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Abstract
Background and Objectives Defibrotide is approved to treat severe veno-occlusive disease/sinusoidal obstruction syndrome 
(VOD/SOS) after haematopoietic cell transplantation in patients aged > 1 month in the European Union and for VOD/SOS 
with renal/pulmonary dysfunction post-haematopoietic cell transplantation in the United States. This meta-analysis estimated 
the incidence and risk of VOD/SOS after intravenous defibrotide prophylaxis using the published literature.
Methods PubMed, Embase and Web of Science were searched through 30 November 2021 for defibrotide studies in VOD/
SOS “prevention” or “prophylaxis,” excluding phase I studies, case reports, studies with fewer than ten patients and reviews.
Results The search identified 733 records; 24 met inclusion criteria, of which 20 (N = 3005) evaluated intravenous defi-
brotide for VOD/SOS prophylaxis. Overall VOD/SOS incidence with intravenous defibrotide was 5%, with incidences of 
5% in adults and 8% in paediatric patients. In eight studies with data on intravenous defibrotide prophylaxis vs controls  
(e.g. heparin, no prophylaxis), VOD/SOS incidence in controls was 16%. The risk ratio for developing VOD/SOS with 
defibrotide prophylaxis vs controls was 0.30 (95% confidence interval 0.12–0.71; p = 0.006).
Conclusions This analysis suggests a low incidence of VOD/SOS following intravenous defibrotide prophylaxis, regardless 
of age group, and a lower relative risk for VOD/SOS with defibrotide prophylaxis vs controls in patient populations at high 
risk of VOD/SOS.
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Key Points 

This meta-analysis estimated the risk of veno-occlusive 
disease/sinusoidal obstruction syndrome (VOD/SOS) 
after intravenous defibrotide prophylaxis.

Twenty identified studies evaluated intravenous defibro-
tide for VOD/SOS prophylaxis.

VOD/SOS incidence was 16% in controls and 5% with 
intravenous defibrotide prophylaxis.

The risk ratio for developing VOD/SOS with defibrotide 
prophylaxis vs controls was 0.30.

1 Introduction

Hepatic veno-occlusive disease/sinusoidal obstruction syn-
drome (VOD/SOS) is a rare, potentially life-threatening 
complication of haematopoietic cell transplantation (HCT) 
conditioning that may also occur after chemotherapy alone 
[1, 2]. Sustained exposure to chemotherapy and HCT con-
ditioning regimens results in sinusoidal endothelial cell 
(EC) activation and damage, leading to a procoagulant 
and proinflammatory state [3, 4]. This EC dysfunction is 
hypothesised to contribute to hepatic VOD/SOS [1]. The 
incidence of VOD/SOS following HCT ranges from <5% 
with autologous HCT to approximately 10–15% with allo-
geneic HCT based on the presence of risk factors and use of 
a myeloablative conditioning regimen [5, 6]. Patient-related 
and transplantation-related risk factors for developing VOD/
SOS include older and very young age, lower performance 
status, pre-existing liver disease, type of conditioning 
 regimen, and type and number of transplants [5, 7, 8].

Defibrotide is a polydisperse mixture of predominantly 
single-stranded polydeoxyribonucleotide sodium salts [9]. 
In vitro, defibrotide has been shown to reduce EC activation, 
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promote EC-mediated fibrinolysis and protect ECs from dam-
age caused by chemotherapy [4, 10]. Defibrotide is approved 
for the treatment of severe hepatic VOD/SOS after HCT in 
patients older than 1 month of age in the European Union and 
for the treatment of adult and paediatric patients with hepatic 
VOD/SOS with renal or pulmonary dysfunction after HCT 
in the United States [9, 11]. The recommended dose for the 
treatment of VOD/SOS is 6.25 mg/kg every 6 hours (25 mg/
kg/day), given as a 2-hour intravenous (IV) infusion [9, 11].

