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Key Points

• Real-world experience
endorses higher re-
sponse rate with blina-
tumomab compared
with conventional che-
motherapy in RR ALL.

•Blinatumomab and ty-
rosine kinase inhibitor
combination is safe and
effective in improving
long-term outcome of
RR Ph1 B-cell ALL
patients.

The availability and use of blinatumomab symbolizes a paradigm shift in themanagement of

B-cell acute lymphoblastic leukemia (ALL).We conducted a retrospectivemulticenter cohort

analysis of 239 ALL patients (227 relapsed refractory [RR], n5 227; minimal residual disease

[MRD], n 5 12) who received blinatumomab outside of clinical trials to evaluate safety and

efficacy in the “real-world” setting. The median age of patients at blinatumomab initiation

was 48 years (range, 18-85). Sixty-one (26%) patients had $3 prior therapies and 46 (19%)

had allogeneic hematopoietic cell transplantation before blinatumomab. The response rate

(complete remission/complete remission with incomplete count recovery) in patients with

RR disease was 65% (47% MRD2). Among 12 patients who received blinatumomab for MRD,

9 (75%) patients achieved MRD negativity. In patients with RR disease, median relapse-free

survival and overall survival (OS) after blinatumomab was 32 months and 12.7 months,

respectively. Among patients who received blinatumomab for MRD, median relapse-free

survival was not reached (54%MRD2 at 2 years) and OSwas 34.7months. Grade$3 cytokine

release syndrome, neurotoxicity, and hepatotoxicity were observed in 3%, 7%, and 10%

of patients, respectively. Among patients who achieved complete remission/complete

remission with incomplete count recovery, consolidation therapy with allogeneic

hematopoietic cell transplantation retained favorable prognostic significance for OS (hazard

ratio, 0.54; 95% confidence interval, 0.30-0.97; P 5 .04). In this largest “real-world”

experience published to date, blinatumomab demonstrated responses comparable to those

reported in clinical trials. The optimal sequencing of newer therapies in ALL requires

further study.

Introduction

Treatment of relapsed refractory (RR) B-cell acute lymphoblastic leukemia (ALL) is challenging
because of chemo-resistance and toxicity of cytotoxic therapies. Response rates to conventional
salvage chemotherapy regimens are in the range of 20% to 40% and the duration of remissions are
short-lived.1-4 The aim in this subset of patients is to achieve remission with minimal toxicity and to
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attain response for sufficient duration to successfully bridge to
allogeneic hematopoietic cell transplantation (allo-HCT). In this
context, blinatumomab has emerged as a novel therapy and
promises to achieve desired results. Blinatumomab is a bispe-
cific T-cell antibody construct that binds and allows CD31

cytotoxic T cells to recognize and eradicate CD191 ALL blasts.5

In a phase 3, randomized controlled trial (Blinatumomab Versus
Standard of Care Chemotherapy in Patients With Relapsed or
Refractory Acute Lymphoblastic Leukemia), when compared
with standard of care conventional chemotherapy, blinatumo-
mab was superior in inducing complete remission (CR) (34% vs
16%, P , .001) and improving overall survival (OS; 7.7 vs 4.0
months, P 5 .01) in patients with RR B-cell ALL.5 Cytokine
release syndrome (CRS) and neurological adverse events were
more common in the blinatumomab arm compared with
conventional chemotherapy. More recently, Stein et al investi-
gated exposure-adjusted adverse events in patients from phase
3 Blinatumomab Versus Standard of Care Chemotherapy in
Patients With Relapsed or Refractory Acute Lymphoblastic
Leukemia study and demonstrated more frequent neurological
adverse events in standard of care arm compared with
blinatumomab.6

Although information regarding the efficacy and toxicity of blinatu-
momab is mainly available through the experience reported in
clinical trials, numerous real-world experiences in other hemato-
logical malignancies suggest that clinical outcomes may differ
outside of these controlled settings with generally more fit
patients.5,7-11 In this study, we evaluated survival outcome and
toxicities of blinatumomab in B-cell ALL patients in the real-world
setting. Furthermore, we explored the feasibility of allo-HCT
following blinatumomab treatment. To our knowledge we report
the largest series of B-cell ALL patients treated with blinatumo-
mab outside of clinical trials.

