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ABSTRACT

The gastrointestinal (Gl) system is one of the most commonly affected sites during a hematopoietic stem cell transplantation (HSCT)
due to toxicities of preparative regimens, the accompanying immunodeficiency, and organ damage caused by graft versus host disease.
In this review, we focus on early Gl and liver complications following autologous (auto-) and allogeneic (allo-) HSCT and clarify both the
risk factors and therapeutic strategies. Early Gl and liver complications associated with HSCT remain challenging issues. Despite the
improvements in this field during the last decade, treatments for these complications still place a significant burden on both patients
and the physicians treating these patients. Gl and liver complications remain some of the causes of mortality associated with HSCT. For
practicing hematologists, oncologists, and gastroenterologists in this field, the awareness and early diagnosis of the GI complications

remain important factors to obtain optimal outcomes in this patient population.
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INTRODUCTION

Allogeneic hematopoietic stem cell transplantation (al-
lo-HSCT) is regarded as a curative treatment option for
many hematological diseases (1), and autologous (auto-
) HSCT is commonly used to treat multiple myeloma,
relapsing lymphomas, and a few solid tumors (2,3). In-
fections and graft versus host disease (GvHD) are still
major causes of mortality and morbidity in the alloge-
neic setting, despite pivotal advances such as reduced
intensity conditioning regimens, more accurate match-
ing techniques, manipulation of graft components and
new therapeutic approaches (4). The gastrointestinal
(Gl) system is one of the most commonly affected sites
due to the toxicities of the preparative regimens, the
accompanying immunodeficiency, and organ damage
by GvHD. Complications in the Gl system and liver can
be divided into two groups, based on the time of occur-
rence: early (within 3 months after the procedure) and
late (more than 3 months after the procedure). In this
review, we focus on early Gl and liver complications fol-
lowing auto- and allo-HSCT and clarify both risk factors
and therapeutic strategies. Important early Gl and liver
complications that practicing hematologists, oncolo-
gists, and gastroenterologists encounter can further be
grouped into pre-engraftment and peri-/post-engraft-
ment complications, according to the timing of engraft-
ment (5,6).

PRE-ENGRAFTMENT COMPLICATIONS

Nausea and vomiting

During the pre-engraftment period (i.e., the first 2 weeks
after HSCT), the most relevant causes of nausea and
vomiting are the chemotherapeutic agents used in con-
ditioning regimens, with or without body irradiation. The
pathogenesis includes stimulation of the chemotherapy
trigger zone in the brainstem or cell damage in the Gl
tract, which results in releasing neuroactive agents and
vagal stimulation, both of which activate the vomiting
center.

Prevention is more essential than treatment in this
stage. Acute emesis prevention (up to 24 hours after
chemotherapy) requires combination treatment with
corticosteroids or methylprednisolone and 5-hydroxy-
tryptamine-3-receptor antagonists. For delayed emesis
prevention (up to 5 days after treatment), corticosteroids
or aprepitant are effective agents. Phenothiazines, meto-
clopramide, lorazepam, haloperidol, dronabinol, and corti-
costeroids are preferred for this treatment (7).

Diarrhea

Diarrhea is generally observed within 3 months following
HSCT. It deteriorates the patient’s general health status,
but the etiology of diarrhea is complicated. In the pre-en-
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graftment period, diarrhea occurs mostly due to mucosal
damage caused by the conditioning regimen, such as al-
kylating agents, busulfan, and combination regimens or
radiotherapy (7).

Neutropenic enterocolitis (NE), also called typhlitis, is a
common complication during the pre-engraftment pe-
riod. In NE, intestinal mucosal injury caused by chemo-
radiotherapy or intestinal leukemic infiltration leads to
intestinal edema and enlarged vessels, and the intes-
tine becomes more vulnerable to bacterial invasion (8).
Gram-negative rods, Gram-positive cocci, enterococ-
ci, fungi, and viruses are the most commonly detected
causes. Patients may present with abdominal pain, di-
arrhea, fever, nausea, vomiting, or abdominal distention.
Computed tomography is generally preferred for diag-
nosis as a non-invasive method that can show the bow-
el wall thickening, a dilated colonic segment, pericolonic
inflammation, and an inflammatory mass. Because most
patients have neutrophil counts <500/pL, conservative
management is proposed, including aggressive fluid re-
suscitation, correction of electrolyte imbalance, bowel
rest, abdominal decompression, and broad-spectrum
antibiotics (9).

Mucositis

Oral mucositis is a debilitating adverse effect during HSCT
andits prevalence varies between 47% and 100%. It is well
documented, especially within 5-10 days after initiating a
conditioning regimen, mostly with radiation-based my-
eloablative regimens containing the chemotherapeutic
agents busulfan, etoposide, melphalan, and methotrex-
ate, in addition to the use of methotrexate-containing
GvHD prophylaxis (10). Pre-existing periodontal disease
increases the risk. Viral, bacterial, and fungal etiologies
may also cause mucositis. Mucositis may cause pain, dys-
phagia, decreased oral caloric intake, bleeding, infection,
upper airway edema, and obstruction (7). Oral mucositis
is graded based on the World Health Organization criteria

Table 1. Oral mucositis grading scales

or the National Cancer Institute-Common Terminology
Criteria for Adverse Events (NCI-CTAE) (Table 1). Preven-
tion and early treatment strategies reduce the severity of
symptoms. Supportive treatments include topical agents
such as saline and bicarbonate rinses, mucosal coat-
ing agents, topical anesthetics, and topical nystatin, as
well as oral cryotherapy with ice chips. The keratinocyte
growth factor (palifermin) was approved by the US Food
and Drug Administration (FDA) to prevent mucositis (7).

PERI-/POST-ENGRAFTMENT COMPLICATIONS

Acute GvHD

Acute GvHD (aGvHD) is an immune-mediated process
that provokes severe immune dysregulation and organ
dysfunction following allo-HSCT. Previously, GvHD has
been defined on the basis of the time of occurrence:
aGvHD in the first 100 days vs chronic GvHD (cGvHD)
100 days after transplantation (6). In 2014, the NIH re-
leased new consensus criteria suggesting that aGvHD
and cGvHD might be detected outside of these estab-
lished periods. Late onset/persistent aGvHD occurs after
100 days in the absence of cGvHD, whereas in overlap
syndrome, aGvHD and cGvHD may coexist (11). Risk fac-
tors for the development of aGvHD include the human
leukocyte antigen disparity, increased age of the recipi-
ent or donor, female donor, gender disparity, the intensi-
ty of conditioning regimens, and the source of the graft
(12,13).

