
Sinusoidal obstruction syndrome (SOS), 
also termed veno-occlusive disease 
(VOD) of the liver, is a  well-known 
complication of haematopoietic stem 
cell transplantation (HSCT) both in 
children and adults. In the medical 
literature there are occasional reports 
of SOS in patients receiving conven-
tional chemotherapy. In children with 
solid tumours this entity occurs during 
treatment of nephroblastoma, rhabdo-
myosarcoma, and medulloblastoma. 
In the late 1990s SOS was quite often 
observed as the complication of oral 
6-thioguanine (6-TG) in patients suffer-
ing from acute lymphoblastic leukae-
mia (ALL), who received 6-TG through-
out maintenance. In current protocols, 
the syndrome has become uncommon 
because treatment with 6-TG is limit-
ed to two weeks of oral therapy. Here, 
we report a case of a nine-year-old boy 
with ALL, who developed sinusoidal 
obstruction syndrome shortly after 
completing the reinduction block of 
chemotherapy (cyclophosphamide, cy- 
tarabine, thioguanine) according to 
the ALL Intercontinental Berlin-Frank-
furt-Münster 2009 (ALL IC BFM 2009) 
treatment protocol.
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Introduction

Veno-occlusive disease (VOD) of the liver, more correctly described as si-
nusoidal obstruction syndrome (SOS), is a well-known complication of high-
dose chemotherapy given before haematopoietic stem cell transplantation 
(HSCT), whereas it is rather rare during treatment with conventional che-
motherapy. SOS is the consequence of toxic injury to sinusoidal endothelial 
cells, followed by a series of biologic processes at the molecular level, which 
leads to an imbalance between coagulation and fibrinolysis, aggregation 
of platelets, deposition of fibrin in subepithelial space, and obstruction of 
the hepatic sinusoids [1]. Two groups: Seattle in 1984 and Baltimore in 1987, 
created clinical criteria for the diagnosis of SOS for adults and children un-
dergoing HSCT. The Baltimore criteria include total bilirubin > 2 mg/dl and 
additionally at least two of the following signs: hepatomegaly, ascites, and 
> 5% weight gain. According to the Seattle criteria, two of the three signs 
(bilirubin > 2 mg/dl, hepatomegaly with right upper quadrant pain, and > 2% 
weight gain from baseline due to fluid retention) must be observed. Over 
the last few years, we have gained a better understanding of the difference 
in frequency, predisposition, and symptomatology of SOS between children 
and adults. Therefore, the European Society for Blood and Marrow Trans-
plantation proposed new diagnostic criteria for SOS in children [2, 3]. Addi-
tionally, along diagnostic criteria the Ponte di Legno group established grad-
ing of SOS severity specific to children with acute lymphoblastic leukaemia 
(ALL). Criteria of both groups are summarised in Table 1 [4]. Liver biopsies 
of patients with SOS most often present nodular regenerative hyperplasia 
(NRH) characterised by diffuse transformation of normal hepatic parenchy-
ma into small, regenerative nodules with little to no fibrosis [3]. Treatment 
of SOS requires aggressive supportive care; defibrotide has been approved 
to treat SOS in the HSCT setting [5, 6].

In children with haematopoietic malignancies, receiving conventional 
chemotherapy, SOS was most often observed as the complication of oral 
6-thioguanine (6-TG) during maintenance therapy in ALL. SOS following 
short (14-days) courses of thioguanine is an extremely rare, clinically differ-
ent, and poorly understood syndrome [7]. Here, we report an uncommon 
case of sinusoidal obstruction syndrome in a paediatric patient with ALL 
shortly after completing block of reinduction therapy according to the ALL 
Intercontinental Berlin-Frankfurt-Münster 2009 (ALL IC BFM 2009) treat-
ment protocol. 
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Case report

