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Abstract

Radiation colitis, an insidious, progressive disease of
increasing frequency, develops 6 mo to 5 years after
regional radiotherapy for malignancy, owing to the
deleterious effects of the latter on the colon and the
small intestine. When dealing with radiation colitis and
its complications, the most conservative modality should
be employed because the areas of intestinal injury do
not tend to heal. Acute radiation colitis is mostly self-
limited, and usually, only supportive management is
required. Chronic radiation colitis, a poorly predictable
progressive disease, is considered as a precancerous
lesion; radiation-associated malignancy has a tendency
to be diagnosed at an advanced stage and to bear a
dismal prognosis. Therefore, management of chronic
radiation colitis remains a major challenge owing to
the progressive evolution of the disease, including
development of fibrosis, endarteritis, edema, fragility,
perforation, partial obstruction, and cancer. Patients are
commonly managed conservatively. Surgical intervention
is difficult to perform because of the extension of fibrosis
and alterations in the gut and mesentery, and should
be reserved for intestinal obstruction, perforation,
fistulas, and severe bleeding. Owing to the difficulty
in managing the complications of acute and chronic
radiation colitis, particular attention should be focused
onto the prevention strategies. Uncovering the fibrosis
mechanisms and the molecular events underlying
radiation bowel disease could lead to the introduction of
new therapeutic and/or preventive approaches. A variety
of novel, mostly experimental, agents have been used
mainly as a prophylaxis, and improvements have been
made in radiotherapy delivery, including techniques to

reduce the amount of exposed intestine in the radiation
field, as a critical strategy for prevention.
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INTRODUCTION

Radiation colitis is an insidious, progressive disease
of increasing frequency. It is usually iatrogenic and
unavoidable and frequently develops 6 mo to 5 years
after regional radiotherapy for malignancy”. About half
of all patients with malignancies undergo irradiation
as part of their therapy. Considerable morbidity and
mortality accompany radiation treatment because of the
deleterious effects on adjacent normal tissues, mainly
the colon and the small intestine. The type and extent
of injury, depending on the dose of the radiation and
the radiation sensitivity of the gut and the duration, is
highly variable, ranging from 3 mo to 30 years'"”. Serious
consequences may develop after years of gestation, and
the disease, its treatment, and the disability produced
are formidable. Apart from acute radiation colitis,
manifestations of chronic radiation injury include
proctitis, hemorrhages, fistulas, abscesses with signs
of sepsis, perforations, strictures, and even cancer.
Therefore, novel means to increase resistance of the
intestine to radiation damage and effective therapeutic
strategies ate needed to prevent and manage this disease.

MANAGEMENT OF COLITIS CAUSED BY
IRRADIATION

In general, prior to start, each treatment should be
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individualized, and any predisposing factor should be
identified during its course in order to eatly recognize
and treat complications. Once complications have
arisen, it is best to deal with the irradiated tissue by
the most conservative modality, because the areas of
intestinal injury do not tend to heal. This may require
carly diversion or resection as conservative therapy,
because fistulas and bleeding will become recurrent
and intractable. The effectiveness of non-surgical
approaches remains far from desirable, and bleeding
recurrence represents a major drawback that leads
to a need for consecutive therapeutic sessions and
combination of techniquesm. If diversion fails to control
bleeding, resection is necessaty, even if it involves an
abdominoperineal resection.

From another general viewpoint, there is a similarity in
the activation of mucosal cytokines between inflammatory
bowel disease (IBD) and radiation proctosigmoiditis.
Indeed, as in the case of IBD patients, the mucosal
levels of interleukin (IL)-2, -6, and -8 are significantly
higher in both diseased and normal segments of colon in
patients with radiation proctitis, compared with normal
controls. In addition, IL-1f levels are significantly higher
in diseased segments, compared with endoscopically
normal-appearing segments in radiation proctitis. Tumor
necrosis factor-alpha (TNF-qy) levels are also significantly
elevated in irradiated mice compared with non-irradiated
controls”. These data may partially explain the beneficial
effects of similar systemic and topical drugs including
mesalamine compounds and steroids when used in
radiation-induced proctosigmoiditis'.

ACUTE RADIATION COLITIS (TABLE 1)

Empirical-experimental management
The majority of acute radiation colitis is self-limited,
and only supportive management is required”. Tt must
be emphasized, however, that acute radiation syndrome
with a threshold dose of 8 Gy in man, represents a lethal
clinical-pathological unit, enteritis and proctocolitis
necro-hemorrhagica, with unknown causal therapy. In
this respect, the detection of phospho-Elk-1, a protein
acting as a transcription factor activating specific genes,
might be considered as a suitable and very sensitive
marker of acute radiation-induced injury of large and
small intestine®™. Whether Elk-1 inhibitors, such as the
compound A (CpdA) or the protective agent U0126
[1,4-diamino-2,3-dicyano-1,4-bis(2-aminophenylthio)-
butadiene], the effect of which probably results from
the IL-13 mRNA reduction »/a the inhibition of
ERK pathway, can be used in the management of this
syndrome remains to be investigated™'’.
Inflammatory cell infiltration of the colon is
observed at an early stage of radiation-induced colitis.
The migration of inflammatory cells from the circulation
requires interactions between cell adhesion molecules
on the vascular endothelium and molecules on the
surface of leukocytes. Specifically, circulating leukocytes
are recruited to sites of inflammation by a well-
regulated and coordinated process that largely occurs in
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Management of acute radiation colitis

Supportive management
Anti-diarrheal medications and by reducing fat and lactose intake;
In intractable cases hospitalization is required for parenteral feeding
and elementary diet

Elk-1 inhibitors
Compound A (CpdA)

V0126 [1,4-diamino-2,3-dicyano-1,4-bis(2-aminophenylthio)
butadiene]

Modulation of leukocyte recruitment and activation pathway
Targeting P-selectin and/or lymphocyte function antigen-1
Cu/Zn-SOD1 supplementation

Synthetic somatostatin analog octreotide

Other measures
Antiemetics
Steroid-containing suppositories
Recombinant granulocyte colony-stimulating factor in neutropenia
Epidermal growth factor

postcapillary venules. Adhesion molecules are expressed
on the surface of endothelial cells, and leukocytes are
involved in an orderly sequence of cell-cell interactions
that include leukocyte adherence to vascular endothelium
and the subsequent transendothelial migration into the
inflamed tissue. Finally, reactive oxygen metabolites
produced by activated leukocytes can induce damage
to various cellular components, including structural
and regulatory proteins, carbohydrates, lipids, DNA
and RNA. In this respect, upregulation of intercellular
adhesion molecule (ICAM)-1 and the accumulation
of inflammatory myeloperoxidase-positive cells have
been observed during acute radiation colitis prior to an
overt radiation-induced ulcer, thereby playing important
roles in the development of radiation-induced colonic
ulcer!". Moreover, there is direct i vivo evidence that
antioxidant mechanisms of the intestinal mucosa are
not mobilized during the acute tissue radiation response;
four days after exposure, during the inflammatory phase,
superoxide dismutases (SOD) and catalase are decreased
and glutathione peroxidases and metallothioneins are
induced. Dexamethasone treatment modulates only
glutathione peroxidase expression and does not influence
either metallothionein or SOD expression. These
experimental data indicate that during the radiation-
induced acute inflammatory response, an imbalance of
the antioxidant network of intestinal mucosa occurs'?
In view of the aforementioned data, modulation
of the leukocyte recruitment and activation pathway
seems to be a potential therapeutic strategy against acute
radiation colitis. Further supporting this consideration,
experimental studies have demonstrated that leukocyte
rolling is mediated by P-selectin and that firm leukocyte
adhesion is supported by lymphocyte function antigen-1
in radiation-induced colitis. P-selectin-dependent
leukocyte rolling is a precondition for subsequent
leukocyte adhesion in radiation-induced intestinal damage.
Therefore, targeting P-selectin and/or lymphocyte
function antigen-1 might protect against pathologic
inflammation in the colon induced by radiotherapy'”.
Moteover, Cu/Zn-SOD1 supplementation in an
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experimental model of radiation-induced intestinal
inflammation has also been shown to dectrease oxidative
stress and adhesion molecule upregulation in response
to abdominal irradiation. Specifically, a significant
increase in the flux of rolling leukocytes and number
of firmly adherent leukocytes in intestinal venules is
observed after irradiation. Although administration of
SOD1 has no effect on leukocyte rolling, it decreases
leukocyte adhesion to intestinal venules significantly
and in a dose-dependent way. Treatment with SOD1,
at doses that reduce leukocyte recruitment, abrogates
the increase in hydroperoxides in intestinal tissue and
ICAM-1 upregulation in intestinal endothelial cells.
The inflammatory score, but not a combined histology
damage score, is also significantly reduced by SOD1",

Diarrhea associated with acute radiation colitis
frequently resolves with anti-diarrheal medications
and by reducing fat and lactose intake. The diarrhea
rarely requires discontinuation of treatment unless
chemotherapy is given concurrently with radiation'”.
Intractable diarrhea during the combined treatment
may require hospital admission for administration
of parenteral feeding. Elementary diet may also be
introduced as an alternative to parenteral nutrition"”,

Patients refractory to anti-diarrheal medications may
benefit from administration of the synthetic somatostatin
analog octreotide!”. Specifically, it has been shown that
subcutaneous octreotide administration (150 pg t.i.d.)
for 5 d is apparently an effective, well-tolerated treatment
modality for concurrent chemoradiotherapy-induced
diarrhea refractory to loperamide!”. Octreotide appears
to be more effective than conventional therapy with
diphenoxylate and atropine in controlling acute radiation-
induced diarrhea and eliminating the need for radiotherapy
interruptions' .

