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Introduction
The clinical syndrome of hepatic veno-occlusive disease (VOD) after hematopoietic stem cell transplantation (SCT) is characterized by liver enlargement
and pain, fluid retention, weight gain and jaundice [1–3]. Its onset is typically
by day + 30 after SCT, although later onset has been described [4]. Since
diagnosis is based on clinical criteria, the incidence reported and severity seen
is variable, ranging from 10 to 60 percent, and may be influenced by differences in conditioning regimens and patient characteristics [5, 6]. Prognosis
is also variable, ranging in severity from a self-limited disease requiring no
specific treatment to critical illness with multi-organ failure and a fatality rate
approaching 100 percent [5, 7]. VOD is considered to be part of the spectrum
of nonmyeloid organ injury syndromes that can occur after high-dose therapy
and SCT, which include idiopathic pneumonitis, diffuse alveolar hemorrhage,
thrombotic microangiopathy and capillary-leak syndrome. There is a growing
body of evidence indicating that early injury to vascular endothelium, either
directly by the conditioning regimen or indirectly through the production of
certain cytokines, is a common denominator between these events [8–10].
Supportive care is a mainstay of treatment with close monitoring of fluid status, analgesia, early recognition of infection and prompt initiation of antibiotics. The use of defibrotide (DF) has been studied in prospective multicenter
trials and shows consistently promising results in severe VOD with complete
response rates of 36 to 42 percent and improved D + 100 survival compared to
expected, with a favorable safety profile [11, 12]. Strategies using defibrotide
as part of prophlaxis are now underway and when the efficacy of defibrotide is
confirmed in this setting, other combination studies incorporating approaches
abrogating liver injury will hopefully follow.

Histopathology
Sinusoidal endothelium in the liver is notable for a cobblestone appearance
with numerous small pores [13]. These fenestrations create a unique microvascular architecture within the surrounding extracellular matrix and tissues
subserved by zone 3 of the hepatic acinus as they drain into the hepatic venules
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[14, 15]. Hepatic venules manifest the first histologic change in VOD with
subendothelial edema and endothelial cell damage with microthromboses,
fibrin deposition and the expression of factor VIII/ vWF within venular walls
[16]. Dilatation of the sinusoids is also present and hepatocyte necrosis follows with later features including intense collagen deposition in the sinusoids,
sclerosis of the venular walls and the development of collagen deposition both
within venular lumens and abluminally [15] [See Fig. 21-1a]. This progresses
to obliteration of the venule with further hepatocyte necrosis. Advanced venoocclusion is similar to severe cirrhosis with widespread fibrous tissue replacement of normal liver [15].
Gemtuzumab Ozogamicin (Mylotarg)-related VOD, a recently observed
complication of this anti-CD33 monoclonal antibody therapy for acute
myelogenous leukemia (AML), is noteworthy for marked sinusoidal obstruction [17–20] and fibrosis [See Fig. 21-1b]. The term “sinusoidal obstruction
syndrome” (SOS) has been suggested as an alternate to the established terminology of VOD [17]. While sinusoidal obstruction is clearly apparent in rat
models of VOD [21] and is seen in human disease [17], the first recognizable
histologic change of liver toxicity in SCT patients is widening of the subendothelial space between the basement membrane and the lumen of central
veins [15]. Accompanying venular changes, dilation and engorgement of the
sinusoids with extravasation of red cells and frank necrosis of perivenular
hepatocytes follow which progress and become more widespread as the extent
of venular injury advances [15]. Moreover, correlating histologic findings
in a cohort study of 76 consecutive necropsy patients post-SCT found the
strongest statistical association between the severity of VOD and the extent
of hepatocyte necrosis, sinusoidal fibrosis, thickening of the subendothelium,
phlebosclerosis and venular narrowing [15]. Thus, additional prospective

Fig. 21-1a Liver biopsy showing characteristic dyes of VOD in an SCT patient with
terminal venular fibrosis, fibrin deposition, subendothelial edema and marked zone 3
hepatocellular damage
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Fig. 21-1b Liver biopsy in a patient with prior Mylotarg exposure and severe VOD:
Sinusoidal obstruction is prominent

studies are probably needed and a consensus remains to be reached before
the term VOD in SCT patients can be universally changed to SOS; at present,
some investigations prefer the term VOD (SOS) which seews a reasonable
compromise any pending final agreement [22].

