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Sinusoidal obstruction syndrome (SOS)

✓ A potentially fatal complication after stem cell transplantation

✓ The pathophysiology of SOS/VOD is characterized by endothelial injury caused by the conditioning regimen as well as 
pre-transplant damage        post-sinusoidal portal hypertension leads to the clinical syndrome

✓ Usually resolves within weeks in most patients, an estimated 30-60% of affected children may progress to multi-organ 
dysfunction/failure (mortality rate> 80%)

✓ SOS/VOD is essentially a clinical diagnosis in the absence of sensitive and specific biologic markers or imaging tools

✓ Conditioning regimens:

- Autologous HCT: 5-30% 

- Allogeneic HCT:  Myeloablative (10-60%) (10-15%), Reduced-intensity (less often) (<5%)



Current incidence, severity, and management of veno-occlusive disease/sinusoidal obstruction 
syndrome in adult allogeneic HSCT recipients: an EBMT Transplant Complications Working Party 
study

Bone Marrow Transplantation (2023)

A total of 2886 allogeneic transplantations and 93 cases of 
VOD/SOS in 2018

✓ MAC= 51.5%, RIC =48.5%

✓ The cumulative incidence of VOD/ SOS 
- at day 21= 1.8% 
- at day 100= 2.4%

✓ 52 (78%)were classical and 15 (22%) late onset (>day 21)

✓ Forty patients (60%) had received VOD/SOS prophylaxis
✓ Defibrotide : 7 patients 
✓ Heparin : 15 patients (alone: 9, plus UDCA: 5, plus 

defibrotide: 1)
✓ Ursodeoxycholic acid : 22 patients

Defibrotide treatment: resolved in 58% of the cases, and 57% of the 
patients were alive at day 100



Physiopathology of SOS

1. Corbacioglu S, et al. BMT, 2018,  2. Bonifazi F, et al.  in Immunology 2020

proliferation of perisinusoidal stellate 
cells and subendothelial fibroblasts in
the terminal hepatic vein

hepatic congestion and the
development of postsinusoidal
PH

PAI-1: plasminogen activator inhibitor-1
TF: tissue factor
tPA: tissue plasminogen activator



Risk factors

• Transplant- related factors

✓ Pre-transplant: antibodies tagged with calicheamicin derivatives (gemtuzumab ozogamicin (GO) and inotuzumab ozogamicin), ursodeoxycholic
acid are recommended for previously treated with InO

✓ Conditioning regimen: oral high-dose BU, high-dose fractionated (⩾12 G) TBI-based conventional MAC, GO, combination of BU and Cy and/or 
Mel, mismatched/MUD/haploidentical transplant, T-replete transplants, second SCT

✓ Targeted IV BU:  a predictable pharmacokinetic profile, but the measurement of BU serum levels is complicated by differences in methodology 
and lack of a reliable target range for safety. Therefore, targeted IV BU cannot guarantee a reduced incidence of SOS/VOD

• Patient and disease related factors

✓ Older age, Karnofsky score below 90%, metabolic syndrome, female receiving norethisterone, R/R disease

✓ Patient-specific factors including genetic predisposition: infantile osteopetrosis (60%), familial HLH or Griscelli syndrome and X-linked 
lymphoproliferative disease (30%), Thalassemia patients with hepatomegaly and high iron overload (30-40%), High-risk neuroblastoma (high-
dose chemotherapy and autologous HCT: conditioning with BU/Mel (15-30%), Wilm's tumor (30%), rhabdomyosarcoma (30%) and brain 
tumors given conventional chemotherapy with actinomycin D based regimen (30%) , Sickle cell

✓ Disease with iron overload

• Hepatic related factors

✓ Preexisting liver disease, active viral hepatitis, transaminases >2.5 × ULN, serum bilirubin >1.5 × ULN, cirrhosis and hepatotoxic drug

thalassemia, genetic factors (GSTM1 polymorphism, C282Y allele, MTHFR 677CC/1298CC haplotype

MAC : a regimen containing either TBI with a dose > 8 Gy
a total dose of oral busulfan > 8 mg/kg, or a total dose of I.V. busulfan > 6.4 mg/kg