Methods

We conducted a retrospective multicenter study in collaboration
with 11 academic institutions in the United States. This study
was approved by the institutional review board from each
participating institution. B-cell ALL patients who were age
18 years or older at the time of blinatumomab administration
and who received drug outside of clinical trials were enrolled in
this study. Patients with Philadelphia chromosome [t9,22] (Ph1)
B-cell ALL or those who received blinatumomab for mini-
mal residual disease (MRD) were also included. Medical records
were reviewed to collect demographic, patient-related, disease-
related and clinical outcome data. These patients were evaluated
for response, relapse-free survival (RFS), OS from the time of
blinatumomab initiation, and toxicities. Responses and survival
outcome of patients who received blinatumomab for MRD were
analyzed separately.

CR was defined as 5% or less bone marrow blasts, no evidence of
disease in the bone marrow, and recovery of peripheral blood count
(platelet count of .100000 per microliter and absolute neutrophil
count of .1000 per microliter). Complete remission with in-
complete count recovery (CRi) was defined as 5% or less bone
marrow blast and no evidence of disease in the bone marrow but
with incomplete recovery of peripheral blood count. MRD was
assessed at each participating institution with the use of multicolor
flow cytometry. Extramedullary disease (EMD) was determined by

treating physician’s assessment, supported by radiological (computed
tomography scan or positron emission tomography scan) and/or
histological confirmation.

Statistical analysis

Demographic and disease characteristics were summarized
using descriptive statistics and compared between the study
group using Wilcoxon rank-sum test for continuous and x2

tests for categorical outcomes. Survival curves were estimated
using the Kaplan-Meier method and compared between groups
via the log-rank test. The cumulative incidence of allo-HCT was
estimated using the Nelson-Aalen estimate with death without
allo-HCT as a competing risk. RFS was estimated among
patients achieving a CR/CRi after blinatumomab from the time
of CR/CRi to death or progression. Cox regression was used
for the multivariate analysis with time of allo-HCT as a time-
dependent covariate.

The utilization and effect of allo-HCT was examined among
patients who achieved CR/CRi, with follow-up starting at the first
documented response. The effect of allo-HCT on survival was
visualized using a Simon-Makuch plot, which estimates the survival
experience of 2 hypothetic patients, 1 of whom never gets the
intervention, whereas the other gets it at the time of the earliest
treatment start. The P values were based on Mantel-Byar test. The
incidence of acute graft-versus-host disease (aGVHD) and
chronic graft-versus-host disease (cGVHD) was determined
based on timing of GVHD after allo-HCT. aGVHD within first
100 days of allo-HCT and cGVHD after 100 days after allo-HCT,
as documented in medical records.

Results

Baseline characteristics

From December 2014 to May 2019, 239 patients with B-cell ALL
were identified. Two hundred and twenty-seven (95%) patients
received blinatumomab for RR B-cell ALL and 12 (5%) patients
received blinatumomab for MRD. Baseline characteristics are
summarized in Table 1. The median age of patients at blinatumo-
mab initiation was 48 years (range, 18-85), and 101 (42%)
patients were females. Sixty-one (26%) patients had $3 prior
therapies and 46 (19%) patients had allo-HCT before blinatumo-
mab (data missing on 1 patient). Fifteen (6.5%) patients had
central nervous system (CNS) disease at the time of diagnosis and
39 (17%) patients had CNS disease at the time of relapse/
progression. In the RR group, 221 (97%) patients had bone
marrow disease at blinatumomab initiation, among them 9 (4%)
patients had concurrent active CNS disease. Overall, 10 (4%)
patients had EMD, among them 8 patients had EMD relapse
without bone marrow infiltration at blinatumomab initiation. The
median number of blinatumomab cycles given was 2 (range, 1-5).
Nine patients with active CNS disease received intrathecal
chemotherapy concurrently with blinatumomab. Three patients
received chemotherapy with blinatumomab and 1 patient received
rituximab with blinatumomab. Overall, 61 (25%; n 5 55 [RR], n 5
6 [MRD]) patients with Ph1 B-cell ALL received blinatumomab;
among them, 29 (48%) patients received blinatumomab with
a tyrosine kinase inhibitor (TKI). Among these 29 patients, 16
(55%) patients received ponatinib and 13 (45%) patients received
dasatinib with blinatumomab concomitantly. The dosing of TKI
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was based on anticipated tolerance as per treating physician’s
assessment. Overall, 22 (9%) patients were previously treated
with inotuzumab ozogamicin.