Pathogenesis
Alkylating Agents and Toxic Metabolites
Injury to sinusoidal endothelial cells and hepatocytes in zone 3 of the liver
acinus mediated by the conditioning regimen appears to be a key initial event
in VOD. Evidence for this include the observation that pyrrolizidine alkaloids
cause denigration of hepatic venular endothelium in experimental animals
[23]. The ingestion of these compounds in contaminated grains and teas (“bush
tea”) has been reported to result in VOD in humans independent of stem cell
transplantation [24]. Hepatocytes in zone 3 contain both a high concentration
of cytochrome P450 enzymes, which metabolize many chemotherapeutic
agents used in high-dose regimens, and glutathione S transferase enzymes,
which catalyze the reaction of glutathione with electrophilic compounds [25,
26]. Depleting glutathione has been reported to result in hepatocyte necrosis
while glutathione mono-8-diester can selectively protect hepatocytes from
high-dose alkylator injury [27–29].
A number of trials have shown that higher plasma levels of cytotoxic drugs
used in SCT, such as busulphan or the metabolites of cyclophosphamide, are
associated with an increase risk of VOD [24–27, 30]. Commensurate with this
finding, it has been observed that VOD is more common in patients whose
area under the curve of concentration versus time (AUC) of busulphan is
elevated [31–33]. Furthermore, when busulphan dosing is adjusted to reduce
the AUC in patients whose AUC after first dose is elevated, the incidence of
VOD has generally been significantly reduced or even eliminated [31, 34, 35].
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In addition, Lee, et al. studied oral versus intravenous busulfan and noted an
increase of over two-fold in the incidence of VOD with oral administration,
likely due to variability in absorption and first-pass hepatic metabolism [36].
Targeted busulfan dosing has been studied in at least two centers with a corresponding absence of VOD, supporting the belief that individualized dosing
of busulfan can reduce the risk of hepatic injury [35, 37].
The importance of busulphan in VOD pathogenesis has been re-evaluated
by Slattery, et al. who measured the pharmacokinetics of either busulphan and
cyclophosphamide or cyclophosphamide plus total body irradiation in patients
prior to SCT [38]. These investigators reported that average plasma steady
state concentrations of busulphan directly correlated to the serum levels and,
thus, exposure to cyclophosphamide and its metabolites, rather than busulfan.
Subsequent studies have confirmed the key importance of cyclophosphamide
and its metabolites in sinusoidal endothelial cell and hepatocyte injury [30,
39, 40]. Deleve, et al. demonstrated that the direct exposure of sinusoidal
endothelial cells (SEC) to cyclophosphamide did not result in toxicity, but
when sinusoidal endothelium was exposed to the metabolites acrolein or 4hydroxycyclophosphamide, a dose-dependent toxicity was observed [21]. In
contrast, when sinusoidal endothelium and hepatocytes were co-cultured in the
presence of cyclophosphamide, marked toxicity to sinusoidal endothelium was
apparent. This suggested that the increased injury to sinusoidal endothelium,
which was greater than that seen to hepatocytes, was due to acrolein generated
by the metabolic activation of cyclophosphamide by hepatocytes. In the same
study, Deleve demonstrated that the effect was reversed by sustaining levels
of hepatocyte glutathione with serine-methionine, and this protective effect
was abolished by proparglyglycine, an inhibitor of glutathione synthesis [21].
These studies imply that increased exposure to the toxic metabolites of cyclophosphamide contribute to the development of VOD and that supporting levels
of hepatic glutathione might prevent VOD, consistent with earlier experiments
done by Teicher, et al. [28]. Additional evidence of the potential importance
of glutathione in VOD was demonstrated by the abrogation of the effects of
monocrotaline-induced injury in a rat model with the targeted support of sinusoidal endothelial cell glutathione [41], and a clinical report of the successful
use of N-acetyl cysteine in the treatment of VOD [42].

Endothelial Cell Injury
Several investigators have reported marked elevations in markers of endothelial
injury in patients with VOD. Catani and colleagues measured plasma thrombomodulin (TM) and P-selectin levels prior to and after SCT prospectively in
25 patients, two of whom developed reversible VOD and one who developed
fatal VOD. TM and P-selectin levels were normal in all but the one patient
with severe VOD, where these endothelial stress products were found to be
markedly elevated [43]. Salat, et al. have measured plasma levels of plasminogen activator inhibitor I (PAI-1) in patients undergoing SCT. Levels of PAI-I
were increased nearly five-fold in four patients with VOD, compared to 28
patients without VOD [44]. He subsequently reported that levels of PAI-1 were
significantly greater in VOD patients than those in other forms of liver injury
after SCT, and hypothesized a lipopolysaccharide (LPS)–based mechanism of
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Fig. 21-2. Potential key cellular, biochemical and cytokine events in VOD pathogenesis
SEC: Sinusoidal endothelial cell. (with permission)

