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Abstract

Purpose: The purpose of this study was to identify predictors and treatment outcome of late bowel tox-
icity after three dimensional pelvic radiotherapy for genitourinary malignancies and also to describe our
experience with Argon Plasma Coagulation (APC) in this toxicity.

Patients and methods: Between March 2004 and March 2010, all patients who had completed a course of
pelvic radiotherapy for genitourinary malignancies at our Institute were enrolled in this study. Every
patient with lower GI symptoms underwent sigmoidoscopy and accordingly, some patients were subjected
to intervention by APC.

Results: One hundred and thirty-six patients met all inclusion criteria. Median FU period was 37 months.
Chronic diarrhoea was scored as Grade 1 or 2 in 35 patients (25.7%). Chronic proctitis was scored as Grade 1
or 2 in 17 patients (12.5%) and Grade 3 in 6 patients (4.4%), 25 patients developed chronic bleeding per
rectum, 16 (11.8%) were Grade 1 or 2, while 9 patients (6.6%) were Grade 3. Both maximum rectal dose and
comorbidity �1 significantly correlated with the development of chronic proctitis (p ¼ 0.040 for both).

Endoscopic findings showed mucosal injury in 59 cases (84.29%) and vascular injury in 42 patients
(60%). APC was successful in controlling bleeding and other symptoms in 14 cases (82.4%) and 16 cases
(70%) respectively.

Conclusion: Three dimensional pelvic radiotherapy using two-phase technique is associated with a low
level of Grade 3 late lower gastrointestinal toxicities. The most common presenting symptom is chronic
diarrhoea. Both maximum rectal dose and comorbidity �1 significantly predict the development of
chronic proctitis. APC is an effective, safe and well-tolerated treatment for chronic radiation proctitis.
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INTRODUCTION

Pelvic radiotherapy is an essential component of
treatment for many genitourinary malignancies.
During radiation therapy of tumours in pelvis,
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the intestine is an important normal tissue at
risk. As in other organs, intestinal radiation tox-
icity is classified as acute (early) when it occurs
during or within 3 months of radiation therapy,
or delayed (chronic) when it occurs more than
3 months after radiation therapy.1

Approximately 80% of all patients treated
with pelvic radiotherapy will notice a perman-
ent chronic change in the way their bowels
behave after radiotherapy.2 This is unimportant
unless that change in their bowels affects quality
of life. Reports suggest that between 6% and
78% of long-term survivors have gastrointestinal
symptoms affecting quality of life.3

The development of late gastrointestinal
symptoms following pelvic radiotherapy is not
entirely dose related but depends on a complex
interaction between physical, patient-related,
treatment-related and genetic factors, which is
not well understood.4

We are becoming increasingly good at know-
ing how to cure cancer. What we have still
failed to address systematically is how best to
care for the patient who is cured of his or her
cancer but living with the physical conse-
quences, specifically, delayed bowel toxicity.5

Effective therapy for chronic radiation procti-
tis has been limited. Medical therapies including
topical sucralfate, 5-amino-salicylic acid
enemas, short-chain fatty acids, vitamin E and
topical application of formalin have been largely
disappointing. Endoscopic therapy is currently
the preferred modality including the most
recent technique known as argon plasma coagu-
lation (APC).6

The aim of this study was to identify predictors
and treatment outcome of late bowel toxicity after
three-dimensional pelvic radiotherapy for genito-
urinary malignancies and also to describe our
experience with APC in this toxicity.

PATIENTS AND METHODS

Between March 2004 and March 2010, all
patients who had completed a course of pelvic

radiotherapy for genitourinary malignancies at
the department of radiotherapy, South Egypt
Cancer Institute (SECI), Assiut University and
fulfilled the following criteria were enrolled in
this study. This study was reviewed and approved
by the Ethics Committee of our University.

Eligibility criteria

Patients included in the study satisfied the fol-
lowing criteria: histopathologically proved can-
cer of the bladder, prostate or gynecological
tract, aged �18 years, with Karnofsky scale
�70 %, with no evidence of metastases, pre-
radiotherapy serum electrolytes, renal and hep-
atic function tests within normal limits, and
completed a radical course of pelvic radio-
therapy at least 6 months previously.

