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To overcome the unfavorable outcome of refractory/relapsed (R/R) Philadelphia chromosome-positive acute
lymphoblastic leukemia (Ph-+ALL) and conduct allogeneic stem cell transplantation (allo-SCT) safely, we
designed a sequential therapy involving a single cycle of Inotuzumab ozogamicin (InO) and Blinatumomab
(Blina). Two heavily treated and aged patients with R/R Ph+ALL were treated with the therapy. Both of them
achieved complete molecular remission without cytokine release syndrome and underwent allo-SCT without

veno-occlusive disease/sinusoidal obstruction syndrome. Although appropriate central nervous system prophy-
laxis should be added, the InO-Blina sequential therapy is a promising strategy for treating R/R Ph+ALL as a
bridging regimen before allo-SCT.

1. Introduction

Although Philadelphia chromosome-positive acute lymphoblastic
leukemia (Ph+ALL) is a disease with an unfavorable prognosis, its out-
comes have dramatically improved with the introduction of tyrosine
kinase inhibitors (TKIs) [1]. Using TKI-containing regimens, most pa-
tients can achieve complete remission (CR) and undergo allogeneic stem
cell transplantation (allo-SCT) in a controlled disease status, which
should improve the outcome of Ph+ALL. Additionally, promising data
from previous research on ponatinib plus hyper-CVAD indicate the
possibility of curing patients without allo-SCT [2]. However, once pa-
tients lose and/or cannot achieve CR, the outcome is poor, mainly due to
the salvage regimen’s insufficient efficacy.

Recently, several new drugs have been introduced as salvage regi-
mens for refractory/relapsed (R/R) ALL. Inotuzumab ozogamicin (InO)
is a humanized CD22 monoclonal antibody conjugated to calicheamicin
[3], which has been shown to achieve a higher frequency of CR than
conventional chemotherapy for R/R ALL [4]. However, as continuous

InO treatment increases the risk of veno-occlusive disease/sinusoidal
obstruction syndrome (VOD/SOS) [5], the number of InO treatments
should be minimized, especially for patients who are planning to un-
dergo allo-SCT afterward. Blinatumomab (Blina) is a bispecific T
cell-engager antibody construct that directs T cells to CD19+ cells [6].
Although the efficacy of Blina is partial and cytokine release syndrome
(CRS) is problematic for untreated R/R ALL patients [7], Blina is optimal
for treating R/R ALL patients after CR achievement because it can
achieve or keep MRD negativity with a low frequency of CRS and other
side effects common in single-agent immunotherapy [8]. To use the
advantages of these two drugs and bridge to allo-SCT safely, we designed
a sequential regimen with a single cycle of InO and Blina (InO-Blina) for
R/R Ph+ALL. In this paper, we report two cases of R/R Ph+ALL that
were successfully treated with InO-Blina as a bridging regimen before
allo-SCT. Written informed consent has been obtained from the patients
to administer this therapy and publish their information.
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Clinical course of case 1.

Blina: blinatumomab; BM: bone marrow; DLI: donor lymphocyte infusion;

FISH: fluorescence in situ hybridization for evaluating BCR/ABL mutation; FLU: fludarabine;

IT: intrathecal (methotrexate [MTX], cytarabine, dexamethasone); MEL: melphalan; PB: peripheral blood;
gPCR: quantitative polymerase chain reaction for detecting major BCR/ABL mRNA;

TBI: total body irradiation; uPBSCT: unrelated peripheral blood stem cell fransplantation
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Clinical course of case 2.

Blina: blinatumomab; BM: bone marrow; CNS: central nervous system; CSI: craniospinal irradiation; FLU: fludarabine;
InO: inotuzumab ozogamicin; IT: intrathecal; MEL; melphalan; JALSG 202-O: JALSG ALL 202-0 protocol;

PB: peripheral blood; qPCR: quantitative polymerase chain reaction for detecting minor BCR/ABL mRNA;

TBI: total body irradiation; uBMT: unrelated bone marrow transplantation

Fig. 1.
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2. Case 1l

A 51-year-old Japanese man was diagnosed with Ph+ALL in 2018.
He started induction therapy with imatinib and prednisone and then
achieved hematological CR. However, he refused to continue treatment
and dropped out. Three months later, he experienced hematological
relapse with a T315I point mutation; consequently, he received salvage
therapy with hyper-CVAD/MA plus ponatinib and achieved cytogenetic
CR with MRD positivity. Then, he received allogeneic bone marrow
transplantation (allo-BMT) from an human leukocyte antigen (HLA) 8/8
allele-matched unrelated donor, conditioned by 150 mg/m? fludarabine
(FLU), 140 mg/m2 melphalan (MEL), and 3 Gy total body irradiation
(TBI), followed by maintenance therapy with ponatinib. Unfortunately,
he experienced hematological relapse eight months later and received
two cycles of donor lymphocyte infusion (CD3% cells: 1 x 10° cells/kg
and 1 x 107 cells/kg). Although the tumor burden was not reduced in
the bone marrow (BM) (blast 53.2%), the number of blasts in the pe-
ripheral blood (PB) was controlled. He then received a single cycle of
InO (0.8 mg/m? on day 1 and 0.5 mg/m? on days 8 and 15) and achieved
cytogenetic CR. He received two cycles of Blina (cycle 1: 9 ug on days
1-7 and 28 pg on days 8-28, cycle 2: 28 nug on days 1-28) without CRS.
After two cycles of Blina, BM examination revealed MRD negativity,
although he did not experience severe side effects and maintained good
performance status (PS=0) . Two weeks after the second cycle of Blina,
he started conditioning chemotherapy with 150 mg/m? fludarabine
(FLU), 9.6 mg/kg busulfan, and 3 Gy TBI and received allogeneic pe-
ripheral blood stem cell transplantation from a HLA 8/8 allele-matched
unrelated donor. He did not experience VOD/SOS and maintained
complete molecular remission (CMR) for more than one year
(Figure 1A).

