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Blinatumomab before haploidentical transplant in a
child with refractory acute lymphoblastic leukemia.
Blinatumomab previo a trasplante haploidéntico en una
niña con leucemia linfoblástica aguda resistente
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Abstract
The case of a 10-year-old patient with refractory pre-B acute lymphoblastic leukemia
(ALL) who received two cycles of blinatumomab at 10 μg/m2, escalating up to 15 μg/
m2, is described. At the end of the second cycle, complete hematological remission was
achieved, as evidenced by cytomorphology and minimal residual disease. Afterward,
the patient received a haploidentical transplant from a paternal donor and cyclophosphamide therapy for consolidation; currently, she is at +365 days from transplant and
in complete remission with 100% complete chimerism. The patient presented with late
cytokine release syndrome as a side effect of blinatumomab and acute graft-versushost disease grade III, both of which were successfully treated, and the patient remains
asymptomatic.
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Se describe el caso de un paciente de 10 años de edad con leucemia linfoblástica
aguda (LLA) resistente al tratamiento con quimioterapia, quien recibió dos ciclos de
blinatumomab a dosis de 10 μg/m2, aumentando hasta 15 μg/m2 por dos ciclos. Al
final del segundo ciclo, se logró remisión hematológica completa, que fue documentada por citomorfología y la enfermedad residual mínima (ERM). Posteriormente, la
paciente recibió un trasplante haploidéntico con ciclofosfamida postrasplante para
prevención de la enfermead injerto vs hospedero de un donante paterno como terapia
de consolidación; actualmente, la paciente está en el día +365 del trasplante y en
remisión completa con quimerismo completo. La paciente tuvo síndrome de liberación tardía de citocinas como efecto secundario de blinatumomab y enfermedad
aguda de injerto contra huésped grado III, que se trataron con éxito; actualmente el
paciente permanece asintomático.
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BACKGROUND
Acute lymphoblastic leukemia (ALL) is the
most common childhood cancer.1 This type of
leukemia is highly sensitive, with a remission
rate and a long-term disease-free survival rate
of 80-90% and, consequently, a high probability of achieving a cure.2 However, patients who
relapse and become refractory to conventional
chemotherapy have only an approximately 3040% chance of achieving long-term remission.3
Allogeneic bone marrow transplant constitutes
a treatment option for patients who relapse and
become refractory to conventional treatment;
however, one of the major problems with this
treatment is the identification of a histocompatible donor among family members or in a
donor bank.4 In cases where no histocompatible
donors are found, an haploidentical donor is the
alternative. One of the most important factors for
achieving positive results is the disease status
before transplant; patients in complete remission
with an MRD < 0.002 log before transplant have
a better prognosis.5 Blinatumomab has proven to
be effective in achieving remission in patients
with pre-B CD19+ ALL who relapse or become
refractory to treatment.6
This current report describes the therapeutic
efficacy and adverse events in a patient with
pre-B CD19+ ALL treated with blinatumomab to
achieve molecular remission and a subsequent
haploidentical transplant as consolidation to
improve disease-free survival.

CLINICAL CASE
A 10-year-old Mexican female with a diagnosis of
standard-risk pre-B ALL. The patient was treated
with the St. Jude XIIIB regimen, and complete
remission was achieved during 30 months of the
chemotherapy protocol. The child remained in
complete remission for 67 months. Then, relapse
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occurred in the bone marrow with 95% lymphoblasts; positive signals for CD19, CD20, CD22,
CD79a, CD38, CD45, and HLA-DR; DNA index:
4.9; cytogenetics 45 XX (- 6) (- 9) (9;12)/46 XX;
and spinal fluid without infiltration. The patient
was treated with the BFM 90 regimen; there was
no response at 4 weeks, with persistent lymphoblasts in the bone marrow and an elevated
MRD. The decision was made to perform rescue
with the IDA-FLAG regimen, which was well
tolerated; however, after two cycles, the patient
continued to present with 58% lymphoblasts and
a high MRD. At this point, the patient’s relatives
chose palliative care with low-dose prednisone.
A haploidentical transplant was proposed due
to the lack of an HLA identical donor. As a strategy to achieve remission, blinatumomab 10 μg/
m2 in 250 cc of saline was infused for 48 hours
(actual dose, 5 μg/m2), and then, the dose was
increased to 15 μg/m2. During the 28 days of
continuous infusion, the patient presented with
hyperthermia without hemodynamic impact during the first 48 hours, and between days 16 and
28 the patient presented with dysesthesias that
improved with the use of analgesia. She continued treatment without complications. However,
15 days after the conclusion of the 1st cycle, she
presented at the hospital emergency room in
poor general condition with diffuse abdominal
pain, vomiting, fever, pancytopenia, metabolic
acidosis and hypovolemic shock. An infection
was suspected, and the inflammatory marker
results requested on admission revealed ferritin
2649 ng/mL, C-reactive protein (CRP) 1.8 mg/dL,
procalcitonin (PCT) 0.2 ng/mL and erythrocyte
sedimentation rate (ESR) 23 mm/hour; chest Xray, abdominal ultrasound, and sepsis work-up
were also performed. Antibiotic therapy was
started with vancomycin and cefepime, but the
patient presented with acute exacerbation. At 48
hours, significant increases in some acute-phase
markers were observed: ferritin 4624 ng/mL, CRP
5 mg/dL, PCT 0.2 ng/mL and ESR 45 mm/hour
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(Figure 1). The cultures were negative, so additional acute-phase markers were examined, and
a chest X-ray was performed. The latter revealed
bilateral pleural effusion predominantly in the
right hemithorax. The echocardiogram showed
pericardial effusion and cardiomegaly.

