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Key Points

• In the phase 3 TOWER
study, exposure-
adjusted AE rates were
lower for blinatumomab
vs SOC chemotherapy
in Ph2 B-cell r/r ALL
patients.

• These data further
support the role of
blinatumomab as an
efficacious and well-
tolerated treatment
option for B-cell r/r ALL
patients.

In the phase 3 TOWER study, blinatumomab demonstrated an overall survival benefit over

standard-of-care chemotherapy (SOC) in adults with relapsed or refractory (r/r) Philadelphia

chromosome–negative (Ph2) B-precursor acute lymphoblastic leukemia (ALL). Nearly all

patients in both treatment arms experienced an adverse event (AE), and the incidence rate of

serious AEs was higher for blinatumomab. However, as treatment exposure differed between

the 2 arms, we conducted an exploratory safety analysis comparing exposure-adjusted event

rates (EAERs) of blinatumomab vs SOC. Analyseswere conducted for all patients who received

therapy (safety population). Patients received a median (range) of 2 cycles (1-9) of

blinatumomab (N 5 267) vs 1 cycle (1-4) of SOC (N 5 109). Grade $3 AE rates were generally

higher in cycle 1 of blinatumomab than in cycle 2 (76% vs 37%). After adjusting for time on

treatment, EAERs of grade $3 were significantly lower for blinatumomab vs SOC overall

(10.73 vs 45.27 events per patient-year; P , .001) and for events of clinical interest, including

infections (1.63 vs 6.49 events per patient-year; P, .001), cytopenias (3.64 vs 20.07 events per

patient-year; P , .001), and neurologic events (0.38 vs 0.95 events per patient-year; P 5 .008).

The EAER of grade $3 cytokine-release syndrome was higher for blinatumomab than for

SOC (0.16 vs 0 events per patient-year; P 5 .038). These data further support the role of

blinatumomab as an efficacious and well-tolerated treatment option for patients with r/r Ph2

ALL. This trial was registered at www.clinicaltrials.gov as #NCT02013167.

Introduction

In adults with Philadelphia chromosome–negative (Ph2) B-precursor acute lymphoblastic leukemia
(ALL), cure rates remain relatively low, particularly in patients who relapse or have primary refractory
disease.1-3 Historically, remission rates in relapsed/refractory (r/r) ALL range from 40% to 45% with
median overall survival (OS) of up to 9 months.4-7 Outcomes are particularly poor in patients who relapse
after allogeneic hematopoietic stem cell transplantation (alloHSCT) or within 12 months of remission, in
patients who are primary refractory to induction, and in patients who have received multiple lines of
therapy.4,6-9 In these patients, remission rates are generally 30% or less, and median OS is 3 to 6
months.6-9 Furthermore, multiagent chemotherapy regimens for ALL can be associated with significant
toxicity.2,10 Because of the myelosuppressive nature of some regimens and the underlying disease,
patients are susceptible to serious and sometimes fatal infections.11-13 Thus, prolonged therapy with
multiagent chemotherapy for patients with r/r ALL remains a clinical challenge due to the potential for
cumulative toxicity.
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Blinatumomab, a bispecific T-cell engager antibody construct that
redirects CD31 T cells to lyse CD191 B cells,14 is indicated for the
treatment of patients with r/r B-precursor ALL. The efficacy and safety of
blinatumomab in r/r Ph2 ALL was first demonstrated in single-arm
phase 2 studies15,16 and was recently confirmed in the randomized
phase 3 TOWER study comparing blinatumomabwith standard-of-care
chemotherapy (SOC),17 which demonstrated significantly longer OS
with blinatumomab (median 7.7 vs 4.0 months; hazard ratio, 0.71; 95%
confidence interval, 0.55-0.93; P 5 .01). During the study, nearly all
patients (99%) in both treatment arms experienced an adverse event
(AE); rates of grade $3 AEs were similar (87% vs 92%), but the
rate of serious AEs was higher in the blinatumomab arm (62% vs
45%). However, duration of treatment exposure varied between the
2 arms.18,19 Specifically, patients received a median of 2 cycles (range,
1-9) of blinatumomab comparedwith amedian of 1 cycle (range, 1-4) of
SOC. After adjusting for treatment exposure time, the exposure-
adjusted event rate (EAER) for serious AEswas lower for blinatumomab
(349.4 vs 641.9 events per 100 patient-years of exposure).17

To better characterize the safety of blinatumomab, we conducted
an exploratory analysis of AE data from the phase 3 TOWER study,
comparing AEs in patients treated with blinatumomab vs SOC after
adjusting for varying treatment exposure times. We report that
EAERs were significantly lower for blinatumomab vs SOC overall,
and for AEs of clinical interest, including neurologic events,
gastrointestinal disorders, infections, and cytopenias.