Clinical presentation

• Generally occurs within 21 days after transplant

• Rapid weight gain, tendentially unresponsive to diuretics

• Hyperbilirubinemia

• Painful hepatomegaly

• Ascites

• Multiorgan failure: lung: pleural effusion, pulmonary infiltrates, hypoxia

kidney: renal insufficiency/failure

central nervous system: confusion, encephalopathy

• Consumptive thrombocytopenia and refractoriness to platelet transfusions, most probably due to

uncontrolled endothelial activation

Late-onset VOD/SOS 

• Distinct VOD/SOS feature by recent diagnostic criteria elaborated by the EBMT

• Mild forms spontaneously resolving within a few weeks to severe forms with organ damage and MOD

1. Corbacioglu S, et al. BMT, 2018,  2. Bonifazi F, et al.  in Immunology 2020



Daily monitoring

✓ Fluid overload with weight gain 

✓ RUQ pain

✓ Jaundice

✓ Hepatomegaly 

✓ Ascites

Modified Seattle criteria Baltimore criteria EBMT criteria

Onset: within 20 days Onset: within 21 days Classical VOD/SOS (onset: within 21d) Late-onset VOD/SOS

2 symptoms of the following 
- Bilirubin >2 mg/dL
- Hepatomegaly, RUQ pain
- Weight gain >2% over baseline 

bilirubin 2 mg/dL
and at least 2 of the following:
– Painful hepatomegaly
– Weight gain >5%
– Ascites

bilirubin 2 mg/dL
and at least 2 of the following:
– Painful hepatomegaly
– Weight gain >5%
– Ascites

- Classical SOS beyond day 21
OR
- Histologically proven SOS
OR
- 2 of the classical criteria and ultrasound 
or hemodynamic evidence of SOS

Children : No time onset limitation for SOS/VOD occurrence and  presence of 2 of the following parameters:

• Unexplained refractoriness to platelets transfusions defined as 1 weight-adjusted platelet substitution/day to maintain institutional transfusion guidelines

• Otherwise unexplained weight gain on 3 consecutive days despite the use of diuretics or a weight gain >5% above baseline value

• Hepatomegaly (best if confirmed by imaging such as US, CT or MRI) above baseline value measured pre-HSCT

• Ascites (best if confirmed by imaging such as US, CT or MRI) above baseline value measured pre-HSCT  
• Increase of bilirubin above baseline value on 3 consecutive days or bilirubin 2 mg/dL within 72 h

daily measurements of weight and 
abdominal circumference



Major differences in hepatic SOS/VOD between adults and children

Criteria Children Adults

Incidence - Approximately 20%
- Up to 60% in high-risk patients

- Approximately 10%

Risk factors - Additional pediatric risk factors:
- Infants
- Diseases with incidences above average

- Established risk factors

Clinical presentation - Late-onset SOS: 20%
- Anicteric SOS: 30%
- Hyperbilirubinemia, if present:
- Is frequently pre-existent
- Occurs late during SOS
- Is typical of severe SOS

- Late-onset SOS (rare)
- Anicteric SOS (rare)

Need for proper assessment of ascites and hepatomegaly High incidence of disease-related hepatomegaly and ascites pre-HCT

Treatment Defibrotide for severe SOS with multi-organ failure was associated 
with better results in children compared with adults

Prevention Defibrotide demonstrated efficacy for prevention of SOS in children in 
a randomized prospective trial

Corbacioglu S, BMT 2018



Differential diagnosis

• Fluid overload and hypoalbuminemia

• Drug-induced cholestasis, drug-induced liver injury (DILI)

• Sepsis, infectious hepatitis

• Hepatic graft-versus-host disease (GvHD)

• Parenteral nutrition associated liver disease (PNALD), used long term (> 14 days):  inflammation causing 
cholestasis, steatosis

• Ascites of different origin (pancreatic, chylous)

• Cholangitis



Biomarkers : absence of sensitive and specific biologic markers 

• Plasminogen activator inhibitor 1 (increased PAI-1 level) 

• Other markers of endothelial injury: elevated levels of 
✓ Von Willebrand factor 

✓ Thrombomodulin

✓ Soluble intercellular adhesion molecule 1

✓ Suppressor of tumorigenicity2

✓ Angiopoietin 2

✓ Hyaluronic acid

• Inflammation markers: IL-6, IL-10, CD97



Recommendations for Imaging in the Diagnosis of VOD/SOS

• Ultrasound and Doppler US can easily detect the typical signs of PH such as ascites, hepatomegaly, splenomegaly, and 
dilatation

• CT/MRI (logistic issues: critical patients)

• Hepatic venous gradient pressure by cannulation of the jugular vein was demonstrated in adults to be a very accurate, 
but invasive ꓫ

