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a b s t r a c t 

Blinatumomab, a bispecific T-cell engager antibody con- 

struct targeting CD19, has been shown to improve the out- 

come in patients with relapsed and/or refractory B-cell 

acute lymphoblastic leukemia. Treatment with blinatumomab 

demonstrated significant survival benefit over chemotherapy, 

supporting its use as a bridge therapy to allogeneic 

hematopoietic stem cell transplantation. Unfortunately, fol- 

lowing initial response, approximately 50% of responding pa- 

tients eventually relapse. At the time of failure, the majority 

of patients have CD19-positive blasts, yet a concerning num- 

ber of CD19-negative relapses has been reported. In the data 

reported herein, we present an interesting case of a 42-year- 

old patient with primary refractory B-cell acute lymphoblas- 

tic leukemia who achieved complete morphologic remission 

after one cycle of blinatumomab as a single agent. Notably, 

and in the absence of extramedullary disease history, the re- 
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sponse in marrow coincided with the emergence of CD19- 

positive extramedullary relapse including sites of previous 

punctures for blood and bone marrow samples, as confirmed 

by biopsy, as well as parenchymal organs (eg breast and 

lung). During the second cycle of blinatumomab, a CD19- 

negative morphological relapse emerged. The loss of CD19 

was a transient event, as leukemic cells partially regained 

it after chemotherapy. This study illustrates a challeng- 

ing situation of relapsed and refractory acute lymphoblas- 

tic leukemia complicated with extramedullary disease after 

exposure to a bispecific T-cell engager antibody, such as 

blinatumomab. Physicians should maintain a high level of 

suspicion for the evolution of extramedullary leukemia. This 

pattern of resistance and/or relapse to blinatumomab resem- 

bles the graft-versus-leukemia effect after allogeneic trans- 

plantation (stronger in blood and marrow than in other 

tissues). Mechanisms of resistance to blinatumomab are not 

yet clear. Combination treatments for refractory patients and 

those at high risk for exramedullary disease may warrant fu- 

ture assessment. 

© 2018 Elsevier Inc. All rights reserved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

With current intensive chemotherapy, 90% of adult patients with acute lymphoblastic

leukemia (ALL) achieve complete remission; however, more than 50% of the patients will even-

tually relapse. 1 Large retrospective studies demonstrated significant differences in terms of

prognosis, with particularly poor response rates in early or refractory relapses. 2 Allogeneic

hematopoietic stem cell transplantation (allo-HSCT) is the only curative option for adult patients

with refractory ALL and achievement of complete remission is an essential bridging step before

allo-HSCT. 2,3 Precursor B-cell ALL (B-ALL) is the most common phenotype accounting for 80%

of cases, 4 while the surface antigen CD19 is expressed on the surface of more than 90% of B-

cell precursor ALL blasts. 5 Blinatumomab is a bispecific T-cell engager antibody construct which

binds simultaneously to CD3-positive cytotoxic T cells and to CD19-positive B cells, allowing the

patient’s endogenous T cells to recognize and eliminate CD19-positive ALL blasts. 6 Treatment

of patients with refractory or relapsed B-ALL with blinatumomab showed a significant survival

benefit over chemotherapy, 7 thus supporting its use as a bridge to allogeneic stem cell trans-

plant. 

Case presentation 

A 42-year-old Caucasian woman was diagnosed with precursor B-ALL on April 2017 (CD10 + ,
CD19 + , HLA-DR 

+ , cytoplasmic IgM 

+ ) with a complex karyotype. She initially received treat-

ment with cyclophosphamide, vincristine, doxorubicin and dexamethasone (DXM) achieving 

only a partial response. Accordingly, she later failed reinduction plus L-asparaginase as well as

treatment with high dose of cytarabine (Ara-C) in combination with etoposide and DXM and

methotrexate in combination with high dose Ara-C. Salvage chemotherapy with FLAG-Ida (flu-

darabine, high dose Ara-C, granulocyte colony-stimulating factor and idarubicin) was also inef-

fective ( Fig 1 a) and at that time, our decision was to test blinatumomab as a bridge to allo-HSCT.

Because of high blast count, she initially received a DXM pre-phase followed by continuous

intravenous infusion of blinatumomab (9 μg/d for the first 7 days and 28 μg/d thereafter) for 4
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Fig. 1. Bone marrow flow cytometry revealing: (a) CD19 positive, (b) CD19 negative population, and (c) double popula- 

tion of CD19 negative and CD19 positive B-lymphoblasts. 
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eeks and a 2-week wash-out interval. Leukemic cells disappeared from peripheral blood by

he second week of treatment and by the end of the first cycle the patient achieved a complete

orphologic remission in the bone marrow for the first time. Minimal residual disease quantifi-

ation by flow cytometry demonstrated a low proportion of CD19 expressing blasts (0.1%). 

