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Unlike older children with acute lymphoblastic leukemia (ALL),
there has been almost no improvement in outcome for infants in
the last 2 decades. Six-year event-free survival (EFS) and overall
survival (OS) in successive international infant trials, Interfant991 and
Interfant06,2 were 46.4% and 53.8%, and 46.1% and 58.2%,
respectively. High risk patients in Interfant06 had a 6-year EFS
and OS of 20.9% and 29.9%, respectively, despite hemato-
poietic stem cell transplantation (HSCT) in first complete re-
mission (CR1). Outcome after relapse is dismal, with a 3-year OS
of 20.9%.3

Among novel approaches, immune therapies, such as chimeric
antigen receptor (CAR) T cells and blinatumomab, offer the
greatest potential for improving cure rates. The bispecific CD3/
CD19-engaging antibody, blinatumomab, was found to result in
complete and often minimal residual disease (MRD)-negative
remission in children with relapsed/refractory B-cell ALL (B-ALL).
Better responses were observed in patients with ,50% bone
marrow blasts (55.6% vs 32.7%; 95% confidence interval, 30.8-
78.5 and 20.3-47.1, respectively),4 and an adult study showed a
complete MRD response rate of 78% when blinatumomab was
used to treat MRD-positive ALL in hematological remission.5

Because the risk of relapse after HSCT is predicted by MRD status
prior to transplant, deeper molecular remissions achieved by
using blinatumomab might improve posttransplant outcomes.

Here, we report the outcome of 11 infants who received blinatu-
momab for persistentMRDprior to HSCT. To our knowledge, this is
the largest experience reported in this rare subgroup of patients.

This retrospective analysis included patients from the United
Kingdom and the Republic of Ireland with B-ALL, whose initial

diagnosis was before the first birthday. Patients were identified
from the minutes of a national tumor board, supplemented by a
survey of pediatric hematologists in the 2 countries. All children
were initially treated according to the Interfant 06 protocol.2

Between 2016 and 2019, patients in first remission or after re-
lapse received blinatumomab for MRD reduction prior to HSCT.
None of the patients had received a prior HSCT. Individual
patient MRD at all time points was measured in the same lab-
oratory using a Euro-MRD Consortium–accredited and stan-
dardized technique for real-time quantitative polymerase chain
reaction of immunoglobulin gene rearrangements. EFS was
defined as time from diagnosis to relapse, secondary tumor,
or death, and OS was defined as time to death. OS and EFS
were reported using the Kaplan-Meier function. Analysis was
performed using GraphPad Prism version 7.00 for Windows
(GraphPad Software, La Jolla, CA).

Eleven patients were identified whomet the eligibility criteria for
analysis, which was treatment of KMT2A-rearranged infant ALL
with blinatumomab in first remission or relapse, regardless of the
age at which it was administered. The median age at the time of
blinatumomab administration was 0.5 years (range, 0.2-2.9). One
patient had a late relapse of KMT2A- rearranged infant ALL
(2.9 years) and was included in the analysis as per the intended
aim. All patients had KMT2A rearrangement. Seven patients
received blinatumomab after relapse, and 4 patients received it
as first-line therapy for resistant or refractory disease. Of the
8 patients who were in first or second MRD-positive CR, median
MRD was 0.2% (range, 0.06-1) (Table 1).

Nine patients received a single 28-day cycle of blinatumomab,
and the other 2 patients received a second cycle, pending

LETTERS TO BLOOD blood® 23 APRIL 2020 | VOLUME 135, NUMBER 17 1501

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/135/17/1501/1724637/bloodbld2019004008.pdf by guest on 01 June 2024

https://doi.org/10.1182/blood.2019003299
https://crossmark.crossref.org/dialog/?doi=10.1182/blood.2019004008&domain=pdf&date_stamp=2020-04-23


Ta
b
le

1.
P
at
ie
nt

ch
ar
ac

te
ri
st
ic
s

P
at
ie
nt
/d

is
ea

se
ch

ar
ac

te
ri
st
ic
s

B
lin

at
um

o
m
ab

tr
ea

tm
en

ts
O
ut
co

m
es

A
g
e
at

b
lin

at
um

o
m
ab

ad
m
in
is
tr
at
io
n,

y/
se

x
D
is
ea

se
st
at
us

P
re
-C
N
S

st
at
us

P
re
-

M
R
D
,

%

Ly
m
p
ho

cy
te

co
un

t
p
re
-

b
lin

at
um

o
m
ab

(3
10

9
/

m
L)

