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cute lymphoblastic leuke-

mia (ALL) is a rare form

of leukemia, with an es-

timated 6,250 new cases
diagnosed in the United States in
2015 and approximately 1,450 deaths
(American Cancer Society, 2015).
With current available induction
therapies, complete remission (CR)
rates in adults are approximately
75% to 90% (Faderl et al., 2010; Bas-
san & Hoelzer, 2011). After induction
therapy, patients with ALL may then
receive intensification, consolida-
tion, and maintenance courses of
chemotherapy or allogeneic hemato-
poietic stem cell transplant (HSCT).
Although CR is obtained in the ma-
jority of patients with ALL, main-
taining a durable CR is challeng-
ing despite the numerous phases of
therapy. Standard chemotherapy
regimens have resulted in an aver-
age cure rate of only 35% (Bassan &
Hoelzer, 2011).

There are limited treatment op-
tions for patients with relapsed or re-
fractory Philadelphia chromosome-
negative (Ph-) ALL. Options may
include enrollment into clinical trials

or single- or multiagent chemother-
apy regimens. Historically, these pa-
tients have had very poor outcomes,
with reported CR rates of approxi-
mately 20% to 30% and a median
overall survival (OS) of 3 to 6 months
(National Comprehensive Cancer
Network [NCCN], 2014; Topp et al,,
2015). Given the poor outcomes seen
with chemotherapy regimens in this
setting, novel agents, such as blina-
tumomab (Blincyto), with alternative
mechanisms of action are needed.

MECHANISM OF ACTION
Blinatumomab is a first-in-class
immunotherapy agent called a bispe-
cific T-cell-engager (BiTE) antibody.
The two antigens targeted by the bi-
specific design include CD3, which is
found on cytotoxic T cells, and CD19,
which is found on B lymphocytes
throughout their development. The
surface antigen CD19 is stably ex-
pressed on the majority of B-cell ALL
blasts, making it a useful target for im-
munotherapy. Simultaneous binding
of the CD3-positive T cells and CD19-
positive B lymphocytes by blinatu-
momab leads to T-cell-mediated lysis
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of the CD19-positive normal and malignant B cells.
In essence, blinatumomab assists the patient’s im-
mune system by bringing the cancerous cells and
the cytotoxic cells in proximity, so T-cell-mediated
lysis of the malignant B cells can occur (Topp et al.,
2011, 2015).

CLINICAL TRIALS/EFFICACY

The first confirmed responses of blinatumom-
ab were observed in a phase I dose escalation study
including 38 patients with non-Hodgkin lympho-
ma (NHL; Bargou et al., 2008). Patients received
0.0005 to 0.06 mg/m?/day as a continuous infu-
sion for 4 weeks every 6 weeks for up to 3 cycles.
All responses occurred at a dose of at least 0.015
mg/m?/day, with an overall response rate (ORR) of
28.9%. Since then, blinatumomab has been stud-
ied in a variety of patient populations, including
adults with relapsed/refractory Ph- and Ph+ B-
cell precursor ALL (B-ALL), elderly patients with
newly diagnosed B-ALL, pediatric and adolescent
patients with relapsed/refractory B-ALL, and
those with relapsed/refractory NHL (Table 1).

Blinatumomab received accelerated US Food
and Drug Administration (FDA) approval in Decem-
ber 2014 for the treatment of Ph- relapsed or refrac-
tory B-ALL (not T-cell ALL), based on the results of
a multicenter, international, open-label, single-arm,
phase IT clinical trial (Topp et al., 2015). Patients
with Ph- B-ALL who were primary refractory af-
ter induction therapy, relapsed within 12 months
of first remission or receiving allogeneic HSCT, or
failed to respond to or relapsed after one or more
salvage therapies were included in this study.

