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Abstract

BACKGROUND

Chronic radiation proctitis (CRP) is a complication which occurs in 1%-5% of
patients who undergo radiotherapy for pelvic malignancies. Although a wide
range of therapeutic modalities are available, there is no literature to date
showing any particularly appropriate therapeutic modality for each disease
stage. Argon plasma coagulation (APC) is currently recommended as the first-
choice treatment for hemorrhagic CRP, however, its indication based on long-
term follow-up is still unclear. On the hypothesis that the long-term efficacy and
safety of APC are not fully understood, we reviewed APC treatment for patients
with hemorrhagic CRP from a single center.

AIM
To assess the long-term efficacy and safety of APC for hemorrhagic CRP.

METHODS

This is a retrospective study of consecutive patients treated with APC for
hemorrhagic CRP from January 2013 to October 2017. Demographics, clinical
variables, and typical endoscopic features were recorded independently. Success
was defined as either cessation of bleeding or only occasional traces of bloody
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stools with no further treatments for at least 12 mo after the last APC treatment.
We performed univariate and multivariate analyses to identify factors associated
with success and risk factors for fistulas.

RESULTS

Forty-five patients with a median follow-up period of 24 mo (range: 12-67 mo)
were enrolled. Fifteen (33.3%) patients required blood transfusion before APC.
Successful treatment with APC was achieved in 31 (68.9%) patients. The mean
number of APC sessions was 1.3 (1-3). Multivariate analysis showed that APC
failure was independently associated with telangiectasias present on more than
50% of the surface area [odds ratio (OR) = 6.53, 95% confidence interval (CI): 1.09-
39.19, P = 0.04] and ulcerated area greater than 1 cm? (OR = 8.15, 95%CI: 1.63-
40.88, P = 0.01). Six (13.3%) patients had severe complications involving rectal
fistulation. The only factor significantly associated with severe complications was
ulcerated area greater than 1 cm? (P = 0.035).

CONCLUSION
The long-term efficacy of APC for hemorrhagic CRP is uncertain in patients with
telangiectasias present on > 50% of the surface area and ulceration > 1 cm?

Key words: Argon plasma coagulation; Chronic radiation proctitis; Radiation proctopathy;
Efficacy; Safety
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Core tip: Argon plasma coagulation (APC) is currently recommended as the first-choice
treatment for hemorrhagic chronic radiation proctitis, however, its indication based on
long-term follow-up is still unclear. The purpose of this study was to review APC’s long-
term efficacy and safety. Forty-five patients with a median follow-up period of 24 mo
were enrolled. Successful treatment was achieved in 31 (68.9%) patients. APC failure
was independently associated with telangiectasias present on > 50% of the surface area
and ulceration > 1 cm? Six (13.3%) patients experienced severe complications involving
rectal fistulation. The only factor significantly associated with severe complications was
ulceration > 1 cm?
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INTRODUCTION

Chronic radiation proctitis (CRP) is a complication that occurs in 1%-5% of patients
who undergo radiotherapy for pelvic malignancies!'!. Hemorrhagic CRP is a
syndrome characterized by rectal bleeding, tenesmus, mucus discharge, and fecal
incontinencel'”. It persists beyond three months after the completion of radiotherapy
or begins three months after the initiation of radiotherapy!!. The underlying
pathological mechanisms of CRP are endarteritis obliterans and submucosal fibrosis,
which lead to ischemial’. Telangiectasias, typical endoscopic findings of hemorrhagic
CRP, are considered to be a compensatory mechanism for ischemial®’. However, these
superficial vascular lesions may bleed occasionally or even cause severe rectal
bleeding requiring transfusion!"..

