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How can we reduce hepatic veno-occlusive disease–related deaths
after allogeneic stem cell transplantation?
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Hepatic veno-occlusive disease (VOD) is a common and potentially devastating complication
of hematopoietic stem cell transplantation. Confirmative diagnosis of this disorder can prove
difficult early post hematopoietic stem cell transplantation, as a broad differential diagnosis
exists and no definitive diagnostic test is available. Incidence of VOD has decreased in recent
years, with especially dramatic declines in severe and fatal VOD. This improvement is attrib-
uted to less toxic and reduced-intensity conditioning regimens, and more appropriate patient
selection. When severe VOD does occur, current treatments have been largely ineffective.
Prevention remains the primary tool in the clinician’s arsenal for managing VOD. Our insti-
tution pursues aggressive preventative measures for VOD, including appropriate conditioning
regimen selection, avoiding hepatotoxic drugs, early prophylactic use of ursodiol, and aggres-
sive fluid management. With appropriate management steps, we believe the incidence of VOD
and related deaths can be further decreased. � 2012 ISEH - Society for Hematology and
Stem Cells. Published by Elsevier Inc.
Hepatic veno-occlusive disease (VOD), also known as
sinusoidal obstruction syndrome, is a constellation of clin-
ical and pathologic findings consisting of jaundice, fluid
retention, and hepatomegaly. High-dose chemotherapy
can cause endothelial damage in the liver sinusoids, once
an extremely common complication of allogeneic hemato-
poietic stem cell transplantation (HSCT). In the early era of
transplantation, all conditioning regimens were myeloabla-
tive, with most containing total body irradiation (TBI) and
cyclophosphamide. This approach led to widely variable
rates of VOD, which ranged from 11% to 54% [1–3].
With the advent of intravenous busulfan-based regimens
[4–7], and increasing use of reduced-intensity conditioning
in past decades, it appears that the incidence of VOD has
declined significantly [8,9]. Rates vary widely by condi-
tioning regimen, ranging from 0% with reduced-intensity
conditioning, to 38% with cyclophosphamide/TBI at one
center [10–14]. Overall incidence is more difficult to calcu-
late because of differences in regimens and supportive care
among centers, but one large series showed an overall rate
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of 5% [12]. Improved patient selection has contributed to
this trend, with better understanding of risk factors and
tailoring conditioning regimens for patients at high risk.
Despite these improvements, severe VOD remains a signif-
icant problem, constituting 18% to 27% of all cases, with
mortality of up to 84.3% [10,12,15].

Genetic predisposition likely plays some role, which can
limit future efforts to eliminate VOD completely. For
example, patients with variations in urea cycle enzymes,
including heterozygotes for HFE C282Y allele, have been
shown to be at increased risk for developing VOD [16]. Single
nucleotide polymorphisms in the methylene-tetrahydrofolate-
reductase [17] and glutathione S-transferase genes [18–20]
involved in hepatic metabolism of chemotherapy, have also
been associated with development of liver toxicity in
HSCT. Although the incidence of VOD will likely never
reach zero, it is possible that we will be able to prevent
VOD-related deaths with appropriate prevention techniques
and personalized patient/regimen combinations.
Diagnosis
VOD remains a challenging entity for transplantation
physicians. Definitive diagnosis can be quite elusive, as
no gold standard laboratory, imaging, or histologic test
gy and Stem Cells. Published by Elsevier Inc.
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exists currently. Cases are often diagnosed clinically with
a constellation of tender hepatomegaly, jaundice, and
weight gain. The differential diagnosis of liver injury after
HSCT is broad, and includes hyperacute graft-vs-host
disease (GVHD), cholestasis of sepsis, medication side
effect, biliary obstruction, fungal abscess, and many other
unidentified causes [21]. Possible diagnostic tools are
limited. Plasminogen activator inhibitor�1, an inhibitor
of the fibrinolytic system, is highly sensitive (100% in
one study), and can be useful in ruling out VOD [22].
However, plasminogen activator inhibitor�1 concentrations
can be elevated in other disorders that cause liver injury,
including GVHD and sepsis [23]. Liver biopsy, combined
with a portal hepatic venous pressure gradient, is likely
the most accurate diagnostic modality. When correlated
with histologic findings of VOD, a pressure gradient of
O10 mmHg provided 86% positive predictive value and
91% specificity.24 However, involvement can be patchy,
and a negative biopsy might not be definitive. The proce-
dure can be associated with significant morbidity and
mortality in early post-transplantation patients who are
often thrombocytopenic and can be coagulopathic. One
series reported 5% fatal bleeding episodes and 15% severe
bleeding [24].
Treatment
The benefits of current therapies for established VOD
remain unproven. Defibrotide, an oligonucleotide with anti-
thrombotic and anti-ischemic properties that preferentially
affects small vessels, has attracted significant enthusiasm.
Complete response rates of 36% to 55% have been seen in
cases of severe VOD, with 35% to 53% survival at day 100
[25,26]. The complete response rates appear to be higher
than historical controls, but no randomized controlled clinical
trials compared with placebo have been performed [27].
Given the limited data, potentially high cost, and decreasing
incidence of VOD-related deaths in more recent times, it is
unlikely to be widely used. Other treatments have dismal
outcomes. Alteplase and heparin therapy was associated
with a potential modest response rate of 29%, but was also
associated with nearly 25% severe bleeding rate (7% fatal
Table 1. Specific interventions for patients at high risk of VOD