• Transjugular liver biopsy provides histologic evidence of SOS/VOD   ꓫ



EBMT criteria for severity grading of suspected VOD in adults and children

Bonifazi F, et al.  in Immunology 2020



Treatment

• Supportive care : diuretics, dialysis, oxygen

• Defibrotide  (FDA approval: March 2016) 

• A mixture of polydeoxyribonucleotide, mainly single-stranded, derived from the porcine intestinal mucosa

• Its mechanism of action is not yet fully understood:

✓ Oligonucleotides interact with heparin-binding proteins such as fibroblast growth factors

Exert fibrogenetic, angiogenetic effects with endothelial stabilization

✓ Acts as an antithrombotic and profibrinolytic drug 

Reduces platelet adhesion and activation (without systemic anticoagulant effects)

✓ Inhibition of P-selectin expression

Inhibition of PAI-1, thrombin, and leukocyte adhesion process 

✓ Decreases vascular permeability and apoptosis (calcineurin inhibitors and chemotherapy)



Phase 3 trial of defibrotide for the treatment of severe veno-occlusive disease and 
multi-organ failure

• Historically controlled, multicenter, open-label, phase 3 study where defibrotide-treated patients (July 2006 to June 2008)

• Included pediatric (< 16 years), adult patients with severe hepatic SOS with MOF post-HSCT

• Hepatic SOS: Baltimore diagnostic criteria (bilirubin >2 mg/dL by day +21 , and > 2 of: ascites, weight gain > 5%, or new onset 
or worsening hepatomegaly)

• Severe SOS: SOS with advanced MOF (renal and/or pulmonary dysfunction by day+ 28)

• Renal function: (1) serum Cr > 3 × the value at admission to the HSCT unit for conditioning or > 3 × the lowest value during 
conditioning before HSCT (whichever was lower), or 

(2) Cr clearance or glomerular filtration rate < 40% of admission value, or 

(3) Dialysis dependence

• Pulmonary dysfunction: oxygen saturation < 90% on room air or requirement for oxygen supplementation/ventilator 
dependence



• The primary objective: to demonstrate the efficacy of defibrotide in patients with hepatic SOS with 
MOF (difference of survival at day +100 in the defibrotide group vs the historical-control group)

• The secondary efficacy objectives: the difference of CR rate by day +100 and survival at day +180 
(compared between the arms)

• Incidence of adverse events (compared between the arms)

Phase 3 trial of defibrotide for the treatment of severe veno-occlusive disease and 
multi-organ failure

Defibrotide: 25mg/kg/day in 4 divided doses, each infused over 2 hours,for a minimum of 21 days

Treatment was to continue beyond 21 days until resolution of SOS or until the patient’s discharge from 
the hospital





Phase 3 trial of defibrotide for the treatment of severe veno-occlusive disease and 
multi-organ failure



CUP study: open-label multicenter program provided defibrotide on a compassionate-use

• Patients were required to meet the Baltimore criteria or modified Seattle criteria for hepatic SOS

• For this study, the Seattle criteria were further modified to use a >5%, rather than >2% weight gain threshold

• Patients were also eligible if they did not meet 2 of the Seattle criteria but, per the report of the treating physician, had
hemodynamic (eg, hepatic venous pressure gradient), ultrasound, or histologic evidence of hepatic VOD/SOS

• Severe SOS was defined as SOS with MOF or by≥30% predicted risk of retrospectively assessed severe hepatic SOS using the 
Bearman model

• MOF was defined by - renal dysfunction (at least a doubling of Cr levels from baseline or reduced creatinine clearance from 
baseline with or without need for dialysis)

- respiratory dysfunction (the need for oxygen supplementation with or without assisted ventilation)

- CNS dysfunction (cerebral failure)

• Recommended starting dose: 10mg/kg/day, administered I.V. in 4 divided doses over 2 hr. each, with titration up to a 
recommended maximum of 60mg/ kg/day based on tolerability and response

• Recommended dose of defibrotide was amended to a fixed 25mg/kg/ day, in 4 divided doses, each administered over 2hr

•

• Recommended treatment duration: a minimum of 14 days

Corbacioglu S, et al. Biol Blood Marrow Transplant. 2016



CUP study: open-label multicenter program provided defibrotide on a compassionate-use

- The median daily dose: 25 (10-80) 
mg/kg/day

- The median of 15 days (1-119)