Apart from anti-diarrheal medications, other measures
of general management of acute radiation enteropathy
include administration of antiemetics. Steroid-containing
suppositories may be helpful in the treatment of patients
with anorectal inflammation'”. Severe neutropenia
from chemotherapy might require growth factors, such
as recombinant granulocyte colony-stimulating factor
(G-CSF, filgrastim) or granulocyte-macrophage colony-
stimulating factor (GM-CSE, sargramostim) to shorten
the period of neutropenia, and avoid excessively delayed
therapy from the bone marrow depression”. G-CSF
is a cytokine known to activate neutrophils 7z vivo
and GM-CSF mediates its effects on the neutrophil
lineage through its effects on phagocytic accessory cells
and its synergy with G-CSF***",

Epidermal growth factor, an endogenous peptide,
trophic to the gastrointestinal tract, significantly decreases
the acute clinical manifestations of experimental radiation
enteritis™. Therefore, it may be effective in human acute
radiation colitis™,

CHRONIC RADIATION COLITIS (TABLE 2)

Empirical-experimental management
Chronic radiation colitis is recognized as a frequent

Management of chronic radiation colitis

Empirical-experimental management
Total parenteral nutrition
Anti-IL-6R
Cyclooxygenase-2 inhibitors
Rho kinase inhibitors
Small molecular inhibitors of TNF-o
Targeting cadherin-catenin complex pathways
Recombinant human IL-11
Low-residue diet combined with bismuth subsalicylate or opiate
drugs, such as loperamide or diphenoxylate (for mild diarrhea)
Aminosalicylates
Prostaglandin-inhibiting compounds
Oral steroids (for severe cases)
Probiotics (Lactobacillus bulgaricus)
Antioxidants
Colestyramine Balsalazide (in radiation-induced proctosigmoiditis)
Peroxisome proliferation-activated receptor activators
Sucralfate enemas
Short-chain fatty acids
Hyperbaric oxygen
Control of bleeding (by endoscopic cauterization using a heater, BICAP
probe, Nd: YAG or argon laser)
Surgery (indicated in intestinal obstruction, perforation, fistulas, and
severe bleeding)

and clinically important sequel of abdominal and
pelvic irradiation treatment for malignant disease. Since
radiotherapy is now being used more than ever before in
the therapy of solid organ neoplasms of the abdomen
and the pelvis, the incidence of radiation colitis is
likely to increase in the future®™ ", Importantly, it is a
precancerous lesion: Radiation-associated rectal cancer
originates from dysplasia due to radiation colitis and has
a tendency to be diagnosed at an advanced stage and to
bear a dismal prognosismzzﬂ. Therefore, management
of chronic radiation colitis remains a major challenge
owing to the progressive evolution of the disease that
includes development of fibrosis, endarteritis, edema,
fragility, perforation, partial obstruction, and even
cancer. Patients with this condition are commonly
managed conservatively. Because the obstruction is only
partial, decompression is easily achieved by nasogastric
suction and parenteral support. The patient is then
often discharged on a liquid-to-soft diet. However, this
therapeutic regimen does nothing for the undetlying
pathology. Although total parenteral nutrition corrects
denutrition and facilitates deferred surgery in some
patients, severe radiation enteritis remains a poorly
predictable progressive disease with numerous
relapses™. The problem, sooner or later, will return with
the patient further depleted by the chronic radiation
colitis. In a recent meta-analysis assessing the incidence
and significance of malnutrition and examining the
efficacy of therapeutic nutritional interventions used
to manage gastrointestinal side effects in patients
undergoing pelvic radiotherapy, it has been shown that
there is no evidence favoring the use of nutritional
interventions to prevent or manage bowel symptoms
attributable to radiotherapy””. Regarding the underlying
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pathology, vascular damage consisting of fibrin thrombi,
fibrinoid necrosis and subintimal thickening of the
arterioles leads to persistent local ischemia, which results
in diffuse fibrosis of the lamina propria and submucosa.
The diffuse fibrosis, in turn, accelerates vascular damage
and further worsens local ischemia, forming a vicious
cycle, finally leading to ulceration of the bowel wall and
serious complications including massive gastrointestinal
hemorrhages and perforations”'. Therefore, surgical
intervention appears to be appropriate when the
diagnosis of chronic radiation colitis is confirmed™”.

Nevertheless, chronic changes in cytokine levels after
abdominal irradiation in rodents have recently been
documented™. Structural injury of the bowel wall and
mesentery were scored and correlated with the levels of
TNF-q, IL-6, transforming growth factor (TGF)-B1,
-B2, -B3 and interferon (IFN)-y mRNA in large and
small bowel of mice 18-25 wk after whole abdominal
irradiation with 12.5 and 13.5 Gy. Abdominal irradiation
seems to induce considerable bowel damage associated
with increased levels of all cytokines compared with
sham-irradiated (0 Gy) mice. These experimental data
demonstrate long-term cytokine expression changes in
the bowel wall after irradiation that parallel the responses
noticed in other tissues prone to radiation-induced
fibrosis, such as cutaneous and pulmonary tissues,
thereby having implications for the prediction, treatment
and/or prevention of chronic radiation colitis. For
instance, chronic IL-6 elevations, even prior to the start
of irradiation, may predict patients at risk of radiation
fibrotic bowel damage in the same way that 1L-6 baseline
elevations have been shown to identify patients with an
increased risk of radiation pneumonitis and pulmonary
fibrosis following thoracic irradiation™. Since studies
in animal models of IBD have shown that various
antibodies to pro-inflammatory cytokines and their
receptors, such as IL-6 receptor (IL-6R) or TNE, appear
to suppress chronic intestinal inflammation by inducing
T-cell apoptosis”™, it is reasonable to assume that such
antibodies (anti-IL-6R) might also be used to manage
radiation colitis. In addition, reduction in cytokine
expression with cyclooxygenase (COX)-2 inhibitors
and small molecular inhibitors of TNF-¢, may reduce
the frequency and severity of long-term bowel damage.
There is some evidence that the COX-2 pathway is
implicated in radiation-induced gut injury”>*!, COX-2
and nuclear factor kB (NF-kB) expression have been
associated with histopathological changes in the human
colon and rectum following abdominal radiotherapy"".

Besides, in radiation colitis involving aberrant glands,
cellular proliferation increases and spotted oncogene p53
expression is noticed. Therefore, radiation colitis and
aberrant glands with p53 overexpression might predict
malignant potential of this condition””.

Three typical phases of radiation proctitis are defined
on histological grounds (acute damage, and early and
late regenerative phases), essentially correlating with the
time interval between radiotherapy and surgery. Such
characteristics are mirrored by alterations in cadherin-
catenin expression and localization in rectal crypts;
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morphology at both cellular and glandular levels in
the large bowel is dependent to an extent on cell-cell
adhesion mediated by cadherin-catenin complexes. In
this regard, P-cadherin is highly expressed in the acute
radiation damage and early regenerative phases, with a
decreased level of expression during late regeneration.
E-cadherin and associated catenins are translocated
from the membrane to the cytoplasm in degenerating
crypts, with return to normal membranous expression
in regenerating crypts. Therefore, radiation-induced
proctitis represents an iz vivo model of mucosal damage
and regeneration, thereby providing a valid model
to study events during epithelial injury and repair:
altered cadherin and associated catenins expressions
appear to be predictive indicators closely associated
with these processesm]. On the other hand, because
the E-cadherin-catenin complex plays a critical role
in the maintenance of normal tissue architecture,
mutation of any of its components is believed to result
in loss of cell-cell adhesion, thereby contributing to
neoplasia development. In this respect, adenomatous
polyposis coli (APC) gene abnormalities, found to be
the “gate-keeping” event for the initiation of colorectal
neoplasia, may lead to a disruption of normal cell-
cell adhesion through altered association with catenins
and the cell adhesion molecule E-cadherin that binds
catenins”™. Translocation of the [-catenin protein, a
key downstream effector of the Wnt signal transduction
pathway, 1s frequently found in colorectal cancer. This
protein is also observed in the cytoplasm and/or nucleus
of non-neoplastic irradiated colonocytes. Nuclear
translocation of f-catenin correlates with loss of
APC and gain of cyclin D1 expression, suggesting the
activation of the Wnt pathway during radiation-induced
colorectal carcinogenesis. Because the translocation
of B-catenin is found in irradiated-colonic mucosa as
well as in colon cancer, the disruption of the B-catenin
expression may be one of the early events in radiation-
induced colonic oncogenesism. Based on these data,
interventions on cadherin-catenin complex pathways
may also be used against chronic radiation colitis and
radiation-induced colonic carcinogenesis. Finally, in
a novel mouse model of radiation-induced colitis, a
combination of high-dose y-irradiation and lack of
major histocompatibility complex (MHC) class II
expression on cells of hematopoietic origin results in the
development of radiation colitis. Therefore, protection
and/or inhibition from radiation-induced colitis seems
to require MHC class I antigen expression by cells of
hematopoietic origin[m. In this regard, administration
of the recombinant pleiotropic human cytokine IL-11,
which stimulates bone marrow stem cells to proliferate,
has been shown to decrease intestinal mucosal injury
produced by radiation in animals, thereby providing a
potential therapeutic regimen for the treatment and/or
prevention of chronic radiation colitis*?.

