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Abstract

Background: Gemtuzumab ozogamicin (GO) administered before allogeneic hematopoietic cell 

transplantation (alloHCT) has been linked to an increased risk of hepatic veno-occlusive disease/

sinusoidal obstruction syndrome (VOD/SOS).

Procedure: This retrospective analysis examined VOD/SOS risk and clinical outcomes in 

pediatric patients with acute myeloid leukemia who received myeloablative alloHCT in 2008–

2011 with (n = 148) and without (n = 348; controls) prior GO exposure and were reported to the 

Center for International Blood and Marrow Transplant Research.

Results: Cumulative incidences (95% confidence interval) of VOD/SOS and severe VOD/SOS, 

respectively, at 100 days were 16% (11–23) and 8% (4–13) for GO-exposed patients and 10% (7–

13) and 3% (2–5) for controls. With a median follow-up of approximately 7 years, the 5-year 
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adjusted overall survival probability (95% confidence interval) after alloHCT was 51% (43–58) 

and 55% (50–60) for GO-exposed patients and controls, respectively; three (4%) and one (<1%) 

deaths were attributed to VOD/SOS. In multivariate analyses, GO exposure was observed to be 

associated with an increased risk of VOD/SOS at 100 days but was not associated with overall 

survival, disease-free survival, relapse, or nonrelapse mortality.

Conclusions: Results suggest that GO treatment prior to alloHCT in pediatric patients may 

increase the risk of VOD/SOS but not death.
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INTRODUCTION

Acute myeloid leukemia (AML) is the second-most common childhood leukemia, with an 

estimated 5-year survival rate of 64% among children aged 0–19 years.1 A promising 

approach to the treatment of pediatric AML is targeted therapy such as gemtuzumab 

ozogamicin (GO). GO is an antibody drug conjugate consisting of a potent humanized 

monoclonal antibody against the CD33 antigen, which is expressed by leukemic blasts in 

most patients with AML,2 covalently linked to the cytotoxic antitumor antibiotic N-acetyl-γ-

calicheamicin. However, there are concerns over the risk of hepatotoxicity, particularly 

hepatic veno-occlusive disease/sinusoidal obstruction syndrome (VOD/SOS), with GO 

therapy.3

VOD/SOS is a potentially life-threatening complication primarily observed following 

hematopoietic cell transplantation (HCT), and is more common after myeloablative 

allogeneic HCT (alloHCT) than reduced-intensity alloHCT or autologous HCT.4–6 

Compared with adults, pediatric patients have a higher risk of developing VOD/SOS,7 which 

may be attributable to a number of factors such as immaturity of the liver and differences in 

the underlying diseases being treated.8 VOD/SOS may have a different clinical presentation 

in pediatric patients; for example, late-onset and anicteric VOD/SOS are observed more 

frequently.8 The average incidence of post-transplant VOD/SOS is reported to be 20% in 

children.8 However, the incidence of VOD/SOS after alloHCT has been decreasing in recent 

years due to advances in transplantation techniques, improved patient selection, and 

increased use of reduced-intensity and less-toxic conditioning regimens.4,9

GO treatment before alloHCT may increase VOD/SOS risk.10 The rate of VOD/SOS in 

pediatric patients who received GO and subsequent HCT has been reported to be as high as 

40%.11 GO was first approved in the United States in 2000 for older adults with AML in 

first relapse at a dose of 9 mg/m2. It was voluntarily withdrawn from the US market in 2010 

after a confirmatory phase 3 study failed to demonstrate the clinical benefit of GO in 

combination with chemotherapy versus chemotherapy alone in the front-line setting and 

reported a higher rate of early deaths in the GO arm.12,13 Lower, fractionated dosing 

strategies have been examined as a way to mitigate the risk of toxicity while maintaining 

efficacy of GO. The phase 3 ALFA-0701 trial demonstrated improved outcomes in adults 
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with de novo AML administered fractionated-dose GO (3 mg/m2 on Days 1, 4, and 7 of 

induction and Day 1 of each of two courses of consolidation) in combination with standard 

chemotherapy versus standard chemotherapy alone.14 The incidence of VOD/SOS in 

patients receiving GO was low overall14 and in the subset of patients who received alloHCT.
15 Another phase 3 trial reported the addition of GO (3 mg/m2 on Day 6 of induction course 