Blinatumomab was administered as a continu-
ous intravenous infusion in 4-week cycles, fol-
lowed by 2 treatment-free weeks, for up to 5 cy-
cles. To prevent cytokine release syndrome (CRS),
dosing was stepwise, with 9 ug/day for 1 week, fol-
lowed by 28 ug/day for 3 weeks during cycle 1. Ad-
ditionally, dexamethasone was administered up to
3 days prior to the infusion, for a maximum of 5
days, in patients with bone marrow blasts greater
than 50%, peripheral blood blasts greater than
15,000 cells/uL, or an elevated lactate dehydroge-
nase (LDH) level in an effort to prevent CRS. All
patients were premedicated with dexamethasone
20 mg within 1 hour of each treatment initiation
and prior to the dose step in cycle 1. Patients could

receive an allogeneic HSCT at any time during the
clinical trial.

0f189 patients treated and included in the anal-
ysis, 34% had relapsed after an allogeneic HSCT,
and 51% had received at least one salvage regimen
but no prior allogeneic HSCT. Patients received
blinatumomab for a median of 42.2 days, and 51%
of patients received dexamethasone in the pretreat-
ment phase secondary to high tumor burden.

The primary endpoint of the study was CR,
defined as < 5% bone marrow blasts, platelets
> 100,000 cells/uL, absolute neutrophil count
(ANC) > 1,000 cells/uL, or CR with partial hema-
tologic recovery (CRh), defined as bone marrow
blasts, platelets > 50,000 cells/uL, and ANC > 500
cells/uL.

Within the first two cycles, 43% (95% con-
fidence interval [CI] = 36%-50%) of patients
achieved a CR or CRh. More patients with less
than 50% bone marrow blasts at baseline had a CR
or CRh compared with those patients with 50% or
more blasts at baseline (73%; 95% CI = 60%-84%
Vs 29%; 95% CI = 22%-38%). A total of 45% of pa-
tients who had achieved CR or CRh were alive and
in remission at a median follow-up of 8.9 months.
Median relapse-free survival was 5.9 months for
patients who achieved CR or CRh, and OS for all
patients was 6.1 months. History of a prior alloge-
neic HSCT did not impact CR or CRh within the
first two cycles of blinatumomab (45%, allogeneic
HSCT vs 42%, no allogeneic HSCT).

Minimal residual disease (MRD) was evaluated
in 73 patients who achieved CR or CRh, with 82%
achieving MRD negativity. Median OS for MRD re-
sponders was improved compared with for MRD
nonresponders (11.5 months; 95% CI = 8.5 to not esti-
mable vs. 6.7 months; 95% CI = 2.0 to not estimable).

ADVERSE EFFECTS

The most common adverse reactions (= 20%)
reported in the multicenter, international, open-
label, single-arm, phase II clinical trial are high-
lighted in Table 2 (Topp et al,, 2015). The inci-
dence of grade 3/4 adverse reactions was reported
in 38%/30%, respectively, and the reactions were
most commonly febrile neutropenia, anemia, and
neutropenia (Topp et al., 2015).

Dose reductions were needed in 10% of pa-
tients, and 18% discontinued treatment perma-
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Table 1. Clinical Trials Evaluating Blinatumomab

