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Abstract Malignant neoplasms are increasingly prevalent in the daily clinical practice. Up to 61%
of patients with pelvic malignancies undergo pelvic radiotherapy in different doses,
which may cause intestinal damage, and the rectum is the segment most frequently
affected due to its fixed position in the pelvis. Currently, there are several strategies to
minimize the effects of radiation on the tissues surrounding the neoplastic site; despite
those strategies, radiotherapy can still result in serious damage to organs and
structures, and these injuries accompany patients throughout their lives. One of the
most common damages resulting from pelvic radiotherapy is acute proctitis.The
diagnosis is confirmed by visualizing the rectal mucosa through rigid or flexible
rectosigmoidoscopy and colonoscopy. The objective of the present study was to
review the forms of radiation-induced proctopathytherapy, and to evaluate the results
of each method to propose a standardization for the treatment of this pathology.
Despite the prevalence of radiation-induced proctopathy, there is no definitive
standardized treatment strategy so far. The first approach can be tried with local
agents, such as mesalazine and formalin. For refractory cases, control can usually be
achieved with argon plasma coagulation, hyperbaric oxygen, and radiofrequency
ablation therapies. Regarding the study of radiation-induced proctopathy, there is a
lack of robust studies with large samples and standardized therapies to be compared.
There is a lack of double-blinded, randomized controlled studies to determine a
definitive standard treatment algorithm.
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Introduction

Malignant neoplasms are increasingly prevalent in the daily
clinical practice. According to data from the Brazilian National
Cancer Institute (Instituto Nacional do Câncer, INCA, in Portu-
guese)1 on the estimated incidence of tumors by gender in
2020, themost common sites formalignant neoplasms among
men would be the prostate, the colon/rectum, and the respi-
ratory system. Among women, the most common neoplasms
would affect the breasts, the colon/rectum, and the cervix.

Considering these estimates, more than 65 thousand men
were expected to be diagnosed with prostate cancer, and
more than 16 thousand women were expected to be diag-
nosed with cervix cancer in Brazil in 2020.1 Both of these
neoplasms, of pelvic location, have radiotherapy as an im-
portant therapeutic strategy, as well as other urological,
gynecological and gastrointestinal neoplasms (of the blad-
der, uterus, rectum, and anus).2 Up to 61% of patients with
pelvic malignancies undergo pelvic radiotherapy in different
doses, whichmay cause intestinal damage, and the rectum is
the segment most frequently affected due to its fixed posi-
tion in the pelvis.3–6

Pelvic radiotherapy can be deliveredmainly by two routes:
brachytherapy or an external beam. In external beam radia-
tion, a linear accelerator is used to apply the radiation from
outside the body through a two- or three-dimensional plane.5

In brachytherapy, radiation is generated by implants placed on
the patient, and it has the advantage of providing a more
localized action with a lower incidence of injuries to adjacent
tissues. Currently, there are several strategies to minimize the
effects of radiation on tissues surrounding the neoplastic site,
such as better patient positioning and containment devices, in
addition to increasingly better technology for radiation gen-
erators.5 Despite those strategies, radiotherapy can still result
in serious damage to organs and structures, and these injuries
accompany patients throughout their lives.

It is estimated that 1.5 to 2 million patients who have
survived cancer suffer from dysfunctions of the gastrointes-
tinal tract due to radiation-induced injuries.5One of themost
commondamages resulting frompelvic radiotherapy is acute
proctitis. Late complications of pelvic radiotherapy also
include bleeding, anemia, strictures, fistulas, and anorectal
dysfunction, and they occur in up to 20% of the cases.7

Irradiation of the pelvic region, when in contact with the
rectum and distal sigmoid colon, can inducemucosal or even
transmural damage.5,8

The incidenceof radiotherapy-inducedproctitis varies from
5% to 20%,9,10 and depends on many factors, such as the
technique of application of the radiation and the dose used.
Typically, themaximumdose of radiation that iswell tolerated
by the colon and rectum is around 60 Gy, but, in some cases,
such as in cases of cervical cancer, the total dose can reach 85
Gy.5 There is a relationship between the dose of radiation and
the occurrence of proctitis. Doses lower than 45 Gy will rarely
cause any permanentdamage to the rectum,with theopposite
being observed with doses higher than 70 Gy.11 In addition to
the total dose of radiation, the dose per session, the technique,
and the number of treatment rounds are also essential to

assess the risk of complications associated with radiothera-
py.12 Other factors inherent to the patient or the proposed
treatment are also responsible for the increase in the incidence
of proctitis. The presence of previous vascular disease, diabe-
tes, and inflammatory bowel disease,5,13 and habits such as
alcohol consumption and smoking,5,13,14 as well as the com-
bination of chemotherapy and radiotherapy are some factors
associated with an increased risk of developing radiotherapy-
induced proctitis.

Radiotherapy-induced proctitis results from the effect
of radiation on the intestinal wall, with the mucosa and
submucosa being the most affected layers.16 The patho-
genesis of radiotherapy-induced proctitis has not been
fully elucidated yet.5 Pathological changes after irradiation
begin within hours.15 The radiation acts leading to cell
death and apoptosis due to damage to cell DNA, lipids, and
proteins.