Current treatment modalities for hemorrhagic CRP include three main categories:
medical, interventional, and surgical. Medical treatments mainly include formalin
application”*! and sucralfate retention enemas!”'".. Interventional treatments mainly
include endoscopic argon plasma coagulation (APC)!"""l and hyperbaric oxygen
therapy!"”"!l. Nonsurgical therapy is preferable to surgical treatment, as the latter may
cause high morbidity or mortality!"”l. Surgery should be reserved for refractory
bleeding or cases complicated by fistulas, abscesses, or strictures. Although a wide
range of therapeutic modalities are available, there is no literature to date showing
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any particularly appropriate therapeutic modality for each disease stage. APC is
currently recommended as the first-choice treatment for hemorrhagic CRP, due to its
coagulation depth control, easy accessibility, relatively high effectiveness, and low
cost!'®'"l. However, the indication of APC for hemorrhagic CRP is still unclear. The
purpose of our study was to review the long-term efficacy and safety of APC for
hemorrhagic CRP, and to evaluate the prognostic and risk factors.

MATERIALS AND METHODS

Patients

We retrospectively reviewed consecutive patients with hemorrhagic CRP treated with
APC between January 2013 and October 2017 at the Sixth Affiliated Hospital of Sun
Yat-sen University. The indications for APC were persistent rectal bleeding despite
several treatment attempts with various topical agents including sucralfate, almagate,
corticosteroids, and 5-aminosalicylic acid enemas. The exclusion criteria for the
present study included the following: (1) patients had received treatments other than
medical therapy prior to APC, such as APC, formalin irrigation, fecal diversion, and
proctectomy; (2) primary tumor residue/relapse or large bowel cancer occurring
during follow-up; and (3) patients had causes of rectal bleeding other than CRP.
Patients agreed to undergo treatment by written consent. Informed consent for this
study was waived due to its retrospective nature, and the study was approved by the
Institutional Review Board of the Sixth Affiliated Hospital of Sun Yat-sen University.

APC technique

Patients maintained a clear fluid diet for 24 h before the APC procedure and
underwent standard bowel preparation with 2-L polyethylene glycol. Preparation
with enemas was performed in a few patients: 8.9% (4/45) for the first APC procedure
and 29.4% (5/17) for the latter procedures. Patients received sedation with individual
doses of midazolam, pethidine, or propofol if required. A total large bowel evaluation
was not essential for patients who had received a complete evaluation previously or
who could not tolerate a complete colonoscopy. A front-firing APC probe with a
diameter of 2.3 mm was inserted through the working channel of a therapeutic
colonoscope (PCF-Q260], Olympus). If blood or other contaminating material was
present, a volume of water was used to rinse the mucosal surface of the affected
colorectum to prepare the surface for APC application. An argon flow of 1.0-3.0
L/min at a power of 40-60 W was applied to the lesions in 1-2 s pulses by the
endoscopist, while an argon flow of 1.8 L/min at a power of 50 W was routinely
adopted. The endoscopist aimed to ablate all the visible telangiectasia that might
require multiple endoscopic procedures. During the APC procedure, adequate
endoscopic aspiration was required to avoid overdistension with argon gas. Patients
received a low or no residue diet for at least one week after the APC procedure.
Repeat procedures, if necessary, were often performed at intervals of 3-4 wk.

Definition and follow-up
Follow-up was scheduled through outpatient clinic or by telephone at 6 and 12 mo
after the procedure and thereafter at 12-mo intervals. Patients were advised to contact
our departments in the event of recurrence of hemorrhage or anemia. Medical records
were reviewed retrospectively. Endoscopic severity of CRP was derived from the
highly-detailed endoscopic images in combination with the description on the
endoscopic reports. CRP was endoscopically characterized according to the system
advocated by Zinicola et al"®. In addition, ulceration was an important feature
according to the Vienna grading system!"”.. Four factors were recorded independently:
telangiectasia distribution, the surface area involved, the presence of fresh blood and
ulceration (Figure 1).

Success was defined either as cessation of bleeding or only occasional traces of
bloody stools with no further treatment for at least 12 mo after the last APC
treatment™.

Statistical analysis

Categorical variables were compared using the y2 test or Fisher's exact test. A two-
sided P-value < 0.05 was considered significant. We performed univariate and
multivariate analyses to identify factors associated with success and risk factors for
fistulas. Multivariate models were developed using the enter stepwise method with a
removal cutoff of P = 0.10. All statistical analyses were performed with SPSS version
20 (SPSS, Inc., Chicago, IL, United States).
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Figure 1 Endoscopic characteristics of hemorrhagic chronic radiation proctitis. A: Telangiectasias present on
less than 50% of the surface area; B: Telangiectasias present on more than 50% of the surface area; C: Presence of
fresh blood; D: Ulceration < 1 cm? E and F: Ulceration > 1 cm?.