Diarrhea, with or without abdominal cramps, is the
most common symptom of chronic radiation colitis™".
The ctiology of chronic radiation-induced diarrhea
may be attributable to accelerated small and large
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bowel transit, bacterial overgrowth, increased intestinal
permeability, malabsorption of bile salts, lactose, fat
and carbohydrate, and pancreatic insufficiency, all of
which can exist with or without small bowel or large

bowel strictures>*"

. In case of colonic strictures,
spurious diarrhea can occur. Moreover, the above
mentioned microvascular changes in the bowel wall
lead also to mucosal atrophy and a non-specific chronic
inflammatory cell infiltrate, which has resulted in a
mistaken diagnosis of celiac sprue[4s]. However, in
most cases, the pathophysiology of the diarrhea is
uncertain. While changes in intestinal absorption and
motility, unrelated to bacterial overgrowth, have been
implicated in the etiology of diarrhea, there has been no
comprehensive evaluation of gastrointestinal function
in chronic radiation colitis. Perhaps partly as a result of
this, present approaches to treatment have often been
empirical. A low-residue diet (i.e. a low-fiber diet poor
in foods that increase bowel activity) combined with
bismuth subsalicylate or opiate drugs, such as loperamide
or diphenoxylate, might be sufficient for mild diarrhea;
loperamide-N-oxide slows small intestinal transit,
increases bile acid absorption, and is effective in the
treatment of diarrhea associated with chronic radiation
P9 Other antidiarrheal agents can be administered,
including aminosalicylates and prostaglandin (PG)-
inhibiting compounds[46’47]. In severe cases of radiation
colitis, oral steroids have been tried with limited
success™. Randomized controlled trials are not available,

colitis

and all treatment regimens are based on evidence from
small pilot studies, including the administration of
sulfasalazine™, glutathione (GSH) P and antioxidants®'.
Furthermore, antibiotics are indicated if there is small
253 Preliminary
results suggest that probiotics may also be useful for

bowel bacterial overgrowth syndrome

treatment of radiation bowel disease, although no robust
data exist™. Other studies suggested that colestyramine,
an agent that binds bile acids in the colonic lumen, might
be effective in preventing radiation-induced diarrhea
if administered in dosages of 4 g ti.d. during radiation
therapy”. In the presence of low serum magnesium
levels, intravenous administration of magnesium sulfate,
together with low residue diet and antidiarrheals, may
also ameliorate the diarrhea™.

Anti-diarrheal and bulk-forming agents have a role
in the management of rectal urgency, frequency, and
fecal incontinence, which might be induced by radiation
damage of the myenteric plexus of the rectum and
internal anal sphincter””. Sulfasalazine, 5-aminosalicylic
acid (5-ASA) preparations and corticosteroid enemas have
minimal or no effects on rectal tenesmus or bleedingm.

However, recent pilot studies indicate that balsalazide,
a new 5-ASA drug that yields a high concentration of
active drug to the distal colon, is able to prevent or reduce
symptoms of radiation-induced proctosigmoiditis[sg].
In addition, irradiation-induced inflammatory response
could be modulated pharmacologically based on the anti-
inflammatory properties of 5-ASA, which is a peroxisome
proliferation-activated receptor (PPAR) activator. PPAR
agonists are now emerging as therapeutic drugs for

various inflammatory diseases characterized by impaired
PPAR expression: Irradiation drastically reduces mRNA
and protein levels of PPAR-a and -y. Specifically,
5-ASA treatment normalizes both PPAR-¢ and PPAR-y
during the post-irradiation period (after 7 and 3 d,
respectively). By promoting PPAR expression and its
nuclear translocation, 5-ASA interferes with the NF-«xB
pathway, both reducing irradiation-induced NF-kB p65
translocation/activation and increasing the expression of
NF-kB inhibitor (IxkB) mRNA and protein. Therefore,
5-ASA prevents irradiation-induced inflammatory
processes as well as expression of TNF-q, monocyte
chemotactic protein-1, inducible nitric-oxide synthase,
and macrophage infiltration. In addition, 5-ASA
restores the IFN-y/signal transducer and activator of
transcription (STAT)-1 and STAT-3 concentrations
that were impaired at 3 and 7 d post-irradiation and
are correlated with suppressor of cytokine signaling-3
repression. Collectively, these data suggest that PPAR
agonists might be effective in the prevention of
inflammatory processes and immune responses during
and after pelvic radiotherapy™.

Fecal incontinence appears to be a late complication
that causes symptoms years after radiation treatment.
The specific mechanisms that cause incontinence are
changes in anal resting tone, squeeze pressure, and rectal
volume or rectal compliance. Other aspects associated
with incontinence include further disorders such as
proctitis, colitis, and other disturbances involving the
lower digestive tract. The therapeutic options mainly
comprise management of associated aspects, such as
proctitis or diarrhea; surgical intervention should be the
absolute exception[(’m.

It has been reported that sucralfate treatment has a
protective effect against experimental radiation colitis.
Sucralfate enemas prior to radiation lead to reduction in:
(a) the number of apoptotic colonic crypt cells; (b) the
number of caspase-3 positive cells; (c) oncogene p53
accumulation and p21 expression; and (d) proapoptotic
Bax/anti-apoptotic Bcl-2 ratio in rats. Therefore, the
protective effects of sucralfate against radiation colitis
might be partially due to the suppression of radiation-
induced apoptosis in the colon and the protection of
the colonic epithelial stem cell region[m]. Sucralfate
administration may be also effective in human radiation
proctocolitis[(’z]. In addition, when compared with oral
sulfasalazine plus rectal prednisolone enemas, sucralfate
enemas give a better clinical response in human
proctosigmoiditis, are better tolerated, and, because
of the lower cost, they might be the preferred short-

; [48]
term regimen

. Moreover, topical sucralfate induces
a lasting remission in the majority of patients with
moderate to severe rectal hemorrhage due to radiation
proctosigmoiditis'®”.

Clinically, short-chain fatty acids (SCFAs) have
been proposed as possible therapeutic agents in several
conditions including radiation proctitis. Although some
promising effects have been observed in uncontrolled
studies, a specific therapeutic role for SCFAs remains to

be defined®".
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Hyperbaric oxygen

Hyperbaric oxygen application appears to be a very
effective means of treatment of chronic radiation colitis
and non-healing wounds in the involved anorectal
region™. Hyperbaric oxygen therapy can be considered
as a treatment option after failure of standard treatments
in patients with severe radiation proctopathy”. The
rationale for hyperbaric oxygen is the creation of
an oxygen gradient in hypoxic tissue that stimulates
the creation of new blood vessels. Neoangiogenesis
improves the blood supply and reduces the ischemia
and necrosis responsible for severe complications. In
a retrospective study of patients with severe radiation
colitis refractory to medical management, hyperbaric
oxygen therapy provided clinical relief and can thus
prove to be a useful alternative to conventional treatment
in patients with chronic radiation-induced necrosis of
the digestive tract®”. Moreover, in a systematic review
of the literature on the application of hyperbaric oxygen
prevention and treatment of delayed radiation injuries,
all but seven of the 74 publications analyzed reported
positive results when hyperbaric oxygen was delivered as
treatment for or prevention of delayed radiation injury.
These results are particularly impressive in the context
of alternative interventions!®”. Hyperbaric oxygen
may also be helpful in management of bleeding due
to chronic radiation colitis in patients not controlled
with conservative measures such as formalin and
laser therapy®™. Hyperbaric oxygen treatment and
infusion of PG E1 abolishes completely tarry stools
and hematuria, and reverses the endoscopic findings of
radiation colitis and cystitis""!

Control of bleeding
Rectal bleeding due to radiation colitis usually results
from telangiectasias. It is frequently minor, but blood
transfusions may be required. Endoscopic cauterization
using a heater, BICAP probe, Nd:YAG or argon laser
can reduce bleeding;

Argon plasma coagulation therapy appears to be a
simple, safe, and effective technique in the management
of hemorrhagic radiation-induced proctosigmoiditis
and is now generally accepted as the treatment of
choice followed by local application of formalin if this
fails?" "7, Argon plasma coagulation, a non-contact
thermal coagulation technique that reduces rectal
bleeding in 80%-90% of cases, is applied endoscopically,
with a probe passing through the endoscope that delivers
a field of argon gas to the mucosal surface, where it is
ionized by a high-voltage filament resulting in superficial
mucosal heating and coagulation of friable blood vessels.
Topical formalin therapy depends on direct application
of a 4% concentration of the chemical soaked in gauze
to the hemorrhagic areas under direct vision using a
rigid sigmoidoscope. Thrombosis of the neovasculature
and coagulation necrosis of the superficial mucosa
ensues, with a complete response rate of 78%. While
topical formalin appears to be slightly less effective than
argon plasma coagulation therapy, formalin application
alone or a combination of the two treatments has been
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advocated for severe cases of hemorrhagic radiation
proctitis. Although formalin installation may be effective
in controlling refractory bleeding due to radiation-
induced proctitis, the procedure is not risk-free and
may induce major complications such as acute colitis"™.
Preliminary results of a randomized study of the two
therapeutic interventions, however, show equivalent
efficacy but an absence of effect of either treatment on
anorectal dysfunction.

Another approach to treat hemorrhagic radiation
proctitis involves use of low-dose thalidomide, a potent
inhibitor of (neo)angiogenesis, following a case report

[ In addition, hormone

with successful outcome
therapy consisting of an estrogen-progesterone
combination might provide a promising new additional
symptomatic therapy for bleeding radiation colitis"™".
Rectal strictures should be managed initially non-
operatively with a low-fiber diet, stool softeners, mineral
oil enemas, and analgesics. Manual or endoscopic
dilations of rectal strictures might be required. Short
strictures with minimal angulation can be dilated by
transendoscopic balloons or other dilators, albeit
with considerable risk of perforation. Long, tortuous

strictures should be managed operatively!”,

Surgery

About one third of patients with chronic radiation
enteritis will need to be operated during follow-
up. Surgical intervention is indicated in intestinal
obstruction, perforation, fistulas, and severe bleeding,
Surgery should be performed by an experienced team
familiar with the treatment of radiation colitis. It is
difficult to perform surgery for chronic radiation colitis
because of the diffuse process of fibrosis and alterations
in the gut and mesentery. The risk of anastomotic leak
is high if the anastomosis is performed using irradiated
tissue””. The risk can be lowered if at least one limb of
the anastomosis did not receive prior radiotherapy'”. It
1s difficult to distinguish between the normal tissue area
and the irradiated area of the gut by gross evaluation
during operation even when the fresh tissue is sent
for frozen section. The accuracy in localizing injured
intestine may be improved by intraoperative endoscopic
evaluation, which can detect radiation-induced mucosal
injury[gm.

