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Summary
Background Acute lymphoblastic leukemia (ALL) is a poten-
tially fatal disease that involves clonal expansion of early
lymphoid progenitor cells. Much of drug development for
ALL treatment involves targeting antigens of the clonal cell
surface. Blinatumomab belongs to an emerging class of anti-
cancer therapeutics referred to as bispecific T-cell engaging
antibodies. The Food and Drug Administration approved its
use in relapsed or refractory adult Philadelphia chromosome-
negative B-cell precursor ALL in December of 2014.
Mechanism of action and pharmacodynamics Blinatumomab
contains both an anti-CD3 and anti-CD19 arm, allowing for
the juxtaposition of CD3+ T-cells to malignant CD19+ B-
cells, thereby resulting in granzyme- and perforin-mediated
B-cell apoptosis.
Preclinical pharmacology Preclinical studies suggest that
blinatumomab’s efficacy is related to the effector-to-target ra-
tio and to the difference between its affinity for CD19 and
CD3.
Pharmacokinetics and metabolism Preclinical and early
phase clinical studies have allowed for the characterization
of the pharmacokinetics of blinatumomab, including the de-
termination of its short half-life. The metabolic pathway has
not been fully characterized but is thought to be similar to that
of other antibodies.

Clinical studies Phase I and II studies led to the identification
of an ideal stepwise dose, involving long-term continuous
intravenous infusion (CIVI), to optimize its efficacy and re-
duce the risk of certain toxicities. A high remission rate and
duration were noted among a relapsed/refractory population
of patients.
Safety The results of clinical trials have identified cytokine
release syndrome and neurotoxicity, among others, as serious
drug-related toxicities, leading to the institution of a Risk
Evaluation and Mitigation Strategy.
Discussion and conclusions Blinatumomab represents a sig-
nificant addition to the treatment options for ALL, but it is not
without its limitations, of which are its short-half life, neces-
sitating long-term CIVI, and the eventual emergence of
CD19-negative clones. Continual development of the agent
involves assessing its role in the frontline setting and in com-
bination with chemotherapy.
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Background

Acute lymphoblastic leukemia (ALL) is a heterogeneous
group of diseases involving clonal expansion of early lym-
phoid progenitor cells, invariably leading to death unless im-
mediately treated. In the United States, the incidence of ALL
is approximately 17 cases per million individuals (6020 new
cases per year), 40 % of whom are over 20 years in age [1, 2].
The 2008 revision of the World Health Organization Classifi-
cation of Tumors of Hematopoietic and Lymphoid Tissues
classifies ALL as either B- or T-lymphoblastic leukemia, with
further classification of B-ALL into distinct entities defined by
specific chromosomal abnormalities [3]. A more simplistic
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and clinically practical classification for precursor ALL, how-
ever, is to broadly categorize B-ALL into Philadelphia
chromosome-negative (Ph-neg) ALL, accounting for approx-
imately 75 % of adult ALL cases, and Philadelphia
chromosome-positive (Ph-pos) ALL which accounts for ap-
proximately 25 % of adult ALL cases [4]. Frontline induction
therapy for ALL (for the remainder of the article, BALL^ will
refer to precursor ALL, as opposed to mature ALL) often
involves multiagent cytotoxic chemotherapy regimens,
consisting of an anthracycline, a vinca alkaloid, cyclophos-
phamide, and a corticosteroid. Etoposide, methotrexate
(MTX), cytarabine (Ara-C), and asparaginase are also com-
monly incorporated into frontline therapeutic therapy, as is
central nervous system (CNS) prophylaxis (or therapy) in
the form of intrathecal or intraventricular MTX and/or Ara-
C [5]. The addition of rituximab, a chimeric anti-CD20 mono-
clonal antibody (mAb) used to treat various B-cell neoplasms,
to chemotherapy has been shown to improve outcomes in
CD20+ precursor B-cell ALL patients younger than age 55–
60 years [6, 7]. In Ph-pos ALL, it has become standard prac-
tice to combine a BCR-ABL tyrosine kinase inhibitor (TKI)
with induction chemotherapy, supported by the results of stud-
ies that suggest improved response rates and survival as com-
pared to historical controls [8].

