytes throughout 
early stages of differentiation, as early as pre-B cells.7 

CD19 is expressed on more than 90% of B-cell lineage 
cancers and thus is an ideal target for drugs designed to 
treat B-cell leukemias and lymphomas. Importantly, stem 
cells lack CD19 expression and thus are protected from the 
effects of CD19 targeted therapies.8

Blinatumomab is composed of two single chain vari
able antibody fragments that are connected by a flexible 
linker (Figure 1).9 One of the single-chain variable anti
body fragments binds to the epsilon chain of the T-cell 
receptor/CD3 complex and the other single-chain variable 
antibody fragment binds to CD19. By binding to CD19 
expressed on the surface of cells of B-cell lineage and 
CD3 expressed on the surface of T-cells, blinatumomab 
acts as a bridge to bring B-cells and T-cells into closer 
proximity and results in transient engagement of tumor 
cells by T-cells. A signaling cascade is subsequently trig
gered which leads to activation of T-cells and release of 
cytokines which then prompts the release of cytolytic 
proteins, such as granzymes and perforins, into the 
synapse. This ultimately leads to the destruction of tumor 
cells by either directly inducing apoptosis or leading to the 
activation of caspases which then precipitate cell death. 
These physiologic effects caused by blinatumomab are 
similar to T-cell attack against other tumor cell types.10,11

Preclinical and Early Clinical Trials
Preclinical trials of blinatumomab were conducted in ani
mal models including mice and chimpanzees. In one study 
to assess efficacy of blinatumomab, mice were engineered 
with human B-cell lymphoma xenografts and subsequently 
treated with blinatumomab. The authors found that blina
tumomab could prevent growth of the lymphoma and 
essentially result in cure when administered early in 
tumor development.12

Safety assessment was performed in chimpanzees as 
blinatumomab was found only to be cross-reactive with 
human and chimpanzee C19 and CD3. In vivo analysis in 
chimpanzees showed that blinatumomab caused 
a significant but temporary increase in several serum cyto
kine levels including IL-2, IL-6, and IFN-γ. Cytokine 
levels were highest after the first infusion compared to 
subsequent infusions. The authors also evaluated periph
eral B-cell counts and found that there was no significant 
decrease during the treatment period. However, in the 
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post-treatment period 3–5 weeks after last infusion, rates 
of B-cell depletion were as high as 40–70%.13

The first Phase I trials in humans were initially 
opened in 2001 and included patients with R/R indo
lent Non-Hodgkin’s Lymphoma (NHL) and chronic 
lymphocytic leukemia (CLL). Blinatumomab was 
administered in short infusions and significant toxici
ties were noted including neurotoxicity, which led to 
early termination of these trials.14 A subsequent phase 
I trial (MT103-104) went on to evaluate blinatumomab 
administered in continuous intravenous infusion (cIV). 
This trial included 76 patients with indolent NHL and 
dose escalation was utilized with doses of 0.5–90 μg/ 
m2/d given over 4–8 weeks. Of the patients evaluated, 
73% experienced a neurologic event with 21% experi
encing a grade 3 neurologic event. The maximum tol
erated dose (MTD) was 60 μg/m2/d. Of those patients 
that were treated with the MTD, the overall response 
rate was 69%.15 The authors also found that stepwise 
dosing with corticosteroid prophylaxis led to few treat
ment discontinuations due neurotoxicity.15 These early 
clinical trials led to Phase II/III studies to further 
evaluate dosage pattern and utility in CD19+ malig
nancies including B-ALL.

Clinical Pharmacology and Administration
Blinatumomab has similar pharmacokinetic properties to 
small molecules, including linear pharmacokinetics over 
a dose range of 5 to 90 µg/m2/day as well as a short half- 
life.16 When administered as a cIV over 4 weeks, blinatumo
mab typically achieves steady state serum concentrations 
within one day. The mean volume of distribution is 4.52 L, 
similar to plasma volume, and the mean clearance is 2.72 L/ 
hr.16 The pharmacokinetics of blinatumomab demonstrates 
high variability, with fluctuations in average steady-state 
concentrations of up to 100% between individuals.16

Pharmacokinetics in adult patients have not been shown 
to be significantly impacted by body weight, body surface 
area, age, or sex. The impact of hepatic and renal dysfunction 
on blinatumomab clearance has not been evaluated with 
a formal study, however, hepatic impairment is not thought 
to significantly impact catabolism of blinatumomab given 
that it is a therapeutic protein; thus, dose adjustments are 
not recommended for those with hepatic impairment. 
Although renal impairment has been shown to result in an 
approximately 21% decrease in clearance of blinatumomab, 
no dosage adjustments are required for patients who have 
baseline mild [Creatinine clearance (CrCl) ranging from 60 
to 89 mL/min] or moderate (CrCl ranging from 30 to 59 mL/ 

Figure 1 Construct and basic mechanism of action of blinatumomab. Blinatumomab is composed of two single chain variable antibody fragments that are connected by 
a flexible linker. It binds to CD19 expressing B-cells and CD3 expressing T-cells and subsequently leads to immune synapses between T-cells and B-cells and results in 
targeting and lysing of CD19-positive B-cells (not shown).
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min) renal impairment. At present, there is no data available 
for patients with severe renal impairment (CrCl <30 mL/min) 
or for those on hemodialysis.16

