Deepak Parakkal and Eli D. Ehrenpreis

Introduction

Despite advances in the delivery of pelvic radio-
therapy, radiation exposure to the small and large
intestines, as “innocent bystanders,” remains a
significant dose-limiting factor. The gastrointes-
tinal (GI) tract is the most prominent organ devel-
oping chronic toxicity associated with radiation
treatment. Conservative estimates of the number
of patients with postradiation intestinal dysfunc-
tion living in the United States of America ex-
ceed 1 million and likely approaches 2 million
persons [1]. In this chapter, we discuss evolving
therapeutic options for treatment of acute and
chronic radiation injury to the GI tract divided
anatomically between the intestines (small and
large) and the rectum (and anus) followed by a
discussion of preventive strategies.
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Intestinal Involvement: Enteropathy
and Colopathy

Acute Radiation Enteropathy

The most common symptoms of acute radiation
enteropathy include diarrhea, abdominal cramp-
ing or pain, nausea and vomiting, anorexia, and
malaise. Most cases are self-limited, requir-
ing only supportive treatment with antidiarrheal
medications (loperamide, diphenoxylate with at-
ropine, other anticholinergic agents, and opioids),
sometimes in combination with antiemetic agents
(Table 15.1). Dietary modifications such as low-
fat, lactose-free diets have been recommended to
improve symptoms. A double-blind placebo-con-
trolled trial evaluated oral sucralfate (1 g six times
a day) in 70 patients with carcinoma of the pros-
tate or urinary bladder receiving pelvic irradiation.
Each patient received sucralfate 2 weeks after ra-
diation was started. Treatment was continued for
a total of 6 weeks. The study showed a decrease
in frequency and improvement in consistency of
bowel movements, as well as improved chronic
symptoms | year after completion of radiation
treatment [2]. Animal models have shown some
benefit of pretreatment with bile salts binders
such as cholestyramine. Rats received 4 g of
cholestyramine per day for 10 days followed by
1000 rads of mid-abdominal radiation. A signifi-
cant decrease in diarrhea was seen in the treat-
ed group (45%) compared to the control group
(67%, p<0.05) [3]. A double-blind, randomized
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Table 15.1 Medical management of radiation enteropathy
Acute radiation enteropathy
Antidiarrheal medications
Low-fat, lactose-free diets
Oral sucralfate
Oral cholestyramine
Acetylsalicylate
Parental fluids
Chronic radiation enteropathy
Low-residue lactose-free diet
Total parenteral nutrition
Antidiarrheal medications
Antibiotics
S5—Aminosalicylates
Hyperbaric oxygen therapy

trial was performed to evaluate anti-inflammatory
agents (acetylsalicylate) in 28 women receiving
pelvic radiation for uterine cancer. A significant
reduction in the number of bowel movements was
seen in the treated group (78.6% decreased vs
21.4% decreased, p<0.004). There was complete
reduction in colicky abdominal pain (»<0.001),
and flatulence (p<0.03) was seen in the treat-
ment group compared while no reduction of these
symptoms occurred in the controls [4].

Administration of parenteral fluids and elec-
trolytes may be helpful to prevent and treat
dehydration.

Chronic Radiation Enteropathy

Minimizing small intestinal exposure to radiation
is paramount in avoiding chronic radiation enter-
opathy. However, once established, recommend
treatment for patients with chronic radiation
enteropathy that is not complicated by intesti-
nal obstruction, perforation, or fistula formation
is usually conservative and focused on relief of
symptoms. Some therapeutic options are dis-
cussed below and are shown in Table 15.1.
Nutritional management—Vitamin and mi-
cronutrient deficiencies need to be corrected. A
low-residue diet is often advised as even nor-
mal portions of foods with moderate-high fiber
content may worsen diarrhea and urgency [5].
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Lactose intolerance, secondary to small intesti-
nal injury as well as bacterial overgrowth, may
improve following antibiotic treatment (de-
scribed below) and avoidance of lactose [1].
Total parenteral nutrition (TPN) is a mainstay
of the medical therapy for patients with severe
chronic radiation enteropathy and patients requir-
ing intestinal resection. The application of TPN
has approximately the same degree of success
seen in other intestinal disorders [6]. In the larg-
est study of this modality to date, 54 patients (39
women and 15 men) with radiation enteropathy
who received home TPN were evaluated. TPN
was initiated at a median of 20 months (range
2-432) after beginning radiation therapy [7].
The causes of intestinal failure resulting from ra-
diation therapy in these patients were intestinal
obstruction (27 patients), short bowel syndrome
[17], malabsorption [5], enteric fistulas [3],
and dysmotility [2]. The mean duration of TPN
was 20.4 months (range 2—108 months) with an
overall estimated probability of 5-year survival
of 64 %. Another study compared the long-term
outcome of 30 patients with radiation-induced
intestinal obstruction treated either surgically (17
patients) or with intestinal rest and home paren-
teral nutrition (13 patients) [8]. Nutritional auton-
omy and 5-year survival were 100% and 90 %,
respectively, in the home TPN group versus 59 %
and 68 %, respectively, in the surgically treated

group.



15 Medical Management of Radiation Effects on the Intestines

Intestinal Dysmotility

Use of antidiarrheal agents (such as loperamide)
can help improve diarrhea if stricturing and
obstruction of the bowel have been ruled out.
The efficacy of loperamide was evaluated in a
trial involving 18 patients with diarrhea second-
ary to chronic radiation enteropathy. The par-
ticipants were randomly assigned to loperamide
or placebo for 14 days separated by a 14-day
washout period, followed by a crossover [9].
Loperamide was associated with a significant
reduction in the frequency of bowel movements,
slower intestinal transit as measured using radio-
opaque markers, and improved absorption of
bile acids [9].