After attainment of a morphologic complete remission
(CR), which occurs in over 80 % of patients, consolidation/
intensification followed by maintenance therapy is common
practice, as outlined by the National Comprehensive Cancer
Network [5], unless allogeneic hematopoietic stem cell trans-
plant (alloSCT) is an option for appropriate high-risk patients.
Despite the relatively high CR rates associated with frontline
therapy, the 5-year survival among adolescents and adults col-
lectively is approximately 40 % [9], as opposed to 94 %
among the pediatric population [10]. This outcome discrepan-
cy between adults and children may be attributable to differ-
ences in disease biology, treatment approach, and tolerance to
therapy [11]. The persistence of minimal residual disease
(MRD), possibly represented by quiescent leukemia initiating
cells (LICs) resistant to conventional cytotoxic therapy [12],
may explain the high rate of relapse among adults, having
prompted clinical investigators to incorporate MRD assess-
ment into protocols during various time points after induction
therapy [13]. For relapsed or refractory (R/R) ALL, salvage
therapy may result in CR rates of less than 20 % with median
duration of response of 7 months, median overall survival
(OS) of 3 months, and a 5-year OS of 7 % [14, 15]. Currently
available salvage options include combination cytotoxic che-
motherapy (e.g., FLAG), clofarabine, an alternative TKI for
Ph-pos ALL, nelarabine for T-ALL, vincristine sulfate lipo-
some injection for Ph-neg ALL, and now blinatumomab for
R/R, Ph-neg, precursor B-ALL in adults. Efforts to improve
outcomes for adult ALL patients involve the use of pediatric-
inspired regimens (often asparaginase-based) [16], liposomal

forms of standard drugs in addition to vincristine [17], novel
purine nucleoside analogs [18], and most promisingly, the
development of targeted agents.

Development of novel, targeted agents currently primarily
focuses on treatment of R/R disease, but there are efforts to
study these agents as consolidative/maintenance therapies in
an effort to control or eradicate MRD after attainment of mor-
phologic CR (from standard induction therapy) and to incorpo-
rate these agents into frontline, multiagent induction regimens.
Under clinical investigation, as single agents or as components
of combination regimens, are the small molecule inhibitors of
various intracellular targets, such as Notch, aurora kinase, his-
tone deacetylase, andmammalian target of rapamycin (mTOR).
However, the investigational targeted agents that are furthest in
development are mAb-based drugs that target leukemic blast
cell surface antigens, particularly CD19 and CD22 [19, 20].
Targeting these commonly observed cell surface antigens may
allow for an otherwise genetically heterogeneous population to
benefit from the same drug, particularly considering that CD19
is expressed in more than 90% of cases of B-ALL and CD22 in
more than 80 % [20]. Studies of the CD22-targeting agents
epratuzumab, a humanized naked mAb, and the antibody-
drug conjugate (ADC) inotuzumab ozogamicin have demon-
strated activity in adult ALL [20, 21]. In addition to
blinatumomab, the ADCSAR3419 and chimeric antigen recep-
tor (CAR) T-cells that are engineered to target CD19 are among
the growing list of anti-CD19 agents being developed for ALL
treatment [22, 23].

CD19 is a 95-kDa transmembrane B-cell-specific
coreceptor, belonging to the immunoglobulin superfamily,
that enhances signaling through the B-cell receptor (BCR),
thereby regulating B-cell survival and differentiation [20,
24]. It was identified (referred to as B4) in the early 1980s
as a B cell-specific antigen appearing early in B-cell develop-
ment, increasing with mitogen-stimulation of B-cells, and
then becoming lost at the terminal stage of differentiation
[25]. It may have dual roles in B-cell activation, serving as
an adaptor protein to recruit cytoplasmic signaling proteins to
the membrane and regulating bone marrow development by
altering BCR signals [26]. CD19 lowers the threshold for
antigen receptor stimulation of B-cells, contributing to the
efficiency of the immune system in which unstimulated B-
cells need to respond to low levels of antigen for the efficient
elimination of infections [27]. Its function is highlighted by
the recognition that individuals with germline homozygous
CD19 gene mutations may have normal numbers of mature
B-cells albeit with a defective response to antigenic stimula-
tion, with associated hypogammaglobulinemia, and suscepti-
bility to infection [28]. CD19 also represents the most com-
monly expressed antigen in pre-B-ALL, as noted from
immunophenotyping studies in a series of 451 cases of B-
ALL in which all cases were positive for CD19 [29]. CD19
is the most densely expressed of the B-ALL cell surface
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antigens. Because it is ubiquitously present on B-cells
throughout early and late stages of differentiation but absent
among hematopoietic stem cells and plasma cells, CD19 is a
highly attractive target for drug development in B-ALL [24,
26].

Proof of principle of effective therapeutic targeting of
CD19 in B-ALL has been shown in many preclinical studies
dating back several decades. Even as far back as the late
1980s, it was recognized by scientists that CD19 provides an
oppor tuni ty to de l iver mAb-bound toxins ( i .e . ,
immunoconjugates) into leukemia cells, upon learning that
CD19 receptor-ligand complexes become internalized and en-
ter endosomes [30]. In severe combined immunodeficiency
(SCID) mice engrafted with a human ALL cell line, adminis-
tration of the immunotoxin B43 (anti-CD19)-pokeweed anti-
viral protein decreased morbidity and improved survival,
whereas an anti-CD4 immunotoxin did not in these mice
[31]. Another study also involving a SCID mouse model
engrafted with human ALL cells demonstrated activity of a
single injection of radiolabeled anti-CD19 mAb with delayed
suppression on the level of circulating leukemic cells and im-
provement inmedian survival [32]. These studies andmultiple
others have paved the way for the clinical development of
anti-CD19 therapy for the treatment of B-ALL.