Methods

The TOWER study was an international, randomized, open-label,
phase 3 study of blinatumomab vs SOC in adults ($18 years of
age) with Ph2 r/r B-cell precursor ALL. Eligible patients had
received at least 1 prior intensive multiagent chemotherapy regimen
and were refractory to primary induction or salvage therapy, had
experienced a relapse ,12 months after first remission, or had
relapsed after a second or later remission or after alloHSCT. Other
eligibility criteria included .5% bone marrow blasts, Eastern
Cooperative Oncology Group performance status of #2, and
adequate organ function. Key exclusion criteria included clinically
relevant central nervous system pathology; isolated extramedullary
disease; chemotherapy within 2 weeks of study treatment, immu-
notherapy within 4 weeks, autologous HSCT within 6 weeks, or
alloHSCT within 12 weeks; and acute (grade 2 or higher) or chronic
graft-versus-host disease.

Patients were randomized 2:1 to receive either blinatumomab or
SOC (investigator’s choice of 1 of 4 regimens). Randomization was
stratified by age (,35 years or$35 years), prior salvage therapy (yes
or no), and prior alloHSCT (yes or no). The primary efficacy end point
was OS.

The study was conducted in accordance with the International
Conference on Harmonisation Good Clinical Practice and the
Declaration of Helsinki, and the study protocol was approved by the
institutional review boards of participating institutions. All patients
provided written informed consent. Additional details of the study
design, patient selection, and methods have been published
previously.17

Treatment

Patients received blinatumomab as a continuous IV infusion at fixed
stepwise doses in 6-week cycles: 4 weeks on (9 mg per day for days

1-7 of cycle 1 and then 28 mg per day thereafter) and 2 weeks off
for each cycle. Patients received up to 2 induction cycles and up to
3 consolidation cycles, provided that bone marrow blasts were
#5% after induction. Patients with #5% blasts after consolidation
could continue on maintenance therapy with blinatumomab for up to
12 months. Blinatumomab (28 mg per day) maintenance was
administered in a 12-week cycle (4 weeks on and 8 weeks off).
Dexamethasone premedication (20 mg IV) was required prior to
each infusion and dose step to prevent cytokine-release syndrome
(CRS). Dexamethasone pretreatment (10-24 mg/m2 per day oral or
IV) was also required for patients with high tumor burden (.50%
blasts or$153 109/L peripheral blast count). Inpatient administration
was required for the first 9 days of cycle 1, the first 2 days of cycle 2,
and for any dose step; outpatient administration was permitted
thereafter. Further details on protocol-specified dose interruptions,
reductions, and discontinuations have been described previously.17

Patients assigned to the SOC arm received 1 of 4 regimens
based on investigator’s choice prior to randomization: fludarabine,
cytarabine, and granulocyte colony-stimulating factor plus or minus
anthracycline; a high-dose cytarabine2based regimen; a high-dose
methotrexate–based regimen; or a clofarabine-based regimen (see
“Standard-of-care chemotherapy [SOC] regimens” in supplemental
Data for additional details). Dose adjustments were permitted for
patients older than 60 years of age. Patients received up to 2 cycles
of induction and could continue SOC if bone marrow blasts were
#5% after induction. Dose interruptions, reductions, and discontin-
uations were allowed, but not required, for specific AEs.

Prior to the start of treatment and following each induction and
consolidation cycle, all patients received intrathecal central nervous
system prophylaxis treatment (eg, methotrexate, cytarabine, dexa-
methasone, or hydrocortisone) according to institutional or national
guidelines. Patients could discontinue study treatment any time
after cycle 1 and proceed to alloHSCT, per investigator discretion.

Safety assessments

Safety end points included the incidence of treatment-emergent AEs,
serious and fatal AEs, and changes in select vital signs and laboratory
parameters. Patients were monitored for treatment-emergent AEs
throughout the treatment period and up to 30 days after their last
study treatment, or prior to undergoing transplant. Based on prior
studies of blinatumomab,15,16 AE categories of interest included
neurologic events, CRS, infections, elevated liver enzymes, tumor
lysis syndrome, acute pancreatitis, cytopenias, decreased immuno-
globulins, and leukoencephalopathy; gastrointestinal disorders were
included for SOC. AEs were classified according to Medical
Dictionary for Regulatory Activities (version 18.1) terminology and
were graded according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE; version 4.0).20

