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Background
Acute lymphoblastic leukemia (ALL) is a rare but 
often fatal disease, with 6020 new cases and 1440 
deaths estimated to have occurred in the USA in 
2014 [American Cancer Society, 2014]. Although 
ALL is most common in the first 5 years of life, 
approximately 40% of patients are diagnosed 
after age 20 years [Larson, 2006]. Around 90% of 
adult patients achieve a remission with current 
induction therapy; however, in contrast to child-
hood ALL, 40–50% will eventually relapse 
[Linker et al. 2002].

For adult patients with ALL who experience first 
relapse, salvage chemotherapy can induce a sec-
ond complete remission (CR) in 30–45% of 
patients, with median overall survival (OS) of 5–9 
months [Thomas et al. 1999; Fielding et al. 2007; 
Tavernier et  al. 2007; Oriol et  al. 2010]. For 
patients with primary refractory disease, a short 
duration of first remission (< 12 months), relapse 
after allogeneic hematopoietic stem cell trans-
plantation (alloHSCT), or disease that has failed 
multiple lines of therapy, CRs occur in 20–30% 
of patients, with a median OS of 3–6 months. 
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Treatment-related mortality is high (12–23%) 
[Thomas et  al. 1999; Fielding et  al. 2007; 
Tavernier et  al. 2007; Oriol et  al. 2010]. 
AlloHSCT is the only curative option for adult 
patients with relapsed or refractory ALL, and 
achievement of CR is a crucial step before 
alloHSCT. The 5-year OS estimate for patients 
receiving alloHSCT after a second CR is 33% 
versus 17% for patients receiving alloHSCT with 
active disease [Gökbuget et al. 2012b]. New ther-
apies are therefore needed for patients with 
relapsed/refractory ALL.

T-cell-based therapies have received considerable 
attention in recent years as a promising immuno-
logical treatment for various malignancies, but 
they must account for the layered complexity of 
T-cell-antigen recognition and activation. One 
crucial factor is the specificity of the T-cell recep-
tor (TCR), a heterodimeric protein generated by 
rearrangement of germline genomic segments 
[Wucherpfennig et  al. 2010], which results in 
combinatorial diversity and a broad repertoire of 
specificities that are clonally distributed on T 
cells. Unlike immunoglobulins, which may recog-
nize native proteins, TCRs recognize peptide 
fragments that are cleaved by cytoplasmic pro-
teases, transported across lipid membranes, and 
ultimately bound in the cleft of major histocom-
patibility class (MHC) antigens. An individual 
TCR contacts residues in the extremely polymor-
phic MHC protein as well as the peptide frag-
ment bound therein. Very few TCRs need to be 
triggered to activate a T cell, and signaling 
depends on the phosphorylation of tyrosine 
domains within the associated complex contain-
ing the CD3 antigen [Weiss et  al. 1991; Irvine 
et  al. 2002]. Depending on the developmental 
stage of the T cell, there are additional inputs that 
influence the outcome of a TCR-mediated signal. 
For instance, activation of a naïve T cell requires 
a costimulatory signal through CD28. In con-
trast, a T cell that is chronically exposed to anti-
gen may not respond to TCR signals because of 
dampening signals through PD-1 [Intlekofer and 
Thompson, 2013].

The clinical successes of CTLA-4 and PD-1 
antagonists demonstrate that, in some patients 
with advanced cancer, there is a population of T 
cells that recognize cancer cells [Tumeh et  al. 
2014]. The size of the cancer-reactive T-cell pop-
ulation is under investigation, as is the nature of 
its antigen specificity. Whereas checkpoint block-
ade immunotherapy and tumor vaccines seek to 

amplify endogenous T-cell specificities, another 
strategy is to bypass them. This is the approach of 
the chimeric antigen receptor (CAR) and bispe-
cific T-cell engagers (BiTE®). The CAR and 
BiTE® molecules facilitate a polyclonal T-cell 
response to tumor-associated antigens (TAA) in 
their native forms, independently of MHC mole-
cules, antigen presentation, and TCR recogni-
tion. To recognize TAAs, both CAR and BiTE® 
incorporate the antigen-binding specificity of 
monoclonal antibodies in the form of a single-
chain variable fragment (scFv). The scFv is incor-
porated in the CAR as the extracellular domain of 
a transmembrane receptor. In its cytoplasmic 
domain, a CAR contains one or more activation 
domains from lymphocyte molecules, such as 
CD3zeta, CD28, and 4-1BB [Van der Stegen 
et al. 2015]. The CAR is virally transduced into T 
cells ex vivo, followed by expansion and reinfu-
sion into patients. The unique modular system of 
CARs is such that individual domains may be 
substituted to allow potential variety in down-
stream effects.

BiTE® molecules are a novel form of bispecific 
antibodies intended to create a short bridge 
between a patient’s T cells and malignant cells. A 
BiTE® molecule consists of two scFvs separated 
by a short and flexible linker (Figure 1). The 
N-terminal scFv recognizes the TAA. The 
C-terminal scFv binds the invariant CD3ε mole-
cule on T cells. Extensive studies with full length 
anti-CD3ε monoclonal antibodies in vitro have 
demonstrated that, when immobilized, they can 
as a minimum qualitatively recapitulate TCR-
based signaling [Ledbetter et  al. 1986; Umetsu 
et al. 1987].