A nine-year-old boy diagnosed with B-cell ALL had been 
treated in our clinic according to ALL IC BFM 2009 – chemo-
therapy for intermediate-risk group. The patient started to 
complain of pain localised to the right upper quadrant of 
the abdomen on the second day after completing the sec-
ond part of reinduction block of chemotherapy (cyclophos-
phamide 1000 mg/m2/d once, cytarabine 75 mg/m2/d eight 
times during the protocol, and oral thioguanine at a daily 
dose of 60 mg/m2 for 14 days). On physical examination, 
his liver was palpable and tender. Routine laboratory tests 
revealed pancytopaenia (WBC 1.04 × 103/μl; Hb 10.4 g/dl; 
platelet 3 × 103/μl); in biochemistry C-reactive protein (CRP) 
increased to 42 mg/l (two days earlier 8 mg/l); liver enzymes 
were above the laboratory norms (aspartate transaminase 
[AST] 151 U/I, alanine transaminase [ALT] 218 U/I), and to-
tal level of bilirubin was 1.5 mg/dl. Coagulation status was 
normal. Abdominal ultrasound (US) showed hepatomegaly, 
acute acalculous cholecystitis, and ascites. Broad-spectrum 
of intravenous antibiotics (tazobactam + piperacillin) were 
immediately added for the suspicion of abdominal infec-
tion. Despite numerous platelet transfusions, refractory 
thrombocytopaenia was observed. Suspecting immunisa-
tion processes anti-platelets antibodies were checked and 
came back negative. Within a few hours his clinical status 
deteriorated drastically. The patient developed fever; subse-
quent lab results revealed CRP elevated at 161 mg/l and pro-
calcitonin (PCT) at 6.89 ng/ml. His body weight increased 
4% above baseline value. The antibiotics were modified to 
meropenem. Therapy with caspofungin and granulocyte 
colony-stimulating factor was also initiated. In spite of the 
negative result of the anti-platelets antibodies test, the pa-
tient received high-dose pulses of methylprednisolone. We 
carefully monitored water management as well. Laboratory 
tests revealed impaired liver function: total serum bilirubin 
level 2.32 mg/dl, AST 366 U/I, and gamma-glutamyl tran-
speptidase (GGTP) 146 U/I. The serologic tests for cyto-
megalovirus, Epstein-Barr virus, and hepatitis B virus were 

negative. We repeated abdominal US. Imaging showed hep-
atomegaly, acute acalculous cholecystitis, and ascites as in 
the previous examination. Additionally, Doppler US showed 
reversed blood flow in the proximal part of the left branch 
of the portal vein. Furthermore, fluid in both lungs was not-
ed. On the second day of meropenem infusion the patient’s 
body temperature normalised. Inflammatory parameters 
(CRP, PCT) stopped rising and gradually began to fall. Body 
weight and laboratory results including Hb and WBC start-
ed to improve within a few weeks. Laboratory abnormalities 
normalised and US improved two months after onset.

Discussion

Over the last few years we have gained a better under-
standing of the pathomechanism, frequency, and genetic 
predisposition of SOS, but the recognition of patients at 
the highest risk still remains a challenge [2]. In children 
with solid tumours, SOS has been most often reported in 
patients with Wilms tumour and rhabdomyosarcoma af-
ter therapy including vincristine, actinomycin D, and cyclo-
phosphamide (VAC) [8]. At the turn of the 1980s and 1990s 
there were many speculations about which of the drugs is 
the causative agent of SOS. 

SOS was observed in patients with rhabdomyosarcoma 
along with increasing doses of cyclophosphamide. Thus, 
some researchers hypothesised that the syndrome was 
associated with the side effect of escalated doses of cy-
clophosphamide [8]. Actinomycin was also suspected as 
the causative agent because the complication was report-
ed in patients receiving vincristine and actinomycin only. 
In many studies the hepatotoxic action of actinomycin 
has been proven; however, the pathomechanism of acti-
nomycin-induced SOS is incompletely understood [9, 10]. 
In medical literature there is also one case report about 
SOS in a child with a brain tumour after therapy with car-
boplatin, vincristine, and lomustine; Thus, that patient did 
not receive either actinomycin or cyclophosphamide [11]. 
Some authors noticed that the only common dominator 

Table 1. Diagnostic criteria for hepatic SOS/VOD in children

EBTM diagnostic criteria for hepatic SOS/VOD in children Ponte di Legno diagnostic criteria for SOS in children with ALL

The presence of two or more of the following:
•	 unexplained consumptive and transfusion-refractory 

thrombocytopaenia,
•	 otherwise unexplained weight gain on three consecutive 

days despite the use of diuretics or a weight gain > 5%,
•	 hepatomegaly above baseline value,
•	 ascites above baseline value,
•	 rising bilirubin from a baseline value on 3 consecutive 

days or bilirubin >2 mg/dl within 72 h.

No limitation for time of onset of SOS/VOD

Fulfilment of at least three of five, otherwise unexplained, criteria:
•	 hepatomegaly,
•	 hyperbilirubinaemia more than upper normal limit,
•	 ascites,
•	 weight gain of at least 5%,
•	 thrombocytopaenia (transfusion-resistant and/or otherwise 

unexplained by treatment).

Doppler ultrasound could document changes in hepatic portal venous 
flow and rule out alternative causes, but normal findings do not 
exclude sinusoidal obstruction syndrome.

