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a  b  s  t  r  a  c  t

We  retrospectively  investigated  the incidence,  risk  factors,  and  outcomes  of  SOS  (sinusoidal  obstruction
syndrome;  previously  veno-occlusive  disease  [VOD])  after  allogeneic  hematopoietic  stem  cell  transplan-
tation  (alloHSCT)  in aplastic  anemia.  Two  hundred  and sixty  patients  were  included  in  the analysis.
SOS  developed  in  7.3%  (n = 19/260)  of  patients.  Classical  Cy  (200  mg/m2)-ATG  was  the most  common
conditioning  regimen  (84.2%)  in  the  SOS  group.  The  SOS  mortality  rate  was  4/19  (21.1%).  Univariate  anal-
yses  revealed  that  Cy  200  mg/m2 conditioning  (p =  0.035),  classical  Cy-ATG  conditioning  (p =  0.007),  and
horse  ATG  conditioning  (p  < 0.001)  were  significant  risk  factors  for  developing  SOS.  Multivariate  analysis
revealed  that  only  horse  ATG  conditioning  was  a poor prognostic  factor  (HR  =  3.484;  95%  CI 1.226–9.904;
p  =  0.002).  Rabbit  ATG  (HR  12.719;  95%  CI  2.332–69.373;  p  =  0.003)  and  weight  gain  >  10%  (HR 35.655;  95%
CI  2.208–575.805;  p =  0.012)  were  risk  factors  in the  overall  SOS  group.  Both  rabbit  ATG conditioning  and
weight  gain  of  more  than  10%  were  associated  with  poor  overall  survival  with  a  median  of  1.2  months
(5Y  survival  rate,  any  risk  factor  vs. none:  74.6%  vs.  0.0%;  p <  0.001;  Fig.  2) in  the  SOS  group.

In conclusion,  SOS  is  a relatively  rare  (7.3%)  but  highly  fatal  (21.1%)  acute  complication  of  alloHSCT  in
AA, and the horse  ATG  conditioning  regimen  was  a significant  risk  factor  for developing  SOS.

© 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

Hepatic sinusoidal obstruction syndrome (SOS; previously
known as veno-occlusive disease [VOD]) is a rare complication after
allogeneic hematopoietic stem cell transplantation (alloHSCT). The
diagnosis of SOS is generally based on clinical features such as
hyperbilirubinemia, tender hepatomegaly, and weight gain. In a
large study of patients undergoing alloHSCT, the reported incidence
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of SOS was as high as 53% and the case fatality rate was  47% [1–3].
However, the reported incidence and fatality rates of SOS show high
variability, ranging from 0% to 70% [4–6]. Recent reports indicate
that the incidence and mortality are decreasing. This decline might
be caused by the low incidence of SOS among reduced-intensity
conditioning and the reduction among those receiving myeloab-
lative alloHSCT from unrelated donors [7,8]. These data not only
come from patients with many different diseases, mainly hema-
tologic malignancies, but also from patients with many different
conditioning regimens.

There have been only a few reports of SOS in AA (aplastic ane-
mia), involving very small numbers of patients. In our previous
report of SOS incidence after alloHSCT for AA, 7 of 17 patients
who received cyclophosphamide at 200 mg/kg developed SOS (5
mild, 2 moderate) with maximum bilirubin levels of 4.2–21 mg/dL.
The maximum weight gain ranged from 3.5 to 29% [9]. Retrospec-
tive data obtained after alloHSCT for a few patients with Fanconi
anemia or hepatitis-associated AA revealed a similar incidence of
veno-occlusive disease (5.9–16.7%) in the cyclophosphamide (Cy)-
antithymocyte globulin (ATG) arm [10,11].

Many transplantation-related risk factors for SOS have been
suggested, such as a high-dose conditioning regimen, busulfan
for conditioning, total body irradiation (TBI), graft from unrelated
donors or related HLA mismatched transplants, and methotrexate
as part of graft versus host disease (GvHD) prophylaxis [1,12–14].
Usually, there is no need for a high-dose or busulfan-containing
conditioning regimen for AA patients, which implies that the risk
factors for SOS will be different in AA patients. Here we  present a
retrospective analysis of the incidence, clinical characteristics, and
risk factors of SOS after alloHSCT in AA patients.

2. Patients and methods

2.1. Patient eligibility

Patients were included if transfusion dependent/severe/very severe acquired
aplastic anemia (AA) was diagnosed; if patients were >15 years of age at the
time of the alloHSCT treatment; and if patients had undergone alloHSCT from an
HLA-matched related donor (MRD) or alternative donor (AD), regardless of immuno-
suppressive therapy (IST) history. Exclusion criteria were the presence of congenital
aplasia, including Fanconi anemia, Diamond–Blackfan syndrome, congenital dysker-
atosis, or hypoplastic myelodysplastic syndrome.

2.2. Data collection

The original protocol was  approved by the Korean Society of Blood and Mar-
row Transplantation (KSBMT) Clinical Study Committee (approval no. KSBMT07-02)
for  retrospective comparison between MRD  and AD, and by the Cooperative Study
Group A for Hematology (C-006A study) phase III prospective trial [15]. These two
study populations were combined for this analysis. Data were also collected from
patients with pure red cell aplasia and paroxysmal nocturnal hemoglobinuria in the
KSBMT07-02 study and from patients with hypoplastic myelodysplastic syndrome
in  the COSAH (C-006A) study, but such patients were not included in this final analy-
sis.  The detailed SOS-related data were collected separately from additional queries
for  each patient who had developed SOS.