Response

The response rate (CR/CRi) in patients with RR disease was 67%
with 49% of patients achieving CR with MRD negativity (Table 2).
Four (2%) patients were nonevaluable. Among the 12 patients who
received blinatumomab for MRD, 9 (75%) achieved MRD2. In
patients who received blinatumomab for MRD, 1 patient had prior
therapy with inotuzumab ozogamicin. This patient did not achieve
MRD2 with blinatumomab. In patients with RR Ph1 B-cell ALL, the
CR/CRi rate was 74% (n 5 28 [68%] MRD2). In a subgroup of
patients with RR Ph1 B-cell ALL, 23/55 (42%) received
blinatumomab with TKI with CR/CRi rate of 83%. In 32/55 (58%)
patients with Ph1 RR ALL who received blinatumomab without TKI,
the CR/CRi rate was 69%. In MRD1 Ph1 B-cell ALL, 4/6 (66%)
achieved MRD2. Among the patients who were primary refractory
to induction chemotherapy, 35/55 (64%) achieved CR/CRi. One
hundred and twenty-six patients received blinatumomab as first
salvage with CR/CRi rate of 70% and 51 patients received
blinatumomab as second salvage with CR/CRi rate of 65%. Among
patients who had early relapse (,1 year after CR1; n 5 78), CR/
CRi rate was 65%. Patients who had late relapse (.2 years after
CR1; n 5 31), CR/CRi rate was 51%. Among 10 patients with
EMD besides CNS, only 2 had a response with blinatumomab.

Eighty-five (35.5%) patients who achieved remission were suc-
cessfully bridged to allo-HCT. Among 142 RR ALL patients who did
not receive allo-HCT after blinatumomab, 41 (29%) patients had
prior allo-HCT. The median age of the patients was 51 (range,
18-85), 35 (25%) patients were Ph1 and 22 (15%) patients had
MLL gene rearrangement. Twenty-five (18%) patients had primary
refractory disease and the median number of therapies before
blinatumomab was 2 (range, 1-8). Thirty-four (24%) patients had
a history of CNS disease. Among these nontransplant patients,
4 patients died from toxicity, 1 each from CRS, liver failure,
cerebrovascular accident, and septic shock. Sixty-four (45%)
patients achieved CR/CRi (4 patients were not evaluable), among

Table 1. Baseline characteristics (N 5 239)

Value

Age, median (range),* y 48 (18-85)

Female 138 (58)

KPS*

80%-100% 131 (84)

,80% 25 (16)

Missing, n 83

WBC,* median (range) 4.2 (0.01-205)

Missing, n 1

Peripheral blood blast %,* median (range) 0.2 (0.2-97)

Missing, n 10

Ph1 61 (25.5)

t(4,11) 28 (12)

Any cytogenetic abnormality 164 (69)

CNS disease

At diagnosis 15 (6.5)

At relapse/progression 39 (17)

At blinatumomab initiation 9 (4)

Extramedullary disease 10 (4)

No. of therapies before blinatumomab, median (range) 1 (1-7)

Missing, n 1

Blinatumomab as first salvage 126 (53)

Blinatumomab as second salvage 51 (21)

Blinatumomab as third salvage or beyond 62 (26)

No. of patients with $3 therapies 61 (26)

Primary refractory 55 (24)

Time to progression after induction, y

,1 93 (40)

$1-,2 45 (19)

$2-,3 16 (7)

$3 18 (7.5)

Allo-HCT before blinatumomab 46 (19)

