Thesis for doctoral degree (Ph.D.)
2022

Aspects of Low Anterior Resection
Syndrome; prevalence, risk factors and
treatment

Emil Pieniowski

%5@ Ing

N s

se¢ 0= Karolinska
A %1“: Institutet

o 18\°



From Department of Molecular Medicine and Surgery
Colorectal Surgery Research group
Karolinska Institutet, Stockholm, Sweden

ASPECTS OF LOW ANTERIOR
RESECTION SYNDROME; PREVALENCE,
RISK FACTORS AND TREATMENT

Emil Pieniowski

Se-g (2 Karolinska
7 Institutet

Stockholm 2022



All previously published papers were reproduced with permission from the publisher.
Published by Karolinska Institutet.

Printed by Universitetsservice US-AB, 2022
© Emil Pieniowski, 2022
ISBN 978-91-8016-508-2



Aspects of Low anterior resection syndrome;
prevalence, risk factors and treatment
THESIS FOR DOCTORAL DEGREE (Ph.D.)

By

Emil PieniowsKki

The thesis will be defended in public at, Aulan, C6 Sodersjukhuset, Stockholm,

Friday, April 22, at 09:00

Principal Supervisor:

Associate Professor Mirna Abraham Nordling,
MD, PhD

Karolinska Institutet

Department of Molecular Medicine and Surgery

Co-supervisor(s):

Associate Professor Caroline Nordenvall, MD,
PhD

Karolinska Institutet

Department of Molecular Medicine and Surgery

Associate Professor Gabriella Jansson Palmer,
MD, PhD

Karolinska Institutet

Department of Molecular Medicine and Surgery

Susanne Tumlin Ekelund, MD, PhD
Karolinska Institutet
Department of Clinical Science and Education

Opponent:

Professor Anders Mellgren

University of lllinois, Chicago

Division of Division of Colon and Rectal Surgery

Examination Board:

Associate Professor Jan-Erik Frodin, MD, PhD
Karolinska Institutet

Department of Oncology-Pathology

Associate Professor Sahar Salehi, MD PhD
Karolinska Institutet
Department of Women’s and Children’s Health

Associate Professor Hanna de la Croix, MD, PhD
Goteborg University
The Institute of Clinical Sciences






To Maria, Casper and Vanja






POPULARVETENSKAPLIG SAMMANFATTNING

Vid operation for dndtarmscancer kan man, efter att ha opererat bort tumaéren, i ménga fall
gora en tarmkoppling mellan tjocktarm och kvarvarande del av andtarm eller analkanal.
Manga patienter far ocksa en avlastande stomi (tarmen ldaggs ut pA magen och man avleder
avforingen) under lakningsfasen av tarmkopplingen. Efter en operation av denna typ drabbas
en betydande andel av patienter av varierande grad av stord tarmfunktion som &ven riskerar
att ha en paverkan pa livskvaliteten. Stord tarmfunktion efter genomgangen
andtarmsoperation bendmns internationellt med begreppet Low Anterior Resection
Syndrome” (LARS), eller 1ag framre resektions syndrom pé svenska. Orsaken till LARS
bedoms vara multifaktoriell dar bade kirurgin i sig, men dven annan tillaggsbehandling som
strélning (vilket ofta ges innan operation i de fall dér det &r aktuellt) kan paverka
svérighetsgraden av tarmfunktionsstérningen. For att mata graden av stord tarmfunktion finns
ett validerat frageformular dér olika svarsalternativ ger viktade poang. Summan raknas ihop
och beroende pa hur man svarat bedéms man tillh6ra en av tre grupper: no, minor eller major
LARS. Till den sistndmnda gruppen tillhér de som bedéms ha mest uttalade symtom. De
symtom som kan drabba patienten &r inkontinens for gas och/eller avféring, frekventa
tarmtémningar, trangningar och att man far tomma tarmen upprepade ganger under kort tid.
For att vardera livskvalitet finns flera enkater och en av dessa & EORTC QLQ-C30
(European Organization for Reasearch and Treatment of Cancer) dér flera livskvalitets
aspekter ingdr och utvarderas.

Syftet med denna avhandling var att kartlagga hur vanligt LARS &r och om besvéren
forandras éver tid samt att utvardera paverkan pa patienters livskvalitet. Vidare studerades
aven om avlastande stomi har ndgon koppling till férsamrad tarmfunktion i ett
Iangtidsperspektiv. Slutligen att utvirdera om behandling med regelbunden tarmskéljning
(Transanal irrigation, TAI) kan lindra besvdren med LARS.

Den forsta studien hade som syfte att utvardera om besvaren med LARS féréndras i ett
Iangtidsperspektiv. En grupp patienter studerades vid tva tillfallen (medel 5 &rs mellanrum)
med avseende pé graden av LARS i kombination med méatning av skattad livskvalitet.
Resultaten visade att det var ingen statistisk skillnad i proportionen av patienter med major
LARS d& vi jamforde de tva olika tidpunkterna. Gruppen med major LARS, i jamforelse med
dvriga grupper, skattade en samre livskvalitet vid béda tillfallena. Slutsatsen blev att besvéren
med LARS forefaller kvarst 6ver tid och sa aven dess koppling till samre livskvalitet.

Den andra studien syftade till att kartldgga hur vanligt LARS &r in en véldefinierad grupp av
patienter in Stockholm samt eventuell paverkan pa livskvaliteten. Resultaten visade att i
denna grupp besvarades 77.4% av patienterna av LARS och av dessa 53.1% av major LARS.
Likaledes i denna studie var det en tydlig koppling mellan major LARS och sémre
livskvalitet. Studien inneh6ll aven en utvérdering av tarmfunktionens specifika paverkan pa
livskvalitet och denna visade tydligt att gruppen som upplevde stor paverkan pa livskvalitet,
relaterat till tarmfunktionen, ocksa skattade en hogre medelpoang pa LARS enkaten.



Slutsatsen i denna studie blev att LARS &r valdigt vanligt och har en tydlig paverkan pa
livskvaliteten.

I den tredje studien var syftet att kartldgga om en avlastande stomi samt om tiden med
stomi hade en koppling till forsdmrad tarmfunktion. Resultaten visade att oddsen for att
drabbas av major LARS (om man jamforde med gruppen no LARS) var mer an dubbelt sa
héga om man hade fatt en avlastande stomi jamfort men att om man inte hade fatt en
stomi. | denna analys véagde vi dven in en eventuell inverkan av andra kanda riskfaktorer
for en forsamrad tarmfunktion. Dock kunde vi inte finna nagon tydlig koppling mellan
major LARS och hur lang tid man hade haft stomin. Slutsatsen blev att en avlastande
stomi var associerad till samre tarmfunktion men att nagon tydlig association mellan
tarmfunktion och tiden med stomi, forelag inte.

| den sista studien var syftet att utvardera en tankbar symtomatisk behandling for LARS.
Patienter som inkluderades i studien lottades mellan tva grupper: en grupp som
undervisades i TAI (regelbunden tarmskdljning) i kombination med standardbehandling
och en grupp som endast erholl standardbehandling. Patienterna fick vid inkludering i
studien besvara flera enkéter och foljdes sedan upp under 1 ar (6 och 12 manader) med
telefonuppfodljning samt att aterigen besvara samma enkaéter. Vid 12 manaders uppfdljning
skattade sig gruppen som fétt lara sig TAI, tydligt battre vad galler tarmfunktion och
livskvalitet jamfort med kontrollgruppen. Slutsatsen blev att behandling med TAI tydligt
minskar symtomen av LARS och darfor bor inga i den behandling, sjukvarden skall ha
mojlighet att erbjuda, till patienter med svarare besvar med tarmfunktionen efter
genomgangen operation for andtarmscancer.