Small Intestinal Bacterial Overgrowth
(SIBO)

Patients with chronic radiation enteropathy are
at risk for SIBO. Some have suggested testing
for bacterial overgrowth and using antibiotics
to reduce symptoms in those patients that test
positive [1]

Other Therapeutic Options

5-Acetylsalicylic acid (ASA) drugs—A case
study of four patients with chronic radiation
enteropathy suggested a possible benefit from
sulfasalazine with or without oral prednisone.
Positive effects were evidenced by both radio-
graphic as well as clinical improvement in stool
frequency [10].

Hyperbaric oxygen—Hyperbaric oxygen
(HBO) therapy has been used to treat chronic
radiation enteropathy. Its beneficial effects have
been attributed to inhibition of small intestinal
bacterial growth [11], and decreased bacterial
toxin production [12]. Other possible mecha-
nisms include the production of an oxygen gra-
dient within a hypoxic tissue bed that stimulates
neovascularization, improving the blood supply,
and reversing ischemia and necrosis responsible
for severe complications [13]. The beneficial
effect of HBO in chronic radiation enteropathy
was first published as a case report of a patient
who received 20 treatments over 1-month pe-
riod with objective improvements in symptoms
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and absorption of D-xylose [14]. HBO was also
noted to be useful in treating a patient with se-
vere hypomagnesemia secondary to radiation
enteropathy [15]. A retrospective study of 36
patients with severe radiation enteropathy re-
fractory to medical management was performed.
Patients received an average of 67 sessions of
HBO at 2.5 atmospheres. Improvement of clini-
cal signs and symptoms (wound healing, rec-
tal bleeding, profuse diarrhea, and/or recurrent
anal abscess) was reported in two-thirds of the
patients [16].

HBO may also be helpful in management
of bleeding due to chronic radiation enteropa-
thy not controlled with other measures such as
laser therapy and formalin [17]. In a large clini-
cal series of 65 consecutive patients with chronic
radiation enteropathy (primarily manifested as
chronic bleeding), an initial treatment with 30
consecutive daily treatments of HBO was given
at 2.36 atmospheres. The response rate (defined
as a greater than 50% reduction of bleeding),
was 70%. Response for other symptoms (pain,
diarrhea, weight loss, fistula, and obstruction)
was 58% [18]. There are a number of studies
demonstrating the beneficial effects of HBO for
radiation proctopathy as described later in this
chapter.

Several issues are associated with the use of
HBO in this setting. Equipment needed for HBO
is expensive and requires the local availability of
specialized centers. Side effects of HBO thera-
pies are usually mild and reversible but can be
severe and life threatening [19]. In general, if
pressures do not exceed 300 kPa and the length
of treatment is less than 120 min, HBO therapy
is considered to be safe. Reversible myopia, due
to oxygen toxicity to the lens, the commonest
side effect, occurs in up to 20 % of patients [19].
Symptomatic otic barotrauma (that is reversible)
occurs in 15-20% of patients and pulmonary
symptoms are present in 15-20%. Severe cen-
tral nervous system symptoms such as seizures
are seen in 1-2% of treated patients. These do
not typically result in permanent structural brain
damage [19].
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Fig.15.1 Endoscopic appearance of a patient with chron-
ic radiation colopathy and lower gastrointestinal bleeding

Large Intestine

Specific treatments for large intestinal injury or
colopathy (not including the rectum) have not
been determined in clinical trials. Symptomatic
management for acute colopathy with antidiar-
rheal agents is recommended. Management of
chronic colopathy at this point is similar from a
clinical standpoint to the management of chronic
radiation proctopathy and is covered in the next
section. These treatments are often directed at re-
ducing bleeding from colonic telangiectasias (see
Fig. 15.1)

Rectum
Acute Radiation Proctopathy

Treatment of acute radiation proctopathy gen-
erally is directed at symptomatic relief. Topical
lignocaine preparations may have a soothing
effect for anorectal irritation, and loperamide
will reduce stool, frequency, and tenesmus [1].
When inflammatory symptoms such as ano-
rectal urgency and tenesmus are severe, use of
corticosteroid-containing suppositories has been
suggested [1]. Butyrate enemas may work to ac-
celerate healing in acute radiation proctopathy. In
a randomized, double-blind, crossover protocol,
20 patients (11 male and 9 female) presenting

with acute radiation proctopathy within 3 weeks
of radiation therapy for malignant pelvic disease
were treated for 3 weeks each with topical sodi-
um butyrate or saline enemas [20]. Patients were
assessed clinically, endoscopically, and histolog-
ically before entry to the study, at week 3, and
at the end of the study. Topical butyrate, led to
remission of symptoms. This effect was not seen
in the saline group. Clinical scores decreased
from 8.2 (SE 1.6) to 1.5 (0.7) in the butyrate-
treated group but no change was seen in the
saline-treated group (clinical score 7.9 (SE 1.8)
to 8.1 (3.4)). Furthermore, crossover resulted in
eight out of nine of the patients treated previously
with placebo going into remission. Three patients
previously treated with butyrate relapsed when
switched to saline enemas.

Another study prospectively evaluated 31
patients with radiation-induced acute grade II
proctopathy (increased stool frequency, bleed-
ing, mucus discharge, rectal discomfort requir-
ing medication, or anal fissure) per Common
Toxicity Criteria (CTC) [21]. Twenty-three of 31
patients (74 %) experienced a decrease of CTC
grade within 8 days of treatment with sodium
butyrate enemas. A statistically significant de-
crease in the incidence and severity (CTC grade)
of proctopathy after 14 days of butyrate enema
treatment and at the end of the treatment course
with radiation (compared to before the start of
treatment) was seen. There was no preventive
effect on the incidence and severity of chronic
radiation proctopathy.

