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Abstract
Background: Inotuzumab ozogamicin, a humanized anti-CD22 monoclonal antibody conjugated to the cytotoxic antibiotic agent calicheamicin, has demonstrated 
efficacy in the phase 3 INO-VATE study in adults with relapsed or refractory B-acute lymphoblastic leukemia (ALL). Findings from the study showed severe adverse 
events associated with Inotuzumab, with veno-occlusive disease (VOD) reported as a major non-hematologic toxicity.

Cases presentation: We report the outcome of 4 patients with diagnosis of B-ALL, receiving Inotuzumab as salvage treatment for refractory disease and “bridge to” 
hematopoietic stem cell transplantation. They received 2 or 3 cycles of Inotuzumab, followed by reduced intensity conditioning regimens and reinfusion of peripheral 
blood stem cells from related (3) or unrelated donors (1). All patients had several risk factors for developing VOD. Three out of 4 patients developed VOD and 2 of 
them showed a fatal course, despite of early start of defibrotide treatment.

Conclusions: On the basis of our clinical experience and the previously reported data, we have proposed a strategy in order to minimize VOD risk providing accurate 
selection of transplant candidates, choice of conditioning regimens without full dose of alkylating agents, monitoring of liver stiffness and reserving defibrotide 
prophylaxis in patients with persisting risk factors for VOD.
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Introduction
Despite improved outcome over the past 30 years, the prognosis 

for adults with relapsed or refractory acute lymphoblastic leukemia 
(ALL) remains poor. Attaining complete remission of ALL before 
hematopoietic stem cell transplantation (HSCT) strictly correlates 
with the post-transplant outcome. Salvage therapy had conventionally 
consisted of standard multiagent chemotherapy. However, 3 
groundbreaking immunotherapies have been recently approved in 
this setting: inotuzumab, blinatumumab and CAR-T. Inotuzumab 
(InO) is a humanized IgG4 monoclonal antibody that binds with 
high affinity to CD22, a specific B cell-surface antigen present in over 
90% of patients with ALL [1,2]. The safety and efficacy of InO were 
analized in a randomized, open-label, clinical trial called INO-VATE 
[3]. InO monotherapy was evaluated against intensive chemotherapy 
in patients in first or second relapse, or in those who were refractory 
to previous treatments. InO showed significantly higher rates of 
complete remission and minimal residual disease (MRD) negativity 
in comparison with chemotherapy. Moreover, InO significantly 

improved median progression free and overall survival, reducing by 
25% the risk of death. However, several clinically relevant adverse 
events associated with InO were reported. As with other antibodies 
conjugated to calicheamicin, a high rate of hepatotoxicity (50.6% vs 
36.4% in the chemotherapy arm), was a concern with InO [3,4].

Herein we report a cases series of 4 patients with relapse/refractory 
ALL who were treated with InO and underwent HSCT, with the aim of 
describing VOD risk factors and management of hepatotoxicity linked 
to Inotuzumab.

Cases presentation
Four patients aged between 22 and 70 years with B-ALL (3 

Philadelphia negative and 1   Philadelphia positive ALL) had relapsed 
after HSCT (allogeneic SCT in 2 cases and autologous SCT in 1 case) 
or chemotherapy plus thyrosinkinase inhibitors (1 patient) (Table 1).

https://www.ecco-org.eu/About-Ecco/Members/EBMT.aspx
https://www.ecco-org.eu/About-Ecco/Members/EBMT.aspx
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Three out of 4 patients had previously failed one line of salvage 
conventional chemotherapy before receiving InO, while 1 patient was 
submitted to InO immediatly after relapse. They received 2 to 3 cycles 
of InO cycles, followed by different reduced intensity conditioning 
regimens and HSCT. Median time between the last InO cycle and 
reinfusion of stem cells was 51 days (range 34-71 days).

Reduced intensity conditioning regimens included busulfan 
or treosulfan in 3 cases and 2 Gy of total body irradiation (TBI) in 
1 patient. Three patients received stem cells from a related donor: 2 
haploidentical donors and 1 HLA-identical brother. One patient had 
a mismatched unrelated donor. All patients received peripheral blood 
stem cells. Table 1 summarized VOD risk factors [5] of each patient. 