The result is the occurrence of vascular sclerosis, obliterat-
ing arteritis, submucosal fibrosis, mucosal damage, and cellu-
lar infiltrate.6,16 The initial acute reaction occurs in the first
weeks of treatment, and late complications such as bleeding,
pain,diarrhea, andstenosiscanoccur years later.17Theaverage
timeuntil the onset of symptoms is usually 8 to 12months.6,18

The injurycausedby radiation in the rectumcanbe acute or
chronic.8 Radiotherapy-induced proctitis can be acutewhen it
occurs within 3 months after the beginning of the radiothera-
py, inwhich case it is usually self-limited (up to 6months) and
results fromdamage to the rectalmucosa.5,8,18,19 This phase is
characterizedmicroscopicallybythepresenceoferosionof the
lining epithelium and inflammatory infiltrate in the mucosal
and submucosal layers. In� 35%of patients, the symptoms are
mild and cease spontaneously without the need for any
treatment.19 Chronic proctitis (which, by definition, occurs
3 months after the beginning of the radiotherapy) can take up
to years to occur, with an average of 8 to 12 months after the
radiotherapy.8,20 In the case of chronic proctitis, the patho-
physiology involves an alteration in the vascular supply of the
rectal wall, leading to fibrosis, transmural thickening, ulcera-
tion, and progressive obliterating enteritis.4 In the chronic
phase, there is no associated inflammatory process, and the
histopathological findings result from small-vessel vasculop-
athy. The acute phase usually progresses to the chronic phase,
butsometimes itcanbeless symptomatic,whichcreates a false
impression of complete healing of the lesion. On the other
hand, the chronic phase canmanifest itself as a latent and less
symptomatic acute phase, which can also generate an errone-
ous feeling that therewas no initial inflammatory process. The
transition between the acute and chronic phases occurs
gradually, and there is no fixed period of time to determine
this progression (about two to three months, often).

Some pathological changes can be found during this
progression regarding inflammation and fibrosis.21 After
the end of the radiation sessions, the cells of the intestinal
crypt regenerate and the superficial mucosa is restored;
however, for reasons still unknown, the response may be
exagerated, causing ulceration and progressive fibrosis –

which characterize the chronic phase.5 Between 5% and
20% of the patients will develop the chronic form.5
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It is important to carry out the correct diagnosis of
radiotherapy-induced proctopathy, since the radiation itself,
with the involvement of other intestinal segments, as well as
psychological changes in the irradiated patient, can also
cause gastrointestinal symptoms.20 The diagnosis of radio-
therapy-induced proctopathy is based on the clinical history
of exposure to radiation due to pelvic neoplasia associated
with symptoms and confirmed with imaging exams.2,8 The
diagnosis is confirmed by visualizing the rectal mucosa
through rigid or flexible rectosigmoidoscopy and colonosco-
py. In these, examinations the mucosa appears as friable,
with edema, the presence of telangiectasias and, in more
severe cases, extensive fibrosis with stenosis and the forma-
tion of fistulas can be observed.16 The endoscopic diagnosis
is important for the exclusion of other diseases that present
with proctitis (►Table 1), and can also guide the proper
indication of biopsies.2,12 According to Vanneste et al.,2

biopsies should only be performed in cases of suspected
malignancy and, whenever possible, should be avoided on
the wall corresponding to the irradiated organ.

Other findings such as rectal spasm, mucosal edema, and
adynamic ileum can also be suggested by imaging exams
during the acute phase.

The initial symptoms generally occur one to three weeks
after radiotherapy, and they include vomiting, diarrhea,
nausea, tenesmus, and rectal bleeding. Secondary symptoms,
such as abdominal pain, nausea, vomiting, malabsorption,

tenesmus, hematochezia, and constipation, occur after three
months.22 Rectal bleeding is the most common symptom,
and refractory bleeding is a common problem that some-
times requires transfusion.9,23

Basedontheseverityof thesymptoms,proctitis canbegraded
from 0 to 4 according to the classifications of the Radiation
TherapyOncologyGroup (RTOG) and the EuropeanOrganization
for Research and Treatment of Cancer (EORTC)5 (►Table 2).

Currently, there are no measures for the prevention of
radiotherapy-induced proctopathy,5 so early detection and
treatment are important to mitigate the effects on the
patient’s quality of life. The best strategy to prevent its
occurrence is by reducing the radiation dose and the irradi-
ated area. Still, some studies support measures that could
contribute to the reduction in the frequency and severity of
radiotherapy-induced proctopathy:22

1. Use of anti-inflammatories and agents that promote the
renewal of colonies such as probiotics, which produce
short chain fatty acids (SCFAs). Butyrate-containing ene-
mas may be used for this purpose;

2. Use of low-dose laxatives, fiber supplementation, and
improved water intake to reduce the risk of mechanical
injury;

3. Follow-up and early assessment of the patient exposed to
radiotherapy; and

4. Treatment of chronic radiotherapy-induced proctopathy.

Objective

The objective of the present studywas to review the forms of
radiation-induced proctopathy therapy, and to evaluate the
results of each method to propose a standardization for the
treatment of this pathology.

