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1T.INTRODUCTION:

Hepatic venocclusive disease (VOD), also known as
sinusoidal obstruction syndrome (SOS), is a poten-
tially fatal complication that occurs mainly after my-
eloablative conditioning (MAC) hematopoietic stem
cell transplantation (HSCT), but may occur rarely
after reduced intensity conditioning (RIC), autolo-
gous HSCT, exposure to hepatotoxic chemotherapy
outside the context of transplantation or after liver
transplantation. It was initially described in patients
who ingested marijuana tea containing pyrrolizidine
alkaloids, and was first described in 1979. [1]

Itis a disease related to hepatic vascular injury, char-
acterized by damage to small vessels, mainly affect-
ing the sinusoidal endothelium, which results in
complications such as intrahepatic congestion, liver
damage and portal hypertension. SOS was previous-
ly called hepatic venocclusive disease, until several
studies suggested that the injury of the hepatic si-
nus endothelium was greater than the injury to the
hepatic veins. [2]

It is characterized in clinical grounds by painful hep-
atomegaly, weight gain and jaundice, although an-
icteric forms may occur, most commonly in the pe-
diatric population. It may evolve to multiple organ
dysfunction (with mortality exceeding 80%), pul-
monary disorders (pleural effusion, pulmonary infil-
trates and hypoxia), renal failure and/or neurologi-
cal deterioration (confusion and encephalopathy).
The incidence is approximately 5 to 13%, even more
common in the pediatric group [3] in which can
reach 20-30% up to 60%. It occurs in approximately
10-15% of allogeneic HSCT with MAC conditioning
and less than 5% of the autologous or RIC condition-
ing. [4]

2.PATHOPHYSIOLOGY:

The basic structural component of the liver is the
hepatocytes, which correspond to 80% of the organ
volume and are distributed in liver slides with various
functions. Through the hepatocytes flow the bilifer-
ous canaliculi, which join distally forming increasing-
ly larger ducts, resulting in the hepatic ducts. Among
the hepatocytes plaques pass the hepatic sinusoids,
which are fenestrated blood capillaries that receive
oxygenated blood from the hepatic artery and nu-
trient-rich blood from the hepatic portal vein. The
normal flow in the portal vein is hepatopetal, that is,
directed to the liver.

Between the sinusoids and hepatocytes, we have
the Space of Disse, where the microvilli of the he-
patocytes extend. Hepatic sinusoids are coated by
endotelial cells, whose function is filtration and re-
moval of metabolites.

The initial event in VOD/SOS is endothelial injury of
the hepatic sinusoid, with loss of cohesion between
the endothelial cells, with extravasation of red blood
cells into the Space of Disse, with embolization
through centrolobular vein and subsequent postsi-
nusoidal obstruction. [1]

The etiologies of endothelial injury are conditioning
regimens (mainly busulfan and cyclophosphamide
metabolites), cytokines produced by injured tissues,
microbial products resulting from the breaking of
the mucosal barrier, drugs used during transplan-
tation (as granulocyte colony-stimulating factors or
calcineurin inhibitors), the grafting process and allo-
reactivity.
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Chemotherapeutic drugs are metabolized by cyto-
chrome P450, producing toxic metabolites that are
converted by the glutathione enzymatic system into
non-toxic metabolites to later be eliminated. The
centrolobular regions of the liver are poor in gluta-
thione and for this reason are more sensitive to the
action of toxic agents. The immaturity of this en-
zymatic system in the pediatric group may explain
the higher incidence of SOS in children. The higher
incidence after allogeneic HSCT and in unrelated
transplants, suggests the participation of alloreac-
tivity in the pathophysiology of VOD/SOS. Activated
sinus endotelias (CES) cells increase the production
of cytokines, heparanase and expression of adhesion
molecules with loss of cytoskeletal structure, space
formation that facilitates the extravasation of red
blood cells, leukocytes and cellular debris into the
Space of Disse, with narrowing of the sinusoids . [5]

The increase in tissue factor and plasminogen acti-
vating factor (PAI-1) lead to a procoagulant and hy-
pophybrinolytic state, with consequent fibrin clot
formation, narrowing and obstruction of the hepatic
sinusoid (Figure 2.C.). [5]