RESULTS

Demographics

Between January 2013 and October 2017, 52 consecutive patients had not received
treatments other than medical therapy before undergoing APC treatment for
hemorrhagic CRP. After exclusion, a cohort of 45 patients were enrolled in this study.
Reasons for exclusion were: (1) the patient was lost to follow-up (n = 6), and (2) the
patient had a tumor relapse (n = 1). Approximately 88.9% of patients were treated
with radiotherapy for gynecological malignancies, including cervical (n = 39) and
vaginal (n = 1) cancers. The remaining five patients had prostate cancer. The median
age at the time of the first APC treatment was 60 years (range: 43-88 years). The
median duration between cessation of radiotherapy and onset of radiation proctitis
was 8 mo (range: 0-78 mo). The median follow-up time from the most recent APC
procedure was 24 mo (range: 12-67 mo). The median hemoglobin level at the time of
first APC treatment was 10.1 g/dL (2.8-13.1 g/dL), and 15 (33.3%) patients required
blood transfusion.

Efficacy of APC

At the time of first APC treatment, 14 (31.1%) patients had extensive telangiectasia
distributed more than 10 cm from the anal verge, 26 (57.8%) had more than 50% of the
surface area covered by telangiectasias, 29 (64.4%) had fresh blood in the lumen, and
12 (26.7%) had ulceration greater than 1 cm? (Table 1).

Successful treatment with APC was achieved in 31 (68.9%) patients. The mean
number of APC sessions was 1.3 (1-3). Bleeding was not successfully controlled by
APC treatment in the remaining 14 (31.1%) patients. The univariate analysis of clinical
and endoscopic variables showed statistically significant associations between APC
failure and telangiectasias present on more than 50% of the surface area (P = 0.011)
and ulceration greater than 1 cm? (P = 0.006). Further multivariate analysis showed
that APC failure was independently associated with telangiectasias present on more
than 50% of the surface area [odds ratio (OR) = 6.53, 95% confidence interval (CI):
1.09-39.19, P = 0.04] and ulceration greater than 1 cm? (OR = 8.15, 95%CI: 1.63-40.88, P
=0.01).

For all 14 patients for whom APC was unsuccessful, bleeding was successfully
controlled after fecal diversion.

Complications

Six (13.3%) patients had severe complications involving rectal fistula formation
(including rectovaginal fistula and rectourethral fistula) at 1, 1, 2, 4, 9, and 9 mo after
the first treatment session. They were treated with surgical interventions, including
fecal diversion (n = 5) and restorative resection with pull-through coloanal
anastomosis (1 = 1). In the univariate analysis, the only factor significantly associated
with severe complications was ulceration greater than 1 cm? (P = 0.035) (Table 2).
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Table 1 Univariate analysis of factors associated with argon plasma coagulation treatment failure for hemorrhagic chronic radiation

proctitis.

Variable No. of failure/total patients P-value

Distribution of telangiectasias
Distal rectum (within 10 cm from anal verge) 7/31 0.136"
Entire rectum +/— sigmoid (more than 10 cm from anal verge) 7/14

Surface area covered by telangiectasias

Less than 50% 2/19 0.011*
More than 50% 12/26

Presence of fresh blood

No 3/16 0.320"
Yes 11/29

Ulceration

<1em’ 6/33 0.006"
>1cm’ 8/12

Gender

Female 14/40 0.305°
Male 0/5

Hypertensive

No 11/39 0.356°
Yes 3/6

Diabetic

No 11/40 0.166°
Yes 3/5

Abdominal surgery

No 11/33 0.865"
Yes 3/12

Acute radiation injury

No 14/39 0.156°
Yes 0/6

Requiring blood transfusions

No 7/30 0.210"
Yes 7/15

Number of APC

1 11/33 0.865'
22 3/12

Age, yr

<60 8/22 0.457°
=60 6/23

BMI at the first treatment of APC, kg/ m’

<21 7/21 0.763”
221 7/24

Time from the end of radiotherapy to bleeding, mo

<8 6/17 0.637”
>8 8/28

Time from the end of radiotherapy to the first time of APC, mo

<14 8/23 0.586”
>14 6/22

!Data were calculated using continuity correction;

Data were calculated using the y2 test;

®Data were calculated using the Fisher exact test.

