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This international questionnaire survey aimed to explore the current incidence, diagnostic policies, management, and outcomes of
veno-occlusive disease/sinusoidal obstruction syndrome (VOD/SOS) among healthcare providers involved in the management of
these patients. A questionnaire was e-mailed to practitioners with an interest in allogeneic hematopoietic cell transplantation (allo-
HCT). Of the respondents, 144 of 215 (67.0%) felt that early detection or diagnosis of VOD/SOS was difficult. Regarding diagnostic
criteria, 142 (66.1%) already declared using the 2023 EBMT refined criteria. Most respondents (163/215, 75.8%) found these recent
refined EBMT criteria useful for diagnosis, and 193 (89.8%) found the severity criteria easy to use. The major risk factors identified for
VOD/SOS were a second allo-HCT (41.4%), pre-existing liver disease (54.9%), and prior use of antibody-drug conjugates (49.8%).
Preferences for starting VOD/SOS treatment varied, with 61 (28.4%) preferring initiating therapy at a mild stage, and 122 (56.7%)
preferring the moderate stage. In summary, this survey provided valuable insight into the challenges and opportunities of the
identification and management of VOD/SOS. By improving current knowledge and increasing collaboration among healthcare
professionals, early detection, management, and clinical outcomes for patients with this potentially serious complication can also
be improved.
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INTRODUCTION
Veno-occlusive disease (VOD) or sinusoidal obstruction syndrome
(SOS) is a serious and potentially fatal complication of the liver. It is
characterized by endothelial dysfunction leading to occlusion of
the small veins in the liver, resulting in post-sinusoidal hyperten-
sion with hepato-renal syndrome and, in extreme cases, multi-
organ dysfunction (MOD) [1]. It often occurs after allogeneic
hematopoietic cell transplantation (allo-HCT) or liver transplanta-
tion, but can also occur in other contexts, such as after the
administration of high-dose chemotherapies. The use of immu-
notherapy for the treatment of acute leukemia, such as
gemtuzumab ozogamicin and inotuzumab ozogamicin, has also
been associated with the development of VOD/SOS [2, 3]. The
incidence of VOD/SOS after HCT in children is approximately 20%,
rising to 60% in patients considered at high risk [4]. In adults, the
incidence is approximately 10% [5]. Typical symptoms of VOD/SOS

include rapid weight gain due to fluid retention, abdominal pain,
hepatomegaly, rapid onset of ascites, jaundice, refractory throm-
bocytopenia and liver dysfunction [3]. Diagnosis is usually based
on a combination of clinical symptoms, liver function tests, and
medical imaging, such as liver ultrasound or computed tomo-
graphy (CT) scan. However, it is now well established that VOD/
SOS differs considerably between age groups in terms of
incidence, genetic predisposition, clinical presentation, preven-
tion, treatment and outcome, calling into question the use of the
Baltimore and modified Seattle criteria for diagnosis [6]. In 2023,
the refined diagnostic and severity criteria for adults, of the
European Society of Blood and Marrow Transplantation (EBMT
2023 refined criteria) were endorsed [7]. The revision introduced
new diagnostic categories, namely VOD/SOS probable, clinical,
and proven. Elastography has been included in the new criteria for
the probable diagnosis of VOD/SOS. In addition, the Sequential
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Organ Failure Assessment (SOFA) score was incorporated into the
VOD/SOS severity classification [4, 7, 8]. In most cases, VOD/SOS
disease resolves within a few weeks; however, severe VOD/SOS
disease results in MOD with a mortality rate of >80% [4, 9].
Treatment of VOD/SOS may include a variety of approaches,

including supportive care to manage symptoms and specific
treatments to reduce inflammation and improve liver function
[10]. Defibrotide is the only drug approved for the curative
treatment of severe sinusoidal obstructive disease following HCT
[11, 12]. This treatment has been shown to have better results in
children than in adults [5]. Recent observations suggest that early
initiation of treatment could significantly improve the prognosis of
patients [4]. In addition, defibrotide has demonstrated its
effectiveness in preventing VOD/SOS [5, 12]. However, defibrotide
is not currently approved for prophylactic use in Europe. With this
background, we conducted an international questionnaire survey
to explore the current incidence, diagnostic policies, management,
and outcomes of VOD/SOS among healthcare providers involved
in the management of these patients.