Materials and Methods

A searchwasperformedon theMEDLINE andCAPESdatabases
in September 2018. The following termswere used: radiation,
radiation induced, radiotheraphy induced, actinic, proctitis, and

Table 2 Acute and chronic radiation proctitis according to the RTOG/EORTC grading system

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

Acute Without
changes

Increased frequency,
change in bowel habits,
or rectal discomfort
that does not require
painkillers

Diarrhea in need of
parasympatholytic
medication, mucorrhea
that does not require an
intimate protector,
abdominal or rectal
pain in need of
analgesics

Diarrhea in need of
parenteral support,
mucorrhea and
bleeding in need of
the use of intimate
protection, abdominal
distention

Acute or subacute
obstruction, fistula or
perforation, bleeding
from the gastrointestinal
tract requiring
transfusion, abdominal
pain and tenesmus
requiring decompression
sounding, or colostomy

Chronic Without
changes

Mild diarrhea, bowel
movement 5 times a
day, mild anal bleeding,
or mucorrhea

Diarrhea or moderate
colic, more than 5
bowel movements a
day, intermittent
bleeding, or excessive
mucorrhea

Obstruction or bleeding
requiring surgery

Necrosis, perforation, or
fistula

Abbreviations: EORTC, European Organization for Research and Treatment of Cancer; RTOG, Radiation Therapy Oncology Group.

Table 1 Conditions that should be considered in the
differential diagnosis of radiotherapy-induced proctitis

Infectious colitis

Inflammatory bowel diseases

Exclusion colitis

Ischemic colitis

Colitis due to diverticular disease

Malignancy
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proctopathy. Initially, 611 articles were found, and all of them
were analyzed . The searcheswere performed by two different
researchers, both of whom found the same articles.

Results

The treatment for radiotherapy-induced proctopathy is still
unsatisfactory, and there is only limited evidence supporting
the current approaches.10

Of the 611 articles found, 89 were selected. Citations
and articles with no scientific relevance were excluded,
in addition to those whose results were inconclusive. Of
all the articles evaluated, 67 addressed therapeutic
options with response rates and possible complications.
The remaining 22 articles were reviews on the topic
(►Fig. 1).

The therapeutic options are medication (topical or oral),
endoscopy and surgery.8 In 5% to 10% of the cases, the disease

Fig. 1 Flowchart referring to how the research for articles was carried out.
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can become severe and refractory to the topical medication
and endoscopic treatments.24

The initial management consists of dietary measures, and
the use of fecal-bolus-forming agents, antispasmodics, and
antidiarrheals.4 The treatment should be based on the pat-
tern of the radiotherapy-induced proctopathy, the severity of
the symptoms and the experience of treatment.2

In 2015, Vanneste et al.2 proposed an algorithm for the
treatment of radiotherapy-induced proctopathy (►Fig. 2):

Regarding drug therapy, the arsenal is vast, and includes
sucralfate, SCFAs, 5-aminosalicylic acid (5-ASA) derivatives,
antibiotics, and corticosteroids.3,9,16,25 Most patients have
improved clinical status with topical treatments.24 Another
therapeutic option is endoscopy, which enables the admin-
istration of formalin, and the performance of cauterization
with electrocautery, argon plasma coagulation, laser and
radiofrequency ablation. No endoscopic treatment method
has been evaluated by randomized studies that provided a
standardized guide for its use.2 Radiofrequency ablation of
the rectal mucosa containing abnormal vascularization with
microvessels and re-epithelialization is currently considered
the treatment of choice by some authors.26 The therapeutic
methods that are indicated for this purpose, according to
Vanneste et al.,2 are formalin, argon plasma, radioablation,
and hyperbaric oxygen (HO) therapy. The choice method
should take into account several factors, especially local

availability. Another promising form of therapy is the use
of 100% oxygen in a hyperbaric chamber.

Most studies cite argon plasma coagulation as thefirst line
of treatment; however, due to its high cost, it still has some
limitations regarding use in the daily clinical practice. In
addition, it can result in rectal ulceration, stenosis, and even
perforation.9Most of the time, combination therapies, such as
local therapy with anti-inflammatory therapy9 are beneficial
for the patient, and should be an option in the treatment of
refractory cases. Due to their greater availability, their effects
on inflammatory bowel diseases, and their cost, themost used
methods in the clinical practice are the administration of oral
and topical anti-inflammatories and formalin.

The anti-inflammatory drugs used are those derived from
5-ASA, and they work by reducing the amount of free
radicals, inhibiting prostaglandin biosynthesis, and altering
the bacterial flora. The increase in inflammatory markers
such as interleukins (ILs) 2, 6 and 8 occurs both in inflam-
matory bowel diseases and in radiotherapy-induced proct-
opathy, which would explain the similarity of the treatment
of both diseases.27 Despite being widely used for the treat-
ment of inflammatory bowel diseases, there is still a lack of
scientific data that support their use in radiotherapy-in-
duced proctopathy. These agents can be used in the form
of tablets administered orally or rectally, through enemas
and suppositories.

Fig. 2 Treatment algorithm proposed by Vanneste et al.2 (2015).
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Corticosteroids are also widely used, in the form of ene-
mas, especially in more severe cases. Takemoto et al.21

(2012) reported an efficacy of 62%, with no complications,
with the use of steroid enemas. Corticosteroid enemas have
been shown to have a limited long-term effect on chronic
rectitis. They inhibit the cascades of arachidonic acid and
cytokine, blocking the release of histamine and stabilizing
the cell membrane.21

In relation to the most used endoscopic treatments,
formalin is an aldehyde that induces coagulative necrosis
after contact. It can provide good results even after a single
application, but it also has side effects such as anal pain.
Argon plasma coagulation is a thermal method of non-
contact coagulation. It is safe because it has a maximum
penetration of 3mm in the rectal wall. It is more effective in
mild cases, but it can also work in more severe cases.19