sinusoidal endothelial injury and Kupffer cell activation illustrated in Fig. 21-2
[45]. Studies by other investigators have subsequently confirmed elevated
PAI-1 levels in SCT-associated VOD. In a murine model of VOD, PAI-1 null
knockout mice did not develop hepatic dysfunction or venular thromboses.
Wild type mice given tiplaxtinin, a PAI-1 inhibitor, were protected from
nitric oxide-induced hepatic injury [46]. It is noteworthy that hepatic stellate
cells (also known as Ito cells, lipocytes or perisinusoidal cells) produce large
amounts of PAI-1 when stressed, with recent evidence pointing to a key role
for activated stellate cells in the pathogenesis of VOD through the production
of extracellular matrix and the promotion of hepatic fibrosis [47] (see Fig. 21-2).
The degree of PAI-1 elevation has been demonstrated to be an independent
diagnostic marker of VOD as well as predictive of severity [48]. Other markers
of endothelial cell injury have also been found to be elevated in patients with
VOD, including tissue factor pathway inhibitor (TFPI), soluble tissue factor
(sTF), TM, P and E-selectin [48–53].
The role of cytokines has been an area of interest in the study of VOD
pathogenesis [see Fig. 21-2]. Tumor necrosis factor (TNFα) levels in serum
are low in established disease, but it has been postulated that high levels of
TNFα and interleukin (IL)-1β may contribute to initial endothelial damage
[54, 55]. More recent studies of IL-6, IL-8 as well as TNFα and IL-1β levels
in patients during SCT have suggested a possible relationship between IL-6
and IL-8 with jaundice, renal dysfunction and pulmonary disease, but in contrast serum TNFα and IL-Iβ concentrations were not predictive of SCT-related
complications [56]. Data showing elevated plasma levels of C-reactive protein
in allo-SCT patients with severe VOD, as compared to those without, support
the possible role of IL-6 in the disease process [57]. Elevation of transforming
growth factor β (TGF-β), collagen propeptides and hyaluronic acid have been
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observed in VOD [58–61]. Moreover, elevated serum levels of the immunopropeptide of type 3 procollagen (PIIINP) have been reported at the onset
of clinically evident VOD in a study by Rio and colleagues [62]. Given that
elevated levels of PIIINP have been associated with fibrotic liver disease, it has
been speculated that serum levels of PIIINP are surrogates for the intrahepatic
accumulation of type 3 collagen in VOD [63, 64].
Plasma levels of certain endothelial stress products increase after high-dose
cytoreductive therapy, including von Willebrand factor (vWF) and serum angiotensin converting enzyme [55, 65, 66]. Conversely, levels of anticoagulants
fall shortly after high-dose cytoreductive therapy [67–69]. As an extension of
these observations and the connection between endothelial damage and VOD,
several studies have reported low baseline levels of the naturally occurring
anticoagulants in patients who subsequently developed VOD [55, 60, 70], as
compared to those who did not develop VOD. The same groups and others
have also shown marked fluctuation in both the levels of various procoagulant
proteins (including serum proteases and fibrinogen) and fibrinolytic parameters (such as D-dimer) [55, 65, 70, 71]. However, a clear relationship between
these levels and the development of VOD remains to be established and these
data have been unable to distinguish whether the changes seen in coagulation
parameters are directly involved in the pathogenesis of VOD, or are epiphenomena of the disease process.
In patients with established VOD, profound thrombocytopenia and refractoriness to platelet transfusion is common. This may represent splenic sequestration
as a result of portal hypertension or consumption continued through endothelial
cell injury, and thrombopoietin levels are commensurately high [60, 72]. Factor
VII levels are usually low, but it is not known if this is specific to VOD, as a
function of increased activation at the endothelial cell surface, or a result of
global hepatic dysfunction [55, 65].

Risk Factors
Risk factors for developing VOD can be divided into pre-SCT and SCT-related
factors [5, 7, 73]. Pre-SCT factors include elevated liver transaminase levels
(specifically AST), older age, poor performance status, female gender, advanced
malignancy, prior abdominal radiation, the number of days on broad-spectrum
antibiotics pre-SCT, prior exposure to amphotericin B, vancomycin and/or
acyclovir therapy, the number of days with fever pre-SCT, the degree of histocompatibility in allogeneic SCT and prior gemtuzumab ozogamicin [2, 5, 18].
Reduced pre-SCT diffusion capacity of the lung may be an independent risk
factor for VOD [74]. Norethisterone treatment, previously used in women to
minimize menstrual bleeding during the thrombocytopenic period post-SCT, has
been incriminated as a risk factor, possibly by causing microthrombotic injury
in hepatic venules [75]. Some factors also appear to predict VOD severity; for
example, an elevation of AST four-fold above normal and increasing histoincompatibility between donor and recipient have been associated with severe VOD and
high fatality [7]. Conversely, in nonrandomized studies, a low incidence of VOD
has been found in patients receiving T cell-depleted grafts [76–78].
SCT factors include total body irradiation (TBI) dose, dose rate and dose of
busulphan [2, 5]. A randomized study showed a significantly higher incidence
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in patients receiving busulphan and cyclophosphamide, compared to cyclophosphamide and TBI conditioning [79]. In a study of 350 patients treated
with busulphan 16 mg/kg and cyclophosphamide 120 mg/kg the overall incidence of VOD was 27 percent [80]. In an IBMTR study of 1,717 recipients
of HLA-identical sibling SCT for leukemia between 1988 and 1990, variables
associated with an increased risk of VOD were conditioning with busulphan,
and cyclophosphamide compared to TBI [81]. Conversely, VOD also appears
less frequent when peripheral blood progenitor SCT is used compared to bone
marrow alone [82]. There may be several reasons for this including more rapid
engraftment resulting in less prolonged cytopenia, toxic injury and cytokine
disturbance. A more intriguing notion is that this may reflect superior endothelial re-engraftment from stem cells, a hypothesis that has been strengthened
by the observation of donor endothelial cell engraftment in coronary vessels
post-SCT [83].
An important new risk factor for VOD is the administration of gemtuzumab
ozogamicin (Mylotarg or GO), an anti-CD33 monoclonal antibody linked to
the potent toxin calicheamycin [18, 84, 85]. Sinusoidal endothelial cells and
stellate cells in zone 3 of the hepatic sinus express CD33 and, as a result,
significant toxic liver injury has been reported both when this agent is given
to AML patients prior to and after SCT, with resultant severe VOD and a
high rate of case fatalities [85]. In a study of 62 patients undergoing SCT for
AML or MDS, the incidence of VOD was 64 percent in patients with prior
gemtuzumab ozogamicin exposure as opposed to 8 percent in patients without prior exposure (p<0.0001) [18]. This study also found that the timing of
exposure to GO was significant in that nine of 10 patients who received GO
within 3.5 months of SCT developed VOD, whereas no patients with exposure
after 3.5 months developed VOD. Arceci and colleagues found a 40 percent
incidence of VOD in a series of 13 pediatric patients with exposure to GO
within 3.5 months of SCT [86]. The Research on Adverse Drug Events and
Reports (RADAR) project reported an incidence of VOD ranging from 15 to
40 percent by observational studies in patients with GO exposure within three
months of SCT [19]. The conclusions of the RADAR project were to use caution in pursuing SCT in patients with recent exposure to GO, an observation
supported by other studies [18].