1 and Day 7 of intensification course 2) to chemotherapy versus chemotherapy alone in 

patients aged 0–29 years significantly improved event-free survival through a reduction in 

relapse, with no significant differences in VOD/SOS incidence between arms.16 In 2017, GO 

was approved by the US Food and Drug Administration (FDA) for the treatment of newly 

diagnosed CD33+ AML in adults and relapsed/refractory CD33+ AML in adult and 

pediatric (aged ≥2 years) patients. The approval included a different patient population and a 

lower recommended dose and revised schedule compared with the 2000 approval.17

A prior analysis of data from the Center for International Blood and Marrow Transplantation 

Research (CIBMTR) indicated GO exposure before myeloablative alloHCT did not increase 

VOD/SOS risk in adults who received alloHCT in 2008–2011.18

Herein, we utilized the CIBMTR database for the same time period to examine VOD/SOS 

incidence and post-transplant outcomes in pediatric patients who received myeloablative 

alloHCT with and without prior GO exposure. At the time, GO treatment in pediatric 

patients was off-label but consistent with the original approved dosing regimen of 9 mg/m2 

in older adults. Our objective was to report the real-world experience of post-transplant 

outcomes in pediatric patients treated with GO prior to the new 2017 dosing regimen.

METHODS

Data source

The CIBMTR (www.CIBMTR.org) is a research collaboration between the Medical College 

of Wisconsin (Milwaukee, WI) and the National Marrow Donor Program® / Be The Match® 

(Minneapolis, MN) and operates a large outcomes database in HCT and, recently, non-HCT 

cellular therapies for diverse indications. The CIBMTR relies on the collaboration of more 

than 420 centers worldwide that share data on treated patients and has data for more than 

495 000 transplant recipients and receives data for more than 24 000 new transplants each 

year.

Study design

This retrospective analysis included pediatric patients (aged ≤18 years) with AML who 

underwent first myeloablative alloHCT between 2008 and 2011 (prior to the 2017 FDA 

approval of GO) with or without prior GO exposure and were reported to the CIBMTR at 

the Comprehensive Report Form level. Patient records selected with a weighted 

randomization scheme to report at the Comprehensive Report Form level of data collection 

capture detailed patient-, disease-, and treatment-related data in addition to the standard data 

collection. All data were collected pretransplant, 100 days, and 6 months after transplant; 

annually until 6 years after transplant; then biannually until death. The classification of 
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conditioning intensity was based on Bacigalupo19 and is summarized in Supplemental Table 

S1.

This analysis was limited to patients who received myeloablative conditioning intensity 

based on the low incidence of VOD/SOS events in the reduced-intensity cohort. The cutoff 

year of 2011 was chosen due to the small sample size of patients who received alloHCT with 

prior GO exposure after 2011, as GO was withdrawn from the market the prior year. Patients 

who did not consent to research, patients whose data were embargoed from research studies, 

and syngeneic twins were excluded from the analysis. Patients were not matched between 

arms because there were not enough controls for every GO-exposed pediatric patient to have 

at least three matches. All patient records that fulfilled the eligibility criteria were included 

in the analysis. No patient in this study received prophylactic defibrotide.

Outcomes

The primary outcome was the incidence of VOD/SOS at 100 days following alloHCT. 

VOD/SOS diagnosis was reported by individual centers and was based on the modified 

Seattle criteria,20 the Baltimore criteria,21 autopsy, biopsy, or a combination of the following 

criteria: ascites, serum bilirubin >2.0 mg, elevated liver enzymes, abnormal ultrasonography, 

and weight gain. Severe VOD/SOS was defined as VOD/SOS associated with renal 

impairment requiring dialysis and/or any noninfectious pulmonary abnormality.

