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To the editor.  

Sinusoidal obstruction syndrome (SOS), also known 
as veno-occlusive disease (VOD), is a well-recognized 

complication of allogeneic HSCT. While classical VOD 

typically presents within the first 21 days with jaundice, 
painful hepatomegaly, and weight gain, atypical or late-

onset presentations can escape early detection. These 

delayed forms of SOS are frequently underdiagnosed 

due to overlapping clinical features with other post-
transplant complications such as graft-versus-host 

disease (GVHD), viral hepatitis, or drug-induced liver 

injury. In this report, we describe a case of late-onset 
VOD following haploidentical HSCT, diagnosed solely 

through liver biopsy in the setting of subtle clinical and 

biochemical cues. 
 

Case Presentation. A 41-year-old woman was 

diagnosed with adverse-risk AML as per the ELN 2022 

classification. She achieved morphologic and minimal 
residual disease-negative remission following induction 

chemotherapy. She received the Standard 3+7 Induction 

protocol followed by 2 cycles of high-dose cytarabine as 
consolidation while awaiting funds for HSCT. She 

underwent haploidentical peripheral blood stem cell 

transplantation using fludarabine, busulfan, and 
cyclophosphamide (Flu-Bu-Cy) as a Conditioning 

regimen, followed by post-transplant 

cyclophosphamide-based GVHD prophylaxis. 

 

Discussion. Sinusoidal obstruction syndrome (SOS), 

historically referred to as veno-occlusive disease 

(VOD), is a well-known yet often under-recognized 
complication following hematopoietic stem cell 

transplantation (HSCT). Traditionally associated with 

early post-transplant periods and hyperacute hepatic 
dysfunction, SOS has expanded in clinical spectrum—

particularly in the context of haploidentical transplants, 

where atypical or delayed presentations are increasingly 

reported.1,2 

 
Table 1. Timeline of Events. 

Post-

HSCT Day 
Clinical Events 

D+0 Haploidentical PBSC transplant in CR1 

D+35 

Hospitalized with dysuria and hematuria; diagnosed with BK virus-induced hemorrhagic cystitis and CMV viremia 
(PCR positive). Concurrent acute kidney injury (Cr ↑ from 0.9 to 2.6 mg/dL) and persistent cytopenia. Started on 
Cidofovir 

D+42 Developed progressive abdominal distension and non-tender hepatomegaly. USG SPA axis/ IVC - Normal 

D+45 
Ascitic fluid analysis: SAAG >1.1, no malignant cells, sterile, suggesting portal hypertension. LFTs normal 

initially 

D+50 
Bilirubin increased gradually to 2.7 mg/dL; LFTs otherwise preserved. Autoimmune hepatitis (AIH) workup, 
hepatotropic viral panel, and drug history: unremarkable. CMV and EBV PCRs: negative at this time 

D+52 Liver biopsy performed due to unexplained hepatomegaly and ascites 

D+55 
Histology consistent with zone 3 sinusoidal congestion, hepatocyte dropout, and delicate perisinusoidal fibrosis – 
consistent with SOS 

D+56 

onward 

Managed conservatively: fluid restriction, diuretics, and avoidance of hepatotoxic medications 
Defibrotide was not affordable 

D+70 Gradual improvement in liver size, resolution of ascites, stable renal function, and bilirubin normalization 

D+90 Discharged in stable condition with complete symptomatic resolution 
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Table 2. Investigations Summary. 

Parameter Result 

Creatinine Rise from 0.9 → 2.6 mg/dL (AKI) 

Total bilirubin Gradual rise from 1.6 → 2.7 mg/dL 

Liver enzymes (AST/ALT) Mildly elevated at most (not >2× ULN) 

Ascitic SAAG >1.1 g/dL 

CMV PCR Initially positive; later cleared 

EBV PCR Negative 

Autoimmune hepatitis panel Negative 

USG Abdomen Hepatomegaly with moderate ascites 

Liver Biopsy 
Zone 3 sinusoidal congestion, hemorrhage, hepatocyte dropout; perisinusoidal fibrosis (MT stain 
positive). (Figure 1) 

 

 
Figure 1. Liver biopsy shows marked sinusoidal congestion and hemorrhage with hepatocyte dropout, predominant in zone 3 areas with viable 
hepatocytes in adjacent location (A- scanning magnification, B- higher magnification). The viable hepatocytes show focal steatotic changes 
due to hypoxia (C). MT stain highlights the delicate zone 3 perisinusoidal fibrosis (D) 

 

Our patient developed classic features of volume 

overload—ascites and hepatomegaly—without the 
expected biochemical storm. Despite being on day +42 

post-HSCT, her liver enzymes were near-normal, 

bilirubin was only modestly elevated, and there was no 
right upper quadrant pain or weight gain—hallmarks 

typically seen in classical SOS. In most cases, such a 

constellation of symptoms would prompt evaluation for 

infection (CMV/EBV), drug-induced liver injury 
(cidofovir), or graft-versus-host disease (GVHD) rather 

than SOS. However, the slow, insidious onset and lack 

of alternative diagnoses raised suspicion. 
This case highlights a crucial clinical reality: a 

substantial proportion (25–39%) of SOS cases manifest 

after day +21, a presentation now classified as late-onset 
SOS.3,4 Unlike early VOD, these patients may not meet 

the Baltimore or modified Seattle criteria—both of 

which rely heavily on early hyperbilirubinemia and 
tender hepatomegaly.5 As a result, late-onset VOD may 

escape early detection, particularly in centers where 

diagnostic biopsy is deferred due to cytopenias or 
perceived risks. 