Several studies have found that defibrotide prophylaxis can 
reduce the incidence of VOD/SOS in high-risk patients [12–14]. 
Among these, a previous systematic review from Zhang et al. 
examining 13 studies from 2002 to 2010 showed an overall 
mean incidence of VOD/SOS after HCT of 4.7% (95% con-
fidence interval [CI] 3.3–6.1) in patients receiving defibrotide 
prophylaxis vs 13.7% (95% CI 13.3–14.1; p < 0.005) in patients 
without defibrotide prophylaxis [14]. Among controlled trials, 
the relative risk of VOD/SOS was lower with defibrotide proph-
ylaxis (risk ratio [RR] 0.47, 95% CI 0.31–0.73) [14].

In contrast, a 2015 Cochrane systematic review con-
cluded that there was insufficient evidence to indicate a 
reduction in the incidence of VOD/SOS or mortality with 
defibrotide prophylaxis; however, only one randomised 
controlled defibrotide trial was analysed and the authors 
acknowledged further evaluation was needed through high-
quality, randomised controlled trials [15]. An ongoing 
phase III, prospective study (ClinicalTrails.gov Identifier: 
NCT02851407) of defibrotide for VOD/SOS prophylaxis 
recently stopped enrolment after meeting the protocol-
defined criteria for futility, suggesting a low probability 
of meeting the primary endpoint of demonstrating a sig-
nificant 30-day VOD/SOS-free survival difference with 
the sample size estimates used; analyses are ongoing and 
results are not yet reported [16].

In addition to patient-related and transplantation-related risk 
factors of VOD/SOS, some approved antitumour therapies, such 
as gemtuzumab ozogamicin and inotuzumab ozogamicin, have 
been shown to contribute to an increased risk of VOD/SOS [17]. 
Given the variety of factors that may place a patient at high risk 
of VOD/SOS, there is a need to better understand the utility of 
IV defibrotide prophylaxis for VOD/SOS post-HCT. The goal of 
this systematic literature review and meta-analysis was to provide 
a current estimate of the overall incidence and risk of developing 
VOD/SOS after IV defibrotide prophylaxis using the published 
literature, as an update to the Zhang et al. analysis [14].

2  Methods

2.1  Search Strategy and Selection Criteria

A systematic search of PubMed (MEDLINE), Clinical-
Trials.gov, Google Scholar, Web of Science and Embase, 

which was used to search for abstracts (e.g. EBMT, 
Blood and Marrow Transplantation, American Society 
for Hematology and European Hematology Association) 
from database inception through 30 November 2021, 
was performed per a prespecified and clearly defined 
protocol based on Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) guidelines. 
The search terms for all databases were “prevention” or 
“prophylaxis” of defibrotide in VOD/SOS; search fields 
were limited to the title or abstract and to articles pub-
lished in the English language. Duplicate results from 
these searches were removed.

Defibrotide studies of adult or paediatric patients, includ-
ing controlled trials, observational or retrospective studies, 
retrospective or post hoc analyses, and case reports with 
ten or more patients were eligible for inclusion in the meta-
analysis. Phase I studies, case reports, studies with fewer 
than ten patients and review articles were excluded.

2.2  Data Analysis

The full text of the selected studies and conference abstracts 
were assessed for study design, sample size, dose, route of 
administration, treatment duration and control comparators. 
Publications were evaluated for the presence of data on end-
points of interest, which included incidence of VOD/SOS, 
incidence of severe/very severe VOD/SOS, overall adverse 
events, bleeding and/or haemorrhagic events and site of 
bleeding (if reported).

All studies with relevant data were included in the meta-
analysis. Pooled VOD/SOS incidence estimates with 95% 
CIs were calculated using a random-effects model after 
Freeman–Tukey double arcsine transformation. The Man-
tel–Haenszel method and random-effects modelling (Stata 
14.2 software) were used for overall incidence rates and 
RRs, respectively. Interstudy heterogeneity was assessed 
with Cochrane Q and I2 tests (with significant heterogene-
ity indicated by p < 0.10 or I2 ≥ 50%). For analyses by 
patient age, only studies specifying adult or paediatric data 
were included. All reported p-values were nominal. Safety 
results were not pooled because of differences in adverse 
event reporting among studies. The quality of the data was 
assessed based on study design parameters, such as retro-
spective vs prospective design, number of sites and size of 
the study population.