MATERIALS AND METHODS
All members of the International Academy for Clinical Hematology (IACH
www.clinical-hematology.org) with an interest in allo-HCT were invited to
participate in this survey in November 2023 (N= 5000 approximately). A
questionnaire was distributed, followed by two reminders. The ques-
tionnaire included the following sections: members’ demographics,
qualification or job title, role, specialty/interests, memberships/affiliations,
opinion on VOD/SOS diagnosis and criteria, modifiable and unmodifiable
risk factors, severity classification, and VOD/SOS therapy. A total of 215
responses were received (4.3% approximately). The countries most
represented were Spain with 19 practitioners, followed by France with
14, Germany with 13, Italy with 12, India with 10, the United States and
Turkey each with 8, and Canada, Malaysia, Poland, Portugal, and the UK
with 6 practitioners each (Data S1).

RESULTS
Of the respondents, 66 declared being clinical hematologists
(30.7%), while 93 were physicians mainly specializing in adult HCT
(43.3%). Sixteen specialized in pediatric HCT (7.4%). Twelve (5.6%)
were interns/residents/trainees/students. Seven (3.3%) were
nurses, 2 (0.9%) were in the HCT Research and Development field
(MD and PharmD) and 19 (8.8%) indicated another category.
Fifteen (7.0%) respondents were under the age of 30 years. The
age groups 31 to 40, 41 to 50, 51 to 60, and 61 years or older were
represented by 61 (28.4%), 77 (35.8%), 41 (19.1%), and 21 (9.8%)
practitioners, respectively. Three (1.4%) had been practicing for
less than a year, 18 (8.4%) for 1 to 2 years, 35 (16.3%) for 3 to 5
years, 45 (20.9%) for 6 to 10 years, and 114 (53.0%) for more than
10 years. Fifty-one (23.7%) were members of the American Society
of Hematology (ASH), 66 (30.7%) of the European Hematology
Association (EHA), 24 (11.2%) of the American Society of Clinical
Oncology (ASCO), 76 (35.4%) of the EBMT, 79 (36.7%) of their
National Transplant Society, and 84 (39.1%) indicated other
medical societies or organizations.
Of the 215 responding practitioners, 112 (52.1%) had a special

interest in conditioning regimens, 108 (50.2%) in graft-versus-host
disease (GVHD) prophylaxis, 99 (46.1%) in infectious complications
in general, 107 (49.8%) in early transplant complications (e.g.,
VOD/SOS, thrombotic microangiopathy [TMA], etc.), 105 (48.8%) in
acute GVHD, 96 (44.7%) in chronic GVHD, 50 (23.3%) in post-
transplant therapies, 59 (27.4%) in long-term treatment side
effects, 49 (22.8%) in quality of life and rehabilitation, and 13
(6.1%) in other topics.
Of the respondents, 144 (67.0%) found it difficult to detect or

make an early diagnosis of VOD/SOS, while 71 (33.0%) did not find
this difficult. In their practice, 34 respondents (15.8%) reported an
incidence of VOD/SOS of less than 1%, 96 (44.7%) reported 1 to

5%, 57 (26.5%) reported 6 to 10%, 3 (1.4%) reported 11 to 15%,
and 25 (11.6%) said they didn’t know the exact incidence because
the diagnosis was often missed. No one reported an incidence
higher than 15%. Eighty-three respondents (38.6%) did not see
VOD/SOS outside of allo-HCT. Sixty-three (29.3%) observed VOD/
SOS in the context of autologous HCT (AHCT), 29 (13.5%) when
using high-dose chemotherapy alone, and 108 (50.2%) when
using specific drugs (e.g. gemtuzumab ozogamicin, inotuzumab
ozogamicin, etc.). Five respondents (2.3%) reported other circum-
stances of onset.
Twenty-six respondents (12.1%) used only the Baltimore criteria