Exclusion criteria

All patients who underwent radical pelvic sur-
gery or received chemotherapy at any time of
radiation. These patients were excluded due to
the different toxicity profiles expected from these
treatments. Also, patients having �6 months of
follow-up were excluded (as the goal was to ana-
lyze late toxicity occurring at >3 months of fol-
low-up).1 Patients known to have inflammatory
bowel disease were also excluded.

Record review and data collection

The patients’ charts were reviewed by the
research members for toxicity information. In
each case, the maximum toxicity score charted
in each category was the score assigned to the
patient in that category. For each patient, the
following data were collected: gender, age, site
and pathology, the presenting symptoms of
late gastrointestinal (GI) toxicity, the interval
between radiotherapy and the onset of symp-
toms, the mode of diagnosis, treatment
received. Presence of comorbid conditions pre-
disposing to vascular disease (hypertension,
ischaemic heart disease, cerebrovascular disease,
diabetes mellitus and connective tissue disease)
was also recorded.

Radiotherapy techniques

Patients had been treated using the three-
dimensional conformal radiotherapy techniques
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chosen appropriately for their different tumour
types. In general, all patients received pelvic
irradiation to include pelvic lymph nodes at
risk up to 45�50 Gy followed by boost dose
to the primary tumour. All patients underwent
computerized tomography (CT) scanning of
the pelvis in the supine position. In phase 1,
the planning target volume (PTV) extends in
the cranial-caudal dimension from L5-S1 inter-
space to the lower pole of the obturator fora-
men (or according to lower tumour extension)
and 0.5 to 1 cm beyond the pelvic bones later-
ally. The posterior border lies at the mid-rec-
tum. All patients were treated by megavoltage
X-rays (6 and/or 15 MV) emitted from linear
accelerator. Booster treatment was then used.
In bladder and prostate cancers, the target vol-
ume in phase 2 included the primary tumour
and a margin of 2 cm using megavoltage
X-rays to a total dose of 64�66 Gy. Radio-
therapy was delivered by means of four-field
box technique. All fields were equally
weighted. All fields were treated simultaneously
in daily fractionation of 2 Gy to the isocenter, 5
sessions per week.

In cervical and uterine cancers, patients were
referred to a higher centre where booster dose
was delivered using intracavitary high dose rate
(HDR) brachytherapy to Point A in cervical
cancer to a dose of 21�25 Gy or to a depth
of 0.5 cm from the vaginal surface in uterine
cancer to a total dose of 12 Gy in three fractions
of HDR brachytherapy.

Assessment of toxicities

Toxicities due to radiotherapy were considered
chronic when happened from 3 months follow-
ing radiotherapy and thence after.

Lower gastrointestinal symptoms were scored
according to the Common Terminology Cri-
teria for Adverse Events (CTCAE) version 3.0
of the National Cancer Institute (NCI).1

Role of gastroenterologist

All patients with gastrointestinal symptoms were
reviewed by the gastroenterologist, where
detailed analysis of their complaints were
done. Every patient with lower GI symptoms

underwent at least flexible sigmoidoscopy or
colonoscopy. All gastroenterological evaluations
were performed in our hospital either as out-
patient or inpatient setting according to the
severity of the case. APC was used as a thera-
peutic tool in some cases. (ERBE VIO�
APC2 Devise): The equipment consisted of an
APC unit, an electrosurgical generator and
APC instruments. In the ERBE VIO System,
the APC2 and the VIO generator were optim-
ally coordinated. A 2.3 mm diameter flexible
probe (with axial beam) was inserted through
the working channel of a standard Colono-
scopy. The standard probes were 220 cm long.
The type of gas: Argon 4.8 (99.998%), adjust-
able gas flow range (generally 0.8 L/min�1.0
L/min) of argon was selected, electrical power:
40�50 Watts. The operative distance between
probe and tissue ranged from 2 to 8 mm, and
the duration of the spark ranged from 0.5 to 2
seconds. According to the nature, number and
size of the lesions, we did one APC session or
several APC sessions in some patients to com-
plete the healing of the lesions and to cure their
symptoms.