Resection of the affected intestine is significantly
better than an enteric bypass procedure in overall
outcome. However, extensive surgical resection of
the diseased bowel may lead to short bowel syndrome
and increase the need for total parenteral nutrition.
Moreover, because of the progressive evolution of
the fibrosis, the patient may require additional surgery.
Surgical bypass of the damaged bowel is associated with
a blind loop syndrome, and the patient may be still at
risk of perforation, bleeding, abscess, and fistulae due to
the persistence of the affected bowel. Bypass procedures
should be performed when resection is not possible or
as a temporary management before resection at a later
date. Limited resection of the diseased intestine is the
goal, but if the lesion is too diffuse, a bypass procedure
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might be attempted.

Management of a pelvic fistula (e.g. vaginal or
bladder fistula) is also complex and requires fecal
diversion before the corrective surgery. Patients with
fistulae frequently present with additional challenges such
as electrolyte imbalance, malnutrition and infections.
Many surgical techniques have been described to repair
fistulae, but corrective surgery is best done when the
patient is medically stable and enough time has elapsed
after the surgical diversion. This permits the healing and
decreased inflammation of the affected tissues®™*.

In cases with severe fibrotic strictures, surgical
intervention with establishment of a primary anastomosis
may be required™. Strictureplasty may be an effective and
safe tool to conserve intestinal length in certain highly
selected patients with chronic radiation colitis and small-
bowel strictures, namely those with limited intestinal
reserve where strictures are located within long segments
of diseased bowel which, if resected or bypassed, would
have significant nutritional or metabolic consequences.
Strictureplasty is not indicated for the treatment of
perforation, hemorrhage, fistula, or short segments of
disease in patients with adequate intestinal reserve™,

Surgical complications of chronic radiation colitis such
as intestinal obstruction, enterocutaneous fistula, intestinal
stenosis, intestinal bleeding, severe proctocolitis and
intestinal perforation should be managed operatively™.

It is important to note that vigorous preoperative and
postoperative nutritional support and evaluation are vital
because of the poor healing qualities of the irradiated
gut.

If conservative measures and local intervention
to control bleeding prove unsuccessful, resection or
ligation of the affected area(s) is preferred over a bypass
procedure because the latter will allow the hemorrhage
to continue and may lead to a higher mortality
rate™. A promising surgical approach is small bowel
transplantation, which may be considered in the pediatric
population with radiation colitis.

PREVENTION OF RADIATION COLITIS

Based on the above data, it appears that the management
of radiation bowel damage can be difficult and
problematic; chronic radiation colitis is complex and
rarely curable. Recent advances in the approaches to
its prevention or amelioration are therefore particularly
encouraging. Research to uncover the mechanisms of
fibrosis and the molecular events underlying radiation
bowel disease could lead to the development of new
therapeutic and/or preventive approaches and provide
the basis for predicting the risk of bowel damage
and oncogenesis using levels and expressions of the
mentioned cytokine IL-6, oncogene p53 or cadherin-
catenin complexes, and for amelioration of bowel
damage through inhibition, for example, of the COX-2
and Rho/Rho kinase pathwa§fs[33’87]. In this regard,
the COX-2 inhibitor Rofecoxib® has been shown to
suppress cytokine expression and to reduce acute bowel
damage in rodents following abdominal irradiation”. In

addition, piroxicam (a nonsteroidal anti-inflammatory
agent) significantly decreases the incidence of colonic
neoplasia in general and also delays the endoscopic
appearance of colonic neoplasia in rats after pelvic
B8 Moreover, specific inhibition of Rho
kinase is a promising approach for the amelioration

irradiation

of radiation fibrotic gut damage, as reported by a
study investigating molecular pathways involved in
the maintenance of fibrosis of the bowel wall of late
radiation colitis patientswﬂ, Alterations in expressions
of genes coding for Rho proteins was first established
by molecular profile analysis of ileal biopsies. Primary
cultures of gut smooth muscle cells derived from the
ileal biopsies are associated with retention of fibrogenic
differentiation 7z vitro and exhibit a typical cytoskeletal
network, a high constitutive connective tissue growth
factor level, increased collagen secretory capacity and
altered expression of genes coding for the Rho family.
Rho kinase blockade induces a simultaneous reduction
in the number of actin stress fibers, o-smooth muscle
actin and heat shock protein (Hsp) 27 levels. It also
reduces connective tissue growth factor levels, the
latter probably through NF-kB inhibition, leading to
decreased expression of the type 1 collagen genem.
These observations show the involvement of the
Rho/Rho kinase pathway in radiation fibrosis and
intestinal smooth muscle cell fibrogenic differentiation,
suggesting the potential role of Rho kinase inhibitors in
ameliorating the radiation bowel damage.

Additional biomarkers potentially playing a role in
the prediction, reduction or prevention of radiation
colitis include genetic alterations of the cellular radiation
response genes, such as the ataxia telangiectasia gene,
and micronutrients, such as selenium and zinc. Genetic
variants of the ataxia telangiectasia gene have been
correlated with the risk of rectal hemorrhage associated
with chronic radiation proctitis among prostate
cancer patients who received the full brachytherapy
prescription dose to defined volumes of the rectum!™”,
The ataxia telangiectasia sequence alterations lead to an
approximately sevenfold increase in mild to moderate
(Radiation Therapy Oncology Group grades 1 and 2)
radiation proctitis among patients who had received
the full prescription dose to either low (< 0.7 mL) or
moderate (0.7-1.4 mL) volumes of their rectum. Patients
contemplating this increasingly popular radiation
treatment modality for early prostate cancer should
not only be better informed about the risks of bowel
complications, but could also have their radiation dose
prescriptions individualized based on genetic profiling

Dietary supplementation of selenium and zinc may
be useful in reducing anorectal sequelae after pelvic
radiotherapy; an indirect relationship between baseline
plasma levels of these micronutrients and abnormalities
in anorectal function one year after radiotherapy for
prostate cancer has been suggested. Notably, the heavy
metal zinc induces Hsps, also known as stress proteins
and molecular chaperones, which play a central role
in protecting cellular homeostatic processes from
environmental and physiologic insults by preserving the
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structure of normal proteins and repairing or removing
damaged ones. Lowering Hsps in cancer tissues can
amplify the effectiveness of chemo- or radiotherapy"™.

Importantly, improvements in the delivery of
radiotherapy, including techniques to reduce the
amount of exposed intestine in the radiation field, also
represent a critical strategy for prevention. The ideal
radiation toxicity preventive therapy must have high
efficacy, low toxicity, low cost, and not afford cancer
protection. Unfortunately, the currently available therapy
often does not fulfill all of these objectives and there
is a need to identify patients who may truly benefit
from preventive therapies. Specifically, the radiation
therapy technique plays an essential role in reducing
the rate of complications; particular attention should
be paid to optimizing radiotherapy technique and dose
prescriptions. The use of only anterior and posterior
fields for pelvic radiation should be avoided, if possible,
because of the high dose and large volume of intestine
irradiated. A higher operative mortality was reported
in trials using this technique preoperatively for rectal
cancers””. The toxicity of radiation is directly related
to the volume of small bowel being irradiated”. In
many patients, therapy in the prone position with a
special "belly" board allows the protrusion of the small
intestine out of the radiation field”*”. Patients should be
instructed to maintain a full bladder during the radiation
session, which mechanically displaces the intestine out
of the pelvis[%].

Modern radiation treatment techniques, such as
three-dimensional treatment planning, also optimize the
treatment technique by developing more accurate dose
distributions. Notably, three-dimensional conformal
radiotherapy techniques, including intensity-modulated
radiotherapy, may not reduce late intestinal toxicity
because margins around the cancer may not be able to
be safely reduced and because of the prescription of
higher radiation doses”"™”
a supplement to external beam radiotherapy, is now

. Brachytherapy, alone or as

increasingly being utilized to decrease normal tissue
toxicity, without compromising treatment efficacy, in the
management of prostate carcinoma”'", Brachytherapy
is a kind of radiotherapy whereby the source of radiation
is located either within the malignant tissue (interstitial
brachytherapy) or within a cavity in its immediate vicinity
(intracavitary brachytherapy), rather than at a distance
(typically 100 cm) from the center of the neoplasm
target, as it is the case with external beam radiotherapy.
Brachytherapy exploits the physical characteristics
inherent with this modality of radiotherapy, whereby
the high radiation dose is limited to the neoplasm target,
while the surrounding normal tissues are spared from
radiation by the rapid dose reduction (with the square
of the distance). Brachytherapy alone, in the therapy of
low-risk prostate carcinoma, is well tolerated, even in
patients with a history of TBD"",

Another related treatment, such as intensity-
modulated radiotherapy (IMRT), uses sophisticated
planning techniques to avoid critical structures. IMRT
uses multiple segments of beams to shape the dose

www.wjgnet.com

distribution to a desired result.

Operation, as a major risk factor, leads to the
prolapse of the small intestine into the pelvis, exposing
it to a full dose of radiation. Postoperative bowel
adhesions also increase the volume of gut irradiated
compared with normal intestine, usually mobile and able
to move out of the radiation field. With gut adhesions,
the intestine is trapped and is more likely to receive a
high dose of radiation. If radiation therapy is anticipated
after surgery, every attempt should be made at the time
of surgery to displace the bowel outside of the radiation
field"™. One simple technique is the surgical placement
of a polyglycolic, biodegradable mesh that moves
the intestine out of the pelvis[l()3’104]. The procedure
has negligible morbidity and it does not increase the
operating time significantly. It also does not require
a second operation to remove the mesh because it is
absorbed 3 to 4 mo postoperatively. MRI can be used
post-operatively to verify the position of the mesh, the
small bowel, and its disappearance. Placement of a mesh
during surgery allows a higher dose of radiation to be
given postoperatively when indicated, thereby decreasing
by 50% the volume of the small bowel exposed to
the radiation"”'"". Other techniques such as pelvic
reconstruction, omentoplasty, and transposition of the
large bowel also reduce the volume of gut at risk for
radiotherapy up to 60%!" """,

Amifostine (WR-2721) is an amino-thiol with well-
established radioprotective effects. Recent studies
have documented its effectiveness in protection of the
salivary glands in patients receiving radiotherapy for

head-and-neck cancer!""”