ABSTRACT

After sphincter sparing rectal cancer surgery an impaired bowel function, i.e. Low Anterior
Resection Syndrome (LARS), is common. The symptoms included in LARS are incontinence
for flatus and/or feces, urgency, fragmentation and frequent bowel movements. The cause is
thought to be multifactorial and involves sphincter impairment, reduced compliance and
capacity of the neorectum and altered motility, among others. With improved cancer survival
the importance and focus on functional outcomes is increasing. The LARS-score is a
validated questionnaire aimed to evaluate LARS and consists of five questions where each
question has response alternatives with weighted scores. According to responses the total
score is registered and depending on score a patient is classified into no, minor or major
LARS group.

The overall aim of this thesis was to gain knowledge about Low Anterior Resection
Syndrome, in order to better understand and manage patients post rectal cancer surgery.

Study | was a longitudinal cohort study evaluating long-term LARS and quality of life (QoL)
at two different time-points (mean 5 years apart). In total, 282 patients were included in the
final analysis and results showed no significant difference in proportion major LARS,
comparing the different time-points (p=0.455). At second follow-up 49% of patients still
experienced major LARS and the major LARS group reported inferior QoL, compared to the
no/minor LARS group, at both time-points. This was one of the first studies with long-term
longitudinal data on LARS and concluded that difficulties with LARS and the impact on
patients QoL persists over time.

Study Il was a population-based cross-sectional study with the aim to measure the prevalence
of LARS and impact of QoL in a, clearly defined, Swedish cohort. The prevalence of LARS
was 77.4% and the proportion with major LARS was 53.1%. Major LARS was associated to
worse QoL reported with the EORTC QLQ-C30 questionnaire as well as worse bowel related
QoL (BQoL). The study confirmed that major LARS is common after rectal cancer surgery
and associated to significantly impaired QoL. This was one of the first studies providing
population-based prevalence data in a Swedish cohort. The conclusion was that after anterior
resection for rectal cancer a majority of patients suffer from major LARS which have a
negative impact on QoL.

In Study Il we evaluated the role of a defunctioning stoma and the association to major
LARS. The adjusted OR for major LARS (vs. no LARS) was 2.43 (95% CI 1.14-5.20)
comparing defunctioning stoma to no stoma. The results failed to show any evident
association between time to stoma reversal and major LARS. This was one of the largest
studies regarding this topic and one of a few with defunctioning stoma and association to
major LARS, as primary endpoint. The study concluded that the results indicates that the
presence of a defunctioning stoma is associated with major LARS in a long-term perspective,
while failing to show any clear association to time to stoma reversal.



In the last Study (V) the aim was to evaluate transanal irrigation (TAI) as a treatment
strategy in patients with major LARS. In this RCT patients were randomized to either
intervention group (TAI) or control group (conservative treatment). Patients were follow-
up for 12 months and the primary endpoint was differences in bowel function at end of
follow-up. In addition to the LARS-score three more outcome measures were used:
CCFFIS questionnaire, four study specific questions and the EORTC QLQ-C30 quality of
life instrument. An interim analysis was performed after 40 included patients with
complete follow-up and the results from this analysis was clearly in favor of TAI which
resulted in termination of further inclusion. The final results included follow-up data from
16 patients in the intervention group and 23 in the control group. At end of follow-up,
statistical significant differences were reported in a majority of the outcome measures in
favor of TAI. In LARS-score there were no differences at baseline but at 12 month of
follow-up there were a 9.3 points mean difference in LARS-score (p=0.002) and 2.8
points mean difference in CCFFIS (p=0.050). Also, statistical significant results in 2 out
of 4 study specific questions and 7 of 15 subscales on EORTC QLQ-C30.

This study was the first RCT evaluating TAI as treatment for major LARS and concluded
that TAI reduces symptoms of LARS with improved QoL.
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1 INTRODUCTION AND BACKGROUND

1.1 EPIDEMIOLOGY RECTAL CANCER

Colorectal cancer (CRC) is the fourth most common form of cancer in the world and third
deadliest with around 2 million new cases each year *. About one third of these cases are
cancers in the rectum 2. The incidence varies for different part of the world with the highest
incidence in Australia and Nya Zeeland followed by Europe, Eastern Asia, North America
and the lowest in Africa and South-Central Asia . In Sweden around 2000 cases of rectal
cancer are diagnosed annually, with an increasing incidence among young (<50 years) 4,

Number of new rectal cancer cases in Sweden 2001-2020
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Figure 1. Line chart showing number of new rectal cancer cases in Sweden between 2001-2020. Presented
according to gender. Source: Socialstyrelsen statistical database.

The age standardized incidence for rectal cancer has been rather stable in Sweden for the past
decades (in contrast to colon cancer with increasing incidence) with an incidence of 25/100
000 for men and 17/100 000 for women in during 2012-2015 2. The age specific incidence
shows that rectal cancer is a rare condition among the young and only about 5% of the
diagnosed cases are younger than 50 years but as mentioned with an increasing incidence in
this age-group. About one fifth of the cases are older than 80 years at diagnosis.? 3 (figure 2)

In Sweden it is estimated that 9/100 000 men and 7/100 000 women dies every year due to
rectal cancer which corresponds to around 800 cases 2.

In Swedish data from 2018 the relative 5-years survival among rectal cancer patients was
66% and has improved over the last decades resulting in a growing group of long-term rectal

cancer survivors where a significant proportion have treatment related functional impairments
2



Age specific incidence of rectal cancer cases in Sweden
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Figure 2. Column chart showing age-specific incidence of rectal cancer cases in Sweden, 2020. Source
Socialstyrelsen statistical database.

1.2 ETIOLOGY COLORECTAL CANCER

The current consensus is that most colorectal cancers arise from an adenoma, a neoplastic
polyp. Most cancers are sporadic, nevertheless it is estimated that 20-25% has underlying
hereditary factors. Known hereditary CRC syndromes are Lynch syndrome (also known as
Hereditary Non-Polyposis Colorectal Cancer, HNPCC), Familial Adenomatous Polyposis
(FAP) and MYTY H-associated polyposis. Risk factors for CRC are Inflammatory Bowel
Disease (IBD), diabetes, excessive alcohol consumption, smoking, high consumption of red
and processed meat, obesity and infection with Fusobacterium spp.% % ©

1.3 ANATOMY AND PHYSIOLOGY OF THE COLON AND RECTUM

1.3.1 Anatomy and physiology of the colon

The colon consists of five different segments cecum, ascending-, transverse- descending- and
sigmoid colon and is about 1.1-1.3 meters long (varies between individuals and gender) 78,
Embryologically, the cecum to the distal part of the transverse colon is developed from the
midgut and distally from this point to the anal canal is developed from the hindgut °. The
ascending and descending segments are located retroperitoneally. The colon can be
distinguished from the small intestine by tenia coli (three bands of longitudinal muscle
fibers), haustra (sacculations of the colon between the tenia), epiploic appendices and the
caliber (internal diameter lager than the small intestine) °.

The arterial blood is supplied from the superior mesenteric artery and inferior mesenteric
artery which both are branches from the aorta. Superior mesenteric artery branches into



ileocolic artery, right colic artery (absent in 70% of individuals) and middle colic artery
which supplies the cecum, ascending and two thirds of the transverse colon with arterial
blood. The inferior mesenteric artery branches into left colic artery and superior rectal artery
and supplies one third of the transverse-, descending and sigmoid colon. The marginal artery
(Drummond’s artery) runs parallel to the colon connects the two main origins of blood
supply. In some individuals a lager connecting branch is present (i.e the arch of Riolan).
Venous drainage is provided by branches draining to superior- and inferior mesenteric vein.'!

The sympathetic nerve supply originates differently for different parts of the colon. For the
cecum, ascending- and two thirds of the transverse colon the nerves originate from the 5% to
the 12" thoracic spinal segments. Via the celiac- and the superior mesenteric plexus the nerve
fibers reach the colon through periarterial plexus following the superior mesenteric artery.
For the left one third of transverse colon, descending- and sigmoid colon the sympathetic
nerve supply originates form lumbar and upper sacral spinal segments. Lumbar splanchnic
nerves reaching the inferior mesenteric plexus and sacral splanchnic nerves to the superior
and inferior hypogastric plexus. The left and right hypogastric nerves connect superior
hypogastric plexus with the inferior hypogastric plexus.1% !

