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Abstract

Blinatumomab is a BiTE® (bispecific T-cell engager) immuno-oncology therapy, which

has demonstrated significant activity in patients with relapsed or refractory B-cell

precursor acute lymphoblastic leukemia (R/R B-ALL); however, a subset of patients

relapse.Monitoring expression of cluster of differentiation (CD)19 in relapsed patients

is critical to inform sequencing of subsequent therapies. The expression of CD19 in 59

pediatric patients with R/R B-ALL was analyzed on the day of diagnosis of R/R B-ALL

and on days 15 and 29 of cycle 1 of blinatumomab. Most patients treated with one

cycle of blinatumomab retained expression of CD19, and would therefore be eligible

for subsequent anti-CD19 CAR T-cell therapy.

1 INTRODUCTION

Cluster of differentiation (CD)19-directed immunotherapies have

shown efficacy in patients with B-cell precursor acute lymphoblas-

tic leukemia (B-ALL).1 Blinatumomab, a novel BiTE® (bispecific T-cell

engager) immuno-oncology therapy, which redirects CD3-positive T

cells to engage and lyseCD19-positive target cells, has demonstrated a

significant improvement in the survival of patients with B-ALL who are

refractory to or relapse following chemotherapy (R/R B-ALL).2 How-

ever, a subset of patients relapse following treatment with blinatu-

momab. Previously published results from this phase 1/2 open-label

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

engager; CART-19, anti-CD19 chimeric antigen receptor T-cell therapy; CD, cluster of

differentiation; CR, complete remission; FC, flow cytometry; MRD, minimal residual disease;

R/R B-ALL, relapsed or refractory B-cell precursor acute lymphoblastic leukemia
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study in pediatric patients with R/R B-ALL demonstrated that of the

70 patients who received the recommended phase 2 dose of blinatu-

momab, 27 patients (39%) achieved complete remission (CR) within

the first two cycles of treatment.3 At the end of a 2-year follow-up,

19 of those 27 patients (70%) relapsed, of which two were alive at last

assessment, 15 died, and twowithdrew consent.3

Patients who relapse with CD19-negative disease generally have

poor prognosis with limited treatment options.4 Monitoring the

expression ofCD19 in patientswithR/RB-ALLwho relapse upon treat-

mentwithblinatumomabcouldhelp gain critical insights into themech-

anism of relapse and thus aid in the sequencing of subsequent anti-

CD19 therapies. The aim of this report was to evaluate the expression

of CD19 in pediatric patients with R/R B-ALL at the end of one cycle of

treatment with blinatumomab.
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The expression of CD19 was assessed by flow cytometry (FC) on

the day of confirmation of diagnosis of R/R B-ALL, and on day 15 and

day 29 of cycle 1 of blinatumomab. Detailed description of the study

design, patient eligibility, dose modifications, interruptions, discontin-

uations, and themethodology used for FC andminimal residual disease

(MRD) analysis (by FC or polymerase chain reaction) were previously

reported and are summarized in Supplementary Methods.3 Hemato-

logic remission was defined per von Stackelberg et al.3 and described

in SupplementaryMethods. CRwas subclassified on the basis of recov-

ery of peripheral blood counts.