Blinatumomab: preclinical observations
Blinatumomab is the first BiTE® molecule to have 
been tested in clinical trials and to have been 
approved by the US Food and Drug Administration 
(FDA) for relapsed/refractory Philadelphia-
negative B-ALL. (Approval is accelerated.) It has 
also received conditional approval from the 
European Medicines Agency. The target antigen is 
CD19, a cell-surface receptor expressed on B cells 
from the late pro-B-cell stage until plasma cell dif-
ferentiation. Likewise, it is expressed on the malig-
nant counterpart through most stages of normal 
B-cell ontogeny and nearly ubiquitously in B-cell 
leukemias and lymphomas [Raponi et  al. 2011; 
Wang et al. 2012]. Coculture of CD19-expressing 
targets and effector T cells in the presence of 
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blinatumomab results in the formation of an 
immune synapse between target and effector 
[Offner et al. 2006]. The T-cell releases the pore-
forming protein perforin, permitting granzyme 
entry into the target cell and resulting in caspase 
cell activation, target-cell nuclear condensation, 
and membrane blebbing (Figure 1) [Gruen et al. 
2004; d’Argouges et al. 2009; Haas et al. 2009].

Blinatumomab alone does not activate T cells, 
and lysis of CD19-negative cells is not observed. 
Conversely, expression of CD19 is sufficient to 
render Chinese hamster ovary cells susceptible to 
blinatumomab-mediated killing. However, CD28-
mediated costimulation or T-cell preactivation is 
not strictly required for populations of healthy 
donor T cells. At high effector:target ratios (E:T), 
killing is rapid. Both CD8+ and CD4+ cells kill 
targets, the former having faster kinetics. 
Blinatumomab is also effective at extremely low 
concentrations, indicative of the T cell’s sensitivity 
to CD3-mediated signaling [Loffler et al. 2000], 
and reflecting a process of serial lysis as observed 
by video microscopy: a single T cell can latch on 
to, kill, and disengage from CD19+ cells within 
30–200 min. The effector T cell can then latch on 
to another target cell [Hoffmann et al. 2005].

Engagement leads to T-cell proliferation, cytokine 
production, and upregulation of CD25 and 

CD69. CD8+ effector memory cells may demon-
strate the most robust proliferative response, indi-
cating that variability in T-cell populations among 
individuals may account for the 1–2 log range in 
blinatumomab potency observed with healthy 
donor T cells. In assays with Nalm-6 lymphoma 
targets, the half-maximal effective concentration 
(EC50) for blinatumomab was between 10 pg/ml 
and 80 pg/ml for approximately 75% of the T-cell 
donors; 20% of donors showed EC50 values 
greater than 130 pg/ml [Dreier et  al. 2002]. 
Whether this is solely due to the activation status 
of the donor, or whether additional factors con-
tribute, is unclear. The clinical significance is also 
unknown. Interestingly, in clinical trials, analysis 
of T-cell activation parameters has not yet 
revealed differences among responders and non-
responders. The T-cell activation profiles of 
responders and nonresponders were similar, and 
the target dose of 15 µg/m2/day leads to a steady-
state serum concentration of 731 ± 163 pg/ml 
[Klinger et al. 2012], which should be above the 
EC50 of the least sensitive patients (500 pg/ml) 
[Dreier et al. 2002]. Therefore, rather than dose 
escalation, other approaches, such as overcoming 
the inherent resistant mechanisms of target cells, 
may be needed to address nonresponse.

In vivo proof-of-concept experiments were per-
formed in mouse xenotransplantation models. 

Figure 1.  Construction of a prototypical bispecific T-cell engager (BiTE®) antibody and mechanism of action.
(Reprinted with permission from Zugmaier et al. [2015].)
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Blinatumomab, along with human T cells, 
delayed tumor progression [Schlereth et  al. 
2006]. Pharmacokinetic data were generated in 
multiple animal species, and most importantly, 
demonstrated a terminal half-life of approxi-
mately 2 h. This is in contrast to a 21-day half-
life of full-length antibodies. The difference is 
likely accounted for, in part, by the absence of 
the Fc portion on the BiTE® molecule, which is 
necessary for Fc receptor-mediated recycling. 
Blinatumomab exposure was proportional to 
dose and did not accumulate. Comprehensive 
pharmacokinetic information has been reported 
[Sanford, 2015].

Blinatumomab does not bind to lymphocytes 
from most commonly used animal species, with 
the exception of chimpanzees. (Blinatumomab is 
not cross-reactive with commonly used labora-
tory animal species. Therefore, a surrogate mole-
cule, muS103new, has been generated and 
possesses binding affinities for murine CD3 and 
CD19 that are similar to those of blinatumomab 
for the human homologs, and it has been used to 
further analyze pharmacodynamic properties.)

