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ABSTRACT ARTICLE HISTORY
Background: Anti-CD19 chimeric antigen receptors (CARs) T-cell therapy has been shown to have Received 8 March 2023
excellent efficacy in patients with relapsed/refractory (R/R) B-cell acute lymphoblastic leukemia ~ Revised 9 June 2023
(ALL). But many patients are refractory to anti-CD19-CAR T-cell therapy or relapse again. Accepted 24 June 2023
Methods: Five patients with R/R B-ALL did not respond to anti-CD19-CAR T-cell therapy or had a KEYWORDS

disease progression again after CAR-T cell therapy. They received a salvage therapy of B-cell acute lymphoblastic
Blinatumomab. The clinical response, CD19 expression on ALL cells, the proportion of CD3* T leukemia; anti-CD19-CAR
cells, level of cytokine levels of interleukin-6 (IL-6), hematological toxicity, grade of cytokine T therapy; blinatumomab;
release syndrome (CRS), and immune effector cell-associated neurotoxic syndrome (ICANS) were salvage therapy
observed in salvage therapy of Blinatumomab.

Results: Four patients obtained CR/CRi, even in patients without high expression of CD19 in

B-ALL cells, while the other patient received NR after Blinatumomab therapy. The CD19 expression

on ALL cells, the proportion of CD3* T cells, and CD3*CD8" T cells were deficient in Pt 5, who

obtained PR in Blinatumomab therapy. One patient (Pt 3) was diagnosed with grade 0

hematological toxicity. The other four patients were diagnosed with grades 2-3 of hematological

toxicity. The CRS was grade 0/one patient, grade 1/three, and grade 2/one. The ICANS was grade

0/four patients, grade 1/one. Rhizopus microsporus pneumonia and cryptococcal encephalopathy

in two patients were controlled during Blinatumomab therapy.

Conclusions: Blinatumomab could be an effective and safe salvage therapy in patients with R/R

B-ALL who failed/progressed after anti-CD19-CAR T therapy, even in R/R B-ALL patients without

high expression of CD19 in B-ALL cells, patients with CNS leukemia or co-infection.

KEY MESSAGES

1. Some R/R B-ALL patients did not respond to anti-CD19 CAR T-cell therapy or had a disease
progression again. Effective and safe salvage therapy for such patients remains to be
explored.

2. Blinatumomab could be an effective and safe salvage therapy in patients with R/R B-ALL
who failed/progressed after anti-CD19-CAR T therapy, even in patients without high
expression of CD19 in B-ALL cells.

3. Blinatumomab could be an effective and safe salvage therapy in patients with R/R B-ALL
who failed/progressed after anti-CD19-CAR T therapy, even in patients with CNS leukemia or
co-infection.

Introduction chemotherapy [1,2]. A successful approach has been

) . the development of bispecific T cell-engaging (BIiTE)
CD19 as a B lymphocyte marker is almost universally .0 ioo against CD19/CD3 with a satisfactory com-
expressed in newly diagnosed B-cell acute lympho-  jate remission (CR) rate in R/R B-ALL. Blinatumomab
blastic leukemia (B-ALL) and relapsed/refractory (R/R) s the first BIiTE antibody against CD19/CD3. It specifi-
B-ALL. Immunotherapy targeting CD19 has a higher  cally binds to CD19* B cells and CD3* T cells, causing
response rate in R/R B-ALL compared to salvage  activation of T cells and then a cytotoxic T cell response
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against CD19-expressing tumor cells [3-5]. Cytokine
release syndrome (CRS) and immune effector
cell-associated neurotoxic syndrome (ICANS) are major
and common adverse events (AEs) Blinatumomab ther-
apy [6-8]. The incidence and severity of CRS depend
upon the disease burden of R/R B-ALL. In addition,
another therapy has been shown to have excellent
anti-leukemic activities in R/R B-ALL was anti-CD19 chi-
meric antigen receptors (CAR) T-cell therapy [9-12].
However, many patients with R/R B-ALL are refractory
to anti-CD19-CAR T-cell therapy or relapse after this
therapy [11,13]. The limited availability of effective
treatments for these patients poses significant chal-
lenges. Here we describe Blinatumomab’s efficacy and
side effects as salvage therapy in five patients with
R/R B-ALL.