. It has also been investigated
for the prevention of chronic radiation colitis. According
to preclinical studies, amifostine protects both the
small and large intestine" . Specifically, it is converted
intracellularly to an active metabolite, WR-1065, which
in turn binds to free radicals and protects the cell from
"2 Tn a randomized study, the late

effects of radiation were significantly reduced in the

radiation damage

group receiving parenterally administered amifostine.
However, the median follow-up was quite short (24
mo), and longer follow-up is necessary to confirm
the benefits of this medication because the incidence
of late complications increases with time!'". There is
also evidence suggesting that intrarectal application of
amifostine directly onto the rectum may reduce the risk
of proctitis in patients undergoing radiotherapy for

114
prostate cancer[ !

; its intrarectal application is feasible
and well tolerated. Systemic absorption of amifostine
and its metabolites is negligible, and close monitoring
of patients is not required after rectal administration .
Systemic administration of amifostine, used concurrently
with radiotherapy in advanced rectal cancer, has been
reported to reduce acute and late pelvic radiation
toxicity[“’ﬂ. Other investigators[“(’], however, were
not able to demonstrate any protection afforded by
amifostine.

Since cytotoxic effects of ionizing radiation on
gastrointestinal epithelium may be related to oxidative

stress, a number of agents have been used as a prophylaxis
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treatment. Eicosanoids and free radicals release have
been implicated in the pathogenesis. Selenium and/or
vitamin E pretreatments are shown to improve post-
irradiation disturbances in pro-oxidant-antioxidant
balance, such as increased intestinal lipid peroxide and
decreased GSH levels, increased intestinal SOD and
GSH peroxidase activities and decreased glutathione
transferase activity. This amelioration has been
confirmed by histopathological ﬁndings[m]. In another
study, the early side effects of radiation were suggested
to be prevented by vitamin A supplementationmg].

PGs have been investigated as potential radiopro-
tectors. PGE2 and the PG analogs enprostil and
misoprostol (Cytotec®) display radiation protection in
(ro-22, Misoprostol suppositories also

reduced symptoms of acute radiation colitis in patients
[123]

animal studies

undergoing radiation therapy for prostate cancer
With respect to the mechanism of action, PGE2 has
pro-proliferative and anti-apoptotic effects on epithelial
cells in gastrointestinal injury. PGE2 decreases radiation-
induced apoptosis and increases crypt survival'*,

Experimental data indicate that in control animals,
glucagon-like peptide-2 (GLP-2) induces an increase
in intestinal mucosal mass, along with an increase in
villus height and crypt depth. GLP-2 administration
before and after irradiation completely prevents the
acute radiation-induced mucosal ulcerations and
strikingly reduces the late radiation damage. Microscopic
observations show an improved organization of the
intestinal wall and an efficient wound healing process,
especially in the smooth muscle layers. This therapeutic
effect is mediated through an increased mucosal
mass before tissue injury and the stimulation of still
unknown mechanisms of tissue response to radiation
damage. Although these preliminary results still need
to be confirmed, GLP-2 might be a way to limit patient
discomfort during radiotherapy and reduce the risk of
consequential late effects!"!.

Irradiated intestine consistently exhibits increased
immunoreactivity of transforming growth factor
(TGF)-B1. It has been demonstrated that mucosal barrier
breakdown is closely associated with increased TGF-f
immunoreactivity in subsequent radiation enteropathy.
The highly significant correlation between TGF-f3
expression levels and alterations in late-responding tissue
compartments also suggest a role for TGF-f§ in primary
radiation colitis. A recent preclinical study showed a
role for possible anti-TGF-B1 interventions to reduce
delayed radiation fibrosis and enteropathy!*",

Preliminary studies also suggest that IFN-y may be
effective in the treatment of patients with radiation-
induced cutaneous fibrosis. IFN-y should be considered
in Phase I -1I studies to assess its toxicity and efficacy in
the treatment of patients with radiation colitis"™*".

Many special diets and nutrients, such as the
mentioned fiber, elemental diets, SCFAs and amino
acids like glutamine, may reduce small-bowel radiation
toxicity. Specifically, probiotics (Lactobacillus bulgaricus
strain isolated from yogurt) added as substrates can be
given by an oral or enteral route to patients who undergo

radiotherapy to prevent radiation-induced colitis and
related malnutrition!*”,

Glutamine and arginine support the mucosal barrier
in several ways. In experimental studies, a 7-d glutamine-
or arginine-enriched diet administered both pre- and
post-irradiation showed that they have protective effects
on gut mucosa in the post-irradiation state. However,
pre- and post-irradiation administration together do not
provide superior protection compared to post-irradiation
administration alone'*”.

Administration of insulin-like growth factor
(IGF)-1 immediately following abdominal irradiation
increases small-intestinal mass and improves indicators
of mucosal integrity, suggesting acceleration of small-
intestinal mucosal recovery from radiation injury™’.
More recently, growth hormone and IGF-I have been
demonstrated to protect intestinal cells from radiation-
induced apoptosis both iz vitro, by inhibiting apoptosis
of the cells and preserving the mucosal integrity! ", and
2 utilizing IGF- T transgenic mice.

Pancreatic enzymes can exacerbate acute intestinal
radiation toxicity, and suppressing pancreatic secretion
with synthetic somatostatin receptor analogs, such as
octreotide, can reduce both early and delayed radiation
colitis™. Of note, in an experimental model, irradiation
significantly increased intestinal and pancreatic
myeloperoxidase activities and intestinal malondialdehyde
levels of intestinal tissues, and octreotide treatment
improved this elevation. The histopathologic evaluation
of the mucosal structure was also preserved in the
octreotide-treated group. Inflammation of pancreatic
tissue was also confirmed with histopathological
examinations. Moreover, irradiation seems to induce NF-
kB overexpression, and octreotide treatment decreases
the end organ damage and inflaimmation of the small
intestine. Thus, octreotide appears to have beneficial
effects on intestinal and pancreatic damage in abdominal
irradiation through the inflammatory process'".

Despite the aforementioned promising agents used in
acute and chronic radiation colitis, further understanding
of the pathophysiological mechanisms involved in
the pathogenesis of acute and chronic irradiation

n vivo

colitis and the interaction of the molecular events
controlling mainly apoptosis and fibrosis may assist in
the development and establishment of new therapeutic
approaches.

REFERENCES

1 Nielsen OH, Vainer B, Rask-Madsen J. Non-IBD and
noninfectious colitis. Nat Clin Pract Gastroenterol Hepatol
2008; 5: 28-39

2 Berthrong M, Fajardo LF. Radiation injury in surgical
pathology. Part II. Alimentary tract. Am | Surg Pathol 1981;
5:153-178

3  Berthrong M. Pathologic changes secondary to radiation.
World | Surg 1986; 10: 155-170

4 Cotti G, Seid V, Araujo S, Souza AH Jr, Kiss DR, Habr-
Gama A. Conservative therapies for hemorrhagic radiation
proctitis: a review. Rev Hosp Clin Fac Med Sao Paulo 2003; 58:
284-292

5  Skwarchuk MW, Travis EL. Changes in histology and

www.wjgnet.com



7298

ISSN 1007-9327 CN 14-1219/R  World J Gastroenterol

December 28, 2008 Volume 14 Number 48

10

11

12

13

14

15

16

17

18

19

20

21

22

23

fibrogenic cytokines in irradiated colorectum of two murine
strains. Int | Radiat Oncol Biol Phys 1998; 42: 169-178
Indaram AV, Visvalingam V, Locke M, Bank S. Mucosal
cytokine production in radiation-induced proctosigmoiditis
compared with inflammatory bowel disease. Am |
Gastroenterol 2000; 95: 1221-1225

Cho LC, Antoine JE. Radiation Injury to the Gastrointestinal
Tract. In: Feldman M, Friedman LS, Sleisenger MH, eds.
Sleisenger & Fordtran's Gastrointestinal and Liver Disease.
8th ed. Philadelphia: WB Saunders, 2006: 813-826

Driak D, Osterreicher J, Rehakova Z, Vilasova Z, Vavrova J.
Expression of phospho-Elk-1 in rat gut after the whole body
gamma irradiation. Physiol Res 2008; 57: 753-759
Yemelyanov A, Czwornog J, Gera L, Joshi S, Chatterton RT
Jr, Budunova I. Novel steroid receptor phyto-modulator
compound a inhibits growth and survival of prostate cancer
cells. Cancer Res 2008; 68: 4763-4773

Wang ZQ, Chen XC, Yang GY, Zhou LF. U0126 prevents
ERK pathway phosphorylation and interleukin-1beta
mRNA production after cerebral ischemia. Chin Med Sci |
2004; 19: 270-275

Ikeda Y, Ito M, Matsuu M, Shichijo K, Fukuda E, Nakayama
T, Nakashima M, Naito S, Sekine I. Expression of ICAM-1
and acute inflammatory cell infiltration in the early phase of
radiation colitis in rats. | Radiat Res (Tokyo) 2000; 41: 279-291
Haton C, Francois A, Vandamme M, Wysocki J, Griffiths
NM, Benderitter M. Imbalance of the antioxidant network
of mouse small intestinal mucosa after radiation exposure.
Radiat Res 2007; 167: 445-453