Statistical methods

Data management and analysis were performed
using Statistical Analysis Systems. Numerical
data were summarized using means and standard
deviations. Categorical data were summarized as
percentages. Comparisons between groups with
respect to numeric variables were done using
the Mann�Whitney non-parametric test.
Comparisons between categorical variables
were done by the chi-square test. Factors
important in the prediction of radiation-
induced proctitis were examined using univari-
ate analysis.

RESULTS

One hundred and thirty-six patients met all
inclusion criteria. Follow-up period extended
from 6 to 84 months (median: 37 months).

Table 1 lists the patients’ characteristics.

In 58 patients (42.65%), no data were available
concerning the volume of rectum enclosedwithin
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the 95% isodose line of the radiation dose and the
maximal rectal doses could not be determined. In
the remaining 78 patients (57.35%), the data were
traced from the sheets containing field setup and
radiation dose distribution Table 2.

Chronic gastrointestinal morbidities
(Table 3)

The most common presenting symptom was
chronic diarrhoea. It is important to note that
13 patients had more than one symptom at pre-
sentation.

Chronic diarrhoea

Thirty-five patients (25.7%) developed chronic
diarrhoea Grade 1 or 2. Onset ranged from
the 3rd to 34th month (median time: 13
months). Offset ranged from the 4th to the
48th month (median time: 26 months).

Chronic proctitis

Seventeen patients (12.5%) developed chronic
proctitis Grade 1 or 2. Six patients (4.4%)
developed chronic proctitis Grade 3.

Onset ranged from the 3rd to 45th month
(median time: 24 months). Offset ranged from
the 4th to 62ndmonth (median time: 33months).

Chronic bleeding per rectum

Sixteen patients (11.8%) developed chronic
bleeding per rectum Grade1 or 2. Nine patients
(6.6%) developed chronic bleeding per rectum
Grade 3. Onset ranged from the 4th to the
60th month (median time: 31.5 months). Offset
ranged from the 5th to the 62nd month
(median time: 33.5 months).

Correlation between radiotherapy-
related morbidities and potential risk
factors

Running correlation analysis was done between
radiotherapy-related gastrointestinal morbidities
and potential risk factors. These include percent
volume of rectum enclosed in the 95% isodose
line and maximal dose received by the rectum,
tumour site, sex, age at diagnosis and comorbid-
ity �1.

As regards percent volume of rectum
enclosed in the 95% isodose line and maximal
dose received by the rectum, the data were
available for only 78 cases. When stratifying
the patients according to the maximal dose
received by the rectum into those received rec-
tal dose �60 Gy (13 patients) and those whose
maximal rectal doses were <60 Gy, it appears
that; there is a statistically significant correlation

Table 1. Patients’ characteristics

No. %

No. of patients 136 100
Age
Median 55
Range 34�80

Sex
Male/female 80/56 58.8/41.2

Tumour site
Bladder 78 57.4
Prostate 22 16.2
Gynecologic 36 26.5
Cervix 25
Uterine 11
Tumour Pathology 48 35.3
Adenocarcinoma 31 22.8
Squamous cell carcinoma 51 37.5
Transitional cell carcinoma 6 4.4
Anaplastic carcinoma
Associated medical comorbidity: 83 61
0 53 39
�1
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between the maximum rectal dose and develop-
ment of chronic proctitis (p ¼ 0.040), while
there is no significant correlation between the
maximum rectal dose and other chronic gastro-
intestinal morbidities Table 4.

Also there is no statistically significant cor-
relation between the volume of rectum
enclosed in the 95% isodose line and chronic
gastrointestinal morbidities Table 5.

Regarding other factors, univariate analysis
shows that only comorbidity �1 has significant
correlation with late proctitis (p ¼ 0.04) but
not with chronic diarrhoea (p ¼ 0.54) and
bleeding per rectum (p ¼ 0.068).