Chronic Radiation Proctopathy

Two forms of symptoms of chronic radiation
proctopathy occur, based on the pathophysiol-
ogy of the disease. Rectal bleeding occurs from
mucosal telangiectasias and ulcerations while
chronic functional symptoms including urgen-
cy, tenesmus, and pain are due to loss of rectal
compliance. At present, most of the literature on
treatment of radiation proctopathy has focused
on reduction of bleeding, leaving few therapeutic
options for patients with functional symptoms.
In addition, failure to recognize the importance
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Table 15.2 Medical management of chronic radiation proctopathy

Nonendoscopic management
Sucralfate (rectal administration, oral has less evidence)

Oral metronidazole (in combination with oral 5-aminosalicylates and corticosteroid enema)

Oral vitamin E and C in combination (weak evidence)
Oral retinyl palmitate (vitamin A)

Hyperbaric oxygen therapy

Formalin (dab technique or instillation in rectum)

Short chain fatty acid enemas (weak evidence for long-term management)

Oral 5-aminosalicylate (in combination with corticosteroid enemas)

Endoscopic management

Argon laser

Nd:YAG laser

Bipolar electrocoagulation

Heater probe electrocoagulation

Argon plasma coagulation

Cryoablation

Nd:YAG neodymium-doped yttrium aluminum garnet

of these functional symptoms in patients has re-
sulted in an underestimation of the prevalence
of symptomatic chronic radiation proctopathy.
Natural history studies suggest that in patients
with low-grade rectal bleeding, 35% stopped
bleeding spontaneously by 6 months [22]. In
contrast, patients whose symptoms are more
severe requiring frequent blood transfusions or
are predominantly pain and bowel dysfunction,
do not have such a favorable prognosis and re-
quire treatment.

A systematic review of nonsurgical interven-
tions for chronic radiation proctopathy (updated
in 2009) analyzing nine randomized controlled
trials and one phase II study found insufficient
data to make firm conclusions regarding any
therapy for either bleeding or functional symp-
toms [23]. Some treatments (e.g., rectal sucral-
fate, metronidazole combined with topical anti-
inflammatory treatment, and heater probe appli-
cation) were reported to appear promising. Short
chain fatty acid enemas were reported to be no
more effective than placebo (n=2 studies). Heat-
er probe compared to the use of bipolar electro-
cautery (n=1 study), showed no discernible dif-
ferences in severe bleeding after 1 year, but was
associated with a greater increase in the hemato-
crit and reduced transfusion requirements. Other
modalities identified included the use of HBO

and retinyl palmitate. All of these therapeutic
options are discussed below in detail including
nonendoscopic medical options and endoscopic
approaches (see Table 15.2).

Nonendoscopic Medical Management

Sucralfate—Sucralfate may play a role in ulcer
healing by promoting angiogenesis mediated via
its interaction with basic fibroblast growth fac-
tor (bFGF) and increasing mucosal glutathione
[24]. A prospective, double-blind trial evalu-
ated 37 patients with chronic radiation-induced
proctosigmoiditis, compared a 4-week course of
either 3.0 g oral sulfasalazine plus 20 mg twice
daily rectal prednisolone enemas versus 2.0 g
twice daily rectal sucralfate enemas plus oral pla-
cebo [25]. The groups were evaluated clinically
using a composite score for diarrhea, bleeding,
and tenesmus classified into three grades: I (<2
points), I (3—4 points), or III (=5 points) and
used endoscopic criteria of developed by Gilin-
sky et al.: mild/grade I (erythema=+telangiecta-
sia, edema, thickening, pallor), moderate/grade
I (above plus friability), or severe/grade III
(ulceration+necrosis). Although clinical and en-
doscopic improvement was noted in both groups,
the clinical response was better for sucralfate en-
emas. These were also better tolerated. Another
study conducted by the same authors evaluated
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longer duration of therapy with sucralfate en-
emas in 26 patients with moderate-to-severe
radiation proctosigmoiditis [26]. Patients were
treated with sucralfate enemas (20 mL of a 10%
suspension twice daily) until bleeding stopped or
failure of therapy was acknowledged. Severity of
rectal bleeding was graded as severe (=15 bleed-
ing episodes per week), moderate (8+14 epi-
sodes per week), mild (2+7 episodes per week),
negligible (0+ 1 episode per week), or normal (no
bleeding). Response to therapy was considered
to be an improvement in the severity of bleeding
by two grades. Rectally administered sucralfate
achieved good response in 20 (76.9 %) patients at
4 weeks, 22 (84.6 %) patients at 8 weeks, and 24
(92.3%) patients at 16 weeks (P<0.01).

Successful treatment with oral sucralfate
was initially reported in a case series involv-
ing three cases of hemorrhagic chronic postra-
diation proctopathy. All patients demonstrated
decreased bleeding in the long-term follow-up
period [27].

Metronidazole—The effectiveness of met-
ronidazole in combination with corticoste-
roids enema and mesalazine was evaluated in
a randomized study involving 60 patients with
chronic radiation proctopathy (bleeding and diar-
rhea) [28]. Patients were divided into two equal
groups and treated with mesalazine (3 g orally
per day) and betamethasone enema (once a day)
with or without metronidazole (1200 mg orally
per day). The groups were compared for both
clinical symptoms (diarrhea and rectal bleeding,
with scores between 0 and 3) and rectosigmoido-
scopic findings (rectal erythema, ulcers, and/or
telangiectasias). The incidence of diarrhea and
rectal bleeding was significantly lower in the
metronidazole group at 4 weeks, 3 months, and
12 months, respectively. Similarly, endoscopic
findings of erythema and mucosal ulcers were
also lower in the metronidazole group at 4 weeks
after treatment.

Vitamins—The antioxidant vitamins E and
C have been postulated to prevent tissue dam-
age in radiation injury and ischemia/reperfusion
injury. Twenty consecutive symptomatic outpa-
tients with endoscopically documented findings
of chronic radiation proctopathy following pelvic
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radiotherapy were given a combination of vitamin
E (400 IU tid) and vitamin C (500 mg tid) for a
minimum of 4 weeks [29]. A significant (p<0.05)
improvement was reported in a symptom index
(before vs after treatment with vitamins E and C)
for bleeding (median score: 4 vs 0), diarrhea (me-
dian score: 5 vs 0), and urgency (median score: 6
vs 3), but not rectal pain. Since the study had a
poor follow-up, a control group was absent, and
the fact that these vitamin doses may predispose
to toxic side effects, these findings need confir-
mation with a controlled trial.