All patients had advanced disease, iron overload and 3 out of 4 
patients had a prior HSCT [6]. 

Patient n.3 didn’t develop VOD or any sign of hepatoxicity. The 
only complication was a transient cytokine release syndrome after stem 
cell reinfusion. She is still alive and in complete remission 24 months 
after HSCT. She is the only patient who had received a conditioning 
regimen without busulfan or treosulfan.

Three patients developed VOD and they were all promptly treated 
with defibrotide since VOD diagnosis. Patient n.4 had a mild VOD 
recovering without sequelae. The other 2 patients developed VOD with 
fatal course. 

Patient n.2 showed acute respiratory distress syndrome associated 
with Influenza pneumonia requiring mechanic ventilation in the 
Intensive Care Unit. After bilirubin level had raised, a treatment with 
defibrotide at a dose of 25  mg/kg/day was immediately initiated and 
continued for 6 days, until patient death because of multi-organ-failure (MOF).

Figure 1 describes the clinical course of patient n.1. At the time of 
transplant she had several risk factor for developing VOD, including 
advanced disease, prior HSCT complicated with hepatic Graft 
Versus Host Disease, elevated hepatic blood tests within 2 times the 
normal values (alkaline phosphatase, gamma glutamyl transferase, 
total bilirubin without transaminase elevations), HLA mismatch and 
previous TBI. The day after transplant the patient developed weight 
gain (>2% basal weight) without bilirubin level raise. Since it could 
not be ruled out an early onset of VOD, on day +1 defibrotide was 
promptly started in association with diuretic therapy, even though 
diagnostic VOD criteria were not all satisfied. On Day +5 the patient 
was categorized as very severe VOD stage, according to EBMT severity 
criteria [7], because of doubling of bilirubin serum level in 48 hours and 
weight gain >5%. The next day ascites and pleural and pericardial effusions 
were documented and her clinical condition got worse. She needed oxigen 
therapy and supportive therapy. Since day +8 she had a rapid progression 
of VOD to MOF leanding to death on day +14 after transplant.

Discussion 
InO, like other novel immune-targeted therapies, is an attractive 

treatment in order to achieve remission in patients with relapsed/
refractory B-ALL and to allow a subsequent HSCT and it is relatively 
well-tolerated [8]. However, similarly to gemtuzumab ozogamicin, 
an anti CD-33 antibody linked to calicheamicin, InO is associated to 
an increase incidence of VOD [9,10]. VOD is a potentially fatal liver-
related complication of HSCT [4], that can progress quickly from a 
mild to a severe form; the latter is reported to cause death in more than 
80% of cases [11]. 

PATIENT 1 PATIENT 2 PATIENT 3 PATIENT 4
AGE AT HSCT 22 years 70 years 39 years 60 years
DIAGNOSIS ALL Pro-B Ph- ALL Common Ph- ALL Pre-B Ph- ALL B Ph+ (p190)

PREVIOUS THERAPY

•	 Protocol GIMEMA LAL
•	 CNS prophylaxis
•	 2 cycles of Blinatumumab
•	 First HLA-ID (brother) HSCT
•	 Clofarabine + CP

•	 Protocol GIMEMA LAL
•	 CNS prophylaxis
•	 ASCT (Melphalan)
•	 3 maintenance cycles

•	 Protocol GIMEMA LAL
•	 CNS prophylaxis
•	 3 cycles of reinduction
•	 First HAPLO (brother) HSCT
•	 MEC

•	 Dasatinib
•	 3 cycles HyperCVAD
•	 CNS prophylaxis
•	 Ponatinib
•	 High Dose MTX

N. OF CYCLES OF INO 2 2 3 2
INTERVAL INO-HSCT 56 days 44 days 34 days 72 days
CONDITIONING REGIMEN Busulfan, Fludarabine Treosulfan, Fludarabine TBI 2 Gy, CP, Fludarabine Treosulfan, Fludarabine
HCT-CI 2 2 2 5
DONOR HAPLO (mother) HLA-ID (brother) HAPLO (brother) MUD 9/12
GVHD PROPHYLAXIS CP, FK, MMF ATG, Cya, MTX CP, FK, MMF ATG, FK, MTX