Mihaescu A, Thornberg C, Mattsson S, Wang Y, Jeppsson
B, Thorlacius H. Critical role of P-selectin and lymphocyte
function antigen-1 in radiation-induced leukocyte-
endothelial cell interactions in the colon. Dis Colon Rectum
2007; 50: 2194-2202

Molla M, Gironella M, Salas A, Closa D, Biete A, Gimeno M,
Coronel P, Pique JM, Panes ]. Protective effect of superoxide
dismutase in radiation-induced intestinal inflammation. Int
] Radiat Oncol Biol Phys 2005; 61: 1159-1166

Classen J, Belka C, Paulsen F, Budach W, Hoffmann W,
Bamberg M. Radiation-induced gastrointestinal toxicity.
Pathophysiology, approaches to treatment and prophylaxis.
Strahlenther Onkol 1998; 174 Suppl 3: 82-84

Goschke H, Buess H, Gyr K, Leutenegger A, Ott S, Stalder
GA, Tholen H, Fahrlander H. [Elementary diet as an
alternative to parenteral feeding in severe gastrointestinal
diseases] Schweiz Med Wochenschr 1977; 107: 43-49

Topkan E, Karaoglu A. Octreotide in the management
of chemoradiotherapy-induced diarrhea refractory to
loperamide in patients with rectal carcinoma. Oncology 2006;
71: 354-360

Yavuz MN, Yavuz AA, Aydin F, Can G, Kavgaci H. The
efficacy of octreotide in the therapy of acute radiation-
induced diarrhea: a randomized controlled study. Int |
Radiat Oncol Biol Phys 2002; 54: 195-202

Lyman GH. A novel approach to maintain planned dose
chemotherapy on time: a decision-making tool to improve
patient care. Eur | Cancer 2000; 36 Suppl 1: S15-521
Bermudez LE, Petrofsky M, Stevens P. Treatment with
recombinant granulocyte colony-stimulating factor
(Filgrastin) stimulates neutrophils and tissue macrophages
and induces an effective non-specific response against
Mycobacterium avium in mice. Immunology 1998; 94: 297-303
Glaspy JA. Hematopoietic management in oncology
practice. Part 1. Myeloid growth factors. Oncology (Williston
Park) 2003; 17: 1593-1603

McKenna K], Ligato S, Kauffman GL Jr, Abt AB, Stryker
JA, Conter RL. Epidermal growth factor enhances intestinal
mitotic activity and DNA content after acute abdominal
radiation. Surgery 1994; 115: 626-632

Villareal DT, Morley JE. Trophic factors in aging. Should
older people receive hormonal replacement therapy? Drugs
Aging 1994; 4: 492-509

www.wjgnet.com

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Toomey DP, Cahill RA, Geraghty J, Thirion P. Radiation
enteropathy. Ir Med ] 2006; 99: 215-217

Watanabe H, Suda T. [Precancerous lesions of the colon and
rectum] Gan To Kagaku Ryoho 1984; 11: 1-9

Yeoh EK, Horowitz M, Russo A, Muecke T, Robb T,
Chatterton BE. Gastrointestinal function in chronic radiation
enteritis--effects of loperamide-N-oxide. Gut 1993; 34:
476-482

Tamai O, Nozato E, Miyazato H, Isa T, Hiroyasu S, Shiraishi
M, Kusano T, Muto Y, Higashi M. Radiation-associated
rectal cancer: report of four cases. Dig Surg 1999; 16: 238-243
Narui K, Ike H, Fujii S, Nojiri K, Tatsumi K, Yamagishi S,
Saito S, Kunisaki C, Imada T, Nozawa A, Ohki S, Ota M,
Ichikawa Y, Shimada H. [A case of radiation-induced rectal
cancer] Nippon Shokakibyo Gakkai Zasshi 2006; 103: 551-557
Silvain C, Besson I, Ingrand P, Beau P, Fort E, Matuchansky
C, Carretier M, Morichau-Beauchant M. Long-term outcome
of severe radiation enteritis treated by total parenteral
nutrition. Dig Dis Sci 1992; 37: 1065-1071

McGough C, Baldwin C, Frost G, Andreyev HJ. Role
of nutritional intervention in patients treated with
radiotherapy for pelvic malignancy. Br | Cancer 2004; 90:
2278-2287

Yeoh E. Radiotherapy: long-term effects on gastrointestinal
function. Curr Opin Support Palliat Care 2008; 2: 40-44
O'Brien PH, Jenrette JM 3rd, Garvin AJ. Radiation enteritis.
Am Surg 1987; 53: 501-504

Okunieff P, Cornelison T, Mester M, Liu W, Ding I, Chen
Y, Zhang H, Williams JP, Finkelstein J. Mechanism and
modification of gastrointestinal soft tissue response to
radiation: role of growth factors. Int | Radiat Oncol Biol Phys
2005; 62: 273-278

Kountouras J, Kouklakis G, Zavos C, Chatzopoulos D,
Moschos ], Molyvas E, Zavos N. Apoptosis, inflammatory
bowel disease and carcinogenesis: overview of international
and Greek experiences. Can | Gastroenterol 2003; 17: 249-258
Yeoh AS, Bowen JM, Gibson RJ, Keefe DM. Nuclear
factor kappaB (NFkappaB) and cyclooxygenase-2 (Cox-2)
expression in the irradiated colorectum is associated with
subsequent histopathological changes. Int ] Radiat Oncol Biol
Phys 2005; 63: 1295-1303

Keskek M, Gocmen E, Kilic M, Gencturk S, Can B,
Cengiz M, Okten RM, Koc M. Increased expression of
cyclooxygenase-2 (COX-2) in radiation-induced small bowel
injury in rats. | Surg Res 2006; 135: 76-84

Minami K, Matsuzaki S, Hayashi N, Mokarim A, Ito M,
Sekine I. Immunohistochemical study of p53 overexpression
in radiation-induced colon cancers. | Radiat Res (Tokyo)
1998; 39: 1-10

Hardy RG, Brown RM, Miller SJ, Tselepis C, Morton DG,
Jankowski JA, Sanders DS. Transient P-cadherin expression
in radiation proctitis; a model of mucosal injury and repair.
J Pathol 2002; 197: 194-200

Kountouras J, Zavos C, Chatzopoulos D, Katsinelos P. New
aspects of Helicobacter pylori infection involvement in
gastric oncogenesis. | Surg Res 2008; 146: 149-158
Nakashima M, Meirmanov S, Matsufuji R, Hayashida M,
Fukuda E, Naito S, Matsuu M, Shichijo K, Kondo H, Ito M,
Yamashita S, Sekine I. Altered expression of beta-catenin
during radiation-induced colonic carcinogenesis. Pathol Res
Pract 2002; 198: 717-724

Marguerat S, MacDonald HR, Kraehenbuhl JP, van
Meerwijk JP. Protection from radiation-induced colitis
requires MHC class II antigen expression by cells of
hemopoietic origin. | Immumnol 1999; 163: 4033-4040

Keith JC Jr, Albert L, Sonis ST, Pfeiffer CJ, Schaub RG.
IL-11, a pleiotropic cytokine: exciting new effects of IL-11 on
gastrointestinal mucosal biology. Stem Cells 1994; 12 Suppl
1: 79-89; discussion 89-90

Andreyev J. Gastrointestinal complications of pelvic
radiotherapy: are they of any importance? Gut 2005; 54:
1051-1054



Kountouras J ef a/. Management of radiation colitis

7299

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

Skinn AC, Vergnolle N, Cellars L, Sherman PM,
MacNaughton WK. Combined challenge of mice with
Citrobacter rodentium and ionizing radiation promotes
bacterial translocation. Int | Radiat Biol 2007; 83: 375-382
Jazwinski A, Palazzo ], Kastenberg D. Capsule endoscopy
diagnosis of radiation enteritis in a patient previously
considered to have celiac sprue. Endoscopy 2007; 39 Suppl 1:
E66

Baughan CA, Canney PA, Buchanan RB, Pickering RM. A
randomized trial to assess the efficacy of 5-aminosalicylic
acid for the prevention of radiation enteritis. Clin Oncol (R
Coll Radiol) 1993; 5: 19-24

Vane JR. Inhibition of prostaglandin synthesis as a
mechanism of action for aspirin-like drugs. Nat New Biol
1971; 231: 232-235

Kochhar R, Patel F, Dhar A, Sharma SC, Ayyagari S,
Aggarwal R, Goenka MK, Gupta BD, Mehta SK. Radiation-
induced proctosigmoiditis. Prospective, randomized,
double-blind controlled trial of oral sulfasalazine plus rectal
steroids versus rectal sucralfate. Dig Dis Sci 1991; 36: 103-107
Goldstein F, Khoury ], Thornton JJ. Treatment of chronic
radiation enteritis and colitis with salicylazosulfapyridine
and systemic corticosteroids. A pilot study. Am | Gastroenterol
1976; 65: 201-208

De Maria D, Falchi AM, Venturino P. Adjuvant radiotherapy
of the pelvis with or without reduced glutathione: a
randomized trial in patients operated on for endometrial
cancer. Tumori 1992; 78: 374-376

Kennedy M, Bruninga K, Mutlu EA, Losurdo ], Choudhary
S, Keshavarzian A. Successful and sustained treatment of
chronic radiation proctitis with antioxidant vitamins E and
C. Am ] Gastroenterol 2001; 96: 1080-1084

Meyers JS, Ehrenpreis ED, Craig RM. Small Intestinal
Bacterial Overgrowth Syndrome. Curr Treat Options
Gastroenterol 2001; 4: 7-14

Attar A, Flourie B, Rambaud JC, Franchisseur C, Ruszniewski
P, Bouhnik Y. Antibiotic efficacy in small intestinal
bacterial overgrowth-related chronic diarrhea: a crossover,
randomized trial. Gastroenterology 1999; 117: 794-797