For patients with R/R B-ALL, blinatumomab is adminis
tered as a cIV over 4 weeks with dosage schedule of 4 weeks 
on, 2 weeks off. Hospital admission is recommended for the 
initial 9 days of the first cycle and the initial 2 days of cycle 2 
for close monitoring for signs of cytokine release syndrome 
(CRS) and neurotoxicity. To reduce the magnitude of cyto
kine elevation and resultant toxicities, stepwise dosing is 
recommended with initiation of cycle 1, starting at 9 μg/d 
cIV for the first week followed by 28 μg/d cIV for the 
following 3 weeks with 28 μg/d cIV for 4 weeks in further 
cycles. At a cIV dose of 28 μg/d, the average steady-stage 
concentration ranges from 500–700 pg/mL.17 Pre-treatment 
with 20 mg of intravenous (IV) dexamethasone should be 
administrated 1 hour prior to initial start of the infusion, prior 
to dose escalation on day 8 of cycle 1, and prior to restarting 
treatment of any interruptions lasting 4 hours or longer. Pre- 
phase therapy with dexamethasone also is indicated for 
patients with high disease burden to prevent CRS. In the 
TOWER study, prephase therapy was considered mandatory 
for those patients with blast percentage exceeding 50% or 
peripheral blast count ≥15,000/µL and was recommended for 
those patients with LDH indicative of rapidly progressing 
disease or high extramedullary tumor load. Recommended 
dexamethasone dosing for pre-phase treatment is 10 mg/m2/ 
day administered orally or IV given during screening and 
pre-phase until initiation of cycle 1. Dosage of dexametha
sone can be increased to a maximum of 24 mg/day in these 
patients.18 As blinatumomab is a cIV, patients require an 
infusion pump that allows for continuous intravenous home 
administration. Once delivered to patients, IV bags can be 
stored for 8 days while refrigerated and 48 hours at room 
temperature.19

Adverse Drug Reactions and 
Management
The majority of patients receiving treatment with blinatu
momab (up to 98.5%) will experience an adverse drug 
reaction (ADR) with approximately 61.8% experiencing 
a serious ADR, 19.1% experiencing a fatal serious ADR, 
and 12.4% experiencing an ADR leading to early termina
tion of treatment.18 ADRs occurring in ≥10% of blinatu
momab treated patients are reported in Table 1 as 
compared to standard of care (SOC) chemotherapy, 
defined as one of four different regimens: a FLAG ± 

anthracycline based regimen, HiDAC-based regimen, 
high-dose methotrexate based regimen, or a clofarabine 
based regimen. Two of the most significant ADRs are 
CRS and neurotoxicity which includes encephalopathy, 
convulsions, tremor, speech disturbances, confusion, and 
ataxia.19 All grades of neurologic toxicities occur in 
roughly 50% of patients, with grade ≥3 neurotoxicity 
occurring in approximately 15% of patients. CRS is less 
common with all grades occurring in 11% and grade 3 or 
higher occurring in 1% of patients. Other common toxi
cities include pyrexia, infection, and myelosuppression.19

Initial exposure to blinatumomab can result in supra
physiologic cytokine release ultimately leading to CRS. 
CRS can present with a spectrum of symptoms including 
flu-like symptoms, hypotension, capillary leak syndrome, 
and multi-organ failure. It occurs exclusively within the 
first cycle of treatment and coincides with the highest 
point of T-cell expansion and cytokine release, which 
occurs during the first few days of blinatumomab 
initiation.20 Incidence and intensity of CRS is correlated 
with disease burden, with increased risk and severity of 
CRS occurring in patients with higher disease burden. 
Mechanisms to minimize the severity of CRS include 
a two-step dose escalation as well as pre-phase and pre- 
treatment with dexamethasone as described above.5 Grade 
1 or 2 CRS can typically be managed with observation or 
dexamethasone whereas grade 3 or 4 CRS require inter
ruption of infusion. Grade 3 is managed by withholding 
the infusion until resolved then restarting at 9 mcg/day and 
grade 4 typically results in permanent discontinuation.19 

Tocilizumab has also been shown to play a role in manage
ment of CRS for patients with grade 3 or 4 CRS.21

The neurologic toxicities observed following blinatu
momab therapy are thought to be related to the production 
of neurotoxic cytokines and chemokines after the activa
tion of T-cells which then lead to irritation of the 
neuroendothelium.14 Neurotoxicity typically occurs within 
the first 7 days of drug initiation and is managed with 
dexamethasone and/or interruption of the infusion.5 For 
grade ≥3 seizures, dose interruption is recommended 
along with anti-epileptic drug administration. In these 
cases, the infusion is typically held until symptoms are 
resolved to ≤ grade 1 for at least 3 days, then is restarted at 
9 mcg/day. Cases of neurotoxicity that warrant permanent 
discontinuation of blinatumomab include grade 3 toxicities 
that take more than 7 days to resolve, any grade 4 toxicity, 
and anytime more than one seizure occurs.5
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There are several other ADRs that have been documen
ted with blinatumomab. Pyrexia is the most common ADR, 
occurring in approximately 55% of patients with 6% falling 
within grade 3 or higher. Myelosuppression is also common, 
with neutropenia occurring in 31% of patients, anemia in 
25%, and thrombocytopenia in 21%. Infectious complica
tions occur in >60% of patients. Edema was seen in 18% of 
patients with arrhythmia occurring in 14%. Transaminitis 
also can occur in approximately 15% of patients. 
Twelve percent of patients experience rash.19 Tumor lysis 
syndrome (TLS) is very rare in blinatumomab-treated 
patients. The severity and frequency of ADRs generally 
decrease after the first cycle, likely related to a lesser degree 
of cytokine release following later cycles of treatment.