Statistical analyses

Safety analyses were conducted with the safety population, defined
as all patients who received any protocol-specified therapy who
were analyzed according to their received treatment. Exposure
adjustment of the safety data was an exploratory analysis. EAERs
from each treatment arm were estimated by dividing the number of
events reported by the total exposure time of the patients in the
treatment arm. Total exposure time was the summation of exposure
(time from first dose until either last dose date plus 30 days or the
data cutoff date) from all patients in a treatment group converted to
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patient-year unit of time. To compare EAERs between treatment
arms, a Poisson regression model was used, with number of events
as the dependent variable and log (exposure time) as the offset.
All statistical tests were 2-sided with P , .05 used to identify
significance; there were no adjustments for multiple comparisons.
Statistical analyses were conducted with SAS software (version 9.4
or later). All study data were available to all authors.

Results

Between January 2014 and September 2015, 405 patients were
randomized to blinatumomab and SOC, with 267 and 109 patients,
respectively, receiving study treatment and comprising the safety
population (Figure 1). Demographic and baseline characteristics for
the safety population were balanced between both treatment arms
(Table 1) and similar to those of the intention-to-treat population.17

This was a heavily pretreated population with high tumor burden.
More than 75% of patients had $50% bone marrow blasts, and
approximately half either had received 1 or more prior salvage
regimens or were refractory to primary or salvage therapy.

At the time of data cutoff (4 January 2016), patients in the blinatumomab
arm had received a median of 2 cycles (range, 1-9) of treatment, with
59 patients initiating consolidation and 27 initiating maintenance (6 or

more cycles), with 3 completing the maintenance phase. The median
duration of treatment was 54.1 days (range, 0-258) and the median
cumulative dose was 1264.9 mg (range, 4-6935). In the SOC arm,
patients had received a median of 1 cycle (range, 1-4) of treatment.
The most frequently used chemotherapy regimen was fludarabine,
cytarabine, and granulocyte colony-stimulating factor with or without
anthracycline (45% [n 5 49]), followed by high-dose methotrexate
(20% [n 5 22]), and high-dose cytarabine and clofarabine-based
regimens (17% [n 5 19] for each). Three patients initiated 3 to 4
cycles of SOC, with no patients receiving $5 cycles. The total
treatment exposure was longer in the blinatumomab arm than in the
SOC arm (89.0 vs 14.8 patient-years).

Incidence rates of treatment-emergent AEs

Nearly all patients in both treatment arms experienced at least 1
treatment-emergent AE of any grade (99% in each arm) (supplemental
Table 1). Among AE categories of interest, relative incidence rates of
any grade were higher in the blinatumomab arm compared with SOC
for CRS (16% vs 0%), neurologic events (61% vs 50%), and tumor
lysis syndrome (4% vs 1%), but were lower for cytopenias (60% vs
72%). Overall, the incidence of gastrointestinal disorders, including
diarrhea, nausea, and vomiting, was lower in the blinatumomab arm

468 patients screened

405 patients randomized

271 randomized to blinatumomab 134 randomized to chemotherapy

4 did not receive blinatumomab*
    1 patient request
    0 adverse event
    2 death
    1 other

25 did not receive chemotherapy*
    22 patient request
    2 adverse event
    1 death

Safety population

267 received blinatumomab 109 received chemotherapy

267 analyzed safety 109 analyzed safety

*Not included in safety analyses

22 continuing treatment
245 discontinued

60 ended induction early
 (disease progression)
59 intention to receive alloHSCT
33 adverse event
33 relapsed after CR/CRh/CRi
     on treatment
20 death
18 intention to receive other therapy
13 completed induction without
 CR/CRh/CRi
  6 patient request
  3 reached end of maintenance period

24 ended induction early
     (disease progression)
31 intention to receive alloHSCT
  5 adverse event
  3 relapsed after CR/CRh/CRi
     on treatment
17 death
23 intention to receive other therapy
  2 completed induction without
     CR/CRh/CRi
  4 patient request
  0 reached end of maintenance period

  0 continuing treatment
109 discontinued

Figure 1. Patient disposition. Data cutoff was 4 January

2016. CR, complete remission; CRh, complete remission with

partial hematologic recovery; CRi, complete remission with

incomplete hematologic recovery.
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compared with the SOC arm (56% vs 80%). The rate of grade $3
AEs was also similar between treatment arms (87% vs 92%). Grade
$3 neutropenia (18% vs 27%) and infections (34% vs 52%)
occurred at a lower rate with blinatumomab than with SOC,
whereas CRS was higher (5% vs 0%) (Table 2).