Initial clinical experience
The initial clinical studies in patients with relapsed 
and refractory non-Hodgkin lymphoma (NHL), 
using short infusions of intravenously adminis-
tered blinatumomab, did not show efficacy and 
was poorly tolerated [Nagorsen et al. 2012]. Not 
surprisingly, cytokine-release syndrome (CRS) 
and associated symptoms were frequently 
observed. Neurotoxicity, manifesting as encepha-
lopathy, tremor, aphasia, and seizures, was also 
noted.

In light of its short serum half-life, blinatumomab 
was next tested as a continuous intravenous infu-
sion among patients with relapsed and refractory 
NHL [Bargou et al. 2008]. Step-dose escalation 
was employed for most patients, with the goal of 
attenuating cytokine release according to the first-
dose phenomenon [Chatenoud et  al. 1990]. 
Depletion of circulating malignant cells was 
observed at doses of 5 µg/m2, whereas more effi-
cacious clearance from bone marrow and lymph 
nodes was observed at doses of 15 µg/m2 and  
60 µg/m2, respectively. Following initiation of  
blinatumomab infusions, T cells transiently dis-
appeared from the circulation, but reappeared 
with an activated phenotype, including expres-
sion of CD25 and CD69. For many patients, 

T-cell counts returned to or exceeded baseline 
levels, driven by an expansion of CD4+ and CD8+ 
cells with the phenotype of effector memory cells. 
Of the initial 35 patients treated, 20 had elevation 
of cytokines, most commonly interleukin (IL)-10, 
IL-6, and/or interferon-γ. The maximum toler-
ated dose (MTD) was 60 µg/m2 because of a  
dose-limiting toxicity of neurotoxicity. Among 
subjects receiving a dose of 60 µg/m2/day,  
the overall response rate was 69%, including 
complete response rates of 37%. Responses were 
observed with follicular (80%), mantle cell (71%), 
and diffuse large B-cell lymphoma (55%). The 
median duration of response was 404 days 
[Goebeler et  al. 2013]. Further analysis of the 
dose–exposure ratio showed no relationship 
between drug clearance and body-surface area or 
weight. There was also no effect on clearance by 
creatinine clearance, age, or sex.

Clinical experience with ALL and minimal 
residual disease
After these initial trials with NHL, focus intensi-
fied on blinatumomab for ALL and took into 
account the importance of continuous intrave-
nous infusion (see Tables 1 and 2). The presence 
of minimal residual disease (MRD) following 
standard multiagent chemotherapy is assumed to 
represent chemoresistance: in the German 
Multicenter Study Group for Adult Acute 
Lymphoblastic Leukemia (GMALL) experience, 
conventional CR was achieved by 89% of patients 
with B-cell ALL [Gökbuget et al. 2012a]. At 16 
weeks following the initiation of therapy, the 
molecular CR rate was 66%. Disease-free survival 
at 5 years was substantially higher for subjects 
achieving molecular CR compared with those 
with persistent MRD. Stratification of patients 
based on MRD may allow more selective treat-
ment intensification for patients with measurable 
residual disease, and potentially, treatment de-
intensification for patients with molecular CR 
[Brüggemann et al. 2006]. Exploring de-intensifi-
cation is preliminary, but investigators hope, 
especially for children, that potential long-term 
complications can be moderated by reducing 
intensity of treatment. MRD evaluation is likely 
to be part of this approach. In this disease setting, 
MRD is detected either from individual rear-
rangements of immunoglobulin/TCR genes, or 
recurrent chromosomal translocations and result-
ant fusion genes, including BCR-ABL and 
MLL-AF4; multicolor flow cytometry is some-
times used.
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Blinatumomab was tested in a pilot phase II trial 
of 21 MRD-positive patients, 5 of whom had 
Ph+ disease [Topp et  al. 2011, 2012]. 
Blinatumomab was administered for 28 days of a 
42-day cycle at a dose of 15 µg/m2/day. In the 
MRD setting, because of low tumor burden and 
resultant low incidence of CRS, step-up dosing is 
not required. Around 80% of patients had com-
plete MRD responses, all of which occurred in 
cycle 1. There were no cases of severe CRS. 
Grade 3/4 neurologic events were observed in 
four patients, including a seizure that required 
treatment discontinuation. Fortunately, the neu-
rologic adverse events (AEs) were fully reversible. 
Lymphopenia was the most common grade ⩾ 3 
adverse event, occurring in 33% of patients. Nine 
patients proceeded to alloHCT; with a median 
follow-up time of 32.9 months, the relapse free 
survival (RFS) rate was 65%. For the 11 subjects 
who did not receive alloHCT, the RFS was 60%. 
Among the six subjects who achieved an MRD 
response and did not receive additional therapy, 
four had not experienced MRD relapse.

