
Durable remissions in TCF3-HLF positive acute 
lymphoblastic leukemia with blinatumomab and
stem cell transplantation

TCF3-HLF-positive leukemia represents a rare subtype
of childhood acute lymphoblastic leukemia (ALL), char-
acterized by a high rate of treatment failure despite treat-
ment intensification and allogeneic stem cell transplanta-
tion (SCT). Given the high and homogeneous expression
of CD19 on blast cells of this leukemia subtype, these
patients may benefit from CD19-directed immunothera-
py. Here, we report the experience on nine 
TCF3-HLF-positive ALL patients, most of whom were
treated early in first consolidation with blinatumomab as
a bridge to SCT between 2015 and 2018. Treatment with
blinatumomab was generally well tolerated; reversible
neurotoxicity was observed in two patients. All nine
patients achieved molecular remission after blinatu-
momab treatment; seven underwent SCT and for one
patient SCT is planned. Median follow up after start of
blinatumomab treatment was 342 days, and four patients
remain in molecular remission after a follow up of 1317,
1292, 1245, and 342 days, respectively. Three patients
died because of infectious complications not directly
related to blinatumomab, because they occurred  either
after SCT or after emergence of a CD19-negative
leukemia clone. In the light of these encouraging obser-
vations, CD19-directed immunotherapy should be con-
sidered early after induction chemotherapy in 
TCF3-HLF-positive ALL children and patients’ outcome
monitored systematically by study groups. 
The chromosomal translocation t(17;19), resulting in

the oncogenic fusion transcription factor TCF3-HLF,1

defines a rare cytogenetic subtype of B-cell precursor
(BCP) ALL occurring in children and young adults that is
associated with a dismal outcome.2Major leukemia study
groups consider TCF3-HLF-positive ALL patients eligible
for addition of experimental therapies in first line.
Functional screening of patient-derived xenografts

revealed a dependence on BCL2 with promising response
to a combination of venetoclax with vincristine and dex-
amethasone,3which motivated the inclusion of a stratum
allowing for combination of venetoclax with standard
ALL therapy in the setting of a pediatric phase I/II study
(clinicaltrials.gov identifier: 03236857).4 Moreover, given
the strong homogeneous expression of CD19 in TCF3-
HLF-positive ALL, and the impressive responses to
CD19-directed immunotherapeutic approaches, these
patients may benefit from CD19-directed immunothera-
py.5

Blinatumomab is a bispecific T-cell engager (BiTE®)
antibody simultaneously binding CD3-positive cytotoxic
T cells and CD19-positive B cells, resulting in a T-cell
mediated serial lysis of B cells. Based on promising clini-
cal activity with effective responses in heavily pretreated
patients (clinicaltrials.gov identifier: 01466179),6 blinatu-
momab gained accelerated approval by the US Food and
Drug Administration (FDA), the European Medicines
Agency (EMA), and Swissmedic agencies for treatment of
both children and adults with relapsed/refractory
Philadelphia chromosome-negative BCP-ALL. Treatment
with blinatumomab in adults with minimal residual dis-
ease-positive (MRD+)-ALL, mostly used as a bridge to
SCT, resulted in complete molecular response with MRD
negativity in 80% of patients.7,8 Similarly, high rates of
molecular remission were confirmed in a larger clinical
study enrolling adults patients in second or later morpho-
logical complete remission (CR).9 Extensive safety and
efficacy data are available from pediatric patients includ-
ed into a phase I/II study and an expanded access study
(RIALTO) at a recommended phase II dose of 15
µg/m2/day continuous infusion (clinicaltrials.gov identifier:
02187354).10 In this first study, treatment of pediatric
BCP-ALL patients with relapsed/refractory disease was
initiated with high disease burden, given the end point
requirements of the trial, and the fact that only 16 out of
62 patients for whom MRD data were available achieved
molecular CR, with a 24-month Kaplan-Meier estimate
for overall survival of 25%.11 The toxicity profile of blina-
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Table 1. Clinical data of nine patients with TCF3-HLF-positive acute lymphoblastic leukemia treated with blinatumomab.
N. Patients’ characteristics First-line Blinatumomab treatment

Age Sex WBC Calcium EMD treatment Prednisone Disease Disease Disease SAEs Molecular
(y) (nL) (mmol/L) protocol response burden status involvement remission3

post prior to 
induction blina

1 13 F 13.8 2.42 None AALL 1131 N/A FACS 27.5% RD BM Depressed LOC Yes
2 14 F 6.15 3.65 None AIEOP-BFM PPR < 10-3 > 10-4 Relapse BM Bilateral hip Yes

osteonecrosis
3 8 M 14.49 2.57 CNS2b AIEOP-BFM PGR 10-2 MRD BM None Yes
4 7 F 5.26 3.2 CNS3 AIEOP-BFM PGR 6 x 10-4 MRD BM Convulsion Yes