Blinatumomab Treatment 
Indications
Blinatumomab for R/R ALL
Blinatumomab now plays a key role in the treatment of 
patients with R/R B-ALL after a series of clinical trials 

demonstrated improvement in outcomes compared to tra
ditional salvage chemotherapy. A summary of prior trials 
for treatment of B-ALL with blinatumomab is shown in 
Table 2. The initial trial that led to FDA approval in 2014 
was a large multicenter, single-arm Phase II study 
(MT103-211, NCT01466179)5 in which 189 patients 
with Ph- R/R B-ALL were enrolled to evaluate the clinical 
efficacy of blinatumomab. To minimize CRS and neuro
toxicity, a step-wise dose escalation was utilized, starting 
at 9 µg/day for the first week followed by 28 µg/day for 
the subsequent 3 weeks. Treatment was given in 6 week 
cycles with 4 weeks of treatment and 2 weeks off. After 
two cycles of treatment, 43% of patients achieved a CR/ 
CR with partial hematologic recovery (CRh), with 33% 
obtaining a CR and 10% a CRh. Median relapse free 
survival (RFS) was 5.9 months with a median follow-up 
of 8.9 months and the median OS was 6.1 months with 
a median follow-up of 9.8 months. Of the patients that 
achieved a CR/CRh, 40% underwent allogeneic hemato
poietic stem cell transplant (allo-HSCT). Twenty-percent 

Table 1 Adverse Drug Reactions (ADRs) Reported for ≥10% of Blinatumomab Treated Patients as per Package Insert with 
Blinatumomab Compared to Standard of Care Chemotherapy

Any Grade Events Grade > or = 3 Events

Blinatumomab 
(N=267)

SOC Chemotherapy 
(N=109)

Blinatumomab 
(N=267)

SOC Chemotherapy 
(N=109)

Hematologic  
Neutropenia  

Anemia  
Thrombocytopenia  

Leukopenia

84 (31%) 

68 (25%) 
57 (21%) 

21 (8%)

67 (61%) 

45 (41%) 
42 (39%) 

9 (8%)

76 (28%) 

52 (19%) 
47 (18%) 

18 (7%)

61 (56%) 

37 (34%) 
40 (37%) 

9 (9%)

Infectious  
Pathogen unspecified  

Bacterial  
Viral  

Fungal

74 (28%) 

38 (14%) 
30 (11%) 

27 (10%)

50 (46%) 

35 (32%) 
14 (13%) 

15 (14%)

40 (15%) 

19 (7%) 
4 (1%) 

15 (14%)

35 (32%) 

21 (19%) 
0 (0%) 

9 (8%)

Neurologic  
Headache 61 (23%) 30 (28%) 1 (<1%) 3 (3%)

Cardiovascular  
Edema  

Arrhythmia

48 (18%) 

37 (14%)

20 (18%) 

18 (17%)

3 (1%) 

5 (2%)

1 (1%) 

0 (0%)

Other  
Pyrexia  
Infusion-related  

Transaminitis  

CRS  
Rash

147 (55%) 
79 (30%) 

40 (15%) 

37 (14%) 
31 (12%)

43 (39%) 
9 (8%) 

13 (12%) 

0 (0%) 
21 (19%)

15 (6%) 
9 (3%) 

22 (8%) 

8 (3%) 
2 (1%)

4 (4%) 
1 (1%) 

7 (6%) 

0 (0%) 
0 (0%)
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of patients who received blinatumomab in this study were 
alive after two years, which was superior to historical data 
with traditional chemotherapy. Based on this study, the 
estimated long-term survival (at least 60 months) was 
12.4% as compared to 5.4% with salvage chemotherapy. 
These findings suggested that blinatumomab may have 
superior outcomes in patients with R/R B-ALL when 
compared to salvage chemotherapy and thus led to future 
randomized trials to further evaluate blinatumomab in 
comparison to salvage chemotherapy.

The landmark randomized Phase III TOWER study 
directly evaluated the efficacy of blinatumomab compared 
to four commonly employed salvage chemotherapy 
regimens.18 The study enrolled 405 Ph- B-ALL patients 
who were randomized in a 2:1 ratio with 271 patients receiv
ing blinatumomab and 124 patients receiving salvage che
motherapy. Patients received up to 2 cycles of induction and 
those patients who achieved a morphologic remission then 
received up to 3 cycles of consolidation, with those with 
continued morphologic remission subsequently receiving 
up to 12 months of maintenance. The dosage schedule for 

both induction and maintenance blinatumomab was similar 
to in MT103-211 with maintenance treatment given as a 4 
week cIV dosed every 12 weeks. Patients randomized to 
receive salvage chemotherapy were eligible to receive one 
of four physicians choice regimens. Forty-nine patients 
(45%) received high-dose cytosine arabinoside and granulo
cyte colony stimulating factor with or without anthracycline, 
19 patients (17%) received high-dose cytosine arabinoside- 
based regimens, 22 patients (20%) received methotrexate- 
based regimens, and 19 patients (17%) received clofarabine- 
based regimens. In comparison to patients receiving salvage 
chemotherapy, blinatumomab-treated patients had improved 
CR rates (34% vs 16%, P<0.001) and OS (7.7 months versus 
4 months, P=0.01) in R/R B-ALL patients. This study con
firmed that treatment with blinatumomab results in signifi
cantly longer OS in adult patients with R/R B-ALL as 
compared to conventional chemotherapy.18