An international confirmatory study was then 
conducted [Goekbuget et al. 2014]. A total of 116 

patients with MRD levels of 10−3 or higher were 
eligible. Two thirds of patients were in first CR. 
Preliminary results were reported and demon-
strated a 78% MRD complete response rate. 
Treatment-related serious AEs occurred in 60% 
of patients; those occurring in 5% or more of 
patients were tremor (7%), aphasia (5%), and 
encephalopathy (5%). In a recently reported 
long-term follow-up analysis, investigators 
reported that MRD complete response induced 
by blinatumomab was associated with improved 
OS, RFS, and duration of response in compari-
son with a lack of MRD complete response from 
blinatumomab treatment [Gökbuget et al. 2015].

A phase I/II study of 36 adult patients with 
relapsed/refractory ALL included a dose-finding 
and extension stage. Inclusion criteria were 
greater than 5% blasts in bone marrow, in patients 
with primary refractory disease or relapse after 
induction and consolidation chemotherapy or 
after alloHSCT. Exclusion criteria were 
Philadelphia-positive ALL eligible for tyrosine 
kinase (TK) inhibitors, relevant central nervous 
system (CNS) pathology, active CNS disease, or 
active graft versus host disease. Around 69% of 

Table 1.  Blinatumomab clinical trials.

Patient 
population, phase

Number 
of 
patients

Remission 
rate  
(CR/CRh)

MRD-negative 
rate among 
responders

Survival (median 
follow up)

Salvaged to 
transplant

Reference, 
ClinicalTrials.gov 
identifier

Adult MRD of 
B-precursor ALL, 
phase II

21 N/A 80% RFS 65% (33 
months)

50% Topp et al. 
[2011, 2012], 
NCT00560794

Adult MRD of 
B-precursor ALL, 
phase II

116 N/A 80% N/A N/A Goekbuget 
et al. [2014], 
NCT01207388

Adult R/R 
B-precursor ALL, 
phase I/II

36 69% 88% OS 9.8 months 
(12.1 months); RFS 
7.6 months (9.7 
months)

52% Topp et al. [2014], 
NCT01209286

Adult Ph- R/R 
B-precursor ALL, 
phase II

189 43% 82% OS 6.1 months 
(9.8 months); RFS 
5.9 months (8.9 
months)

40% Topp et al. [2015a], 
NCT01466179

Pediatric and 
adolescent R/R 
B-precursor ALL, 
phase I

41 32% 77% OS 5.7 months; 
RFS 8.3 months 
(12.4 months)

69% Von Stackelberg 
et al. [2014], 
NCT01471782

Pediatric and 
adolescent R/R 
B-precursor ALL, 
phase II

39 31% 42% OS 4.3 months (6 
months); RFS 5.6 
months

50% Gore et al. [2014], 
NCT01471782

ALL, acute lymphoblastic leukemia; CR, complete remission; CRh, complete remission with partial hematologic recovery; MRD, minimal residual 
disease; OS, overall survival; Ph, Philadelphia chromosome; RFS, relapse-free survival; R/R, relapsed/refractory.
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patients achieved a CR or CRh (CR with partial 
hematologic recovery) (defined as platelets 
>50,000/µl, hemoglobin >70 g/l, and absolute 
neturophil count >500/µl). Around 88% of 
responders became MRD-negative. Of the 25 
patients (52%) who achieved a CR/CRh, 13 were 
able to receive an alloHSCT. However, relapse 
was observed with 8 of 12 patients who did not 
receive transplantation and 2 of 13 who did. In 
contrast to the first-line setting, MRD-negativity 
therefore may not be as strongly tied to leukemia 
control in the relapsed/refractory setting. The 
median OS and RFS were 9.8 and 7.6 months, 
respectively. Three patients discontinued ther-
apy, two of those for re-occurring neurologic AEs 
and one for grade 4 CRS [Topp et al. 2014]. A 
note on dose: the MTD for adults with NHL was 
determined to be 60 µg/m2/day, but doses as low 
as 15 µg/m2/day were effective for NHL with 
bone-marrow involvement [Bargou et  al. 2008]. 
In this phase I/II trial for ALL, the optimal dose 
was found to be 5 µg/m2 stepped up to 15 µg/m2. 
There was no added benefit/toxicity ratio by 

raising the dose higher than 15 µg/m2 in ALL 
patients. The optimal doses decided upon here 
were lower than the doses administered for NHL, 
in order to minimize toxicity.

Subsequently, a confirmatory phase II trial exam-
ined blinatumomab for 189 adult patients with 
aggressive Philadelphia chromosome-negative 
relapsed/refractory ALL; those in first salvage 
with a first remission duration of more than 1 year 
were excluded [Topp et al. 2015a]. Blinatumomab 
was given at a dose of 9 µg/day for the first 7 days, 
followed by 28 µg/day, over 4 weeks for up to five 
cycles. Around 43% of patients achieved a CR or 
CRh after two cycles; the median OS and RFS 
were 6.1 and 5.9 months, respectively (Figure 2). 
Of the 18 patients achieving a CRh, 3 were ulti-
mately able to obtain a CR with additional cycles 
of blinatumomab. Around 52% of CR/CRh 
responders without previous transplantation pro-
ceeded to alloHSCT. A total of 43 patients con-
tinued treatment beyond cycle 2; 22 and 12 
individuals received cycles 4 and 5, respectively. 