Table 1. Patient characteristics for the safety population

Characteristic

Blinatumomab,

N 5 267

SOC,

N 5 109

Mean age (range), y 40.7 (18-80) 41.0 (18-76)

Male sex, n (%) 159 (60) 64 (59)

ECOG performance status, n (%)

0 95 (36) 41 (38)

1 133 (50) 48 (44)

2 39 (15) 19 (17)

Unknown 0 (0) 1 (1)

Key inclusion criteria, n (%)

Refractory to primary or salvage therapy 112 (42) 43 (39)

First relapse, first remission ,12 mo 76 (28) 30 (28)

Untreated second or greater relapse* 31 (12) 14 (13)

Relapsed after alloHSCT* 46 (17) 22 (20)

No criteria met 2 (1) 0 (0)

Prior alloHSCT, n (%)

Yes 93 (35) 35 (32)

No 173 (65) 73 (67)

Unknown 1 (,1) 1 (1)

First relapse with remission duration <12 mo, n (%)

Yes 108 (40) 37 (34)

No 158 (59) 72 (66)

Unknown 1 (,1) 0 (0)

Salvage status, n (%)

First 112 (42) 55 (50)

Second 91 (34) 34 (31)

Third or later 64 (24) 20 (18)

Bone marrow blasts (central/local), n (%)

.5% to ,10% 9 (3) 4 (4)

10% to ,50% 60 (22) 19 (17)

$50% 198 (74) 86 (79)

Peripheral blasts, n (%)

0 116 (43) 43 (39)

1 to 5 3 109/L 70 (26) 40 (37)

.5 3 109/L 31 (12) 12 (11)

Unknown 50 (19) 14 (13)

White blood cells at diagnosis, n (%)

,30 3 109/L 141 (53) 50 (46)

$30 3 109/L 69 (26) 34 (31)

Unknown 57 (21) 25 (23)

Platelets, mean (range), 3 109/L 71.3 (2-454) 93.1 (8-580)

ALT or AST .33 ULN, n (%) 35 (13) 10 (9)

Patients with history of events of clinical interest, n (%)

Neutropenias 58 (22) 15 (14)

Thrombocytopenias 76 (28) 34 (31)

Leukopenias 15 (6) 4 (4)

Acute and chronic pancreatitis 2 (1) 3 (3)

Injection and infusion site reaction 1 (,1) 2 (2)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ECOG, Eastern Co-
operative Oncology Group; ULN, upper limit of normal.
*Patients who met none of the above inclusion criteria.

Table 2. Treatment-emergent AEs of clinical interest grade ‡3:
incidence rates

No. of patients (%)

Event

Blinatumomab,

N 5 267

SOC,

N 5 109

Any AE 231 (87) 100 (92)

Cytokine release syndrome 13 (5) 0

Cytokine release syndrome 9 (3) 0

Hematophagic histiocytosis 4 (1) 0

Cytokine storm 0 0

Tumor lysis syndrome 8 (3) 1 (1)

Acute pancreatitis 1 (,1) 1 (1)

Neurologic events 25 (9) 9 (8)

Headache 1 (,1) 3 (3)

Insomnia 1 (,1) 0

Tremor 1 (,1) 0

Dizziness 1 (,1) 0

Somnolence 3 (1) 0

Seizure 2 (1) 3 (3)

Gastrointestinal disorders 19 (7) 15 (14)

Diarrhea 3 (1) 1 (1)

Nausea 0 3 (3)

Constipation 0 0

Vomiting 0 1 (1)

Stomatitis 4 (1) 2 (2)

Abdominal pain 4 (1) 3 (3)

Dyspepsia 0 0

Infections 91 (34) 57 (52)

Cytopenias 141 (53) 74 (68)

Febrile neutropenia 57 (21) 38 (35)

Neutropenia 47 (18) 29 (27)

Thrombocytopenia 39 (15) 30 (28)

Decreased platelets 11 (4) 13 (12)

Decreased white blood cells 12 (4) 6 (6)

Decreased neutrophils 10 (4) 11 (10)

Leukopenia 8 (3) 5 (5)

Decreased lymphocytes 3 (1) 4 (4)

Lymphopenia 1 (,1) 0

Elevated liver enzymes 34 (13) 16 (15)

Progressive multifocal
leukoencephalopathy

2 (1) 0

Decreased immunoglobulins 7 (3) 0

Other AEs of interest

Pyrexia 19 (7) 5 (5)

Anemia 53 (20) 38 (35)

Data are summarized for all patients who received at least 1 dose of study treatment.
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Treatment interruption due to AEs occurred in 32% (n 5 86) of
patients in the blinatumomab arm and in 6% (n 5 6) in the SOC
arm, and discontinuations due to AEs occurred in 12% (n 5 33)
and 8% (n 5 9), respectively. The most common AEs leading
to treatment discontinuation were infections (3% [n 5 9] for
blinatumomab and 5% [n 5 5] for SOC). Discontinuation due to
neurologic events was 3% (n5 8) in the blinatumomab arm and 1%
(n 5 1) in the SOC arm.