Historically, early trials of human marrow grafting failed
because of fatal GvHD. In the late 1960s, the compati-
bility of first dog leukocyte antigen (DLA) and then HLA
between donors and recipients, as well as effective drugs
to overcome GvHD, were investigated. Allo-HSCT from
HLA-identical sibling donors has a significantly lower risk
of aGvHD compared to the risk observed with unrelated
donors. The higher mortality rates following haploiden-
tical HSCT compared to allo-HSCT from HLA-matched

National Cancer Institute-Common Terminology Criteria for

Adverse Events

World Health Organization

Grade 0 Absence of other criteria

Grade 1 Asymptomatic or mild symptoms; interventions not indicated
Grade 2 Moderate pain; not interfering with oral intake; modified diet intake
Grade 3 Severe pain; interfering with oral intake

Grade 4 Life-threatening consequences; urgent intervention

Grade 5 Death

Absence of other criteria

Oral soreness; erythema

Ulcers, but able to eat solids

Oral ulcers and able to take liquids only
Oral alimentation impossible

N/A

123



Atilla et al.

Gastrointestinal and liver complications in hematopoietic stem cell transplantation

Turk J Gastroenterol 2019;
30(2): 122-31

siblings are related to higher engraftment failure, higher
GvHD rates, and higher relapse risk. Myeloablative regi-
mens are also usually associated with higher incidences
of aGvHD compared to the risk observed with reduced
intensity regimens. The incidence of aGvHD is similar in
peripheral blood and bone marrow as a stem cell source
but higher in double-unit umbilical cord transplants (14).
The major target tissues of aGvHD are the Gl system, liver
and skin, occurring in approximately 50% of allo-HSCT
recipients. The Gl system and liver aGvHD will be dis-
cussed in the following section.

Acute Gl system GvHD

The frequency of acute Gl GvHD among 2500 patients
undergoing allo-HSCT was observed to be 54%, but it
increased to 63% when combined with liver GvHD (14).
In the pathophysiology of GI aGvHD, interactions among
a recipient’s intestinal epithelium, stroma, immune cells,
and luminal microbial flora play important roles. Three
phases describe the development of aGVHD: the affer-
ent phase, efferent phase, and effector phase. During
the afferent phase, a robust inflammatory response up-
regulates the secretion of tumor necrosis factor (TNF)
alpha, interleukin-1, and interleukin-6 and stimulates
antigen-presenting cells. Conditioning regimens or infec-
tion damage intestinal tissue, which leads to the trans-
location of bacterial products (pathogen-associated
molecular patterns) into blood or lymphoid tissue and
pro-inflammatory danger-associated molecular patterns
into the extracellular space (14). Also, goblet cells, Paneth
cells, and intestinal stem cells were shown to be reduced
in acute Gl GvHD. Increased nonrelapse mortality was
found to be associated with the loss of Paneth cells and
dysbiosis in human studies. Proinflammatory commensal
bacterial (e.g., Enterobacteria and Enterococcus), fungal
(Candida), and viral (Cytomegalovirus, CMV) infections
contribute to the development of acute GI GvHD after
injury to goblet cells, which shield the intestinal epitheli-
um (15). In the efferent phase, T-cell trafficking and ex-
pansion take place, and effector cells such as neutrophils,
natural killer cells, and macrophages contribute to tissue
damage in the effector phase (16).

Table 2. Acute graft versus host disease stages

Emerging data suggest that alterations in the intestinal
microbiota and microbiome are related to the incidence
and severity of GvHD. The human microbiome consists
of the bacteria, archaea, viruses, fungi, and other micro-
eukaryotes that live within the host. Intestinal homeosta-
sis relies on interactions between immunologic function
and gut microbiota (17) and is maintained by regulatory T
cells. The loss of diversity in gut microbiota, and specifi-
cally the loss of Clostridia species, promotes GvHD. An-
tibiotic treatment is probably the main factor in the shift
of microbiota during the course of transplantation (18).

An aGvHD diagnosis relies on clinical, laboratorial, and
histopathologic data. Patients with aGvHD of the upper
Gl system present with nausea/vomiting, satiety, and an-
orexia, but aGvHD of the lower Gl system presents with
diarrhea and abdominal pain after 20 days post-trans-
plant. In the differential diagnosis of upper gut GvHD,
nauseating drugs, the effects of the conditioning regi-
men, herpes virus, Helicobacter pylori, and phlegmonous
gastritis are important, whereas in lower gut GvHD, the
effects of the conditioning regimen, viral infections (e.g.,
CMV, adenovirus, etc.), bacterial infections (Clostridium
difficile, etc.), parasitic infections (Giardia lamblia, Cryp-
tosporidia, etc.) and drugs should be considered (14,15).
Acute GvHD is graded from Stages 1 to 4 based on the
clinical severity of symptoms (Table 2). To assess the
severity of aGvHD, special markers may be considered,
such as fecal alpha-1 antitrypsin, fecal calprotectin, TIM3,
sTNFR1, ST2, IL26, and Reg3alpaa (19). However, these
markers are not practical to screen for and rarely used
in the clinic. Abdominal ultrasonography, color Doppler
imaging, and fluorodeoxyglucose-positron emission to-
mography (FDG-PET) are not feasible noninvasive tech-
nigues because the mucosa cannot be visualized directly
(20). Therefore, capsule endoscopy and confocal laser
endomicroscopy are novel approaches that should be
studied further (21). Erythema, friability, and erosions are
commonly seen in Gl endoscopy edematous mucosa. To-
day, pathologic evaluation of an endoscopic biopsy is the
most definitive method to diagnose acute Gl GvHD. The
histopathologic hallmark of acute Gl GvHD is epithelial

Clinical Stage Lower Gl Upper GlI Liver (Bilirubin mg/dL)
1 Diarrhea <500 mL/day Nausea/vomiting 2-3
2 Diarrhea 500-1000 mL/day 3-6
3 Diarrhea 1000-1500 mL/day 6-15
4 Diarrhea >1500 mL/day >15
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apoptosis. The Lerner classification is the most widely
used histopathologic scoring system for acute intesti-
nal GvHD based on apoptotic bodies, crypt destruction,
and mucosal denudation. According to the NIH Patholo-
gy Working Group, biopsy specimens can be reported as
negative for GvHD, possible GvHD, and likely GvHD (22).
To diminish inter-observer differences in both diagnosis
and grading, several other groups have recently created
more descriptive diagnostic criteria (23). Indeed, discrep-
ancies of involvement between the upper and lower Gl
tract biopsies have been reported in up to 45% of pa-
tients. Changging et al. demonstrated retrospectively in
110 cases with aGvHD that lower Gl tract lesions are more
prevalent and severe than upper Gl tract lesions (24).

Various T-cell depletion techniques in the graft have suc-
cessfully reduced the rates of GvHD but increased relapse
and rejection rates, for which there are unresolved con-
cerns. Prophylactic antifungal, antiviral, and antibacteri-
al strategies are associated with reduced aGvHD rates.
Standard aGvHD prophylaxis consists of a calcineurin
inhibitor (e.g., tacrolimus, cyclosporine, etc.) and an an-
ti-metabolite, including methotrexate (MTX), mycophe-
nolate mofetil (MMF), and others. In a systematic review,
an MMF/calcineurine inhibitor showed a more favorable
toxicity profile than an MTX/calcineurine inhibitor. In my-
eloablative matched-related donor transplants, MMF-
based GvHD prophylaxis was not inferior to MTX-based

Table 3. Novel approaches in a gastrointestinal graft versus
host disease treatment

Novel Approach Path of Action

IL-22 Increases intestinal stem cells

Histone deacetylase
inhibitor

Altering patterns of gene
expression,

Suppress proinflammatory
cytokine production,

Enhance natural Treg functions,
Regulate epigenetic landscape

SYK inhibitor Intracellular nonreceptor tyrosine
kinase inhibitor

ERK and NFAT inhibition
Inhibition of STAT family
Reduction of IL-2, IL-4, IL-7, IL-9,
IL-15, IL-21

JAK1/2 inhibitor

Modulate central immune
compartments, promote T-cells
maturation, induce T regs,
influence the function of NK cells
and suppress dendritic cell
maturation.