Blinatumomab, derived from murine B-cell antibodies and
belonging to an emerging class of therapies referred to as
bispecific T-cell engaging (BiTE®) antibodies, is a 55-kDa
single-chain antibody that contains both an anti-CD3 and
anti-CD19 arm that are joined by a non-immunogenic linker
(Fig. 1). The use of recombinant DNA technology using the
cDNA sequences that encode for the variable domains and

linker sequences allows for its novel design [33]. Its single-
chain structure allows for rotational flexibility with binding
two different cell types in close proximity and for the ability
to produce large amounts of this agent in a pure and stable
form [34]. The concept of bispecific antibody constructs are
not entirely new, however. In 1985, Staerz et al. described a
heteroconjugate of two antibodies, one of which targeted cy-
totoxic T-cells and the other of which targeted a cell surface
antigen of cancer cells, resulting in tumor cell lysis [35]. In the
1990s, Mack et al. reported their construction of and experi-
ence with a bispecific single-chain antibody derivative, in-
volving two different antibodies’ Fv fragments joined via a
linker molecule [36]. This construct directed cytotoxic T-cells
to 17-1A-positive tumor cells, resulting in high degrees of
cytotoxicity with nanomolar concentrations of the agent. Cur-
rently in development, in addition to blinatumomab, are a
number of BiTE antibodies that redirect CD3+ T-cells to cell
surface antigens of cells of various tumor histologies [37].

Mechanism of action and pharmacodynamics

Blinatumomab, also referred to as bscCD19xCD3, is com-
posed of two single chain distinct parental murine mAbs:
one which recognizes the B cell antigen, CD19 and another
which binds the T-cell receptor associated complex, CD3 [38].
They are linked by a glycine/serine amino acid complex,
which allows for a high degree of flexibility needed for simul-
taneous binding of two cells [33]. Blinatumomab, by engag-
ing these twomolecules, facilitates the formation of a transient
cytolytic synapse between T-cells and malignant B-cells, lead-
ing to activation of serial target cell lysis that resembles natural
T-cell mediated killing. Engaged T-cells release perforins and
granzymes from their secretory vehicles into target cells to
prompt nuclear fragmentation and membrane blebbing (i.e.,
programmed cell death). T-cell activation induces transient
release of cytokines that leads to T-cell activity alteration from
scanning to killing mode and T-cell proliferation [39].
Notably, the activity of blinatumomab is independent of
antigen presentation by class I MHC and TCR recogni-
tion. Therefore, blinatumomab can circumvent a variety of
tumor-mediated immune escape mechanisms, such as im-
pairment of antigen presentation machinery and activation
of negative costimulatory signals in the tumor microenvi-
ronment [39, 40].

Studies have shown that shortly after continuous intrave-
nous infusion (CIVI) of blinatumomab at doses above 5 μg/
m2/day, the circulating malignant B-cell count was reduced
significantly to undetectable levels [38, 41]. The B-cell count
did not rebound when the CIVI was discontinued for 1 week.
During the first few days of treatment, the redistribution of T-
cells into the tissue resulted in a transient decline of their count
with recovery noted within 2 weeks. This rebound is possibly
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Fig. 1 Blinatumomab is a 55-kDA single-chain, bispecific T-cell
engaging antibody that contains Fv fragements from both an anti-CD3
and anti-CD19 arm joined by a non-immunogenic linker, providing
rotational flexibility that allows for the juxtaposition of cytotoxic CD3+
T-cells to malignant CD19+ B-cells, thereby resulting in granzyme- and
perforin-mediated B-cell apoptosis
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due to increase proliferation of T-cells initiated by the increase
in cytokine [38]. The increase of cytokine (IL-10, IL-6,
IFN-γ, IL-2, and TNF-α) concentration is noted to be the
highest in the first 48 h of continuous intravenous infusion
and then returns to normal in 24 to 48 h [38].

Preclinical pharmacology

Multiple in vitro and in vivo studies have investigated
blinatumomab’s ability to effect T-cell-mediated lysis of ma-
lignant B-cells [38, 39]. The potency of blinatumomab was
studied with a cell culture cytotoxicity assay in which periph-
eral blood mononuclear (PBMC) T-cells isolated from healthy
human donors were subjected to human CD19+ B-cell lym-
phoma cell lines. Half-maximum target lysis (EC50) varied
based on the effector-to-target (E:T) ratio, with most cell lysis
taking place at an E:T of 10:1 [38]. In a later study that ex-
plored the efficacy of blinatumomab at an E:T≤1:1, the EC50

