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Case Report: Blinatumomab
as upfront consolidation
and maintenance therapy
in a pediatric patient with
high-risk B-cell acute
lymphoblastic leukemia

Sumit Gupta1,2*, Jessica Casey1 and Joseph Lasky1,2

1Department of Pediatric Hematology/Oncology, Cure 4 The Kids, Roseman University of Health
Sciences, Las Vegas, NV, United States, 2Department of Pediatrics, University of Nevada, Las Vegas,
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Introduction: B-cell acute lymphoblastic leukemia (B-ALL) is the most common

malignancy in children. The current conventional chemotherapy regimens have

high overall survival but with significant short- and long-term toxicities,

sometimes requiring delay and termination of chemotherapy. Bispecific T-cell

engager antibody blinatumomab has been successful in achieving bone marrow

remission and acting as bridging therapy in minimal residual disease (MRD)-

positive relapsed adult and pediatric B-ALL patients. Its role as upfront therapy is

being explored. Here, we report the first case to our knowledge showing the

feasibility, tolerability, and sustained remission using blinatumomab upfront as

consolidation and maintenance therapy for 2 years in a pediatric patient with

high-risk B-ALL who had significant toxicities with conventional chemotherapy.

'Case presentation: An 11-year-old Hispanic girl presented with complaints of

fever, abdominal pain, and fatigue. On further evaluation, she had tachycardia,

pallor, cervical lymphadenopathy, and pancytopenia. Bone marrow studies

confirmed high-risk B-ALL. The patient was started on induction

chemotherapy per AALL1131. Her induction course was complicated by

syncope, febrile neutropenia, and invasive cryptococcal fungal infection. End-

of-induction bone marrow results were MRD negative. Further chemotherapy

was withheld due to cardiopulmonary and renal failure, along with ventricular

arrhythmias requiring intensive care. The patient received two cycles of

blinatumomab as consolidation therapy and then transitioned back to

conventional consolidation therapy; however, it was terminated mid-

consolidation due to Pseudomonas and Aspergillus sepsis. She was then given

blinatumomab maintenance therapy for 2 years and tolerated it well without any

irreversible toxicity. She had an episode of Staphylococcus epidermidis sepsis

and pneumonia treated by antibiotics and a single episode of a seizure while on

blinatumomab therapy. At the time of publication, she is 25 months off treatment

and in sustained remission without any further transplant or chemotherapy. She

received monthly intravenous immunoglobulin G during the blinatumomab

maintenance.
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Conclusion: Blinatumomab given upfront as consolidation and maintenance

therapy for 2 years in a pediatric high-risk B-ALL patient with significant toxicities

to conventional chemotherapy was feasible and very well tolerated without any

irreversible toxicity and led to sustained remission without any bridging

transplant or further chemotherapy.
KEYWORDS
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1 Introduction

Acute lymphoblastic leukemia is the most common malignancy

in children with B-cell acute lymphoblastic leukemia (B-ALL),

comprising 85% of leukemia cases (1). Over the decades, research

through various clinical trials has resulted in increased survival

using conventional chemotherapy, reaching up to 90% in some

developed countries (2, 3). However, a significant number of

toxicities are associated with these regimens leading to delay or

interruption in chemotherapy, as well as short- and long-term

morbidity and mortality (4). These range from mucositis,

bacterial and invasive fungal infections, colitis, seizures, and

osteonecrosis during the therapy to secondary malignancy,

cardiotoxicity, obesity, endocrine abnormalities including

hypogonadism, neurocognitive deficits, and premature death

long-term (4–8).

Blinatumomab is a bispecific T-cell engager antibody construct

that helps remove CD19-positive lymphoblasts by binding

simultaneously to CD3-positive cytotoxic T cells (9). Based on

clinical trials, it has been provided accelerated approval by the U.S.