Mesenchymal stem cell

BMI: body mass index; HP: Helicobacter pylori

regimens. Despite recent advances, systemic steroids
are still the main treatment option in acute Gl GvHD, in
combination with nonabsorbable steroids. The predni-
sone dose varies according to the stage and risk of GvHD
from 0.5mg/kg/day to 2mg/kg/day (25,26). Four variables
predict mortality during the first 14 days of initial therapy:
adult age, failure of initial doses of prednisone, jaundice,
and Gl bleeding. In steroid failure, which is seen in approx-
imately 25% of patients, antithymocyte globulin (ATG),
infliximab, alemtuzumab, MMF, sirolimus, cyclosporine,
pulse cyclophosphamide, or extracorporal photopheresis
(ECP) might be alternatives, but none of them achieve
more than a 50% response (27,28). Intramesenteric ste-
roid administration may be considered as another treat-
ment option (29).

Novel treatments that appear quite promising (Table 3)
include the JAK1/2 inhibitor ruxolitinib, which was admin-
istered to 95 pretreated steroid refractory patients with
aGvHD, who achieved a 6-month survival of 79% (30).
The overall response rate was 81.5% in steroid refractory
aGvHD, which was associated with a complete remission
rate of 46.3%. However, ruxolitinib treatment has major
side effects, including cytopenia and CMV reactivation
(31). Another alternative therapy for steroid-refractory
aGvHD is infusion of mesenchymal stromal cells (MSCs).
MSCs can differentiate into various types of cells and
modulate immune responses. Dotoli et al. reported re-
sults from 46 patients with steroid-refractory aGvHD
[/1V. Of these, 50% had clinical improvements, with a
2-year overall survival of 17.4% (22). The effect of pro-
phylactic co-infusion of MSCs and hematopoietic stem
cells is still controversial. Lazarus et al. showed that the
incidence of aGvHD decreased by up to 28% in patients
with prophylactic MSC infusion (32). There is currently
an ongoing study recruiting participants to evaluate the
effect of prophylactic MSCs in patients with aGvHD in a
haploidentical HSCT setting (ClinicalTrials.gov identifier
NCT03106662). Fecal microbiota transplantation (FMT)
is another intervention to restore Gl microbiota to reduce
the risk of GvHD. Limited clinical data showed encourag-
ing results in Clostridium difficile infections, but further
prospective trials are needed to evaluate the safety and
efficacy of autologous or allogeneic FMT (17).

Acute liver GVHD

The liver is one of the organs most frequently affected
by aGvHD. In pathophysiology, endothelial injury with al-
lo-reactive cytotoxic T lymphocytes plays a major role.
TNF is the foremost cytokine. CD25 expressing donor T
cells can induce GvHD lesions in a mouse model. Humoral
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immunity also contributes to the process, which was his-
tologically proven by C4d expression in portal vessels and
hepatic sinusoids (33). Pan et al. (34) demonstrated that
Th1/Th17 imbalance and increased Th1-type reactivation
are responsible for acute liver GvHD. A critical attribute of
liver GvHD is biliary epithelium damage, including nuclear
pleomorphism, loss of nuclear polarity, nuclear overlap,
cytoplasmic vacuolization, and eosinophilic infiltration.
Ductopenia and apoptosis of small- to medium-caliber
bile duct epithelial cells are histopathological lesions that
result from the activation of pro-inflammatory cytokines
(35). Portal and diffuse lobular inflammation are also de-
tected. In prolonged cases, cholestasis may result in he-
patocellular ballooning and feathery degeneration.

Older age, the use of peripheral stem cells, a higher de-
gree of histocompatibility, unrelated donors, and nonmy-
eloablative conditioning regimens are major risk factors
for an increased risk of aGvHD. The diplotype of the glu-
tathionine S-transferase gene, which functions in catab-
olizing busulfan and the metabolites of cyclophospha-
mide, is an independent protective factor against aGvHD
(54). Some other important predictors of liver GvHD are
high hepatic artery resistance index and increased 1L-18
(36). Clinical differential diagnosis of hepatic aGvHD in-
cludes infections, drug toxicity, sinusoidal obstruction
syndrome, iron overload, biliary tract disease, and en-
graftment syndrome (ES) (14). ES emerges during the
neutrophil recovery period after HSCT. It is considered to
be a more common complication following auto-HSCT
(37,38). Many transplant centers use the diagnostic defi-
nition suggested by Spitzer, which contains major and
minor criteria (Table 4). Although ES has a self-limited
course in most cases, multiorgan failure can sometimes
be detected (39). Innate immune cells associated with an
increased release of inflammatory cytokines (including
IL-1, TNF-alpha, interferon gamma, IL-2 receptor-alpha
and TNF-receptor alpha) may play a role in ES. Soluble

Table 4. Engraftment syndrome definition criteria

Major Minor

+ A temperature 238°C
without a defined
infectious etiology

- Erythrodermic rash not
related to any drug,
covering a body area
over 25%

- Non-cardiogenic
pulmonary edema
accompanied by hypoxia

- Diffuse pulmonary
infiltrates

- Hepatic dysfunction with

either bilirubin 22 mg/dL

- Transaminase levels =2

times normal

- Renal failure
- Weight gain 22.5% of

baseline body weight

- Transient encephalopathy

unexplained by other
causes

thrombomodulin, plasminogen activator Type 1 and CRP
increase, as well as complement activation, are detect-
ed in ES. Post-transplant granulocyte colony stimula-
tion factor therapy has shown a positive correlation with
the development of ES. Cyclophophamide exposure has
been associated with a reduced risk for ES, but previous
exposure to bortezomib or lenalidomine has been linked
to a higher risk for ES (40). Chang et al. identified younger
recipients, male-male transplantations, unrelated donors,
cord blood as a stem cell source, ABO major incompatibil-
ity, myeloablative conditioning, and TBI (1200 cGy) as risk
factors. Immunosuppressive therapy consisting of tac-
rolimus/methotrexate/ATG may decrease the risk of ES
compared to the use of cyclosporine alone (39). It is es-
sential to exclude alternative causes to manage ES. The
major treatment is systemic corticosteroids starting with
a dose of 1-1.5 mg/kg/day and tapering when symptoms
resolve. Additional immune suppressants may be admin-
istered in the event of steroid resistance (40).

