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ABBREVIATIONS 28 

ALL Acute lymphoblastic leukemia 

BCP B-cell precursor 

BM Bone marrow 

BMT Bone marrow transplantation 

CAR Chimeric antigen receptor 

CR Complete remission 
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GVHD Graft-versus-host disease 

GVL Graft-versus-leukemia 

HSCT Hematopoietic stem cell transplantation 

InO Inotuzumab ozogamicin 

MRD Minimal residual disease 

RIC Reduced-intensity conditioning 

SOS Sinusoidal obstruction syndrome 

TAC Tacrolimus 

TBI Total body irradiation 
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To the Editor: Anti-CD19 chimeric antigen receptor (CAR)-T cell therapy is one of the 30 

most promising treatment options for patients with relapsed/refractory B-cell precursor 31 

(BCP)-acute lymphoblastic leukemia (ALL).1–3 Approximately 30–60% of patients 32 

experience relapse after CAR-T cell therapy, largely due to poor longevity of CAR-T cells 33 

and loss or downregulation of CD19 expression by leukemic cells.4,5 The survival rate of 34 

these patients is extremely poor; however, there is no consensus regarding the best salvage 35 

treatment.1 36 

Here, we report a 5-year-old boy with BCP-ALL harboring the ETV6-RUNX1 37 

rearrangement. He experienced a second bone marrow (BM) relapse 1 year after cord 38 

blood transplantation using a myeloablative conditioning regimen consisting of 39 

melphalan (180 mg/m2) and fractionated total body irradiation (TBI; 12 Gy) in the second 40 

minimal residual disease (MRD)-negative complete remission (CR), defined as <0.01% 41 

by flow-cytometry. He was enrolled in the phase II, multicenter, global trial of CAR-T 42 

cell therapy (the ELIANA trial),3 resulting in the third MRD-negative CR without 43 

complications (except for B-cell aplasia). 44 

Unfortunately, he experienced a third BM relapse 1 year later at the age of 12. 45 

Since leukemic blasts were negative for CD19 but positive for CD22, he received 46 

Inotuzumab ozogamicin (InO) monotherapy. The off-label use of InO was approved by 47 
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the Patient Safety Unit, Kyoto University Hospital. The patient’s family provided written 48 

informed consent before administration. Following one cycle of InO (0.8 mg/m2 on day 49 

1, and 0.5 mg/m2 on days 8 and 15), he achieved a fourth MRD-negative CR. After a 50 

second cycle of InO (0.5 mg/m2 on days 1, 8, and 15), he underwent T cell replete 51 

haploidentical BMT from his HLA-6/8 allele-matched father, using a reduced-intensity 52 

conditioning (RIC) regimen consisting of fludarabine (120 mg/m2), cytarabine (6 g/m2), 53 

and melphalan (180 mg/m2). Tacrolimus (TAC), short-term methotrexate, prednisolone, 54 

and rabbit anti-thymocyte globulin (2.5 mg/kg) were used for graft-versus-host disease 55 

(GVHD).6 Ursodeoxycolic acid, low molecular weight heparin, and antithrombin 56 

concentrate were administered for sinusoidal obstruction syndrome (SOS) prophylaxis. 57 

Engraftment of neutrophils (>500/μL) and platelets (>50,000/μL) occurred on 58 

days 20 and 105, respectively, post-BMT. Complete chimerism in the BM was confirmed 59 

by the short tandem repeat method on day 28. On day 19, the patient developed a fever 60 

and hypoxia, and was diagnosed clinically as engraftment syndrome. Prednisolone was 61 

switched to methylprednisolone resulting in rapid improvement. Almost simultaneously, 62 

the patient became anemic and thrombocytopenic, leading to a clinical diagnosis of 63 

thrombotic microangiopathy based on elevation of lactate dehydrogenase (1,583 U/L), a 64 

decrease in haptoglobin (<2.0 mg/dL), and the presence of red blood cell fragmentation. 65 
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Rapid tapering of TAC and recombinant thrombomodulin administration led to an 66 

improvement. He also experienced severe BK virus-associated hemorrhagic cystitis on 67 

day 20, but improved over time after hematoma evacuation and bladder irrigation. No 68 

significant SOS or GVHD were observed. He remains in remission 2 years after BMT. 69 

InO is a CD22-targeting humanized monoclonal antibody conjugated to the 70 

cytotoxic antibiotic calicheamicin.7 In contrast to adult patients,8 few reports have 71 

examined the efficacy and safety of InO in pediatric patients with relapsed/refractory 72 

BCP-ALL.9–13 A retrospective analysis of 51 pediatric patients, all of whom received InO 73 

through the compassionate use program, demonstrated that 67% of patients achieved CR 74 

or CR with incomplete count recovery; the 12-month event-free survival and overall 75 

survival rates for the entire cohort were 23.4% and 36.3%, respectively.9 The authors also 76 

demonstrated that the response to InO was independent of prior immunotherapy; however, 77 

they did not address clinical outcome and toxicity in patients that had received anti-CD19 78 

CAR-T cell therapy. The patient reported herein harbored CD19-negative ALL cells that 79 

expressed high levels of CD22. As expected, InO exerted excellent anti-leukemia efficacy 80 

without severe complications and formed a bridge to subsequent allogeneic HSCT while 81 

the patient was in molecular CR. An alternative and promising option is anti-CD22 CAR-82 

T cell therapy; however, this is not available in Japan.14 83 
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The patient received high-dose TBI prior to the first HSCT. The incidence of 84 

SOS is higher in pediatric patients than in adults undergoing HSCT after InO therapy, 85 

particularly patients who have received clofarabine and/or busulfan-containing 86 

conditioning regimens.9 Therefore, we used a RIC regimen for subsequent HSCT. Of note, 87 

the patient remains in CR despite a lack of GVHD to achieve a substantial GVL effect. 88 

Thus, a large prospective study of larger populations is required to verify the clinical 89 

outcome (e.g., incidence and severity of GVHD and complications) of HSCT for patients 90 

who have received prior CAR-T cell therapy. 91 
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FIGURE LEGEND 136 

FIGURE. Clinical course of haploidentical BMT.  137 

Abbreviations: BMT, bone marrow transplantation; Flu, fludarabine; Ara-C, cytarabine; 138 

MEL, melphalan; ATG, anti-thymocyte globulin; LDH, lactate dehydrogenase; FRC, 139 

fragmented red blood cells; TAC, tacrolimus; PSL, prednisolone; mPSL, 140 

methylprednisolone; rTM, recombinant thrombomodulin. 141 
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