ranged from 20 to 200 pg/ml with E:T ratios 1:1 and 1:10,
respectively, indicating serial cell killing by T cells in the
presence of blinatumomab [39]. Three key factors seemed to
determine the level of the therapeutic effect: T cell activity,
E:T ratio, and the time needed to create a cytolytic synapse.
Twenty four hours was required for near maximal cell lysis
with an E:T ratio of 1:5 at nanomolar concentrations of
blinatumomab [39]. This high potency of blinatumomab was
due to its binding affinity with CD3 and CD19. It has a much
weaker disassociation constant to CD19 (Kd=1.49×10−9 M)
as compared to CD3 (Kd=2.6×10−7 M), allowing the conju-
gated T-cell, at an E:T ratio as low as 1:5, to cycle through
several B-cells with enough time for cytolytic activity. On the
other hand, compared to previous BiTE molecules,
blinatumomab has a lower affinity to CD3, minimizing T-
cell-target clustering and allowing increased T-cell movement
and targeted killing [38].

CD19-negative cell lines in the presence of Tcells at an E:T
ratio of 10:1 were unaffected even at high blinatumomab con-
centration (100 ng/ml), demonstrating the specificity of
blinatumomab to target cells [38]. The effect of corticosteroids
on blinatumomab’s ability to mediate T-cell cytokine release
and redirect lysis was also studied in vitro. Cytokine release
by blinatumomab activated T-cells was reduced by dexameth-
asone at 3×10−7 M (corresponding to an oral dexamethasone
dose of 8 mg), but this did not decrease blinatumomab’s cy-
tolytic activity [42]. The IVadministration of 0.1 or 1.0 μg of
blinatumomab daily for 5 consecutive days, inhibited tumor
formation in non-obese diabetic/SCID mice [39]. These mice
were injected subcutaneously with a mixture of human
PBMCs and CD19+ human B-ALL cell lines immediately
before the administration of blinatumomab [43]. In a leukemic
mouse model, the administration of blinatumomab delayed
tumor growth and prolonged survival [43].

Pharmacokinetics and metabolism

Pharmacokinetics (PKs) from preclinical and early clinical
studies have shown that blinatumomab is rapidly eliminated,
with a half-life of 2 h, and does not result in accumulation
following multiple doses [44]. Therefore, administration of
blinatumomab via CIVI has the advantage of maintaining
steady drug concentration throughout the cycle. The PK pa-
rameters of blinatumomab were assessed in 116 patients en-
rolled in 3 clinical studies involving CIVI at a dose range of 5–
90 μg/m2/day over 4–8 weeks per cycle [45]. PKs of
blinatumomab demonstrated steady-state concentration (Css)
that was achieved within a day and steadily maintained over 5
dosing cycles. There was also a proportional correlation be-
tween Css and dose. A dose of 5 μg/m2/day was associated
with a mean Css (± SD) of 211 (±258) pg/mL, a biologically
active range needed for cell lysis (EC50 was in the range of
20–200 pg/ml), and 15 μg/m2/day dosing yielded a Css of 621
(±502) pg/mL. The estimated mean clearance, mean terminal
half-life, and mean volume of distribution (Vz) at the terminal
phase was 2.92 (±2.83) L/hour, 2.11 (±1.42) hours, and 4.52
(±2.89) L, respectively. Also of note, in this population, with
an age range of 18–80 years, weight range of 44–134 kg, and a
BSA range of 1.39–2.57 m2, age, body weight, and BSA did
not affect blinatumomab’s PKs [45]. BSA-based or weight-
based dosing did not reduce the high inter-patient variability
of systemic exposure [44]. Therefore, the fixed dose regimen
used in some of the trials was justified over BSA-based dos-
ing. Complete B-cell suppression was maintained at doses of
15 μg/m2/day, and with a mean BSA of 1.9 m2, the fixed dose
used in later studies was determined to be 28 μg/day [45, 46].

The preliminary PK analyses in the pediatric population
showed values similar to those of the adult studies [44, 45].
Blinatumomab was studied in pediatric patients with R/R
ALL at doses ranging from 3.75 to 60 μg/m2/day, adminis-
tered as CIVI for 4 weeks followed by 2 weeks rest, in a phase
I/II study (MT103-205) [47]. Preliminary phase I data from
PK assessments showed comparable Css values when evalu-
ating two pediatric age groups (ages 2–6 and 7–17 y/o) at the
equivalent dose level [47]. Among both age groups, mean
(SD) Css was 165 (±138) pg/ml and 496 (±312) pg/ml at doses
5 μg/m2/day and 15 μg/m2/day, respectively. Mean Vz at the
terminal phase, mean terminal half-life, and mean systemic
clearance were 3.99 (±331) L, 2.19 (±1.53) hours, and 2.01
(±2.08) L/h, respectively. The maximum tolerated dose
(MTD) was defined as 15 μg/m2/day (escalated from 5 μg/
m2/day after 7 days). However, no labeling dosing recom-
mendations were proposed for the pediatric population, given
the small number of subjects in the review [47].