Liver aGvHD is staged according to serum bilirubin lev-
els (Table 1). Cholestatic jaundice, increased serum levels
of alkaline phosphatase, and eosinophilia are the main
clinical and laboratory manifestations. Generally, milder
elevations in aspartate transaminase (AST) and alanine
transaminase (ALT) accompany liver aGvHD, but sharp
elevations in AST and ALT with or without jaundice may
also be detected in patients with acute liver GvHD. Iso-
lated liver GvHD is more problematic, and persistent
jaundice is an independent predictor of GvHD-related
mortality (14). Vanishing bile duct syndrome, which is the
progressive destruction and disappearance of intrahe-
patic bile ducts, may be detected as a severe complica-
tion of liver GvHD. Liver biopsy is preferred to accurate-
ly diagnose liver aGvHD, but it is not recommended and
infrequently performed due to the risk of complication.
Standard protocols of prophylaxis and treatment are sug-
gested; however, anecdotal evidence shows that pulse
cyclophosphamide, ECP, or switching to sirolimus or oral
budesonide are more effective methods (14).

Sinusoidal obstruction syndrome

Sinusoidal obstruction syndrome (SOS), formerly known
as veno-occlusive disease, is a fatal complication that
occurs within the first 35-40 days following myeloabla-
tive preparation regimen (e.g., total body irradiation and
high dose chemotherapy). The overall incidence of SOS
in a recent meta-analysis of 135 studies between 1979
and 2007 was 13.7% (95% confidence interval, 13.3%-
14.1%) (41). The incidence varied from 21% to 25% in
allogeneic graft recipients to 5% in auto-HSCT (42,43).
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In SOS, changes in the hepatic sinusoids induce liver in-
jury and give rise to endothelial injury. Kupffer cells, leu-
kocytes, and mast cells may also play a role in endothelial
cell damage, ischemia, and hepatocellular injury, mediat-
ed by 5-hydroxytryptamine, prostaglandins, leukotrienes,
and free radicals. Increased expression of adhesion mol-
ecules such as intracellular cell adhesion molecule, vas-
cular cell adhesion molecule, and procoagulants such as
von Willebrand factor (vVWF) and plasminogen activator
inhibitor-1 (PAI-1) are also detected (44). In the early
stages, the subintimal part of the central and sublobu-
lar venula thickens due to edema. Fibrous obliteration in
central venules occurs by the deposition of fibrinogen
and other proteins in the venular walls and perisinusoidal
space. Reduction in venous flow, which can be shown in a
histological examination, causes serious hepatic conges-
tion and sinusoidal dilatation, ultimately leading to portal
hypertension (45). Chronic lesions radiating into the pa-
renchyma develop with persistent SOS and rarely prog-
ress to cirrhosis (42).

The presenting symptoms are painful hepatomegaly,
weight gain, and fluid retention, and SOS is further char-
acterized by elevated serum bilirubin levels and thrombo-
cytopenia (46). SOS can be defined by the presence of
at least two modified Seattle criteria before day 30 post-
HSCT: bilirubin 22mg/dL, hepatomegaly, and ascites with
or without unexplained weight gain of >2% over baseline
(47,48). However, the Baltimore criteria narrow the time
to 21 post-HSCT days and accept the weight gain of >5%
over baseline. A severe SOS generally results in multiorgan
failure (42). A retrospective analysis of 136 patients that
received HDC with auto-HSCT showed that renal dys-
function and refractoriness to platelet transfusion may
occur in severe forms. The recommended clinical grad-
ing of SOS is given in Table 5 (48). Although SOS signs
are often detected in the first or second week following
transplantation, some authors reported later onset of
this syndrome. Busulfan, melphalan, or alkylating agents
such as thiotepa, especially in the autologous setting, are
among the risk factors for the late onset SOS (49,50). In

Table 5. Clinical grading of sinusoidal obstruction syndrome

auto-HSCT, the time of appearance of risk factors de-
termines the two patterns of outcomes: Mild forms are
associated with early onset (before Day 11), and severe
forms, with later onset (after Day 17). Fluid retention may
be refractory to diuretic therapy, so half of patients with
renal impairment may need dialysis. Due to liver failure,
elongation in prothrombin time may be detected. As the
disease progresses, severe encephalopathy and intersti-
tial pneumonitis may develop in some patients (51). For
differential diagnosis, GvHD, Budd-Chiari syndrome, drug
reactions, infections, and heart failure should be excluded
(42).

Pre-transplant risk factors of SOS include liver dysfunc-
tion (hepatitis, fibrosis, cirrhosis, etc.), hepatic metas-
tases, history of liver radiotherapy, hepatotoxic agents
(including herbal remedies, gemtuzumab ozogamicin,
melphalan, cytosine arabinoside, and cyclophospha-
mide), infectious attacks, iron overload, history of stem
cell transplantation, and advanced age. Likewise, trans-
plant-related factors include a myeloablative condi-
tioning regimen (TBI, busulfan, and cyclophosphamide),
HLA-mismatched related or unrelated donor selection,
and the use of methotrexate for GvHD prophylaxis
(42,52). In a retrospective analysis of 291 auto-HSCTs
for solid tumors and lymphomas, evidence of metastatic
liver disease and single high dose-carmustine (2450 mg/
sgm) compared to fractionated doses were detected as
pre-transplant characteristics that predict SOS (53,54).

Methods to diagnose SOS, despite practical difficulties,
include transjugular liver biopsies and manometric mon-
itoring of hepatic blood flow. A highly specific measure-
ment to identify SOS is a hepatic venous pressure gradi-
ent (HVPG) of 210 mmHg in a patient without a previous
liver disease. However, a normal HVPG does not exclude
the diagnosis. Therefore, this method may be required in
patients where the clinical diagnosis is not clear (55). In
(Doppler) ultrasonography, a variety of abnormalities can
be observed, such as gallbladder wall thickening, hepato-
megaly, ascites, and reduced or reversed portal flow.

Mild Moderate Severe
Bilirubin, mg/dL <5 5.1-8.0 >8.0
Liver enzymes (aspartate transaminase, alanine transaminase) <8xnormal 3-8xnormal >8xnormal
Weight above baseline <2% 2%-5% >5%
Serum creatinine Normal <2xnormal >2xnormal
Clinical rate of change Slow Moderate Rapid
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A few case reports have demonstrated magnetic reso-
nance findings, such as patchy signal enhancement of
the liver, hepatomegaly, ascites, hepatic vein narrowing,
peri-portal cuffing, and gallbladder wall thickening or
hyperintensity. Several studies showed a significant ele-
vation of PAI-1 as a diagnostic marker in SOS that pre-
dicted the severity of SOS (56). Proposed biomarkers for
predicting endothelial injury include pre- and post-trans-
plant VWF, thrombomodulin, E-selectin, soluble inter-
cellular adhesion molecule-1, and vascular endothelial
growth factor, but they are rarely used in practice (57).