Vitamin A (retinyl palmitate) has been dem-
onstrated to accelerate wound healing after burn
injury and surgeries in laboratory animals, pos-
sibly secondary to increased cross-linking of
collagen and myofibrils. In the only controlled
trial performed to evaluate patients with func-
tional symptoms of radiation proctopathy, our
group investigated retinyl palmitate 10,000 IU by
mouth for 90 days in randomized, double blind
placebo-controlled trial in 19 patients (ten with
retinyl palmitate and nine with placebo). Symp-
toms were scored using a novel scale termed
the Radiation Proctopathy System Assessments
Scale (RPSAS) [30]. Symptoms measured for
severity and frequencies using the RPSAS were
diarrhea, rectal urgency, rectal pain, difficulty
initiating evacuation, rectal bleeding, and fecal
incontinence. The severity of symptoms was
scored from 1 to 5 while frequency was scored
from 0 to 5. Seven of ten retinyl palmitate pa-
tients responded, whereas two of nine responded
to placebo (P=0.057). The mean pre- and post-
treatment change in RPSAS was 11+5 in the
retinyl palmitate group and 2.5+3.6 in the pla-
cebo group (P=0.013). Additionally, all five
placebo nonresponders who were crossed over
to treatment with retinyl palmitate responded to
treatment.

Hyperbaric oxygen—A potential role for HBO
has been described in an observational study in-
volving 27 patients with chronic radiation proc-
topathy secondary to pelvic radiotherapy for
prostate cancer [31]. Patients received HBO at a
pressure of 2.4 atmospheres absolute for 90 min
5-7 days weekly for an average of 36 sessions
(range 29-60). Overall 67% of patients had
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a partial to good response; while 33 % showed
no response or disease progression. A random-
ized, sham controlled, double-blind crossover
trial evaluated 120 patients with chronic radia-
tion proctopathy, randomized to receive to HBO
at 2.0 atmospheres absolute (Group 1) or air at
1.1 atmospheres absolute (Group 2) [32]. The
primary outcome measures were the late effects
normal tissue subjective, objective, management,
analytic (SOMA-LENT) score and standard-
ized clinical assessment. For Group 1, the mean
SOMA-LENT score was lower (p=0.0150) and
the amount of improvement nearly twice as great
(5.00 vs 2.61, p=0.0019) as Group 2. Similarly,
Group 1 also had a greater portion of respond-
ers per clinical assessment than did Group 2
(88.9% vs 62.5%, respectively; p=0.0009).
After completion of the crossover, no differences
were detected (p=0.6594). The authors con-
cluded that HBO therapy significantly improved
the healing responses in patients with refractory
radiation proctopathy, generating an absolute risk
reduction of 32 % (number needed to treat of 3)
between the groups after the initial allocation.
Adverse events associated with HBO therapy
described in this study included ear pain in 19
patients (16 %), transient myopia in four (3 %),
and confinement anxiety in two (1.7 %) patients.

Formalin—Formalin is a mixture containing
formaldehyde and methanol. The rationale for its
use in chronic radiation proctopathy presenting
with bleeding is that formalin-induced denatur-
ation of proteins cause local chemical cauter-
ization of telangiectatic mucosal vessels [33].
Application of formalin has been described in
various studies either by “dabbing” it on to bleed-
ing and telangiectatic spots on the rectal mucosa
with a pledget of formalin-soaked gauze or cot-
ton-tip applicator, or by “instilling” the solution
in single or multiple aliquots into the rectum.
The volume of formalin aliquots per installation
and total volume (between 250 and 2000 mL) re-
ported has been variable. While most studies of
dab and instillation methods have used 4 % for-
malin, one of the studies utilized a 10 % formalin
dab [34]. Aside from endoscopic flushing and
removal of residual formaldehyde with saline,
protection of the anoderm is advised. Intrarectal

Fig.15.2 Sigmoidoscopic view of severe formalin colop-
athy

formalin therapy, particularly using the instil-
lation technique is associated with significant
morbidity including rectal strictures, intractable
anal fissures, and the development of formalin
colopathy (Fig. 15.2).

In a prospective study, 33 patients with chron-
ic radiation proctopathy received treatment with
4% formalin using the “dabbing” technique [33].
One application was performed in 23 patients
while ten patients required a second application
because of the persistent bleeding. The treatment
was effective in 23 cases (70 %): 13 patients with
complete cessation of bleeding and ten patients
with residual minor bleeding. The study reported
morbidity secondary to the application with six
anal or rectal strictures, four of whom had been
treated for anal cancer. These were all success-
fully managed with dilation. Additionally, fecal
incontinence worsened in 5 of the 11 patients
who had received radiation therapy for anal
cancer (45%) and occurred in 4 of the 22 other
patients (18%). The authors emphasized con-
cerns about local morbidity with this technique.
Another study (n=100) investigated the direct
application of a 10% buffered formalin solution
using a 16-inch cotton tip applicator [34]. Over-
all, 93% of patients had cessation of bleeding
after an average of 3.5 formalin applications at
2-week to 4-week intervals. Of note, this study
only had a 4% complication rate (three patients
with anal pain and one patient with postprocedure
dizziness).
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Formalin instillation technique involves ad-
ministration of small aliquots of about 40—-60 mL
each, up to a total to 500 mL, with a dwell time
in the rectum usually of 30 s. This method is
usually performed in the operating room, using
a perianal block and sedation, with perianal skin
and sigmoid colon protection. The largest study
of formalin instillation evaluated 20 female pa-
tients with hemorrhagic chronic radiation proc-
topathy who had failed treatment with topical
steroids and/or mesalazine [35]. The study uti-
lized 500 mL of 4% formalin instilled into the
rectum in 50-mL aliquots. While the study had an
overall success of 90 %, five patients (25 %) had
moderate pelvic pain after instillation and one
developed rectosigmoid colon necrosis that re-
quired resection plus a Hartmann procedure. Two
patients developed rectovaginal fistulas that re-
quired a colostomy. One of these further required
an abdominoperineal resection en bloc with the
posterior wall of the vagina due to pelvis sepsis.
Larger volumes and longer dwell times have also
been associated with toxic levels of formic acid
in the blood [36]. These adverse consequences of
the formalin instillation technique suggest that
this method should be abandoned except per-
haps in cases of extensive rectosigmoid involve-
ment not amenable to Argon Plasma Coagulation
(APC) or formalin dab technique.