Fatal AE incidence rates were similar between blinatumomab
and SOC (19% [n5 51] vs 17% [n5 19]). The most common fatal
AEs in both arms were infections (blinatumomab, 11% [n 5 30];
and SOC, 12% [n 5 13]), which included sepsis (3% [n 5 8] and
4% [n 5 4]). Fatal AEs considered related to blinatumomab (3%
[n5 8]) included respiratory failure (n5 1), acute respiratory failure
(n 5 1), bronchopulmonary aspergillosis (n5 1), bacterial infection
(n 5 1), neutropenic sepsis (n 5 1), sepsis syndrome (n 5 1),
and sepsis (n 5 2). In the SOC arm, fatal AEs considered
treatment related (7% [n 5 8]) included Pseudomonas infection
(n 5 1), systemic candidiasis (n 5 1), fungal pneumonia (n 5 1),
enterococcal infection (n 5 1), bacteremia (n 5 1), sepsis (n 5 2),
and acute kidney injury (n 5 1).

Incidence rates of treatment-emergent AEs during

cycles 1 and 2 of treatment

The majority of AEs occurred during induction in both treatment
arms (Figure 2). In the blinatumomab arm, the incidence rate for any

grade AE decreased from cycle 1 to cycle 2 (97% vs 81%,
respectively) (supplemental Table 2). This drop corresponded to a
decrease in the rate of blinatumomab treatment interruptions due to
AEs from cycle 1 to 2 (24% [n 5 65] and 6% [n 5 15]) and
discontinuations due to AEs (10% [n 5 26] and 1% [n 5 3]). For
individual AEs of any grade, incidence rates decreased between
cycle 1 and 2 for febrile neutropenia (22% and 4%), thrombocy-
topenia (16% and 3%), headache (23% and 9%), and CRS (13%
and 3%). The incidence rate of grade$3 AEs also decreased from
cycle 1 to cycle 2 (76% vs 37%) in the blinatumomab arm, with
decreases for cytopenias (44% and 16%), infections (23% and
11%), neurologic events (7% and 3%), and CRS (4% and 1%)
(Table 3).

First onset of CRS and neurologic events usually occurred within
cycle 1 of blinatumomab treatment. Median time to first onset was
2 days (range, 1-254) for any grade CRS, 4 days (range, 1-254) for
grade $3 CRS, 7 days (range, 1-190) for neurologic events of any
grade, and 18 days (range, 1-401) for grade $3 neurologic events.
The median time to first onset of infection was more delayed at
17 days (range, 1-246) for any grade and 24 days (range, 1-246) for
grade $3.

EAERs for treatment-emergent AEs

A total of 4108 AEs (955 events grade $3) were reported among
the 267 patients who received blinatumomab, compared with 2037
events (650 events grade $3) among the 109 patients who
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Figure 2. Incidence of treatment-emergent AEs by

treatment cycle. For (A) blinatumomab and (B) SOC.
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received SOC. After adjusting for treatment exposure time, the
overall EAER was significantly lower for blinatumomab vs SOC for
any grade AEs (46.16 vs 137.64 events per patient-year; P,.001),
for grade $3 AEs (10.73 vs 45.27 events per patient-year;
P ,.001), and for fatal AEs (0.57 vs 1.28 events per patient-year;
P 5 .005). There was no statistically significant difference between
treatment arms for exposure-adjusted treatment interruptions due
to AEs (1.64 vs 1.22 events per patient-year; P 5 .21), whereas

exposure-adjusted treatment discontinuations due to AEs were lower in
the blinatumomab arm (0.45 vs 0.88 events per patient-year;P5 .048).