Detachment of endothelial cells seems to be correlat-
ed with nitric oxide deficiency caused by post-con-
ditioning toxicity. Nitric oxide deficiency promotes
increased production of metalloproteinase matrix 9,
responsible for the detachment of endothelial cells.
Obstruction of blood flow is promoted by the prolif-
eration of perisinusoidal star cells and subendothe-
lial fibroblasts in the terminal hepatic vein, followed
by the deposition of the extracellular matrix. Then
fibrosis extends to the liver parenchyma leading to
blockage in the blood output of the liver, leading to
hepatic congestion and development of post-sinu-
soidal portal hypertension. [3]

3.RISK FACTORS:

The analysis of risk factors with the identification of
subgroup of patients at higher risk for developing
severe forms of the disease are necessary for early
intervention and prevent the development of multi-
ple organ dysfunction (MOD). [6][7]

There are three types of risk factors: directly related
to transplantation; related to the patient or underly-
ing disease; liver-related factors.

3.1. HSCT RELATED FACTORS:

-Allogeneic HSCT is at higher risk when compared to
autologous HSCT

-Unrelated donor

-Donor with mismatch

-T-cell depletion-without-depletion transplant
-Myeloablative conditioning

-Conditioning regimen with high doses of bussulfan
or oral formulation; melphalan; Cyclophosphamide.

-High doses of total body irradiation (TBI)
-Second myeloablative transplant
-Interval between diagnosis and HSCT > 13 months

-Pharmacological Prophylaxis of graft-versus-host
disease (GVHD): association of sirolimus, metotrex-
ate and tacrolimus; cyclosporine and metotrexate.

3.2. FACTORS RELATED TO THE PATIENT OR
THE DISEASE:

- Low age in children and advanced age in adults
-Hepatitis B/C positive serology

-Positive serology for cytomegalovirus

-Low Karnofsky Index (<90%)

-Metabolic syndrome

-Active disease at HSCT

-High levels of ferritin

-Female women on hormonal contraceptives

-Use of parenteral nutrition up to 30 days before
HSCT

-Thalassemia, advanced malignancy, acute leuke-
mia, acute CHS, late platelet grafting

-Genetic factors (GSTM1 polymorphism, C282Y he-
mochromatosisallallery, MTHFR 677CC/1298CC hap-
lotype)

3.3. LIVER-RELATED FACTORS:

-Transaminases above 2.5 times normal upper limit
-Bilirubin level above 1.5 times normal upper limit
-Low albumin level

-Active viral hepatitis

-Cirrhosis

-Liver or abdominal irradiation
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-Iron overload (high serum ferritin levels)
-Previous use of gentuzumab ozogamicin [8]

-Hepatotoxic drugs

3.4. PAEDIATRIC RISK FACTORS:
-Hemaphagocytic Lymphohistiocytosis
-Adrenoleukodystrophy

-Osteopetrosis

-Neuroblastoma with high doses of chemotherapy
-Age (< 1-2 years)

-Low weight

-Chronic myelomonocytic leukemia (CMML)
-Juvenil Mielomomonocytic leukemia (JMML)

-Hemoglobinopathies

3.5. RISK SCORE FORVOD DEVELOPMENT
AFTER ALLOGENEIC HSCT:

Arisk score for the development of SOS/VOD may be
useful in identifying high-risk patients to seek pre-
ventive strategies for this complication that can be
fatal. Recently the Center for International Blood and
Marrow Transplant Research (CIBMTR) developed
a pre-transplant risk score through the evaluation
of 13,097 patients submitted to the first allogeneic
HSCT between 2008 and 2013 and prognostic fac-
tors for the development of SOS/VOD up to D+100
after transplantation were identified through analy-
sis with multivariate logistic regression model. Vari-
ables with significance in the risk score:

-Age (children > adults)
-Performance score (Karnofsky) < 90%
-Use sirolimus

-Hepatitis B/C (positive hepatitis B and C or only Pos-
itive B)

-Conditioning regimen (MAC regimen with mel-
phalan, fludarabine, busulfan with serum level mon-
itoring; TBI)

Status pre-HSCT / Underlying disease (bone marrow
aplasia, Hodgkin and non-Hodgkin lymphoma, my-
elodysplastic syndrome, advanced chronic myeloid
leukemia, and myeloproliferative syndromes).