The majority of the patients with lower gas-
trointestinal tract (GIT) symptoms did not

require blood transfusions (88.6%).Only, eight
of nine cases presenting with bleeding per rec-
tum, Grade 3 toxicity did require blood transfu-
sion with average one or two units.

The endoscopic findings among study
group with lower gastrointestinal
symptoms

Endoscopic examinations showed that 59 cases
(84.3%) had mucosal injury including just mild
mucosal edema in 34 cases (48.6%); mucosal fri-
ability in 30 cases (42.9%) and/or ulceration in
25 (35.7%). Forty-two patients (60%) had vas-
cular injury varied from haemorrhagic mucosa
in 23 cases (32.9%); presence of vascular telan-
giectasia in 17 cases (24.3%) up to the presence
of blue-black appearance (ischaemic colitis) in 2
cases (2.9%), Table 6. It is important to note

Table 2. Percent volumes of rectum that received maximal doses

Value % rectal volume in 95% isodose line Maximal rectal dose

Minimum 25% 52 Gy
Maximum 70% 60 Gy
Median 50% 56 Gy

Table 3. Radiotherapy induced chronic gastrointestinal morbidities

Chronic gastrointestinal morbidities

Grade Chronic Diarrhoea (%) Chronic Proctitis (%) Chronic bleeding per rectum (%)

Grade 1 & 2 35 (25.7) 17 (12.5) 16 (11.8)
Grade 3 0 6 (4.4) 9 (6.6)
Grade 4 0 0 0
Total 35/136 (25.7%) 23/136 (16.9%) 25/136 (18.4%)

Table 4. Maximal rectal dose in relation to radiotherapy induced chronic gastrointestinal morbidities

Maximal rectal dose

Chronic gastrointestinal morbidities <60 (n ¼ 65) �60 (n ¼ 13) p value*

Diarrhoea None 51 (78.5) 12 (92.3) 0.443
Grade 1�3 14 (21.5) 1 (7.7)

Proctitis None 56 (86.2) 8 (61.5) 0.040
Grade 1�3 9 (13.8) 5 (38.5)

Bleeding per rectum None 55 (84.6) 11 (84.6) 1.000
Grade 1�3 10 (15.4) 2 (15.4)
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that the total number of patients affected by dif-
ferent types of mucosal injury and vascular
injury exceeds 70, as some patients had more
than one type of mucosal injury and some
patients had vascular injury in addition to
mucosal injury.

Argon plasma coagulation (APC) for
endoscopically diagnosed radiation
colitis

APC was done for 17 cases with vascular telan-
giectasia with average number of setting 1�3.
APC was successful in 14 cases (82.4%) and
3 cases need vasoligation through selective
angiography. Also, APC was done for 25 cases
with mucosal ulceration with average number
of settings(2�4) and it was successful in 11 cases
(44%) while 14 cases needed another therapy
including steroid enema. APC was done in
23 cases with haemorrhagic mucosa with aver-
age settings(2�4) every 2 weeks and was success-
ful in controlling patient symptoms in 16 cases
(70%), while 7 cases needed another line of
therapy after APC, including steroid enema for

2 to 3 weeks in 6 cases and surgical intervention
in 1 case Table 7. Five cases (out of 70 cases)
were presenting with severe radiation proctitis
and needed surgical intervention (5.7%) includ-
ing one case with extensive haemorrhagic
mucosa; 2 cases with ischaemic colitis and 2
cases with luminal stricture at rectosigmoid.