2 RESULTS

Of the 70 patients who received the recommended phase 2 dose in the

phase 1/2 study, the expression of CD19 was analyzed retrospectively

in 59 patients for whom CD19 expression data were available. Base-

line characteristics for patients included in this analysis are shown in

Supplementary Table S1. Of the 59 patients included in this analysis,

29 patients were treated with 5, 15, 30 µg/m2/day, or a stepwise regi-

men of 15 µg/m2/day for 7 days, followed by 30 µg/m2/day for 21 days

of blinatumomab in the phase 1 portion of the primary study,3 and 29

patients were treated with a stepwise dose of 5 µg/m2/day for 7 days,

followed by 15 µg/m2/day for 21 days (5/15 µg/m2/day) of blinatu-

momab in the phase 2 portion of the primary study.3 Overall, 44 of 59

patients received blinatumomab at the recommended stepwise dose

of 5/15 µg/m2/day. Hematologic and MRD response and the status of

CD19 expression on the day of diagnosis of R/R B-ALL and on days 15

and/or 29 of cycle 1 are listed in Table 1 and summarized in Supple-

mentary Table S2. Analysis of CD19 expression on the day of diagno-

sis versus day 15 or 29 in patients stratified per response to blinatu-

momab showed that the majority of patients across response groups

retained the expression of CD19upon completion of one cycle of blina-

tumomab (Supplementary Figure S1). The data on expression of CD19

in patients who were MRD-negative (<1 × 10−4 detectable blasts) on

days 15 and/or 29 of cycle 1 of treatment with blinatumomab were

assessed for the expression of CD19; however, these patients did not

have detectable leukemic blasts.

Seven of the 59 patients analyzed in the current analysis expe-

rienced a disease relapse due to the emergence of CD19-negative

blasts (patients #4, #10, #27, #29, #32, #33, and #47; Table 1). Of

the 19 patients who were reported to have relapsed in the primary

study,3 the proportion of patients who relapsed with CD19-negative

disease was 37% (7/19) per data presented in the current analy-

sis. A prior publication5 that analyzed 18 patients with evaluable

data from the same primary study3 had reported that 22% (4/18) of

patients had CD19-negative relapse. The current analysis assessed

evaluable data from an additional 41 patients; therefore, of a total of

59 patients analyzed in the current analysis, 11.9% (7/59) of patients

had CD19-negative relapse. Patients #4, #10, #27, and #33 showed

a decrease/loss of CD19 expression at the end of cycle 1 of blinatu-

momab, and patients #29, #32, and #47 showed a decrease/loss of

CD19 expression at the end of cycle 3. Analysis of CD19 expression on

B-ALL leukemic blasts from patients #4 and #10 on the day of diagno-

sis showed a heterogeneous population of blasts that expressed CD19

(Supplementary Figure S2).

3 DISCUSSION

Overall, themajority of pediatric patients with R/R B-ALL continued to

express CD19 at the end of treatmentwith one cycle of blinatumomab.

