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1 | INTRODUCTION

The prognosis of adult relapse or refractory B-cell acute
lymphoblastic leukemia (r/r B-ALL) is dismal, with a
complete remission rate of approximately 18%-44% if
receiving salvage chemotherapy.! In recent years, immu-
notherapy represented by blinatumomab, inotuzumab
ozogamicin (InO), and chimeric antigen T-cell (CART)
therapy has demonstrated profound efficacy in r/r B-
ALL.>” However, those who have persistent positive mea-
surable residual disease (MRD) still remain a high risk of
relapse and poor outcome.? So far, blinatumomab is the
only approved immunotherapy for the treatment of MRD
in r/r ALL.* CD22 is detected to be expressed in more than
90% of B-ALL patients, indicating that CD22 is an ideal
therapeutic target for B-ALL.° InO is an antibody-drug
conjugate comprising a humanized anti-CD22 monoclo-
nal antibody conjugate to calicheamicin. According to the
INO-VATE study, significantly higher rate of complete re-
mission was observed in r/r B-ALL patients who received
InO monotherapy compared with traditional chemother-
apy (73.8% vs. 30.9%, p<0.0001) This encouraging data
lead to the approvement of InO for the treatment of r/r
B-ALL by the US Food and Drug Administration in 2017.>
Hitherto, the application of InO in the treatment of MRD
has not been reported.

2 | CASE HISTORY

A 17-year-old female presented with epistaxis and bleed-
ing gums in February 2019. Complete blood cell count
showed white blood cells 26.98 x 10°/L, hemoglobin 79g/L,
and platelets 12x10°/L. Physical examination did not re-
veal splenomegaly or enlarged lymph nodes. A differential
count found 91% blasts. Flow cytometry (FCM) analysis
revealed 31.5% of blasts, which were positive for CD10,
CD19, CD79a, and HLA-DR. The diagnosis of B-ALL was
confirmed. Cytogenetics was normal. No fusion genes or
mutations were detected with polymerase chain reaction
and targeted next-generation sequencing. Complete remis-
sion (CR) was not achieved after induction therapy with
the Hyper-CVAD regimen (cyclophosphamide 300mg/
m” every 12hdays 1 to 3, vincristine 1.4mg/m*day 4 and
day 11, doxorubicin 50mg/m* day 4 and dexamethasone
40mgdays 1 to 4, days 11 to 14)’ (11.5% blasts in morphol-
ogy). After reinduction with idarubicin (10mg, day 1), peg-
asparagase (3750U, day 1), and dexamethasone (15mg,
days 1 to 14), she achieved CR but measurable residual
disease (MRD, 1.6%) was detected by FCM. This was fol-
lowed by consolidation therapy, including 1cycle of high-
dose methotrexate plus vincristine and dexamethasone
(methotrexate 2g/m* day 1, vincristine 1.4mg/m?day 1,

dexamethasone 15mg, days 1 to 7), and 1 cycle of high-dose
cytarabine (2g/m?, every 12h, days 1 to 3). To prevent cen-
tral nervous system infiltration, intrathecal chemotherapy
with methotrexate was used. However, MRD was consist-
ently detected in bone marrow specimens. Though she had
no unfavorable genetic aberrations at diagnosis, the persis-
tence of MRD supported the risk classification of high-risk
group. As neither blinatumomab nor InO were approved
for marketing in China in 2019, she received haploidenti-
cal hematopoietic stem cell transplantation (HSCT) from
her father in August 2019. The FCM MRD prior to HSCT
was 1.47%. The conditioning regimen was modified BuCy.*
Cyclosporin, mycophenolate mofetil, and methotrexate
were used to prevent graft versus host disease(GVHD).
She did not suffer from acute or chronic GVHD, and im-
munosupressors were tapered off and stopped in 6 months
post transplantation. Unfortunately, a hematologic relapse
was detected 23 months post-transplant (July 2021). She
was then enrolled in a clinical trial (NCT04825496) and re-
ceived autologous anti-CD19 CART therapy (dose: 1x10°/
kg). At the day 28 evaluation after CAR T-cell infusion,
the patient achieved a MRD negative remission. She de-
veloped grade 2 cytokine release syndrome presented with
fever and hypotension, which was relieved with sympto-
matic treatment. No immune effector cell-associated neu-
rotoxicity syndrome (ICANS) was observed (Figure 1A).
The persistence of CAR T cells was only detected within a
month following CART therapy (Figure 1B). At the regu-
lar follow-up in August 2022, MRD-positive relapse was
detected (3% of blasts by morphology, which were positive
for CD10, CD19, CD22, and CD38, and negative for CD20).
Expression of CD22 was detected in 63.74% of the blasts.
InO was selected for the treatment of MRD. InO was ap-
plied 3 times: 0.8 mg/m? on day 1 and 0.5mg/m” on days 8
and 15. Ursodeoxycholic acid was administered to prevent
the development of liver venoocclusive disease (VOD). She
experienced only mild nausea. Grade 1 neutropenia and
grade 4 thrombocytopenia were observed, which recovered
with supportive care. At day 30 evaluation, no blasts were
detected in the BM smear. Surprisingly, the MRD by FCM
decreased to 2.68x107° and CD22 expression was nega-
tive (Figure 1C-E). No sinusoidal obstruction syndrome or
other adverse effects occurred. Currently, the patient is in
remission until follow-up to September 2023. Timeline of
the treatments and responses are shown in Figure 1F.