DISCUSSION

Late onset bowel dysfunction post-pelvic radio-
therapy is an increasingly common clinical scen-
ario, which is related to improved oncological
treatments and cancer survival.7 The median
time to the appearance of symptoms from late
intestinal injury in our study was 13 months
(ranged from the 3rd to 34th month), which
was in concordance with that reported by
Wedlake et al.8

The most commonly reported late gastroin-
testinal symptom in our study was chronic dia-
rrhoea consistent with that reported in other
published studies.9 Our results showed 25.7%

Table 5. Percent rectal volume in relation to radiotherapy induced chronic gastrointestinal morbidities

% rectal volume

Chronic gastrointestinal morbidities M SD p value*

Diarrhoea None 51.4 15.7 0.641
Grade 1�3 53.9 19.9

Proctitis None 51.9 15.5 0.704
Grade 1�3 51.9 21.1

Bleeding per rectum None 51.0 15.7 0.553
Grade 1�3 56.5 20.4

Table 6. Colonoscopic findings among the study cases with lower gastrointestinal tract (GIT) symptoms

Colonoscopic findings Number Percentage

Mucosal injury 59 /70 84.3%
Mucosal edema 34/70 48.6%
Mucosal friability 30/70 42.9%
Mucosal ulceration 25/70 35.7%
Vascular injury 42/70 60%
Haemorrhagic mucosa 23/70 32.9
Presence of vascular telangiectasia 17/70 24.3
Blue black appearance (ischaemic colitis) 2/70 2.9%,
Luminal stricture 2/70 (in the rectosigmoid) 2.9%
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Grade 1 and 2 chronic diarrhoea with no
reported Grade 3 and 4 toxicities.

Rectal bleeding after radiotherapy has been
reported to occur in 29%�51% of patients.10

Rectal bleeding impairs patients’ daily activities
and quality of life in 6% of all patients treated
with radiotherapy.13 In our study, Grade 3
chronic bleeding per rectum was reported in
6.6% consistent with that reported in the literat-
ure. The lower figures of Grade 1 and 2 chronic
bleeding per rectum (11.8%) reported in our
study may be due to that some patients usually
deny this symptom unless it affects their daily
activities and quality of life.

Late radiation proctitis is initially manifested
by rectal discomfort, but can progress to stool
incontinence or even to life-threatening com-
plications like perforation.1 In our study, 17
patients (12.5%) developed chronic proctitis
Grade 1 or 2, 6 patients (4.4%) developed
chronic proctitis Grade 3 and there was no
Grade 4 toxicity. The overall incidence was
16.9%, which lies within the reported rates
(5%�20%) in published studies.11�13

Our results showed that there was no signific-
ant difference found between the mean rectal
volumes among patients who developed
chronic gastrointestinal morbidities and those
who did not develop (p > 0.05). Lack of signi-
ficant correlation between volume effect and
radiotherapy induced morbidities in our study
agrees with what was reported by Michalski et
al.14 for doses �45 Gy. However, this was con-
trary to other studies, which reported that the
volume of rectum receiving �60 Gy is consis-
tently associated with the risk of Grade �2 rec-
tal toxicity.14�16 The difference between our

results and the results of the above-mentioned
studies could be referred to the difference in
dose levels used, the difference between the
numbers of cases and unavailability of dose vol-
ume histograms for most of our patients.

As regards the correlation between radiation-
induced toxicities and maximal rectal dose, we
found that there was a significant difference
between maximal rectal dose in those
developed chronic proctitis and those did not
develop (p ¼ 0.040), but no significant differ-
ence in chronic diarrhoea (p ¼ 0.443) and
chronic bleeding per rectum (p ¼ 1.000).

Lack of significant correlation between rectal
dose and these morbidities in our study may be
accounted to the dose used in our patients that
was in most instances 66 Gy and the maximal
rectal dose that was in median 56 Gy. This is
accordant with what was reported by Fiorino
et al.16 that the frequency of late rectal bleeding
increases as the prescription dose rises above 70
Gy; however, our results are not accordant with
what was reported by other investigators like
Schultheiss et al.17 who found that radiation
dose significantly correlated with late gastroin-
testinal morbidities.

Of patients variables, only comorbidity �1
has significant correlation with late proctitis
(p ¼ 0.04). This is in agreement with that
reported by Lim et al.18 who found diabetes to
be significantly related to late ano-rectal tox-
icity. Contrary to that found by Skwarchuk et
al.,19 age has no effect on the risk of late gastro-
intestinal morbidities in our study.