The supply of 100% oxygen via hyperbaric chamber is a
method that is still not widely available in the clinical
practice; it acts by inducing the growth of the vascular
endothelium and reducing the amount of circulating free
radicals. In 2008, Clarke et al.27 reported a rate of 88.9%
patients treated with 100% oxygen at 2 atm with no com-
plications. Radiotherapy-induced proctopathy represents a
challenge in the clinical practice, and, when bleeding persists
despite all the measures, there are surgical procedures, such
as diversion of intestinal transit by the creation of stomas, or
resection of the affected organ.4

Mesalazine

Mesalazine, or 5-ASA, is the the first-line therapy in the
treatment of ulcerative colitis, either in its active or remis-
sion stage.28,29 The excellent response of patientswith colitis
undergoing treatment with 5-ASA derivatives led to the
attempt of also prescribing the therapy for patients with
radiotherapy-induced proctopathy.24,30,31 The use of 5-ASA
derivatives is based on the increase in IL-2, IL-6 and IL-8, both
in cases of inflammatory bowel diseases and radiotherapy-
induced proctopathy.26

The most commonly used mesalazine compound has a
formulation that dissolves when the pH � 7, thereby acting
from the ileum.29 Another formulation is time-dependent,
and begins its action in the stomach due to the presence of
ethyl cellulose.29 In 2010, Ito et al.29 published a randomized,
double-blinded study to compare the –pH-dependent and
the time-dependent formulations. The study focused on the
treatment of ulcerative colitis, and the authors reported a
better effectiveness of the pH-dependent formulation.

In 1989, Baum et al.30 described 4 patientswho underwent
pelvic radiotherapy with hematochezia. The treatment used
was 4g of 5-ASA via enema, once a day, for periods varying
from 8 weeks to 7 months. The authors concluded that the
treatment was ineffective in all patients. The effectiveness of
mesalazine suppositories was proven in a multi-center, ran-
domized, double-blinded study32 in patients with ulcerative
rectocolitis and active rectal inflammation. Still, an experi-
mental study15 performed with irradiated rats showed a
satisfactory result of the use of topical mesalazine on the

histopathological analysis. The combinationoforal and topical
therapies with these compounds could lead to a satisfactory
response in the treatment of radiation-induced proctopathy.8

Wu et al.31 treated patients with rectal ulceration due to
radiation-induced proctopathywho did not respond to other
clinical treatments with a suppository containing 0.5 g of
mesalazine, twice daily, for 6 months, with improvement of
the symptoms of bleeding, tenesmus, evacuation frequency,
and rectal pain. With this study, the authors31 showed that
the mesalazine suppository can be a viable option in the
treatment of refractory cases of acute radiation proctitis
(ARP), with the need for further studies.

Seo et al.28 (2011) performed a retrospective study with
the objective of evaluating the effectiveness of the oral and
topical combination of 5-ASA for the treatment of mild and
moderate colitis. A total of 23 patients were evaluated before
and after 4 weeks of treatment with the combined therapy
(3 g of oral mesalazine and 1 g of topical mesalazine). Of the
most prevalent symptoms, which included bleeding, pain,
tenesmus, and evacuation frequency, there was only a sig-
nificant improvement in anal bleeding.28

Sanguineti et al.33 (2003), in an attempt to carry out
preventive measures during the course of radiotherapy,
performed a study with patients undergoing radiotherapy
treatment for prostate cancer. However, the study was
interrupted by the occurrence of seven cases of acute kidney
injury by mesalazine, contraindicating its use during
radiotherapy.33

Due to the anti-inflammatory properties of 5-ASA deriv-
atives in the intestinal mucosa, in 2005, Jahraus et al.34

performed a study to evaluate the prevention of the effects
of radiotherapy on the rectal mucosa with balsalazide.
Balsalazide contains the active metabolite 5-ASA and is
metabolized by the intestinal microflora, with better toler-
ance by the patient and fewer side effects. The study4,35

concluded that balsalazidehas a low incidence of side effects,
with a statistically significant improvement of all the symp-
toms of radiation-induced proctopathy. Further studies are
needed to confirm its benefit in improving the quality of life
of patients undergoing pelvic radiotherapy.

The vast majority of studies8,35,36 related to compounds
derived from 5-ASA are performed for the treatment of
inflammatory bowel diseases. A new formulation of mesa-
lazine conjugated to chondroitin sulfate has recently been
patched, and appears to induce a delayed response with
greater effectiveness of the drug, enabling the administra-
tion of lower doses and, consequently, with fewer side side
effects.37,38

Formalin

When applied to the mucosa, formalin causes chemical
cauterization and thereby stops bleeding, sealing telangiec-
tasias and ulcers.16,18 Formalin as a treatment for radiation-
induced hemorrhagewas first used by Brown39 in 1969, who
demonstrated its effectiveness in cystitis. When considered
for the treatment of radiation-induced proctopathy, it must
be applied selectively to rectal lesions to avoid the formation
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of fibrosis.16 The success rate after a single application of
formalin is reported to be between 34% and 100%.23

Formalin can be applied with or without sedation, as well
as under direct visualization with cotton soaked in a 4%
formalin solution, or by instilling a solution containing 4%
formalin in the entire distal rectum.4,17,23 When the appli-
cation is made under direct visualization, contact from
30 seconds to 3minutes is recommended (until the mucosa
turns white and the bleeding stops).17,40 In 2007, Lee et al.23

described satisfactory results with a combined technique
that consisted of instillation followed by application under
direct visualization of areas with remaining telangiectasias.