Food and drug administration (FDA) for use in Philadelphia

chromosome-negative and minimal residual disease (MRD)-

positive relapsed B-ALL patients, both in adults and in children

(9, 10). Two major pediatric phase III trials for relapsed B-ALL,

AALL1331 by Children ’s oncology group (COG) and

NCT02393859 in Europe, terminated enrollment prematurely due

to significant beneficial results when used in consolidation for post-

induction MRD positive relapsed B-ALL patients (10–12). The

pediatric patients had fewer serious adverse events (SAE) as

compared with conventional chemotherapy in these trials, and

most of them tolerated blinatumomab well (11, 12). Current

COG clinical trial AALL1731 is evaluating the effect of adding

two cycles of blinatumomab upfront in standard risk-average B-

ALL patients after consolidation. However, most adult and pediatric

trials use blinatumomab for one to eight cycles as a bridging therapy
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to achieve remission and continue with either hematopoietic stem

cell transplant (HSCT) or conventional chemotherapy (9, 11, 12).

Here, we present the first case in the literature demonstrating the

feasibility, tolerability, and treatment using blinatumomab upfront

as consolidation (two cycles) and maintenance therapy (21 cycles)

for 2 years in a pediatric patient with high-risk B-ALL who had

significant toxicities, including multiorgan failure with conventional

chemotherapy, leading to sustained remission without any further

bridging therapy.
2 Case description

An 11-year-old Hispanic girl with no significant past medical

history presented with high-grade fever, abdominal pain for 3 days,

and decreased appetite and fatigue. She had no significant past

medical and family history. On examination, she had tachycardia,

pallor, and cervical lymphadenopathy. Laboratory findings were

consistent with pancytopenia: WBC 1.3 × 109/L, hemoglobin 7.4 g/

dL, platelets 51 × 109/L, and 3% neutrophils on differential. Chest X-

ray revealed right perihilar and upper lobe infiltrates. Bone marrow

(BM) and cerebrospinal fluid (CSF) studies confirmed B-ALL with

94% blasts (positive for CD19, CD10, CD20, CD22, CD34, CD38,

CD79a, HLA-DR, and TDT) with CNS1 status. Cytogenetics studies

revealed hyperdiploidy of multiple chromosomes (chromosomes 4,

5, 6, 10, 14, 17, 18, 21, and X) and fluorescence in situ hybridization

studies confirming trisomy of chromosomes 4, 10, and 17 with two

extra copies of RUNX1. The patient was started on a four-drug

induction chemotherapy as per COG AALL1131. Induction

chemotherapy was complicated by grade 2 hypertension, an

episode of syncope, persistent febrile neutropenia, and fungemia

with Cryptococcus albidus requiring antibiotics and antifungals

(treated with amphotericin for 2 weeks and voriconazole that was

continued until 6 months off blinatumomab therapy). CT chest/

abdomen/pelvis revealed numerous lesions in the lungs, liver,

spleen, and kidneys with biopsy of the hepatic lesion confirming

disseminated fungal infection. End-of-induction BM confirmed an

MRD-negative status. However, the patient had prolonged

neutropenia and the course was further complicated by

cardiorespiratory failure, renal failure, and symptomatic

ventricular arrhythmias with Torsades de Pointes leading to

intubation and intensive care, requiring 3 weeks to recover post-
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induction. She had generalized weakness, more profound in her

bilateral lower extremities, requiring a wheelchair for mobility.

Repeat BM aspiration 3 weeks post-induction showed an MRD-

negative status.

The patient was then started on blinatumomab consolidation

(15 mcg/m2/day) for two cycles (28 days of continuous infusion

followed by a 1-week break) after amphotericin was discontinued

and received dexamethasone for 2 days during her first cycle due to

persistent fevers. She had one episode of pneumonia treated with

antibiotics during cycle 1. The patient received a lumbar puncture

with intrathecal methotrexate on days 8 and 29 of each cycle. BM

aspirate after each cycle of blinatumomab was performed and

confirmed an MRD-negative status. Her generalized strength

improved to the extent that she was able to sit independently. She

was then transitioned back to conventional chemotherapy as per

high-risk consolidation of COG AALL1131. Three weeks into the

first half of consolidation chemotherapy, she presented with

Pseudomonas aeruginosa sepsis. Further treatment was

complicated by Aspergillus niger fungemia and prolonged

myelosuppression, followed by the removal of her port and

discontinuation of conventional chemotherapy mid-consolidation.