Table 2.  Additional information from blinatumomab clinical trials.

Patient population, 
phase

Blinatumomab 
dose (µg/m2/
day)

Severe adverse events Comment Reference, 
ClinicalTrials.gov 
identifier

Adult MRD of 
B-precursor ALL, 
phase II

15 Lymphopenia, leukopenia, 
infections

Two relapses occurred in 
immunoprivileged sites

Topp et al. 
[2011, 2012], 
NCT00560794

Adult MRD of 
B-precursor ALL, 
phase II

15 Pyrexia, tremor, aphasia, 
encephalopathy, overdose

98% of patients had response 
in first cycle

Goekbuget 
et al. [2014], 
NCT01207388

Adult R/R B-precursor 
ALL, phase II

5, 15, 30 Leukopenia, 
thrombocytopenia, 
infections, nervous system/
psychiatric disorders

Stepwise dosing plus prophase 
treatment designed to reduce 
risk of CRS

Topp et al. [2014], 
NCT01209286

Adult Ph- R/R 
B-precursor ALL, 
phase II

9→28 Febrile neutropenia, 
neutropenia, anemia

Dexamethasone prophase 
treatment did not affect 
response.
Nearly half who interrupted 
treatment still achieved 
subsequent CR/CRh

Topp et al. [2015a], 
NCT01466179

Pediatric and 
adolescent R/R 
B-precursor ALL, 
phase I

5, 15, 30 N/A Pharmacokinetic parameters 
similar to adults.

Von Stackelberg 
et al. [2014], 
NCT01471782

Pediatric and 
adolescent R/R 
B-precursor ALL, 
phase II

5→15 Anemia, pyrexia, increased 
alanine and aspartate 
aminotransferases, febrile 
neutropenia

3/39 patients had CRS Gore et al. [2014], 
NCT01471782

ALL, acute lymphoblastic leukemia; CR, complete remission; CRh, complete remission with partial hematologic recovery; CRS, cytokine-release 
syndrome; MRD, minimal residual disease; Ph, Philadelphia chromosome; R/R, relapsed/refractory.
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Grades 3 and 4 neurologic events occurred in 
13% of patients. Three patients experienced 
grade 3 CRS. With a median follow up of 8.9 
months, 45% of those who achieved a response 
were still in remission. The Forest plot in Figure 3 
displays CR and CRh among predefined sub-
groups; one conspicuous finding is that patients 

with less than 50% bone-marrow blasts at base-
line experienced substantially higher response 
rates compared with patients with bone-marrow 
blasts 50% or higher (73% of the former versus 
29% of the latter). Response rates were similar 
among patients with or without previous HSCT. 
Patients with MRD-negative CR or CRh had a 

Figure 2.  Relapse-free survival (a), overall survival (b), and overall survival with censoring upon reaching a 
complete remission (c) from the study reported in Topp et al. [2015a].
(Reprinted with permission from Topp et al. [2015a].)
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longer OS and RFS than those with MRD-
positive CR or CRh. After these findings, blinatu-
momab received accelerated approval from the 
FDA for the treatment of Philadelphia-negative, 
relapsed/refractory B-cell precursor ALL. 
Specifically, CR rate, indicating an improvement 
over existing therapies, the median RFS rate for 
patients who achieved CR, suggesting responses 
were reasonably durable, and the MRD response 
in a high proportion of responders informed the 
regulatory decision-making process [Przepiorka 
et al. 2015].

A phase II, single-arm multicenter trial to evalu-
ate the efficacy of blinatumomab in adult subjects 
with relapsed/refractory Philadelphia-positive 
B-ALL has recently been completed. The eligibil-
ity criteria included patients who had relapsed or 
refractory disease to at least one second-genera-
tion TK inhibitor or were intolerant to second-
generation TK inhibitors and intolerant or 
refractory to imatinib mesylate. Patients had to be 
at least 18 years old, have an Eastern Cooperative 

Oncology Group (ECOG) performance of 2  
or less, and have more than 5% blasts in the  
bone marrow. Exclusion criteria included active  
ALL in the CNS, clinically relevant CNS pathol-
ogy, and normal liver and kidney function. 
Blinatumomab was dosed as previously described. 
This study has been completed (see Table 3), and 
it was recently announced that 16 of 45 (36%) 
patients achieved a CR/CRh, and of those, 14 
achieved a complete MRD response. AEs paral-
leled the history of Philadelphia-negative B-ALL 
trials [Martinelli et al. 2015].