In 1995, Biswal et al.16 published an analysis of 16 cases of
radiation-induced grade-III proctopathy in which the appli-
cation of formalin 4% obtained a complete response in 81% of
patients. In 2003, to assess the effectiveness and possible
histological effects of the application of 4% formalin, Chau-
tems et al.17 performed a study with 13 patients, who had
their symptoms resolved in a maximum of 4 sessions. To
assess local toxicity, biopsies of the affected recta were
performed before and after the treatment. The authors17

found multiple recent thrombosis in areas of neovasculari-
zation in the early biopsies, and fibrosis of the lamina
propria, hyalinized vascular wall, and degeneration of the
muscularis mucosa in the long-term (after 12 months).
Formalin would then act only on the superficial mucosa,
with rapid deterioration of the blood flow and coagulative
superficial necrosis.9 In 2006, it was proposed that the best
method of applying formalin would be under direct visuali-
zation, inwhich the compoundwould be in contact onlywith
the affected mucosa long enough to stop the bleeding,
reducing the possibility of side effects.41

Tsujinaka et al.3 performed a retrospective study to define
if the best technique for the application of formalin is under
direct visualization (without anesthesia) or through instilla-
tion of a solution (under sedation). Both in the study and in
the review performed by the authors,3 instillation of the
formalin solution showed a higher rate of side effects such as
anal and rectal stenosis, anorectal pain, incontinence, colitis,
and perforation. However, both techniques were effective in
controlling the bleeding.3 Ma et al.9 (2015) modified the
irrigation procedure, making it better tolerated and safer.
They suggested that the procedure should be performed
under epidural anesthesia, with protection of the anal
sphincter and of the normal proximal colonic mucosa. To
achieve that, they recommend total anal dilation through
proper patient positioning and the placement of a Foley
catheter in the proximal sigmoid colon to prevent formalin
reflux, directing the flow to the affected areawith controlled
irrigation volume and adequate time.9

The most common side effect is pain, which is usually self-
limited and occurs in up to 33% of the patients. Other common
effects are diarrhea, abdominal pain, and tenesmus.13,42 In a
study by Raman13 (2007), 23.5% of the patients developed
diarrhea, 8.8%, abdominal pain, 8.8%, tenesmus, and2.9%, fever
and vomiting. Another possible side effect described in the
literature43 is imalignant transformation secondary to the use
of formalin. Stern and Steinhagen43 described the occurrence

of two cases of anorectal cancer in a studypublished in2007. It
is difficult to prove a clear association between formalin and
anorectal neoplasia, since there is an already increased risk of
malignancies after radiotherapy itself.43

In an attempt to reduce the side effects of formalin 4%,
Raman13 used enemawith a lower concentration of formalin
(2%); the result was still satisfactory, and patients had fewer
side effects. Korkut et al.15 (2006) conducted an experimen-
tal study in rats that showed that formalin causes an inflam-
matory effect and should be avoided.

The application of formalin is a relative safe, effective and
economically viable option for the treatment of radiation-
induced proctopathy; both for the first line of treatment and
for refractory cases.18 It should be considered preferably in
severe and refractory cases.19However, it should not be used
as a means of prevention due to its toxic effects on the
mucosa15 (►Table 3).

Elastic Bandage
The management of rectal bleeding in patients with radia-
tion-induced proctopathy and hemorrhoidal disease is a
challenge.42 In 2020 De Robles MS and Young CJ mention
the treatment of hemorrhoidal bleeding in patients with
radiation-induced proctopathy. It has been observed42 that
half of the patients with radiation-induced proctopathhy
present internal hemorrhoids concomitantly, so it is neces-
sary to treat the hemorrhoidal disease regardless of the
technique used in the treatment of radiation-induced proct-
opathy. Often, the refractory nature of anal bleeding is due to
hemorrhoidal disease, not to the radiation. The prolapse of
the irradiated mucosa seems to exacerbate the bleeding.42

Elastic bandage (EB) is the technique of choice for
internal second-degree hemorrhoids.44 It acts by causing
ischemia of the strangulated tissue,which results in a healing
process.44 De Robles et al.42 performed a retrospective study
that evaluated 52 patients between September 1999 and
October 2017. Patients with bleeding of grades II and III and
internal hemorrhoids were submitted to EB before the
application of 4% formalin or argon plasma coagulation for
the treatment of ARP. In total, 27 (52%) patients had internal
hemorrhoids, 56% of whom underwent EB. The authors42

suggest that further studies should be performed to stan-
dardize the treatment of symptomatic hemorrhoidal disease
in patients with radiation-induced proctopathy.

Despite being a simple procedure, EB should be performed
with caution in patients with irradiated pelvis. In 2018, Pita
et al.45 described the report of a patient who evolved with
ulceration and a rectouretral fistula after EB was performed.
Thus, the procedure must be properly indicated, and the
patient, followed up after it.