APC: Argon plasma coagulation; CRP: Chronic radiation proctitis; BMI: Body mass index.

DISCUSSION
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Table 2 Univariate analysis of factors associated with argon plasma coagulation treatment complications for hemorrhagic chronic

radiation proctitis

Variable No. of complication/total patients P-value

Distribution of telangiectasias
Distal rectum (within 10 cm from anal verge) 4/31 1.000”
Entire rectum +/— sigmoid (more than 10 cm from anal verge) 2/14

Surface area covered by telangiectasias

Less than 50% 2/19 1.000°
More than 50% 4/26

Presence of fresh blood

No 1/16 0.399°
Yes 5/29

Ulceration

<1em’ 2/33 0.035”
>1cm’ 4/12

Gender

Female 5/40 0.529”
Male 1/8

Hypertensive

No 4/39 0.367"
Yes 2/6

Diabetic

No 4/40 0.125°
Yes 2/5

Abdominal surgery

No 6/33 0.171°
Yes 0/12

Acute radiation injury

No 6/39 0.699"
Yes 0/6

Requiring blood transfusions

No 3/30 0.384”
Yes 3/15

Number of APC

1 5/33 1.000”
22 1/12

Age, yr

<60 1/22 0.187
=60 5/23

BMI at the first treatment of APC, kg/ m’

<21 3/21 1.000”
221 3/24

Time from the end of radiotherapy to bleeding, mo

<8 2/17 1.000”
>8 4/28

Time from the end of radiotherapy to the first time of APC, mo

<14 4/23 0.665
>14 2/22

!Data were calculated using continuity correction;
Data were calculated using the Fisher exact test.
APC: Argon plasma coagulation; CRP: Chronic radiation proctitis; BMI: Body mass index.

Radiation therapy is widely used for pelvic cancer. Although radiation techniques
have made substantial advances in delivering more targeted radiation to tumors, as
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many as 5% of patients treated with radiotherapy for pelvic cancer will suffer from
hemorrhagic CRP. Several treatment modalities, including APC, are strongly
recommended by the American Society of Colon and Rectal Surgeons (ASCRS);
however, none of them are based on high-quality evidencel'”. APC has been widely
reported as an effective and safe modality for the treatment of hemorrhagic CRP;
however, reported effectivity and complication rates vary across studies, with
effectivity rates from 50% to 100% and complication rates from 0% to 63.6%*. Few
studies have investigated the prognostic factors and risk factors of APC for the
treatment of hemorrhagic CRP. Based on the strict definition of success, which states
that the follow-up time should be at least 12 mo from the last treatment of APC, our
study confirmed that APC was an effective modality with the complete control of
bleeding in 68.9% of all patients. The independent prognostic factors were both
endoscopic features prior to APC, including telangiectasias present on more than 50%
of surface area and ulceration greater than 1 cm? Our study also showed that APC
was not a risk-free procedure, with 13.3% of patients developing rectal fistulas. The
only risk factor identified was ulceration greater than 1 cm?.

The efficacy of APC in our study seemed to be less than that observed in some prior
studies”*]. Two main reasons may contribute to this. First, we defined treatment
success on the basis of the long-term effect (at least 12 mo of follow-up from the last
treatment of APC). A study in Japan analyzed 64 patients who developed
hemorrhagic CRP, with a median follow-up period of 35 mo (range: 12-69 mo) to
assess treatment efficacy™!. In this study, 12 patients received APC therapy, and 5 of
them (42%) successfully had their bleeding stopped. Second, 24 (53.3%) patients in our
study were categorized as having severe radiation proctitis prior to APC therapy
according to the endoscopic severity of hemorrhagic CRP developed by Zinicola et
all'l. Half of the patients were treated successfully by APC. The results of this study
were consistent with Zinicola et al'"", in which only one of the three patients with
severe radiation proctitis was treated successfully by APC. The authors concluded
that success was not certain for patients with severe hemorrhagic CRP.