Previous treatment with inotuzumab ozogamicin 22 (9)

Blinatumomab with TKI 29 (12)

Blinatumomab with ponatinib 16 (7)

Blinatumomab with dasatinib 13 (5)

Blinatumomab given for MRD 12 (5)

Standard blinatumomab dosing† 218 (91)

MRD dosing8 12 (5)

Reduced dose due to anticipated tolerance 9 (4)

Values are n (%) unless otherwise noted. MRD dosing: cycle 1: 28 mcg/day continuous
IV infusion on days 1-28 of a 42-day cycle. Consolidation, cycle 2-4: 28 mcg/day
continuous IV infusion on days 1-28 of a 42-day cycle.
KPS, Karnofsky performance status.
*At blinatumomab initiation.
†Continuous infusion of 9 mg/kg for 1 week followed by 28 mg/kg infusion for 3 weeks in

6 weekly cycles.

Table 2. Response to blinatumomab

Value, n (%)

Response with blinatumomab in R/R B-cell ALL (N 5 227)

CR 1 CRi 149 (67)

CR with MRD2 109 (49)

CR with MRD1 37 (17)

CRi 3 (1)

Partial remission 8 (4)

Nonevaluable 4 (2)

CR 1 CRi in Ph1 (n 5 55) 41 (74.5)

CR 1 CRi in primary refractory (n 5 55) 35 (64)

CR 1 CRi after salvage 1 (n 5 126) 90 (71)

CR 1 CRi after salvage 2 (n 5 51) 33 (65)

CR 1 CRi after early relapse (,18 months of first remission)
(n 5 121)

78 (64)

CR 1 CRi after late relapse ($36 months of first remission)
(n 5 17)

12 (71)

Response to EMD (n 5 10) 2 (20)

Response with blinatumomab in B-cell ALL with MRD (n 5 12)

No. of patients who achieved MRD2 9 (75)
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them 29 patients who continued therapy until last follow-up. Three
patients received CAR-T cells and 2 patients received donor
lymphocyte infusion with prior history of allo-HCT after responding
to blinatumomab. The remaining 30 patients progressed after
responding initially. The median event-free survival was 5.2 months
(95% confidence interval [CI], 3.4-6.9), RFS was 6.9 months (95%
CI, 3.5-10.2), and OS was 5.5 months (95% CI, 4.0-10.2).

We performed a logistic regression analysis to evaluate predictors
for response (CR/CRi). Patients who received blinatumomab in
combination with TKI and/or chemotherapy had an odds ratio of
4.97 (95% CI, 1.51-16.43; P 5 .008), predicting high likelihood of
achieving CR/CRi. The number of prior therapies .3 vs 1 had an
odds ratio of 0.33 (95% CI, 0.15-0.71; P 5 .004), suggesting less
likelihood of achieving CR/CRi. Ph1 (P 5 .57), MLL gene
rearranged (P5 .38), and CNS1 ALL (P5 .8) did not demonstrate
significant impact on CR/CRi. Similarly, number of prior therapies
(2 vs 1; P 5 .8), time to progression after CR1 ,1 year vs primary
refractory (P5 .53) or 1 to,2 years vs primary refractory (P5 .92)
did not show significance for achievement of CR/CRi (supplemen-
tal Table 1).

Adverse events of interest

Adverse events of interest are outlined in Table 3. Among the 236
evaluable patients, CRS of any grade (G) was reported in 94 (40%)
patients (G1-G2, 36%; G3-G4, 3%). Forty-four (44%) patients
were treated with corticosteroids and 8 (8%) patients required
tocilizumab with steroids for CRS. Almost all patients with CRS had
complete resolution of symptoms apart from 1 patient who died
from severe CRS. In patients who had G3 CRS and received
tocilizumab, blinatumomab was discontinued transiently. Once
CRS was resolved, blinatumomab was rechallenged with 9 mcg/
day for 7 days followed by 28 mcg/day after 7 days and continued
without recurrence of CRS. In 1 patient with G4 CRS, blinatumo-
mab was discontinued permanently. This patient died, despite
receiving high-dose steroids and tocilizumab.