3. Case 2

A 67-year-old Japanese man was diagnosed with Ph+ALL in 2018.
He started induction chemotherapy according to the regimen described
by the JALSG ALL202-O protocol [1], followed by hyper-CVAD/MA plus
ponatinib [2], and achieved CMR. After three cycles of hyper-CVAD/MA
plus ponatinib, the copy number of minor BCR/ABL mRNA was
elevated. The regimen was switched to miniMEC; however, the disease
progressed. We then started the JALSG ALL202-O induction regimen [1]
plus dasatinib because the patient did not have a T315I point mutation.
Although he did not achieve CR, the tumor burden was reduced (BM
blast 87.0%—29.3%, PB blast 5967 /uL—0/uL). Next, we started InO as a
salvage regimen. After a single cycle of InO (0.8 mg/m? on day 1 and 0.5
mg/m? on days 8 and 15), the number of leukemia cells was dramati-
cally reduced, and CR was achieved with small MRD (8.7 copies/ug
RNA) and no severe side effects. We then switched to Blina, conducted
one cycle (9 pug on days 1-7 and 28 pg on days 8-28), and the patient
achieved CMR. No severe side effects, including CRS, were observed,
and his PS was maintained (PS=0). Immediately after the last dose of
Blina, he started conditioning chemotherapy with 150 mg/m? FLU, 100
mg/m? MEL, and 3 Gy TBI,and then received allo-BMT from a HLA 7/8
allele-matched unrelated donor. He did not experience VOD/SOS. He
did not receive maintenance therapy with TKI after transplantation
because of acute graft versus host disease. Unfortunately, central ner-
vous system (CNS) relapse occurred three months later with CD19
negative blasts. However, he received intrathecal therapy (IT), cranio-
spinal irradiation, and dasatinib therapy and achieved CMR again
(Figure 1B).

4. Discussion

We conducted sequential therapy with InO-Blina for two R/R
Ph+ALL patients and successfully achieved CMR before allo-SCT. Case 1
was with T315I point mutation and post-allo-SCT relapse and case 2
involved an aged patient with chemo-TKI refractory disease. Despite
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being a single agent, InO has a significant anti-leukemic effect, with an
80.7% CR rate even for R/R ALL, and is more effective if the tumor
burden is lower in BM and PB [4]. In our cases, partly because we
reduced the number of blasts in peripheral blood before InO through
prior therapies, both patients could successfully achieve CR with just
one cycle of InO administration. Furthermore, both patients achieved
and/or kept MRD negativity using Blina as a consolidation therapy and
underwent allo-SCT while in the MRD-negative disease status, which is
the most critical factor against relapse. From the perspective of safety,
our InO-Blina sequential therapy also provides several benefits to the
patients. First, because continuous treatment by InO is known to in-
crease the occurrence of VOD/SOS after allo-SCT [5], our regimen could
minimize the risk of VOD/SOS by administering only one cycle of InO.
Second, we could avoid the event of CRS by using Blina during CR
because the tumor burden is highly correlated with CRS [9]. Third, as
InO and Blina are non-chemotherapeutic regimens, we could prevent the
deterioration of the patients’ conditions and implement allo-SCT with a
good PS, even though the patients were heavily treated and aged.
However, because both InO and Blina may not pass through the
blood-brain barrier, this regimen might be insufficient from the
perspective of CNS prophylaxis. Moreover, the patient in case 2 expe-
rienced CNS relapse after unrelated BMT. Combination with sufficient
cycles of IT and/or high-dose methotrexate/cytarabine could overcome
this problem. Moreover, if the patients are scheduled to receive CD19
chimeric antigen receptor T cell therapy, CD19 expression should be
carefully examined because reduced CD19 expression sometimes occurs
after Blina administration [10].

This is a case report; a larger-scale clinical trial is required to confirm
the efficacy and safety of InO-Blina sequential therapy. The ongoing US
Alliance for Clinical Trials in Oncology study A041703 for R/R Ph
negative ALL patients (clinicaltraials.gov ID #NCT03739814) would be
helpful in this respect.

In conclusion, the single-cycle InO and Blina sequential regimen
would be effective and safe for R/R Ph+ALL as a bridging regimen
before allo-SCT. Appropriate CNS prophylaxis should be added to pre-
vent CNS relapse and maximize the advantages of the regimen.
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