VOD RISK FACTORS

Advanced disease
Iron overload
No T-cell depletion
Second transplant
Previous Hepatic GvHD
Elevated pre-HSCT AST/ALT
HLA mismatch
TBI

Advanced disease
Iron overload

Advanced disease Iron overload
No T-cell depletion
Second transplant
TBI

Advanced disease
Iron overload

DIAGNOSIS OF VOD
(SEATTLE-BALTIMORA 
CRITERIA)

YES (+3) YES (+15)
NO
cytokine release syndrome
(no VOD criteria)

YES (+4)

TREATMENT DEFIBROTIDE DEFIBROTIDE NONE DEFIBROTIDE

OUTCOME
DEAD
(+14 days
from HSCT)

DEAD
(+22 days
from HSCT)

ALIVE
(+22 months from HSCT)

ALIVE
(+100 days
from HSCT)

Table 1. Summary of characteristics of patients and transplants

HSCT Hematopoietic stem cell transplantation; ALL Acute lymphoblastic leukemia; Ph Philadelphia; CNS Central nervous system; HLA-ID HLA-Identical; CP Cyclophosphamide; ASCT 
Autologous stem cell transplant; MTX Methotrexate; Ino Inotuzumab; HCT-CI The Hematopoietic Cell Transplantation specific Comorbidity Index; TBI Total Body Irradiation; HAPLO 
haploidentical; MUD Matched Unrelated Donor; GVHD Graft versus Host Disease; VOD Veno-occlusive disease; ATG Anti-thymocyte globulin; FK Tacrolimus; CyA cyclosporine; 
MMF mycophenolate mofetil. 
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In the INO-VATE study, the incidence of any grade and grade ≥ 
3 VOD was significantly higher in the InO group compared with the 
standard-therapy group (13% and 11% in comparison with <1% and 
<1%, respectively) [9].  Among the 23 VOD events reported in the trial, 
18 (78%) developed after HSCT and were fatal in 5 cases. The incidence 
of VOD was higher in the pediatric cohort with an overall rate of 52% 
and all the complications were observed after HSCT [12].

Our clinical experience confirms the high incidence of VOD in 
InO-treated patients. In fact, 3 of 4 patients developed VOD, with 
a fatal course in 2 of them, despite early treatment with defibrotide. 
However, all our patients had several risk factors for developing VOD, 
linked to the advanced disease and the heavy pre-treatment including 
HSCT, and the conditioning regimen based on alkylating agents. The 
youngest patient with the rapidly progressive course of VOD had pre-
existing alterations of the liver serum tests, suggesting an initial liver 
damage.  

On the basis of this experience, we have revised our strategy 
in order to minimize the VOD risk. First, we intend to select the 
candidates of HSCT among InO-treated patients, excluding those with 
a prior mieloablative HSCT or abnormalities of hepatic laboratory 
tests. Secondly, we would avoid conditioning regimens with full dose 
busulfan and we would prefer reduced intensity or nonmyeloablative 
preparative regimens, that can be offer only to patients with a deep 
complete remission after InO. Moreover, the management of these 
patients should provide monitoring of liver stiffness with ultrasound 
elastography techniques (Acoustic Radiation Force Impulse or 
Fibroscan) [13-15,17] after HSCT, in order to allow early diagnosis 
before the clinical picture of VOD will be overt and the tissue damage 
will be irreversible. With the aim of defining the role of liver stiffness 
measurement in the early diagnosis of VOD, a prospective multicenter 
study is ongoing at the centers of the Gruppo Italiano Trapianto 
Midollo Osseo (GITMO) [16], evaluating patients receiving autologous 
and allogeneic HSCT. Lastly, prophylaxis with defibrotide, which 
was reported to significantly reduce VOD incidence in retrospective 
studies in both adults and children [8,18-22], and a randomized trial in 
children [23] could be reserved for patients with persisting  risk  factors 
for  VOD and strict indication for HSCT.
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