Among AE categories of interest, differences between blinatu-
momab and SOC were observed, particularly EAERs of any
grade for gastrointestinal disorders (4.52 vs 22.91; P , .001),
cytopenias (5.25 vs 23.99; P , .001), and infections (4.36 vs 12.16;
P, .001) (supplemental Table 3). For grade$3 events, EAERs were

Table 3. Treatment-emergent AEs of clinical interest grade ‡3: incidence rates in cycles 1 and 2

Blinatumomab, N 5 267 SOC, N 5 109

Cycle 1, n 5 267 Cycle 2, n 5 151 Cycle 1, n 5 109 Cycle 2, n 5 28

Any AE 202 (76) 56 (37) 98 (90) 20 (71)

Cytokine release syndrome 11 (4) 1 (1) 0 0

Cytokine release syndrome 8 (3) 1 (1) 0 0

Hematophagic histiocytosis 3 (1) 0 0 0

Cytokine storm 0 0 0 0

Tumor lysis syndrome 8 (3) 0 1 (1) 0

Acute pancreatitis 1 (,1) 0 0 1 (4)

Neurologic events 19 (7) 4 (3) 9 (8) 1 (4)

Headache 1 (,1) 0 3 (3) 0

Insomnia 1 (,1) 0 0 0

Tremor 1 (,1) 0 0 0

Dizziness 1 (,1) 0 0 0

Somnolence 3 (1) 0 0 0

Seizure 2 (1) 0 3 (3) 0

Gastrointestinal disorders 11 (4) 3 (2) 12 (11) 3 (11)

Diarrhea 2 (1) 1 (1) 1 (1) 0

Nausea 0 0 3 (3) 0

Constipation 0 0 0 0

Vomiting 0 0 0 1 (4)

Stomatitis 0 2 (1) 2 (2) 0

Abdominal pain 3 (1) 0 2 (2) 1 (4)

Dyspepsia 0 0 0 0

Infections 61 (23) 17 (11) 52 (48) 8 (29)

Cytopenias 118 (44) 24 (16) 74 (68) 17 (61)

Febrile neutropenia 52 (19) 5 (3) 36 (33) 9 (32)

Neutropenia 28 (10) 14 (9) 28 (26) 7 (25)

Thrombocytopenia 37 (14) 0 29 (27) 9 (32)

Decreased platelets 10 (4) 1 (1) 11 (10) 3 (11)

Decreased white blood cells 10 (4) 2 (1) 5 (5) 1 (4)

Decreased neutrophils 7 (3) 1 (1) 9 (8) 5 (18)

Leukopenia 8 (3) 2 (1) 4 (4) 1 (4)

Decreased lymphocytes 2 (1) 0 4 (4) 0

Lymphopenia 1 (,1) 0 0 0

Elevated liver enzymes 32 (12) 2 (1) 14 (13) 3 (11)

Progressive multifocal leukoencephalopathy 1 (,1) 0 0 0

Decreased immunoglobulins 0 3 (2) 0 0

Other AEs of interest

Pyrexia 15 (6) 2 (1) 4 (4) 1 (4)

Anemia 51 (19) 1 (1) 37 (34) 9 (32)

Values are n (%).

10 JULY 2018 x VOLUME 2, NUMBER 13 SAFETY OF BLINATUMOMAB VS CHEMOTHERAPY IN ALL 1527



lower for blinatumomab compared with SOC for neurologic events
(0.38 vs 0.95 events per patient-year; P 5 .008), gastrointestinal
disorders (0.28 vs 1.49 events per patient-year; P , .001),
infections (1.63 vs 6.49 events per patient-year; P , .001),
cytopenias (3.64 vs 20.07 events per patient-year; P , .001), and
elevated liver enzymes (0.65 vs 1.89 events per patient-year;
P , .001) (Table 4). The EAER was higher in the blinatumomab
arm for grade $3 CRS (0.16 vs 0 events per patient-year;
P 5 .038). There was no statistically significant difference between
treatment arms for grade $3 tumor lysis syndrome (0.09 vs 0.07
events per patient-year; P 5 .780). EAERs were generally lower
with blinatumomab for cytopenias of grade $3.

Overall, 311 AEs in the blinatumomab arm and 95 AEs in the
SOC were classified as serious. The EAER profiles of events of
interest were generally consistent with those for grade $3
events. Infections were the most common serious AEs by system
organ class, with an EAER of 1.17 events per patient-year for
blinatumomab and 2.91 events per patient-year for SOC. Other
serious AEs by system organ class included gastrointestinal
disorders (0.10 and 0.20 events per patient-year for blinatumo-
mab and SOC, respectively). Among other serious AEs of interest
by preferred term, EAERs for serious febrile neutropenia were
0.32 events per patient-year for blinatumomab and 0.81 events
per patient-year for SOC. Serious tumor lysis syndrome occurred
at an EAER of 0.03 events per patient-year in the blinatumomab
arm, and serious CRS occurred at an EAER of 0.08 events per
patient-year; there were no serious tumor lysis syndrome or CRS
events in the SOC arm. Of 22 grade $3 pyrexia events in the
blinatumomab arm, 20 were classified as serious with an EAER of
0.23 events per patient-year, whereas 1 of 8 grade $3 pyrexia
events was classified as serious in the SOC arm with an EAER of
0.07 per patient-year.