NHL

No. of Study
Primary investigator (trial) Phase patients population Regimen Results
Topp et al. (2011, 2012) 1] 21 Adult MRD+ 15 ng/m?/day x 4 wk, géwk for up to 4 80% MRD- within 1
B-ALL (n =5Ph+) cycles cycle of tx
61% hematologic RFS
at 33 mo (median
follow-up)
Topp et al. (2014) Il 36 Adult R/R B-ALL  5-30 pug/m?/day x 4 wk, géwk for up to  69% CR or CRh
(n=2Ph+) 5 cycles 88% MRD response at
end of cycle 1
Median OS 9.8 mo
Median RFS 7.6 mo
Topp et al. (2015) 1] 189 Adult R/R Ph- Single cycle is 6 wk 43% CR or CRh within
B-ALL Cycle 1: 9 ug/day for the Ist wk — Ist 2 cycles
28 ng/day for 3 wk 82% MRD response
For all subsequent cycles: 28 ug/day Median RFS 5.9 mo
for all 4 wk of continuous tx forupto 5 Median OS 6.1 mo for
cycles all pts
Goekbuget et al. (2014) Il 16 Adult MRD+ B- 15 ng/m?/day x 4 wk, géwk for up to 4 Ongoing
ALL (n =5 Ph+) cycles of tx 78% complete MRD
response after 1cycle
NCT02000427 1l 45 Adult R/R Ph+ Single cycle is 6 wk Ongoing
(Alcantara study; ClinicalTrials. B-ALL 9 ng/day for the st wk — 28 pg/day
gov, 2015a) for 3 wk
For all subsequent cycles (beginning
with 2nd induction cycle and continuing
through consolidation), 28 ug/day for all
4 wk of continuous tx
NCT02003222 ] 360 (est.) Adult R/R Ph- Chemo + blinatumomab vs. chemo Ongoing
(ClinicalTrials.gov, 2015b) B-ALL alone
NCT02013167 (TOWER study; ] 400 (est.) Adult R/R Ph- Single cycle is 6 wk Ongoing
ClinicalTrials.gov, 2015c¢) B-ALL 9 pg/day for the Ist wk — 28 ug/day for
3wk
For all subsequent cycles (beginning
with 2nd induction cycle and
continuing through consolidation and
maintenance), 28 ug/day for all 4 wk of
continuous tx
Compared with standard-of-care chemo
NCT02143414 (ClinicalTrials.gov, I 44 (est.) Patients > 65 with  Blinatumomab x 4 wk géwk + POMP Ongoing
2015d) new diagnosis maintenance vs. dasatinib/prednisone +
B-ALL blinatumomab
NCT01471782/MT103-205 /1 84 (est.) Pediatric/ Up to 5 6-wk cycles (4 wk continuous IV Ongoing
(ClinicalTrials.gov, 2015e) adolescent R/R infusion — 2 wk tx-free interval)
B-ALL
NCT02101853 ] 598 (est.) st relapse Blinatumomab vs. chemotherapy Ongoing
(CinicalTrials.gov, 2015f) childhood B-cell
ALL
Bargou et al. (2008) | 38 Adult relapsed 0.0005-0.06 mg/m?/day 29% major responses
NHL
Viardot et al. (2014) Il 25 (est.) Adult R/R DLBCL  9-112 ug/day x 8 wk Ongoing
Pts with OR could receive 4-wk 43% ORR in 21
consolidation cycle after 4-wk tx-free evaluable pts
interval Median duration of
response 1.6 mo
Goebeler et al. (2011) | 76 Adult relapsed 0.5-90 pug/m?/day x 4-8 wk Final results not yet

published

for full study information.

Note. MRD = minimal residual disease; tx = treatment; R/R = relapsed refractory; B-ALL = B-cell precursor acute lymphoblastic leukemia;
Ph = Philadelphia chromosome; RFS = relapse-free survival; CR = complete remission; CRh = complete remission with partial recovery of
peripheral blood counts; OS = overall survival; POMP = 6-mercaptopurine, vincristine, methotrexate, prednisone; IV = intravenous; NHL =
non-Hodgkin lymphoma; DLBCL = diffuse large B-cell lymphoma; OR = objective response; ORR = overall response rate. See reference list

/)
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nently due to adverse events (Topp et al., 2015). Of
the population, 15% experienced a fatal adverse
event, the majority attributed to infection (Topp et
al., 2015), and none was reported in patients who
had achieved remission.

Blinatumomab has black box warnings for
CRS and neurologic toxicities. In this phase II
study, three patients (2%) experienced grade 3
CRS, defined according to the National Cancer In-
stitute Common Terminology Criteria for Adverse
Events (NCI-CTCAE) version 4.0 (Topp et al.,
2015). Signs and symptoms associated with CRS
include, but may not be limited to, fever, asthenia,
headache, nausea, transaminitis, hyperbilirubine-
mia, and hypotension (Amgen, 2014).

Due to immune system activation and T-cell
expansion, increased levels of cytokines have been
observed within the first 2 days after the start of
blinatumomab (Amgen, 2014). In this phase II study,
CRS was uncommon and less severe in comparison
to a previous single-center phase II study (Topp et
al., 2014), likely secondary to the recommended dose
escalation as well as the prephase dexamethasone
therapy required in patients with a high tumor bur-
den (Topp et al., 2015). Infusion reactions may pres-
ent in a similar manner as CRS and may be mitigated
by premedicating with dexamethasone.