Short-chain fatty acid enemas—Short-chain
fatty acid (SCFA) enemas may be effective in the
short-term management of chronic hemorrhagic
radiation proctopathy by inhibiting the inflam-
matory response including the NF-kB pathway. A
prospective, randomized, double-blind, placebo-
controlled trial evaluated treatment with SCFA
enema (60 mM sodium acetate, 30 mM sodium
propionate, and 40 mM sodium butyrate) in 19
patients with ongoing hemorrhage secondary to
chronic radiation proctopathy [37]. Study end-
points included changes in the number of days
in the week with rectal bleeding, hemoglobin
measurements, endoscopic score (hyperemia and
neovascularization), friability, edema and ero-
sions. After a 5-week treatment period, the SCFA
enema group showed a significant decrease in the
number of days with rectal bleeding from the pre-
vious week (4.4+/—1.8 to 1.4+/-2.2; P=0.001)
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and an improvement of their endoscopic scores
(4.8+/-1.4 to 2.2+/-1.2; P=0.001). However,
after a 6- month follow-up, differences between
the two groups were no longer observed.

Pentosan polysulfate—Pentosan polysulfate
(PPS) a glycosaminoglycan, is a semisynthetic
sulfated polyanion with heparin-like proper-
ties shown to be effective in treating radiation-
induced sequelae of the bladder. A multicenter
phase III study was performed. Fifty-seven pa-
tients received 100 mg PPS three times per day,
53 patients who received 200 mg PPS three times
per day and 59 patients that received placebo [38].
Response to the treatment was measured as ei-
ther complete or partial. Quality of life endpoints
were measured using both a symptom assessment
questionnaire, the Functional Alterations Due to
Changes in Elimination, as well as general quality
of questionnaires—the Medical Outcomes Survey
and the Spitzer Quality of Life Index. The study
failed to show any differences in response rates
or quality of life measures compared to placebo.

Sulfasalazine and aminosalicylates—An ini-
tial pilot study of oral aminosalicylate in four
patients with chronic radiation enteropathy and/
or colopathy showed striking clinical progress
accompanied by improvement in radiological
appearance [10]. However, another pilot trial
evaluating 5-aminosalicylic acid enemas in
four patients with chronic radiation proctopathy
failed to show any sustained benefit in symptoms
(bleeding, pain, or tenesmus) or degree of muco-
sal inflammation on follow-up sigmoidoscopies
[39]. A prospective, double-blind trial comparing
sucralfate enema plus placebo to 3.0 g sulfasala-
zine and 20 mg twice daily rectal prednisolone
enemas, showed significant clinical and endo-
scopic improvement in the 15 patients receiving
sulfasalazine and prednisolone at 4 weeks [25].

Hormonal therapy—A single case report de-
scribed the use of estrogen-progesterone com-
bination therapy (ethinyl estradiol 0.07 mg/day,
norethisterone 1 mg/day) in a patient with hem-
orrhagic chronic radiation proctopathy, with re-
duction in the requirement for blood transfusions
and hospitalizations [40]. However, the therapy
has been associated with serious side effects in-
cluding thromboembolism.
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Endoscopic Management of Bleeding
Because rectal bleeding in chronic radiation
proctopathy is primarily due to the presence of
mucosal telangiectasias that are fragile and prone
to hemorrhage, a variety of endoscopic methods
have been used to obliterate these vessels.

Lasers—Argon and neodymium-doped yt-
trium aluminum garnet (Nd:YAG) lasers have
been used to coagulate bleeding angiodysplasias
in chronic radiation proctopathy. The potential
benefit of Nd:YAG lasers were shown in a study
from Mayo Clinic of 47 patients with hemor-
rhagic chronic radiation proctopathy despite
previous medical treatment (98 %) or bypass co-
lostomy (6 %) [41]. The median number of laser
sessions was two (one to nine). Within a 3—6-
month period after laser treatment, the number
of patients with daily hematochezia decreased
significantly (85-11%; p<0.001), and the medi-
an hemoglobin level increased from 9.7 g/dL to
11.7 g/dL (p<0.001). Six patients (12.8 %) were
not improved by laser treatment and two (4 %)
ultimately required surgical treatment for bleed-
ing control. No deaths were reported. However,
three patients (6 %) developed complications in-
cluding a patient with a rectovaginal fistula re-
quiring rectosigmoid resection with end sigmoid
colostomy.

Experience with argon laser has been pub-
lished in a smaller study of 14 patients with
bleeding from chronic radiation proctopathy
[42]. A total of 51 procedures were described
with a median of three procedures performed
per patient, with two sessions required for initial
control of bleeding. Ten patients (71 %) required
maintenance therapy with mean interval between
maintenance sessions of 7 months. No immediate
or late complications were reported in the study.