Finally, a phase I/II pediatric study has aimed to 
determine blinatumomab dosing and to assess 
antileukemia activity and the safety profile, enroll-
ing pediatric patients in second or greater relapse 
or those who experienced relapse after alloHSCT. 
In the phase I dose-escalation part, 41 patients 
with relapsed/refractory ALL were evaluated 
[Von Stackelberg et al. 2014]. The MTD was 15 
µg/m2/day. CRS was dose-limiting, but step-wise 
dosing of 5–15 µg/m2/day was successful in 

Figure 3.  Complete remission (CR) or CR with partial hematologic recovery (CRh) among prespecified patient 
subgroups after two treatment cycles. The dashed line marks the point estimate for CR/CRh for the entire 
patient population. (Reprinted with permission from Topp et al. [2015a].)
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ameliorating this condition. Around 32% of 
patients achieved a CR; of those, 77% were MRD 
negative. For patients who achieved a CR, the 
median RFS was 8.3 months. The median OS 
was 5.7 months. In preliminary results from the 
ensuing phase II trial, 12 of the 39 patients (31%) 
achieved a complete response; 42% in that group 
were MRD negative [Gore et  al. 2014]. The 
median RFS for the CR responders was 5.6 
months; the median OS was 4.3 months within 
the 6-month follow-up period.

Pharmacodynamic responses to blinatumomab 
have been reported for a number of trials, and 
they are generally consistent [Klinger et al. 2012]. 
There is rapid B- and T-cell loss from the circula-
tion, but the reappearance of T cells is suggestive 
of redistribution. Interestingly, this observation 
has also been noted with OKT3 treatment, which 
was widely used as a means of immune suppres-
sion for renal allografting [Norman, 1995]. The 
pharmacodynamic findings are similar to those 
seen in the initial NHL trial [Bargou et al. 2008]. 
T-cell counts in the peripheral blood are driven 
primarily by an expansion of effector memory 
CD8+ cells. Cytokine secretion is observed but 
resolves quickly.

Safety and treatment considerations
The most common clinically significant toxicities 
reported in trials of relapsed/refractory ALL and 
MRD+ ALL have been CRS as well as CNS-
related events, which are also observed in other 
T-cell therapies [Stone et al. 1996; Kochenderfer 
et al. 2012; Grupp et al. 2013; Davila et al. 2014]. 
CNS toxicities may manifest as tremor, aphasia, 

encephalopathy, and seizure. In the clinical trials, 
these toxicities have required immediate discon-
tinuation of blinatumomab and additional admin-
istration of corticosteroids. There are indications 
that symptoms are reversible in nearly all cases 
and most subjects will be able to resume therapy; 
for example, all grade 3/4 AEs were resolved to 
grade ⩽ 1 in one investigation except for 1 instance 
of leukopenia and 5 instances of decreased blood 
immunoglobulin [Topp et  al. 2011], and in 
another, 4 of 15 discontinuations from nervous 
system and psychiatric disorder AEs were perma-
nent [Topp et al. 2014]. The mechanism of neu-
rotoxicity remains unclear, but it does not appear 
to be related to active CNS involvement by dis-
ease, since those with cerebral spinal fluid abnor-
malities or other evidence of CNS disease were 
excluded from clinical trials. Those with prior 
CNS disease and treated with intrathecal chemo-
therapy and/or cranial radiation, however, were 
included; these patients did not experience 
increased CNS toxicity. An extra 36 patients were 
part of an additional evaluation cohort for specifi-
cally investigating the causes of CNS AEs, using 
pretreatment magnetic resonance imaging scans 
and spinal fluid analysis. This analysis is still pend-
ing. Neurotoxicity has also been observed with 
CD19-targeting CAR T cells but not with other 
BiTE® antibody constructs in clinical develop-
ment, indicating that on-target toxicity has likely 
occurred. In a study of data available for the 
expression of two CD19 probes in six donor 
human brains from the Allen Brain Atlas, one 
brain displayed elevated CD19 expression in the 
left inferior frontal gyrus [Kranick et  al. 2014]. 
The variability of CD19 expression in the brain 
suggests a potential explanation for neurotoxicity 

Table 3.  Recently initiated blinatumomb clinical trials.

Patient population Phase, study type Study status ClinicalTrials.
gov identifier

Adult R/R B-precursor ALL Phase II, randomized, 
open label

Completed NCT02013167

Adult R/R Ph+ B-precursor 
ALL (41 patients)

Phase II, open label Completed NCT02000427

Patients (1–30 years) with 
relapsed B-cell ALL

Phase III, risk stratified, 
randomized

Recruiting NCT02101853

Newly diagnosed breakpoint 
cluster region-ABL-negative  
B- lineage ALL

Phase III, randomized, 
open label

Recruiting NCT02003222

Elderly newly diagnosed ALL Phase II, open label Recruiting NCT02143414

ALL, acute lymphoblastic leukemia; Ph, Philadelphia chromosome; R/R, relapsed/refractory.
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in a subset of patients, as patients with a certain 
pattern of CD19 expression in neurons may be 
susceptible to a neuroinflammatory response from 
CD19-engaging T cells.