C
yc

le
s,

n
C
R
S

N
eu

ro
to

xi
ci
ty

P
o
st
-

M
R
D
,
%

H
SC

T
co

nd
it
io
ni
ng

D
o
no

r
so

ur
ce

St
at
us

0.
75

/M
C
R2

C
N
S
1

0.
1

0.
94

1
N
o

N
o

,
0.
00

5
FB

T
M
U
D

C
R

0.
75

/F
C
R2

C
N
S
3

0.
6

0.
22

1
N
o

N
o

,
0.
00

5
FT

T
M
SD

C
R

0.
5/
M

C
R2

C
N
S
1

1
0.
55

1
G
ra
d
e

1
N
o

,
0.
00

5
FT

T
1

A
TG

M
M
U
D

C
R

0.
41

/F
C
R2

C
N
S
1

1
N
/A

1
N
o

N
o

,
0.
00

5
FT

T
M
SD

Re
la
p
se
→
d
ie
d
*

0.
5/
M

Pr
im

ar
y

re
fr
ac
to
ry

C
N
S
1

9
0.
28

1
N
o

N
o

0.
06

FT
T
1

A
TG

M
U
D

C
R

0.
5/
M

C
R2

C
N
S
1

0.
3

0.
35

1
N
o

N
o

0.
05

N
/A

Re
la
p
se
→
C
R†

0.
5/
F

C
R1

C
N
S
1

0.
06

0.
41

1
G
ra
d
e

2
Ye

s
,
0.
00

5
FT

T
1

A
TG

M
M
SD

C
R

0.
2/
F

C
R1

C
N
S
1

0.
06

2.
43

1
N
o

N
o

,
0.
00

5
FT

T
M
SD

Re
la
p
se
‡

0.
2/
M

Fi
rs
t re
la
p
se

C
N
S
3

40
N
/A

1
G
ra
d
e

1
N
o

,
0.
00

5
FT

T
1

A
TG

M
U
D

D
ie
d
§

2.
9/
M

C
R2

C
N
S
1

0.
01

0.
95

2
N
o

N
o

,
0.
00

5¶
C
Y/
TB

I/
A
le
m

M
SD

C
R

0.
2/
F

Pr
im

ar
y

re
fr
ac
to
ry

C
N
S
1

9
N
/A

2
N
o

N
o

,
0.
00

5¶
FT

T/
A
TG

M
U
D

Re
la
p
se
→
C
R|
|

A
le
m
,a
le
m
tu
zu
m
ab

;A
TG

,a
nt
i-t
hy

m
oc

yt
e
g
lo
b
ul
in
;C

N
S,

ce
nt
ra
ln
er
vo

us
sy
st
em

;C
RS

,c
yt
ok

in
e
re
le
as
e
sy
nd

ro
m
e;
C
Y,

cy
cl
op

ho
sp

ha
m
id
e;

F,
fe
m
al
e;

FB
T,

fl
ud

ar
ab

in
e,

b
us
ul
fa
n,

th
io
te
p
a;
FT

T,
fl
ud

ar
ab

in
e,

tr
eo

su
lfa

n,
th
io
te
p
a;
M
,m

al
e;

M
M
SD

,m
is
m
at
ch

ed
si
b
lin

g
d
on

or
;
M
SD

,m
at
ch

ed
si
b
lin

g
d
on

or
;
M
M
U
D
,m

is
m
at
ch

ed
un

re
la
te
d
d
on

or
;
M
U
D
,
m
at
ch

ed
un

re
la
te
d
d
on

or
;
N
/A

,
no

t
av
ai
la
b
le
;
TB

I,
to
ta
lb

od
y
irr
ad

ia
tio

n.

*R
el
ap

se
w
ith

ac
ut
e
m
ye

lo
id

le
uk

em
ia

p
os
tt
ra
ns
p
la
nt
.

†
B
-A
LL

re
la
p
se

p
os
tt
ra
ns
p
la
nt
,
re
m
is
si
on

fo
llo

w
in
g
C
A
R
T-
ce

ll
th
er
ap

y.

‡
B
-A
LL

re
la
p
se

p
os
tt
ra
ns
p
la
nt
,
p
la
nn

ed
C
A
R
T-
ce

ll
th
er
ap

y.

§D
ie
d
fr
om

p
os
tt
ra
ns
p
la
nt

p
ne

um
on

iti
s.