- 43% of patients who had available 
dosing data received 25 mg/kg/day

Corbacioglu S, et al. Biol Blood Marrow Transplant. 2016



CUP study: open-label multicenter program provided defibrotide on a compassionate-use

Corbacioglu S, et al. Biol Blood Marrow Transplant. 2016



FDA Approves Defitelio for Hepatic SOS/VOD

• On March 30, 2016, the FDA approved defibrotide sodium (Defitelio; Jazz Pharmaceuticals) for the treatment 
of adults and children with hepatic VOD with renal or pulmonary dysfunction after HSCT

• Dosing and Administration

✓ Defibrotide sodium is administered for 2 hours via a continuous intravenous infusion; defibrotide sodium should be 
diluted before infusion

✓ The recommended dosage is 6.25 mg/kg every 6 hours; the dose should be based on the patient’s baseline body 
weight

✓ Defibrotide sodium should be administered for a minimum of 21 days, and continued until the signs and symptoms 
of VOD have resolved, or up to a maximum of 60 days

✓ Defibrotide sodium is available in a 200mg/2.5 mL (80 mg/mL) single-use vial, containing light yellow to brown, 
sterile, preservative-free solution

• The most common (≥10%) adverse reactions of any grade: hypotension (37%), diarrhea (24%), vomiting 
(18%), nausea (16%), and epistaxis (14%0, alveolar hemorrhage (11%)



SOS/VOD  prophylaxis



Prophylaxis

• Heparin: unfractionated heparin and LMWH :(extensively studied, 

including some randomized trials, but with inconclusive results)

• Antithrombin (no efficacy was demonstrated)

• Prostaglandin E1 (inconclusive results and excess of toxicity)

• Pentoxifylline (no efficacy was demonstrated)

• Defibrotide
✓ Pediatric patients: phase III, randomized, open-label, multicenter trial compared defibrotide to placebo as VOD/SOS prophylaxis 

included 365 patients younger than 18 years: 25mg/kg/d in 4 divided intravenous infusions

✓ Incidence of VOD/SOS: 12% (DF) versus 20% (placebo) P = 0.0488

✓ Adult patients: evidences are far less conclusive

• Ursodeoxycholic acid (UDCA)

✓ A meta-analysis of 3 trials comparing UDCA with placebo: the use of UDCA as a possible  effective prevention 
strategy, also because of its safety profile 

✓ Another randomized study compared prophylactic use of UDCA with heparin: revealed no differences in VOD/SOS 
incidence between the two groups

✓ Enhance biliary secretion of bile acids and bilirubin glucuronides 
through the post-transcriptional upregulation of export pumps

Exerts anti-apoptotic effects in cholestatic hepatocytes
Enhances bicarbonate secretion in cholangiocytes

✓ Immunomodulatory role by decreasing both the expression of 
MHC I and II in liver

Suppresses the IFN-γ pathway

UDCA



Hepatic Sinusoidal Obstruction Syndrome/Veno-Occlusive Disease (SOS/VOD) Primary 
Prophylaxis in Patients Undergoing Hematopoietic Stem Cell Transplantation: A Network 

Meta-Analysis of Randomized Controlled Trials

✓ The adoption of primary prophylactic regimens for SOS/VOD in patients undergoing HCT remains a controversial issue

✓ Our network meta-analysis revealed that UDCA is an overall promising strategy, considering both patients undergoing autologous or allogeneic HCT

✓ A subgroup analysis in allotransplanted patients also supported defibrotide as a promising strategy in this context

Sousa-Pimenta M, et al. J. Clin. Med. 2024    



DF: start on d1 of conditioning regimen to engraftment

UDCA: start on d1 of conditioning regimen until day+ 90



Conclusions

• Diagnosis of VOD/SOS is currently based mainly on clinical criteria, early detection and treatment of SOS can 
reduce the progression to multi-organ failure

• The most reliable imaging method supporting VOD/SOS diagnosis is US which is now recognized as an 
essential diagnosis criterion of late-onset VOD/SOS and highly recommended to assess hepatomegaly and 
ascites in children

• Defibrotide is effective for treatment of adults and children with SOS with renal or pulmonary dysfunction 
after HSCT 

• The recommended dosage of defibrotide is 6.25 mg/kg every 6 hours, the duration of treatment depends on 
the clinical improvement and the cost of treatment

• No specific medication is used for SOS prophylaxis, UDCA and defibrotide could be used for prevention of SOS
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