Sigmoidoscopy and/or colonoscopy was
done in 70 cases with lower gastrointestinal

Table 7. Treatment outcome of radiation colitis through colonoscopy using Argon plasma coagulation (APC)

Lesions Subsequent treatment required Average number of settings

Presence of vascular telangiectasia (17) 3*/17 1�3
Mucosal ulceration (25) 14**/25 2�4
Haemorrhagic mucosa (23) 7***/23 2�4

*Vasoligation through selective angiography was applied
**Steroid enemas were used for 2�3 weeks after APC.
***Steroid enemas in (6 cases) and surgical management in severe case (2 cases only).
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tract (GIT) morbidity. Fifty nine cases (84.3% )
had mucosal injury. Forty-two patients had vas-
cular injury (60%). Some patients had more
than one type of mucosal injury and some
patients had vascular injury in addition to
mucosal injury. Five cases (out of 70 cases)
were presenting with severe radiation proctitis
and needed surgical intervention (5.7%),
including one case with haemorrhagic mucosa,
one case with ischaemic colitis and two cases
with luminal stricture.

In post-radiation late bowel toxicity, it is pos-
tulated that recurrent bleeding occurs due to
vascular telangiectasia and non-healing mucosal
ulceration from underlying endarteritis obliter-
ans.20 APC treatment has the distinct advantage
of being able to reach to proximally affected
parts of the rectum or colon as it is delivered
using the colonoscope. Furthermore, APC
only coagulates the superficial mucosal layer,
causing minimal discomfort for the patient,
and it can be safely performed in the endoscopy
suite.13

APC was applied in 65 cases of our cases (17
cases with vascular telangiectasia, 25 cases with
mucosal ulceration and 23 cases with haemor-
rhagic mucosa). In our study, APC was effective
in controlling patients’ symptoms in 41 cases of
them (63.1%) after 2 to 3 settings. In many case
series, it was reported that the majority of
patients achieved symptomatic improvement
and complete remission after two to four treat-
ment courses with APC.21 Twenty-four cases
needed another line of therapy after APC varied
between vasoligation by angiography in three
cases with vascular telangiectasia, surgical inter-
vention in one case with haemorrhagic mucosa
and steroid enema for 2 to 3 weeks in 20 cases
(14 cases with mucosal ulceration and 6 cases
with haemorrhagic mucosa).

Limitations of this study and recommenda-
tions: Our sample size was small and our results
are unlikely to be generalizable to the popula-
tions of these patients. It needs confirmation
by larger study with suitable sample size.

In conclusion, three-dimensional pelvic radio-
therapy using a 2-phase technique is associated

with a low level of Grade 3 late lower gastroin-
testinal toxicities. The most common presenting
symptom is chronic diarrhoea. For all grades of
late bowel toxicity, both maximum rectal dose
and comorbidity �1 significantly predict the
development of chronic proctitis. APC is an
effective, safe and well-tolerated treatment for
chronic radiation proctitis. It should be consid-
ered as a first-line therapy for radiation proctitis.

References

1. Cancer Therapy Evaluation Program, Common Ter-

minology Criteria for Adverse Events, Version 3.0,

DCTD, NCI, NIH, DHHS. March 31, 2003. (http://

ctep.cancer.gov), Publish Date: August 9, 2006.

2. Gami B, Harrington K, Blake P et al. How patients man-

age gastrointestinal symptoms after pelvic radiotherapy.

Aliment Pharmacol Ther 2003; 18:987�994.

3. Potosky AL, Legler J, Albertsen PC et al. Health outcomes

after prostatectomy or radiotherapy for prostate cancer:

results from the Prostate Cancer Outcomes Study. J Natl

Cancer Inst 2000; 92:1582�1592.

4. Andreyev HJN, Amin Z, Blake P, Dearnaley D, Tait D,

Vlavianos P. GI symptoms developing after pelvic radio-

therapy require gastroenterological review. Gut 2003; 52

(Suppl. 1):A90.