Of the total number of patients who relapsed in the primary study,

37% of patients relapsed with CD19-negative disease. Among pedi-

atric/adolescent patientswithR/RB-ALLwho relapsed following treat-

ment with anti-CD19 chimeric antigen receptor T-cell therapy (CART-

19), the proportion of patients with CD19-negative relapse has been

reported to be higher (39%‒100%) comparedwith that reported in the

current analysis (37%), possibly due to the high therapeutic pressure

applied by CART-19.6–9 Patients who relapse upon treatment with bli-

natumomab have been shown to respond to re-treatment with blina-

tumomab or subsequent treatment with CART-19.10 In adult patients,

recent data from phase 1 of the ZUMA 3 trial showed that of the

21 patients with R/R B-ALL who received prior treatment with bli-

natumomab, 12 (57%) patients responded to subsequent treatment

with CART-19.11 Notably, in another analysis of 38 adult patients with

R/R B-ALL who progressed after CART-19, the overall prognosis of

patients was poor, though a subset of patients achieved sustained

remission to salvage treatments including blinatumomab and/or ino-

tuzumab ozogamicin (seven of 12 patients, 58.3%) or re-infusion of

CAR T cells (four of 10 patients, 40%).12 On the contrary, an analy-

sis of 166 patients with R/R B-ALL who received CART-19 showed

that patients with prior treatment with blinatumomab had a higher

rate of failure to achieve MRD-negative remission.13 Another report

based on an analysis of 420 patients showed that previous blinatu-

momab treatment increased the risk of nonresponse to CART-19 and

was associated with a worse 6-month probability of relapse-free and

event-free survival in 13 of 71 patients (18.3%).14 However, patients

treated with blinatumomab had a greater incidence ofMLL rearrange-

ment compared with patients who had not been previously exposed

to blinatumomab, which could explain the increased risk of nonre-

sponse to CART-19, as it is known that patients with MLL rearrange-

ment are more prone to a switch in the phenotype/lineage of the

leukemic blasts, thus rendering the escape from immunotherapy more

likely.15,16

The mechanisms underlying CD19-negative relapse are not fully

elucidated; however, their characterization is critical for the opti-

mization of the sequencing of CD19-directed immunotherapies. Pos-

sible mechanisms of relapse include loss of surface CD19 antigen,

expression of a genetically altered variant of CD19, low expression

of CD19 RNA, mutations in the CD19 signaling complex member

CD81, aneuploidy-mediated loss of the nonmutated CD19 allele, and

a potential switch from lymphoid to myeloid phenotype of leukemic

blasts.17–20 Although none of the patients in the current analysis

showed a clear lineage switch, patient #27 showed a gain of monocytic

phenotype upon disease progression.5
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TABLE 1 Hematologic response and status of CD19 expression at the end of cycle 1 of blinatumomab in pediatric patients with R/R B-ALL

Treatment response

MRDby flow

[neg.= 1.00E-05] %CD19 expression on blasts

Patient no.