Various features of CRS have been observed with 
immune therapies, and strict definitions and grad-
ing systems are emerging [Lee et  al. 2014]. 
Cytokine elevation was observed and was propor-
tional to the initial dose. Cytokine levels peaked at 
this hour but declined within 48 h. Cytokine eleva-
tion was not observed in subsequent cycles. This 
‘first-dose effect’ has been observed with other 
immune therapies and provides the basis for step 
dosing. Corticosteroids are effective in the preven-
tion or treatment of CRS, but with a potential 
negative impact on T-cell cytolysis. Brandl and 
colleagues demonstrated that, in vitro, physiologi-
cally relevant concentrations of dexamethasone 
attenuated cytokine release with no apparent effect 
on cytotoxicity [Brandl et  al. 2007]. In contrast, 
corticosteroids are thought to result in the rapid 
disappearance of CAR T cells [Davila et al. 2014]. 
Given a putative role of IL-6 in CRS, the IL-6R-
targeted antibody tocilizumab is gaining prefer-
ence for the treatment of CRS in CAR T-cell 
recipients. Tocilizumab has also been used for the 
treatment of CRS-associated hemophagocytic 
lymphohistiocytosis in a patient treated with blina-
tumomab [Teachey et al. 2013]. Dexamethasone 
as prophylaxis is administered prior to starting bli-
natumomab when the dose is increased, or follow-
ing interruptions of more than 4 h. Prophylactic 
antiseizure medications are not given; however, for 
patients who experience a seizure, secondary 
prophylaxis is recommended before resuming bli-
natumomab therapy.

The incidence and severity of side effects may be 
dependent on the cycle and disease status. CRS is 
usually seen in the first cycle of treatment and 
is related to disease burden. The risk of CRS is 
lower for those in MRD; dose setup is not neces-
sary. Significant cytopenias do not usually occur 
after attaining CR/CRh, however, CNS events 
can occur during first and subsequent cycles. As 
blinatumomab is believed to target all CD19+ 
cells, normal cells expressing CD19 are also 
affected. An increase in infections is therefore a 
concern. In the trial of 21 patients with MRD-
positive ALL, 4 patients had infections (2 cathe-
ter-related events, 1 case of Gram-negative sepsis, 
and 1 instance of pneumonia). In the study of 36 
patients with refractory/relapsed ALL, 1 death 
related to fungal sepsis was reported [Topp et al. 

2014]. The long-term effects of depleting CD19+ 
B cells are yet to be determined. However, 
because CD19 is absent from pluripotent bone-
marrow stem cells, reconstitution of B cells is 
achievable upon discontinuation of therapy. 
Hypogammaglobulinemia is present throughout 
treatment; intravenous immunoglobin replace-
ment therapy is recommended for patients who 
develop this immunodeficiency. Finally, individ-
uals with renal impairment have also been 
excluded from trials, and no formal pharmacoki-
netic studies have been performed in these 
patients.

Successful treatment with blinatumomab has 
implications for its role as a bridge to alloHSCT. 
Allogeneic transplantation is the only curative 
option for adults with relapsed/refractory ALL, 
and achieving a prior CR is critical. Substantial 
proportions (around 40–50%) of patients achiev-
ing CR/CRh were able to proceed to transplant 
[Topp et al. 2014, 2015a].

Older patients are frequently ineligible for trans-
plantation, and treatment options are limited for 
those with refractory/relapsed ALL. Researchers 
pooled data for older patients from two studies, 
finding that 56% achieved CR or CRh within two 
cycles of treatment. Around 60% of responding 
patients had a complete MRD response, and four 
other patients had a MRD of lower than10−4. In 
all, the older patients responded to and tolerated 
the treatment to the same extent as the overall 
study populations [Kantarjian et  al. 2015]. A 
study recruiting elderly patients with newly diag-
nosed ALL is underway (see Table 3).

Stability and infusion methods
As mentioned, short infusions of blinatumomab 
failed to demonstrate efficacy and were poorly 
tolerated. This result is due to the agent’s short 
half-life and high clearance. Blinatumomab is 
now administered as a continuous infusion for at 
least 4 weeks. By this method, drug levels in 
serum are sustained, predictable throughout the 
infusion period, and show dose linearity. 
Continuous infusion reduces toxicity in that AEs 
linked to an initial polyclonal activation of T cells 
are mostly constrained to the limited starts of 
infusion. Blinatumomab is given by means of a 
Hickman/peripherally inserted central catheter. 
Patients are usually observed in the hospital for 
the first 9 days, and if there are no complications, 
they can be transitioned to the outpatient setting. 
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A bag change every 2 days is the approved method 
in the USA.

Continuous infusion was a crucial decision that 
changed the course of blinatumomab develop-
ment. After pharmacokinetic analysis of the first 
trial using continuous infusion showed a contin-
ued presence of blinatumomab in serum over the 
entire infusion period, with dose linearity, all sub-
sequent trials have used this mode of infusion, 
which has received favorable appraisals by 
patients and physicians [Nagorsen et al. 2012]. A 
short half-life might actually pose an advantage in 
that drug levels in patients may be precisely con-
trolled [Baeuerle and Reinhardt, 2009], and in 
turn sustain T-cell activity against CD19+ tar-
gets. Nevertheless, research has also shown that, 
at least in animal models, many BiTE® molecules 
are bioavailable through subcutaneous injection, 
either by repeated bolus injection or an insulin 
minipump device [Baeuerle et al. 2009].