Hyperbaric Oxygen Therapy
Hyperbaric oxygen therapy has been used to treat late com-
plications of radiotherapy.46 It started as a therapeuticmodal-
ity in the treatment of chronic wounds of various etiologies.6

The technique consists of the intermittent inhalation of 100%
oxygenwhile thepatient is inachamberwithapressurehigher
than the atmospheric pressure.4,6Under these conditions, the
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lungs can capture more oxygen than at usual pressures.2 The
sessions normally last from60 to120minutes, areheld twice a
day, and their number varies from 30 to 60, depending on the
response of the patient.47 The radiation injury alters the
physiology and anatomy of normal tissue, leading to hypo-
cellularity, hypovascularity, and hypoxia due to occlusive
endarteritis.48 The result of the administration of HO is neo-
vascularization due to the increased pO2 of the damaged
tissue, promoting mucosal healing.4

Girnius et al.46 published their experience through a
retrospective study that evaluated nine patients with radia-
tion-induced proctopathy treatedwith HO. All patients had a
satisfactory response after an average of 58 sessions, with 2
of them having a partial response, with intermittent bleed-
ing. Most patients had good tolerance to HO sessions, with
only two adverse events; one patient had a seizure, and
another one had an episode of anxiety.

Clarke et al.27 performed a randomized, controlled, dou-
ble-blinded study to assess the effectiveness of HO for the
treatment of refractory radiation-induced proctopathy. They
evaluated 120 patients, who were divided into 2 groups
submitted either to HO at 2 atm or air at 1.1 atm. The HO
group showed better improvement in clinical symptoms and
mucosal healing.27

In a systematic review, Hoggan and Cameron47 (2014)
assessed the safety and effectiveness of HO. Serious and
potentially-fatal complications were rare, while the most

commononeswereself-limited.Of29studies reviewed,which
involved 700 patients, fatal side effects associated with HO
were not reported, and only 1.7% of the patients hadmanifes-
tations of the central nervous system.47 The most common
side effects were ear barotrauma and visual changes induced
byoxygen,whichare usually transient and resolvewithout the
need for intervention.5 Unfortunately, HO therapy is still little
available, with a high cost (►Table 4).2

Radiofrequency Ablation

Radiofrequency ablation (RA) is another endoscopic thera-
peutic modality that enables the treatment of the superficial
mucosa and prevents lesions to the deeper layers, minimizing
the risks of ulceration and stenosis.61 Endoscopic therapy for
the treatment of radiation-induced proctopathy is currently
the preferred modality.62 However, according to Zhou et al.,62

these methods can increase the risk of developing rectal pain,

Table 3 Studies and their results related to the use of formalin

FORMALIN

Author Year N Response Complications

Seow-Choen et al.40 1993 8 100% None

Biswal et al.16 1995 16 81% None

Mathai and Choen49 1995 29 76% None

Saclarides et al.4 1996 16 75% Pain, tenesmus, reduced fecal capacity

Roche et al.50 1996 6 100% None

Counter et al.51 1999 11 100% Fecal incontinence, stenosis, rectal ulcer

Ismail and Qureshi52 2002 20 90% None

Luna-Perez and Rodrigues-Ramirez53 2002 20 90% necrosis, anal pain, rectovaginal fistule

Parikh et al.54 2003 36 88% None

Ysujinaka et al.55 2005 21 88% Anal stenosis, anal pain, fecal incontinence,
anal fissure, rectal ulcer, colitis,
abdominal pain, perforation

Parades et al.56 2005 33 70% Stenosis

Cullen et al.41 2006 20 65% None

Ma et al.9 2015 24 79% None

Stern and Steinhagen43 2007 49 78% Fecal urgency

Lee et al.23 2007 5 100% None

Eriksen et al.57 2013 11 100% Anal pain

Pironi et al.58 2013 15 87% None

Dziki et al.59 2015 20 100% None

Sharma et al.60 2019 28 62% None

Table 4 Studies and their results related to the use of
hyperbaric oxygen therapy

HYPERBARIC OXYGEN THERAPY

Author Year N Response Complications

Girnius et al.46 2006 7 100% Seizure, anxiety

Clarke et al.27 2008 120 88.90% None
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diarrhea, tenesmus, ulcer, fistula or rectal stenosis, depending
on how deep the energy source reaches the rectal wall.

Since RA is an effective therapeutic option in hemorrhagic
lesions of the esophagus, its use in diseases of the rectum has
also been hypothesized,62 and was first used in 2009.63 The
procedure is safe as long as the applied energy acts strictly on
the superficial mucosa.62 It is a contact-coagulation technique
withhomogeneousenergy distributionandpenetration.64 It is
still a new procedure, with little data in the literature.26,64

Most studies64 are concerned with the treatment of patients
with diseases refractory to other methods of treatment.

The procedure is performed through a single catheter that
passes through the working channel of the flexible endo-
scope: 300W of energy are applied per session, and 10 J per
cubic centimeter are supplied to the bleeding areas.62 Usu-
ally, 2 sessions lasting an average of 30minutes are required
to resolve the bleeding.25 Radiofrequency ablation has sev-
eral benefits in the treatment of radiation-induced proctop-
athy, such as low risk of ischemia and the possibility for
wider cauterization. However, the equipment is quite expen-
sive (►Table 5).25

Argon Plasma Coagulation

Argon plasma coagulation (APC) was developed by ERBE
Medical in Germany,65 and its use was first described in
1986.66 Taking into account that argon has the greatest
effectiveness in the treatment of telangiectasias, APC could
be effective for the treatment of radiation-induced proctop-
athy.67 It is still successfully used to treat lesions of the

gastrointestinal tract,68 and consists of a non-contact coag-
ulation method69 that uses argon gas to transmit a high-
frequency current that results in homogeneous and superfi-
cial necrosis, reaching between 0.5mm and 3mm in
depth.68,70 Deeper coagulation is possible with greater ap-
plied power, continuous treatment, or contact between the
monofilament and the mucosa (►Table 6).65