Neurologic toxicities of any grade were re-
ported in 52% of patients in the phase II study
(Topp et al., 2015). The majority of the events were
grade 1/2 (76%), and the events most commonly
reported (= 5%) as tremor, dizziness, confusion,
encephalopathy, ataxia, and somnolence. These
events occurred early on in therapy, with 87% re-
ported in cycle 1, and a median time to onset was
7 days (Amgen, 2014). Grade 3 and 4 neurologic
toxicities were reported in 11% and 2% of patients,
respectively. Table 3 highlights the most common
grade 3/4 neurologic toxicities reported.

DOSING AND ADMINISTRATION
Blinatumomab is given as a flat-dose continuous
infusion for 28 straight days followed by a 2-week
treatment-free period. In cycle 1, patients are given
9 ug/day for 7 days; if that is tolerated, the dose is
escalated to 28 ug/day thereafter. All future cycles
consist of the 28 ug/day dosing only. Hospitalization
with close monitoring of infusion reactions and CRS
is recommended for at least the first 9 days of cycle 1

/Table 2. Most Common (2 20%) Adverse Drug h
Reactions of Any Grade

ADR N (%)

Pyrexia N3 (60%)

Headache 65 (34%)

Febrile neutropenia 53 (28%)

Peripheral edema 49 (26%)

Nausea 46 (24%)

Hypokalemia 45 (24%)

Constipation 39 (21%)

Anemia 38 (20%)

Note. ADR = adverse drug reaction. Information from

Qopp et al. (2015). )

and the first 2 days of cycle 2. If the continuous infu-
sion is withheld for more than 4 consecutive hours
for any reason, reinitiation should occur under close
medical supervision or within a hospital. As a pre-
ventive measure, dexamethasone at 20 mg should be
given 1 hour prior to the first dose of each cycle, prior
to dose escalation on day 8 of cycle 1, and prior to re-
initiation if the infusion is held for more than 4 hours.

Dosing adjustments and alterations of the in-
fusion schedule are recommended based upon
the grading of toxicities using the NCI-CTCAE.
For any grade 3 toxicity, the infusion of blinatu-
momab should be held until the toxicity resolves to
grade 1 or lower. Once the infusion is restarted, the
9-ug/day dosing should be used for the first 7 days;
if that is tolerated, the infusion can be reescalated
to 28 ug/day. If toxicity recurs at the 9-ug/day dos-
ing level, blinatumomab should be discontinued
permanently. In addition, if blinatumomab results
in more than one seizure or any grade 4 toxicity, it
should be discontinued permanently.

The administration of blinatumomab should
occur through a dedicated lumen, and the line
should never be flushed, even when infusion bags
are changed. The doses should be delivered at a
constant flow rate through an infusion pump. The
infusion bags may be prepared to last either 24
hours (1 dose) or 48 hours (2 doses). The concen-
tration of these bags will vary, but not the volume.
Therefore, the recommended continuous infusion
rates are 10 mL/hr and 5 mL/hr, respectively. At
the time of bag change (24 or 48 hours from initia-
tion), any unused solution in the intravenous line
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Q )

Table 3. Grade 3/4 Neurologic Events

Grade 3° Grade 4
ADR N (%) N (%)
Encephalopathy 5 (3%) 1(<1%)
Confusional state 3 (2%) NA
Nervous system disorder 3(2%) NA
Ataxia NA 1(<1%)
Convulsion NA 1(<1%)
Febrile delirium NA 1(<1%)
Note. ADR = adverse drug reaction. Information from
Topp et al. (2015).
aMost common (= 2%) grade 3 neurologic events.

or infusion bag should be discarded per institu-
tional policy (Amgen, 2014).

PRACTICE IMPLICATIONS

Blinatumomab is a complex therapy, due to its
properties and mechanism of action as well as the
logistics involved with drug preparation, adminis-
tration, and management of toxicities. It is imper-
ative for patients to receive therapy under the care
of health-care professionals (HCPs) who have ex-
perience in the use of this drug, with resources for
close patient monitoring.