It is essential to identify especially high-risk patients and
apply effective preventive strategies in both the pre-trans-
plant and peri-transplant periods. Reducing iron overload,
preferring reduced-intensity conditions, administering
intravenous rather than oral busulfan, using fludarabine
instead of cyclophosphamide, adjusting the dose of bu-
sulfan, avoiding hepatotoxic drugs, and reconsidering the
timing of HSCT in the case of liver dysfunction remain
important strategic measures. Prostoglandin E1, pentox-
ifylline, heparin (unfractioned and low molecular weight),
antithrombin, glutamine, and fresh frozen plasma are cur-
rently not recommended in the prophylaxis of SOS (55).
On the other hand, a systematic review of pooled results of
randomized studies demonstrated a reduced risk of SOS in
patients receiving ursodeoxycholic acid (relative risk, 0.34;
95% confidence interval, 0.17-0.66).

Salt and water restriction can be combined with diuret-
ics to treat the symptoms of SOS. In severe cases, renal
replacement therapy may be required. Studies of SOS
treatments showed that the most promising agent is
defibrotide (58), which is a new olygodeoxyribonucleo-
tide derivative that has demonstrated increased tPA and
thrombomodulin but decreased vVWF and the plasmino-
gen activator inhibitor Type 1 expression. Defibrotide re-
duces the endothelial cell activation, protects endothelial
cells from damage, and increases fibrinolysis (59). In its
first trial in 1998, 19 patients received defibrotide and
achieved a survival rate of 32% at day 100 post-trans-
plantation. As a result of this encouraging data, patients
with hepatic SOS were admitted to an international
compassionate use program between 1998 and 2009.
In a European multicenter compassionate use study, 40
patients participated and demonstrated a 55% complete
response (CR) rate with a survival rate of 43% after 100
days (58). The US FDA permitted the use of defibrotide
between 2007 and 2011, with which 32% of patients
achieved CR, and the overall survival at 100 days was
50%. Therefore, defibrotide was approved by the Eu-

ropean Union, as well as the US FDA, to treat adult and
pediatric patients with hepatic SOS. The recommended
schedule of administration for SOS in daily practice is
4x6.25 mg/kg/day, with a 2-hour intravenous infusion at
least for 21 days until signs and symptoms are resolved.
The clinical response will be obtained sooner if patients
receive defibrotide as soon as SOS is suspected. The suc-
cessful use of defibrotide following auto-HSCT was also
demonstrated in several studies (60). In a study conduct-
ed by Shah et al., oral defibrotide cured late-onset SOS
after auto-HSCT. Serious adverse events were experi-
enced by 51% of patients, including fatal hemorrhagic
adverse events in 5% and fatal hypotension in 0.3% of
patients (60).

Several reports have shown the efficacy of glutathione,
vitamin E and N-acetylcysteine in treating SOS. Charcoal
hemofiltration has been demonstrated to be effective in
two adult patients by adsorbing circulating bilirubin and
other toxins. Transjugular intrahepatic portosystemic
shunts can also be used to decompress the portal circu-
lation, but the results are conflicting. Liver transplanta-
tion has also been reported as a treatment option in some
subgroups of patients with SOS (60).

Infectious complications

It is crucial to rule out infectious diarrhea, which may be
due to bacterial and viral causes. Van Kraaij et al. (61)
demonstrated the common causes of infectious gastro-
enteritis in 13 of 172 stool specimens including rotavirus,
adenovirus, Clostridium difficile, Salmonella, echovirus,
and Cryptosporidium. Pala et al. (62) detected the cause
of diarrhea in 30.8% of patients. In that study, CMV, Cryp-
tosporidium, Salmonella, Giardia, and Clostridium difficile
were commonly observed pathogens. Management of
infectious gastroenteritis is based on prompt diagnosis,
effective treatment, and strict application of universal
contact precautions.

Cytomegalovirus infection and disease remain the major
causes of morbidity and mortality after allo-HSCT. The
incidence of CMV organ disease ranges between 15%
and 25%. The symptoms and signs of Gl GvHD usually
overlap with those of CMV gastroenteritis. Bhutani et al.
(63) demonstrated in 252 patients that the recipients
who had CMV IgG seropositivity and CMV viremia are as-
sociated with the development of CMV gastroenteritis.
Imaging shows non-specific bowel wall thickening and
inflammatory changes, especially in the ileocecal region.
Preemptive use of ganciclovir guided by monitoring for
CMYV viremia is the standard of care.
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Clostridium difficile infection (CDI) is a growing epide-
miological problem in hospitalized patients. Chopra et al.
found that CDI was 9-fold more prevalent than in general
patients and 1.4-fold higher than cancer patients in HSCT
settings. CDI generally occurs 3 to 33 days post-trans-
plant. Several risk factors have been identified for CDI
during HSCT, including allogeneic transplants, cord blood
as a stem cell source, age greater than 60 years, diabetes,
myeloablative conditioning regimens, Clostridium difficile
colonization, colonization with vancomycin-resistant En-
terococci, severe mucositis, broad spectrum antibiotics,
and GvHD. Severe forms of disease and the prior use of
linezolid were linked to death in 14 days of CDI onset in a
study from Brazil (64). According to a 2010 update by the
Society for Healthcare Epidemiology of America and the
Infectious Diseases Society of America guidelines, a dose
of 500 mg metronidazole given orally 3 times per day for
10-14 days is the first drug of choice for an initial episode
of CDI. In severe CDI, vancoymycin may be preferred at a
dose of 125 mg orally 4 times per day for 10 to 14 days. In
treating CDI, vancomycin-containing regimens had lower
rates of recurrence compared to metronidazole mono-
therapy. Finally, Lee et al. (65) showed that three different
bacterial taxa (Bacteriodes, Lachnospiraceae, and Rumi-
nococcaceae) were protective and lowered the risk of CDI.

Fungal pathogens may cause severe mortality and mor-
bidity after HSCT. In the early pre-engraftment phase,
Candida spp. are detected more frequently, whereas
late-phase GvHD and its treatment promotes fungal
infections (4). Candida and Aspergillus species usually
present with erosive infections of the Gl tract, most fre-
quently involving the esophagus. In severe cases, dissem-
ination of fungal infections can result in microabscesses
in the liver and can be detected as multiple small, scat-
tered hypoattenuating nodules with CT. As a first-line
therapy, voriconazole and amphotericin B are suggested
in invasive candidiasis and aspergillosis. Posaconazole,
caspofungin, or combination therapy might be consid-
ered in refractory patients (4).

In summary, early Gl and liver complications of HSCT are
still challenging issues. Despite improvements in this field
during the last decade, treating these complications still
places animportant burden on both patients and the phy-
sicians treating these patients. GI complications remain
some of the causes of mortality associated with HSCT.
For practicing hematologists, oncologists, and gastroen-
terologists in this field, awareness and early diagnosis of
the Gl and liver complications remain important factors
to obtain optimal outcomes in this patient population.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - T.D.; Design - T.D.; Supervision
- T.D.; Data Collection and/or Processing - E.A., P.AA,; Analy-
sis and/or Interpretation - E.A, P.AA;; Literature Search - EA,
P.AA,MB, G.CS.; Writing Manuscript - EA, P.AA, G.C.S; Crit-
ical Review - T.D., M.B.