Once recovered, she was started on blinatumomab maintenance

immunotherapy (15 mcg/m2/day, each cycle of 35 days with 28 days

of continuous infusion) that was continued for an additional 21

cycles to complete 2 years of treatment post-consolidation. She

received two lumbar punctures with intrathecal chemotherapy each

cycle for the first four cycles of maintenance therapy, followed by

one dose of intrathecal chemotherapy per cycle for the remaining

cycles. She developed Staphylococcus epidermidis sepsis requiring

change of her PICC line and bilateral pneumonia during cycle 1.
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She also experienced an episode of syncope followed by self-

resolving slurred speech and focal seizure (involving face and

head) for 5 seconds during cycle 11 of blinatumomab

maintenance. She was started on Keppra and continued to take

Keppra. The patient was given monthly intravenous

immunoglobulin G (IVIG) during and after completion of the

treatment, which was eventually weaned to every 6 weeks. She

tolerated blinatumomab therapy well and remains in sustained

remission at 25 months off treatment at the time of publication,

without any further transplant and chemotherapy. Her strength has

improved dramatically. The timeline is shown in Figure 1.
3 Discussion

B-ALL is the most common type of leukemia diagnosed in

children. The overall survival (OS) and event-free survival (EFS)

have increased drastically following multiple successful clinical

trials over the period of decades. However, subpopulations like

National Cancer Institute (NCI) high-risk patients with unfavorable

genetics or slow responders continue to have poor survival rates.

The COG clinical trial AALL1131 tried to augment therapy with

cyclophosphamide, etoposide, and clofarabine but showed high

toxicity with no improvement in survival (1, 2, 13). Significant

toxicities are associated with conventional chemotherapy (1, 5). In

the COG clinical trial AALL0232, during induction around 20%

and 11% of the patients had infections and febrile neutropenia

respectively (5). High-dose methotrexate caused infections and

mucositis in 12.3% and 14.4% patients, respectively, along with

seizures and ischemic cerebrovascular events in 18 and 5 patients,
FIGURE 1

Timeline of events. BM, bone marrow; CNS, central nervous system; SAE, serious adverse event.
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respectively (5). Prolonged neutropenia, high-dose steroids, and

chemotherapy also cause invasive fungal infections in as high as 8%

of the patients (6, 14). These complications sometimes lead to the

interruption of chemotherapy and contribute to both short- and

long-term morbidity and premature mortality. The cumulative

incidence for severe chronic medical conditions, including death,

was 21.3% for survivors at 25 years from diagnosis (15). Current

trials are investigating ways to reduce these toxicities while

maintaining an excellent prognosis. Clinical trial AALL0932

aimed to reduce the toxicity by decreasing the pulses of

dexamethasone and vincristine for the average risk subset of NCI

standard risk B-ALL patients (5, 16). Our patient had significant

toxicities, including grade 2 hypertension, invasive disseminated

fungal infection during induction followed by cardiopulmonary and

renal failure, along with ventricular arrhythmias, prolonged

neutropenia, severe generalized weakness restricting mobility, and

delay of chemotherapy post-induction.

Blinatumomab is a bispecific T-cell engager antibody construct

that eliminates selective B lymphoblasts with CD19 markers using

cytotoxic CD3+ T lymphocytes (9, 10). In adults, the phase III

TOWER trial involved patients with Philadelphia negative MRD-

positive relapsed B-ALL. Treatment with blinatumomab resulted in

a higher rate of EFS compared with chemotherapy (31% vs. 12%)

and longer duration of survival (9). It has also been shown to be

superior to conventional chemotherapy in relapsed B-ALL pediatric

patients. In the pediatric phase III COG AALL1331 study, relapsed

B-ALL patients treated with two cycles of blinatumomab had a 2-

year overall survival of 71.3% compared with 58.4% in the

chemotherapy group, which led to the early termination of the

trial (11). Another pediatric phase III multicentric trial in Europe

used one cycle of blinatumomab for a third consolidation in

relapsed B-ALL patients and showed that MRD remission was

achieved in 90% vs. 54% of patients in the consolidation

chemotherapy group. The incidence of events (relapse, second

malignancy, death, or failure to achieve complete remission) was

31% vs. 57% in the blinatumomab group vs. the consolidation

chemotherapy group (12).