Secondary outcomes were these time-to-event endpoints: (1) overall survival (OS) – time 

from transplant to death due to any cause; patients were censored at time of last contact; (2) 

relapse – time from transplant to morphologic, cytogenetic, or molecular recurrence of 

disease; patients alive without disease recurrence were censored at last contact; (3) disease-

free survival (DFS) – time from transplant to death or relapse; patients alive and in remission 

were censored at last contact; and (4) nonrelapse mortality (NRM) – time from transplant to 

death occurring in continuous complete remission (CR); patients alive and in remission were 

censored at last contact. Probability of OS is reported at 100 days, 6 months, and 1, 3, and 5 

years; probabilities of DFS, relapse, and NRM are reported at 1, 3, and 5 years.

Statistical methods

The cumulative incidences of VOD/SOS and severe VOD/SOS at 100 days were estimated 

using the cumulative incidence estimator, adjusted for the competing risk of death without 

VOD/SOS. Probabilities of OS and DFS were calculated using the Kaplan–Meier method, 

and probabilities of relapse and NRM were calculated using the cumulative incidence 

estimator. Death in remission was treated as the competing risk for relapse, whereas relapse 

was treated as the competing risk for NRM. Multivariate analyses were performed for 

VOD/SOS at 100 days, OS, DFS, relapse, and NRM. A logistic regression model was used 

to compare the incidence of VOD/SOS at Day 100 between GO-exposed patients and 

controls. Cox regression models were used to examine the effect of GO exposure on OS, 

DFS, relapse, and NRM. Variables considered for adjustment in the models were age at 

transplant, sex, Karnofsky performance score, HCT-specific comorbidity index, hepatitis B 

and C serostatus prior to transplant, cytogenetics, disease status prior to transplant, 

conditioning intensity, conditioning regimen, pharmacokinetics (PK) of busulfan, donor 
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type, donor-recipient cytomegalovirus status, donor age (for unrelated adult donors only), 

graft type, graft-versus-host disease prophylaxis, sirolimus usage, antithymocyte globulin/

alemtuzumab usage, and year of transplant. A stepwise model building approach was used. 

All factors with P < 0.05 were retained in the final models, with the exception of GO 

exposure, which was retained in all steps of the model building regardless of significance 

level. Adjusted survival probability and adjusted cumulative incidence estimates were 

generated from the final regression models stratified on treatment and weighted averages of 

covariate values using the pooled sample proportion as the weight function. These adjusted 

probabilities estimate likelihood of outcomes in populations with similar prognostic factors.
22,23

RESULTS

Patients and treatment

A total of 148 pediatric patients with GO exposure and 348 without GO exposure (controls) 

before myeloablative alloHCT were included in the analysis; 85% of patients received 

alloHCT in the United States. Median (range) age at transplant was 9 (<1–18) years in the 

GO-exposed group and 8 (<1–18) years in the control group (Supplemental Table S2). 

Patient- and disease-related characteristics were generally balanced between groups, but a 

higher proportion of controls (57%) versus GO-exposed patients (42%) were in first CR 

(CR1) prior to transplant.

GO dosing data were available for 74 (50%) GO-exposed patients. Characteristics were 

generally balanced between patients with and without available dosing data, although 

patients with dosing data were less likely to have received antithymocyte globulin 

(Supplemental Table S3). Median (range) total GO dose was 3.0 (1.4–12) mg/m2, and all 

patients received GO in combination with chemotherapy.

Incidence of VOD/SOS

The cumulative incidences (95% confidence interval [CI]) of VOD/SOS and severe VOD/

SOS, respectively, at 100 days were 16% (11–23) and 8% (4–13) for GO-exposed patients, 

and 10% (7–13) and 3% (2–5) for controls (Table 1). In all, 28 patients in the GO-exposed 

group and 37 patients in the control group developed VOD/SOS after alloHCT; of these, 8 

(29%) and 11 (30%) received therapeutic defibrotide. Diagnosis of VOD/SOS was 

confirmed using autopsy/biopsy (GO: n = 3; control: n = 4), the Baltimore criteria (GO: n = 

16; control: n = 16), the modified Seattle criteria (GO: n = 3; control: n = 3), and other 

clinical diagnostic criteria (GO: n = 6; control: n = 14).