The metabolic pathway of blinatumomab has not yet been
characterized. It is likely that blinatumomab gets degraded,
like other antibodies, to small peptides and amino acids via
cellular catabolic pathways [47]. There is limited renal
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excretion of blinatumomab. Small amounts (0.2 %) of
blinatumomab have been noted in the urine of patients who
received 60 μg/ m2/day dose. Formal PK studies in patients
with renal impairment have not been conducted. Based on
data from various trials, there is a 2-fold increase in mean
clearance time in patients with moderate renal dysfunction
(CrCl 30–59 ml/min) [47]. The mean (SD) clearance was
3.26 (±3.11) L/h, 2.22 (±1.76) L/h and 1.58 (±0.98) L/h for
patients with CrCL≥90 mL/min, 60–89 mL/min, and 30–
59mL/min, respectively. However, high inter-subject variabil-
ity in clearance was noted, with a constant variance of 95.6 %,
which supported recommendation for no dosage adjustment
for mild to moderate renal impairment [44, 47]. A higher rate
of adverse events and treatment discontinuation were noted in
patients with decreased renal function, but advanced age was a
confounding factor [44]. Patients with severe renal dysfunc-
tion (CrCl<30 mL/min and on dialysis) have not been en-
rolled in the studies, and therefore no dose recommendations
have been made for these patients.

Clinical studies

Phase I trials

Blinatumomab entered into clinical trials in 2001, at which time
three first-in-human, dose escalation phase I trials (MT103
1/01-2001, −2002, and −2003) in Germany and Sweden in-
volving a total of 21 patients with relapsed or refractory (R/R)
non-Hodgkin lymphoma (NHL) or chronic lymphocytic leuke-
mia were conducted [33]. Blinatumomab was given as short-
term infusions at doses ranging from 0.75 to 13 μg/m2 as fre-
quently as once to three times per week. Disappointingly, there
were no signals of activity among these patients, and given the
significant toxicities observed, notably neurologic adverse
events (AEs) and cytokine release syndrome (CRS), these trials
were terminated early. The experience from these trials and the
knowledge of the short half life of the drug (~2 h) in humans
prompted further investigation of blinatumomab as a CIVI over
at least 4 weeks, made possible with the use of a small portable
infusion pump [33]. This general dosing schedule has been
used in all of the subsequent blinatumomab trials (Table 1). A
2004German dose escalation phase I study involving 76 patient
with relapsed and refractory NHL (primary refractory, n=48),
including indolent, mantle cell, and diffuse large B-cell lym-
phomas (DLBCL), established 60 μg/m2/d as the MTD after
assessing seven different doses ranging from 0.5 to 90 μg/m2/
day for 4 or 8 consecutive weeks [48]. Final results presented in
2013 included an overall response rate (RR) of 69 % (highest
among follicular lymphomas) and a complete remission (CR)
rate of 37 % among the 35 patients who received treatment at
this MTD [48]. The median duration of response was 404 days.
The dose-finding portion of a phase I/II trial of 41 pediatric and

adolescent B-ALL patients (primary refractory, n=9; relapse
after alloSCT, n=25) using blinatumomab, given as a CIVI
over 4 out of every 6 weeks, identified the MTD as 15 μg/
m2/day, but the phase II recommended dose was a stepwise
dose of 5–15 μg/m2/day to reduce the risk of CRS [49].

Phase II trials

In the phase II portion of the previously mentioned phase I/II
trial involving blinatumomab administered as a stepwise dose
of 5–15 μg/m2/day to children and adolescents with B-ALL,
15 (37 %) patients acheived CR, 12 of whom were MRD-
negative, and there were 3 (7 %) who had partial remissions
(PR) within the first two cycles [49]. Eight (53 %) of the pa-
tients who attained CR were able to proceed to alloSCT. The
German Multicenter Study Group for Adult Acute Lympho-
blastic Leukemia (GMALL) group assessed blinatumomab in
adult B-ALL patients (Ph-pos or neg) withMRD-positivity in a
multicenter, single-arm, phase II trial (n=21) (NCT00560794)
[50]. Based on the results of earlier studies, blinatumomab was
administered at 15 μg/m2/day as a CIVI over 4 to 8 weeks.
Sixteen of the 20 (80 %) evaluable patients in the trial became
MRD negative after 1 cycle of treatment (including 3 out of 5
Ph-pos patients), and 12 of these MRD responders had been
molecularly refractory to previous therapy. The estimate for
relapse-free survival (RFS) probability was 78 % at a median
follow-up of 405 days [50]. After a median follow-up of
33 months, the hematologic-free survival of the 20 evaluable
patients was 61 and 65 % among 9 patients who underwent
alloSCT after receiving blinatumomab [51]. Four of the 6 Ph-
neg MRD responders remained in hematologic and molecular
remission at the time of the report.