Among the 236 evaluable patients, neurotoxicity of any grade was
observed in 55 (23%) patients, with 17 (7%) patients experienc-
ing G3-G4 toxicity. Among the 238 evaluable patients, hepatotox-
icity of any grade was observed in 84 (35%) patients; 62 (26%),
20 (8%), and 2 (1%) patients experienced transaminase eleva-
tion, hyperbilirubinemia, and veno-occlusive disease (VOD), re-
spectively. Of the 2 patients who had VOD, none had prior
therapy with inotuzumab ozogamicin. Four (2%) patients died from
blinatumomab-related toxicities (n 5 1 septic shock, n 5 1 liver
failure, n 5 1 stroke, n 5 1 CRS). Sixteen (7%) patients had to
discontinue blinatumomab because of adverse events. Eight (3%)
and 4 (2%) patients discontinued blinatumomab as a result of
neurotoxicity and hepatoxicity, respectively. Three (1%) patients
each had to discontinue blinatumomab because of CRS and
infections. One (0.4%) patient had uncontrollable pain that led to
blinatumomab discontinuation. Fifty (21%) patients had dose
interruptions resulting from adverse events. Most of the patients
(n 5 36) had 1-time dose interruption with resumption of therapy
upon resolution of symptoms.

In subset analysis, among 29 patients who received blinatumomab
with TKI, CRS of any grade was observed in 10 (34%) patients,
but no G3-G4 CRS was observed. The symptoms resolved
with temporarily holding therapy and providing supportive care.

Transaminitis of any grade was observed in 7 (24%) patients;
1 (3%) patient had G3 toxicity. Neurological adverse events of
any grade were observed in 4 (14%) patients, and 1 (3%) patient
had G3 encephalopathy.

Allo-HCT

Eighty-five (35.5%) patients who achieved remission were suc-
cessfully bridged to allo-HCT. The median age of the patients
transplanted was 59 (range, 18-72) years and the median number
of therapies received before allo-HCT was 2 (range, 2-6). Five (6%)
patients had second allo-HCT after blinatumomab. The median
number of blinatumomab cycles before allo-HCT was 2 (range,
1-4). The median time from remission to allo-HCT was 1.7 months
(range, 0.20-13.2). The proportion of patients who had MRD,
matched unrelated donor, haploidentical, and cord blood allo-HCT
were 36.5%, 42%, 15%, and 9.5%, respectively. aGVHD, cGVHD,
VOD, and infectious complications after allo-HCT were observed in
28 (33%), 14 (16.5%), 2 (2%), and 12 (14%) patients, respectively.
There were no reports of B-cell aplasia after allo-HCT. Six (7%)
patients had transplant-related mortality within 100 days of allo-
HCT. The median progression-free survival and OS among trans-
plant recipients was not reached (NR); 66% were progression free
and 62% were alive at 2 years (Table 4).

RFS

The median RFS in patients with RR disease was 32.1 months
(95% CI, 9.5-NR; Figure 1A). The median RFS in patients who
received blinatumomab for MRD was NR and 54% of patients were
MRD2 at the 2-year follow-up. In a subgroup of RR Ph1 B-cell ALL

Table 3. Adverse events of interest (N 5 239)

Adverse events Any grade Grade 1-2 Grade ‡3

Cytokine release syndrome (evaluable; n 5 236) 94 (40) 86 (36) 8 (3)

Neurological adverse events

(evaluable; n 5 236)

55 (23) 36 (15) 17 (7)

Encephalopathy 22 (9) 10 (4) 12 (5)

Headache 27 (11) 24 (10) 3 (1)

Seizure 3 (1) 2 (1) 1 (0.4)

Stroke 3 (1) 0 1 (0.4)

Hepatotoxicity (evaluable; n 5 238) 83 (35) 58 (24) 26 (10)

Transaminases 62 (26) 40 (17) 22 (9)

Hyperbilirubinemia 20 (8) 17 (7) 3 (1)

Veno-occlusive disease 2 (1) 1 (0.4) 1 (0.4)

Dose interruptions

Total no. of patients with dose interruptions 50 (21)

1 36 (15)

2 9 (4)

3 5 (2)

Discontinuation of blinatumomab

because of AE

17 (7)

Neurotoxicity 8 (3)

Hepatoxicity 4 (2)

Cytokine release syndrome 3 (1)

Infections 3 (1)

Pain 1 (0.4)
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patients who received blinatumomab with TKI, RFS was NR (76%
of patients were relapse free at 2 years) compared with 32 months
in RR Ph1 B-cell ALL patients who received blinatumomab alone
(P 5 .28).

