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CD19-negative relapse of pediatric B-cell
precursor acute lymphoblastic leukemia
following blinatumomab treatment
E. Mejstríková1, O. Hrusak1, M. J. Borowitz2, J. A. Whitlock3, B. Brethon4, T. M. Trippett5, G. Zugmaier6, L. Gore7,
A. von Stackelberg8 and F. Locatelli9,10

CD19-negative relapse in B-cell precursor acute lym-
phoblastic leukemia (ALL) is observed as an infrequent
event after chemotherapy and in up to 20% of patients
after CD19-directed chimeric antigen receptor (CAR)
T-cell immunotherapy1. Patients with CD19-negative
relapse usually have a poor prognosis1, 2. The mechan-
isms underlying CD19-negative relapse are not fully
understood but are important to elucidate to further
optimize CD19-directed immunotherapies3, 4. Monitoring
blasts in patients with CD19-negative relapse by flow
cytometry is challenging due to the lack of cell surface
markers other than CD19 that are consistently expressed.
Furthermore, CD19 is often used as a parameter to
quantify minimal residual disease (MRD) and diagnose
relapse. Potential markers to monitor persistent or
recurrent leukemic blasts in an emergent CD19-negative
blast population include B-cell lineage antigens (CD20,
CD22, CD24, and intracellular [i]CD79a) and the com-
mon ALL antigen CD105.
Blinatumomab is an anti-CD3/CD19 bispecific T-cell

engager (BiTE®) antibody construct indicated to treat
patients with relapsed/refractory B-precursor ALL6–8. In a
phase 1/2 multicenter trial, blinatumomab monotherapy
showed 39% (n= 27) complete remission in 70 pediatric
patients with relapsed/refractory ALL, with 14 patients
achieving complete MRD response9. Seventy-one percent
of patients had experienced relapse within 6 months after
last treatment, demonstrating an unfavorable prognosis.
At the end of a 2-year follow-up, 19 total patients relapsed
(2 were still alive at the last assessment, 15 died, and 2

withdrew consent)9. Here, we present four pediatric
patients (two each from phase 1 and 2) who experienced
CD19-negative relapse and one patient with CD19-
negative progression during treatment.
Detailed descriptions of study design, patient eligibility,

dose modifications, interruptions, and discontinuations
were previously reported9 and flow cytometry and MRD
analyses (flow cytometry and polymerase chain reaction
(PCR)) are summarized in the Supplementary Methods.
Briefly, a panel of 29 (patients #1–4) or 20 (patient #5)

markers were used for flow cytometry analysis, as detailed
in the Supplementary Methods. Samples were measured
on cytometers (BDTM LSR II (BD Biosciences, San Jose,
CA, USA) or Dako CyAnTM (DakoCytomation, Glostrup,
Denmark)), and analyses were performed using the
FlowJo® software, version 8.5.3 or 7 (FlowJo, LLC, Ash-
land, CA, USA).
The study completion date was 24 May 2016. Baseline

characteristics of patients with either CD19-positive or
CD19-negative relapse (Table 1) were consistent with
those of the entire patient population9. Flow cytometric
profiles at study entry and relapse are summarized in
Supplementary Table 1.
Patient #1 achieved hematologic remission during cycle

1 of blinatumomab and complete MRD response by PCR
(Supplementary Table 2), with MRD reappearance on day
29 by flow cytometry at a level of 0.01%. In cycle 3, day 29
of blinatumomab, approximately 3 months after achieving
hematologic remission, patient experienced a hematologic
relapse. Blasts at relapse were CD19− CD10+ CD22−
CD34− CD38+ CD45dim CD58+ iCD79a+ (Fig. 1a,
Supplementary Table 1). Patient received antileukemic
medication after relapse and was alive at time of with-
drawn consent.
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Patient #2 experienced two hematologic relapses on
study (one CD19-positive and one CD19-negative).
Patient achieved hematologic remission during cycle 1 of
blinatumomab and complete MRD response by flow
cytometry but was MRD-positive by PCR. In cycle 1, day
29, approximately 2 weeks after blinatumomab-induced
hematologic remission, patient relapsed with primarily
CD19-positive leukemic blasts, which included a small
proportion of CD19− and CD10+ blasts (approximately
5%). Patient continued to receive blinatumomab and
achieved a second hematologic remission in cycle 2, day
15, with an MRD-positive response by PCR (Supple-
mentary Table 2) and MRD relapse by flow cytometry.
Patient relapsed on day 29 with leukemic blasts that were
CD19− CD10+ CD22+ CD34+ CD38+ CD45dim/−
CD58+ CD66c− (8%+) (Fig. 1b, Supplementary Table 1).
Patient received antileukemic medication after relapse
and subsequently died due to disease progression before
study completion.
Patient #3 achieved hematologic remission during cycle

