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ABSTRACT

Background: Sphincter-sparing radiotherapy or chemoradiation are standard treatments for patients
with anal cancer. The ultimate treatment goal is full recovery from anal cancer with preserved anorec-
tal function. Unfortunately, long-term survivors often suffer from severe anorectal symptoms. The aim
of the present study was to characterize changes in anorectal physiology after radiotherapy for anal
cancer.

Method: We included 13 patients (10 women, age 63.4+ 1.9) treated with radiotherapy or chemoradia-
tion for anal cancer and 14 healthy volunteers (9 women, age 61.4+1.5). Symptoms were assessed
with scores for fecal incontinence and low anterior resection syndrome. Anorectal physiology was
examined with anorectal manometry and the Functional Lumen Imaging Probe.

Results: Patients had a median Wexner fecal incontinence score of 5 (0-13) and a median LARS score
of 29 (0-39). Compared to healthy volunteers, patients had lower mean (+SE) anal -resting (38+5 vs.
7116, p<.001) and -squeeze pressures (76+11 vs. 165+ 15, p <.001). Patients also had lower anal
yield pressure (15.5+1.3mmHg vs. 28.0+2.0 mmHg, p <.001), higher distensibility, and lower resist-
ance to flow (reduced resistance ratio of the anal canal during distension, g=5.09, p <.001). No differ-
ences were found in median (range) rectal volumes at first sensation (70.5 (15-131) vs. 57 (18-132) ml,
p > .4), urge (103 (54-176) vs. 90 (32-212), p > .6) or maximum tolerable volume (173 (86—413) vs. 119.5
(54-269) ml, p >.10).

Conclusion: Patients treated with radiotherapy or chemoradiation for anal cancer have low anal resting
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and squeeze pressures as well as reduced resistance to distension and flow.

Introduction

The incidence of squamous cell carcinomas in the anal canal
(anal cancer, AC) has increased significantly during the last
decades. Incidence rates have reached 1 per 100,000 person-
years among men and 3 per 100,000 person-years among
women [1]. Sphincter-sparing radiotherapy (RT) or chemora-
diation (CRT) have become the standard treatments for AC
patients. The goal of treatment is full recovery from AC with
preserved anorectal function. Hence, colostomy-free survival
is a commonly used measure of clinical success.

Several large studies of various regimes of RT and/or CRT
for AC have reported 5-year survival rates of 52-73% [2-12].
Unfortunately, long-term survivors often suffer from severe
anorectal dysfunction [13-18]. In a study from our unit in
Aarhus, Denmark, 31% of patients treated for AC suffered
from incontinence to solid stools, 54% had incontinence to
liquid stools, 79% had incontinence to gas at least once per
month, and 56% had daily episodes of urgency to defecate

[14]. Radiotherapy may not only affect the anal canal.
Radiation-induced rectal hypersensitivity can cause urge and
fecal incontinence but remains to be studied in detail after
treatment for AC. Unfortunately, the pathophysiology behind
symptoms caused by RT or CRT remains poorly understood.

Previous studies on late (>3 months) anorectal toxicity after
radiotherapy in AC patients found decreased anal resting pres-
sure and squeeze pressure [16-18]. However, the competence
of sphincters is better characterized by their dynamic resist-
ance to distension (distensibility) than by their pressure profile
[19-23]. The functional lumen imaging probe (FLIP) allows
dynamic and segmental examination of distensibility proper-
ties of the anal canal [24-26]. The FLIP technique has previ-
ously been employed for studies of geometric and mechanical
properties of the anal canal in patients with idiopathic fecal
incontinence or with fibrotic degeneration of the internal anal
sphincter caused by systemic sclerosis [22,23,27-29].

We hypothesized that AC patients treated with RT or CRT
will have decreased resistance to distension (increased
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distensibility) of the anal canal and experience rectal hyper-
sensitivity. Thus, the aim of the present study was to charac-
terize anal sphincter function and rectal sensitivity in AC
patients treated with RT or CRT.

Material and methods
Subjects

We studied 13 AC patients (10 female) with a mean age of
63.4+ 1.9 years and 14 healthy volunteers (9 female) with a
mean age of 61.4+1.5 years. Patients were consecutively
recruited among those seen for routine control at the
Department of Surgery, Aarhus University Hospital, Denmark.
One patient had a T1 tumor, seven patients had T2 tumors,
three patients had T3 tumors and two patients had T4
tumors. Nine patients had no regional lymph node metasta-
ses (NO), three had metastases in perirectal lymph node(s)
(N1) and one had metastases in unilateral internal iliac and/
or inguinal lymph node(s) (N2). None of the patients had dis-
tant metastases (MO).