In multivariate analysis for RFS in patients with RR disease, the
presence of CNS disease at the time of blinatumomab initiation
(hazard ratio [HR], 2.44; 95% CI, 1.28-4.66; P 5 .006) and MLL
gene rearrangement (HR, 3.38; 95% CI, 1.41-8.07; P 5 .006)
retained independent negative prognostic significance. Age at
blinatumomab initiation, CR with MRD1 vs MRD2, CR1 of ,1 year
vs primary refractory disease, CR1 between 1 and , 2 years vs
primary refractory disease or CR1 of.2 years vs primary refractory
disease did not show significance in multivariate analysis (supple-
mental Table 2A; Figure 3).

Overall survival

The median follow-up of the entire cohort was 14 months (range,
1-52). In RR ALL group the median follow-up was 14 months
(range, 1-52) and in the MRD1 ALL group; 6 months (range, 4-32).
The median OS of patients after blinatumomab was 12.7 months
(95% CI, 9.2-17.9) (Figure 1B). Among patients who received
blinatumomab for MRD, the median OS was 34.7 months (95% CI,
8.8-34.7). In subset analyses for OS in patients with RR disease, the
OS after blinatumomab was not significantly different between
patients with primary refractory disease vs others (15.1 vs 12.0
months; P 5 .7; supplemental Figure 1A). Among RR patients with
Ph1 disease, the median OS was NR (57% alive at 2 years) vs
9.6 months (95% CI, 7.7-14.3), with P value of .001 (supplemental
Figure 1B). In a subgroup of RR Ph1 B-cell ALL patients who
received blinatumomab with TKI, OS was NR (69% of patients were
alive at 2 years) compared with 13.1 months in RR Ph1 patients
who received blinatumomab alone (P 5 .03). B-cell ALL patients

with t(4:11) (MLL gene rearrangement) had inferior survival of
7.5 months vs 14.3 months (P 5 .008), as illustrated in
supplemental Figure 1C. The median survival in patients who
achieved CR/CRi was 28.5 months (range, 17-not reached)
(Figure 2A). Allo-HCT retained favorable prognostic significance
(HR, 0.54; 95% CI, 0.30-0.97; P 5 .04) for survival in multivariate
analysis, among patients who achieved CR/CRi. Similarly, the
Simon-Makuch curve showed significant improvement in survival
outcome of patients who received allo-HCT (P 5 .03; Figure 2B).

In multivariate analysis for OS, Ph1 B-cell ALL (HR, 0.38; 95% CI,
0.21-0.66; P5 .0008) and allo-HCT after blinatumomab (HR, 0.40;
95% CI, 0.24-0.67; P 5 .0005) retained favorable prognostic
significance for OS. Age at blinatumomab initiation (HR, 1.14; 95%
CI, 1.01-1.30; P 5 .02) and CR1 of ,1 year vs primary refractory
disease (HR, 1.69; 95% CI, 1.02-2.79; P 5 .04) retained
independent negative prognostic significance for OS. MLL gene
rearrangement, CNS disease, and allo-HCT before blinatumomab
did not retain prognostic significance for OS in multivariate analysis
(supplemental Table 2B; Figure 3).