Among adult patients with R/R Ph-neg pre-B-ALL, a Ger-
man multicenter, exploratory, single-arm, phase II trial (n=36)
(NCT01209286) was performed as a dose-finding stage follow-
ed by a dose-extension stage [52]. Blinatumomab was admi-
nistered by CIVI over 4 out of every 6 weeks in the hospital for
the first week of the first cycle and subsequently for cycle 1 and
further cycles as an outpatient. Patients had primary refractory
disease or had experienced relapse after induction, consolida-
tion, or alloSCT. Patients with a history of active CNS disease
were excluded. All patients in the study had received prior
standard induction therapy, and 42 % had relapsed after
alloSCT. The median age was 32 years, and two patients did
in fact have Ph-pos disease. The dose-finding stage assessed
three sequential dose cohorts (n=18) and determined the step-
wise dose of 5–15 μg/m2/day to be the optimal dose for the
dose-extension stage, in which an additional 18 patients were
treated. 25 patients (69 %) achieved CR or CR with partial
recovery of peripheral blood counts (CRh), 88 % of whom
attained MRD-negativity. Those with more heavily pretreated
disease and who had undergone alloSCT had a lower rate of
CR/CRh than those patients whowere in treated in first salvage.
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Median OS and RFS were 9.8 months (median follow-up
12.1 months) and 7.6 months (median follow-up 9.7 months),
respectively. The median OS was statistically significantly
higher among patients who had not relapsed after prior alloSCT
(14.1 months) versus those had had undergone prior alloSCT
(8.8 months). Thirteen of the responders (52 %) underwent
alloSCT after achieving CR/CRh, but 6 died of treatment-
related mortality, and 2 patients relapsed. Three patients in the
study relapsed with CD19-negative disease [52].

Topp et al. published results of a large (n=189), multina-
t ional , confi rmatory, s ingle-arm, phase II s tudy
(NCT01466179) that included R/R adult B-ALL patients with
a median age of patients was 38 years, and approximately one-
third of the patients had undergone alloSCT [53]. Eligibility
criteria similar to those in the exploratory trial were applied,
and blinatumomab was administered by CIVI over 4 out of
every 6 weeks at 9 μg/day for the first 7 days (of cycle 1 only)
and 28 μg/day thereafter. Eighty one (43 %) of the 189 patients
attained CR (n=63) or CRh within 2 cycles of therapy. Sixty
four (79%) of these responders achievedCR/CRh during cycle
1. The CR/CRh rate was 73 % for those patients with less than
50 %marrow involvement at baseline and 29 % for those with
greater than 50 % involvement. Ninety (48 %) patients expe-
rienced no response, and 18 (10 %) were not evaluable. Of the
82 patients who experienced CR/CRh, 37 (45 %) were still in
remission at a median of 8.9 months, and 32 (40 %) proceeded
to alloSCT. The 100-day mortality post-alloSCT was 11 %.
The median OS among all 189 was 6.1 months, but when
accounting for MRD-negativity, which was noted in 60
(82 %) of 73 evaluable patients, OS was 11.5 months versus
6.7 months for MRD-positive patients [53].

Given the poorer outcomes observed among patients in CR
with MRD-positivity versus MRD-negativity, and considering
that CD19 is present on very early stages of B-cell develop-
ment, there is strong rationale to assess blinatumomab’s role in

treating MRD-positive disease, even among patients in hema-
tologic CR. Results from the BLAST study, a single arm, mul-
tinational phase II trial (NCT01207388) that assessed
blinatumomab at 15 μg/m2/day as a CIVI over 4 weeks every
6 weeks in R/R MRD-positive B-ALL adult patients (n=116),
were presented in December 2014 [54]. The median age of
patients was 45 years, and 65 % of the patients were in first
CR at the time of enrollment. As of February 2014, 79 patients
were still alive and being followed. Seventy four had completed
treatment (4 cycles or 1 cycle followed by alloSCT), and 32 had
discontinued treatment for various reasons (3 patients were ex-
cluded from the efficacy analysis). The complete MRD res-
ponse, the primary endpoint of the study, was 78 % (88 pa-
tients) after 1 cycle of treatment, and 2 additional patients had a
completeMRD response after >1 cycle of treatment. Therefore,
the completeMRD response rate overall was 80%, and this did
not significantly differ based on age, gender, line of therapy, or
MRD burden category [54].