Patients and methods
Patient characteristics

Five patients who were diagnosed with R/R B-ALL
were enrolled in our study. They had all received
anti-CD19-CAR T-cell therapy. But they did not respond
to anti-CD19-CAR T-cell treatment or had a disease
progression again after they obtained CR/CR with
incomplete blood count recovery (CRi) to CAR-T cell
therapy. All the patients provided informed consent
and received a salvage therapy of Blinatumomab.
Informed consent was obtained from the participants.
The patients agreed to participate in our study. They
decided to use their data for our study. All the data
and material have been performed following the
Declaration of Helsinki and conformed to relevant
aspects of the ARRIVE guidelines.

Salvage therapy of Blinatumomab

When the R/R B-ALL patients who obtained CR in their
anti-CD19-CAR T-cell therapy had a disease relapsed
again, or they did not respond to CAR-T cell therapy,
they received salvage therapy of Blinatumomab.
Blinatumomab was administered by continuous intra-
venous drip and dose-escalating manner with 9ug/d
for the first week, followed by 28ug/d for the remain-
ing three weeks.

Clinical response criteria

The therapy response of Blinatumomab was assessed
at the end of the treatment. The evaluation methods
included bone marrow (BM) morphology and BM flow

cytometry (FCM). Disease status was defined as CR,
CRi, and partial remission (PR).

The proportion of CD3* T cells and cytokine levels
in Blinatumomab therapy

The proportion of CD3* T cells in peripheral blood
were observed before salvage therapy of Blinatumomab
by FCM. Cytokine levels of interleukin-6 (IL-6) were
observed in the salvage therapy of Blinatumomab
using respective enzyme-linked immunosorbent assays.

Adverse events (AEs) of Blinatumomab therapy

AEs were observed for 28d throughout the treatment
with Blinatumomab. The hematological toxicity was
graded according to the joint ASCO/IDSA consensus
guidelines for cancer-related infection risk [14,15]. The
cytokine release syndrome (CRS) grade was deter-
mined according to the National Cancer Institute
Common Terminology Criteria for AE v4.03 [16].
Neurotoxicity syndrome was defined according to
immune effector cell-associated neurotoxic syndrome
(ICANS) [171].

Follow-up

From the date of salvage therapy of Blinatumomab,
follow-up was carried out up to the cutoff date or the
date of death. The cutoff date was October 31, 2022,
in our study.

Results

Patient characteristics before Blinatumomab
therapy

All five patients received anti-CD19-CAR T-cell therapy
one to three times when diagnosed with R/R B-ALL.
The detailed characteristics of the five patients before
their Blinatumomab therapy are shown in Table 1.
None of these patients had received Blinatumomab or
CD19 monoclonal antibody before salvage therapy of
Blinatumomab. The proportion of leukemia cells in BM
before Blinatumomab therapy is shown in Table 1.

In this study, Pt 2 was an R/R B-ALL patient with
high tumor load and central nervous system (CNS) leu-
kemia. He had 98.2% leukemia cells in his bone mar-
row with 99.44% of CD19 expression in leukemia cells
and had 32.2% leukemia cells in his CNS before sal-
vage therapy of Blinatumomab. Because of the low
level of platelet (58x10%L) at the beginning of
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salvage therapy, he received only one time of intrathe-
cal chemotherapy before Blinatumomab therapy.

CD19 expression in B-ALL cells before
Blinatumomab therapy

When the five patients with R/R B-ALL were enrolled in
their salvage therapy of Blinatumomab, the CD19
terms in B-ALL cells differed. It was 73.09%, 99.44%,
45.24%, 59.03%, and 32.02% in Pt 1 to Pt 5 (Figure 1).
Moreover, except for Pt 2, the other four patients had
very low CD22 expression in leukemia cells.