3  Results

3.1  Literature Search Results

A total of 733 records were identified in the search 
(Fig. 1), and 24 met inclusion criteria for the analysis. Of 
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these 24 studies, 20 (N = 3005) reported on IV defibrotide 
for VOD/SOS prophylaxis, including eight adult studies, 
six paediatric studies and six studies with both age groups 
or in which age was not specified. Of these 20 studies, 14 
reported on VOD/SOS severity based on the investiga-
tor’s assessment. Four of the studies did not specify the 
mode by which defibrotide was administered; therefore, 
these studies were not included in the subanalysis by dose. 
This analysis included prospective cohort studies and case 
series; retrospective case series, studies and chart reviews; 
and phase II and III open-label, randomised controlled 
studies. Details pertaining to data quality are included in 
Table 1, which summarises key features of each study’s 
design.

3.2  Incidence of VOD/SOS

With IV defibrotide prophylaxis, the overall incidence of 
VOD/SOS among the 20 studies was 5% (95% CI 3–8;  
I2 = 75.85%; p < 0.01; Fig. 2A). In studies reporting results 
in either adult or paediatric patients, the incidences of 
VOD/SOS were 5% (95% CI 3–8; I2 = 36.16%; p = 0.13) 
and 8% (95% CI 6–11; I2 = 25.25%; p = 0.24), respec-
tively (Fig. 3). Among eight studies using IV defibro tide 
prophylaxis that also included data from control groups 
(e.g. heparin or no prophylaxis), the incidence of VOD/
SOS with control treatment was 16% (95% CI 7–28). The 
RR for developing VOD/SOS with defibrotide prophy-
laxis vs control was 0.30 (95% CI 0.12–0.71; p = 0.006;  
I2 = 75%; Fig. 4).

The overall incidence of severe/very severe VOD/SOS 
with IV defibrotide prophylaxis was 2% (95% CI 0–4; 
 I2 = 69.46%; p < 0.01; Fig. 2B) in the 14 studies report-
ing disease severity based on the investigator’s assess-
ment. In the four studies that reported data from con-
trol groups, the incidence of severe/very severe VOD/
SOS with control treatment was 8% (95% CI 2–15); the 
RR for developing severe/very severe VOD/SOS with 

defibrotide prophylaxis vs control was 0.59  (95% CI 
0.31–1.14; p = 0.12).

3.3  Safety

While safety data were not pooled because of differences 
in reporting, defibrotide safety results in individual stud-
ies were generally consistent with the known safety pro-
file of defibrotide in the prophylactic setting (Table 2). 
Among studies that reported bleeding, the largest study 
in adults (N = 63) described grade 2 or 3 bleeding events 
in 22% of those receiving IV defibrotide prophylaxis [18]. 
Similarly, the largest paediatric study (N = 356) reported 
a cumulative haemorrhage incidence of 22% for those 
receiving IV defibrotide prophylaxis (and 21% for con-
trols) [12].

4  Discussion

VOD/SOS is a life-threatening complication of HCT. A 
number of factors may place a patient at high risk of devel-
oping VOD/SOS, including age, primary disease, type of 
conditioning regimen, and type and number of HCTs [5, 8, 
17]. In addition, exposure to some antitumor agents, such 
as gemtuzumab ozogamicin and inotuzumab ozogamicin, 
has also been shown to increase the risk of VOD/SOS [17]. 
Thus, there is a medical need for therapies that could reduce 
the risk of VOD/SOS. In this meta-analysis of defibrotide 
use for the prevention of VOD/SOS, the overall incidence 
of VOD/SOS following prophylaxis with IV defibrotide 
was low (at 5%) and was comparable in adults (5%) and in 
paediatric patients (8%). There was a lower relative risk of 
developing VOD/SOS with defibrotide vs controls such as 
heparin or no prophylaxis. Similarly, the incidence of severe/
very severe VOD/SOS with IV defibrotide prophylaxis was 
low (at 2%), and the relative risk of VOD/SOS was lower 
with defibrotide vs control treatment.