All patients had been treated with RT or CRT at least 18
months prior to inclusion and were without recurrence.
Mean time after treatment was 4.6 + 0.3 years. All 13 patients
had received three-dimensional conformal external beam
radiotherapy with 64 Gy to the tumor site (Clinical Target
Volume #1) and 51.2Gy to the internal, external iliacal and
inguinal lymph nodes (Clinical Target Volume #2) in 30 frac-
tions with simultaneous integrated boost technique. Ten
patients had received chemotherapy, including eight treated
with cisplatin, 5-fluorouracil and ifosfamide, one treated with
cisplatin and one treated with Taxol/Xeloda. Two patients
with a T2NO tumor and one patient with a TINO tumor were
treated solely with RT as described above.

Data from the healthy volunteers, except for two men,
have been part of a previous publication [28]. Exclusion crite-
ria for the healthy volunteers were fecal incontinence (gas
incontinence was accepted), prior colorectal or pelvic surgery,
other colorectal or pelvic disease or active use of medication
known to interfere with Gl function.

The study was conducted in conformity with the
Declaration of Helsinki after approval by the local ethics com-
mittee (reference number 1-10-72-189-15).

Questionnaires

Both groups were evaluated using the Wexner fecal incontin-
ence score [30] The Wexner score consists of five questions
(g) (incontinence for either solid stool (q1), liquid stool (g2),
or gas (g3), pad usage (g4) and lifestyle impact (q5)) where
each is assigned 0-4 points depending on frequency (never
to daily). Hence, the global score ranges from 0 to 20.

The patients were further characterized using the Low
Anterior Resection Syndrome (LARS) Score [31]. The LARS
score is a symptom-based scoring system for bowel dysfunc-
tion after low anterior resection with or without preoperative
radiotherapy for rectal cancer [32]. The score consists of five
independent questions characterizing frequency, urgency,
incontinence and clustering that are weighed and added up

to a total score between 0 and 42 points. The LARS score
allows categorization of patients into three groups: no LARS
(0-20 points), minor LARS (21-29 points) and major LARS
(30-42 points).

Experimental protocol

Both groups were evaluated using standard anal manometry
and anal FLIP. Subjects were examined after two hours fast-
ing and with an empty bladder. An enema (Microlax, McNeil,
Birkered, Denmark) was administered at least 15minutes
prior to the investigation, ensuring that the rectum was
empty. All examinations were done with the subject in the
left lateral position. Standard anal manometry and rectal bag
volume distension (Menuet, Dantec medicals, Bristol, UK) was
performed in accordance with a previous publication from
our unit [33].

Functional lumen imaging probe (FLIP)

The EndoFLIP® System (Crospon Ltd, Galway, UK) has previ-
ously been described in detail [19,27-29]. It is based on the
impedance planimetry technique where luminal cross-sec-
tional areas (CSA) of narrowing zones in hollow organs such
as the anal canal are determined using a 12-cm-long non-
compliant bag containing electrically conductive fluid. The
electrical impedance is measured between 16 pairs of detec-
tion electrodes each placed 5mm apart [34]. In the present
study, the FLIP procedure was initiated after 15 minutes of
rest following the rectal distension protocol. The bag was
filled at a rate of 40mL/min and the bag had a maximum
diameter of 25mm. The pressure within the bag is deter-
mined by a solid-state pressure transducer. Pressure and CSA
are sampled at 10Hz and displayed directly on the monitor.
Air was removed from the FLIP catheter and the intra-bag
pressure set to zero before the FLIP procedure.

The FLIP catheter was inserted until only two detection
electrodes were visible outside the anal verge. During the
experiments, the catheter was held in position manually by
one of the investigators. Initially, the bag was filled twice to
10ml to ensure proper unfolding before the resting pressure
were measured for 30seconds. Afterwards, ramp distensions
were done to 20, 30, 40, and 50 mL. Each ramp distension
was performed at rest and followed by 30seconds of iso-
volumetric recording, also at rest, before the subject was
asked to squeeze for 10seconds. The investigator holding
the catheter checked the position of the FLIP catheter visu-
ally during and after each squeeze.