The purpose of using APC is the ablation of all
visible telangiectasias during a single endoscopic session, and,
if necessary, it can be applied at the level of the toothed line.71

In addition to its important role in the treatment of anal
bleeding, APC has also been shown to promote a significant
improvement in symptoms associated with anorectal dys-
function,l such as urgency, fecal incontinence, and changes in
evacuation frequency.72 It has also been shown to be effec-
tive for the treatment of actinic colitis, and it can even be
used in the sigmoid colon, with a low risk of complica-
tions.73,74 Particular attention should be paid to those
patients with symptomatic radio. Radiation-induced proct-
opathy who are using brachytherapy – it seems to increase
the chance of exacerbating the disease after APC.75 Radia-
tion-induced proctopathy is characterized by the progressive
formation of lesions resulting from neovascularization, so
more than one session of APC may be necessary in case of
recurrent bleeding.76 The greater the severity of the radia-
tion-induced proctopathy, the greater the number of APC
sessions required.77

Some side effects and complications are described in the
literature. A relatively common complication of thismethod is
abdominal distensiondue to argon insufflation.68,69 It isworth
mentioning that cases of colonic explosionwith the use of APC
have already been described due to inappropriate colon prep-
aration.19,78Moreover, as with anymethod that uses coagula-
tion, perforationmayoccur.11Theparametersused, suchas the
wattage, have an influence on the likelihood ofdeveloping side
effects.79 Another possible complication after APC is bacter-
emia.80 In 2011, Lenzet al.80 founda rateof bacteremia of 7% in
a small sample of patients undergoing APC.

It is important tohighlight thatAPCcanresult in ischemiaof
the treated region and, consequently, worsen the vascular
conditionalreadyalteredby radiation, leading to theformation
of chronic ulcers and causing greater damage to the pa-
tient.81,82 Thus, the ideal indication for the use of APC would
be inmild tomoderate cases of the disease.19,82Another factor
that influences the formation of ulcers and the risk of compli-
cations are the parameters: the flow and power used.83

The use of APC is inexpensive (in comparison to other laser
therapies), it is easy to apply, and effective for the treatment
of patients with radiation-induced proctopathy and bleed-
ing.84–87 There is no additional benefit from the use of
associated oral sucralfate.88 The use of anticoagulants and
aspirin seems to be a risk factor for rebleeding.19,86 The use of
nonsteroidal anti-inflammatory drugs (NSAIDs) should also
be discouraged by the increased risk of forming rectal ulcers
when associated with APC.89

Due to the low number of well-controlled, double-
blinded, randomized studies,69,90 it is not possible to access
the real effectiveness of using APC in radiation-induced

Table 5 Studies and their results related to the use of ablation
by radiofrequency

ABLATION BY RADIOFREQUENCY

Author Year N Response Complications

Zhou et al.62 2009 3 100% None

Dray et al.25 2014 17 94% None

Markos et al.64 2017 15 80% None

McCarty et al.63 2019 71 100% None

Table 6 Benefits and limitations of argon plasma coagulation

BENEFITS LIMITATIONS

- Mobile unit, compact,
easy maintenance

- Can handle larger,
contactless areas

- Quick method – reaches
surface layers

- Requires multiple
applications

- Need for endoscopic
follow-up

- Risk of colonic explosion
- Risk of perforation
- Requires experience for use
- Distension and pain after
application

- Cost per application

Note: Extracted from Rosenfeld and Enns.65
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proctopathy. Even so, some studies11,87,91,92 suggest that
APC is the first line of treatment for radiation-induced
proctopathy; with it, remission rates of 90%19,93 can be
achieved, and its use is simple when compared with other
ablation techniques.94 The APC treatment should also be
considered in cases of bleeding refractory to other therapeu-
tic modalities (►Table 7).71,72,95

Laser Therapy

Laser therapy is an effective endoscopic option in the treat-
ment of chronic radiation-induced proctopathy. The three

most used options are neodymium-doped yttrium alumi-
num garnet (Nd:YAG) laser, potassium titanyl phosphate
(KTP) laser, and argon laser (►Table 8).

Other Therapies

Corticosteroids exert an anti-inflammatory effect by stabi-
lizing the mast cell membrane and inhibiting the release of
histamine, among other actions.21 They are effective, accord-
ing to Takemoto et al.21 (2012), to relieve acute symptoms,
but there is no evidence to support their use in chronic cases.
Corticosteroids must be used with caution and monitoring