CNS pleocytosis1

5 10 M 4.6 2.46 None FRALLE PGR 5 x 10-4 MRD BM None Yes
6 3 F N/A N/A CNS2 AIEOP-BFM PGR Negative Relapse2 BM None Yes
7 8 F 11.3 N/A None AIEOP-BFM PGR 7.5 x 10-3 MRD BM None Yes
8 5 F 25.7 2.63 None UKALL N/A 3 x 10-5 MRD BM None Yes
9 7 M 8.2 5.03 None AIEOP-BFM PGR 3.2 x 10-3 MRD BM CRS Yes4

Blina: blinatumomab; WBC: white blood cell count; EMD: extramedullary disease; RD: refractory disease; BM: bone marrow; SAE: serious adverse events; y: years; LOC: loss
of consciousness; CRS: cytokine release syndrome. 1Central nervous system (CNS) pleocytosis without disease involvement. 2Initial diagnosis was c-acute lymphoblastic
leukemia (ALL), isolated relapse under maintenance TCF3-HLF positive. 3Molecular remission defined as per Online Supplementary Table S1.4One marker positive non-
quantifiable; one marker negative after one cycle blinatumomab.



tumomab is well established, including cytokine release
syndrome (CRS) and reversible neurological events, such
as ataxia, seizures, and encephalopathy. The mechanisms
leading to neurotoxicity remain unclear and may relate to
variable expression of CD19 within the brain. Given the
good tolerability and promising efficacy data, the poten-
tial benefit of blinatumomab in improving outcome is
being investigated in patients experiencing high-risk ALL
first relapse (clinicaltrials.gov identifier: 02393859) and will
be evaluated in first-line treatment in patients with inter-
mediate and high-risk BCP-ALL by the Italian Association
of Pediatric Hematology and Oncology-Berlin-Frankfurt-
Muenster (AIEOP-BFM) study group (clinicaltrials.gov
identifier: 02393859). 
Here, we report the European experience with blinatu-

momab using retrospectively collected data from nine
patients with TCF3-HLF-positive ALL  treated with blina-
tumomab between 2015 and 2018 by members of the
international BFM study group after approval by the
competent ethics committee; two of these nine patients
were enrolled in the expanded access RIALTO protocol
into Relapsed/Refractory B-precursor ALL. An overview
of  patients' data and clinical courses is provided in Tables
1 and 2, and Figure 1. 
Blinatumomab was initiated for disease refractory to

induction chemotherapy (patient 1), for persistent MRD
after consolidation chemotherapy (patients 3, 4, 5, 7, 8,
9), and after first relapse (patients 2, 6). Blinatumomab
was administered at 15 µg/m2/day for 2-4 cycles. All nine
patients responded, obtaining molecular CR after either
the first cycle (8 out of 9) or the second cycle (patient 7).
Seven out of nine patients underwent allogeneic SCT

after blinatumomab treatment. Details on the type of
donor  are shown in Table 2. Four patients developed
mild to moderate acute graft-versus-host disease (GvHD).
No suitable donor could be found in time for patient 5,
and this patient relapsed with CD19-negative leukemia
blasts.
Four patients achieved a long-term remission and are

still MRD negative after a follow up of 1317, 1292, 1245,
and 342 days, respectively (Figure 1). Given the expected
risk for subsequent relapse, additional therapy was pro-
vided after SCT with one (patient 4) or two (patients 2
and 3) cycles of blinatumomab. Three patients died from
infectious complications: patient 4 due to a transplant-
related adenoviral infection while in second molecular
remission after her second SCT, patient 5 from a fungal
infection while in CD19-negative relapse, and patient 6
from transplant-related aspergillus infection while in
molecular relapse. Significant neurotoxicity occurred in
two patients (patients 1 and 4). For patient 1, blinatu-
momab had to be interrupted due to a state of mental
confusion and a decreased level of consciousness lasting
24 hours; it was resumed with a reduced dose of 5
µg/m2/day, and was finally stopped because of seizures.
This patient is currently still in molecular remission after
SCT. Similar complications have previously been  report-
ed in pediatric patients.12,13 Disseminated intravascular
coagulation was reported during treatment in two
patients with overt leukemia, but was not considered to
be treatment-related because TCF3-HLF-positive
leukemia often presents with coagulopathies. Patient 9
developed grade 2 CRS lasting for 48 hours. No other sig-
nificant toxicity was reported.
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Table 2. Definitive treatment of nine patients with blinatumomab and outcome.
N. HSCT Current FU