However, at the same time, subcutaneous nodules appeared at sites of previous punctures

or venous blood and marrow samples (sternal manubrium, across the cephalic vein, venous

atheter insertion site). Physical examination revealed a nodular mass on her left breast. More-

ver, chest x-ray and chest computed tomography showed pulmonary nodules without any signs

f infection. Biopsy of a subcutaneous nodule confirmed extramedullary relapse from CD19 pos-

tive ALL cells Fig 2 and a second blinatumomab cycle was initiated. Unfortunately, nodular en-

argement progressed despite treatment, while bone marrow aspiration revealed morphological

elapse, surprisingly this time, by CD19-negative ALL cells ( Fig 1 b). Cerebrospinal fluid evalu-

tion after lumbar puncture ruled out central nervous system involvement and karyotype was
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Fig. 2. CD19 positive stain in immunohistochemistry analysis of subcutaneous nodule biopsy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

unchanged. Rescue chemotherapy was administered to the patient, using cyclophosphamide, vin-

cristine, DXM, mitoxantrone, Ara-C, methotrexate, and L-asparaginase. Despite a considerable

size reduction of nodules at all sites, leukemia persisted in the bone marrow. This time, flow

cytometric analysis showed reappearance of CD19 in a percentage of leukemic cells ( Fig 1 c). The

patient received palliative treatment and succumbed to her disease a month later. 

Discussion 

Blinatumomab is a bispecific T-cell engaging monoclonal antibody that redirects cytotoxic

T cells against leukemic B cells with its anti-CD3 and anti-CD19 arms. Treatment with blina-

tumomab contributed in significantly longer overall survival than conventional chemotherapy

among adult patients with relapsed or refractory B-cell precursor ALL. 7 However, the CD19-

negative ALL relapses ranging between 10% and 30% in retrospective and phase 2 studies, 8 cur-

rently represent a major treatment challenge. Leukemic cells slip out of the reach of the anti-

body by becoming CD19 negative. Assessment of the CD19 status at time of relapse is essential,

as previous blinatumomab therapy may enhance drug resistance or even exclude a number of

patients from the potential benefit of subsequent chimeric antigen receptor T-cell therapy. 

Our case is the first report on discordant CD19 expression between marrow and ex-

tramedullary sites, providing valuable insights on the pathophysiology of blinatumomab-

associated ALL resistance and relapse. 

Minimal residual disease assessment in our patient after the first cycle showed a low fre-

quency of CD19-expressing leukemic blasts. However, flow cytometry reevaluation during the

second cycle detected a CD19-negative predominant blast population. Pre-existence of a minor

CD19-negative population in the leukemia bulk has been proposed as a mechanism of resistance

to blinatumomab and subsequent emergence of a CD19-negative relapse. 9,10 

It is of interest that our patient gradually lost CD19 expression on ALL blast cells and regained

it after subsequent treatment, implying that the CD19 loss was a transient and rather isolated

molecular event and not a relapse from a CD19 negative leukemic stem cell. The preserved ALL

phenotypes (except for CD19 negativity) clearly exclude a myeloid shift as resistance mechanism.

Other tumor cell immune escape mechanisms have also been demonstrated as a disrupted

CD19 membrane export in the postendoplasmic reticulum compartment. 10 Moreover, the emer-

gence of extramedullary relapse post blinatumomab in rather unusual sites has been also de-

scribed by others. In a retrospective study of relapsed and/or refractory B-ALL patients treated

with blinatumomab, extramedullary relapse and/or resistance were quite common, affecting
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ne-third of treated patients. However most of them had a history of extramedullary leukemia,

nd this proved to be a significant risk factor for extramedullary relapse after blinatumomab.

he expression of CD19 antigen in extramedullary sites was not reported. 8 Also, the fate of these

D19 negative relapses has not been reported, so it is unknown if any of them rendered CD19

ositive again with time. 

The pathogenesis of extramedullary disease postblinatumomab treatment remains poorly un-

erstood. Why extramedullary sites are more resistant to blinatumomab over bone marrow?

s it a matter of pharmacokinetics and lower drug concentrations or an immune-related phe-

omenon? In our case, it seemed that leukemic cell extravasation generated immunologic sanc-

uaries at sites of needle punctures in soft tissues. This pattern of relapse, including the presence

f leukemic blasts in unusual sites such as the breast and possibly the lungs, resembles the T

ell-mediated graft-versus-leukemia effect in the context of allo-HSCT, which is less prominent

t extramedullary sites than bone marrow. Indeed, relapse at unusual sites was mostly described

n patients with acute leukemia after allo-HSCT 11 and a lack of donor T cells has been reported

t relapsed extramedullary sites. 12 In the allo-HSCT context, several immune escape mechanisms

ave been proposed, such as induction of T-cell anergy by ALL cells, 13 resistance to natural killer

ells, 14 and reduced expression of costimulatory molecules. 15 A case of graft-versus-leukemia in-

uction by blinatumomab for relapsed ALL after HSCT has been reported 

16 supporting the key

ole of functioning T cells in the effective CD19 targeting by blinatumomab. The recruitment

f T cells to nonhematopoietic tissues by blinatumomab may be deficient or delayed thus fa-

oring the generation of immune-privileged sites. In the study reported herein, we show that

xtramedullary relapse, even in the absence of previous history, can occur during blinatumomab

herapy and that CD19 loss may be a transient event. A high suspicion level for the emergence

f extramedullary leukemia and biopsy of suspected lesions are strongly recommended. 

Due to immune escape of ALL in extramedullary sites or by loss of CD19 expression, a con-

iderable number of patients cannot be bridged to allo-HSCT. Mechanisms involved in blinatu-

omab resistance are not yet clear. Further assessment of blinatumomab earlier in the course

f the disease or/and combination treatments for refractory patients and those at high risk for

xramedullary disease may warrant extensive evaluation. 
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