Fig. 1  Preferred Reporting 
Items for Systematic Reviews 
and Meta-analyses (PRISMA) 
diagram of studies included and 
excluded. PK/PD pharmacoki-
netic/pharmacodynamic, VOD/
SOS veno-occlusive disease/
sinusoidal obstruction syndrome
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Many of the studies included in this meta-analysis speci-
fied the inclusion of patients at high risk for developing 
VOD/SOS and, thus, with a potential need for VOD/SOS 
prophylaxis. High risk of VOD/SOS was defined in a vari-
ety of ways across the publications but was generally based 
upon patient-related factors (e.g. primary disease) or HCT-
related factors (e.g. conditioning regimen or transplant type). 
For example, the randomised controlled phase III study by 
Corbacioglu et al. included patients with one or more of 

the following risk factors for VOD/SOS: pre-existing liver 
disease; second myeloablative HCT; allogeneic HCT for leu-
kaemia beyond the second relapse; conditioning with busul-
fan and melphalan; previous treatment with gemtuzumab 
ozogamicin; and diagnoses of inherited haemophagocytic 
lymphohistiocytosis, adrenoleukodystrophy or osteopetrosis 
[12]. VOD/SOS was generally diagnosed and graded using 
Baltimore or modified Seattle criteria. These criteria utilise 
the presence of hyperbilirubinaemia, ascites, hepatomegaly 

Fig. 2  Incidence of veno-occlusive disease/sinusoidal obstruction syndrome (VOD/SOS) with intravenous (IV) defibrotide prophylaxis [6, 12, 
13, 18, 24–27, 29–33, 35, 36, 38, 40–43]. CI confidence interval, ES effect size



A Systematic Review and Meta-Analysis of Defibrotide Prophylaxis for VOD/SOS

Fig. 3  Incidence of veno-occlusive disease/sinusoidal obstruction 
syndrome (VOD/SOS) with intravenous (IV) defibrotide prophylaxis 
in adult (A) and paediatric (B) patients [6, 12, 18, 24–27, 29, 30, 32, 

33, 36, 38, 41, 42]. CI confidence interval, ES effect size. Five studies 
with IV defibrotide prophylaxis included patients of both age groups 
or did not specify age

Fig. 4  Risk ratio of veno-occlusive disease/sinusoidal obstruction 
syndrome (VOD/SOS) vs controls in intravenous (IV) defibrotide 
prophylaxis studies that included a control arm [6, 12, 13, 29, 33, 35, 

41, 42] CI confidence interval. Note: Weights are from the random-
effects analysis. aControl was no prophylaxis. bControl was heparin. 
cControl was without defibrotide. dControl was standard of care
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and weight gain as the primary basis for diagnosis [7, 19]. 
Use of VOD/SOS diagnostic and severity grading criteria 
in the studies in this meta-analysis is reasonable, given the 
time at which the studies were conducted. As diagnostic 
and grading criteria have evolved to include more sensi-
tive measures of disease, the observed incidence of VOD/
SOS has increased; for instance, an up to four-fold increase 
in the incidence of VOD/SOS was seen with the transition 
from Baltimore to modified Seattle criteria [20]. In the more 
recent adult and paediatric EBMT criteria, additional fac-
tors are considered and the severity of VOD/SOS is based 
on multiple elements, including liver enzyme and biliru-
bin levels, international normalised ratio for coagulation, 
ascites, weight gain, renal function, encephalopathy, persis-
tent refractory thrombocytopaenia and pulmonary function 
[5, 21]. As use of these more recent, sensitive VOD/SOS 
diagnostic criteria becomes more widespread, leading to a 
greater recognition of conditions such as anicteric or late-
onset VOD/SOS, it is possible that the incidence of VOD/
SOS post-HCT will increase [22, 23].