Conflict of Interest: The authors have no conflict of interest to
declare.

Financial Disclosure: The authors declared that this study has
received no financial support.

REFERENCES

1 Mohty B, Mohty M. Long-term complications and side effects af-
ter allogeneic hematopoietic stem cell transplantation: an update.
Blood Cancer J 2011; 1: e16. [CrossRef]

2. Pedrazzoli P, Ferrante P, Kulekci A, et al. Autologous hematopoi-
etic stem cell transplantation for breast cancer in Europe: critical
evaluation of data from the European Group for Blood and Marrow
Transplantation (EBMT) Registry 1990-1999. Bone Marrow Trans-
plant 2003; 32: 489-94. [CrossRef]

3. Pedrazzoli P, Ledermann JA, Lotz JP, et al. High dose chemothera-
py with autologous hematopoietic stem cell support for solid tumors
other than breast cancer in adults. Ann Oncol 2006; 17: 1479-88.
[CrossRef]

4. Sahin U, Toprak SK, Atilla PA, Atilla E, Demirer T. An Over-
view of infectious complications after allogeneic hematopoietic
stem cell transplantation. J Infect Chemother 2016, 22: 505-14.
[CrossRef]

5. Demirer T, Buckner CD, Appelbaum FR, et al. High-dose busulfan
and cyclophosphamide followed by autologous transplantation in
patients with advanced breast cancer. Bone Marrow Transplant
1996; 17: 769-74.

6. Billingham RE. The biology of graft-versus-host reactions. Harvey
Lectures 1966; 62: 21-78.

7. Tuncer H, Rana N, Milani C, et al. Gastrointestinal and hepatic
complications of hematopoietic stem cell transplantation. World J
Gastroenterol 2012; 18: 1851-60. [CrossRef]

8. Giorgi U D, Wandt H, Lioure B, et al. First-line high-dose chemo-
therapy for patients with poor prognosis extragonadal germ cell tu-
mors. The experience of the European Bone Marrow Transplantation
(EBMT) Solid Tumors Working party. Bone Marrow Transplant 2004;
34:1033-7. [CrossRef]

9. Rodrigues FG, Dasilva G, Wener SD. Neutropenic enterocolitis.
World J Gastroenterol 2017; 23: 42-7. [CrossRef]

10. Chaudhry HM, Bruce AJ, Wolf RC, et al. The Incidence and Se-
verity of Oral Mucositis among Allogeneic Hematopoietic Stem Cell
Transplantation Patients: A Systematic Review. Biol Blood Marrow
Transplant 2016; 22: 605-16. [CrossRef]

11. Pavletic SZ, Vogelsang GB, Lee SJ. 2014 National institutes of
Health consensus Development project on criteria for clinical Tri-
als in chronic Graft-versus-Host Disease: preface to the series. Biol
Blood Marrow Transplant 2015; 21: 387-8. [CrossRef]

12. Nash RA, Pepe MS, Storb R, et al. Acute graft-versus-host dis-
ease: analysis of risk factors after allogeneic marrow transplanta-
tion and prophylaxis with cyclosporine and methotrexate. Blood
1992; 80: 1838-45.

129


https://doi.org/10.1038/bcj.2011.14
https://doi.org/10.1038/sj.bmt.1704153
https://doi.org/10.1093/annonc/mdl044
https://doi.org/10.1016/j.jiac.2016.05.006
https://doi.org/10.3748/wjg.v18.i16.1851
https://doi.org/10.1038/sj.bmt.1704704
https://doi.org/10.3748/wjg.v23.i1.42
https://doi.org/10.1016/j.bbmt.2015.09.014
https://doi.org/10.1016/j.bbmt.2014.12.035

Atilla et al.

Gastrointestinal and liver complications in hematopoietic stem cell transplantation

Turk J Gastroenterol 2019;
30(2): 122-31

13. Flowers ME, Inamoto Y, Carpenter PA, et al. Comparative analysis
of risk factors for acute graft-versus-host disease and for chronic
graft-versus-host disease according to National Institutes of Health
consensus criteria. Blood 2011, 117: 3214-9. [CrossRef]

14. McDonald GB. How | treat acute graft-versus-host disease
of the gastrointestinal tract and liver. Blood 2016; 127: 1544-50.
[CrossRef]

15. Simms-Waldrip T, Meir M, Fan D, et al. The role of gut microbiota
in the development of intestinal GVHD. Biol Blood Marrow Trans-
plant 2014; 20: 55-6. [CrossRef]

16. Tanaka M, Kobayashi's, Numata A, et al. The impact of the dose
of natural killer cells in the graft on severe acute graftversus- host
disease after unrelated bone marrow transplantation. Leuk Res
2012; 36: 699-703. [CrossRef]

17. Andermann T, Peled J, Ho C, et al. Microbiome-Host Interactions
in Hematopoietic Stem Cell Transplant Recipients. Biol Blood Mar-
row Transplant 2018; 24: 1322-40. [CrossRef]

18. Staffas A, Silva MB, MR Brink VD. The intestinal microbiota in al-
logeneic hematopoietic transplant and graft-versus-host-disease.
Blood 2017; 129: 927-383. [CrossRef]

19. Rodriguez-Otero P, Porcher R, Peffault de Latour R, et al. Fecal
calprotectin and alpha-1 antitrypsin predict severity and response
to corticosteroids in gastrointestinal graft-versus-host disease.
Blood 2012; 119: 5909-17. [CrossRef]

20. Klein SA, Martin H, Schreiber-Dietrich D, et al. A new approach
to evaluating intestinal acute graft-versus-host disease by trans-
abdominal sonography and colour Doppler imaging. Br J Haematol
2001, 115: 929-34. [CrossRef]

21. Neumann S, Schoppmeyer K, Lange T, et al. Wireless capsule en-
doscopy for diagnosis of acute intestinal graft-versushost disease.
Gastrointest Endosc 2007; 65: 403-9. [CrossRef]

22. Shulman HM, Cardona DM, Greenson JK, et al. NIH consensus
development project on criteria for clinical trials in chronic graft-ver-
sus-host disease, II: the 2014 Pathology Working Group Report. Biol
Blood Marrow Transplant 2015; 21: 589-603. [CrossRef]

23. Kreft A, Mottok A, Mesteri |, et al. Consensus diagnostic histo-
pathological criteria for acute gastrointestinal graft versus host dis-
ease improve interobserver reproducibility. Virchows Arch 2015; 467:
255-63. [CrossRef]

24. Changqing MA, Horacio M, Ta-Chiang L. Acute graft-versus host
disease is more prevalent and severe in lower than the upper gastro-
intestinal tract. Human Pathol 2015; 46: 1480-7. [CrossRef]

25. Mielcarek M, Furlong T, Storer BE, et al. Effectiveness and safety
of lower dose prednisone for initial treatment of acute graftversus-
host disease: a randomized controlled trial. Haematologica 2015;
100: 842-8. [CrossRef]