Data analysis

Recordings from the FLIP were exported to a customized
MATLAB subroutine (The Mathworks, Natick, MA, USA) for
analysis of distension properties.



Spatio-temporal maps of the FLIP recordings

The diameters along the anal canal were shown as color-
coded topography by interpolation of each channels diam-
eter change over time as previously described [22,28]. The
diameters were shown as single pixels by spatial orientation
(y-axis) and time (x-axis). Finally, the bag pressure and vol-
ume were overlaid on the diameter map to ease interpret-
ation of data.

Analysis of anal canal geometric properties

As described in previous studies, the pressure and the diame-
ters along specific locations of the anal canal were analyzed
at: (a) the initial state, (b) during rest, (c) during squeeze, and
(d) during filling of the FLIP bag [22]. The proximal and distal
limits of the anal canal were determined from its initial state
as previously described [22,27-29]. The geometric configur-
ation of the anal canal was determined for the entire data
recording. The diameters at the proximal, the middle and the
distal sections of the anal canal were used for further
analysis.

Distensibility and yield pressure of the anal canal

The distensibility of the anal canal was determined from the
pressure-diameter diagrams obtained from the volume dis-
tension to 50ml. The yield pressure was defined as the pres-
sure when the middle part of the anal canal dilated to 110%
of the initial diameter (size at volume 0 ml) followed by con-
tinuous increase in diameter during the inflation [22]. Thus,
the yield pressure expresses the pressure when the most
resistant (middle) part of the sphincter begins to distend
(CSA starts to increase).

Flow resistance of the anal canal

During the FLIP distension, the flow resistance of the anal
canal (ACR) was defined from the anal canal length (ACL),
the middle part diameter of the anal canal (ACMD) and the
dynamic viscosity of the inflated bag (DV), as [35]:

128 x DV x ACL
3.14 x ACMD*

ACL was calculated as the distance between the proximal
and distal anal canal location. Subjects were only included in
this part of the analysis if we could clearly identify the two
locations. The DV was assumed to be constant for all tests
and hence the ACR/DV ratio (ACRR) was calculated as the
measure of flow resistance of the anal canal as an expression
of the anal sphincter resting tone when exposed to increas-
ing volumes (10-50 mL).

ACR =

Statistical analysis

Our primary endpoint was the anal yield pressure. Secondary
endpoints were anal flow resistance and distensibility, as well
as rectal sensitivity. Descriptive data are given as mean + SEM
or median (range) where appropriate. Two-way repeated
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measures ANOVA analysis was used for comparison of the
diameter and pressure changes. The Tukey test was used for
post hoc analysis. Squeezing and resting state pressure
changes, as well as the resistance ratio at the resting state
were compared between the two groups with factor 1:
patients versus healthy volunteers, and factor 2: volumes.
Diameters at the resting state in the middle and proximal
anal canal were compared using factor 1: volumes, and fac-
tor 2: location within the anal canal. For both locations, the
diameter changes at rest were compared between patients
and healthy volunteers with factors 1: patients versus healthy
volunteers and factor 2: volumes. Student t-test was used for
comparison of the yield pressure, and Mann-Whitney Rank
Sum Test was used for comparing the resistance ratio at
pressure 40 mmHg during ramp distension when the volume
increased from 0 to 50ml. Differences were considered statis-
tically significant when p <.05. Pearson correlation coefficient
was used to examine associations between pressures and
symptom scores. All statistical analyzes were done using the
software package Sigma Plot 11.0 (SPSS Inc. Chicago, IL).

Results

Clinical and demographical data are presented in Table 1.

Bowel symptoms

The patients scored significantly higher on the Wexner fecal
incontinence score compared to healthy volunteers. Patients
had a median LARS score of 29 (range 0-39), which corre-
sponds to minor LARS. Three patients had no symptoms of
LARS (no LARS; 0-20 points) with a median score of 7 (range
0-10), four had minor LARS (21-29 points) with a median
score of 29 (range 27-29) and six had major LARS (30-42)
with a median score of 34.5 (range 32-39).

Standard anorectal manometry

Anal resting and squeeze pressures measured by conven-
tional anal manometry were significantly lower in AC patients
than in healthy volunteers (Table 1). No significant difference
in rectal sensibility was found between the groups (Table 1).
We found no association between Wexner fecal incontinence
score and resting pressure (r=-—0.31, p>.2), squeeze pres-
sure (r=-0.06, p>.8) and yield pressure (r=0.31, p>.3)

Table 1. Demographic and clinical data on 14 healthy volunteers and 13
patients treated with radiotherapy for anal cancer. Data are reported in
mean £ SE or median (range).