Table 4. Baseline characteristics and clinical outcome of patients

who received allo-HCT transplantation after blinatumomab (N5 85)

Value

Age, median (range), y 59 (18-72)

Median number or prior therapies (range) 2 (2-6)

Prior allo-HCT 5 (6)

Time from remission to allo-HCT, median (range), mo 1.7 (0.2-13.2)

Type of allo-HCT

Matched related donor 31 (37)

Matched unrelated donor 36 (42)

Haploidentical 13 (15)

Cord blood 5 (6)

Complication after allo-HCT

aGVHD 28 (33)

cGVHD 14 (16.5)

Veno-occlusive disease 2 (2)

Infectious complication 12 (14)

Transplant-related mortality in 100 d 6 (7)

Progression-free survival NR (66% progression free at 2 y)

Overall survival NR (62% alive at 2 y)

Values are n (%) unless otherwise noted.
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Figure 1. Kaplan-Meier curves in RR B-cell ALL patients. (A) Relapse-free sur-

vival after blinatumomab. (B) OS after blinatumomab.
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Discussion

Our real-world data with multicenter collaboration demonstrates
that blinatumomab was well tolerated and led to significant
responses in patients with RR disease. Adverse events secondary
to blinatumomab were comparable to the initial studies and were
effectively treated with supportive care. Among the patients who
achieved remission, more than one-third of the patients were
successfully bridged to allo-HCT with improved long-term survival.

Over the past few decades, the clinical outcome of B-cell ALL
has improved because of better treatment strategies and support-
ive care; however, the outcome of those patients with RR
disease remains poor.1,4,12 In fact, the rate of response to
conventional chemotherapy decreases with each successive
salvage regimen.12 Blinatumomab has been shown to improve the
outcome of these chemo-resistant patients. Kantarjian et al, in
a pivotal phase 3 study, reported significantly improve outcome of
RR B-cell ALL patients treated with blinatumomab compared with

conventional chemotherapy; this served as the data that led to the
approval of blinatumomab for patients with RR B-cell ALL. The
agent was subsequently approved for MRD based on efficacy data
in prospective clinical trials.13,14 Our study reinforces prior reports
of blinatumomab efficacy in clinical trials and supports its used as
a more effective therapy than conventional salvage chemothera-
pies.12 Sixty-five percent (n5 149/227) of patients with RR disease
achieved CR/CRi, among them 73% achieved MRD2. The
response rate observed were higher than reported in the Kantarjian
et al study, most likely because of the latter study studying more
heavily pretreated patients with ;60% patients receiving blinatu-
momab as second salvage/beyond and 30% of patients with prior
allo-HCT. Moreover, among the 12 patients who received
blinatumomab for MRD, 75% achieved MRD2, which is also
consistent with the results observed in clinical trials.8

Although blinatumomab has improved response rates in RR B-cell
ALL patients, responses are short lived and allo-HCT is recom-
mended in eligible patients to improve the long-term outcome and
offer a possible cure. In our study, 35.5% of patients who achieved
remission were successfully bridged to allo-HCT. Patients who
received allo-HCT had significantly improved progression-free
survival (66%) and OS (62%) at 2 years’ follow-up. The favorable
impact of allo-HCT on RFS and OS was retained in multivariate
analysis. The rates of transplant-related complications such as
aGVHD (33%), VOD (2%), and transplant-related mortality within
100 days (7%) were comparable to those reported in the
literature.14 Our results are consistent with previous reports that
allo-HCT is safe and effective after blinatumomab in patients with
RR B-cell ALL.5,15

Philadelphia chromosome1 B-cell ALL is considered as a high-risk
disease with outcome shown to be even worse in patients with
RR disease.16 Blinatumomab has shown efficacy in this group of
patients and deeper molecular responses were achieved with
single-agent blinatumomab as reported in a phase 2, multicenter
study.17 In our patient cohort, 55 RR Ph1 B-cell ALL patients
received blinatumomab and 25 (45%) patients received TKI in
addition to blinatumomab. The CR rate in this group of patients was
74% (MRD2 68%), which was higher than that reported (36%) in
the clinical trial setting. The superior response rates observed may
be due to the addition of TKI, which were received by nearly one-half
of the patients in our study. The response rates observed translated
into superior OS compared with rest of the patients. All of our
patients either received dasatinib or ponatinib concurrently with TKI.
Second-generation TKI such as dasatinib inhibits both Src and LYN
in addition to ABL kinase. Moreover, T-cell receptor signaling is also
dependent on Src family kinase activity, and Src inhibitors may
affect the efficacy of immunotherapies such as blinatumomab that
are dependent on native T-cell function. Although in vitro studies
suggest that blinatumomab combination with dasatinib (Src/ABL
kinase inhibitor) may repeal efficacy of blinatumomab, clinical
studies suggest that dasatinib may increase clonal expansion of
cytotoxic T cells and improve responses.18,19 Moreover, dasatinib
has more profound activity against regulatory T cells compared with
cytotoxic T cells, which facilitates blinatumomab activity.20 Our and
other small series suggest that dasatinib or ponatinib given
concomitantly with blinatumomab does not affect its effective-
ness.21 Larger studies are warranted to evaluate efficacy of
blinatumomab plus TKI combination.