The parasympathetic nerve supply for cecum, ascending- and two thirds of transverse colon is
provided by the vagus nerve via the celiac and superior mesenteric plexus. For the left third
of the transverse colon and distally the parasympathetic nerves originate from the second to
the fourth sacral segments and connect to the superior and inferior hypogastric plexus.!*

The sympathetic nerves mediate relaxation of the colonic wall as well as contraction of the
ileocecal valve and vascular smooth musculature. Sensation of visceral pain is enabled by
afferent nerve fibers. The parasympathetic nerves stimulate contraction of the colonic
musculature and has functions involving motility and secretion. Besides the sympathetic and
parasympathetic nervous systems the bowel also has an intrinsic nervous system, the enteric
nervous system, located within the bowel wall coordinating functions such as motility and
secretion.!!

The colon has four primary functions. The first function is absorption of fluid and electrolytes
which is a requirement for transform the liquid content to more solid or semisolid stool.
Second, colon absorbs short-chain fatty acids derived from catabolism or fermentation by
colonic microflora. The third function is storage and the fourth is the ability to eliminate its
content in a controlled way.*?

The colon has several different types of described motor patterns but the terminology can be
difficult to overview due to that different terms (depending on source) are used to described
the same motor patterns. The non-propulsive segmentation produces circular muscle
contractions which produce pressure and move the content in oral direction resulting in
colonic content to be retained in the proximal part of the colon for rather long time promoting
mix of luminal content and absorption. A few time every day mass peristalsis occurs moving
the content to a more distal part of the colon. These mass peristalsis can be stimulated by



food intake. In the distal colon non-propulsive segmentation is dominating but occasional
mass peristalsis propels the content into the rectum.? The gastrocolic reflex is a physiological
response to food intake (stretch of the stomach) and involves the autonomic (sympathetic and
parasympathetic) as well as the enteric nervous system resulting in increased motility in the
colon, especially the sigmoid part, moving content distally towards the rectum 3. High
resolution manometry studies have revealed other motor patterns such as cyclic propagating
motor pattern (CMP) which often occurs in short segments (but sometimes longer segments)
with a frequency of 2-6/min and most often has its origin located to the recto-sigmoid
junction . CMP more often propagates in a retrograde direction and it has been proposed as
a “rectosigmoid brake” with the purpose to prevent rectal filling *°. Another is the retrograde
slowly propagating motor pattern that occurs primary during fasting. These travels slowly
along the colon originating in the sigmoid part 4.

1.3.2 Anatomy and physiology of the rectum

The definition of the rectum, in the context of rectal cancer, is <15 cm from the anal margin
measured by rigid endoscope 6. In an anatomical context the rectum is described as 15-19 cm
long and characterized by tenia fusing into a continuous longitudinal smooth muscle layer,
absence of epiploic appendices, intraluminal transverse folds (Kohlrausch- and Houston’s
folds) and the extraperitoneal location of the lower and dorsal parts. The mesorectum,
containing blood vessels, lymph vessel / nodes embedded in fatty tissue, surrounds the

rectum and is covered by a visceral fascia, the mesorectal fascia. The rectum passes through
the pelvic floor which comprises of multiple muscles, mainly striated muscles but also partly
containing smooth muscle components. ®* The rectum has close proximity to other organs in
the pelvic cavity. Anteriorly limited by the prostate, seminal vesicles, vas deferens and
urinary bladder in med and the dorsal wall of the vagina and uterus in women. Dorsally by
the sacrum, coccyx, sacral nerves and laterally by the ureters, internal iliac vessels.

The anal canal is between 2.5-4 cm and forms an angle to the rectum (anorectal angle of 90-
100° involving the puborectal muscle). It can be divided into the colorectal zone (covered
with mucosa) and squamous zone (anoderm, covered with non-keratinized stratified
squamous epithelium) divided by the dental line considered to be the junction between
endoderm and ectoderm embryologically. The internal anal sphincter is a thickened portion
of the smooth muscle layer of the rectal wall and is under involuntary control. In contrast the
external anal sphincter consists of striated skeletal muscle and is controlled by both
involuntary and voluntary mechanisms.'* %2 To maintain continence the resting anal tone is
important and the internal sphincter is responsible for about 55-75% but the anal vascular
cushions also contributes. 718



The blood supply for rectum and anal canal is provided by rectal superior artery branching
from inferior mesenteric artery and mid- and inferior rectal artery originating from internal
iliac artery via branches.'

Nerve supply of the rectum is provided by sympathetic nerves, with origin in lumbar spinal
segments, connecting to inferior mesenteric plexus, superior hypogastric plexus and via the
left and right hypogastric nerves to the inferior hypogastric plexus (pelvic plexus). Sacral
parasympathetic nerves connect to the inferior hypogastric plexus which also plays a role in
innervation of other intrapelvic organs and involved in sexual and lower urinary tract
functions (vesical plexus, prostatic plexus and the uterovaginal plexus). A part of the anal
canal is innervated by somatic nerves branching from the pudendal nerves making the
anoderm highly sensitive to touch, pressure, pain and temperature. Both the colonic and rectal
motility is also influenced by higher cortical centers, hormonal- and immune system.?

The nerve supply to the internal sphincter originate from the pelvic plexus (inferior
hypogastric plexus) and runs along the neurovascular bundles anterolaterally to the rectum
and posterolaterally to the prostate / vagina. Directly above where the longitudinal muscle
fibers of the rectum fuse with the levator ani muscle (pelvic floor) nerve branches penetrates
the rectal wall to reach the internal sphincter. The innervation of the external sphincter is
provided by the pudendal nerve. 119

The rectum and the anal canal have two main functions. The first is to sustain fecal
continence and important structures and functions for this is the internal- and external anal
sphincter muscles, the puborectal muscle, rectal compliance, anorectal sensitivity and
coordinated anorectal motility. The second function is to allow for defecation when suitable.

Different patterns of rectal motility can be distinguished such as isolated contractions, short
clusters of contraction and rectal motor complex (powerful phasic contractions) of which the
physiological function is not fully understood. During rectal motor complex the content of the
rectum can be moved orally or aborally. In contrast to the colon, where distension produces
pain, stretching of the rectum produces a sensation of rectal filling and an urge to defecate.
Another important feature of the rectum is the ability to determine if its content are solid or
liquid stool or gas.**
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Figure 3. Systems involved in colorectal motility and defecation. ENS=Enteric Nervous System.

14 COLONIC TRANSIT TIME, DEFECATION PROCESS AND EVALUATING
ANORECTAL FUNCTION

1.4.1 Colonic transit time

Normal colonic transit time is between 20-56 h, thus varies between individuals 2°. Normally
the transit is longer in the left colon compared to the right. Studies has shown that female
have a slower colonic transit time than men 2122, Colonic transit time can be measured by
ingestion of plastic markers followed by x-rays at predetermined time-points or ingestion of
radioisotope followed by multiple gamma camera images over a period of 5 days .

1.4.2 Defecation process

The defecation process is usually initiated by distension of the rectum due to colonic content
propelled into the rectum by colonic mass movements. This initiates the defecation reflex (i.e
rectosphincteric reflex) innervated by the enteric nervous systems and parasympathetic
nerves from sacral spinal segments. Rectal contraction is followed by relaxation of the
internal anal sphincter and puborectal muscle (reduces the anorectal angle). If defecation is
desired relaxation the external sphincter occurs with concurrent contraction of the abdominal
wall increasing the intraabdominal pressure. 112 During the defecation process, in order to
facilitate opening of the anal canal, the hiatal ligament functions as connective tissue. This is



mediated by contraction of the pubococcygeus muscle and the iliococcygeus muscle. The
rectococcygeus muscle is contracted to shorten the rectum and assist defecation.’

The recto anal inhibitory reflex involves a transient relaxation of the rectum as a response to
rectal distention and is physiologically hypothesized to play a role in discriminating between
solid or flatus content 2. If it is not a suitable time for defecation a voluntary contraction of
the external sphincter and pelvic floor muscle inhibits defecation and in the normal rectum
periodic motor activity propagates in retrograde direction and decrease the rectal pressure and
reduces the urge to defecate '.