Bipolar and heater probe electrocoagula-
tion—Bipolar and heater probe electrocoagula-
tion (BiCap) are other endoscopic modalities that
have been used in the treatment of hematochezia
secondary to chronic radiation proctopathy that
are widely available and inexpensive compared
to lasers. The efficacy and safety of bipolar or
heater probe endoscopic coagulation was evalu-
ated in a prospective, randomized trial involving
21 patients with chronic recurrent hematochezia
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and anemia (after 12 months of medical therapy
with corticosteroid or salicylate enemas) due
to radiation-induced injury [43]. Patients were
treated with either BiCap or heater probe therapy
as needed. Rectal bleeding stopped within four
treatment sessions. Compared to the 12 months
of medical therapy, severe bleeding episodes di-
minished significantly for bipolar probe (75 % vs
33%) and heater probe therapy (67 % vs 11 %).
Mean hematocrit also rose significantly with both
bipolar (38.2 vs 31.9) and heater probe (37.6 vs
28.4) treatments. Additionally, no serious com-
plications were reported in the study.

Argon plasma coagulation—APC is a non-
contact thermal coagulation procedure, in which
electrical energy is transferred to the target tis-
sue using ionized argon gas (argon plasma).
Inert argon gas is pumped at a specified flow
rate through a probe passed through the endo-
scope channel. The gas gets ionized by a high
voltage current (earthed) producing thermal
energy that heats the surface in a uniform man-
ner to a depth of around 0.5-3 mm [44]. Thus,
this technique coagulates superficial blood ves-
sels without damaging deeper tissues or causing
perforation.

APC causes regression of bleeding in 80—90 %
of the cases and improves diarrhea and tenesmus
in 60 =75 % of cases [44]. APC treatment, when
available, represents the safest and most effec-
tive thermal contact method for chronic radiation
proctopathy. However, it generally requires more
than one treatment session to decrease or prevent
bleeding. Table 15.3 shows all published stud-
ies on APC for chronic radiation proctopathy.
In a study by Swan et al. [56], 50 patients with
chronic radiation proctitis, 17 (34%) patients
with grade A endoscopic severity, 23 (46%)
grade B, and 10 (20%) grade C, received APC
treatment. APC was applied at an average power
of 50 W with flow rates between 1.4 and 2.0 L/
min. The mean number of treatments required
was 1.4 (range 1-3) with a 98% success rate.
This included improvement in bleeding scores in
all patients (P<.001). Complications were main-
ly short term and resolved spontaneously in 17
(34%) patients (proctalgia in 13 patients, rectal
mucous discharge in 4, incontinence in 1, fever
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Table 15.3 Overview on argon plasma coagulation (APC) use in chronic

Authors (year) (Ref.) N Requiring transfusion Settings (L/min) Mean no. of ~ Success
(%) APC sessions rate (%)
Silva et al. (1999) [45] 28 53 S50 W 1.5 29 93
Fantin et al. (1999) [46] 7 — 60 W 3.0 24 100
Tam et al. (2000) [47] 15 20 60 W 2.0 2.0 100
Kaassis et al. (2000) [48] 16 19 40 W 0.6 3.7 100
Tjandra & Sengupta (2001) [49] 12 33 40W 1.5 2.0 83
Taieb et al. (2001) [50] 11 64 50 W 0.8-2 3.2 100
Villavicencio et al. (2002) [51] 21 19 45-50 W 1.2-2 1.7 95
Zinicola et al. (2003) [52] 14 21 65W 2.0 1.7 86
Canard et al. (2003) [53] 30 17 30+80 W0.8+2.0 2.3 87
Ben—Soussan et al. (2004) [54] 27 30 40+50 W 0.8+1.0 2.66 92
Karamanolis et al. (2009) [55] 56 16 40W 2 2 89
Swan et al.(2010) [56] 50 - S50 W 1.4-2 1.4 98
Lopez-Arce et al. (2010) [57] 19 26.3 40+50 W 1-1.5 1.5 100
Sato et al. (2011) [58] 65 18.8 40W 1.2 2.1 98.5

L liter, W watts

in one, and bleeding in 1 patient). One patient
had an asymptomatic rectal stricture on subse-
quent screening colonoscopy that did not require
dilation.

Sato et al. [58], studied 65 patients with chron-
ic radiation proctopathy over a 10-year period.
Seven patients (10.8%) had grade A (mild), 41
(63.1%) had grade B (moderate), and 17 (26.2 %)
had grade C (severe) proctopathy. The study uti-
lized APC at 40 W current, 1.2-L/min gas flow
rate, and 2-s applications. The treatment suc-
cess rate was 98.5 % after an average of 2.1 APC
sessions. The median clinical score for rectal
bleeding was significantly decreased after APC
(P<0.0001), and the hemoglobin level was sig-
nificantly increased (P<0.0001). Importantly,
APC was well tolerated, with no serious side ef-
fects or complications. In the follow-up period,
only 4 patients (6.3 %) had minor recurrent rectal
bleeding and 60 (93.8 %) remained in remission.

The most common procedure-related symp-
tom is of anal or rectal pain which is mild and
self-limiting [44]. It is most likely to occur fol-
lowing APC treatment near the dentate line.
Major complications from APC are rare. The
frequency of perforation was 0.27% in a study
of 1062 patients [59]. Colonic explosion is an-
other rare but preventable complication of APC,
with seven published case reports involving eight
patients in nine separate incidents of colonic