2.3. Evaluation criteria

The principal concern of the study was to define the actual incidence of SOS
after alloHSCT in adult patients with AA. We also aimed to define which factors
influenced the development and final outcome of SOS. SOS was diagnosed using
McDonald’s guidelines and modified Seattle criteria [1,4]. At least two of the follow-
ing  three criteria should be present to fit the diagnosis of SOS within 30 days after
transplantation: weight gain > 5% from baseline body weight; hepatomegaly with
right  upper quadrant pain; and hyperbilirubinemia (serum bilirubin > 2 mg/dL). No
other explanation for these signs and symptoms were present at the time of diag-
nosis. The first day on which the clinical criteria were satisfied was defined as day
0  of SOS. Doppler sonogram or other imaging modalities were not required for the
diagnosis of SOS in this study. Patients who met  the criteria for SOS, but who  were
not treated and whose illness was  self-limiting, were classified as having mild SOS.
Those whose SOS resolved but who  received treatment, such as diuretics for fluid
retention or narcotic analgesics for painful hepatomegaly, were classified as having
moderate SOS. Patients who  died of SOS or whose SOS had not resolved by 100 days

post-transplant were considered to have severe SOS. All patients who had developed
SOS  were defined as the SOS group and the others as the no-SOS group.

Performance status was graded by ECOG performance scoring. Relapse was
defined as the reacquisition of transfusion dependence or fulfillment of severe/very
severe criteria after successful engraftment. Other evaluation criteria were the same
as  in our previous study [15].

2.4. Statistical analyses

All analyses were performed on an intention-to-treat basis. The patients were
divided into two  groups: a no-SOS group who  did not develop hepatic SOS and an
SOS  group who did develop SOS. The Chi-square test was used to compare cat-
egorical variables and Student’s t-test was used to compare continuous variables
between any two groups. The start point for the determination of time-dependent
parameters was the first day of stem cell infusion. Time to SOS was defined from
the first day of stem cell infusion to the day on which SOS was diagnosed. Overall
survival was measured from the time of stem cell infusion to the date of death, or the
last date on which the patient was known to be alive (this constituted censoring).
Survival curves were computed according to the Kaplan–Meier method, and differ-
ences in survival were compared by the log-rank test. Death directly due to SOS
was defined as an event in SOS-specific survival and SOS-specific mortality. A Cox’s
proportional hazard model was  used to determine the effects on survival of various
prognostic factors, including age, donor/recipient gender matching, number of cells
transfused, use of irradiated blood products, time from diagnosis to alloHSCT, stem
cell source, dose of irradiation, HLA matching, method of immune suppression used
to  prevent GvHD, IST history, and type of ATG. All variables were dichotomized and
converted into categorical classes. The variables included in the multivariate anal-
ysis  were the patients’ ages, and all prognostic factors with p-values <0.05 in the
univariate analyses. Differences were assessed using a two-sided test at the p = 0.05
level of significance.

3. Results

3.1. Patients

Data from 260 adult patients who  received alloHSCT for acquired
severe aplastic anemia (sAA) between 1985 and 2010 were col-
lected from 15 Korean institutions. The median age was 31.2 (range
14.1–63.6) years; 134 (51.5%) were male; 68.1% of patients had
matched-related donors, 82.7% had HLA full-matched donors, and
17.7% had female to male donor–recipient sex-matched donors.
Three patients aged less than 15 years (14.1, 14.5, and 14.9 years)
were included in the final analysis. The drugs used for the condi-
tioning regimens were cyclophosphamide in 97.7%, ATG in 84.3%,
and fludarabine in 33.8%. TBI was  incorporated in the condition-
ing regimen of 9.2% of patients. Table 1 shows the detailed patient
characteristics.

3.2. Clinical features of SOS

SOS was  found in 19/260 (7.3%) of patients. In the SOS group
(Table 2), all patients received ATG as the conditioning regimen.
Classical Cy (200 mg/kg)-ATG was the most common conditioning
regimen (84.2%). The median number of days to SOS was  4 (range,
1–15) days. None of the patients received the TBI conditioning reg-
imen and all of the patients received the Cy conditioning regimen.
Sixteen patients (84.2%) received preventive medication for SOS
and heparin was the drug used in the majority of them (78.9%).
Among the diagnostic criteria for SOS, weight gain was  observed
in 17 (89.5%), hepatomegaly in 15 (78.9%), and hyperbilirubinemia
in 18 (94.7%) patients. The average total bilirubin was 6.65 (range
1.8–26.9) mg/dL. The severity of SOS was  mild in 10 (52.6%), moder-
ate in 5 (26.3%), and severe in 4 (21.1%) patients. Treatments for SOS
were supportive care (68.4%), ursodeoxycholic acid (15.8%), and
corticosteroids (10.5%). Ascites was  found in two of the four severe
SOS patients. Ultrasound findings in these four severe SOS patients
were various: inhomogeneously enhanced liver parenchyma and
early opacification of the portal vein in the arterial phase; minimal
dilatation of the intrahepatic bile duct; and slightly increased peri-
portal echogenicity. There was no histological confirmation and no
autopsies were performed.
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