Intervention

Ursodiol Ursodiol 300 mg three times per

Minimizing hepatic insults Changing fluconazole/voriconazo

Changing phenytoin to levetirace

Discontinuation of all hepatotox

Prevention of fluid overload Aggressive diuresis when intake

by day 0

Excluding cirrhotic patients from receiving

myeloablative conditioning regimens

Imaging 6 liver biopsy in all pa

Personalized conditioning regimens Careful evaluation when TBI an

conditioning regimens
bleeding), and is not recommended [28]. Many other thera-
pies, including anti-oxidants and prostaglandins, have not
been found to be effective.
Prevention
Given the diagnostic complexity and the unproven and
costly treatment options, prevention remains the most effec-
tive strategy in managing patients at risk for VOD. The risk
factors for VOD, which primarily fall into two categories,
should be evaluated carefully before transplantation. First
are risks that predate the transplantation and relate either
to pre-existing liver injury or global inflammation. These
include viral, alcoholic, or steatohepatitis, elevated liver
enzymes, heavy pretreatment, especially with hepatotoxic
agents, history of infection and long antibiotic exposure,
and reduced diffusing capacity of the lung for carbon
monoxide. The second category of risk factors comprises
transplantation-related therapies. These include TBI, cyclo-
phosphamide exposure and dosage, oral busulfan use, and
injuries related to hepatotoxic medications [2,10,12,29,30].
Evaluation of patient risks matched with appropriate condi-
tioning regimens should be employed to improve prevention.
Although disease-specific protocols can be useful, they can
cause unacceptable toxicity when applied universally
without careful consideration of patient predisposition for
VOD and other side effects.

We apply specific strategies to minimize the risk of VOD
in patients at our institution (Table 1).

First, we carefully screen patients with risk factors,
including obesity, alcoholism, pre-existing liver function
testing abnormalities, previous imaging abnormalities, or
history of viral hepatitis.

In our experience, obesity is themost common association
with VOD in the post-transplantation period. If these risk
factors are present, we perform imaging or liver biopsy, iden-
tifying and excluding patients with cirrhosis who would
likely have a poor outcome after transplantation. If, however,
a high-risk patient is selected for allo-HSCT, this pre-HSCT
evaluation will also identify patients at risk and allow for
aggressive preventionmeasures and potential regimenmodi-
fications (Table 1). Our approach to screening is similar to
Implementation

day administered starting 14 days before initiation of conditioning regimen

le to micafungin for fungal prophylaxis until engraftment

tam or benzodiazepines for seizure prophylaxis if busulfan is used

ic medications

exceeds output, weight goal would be �2% to 5% change from baseline

tients with obesity, history of viral/alcoholic/steatohepatitis

d high-dose cyclophosphamide are used, with consideration of changing



515D.B. Johnson and B.N. Savani/ Experimental Hematology 2012;40:513–517
that described by Barba et al., who recently showed elevated
bilirubin and g-glutamyl peptidase pre-HSCT to be associ-
ated with increased nonrelapse mortality [31].