[6], 40 (18.6%) used only the Seattle and modified Seattle criteria
[13], 110 (51.2%) used the original 2016 EBMT criteria [14], and 142
(66.1%) had started using the 2023 EBMT refined criteria [7]. In
addition, 10 (4.7%) respondents reported using other various
criteria to diagnose VOD/SOS.
Of the respondents, 163 (75.8%) felt that the introduction of the

refined EBMT criteria (with the concepts of probable, clinical, and
proven VOD/SOS) was useful in their practice to improve the
diagnostic process for VOD/SOS. Eleven respondents (5.1%) felt
that it had not been useful, while 35 (16.3%) didn’t know or were
unsure. Six (2.8%) people had other opinions about the usefulness
of these criteria in their practice. When asked about the usefulness
of the diagnostic category of probable hepatic VOD, only 13
respondents (6.1%), did not find it useful in their clinical practice,
104 (48.4%) found it useful, while 73 (34.0%) found it very useful.
Twenty-five (11.6%) did not know or were unsure of its usefulness.
The three unmodifiable VOD/SOS risk factors that respondents

considered most important in their practice were (Fig. 1):

1. Second HCT - 89 votes (41.4%)
2. History of pre-existing liver disease: hepatic fibrosis,

cirrhosis, active viral hepatitis - 118 votes (54.9%)
3. Previous use of gemtuzumab ozogamicin or inotuzumab

ozogamicin - 107 votes (49.8%)
The following risk factors received fewer votes but were

well represented:
4. Iron overload (>1000 ng/mL) - 67 votes (31.2%)
5. Advanced patient age - 36 votes (16.7%)
6. Advanced disease (beyond second complete remission or

relapse) - 54 votes (25.1%)

The top three modifiable VOD/SOS risk factors according to
respondents were (Fig. 2):

1. High-dose (myeloablative) regimens - 157 votes (73.0%)
2. Oral or high-dose busulfan - 127 votes (59.1%)
3. High-dose treosulfan - 40 votes (18.6%)

Among the respondents, 193 (89.8%) found the VOD/SOS
severity criteria described in the refined EBMT criteria easy to use
and useful in their practice to improve patient prognosis.
Seventeen respondents (7.9%) felt this was not the case, while
five (2.3%) respondents had other opinions regarding the
usefulness and ease of use of these criteria in improving prognosis
in their practice.
One hundred and forty-one respondents (65.6%) currently

assess the severity of hepatic VOD/SOS when it is suspected, while
46 (21.4%) do so once the diagnostic criteria are met. Fifteen
(6.9%) people assessed severity after differential diagnosis (when
other complications were ruled out), and 10 (4.7%) never did so.
Sixty-one respondents (28.4%) preferred to start VOD/SOS

therapy when diagnosed at a mild stage, while 122 (56.7%) were
in favor of starting treatment at a moderate stage. Fifty-seven
(26.5%) participants preferred to start treatment at a severe stage
and 25 (11.6%) at a very severe stage. In addition, 15 (7.0%)
respondents preferred to decide when to start therapy on a case-
by-case basis, with no preference for a particular severity level.

M. Larue et al.

29

Bone Marrow Transplantation (2025) 60:28 – 31

http://www.clinical-hematology.org


According to respondents, the additional members of the
multidisciplinary team who should be trained in the management
of hepatic VOD were nurses (143 votes, 66.5%), radiologists (127
votes, 59.1%), intensivists (108 votes, 50.2%), and hepatologists
(107 votes, 49.8%).

DISCUSSION
The results of this study highlight several critical aspects of the
detection, diagnosis, and management of VOD/SOS. A thorough
understanding of these elements is essential to improve clinical
outcomes for patients suffering from this serious complication
of HCT.
First, the low response rate of the survey is a significant

limitation. The results may not fully represent the majority of
practitioners, which could impact the generalizability of the
findings. In addition, the survey did not explicitly ask respondents
to indicate whether their data related to adult or pediatric
patients. This lack of distinction is a valid concern, as it makes it
difficult to draw conclusions about reported incidences without

knowing patient characteristics. Future surveys must distinguish
between these populations to ensure more accurate and mean-
ingful conclusions.
Early detection of VOD/SOS appears to be an important

prognostic criterion for management [15]. However, the results
indicate that almost two-thirds of respondents find it difficult to
detect or diagnose this complication early and 12% continue to
use the historical Baltimore criteria. This underscores the
importance of increased awareness and ongoing training of
healthcare professionals to recognize early signs of the disease
followed by prompt intervention, particularly in settings where the
diagnosis may easily be missed.
The introduction of new diagnostic criteria, such as those

proposed by the EBMT [7, 8, 15], seems to play an important role
in improving the diagnosis of VOD/SOS. The concepts of probable,
clinical, and proven VOD/SOS were considered useful by the
majority of respondents. This approach may allow for more
accurate identification and earlier intervention, potentially leading
to improved clinical outcomes. However, we acknowledge that we
did not collect specific feedback from those who did not find the