Additional trials have also focused on evaluating the 
role of blinatumomab in treatment of patients with Ph+ R/ 
R B-ALL. A Phase II, single arm, multicenter study of Ph 
+ B-ALL patients by Martinelli et al evaluated the efficacy 

Table 2 Summary of Prior Trials for Treatment of B-ALL with Blinatumomab

R/R B-ALL

Authors. Publication 
Details Reference 
Number

Title Results Summary

Topp, M.S. et al Lancet 

Oncol, 2015. 16(1): 

p. 57–66.5

Safety and activity of blinatumomab for adult patients with 

relapsed or refractory B-precursor acute lymphoblastic 

leukaemia: a multicentre, single-arm, phase 2 study

43% CR/CRh rate. Median RFS 5.9 months. Median OS 

6.1 months

Kantarjian, H. et al 

N Engl J Med, 2017. 
376(9): p. 836–847.18

Blinatumomab versus Chemotherapy for Advanced Acute 

Lymphoblastic Leukemia

CR rate 34% for blinatumomab vs 16% for chemotherapy 

(p<0.001). OS 7.7 months for blinatumomab vs 4 months 
for chemotherapy (p=0.01)

Martinelli G. et al J Clin 
Oncol, 2017. 35(16): 

p. 1795–1802.22

Complete Hematologic and Molecular Response in Adult 
Patients With Relapsed/Refractory Philadelphia 

Chromosome-Positive B-Precursor Acute Lymphoblastic 

Leukemia Following Treatment With Blinatumomab: 
Results From a Phase II, Single-Arm, Multicenter Study

36% CR/CRh rate. Median RFS 6.7 months. Median OS 
7.1 months

MRD+ B-ALL

Topp, M.S. et al J Clin 

Oncol, 2011. 29(18): 
p. 2493–8.28

Targeted therapy with the T-cell-engaging antibody 

blinatumomab of chemotherapy-refractory minimal 
residual disease in B-lineage acute lymphoblastic leukemia 

patients results in high response rate and prolonged 

leukemia-free survival

80% achieved MRD negativity.28 RFS 65% at median 

follow-up of 33 months.29 50% RFS at median follow up of 
50.8 months.6

Gokbuget, N. et al 

2018. 131(14): 
p. 1522–1531.30

Blinatumomab for minimal residual disease in adults with 

B-cell precursor acute lymphoblastic leukemia

78% achieved MRD negativity. Median RFS 18.9 months. 

Median OS 36.5 months
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of blinatumomab for treatment of Ph+ B-ALL patients 
who progressed after failure of TKI based therapy.22 The 
study included 45 patients with Ph+ B-ALL who had 
relapsed while on a TKI or had been refractory to at 
least one second generation TKI. Of the 45 patients, 36% 
achieved a CR/CRh after the first two cycles and 88% of 
the CR/CRh responders achieved a complete MRD 
response with 44% of responders proceeding with allo- 
HSCT. Median OS was 7.1 months and median RFS was 
6.7 months. Blinatumomab has also been evaluated in 
combination with TKIs for treatment of R/R Ph+ ALL. 
A retrospective study by King et al evaluated the utility of 
blinatumomab in combination with an oral TKI as con
solidation therapy for patients with Ph+ B-ALL. This 
study demonstrated that Blinatumomab + TKI resulted in 
eradication of MRD in the majority of patients with Ph+ 
ALL and this therapy overall was well tolerated.23 Another 
retrospective study by Assi et al assessed Blinatumomab + 
TKI for treatment of Ph+ positive patients. The study 
included 12 patients, 9 with Ph+ ALL and 3 with chronic 
myeloid leukemia (CML) in blast crisis. Of these patients, 
75% (9/12) achieved complete molecular response and the 
treatment was safe.24 Additional prospective studies are 
needed to further characterize the role of Blinatumomab in 
Ph+ B-ALL compared to conventional chemotherapy as 
well as in combination with TKIs.

Blinatumomab in MRD+ Disease
Eradication of MRD is another active area of research in 
ALL. MRD describes low-level disease that is unable to be 
detected by conventional cytomorphology and is only 
detectable by more sensitive techniques including flow 
cytometry, polymerase chain reaction assays, and next- 
generation sequencing. It has become increasingly clear 
that MRD positivity is one of the most significant inde
pendent prognostic factors in B-ALL patients and that 
achievement of MRD negativity is crucial for improving 
patient outcomes.25–27

Several clinical trials have evaluated the efficacy of 
blinatumomab in MRD-positive B-ALL patients. Topp 
and colleagues conducted a phase II study in which blina
tumomab was administered to 21 patients in first CR after 
induction, and at least one round of consolidation che
motherapy, who had detectable MRD defined as ≥1 
x 10−4. The dose of blinatumomab administered to MRD- 
positive patients was lower (15 µg/day, 4 weeks on and 2 
weeks off) compared to the dosing used for salvage ther
apy. Of the 20 evaluable patients, 16 (80%) achieved 