1.4.3Evaluating anorectal function

1.4.3.1 Anorectal ultrasound

Anorectal ultrasound, in the context of anorectal function and continence, is mainly used to
assess the internal- and external anal sphincters. It is the most sensitive tool to diagnose
sphincter defects and other structural abnormalities. 242

1.4.3.2  Anorectal manometry

Anorectal manometry can be used to evaluate different parts of the anorectal function.
Resting pressure measures the resting tone of the internal- and external anal sphincters and
squeeze pressure measure the voluntary contraction of the external anal sphincter 25, Normal
resting pressure values varies depending on the technique used and the population studied. In
a study by Oblizajek et al, claiming to be the largest study measuring anorectal pressure with
high resolution anorectal manometry in healthy individuals, mean resting pressure among
women <50 years was 85 mmHg (SD £22), women >50 years 66 mmHg (SD +25) and for
men 83 mmHg (SD +25) %,

During simulated evacuation of the rectum you will expect to see an adequate increase in
rectal pressure which then can be recorded. The cough reflex (i.e contraction of the external
sphincter as a response to increased intraabdominal pressure) can also be evaluated.

The rectoanal (inhibitory) reflex involves relaxation of the internal anal sphincter (IAS) as a
response to rectal distension and triggered by inflating a balloon in the rectum while
measuring sphincter pressure.

Rectal sensation is assessed by inflating a rectal balloon and record the threshold volume for
the first sensation of; 1) desire to defecate 2) urge to defecate and 3) perception of discomfort
and pain.2 %

Rectal compliance is measured by inflating a balloon and record pressure changes that occurs
and can be defined as the change in rectal volume per unit change in rectal pressure 2°.

10



1.4.3.3 Nerve studies

Measurement of the conductivity of the pudendal nerve (pudendal nerve terminal motor
latency, PTNML) quantifies the time it takes for the external anal sphincter to contract after
stimulating the pudendal nerve 2.

1.4.3.4 Defecography

Both conventional- and MR defecography are available and evaluates the defecation process
during attempted defecation, MR defecography with superior soft tissue resolution. The
anorectal angle, anal diameter, degree of rectal emptying and pelvic floor descent can be
evaluated. Also, morphological abnormalities such as rectocele, enterocele and
intussusception can be detected and assessed. *°

15 MANAGEMENT OF RECTAL CANCER

151 Investigation and staging

Clinical evaluation of a patient with confirmed or suspected rectal cancer tumor should
comprise patient history, including comorbidities, physical examination and a general
evaluation of the patient’s functional status. Routine bloodwork including Carcinoembryonic
antigen (CEA) is a part of the investigation. More focused on the rectal tumor a digital
examination should include assessment of sphincter status and, if reachable, an evaluation of
the tumor (firm or soft, fixed or mobile). An examination with a rigid rectoscope should be
performed to establish the tumor level, radial location and enable biopsies for morphological
verification.?® 3132 According to ESMO guidelines rectal cancer are categorized as low (up to
5 cm), middle (>5 cm to 10 cm) and high (from 10 cm to 15 cm) 6. To exclude synchronous
colon cancer tumors a complete colonoscopy is included in the investigation.

According to the TNM-classification system a radiological classification should be performed
(cTNM, clinical or pretreatment TNM) 33, Mandatory (if no contraindication) is to perform a
computed tomography (CT) of the thorax and abdomen and an MRI of the pelvis. T-stage
describes depth of local tumor invasion and N-stage involvement of regional lymph nodes
and preferably evaluated with MRI (locoregional staging). CT is mainly focused on assessing
the presence of distant metastasis, M-stage. In selected cases a PET-CT (Positron Emission
Tomography) can add useful information. Anorectal ultrasound can be used for low, early
tumors and supply useful information about T-stage. 163132

1.5.2 Multidisciplinary team conference (MDT)

Following clinical assessment and cTNM the next step is an individualized treatment plan.
Multiple aspects should be considered in this planning such as patient factors including
functional status, comorbidities, age and treatment aspects such as neoadjuvant treatment
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(radiotherapy, chemoradiotherapy), possibility to treat distant metastasis (if present) and
surgery for the primary tumor. The complexity emphasizing the need for involvement of a
multidisciplinary team 3. As a result, MDT has become the golden standard in cancer care. In
rectal cancer care the MDT usually consists of a colorectal surgeon, oncologist, radiologist,
pathologist and specialized nurse. Although randomized trials are lacking there is evidence
supporting the concept of MDT. Studies have shown improved clinical staging, higher
proportion neoadjuvant treatment and improved postoperative mortality *5-%°. Evaluation on a
high quality rectal cancer specific multidisciplinary conference led to a change in treatment
plan in 29% of the cases *°. A study comparing three groups (1. preoperative staging + MDT;
2. preoperative staging + no MDT; 3. no preoperative staging + no MDT) showed statistically

significant differences in proportion of RO resections in favor of the MDT group (p<0.001)
36

With increased experience and knowledge of organ-preserving watch and wait strategy,
following neoadjuvant treatment with complete response (CR), the need for individualized
MDT conferences has further increased .

1.5.3Treatment of rectal cancer

15.3.1 Neoadjuvant treatment

Neoadjuvant treatment means that the treatment is given preoperatively and in rectal cancer
care this treatment includes radiotherapy (RT) alone or in combination with chemotherapy.
The addition of concurrent chemotherapy to radiotherapy (CRT) has the purpose to potentiate
the effect of RT on the cancer cells. The primary purpose is to reduce the risk of local
recurrence, but also to accomplish down-staging of the tumor and sterilize involved lymph
nodes. In more advanced rectal cancer cases a more aggressive neoadjuvant treatment regime
can be used with RT followed by chemotherapy (number of cycles depending on treatment
protocol). Several studies have shown reduced rates of local recurrence attributed to
neoadjuvant RT prior to rectal cancer surgery, a reduction that persists after more than 10
years of follow-up >, There is also data favoring to give RT preoperative (neoadjuvant)
instead of postoperative and also that a higher dose of RT is needed postoperatively to reach
the same efficiency as when given preoperatively 5. A Swedish RCT comparing
preoperative short course RT 5x5 Gray (Gy) to postoperative long course RT (30x2 Gy)
showed statistically significantly lower rate of local recurrence in the preoperative RT group
(13% vs. 22%) 4. Another RCT, comparing preoperative RT 5x5 Gy and surgery to selective
postoperative CRT 45 Gy (25 fractions) with concurrent 5-fluorouracil restricted to patients
with an involved circumferential resection margin, showed an absolute difference in local
recurrence of 6.2% (4.4% RT preoperative vs. 10.6% selective CRT postoperative). The same
study also showed an improved disease free survival favoring preoperative RT *°. Which RT
regime used, neoadjuvant short course RT (SRT) or long course CRT, differs between
countries in the world. Some studies have shown better local control for locally advanced
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rectal cancers with the long course CRT regime compared to SRT 5253, Two RCTs
comparing SRT with long course CRT could not show any statistically significant differences
in local recurrence, disease free survival or overall survival but a higher rate of acute toxicity
in the group which received CRT 54 %5,

The timing of surgery after neoadjuvant treatment has been the focus in several studies. The
Stockholm 111 study compared three groups SRT, SRT with delayed surgery and LRT with
delayed surgery and found no differences in cumulative incidence of distant metastasis,
overall survival and recurrence free survival but a higher proportion of pCR in the SRT delay
group. When comparing SRT with SRT delay postoperative complications was lower in the
SRT delay group. %657

As mentioned above, in cases with more locally advanced rectal cancer tumors SRT followed
by chemotherapy can be the preferred treatment regime. In the RAPIDO study SRT followed
by chemotherapy was compared to long course CRT with adjuvant chemotherapy in selected
cases. The results showed no statistically significant differences in local recurrence and
overall survival but lower proportion of distant metastasis and pCR in the SRT +
chemotherapy group.%®

Patient selection, regarding RT, is very important due to the potential side-effects, toxicity of
the treatment. Patients treated with RT should have expected benefits from the treatment and
not all patients should receive treatment. In Sweden between 60-65% of all rectal cancer
patients receive RT 5°. Radiation leads to ionization which causes DNA-damage and cancer
cells have an impaired capacity to repair RT-induced injury. The goal is to maximize effect
while minimize damage to normal tissue by optimized RT technique. The effect on tumor
tissue depends on total radiation dose, fraction dose and length of treatment. The impact on
normal tissue depends on the same parameters with the addition of radiation volume . The
acute side effects of RT include erythema, nausea, cystitis and diarrhea while the late side
effects include impaired sphincter function, sexual dysfunction, pelvic fractures and increased
risk of small bowel obstruction .