The model can be brought into clinical practice with
an online risk calculator, accessible to the public via
the link below:

https://www.cibmtr.org/ ReferenceCenter/Statis-
tical/Tools/Pages/VOD.aspx

With the use of the tool, patients at high risk for de-
veloping SOS/VOD may have a closer follow-up and
modifications in the conditioning regimen may be
discussed. The identification of high-risk patients
may also facilitate early initiation of drug therapy
with defibrotide from the first symptoms of SOS/
VOD, which demonstrated improvement in survival
of patients who developed the complication. [9]

4. CLINICAL MANIFESTATIONS:

They are due to portal hypertension, usually occur
during first 21 days of HSCT, but may occur laterin 15
to 20% of cases (21-508 days). It can range from mild
clinical manifestations with spontaneous resolution
in a few weeks to multiple organ dysfunction (MOD),
with high mortality. Given the severity of the condi-
tion, daily monitoring of weight, abdominal circum-
ference, diuresis and water balance is necessary for
early diagnosis of the complication. [3] [6]

The characteristic clinical manifestations are:

- Weight gain, generally not responsive to diuretics
- Hyperbilirubinemia

- Painful hepatomegaly

-Ascites

The diagnosis of VOD/SOS is classically based on the
clinical criteria of modified Baltimore or Seattle, and
exclusion of differential diagnoses.

More than 30% of children and 12% adults may
evolve with SOS/VOD and be anicteric. Therefore,
the importance of applying the various diagnostic
criteria, since in Baltimore criteria jaundice is manda-
tory. Therefore, the proposal of the EBMT criteria. [4]
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Modified Seattle Criteria Baltimore Criteria EMBT Criteria (6)

Classic VOD/SOS
Presence within the first 21 days of HSCT
Bilirubin =2 mg/dL and at least 2 of the

following
Presence within the first 21 days of Weight gain >5%
Presence in the first 21 days of HSCT Ascites
HSCT of 2 or more criteria: Bilirubin =2 mg/dL and at least 2 of Painful hepatomegaly
the following: Late VOD/SOS
Bilirubin >2 mg/dL Classic SOS after 21 days or histological
Painful hepatomegaly Painful hepatomegaly diagnosis or
Weight gain > 2% of baseline Weight gain >5% 2 or more criteria below (and evidence with
Ascites ultrasound)

Bilirubin >2 mg/dL
Painful hepatomegaly
Weight gain > 5%

Ascites

Children:(10)

Presence of 2 or more parameters:

- Unexplanied refractoriness to platelet transfusion

- Weight gain for 3 consecutive days even with diuretic use or weight gain >5% basal weight

- Hepatomegaly (best if confirmed by imaging as US, CT or MRI)

- Ascites (best if confirmed by imaging such as US, CT, or MRI)

- Bilirubin rising above baseline for 3 consecutive days or increase > 2mg/dL in 72h
5. DIFFERENTIAL DIAGNOSIS: -Infectious hepatitis

-Parenteral nutrition and biliary complications

-Volume overload

-Constrictive pericarditis

-Drugs causing liver injury and cholestasis
-Sepsis 6. SEVERITY DEGREES:

According to EBMT criteria:

-Cholestasis
Graft-versus-host disease

Adults(4)(5)
Mild Moderate Severe Very Severe
Onset of symptoms 7 days 5-7 days <4 days Any time
Bilirubin (mg/dL) >2 and <3 >3 <5 >5 and <8 >8
Increase in BT Double in 48 hs
AST/ALT <2x >2 and < 5x >5 and < 8x >8x
Weight gain (%) <5 >5a<10 >5a<10 =10
ngzgn;geé::'ﬁ's"ce;)° <1.2x >1.2 and <1.5x >15 and <2x =2 3;:;3:122I§n0rgan
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B.Children(10)

Mild Moderate Severe Very severe
AST/ALT < 2x >2and <5 >5x
Refractoriness Fo platelet e ke S5t
transfusion
Bilirubin (mg/dL) <2 <2 <2 >2
Increase in BT Double in 48 hs
Ascites Minimal Moderate Moderate Paracentesis
Clotting studies Normal Normal Changed Vel ito et @ on
factors
Renal function (ml/min) 89-60 59-30 29-15 <15
Lung function <2L/min >2L/min vm vm
(02 need)
Gemte] Neryous R Out Out Out Cognitive impairment
Impairment
7.DIAGNOSIS:(3)(3) findings that may be present are hepatomegaly,