In the multivariate analysis, GO exposure versus no GO exposure and chemotherapy-based 

conditioning with PK monitoring of busulfan versus total body irradiation (TBI)-based 

conditioning were observed to be associated with increased risk of VOD/SOS at 100 days 

(Table 2). We observed that a shorter interval between GO and HCT was not associated with 

increased rates of VOD/SOS at 100 days (Supplemental Table S4).
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Post-transplant secondary outcomes

With a median follow-up of approximately 7 years, the 5-year adjusted OS probability (95% 

CI) after alloHCT was 51% (43–58) and 55% (50–60) for GO-exposed patients and controls, 

respectively (Table 1). In patients who developed VOS/SOS, 1-year OS probability (95% CI) 

after VOD/SOS onset was 39% (22–58) for GO-exposed patients and 54% (38–70) for 

controls (Supplemental Table S5). Three (4%) deaths in the GO-exposed group and one 

(<1%) death in the control group were due to VOD/SOS (Table 3). Five-year adjusted 

probability (95% CI) of NRM was 18% (12–24) and 15% (12–20), relapse 37% (30–44) and 

37% (32–41), and DFS 42% (35–50) and 48% (43–53) for GO-exposed patients and 

controls, respectively (Table 1).

Factors observed to be predictive of worse OS (P < 0.05) were HCT-specific comorbidity 

index ≥3 versus 0–2, intermediate/poor versus favorable cytogenetics, and disease status of 

relapse/primary induction failure versus CR1 prior to transplant. Disease status of relapse/

primary induction failure versus CR1 was observed to be predictive of decreased DFS, and 

chemotherapy-based conditioning with PK monitoring of busulfan versus TBI-based 

conditioning predictive of increased NRM. Factors observed to be predictive of increased 

relapse were a bone marrow or peripheral blood versus umbilical cord blood graft and 

disease status of relapse/primary induction failure versus CR1 prior to alloHCT. GO 

exposure was not observed to be significantly associated with any secondary outcomes 

(Table 2).

DISCUSSION

In this retrospective analysis of outcomes in pediatric patients with AML receiving 

myeloablative alloHCT, prior treatment with GO was observed to be associated with an 

increased risk of developing VOD/SOS, but post-transplant OS, DFS, relapse, and NRM did 

not differ between those with and without prior GO treatment.

We observed cumulative incidences of VOD/SOS and severe VOD/SOS at 100 days of 16% 

and 8%, respectively, in pediatric patients with GO exposure before alloHCT compared with 

10% and 3% in the control group. A greater proportion of controls versus GO-exposed 

patients were in CR1 before transplant, yet GO exposure was observed to be associated with 

increased VOD/SOS risk even after controlling for disease status and other relevant factors. 

Although the GO-exposed group had a higher incidence of VOD/SOS, few cases (n = 3) 

were fatal.

Our findings are consistent with a prior report in which four of 28 patients (14%) aged <21 

years received HCT after GO and developed VOD/SOS; two cases were considered severe, 

and all patients recovered.24 Another study reported a VOD/SOS rate of 40% in pediatric 

patients aged 1–16 years who received single-agent GO (two doses of 6–9 mg/m2) and 

underwent subsequent HCT.11 However, the study population was limited to patients with 

multiple relapsed or primary refractory AML and most patients received HCT <3.5 months 

after last GO dose, a potential risk factor for VOD/SOS.25 In our study, median time from 

last GO dose to transplant was 4 months for those in CR1 and 6 months for those in CR≥2 or 
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relapse/primary induction failure. However, we did not observe an association between the 

time interval between GO and HCT and VOD/SOS at 100 days in this cohort.