Ongoing clinical trials with blinatumomab

Currently, the previously discussed phase II trials
NCT01209286, NCT01466179, and NCT01207388 are ongo-
ing but not actively recruiting participants. Two other ongoing
studies that are not actively recruiting is the Alcantara study, a
phase II, single arm trial to evaluate the efficacy of blinatumomab
in adults with R/R Ph-pos ALL (NCT02000427) and an open
label trial assessing the drug’s efficacy for R/R DLBCL
(NCT01741792). The National Cancer Institue (NCI)-sponsored
phase II trial S1318 is assessing blinatumomab in elderly patients
with Ph-neg or Ph-pos B-ALL with chemotherapy or dasatinib,
respectively (NCT02143414). The NCI-sponsored phase III trial
E1910 (NCT02003222) is randomizing newly diagnosed Ph-neg
B-ALL adult patients to combination chemotherapy with
blinatumomab versus induction chemotherapy alone. The

Table 1 Completed and ongoing clinical trials of blinatumomab for the treatment of B-ALL

Reference or clinicaltrials.gov ID Phase n Clinical setting Efficacy outcome

Locatelli, 2014 [49] I/II 41 R/R, ped/adolescent 15 with CR (37 %), 3 (7 %) PR

Topp, 2011 [50] II 21 R/R, adult 80 % MRD response

Topp, 2014 [52] II 36 R/R, adult, Ph-neg 69 % CR/CRh, OS 9.8 months

Topp, 2014 [53] II 189 R/R, adult 81 % CR/CRh, OS 6.1 months

Goekbuget, 2014 [53] II 116 R/R, adult, MRD-positive 80 % MRD response

NCT02000427 II – R/R, adult, Ph-pos Ongoing

NCT02143414 II – Frontline, elderly, blina vs chemo (Ph-neg) or dasatinib (Ph-pos) Ongoing

NCT02003222 III – Frontline, adult, Ph-neg, blina/chemo vs chemo Ongoing

NCT02013167 III – R/R, adult, Ph-neg, blina vs chemo Ongoing

NCT02101853 III – First relapse in childhood B-ALL Ongoing

B-ALL precursor B-cell acute lymphoblastic leukemia, CR complete remission, CRh complete remission with partial blood count recovery, MRD
minimal residual disease, n number of patients, OS overall survival, Ph-neg Philadelphia chromosome negative, Ph-pos Philadelphia chromosome
positive, PR partial remission, R/R relapsed or refractory
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TOWER study is a phase III, randomized, open label study in-
vestigating blinatumomab versus standard of care chemotherapy
in adults with R/R B-ALL (NCT02013167), with OS as the
primary endpoint. There is also an active NCI-sponsored, risk-
stratified, randomized phase III study (NCT02101853) of
blinatumomab in first relapse of childhood B-ALL.

Safety

In the MT103 1/01 phase I trials using the short-term infusion
schedule, neurologic AEs that included aphasia, seizure, and
disorientation led to discontinuation of the drug in 6 out the
21 patients in the 3 trials [33]. Infections, pyrexia, rigors, fa-
tigue, and changes in hematologic and coagulation parameters
were also noted in these trials [33]. The investigators from the
phase I trial of patients with R/R NHL (n=76) reported an
overall incidence of grade 4 AEs of 66 and 4 % for grade 5
AEs, regardless of causality. There was a 71 % incidence of
central nervous system (CNS)AEs, none of which were grade 4
or 5 [48]. In the pediatric B-ALL phase I/II trial discussed
previously, the most common AEs were pyrexia, headache,
hypertension, and anemia. Almost half of all patients experi-
enced at least one CNS event such as tremor or confusional
state, but all except one were grade 1 or 2 [49]. In the phase
II GMALL group study (NCT00560794) that assessed
blinatumomab in 21 adult B-ALL patients with MRD-positi-
vity, the most common AEs were pyrexia, chills, hypo-
gammaglobulinemia, and hypokalemia. Eighty one percent of
patients experienced grade 3 or 4 AEs, the most common of
which was lymphopenia (33.3 %) [50]. One patient had a grade
3 epileptic seizure during the first cycle, and another patient
experienced syncope with convulsion.

In the exploratory phase II trial (n=36) (NCT01209286),
pyrexia (81 %), fatigue (50 %), headache (47 %), tremor
(36 %), and leukopenia (19 %) were the most common AEs,
although most were transient [52]. Infections constituted 33 %
of serious adverse events (SAEs) and led to 6 deaths. One of
these deaths was caused by a disseminated fungal infection of
the brain of a patient who had undergone alloSCT prior to
treatment. It was considered possibly related to blinatumomab,
prompting the requirement for fungal prophylaxis for all re-
lapsed alloSCT recipients who had a history of graft-versus-
host disease. Nervous system or psychiatric disorders occurred
in six patients, three of whom experienced signs of encepha-
lopathy manifesting with tremor, aphasia, and confusion, and
the other three of whom had epilepsy or convulsions. Two
patients with a leukemic bone marrow burden of close to
90 % experienced grade 4 cytokine release syndrome (CRS),
leading to the mandate that patients with a high leukemic bur-
den receive pretreatment with dexamethasone and cyclophos-
phamide. Interestingly, these two patients attained a CR, and
none of the nonresponding patients experienced CRS [52].