The diagnosis is essentially clinical and based on the
clinical criteria of modified Baltimore or Seattle, as
previously described. Level of evidence: High and
Degree of recommendation: Strong (1A)

Given the high mortality of severe SOS/VOD (> 80%),
daily monitoring of the patient should be performed
from conditioning to at least 14 days after trans-
plantation, especially when the patient presents risk
factors; monitor for jaundice, weight gain, positive
water balance, ascitis, edemas, hepatomegaly, em-
phasizing that in the pediatric population it is not
uncommon to absence of jaundice.( 12)

-Percutaneous liver biopsy should be avoided due to
risk of bleeding; transjugular liver biopsy can mini-
mize the risk of bleeding and enables measurement
of hepatic vein pressure.

-Potential Proposed Biomarkers: plasminogen acti-
vation inhibitor 1, von Willebrand factor, thrombo-
modulin, soluble intercellular 1 binding molecule,
tumorigenicity suppressor 2, angiopoietin 2, hyal-
uronic acid, interleukin-6, interleukin-10, CD97. (13)
Level of evidence: Low and Degree of recommenda-
tion: Weak (2C)

-Ultrasonography: many studies report the impor-
tance of the test to exclude other diagnoses. Some

splenomegaly, vesicle wall thickening (> 6mm), en-
largement of portal vein diameter > 8 mm in chil-
dren and 12mm in adults, hepatic vein diameter < 3
mm, ascites and visualization of paraumbilical vein.
(11) Level of evidence: Moderate and Degree of rec-
ommendation: Weak (2B)

-Doppler ultrasound: approximately 83% sensitivi-
ty and specificity of 87% in the presence of 6 follow-
ing criteria:

1.Flow modulation in the portal vein

2.Decrease in density and spectral

3.Hepatofugal flow or maximum speed less than 10
cm/second

4.Portal vein congestion (index= 0.1)

5.Resistive hepatic artery (index > 0.75)
6.Single-phase flow in the hepatic vein
7.Demonstration of flow in the periumbilical vein
-MRI

8.PROPHYLAXIS

-Iron quelation prior to HSCT

-Avoid use of alcohol and hepatotoxic drugs

- If possible reduced intensity conditioning regimen
-2-day interval between busulfan and cyclophos-
phamide

-1 day interval between busulfan and melphalan
-Pharmacokinetics study of busulfan
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-Avoid G-CSF: used to accelerate the recovery of
neutropenia, but increases the adhering molecules

demonstrated a reduction in the incidence of SOS
but without benefit in survival. [11]

(VCAM-1 and E-selectin) and can activate endothe-

lial cells. [14] Children with risk factors: 6.25 mg/Kg EV 4 times

a day. (9) Degree of recommendation 1A
-Ursodeoxycholic acid: a randomized, dou-
ble-blind, placebo-controlled study showed a lower
incidence of SOS in the group that received ursode-
oxycholic acid prophylaxis at a dose of 300 mg twice
daily, or 900 mg in patients weighing over 90 kg. [15]
It should be initiated before conditioning and main-
tained up to d+90 post HSCT in allogeneic or high-
risk autologous HSCT. Level of evidence: Low and
Degree of recommendation: weak (2C)

Adults: 6.25 mg/Kg EV 4 times a day. (9) Degree of
recommendation 2B

-Heparin: There is no strong evidence for use in
adults. Systematic reviews cannot demonstrate ben-
efits in SOS prevention or overall survival for both
autologous and allogeneic, possibly due to the great
heterogeneity of randomized controlled studies,
with variations in the starting of prophylaxis and/or

-Defibrotide: there is no strong evidence in adults; duration. [16] [17] [18]

only 1 randomized study in the pediatric age group Degree of recommendation 2B

MEDICINES USED FOR VOD PROPHYLAXIS[11]

Prophylaxis Level of evidence Recommendation
Defibrotide (pediatric population) High Strong
Ursodeoxycholic a.cid (pediatric High St

population)

Non Fractionated Heparin Low Weak
Low molecular weight heparin Low Weak
Ffp Low Weak
Antithrombin Il Low Weak
PGE 1 (prostaglandin E1) Low Weak

MAIN STUDIES IN PROPHYLAXIS (EXCEPT GUIDELINES AND EDITORIALS)[19]