A separate analysis of CIBMTR data found a lower incidence of VOD/SOS (4%) in adults 

with AML who received alloHCT with prior GO exposure compared with that observed in 

the current report in children. Furthermore, GO exposure was not observed to be a 

significant risk factor for the development of VOD/SOS in the adult cohort.18 Our findings 

are consistent with a general trend of higher VOD/SOS incidence in children compared with 

adults across disease areas and a prior CIBMTR analysis which identified and validated 

younger age as a strong adverse risk factor for the development of VOD/SOS.7,8 Based on 

increasing evidence of differences in the incidence, genetic predisposition, clinical 

presentation, and outcomes of VOD/SOS in pediatric compared with adult patients, the 

European Society for Blood and Marrow Transplantation recently developed separate 

diagnostic and severity criteria for pediatric patients.8 However, these criteria were not 

published until 2018 and therefore not utilized in this study.

The only other factor observed to be associated with increased VOD/SOS risk was 

chemotherapy-based conditioning with PK monitoring of busulfan versus TBI-based 

conditioning, which was also associated with increased NRM. Although PK monitoring is 

intended to reduce the toxicity of busulfan-containing regimens,26 our results suggest that 

TBI-based conditioning still carries a lower risk of VOD/SOS in children. Variables 

associated with decreased OS included HCT-specific comorbidity index ≥3, intermediate 

and poor cytogenetics, and a disease status of relapse/primary induction failure at alloHCT, 

the latter of which was also associated with lower DFS and higher relapse. These results are 

consistent with previous findings of poorer outcomes in patients with these characteristics.
27,28 Notably, GO exposure was not observed to be associated with an increased risk of 

death despite carrying a higher risk for the development of VOD/SOS. The proportion of 

patients receiving therapeutic defibrotide was balanced between groups and therefore 

defibrotide use likely did not affect these results. Furthermore, GO exposure was not 

observed to be predictive of DFS, relapse, or NRM. Although we observed no differences in 

survival outcomes between patient groups, the AAML0531 trial demonstrated a benefit in 

DFS and OS in GO-treated versus non–GO-treated children and adolescents who received 

HCT for AML. However, AAML0531 was restricted to patients with intermediate-risk AML 

in first remission, and all patients in the GO arm received GO 3 mg/m2 in combination with 

chemotherapy.16 Therefore, a cross-study comparison is complicated by differences in 

dosing and disease characteristics.

Study limitations included the retrospective study design and variability in diagnostic 

methods, which could have contributed to underreporting or inconsistent reporting.4 

However, VOD/SOS is a serious illness that is usually recorded in medical records and 

likely would have been systematically reported to the CIBMTR. Additionally, many patient 

records were missing GO dosing information. The FDA-approved regimen at the time these 

patients were treated was 9 mg/m2 for adults aged ≥60 years in first relapse, but we cannot 

be certain how many patients with missing data in this study received a higher or lower dose, 

especially given the off-label use in children.
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GO is currently approved in the United States for the treatment of adults and pediatric 

patients (aged ≥1 month) with newly diagnosed CD33+ AML and adult and pediatric (aged 

≥2 years) patients with relapsed/refractory CD33+ AML.29 The current recommended 

dosing regimen for adults with newly diagnosed CD33+ AML is 3 mg/m2 (up to one 4.5-mg 

vial) on Days 1, 4, and 7 of induction and Day 1 of each of two consolidation courses in 

combination with chemotherapy or 6 mg/m2 on Day 1 and 3 mg/m2 on Day 8 of induction 

and up to eight continuation courses of 2 mg/m2 on Day 1 every 4 weeks as a single agent; 

for pediatric patients with newly diagnosed AML, the recommended dosing regimen is 3 

mg/m2 for patients with body surface area (BSA) ≥0.6 m2 or 0.1 mg/kg for patients with 

BSA <0.6 mg/m2. The recommended dosing regimen for CD33+ relapsed/refractory AML, 

adults and pediatric patients, is 3 mg/m2 on Days 1, 4, and 7 as a single-agent. The original 

dose of 9 mg/m2 is no longer approved for use in the United States due to the higher risk of 

toxicity. Although this cohort received GO based on the old dosing regimen, this analysis 

establishes a baseline of VOD/SOS risk with GO use in pediatric patients that may be used 

going forward to compare with the risk associated with the current recommended dosing 

regimen.