Grading:
•	 mild: bilirubin less than 103 μmol/l and weight gain less than 5%,
•	 moderate: bilirubin 103–342 μmol/l and/or weight gain more than 

5% or ascites,
•	 severe: bilirubin more than 342 μmol/l and/or respiratory or renal 

failure or hepatic encephalopathy,
•	 death due to sinusoidal syndrome

SOS – sinusoidal obstruction syndrome; VOD – veno-occlusive disease; ALL – acute lymphoblastic leukaemia
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to all these chemotherapy regimens was vincristine. Con-
sequently, they came to the conclusion that this drug may 
play a potentiating role in the development of SOS [12].

In the group of children with haematopoietic malignan-
cies, SOS is a well-known complication of oral 6-thioguanine. 
In comparison to SOS following HSCT, the symptoms are re-
ported as much less severe and often reversible, and with ex-
tremely rare mortality. However, there was still concern about 
the incidence of SOS during maintenance therapy [7].

Based on Mc Atee et al.’s report, we suppose that SOS 
following short courses of 6-TG is a rather rare, clinically 
different, and probably distinct syndrome. For over eight 
years of their study, only 10 of 680 newly diagnosed pa-
tients with ALL were identified with SOS after short cours-
es (14 days) of 6-TG. Eight of them had moderate disease; 
they achieved full recovery. Two out of ten had severe dis-
ease, and they died during hospitalisation [7]. This rate is 
comparable to the outcome of SOS related to HSCT [13].

6-Thioguanine is a purine analogue of guanine classi-
fied as antimetabolite. It works by incorporation of metab-
olites into the DNA, which is disruptive to its normal syn-
thesis. 6-TG may stimulate apoptosis of WBCs as well [14, 
15]. Due to promising results of in vitro studies, thiogua-
nine was evaluated in the late 1990s in a few clinical trials 
as a component of ALL therapy. The results confirmed that 
oral 6-thioguanine, more often than 6-mercaptopurine  
(6-MP), was an SOS-triggering factor [16, 17].

Some researchers tried to connect the syndrome with 
the activity of thiopurine methyltransferase (TPMT) or with 
polymorphism of the gene encoding the enzyme. TPMT is 
responsible for inactivation of thiopurines by a process of 
methylation. Overproduction of methylated derivatives in 
turn causes liver toxicity (Fig. 1). Unfortunately, the results 
of the studies were contradictory and there was no com-
patibility in this topic, because SOS does not seem to be the 
consequence of accumulation of hepatotoxic metabolites 
and direct damage of hepatocytes. The culprit of the injury 
is sinusoidal endothelial cell ischaemia followed by central 
venous occlusion, whereas hepatotoxicity is probably just 
simply the epiphenomenon [3]. Liver biopsies of patients 
with SOS present nodular regenerative hyperplasia (NRH) 
characterised by diffuse transformation of normal hepat-
ic parenchyma into small, regenerative nodules with little 

to no fibrosis. There is neither inflammation nor cholesta-
sis [18]. The mechanism by which thiopurines induce NRH 
is poorly understood. DeLeve et al. in 1996 suggested that 
the syndrome was related to sinusoidal endothelial damage 
associated with glutathione depletion [19]. The hypothesis 
was confirmed in another report, but the study was only 
carried out on rats [20]. It remains unclear why 6-TG caus-
es NRH more frequently than 6-mercaptopurine (6-MP) or 
azathioprine (AZA). There is one main difference in the me-
tabolism of 6-TG compared to 6-MP or AZA: its conversion 
is less multistage and results in an almost five-fold higher 
concentration of 6-TG in RBC and its active metabolites in 
the portal vein (first pass metabolism), leading to accumu-
lation in zone 1 of the liver [3]. Subsequently, this initiates 
biologic processes leading to an imbalance between coagu-
lation and fibrinolysis processes, deposit of fibrin in subepi-
thelial space, and obstruction of the hepatic sinusoids [1]. In 
2003 Stoneham et al. revealed that high concentrations of 
6-thioguanine nucleotides (6-TGNs) in RBC in children with 
ALL did not correlate with more frequent incidence of SOS 
[21]. Nevertheless, Oancea demonstrated in his study that 
hypoxanthine-phosphoribosyl transferase-deficient (HPRT) 
mice, lacking thioguanine nucleotides, did not develop SOS, 
suggesting that the problem may lie in the intrinsic path-
way of transforming thioguanine metabolites [22]. 

Conclusions

Summing up, despite of extremely low incidence of the 
syndrome in current protocols of ALL treatment, patients 
receiving even short courses of oral 6-TG are at risk of this 
complication. Unlike in SOS during maintenance therapy, 
it is clinically different due to the severity and outcome [7]. 
Thus, further study is needed to find the risk factors in or-
der to avoid the serious consequences of the disease.
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