1.5.3.2 Surgical treatment

Total mesorectal excision (TME) is the accepted gold standard method to surgically remove
rectal cancer tumors. It involves removal of the rectum, including the tumor with at least 1
cm distal margin and the mesorectum with the mesorectal fascia intact. Dissection in the
correct plane allows for complete TME while preserving the pelvic fascia and autonomic
nerve plexuses. The method was first described by Heald and Ryall in 1982 2. In 1986 they
reported a cumulative 5-years risk of local recurrence of 3.7% using the TME method and in
1993 a 5-years local recurrence rate of 5% compared to results from NCCTG, North Central
Cancer Treatment Group, with local recurrence rates of 25% (conventional surgery and RT)
and 13.5% (conventional surgery and CRT) 54 In the Dutch TME-trial TME alone had a
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recurrence rate of 11% (vs. 5% in group with TME and SRT) 6. A Swedish study evaluating
local recurrence after the introduction of the TME concept and compared to historical
controls presented significantly lower occurrence of local recurrences in the TME group .
For tumor in the upper rectum a Partial Mesorectal Excision (PME) can be performed if a
distal margin of 5 cm can be achieved. Concerning the oncological safety of PME there are
some diversities in the results of different studies. Kanso et al. showed comparable local
recurrence- and survival rates to TME , In contrast to this study Bondeven et al. presented a
3-years local recurrence rate of 13.5% for PME compared to 2.9% for TME &7,

For the surgical treatment different approaches / techniques can be used; open, laparascopic,
robotic, TaTME (Transanal total mesorectal excision).

Anterior resection

Anterior resection includes central ligation of inferior mesenteric artery or superior rectal
artery, TME or PME (low anterior resection or high anterior resection respectively) and
construction of an anastomosis to restore bowel continuity. In many cases a defunctioning
ileostomy is constructed to reduce the risk of a symptomatic anastomotic leakage %7°. The
anastomosis can be constructed in different ways: end-to-end, side-to-end and colonic j-
pouch.

Hartmann’s procedure

TME or PME with a residual rectal stump and a permanent colostomy is called Hartmann’s
procedure (i.e low Hartmann). This procedure may be considered in high risk patients who
may not tolerate an anastomotic leakage or in patients with prior anal incontinence. When
compared to abdominal perineal resection (APR) there are some diversity in the results while
some studies show higher rates of pelvic abscess, reoperation and readmission others did not
174 A meta-analysis, comparing APR to Hartmann, concluded that extrasphincteric APR is
associated with higher overall and pelvic-perineal complications but intersphincteric APR
and Hartmann’s procedure have comparable morbidity 7.

Abdominal Perineal Resection

Abdominal Perineal Resection (APR) or APE (Abdominal Perineal Excision) can be used in
patients in which the tumor location and oncological perspective do not exclude an
anastomosis but the patient has significant comorbidities and may not tolerate a severe
complication (i.e anastomotic leakage). In these cases, an intersphincteric APR is
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preferable. In cases of low rectal tumors and tumors involving the pelvic floor and the
sphincter complex an extrasphincteric APR or extralevator APR (i.e ELAPE) is necessary to
accomplish adequate oncological outcomes.

Local excision

Early rectal tumors (T1) with no signs of lymph node involvement and low risk (no signs of
lymph vascular or vascular involvement, RO, absence of tumor budding and well
differentiated) local excision can be considered. If the pathology report reveals features
indicating a high risk tumor a complementary TME surgery should be performed. Local
excision can also be considered in more advanced tumors in high risk patients with extensive
comorbidity. TEM (Transanal Endoscopic Microsurgery) or ESD (Endoscopic Submucosal
Dissection) are the two preferable methods for local excision. 676

1.5.3.3 Adjuvant treatment

The evidence for adjuvant treatment (postoperative) with chemotherapy in rectal cancer care
is lacking compared to colon cancer care in which adjuvant chemotherapy is used for stage 11
with risk factors and stage 11 disease ”" "8, A Cochrane analysis from 2012 concluded that
there is some support for 5-FU based adjuvant chemotherapy in patients treated with radical
surgery and no metastasis but there is a need for RCTs evaluating the benefit of adjuvant
chemotherapy in patients that have received neoadjuvant treatment ”°. Nevertheless, there are
some data supporting adjuvant chemotherapy for patients with high tumors, treated with
neoadjuvant (C)RT, in terms of disease free survival and distant recurrences . In the
Swedish national colorectal cancer guidelines, the recommendations states that stage 11 with
risk factors and stage 111 should be assessed for adjuvant chemotherapy and patients with no
neoadjuvant treatment should be assessed according to criteria for colon cancer. Patients
which have received neoadjuvant RT may be relevant for discussion in contrast to CRT
where adjuvant treatment is not recommended. Adjuvant treatment is not recommended for
patients after neoadjuvant RT followed by chemotherapy or for patients pCR (unless cTNM
indicates high risk tumor and adjuvant treatment may be considered). 2

1.5.4 Swedish Colorectal Cancer Registry (SCRCR)

For rectal cancer the Swedish Colorectal Cancer Registry was initiated in 1995 and since
2007 is colon cancer also included in the registry. Multiple variables are recorded by
surgeons, radiologists, oncologists and pathologists including age, gender, neoadjuvant
treatment, surgical treatment, postoperative complications, pathological data, adjuvant
treatment and follow-up data. The registry has a completeness (coverage) of >99% and has
been validated with results showing an average agreement of 90% 8182, The registry is

15



continuously revised and annual reports are available including comparisons between
hospitals for several parameters. Given the excellent coverage and valid data the registry
constitutes a valuable source of information for research 8,
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2 LOW ANTERIOR RESECTION SYNDROME

2.1 DEFINITION AND OUTCOME MEASURES

Historically there has been a lack of precise definition of Low Anterior Resection Syndrome
(LARS). A pragmatic definition proposed by Bryant et al. was “disordered bowel function
after rectal resection, leading to a detriment in quality of life” . In a systematic review by
Keane et al. trying to define LARS the conclusion was that there is a substantial variation in
reporting of functional outcomes after anterior resection . In this review, studies between
1986-2016 were included and the used, instruments and outcome measures, were recorded.
More than one third of the included studies did not use any specific instrument to evaluate
bowel function (figure 4)
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Figure 4. Instruments used to assess postoperative bowel function (COREFO, Colorectal Functional Outcome
questionnaire; AMS FIS, American Medical System Fecal Incontinence Severity score; BFI, Memorial Sloan
Kettering Cancer Center (MSKCC) Bowel Function Instrument; LARS score, Low Anterior Resection Syndrome
score, FISI, Fecal Incontinence Severity Index; “Other” includes the MSKCC sphincter function criteria,
Pecatori Anal Incontinence Score, Anal Sphincter Conserving Treatment questionnaire, Rotterdam symptom
checklist, Komatsu score and Holschneider questionnaire). 8 Reprint with permission.

Of the used instruments, the Wexner score (i.e CCFFIS, Cleveland Clinic Fecal Incontinence
Score) was the most commonly used resulting in evaluation of symptoms related to
incontinence %, Other commonly used outcome measures were Kirwan classification and
Fecal Incontinence Severity Index & &, More than 30 different symptoms were reported and
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the five most frequent were fecal incontinence, stool frequency, flatus incontinence,
urgency and pad wearing.