Diagnosis
The diagnosis of VOD is a clinical diagnosis. Two accepted clinical case definitions used in multiple studies are the Baltimore and Seattle criteria, detailed
in Table 21-1 [6, 87]. Although most VOD is apparent within the first three
weeks of transplant, there are instances where VOD develops later, which in
a limitation of the classic case definitions of VOD. The severity of VOD is
defined by the need for treatment and the presence and extent of organ failure:
mild disease is defined by no apparent adverse effect from liver dysfunction with complete resolution of symptoms and signs. Moderate disease is
characterized by adverse effects of liver dysfunction requiring therapy such
as diuresis for fluid retention and analgesia for right upper quadrant pain,
but with eventual complete resolution. Severe VOD is defined as VOD with
accompanying multi-organ failure, (MOF) typically involving the renal, pul-
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monary and/or central nervous systems [4–8]. The majority of patients fall into
the mild to moderate category, but a significant fraction of VOD is severe and
while occasional patients may recover, most are incurable with a fatality rate
ranging from 80 to 100 percent [5, 7], with a recent metanalysis reporting D +
100 mortality of 83% in patients with VOD and MOF (Coppell et al., EBMT
2008). Table 21-2 summarizes some of the clinical features seen in the varying
groups by degree of severity, with MOF a hallmark of severe disease [2, 3, 7].
Ultrasound and CT imaging can be useful in identifying hepatomegaly,
confirming the presence of ascites and, together with Doppler studies, may
be useful in determining whether or not there is attenuation or reversal of
venous flow or portal vein thrombosis [88]. Both CT and ultrasound are useful in excluding pericardial effusion, constrictive pericarditis, extrahepatic
venous obstruction and mass lesions of the liver [89, 90]. Doppler ultrasound
has gained popularity in the assessment of VOD because it is noninvasive and
can be performed at the bedside. In a recent study of 244 pediatric patients,
reversal of portal blood flow by Doppler ultrasound was associated with

Table 21-1. Clinical criteria for case definition of VOD.
Baltimore criteria [87]

Seattle criteria [7]

By day +21:
Hyperbilirubinemia
(> 34.2 µM or >2 mg/dL)

Two or more of the
following by day +20:
Hyperbilirubinemia
(> 34.2 µM or >2 mg/dL)
Painful hepatomegaly

Plus at least 2
of the following:

Unexplained weight gain
(>2% of baseline weight)

Painful hepatomegaly
Fluid retention or ascites
Sudden weight gain
(>5% of baseline weight)

Table 21-2. Clinical features of patients with VOD of the liver according
to severity of disease [7].
Mild

Moderate

Severe

Weight gain
(% increase)

7.0 (± 3.5%)

10.1(±5.3%)

15.5(±9.2)

Maximum total serum
bilirubin before
day 20 (mg/dl)

4.73(±2.9)

7.95(±6.6)

26.15(±15.3)

Percent of patients
with peripheral edema

23%

70%

85%

Percent of patients
with ascites

5%

16%

48%

Platelet transfusion
requirements
to day 20

53.8(±27.6)

83.6(±5.0)

118.3(±51.8)

Day 100 mortality
(all causes) (%)