MRD negativity, all of which occurred after one cycle of 
blinatumomab.28 Patients with a matched donor were per
mitted to undergo allo-HSCT at any time after the first 
cycle of blinatumomab therapy, but the study was not 
powered to assess the impact of HSCT after blinatumo
mab. Forty-five percent of the evaluable patients went on 
to receive a transplant. An interim efficacy analysis con
ducted after a median follow up of 33 months found an 
overall RFS rate of 61%. The RFS rate was 65% among 
the 9 patients who had undergone transplant and 60% 
among the 11 patients who had not undergone 
transplant.29 Patients completed follow-up visits for up to 
5 years, and the final analysis was conducted after 
a median follow up of 50.8 months. Fifty percent of the 
20 total evaluable patients remained in remission at the 
final analysis. Stratifying the results according to trans
plant status showed that 56% (5/9) of patients who had 
received a transplant were in remission and 45% (5/11) of 
patients who had not received a transplant remained in 
remission.6

This study was followed by the landmark phase II 
BLAST trial led by Gökbuget and colleagues, in which 
blinatumomab was administered for up to 4 cycles in 
patients with B-ALL in first or later hematologic CR and 
with persistent or recurrent MRD ≥10−3 after at least 3 
cycles of intensive chemotherapy. The dosing schedule for 
each cycle of blinatumomab in this trial was also 15 µg/ 
day, 4 weeks on and 2 weeks off. A total of 116 patients 
were enrolled, and eligible patients were permitted to 
undergo allo-HSCT at any time after cycle 1 of blinatu
momab therapy. Of the 113 evaluable patients for the 
primary endpoint of MRD response, 78% achieved MRD 
negativity after one cycle of blinatumomab. Two addi
tional patients achieved MRD negativity after cycle 2 
with no additional patients achieving MRD negativity 
after cycle 3 or 4. Secondary end point analyses involving 
survival and transplantation were conducted in 110 
patients with Ph- disease. Median RFS and OS were 18.9 
months and 36.5 months, respectively, with a median fol
low up of 30 months. Notably, patients achieving MRD 
negativity after cycle 1 of blinatumomab had significantly 
better survival outcomes compared to MRD non- 
responders with a median RFS of 23.6 vs 5.7 months 
(P=0.002) and median OS of 38.9 vs 12.5 months 
(P=0.002) for MRD responders and MRD non- 
responders, respectively. These data thereby demonstrated 
a direct patient benefit for the conversion of MRD posi
tivity to MRD negativity. Importantly, patients in second 
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or third CR had significantly inferior RFS and OS com
pared to patients in first CR despite having similar rates of 
MRD response to blinatumomab, suggesting that adminis
tering blinatumomab for MRD eradication in first CR is 
more beneficial compared to using it in subsequent remis
sions. Sixty-seven percent (74/110) included in the sec
ondary endpoint analysis underwent allo-HSCT. At 
a median follow up of 24 months, 25% (9/36) of patients 
who had not received HSCT or chemotherapy after blina
tumomab remained in CR whereas 49% (36/74) of patients 
who had undergone HSCT remained in CR. This study, 
too, was not powered to assess the impact of allo-HSCT 
after blinatumomab.30 However, in light of the obvious 
survival benefit conferred through conversion to MRD- 
negativity, blinatumomab received FDA approval in 2018 
for patients with B-ALL in CR with MRD 10−3 (0.1%) or 
greater.

In an effort to determine whether blinatumomab pro
vides the same survival benefit for Ph+ B-ALL patients, 
Richard-Carpentier et al sought to address this question in 
their ongoing phase II study in which blinatumomab was 
administered to Ph- and Ph+ B-ALL patients with persis
tent or recurrent MRD of ≥10−4. In this trial, patients were 
able to receive up to 5 cycles of blinatumomab therapy 
followed by allo-HSCT any time after cycle 1. Of note, Ph 
+ B-ALL patients were treated with physician’s choice 
TKI in addition to blinatumomab. Of the 25 patients who 
were enrolled between December 2015 and June 2019, 
MRD negativity was achieved in 75% of patients with 
Ph+ disease and 80% of patients with Ph- disease 
(P=1.00), and there was no significant difference in 
2-year RFS or OS according to Ph status. Results of longer 
follow up will be informative, particularly in regards to the 
outcomes for patients with Ph+ disease who are treated 
with blinatumomab plus TKI therapy.31

Future Study Directions
Although blinatumomab has earned its place as an effective 
and well tolerated treatment option for R/R B-ALL patients 
and those with MRD+ disease, several key questions remain 
that are currently being evaluated in ongoing clinical trials, as 
described below and summarized in Table 3.