Healthy volunteers AC patients p value

Demographics

Age (years) 614+1.5 62.4+2.1 >5

Symptom Score

Wexner incontinence score 1 (0-4) 5 (0-13) <.001
Standard ano-rectal manometry

Anal resting pressure (mmHg) 71+£6 38+5 <.001

Anal squeeze pressure (mmHg) 165+ 15 79+10 <.001
Rectal sensation

First sensation (ml) 70.5 (15-131) 65 (18-132) >4

Urge to defecate (ml) 103 (54-176) 90.5 (35-212) >4

Maximum tolerable volume (ml) 173 (86-413) 142 (96-217) >.2
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Figure 1. Spatio-temporal diameter map of the anal canal from a patient with anal cancer (a) and a healthy volunteer (b). The changing colors from blue to red
illustrate increasing diameter. Each column, depicts the configuration of the anal canal at a specific time and each row depicts change in diameter over time at a
particular point along the FLIP probe. The vertical axis on the left represents the length of the anal canal and the right side represents the pressure (thin white line)
and volume (heavy black dot line). (c) & (d), the configuration of the anal canal in (a) and (b) at the initial state with the visually defined proximal and distal limits
and the computed points representing the proximal, middle and distal parts of the anal canal.

nor between LARS score and resting pressure (r=—0.51,
p >.1), squeeze pressure (r=—0.47, p >.1) and yield pressure
(r=0.53, p>.1).

Functional lumen imaging probe

The FLIP procedures were all performed without discomfort
to the subjects. The spatio-temporal diameter maps during
distension showed initial opening of the proximal anal canal
followed by opening of the distal anal canal. The middle anal
canal had the greatest resistance to distension, usually only
yielding at bag volumes 40 and 50 ml (Figures 1 and 2(a)). In
the resting state, all diameters along the anal canal in
healthy and patients increased during distension (Figure
2(a)). The diameter of the proximal anal canal was the larg-
est, followed by the distal and then the middle anal canal
(g>5.5, p<.05). Within each of the three locations there

were no differences between patients and healthy subjects
(Figure 2(a)).

The FLIP recorded anal resting pressure, squeeze pressure
and the squeeze-induced pressure increase were all signifi-
cantly lower in patients than in healthy volunteers (q>5.2,
p <.001, Figure 2(b-d)). The resistance ratio of the anal canal
decreased with increasing distension pressure in both AC
patients and healthy volunteers. The resistance ratio of AC
patients was smaller for healthy volunteers at all distension
volumes (Figure 3, g=5.09, p <.001).

The averaged diameter-pressure relationship differed
along the longitudinal axis of the anal canal with the
proximal part being the softest (Figure 4). The yield pressure
of the anal canal was significantly lower in patients
(15.5+£1.3mmHg) compared to healthy volunteers (28.0+
1.9mmHg) (t=-4.842, p<.001). The diameter-pressure
curve for the middle part of the anal canal of patients was
located to the right of that for the healthy volunteers. This
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Figure 2. Averaged diameters and pressure of the anal canal in patients treated for anal cancer and healthy volunteers (HVs). (a) The diameter change of the mid-
dle (MP), proximal (PPC) and distal (DPC) anal canal during distension; b & c), the anal canal pressure during resting and squeeze states; (d) The squeeze-induced
pressure increase to the resting pressure. Data are given as mean + SEM. Diameter changes of the distal anal canal could not be assessed in three patients and five

healthy volunteers because of slight movement of the FLIP probe.
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Figure 3. The anal canal resistance ratio as function of the distension volume
during the rest state.

also indicates that wall is softer in the patient group
(Figure 4) at the same pressure level.

Discussion

The main findings of the present study were that patients
treated with sphincter-sparing radiotherapy or chemoradia-
tion for anal cancer had significantly reduced resistance to
distension of the anal canal as well as reduced resistance to
flow. With standard manometry, we confirmed previous find-
ings of reduced anal resting and squeeze pressures after RT
or CRT [17,18]. Differences between AC patients and healthy
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Figure 4. Pressure-diameter relationship of the anal canal. The averaged diam-
eter and pressure relationship of the middle and proximal part of the anal canal
during inflation up to 50ml is shown for patients treated for anal cancer (AC,
heavy solid lines) and for healthy volunteers (HVs, heavy dotted lines). The mid-
dle part of the anal canal is less distensible than the proximal part. The curves
from AC patients are located to the right of the corresponding curves from
healthy controls, indicating a softer wall in patients. The two black markers indi-
cate the yield pressure needed for opening of the middle part of the anal canal.
The light solid and dotted lines are the 95 percent confidence intervals.

subjects were significant even though most patients only
had minor symptoms.