Clinical responses to the Blinatumomab salvage
therapy

Four patients obtained CR/CRi in the following sal-
vage therapy of Blinatumomab. Three patients (Pt 1,
3, 4) achieved MRD-negative responses, whereas the
other patient (Pt 2) was evaluated as CRi with
MRD-positive  response  after one cycle of
Blinatumomab therapy. The central nervous system
leukemia of Pt 2 also obtained an MRD-negative reply
in his cerebrospinal fluid. The other patient (Pt 5)
received PR after two cycles of Blinatumomab ther-
apy (Figure 2).

The proportion of CD3* T cells and cytokine levels
in Blinatumomab therapy

The proportion of CD3* T cells, the CD3*CD8* T cells
and the CD3*CD4* T cells in peripheral blood were
observed in Blinatumomab salvage therapy by FCM.
The proportion of CD3* T cells and CD3*CD8* T cells
was more deficient in Pt 5 who obtained PR than that
of in the other four patients who obtained CR/CRi in
Blinatumomab therapy (Table 2).

There was no significant increase in IL-6 levels in
peripheral blood. The peak of IL-6 was 28.4pg/mL,
162.5pg/mL, 4.10pg/mL, 12.72pg/mL, and 10.5pg/mL
in peripheral blood in Blinatumomab therapy (Table 2).
The peak of IL-6 was 45.7 pg/mL in the cerebrospinal
fluid of Pt 2 with high tumor load and CNS leukemia.

AEs of Blinatumomab therapy

In salvage therapy of Blinatumomab, Pt 2 developed a
fever below 38.5°C, headache, and hepatic dysfunc-
tion, Pt 1 developed a fever below 38.0°C and slight
headache. All these AEs recovered quickly before the
end of the Blinatumomab therapy.

In this salvage therapy, one patient (Pt 3) was diag-
nosed with grade 0 of hematological toxicity, and the
other four patients (Pt 1, 2, 4, 5) were diagnosed with
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Figure 1. The proportion of CD19 expression in B-ALL cells.
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Figure 2. Responses and survival after Blinatumomab therapy.

grades 2-3 of hematological toxicity. Pt 1, 2, 4, 5
received therapy of granulocyte colony-stimulating fac-
tor (GCS-F). Except for Pt 5 (PR), hematological toxicity
recovered in the other three patients within one week
after Blinatumomab therapy (Table 2).

Of these five patients, two (Pt 5) were diagnosed
with grade 0 of CRS, and two (Pt 1, 3, 4) were diag-
nosed with grade 1 of CRS. In contrast, the other
patient (Pt 2) was diagnosed with grade 2 of CRS
during their salvage therapy of Blinatumomab. Only
one patient (Pt 2) was diagnosed with grade 1 of
ICANS; the other four were diagnosed with grade 0 of
ICANS during this salvage therapy. Pt 2 received two
days of dexamethasone therapy (5mg/d) to relieve his
ICANS. No CRS or ICANS-related deaths were observed
in our study (Table 2).

Infection and therapy during Blinatumomab
therapy

During Blinatumomab therapy, two patients developed
invasive fungal disease (IFD). Pt 1 was diagnosed with
rhizopus microspores pneumonia by Next-generation
sequencing technology (NGS) of bronchoalveolar fluid
and pathological examination of infected tissue on day
ten of his Blinatumomab therapy. He received isavuco-
nazole orally, amphotericin B intravenously, and
amphotericin B atomized. He obtained PR of his rhizo-
pus microspores pneumonia at the end of his
Blinatumomab therapy and obtained CR 40d after his
Blinatumomab therapy (Figure 3). Pt 3 was diagnosed
with bacterial pneumonia by computed tomography
(CT) and cryptococcal encephalopathy of the central
nervous system by magnetic resonance imaging (MRI)
before his Blinatumomab therapy. He received
posaconazole intravenously and obtained CR of his
cryptococcal encephalopathy at the end of his
Blinatumomab treatment (Figure 3). Pt 2 was

diagnosed with bacterial pneumonia by CT and bacte-
rial culture of bronchoalveolar fluid. He received mero-
penem and obtained CR of his bacterial pneumonia
on day 21 of Blinatumomab therapy. Pt 4 and 5 did
not develop any infections during their salvage ther-
apy of Blinatumomab.