Table 7 Studies and their results related to the use of argon plasma coagulation

ARGON PLASMA COAGULATION

Author Year N Response Complications

Buchi and Dixon85 1987 3 100% Abdominal distension

Taylor et al.76 1993 14 100% None

Silva et al.74 1999 28 100% None

Fantini et al.87 1999 7 100% None

Tam et al.72 2000 15 100% Anal stenosis

Kaassis et al.91 2000 16 100% None

Venkatesh and Ramanujam94 2001 40 98% Urinaryretention, fever

Tijandra et al.97 2001 12 83% None

Smith et al.75 2001 7 100% None

Sebastian et al.70 2004 25 81% Anal fistula, anal stenosis

Sebastian et al.98 2004 25 81% None

Ben Soussan et al.78 2003 27 92% Explosion, vagal symptoms, anal pain

Dees et al.86 2006 50 98% None

Karamanolis et al.19 2009 56 90% None

Tormo et al.84 2009 22 100% None

Swan et al.71 2010 50 96% Anal pain

Takemoto et al.21 2012 12 42% None

Hortelano et al.11 2014 30 77% Colonic perforation, ulcer, stenosis, mucorreia

Slow et al.99 2016 91 79% Anal pain, bleeding, mucorreia, anal stenosis

Sudha e Kadambari95 2017 7 100% Mucorreia

Sultania et al.77 2019 70 86% Rectalulcer, mucorreia, anal pain

Megias et al.100 2019 82 100% Rebleeding, anal pain

Table 8 Types of laser therapy that can be use for the treatment of proctopathy

Neodymium-doped yttrium aluminum
garnet (Nd:YAG) laser

Ideal for deep tissues after being absorbed by tissue proteins;
Rate of complications of 5% to 15% including stenosis, necrosis, and fistulas;
High cost and difficult application;
Direct and precise application over telangiectasis.

Potassium titanyl phosphate (KTP) laser It has a more superficial action than the Nd:YAG laser; Benefit in the
treatment of superficial vascular lesions.

Argon plasma Like the KTP laser, it has a more superficial action, and has the same
indications with slightly higher effectiveness.

Note: Extracted from Tabaja and Sidani, 2018.61
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due to the large amount of possible side effects with their
prolonged use.

A randomized controlled study conducted in 2012 by
Sahakitrungruang et al.96 proposed the use of colonic irriga-
tion with clean water and the use of oral antibiotics (cipro-
floxacin and metronidazole) for the treatment of radiation-
induced proctopathy. The authors96 compared this treat-
ment proposal with the application of 4% formalin. Both
treatments were effective, with greater satisfaction reported
by the patients in the irrigation and oral antibiotic group.96

Further studies are needed to confirm the validity of this
therapeutic modality.

A promising therapy modality is the use of mesenchymal
cells.38Due to their capacity for remodeling, angiogenesis, and
inflammatorymodulation, theycouldbeused in the treatment
of patients with refractory symptoms (►Table 9).61

Surgery
Radiation-induced proctopathy surgery can be performed
either to remove the affected segment (proctectomy), or for
diversion of the intestinal transit (creation of stoma), or even
for repair in case of fistulas. Surgery should be considered as
the last resort for patients with radiation-induced proctop-
athy; it should be reserved for cases of stenosis, refractory
bleeding, perforation, and fistulas unresponsive to the clini-
cal and endoscopic treatments.2,61 When well indicated, it
must offer an effective solution.61

The surgeon must be cautious and keep in mind that
radiation results in chronic inflammatory changes, fibrosis,
and impaired wound healing, which can increase the risk of
iatrogenic injuries during the surgical procedure.6 Thus,
according to Ali and Hu6 (2020), diversion of the intestinal
transit is the most common and safest surgery for symptom
control. The patients with severe disease and with sphincter
involvement are the ones who benefit the most from a
stoma.61 Special attentionmust be paid in the case of fistulas.
Flap mobilization is a simple procedure, but with a low
success rate because of the low vascularization due to
irradiation of the tissue.61 Regardless of the surgical treat-
ment chosen, rate of complications among irradiated
patients can vary from 30% to 65%.101

Discussion

Radiation-induced proctopathy is a very relevant topic that is
presently increasinglyprevalent.However, thevastmajorityof
the studies face severe limitations. Most studies on colitis and
rectitis focuson inflammatoryboweldisease, noton radiation-
induced disease. Most studies that have radiation-induced
proctopathy as their main topic, aim to analyze refractory
cases. There is a lack of robust studies on radiation-induced
proctopathy with a significant number of patients and stan-
dardized therapies to be compared. There is also a lack of

Table 9 Studies and their results related to the use of other therapies options

OTHER THERAPIES

Author Method Year N Response Complications

Takemoto et al.21 Corticosteroid enema 2012 29 62% None

Ramakrishnaiah et al.102 Sucralfate 2012 51 74.50% None

Wu et al.31 Mesalazine
suppository

2018 10 5% None

Fig. 3 Treatment algorithm proposed by the authors.
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double-blinded, randomized controlled studies that can de-
termine a definitive standard treatment algorithm.

Based on the evaluated studies and the clinical practice, the
initial treatment should be performed with mesalazine sup-
pository, towhich the patients normally have a good response,
withoutmajor side effects. The response isusually satisfactory,
and the treatment can be performed whenever there is
rebleeding, without repercussions. For more severe cases,
formalin, which is widely available and has a low cost, can
be added to the therapy to cauterize the mucosa. Refractory
and difficult-to-control cases can be addressed with higher-
cost but highly-effective therapies such as APC RA, and HO
therapy. When it comes to the reality of the public health
system in Brazil, resources are limited, and less expensive
therapies, such asmesalazineand formalin, aremoreavailable.

After the present review, an algorithm tomanage cases of
radiation-induced proctopathy was suggested for further
study and validation (►Fig. 3).

Conclusion

Despite the prevalence of radiation-induced proctopathy,
there is no definitive standardized treatment strategy so
far. A first approach can be tried with local agents such as
mesalazine and formalin. For refractory cases, control can
usually be achieved with APC, HO, and RA therapies.
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