3

20
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a transplant-related mortality of 33 percent versus 7 percent in patients with
normal flow. However, pulsatile hepatic venous flow can be a relatively
nonspecific finding and, as implied from the pediatric experience described
above, reversal of portal flow is usually a late feature of VOD. More recently,
Doppler measurement of hepatic arterial resistance has been studied prospectively in a limited number of patients with VOD to provide earlier clues for
diagnosis and prognosis [91]. MRI has attracted interest, but its role remains
to be established, other than as means to exclude other causes of liver dysfunction [92]. Transvenous liver biopsy and wedged hepatic venous pressure
gradient measurement (WHVPG) remain gold standards of diagnosis. In this
setting, the transfemoral or transjugular method is generally preferred and
percutaneous biopsy has little or no place in the evaluation of VOD given the
high risk for bleeding [93]. As well as providing tissue, this technique permits
measurement of WHVPG, with a gradient of >10 mm of mercury having a 91
percent specificity and 86 percent positive predictive value, but more modest
sensitivity at 52 percent [94].
Elevation of PAI-1 may prove to serve as an early marker of VOD. Pihusch,
et al. followed PAI-1 antigen levels in 350 stem cell recipients: all patients
with a PAI-1 antigen over 120 ng/ml developed VOD, resulting in a sensitivity
of 100 percent and specificity of 30.6 percent [53]. Similarly, Lee, et al. followed
multiple diagnostic markers in 115 SCT patients: PAI-1 and bilirubin were the
markers most predictive of VOD in a multivariable analysis [48].

Prognosis
In attempting to develop an aid to estimate prognosis, a Cox regression
analysis was used by Bearman and colleagues to generate risk curves predictive of severe VOD based upon a large cohort of patients from the Seattle
Transplant Registry. In these patients, VOD occurrence was defined within the
first 16 days post-SCT after preparation with one of three specific regimens:
cyclophosphamide and total body irradiation (CyTBI); busulphan and cyclophosphamide (BuCy), or cyclophosphamide, BCNU and VP-16 (CBV) [95].
Severe VOD in turn was associated with a case fatality rate of 98 percent by
day + 100 after SCT [See Fig. 21-3]. Calculations were based on total serum
bilirubin and percentage weight gain at various timepoints subsequent to SCT,
up to day + 16 (see Table 21-2). Similar models have not been proposed for
other temporal or therapeutic settings, and models based on possible surrogates, such as cytokines, endothelial stress products or markers of fibrosis
have yet to be defined.
Irrespective of time frame and conditioning, the rates of rising bilirubin and
weight gain are much higher in patients with severe VOD and the mean maximum bilirubin and percent weight gain are significantly greater in patients
with severe VOD as compared to those with milder illness [6] [see Table 21-2].
More recently, both bilirubin and PAI-1 antigen elevation have been shown to
be independent predictors of VOD severity [96]. Other clinical features associated with worse outcome include the development of ascites, which occurs in
fewer than 20 percent of patients with mild to moderate VOD, compared to
48 percent or more patients with severe disease, and is reflective of increased
portal hypertension [6] [See Table 21-2]. Commensurate with this, WHVPG
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values in patients with VOD beyond 20 mm of mercury are associated with
a particularly poor prognosis [94]. As mentioned previously, a cardinal feature predicting high mortality in VOD is the presence of MOF [2, 3]. In fact,
patients with severe VOD usually die of renal, pulmonary and/or cardiac failure, rather than from hepatic insufficiency per se [6].