Survival after the salvage therapy of
Blinatumomab

After salvage therapy of Blinatumomab, two patients
(Pt 2, 3) received allogeneic hematopoietic stem cell
transplantation (allo-HSCT). Pt 3 survived in CR on
Blinatumomab maintenance therapy until the cutoff
date. Pt 2 died of severe IFD two months after
allo-HSCT. Two patients (Pt 1, 4) who obtained CR/CRi
survived in CR/CRi state, and one patient (Pt 5) with
PR survived on maintenance therapy until the cutoff
date (Figure 2).

Discussion

There is still no conclusion on the effect of the differ-
ent order of the application of anti-CD19 CAR T-cell
and Blinatumomab therapy on the efficacy of R/R
B-ALL. A study proved that prior therapy with
Blinatumomab was associated with a significantly
higher failure rate to achieve MRD- deep remission or
subsequent loss of remission with antigen escape
[18]. But another study reported that five patients
with R/R B-ALL received anti-CD19 CAR T-cell therapy
after antibody-based immunotherapy. In the three
patients after prior therapy with Blinatumomab, two
patients obtained MRD- remission response to CAR-T
cell therapy. The other patient with the active disease
died of CRS and ICANS [19]. In the ZUMA-3 phase 1
trial, the efficacy of anti-CD19 CAR T-cell therapy was
not compromised by previous therapy with
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Table 2. Characteristics and outcomes of the five patients in Blinatumomab salvage therapy.

Response to

ICANS

CRS
Grade

Hematological toxicity Grade

Blinatumomab

Infection
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CD3*: CD3* T cells in peripheral blood; CD3*CD8*: CD3*CD8* T cells in peripheral blood; CD3*CD4*: CD3*CD4* T cells in peripheral blood; MRD: Minimal residual disease; RMP: Rhizopus microsporus pneumonia; BP:

Bacterial pneumonia; CE: Cryptococcal encephalopathy.

Blinatumomab [20]. However, child patients with R/R
B-ALL who had previously received Blinatumomab
had a lower survival rate after anti-CD19 CAR T-cell
therapy [18]. Data on the influence of Blinatumomab
on outcomes of the following anti-CD19 CAR T-cell
therapy needed to be more comprehensive in the lit-
erature. But the CD19 expression on ALL cells should
be assessed before the subsequent anti-CD19 CAR
T-cell therapy.

If anti-CD19 CAR T-cell therapy was preferred in
patients with R/R B-ALL and Blinatumomab was treated
when the disease progressed again, what are the effi-
cacy and side effects? These patients with R/R B-ALL
had limited therapy options and poor prognoses [21].
The first study delineated such a challenging therapy
but an increasingly more common patient population
[22]. In this study, 12 patients with R/R B-ALL who
received Blinatumomab and/or Inotuzumab ozogami-
cin as a salvage therapy progressed after anti-CD19
CAR T-cell therapy. CD19 expression in leukemia cells
of the four patients who received Blinatumomab sal-
vage therapy was all positive. Three patients with R/R
B-ALL obtained CR response to Blinatumomab salvage
therapy; the other patient brought no response (NR)
response. Although the sample size was small, encour-
aging responses were achieved in patients with R/R
B-ALL who received Blinatumomab and/or Inotuzumab
ozogamicin progressing after anti-CD19 CAR T-cell
therapy. There were no severe CRS, ICANS, or cytope-
nia in the Blinatumomab salvage therapy of these four
patients.