Patients(defibrotide/

Author/year

SOS Internship

Type of study

control)/controle)

Corbacioglu,2006 Not applicable ReLric;:greicc:;ilvcec:;(;mrt/ cOEAIDE LS 40 mg/Kg/day EV
Quereshi, 2008 Not applicable Pr:issrt)srcitci;lle ;S:?rzzt/ Bl 20 mg/Kg/day EV
Corbacioglu,2012 Not applicable Prospigtr:\éirmit(ijcenter 356 (180;176) children (5229 mgéK}?S/cégse every
Zhang, 2012 Not applicable Review - -
Park, 2013 Not applicable REtrOSTchttiZf single 49 (40 adults, 9 children) 200-400mg/day
Hopps, 2015 Not applicable Review - -
Cheuk,2015 Not applicable Review - -
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9.TREATMENT:

The treatment of VOD / SOS may include support-
ive and intensive care in addition to specific therapy
with defibrotide. Supportive care and clinical mon-
itoring are critical in the management of VOD/SOS
throughout the HSCT.

Daily reports of various parameters such as abdom-
inal circumference and weight are recommended in
order to promptly capture the clinical diagnosis cri-
teria and to record in a timely manner all dynamic
changes and evaluate the responseto treatment and
disease progression. [3]

1.Supportive treatment:

The basis of supportive treatment in patients with
VOD is clinical care, particularly in water balance.
The total amount of fluids should be restricted and
diuretic therapy instituted. Renal replacement ther-
apy may be required in severe cases. Patients with
multiple organ failure will need management in an
intensive care environment. Initial discussion with
a specialized hepatology unit is advised about other
therapeutic options. [15].

In addition to the use of diuretics, ultrafiltration, he-
modialysis and water restriction, oxygen support,
paracentesis and thoracentesis may also be neces-
sary. It is also recommended to maintain hemoglo-
bin level around 8g/dL and avoid transfusion of in-
compatible ABO platelets.

2.Defibrotide: 25 mg/kg/day divided into 4 daily
doses for 21 days or until multiple organ dysfunction
resolution. Level of evidence: High and Degree of
recommendation: Strong (1A)

Defibrotide is the only drug licensed for treatment of
moderate/severe VOD/SOS. It consists of a combina-
tion of oligodeoxirribonucleotides derived from the
intestinal mucosa of the pig and has antithrombotic,
profibrinolytic and anti-inflammatory properties, in
addition to the protective effect for the endotelium.
[111[20]

Common adverse reactions are (>1% to <10%): in-
tracranial, gastrointestinal, pulmonary, epistaxis, he-
maturia, bleeding at the catheter site.

MAIN STUDIES WITH DEFIBROTIDE FOR SOS TREATMENT. [19] (EXCEPT GUIDELINES AND

EDITORIALS)
. Patients(defibrotide/
Author/year SOS Internship Type of study control)/controle)
2 phases:
Prophylaxis SOS: 71 children,
. 13 developed SOS
Haussmann, 2006 M?)edv:r;et((e](?)ﬂ Prosps::;:se/case Preemptive antithrombin Il 60 mg / day (i.v.)
(91 children,14 developed
0Os0s)
Severe (6) . Starting dose: 10 mg/kg/
Sucak, 2007 Moderate (4) Rsei;rolsepce:r:lt\;er/ 14 adults day, gradual increase up to
Grave (4) 9 25 mg/kg/day (n = 4) (i.v.).
Bulley, 2007 Rgtrospectlve/ 14 children 33 mg/kg/day a_t 38.5mg/
single center kg/day (i.v).
Ho, 2007 Review = = =
Ho, 2008 Review = = =
Phase 2
. . (prospective, 149 (arm A=75; arm B=74)
LR G SO ) randomized, 101 adults and 49 children
multicenter)
Richardson, 2013 - Review (security) - -
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3.CORTICOSTEROIDS:

Therapy with steroids in high doses may be an op-
tion in some cases where defibrotide is not available.
The recommended schedule consists of intravenous
methylprednisolone 500 mg /m2 per dose every 12
hours for six doses, followed by a gradual reduction
to 2 mg/kg/day for 3 days, and subsequently de-
crease according to the preference of the attending
physician (21)

Level of evidence: Low and Degree of recommenda-
tion: Weak (2C)
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