The FDA has required blinatumomab to have
a Risk Evaluation and Mitigation Strategy (REMS)
program. The program is in place to inform HCPs
about the serious risks associated with blinatumom-
ab, including CRS, neurologic toxicities, and prepa-
ration and administration errors. Within 30 days
of the REMS approval date, Amgen sent an REMS
letter to HCPs, hospital and home health-care phar-
macists, and members of professional societies, who
are likely to prescribe or dispense blinatumomab.
Amgen will repeat the communication every 6
months for 18 months. At 18 months, 3 years, and 7
years from the initial REMS approval date, Amgen
will submit REMS assessments to the FDA.

Institutions administering blinatumomab
should develop an algorithm for the management
of potentially severe adverse effects associated
with this agent, including CRS and neurologic
toxicities. A multidisciplinary approach is need-
ed for the development of institution-specific al-
gorithms. This approach should involve all team
members who care for the patient, including nurs-

es, pharmacists, and physician representatives.

Supportive care measures should be used to
manage CRS, and depending on the severity, in-
fusion interruption, corticosteroids, and/or to-
cilizumab (Actemra) administration may be nec-
essary (Lee et al., 2014). Patients should also be
monitored closely for neurologic toxicities. De-
pending on the grade of severity, supportive care
measures, in addition to infusion interruption, and
the administration of dexamethasone may be nec-
essary to manage neurologic events.

It is important to note that the multicenter, in-
ternational, open-label, single-arm, phase II clini-
cal trial conducted by Topp et al. excluded patients
with a history or presence of clinically relevant
central nervous system (CNS) pathology, includ-
ing epilepsy, seizure, paresis, aphasia, psychosis,
organic brain syndrome, dementia, Parkinson’s
disease, cerebellar disease, stroke, or severe brain
injuries (Topp et al., 2015). Patients with active
CNS involvement of their ALL were also excluded
(Topp et al., 2015). Therefore, there are limited
data available in this patient population.

Patients are required to be hospitalized for
a portion of the cycle. The length of hospitaliza-
tion beyond what is required will be dependent
upon the patient’s safety and tolerability of blina-
tumomab. Therefore, transition of care from in-
patient to outpatient settings for continuation of
therapy may occur. This step requires careful co-
ordination with home infusion and/or outpatient
infusion centers that are trained and qualified to
prepare and administer blinatumomab.

The cost of blinatumomab is a potential barrier
for patients to receive this efficacious therapy. Per
cycle, the cost of blinatumomab is approximately
$106,800 (average wholesale price, $3,814.28 per
35-ug vial; Truven Health Analytics, 2015). This
price does not include other costs that may be as-
sociated with the therapy, such as hospitalization,
drug preparation, drug administration, infusion
pump and supplies, and management of toxicities.
Patients can receive up to two induction cycles, be-
fore CR or CRh might be achieved, increasing the
potential drug cost to approximately $213,600. In
patients who achieve CR or CRh, three additional
cycles of consolidation treatment can be admin-
istered, for a total of up to five cycles, further in-
creasing the cost. The drug cost for blinatumomab
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makes it one of the most expensive oncology drugs
available (Nelson, 2014).

SUMMARY

Up to 50% of adult patients with ALL will re-
lapse with chemoresistant disease (Gokbuget &
Hoelzer, 2009). Treatment options in this setting
are limited, making the development of therapies
with alternative mechanisms of action necessary.
Blinatumomab has demonstrated impressive CR
rates in relapsed or refractory Ph— B-ALL, includ-
ing heavily pretreated patients, leading to its FDA
approval for this indication. It has also been incor-
porated into the NCCN guidelines as a therapeutic
option in this setting (NCCN, 2014).

Blinatumomab has been associated with severe
and life-threatening reactions, including CRS and
neurologic toxicities. Thus, it is prudent to monitor
patients closely for the development of these toxici-
ties. The administration and cost of the agent could
present challenges to its widespread use. Ongoing
research is needed to further define other popula-
tions that may also benefit from this therapy.
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