High dose (myeloablative) regimens

Oral or high dose busulfan

High dose TBI-based regimen

HLA-mismatched donor

High dose treosulfan

Use of parenteral nutrition

Unrelated donor

Non T-cell depleted transplant

GVHD prophylaxis with sirolimus + methotrexate +...

GVHD prophylaxis with methotrexate + cyclosporin or...

0% 10% 20% 30% 40% 50% 60% 70% 80%

Fig. 2 The modifiable VOD/SOS risk factors for adults from the refined EBMT criteria: Percentage of participants who consider them
important. TBI total body irradiation, HLA human leucocyte antigen, GVHD graft-versus-host disease, VOD/SOS veno-occlusive disease/
sinusoidal obstruction syndrome, EBMT European Society for Blood and Marrow Transplantation.

Pre-existing liver disease: hepatic fibrosis, cirrhosis, active viral hepatitis

Previous use of gemtuzumab ozogamicin or inotuzumab ozogamicin

Second HSCT

Iron overload (>1.000 ng/mL)

Advanced disease (beyond second CR or relapse)

Hepatotoxic drugs

Older patient age

Abdominal or hepatic irradiation

Increased serum transaminase

Genetic factors (GSTM1 polymorphism, C282Y allele, MTHFR...

Metabolic syndrome

Primary immunodeficiency diagnosis

Karnofsky score below 90%

Female receiving norethisterone

0% 10% 20% 30% 40% 50% 60%

Serum bilirubin > 1.5 mg/l (>26 �mol/l), transaminase >2.5 ULN

Fig. 1 The unmodifiable VOD/SOS risk factors for adults from the refined EBMT criteria: percentage of participants who consider them
important. HSCT hematopoietic stem cell transplantation, CR complete response, VOD/SOS veno-occlusive disease/sinusoidal obstruction
syndrome, EBMT European Society for Blood and Marrow Transplantation.
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EBMT 2023 criteria useful. We emphasize the need for future
research to further explore this issue in order to refine and
develop the criteria.
In terms of risk factors, the results demonstrate the importance

of considering both modifiable and non-modifiable factors in the
management of VOD/SOS. A history of pre-existing liver disease,
high-dose chemotherapy, and the use of certain medications were
identified as significant risk factors, which is consistent with the
literature [3]. These factors need to be considered when planning
prevention and treatment strategies to reduce the incidence and
severity of the disease.
Regarding the management of VOD/SOS severity, it is encoura-

ging that the majority of respondents found the EBMT severity
criteria easy to use and useful (both for diagnosis and prognosis)
in their clinical practice [7, 15]. However, more than one-third of
respondents reported starting treatment at an advanced or very
advanced stage. This suggests that there are still differences in
approaches to assessing and managing disease severity. The
development of algorithms to help clinicians make informed
decisions about the optimal timing and type of intervention is
critical.
Finally, interdisciplinary collaboration is essential for effective

management of VOD/SOS [16]. Our findings highlight the need to
educate various members of the care team, including nurses,
radiologists, intensivists, and hepatologists, in the recognition and
management of this complication. A well-coordinated multi-
disciplinary approach can provide comprehensive and persona-
lized patient management, thereby improving clinical outcomes.
In conclusion, this study provides valuable insights into the

challenges and opportunities in the detection and management
of VOD/SOS. By addressing the limitations, improving current
knowledge and increasing collaboration among healthcare
professionals, we can improve early detection, management,
and clinical outcomes for patients with this potentially serious
complication.

DATA AVAILABILITY
Data sharing is available through the IACH office (info@clinical-hematology.org) and
Dr Myriam Labopin (myriam.labopin@upmc.fr).
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