In another cross-sectional review from Chapman et al. concerning reporting of
postoperative bowel dysfunction after rectal cancer surgery, including 234 studies, the
results were similar 8. This study measured reporting of bowel dysfunction according to
components of the LARS-score and of the 15 different instruments, used for measurement,
only 9 were validated. Only 22% of the 234 reviewed articles reported all 5 components
and 44.4% reported less than fifty percent of the components. Studies using bowel
dysfunction as a primary outcome (61.5%) were associated with better completeness in
reporting (OR 3.49; 95% CI 1.99-6.23).

Instrument Components included

Wexner score / CCFFIS 86 | Incontinence for stool

Incontinence for flatus

Kirwan grading system &’ | Incontinence for stool

Incontinence for flatus

Hallbéék questionnaire % | Incontinence for stool

Incontinence for flatus

Stool frequency

Fecal clustering / fragmentation
Pain

Fecal urgency

Emptying difficulties

Bowel function affects daily life

FISI 8 | Incontinence for stool

Incontinence for flatus

LARS-score 91 | Incontinence for stool
Incontinence for flatus
Stool frequency

Fecal urgency

Fecal clustering / fragmentation

Table 1. Components in the 5 most frequently used instrument in the review by Keane et al. 8. CCFFIS =
Cleveland Clinic Florida Fecal Incontinence Score. FISI = Fecal Incontinence Severity Index
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The variation in reporting bowel dysfunction and the difficulties to compare results from
different surgical approaches and from different studies was the basis for the development of
the Low Anterior Resection Syndrome score (LARS-score) which was published by
Emmertsen and Laurberg in 2012 1, The 5 symptoms included in this questionnaire
(described in detail below) are incontinence for flatus and / or feces, stool frequency,
fragmentation / clustering and urgency. The LARS-score was only used in 6 studies
according to the review from Keane el al. and in 7 studies according to Chapman et al. but in
the period after these two reviews were conducted, the questionnaire has been used in several
studies, as an outcome measure for bowel dysfunction (i.e LARS).

The lack of precise definition of LARS was the basis for the LARS collaboration group to
present a consensus definition 2. The collaboration group consisted of three expert groups:
patients, surgeons and other health professionals from different parts of the world. The
process, for the development of a consensus definition, included online Delphi survey % %,
patient consultation meetings and consensus meeting. The final definition provides 8
symptom complexes and 8 consequences and to meet the definition a patient must experience
at least one symptom that results in at least one consequence (figure 5)

Low Anterior Resection Syndrome
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Figure 5. Consensus definition of Low Anterior Resection Syndrome provided by the LARS International
Collaboration Group . Reprint with permission.

2.1.1 LARS-score questionnaire

As mentioned before was the LARS-score questionnaire published by Emmertsen and
Laurberg in 2012 (figure 6) °X. The basis for this, besides differences in prior reporting of
bowel dysfunction, was also the lack of a scoring system that also took subjective bother and
impact on QoL into consideration (i.e weighted scores). The questionnaire was developed
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using a Danish cohort of rectal cancer patients which had undergone surgery (PME or
TME) with an anastomosis. A total of 1143 patients eligible for participation were
identified though the Danish Colorectal Cancer Groups database and cross-checking with
the National Patient Registry. After exclusion of non-responders (n=82), patient re-
operated with permanent stoma (n=42) and incomplete answering of questionnaire (n=58)
961 patient participated in the study. 483 patients were included in the process of
developing the questionnaire and the other half (n=478) in the validation process. The
basic questionnaire was developed by a process involving review of prior instruments /
guestionnaires, expert discussions, pilot testing, test-retest reliability testing and semi-
structured interviews. To calculate the weighted scores, for each questions response
alternatives, a separate question assessing the impact on QoL was used: “On overall, how
much is your QoL influenced by your bowel function”. The response alternatives for this
question were “not at all”, “a little”, “some” and “a lot” and in analysis combined into the
binary outcome variable “not at all” / ““a little” and “some” / ““a lot”. Symptoms were
grouped into four groups (incontinence, emptying difficulties, urgency and frequency). For
each group the association to QoL, for each response alternative, was calculated using a
binominal regression and presented as relative risk (RR). For each group an adjusted RR
was calculated while adjusting for other independent variables. An adjusted RR >2.5 was
mandatory for inclusion into the final multivariable analysis. The logarithmic values of
corrected RRs from this analysis was multiplied with 10 to get the final scores for each
response alternative. LARS scores were then plotted against impact on BQoL (now
divided into: no impact, minor impact and some/major impact on QoL) and this plot along
with mean LARS score was the basis for the three LARS groups, minor LARS (0-20
points), minor LARS 21-29 points) and major LARS (30-42 points). %

As mentioned, they used the other half of the participating patients, for validation of the
questionnaire. The ability of the LARS-score to predict impact on QoL was presented as a
ROC curve, sensitivity- and specificity values. Sensitivity meaning the questionnaires
ability to predict impact on QoL if there is a “true” impact on QoL and specificity
meaning the questionnaires ability to predict no impact on QoL if there is no “true” impact
on QoL %. In analysis the sensitivity was 72.54% and specificity 82.52%. The prediction
model showed a perfect fit in 62.21%, moderate fit in 31.94% and no fit in 5.85% .

An international validation using a Swedish, Spanish, German and Danish version has also
been conducted and concluded the LARS-score to be a valid and reliable tool for
measuring LARS in European rectal cancer patients %. Since then, several validations for
different nationalities, have been conducted with results showing the questionnaire to be
valid and reliable %%, Following the publication of the questionnaire in 2012 the LARS-
score is now a widespread instrument frequently used in measurement of bowel function
after rectal cancer surgery and the simple design makes it useful in the daily clinical care.

There is also a strong correlation between results on LARS-score and the CCFFIS
(Wexner score) but assessment with CCFFIS may often underestimate LARS %4, A study
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comparing LARS-score with the Memorial Sloan Kettering Bowel Function Instrument
(MSK-BFI) also showed good correlation 1%,

But there are also limitations in the questionnaire. In one study assessing the clinical
application of the LARS-score the results showed that the questionnaire overestimates impact
on QoL in some cases and underestimates the impact of severe evacuatory dysfunction 1%,
The authors from this study stated in a correspondence article that they recommend including
a detailed clinical assessment, use of multiple instruments and a bowel diary when evaluating
bowel dysfunction or compare function after different treatment regimes'®’. The LARS-score
may also be insensitive for measuring improvement or deterioration when used in a
longitudinal context.

Which outcome measure to use for assessment of bowel dysfunction may depend on situation
and aim but by using different instruments the difficulties in comparison persists. In an article
by Chen el al. focusing on which questionnaire are the best to capture anorectal function after
rectal cancer surgery they suggest CCFFIS if the aim is focused assessment of incontinence,
MSK BFI for a more in-depth evaluation of LARS and LARS-score for a rapid screening or
assessment of LARS 1%,

Add the scores from each 5 answers to one final score.

Do you ever have occasions when you cannot control your flatus (wind)?
[J No, never 0
[ Yes, less than once per week 4
[ Yes, at least once per week 7
Do you ever have any accidental leakage of liquid stool?

[J No, never 0
[ Yes, less than once per week
[ Yes, at least once per week

w

How often do you open your bowels?
[J More than 7 times per day (24 hours)
[0 4-7 times per day (24 hours)

[ 1-3 times per day (24 hours)

[0 Less than once per day (24 hours)

(SN

w

Do you ever have to open your bowels again within one hour of the last bowel opening?

[J No, never 0
[ Yes, less than once per week 9
[0 Yes, at least once per week 11
Do you ever have such a strong urge to open your bowels that you have to rush to the toilet?