5. Andreyev J. Gastrointestinal complications of pelvic radio-

therapy: are they of any importance? Gut 2005;

54:1051�1054.

6. Zhou C, Adler DC, Becker L et al. Effective treatment of

chronic radiation proctitis using radiofrequency ablation.

Therap Adv Gastroenterol 2009; 2:149�156.

7. Henson C. Chronic radiation proctitis: issues surrounding

delayed bowel dysfunction post-pelvic radiotherapy and

an update on medical treatment. Therap Adv Gastroen-

terol 2010; 3:359�365.

8. Wedlake LJ, Thomas K, Lalji A, Blake P, Khoo VS, Tait

D, Andreyev HJ. Predicting late effects of pelvic radio-

therapy: is there a better approach? Int J Radiat Oncol

Biol Phys. 2010; 78:1163�1170.

9. Michael G. Haddock, Jeff A. Sloan, John W. Bollinger

et al. Patient Assessment of Bowel Function During and

After Pelvic Radiotherapy: Results of a Prospective Phase

III North Central Cancer Treatment Group Clinical Trial.

J Clin Oncol 2007; 25:1255�1259.

10. Williams HR, Vlavianos P, Blake P et al. The significance

of rectal bleeding after pelvic radiotherapy. Aliment Phar-

macol Ther 2005; 21:1085�1090.

11. Buchi K. Radiation proctitis: therapy and prognosis.

JAMA 1991; 265:1180.

12. Cho KH, Lee CK, Levitt SH. Proctitis after conventional

external radiation therapy for prostate cancer: importance

99

Radiation induced-late bowel toxicity: role of argon plasma coagulation

https://doi.org/10.1017/S1460396911000112 Published online by Cambridge University Press

http://ctep.cancer.gov
http://ctep.cancer.gov
https://doi.org/10.1017/S1460396911000112


of minimizing posterior rectal dose. Radiology 1995;

195:699�703.

13. Wong MT, Lim JF, Ho KS et al. Radiation proctitis: a

decade’s experience. Singapore Med J 2010; 51:315�319.

14. Michalski JM, Gay H, Jackson A, Tucker SL, Deasy JO.

Radiation dose-volume effects in radiation-induced rectal

injury. Int J Radiat Oncol Biol Phys 2010; 76:

S123�S129.

15. Koper PC, Heemsbergen WD, Hoogeman MS et al.

Impact of volume and location of irradiated rectum wall

on rectal blood loss after radiotherapy of prostate cancer.

Int J Radiat Oncol Biol Phys 2004; 58:1072�1082.

16. Fiorino C, Sanguineti G, Cozzarini C et al. Rectal dose-

volume constraints in high-dose radiotherapy of localized

prostate cancer. Int J Radiat Oncol Biol Phys 2003;

57:953�962.

17. Schultheiss TE, Lee WR, Hunt MA et al. Late GI and GU

complications in the treatment of prostate cancer. Int J

Radiat Oncol Biol Phys 1997; 37:3�11.

18. Lim G, Lau H, Brasher P. Factors influencing late rectal

toxicity after radical radiotherapy of localized and locally

advanced prostate cancer. Cancer Ther 2007; 5:253�260.

19. Skwarchuk MW, Jackson A, Zelefsky MJ et al. Late rectal

toxicity after conformal radiotherapy of prostate cancer (I):

multivariate analysis and dose-response. Int J Radiat

Oncol Biol Phys 2000; 47:103�113.

20. Seow-Choen F, Goh HS, Eu KW, Ho YH, Tay SK. A

simple and effective treatment for hemorrhagic radiation

proctitis using formalin. Dis Colon Rectum 1993;

36:135�138.

21. Kaassis M, Oberti E, Burtin P, Boyer J. Argon plasma

coagulation for the treatment of hemorrhagic radiation

proctitis. Endoscopy 2000; 32:673�676.

100

Radiation induced-late bowel toxicity: role of argon plasma coagulation

https://doi.org/10.1017/S1460396911000112 Published online by Cambridge University Press

https://doi.org/10.1017/S1460396911000112


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