26. Bolan“os-Meade J, Logan BR, Alousi AM, et al. Phase 3 clinical trial
of steroids/mycophenolate mofetil vs steroids/placebo as therapy for
acute GVHD: BMT CTN 0802. Blood 2014; 124: 3221-7. [CrossRef]
27. Rager A, Frey N, Goldstein SC, et al. Inflammatory cytokine inhi-
bition with combination daclizumab and infliximab for steroid-re-
fractory acute GVHD. Bone Marrow Transplant 2011; 46: 430-5.
[CrossRef]

28. Schub N, Gunther A, Schrauder A, et al. Therapy of steroid-re-
fractory acute GVHD with CD52 antibody alemtuzumab is effective.
Bone Marrow Transplant 2011; 46: 143-7. [CrossRef]

29. Bilgin AU, Topcuoglu P, Sancak T, et al. Intramesenteric Steoid
Treatment for Steroid-Refractory Gastrointestinal Graft Versus
Host Disease. Turk J Haematol 2012; 29: 409-12. [CrossRef]

30. Martin P, Rizzo JD, Wingard JR, et al. First- and second-line sys-
temic treatment of acute graft-versus-host disease: recommenda-

tions of the American Society of Blood and Marrow Transplantation.
Biol Blood Marrow Transplant 2012; 18: 1150-63. [CrossRef]

31. Zeiser R, Burchert A, Lengerke C, et al. Ruxolitinib in corticoste-
roidrefractory graft-versus-host disease after allogeneic stem cell
transplantation: a multi-center survey. Leukemia 2015; 29: 2062-8.
[CrossRef]

32. Dotoli GM, Santis GCD, Orellana MD, et al. Mesenchymal stromal
cell infusion to treat steroid refractory acute GVHD Ill/IV after hema-
topoietic stem cell transplantation. Bone Marrow Transplant 2017;
52:859-62. [CrossRef]

33. Ali SA, Shah V, Mckinnon R, Van harn M, Janakiraman N. Fre-
quent expression of C4d in hepatic graft-versus hostdisease: po-
tential clue for diagnosis and distinguishing acute and chronic form.
Transpl Immunol 2010; 23: 77-80. [CrossRef]

34. Pan B, Zhang Y, Sun Y, et al. Deviated balance between Th1 and
Th17 cells exacerbates acute graft-versus-host disease in mice. Cy-
tokine 2014; 68: 69-75. [CrossRef]

35. Vierling Jm, Hreha G, Wang H, Braun M. The role of biliary epithe-
lial cells in the immunopathogenesis of nonsuppurative destructive
cholangitis in murine hepatic graft-versus-host disease. Trans Am
Clin Climatol Assoc 2011; 122: 326-35.

36. Song Mk, Chung Js, Kim S, et al. Hepatic artery resistance index
at Doppler ultrasonography is a useful parameter of hepatic graft-
vs-host disease after allogeneic stem cell transplantation. Trans-
plant Proc 2010; 42: 3717-22. [CrossRef]

37. Demirer T, Petersen FB, Bensinger WI, et al. Autologous trans-
plantation with peripheral blood stem cells collected after granulo-
cyte colony-stimulating factor in patients with acute myelogenous
leukemia. Bone Marrow Transplantation 1996; 18: 29-34.

38. Carreras E, Fernandez-Aviles F, Silva L, Guerrero M, Fernandez de
Larrea C, Martinez C. Engraftment syndrome after auto-SCT: analy-
sis of diagnostic criteria and risk factors in a large series from a sin-
gle center. Bone Marrow Transplant 2010; 45: 1417-22. [CrossRef]
39. Chang L, Frame D, Braun T, et al. Engraftment syndrome after al-
logeneic hematopoietic cell transplantation predicts poor outcomes.
Biol Blood Marrow Transplant 2014, 20: 1407-17. [CrossRef]

40. Cornell RF, Hari P, Zhang MJ, et al. Divergent effects of novel
immunomodulatory agents and cyclophosphamide on the risk of
engraftment syndrome after autologous peripheral blood stem cell
transplantation for multiple myeloma. Biol Blood Marrow Transplant
2013; 19: 1368-73. [CrossRef]

41. Coppell JA, Richardson PG, Soiffer R, et al. Hepatic venoocclu-
sive disease following stem cell transplantation: incidence, clinical
course, and outcome. Biol Blood Marrow Transplant 2010; 16: 157-
68. [CrossRef]

42. Fan CQ, Crawford JM. Sinusoidal Obstruction Syndrome. J Clin
Exp Hepatol 2014; 4: 332-46. [CrossRef]

43. Kroger N, Damon L, Zander AR, et al. Secondary acute leukemia
following mitoxantrone-based high-dose chemotherapy for primary
breast cancer patients Group Author(s): European Grp Blood Marrow
Translpl; German Adjuvant Breast Canc Study; Univ California San
Francisco. Bone Marrow Transplant 2003; 32: 1153-7. [CrossRef]
44. Vion AC, Rautou PE, Durand F, Boulanger CM, Valla DC. Interplay
of inflammation and endothelial dysfunction in bone marrow trans-
plantation: focus on hepatic veno-occlusive disease. Semin Thromb
Hemost 2015; 41: 629-43. [CrossRef]

45. De Giorgi U, Rosti G, Slavin S, et al. Salvage high-dose chemo-
therapy for children with extragonadal germ-cell tumors. Br J Cancer
2005; 93: 412-7. [CrossRef]

46. De Giorgi U, Demirer T, Wandt H, et al. Second-line high-dose
chemotherapy in patients with mediastinal and retroperitoneal pri-

130


https://doi.org/10.1182/blood-2010-08-302109
https://doi.org/10.1182/blood-2015-10-612747
https://doi.org/10.1016/j.bbmt.2013.12.060
https://doi.org/10.1016/j.leukres.2011.11.009
https://doi.org/10.1016/j.bbmt.2018.02.009
https://doi.org/10.1182/blood-2016-09-691394
https://doi.org/10.1182/blood-2011-12-397968
https://doi.org/10.1046/j.1365-2141.2001.03221.x
https://doi.org/10.1016/j.gie.2005.10.042
https://doi.org/10.1016/j.bbmt.2014.12.031
https://doi.org/10.1007/s00428-015-1803-y
https://doi.org/10.1016/j.humpath.2015.06.005
https://doi.org/10.3324/haematol.2014.118471
https://doi.org/10.1182/blood-2014-06-577023
https://doi.org/10.1038/bmt.2010.117
https://doi.org/10.1038/bmt.2010.68
https://doi.org/10.5505/tjh.2012.57855
https://doi.org/10.1016/j.bbmt.2012.04.006
https://doi.org/10.1038/leu.2015.212
https://doi.org/10.1038/bmt.2017.35
https://doi.org/10.1016/j.trim.2010.03.002
https://doi.org/10.1016/j.cyto.2014.04.002
https://doi.org/10.1016/j.transproceed.2010.08.041
https://doi.org/10.1038/bmt.2009.363
https://doi.org/10.1016/j.bbmt.2014.05.022
https://doi.org/10.1016/j.bbmt.2013.06.017
https://doi.org/10.1016/j.bbmt.2009.08.024
https://doi.org/10.1016/j.jceh.2014.10.002
https://doi.org/10.1038/sj.bmt.1704291
https://doi.org/10.1055/s-0035-1556728
https://doi.org/10.1038/sj.bjc.6602724

Turk J Gastroenterol 2019;
30(2): 122-31

Atilla et al.