Whether endoscopic severity has predictive value in the treatment of hemorrhagic
CRP with APC remains controversial. In a series of 50 patients, Swan et al*! found
that the endoscopic grade did not predict the likelihood of treatment success. A study
by Siow et al*! also suggested that endoscopic grading was not a predictor of the
number of APC sessions needed to achieve hemostasis. However, Zinicola et all'*!
suggested that endoscopic severity could predict the success of APC. The endoscopic
score they developed was based on the telangiectasia distribution, surface area
covered by telangiectasias, and presence of fresh blood. APC failed in 2 of 14 patients,
both of whom had more than 50% of the surface area covered by telangiectasias and
fresh blood in the rectum. The authors considered these two factors to be significant in
predicting the treatment success of APC. Karamanolis et al*" also confirmed a
statistically significant correlation between endoscopic severity and the treatment
success of APC. They used a modified 2-grade scale instead of the 3 grades proposed
by Zinicola et all'! to assess the endoscopic severity. The modified scale included
telangiectasia distribution and surface area covered by telangiectasias. Our study also
confirmed that telangiectasias present on more than 50% of surface area was an
independent prognostic factor for treatment failure of APC. We did not find a
significant correlation between the presence of fresh blood and the treatment failure
of APC. Some authors argued that luminal blood might result in an unclear view and
prevent adequate telangiectasia ablation, which could reduce the efficacy of APC.
During the APC procedure, we used a water pump (OFP-2; Olympus) to rinse away
blood or other contaminating material, which might have minimized the adverse
impact of the blood. According to the Vienna grading system, ulceration represents a
severity feature of radiation proctitis. Goldner et al*”! thought that patients who had
received high doses at a certain volume could develop histopathological changes such
as ulcers in addition to congested mucosa or telangiectasia. Our study found that
ulceration greater than 1 cm? was another independent prognostic factor. The
explanation for this is still unclear. One possible explanation is that ulceration greater
than 1 cm? indicates more severe disease; another is that the endososcopist might
restrict the application of APC in terms of argon flow, power, and time in the case of a
large ulceration.

Some gastroenterologists consider APC to be a safe and "risk-free" treatment
modality. The major complications reported are mucus discharge, rectal pain, and
rectal ulcerations, which are most likely self-limiting and rarely require
intervention*l. Severe complications, including fistulation and stricture formation,
were reported to affect approximately 3% of patients in several studies”. However,
Andreyev et al suggested that APC should be used with caution in patients with CRP.
They warned that the severe complication rate of APC could reach as high as 26%
when used in patients with severe ischemia in the rectum?. Weiner et al® reported
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the long-term results of 35 patients who received APC treatment for hemorrhagic
CRP, with a median follow-up time of 56 mo (range: 3-112 mo). In their study, two
(5.7%) patients developed fistulation, with one mortality. In our study, six (13.3%)
patients developed severe complications involving rectal fistulation; however, all of
them survived. We further identified ulceration greater than 1 cm? as the only risk
factor for severe complications. APC is a noncontact thermal coagulation technique, in
which the thermal energy is delivered to the superficial blood vessels by ionized gas.
The depth of coagulation is limited to approximately 0.5-3 mm; thus, the risk of
perforation is generally considered to be low. Rectums with ulcers developing after
pelvic radiation could be considered as having fragile, ischemic, and poor healing
tissue. This may partly explain why patients with large ulceration have a higher risk
of developing fistulation.