The most common AEs in the large (n=189), confirmatory
phase II study (NCT01466179) included pyrexia, which was
managed with paracetamol or dexamethasone (or both), head-
ache, febrile neutropenia, hypokalemia, and peripheral edema
[53]. Disseminated intravascular coagulation occurred in 2 %
of patients as did CRS in 2 % of patients. Treatment was
discontinued among 10 % of patients due to AEs that were
thought to be blinatumomab-related. Twenty three (12 %) pa-
tients had fatal AEs, most of which were infection-related, and
three of these were possibly attributable to blinatumomab. Fifty
two percent of all the patients in the study had neurologic
events, although most (76 %) were grade 1 or 2, occurred
mostly (87 %) in cycle 1, and were managed with dexametha-
sone treatment without treatment interruption. Grade 3 neuro-
logic events occurred in 20 patients, most of whom recovered
but 3 of whom died of unrelated causes after the neurological
event. There were no fatal neurological AEs in this trial [53].

In the BLAST trial (n=116) discussed earlier, common
AEs included pyrexia (88 %), headache (38 %), tremor
(29 %), chills (25 %), fatigue (24 %), nausea (22 %) and
vomiting (22 %). 60 % of all patients experienced SAEs,
including pyrexia (15 %), tremor (7 %), aphasia (5 %), en-
cephalopathy (5%) and overdose (5%). There was also a fatal
case of atypical pneumonia attributable to blinatumomab [53].

In the U.S., there is a Risk Evaluation and Mitigation Strat-
egy (REMS) in place for blinatumomab, and U.S. prescribing
information has a black box warning regarding the potential
for neurotoxicity and CRS [44]. In an effort to mitigate some
of the serious toxicities, the package insert recommends step-
wise dosing of 9 μg/day on Days 1–7 and 28 μg/day on Days
8–28 of the first cycle for patients at least 45 kg in weight.
Hospitalization for the first 9 days of the first cycle and for the
first 2 days of the second cycle is also recommended, in addi-
tion to premedicating with dexamethasone 20 mg intrave-
nously 1 h prior to the first dose of each cycle, prior to a step
dose (such as day 8 of cycle 1), or when restarting an infusion
after an interruption of 4 or more hours [44].

Indication

Blinatumomab was Food and Drug Administration (FDA)-
approved under accelerated approval for the treatment of
R/R, Ph-neg, precursor B-ALL in December 2014. Continued
approval for this indication may depend upon confirmation of
clinical benefit in subsequent trials.

Discussion and conclusions

Blinatumomab represents an important addition to the
burgeoning armamentarium of therapies being developed to
treat B-cell malignancies. Its impressive molecular response
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rates in heavily pretreated patients justify its recent FDA ap-
proval for the treatment of R/R Ph-neg ALL in adults. This
agent’s activity also highlights the clinical effectiveness of
bispecific antibodies that harness the power of one’s own T-
cells, via a mechanism that differs from that of immune check-
point inhibitors and chimeric antigen receptor T-cells [55].

There are many limitations to blinatumomab, however. The
median duration of response and OS data obtained thus far,
although impressive compared to other agents in such a heavi-
ly pretreated population, are still dismal by most people’s
standards. Some have suggested that leukemia initiating cells
may lack expression of CD19, thereby conferring resistance of
these cells to blinatumomab and allowing for recurrence even
after seemingly deep responses have been attained by this
drug [56]. Therefore, its optimal role in the treatment of
ALL may be in combination with chemotherapy or other nov-
el agents, concurrently or sequentially. A trial involving the
frontline treatment of elderly patients with blinatumomab in
combination with chemotherapy is currently enrolling
(NCT02143414).

Despite that CD19 expression is necessary for benefit of
this drug, as noted in preclinical studies [38], a predictive
biomarker among CD19+ disease to explain primary refracto-
riness to this therapy has not yet been identified. For disease
progression that occurs after an initial response to therapy,
CD19-negative escape, as manifested by CD19-negative
clones and down-regulation of CD19-expression, may be a
contributing factor [23]. This phenomenon has been observed
in other CD19-directed therapies, and data are lacking to ex-
plain this mechanism of relapse [23]. The practical limitations
of blinatumomab’s short half-life, necessitating long-term
CIVI, its cost (as with all newly approved oncology drugs),
and the need to hospitalize patients for the first and second
cycles also pose some realistic challenges. It is also not known
whether the drug will significantly penetrate the blood brain
barrier to reach the CNS, a common sanctuary site for ALL.

Nonetheless, as already discussed, blinatumomab serves as
proof of principle of the ability to exploit one’s immune sys-
tem for targeting specific cell surface antigens of human ma-
lignancies. We are eager to witness the further development of
this drug for the treatment of ALL and other B-cell
malignancies.

Disclosures We have no conflicts of interest to disclose.
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