Resistance and relapse
The mechanisms of resistance to blinatumomab 
remain to be fully elucidated. Resistance may not 
derive solely from intrinsic target-cell factors but 
from functional inadequacies of effector T cells, 
suboptimal E:T ratios, or both. Comparable 
response rates between the MRD-positive setting 
and in patients with less than 50% bone-marrow 
blasts lends support to the idea that unfavorable 
E:T ratios are influential. T-cell exhaustion, in 
addition, may be promoted by tumor cell burden. 
The prospect of T-cell exhaustion opens up the 
possibility of combining blinatumomab with 
immune modulators to increase potency. Owing 
to the novel mechanism of action of BiTE® anti-
body constructs, traditional modes of drug resist-
ance are not predicted. Indeed, comparable 
efficacy is observed irrespective of prior lines of 
therapy. Cytogenetic abnormalities in the leuke-
mic cells do not appear to be related to efficacy in 
relapsed ALL. No difference in T-cell and 
cytokine profiles has been observed between 
responding and resisting disease, nor has any rela-
tionship between drug exposure and response 
been determined.

It has recently been found that the percentage of 
regulatory T cells (Tregs) prior to blinatumomab 
therapy may predict response in relapsed/refrac-
tory ALL patients [Duell et al. 2014]. In an analy-
sis of 31 relapsed/refractory ALL patients, those 
who were refractory to blinatumomab treatment 

had a median of 16.1% (8.4–73%) Tregs, whereas 
responders had a median of 8.55% Tregs (3.8–
14.2%) (p = 0.00013). The authors also reported 
upregulation of CD69, CD25, and PD-1 by regu-
latory T cells incubated with blinatumomab and 
primary ALL blasts, suggesting a potential role of 
immune-inhibiting molecules, such as PD-1, in 
resistance to blinatumomab.

Similarly to the state of knowledge of blinatu-
momab resistance, relapse mechanisms are 
unclear. Antigen escape through loss of CD19 on 
target cells has been observed, but instances have 
been relatively rare. Extramedullary disease, likely 
reflecting occult disease in sanctuary sites that are 
not penetrated by blinatumomab, T cells, or both 
at the commonly administered doses, has 
occurred. A relapse does not necessarily imply 
resistance, as 36% of patients with relapsed dis-
ease at least 3 months after a remission responded 
to retreatment [Topp et al. 2015b].

Future outlook
Blinatumomab, the most clinically advanced drug 
in the BiTE® category of antibodies, has led to 
promising results for patients with MRD or 
relapsed/refractory disease. Toxicities are com-
mon and can be severe, but in many cases they 
are manageable. On the basis of these outcomes, 
phase III randomized trials are underway (see 
Table 3). Using blinatumomab at relatively early 
stages of disease will be examined. Other immu-
notherapies, including the previously mentioned 
CAR T cells, as well as CD22-directed agents, 
such as inotuzumab ozogamicin, are also under 
intense investigation and may see widespread 
future use.

Although impressive response rates have been 
observed with blinatumomab, many patients did 
not experience benefit. Future efforts focusing on 
combination therapies, higher doses, optimizing 
drug delivery, and controlling AEs, may improve 
performance. Under certain circumstances, 
increasing the dose of blinatumomab may be ben-
eficial, recognizing that the MTD observed in 
NHL trials was higher than the dose used in the 
ALL trials. Similarly, to attempt to achieve an 
improved response rate for patients with 
extramedullary disease, the doses administered in 
NHL should be investigated. Lastly, because bli-
natumomab is directed toward CD19, any B-cell 
malignancy is potentially a target for this anti-
body: moreover, it is possible (but not certain) 
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that blinatumomab, similarly to the anti-CD20 
antibody rituximab, is applicable for nonmalig-
nant conditions including autoimmune disease.

Current therapies for adult ALL have shown 
improved outcomes using adolescent and young 
adult regimens for patients up to the age of 60 
years, however, there is high treatment-related 
morbidity and mortality in patients greater than 
60 years of age. The Southwest Oncology Group 
has initiated a clinical trial for newly diagnosed 
ALL patients who are 65 years or older. 
Blinatumomab as upfront therapy will be given to 
Ph-negative patients, and blinatumomab in com-
bination with dasatinib will be administered to 
those who are Ph-positive. The ECOG-American 
College of Radiology Imaging Network Cancer 
Research Group is investigating the role of blina-
tumomab given as consolidation therapy com-
pared with standard chemotherapy consolidation 
in a phase III randomized trial. Lastly, the 
Children’s Oncology Group has a randomized 
phase III trial for patients under the age of 30 
years with relapsed ALL, comparing the role of 
blinatumomab as consolidation therapy with the 
chemotherapy consolidation given in the R3 ALL 
regimen. By employing these new therapies in the 
upfront setting, this will hopefully change the par-
adigm of how we treat ALL in the future with 
improved outcomes and decreased toxicity.
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