[J No, never 0
[ Yes, less than once per week 11
[ Yes, at least once per week 16

Total Score:

Interpretation:
0-2i

2 No LARS
21-29: Minor LARS
30-42: Major LARS

Figure 6. LARS-score questionnaire. Reprint with permission

Although the LARS-score has limitations it can, in contrast to more extensive questionnaires,
easily be used in clinical practice and if also used in research one can easy establish a link
between results in research and the clinical daily care.
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POLARS score

In order to be able to predict postoperative bowel function prior to surgery Battersby el al.
developed a nomogram and online tool named POLARS score (Pre-Operative LARS-
score) °, The tool includes age (at surgery), gender, TME or PME, tumor height, stoma
(yes or no) and preoperative radiotherapy (yes or no) as variables. The tool predicts
postoperative LARS group for an individual patient and was developed from a cohort of
UK patients and was validated on a cohort of Danish patients.

2.2 PATOPHYSIOLOGI

The cause of LARS is thought to be multifactorial including sphincter dysfunction,
impaired capacity and compliance of the neorectum, colonic dysmotility and neorectal
evacuatory dysfunction 8,

After LAR surgery anal manometry has shown a reduction in mean anal pressure which
does not recover over time and reflects dysfunction of the internal sphincter 110112,
Damage to the internal anal sphincter may be caused by direct structural damage
(dissection or insertion of anastomotic device) or nerve damage. It has also been proposed
that damage to the rectococcygeus (involved in defecation) muscle during dissection can
contribute to anorectal dysfunction.'*® It has been reported that up to 18% who underwent
surgery with LAR and a stapled anastomosis had long-term evidence of sphincter injury
114 In a study comparing 125 patients, which had undergone sphincter sparing LAR, with
25 healthy controls using manometry they found statistically significantly lower- anal
resting pressure, maximal squeeze pressure, threshold for first sensation and urge to
defecate, maximal tolerance for defecation and a reduced maximal compliance in the
LARS group 5. Similar results have been reported by Inhat et al. from a single center
study including 65 patients in which they also found an association between reduced
function, measured with manometry, and LARS . In a study by Williamson et al. they
compared 11 patients after LAR with 9 controls (after left colonic resection with a
colorectal anastomosis) and results showed a lower anal resting pressure and (neo)rectal
pressure in the LAR group resulting in a lower anorectal pressure gradient (difference
between (neo)rectal and anal resting pressure) *7. There is also data supporting
postoperative impairment of the rectoanal inhibitory reflex 8. Nevertheless, there are also
studies showing no effect on anal sphincter resting- and squeeze pressures %21, Although
there are some diversity concerning sphincter impairment after LAR surgery there is data
supporting a lower mean anal resting pressure in LAR patients with major incontinence
when compared to LAR patients with minor incontinence or normal continence %2, In a
recently published article by Vollebregt using high-resolution anorectal manometry they
showed altered anal slow-wave pressure activity in 52.4% of examined LARS patients but
only in 5.4% of the healthy controls 123, To evaluate the clinical significance of this
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findings and correlation to different treatment regimes, as well as severity of symptoms,
further studies are needed.

The capacity and compliance of neorectum is reduced compared to the normal rectum after
rectal cancer surgery. Nesbakken et al. presented, in a prospective study, preoperative and
postoperative (12-months follow-up) manometry results for 35 patients after rectal cancer
surgery. The results showed reduced postoperative maximum tolerable volume and volume
provoking the urge to defecate. There was also a difference in maximum tolerable volume
between TME and PME showing a reduced volumes for the TME group.® In another study
comparing 19 LAR patients (9-12 months postoperatively) to aged and sex matched controls
the results showed reduced maximal tolerable volume and compliance in the LAR group 8.
The importance of the rectum acting as a reservoir for stool and the impaired capacity of the
neorectum is also supported by the increased risk of bowel dysfunction after TME compared
to PME 124,

The neorectum is constructed using the distally available colonic segment. During the
mobilization of the colon there is inevitable denervation of the colon and several studies has
proposed altered colonic motility, due to denervation, to be one component in the
multifactorial etiology of LARS. In a study by Lee et al. using rats, they compared autonomic
denervation of the left colon (n=6) to simple manipulation of the left colon (n=6), and showed
that denervation resulted in increased motility which probably can be attributed to destruction
of inhibitory pathways 2. The hypothesis of denervation is supported by a study by Koda et
al. comparing patients assigned to either short-denervation group or long denervation group
depending on whether the superior rectal artery (short) or the inferior mesenteric artery (long)
was divided during surgery*?6, When comparing groups, propagated contractions down the
neorectum was less common in the long-denervation group (i.e more extensive denervation)
whereas spastic minor contractions were more common. Transit time in the neorectum
segment was significantly longer for the long-denervation group compared to the short.
Keane et al. compared 23 patients which had undergone anterior resection (11 no LARS; 12
LARS) with 9 controls using high-resolution colonic manometry before and after a
standardized meal *°. In the study they showed fewer postprandial antegrade (p=0.028) and
retrograde (p=0.004) propagating contractions in LARS patients compared to control.
Comparing no LARS to control only fewer retrograde propagating contraction was recorded
(p=0.047). The LARS group also had a lower percentage of post-prandial cyclic motor
pattern (CMP) compared to control (p=0.009). As mentioned earlier it is hypothesized that
CMP are involved in the “rectosigmoid brake” preventing rectal filling and this study
indicates that LARS patients may have an impairment of this physiological function. The loss
of propagating contractions and existence of spastic waves, in anterior resection patients, has
also been correlated to urgency and multiple evacuations 27,

A study on meal-induced colonic motility in patients treated with LAR showed that, in
patients with high stool frequency postoperatively, the neorectum contracted earlier than in
those with normal stool frequency .
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Using single-photon emission CT/CT scintigraphy Ng et al. compared colonic transit for
patients, which had undergone anterior resection, with no LARS vs. major LARS
presenting accelerated colonic transit in the major LARS group %,

The pathophysiology of evacuatory disorder (i.e emptying difficulties), in the context of
LARS, has not been studied in detail. One hypothesis, that has been proposed, is the loss
of rectoanal coordination . In patients with constipation and evacuatory difficulties
impaired rectal contraction, paradoxical anal contraction or inadequate anal relaxation are
present indicating impaired rectoanal coordination'*°. Neorectal sensory dysfunction may
also play a role in evacuatory impairment among LARS patients 3, Also structural
damage to structures important in defecation process has been suggested. During TME
surgery and dissection near the pelvic floor there is a risk of damaging (intentionally for
oncological reasons or unintentionally) the hiatal ligament of the levator ani muscle and
the rectococcygeus muscle which both play a role in the defecation and damaging these
may therefor contribute to emptying difficulties 1.

Structural damage to
structures important in
the defecation process

Reduced anal resting
pressure

Meorectal sensory
dysfunction

Reduced maximal Accelerated colonic
squeeze pressure . + , transit

Reduced compliance
and capacity of the
neorectum

Altered colonic motility
pattern

Reduced ano(neo)jrectal Impaired anorectal Impaired “Rectosigmoid
pressure gradient coordination brake”

Figure 6. Proposed factors involved in the pathophysiology of LARS

2.3 PREVALENCE

To be able to compare prevalence numbers an essential condition is the use of the same
outcome measure. To measure prevalence of LARS it is essential to state how you define
LARS. For the purpose of this review LARS is defined according to the LARS-score
questionnaire %, There is some data, although scarce, supporting that functional bowel
symptoms improves during the first 12 months after surgery, before stabilizing 1% 124,
Studies focused on longitudinal long-term evaluation is lacking. This does not mean that
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LARS symptoms disappear over time. Chen et al. reported 46% major LARS after a median
follow-up of 14.6 years %2,

In 2018 the first normative data for LARS (using the LARS-score questionnaire) was
published 3, In this study a random sample of 3440 age and sex stratified individuals from
the Danish general population were approached and 1875 responded (response rate 54.5%).
In the age group 50 to 79 years, which the authors considered the most relevant in rectal
cancer research, the response rate was 70.5%. Besides the LARS-score questionnaire the
participants were also asked if they had a physical disease (yes or no). In some age groups the
response rate was low and the risk for selection bias is evident with the risk of overestimating
the true level of bowel dysfunction in the general population. The prevalence of major LARS,
in the total cohort of responders, was 15.0% for females and 9.9% for men. In the age group
50-79 years 18.8% of females and 9.6% of men experienced major LARS. Multivariable
statistical analysis showed that female sex (OR 1.6, 95% CI 1.2-2.2) and presence of a
physical disease (OR 2.2, 95% CI 1.6-2.9) was associated with major LARS. Incontinence for
flatus, fragmentation and urgency were statistically significantly more frequent among
females, compared to men.