Cycle 1

Day 15

Cycle 1

Day 29

MRDnegativity

by flow

Cycle 1

Day 15

Cycle 1

Day 29

Confirmation

of diagnosis

Cycle 1

Day 15

Cycle 1

Day 29

1 NR NR No 3.57E-01 0.73 50.6 65.7 60.8

2 PR PR Cycle 1 Day 29 2.10E-03 1.00E-05 100.0 N/A NLD

3 NR NR No 8.80E-01 8.00E-01 91.6 99.0 78.3

4 NR CRn No 9.00E-02 2.90E-02 58.5 38.1 28.4

5 PD N/A No 8.80E-01 N/A 99.0 96.5 N/A

6 NR N/A No 6.10E-01 N/A 98.0 77.8 N/A

7 NR N/A No 3.20E-01 N/A 56.0 93.0 N/A

8 PR PR No 2.69E-02 7.20E-02 96.3 97.3 91.0

9 NR NR No 5.90E-01 7.80E-01 96.7 93.3 89.8

10 NR N/A No 9.00E-01 N/A 59.8 0.6 N/A

11 NR N/A No 4.80E-01 N/A 97.0 99.4 N/A

12 CRi CRc Cycle 1 Day 15 1.00E-05 1.00E-05 98.4 NLD NLD

13 NR NR No 6.40E-01 4.21E-01 95.2 84.5 93.4

14 N/A PR No N/A 5.30E-02 94.4 77.9 79.4

15 NR N/A No 7.50E-01 N/A 98.9 99.4 N/A

16 NR NR Cycle 2 Day 29 4.70E-01 7.60E-01 95.7 19.5 75.2

17 NR PD No 9.18E-02 5.17E-01 93.9 95.6 95.2

18 CRc CRc Cycle 1 Day 15 1.00E-05 1.00E-05 100.0 NLD NLD

19 CRi CRc Cycle 1 Day 15 1.00E-05 1.00E-05 99.9 NLD NLD

20 NR N/A No 9.80E-01 N/A 99.9 98.5 N/A

21 PR PR Cycle 1 Day 15 1.00E-05 1.00E-05 71.0 NLD NLD

22 NR NR No 4.20E-01 7.90E-01 94.7 99.2 97.4

23 CRc PR No 1.03E-02 1.97E-01 91.7 91.9 94.0

24 PD PD No 1.30E-01 2.23E-01 88.2 83.6 94.6

25 CRi CRc Cycle 2 Day 15 4.06E-03 2.52E-03 87.0 75.4 89.4

26 CRc CRc No 4.70E-03 N/A 99.9 97.3 98.3

27a CRn CRn Cycle 1 Day 15 1.00E-05 1.00E-05 97.7 NLD NLD

28 CRn CRi No N/A 3.60E-03 98.0 N/A 99.5

29b CRn PR Cycle 1 Day 15 1.00E-05 4.30E-02 98.9 NLD 91.4

30 N/A PD No N/A 8.50E-01 98.6 N/A 99.2

31 NR NR No N/A 8.70E-01 98.3 95.8 91.9

32c PR PR No N/A 1.64E-03 97.6 N/A 93.4

33d PR PR Cycle 1 Day 15 1.00E-05 1.00E-05 99.3 NLD NLD

34 CRc PR Cycle 2 Day 29 1.60E-02 3.39E-04 92.4 48.3 99.6

35 NR PR Cycle 3 Day 29 3.30E-01 1.41E-02 93.5 93.0 96.7

36 NR NR No 4.10E-01 4.20E-02 97.4 95.3 95.9

37 PR CRn No 2.24E-02 N/A 99.0 100.0 100.0

38 PD PD No 2.40E-01 8.00E-01 97.4 99.6 99.8

39 NR NR No 6.70E-01 7.08E-01 99.3 98.5 98.5

40 PR PD No 5.30E-02 2.28E-01 96.7 91.5 100.0

(Continues)
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TABLE 1 (Continued)

Treatment response

MRDby flow

[neg.= 1.00E-05] %CD19 expression on blasts

Patient no.

Cycle 1

Day 15

Cycle 1

Day 29

MRDnegativity

by flow

Cycle 1

Day 15

Cycle 1

Day 29

Confirmation

of diagnosis

Cycle 1

Day 15

Cycle 1

Day 29

41 CRn CRc Cycle 1 Day 15 1.00E-05 1.00E-05 98.7 NLD NLD

42 CRn CRi Cycle 1 Day 15 1.00E-05 7.56E-04 99.6 NLD 100.0

43 NR NR No 4.70E-01 7.70E-01 86.3 98.7 98.7

44 NR NR No 8.60E-01 7.40E-01 99.8 99.8 95.0

45 NR PR No 2.40E-01 5.67E-02 98.6 98.0 93.0

46 CRn CRi Cycle 1 Day 15 1.00E-05 1.00E-05 99.8 NLD NLD

47e CRn CRn Cycle 1 Day 15 1.00E-05 1.00E-04 99.6 NLD 100.0

48 PD N/A No 9.67E-01 N/A 94.4 83.5 N/A

49 N/A NR No N/A 7.90E-01 93.4 N/A 88.9

50 PD PD No 7.70E-01 9.00E-01 97.4 97.9 99.0

51 NR NR No N/A 9.70E-01 98.6 100.0 98.2

52 PR PD No 6.60E-01 8.60E-01 98.8 99.9 99.6

53 PR CRi Cycle 1 Day 15 1.00E-05 1.00E-05 97.7 NLD NLD

54 CRn CRn Cycle 1 Day 15 1.00E-05 1.00E-05 99.0 NLD NLD

55 PD PD No 7.40E-01 6.80E-01 99.3 100.0 100.0

56 PD N/A No 9.10E-01 N/A 98.0 99.5 N/A

57 N/A CRn No N/A 4.10E-02 86.1 N/A 79.9

58 N/A N/A No N/A N/A 75.6 98.7 N/A

59 CRi PD No 2.43E-02 1.20E-03 94.4 86.6 N/A

Note: Expression of CD19 in patients who wereMRD-negative and thus had no detectable blasts (<1 × 10−4 blasts) on days 15 and/or 29 of cycle 1 of treat-

mentwith blinatumomab has been described asNLD. Data on response to treatmentwith blinatumomab for Patient #58were not available. This patient was

excluded from the analysis. CR defined as<5% blasts in bonemarrow and no evidence of disease andwas subclassified on the basis of recovery of peripheral

blood counts; CRc defined as<5% blasts in bonemarrow and no evidence of disease with complete hematologic recovery; CRi defined as<5% blasts in bone

marrowwith incomplete hematologic recovery; CRn defined as<5% blasts in bonemarrowwith responses that did not qualify as CRc or CRi, OR (blast-free)

hypoplastic or aplastic bone marrow. PR was defined as complete disappearance of circulating blasts, ≥5% or <25% blasts in bone marrow and appearance

of normal progenitor cells; PD was defined as an increase of at least 25% or an increase of at least 5000 cells/µl (whichever was greater) in the number of

circulating leukemia cells, development of extramedullary disease, or other clinical evidence of PD. NR or stable disease was defined as failure of the patient

to qualify for CR, PR, or PD.