What is the Optimal MRD Level in Which 
to Use Blinatumomab?
Blinatumomab is currently FDA approved for patients 
with MRD of 10−3 or greater based on the trial conducted 

by Gökbuget and colleagues.30 However, other clinical 
trials studying blinatumomab in the MRD+ setting have 
used different MRD thresholds for blinatumomab 
administration.28,31 This speaks to the controversial nature 
of MRD thresholds and the lack of standardization regard
ing the level of MRD that should be used to inform 
clinical decisions. Improvement in MRD detection techni
ques has also allowed for increased sensitivity. For exam
ple, the FDA-approved ClonoSeq technology uses next- 
generation sequencing of immunoglobulin receptor genes 
as well as regions of the genome that are frequently 
translocated. This assay is able to detect residual disease 
at a level of 10−6.32 Continued technologic improvements 
will likely continue to allow us to detect increasingly small 
amounts of MRD. It will therefore be important to con
tinue to assess whether patients with increasingly low 
levels of detectable MRD benefit from treatment with 
blinatumomab and to continue to refine our understanding 
of the most appropriate MRD threshold for treatment.

Do All Patients Who Achieve 
MRD-Negativity Following Blinatumomab 
Benefit from Transplant?
At present, allo-HSCT is recommended for ALL patients 
who have detectable MRD following standard frontline 
induction therapy.33,34 However, it remains unknown 
whether MRD+ patients who clear their MRD after being 
treated with blinatumomab derive benefit from transplant. 
For instance, Topp and colleagues reported that 45% of 
patients who had not undergone transplant remained in 
remission at median follow up of 50.8 months compared 
to 56% of the patients who had received a transplant.28 

This was further supported in the BLAST study in which 
25% of the patients who had not undergone transplant 
remained in CR at a median follow up of 24 months 
compared to 49% who had undergone transplant. Taken 
together, these data suggest that not all MRD responders 
necessarily require a transplant. However, these trials were 
not powered to assess the impact of transplant after blina
tumomab, which will be an important consideration to 
address in future studies. For MRD responders who are 
ineligible for allo-HSCT, future studies designed to deter
mine the optimal number of cycles of blinatumomab in 
addition whether or not combination therapies are needed 
will also be important to address. For transplant recipients, 
the role of blinatumomab in the post-transplant 
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Table 3 Summary of Ongoing Trials for Treatment of B-ALL with Blinatumomab

Title Trial Details Preliminary Results

Phase II Study of Blinatumomab in Patients 
with B-Cell Acute Lymphoblastic Leukemia 

(B-ALL) with Positive Measurable Residual 

Disease (MRD)

Eligible adult patients have MRD 10−4 or 
greater. Ph- patients receive single agent 

blinatumomab. Ph+ patients receive 

blinatumomab plus TKI

MRD negativity achieved in 75% of Ph+ 
patients and 80% of Ph- patients for first 25 

patients enrolled. No significant difference in 

2 year RFS or OS by Ph status.31

Combination Chemotherapy With or Without 

Blinatumomab in Treating Patients With Newly 
Diagnosed BCR-ABL-Negative B Lineage 

Acute Lymphoblastic Leukemia 

(NCT02003222)

Phase III trial. Adults with newly diagnosed Ph- 

disease are randomized to receive induction, 
intensification, consolidation, and maintenance 

therapy either with or without blinatumomab

Blinatumomab and Combination 
Chemotherapy or Dasatinib, Prednisone, and 

Blinatumomab in Treating Older Patients With 

Acute Lymphoblastic Leukemia 
(NCT02143414)

Phase II trial in adults 65 and older. Newly 
diagnosed Ph- patients receive blinatumomab + 

POMP. Newly diagnosed Ph+, R/R Ph+ and Ph- 

like patients receive blinatumomab, dasatinib, 
and prednisone

66% CR/Cri rate for newly diagnosed Ph- 
patients treated with blinatumomab + POMP.40

Dasatinib-Blinatumomab Combination for the 
Front-Line Treatment of Adult Ph+ ALL 

Patients. Updated Results of the Gimema 

LAL2116 D-Alba Trial.

Ongoing phase II multicenter study combining 
blinatumomab with dasatinib for frontline 

therapy in patients with Ph+ B-ALL.

Molecular response in 80% of patients after 4 
cycles of blinatumomab with a 12 month OS 

and disease free survival of 94.2% and 87.8%.41

Inotuzumab Ozogamicin and Blinatumomab in 

Treating Patients With Newly Diagnosed, 
Recurrent, or Refractory CD22-Positive 

B-Lineage Acute Lymphoblastic Leukemia 

(NCT03739814)

Phase II trial. Adults with newly diagnosed or 

R/R CD22+, Ph- disease are treated with 
inotuzumab followed by blinatumomab

Updated Results from the Phase II Study of 

Hyper-CVAD in Sequential Combination with 
Blinatumomab in Newly Diagnosed Adults 

with B-Cell Acute Lymphoblastic Leukemia 

(B-ALL).

Adults with newly diagnosed disease receive 

sequential hyper-CVAD and blinatumomab 
followed by maintenance POMP plus 

blinatumomab.

