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Abstract
Tremendous progress in the therapy of pediatric acute lymphoblastic leukemia (ALL) has been

achieved through combination cytotoxic chemotherapy, leading to high cure rates, at the cost

of significant life-threatening toxicity. The bispecific T-cell engager blinatumomab, recently

approved for relapsed/refractory ALL, has a unique nonmyelotoxic toxicity profile. As blinatu-

momab causes B-cell depletion, the safety of its use during severe chemotherapy-induced toxicity

is unclear. We report 11 pediatric patients with ALL, treated with blinatumomab following over-

whelming chemotherapy-associated toxicity, with recovery of all patients and successful bridging

to further antileukemia therapy. Blinatumomab can be considered for rare patients who cannot

tolerate cytotoxic therapy.

K EYWORDS

blinatumomab, childhood acute lymphoblastic leukemia, immunotherapy, treatment-related

toxicity

Abbreviations: ALL, acute lymphoblastic leukemia; B-ALL, B-cell precursor acute

lymphoblastic leukemia; DS, Down syndrome;MRD, minimal residual disease; R/R,

relapsed/refractory.

1 INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most common childhood

malignancy, with cure rates currently approaching 90%.1,2 Despite

the great progress in curing childhood ALL, significant challenges still
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remain. Acute adverse effects of chemotherapy may be life threaten-

ing, and long-term side effects often impair survivors’ quality of life.

As cure rates improve, treatment-related complications account for

a higher percentage of deaths, and currently the rates of treatment-

related deaths are approaching those of relapse-associatedmortality.3

Treatment-related toxicity remains unacceptably high especially for

specific subgroups, such as adolescents and young adults, high-risk

patients receiving more intensive chemotherapeutic regimens, and

patients with certain genetic predisposition syndromes.4–6 Blinatu-

momab is a bispecific construct designed to engage T cells towards

CD19, an antigen expressed on a majority of B-cell precursor ALL (B-

ALL) blasts,7,8 leading to cytotoxic killing of leukemic cells. Blinatu-

momab therapy has induced remissions in relapsed/refractory (R/R)

leukemia9,10 and eradication of minimal residual disease (MRD) in

adults with ALL,11 ultimately leading to improved survival. In the R/R

setting, adults receiving blinatumomab experienced less cytopenia and

a lower rate of infections than that of those treated with standard of

care chemotherapy.12 Administration of noncytotoxic therapies, such

as blinatumomab, during life-threatening chemotherapy-associated

adverse events has not been previously assessed, but may potentially

aggravate toxicity due to B-cell depletion. Here we present a retro-

spective multicenter report of pediatric patients who received blina-

tumomab due to overwhelming chemotherapy-associated toxicity.

2 RESULTS

The medical records of all children and young adults diagnosed with

frontline or relapsedB-ALL in six hematology centers in Israel between

May 1, 2015 and December 1, 2018 (n = 352) were retrospectively

reviewed. Thirty-six patients were treated with blinatumomab. In

11 of these (30%), the indication for blinatumomab treatment was

overwhelming chemotherapy-associated toxicity, causing prolonged

delay of leukemia therapy. In these patients, blinatumomab was

administered as a bridge to further therapy (Table 1). The median

age was 6 years (range 2.5-17). Four patients had underlying genetic

syndromes, including Down syndrome (DS) (n = 2), neurofibromatosis

(n = 1), and psychomotor retardation with dysmorphic features

(n = 1). In eight patients, toxicity occurred during frontline therapy of

leukemia, and in three during treatment of late (n = 2) or early (n = 1)

bone-marrow relapse. Toxicity occurred mainly during induction

(n = 6), but also during delayed intensification (n = 2), high-risk Berlin

Frankfurt Munster (BFM) consolidation (n = 1), FLAG-Ida salvage

(n = 1), and high-dose methotrexate (n = 1, patient with DS). Five

events were caused by gram-negative bacteria (three with extensive

necrotizing fasciitis), in four events the main pathogen was fungal, and

two patients had severe noninfectious gastrointestinal and pulmonary

toxicity. Seven of 11 patients (64%) required prolonged intensive care

unit admission with mechanical ventilation or vasopressor therapy,

and 7/11 patients (64%) required several surgical interventions.

The median time from toxicity presentation to blinatumomab was

50 days (range 15-90). The median interval without chemother-

apy was 122 days (range 75-210 days). Several patients received
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F IGURE 1 (A) The absolute neutrophil count (grey) and
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the interquartile range. (B) Event-free survival (black line) and overall
survival (green line) as measured from initiation of the first
blinatumomab cycle in 11 patients treated for toxicity

blinatumomab while still in the intensive care unit, two patients while

receiving mechanical ventilation, and five received blinatumomab

while undergoing recurrent surgical interventions, such as abscess

drainages, debridement procedures, complex facial reconstruction

procedures, or gastrointestinal surgical interventions.