In conclusion, pediatric patients with AML who received GO before myeloablative alloHCT 

in 2008–2011 were observed to have an increased risk of VOD/SOS. Despite this, OS was 

similar between those with and without GO exposure, and few fatal cases of VOD/SOS were 

observed in the GO-exposed group. Nonetheless, these findings indicate that physicians 

should take caution when considering alloHCT for AML in pediatric patients with prior GO 

treatment. Further monitoring and reporting will clarify whether the new 2017 dosing 

regimen results in a reduced rate of VOD/SOS in pediatric patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviation key

alloHCT allogeneic hematopoietic cell transplantation
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AML Acute myeloid leukemia

CI Confidence interval

CIBMTR Center for International Blood and Marrow Transplantation Research

CR1 first complete remission

CR Complete remission

DFS Disease-free survival

FDA US Food and Drug Administration

GO gemtuzumab ozogamicin

HCT hematopoietic cell transplantation

NRM Nonrelapse mortality

OS Overall survival

PK pharmacokinetics

TBI Total body irradiation

VOD/SOS veno-occlusive disease/sinusoidal obstruction syndrome
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TABLE 1

Outcomes in all patients

Outcomes
a GO-exposed group n = 148 Control group n = 348

VOD/SOS at 100 days 16 (11–23) 10 (7–13)

Severe VOD/SOS at 100 days 8 (4–13) 3 (2–5)

OS
b

 100 days 85 (78–90) 87 (83–90)

 6 month 78 (71–84) 80 (75–84)

 1 year 69 (61–76) 69 (65–74)

 3 years 56 (48–63) 57 (52–62)

 5 years 51 (43–58) 55 (50–60)

DFS
b

 1 year 59 (51–66) 62 (57–67)

 3 years 47 (39–54) 50 (45–55)

 5 years 42 (35–50) 48 (43–53)

Relapse
b

 1 year 25 (19–32) 27 (23–32)

 3 years 35 (28–42) 35 (30–40)

 5 years 37 (30–44) 37 (32–41)

NRM
b

 1 year 13 (8–18) 11 (8–15)

 3 years 15 (10–21) 15 (11–19)

 5 years 18 (12–24) 15 (12–20)

Values are % (95% CI).

a
From date of transplant.

b
Adjusted probability estimates.

CI, confidence interval; DFS, disease-free survival; GO, gemtuzumab ozogamicin; NRM, nonrelapse mortality; OS, overall survival; VOD/SOS, 
veno-occlusive disease/sinusoidal obstruction syndrome
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TABLE 3

Death summary

GO-exposed group n = 148 Control group n = 348

Number of deaths 74 158

 Cause

  Primary disease 35 (47) 91 (57)

  Graft failure 0 1 (<1)

  GVHD 4 (5) 9 (6)

  Infection 10 (14) 11 (7)

  Interstitial pneumonia/ARDS 3 (4) 6 (4)

  Organ failure

   VOD/SOS 3 (4) 1 (<1)

   Cardiac failure 1 (1) 2 (1)

   Pulmonary failure 5 (7) 9 (6)

   CNS failure 1 (1) 0

   Multiple organ failure 3 (4) 12 (8)

   Organ failure, not specified 1 (1) 2 (1)

  Secondary malignancy 0 2 (1)

  Hemorrhage 3 (4) 5 (3)

  Other 3 (4) 4 (3)

  Not reported 2 (3) 3 (2)

Values are n (%).

ARDS, acute respiratory distress syndrome; CNS, central nervous system; GO, gemtuzumab ozogamicin; GVHD, graft-versus-host disease; VOD/
SOS, veno-occlusive disease/sinusoidal obstruction syndrome.
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