Floch MH, Madsen KK, Jenkins DJ, Guandalini S, Katz
JA, Onderdonk A, Walker WA, Fedorak RN, Camilleri M.
Recommendations for probiotic use. | Clin Gastroenterol
2006; 40: 275-278

Heusinkveld RS, Manning MR, Aristizabal SA. Control of
radiation-induced diarrhea with cholestyramine. Int | Radiat
Oncol Biol Phys 1978; 4: 687-690

Cohen L, Kitzes R. Early radiation-induced proctosigmoiditis
responds to magnesium therapy. Magnesium 1985; 4: 16-19
Varma JS, Smith AN, Busuttil A. Function of the anal
sphincters after chronic radiation injury. Gut 1986; 27:
528-533

Jahraus CD, Bettenhausen D, Malik U, Sellitti M,
St Clair WH. Prevention of acute radiation-induced
proctosigmoiditis by balsalazide: a randomized, double-
blind, placebo controlled trial in prostate cancer patients. Int
J Radiat Oncol Biol Phys 2005; 63: 1483-1487

Linard C, Gremy O, Benderitter M. Reduction of peroxisome
proliferation-activated receptor gamma expression by
gamma-irradiation as a mechanism contributing to
inflammatory response in rat colon: modulation by the
5-aminosalicylic acid agonist. ] Pharmacol Exp Ther 2008; 324:
911-920

Petersen S, Jongen ], Petersen C, Sailer M. Radiation-
induced sequelae affecting the continence organ: incidence,
pathogenesis, and treatment. Dis Colon Rectum 2007; 50:
1466-1474

Matsuu-Matsuyama M, Shichijo K, Okaichi K, Ishii K, Wen
CY, Fukuda E, Nakayama T, Nakashima M, Okumura Y,
Sekine I. Sucralfate protects intestinal epithelial cells from
radiation-induced apoptosis in rats. | Radiat Res (Tokyo)
2006; 47: 1-8

Pienkowski P, Fioramonti ], Skalli F, Frexinos ]. [Effects

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

of corticoids, 5-aminosalycilic acid and sucralfate on the
potential difference of the rectum in inflammatory colitis in
man] Gastroenterol Clin Biol 1989; 13: 202-207

Kochhar R, Sriram PV, Sharma SC, Goel RC, Patel F.
Natural history of late radiation proctosigmoiditis treated
with topical sucralfate suspension. Dig Dis Sci 1999; 44:
973-978

Cook SI, Sellin JH. Review article: short chain fatty acids in
health and disease. Aliment Pharmacol Ther 1998; 12: 499-507
Bem J, Bem S, Singh A. Use of hyperbaric oxygen chamber
in the management of radiation-related complications of
the anorectal region: report of two cases and review of the
literature. Dis Colon Rectum 2000; 43: 1435-1438
Nakabayashi M, Beard C, Kelly SM, Carr-Locke DL, Oh
WK. Treatment of a radiation-induced rectal ulcer with
hyperbaric oxygen therapy in a man with prostate cancer.
Urol Oncol 2006; 24: 503-508

Gouello JP, Bouachour G, Person B, Ronceray ], Cellier
P, Alquier P. [The role of hyperbaric oxygen therapy in
radiation-induced digestive disorders. 36 cases] Presse Med
1999; 28: 1053-1057

Feldmeier JJ, Hampson NB. A systematic review of the
literature reporting the application of hyperbaric oxygen
prevention and treatment of delayed radiation injuries: an
evidence based approach. Undersea Hyperb Med 2002; 29:
4-30

Zimmermann FB, Feldmann H]J. Radiation proctitis. Clinical
and pathological manifestations, therapy and prophylaxis
of acute and late injurious effects of radiation on the rectal
mucosa. Strahlenther Onkol 1998; 174 Suppl 3: 85-89
Feldmeier JJ, Heimbach RD, Davolt DA, Court WS,
Stegmann BJ, Sheffield PJ. Hyperbaric oxygen an adjunctive
treatment for delayed radiation injuries of the abdomen and
pelvis. Undersea Hyperb Med 1996; 23: 205-213

Miura M, Sasagawa I, Kubota Y, lijima Y, Sawamura
T, Nakada T. Effective hyperbaric oxygenation with
prostaglandin E1 for radiation cystitis and colitis after pelvic
radiotherapy. Int Urol Nephrol 1996; 28: 643-647

Silva RA, Correia AJ, Dias LM, Viana HL, Viana RL. Argon
plasma coagulation therapy for hemorrhagic radiation
proctosigmoiditis. Gastrointest Endosc 1999; 50: 221-224

de Parades V, Bauer P, Marteau P, Chauveinc L, Bouillet
T, Atienza P. [Nonsurgical treatment of chronic radiation-
induced hemorrhagic proctitis] Presse Med 2008; 37: 1113-1120
Pikarsky AJ, Belin B, Efron ], Weiss EG, Nogueras ]JJ,
Wexner SD. Complications following formalin installation
in the treatment of radiation induced proctitis. Int |
Colorectal Dis 2000; 15: 96-99

Craanen ME, van Triest B, Verheijen RH, Mulder CJ.
Thalidomide in refractory haemorrhagic radiation induced
proctitis. Gut 2006; 55: 1371-1372

Wurzer H, Schafhalter-Zoppoth I, Brandstatter G, Stranzl
H. Hormonal therapy in chronic radiation colitis. Am |
Gastroenterol 1998; 93: 2536-2538

Qadeer MA, Vargo J]. Approaches to the prevention and
management of radiation colitis. Curr Gastroenterol Rep 2008;
10: 507-513

Girvent M, Carlson GL, Anderson I, Shaffer |, Irving M,
Scott NA. Intestinal failure after surgery for complicated
radiation enteritis. Ann R Coll Surg Engl 2000; 82: 198-201
Galland RB, Spencer ]. Surgical management of radiation
enteritis. Surgery 1986; 99: 133-139

Kuroki F, Ilida M, Matsui T, Matsumoto T, Fujishima M, Yao
T. Intraoperative endoscopy for small intestinal damage in
radiation enteritis. Gastrointest Endosc 1992; 38: 196-197
Frileux P, Berger A, Zinzindohoue F, Cugnenc PH, Parc R.
[Rectovaginal fistulas in adults] Ann Chir 1994; 48: 412-420
Mann WJ. Surgical management of radiation enteropathy.
Surg Clin North Am 1991; 71: 977-990

Yoshimura K, Hirata I, Maemura K, Sugi K, Tahara T.
Radiation enteritis: a rare complication of the transverse
colon in uterine cancer. Intern Med 2000; 39: 1060-1063

www.wjgnet.com



7300

ISSN 1007-9327 CN 14-1219/R  World J Gastroenterol

December 28, 2008 Volume 14 Number 48

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

Dietz DW, Remzi FH, Fazio VW. Strictureplasty for
obstructing small-bowel lesions in diffuse radiation
enteritis--successful outcome in five patients. Dis Colon
Rectum 2001; 44: 1772-1777

Li N, Zhu WM, Ren JA, Li YX, Zhao YZ, Jiang ZW, Li YS,
Li JS. [Surgical management of chronic radiation enteritis]
Zhonghua Waike Zazhi 2006; 44: 23-26

Libotte F, Autier P, Delmelle M, Gozy M, Pector JC, Van
Houtte P, Gerard A. Survival of patients with radiation
enteritis of the small and the large intestine. Acta Chir Belg
1995; 95: 190-194

Bourgier C, Haydont V, Milliat F, Francois A, Holler
V, Lasser P, Bourhis J, Mathe D, Vozenin-Brotons MC.
Inhibition of Rho kinase modulates radiation induced
fibrogenic phenotype in intestinal smooth muscle cells
through alteration of the cytoskeleton and connective tissue
growth factor expression. Gut 2005; 54: 336-343

Northway MG, Scobey MW, Cassidy KT, Geisinger KR.
Piroxicam decreases postirradiation colonic neoplasia in the
rat. Cancer 1990; 66: 2300-2305

Cesaretti JA, Stock RG, Atencio DP, Peters SA, Peters CA,
Burri R], Stone NN, Rosenstein BS. A genetically determined
dose-volume histogram predicts for rectal bleeding among
patients treated with prostate brachytherapy. Int | Radiat
Oncol Biol Phys 2007; 68: 1410-1416

Tytell M, Hooper PL. Heat shock proteins: new keys to the
development of cytoprotective therapies. Expert Opin Ther
Targets 2001; 5: 267-287

Preoperative short-term radiation therapy in operable
rectal carcinoma. A prospective randomized trial.
Stockholm Rectal Cancer Study Group. Cancer 1990; 66:
49-55

Goldberg PA, Nicholls R], Porter NH, Love S, Grimsey JE.
Long-term results of a randomised trial of short-course low-
dose adjuvant pre-operative radiotherapy for rectal cancer:
reduction in local treatment failure. Eur | Cancer 1994; 30A:
1602-1606

Letschert JG, Lebesque JV, de Boer RW, Hart AA, Bartelink
H. Dose-volume correlation in radiation-related late small-
bowel complications: a clinical study. Radiother Oncol 1990;
18: 307-320

Caspers RJ, Hop WC. Irradiation of true pelvis for bladder
and prostatic carcinoma in supine, prone or Trendelenburg
position. Int | Radiat Oncol Biol Phys 1983; 9: 589-593
Shanahan TG, Mehta MP, Bertelrud KL, Buchler DA,
Frank LE, Gehring MA, Kubsad SS, Utrie PC, Kinsella TJ.
Minimization of small bowel volume within treatment fields
utilizing customized "belly boards". Int | Radiat Oncol Biol
Phys 1990; 19: 469-476

Green N. The avoidance of small intestine injury in
gynecologic cancer. Int | Radiat Oncol Biol Phys 1983; 9:
1385-1390