1 of blinatumomab and complete MRD response by PCR
(Supplementary Table 2) but MRD-positive response on
CD19-negative blasts by flow cytometry. In cycle 3, day 29
of blinatumomab, approximately 3 months after
blinatumomab-induced hematologic remission, patient
relapsed with blasts that were CD19− CD10+ CD22+
CD33− CD34− CD38+ CD45dim CD58+ CD66c− (5%
+) iCD79a+/− CD81+ (Fig. 1c, Supplementary Table 1).
Patient received antileukemic medication after relapse
and subsequently died due to disease progression before
study end.
Patient #4 went into hematologic remission during cycle

1 of blinatumomab, with a complete MRD response by
flow cytometry and PCR (Supplementary Table 2). During
cycle 4 of blinatumomab, approximately 4.5 months after
hematologic remission, patient relapsed on day 29 with
blasts that were CD19− CD10+ CD22+ CD34+ CD38+
CD45dim/− CD58+ CD66c+ CD72+ iCD79a− CD81+
(Fig. 1d, Supplementary Table 1). Patient received antil-
eukemic medication after relapse and was alive at the end
of study.
Patient #5 had blasts that were CD19+ CD10− CD22+

CD34+/− iCD79a+ at study entry but converted from
CD19-positive to CD19-negative after 10 days in cycle 1
of blinatumomab. Upon progression, patient had blasts
that were CD2+ CD9+ CD11b+ CD11c+ CD38+ CD56
+ CD64+, suggesting gain of a monocytic phenotype.
The flow cytometric profile for a control patient is

shown for reference (Fig. 1e).
We found that CD22-positive blasts were present in

three of four patients with CD19-negative relapse, sug-
gesting that CD22 may be a helpful marker to monitor
MRD, although CD22 expression on B cells has a broad
and dim intensity distribution that can be lower than

Table 1 Demographic and baseline characteristics of
patients with CD19-positive or CD19-negative relapsea

CD19-positive

relapse (N = 14)

CD19-negative

relapse (N = 4)

Sex, n (%)

Male 10 (71) 2 (50)

Female 4 (29) 2 (50)

Geographic region, n (%)

European Union 6 (43) 4 (100)

United States 8 (57) 0 (0)

Age, median (range), years 6 (1–17) 8 (5–12)

Age group, n (%)

<2 years 3 (21) 0

2–6 years 6 (43) 2 (50)

7–17 years 5 (36) 2 (50)

Genetic abnormalities, n (%)

MLL total 9 (64) 1 (25)

MLL-AF4 t(4, 11) 2 (14) 0

Other MLL 6 (43) 1 (25)

BCR-ABL 0 (0) 0 (0)

Hypodiploidy 1 (7) 0 (0)

Constitutional trisomy 21 1 (7) 0 (0)

Previous alloHSCT, n (%)

Yes 9 (64) 1 (25)

No 5 (36) 3 (75)

Previous relapses, n (%)

1 4 (29) 1 (25)

2 8 (57) 2 (50)

≥3 2 (14) 1 (25)

Refractory disease, n (%) 14 (100) 4 (100)

Yes 0 (0) 0 (0)

No 14 (100) 4 (100)

Time between last relapse and first

blinatumomab infusion, median

(range), months

0.9 (0.1–10.2) 0.8 (0.3–2.3)

Relapse within 6 months after last

prior treatment attempt, n (%)

4 (29) 2 (50)

Bone marrow blast count (central laboratory), n (%)

<50% 6 (43) 1 (25)

≥50% 8 (57) 3 (75)

alloHSCT allogeneic hematopoietic stem cell transplantation; BCR-ABL breakpoint
cluster region-Abelson murine leukemia viral oncogene homolog 1 gene; MLL
mixed-lineage leukemia gene. aFlow data from one patient was unavailable
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Fig. 1 Flow cytometric profiles of blasts from four patients with CD19-negative relapse after blinatumomab treatment and one control
patient during treatment. a Patient #1, b Patient #2, c Patient #3, d Patient #4, and e control patient