Abbreviations: CR, complete remission; CRc, complete remissionwith complete hematologic recovery; CRi, complete remissionwith incomplete hematologic

recovery; CRn, complete remission that did not qualify forCRc orCRiOR (blast-free) hypoplastic or aplastic bonemarrow; E, exponent to the power 10;MRD,

minimal residual disease; N/A, data not available; neg., negative; NLD, no leukemia detected; NR, no response; PD, progressive disease; PR, partial remission;

R/R ALL, relapsed/refractory acute lymphoblastic leukemia.
aPatient #5 fromMejstríková et al.5

bPatient #2 fromMejstríková et al.5

cPatient #3 fromMejstríková et al.5

dPatient #4 fromMejstríková et al.5

ePatient #1 fromMejstríková et al.5

Analysis of the expression of CD19 on blasts from patients who

experienced CD19-negative relapse showed a heterogeneous popula-

tion of CD19-expressing blasts on the day of diagnosis of R/R B-ALL.

These data indicate a possibility for the existence of a small popula-

tion of immunophenotypically invisible CD19-negative blasts prior to

the initiation of treatment with blinatumomab, which could eventually

emerge to become the dominant population once the CD19-positive

blasts are depleted by blinatumomab. This possibility is supported by a

recent report that demonstrated the use of a single-cell RNA sequenc-

ing approach to detect the presence of CD19-negative leukemic cells

in a patient with R/R B-ALL prior to the start of CART-19.21

Patients with CD19-negative relapse have limited treatment

options. A subset of pediatric patients with CD19-negative relapse

following treatment with blinatumomab has been known to respond

to chemotherapy.5 In addition, patients experiencing CD19-negative

relapse could be approached with immunotherapies that target other

antigens, such as inotuzumab ozogamicin or daratumumab, which

target CD22 and CD38, respectively. A recent report based on a



MEJSTRIKOVA ET AL. 5 of 6

retrospective analysis of 56 patients (55 with R/R B-ALL), majority of

whom had relapsed or were refractory to CD19-targeted therapies,

demonstrated that 29% of patients who were CD19-negative or had

partial expression of CD19 regained the expression of CD19 over the

follow-up period.22 Thus, in addition to detection of the presence of

CD19-negative leukemic blasts prior to the start of treatment with

blinatumomab, tracking disease progression by analyzing expression

of CD19 and other B-cell markers on leukemic blasts would be crit-

ical to inform sequencing of subsequent therapies in patients with

CD19-negative relapse.

The current analysis has limitations. Lack of data points due to the

small patient size and inadequate follow-up data prevented further

assessment of the effect of subsequent cycles of blinatumomab on

the expression of CD19. Furthermore, expression of CD19 in patient

samples was categorized as dim/bright at the stage of diagnosis of

R/R B-ALL based on the presence of the predominant population

of leukemic blasts; however, modulation in the expression of CD19

was not assessed during the course of treatment with blinatumomab.

Assessment of the modulation of CD19 during and after treatment

with blinatumomab would be critical prior to subsequent treatment

with CART-19. In conclusion, data from the current retrospective anal-

ysis suggest that leukemic blasts from the majority of patients retain

the expression of CD19 upon treatment with one cycle of blinatu-

momab. A subset of patients experienced CD19-negative relapse with

no incidence of ALL-to-AML lineage switch. Prior exposure to blinatu-

momabwould not excludemost pediatric patientswithR/RB-ALL from

the potential benefits of subsequent immunotherapy such as CART-19

or re-treatment with blinatumomab.
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