Blinatumomab has been very well tolerated in children. In the

COG trial AALL1331, the rate of SAE was lower in the

blinatumomab group with cumulative rates of 15%, 5%, and 2%

vs. 65%, 58%, and 27% in the chemotherapy group for infection,

febrile neutropenia, and sepsis, respectively. The most common

adverse event (AE) in the blinatumomab group was cytokine release

syndrome (CRS) at 22% in cycle 1, but only 1% had equal or greater

to grade 3 CRS. Encephalopathy and seizures were present in 11%

and 4%, respectively, with 2% and 1% equal to or greater than grade

3. There were no AE-related deaths in the blinatumomab group,

and all AEs were fully reversible (11). A similar safety profile was

also seen in other pediatric trials (10, 12). Given the complications

in our patient and the well-tolerated profile of blinatumomab, we

decided to start consolidation with blinatumomab until she

recovered from complications and invasive fungal infection. She

had fevers consistent with grade 1 CRS in cycle 1 of blinatumomab,

requiring dexamethasone for 2 days. However, she tolerated further

cycles without any clinical evidence of CRS. Her fever could also be

due to an underlying infectious process. She gained significant
Frontiers in Oncology 04
strength and was able to sit up independently by the end of cycle

2. We also examined the MRD status after each cycle of

blinatumomab in consolidation, which continued to be negative.

All of the above clinical trials used blinatumomab for MRD-

positive disease in relapsed B-ALL patients. However, the effect of

blinatumomab when used upfront and in MRD-negative patients is

also being studied both in adults and in pediatrics. In an adult phase

III randomized national cooperative clinical trials network trial

from ECOG-ACRIN E1910 involving 488 participants with newly

diagnosed B-ALL, 224 patients that were MRD negative after the

intensification of chemotherapy were randomized to receive four

additional cycles of blinatumomab as part of their consolidation

chemotherapy. Results showed that the upper boundary for efficacy

analysis was crossed in favor of the blinatumomab arm with no

significant safety concerns. It concluded that the addition of

blinatumomab in consolidation for newly diagnosed B-ALL adults

who are MRD negative at the end of intensification resulted in

significantly better overall survival representing a new standard of

care in ALL patients (17). The COG trial AALL1731

(NCT03914625) is determining if there is any improvement in

overall survival when blinatumomab is given upfront for two cycles

post-consolidation in the NCI standard-risk–avg B-ALL (MRD

negative post-induction, but next-generation sequencing positive

or indeterminate) and standard-risk–high B-ALL (end of induction

or consolidation MRD <0.1%). Hence, we used blinatumomab for

consolidation and maintenance therapy in our patient who had

MRD negative bone marrow status at the end of induction.

In an adult multicentric study conducted in Europe involving

relapsed B-ALL patients with MRD positivity after a minimum of

three blocks of intensive therapy, 36 (33%) of the patients were not

able to undergo hematopoietic stem cell transplant (HSCT). Out of

these 36 patients, 9 (25%) remained in continuous remission

without HSCT or chemotherapy after blinatumomab, with a

median follow up of 24 months (18). Also, some patients

required more than one cycle of blinatumomab to attain MRD

remission (around 10% after the second cycle) (18). Similar results

were also seen in other studies (19, 20).

Our patient had multiple episodes of sepsis, fungemia with

disseminated invasive fungal infection, pneumonia, and prolonged

myelosuppression leading to cardiopulmonary failure during the

administration of conventional induction therapy and the first half

of conventional consolidation chemotherapy. We used

blinatumomab as consolidation therapy after induction to

maintain remission given the high probability of relapse in high-

risk B-ALL patients with delayed and interrupted chemotherapy.