Mejstríková et al. Blood Cancer Journal  (2017) 7:659 Page 3 of 5

Blood Cancer Journal



CD19 expression10. In total, four patients were identified
primarily based on very bright CD10 expression and low
side scatter. Other potential markers identified from our
analyses included CD34 (two of four) and iCD79a (two of
three). In three patients, CD45 was dim to negative,
which, together with bright CD10 expression, was highly
suggestive of CD19-negative relapse. CD66c was used as
an aberrant marker for MRD monitoring in three cases,
but this marker identified leukemic blasts in only one
case. Although CD81 is known to form a complex with
CD19/CD21 and was detected on blasts of the two
patients analyzed, CD81 expression can be lost in cases of
CD19-negative relapse11, 12, raising concerns about the
utility of CD81 as a marker to identify ALL progression
after CD19-negative relapse. CD72, another potentially
useful B-cell-specific marker, was analyzed and detected
in one patient (Patient #4).
CD19-negative relapse in B-precursor ALL is a sig-

nificant problem, complicating accurate monitoring of
disease progression, particularly during treatment with
CD19-directed immunotherapies. In our study cohort,
22% (4/18) of patients with evaluable data were observed
to have CD19-negative relapse. Two proposed mechan-
isms of CD19-negative relapse have been described to
date: loss of the CD19 epitope and lineage switch3, 4, 13.
Loss of the CD19 epitope has occurred after CD19-
directed immunotherapy, such as CAR T-cell therapy,
through deletions within CD19, de novo frameshift and
missense mutations in exon 2 of CD19, or alternative
splicing of CD19 mRNA3. We could not perform these
molecular analyses within the reported clinical trial due to
inadequate RNA availability. CD19-negative relapse can
also occur through lineage switch of B-precursor cells
from the lymphoid lineage to a CD14-positive myeloid
lineage, a phenomenon reported to occur in 4% of B-
precursor ALL4, 13. The four presented cases of patients
who had CD19-negative relapse were unrelated to lineage
switch, although lineage switch has been reported in a
patient who relapsed during blinatumomab treatment2.
There were three patients in this study with Philadelphia
chromosome–positive ALL, but none had CD19-negative
relapse14.
In this trial, MRD was evaluated in a portion of patients

by PCR in addition to flow cytometry. MRD detected by
PCR provides reliable results independently from CD19
expression. However, it does not identify this important
change of CD19-negative relapse, which may have ther-
apeutic implications. Loss of the CD19 antigen is also an
important cause of discrepancy between flow cytometry
and PCR. The ability to accurately monitor ALL pro-
gression during treatment and after CD19-negative
relapse by flow cytometry requires identifying additional
B-lineage or other specific markers consistently expressed
on B cells. CD22 or CD24 in combination with markers

abnormally expressed in B-precursor ALL (CD10, CD20,
CD34, CD38, and CD45) have been shown to identify a
subset of blasts in patients with CD19-negative relapse15.
Here, we identified CD22, iCD79a, CD72, and CD81 as

potential alternatives or additional markers to aid in
monitoring B-precursor ALL after CD19-negative relapse.
However, because none of these markers was expressed
consistently in all five patients, further studies in a larger
cohort of patients are needed to confirm their specificity
and reliability and to identify a more refined set of mar-
kers predictive of leukemic cell growth. As CD19-directed
therapies are being more commonly used, identifying
factors to predict CD19-negative relapse and monitor
patients with CD19-negative relapse will be important.

Acknowledgements
We thank Cornelia Eckert, PhD (Charité Campus Virchow, Berlin, Germany), for
PCR methodology development; Cathy Tuglus, PhD (Amgen), for statistical
support; and Janice Y Ahn, PhD (Amgen), and Alan Saltzman, PhD (Fishawack
Communications, Conshohocken, PA), whose work was funded by Amgen, for
medical writing support.

Author details
1Department of Pediatric Hematology/Oncology, CLIP, Charles University,
Prague, Czech Republic. 2Hematologic Pathology, Johns Hopkins University,
Baltimore, MD, USA. 3University of Toronto, Hospital for Sick Children, Toronto,
ON, Canada. 4Department of Pediatric Hematology, Robert Debre Hospital,
Paris, France. 5Pediatric Oncology, Memorial Sloan Kettering Cancer Center,
New York, NY, USA. 6Global Development, Amgen Research (Munich) GmbH,
Munich, Germany. 7University of Colorado School of Medicine and Children’s
Hospital Colorado, Aurora, CO, USA. 8Charité University Medical Center, Berlin,
Germany. 9Department of Pediatric Hematology-Oncology, IRCCS Ospedale
Bambino Gesù, Rome, Italy. 10University of Pavia, Pavia, Italy

Competing interests
E.M., O.H., and M.J.B. performed MRD assessments as a service to Amgen. M.J.
B. reports research grants from Becton Dickinson Biosciences and
participated on a speakers bureau for Beckman Coulter. J.A.W. reports
research grants/funding for trials from Novartis and Amgen and consulting
fees from Jazz Pharmaceuticals, Shire, Amgen, and Gilead. G.Z. is an
employee of and owns stock in Amgen. L.G. received consulting fees from
Amgen, Novartis, and Celgene; is on the board of directors for Round River
Ranch/Serious Fun Network; and owns stock in Amgen, Celgene, Clovis
Oncology, and Sanofi PARIS. A.V.S. reports consulting fees from Amgen. The
remaining authors (B.B., T.M.T., and F.L.) declare that they have no competing
financial interests.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Supplementary information
The online version of this article (https://doi.org/10.1038/s41408-017-0023-x)
contains supplementary material.