Prevention
Given the lack of approved, effective therapies, preventing severe VOD is
a priority. Selection of particular conditioning regimens for patients at high
risk is one approach, and this is perhaps best embodied by the emerging
field of nonmyeloablative transplant, where the incidence of VOD is low
[97]. However, depending on the underlying disease, this may or may not be
an optimal therapeutic strategy [97, 98]. Assessing risk by virtue of genetic
predisposition to VOD may be one possible avenue in the future. Preliminary
studies of genetic polymorphisms in SCT patients have variably suggested a
possible association between a mutation of glutathione S transferase synthesis
and increased VOD risk [99–102]. Similarly, in a large, prospective study of
allelic variants for TNFα in SCT patients, a high incidence of MOF was seen
in association with a specific allelic variant (TNF d3), which causes increased
TNFα production in response to injury [103]. Therefore, the possibility of
risk stratification pre-SCT for both the development and the sequelae of VOD
exists, but further, more comprehensive studies are needed to better define
such risk. Moreover, the relationship of genetic risk, if able to be defined, to
specific regimens and agents will also need to be established.
The most established practice in VOD prevention has been the use of pharmacokinetics to monitor drug levels to minimizie hepatic injury. This approach
is currently best illustrated by the monitoring of busulphan levels [23, 31–37].
The observed relationship between elevated busulphan levels and VOD may
possibly be due in part to busulphan-mediated depletion of hepatic glutathione,
which in turn predisposes hepatocytes to additional injury from ensuing cyclophosphamide exposure. This argument is consistent with data suggesting that
increased exposure to the toxic metabolites of cyclophosphamide may contribute to the development of VOD [30, 38, 40]. Moreover, the observation that the
ursodeoxycholic acid has important antioxidant properties within hepatocytes
may explain why ursodiol has important antioxidant properties within hepatocytes may explain why the observed protective effect ursodeoxycholic acid has
been most apparent in patients receiving busulphan-based conditioning [104].
Pharmacologic Prophylaxis
The prophylactic administration of ursodeoxycholic acid (UDCA), a hydrophilic
water-soluble bile acid, has been studied in a number of randomized placebocontrolled prospective trials. Several have shown a statistically significant benefit in patients predicted to be at high risk of VOD [104, 105]. A large phase III
study by the Nordic Bone Marrow Transplantation group did not demonstrate
a statistically significant benefit in reducing the incidence of VOD, though
there was a clear decrease in the proportion with marked hyperbilirubinemia
(>50 µM), a trend towards decreased acute GVHD and an improved one-year
overall survival in patients receiving UDCA of 71 percent versus 55 percent
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in those who did not (p=0.02) [106, 107]106,107. A systemic review of six large
studies evaluating the use of UDCA as prophylaxis for VOD showed a statistically significant reduction in both the incidence of VOD (RR: 0.58) [108]. The
authors conclude that UDCA should be considered as part of potential prevention strategies in patients undergoing allogeneic SCT [108].
The supplement of hepatic gluthathione has been tested in experimental
models [28, 39], but this has been difficult to translate into patients due to
concerns regarding tumor protection. The feasibility of restoring hepatic
glutathione levels to concentrations that are truly effective in humans is also
unclear. However, reports of a significant decline in gluthathione and other
antioxidants after chemotherapy in SCT, coupled with a recent report of Nacetyl cysteine supplementation in the successful treatment of VOD, suggest
that further evaluation of supportive nutrition, including antioxidants such as
vitamin E, is warranted [42, 109, 110].
Other approaches to VOD prevention, such as the role of steroids, have
also attracted interest [111]. Given that inflammation does not appear to be
a central component to the pathogenesis of VOD, it is difficult to understand
why steroids should be of direct benefit. However, it is possible that steroids
may abrogate other intercurrent or separate forms of liver injury. Modulating
inflammation with pentoxifylline and TNFα neutralization has been unsuccessful to date. Pentoxifylline administration in prospective randomized placebo-controlled trials has been either ineffective or associated with more VOD
than placebo [112, 113].
Treatments targeted at preventing vascular injury have been more extensively examined. A small number of randomized trials have studied the effect
of low-dose continuous intravenous heparin, but only one randomized study
has demonstrated a beneficial effect of heparin prophylaxis [114]. However,
this study was conducted mainly in low risk patients and other uncontrolled
studies have suggested that heparin was ineffective and/or dangerous, because
of increased risk of hemorrhage [5, 75, 115, 116]. In a prospective study the
use of ATIII concentrates has been shown to offer no protective value [117].
Low-molecular-weight heparins (LMWHs) seem to be relatively safe and may
have some effect in preventing VOD [118, 120]. In a retrospective analysis of
462 patients receiving SCT, patients treated with prophylactic LMWH had
significantly less VOD than the other groups (4% versus 11–22%) without an
increase in fatal hemorrhage [121]. Prospective, randomized trials of LMWH
prophylaxis are needed to confirm these results, but have been hampered by
ongoing concerns regarding bleeding risk, effectiveness and cost.
The use of prophylactic fresh frozen plasma (FFP) to replete ATIII and/or
protein C has been reported recently [69]. In this retrospective study of 403
patients receiving three different VOD prophylactic strategies of either FFP
and heparin, heparin alone, or no VOD prophylaxis, the incidence of VOD was
5.9 percent in the combination group, 20 percent in the heparin alone group
and 15.7 percent in the no prophylaxis group (p<0.01). A prospective trial has
been proposed to further and better evaluate these findings.
Prostaglandin E1 (PGE1) is a vasodilator with cytoprotective effect on
endothelium, as well as platelet aggregation inhibitory and prothrombolytic
activity [122]. In one trial PGE1 was given in combination with low-dose
heparin and the incidence of VOD was 12.2 percent in the PGE1 treated group,
compared to an incidence of 25.5 percent in historic controls, suggesting that
prophylactic PGE1 might decrease the incidence and severity of VOD [123]. A
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randomized trial performed in Buffalo, NY also showed that prophylactic PGE1,
heparin and tPA treatment demonstrated an improved D + 100 survival postSCT, compared to heparin and tPA alone [124]. However, a prospective study
by the Seattle group using higher doses of PGE1 in a phase I/II study, without
concomitant heparin, could not demonstrate any beneficial effect of this drug,
and PGE1 administration was complicated by significant toxicity [95].
Defibrotide has been used primarily to treat severe VOD (discussed below).
Given the efficacy seen in established disease and defibrotide’s favorable safety
profile to date, studies in prevention are an obvious priority. The use of defibrotide as VOD prophylaxis has been reported in 52 patients compared to historical controls: there were no cases of VOD in the study group versus 19 percent
in controls. In addition, 100-day event-free survival was better in the defibrotide
group as well as a trend towards better overall survival [125]. Several subsequent
studies have been performed in prophylaxis, all with promising results, although
these trials have to date been limited by the use of historic controls. Future studies to confirm these intriguing findings are warranted and a number of large,
multicenter, international trials are either in process or planned.