100% CR rate with 96% achieving MRD 

negativity of 10−4 or less in first 27 patients. 12 
month estimated RFS 76% and OS 89%.42

Preliminary Minimal Residual Disease Analysis 

of the Australasian Leukaemia & Lymphoma 
Group (ALLG) ALL8 Study of Front-Line 

Blinatumomab with Chemotherapy in Adults 

with Ph Negative B-Cell Acute Lymphoblastic 
Leukaemia

Phase II trial. Adults with newly diagnosed 

disease receive blinatumomab alternating with 
part B hyper-CVAD

Seven of the first ten patients achieved MRD of 

10−4 or greater by completion of one 
consolidation cycle.43

Blinatumomab and Nivolumab With or 
Without Ipilimumab in Treating Patients With 

Poor-Risk Relapsed or Refractory CD19+ 

Precursor B-Lymphoblastic Leukemia 
(NCT02879695)

Phase I trial. Adults with poor-risk, relapsed, 
or refractory disease are treated with 

blinatumomab plus either single agent 

nivolumab or combination nivolumab/ 
ipilimumab

Blinatumomab and Pembrolizumab for Adults 
With Relapsed/Refractory B-cell Acute 

Lymphoblastic Leukemia With High Marrow 

Lymphoblasts (NCT03160079)

Phase I/II Trial. Adults with R/R disease and 
≥50% blasts in bone marrow are treated with 

blinatumomab plus pembrolizumab

(Continued)
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maintenance setting is also an important issue, which is 
currently under investigation.35

What is the Optimal Place of 
Blinatumomab in the Context of Other 
Immunological Therapeutic Strategies?
Two other promising immunological therapies that are 
now FDA approved for R/R B-ALL patients are inotuzu
mab ozogamicin and CAR-T cell therapy. Inotuzumab 
ozogamicin is an anti-CD22 antibody that is attached to 
the cytotoxic agent calicheamicin. An early phase II trial 
by Kantarjian et al showed a CR/CRi rate of 57% with 
63% of these responders achieving a complete molecular 
response (CMR).36 An additional phase I/II trial by 
DeAngelo et al had similar response rates with 68% of 
patients achieving a CR/CRi and 84% of these responders 
achieving MRD negativity.37 A subsequent phase III trial, 
the INO-VATE study, comparing inotuzumab to SOC che
motherapy showed a significantly higher CR/CRi rate with 
inotuzumab (80.7% vs 29.4%). Patients randomized to 
SOC chemotherapy received either FLAG (fludarabine, 
cytarabine, and granulocyte colony-stimulating factor), 
cytarabine plus mitoxantrone, or HiDAC. Overall survival 
was also superior in the inotuzumab group (7.7 vs 6.7 
months P=0.04). This survival difference has remained 
durable over time with the 2-year OS rate of 22.8% versus 
10% with SOC; P=0.01.38 Common toxicities of inotuzu
mab included myelosuppression as well as increased risk 
for veno-occlusive disease (VOD) post-allo-SCT. The rate 
of VOD was as high as 23% in the initial phase II trial but 
was lower at 11% in the INO-VATE study, in which dual- 
alkylating therapy was the only significant covariate for 
development of VOD.36–38

Chimeric antigen receptor T cell therapy (CAR-T) has also 
recently emerged as an option for treatment of patients with R/ 

R B-ALL. CAR-T cells are auto-reactive T-cells that have been 
engineered to recognize and target cells expressing a specific 
marker. The primary CAR-T cells that are studied for B-ALL 
patients are CD19 targeted CAR-T cells. A landmark phase II 
trial of CAR-T cell therapy for R/R B-ALL patients was 
conducted in 75 patients aged 3–21 years old. These patients 
received tisagenlecleucel (Kymriah), an anti-CD19 CAR-T 
cell therapy. Of those patients who received tisagenlecleucel 
infusion, 81% of patients achieved MRD-negativity within 3 
months. At 12 months, the rate of event free survival and OS 
were 50% and 76%, respectively. Median duration of remis
sion was not reached. Most common toxicities were CRS, 
which occurred in 77% of patients with 48% of patients 
requiring tocilizumab, as well as neurologic events, which 
occurred in 40% of patients.39

The optimal sequence for these therapies is not always 
clear, but there are several important considerations when 
deciding which of these treatments to use and when. CAR-T 
cell therapy is currently only approved for patients aged 21 
years old and younger although there are ongoing trials to 
assess its role in adult patients (NCT01044069, 
NCT01865617, NCT02614066). When deciding between 
blinatumomab and inotuzumab in patients with leukemia 
that is both CD19 and CD22 positive, blinatumomab is 
preferred for patients that will be proceeding to allo-HCT 
due to increased risk of VOD with inotuzumab. However, if 
a patient has high tumor burden including extramedullary 
disease, inotuzumab is often preferred because response rates 
with inotuzumab do not correlate with disease burden, 
whereas blinatumomab has lower response rates in the set
ting of high tumor burden.5,37 Inotuzumab is also favorable 
to blinatumomab for patients with CNS disease due to risk of 
neurotoxicity with blinatumomab.19 Blinatumomab is prefer
able for patients with MRD-positive disease, as inotuzumab 
currently is not approved for these patients.30

Table 3 (Continued). 

Title Trial Details Preliminary Results

Pembrolizumab and Blinatumomab in Treating 

Participants with Recurrent or Refractory 

Acute Lymphoblastic Leukemia 
(NCT03512405)

Phase I/II Trial. Adults with R/R disease receive 

blinatumomab plus pembrolizumab

Pembro + Blina Combination in Pediatric and 
Young Adult Patients with Relapsed/Refractory 

Acute Leukemia or Lymphoma 

(NCT03605589)