Since neutropenia was previously reported following blinatu-

momab in the R/R-ALL settings,10,12 we reviewed complete blood

count parameters during blinatumomab infusion. We noted an ini-

tial drop in lymphocytes occurring on the first day of treatment,

as reported previously,8 related to immune engagement and T-cell

activation seen in these patients.We observed no events of significant

neutropenia, defined as an absolute neutrophil count <500/𝜇L (Fig-

ure 1A). Adverse events during blinatumomab included grade 2 (Com-

mon Terminology Criteria for Adverse Events version 4.0) seizures

(n=3), grade 2 encephalopathy (n=1), and one event of Staphylococcus

aureus bacteremia, treated with intravenous antibiotics only.

The goal of bridging to further therapy was achieved in all 11

patients, with resolution of toxic events. Four patients were able to

resume standard chemotherapy protocols, four were unable to toler-

ate standard chemotherapy due to residual comorbidities and were

therefore bridged tomaintenance therapy, and threehigh-risk patients

received allogeneic hematopoietic stem cell transplantation. Nine
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patients with MRD-negative disease prior to blinatumomab retained

this status. Of two treated with measurable MRD, one had an MRD-

negative response and one patient had no MRD response and devel-

oped active extramedullary disease at the end of the first blinatu-

momab cycle, further treated with chemotherapy and CD19 chimeric

antigen receptor T cells.13 Two patients eventually died of toxici-

ties following subsequent treatment phases—one of septic shock dur-

ing maintenance and one of transplant-related toxicity. Beside the

aforementioned patient with extramedullary progression, no disease

relapse occurred. With a median follow-up of 12 months, the 1-year

event-free and overall survival for these 11 patients were 71% and

80%, respectively (Figure 1B).

3 DISCUSSION

In this retrospectivemulticenter national study, we report 11 pediatric

patients with B-ALL who received blinatumomab due to overwhelm-

ing chemotherapy-induced toxicity, causing prolonged therapy delay.

In six of 11 patients (55%), this exceptional toxicity occurred during

the first month of leukemia treatment. All 11 patients were success-

fully bridged to further therapy, with toxicity resolution.

When do treatment delays compromise outcome? Progress in ALL

has been achieved through collaborative randomized clinical trials,1

and adherence to treatment protocols is of paramount importance.

Yet, delays in treatment occur almost universally,14,15 and the risk of

developing at least one serious adverse event during childhood ALL

therapy has been reported to be between 35% and 50%.16,17 Modest

delays caused by myelosuppression are expected, and guidelines are

provided by protocols to delay further therapy until resolution. There

is limited information regarding the impact of therapy delays on the

risk of leukemia relapse. Several studies did not find a higher risk of

relapse in patients with longer cumulative therapy delays throughout

treatment,14,18,19 but treatment interruptions were primarily due to

expected toxicity,mostly hematological, whichmaymay have been due

to general germline sensitivity to the regimen. During maintenance

therapy, interruptions due to myelosuppression have been found to

predict superior event-free survival.20 Conversely, significant unex-

pected delays were associated with worse outcome in several stud-

ies from developed15 and developing countries.21 Therefore, very rare

cases of overwhelming toxicity causing months of therapy delay, such

as the cases reported in this study, are a cause for consternation. Only

in these rare cases should alternative therapies be considered.

Blinatumomabwas administered to patients at the time of recovery

from overwhelming toxicity. Lack of significant neutropenia in patients

treated for toxicity may be related to the baseline higher neutrophil

count, prolonged gap since last cytotoxic chemotherapy, and low over-

all disease burden in these patients, most beingMRD negative, leading

to less immune activation and cytokine-release-syndrome-associated

cytopenia.22 Despite infectious complications reported in R/R patients

treated with blinatumomab,9,10,12 no new fatal or life-threatening

infections were reported during the treatment course of these 11

patients, notwithstanding their debilitated condition. Treatment with

blinatumomab enabled recovery from chemotherapy-induced toxicity

and bridging to further treatment.

Prospective clinical studies in both relapsed and newly diagnosed

patients with B-ALL will help define the optimal role of blinatumomab

in the cure of high-burden leukemia and in decreasing treatment-

related toxicity. Meanwhile, data concerning blinatumomab adminis-

tration in children are still limited.9 In this first report of blinatumomab

therapy during profound chemotherapy-associated toxicity, we show

that blinatumomab is safe for pediatric patients, even in the pres-

ence of overwhelming infectious complications, and can be considered

as a bridging therapy for rare patients who cannot tolerate cytotoxic

therapy.
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