The role of liver biopsy, though invasive, is 

invaluable in such scenarios. In our patient, histology 

revealed zone 3 sinusoidal congestion, hepatocyte 
dropout, and perisinusoidal fibrosis—textbook findings 

of SOS.6 The biopsy also helped exclude competing 

etiologies: no viral inclusions, absence of GVHD 
features (no bile duct injury or portal lymphocytic 

infiltration), and no interface activity suggestive of 

autoimmune hepatitis. Thus, the biopsy transformed 
diagnostic ambiguity into clinical clarity. 
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Importantly, defibrotide remains the only FDA- and 

EMA-approved drug for VOD/SOS,   but its use is 
generally reserved for cases with severe features or 

multi-organ dysfunction.7 A pivotal multicenter phase 

III trial evaluated the efficacy and safety of defibrotide 

(DF) at a dose of 25 mg/kg/day in 102 patients with 
severe sinusoidal obstruction syndrome/veno-occlusive 

disease (SOS/VOD), with a median age of 21 years 

(range 0–72). A historical control group consisting of 32 
patients was used for comparison. Treatment with 

defibrotide was associated with significantly improved 

clinical outcomes. The complete response (CR) rate was 
24% in the DF group, compared to 9% in the control 

group (p = 0.013). The overall survival (OS) at Day 

+100 was 38% versus 25%, respectively (p = 0.034). 

The incidence of adverse events, including hemorrhagic 
toxicity (65% in the DF group vs. 69% in controls), did 

not differ significantly between the groups.8 Based on 

these results, the recommended dose of defibrotide is 25 
mg/kg/day, as approved by both the U.S. Food and Drug 

Administration (FDA) and the European Medicines 

Agency (EMA). Treatment should be continued for a 
minimum of 21 days and until all clinical signs and 

symptoms of SOS/VOD have resolved. No dose 

adjustment is necessary for patients with renal 

impairment. In obese patients, corrected body weight 
should be used for dose calculation. Although 

defibrotide is generally well tolerated, a small risk of 

anaphylaxis exists and should be considered in clinical 
practice.9 

Based on these results, the recommended dose of 

defibrotide is 25 mg/kg/day, as approved by both the 

U.S. Food and Drug Administration (FDA) and the 
European Medicines Agency (EMA). Treatment should 

be continued for a minimum of 21 days and until all 

clinical signs and symptoms of SOS/VOD have 
resolved. No dose adjustment is necessary for patients 

with renal impairment. In obese patients, corrected body 

weight should be used for dose calculation. Although 
defibrotide is generally well tolerated, a small risk of 

anaphylaxis exists and should be considered in clinical 

practice. 

Our patient, diagnosed early due to heightened 
suspicion and tissue confirmation, given financial 

constraints and the absence of severe clinical features, 

was managed conservatively without defibrotide. This 
aligns with observational data suggesting that patients 

with milder disease—particularly those identified 

early—may recover with supportive care alone.7,10 
Finally, it is worth noting that haploidentical HSCT 

with post-transplant cyclophosphamide (PTCy) may 

predispose to atypical endothelial injuries, including 
delayed-onset VOD, possibly due to delayed clearance 

of cyclophosphamide metabolites or cumulative 

vascular injury from preceding infections or nephrotoxic 

drugs.2,3 This further expands the spectrum of patients in 
whom we must consider late-onset SOS, especially 

when clinical progress diverges from expectation. 

 
Conclusion. Late-onset VOD is an underrecognized and 

often delayed diagnosis due to its atypical and subtle 

clinical presentation. Unlike classical VOD, late-onset 
cases may lack hallmark features such as jaundice and 

painful hepatomegaly, as seen in our patient who 

initially had normal liver enzymes and anicteric ascites. 

This variability can lead to missed or delayed diagnosis, 
which may adversely impact outcomes if appropriate 

therapy, such as defibrotide, is not initiated promptly. 

In cases of persistent or unexplained hepatomegaly, 
ascites, and signs of portal hypertension after HSCT—

especially beyond day +21—clinicians should maintain 

a high index of suspicion for late-onset VOD, even in 
the absence of typical laboratory abnormalities. In such 

settings, a liver biopsy becomes an invaluable diagnostic 

tool for establishing the diagnosis and guiding 

management. 
Our case underscores the importance of early 

recognition of late-onset VOD and consideration of 

biopsy when clinical suspicion remains high. Timely 
diagnosis enables the provision of appropriate 

supportive care and the potential initiation of disease-

modifying therapy, thereby improving the chances of 

recovery. Fortunately, our patient responded well to 
conservative measures with resolution of 

hyperbilirubinemia and renal dysfunction and remains 

under close outpatient follow-up. This case adds to the 
growing awareness that late-onset VOD, while rare, is 

an important and potentially reversible cause of post-

transplant morbidity when identified and managed 
appropriately. 
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