drome was made. Noninvasive ventilatory support
was established with dexamethasone 6 mg/m2
and gammaglobulin 1 g/kg/day. After 5 days of
this treatment, clinical improvement was noticed,
including in respiratory function. The patient was
discharged completely asymptomatic.

Six hundred thirty milliliters of a fluid characteristic of transudate was obtained by thoracentesis, and no signs of infection were documented;
thus, the diagnosis of late cytokine release syn-

After the first cycle of blinatumomab, a negative MRD was noticed. A second cycle of
blinatumomab was administered without adverse
effects, and consolidation was performed with
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Figure 1. Kinetics of inflammatory markers during late release syndrome 15 days after completing the first cycle
of blinatumomab. A. Serum ferritin levels. B. Erythrocyte sedimentation rate. C. Serum procalcitonin levels.
D. C reactive protein levels.
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haploidentical transplant from a paternal donor
with A-positive Rh iso-group and cytomegalovirus (CMV)-negative donor and recipient status.
The conditioning regimen consisted of a total
body irradiation scheme at 200 cGy/day for
three days, followed by cyclophosphamide and
etoposide; the patient then received 8 x 106
CD34+ cells and prophylaxis for graft-versus-host
disease (GVHD) with cyclophosphamide, mycophenolate mofetil and tacrolimus beginning on
day 5. The myeloid cell graft was documented
on day +14, at that point 100% donor chimerism
was reported. Complications from transplantation included acute GVHD at the intestinal level
that was refractory to corticoids and warranted
treatment with infliximab; a good response was
achieved, and the patient remained in complete
remission with 100% donor chimerism at 365
days.

DISCUSSION
In patients with refractory ALL, treatment focuses
on the highly myelotoxic polychemotherapy with
the intention to destroy all the leukemic clones.
However, extended periods of aplasia can lead
to serious infections with a high mortality rate.
One of the most promising therapies is the bispecific monoclonal anti-CD3-CD19 antibody
blinatumomab, which causes the formation of a
cytolytic synapse mediated by the release of perforin and granzymes from cytoplasmic granules
in T lymphocytes, in addition to the release of
inflammatory cytokines that promote the proliferation of these cells.7 Blinatumomab has proven
to be effective in achieving remission in patients
with pre-B CD19+ ALL who relapse or become
refractory to treatment when administered in 5
cycles at 15 μg/m2 per day for 28 days.6 Blinatumomab is proposed as a bridge treatment prior
to transplant, especially considering the potential
of achieving full remission. Such is the case for
our patient who presented with negative MRD
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after the first cycle of blinatumomab, despite
refractoriness to complete molecular remission.
However, 19 days after the end of the first cycle,
the patient developed symptoms consistent with
late cytokine release syndrome, while only mild
fever and arthralgia were recorded during the
infusion.
In our case, a clinical picture highly suggestive
of septic shock emerged without any documentation of bacterial infection but with a noted
progressive increase in ferritin, CRP, ESR, and
PCT as acute-phase markers (Figure 1). Despite the prescription of empirical antibiotic
therapy, the symptoms did not disappear; clinical improvement was observed only after the
administration of steroids and gammaglobulin.
These data suggest a late presentation of cytokine
release syndrome.
There is limited evidence of this phenomenon,
although some authors have mentioned the
presence of mutations in the perforin gene in
CD3+ T lymphocytes as justification for the late
release of cytokines.
The advantages of haploidentical transplantation are widespread availability, fast access,
and accessibility to the donor for cell therapies
if required.8 This type of transplant also presents
greater immunological barriers.9 The use of cyclophosphamide postransplant (50 mg/kg at +3
and +4 days) promotes immune tolerance and
hence reduces the rate of GVHD.10 Subsequently,
several pediatric groups have tried this strategy
and achieved overall survival rates of 60-70%,
progression-free survival rates of 60-65%, and
mortality rates of less than 10%.11
The use of both therapies may be an effective
and less toxic option for children with refractory/
relapsed ALL.
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