Treatment
The complex pathophysiology and observed biochemical abnormalities in VOD
offer several potential points of intervention and treatment (see Fig. 21-4).
Strategies aimed at reducing hepatocyte injury, treating thrombosis, preventing fibrosis, abrogating inflammatory cytokine signals and preventing hepatic
failure are, thus, attractive and a number are under investigation.
Based upon the histologic observation of microthrombosis and fibrin deposition, as well as intense factor VIII/ vWF staining in VOD, therapies aimed at
promoting fibrinolysis with or without concomitant anticoagulant therapy have
been developed [126–128]. Over 100 patients treated to date with thrombolytic
therapy, with or without anticoagulation, have been reported in the literature, but
only a few series have included more than 10 patients (See Table 21-3). In the
largest study published in patients with established VOD, 42 patients received
treatment with tissue plasminogen activator (tPA) and concomitant heparin for
severe disease. Twelve of 42 (29%) patients responded, with response defined
as a reduction in pretreatment bilirubin by at least 50 percent. No patient with
MOF (defined as renal insufficiency and/or hypoxemia at the time of treatment)
responded and 10 (24%) developed severe secondary bleeding secondary to
treatment, with a significant number experiencing fatal hemorrhage. The authors
concluded that tPA/heparin should not be given to patients with MOF and treatment should be given early in the disease course or not at all [129].
The administration of ATIII and activated protein C (APC) has been studied
with mixed results [130–134]. In one series of 10 patients who received ATIII
for the treatment of chemotherapy-induced organ dysfunction following SCT,
the probability of dying from multi-organ failure was significantly decreased
[134]. In a prospective randomized trial of ATIII in 54 patients with multi-organ
failure, there was a trend towards decreased mortality, with decreased severity of
illness as well as shorter hospital stays and decreased hospital costs [133]. A literature review of ATIII trials concludes that the evidence of definitive benefit is
lacking at this time, although the suggestion of potential benefit still exists [132].
PGE1 infusions for established VOD have been largely unsuccessful [135].
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Defibrotide (DF), a single-stranded polydeoxyribonucleotide with a molecular weight of 15–30 kD [136, has been identified as an agent that might
modulate endothelial cell injury without enhancing systemic bleeding and
protect host hepatocytes and sinusoidal endothelium without compromising
the antitumor effects of cytotoxic therapy [137–139]. DF has specific aptameric binding sites on vascular endothelium, namely adenosine receptors A1
and A2, which are part of the growing family of nucleotide receptors involved
in endothelial cell regulation and response to injury [138]. Studies have
shown that DF increases prostacyclin (PGI-2), prostaglandin E-2 and thrombomodulin in vivo. DF also upregulates TFPI and tPA [140–143]. It decreases
thrombin generation and also decreases circulating PAI-1 [144]. Moreover, DF
inhibits fibrin deposition and may modulate vitronectin and fibronectin release
which, as components of extracellular matrix, are linked to collagen formation
and fibrosis [145–147]. Its mechanism of action remains to be defined but its
activity as a pharmacologically potent oligonucleotide targetting endothelium
has become increasingly clear.
Clinical trials of DF have demonstrated activity in peripheral vascular disease,
microvascular thrombotic states, ischemic organ injury and chemotherapyrelated hemolytic uremic syndrome (HUS) [141, 146, 148, 149]. Preclinical studies
of human-derived, LPS-exposed microvascular and macrovascular endothelium by
Falanga, et al. have shown selective and protective effects of DF in LPS–mediated microvascular injury through enhanced fibrinolysis and modulation of sTF
and TFPI expression [150, 151]. This differential activity of the drug on microvascular rather than macrovascular endothelium is particularly intriguing in the
context of its application to diseases of the microvasculature, such as VOD.
Table 21-4 summarizes the results of reported studies using defibrotide in the
treatment of patients with VOD after SCT. The first study was a compassionate

Table 21-4. Defibrotide (DF) for the treatment of Hepatic VOD (from Ho).
DF dose
(mg/kg/d)

Patient
Characteristics

N

Richardson,
et al. [12]

19

5–60

42

32

High risk patients
only: all had MOF

Chopra,
et al. [156]

40

10–40

55 (overall)
36 (high risk)

43

28/40 patients
considered high risk

Richardson,
et al. [11]

88

10–60

36

35

All high risk
by Bearman model
or MOF

Corbacioglu,
et al. [160]

45

10–110

76 (overall)
50 (high risk)
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36 (high risk)
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Bulley,
et al. [159]
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11–40

64*
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Richardson,
et al.
ASH Abstr
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OS difference
arms b/w 2