¶R
es
ul
ts

af
te
r
2
cy
cl
es
.

||B
-A
LL

re
la
p
se

p
os
tt
ra
ns
p
la
nt
,
re
m
is
si
on

fo
llo

w
in
g
C
A
R
T-
ce

ll
th
er
ap

y.

1502 blood® 23 APRIL 2020 | VOLUME 135, NUMBER 17 LETTERS TO BLOOD

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/135/17/1501/1724637/bloodbld2019004008.pdf by guest on 01 June 2024



transplant being arranged. Nine patients became MRD nega-
tive, and 2 patients had a .1-log reduction in MRD prior to
HSCT, resulting in a partial or complete MRD response rate of
100%. There were no obvious differences in the presenting
features or previous treatment/responses of the 2 patients who
did not achieve MRD negativity. All patients proceeded to HSCT
without intervening therapy. Themedian time from commencing
blinatumomab to HSCT was 51 days (range, 34-119). The me-
dian follow-up following HSCT was 267 days (range, 58-1163).
Pretreatment lymphocyte count did not predict response to
blinatumomab, with even severely lymphopenic patients achieving
a complete MRD response (Table 1).

Three patients had grade 1-2 cytokine release syndrome; 1
patient had a short interruption of blinatumomab and a short
course of steroids, and the treatment restarted at the lower dose;
the remaining 2 cases resolved spontaneously without steroid
or tocilizumab. One patient had neurotoxicity manifesting as
confusion and somnolence, which resolved on interrupting the
infusion and did not recur on restarting at a lower dose. This
patient also received steroids for grade 2 cytokine release
syndrome. Data were available for 5 patients who received in-
trathecal methotrexate on days 15 and 29 of the blinatumomab
cycle without neurotoxicity. Eight of the patients were able
to be discharged from the hospital after the first week of
therapy, and they received the remaining infusion as an outpatient.

The low toxicity and outpatient delivery of therapy concords
with reports of better health-related quality of life in adults
treated with blinatumomab compared with standard
chemotherapy.6

Three-year EFS and OS posttransplant were 47% and 81%,
respectively (Figure 1), and were similar when measured from
the point of blinatumomab administration (51% and 79%, re-
spectively). Following transplantation, 1 patient died of para-
influenza pneumonitis (day 57), and 4 patients relapsed (at 35,
92, 108, and 133 days), 1 of whomwasMRD positive (0.05%) and
3 were MRD negative pretransplant. Three had CD19-positive
relapse and subsequently achieved a remission with CD19-
directed CAR T-cell therapy. The remaining patient relapsed
with lineage-switch monoblastic acute myeloid leukemia at
day 35 posttransplant and died of progressive leukemia
shortly thereafter. This patient had expression of myeloid antigen
(CD15) at presentation and relapse. Patients with KMT2A-
rearranged B-ALL have been reported to be at an increased
risk for relapsewith amyeloid phenotype.7 Relapsewith amyeloid
lineage switch has been reported following treatment with CD19-
directed CAR T cells8 and blinatumomab9 in KMT2A-rearranged
B-ALL. In these cases, the “switch” occurred early following
CD19-directed therapy, which was not consolidated with HSCT.
Different mechanisms for this have been proposed, including an
aberrant response to inflammatory cytokines (notably interleukin-
6) and selection of clones by targeted treatment in combination
with different oncogenic drivers.9,10 Taken together, these
mechanisms demonstrate the inherent plasticity of these primitive
cells when exposed to different selection pressures.

This is the first report focused on using blinatumomab in a
relatively large series of infant ALL. A previous case series
reported the use of blinatumomab for children with MRD-
positive ALL as a “bridge” to transplant and included 2 in-
fants with ALL who achieved a complete MRD response but
relapsed posttransplant.11 Additional experience was gained
in the phase 1-2 study4 that included 3 infants (A.V., unpub-
lished data). In our multicenter experience, we have demon-
strated that blinatumomab can be safely and effectively
delivered to infants with relapsed or refractory B-ALL with MRD-
positive disease to achieve molecular remission. Complete MRD
responses were seen in the majority of cases, and this led to
HSCT being undertaken in all patients. The numbers in our series
are too small to make definitive conclusions about long-term
outcomes, but a 12-month EFS of 50% compares favorably with
historical outcomes in chemotherapy-treated patients.
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Figure 1. EFS and OS post-HSCT. (A) EFS, (B) OS.
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