Radiotheraphy for anal cancer

The anatomy of anal cancers makes treatment complicated.
The anal canal is a caudal-posterior pelvic structure, whereas
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nodal spread from AC is both anteriorly to the inguinal
lymph nodes and superiorly to the mesorectal, external and
internal iliac lymph nodes. In order to cover these structures
by conventional RT techniques, the field must include large
parts of the bowel, the pelvic floor muscles, the bladder and
genitalia. The patients in this study were treated with 3D
conformal external beam RT, a technique that is now largely
abandoned.

The main function of the anal canal is to maintain contin-
ence and to allow passage of stools at an appropriate time
and place. The internal anal sphincter is the main contributor
to the anal resting pressure. Somatic innervation submit the
external anal sphincter and puborectalis muscle to voluntary
control making them the main contributors to the anal
squeeze pressure. Damage to any of the structures carries a
risk of fecal incontinence or defecatory disturbances.

In most tissues, the most prominent pathological features
of radiation are progressive fibrosis and vascular lesions,
sometimes seen in the late phase reaction [36,37]. Reduced
anal resting pressure is a common finding after pelvic radio-
therapy, whereas reduced anal squeeze pressure seems less
consistent [38-41]. Further, increased amount of collagen
induced by fibrosis is associated with fecal incontinence [42].

Functional assessment of the anal canal after
radiotherapy

Manometry is the standard method for assessment of sphinc-
ter function. It provides information on closure capacity.
However, studies have indicated that distensibility more
accurately reflects sphincter competence [23]. The dynamic
and segmental examination of distensibility properties of the
anal canal allows us to study biomechanical changes induced
by fibrosis in the anal canal.

Reduced anal resting pressure is commonly reported after
pelvic RT, whereas the influence on anal squeeze pressure is
more ambiguous [38-41,43]. We found that both anal resting
and squeeze pressures were reduced when assessed with
conventional anal manometry and with FLIP. Further, our
study showed that AC patients treated with RT or CRT had
reduced resistance to distension as well as reduced resistance
to flow during distension in the anal canal. Findings were
similar to previous data from patients with idiopathic fecal
incontinence [28], fecal incontinence of mixed etiologies
[23,27] or fibrotic degeneration of the internal anal sphincter
muscle in systemic sclerosis [27]. This indicates that reduced
resistance to distension in the anal canal is a contributing
factor to symptoms related to late anorectal toxicity such as
fecal incontinence.

Nerve damage is another well-known part of radiation tox-
icity. In the irradiated rectum of patients treated for prostate
cancer, histologic examination has shown marked damage of
the myenteric plexus which was associated with smooth
muscle hypertrophy [44,45]. A study from our unit on rectal
cancer patients who had received curative low anterior resec-
tion and developed major LARS showed that additional neo-
adjuvant therapy leads to severe impairment in neo-rectal
sensitivity and blunted perception of urge to defecate,

despite unaltered biomechanical wall properties [43]. In this
study, reduced resting anal pressure was also reported des-
pite sparse radiation to the sphincter complex, suggesting
damage to its neural innervation.

In the present study no differences in rectal sensation and
compliance were found between AC patients and healthy
volunteers. This may indicate that late anorectal toxicity after
treatment of AC primarily affects the anal canal with a rela-
tive sparring of the rectum or that the rectum simply react
differently to this radiation focus. However, evaluation of rec-
tal sensorimotor function with standard balloon distension
has significant methodological limitations, including large
inter- and intraindividual variability and poor reproducibility
related to the properties of the balloon [46].

Whether the observed anal sphincter dysfunction is a
result of structural or neurological injuries or a result of both
remains to be determined. However, our findings of
increased distensibility suggest a degenerative transformation
of tissue, theoretically both muscle and nerve, as opposed to
severe fibrosis. Examining the geometrical configuration of
the anal canal during rest, we found a weakening of the
hourglass-like shape in the anal canal of AC patients. This
reflects reduced resistance in the middle part of the anal
canal where the IAS is thickest and covered by the EAS. This
may indicate damage of both the IAS and the EAS.