explosion reported. Four of these occurred during
treatment of chronic radiation proctopathy [60].
Bowel preparation with an oral polyethylene
glycol-based preparation is essential before per-
forming an APC to prevent these explosions and
should also be used for any follow-up APC proce-
dures in the same patient [60]. Treatment-related
ulcers are seen in 52 % of the patients. One inves-
tigator has suggested avoiding these ulcer sites
during repeat APC sessions [61]. Our practice is
to discontinue APC in the setting of deep rectal
ulcerations. These patients may be candidates for
carefully applied formalin dab therapy if ongoing
bleeding from remaining telangiectasias occurs
or HBO treatments if ulcers are symptomatic and
do not heal. Clinically, retinyl palmitate probably
also has a role in these patients. APC treatment
around radiation-induced rectal strictures may
worsen the severity of the stricture as the treated
mucosa heals and hence may be inappropriate in
this setting. Rectovaginal fistulas have also been
reported as a rare and late complication of APC
in this patient group [44].
Cryoablation—Cryoablation is a technique
involving noncontact application of liquid nitro-
gen or carbon dioxide gas to tissue for superficial
ablation that has been used in the treatment of
esophageal high-grade dysplasia and early cancer.
A recent prospective case-series pilot study as-
sessed response and tolerability to cryo-ablation
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Table 15.4 Pharmacological methods for prevention of radiation enteropathy and proctopathy
Regimen Mechanism Clinical trial
Amifostine Active metabolite WR-1065 scavenges radiation-induced free radicals Yes
5-Aminosalicylates Anti-inflammatory Yes
Octreotide Reduced secretion of pancreatic enzymes No
Selenium Antioxidant role via increased biosynthesis of the different glutathione Yes
peroxidase and thioredoxin reductase isozymes
Prostaglandin E2 analogs Trophic effect on enterocytes No
Sucralfate Angiogenesis mediated via bFGF and increased mucosal glutathione No
Glutamine Trophic to enterocytes No

TGF-beta type I recep-

tor fusion protein induced fibrosis

therapy in ten patients with chronic radiation
proctopathy [62]. Endoscopic severity (measured
by rectal telangiectasia density) improved from
2.7 to 1.7 (P=0.004). Overall subjective clinical
scores on RPSAS (scale described previously)
improved from 27.7 to 13.6 (P=0.003). One
complication of cecal perforation due to gaseous
over-distention decompression tube failure was
seen. Additional controlled trials to establish the
safety and efficacy of cryoablation are advised.

In patients with mild symptoms of obstructive
defecation from chronic radiation proctopathy,
stool softeners have been recommended. If these
are not helpful, balloon or Savary-Gilliard dila-
tion may be effective in patients with obstructive
symptoms from distal colonic strictures that are
short and are present in nonangulated areas of the
colon or rectum [63]

Prevention

Apart from improvements in the radiation tech-
nique and dosing, a number of other preventive
strategies to decrease the incidence and severity
of chronic radiation proctopathy have been in-
vestigated (Table 15.4). One of the major con-
cerns in this field is the development of agents
that are radioprotective to normal tissue without
directly enhancing tumor activity or diminishing
the effects of radiation therapy.

bFGF basic fibroblast growth factor, TGF
transforming growth factorAmifostine—Ami-
fostine is a prodrug that undergoes intracellular

Modulation of fibrogenic cytokine TGF-beta type I involved in radiation- No

dephosphorylation by alkaline phosphatase to
the active metabolite WR-1065. It appears to be
selective in its entry in nonmalignant cells and
attenuates cell injury from radiation by scav-
enging of radiation-induced free radicals [64].
It is one of the most thoroughly studied radio-
protective agents. Evidence for efficacy in the
reduction of acute radiation-induced GI toxicity
with monitoring for of tumor protective effects
was investigated in a prospective, randomized
trial of 205 patients with pelvic malignancies
[64]. The participants were randomized to re-
ceive radiotherapy with or without amifostine
(administered at 340 mg/m2 i.v., 15 min be-
fore radiotherapy). A significant reduction in
Radiation Therapy Oncology Group/European
Organization Research and Treatment of Can-
cer (RTOG/EORTC) grade 2-3 acute lower GI
tract toxicities occurred in the amifostine group
(p<0.05, weeks 3—7). More importantly, no sta-
tistically significant difference between the two
groups was observed in terms of response at 6
weeks after radiotherapy completion (complete
response plus partial response was 98.3% in the
amifostine arm vs 96.8 % in the control group).
Amifostine infusions were well tolerated, with
only moderate hypotension occurring in two pa-
tients and moderate nausea in one patient. No
long-term toxicities related to amifostine infu-
sion were reported during the follow-up period.
In another prospective, randomized trial of
100 patients with inoperable, unresectable, or re-
current adenocarcinoma of the rectum, patients
were randomized to receive radiotherapy with
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or without amifostine (340 mg/m? i.v., 15 min
before RT) [65]. No moderate or severe normal
pelvic tissue late effects were seen in the 34 eval-
uable patients in the amifostine group whereas 5
of 37 evaluable patients in the control group ex-
hibited late effects of moderate or severe degree
(P=0.03). More convenient and less expensive
routes of administration of amifostine have also
been tested. In a study by Kouloulias et al. [66],
patients were randomized to receive amifostine,
either as a 1500 mg dose in 40 mL enema (n=27)
or a 500 mg subcutaneous dose (n=26) before
irradiation. Intrarectal amifostine demonstrated
significantly lower incidence of RTOG/EORTC
grades I-II rectal radiation morbidity (11% vs
42%, p=0.04) 1-2 days after radiotherapy com-
pletion but had inferior results for urinary toxici-
ty (48 % vs 15%, p=0.03). Rectal amifostine was
well tolerated without any toxicity while World
Health Organization (WHO) Grade 1 nausea was
noted in three (11 %) of the patients who received
amifostine via subcutaneous route, lasting nearly
6 h after amifostine injection. Four patients (15 %)
in this group also complained of severe asthenia
(WHO Grades 2-3) that was cumulative, occur-
ring from the 4th to the 20th day of amifostine
injection. This symptom resulted in discontinua-
tion for 24 h until the symptoms of asthenia had
regressed. As a result of these and other trials, the
updated clinical practice guidelines developed by
the Mucositis Study Section of the Multinational
Association of Supportive Care in Cancer and the
International Society for Oral Oncology suggest
that amifostine in a dose>340 mg/m> may pre-
vent acute and chronic radiation proctopathy in
patients undergoing standard-dose radiotherapy
for rectal cancer [67].