Our findings are consistent with previous studies that have 
demonstrated a benefit of defibrotide prophylaxis in patients 
with VOD/SOS [12–14]. In a randomised phase III trial of 
defibrotide prophylaxis in paediatric patients, VOD/SOS 
occurred by 30 days post-HCT in 22 (12%) of 180 patients 
treated with defibrotide vs 35 (20%) of 176 control patients 
(risk difference −7.7%, 95% CI −15.3 to −0.1; Z test for com-
peting risk analysis p = 0.0488; log-rank test p = 0.0507) [12]. 
In a large retrospective study (N = 237), a multivariate analy-
sis demonstrated that defibrotide prophylaxis had a beneficial 
impact on the day 100 cumulative incidence of VOD/SOS 
post-HCT (hazard ratio 7.5 ×  10-7; 95% CI 1.8 ×  10-7–3.2 × 
 10-6); p < 0.00001) [13]. The previous systematic review from 
Zhang et al. reported an overall mean incidence of VOD/SOS 
after HCT of 4.7% (95% CI 3.3–6.1) in patients receiving defi-
brotide prophylaxis vs 13.7% (95% CI 13.3–14.1; p < 0.005) 
in patients without defibrotide prophylaxis [14]. The relative 
risk of VOD/SOS was also lower with defibrotide prophylaxis 
among controlled trials (RR 0.47, 95% CI 0.31–0.73) [14].

Compared with the Zhang et al. analysis [14], this meta-
analysis was able to include 11 more studies evaluating IV 
defibrotide in 1775 more patients, bringing the total number 
of patients included in this meta-analysis to 3005. This number 
is impactful when considering that VOD/SOS is a rare condi-
tion. In addition, the inclusion of more recent studies (con-
ducted from 2012 through 2021) captures more current clinical 
practice. Despite these differences, the overall incidences of 
VOD/SOS in the defibrotide and control groups were simi-
lar between our analysis and the Zhang et al. analysis. Also 
similar to our analysis, the Zhang et al. study concluded that 
there was a lower relative risk of VOD/SOS with defibrotide 
prophylaxis than with controls (RR 0.47, 95% CI 0.31–0.73). 
This is in contrast to a 2015 Cochrane Report on prophylaxis Ta
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for VOD/SOS post-HCT, in which the authors stated that there 
was insufficient evidence to support prophylactic defibrotide 
use; however, only one trial was included and the quality of 
evidence for those statements was low [15].

This analysis is limited by the small number of controlled 
peer-reviewed studies. Some of the studies included in the 
analysis were congress abstracts with limited detail; however, 
we made efforts to contact the authors and gather additional 
details, with variable results. Variations in the diagnosis and 
classification of VOD/SOS and its severity, along with differ-
ent defibrotide doses and durations of treatment, may com-
plicate the comparison of results across studies. Importantly, 
data from large, prospective, randomised controlled trials were 
included in the current analysis; however, there were a number 
of small analyses that were only reported as congress abstracts. 
Because of the rare nature of VOD/SOS and the reality that 
few researchers study this disease, there is a limited number of 
studies to assess, and many of those summarised in this report 
are small retrospective studies. Therefore, we did not analyse 
the effect of the quality of data on the meta-analysis results, 
and a formal bias assessment was not conducted.

5  Conclusions

This meta-analysis suggests a low incidence of VOD/SOS 
following IV defibrotide prophylaxis at 5%, regardless of age 
group (5% in adults; 8% in paediatric patients), and a lower 
relative risk of 0.30 for VOD/SOS with defibrotide prophy-
laxis vs controls in studies that included a control arm. These 
results support a potential benefit of defibrotide prophylaxis 
for the prevention of VOD/SOS in both adult and paediatric 
patients. An ongoing phase III study of defibrotide prophy-
laxis (NCT02851407) recently stopped enrolment after 
meeting the protocol-defined futility criteria; when the final 
results are available, this study will provide additional con-
text for understanding the role of defibrotide in VOD/SOS 
prophylaxis. In addition, use of the most recent diagnostic 
and grading criteria to better identify and understand high-
risk patient populations will provide more context on the 
utility of prophylactic therapy in these patients.
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