3 | DISCUSSION

Here, we report the application of InO for the treatment
of MRD in a patient with r/r ALL who relapsed post allo-
HSCT and anti CD19 CART therapy. The adverse effect
related to InO therapy is mild and reversible. Our data
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FIGURE 1 (A) Levels of cytokines after CAR T cells infusion. (B) Amplification of CAR T cells detected by qPCR. (C) Change of MRD
detected by FCM. (D) FCM analysis before InO. (E) FCM analysis after InO. (F) Timeline of treatments and responses for the patient.
Chemo, chemotherapy; CR, complete remission; PR, partial remission; Hyper-CVAD, cyclophosphamide, vincristine, doxorubicin,
dexamethasone; DEX+IDA+PFG-Asp, dexamethasone+idarubicin+pegasparagase; MTX, methotrexate; VP, vincristine, dexamethasone,

AraC, cytarabine; MRD—, minimal residual disease negative.

provide rationale for the utilization of InO at the scenario
of MRD positivity in B-ALL.

Antibody-drug conjugate offers high possibility of
achieving remission in r/r B-ALL. InO is a humanized
monoclonal antibody which binds CD22 and deliver the
conjugated calicheamicin inside the cell after the link is
hydrolyzed.’ The efficacy and safety of InO in patients with
r/r Ph-negative B-ALL has been demonstrated. Hagop re-
ported the results of the phase 3 inotuzumab ozogamicin
trial (the InO-VATE study), which investigate the toler-
ability and efficacy of InO in r/r B-ALL." A significantly
higher rate of complete remission was observed in InO
cohort compared with the standard-therapy group (80.7%
vs. 29.4%). A significantly longer progression-free survival
(PFS) (5months vs. 1.8 months, hazard ratio, 0.45) and me-
dian overall survival (OS) (7.7 months vs. 6.7 months, haz-
ard ratio, 0.77) were both observed in the InO cohort. Grade
3 or higher thrombocytopenia and febrile neutropenia were

significantly lower in the InO cohort than in the standard-
therapy cohort (37% vs. 59%; 24% vs. 49%). These results
confirmed both efficacy and safety of InO for the treatment
of B-ALL. VOD is a unique nonhematologic adverse event
associated with InO. The patient in this study did not com-
plicate VOD; hence, our experience supported the use of
ursodeoxycholic acid to prevent VOD.

Achievement of MRD negativity associated with
improved survival in B-ALL.? InO was also efficacious
to induce MRD negativity in B-ALL. In the INO-VATE
study, 76 of 164 patients receiving InO achieved and re-
mained MRD negativity until the end of follow-up. The
survival benefit was more obvious in MRD negative pa-
tients. The superior PFS and OS were also demonstrated
in the MRD negative patients compared with those in
the MRD-positive patients.'! In a phase 2 trial of InO
in children and adolescents with r/r B-ALL, 18 of 27
patients (66.7%) achieved MRD negativity after 1cycle
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of InO treatment. Wiley retrospectively analyzed eight
patients who relapsed post-HSCT and received InO fol-
lowed by donor lymphocyte infusion. 6/8 (75%) patients
obtained MRD negative CR after the second cycle of
In0."? Hence, InO is a preferential option for the treat-
ment of r/r B-ALL.

This patient had persistent MRD prior to HSCT and suf-
fered twice relapses (one hematologic and one molecular
relapse) after HSCT, and her prognosis was deemed to be
poor. Blasts in the second relapse were positive for CD19, in-
dicating the relapse was caused by loss of CD19 CART cells
persistence. A second infusion of CD19 CAR T cells was re-
ported to induce CR in only 21% of patients with ALL," so
this patient declined another round of CD19 CART. DLI is
the conventional preempative therapy for MRD clearance
but carries a high risk of acute GVHD.'* Blinatumomab is a
CD19/CD3 bispecific T-cell engager antibody, which has no-
table single agent activity in r/r B-ALL. Blinatumomab com-
bined with DLI was reported to salvage a patient with r/r
B-ALL from relapse after haplo-HSCT."® Blinatumomab and
DLI were not chosen for our patient due to concerns about
DLI-related GVHD and the inconvenience of blinatum-
omab requiring continuous infusions. Due to the high CD22
expression (63.74%), low tumor burden and the extended
infusion interval of InO, this patient chose InO monother-
apy. Overall, our preliminary result showed that InO is effec-
tive and safe in eradicating MRD in the setting of multiple
relapses after anti-CD19 CART therapy and allo-HSCT. It
implied that a double immunotherapy strategy comprising
sequential application of CART and ADC-conjugated anti-
body is feasible and promising for the treatment of R/R B-
ALL. Clinical trials applying InO to treat MRD are currently
underway. The results of these trials have not been fully
disclosed in publications. A prospective clinical study with
expanded sample size will provide a basis for the use of InO
for MRD eradication and guide the choice of preemptive im-
munotherapy for r/r B-ALL.
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