Yeoh EE, Holloway RH, Fraser R], Botten R], Di Matteo AC,
Butters ], Weerasinghe S, Abeysinghe P. Hypofractionated
versus conventionally fractionated radiation therapy
for prostate carcinoma: updated results of a phase III
randomized trial. Int | Radiat Oncol Biol Phys 2006; 66:
1072-1083

Su AW, Jani AB. Chronic genitourinary and gastrointestinal
toxicity of prostate cancer patients undergoing pelvic
radiotherapy with intensity-modulated versus 4-field
technique. Am | Clin Oncol 2007; 30: 215-219

Chen AB, D'Amico AV, Neville BA, Earle CC. Patient
and treatment factors associated with complications after
prostate brachytherapy. ] Clin Oncol 2006; 24: 5298-5304

Lee WR, Bae K, Lawton C, Gillin M, Morton G, Firat
S, Baikadi M, Kuettel M, Greven K, Sandler H. Late
toxicity and biochemical recurrence after external-beam
radiotherapy combined with permanent-source prostate
brachytherapy: analysis of Radiation Therapy Oncology
Group study 0019. Cancer 2007; 109: 1506-1512

Peters CA, Cesaretti JA, Stone NN, Stock RG. Low-dose rate

www.wjgnet.com

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

prostate brachytherapy is well tolerated in patients with a
history of inflammatory bowel disease. Int ] Radiat Oncol
Biol Phys 2006; 66: 424-429

Waddell BE, Rodriguez-Bigas MA, Lee R], Weber TK,
Petrelli NJ. Prevention of chronic radiation enteritis. | Am
Coll Surg 1999; 189: 611-624

Meric F, Hirschl RB, Mahboubi S, Womer RB, Goldwein J,
Ross AJ 3rd, Schnaufer L. Prevention of radiation enteritis
in children, using a pelvic mesh sling. | Pediatr Surg 1994;
29:917-921

Rodier JF, Janser JC, Rodier D, Dauplat J, Kauffmann P, Le
Bouedec G, Giraud B, Lorimier G. Prevention of radiation
enteritis by an absorbable polyglycolic acid mesh sling. A
60-case multicentric study. Cancer 1991; 68: 2545-2549
Dasmahapatra KS, Swaminathan AP. The use of a
biodegradable mesh to prevent radiation-associated small-
bowel injury. Arch Surg 1991; 126: 366-369

Logmans A, van Lent M, van Geel AN, Olofsen-Van
Acht M, Koper PC, Wiggers T, Trimbos JB. The pedicled
omentoplasty, a simple and effective surgical technique to
acquire a safe pelvic radiation field; theoretical and practical
aspects. Radiother Oncol 1994; 33: 269-271

Logmans A, Trimbos JB, van Lent M. The omentoplasty: a
neglected ally in gynecologic surgery. Eur | Obstet Gynecol
Reprod Biol 1995; 58: 167-171

Smedh K, Moran BJ, Heald RJ. Fixed rectal cancer at
laparatomy: a simple operation to protect the small bowel
from radiation enteritis. Eur | Surg 1997; 163: 547-548

Chen JS, ChangChien CR, Wang JY, Fan HA. Pelvic
peritoneal reconstruction to prevent radiation enteritis in
rectal carcinoma. Dis Colon Rectum 1992; 35: 897-901

Brizel DM, Wasserman TH, Henke M, Strnad V, Rudat
V, Monnier A, Eschwege F, Zhang ], Russell L, Oster W,
Sauer R. Phase Il randomized trial of amifostine as a
radioprotector in head and neck cancer. | Clin Oncol 2000;
18: 3339-3345

Ito H, Meistrich ML, Barkley HT Jr, Thames HD Jr, Milas
L. Protection of acute and late radiation damage of the
gastrointestinal tract by WR-2721. Int | Radiat Oncol Biol
Phys 1986; 12: 211-219

Dorr RT. Radioprotectants: pharmacology and clinical
applications of amifostine. Semin Radiat Oncol 1998; 8: 10-13
Liu T, Liu Y, He S, Zhang Z, Kligerman MM. Use of
radiation with or without WR-2721 in advanced rectal
cancer. Cancer 1992; 69: 2820-2825

Ben-Josef E, Han S, Tobi M, Vargas BJ, Stamos B, Kelly L,
Biggar S, Kaplan I. Intrarectal application of amifostine for
the prevention of radiation-induced rectal injury. Semin
Radiat Oncol 2002; 12: 81-85

Ben-Josef E, Han S, Tobi M, Shaw LM, Bonner HS, Vargas
BJ, Prokop S, Stamos B, Kelly L, Biggar S, Kaplan I. A pilot
study of topical intrarectal application of amifostine for
prevention of late radiation rectal injury. Int | Radiat Oncol
Biol Phys 2002; 53: 1160-1164

Montana GS, Anscher MS, Mansbach CM 2nd, Daly
N, Delannes M, Carke-Pearson D, Gaydica EF. Topical
application of WR-2721 to prevent radiation-induced
proctosigmoiditis. A phase I/II trial. Cancer 1992; 69:
2826-2830

Mutlu-Turkoglu U, Erbil Y, Oztezcan S, Olgac V, Toker
G, Uysal M. The effect of selenium and/or vitamin E
treatments on radiation-induced intestinal injury in rats. Life
Sci 2000; 66: 1905-1913

Beyzadeoglu M, Balkan M, Demiriz M, Tibet H, Dirican
B, Oner K, Pak Y. Protective effect of vitamin A on acute
radiation injury in the small intestine. Radiat Med 1997; 15:
1-5

Hanson WR, Thomas C. 16, 16-dimethyl prostaglandin
E2 increases survival of murine intestinal stem cells when
given before photon radiation. Radiat Res 1983; 96: 393-398
Tomas-de la Vega JE, Banner BF, Hubbard M, Boston DL,
Thomas CW, Straus AK, Roseman DL. Cytoprotective effect



Kountouras J ef a/. Management of radiation colitis

7301

121

122

123

124

125

126

127

128

of prostaglandin E2 in irradiated rat ileum. Surg Gynecol
Obstet 1984; 158: 39-45

Keelan M, Walker K, Cheeseman CI, Thomson AB. Two
weeks of oral synthetic E2 prostaglandin (Enprostil)
improves the intestinal morphological but not the
absorptive response in the rat to abdominal irradiation.
Digestion 1992; 53: 101-107

Delaney JP, Bonsack ME, Felemovicius I. Misoprostol in
the intestinal lumen protects against radiation injury of the
mucosa of the small bowel. Radiat Res 1994; 137: 405-409
Khan AM, Birk JW, Anderson JC, Georgsson M, Park TL,
Smith CJ, Comer GM. A prospective randomized placebo-
controlled double-blinded pilot study of misoprostol
rectal suppositories in the prevention of acute and chronic
radiation proctitis symptoms in prostate cancer patients. Am
] Gastroenterol 2000; 95: 1961-1966

Stenson WEF. Prostaglandins and epithelial response to
injury. Curr Opin Gastroenterol 2007; 23: 107-110

Torres S, Thim L, Milliat F, Vozenin-Brotons MC, Olsen
UB, Ahnfelt-Ronne I, Bourhis J, Benderitter M, Francois
A. Glucagon-like peptide-2 improves both acute and late
experimental radiation enteritis in the rat. Int | Radiat Oncol
Biol Phys 2007; 69: 1563-1571

Zheng H, Wang ], Koteliansky VE, Gotwals P], Hauer-
Jensen M. Recombinant soluble transforming growth factor
beta type II receptor ameliorates radiation enteropathy in
mice. Gastroenterology 2000; 119: 1286-1296

Nguyen NP, Antoine JE, Dutta S, Karlsson U, Sallah S.
Current concepts in radiation enteritis and implications for
future clinical trials. Cancer 2002; 95: 1151-1163

Demirer S, Aydintug S, Aslim B, Kepenekci I, Sengul

129

130

131

132

133

134

N, Evirgen O, Gerceker D, Andrieu MN, Ulusoy C,
Karahuseyinoglu S. Effects of probiotics on radiation-
induced intestinal injury in rats. Nutrition 2006; 22: 179-186
Ersin S, Tuncyurek P, Esassolak M, Alkanat M, Buke C,
Yilmaz M, Telefoncu A, Kose T. The prophylactic and
therapeutic effects of glutamine- and arginine-enriched
diets on radiation-induced enteritis in rats. ] Surg Res 2000;
89:121-125

Howarth GS, Fraser R, Frisby CL, Schirmer MB, Yeoh EK.
Effects of insulin-like growth factor-I administration on
radiation enteritis in rats. Scand | Gastroenterol 1997; 32:
1118-1124

Mylonas PG, Matsouka PT, Papandoniou EV, Vagianos
C, Kalfarentzos F, Alexandrides TK. Growth hormone and
insulin-like growth factor I protect intestinal cells from
radiation induced apoptosis. Mol Cell Endocrinol 2000; 160:
115-122

Wilkins HR, Ohneda K, Keku TO, D'Ercole AJ, Fuller CR,
Williams KL, Lund PK. Reduction of spontaneous and
irradiation-induced apoptosis in small intestine of IGF-I
transgenic mice. Am | Physiol Gastrointest Liver Physiol 2002;
283: G457-G464

Wang J, Zheng H, Hauer-Jensen M. Influence of Short-
Term Octreotide Administration on Chronic Tissue
Injury, Transforming Growth Factor beta (TGF-beta)
Overexpression, and Collagen Accumulation in Irradiated
Rat Intestine. | Pharmacol Exp Ther 2001; 297: 35-42

Olgac V, Erbil Y, Barbaros U, Oztezcan S, Giris M, Kaya
H, Bilge H, Guler S, Toker G. The efficacy of octreotide
in pancreatic and intestinal changes: radiation-induced
enteritis in animals. Dig Dis Sci 2006; 51: 227-232

S- Editor Tian L L- Editor NegroF E- Editor Lin YP

www.wjgnet.com