A
1.0

0.8

0.6

0.4

0.2

0.0

At Risk

0

137

12

59

24

Months

Su
rv

iva
l

30

B
Earliest treatment time

Mantel-Byar p = 0.03751.0

0.8

0.6

0.4

0.2

0.0

Su
rv

iva
l

0 105 2015 25 30

Months
Allo_HCT_after_Rx 0 1

Figure 2. Survival in responding patients. (A) Kaplan-Meier curves for OS in
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Extramedullary disease in ALL confers poor prognosis with
inferior progression-free survival and OS.22 In our cohort, 10
patients had EMD besides CNS involvement; 5 of these patients
had prior allo-HCT and only 2 patients had a response to
blinatumomab. Future studies incorporating CAR T-cell therapy
may be able to overcome poor outcome associated with
extramedullary relapse.22,23

Cytokine release syndrome is 1 of the most significant adverse
effects associated with blinatumomab and is a result of immune
activation secondary to therapy.24 In the initial studies, the
incidence of G1-G2 CRS in RR B-cell ALL patients treated with
blinatumomab was reported in the range of 10% to 15%, whereas
severe CRS (G$ 3) was rare (2%-4%).5,7,24 We observed a higher
proportion of patients (36%) having G1-G2 CRS but the incidence
of G3-G4 CRS (3%) was comparable to earlier studies. Most of
the patients had complete resolution of CRS with supportive care.
The higher incidence G1-G2 CRS in our analysis may be due to
heterogeneity in patient’s disease burden at the initiation of
blinatumomab in our study compared with clinical trials. The rate
of grade 3 or higher neurological toxicities (17 [7%]) was
comparable to observations in clinical trials. Seventeen (7%)
patients had to discontinue blinatumomab because of adverse
events and 4 (2%) patients died from severe adverse events. The
mortality secondary to blinatumomab observed in our study was
significantly lower than what has been reported after conventional
salvage chemotherapies.3,4 We have observed relatively lower
incidence of CRS in the blinatumomab plus TKI subgroup, with
none of the patients developing G3-G4 CRS. This suggests that
TKI such as dasatinib and ponatinib may have caused impaired
T-cell proliferation and cytokine production resulting in lower
incidence of CRS. Future clinical studies in a larger group of

patients are warranted to evaluate off target kinase inhibition with
TKI and effectiveness of blinatumomab.

We acknowledge the limitations of our retrospective analysis,
including the possibilities of selection bias and inability to capture all
consecutive B-cell ALL patients treated with blinatumomab outside
of clinical trials and therapies patients received after progressing on
blinatumomab. Second, it would be preferable to have blood-based
biomarker data, analyzing effect of blinatumomab on regulatory and
cytotoxic T cells and response to therapy, which this data set is
lacking. Future studies that can evaluate effect of blinatumomab on
T-cell proliferation/expansion would be highly intriguing. Neverthe-
less, our real-world data support the effectiveness of blinatumomab
in chemo-resistant B-cell ALL patients as well as the feasibility of
allo-HCT after blinatumomab to improve long-term outcomes. High
response rates in RR ALL compared with traditional salvage
chemotherapy suggests that blinatumomab can be more benefi-
cial early in the treatment course during induction/consolidation.
Eastern Cooperative Oncology Group trial 1910 has recently
closed, so new data will be available soon.
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