Discussion

In this exploratory analysis of the phase 3 TOWER study in adults
with r/r ALL, blinatumomab showed an AE profile that was well
tolerated compared with SOC and consistent with that previously
reported in r/r ALL.15,16,21 Nearly all patients (99%) in both
treatment arms experienced at least 1 AE regardless of causality
during treatment. In the blinatumomab arm, the majority of AEs
occurred during cycle 1, and AE incidence rates generally
decreased during cycle 2, consolidation, and maintenance. Fatal
AEs were primarily related to infection in both treatment arms.
Exposure-adjusted AE rates were generally lower for blinatumomab
compared with SOC, including those for grade $3 cytopenias and
infections. The EAER rate for CRS was higher in the blinatumomab
arm, which is likely related to its mode of action.

Prior single-arm studies with blinatumomab identified AEs of
interest, including infection, neurologic events, CRS, and tumor lysis
syndrome.15,16,21 Infection has been a clinical challenge in treating
patients with r/r ALL and is a common cause of morbidity and
mortality with SOC.11-13 There was a notable difference in the EAERs
for grade $3 infections between blinatumomab and SOC (1.63 vs
6.49 events per patient-year), which corresponded to a lower EAER
of fatal AEs for blinatumomab compared with SOC (0.57 vs 1.28
events per patient-year, respectively). In addition, the rate of infections
decreased from .50% during induction to ;40% during blinatu-
momab maintenance therapy, which corresponded to a similar
decrease in cytopenias from.50% to;11%. A better understanding

of potential correlations between infection and cytopenias, and
with decreases in immunoglobulins, may inform patient manage-
ment strategies.22 An analysis of lymphocyte subpopulations in
patients enrolled in a phase 2 study of blinatumomab in ALL
showed a drop in both B cells and T cells within a few days of
treatment initiation.23 Although B cells continued to be sup-
pressed during treatment, T cells recovered within a few days and
expanded over the subsequent 2 to 3 weeks.

Neurologic AEs associated with blinatumomab during the TOWER
study were consistent with prior studies.15,16,21 Here, the inci-
dence rate of neurologic AEs of any grade was higher in the
blinatumomab arm than in the SOC arm (61% vs 50%), as was
the rate of discontinuations due to neurologic AEs (3% vs 1%).
However, the rate of grade$3 neurologic AEs was similar between
the treatment arms, and taking into account the differences in time
on treatment, the EAER for grade $3 neurologic events was lower
for blinatumomab than for SOC. In the exposure-adjusted analysis,
grade $3 seizures were infrequent in both arms and were less
frequent with blinatumomab than with SOC. The etiology of
blinatumomab-associated neurologic events is unknown, but
these events can usually be managed with dexamethasone
treatment.15

The rate of CRS events in the current study was consistent with
that of the earlier, single-arm phase 2 blinatumomab study.15 The
phase 2 study also used the dose step and dexamethasone
premedication, which, in addition to the prephase dexamethasone
treatment of patients with high tumor burden, has effectively
mitigated CRS.15,16 In the phase 2 study, an analysis of lymphocyte
subpopulations showed a transient release of cytokines within the
first few days of cycle 1 of blinatumomab treatment (dominated by
interleukin-10, interleukin-6, and interferon-g) that declined quickly
and was not observed during cycle 2.23 Regardless, CRS
requires careful monitoring, as it is associated with symptoms
that overlap with pyrexia, neutropenia, infection, and tumor lysis
syndrome, but differs in management.24 The rate of serious
pyrexia events in the blinatumomab arm of the TOWER study may
reflect the concern of investigators for patients developing CRS
or infection.

Other AEs of clinical interest were consistent with the mode of action
for blinatumomab, including tumor lysis syndrome and a decrease in
immunoglobulins, both with low rates of grade $3 events. The rate of
elevated liver enzymes in the blinatumomab arm was similar to that
reported in the phase 2 study.16 Transient elevations in liver enzymes
are known to occur with blinatumomab.25 The incidence rate of
elevated liver enzymes was similar between the blinatumomab and
SOC arms, whereas the EAER for grade $3 events was lower for
blinatumomab. There were no incidences of drug-induced liver
injury with jaundice in either treatment arm.