Gastrointestinal and liver complications in hematopoietic stem cell transplantation

mary non-seminomatous germ cell tumors: the EBMT experience.
Ann Oncol 2005; 16: 146-51. [CrossRef]

47. Demirer T, Celebi H, Arat M, et al. Autoimmune thrombocyto-
penia in a patient with small cell lung cancer developing after che-
motherapy and resolving following autologous peripheral blood
stem cell transplantation. Bone Marrow Transplant 1999; 24: 335-7.
[CrossRef]

48. Chao N. How | treat sinusoidal obstruction syndrome. Blood
2014; 123: 4023-6. [CrossRef]

49. Brunvand MW, Bensinger WI, Soll E, et al. High-dose fractionated
total-body irradiation, etoposide and cyclophosphamide for treat-
ment of malignant lymphoma: Comparison of autologous bone mar-
row and peripheral blood stem cells. Bone Marrow Transplant 1996;
18:131-41.

50. Demirer T, Buckner CD, Petersen FB, et al. Rapid engraftment
after autologous transplantation utilizing marrow and recombinant
granulocyte-colony stimulating factor (G-CSF) mobilized peripheral
blood stem cells in patients with acute myelogenous leukemia. Bone
Marrow Transplant 1995; 15: 915-22.

51. Kumar S, DeLeve LD, Kamath PS, Tefferi A. Hepatic veno-occlusive
disease (sinusoidal obstruction syndrome) after hematopoietic stem
cell transplantation. Mayo Clin Proc 2003: 78: 589-98. [CrossRef]

52. Demirer T, Buckner CD, Appelbaum FR, et al. Busulfan, cyclo-
phosphamide and fractionated total body irradiation for allogeneic
marrow transplantation in advanced acute and chronic myeloge-
nous leukemia: Phase | dose escalation of busulfan based on target-
ed plasma levels Bone Marrow Transplant 1996; 17: 341-6.

53. Ayash LJ, Hunt M, Antman K, et al. Hepatic veno-occlusive dis-
ease in autologous bone marrow transplantation of solid tumors and
lymphomas. J Clin Oncol 1990; 8: 1699-706. [CrossRef]

54. Demirer T, Gooley T, Buckner CD et al. Influence of total nucle-
ated cell dose from marrow harvests on outcome in patients with
acute myelogenous leukemia undergoing autologous transplanta-
tion. Bone Marrow Transplant 1995, 15: 907-13.

55. Dignan FL, Wynn RF, Hadzic N, Karani J, et al. BCSH/BSMT
guideline:diagnosis and management of veno-occlusive disease (si-
nusoidal obstruction syndrome) following hematopoietic stem cell
transplantation. Br J Hematol 2013; 163: 444-57. [CrossRef]

56. Lee JH, Lee KH, Lee JH, et al. Plasminogen activator inhibitor-1
is an independent diagnostic marker as well as severity predictor of

hepatic venoocclusive disease after allogeneic bone marrow trans-
plantation in adults conditioned with busulfan and cyclophospha-
mide. Br J Haematol 2002; 118: 1087-94. [CrossRef]

57. Cutler C, Kim HT, Ayanian S, et al. Prediction of veno-occlusive
disease using biomarkers of endothelial injury. Biol Blood Marrow
Transplant 2010; 16: 1180-5. [CrossRef]

58. Chopra R, Eaton JD, Grassi A, et al. Defibrotide for the treatment
of hepatic veno-occlusive disease: results of the European compas-
sionate-use study. Br J Haematol 2000; 111: 1122-9. [CrossRef]

59. Palomo M, Diaz-Ricart M, Rovira M, Escolar G, Carreras E. Defi-
brotide prevents the activation of macrovascular and microvascular
endothelia caused by soluble factors released to blood by autolo-
gous hematopoietic stem cell transplantation. Biol Blood Marrow
Transplant 2011; 17: 497-506. [CrossRef]

60. Corbacioglu S, Carreras E, Mohty M, et al. Defibrotide for the
Treatment of Hepatic Veno-Occlusive Disease: Final Results from
the International Compassionate-Use Program. Biol Blood Marrow
Transplant 2016; 22: 1874-82. [CrossRef]

61. Van Kraaij MG, Dekker AW, Verdonck LF, van Loon AM, Vinjé J,
Koopmans MP, Rozenberg-Arska M. Infectious gastro-enteritis: an
uncommon cause of diarrhoea in adult allogeneic and autologous
stem cell transplant recipients. Bone Marrow Transplant 2000; 26:
299-303. [CrossRef]

62. Pala C, Kaynar L, Buyukoglan R, et al. Diarrhea in peripheral stem
cell transplant recipients: a developing country’s experience. J Infect
Dev Ctries 2014; 8: 635-41. [CrossRef]

63. Bhutani D, Dyson G, Manasa R, et al. Incidence, Risk Factors and
Outcome of Cytomegalovirus Viremia and Gastroenteritis in Pa-
tients with Gastrointestinal Graft vs Host Disease. Biol Blood Mar-
row Transplant 2015; 21: 159-64. [CrossRef]

64. Spadao F, Gerhard, Guimaraes T, et al. Incidence of Diarrhea by
Clostridium Difficile in Hematologic Patients and Hematopoietic
Stem Cell Tranplantation Patients: Risk Factor for Severe Forms and
Death. Rev Inst Med Trop Sao Paulo 2014, 56: 325-33. [CrossRef]
65. Lee YJ, Arguello ES, Jenq RR, et al. Protective Factors in the Intes-
tinal Microbiome Against Clostridium dificile Infection in Recipients
of Allogeneic Hematopoietic Stem Cell Transplantation. J Infect Dis
2017; 215: 1117-23. [CrossRef]

131


https://doi.org/10.1093/annonc/mdi017
https://doi.org/10.1038/sj.bmt.1701902
https://doi.org/10.1182/blood-2014-03-551630
https://doi.org/10.4065/78.5.589
https://doi.org/10.1200/JCO.1990.8.10.1699
https://doi.org/10.1111/bjh.12558
https://doi.org/10.1046/j.1365-2141.2002.03748.x
https://doi.org/10.1016/j.bbmt.2010.02.016
https://doi.org/10.1111/j.1365-2141.2000.02475.x
https://doi.org/10.1016/j.bbmt.2010.11.019
https://doi.org/10.1016/j.bbmt.2016.07.001
https://doi.org/10.1038/sj.bmt.1702484
https://doi.org/10.3855/jidc.3602
https://doi.org/10.1016/j.bbmt.2014.10.004
https://doi.org/10.1590/S0036-46652014000400010
https://doi.org/10.1093/infdis/jix011