*

CR rate %

Day+100
Survival %

Author

CR rate not reported, 9/14 (64%) discontinued DF due to clinical improvement
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use study conducted from 1995 to 1997: only patients with severe VOD were
included, defined by a greater than 40 percent risk per the Bearman model or
by the presence of MOF [12]. DF treatment was given intravenously, typically
every six hours and infused over two hours with a dose range of 10–60 mg/kg/
day. In the first cohort of 19 evaluable patients, complete responses (defined as
a bilirubin less than 2 mg/dL) were seen in eight patients (42%), most of whom
had resolution of MOF and survived to day 100 and beyond. Response was
typically evident within the first seven days, and the active dose appeared to
be approximately 25 mg/kg/day. None of the non-responders survived past day
100, with a median survival of only 36 days post-SCT (range 15–89) [12].
Additional trials of DF administration to patients with severe VOD and
MOF by other groups have produced similar results [152–156]. While the
natural history of more moderate VOD is less morbid, the complete response
rate in the European experience with DF therapy was higher in patients with
moderate, but significant VOD suggesting that earlier intervention may be
more effective [156].
Analysis of the expanded United States experience has confirmed the
favorable safety profile of DF when used in a multi-institutional setting following specific treatment guidelines [11] where a complete response rate of
36 percent and an overall survival of 35 percent was observed in a total of
88 SCT patients with severe VOD and MOF. Predictors of survival included
younger age, autologous SCT and abnormal portal flow, while busulphanbased conditioning and encephalopathy predicted a worse outcome. Decreases
in mean creatinine and PAI-1 levels during DF therapy also predicted better
survival, suggesting that certain features associated with successful outcome
could correlate with DF-related treatment effects, and further evaluation of DF
therapy for severe VOD may, therefore, allow better definition of predictors of
response or failure [11].
The results of a large multicenter randomized phase II trial attempting to
define the optimal dose of DF have been reported; 150 patients who were diagnosed with VOD by Baltimore criteria and had severe VOD, defined as either the
presence of MOF and/or a high predicted mortality using the Bearman model
[157], were randomized to 25 mg/kg/day [Arm A] or 40 mg/kg/day [Arm B].
The complete response rate was 46 percent and day +100 survival 41 percent
[158]. These results were especially noteworthy as almost all of the patients
(99%) had MOF, including dialysis-dependence in a third and ventilator dependence in another. No significant difference in outcome was seen between the two
dose arms although there was marginally more toxicity with the higher dose
arm. Ongoing trials are using the lower dose of DF. Two pediatric trials have
established the safety and efficacy of DF in the pediatric population with complete response rates of up to 64 percent reported and impressive D+100 survival
[159, 160]. A large, multicenter, historically controlled phase 3 North American
and Israeli study is now underway in patients with severe VOD and MOF.
Completion is anticipated late in 2008 and, if the results are positive, regulatory
approval for DF as treatment for this indication will hopefully follow.
Liver transplant in those able to undergo the procedure has resulted in clinical
improvement in about 30 percent as estimated from small cases series, but difficulties with this approach include finding a suitable liver graft, managing the
effects of multi-system organ failure and the preventing liver graft rejection
[161]. Transjugular intrahepatic porto-systemic shunts (TIPS), which have
been used successfully in patients with cirrhosis and bleeding esophageal
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varices, ascites and Budd-Chiari syndrome, have also been tested to treat VOD
after SCT [162–164]. This procedure involves creating a channel between
the hepatic vein and the portal vein using a subcutaneously inserted catheter
and maintaining the channel using a metal stent. Although the procedure has
appeal because it does not require an open surgical procedure and any bleeding
which results is intrahepatic, it probably has no value for patients whose VOD
is not characterized by significant fluid retention and ascites. It is also limited
in terms of long-term efficacy, as evidenced by the poor overall survival data
in the patient series published to date [162–164]. Another modality, charcoal
hemofiltration, capable of adsorbing bilirubin and other factors from the circulation, has been reported to be useful [165] and may be helpful as a supportive
measure in selected patients.

Conclusion
Hepatic VOD is a manifestation of conditioning regimen-related toxicity in
SCT (with a contribution from previous chemotherapy, including newer agents
such as Mylotarg) and its incidence is likely increased by allogeneic effects
between donor cells, cytokine release and recipient tissues. It is currently a
major limiting factor for improving the efficacy of both auto-SCT and alloSCT, and better methods of prophylaxis and treatment are urgently needed
to overcome this much-feared complication. Prevention is clearly a priority,
and efforts designed to identify at-risk patients, utilize pharmacokinetics to
better individualize chemotherapy administration and prevent vascular and
hepatocyte injury are ongoing. The treatment of severe VOD remains inadequate with a very high fatality rate. Current directions in the investigation
of VOD therapy target endothelial injury. The use of rh-tPA in conjunction
with heparin has been confounded by the risk of serious toxicity. An alternative novel agent, DF, has shown to be active with remarkably little toxicity, as
confirmed in several prospective trials with efficacy currently under evaluation
in the phase III setting. TIPS, charcoal hemofiltration and liver transplantation
are other approaches currently under investigation in severe disease and may
have adjunctive roles as better systemic approaches to treatment evolve.
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