There is no consensus on the optimal APC settings for hemorrhagic CRP. A recent
systematic review summarized different APC settings in 32 trials, with the electric
power ranging from 25 W to 80 W (median 50 W), and the argon flow ranging from
0.6 L/min to 3.0 L/min (median 1.5 L/min)®!. In one study, the optimal APC settings
were determined by using a swine rectum at an argon flow of 1.2 L/min and a power
of 40 W with application to the lesions in 2-s pulse. Sato et all*! concluded that this
setting was sufficient to ablate telangiectasia but did not damage the muscle layer.
However, the review showed that there was no difference in the corresponding
complications rates (0%-63.6% vs 0%-58.1%) between two electric power settings (50-
80 W vs 30-50 W, respectively). In addition, four studies using a current of 60 W and
an argon flow of > 1.5 L/min reported complications rates of 0%, 0%, 13.3%, and
35.7%. Peng et al”'l noted that APC settings seemed to have no correlation with
complication rates. In our study, an argon flow of 1.0-3.0 L/min at a power of 40-60 W
with application to the lesions in 1-2 -s pulses was determined by the endoscopist,
while an argon flow of 1.8 L/min at a power of 50 W was routinely adopted. This is
consistent with the guidelines advocated by ASCRS.

The present study was limited by its retrospective design and a relatively small
number of cases. Further large-cohort prospective studies are therefore required to
confirm our findings.

In conclusion, the long-term efficacy of APC for hemorrhagic CRP is uncertain in
patients with telangiectasias present on more than 50% of the surface area and
ulcerated area greater than 1 cm? Ulcerated area greater than 1 cm? is also a risk factor
for severe complications.

ARTICLE HIGHLIGHTS

Research background

Radiotherapy is widely used in the treatment of pelvic malignancies. Hemorrhagic chronic
radiation proctitis (CRP) is one of the most concerning complication that occurs in 1%-5% of
patients who received pelvic radiotherapy for cancer. Current treatment modalities for
hemorrhagic CRP include three main categories: medical, interventional, and surgical. Although
a wide range of therapeutic modalities are available, there is no literature to date showing any
particularly appropriate therapeutic modality for each disease stage.

Research motivation

Argon plasma coagulation (APC) is currently recommended as the first-choice treatment for
hemorrhagic CRP, due to its coagulation depth control, easy accessibility, relatively high
effectiveness, and low cost. However, its indication based on long-term follow-up is still unclear.

Research objectives
This study aimed to review the long-term efficacy and safety of APC for hemorrhagic CRP, and
to evaluate the prognostic and risk factors.

Research methods

We retrospectively analyzed demographics, clinical and endoscopic characteristics, and long-
term outcomes of consecutive patients who had received APC treatment for hemorrhagic CRP
from January 2013 to October 2017. Success was defined as either cessation of bleeding or only
occasional traces of bloody stools with no further treatments for at least 12 mo after the last APC
treatment.

Research results

This study enrolled 45 patients with a median 24-mo follow-up period (range: 12-67 mo), 33.3%
of whom required blood transfusion before APC. The success rate was 68.9%, with the mean
number of APC sessions being 1.3 (1-3). This study showed that telangiectasias present on more
than 50% of the surface area [odds ratio (OR) = 6.53, 95% confidence interval (CI): 1.09-39.19, P =
0.04] and ulcerated area greater than 1 cm? (OR = 8.15, 95%ClL: 1.63-40.88, P = 0.01) were poor
prognostic indicators for APC treatment of hemorrhagic CRP. Six (13.3%) patients had severe
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complications involving rectal fistulation. The only risk factor for severe complications was
ulcerated area greater than 1 cm? (P = 0.035). Further large-cohort prospective studies are
required to confirm our findings.

Research conclusions

Endoscopic severity could predict the success of APC. The long-term efficacy of APC for
hemorrhagic CRP is uncertain in patients with telangiectasias present on more than 50% of the
surface area and ulcerated area greater than 1 cm® APC is not a "risk-free" treatment modality.
Ulcerated area greater than 1 cm? is also a risk factor for severe complications.

Research perspectives

Although APC is currently recommended as the first-choice treatment for hemorrhagic CRP, its
long-term efficacy and safety are still not well understood. Our study showed that endoscopic
characteristics could predict the success and severe complications of APC. Prospective,
multicenter, large-scale studies involving different APC settings ought to be conducted in the
follow-up research.
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