Received: 5 September 2017 Revised: 4 October 2017 Accepted: 12
October 2017

Mejstríková et al. Blood Cancer Journal  (2017) 7:659 Page 4 of 5

Blood Cancer Journal

http://dx.doi.org/10.1038/s41408-017-0023-x


References
1. Ruella, M. & Maus, M. V. Catch me if you can: leukemia escape after CD19-

directed T cell immunotherapies. Comput. Struct. Biotechnol. J. 14, 357–362
(2016).

2. Rayes, A., McMasters, R. L. & O’Brien, M. M. Lineage switch in MLL-rearranged
infant leukemia following CD19-directed therapy. Pediatr. Blood Cancer 63,
1113–1115 (2016).

3. Sotillo, E. et al. Convergence of acquired mutations and alternative splicing of
CD19 enables resistance to CART-19 immunotherapy. Cancer Discov. 5,
1282–1295 (2015).

4. Gardner, R. et al. Acquisition of a CD19-negative myeloid phenotype allows
immune escape of MLL-rearranged B-ALL from CD19 CAR-T-cell therapy.
Blood 127, 2406–2410 (2016).

5. Chiaretti, S., Zini, G. & Bassan, R. Diagnosis and subclassification of acute
lymphoblastic leukemia. Mediterr. J. Hematol. Infect. Dis. 6, e2014073 (2014).

6. Kantarjian, H. et al. Blinatumomab versus chemotherapy for advanced acute
lymphoblastic leukemia. N. Engl. J. Med. 376, 836–847 (2017).

7. Topp, M. S. et al. Phase II trial of the anti-CD19 bispecific T cell-engager
blinatumomab shows hematologic and molecular remissions in patients with
relapsed or refractory B-precursor acute lymphoblastic leukemia. J. Clin. Oncol.
32, 4134–4140 (2014).

8. Topp, M. S. et al. Safety and activity of blinatumomab for adult patients with
relapsed or refractory B-precursor acute lymphoblastic leukaemia: a multi-
centre, single-arm, phase 2 study. Lancet. Oncol. 16, 57–66 (2015).

9. von Stackelberg, A. et al. Phase I/phase II study of blinatumomab in pediatric
patients with relapsed/refractory acute lymphoblastic leukemia. J. Clin. Oncol.
34, 4381–4389 (2016).

10. Shah, N. N. et al. Characterization of CD22 expression in acute lymphoblastic
leukemia. Pediatr. Blood Cancer 62, 964–969 (2015).

11. Barrena, S. et al. Aberrant expression of tetraspanin molecules in B-cell chronic
lymphoproliferative disorders and its correlation with normal B-cell matura-
tion. Leukemia 19, 1376–1383 (2005).

12. Braig, F. et al. Resistance to anti-CD19/CD3 BiTE in acute lymphoblastic leu-
kemia may be mediated by disrupted CD19 membrane trafficking. Blood 129,
100–104 (2017).

13. Slamova, L. et al. CD2-positive B-cell precursor acute lymphoblastic leukemia
with an early switch to the monocytic lineage. Leukemia 28, 609–620 (2014).

14. Nagel, I. et al. Hematopoietic stem cell involvement in BCR-ABL1-positive ALL
as potential mechanism of resistance to blinatumomab therapy. Blood 130,
2027–2031 (2017).

15. Cherian, S. et al. A novel flow cytometric assay for detection of residual disease
in patients with B-lymphoblastic leukemia/lymphoma post anti-CD19 therapy.
Cytometry B. Clin. Cytom. 2016; e-pub ahead of print 6 September 2016,
https://doi.org/10.1002/cyto.b.21482.

Mejstríková et al. Blood Cancer Journal  (2017) 7:659 Page 5 of 5

Blood Cancer Journal

http://dx.doi.org/10.1002/cyto.b.21482

	CD19-negative relapse of pediatric B-cell precursor acute lymphoblastic leukemia following blinatumomab treatment
	ACKNOWLEDGMENTS