Ursodeoxycholic acid (ursodiol) is a naturally occurring
hydrophilic bile acid that functions to reduce the hydro-
phobic bile acids in the hepatobiliary system that can be
hepatotoxic [32]. It can also have modulating effects on
cytokine expression and reduce inflammation [33]. Any
patient with significant potential for VOD is placed on ur-
sodiol 2 weeks before transplantation. The initial random-
ized study comparing ursodiol to placebo after allo-HSCT
showed a significant benefit in prevention of VOD,
although larger follow-up studies did not show a reduction
[34�36]. A meta-analysis of all available studies showed
a reduced rate of VOD, and decreased transplant-related
mortality. A trend toward reduced acute GVHD was noted
(immunmodulatory effects), but no improvement in overall
survival was found [32]. The benefit of ursodiol might lie
more in prevention of cholestatic liver disease, which can
occur in the early post-transplantation period due to acute
GVHD, sepsis, and drug side effects [37]. Given the
possible improvement in outcomes, lack of side effects,
and low cost, we have elected to integrate ursodiol into
our treatment algorithm for most patients. We initiate
therapy 2 weeks before beginning the conditioning regimen
in almost all patients receiving myeloablative conditioning
regimen and patients at high risk for VOD similar ‘‘to
providing ursodiol in the drinking water’’ during early
post-transplantation period (dosing and schedule discussed
in Table 1).

We also attempt to minimize liver insults by reducing
hepatotoxic medications. For fungal prophylaxis, all high-
risk patients are placed on micafungin instead of fluconazole
or voriconazole until engraftment, unless clinically indicated
otherwise. Multiple studies have shown increased risk of
liver function test elevations with azoles compared to echino-
candins [38,39]. There have been no direct comparisons
between the two classes after HSCT, although one small
study showed minimal elevations in liver enzymes from cas-
pofungin and cyclosporine used concomitantly in the post-
transplantation setting [40]. Voriconazole was shown to
have a rate of hepatotoxicity of 34% after HSCT and is
avoided if possible [41]. The existing clinical data support
the use of benzodiazepines, most notably clonazepam and
lorazepam, to prevent busulfan-induced seizures. The second-
generation antiepileptic drug levetiracetam possesses the
characteristics of optimal prophylaxis for busulfan-induced
seizures, and early data of its efficacy are promising, although
further study is needed [42]. We are also currently consid-
ering eliminating phenytoin in favor of benzodiazepines or
levetiracetam when seizure prophylaxis is needed during
busulfan conditioning. Phenytoin is only rarely associated
with hepatotoxicity, although hepatic metabolism can poten-
tiate the effects of other medications cleared by the liver,
especially busulfan [43].
Very limited published data are available reporting on the
drug interaction between oral busulfan and oral metronida-
zole, in which concomitant use of metronidazole resulted
in higher busulfan trough concentrations and higher risk of
VOD [44]. Although the mechanistic basis for this interac-
tion is unknown, the risks and benefits of using metronida-
zole during and in close proximity to busulfan should be
carefully considered, and therapeutic alternatives to metro-
nidazole should be used when appropriate. Pre-HSCT use
of tyrosine kinase inhibitors might increase liver toxicity
[45] and pose a risk for development of VOD; we recom-
mend considering deconditioning (holding) tyrosine kinase
inhibitors at least 2 to 3 weeks before starting a transplanta-
tion conditioning regimen. Acetaminophen and other hepa-
totoxins are avoided.

Aggressive control of fluid balance is another key compo-
nent of VOD prevention. Although not proven to prevent
VOD, this can reduce hepatic congestion and eliminate
a source of hepatic insult. Inputs, outputs, and weight are
strictly recorded daily, with aggressive diuresis tomaintain eu-
volemia. Paracentesis with large-volume removal of ascites is
also used to prevent extravascular fluid volume overload.
Conclusions
VOD remains an important complication of HSCT. Recent
advances have significantly reduced the incidence, although
no definitive treatment exists. Careful selection of condi-
tioning regimens, liberal use of ursodiol, minimizing hepato-
toxins, and aggressive fluid management are specific
interventions used to accomplish this goal. Although VOD
might never be eliminated completely, with appropriate
selection of HSCT conditioning regimens and supportive
care, we believe that the number of VOD-related deaths
can approach zero.
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