As longer exposure in a randomized trial also means longer
observation time for AEs, exposure adjustment is helpful to
better characterize the safety profile of both interventions when
the treatment duration in both arms differs strongly. Additionally,
unadjusted incidence rates can underestimate the relevance
of delayed events.18,19 Here, we have demonstrated that the
exposure-adjusted safety profile of blinatumomab supports extended
treatment compared with SOC. There were no delayed events that
would preclude blinatumomab consolidation or maintenance therapy.
A potential limitation of this approach is that rates for acute AEs may
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be diluted in the arm with greater exposure.18,19,26 To address this
possibility, we have provided both incidence rates and exposure-
adjusted rates. Future analyses will evaluate safety during blinatu-
momab maintenance therapy, and the potential impact of inpatient
blinatumomab administration on the safety and tolerability profile.

The safety data reported here further characterize the benefit-
to-risk profile of blinatumomab. In the primary analysis, blinatu-
momab achieved a significantly higher composite complete
remission (CR) rate (full, partial, or incomplete hematologic
recovery) within 12 weeks of treatment initiation compared with

Table 4. Exposure-adjusted event rates for grade ‡3 treatment-emergent AEs of clinical interest

Blinatumomab, N 5 267

(total treatment exposure, 89.0 y)

SOC chemotherapy, N 5 109

(total treatment exposure, 14.8 y)

No. of events Exposure-adjusted event rate* No. of events Exposure-adjusted event rate* P†

Cytokine release syndrome 14 0.16 0 0 .038‡

Cytokine release syndrome 9 0.10 0 0 .096

Hematophagic histiocytosis 5 0.06 0 0 —

Cytokine storm 0 0 0 0 —

Tumor lysis syndrome 8 0.09 1 0.07 .780

Acute pancreatitis 1 0.01 1 0.07 .232

Neurologic events 34 0.38 14 0.95 .008§

Headache 1 0.01 3 0.20 .006§

Insomnia 1 0.01 0 0 —

Tremor 1 0.01 0 0 —

Dizziness 1 0.01 0 0 —

Somnolence 3 0.03 0 0 —

Seizure 2 0.02 3 0.20 .018§

Gastrointestinal disorders 25 0.28 22 1.49 ,.001§

Diarrhea 3 0.03 1 0.07 .572

Nausea 0 0 3 0.20 —

Constipation 0 0 0 0 —

Vomiting 0 0 1 0.07 —

Stomatitis 4 0.05 2 0.14 .240

Abdominal pain 4 0.05 5 0.34 .004§

Dyspepsia 0 0 0 0 —

Infections 145 1.63 96 6.49 ,.001§

Cytopenias 324 3.64 297 20.07 ,.001§

Febrile neutropenia 71 0.80 48 3.24 ,.001§

Neutropenia 77 0.87 41 2.77 ,.001§

Thrombocytopenia 71 0.80 97 6.55 ,.001§

Decreased platelets 33 0.37 64 4.32 ,.001§

Decreased white blood cells 20 0.23 8 0.54 .051

Decreased neutrophils 17 0.19 22 1.49 ,.001§

Leukopenia 18 0.20 5 0.34 .335

Decreased lymphocytes 3 0.03 4 0.27 .008§

Lymphopenia 1 0.01 0 0 —

Elevated liver enzymes 58 0.65 28 1.89 ,.001§

Progressive multifocal leukoencephalopathy 3 0.03 0 0 —

Decreased immunoglobulins 7 0.08 0 0 —

Other AEs of interest

Pyrexia 22 0.25 8 0.54 .076

Anemia 100 1.12 81 5.47 ,.001§

—, not estimable.
*Per patient-year.
†P value comparing blinatumomab vs SOC from a Poisson regression model using number of AEs as the dependent variable and log(exposure time) as offset.
‡Favors SOC.
§Favors blinatumomab arm.
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SOC (44% vs 25%; P , .001), a significantly higher rate of CR
with full hematologic recovery (34% vs 16%; P , .001), and a
longer duration of remission (7.3 vs 4.6 months).17 Among
patients who achieved CR with or without full hematologic
recovery, minimal residual disease negativity was observed in
76% of patients in the blinatumomab arm compared with only
48% in the SOC arm. Consistent with these differential response
outcomes, longer OS was observed with blinatumomab as
compared with SOC (median 7.7 vs 4.0 months; hazard ratio,
0.71; 95% confidence interval, 0.55 to 0.93; P 5 .01).

In summary, the data reported here further support the role of
blinatumomab as an efficacious and well-tolerated treatment option
for patients with r/r Ph2 ALL. Compared with SOC, patients
receiving blinatumomab showed a notable decrease in rates of AEs
as treatment progressed (including decreased CRS and neurologic
events), and the types of AEs observed were consistent with those
previously reported for blinatumomab.
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