Once she recovered, we resumed conventional consolidation

chemotherapy, which was complicated by Pseudomonas

aeruginosa sepsis and Aspergillus niger fungemia. Hence, the

decision was made to discontinue conventional chemotherapy

mid-consolidation and use blinatumomab as further maintenance

chemotherapy based on the safety profile, high risk of relapse

without maintenance, and rationale as described in the above

sections. There are no data in the literature regarding an

appropriate duration of therapy with blinatumomab when it is

not used as bridging therapy. The current or previous clinical trials

used blinatumomab up to eight cycles in adults and two cycles in
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pediatrics when using it as a bridge (9, 11, 12). We gave

blinatumomab maintenance for 21 cycles to complete 2 years of

therapy after consolidation in line with the timeframe in most of the

COG protocols for conventional chemotherapy in B-ALL. Based on

COG protocol AALL1331, we gave 1 week off between two

subsequent cycles of blinatumomab.

The patient and the family were compliant with the

blinatumomab infusions and agreed to receive blinatumomab

instead of continuing conventional chemotherapy. It resulted in

infrequent hospitalizations or ER visits. The patient tolerated the

blinatumomab infusions well. There was one episode of pneumonia

during cycle 1 of consolidation and Staphylococcus epidermidis

sepsis with bilateral pneumonia during cycle 1 of maintenance

with blinatumomab, which could also be attributed to an

underlying incompletely treated bacterial or fungal infections and

prolonged intubation. Blinatumomab can also cause severe

neutropenia and hypogammaglobulinemia during the treatment

(21). Our patient had grade 4 neutropenia and leucopenia during

the first cycle of blinatumomab consolidation, which recovered in 2

weeks. Wo et al. conducted a small sample size study indicating no

difference in secondary hypogammaglobinemia and associated

infection risk when two cycles of blinatumomab were used (22,

23). However, since we planned blinatumomab for long-term

treatment and the paucity of data in children, we administered

monthly IVIG. The immunoglobulin G (IgG) troughs during

blinatumomab infusions always remained below the normal level;

however, mid-IVIG cycle levels were within the normal range

(Figure 2). Zugmaier et al. showed that the IgG recovery after

blinatumomab exceeded 50% of the baseline in three out of five

responders in adults (23). In our patient, we were able to wean the

IVIG infusions to every 6 weeks 1 year post-blinatumomab therapy

to maintain troughs around normal levels.

During cycle 11 of consolidation, she had an episode of grade I

seizure lasting 5 seconds. This could be due to neurotoxicity from
Frontiers in Oncology 05
intrathecal methotrexate that she received 11 days prior or due to

blinatumomab. Pediatric patients with methotrexate neurotoxicity

when rechallenged with intrathecal methotrexate tolerated it well,

and blinatumomab neurotoxicity was reversible in pediatric clinical

trials (11, 24). The patient was started on Keppra and tolerated

future intrathecal methotrexate and blinatumomab without any

other episodes of neurotoxicity.

In summary, we present the first case to our knowledge for

demonstrating that the use of blinatumomab therapy upfront for

two cycles of consolidation and 2 years of maintenance therapy in a

high-risk B-ALL pediatric patient is feasible and well tolerated,

leading to sustained remission. Our patient remains in remission at

25 months off treatment at the time of publication without any

further bridging transplant or chemotherapy. Blinatumomab can be

used as a salvage option for pediatric patients with severe toxicities

due to conventional chemotherapies causing delay and early

termination of treatment with significant morbidity and mortality

leading to high chances of relapse in high-risk B-ALL patients.

However, this is a case report and further studies are required to

determine the appropriate length of blinatumomab therapy along

with long-term remission rates and adverse effects.

In conclusion, blinatumomab given upfront as consolidation

and maintenance therapy for 2 years in a pediatric high-risk B-ALL

patient with significant toxicities to conventional chemotherapy was

feasible and well tolerated without any irreversible toxicity and led

to sustained remission without any bridging transplant or

further chemotherapy.
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FIGURE 2

Serum IgG levels. The figure shows the level of serum IgG during blinatumomab infusions and 6 months after treatment. IgG, immunoglobulin G.
Red arrows indicate IgG levels mid-IVIG cycles, the blue arrow indicates the date of end of treatment with blinatumomab.
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