For patients with R/R B-ALL, Blinatumomab has
been reported a higher CR rate with MRD negativity
[5,23,24]. In our study, only five patients with R/R
B-ALL received Blinatumomab as salvage therapy after
anti-CD19 CAR T-cell therapy. Four patients (4/5, 80%)
with R/R B-ALL obtained CR/CRi in the Blinatumomab
salvage therapy. The efficacy of salvage therapy with
Blinatumomab was satisfactory, even in patients who
had a low proportion of CD19 expression in B-ALL
cells. In these four patients obtained CR/CRi, CD19
expression in B-ALL cells was 73.09%, 99.44%, 45.24%
and 59.03%. The only one patient who obtained PR
after two cycles of Blinatumomab therapy had a
32.02% of CD19 expression in B-ALL cells. Moreover,
except for Pt 2 (99.44% of CD19 expression), the other
four patients had very low CD22 expression in leuke-
mia cells. Therefore, we tried to use Blinatumomab for
the salvage therapy in these R/R ALL patients. Little is
known about the mechanism of resistance to
Blinatumomab therapy. An essential mechanism for
treatment failure might be the loss of CD19 antigen
before Blinatumomab therapy [25,26], but CD19
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Day 28 of Blinatumomab

Figure 3. Rhizopus microsporus pneumonia of Pt 1, bacterial pneumonia and cryptococcal encephalopathy of central nervous

system of Pt 3.

antigen loss does not appear to affect the efficacy of
Blinatumomab therapy as often as CAR-T therapy [11].
This might be one of the reasons for the satisfactory
efficacy of these five patients with Blinatumomab sal-
vage therapy. And the comparison of efficacy and the
sequential CD19-targeted therapies between anti-CD19
CAR T-cell therapy and Blinatumomab therapy needs
further exploration. As a bispecific antibody targeting
CD3 and CD19, Blinatumomab therapy is dependent

on CD3*T cells of R/R B-ALL patients. Therefore, we
monitored the expression of CD3*T cells in the periph-
eral blood of patients. The proportion of CD3*T cells in
the peripheral blood of Pt 5 who obtained PR was
73%, lower than that of the other four patients who
obtained CR/CRi. We should continue to experiment
with the efficacy and safety of Blinatumomab salvage
therapy, especially in patients with different expression
of CD19 in B-ALL cells.
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CRS and ICANS are the major complications in
Blinatumomab therapy, especially in patients with
high tumor load [27,28]. In our study, only one
patient (Pt 2) with high tumor load and CNS leuke-
mia was diagnosed with grade 2 of CRS and grade 1
of ICANS during his salvage therapy of Blinatumomab.
All this toxicity disappeared quickly, and no CRS or
ICANS-related deaths were observed in our study. We
monitored changes in IL-6 levels during Blinatumomab
therapy to avoid adverse effects associated with
higher CRS and ICANS. Although it remains unclear
whether  Blinatumomab could penetrate the
blood-brain barrier [28], it is safe and effective in
patients with R/R B-ALL with CNS [29]. In this study,
it suggests that efficacy of Blinatumomab in treating
CNS leukemia and Blinatumomab might be a poten-
tial option for the treatment of CNS leukemia. In our
study, Pt 2 with high tumor load and CNS leukemia
obtained an  MRD-negative  response  also.
Furthermore, the hematological  toxicity  of
Blinatumomab therapy was recovered quickly. In par-
ticular, the two patients with rhizopus microspores
pneumonia and cryptococcal encephalopathy
achieved CR with MRD negativity, and the infection
of the patients was also controlled.

The most significant limitation of our study is the
small number of patients. Some results were obtained,
but not enough to draw definite conclusions.
However, our exploration in this respect is still valu-
able, and we need to continue to validate our results
in the clinic.

Conclusion

In conclusion, Blinatumomab could be an effective and
safe salvage therapy in patients with R/R B-ALL who
failed/progressed after anti-CD19-CAR T therapy, even
in R/R B-ALL patients without high expression of CD19
in B-ALL cells, patients with CNS leukemia or
co-infection. We need to expand the number of cases
to confirm our conclusions.
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