status time (d)3

Donor type Conditioning GvHD GvHD
for HSCT prophylaxis

1 Matched Bu, Thiotepa, Cy CsA Mild ACR 1317
Unrelated GvHD

2 Matched Bu, Cy, VP16, CsA Mild ACR 1292
Unrelated1 Thymoglobulin GvHD

3 Matched TBI, VP16, ATG CsA, MTX Moderate ACR 1245
Unrelated GvHD

4 Haploidentical2 Melphalan, Alemtuzumab, No Died from infection 363
Thiotepa, MM under remission
Fludarabine

5 No HSCT – – – Died from infection 210
under CD19-neg relapse

6 Matched TBI, VP16 CsA, MTX Moderate Relapse; died from 120
Related GvHD infection after HSCT

7 Haploidentical TBI, Thiotepa, None No ACR 342
Fludarabine

8 Matched TBI, Cy Alemtuzumab, CsA, MTX No ACR 160
Unrelated

9 No HSCT – – – ACR 79
FU: follow up; neg: negative; MM: mycophenolate mofetil; ACR: alive and in complete remission. 1Patient underwent prior transplantation after induction but relapsed shortly
after. 2Patient underwent prior transplantation after 2 cycles blinatumomab, but relapsed shortly after. 3Follow up since first day of blinatumomab treatment. HSCT:
hematopoietic stem cell transplantation; Bu: buprenorphin; ATG: Antithymocyte globulin; Bu: busulfan; Cy: cyclophosphamide; VP16: etoposide; TBI: total body irradiation
CsA: Cyclosporine A; MTX: methotrexate; GvHD: Graft-versus-host disease.



This is the first report of clinical activity of CD19-
directed immunotherapy in TCF3-HLF-positive ALL, a
rare BCP-ALL subtype reported to be almost always fatal
even with the most intensive conventional treatment reg-
imens.2 Although the number of patients treated is small
and follow-up time limited, these results provide a strong
rationale for rapid intervention with immunotherapy for
this ALL subtype. The response to blinatumomab has
been reported to be less effective in patients with higher
disease burden, suggesting that this approach may be
more effective in the MRD setting.6 Current ongoing ran-
domized pediatric studies will hopefully provide more
evidence to answer this question. Until then, we recom-
mend using a different treatment modality to reduce the
leukemia burden before initiating blinatumomab. A con-
ventional cytoreduction will also be required if
immunotherapy with autologous chimeric antigen recep-
tor T (CAR-T) cell is  considered, allowing lymphaphere-
sis and CAR-T-cell manufacturing. Based on the current

evidence, blinatumomab appears to be a promising 
therapeutic element to improve the quality of remission
in TCF3-HLF-positive BCP-ALL patients as a bridge to
SCT. In contrast, CAR-T might provide an attractive
stand-alone treatment for definitive therapy without
SCT. In general, this approach will have to be validated
in clinical studies. Given the strong preclinical evidence
for sensitivity to the BCL2 inhibitor venetoclax in most
cases, including relapsing patients, combination of vene-
toclax with standard ALL chemotherapy may provide an
additional treatment element to improve outcome in
these patients. Patients could be evaluated by functional
screening using drug response profiling3,14 and BH3 profil-
ing15 at diagnosis. Three patients in this cohort have
received additional courses of blinatumomab post trans-
plant for further consolidation of the leukemia remission,
since even with MRD-negative remissions prior to and
after allogeneic HSCT relevant rates of subsequent
relapses are observed in TCF3-HLF-positive ALL.2
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Figure 1. Time course of nine
patients with TCF3-HLF-positive
acute lymphoblastic leukemia
treated with blinatumomab. REL:
relapse; VCR:  vincristine; Mitox:
mitoxantrone; BTZ: bortezomib;
VTX:  venetoclax; DAS:  dasatinib;
INO:  inotuzumab; HSCT:
hematopoietic stem cell transplan-
tation; MRD: minimal residual dis-
ease; FU: follow up.



Persisting clones in compartments other than bone mar-
row may not be covered by MRD quantification but
could still be responsive to blinatumomab therapy. The
responses detected in this TCF3-HLF-positive ALL cohort
are encouraging and suggest that the application of
immunotherapy prior to extensive clonal selection sec-
ondary to intensive chemotherapy may be beneficial. As
data are updated,  the true value of this approach can be
assessed. The benefit of adding blinatumomab to front-
line ALL chemotherapy will be addressed in an interna-
tional prospective clinical trial (clinicaltrials.gov identifier:
03643276). Taken together, our results indicate that
immunotherapy may improve the outcome of 
TCF3-HLF-positive ALL. 
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