Sulfasalazine and balsalazide —S5-Amino
salicylic acid may have a role in preventing or
reducing acute radiation proctopathy. Twenty-
seven prostate cancer patients receiving external
beam radiotherapy were administered 2.25 g of
balsalazide or an identical-appearing placebo
twice daily beginning 5 days before radiotherapy
and continuing for 2 weeks after completion [68].
A symptom index was calculated for individual
toxicity consisting of the toxicity’s numeric
grade multiplied by the number of days it was
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experienced, and summed throughout the course
of radiotherapy. All toxicities were lower with
balsalazide, with the exception of nausea and
vomiting seen in three patients on balsalazide
and two on placebo. Scoring of acute symptoms
showed statistical improvement, with a mean
proctitis index of 35.3 in balsalazide patients and
74.1 in placebo patients (p=0.04).

Results from controlled clinical trials evaluat-
ing mesalazine or sulfasalazine in the prevention
of acute radiation enteropathy have been dis-
cordant. In a randomized double-blind placebo-
controlled trial involving 87 patients receiving
pelvic radiotherapy, diarrhea occurred in 55%
and 86 % of the sulfasalazine and placebo groups,
respectively (P=0.001) [69]. However, another
randomized double-blind placebo-controlled trial
evaluating mesalazine in 153 patients receiving
pelvic radiotherapy failed to show an improve-
ment in diarrheal symptoms seen in 69% of
the mesalazine and 66 % of the placebo group,
P=0.22 [70]. Nonetheless, the European Soci-
ety for Medical Oncology guidelines for man-
agement of oral and GI mucositis published in
2009 recommends the use of 500 mg sulfasala-
zine orally twice daily to reduce the incidence
and severity of radiation-induced enteropathy in
patients receiving external beam radiotherapy to
the pelvis [71].

A number of other agents have been investi-
gated in animal models or preliminary clinical
studies. Pancreatic enzymes have been shown to
exacerbate acute intestinal radiation toxicity in
animal models [72]. Reducing pancreatic secre-
tion with a synthetic somatostatin receptor analog
such as octreotide was thought to be a strategy
that may confer a dose-dependent protection
against delayed small bowel radiation toxicity
and ameliorate radiation fibrosis predominant-
ly by reducing acute mucosal injury [73]. This
was evaluated in a randomized, double-blinded,
placebo-controlled trial of 125 patients receiving
pelvic radiotherapy. Patients were randomized to
receive octreotide (100 mcg, administered subcu-
taneously on day 1, followed by depot octreotide,
20 mg, administered intramuscularly on days
2 and 29; n=62) or to receive a placebo injec-
tion (n=63) [74]. Grade 0, 1, 2, and 3 diarrhea
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were observed in similar percentages of patients
in both groups (P=0.64). Some other symptoms
such as nocturnal bowel movements (70% vs
45%; P=0.004) and bleeding with bowel move-
ments (57 % vs 35%; P=0.01) were worse in the
octreotide arm. Hence, octreotide injection is not
recommended for prevention of diarrhea during
pelvic radiation therapy.

Selenium supplementation was studied in
a small multicenter phase III trial involving 81
patients receiving pelvic radiotherapy for uter-
ine and cervical cancer and with initial selenium
concentrations of less than 84 mcg/L [75]. The
participants were randomized before radiother-
apy to receive 500 mcg of selenium (sodium
selenite) by mouth on the days of radiotherapy
(n=39) and 300 mcg of selenium on the days
without radiotherapy or to receive no supple-
ment (n=42) during the radiotherapy. A signifi-
cantly lower incidence of CTC (version 2) Grade
2 or higher diarrthea was seen in the selenium
supplementation group compared with the con-
trol group (20.5% vs 44.5%; P=0.04). A larger
controlled trial to confirm these findings was
advised before definite recommendations can be
made for prophylactic selenium supplementation
to reduce acute radiation enteropathy.

Prostaglandin E2 and prostaglandin analogs
displayed initial promise in radiation protection in
animal studies [76]. However, in a phase III ran-
domized, placebo-controlled, double-blind study
of 100 patients who underwent radiotherapy for
prostate cancer, no differences were found in
proctitis symptom onset or duration. In addition,
significantly more patients receiving the prosta-
glandin analogue misoprostol experienced rectal
bleeding compared to placebo (p=0.03) [77]. Su-
cralfate has also been evaluated for prophylaxis
against acute radiation enteropathy and proctopa-
thy. A meta-analysis failed to show a beneficial
role for sucralfate either orally or as enema as a
prophylaxis for acute radiation proctopathy [78].
Additionally, a double-blind, placebo-controlled,
randomized trial evaluated 338 patients receiv-
ing definitive radiotherapy for prostate cancer
randomized to receive either 3 g of oral sucral-
fate suspension or placebo twice daily, failed to
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demonstrate a statistically significant reduction
in the incidence of late rectal toxicity in patients
randomized to receive sucralfate [79].

Enterotrophic strategies to increase the re-
sistance of the bowel to radiation injury and/or
enhance its capacity for recovery for protection
against radiation injury have focused on gluta-
mine. However, a phase III, randomized, dou-
ble-blind study, involving 129 patients failed, to
show any beneficial effect for glutamine given as
4 g orally, twice a day, beginning with the first
or second day of RT and continuing for 2 weeks
after RT. No difference was seen in diarrhea lev-
els (maximum CTC grade of diarrhea, incidence
of diarrhea, and average diarrhea score) [80]. Fi-
nally, preliminary animal models have identified
a putative role for modulation of the fibrogenic
cytokine transforming growth factor (TGF) beta
1 in ameliorating radiation enteropathy. Recom-
binant TGF-beta type II receptor fusion protein
has been shown to function as a “scavenger” of
active TGF-beta 1, thus suggesting a possible
future therapeutic tool. This remains an ongoing
area of investigation [81].
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