Pilot study of blinatumomab plus 
pembrolizumab in patients age 1–40 with R/R 

CD19 positive B-ALL or Lymphoma

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                  

Blood and Lymphatic Cancer: Targets and Therapy 2020:10 16

Sigmund et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Does Blinatumomab Have a Place in the 
Frontline Setting for B-ALL Patients?
Given the encouraging results seen with blinatumomab in the 
R/R and MRD+ setting, it is under active investigation in 
a number of frontline clinical trials. ECOG E1910 
(NCT02003222) is a randomized phase III study comparing 
chemotherapy plus blinatumomab to chemotherapy alone in 
adults with newly diagnosed Ph- B-ALL. This trial has 
completed enrollment and results are expected to be available 
in the near future. SWOG S1318 (NCT02143414), is an 
open-label phase II clinical trial for older adults (≥65 years) 
with untreated Ph- or Ph+ B-ALL in which blinatumomab 
plus POMP (prednisone, vincristine, methotrexate, and 
6-mercaptopurine) is used as induction therapy. Ph+ patients 
also receive dasatinib as part of their treatment as well. 
Interim analysis of untreated Ph- patients showed that blina
tumomab plus POMP as frontline therapy was associated 
with a CR/CRi rate of 66% and that 92% of these responders 
with available MRD data had achieved MRD negativity after 
one cycle of blinatumomab.40 The D-Alba trial is an ongoing 
phase II multicenter study combining blinatumomab with 
dasatinib for frontline therapy in patients with Ph+ B-ALL. 
Patients were treated with dasatinib monotherapy for induc
tion for 85 days with blinatumomab added for consolidation 
for those patients who achieved a complete hematologic 
response with dasatinib induction. Interim analysis showed 
a molecular response in 80% of patients after 4 cycles of 
blinatumomab with a 12-month OS and disease-free survival 
of 94.2% and 87.8%, respectively.41

Another unique ongoing frontline phase II study is 
Alliance A041703 (NCT03739814) in which older adults 
with untreated CD22-positive B-ALL are treated with inotu
zumab induction, followed by blinatumomab consolidation 
therapy. Richard-Carpentier and colleagues are currently 
conducting a phase II study evaluating treatment of adults 
with newly diagnosed B-ALL with sequential hyper-CVAD 
and blinatumomab followed by maintenance with POMP and 
blinatumomab. Interim analysis of 27 patients has shown 
a 100% CR rate with 96% of patients achieving MRD of 
10−4 or less and a 12 month estimated RFS of 76% and OS of 
89%.42 Lastly, ALLG ALL8 (ACTRN12617000084381) is 
a phase II study of blinatumomab alternating with “part B” 
cycles of hyper-CVAD for adults with newly diagnosed 
B-ALL. Of the first 10 patients treated on this study, 7 
achieved MRD of 10−4 or greater by completion of one 
consolidation.43

What are the Mechanisms of Resistance 
to Blinatumomab?
Another important question to consider is mechanisms of 
resistance to blinatumomab. One potential mechanism of 
resistance to CD19-directed therapy is target antigen loss, 
which is seen in a significant subset of patients undergoing 
CD19-directed CAR-T cell therapy.44 This phenomenon is 
known to occur in patients treated with blinatumomab, but 
appears to be a less common mechanism of resistance com
pared to CAR-T cell therapy.45 Treatment of KMT2A (for
merly MLL)-rearranged B-ALL with blinatumomab has also 
been reported to be associated with subsequent lineage 
switch to AML, which is another potential mechanism of 
resistance.46–49 Additionally, as the efficacy of blinatumo
mab is dependent on the activity of T-cells, down-regulation 
of T-cell activity has also been studied as a potential mechan
ism of resistance to blinatumomab. Studies have shown that 
markers of T-cell exhaustion including PD-L1 and PD1 are 
increased in the setting of blinatumomab therapy thereby 
decreasing T-cell activity.50,51 The addition of immune 
checkpoint inhibitors to blinatumomab therapy may there
fore enhance its efficacy, and there are several ongoing trials 
assessing the efficacy and safety of this approach in both 
adult patients (NCT02879695, NCT03160079, NCT035 
12405) and pediatric patients (NCT03605589).

Blinatumomab in the Real World
Another question to consider is the outcomes for patients 
who receive blinatumomab in the “real world” outside of the 
context of clinical trials. Badar and colleagues conducted 
a retrospective, multicenter trial analyzing outcomes for 
patients with R/R or MRD+ disease who were treated with 
blinatumomab between 12/2014 and 5/2019. They found that 
blinatumomab was well tolerated with similar rates of grade 
3–4 CRS and neurotoxicity as seen in clinical trials. They 
also found encouraging results with respect to efficacy. Rate 
of CR/CRi for patients with R/R disease was 61% with 44% 
having CR with MRD negativity. Median OS for patients 
with R/R disease was 12.7 months. For patients in remission 
but with MRD prior to treatment, 75% achieved MRD nega
tivity and median OS was 34.7 months for this group of 
patients.52 These results support the safety and utility of 
blinatumomab administered outside of clinical trials. It will 
be important to continue to monitor patient outcomes over 
time as more patients are treated with blinatumomab in 
routine clinical practice.
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Conclusion
This is an exciting time for research in ALL with several 
targeted and immune therapies recently approved and currently 
under investigation. Blinatumomab is one such therapy that 
has led to improved outcomes for patients with R/R and MRD 
+ B-ALL. There are several ongoing areas of study in relation 
to blinatumomab that will help to further refine our under
standing of blinatumomab and its place in therapy. This will 
continue to enhance our ability to use blinatumomab as effec
tively as possible and maximize its therapeutic potential.
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