Limitations

FLIP is a promising method which is now commonly used for
evaluation of the lower esophageal sphincter [19]. Only few
studies have evaluated anal sphincter function by means of
the FLIP [22,27,28]. The validity and limitations of the FLIP
technique have been discussed in detail previously [19,27,29].
FLIP is a relatively new method and the most appropriate
way to analyze data is still not known. In our most recent
anal FLIP publication, we defined yield pressure as the pres-
sure when most narrow part of the anal canal was distended
to 110% of its size at a volume of O0ml [22]. In the present
study, there was no distension of the narrowest point during
maximum filling of the FLIP bag in 2 out of 14 patients and
10 out of 14 healthy volunteers. This makes computation of
biomechanical parameters difficult. Hence, we chose the
opening pressure of the middle part of the anal canal as the
yield pressure (Figure 4).

A built-in limitation with FLIP is that the pressure is only
determined at one location inside the bag. This poses no
problem when the bag is distended and only consists of one
compartment. However, if the bag is divided into two com-
partments, for example by a closed sphincter, the validity of
pressure recordings is compromised. Another limitation of
the present study is the small number of patients.

We studied 13 patients and 14 healthy volunteers with an
almost perfect age- and sex-match. The number of included
subjects may appear low. However, we obtained significant
differences for the parameters hypothesized to be different.
Other p values were higher than 0.2 (often higher than 0.4)
indicating low risk for type-2 error. Hence, an even larger



cohort would not have provided significance for those
parameters.

We recruited AC patients who had finished their RT or
CRT more than 18 months previously. As late anorectal tox-
icity may represent a dynamic process [47], it could be inter-
esting to repeat the study in 2-3years to reveal development
over time. There is a possibility that patients with symptoms
are more willing to participate in this type of study, causing
us to overestimate the differences between AC patients and
healthy volunteers by selection bias. Only two tumors were
T4 tumors and we do not suspect that the alterations
observed were caused by local ingrowth of the tumor.

We did not asses AC patients with Wexner nor LARS
scores prior to treatment and it is possible, that some degree
of symptoms were present even before treatment. For com-
parison, healthy volunteers were excluded at the presence of
fecal incontinence, however, gas incontinence was accepted
(median Wexner score of 1 (0-4)) rendering the selection rep-
resentative of the age group compared.

Assessed with the Wexner fecal incontinence score,
patients were not severely incontinent while most had symp-
toms of minor or major LARS. The latter was primarily due to
the presence of urge to defecate and fecal clustering. The
LARS score was develop from rectal cancer patients percep-
tion of the symptoms impact on their quality of life. To what
degree the LARS score is applicable to AC patients remains
to be determined [14]. In previous studies among patients
with anorectal toxicity after RT for prostate cancer, urge to
defecate was associated with low anal pressures [48,49]. In
the present study, reduced anal pressures were not associ-
ated with any of the symptom scores, most likely due to a
type two error.

Our study population had a mean time since treatment of
4.6+ 1.1 years . Treatment modalities have improved over the
last decade and it is possible that patients treated more
recently have suffered less collateral radiation damage than
those treated 10 years ago.

Clinical implications

Our findings suggest that AC patients with anorectal toxicity
after RT or RCT treatment suffer a generalized degeneration
of pelvic floor tissue (muscle and nerves), mimicking that of
fecal incontinence patients with decreased resistance to dis-
tension and flow. The quality of life in stoma-free survivors of
anal cancer is relatively unaffected despite objective impair-
ment of anorectal function [17]. In the present study, patients
were asked how much GI function affected their quality of
life (not at all, a little, to some degree, a lot). Four patients
answered a little and seven patients answered to some
degree. One patient did not answer.

Treatment algorithms for late anorectal toxicity remain to
be established. We have previously demonstrated that sacral
nerve stimulation increases resistance to distension in IFI
patients [22]. The option of treating late anorectal toxicity
with sacral nerve stimulation has not yet been explored. This
leaves patients with conservative treatment including lopera-
mide, dietary fiber, suppositories and transanal irrigation.
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Conclusions

Our study shows that AC patients treated with RT or RCT
have impaired anal sphincter function when assessed with
standard manometry and with FLIP. Our data indicate that
the main cause of symptoms is anal sphincter dysfunction
rather than rectal hypersensitivity.
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