Since then, two additional studies have presented normative data for LARS, both from the
Netherlands. The first study approached 600 patients who visit the outpatient clinic because
of general or surgical indications 3. The response rate was 83.5% and major LARS was
observed in 15%, minor LARS 14% and no LARS in 71%. In females major LARS was
observed in 18.9% and in men 11.4%. Female sex was associated with major LARS (OR
1.82, 95% CI 1.10-3.01). Incontinence for flatus and urgency were significantly more
frequent among females. Since the presence of a physical disease was associated with major
LARS in the previous study there is a risk of selection bias and overestimation of the
prevalence due to the recruitment strategy in the study design of the present study. The
second study used a random sample from cohort (n=1259) representative to the general
population of the Netherlands according to sex, age and religion **°. Data on comorbidities
was also collected to be able to perform analysis on association to LARS. The total number of
eligible participants or response rate was not presented making the results more difficult to
assess. In the cohort, major LARS was observed in 12.2% (13.2% females; 10.9% men). In
the subgroup with comorbidity the prevalence of major LARS was 19.7% (8.9% in group
without comorbidity). In univariable analysis the presence of irritable bowel syndrome and
diabetes mellitus were associated with major LARS (OR 5.38, 95 Cl 2.89-9.99; OR 3.68,
95% CI 2.2-6.16 respectively). Previous vaginal birth in females showed no association
major LARS in either of the studies from the Netherlands.

The only Swedish normative data on LARS was published in 2020 as part of the QOLIRECT
study 2%, In this study a reference population was used which answered questions regarding
bowel function but without using the LARS-score questionnaire. This study reported a
prevalence of major LARS-like symptoms in 8% (10% women; 6% men).
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Study Sex / Gender Major LARS %

Juul et al.13 Male 9.9
Female 15.5

van Heinsbergen et al.** Male 11.4
Female 18.9

Al-Saidi et al. 13 Men 10.9
Female 13.2

Table 2. Normative data, using LARS-score, on the prevalence of major LARS

As previously discussed, there has been a historical diversity in the reporting of bowel
dysfunction after rectal cancer surgery and many studies did not use a validated instrument
and instead only reporting prevalence of different symptoms . Many studies were also
small in numbers regarding participating patients. The proportion with fecal incontinence
has a reported rage between none to 71% & 121137 |n a systematic review from 2011
Scheer et al. they reported prevalence for different symptoms with incontinence in for
solid feces in 0-40%, incontinence for flatus in 9-76%, emptying difficulties in 2-85%,
fragmentation in 6-88% and urgency in 0-69% of patients after rectal cancer surgery .
Pooled analysis of the proportions in the same study showed incontinence in for solid
feces in 14%, incontinence for flatus in 37%, emptying difficulties in 55%, fragmentation
in 59% and urgency in 35%.

The largest study reporting prevalence numbers, using LARS-score, included 1087
patients and was conducted in Denmark. All patients which had undergone curative
surgery with TME and PME were included. The response rate was 90% and mean follow-
up time 54 months **°. In this cohort only 20% had received neoadjuvant RT or CRT.
Major LARS was reported in 41% of the patients and minor LARS in 24%. Another study,
also from Denmark, including 193 patients in the results (at 1-year follow-up) reported
58.0% major LARS at 3 months follow-up, declining to 45.9% at one year follow-up 2,
An ltalian study including 93 patients in analysis and 13.7 years follow-up presented only
20.5% with major LARS *°, The study was small and only 110 out of 413 patients that
underwent surgery during the chosen time period (1998-2005) were eligible for inclusion
and results should be interpret with caution. Another previously mentioned study, with
long term follow-up data from the Netherlands, reported data from 242 patients (49%
neoadjuvant RT) with major LARS in 46% of patients %2,

There are only a few studies reporting prevalence of LARS from countries outside of
Europe. A Chinese study including 220 patients in the results with a mean follow-up time
of 40.2 months 1, In total 54.1% experienced major LARS in the cohort but the patients
included was part of a RCT comparing different neoadjuvant treatment strategies which
prevents from generalizability to a more heterogeneous cohort treated for rectal cancer. A
regional Australian study including only 76 patients showed 37.5% major LARS and a
study from Thailand only 17.8 major LARS 42143,
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The range on prevalence of LARS in the literature range between 36-63% with major LARS
144148 A meta-analysis of the prevalence of LARS was published in 2018 and only studies
using the LARS-score questionnaire was eligible for inclusion 14, The estimated prevalence
for major LARS in this meta-analysis was 41% and five of the eleven included studies were
from Denmark or the United Kingdom and the largest patient numbers were also from these
studies. The study concluded that further studies, concerning the prevalence of LARS, from
various parts of the world is required, as well as clarifying the pattern of LARS over time.

From the recent QOLIRECT study Swedish prevalence numbers has been reported including
309 patients at 1-year follow-up and 334 patients at 2-year follow-up. The prevalence of
major LARS was 63% at 1-year and 46% at 2-years follow-up *. In an international cross-
sectional study, including four countries, Swedish prevalence numbers were presented with
60% experience major LARS at a mean follow-up time of 5.3 years **°. The Swedish
participants in this study came from two hospitals and one of these acts as a referral center for
more locally advanced rectal cancer cases which could increase the risk for selection bias if
the aim is to the report the prevalence in a more general cohort of patients treated with
anterior resection. In order to get as close as possible to the “true” prevalence one should
include patients from at least one region of a country to ensure inclusion of patients both from
referral centers and the more general centers, managing rectal cancer patients.

2.4 RISK FACTORS FOR LARS

Several risk factors for LARS has been identified but there are also some diverting results.
The quality and size of the studies also differs significantly. There is also differences in how
the outcome is defined; LARS vs. no LARS or major LARS vs. no/minor LARS or major
LARS vs. no LARS which for sure has an impact on the results. Some studies only presented
unadjusted OR, making the results more uncertain.

2.4.1 Age and gender / sex

In most studies gender (i.e sex) has no statistically significant association to major LARS 124
182,142,143, 145,151 ' Although a number of studies failed to show any association a large Danish
study by Bregendahl et al. showed an adjusted higher risk for major LARS in females
compared to men (OR 1.35, 95% CI 1.02-1.79) **. This study was the largest and there could
be an issue with inadequate power in the other studies and thereby failing to show an
association. One study reports male gender as a risk factor in adjusted analysis (OR 2.16,
95% CI 1.00-4.64) %2, Studies focused on specific symptoms within LARS showed no
association between gender and incontinence except one study reporting more incontinence
among men 315 This is in line with community prevalence number for fecal incontinence
showing similar prevalence among females and men 6. Several studies have not been able to
establish an association between age and LARS (i.e bowel dysfunction) 143 151157138 The
variable age is also categorized different and sometimes presented as a continuous variable in
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some and in other studies stratified into age groups making different studies more difficult
to compare. In studies reporting an association, older age seems to be protective. Chen et
al. showed, in multivariable analysis, an association between major LARS and age <75
years at follow-up (OR 2.4, 95% CI 1.1-5.5) **2, In another study using age at a continuous
variable presented an OR of 0.97 (95% CI 0.94-1.0, p=0.035) 4. There is also evidence
for age <64 years at surgery and an increased risk for major LARS 3, Kupsch et al.
showed similar results with an association to younger age and LARS in general and not to
major LARS separately 14°. Only isolated studies presented reversed results, i.e older age
and increased risk “°. A possible explanation for younger age as risk factor could be the
fact that the risk for constipation increases with age and the colonic dysmotility in the
elderly could be protective *5°. Conversely, there may be a higher risk for incontinence
among the elderly due to a worse baseline continence compared to younger, a statement
supported by some data 55 156,

2.4.2 Tumor level and TME vs. PME

In many cases, of rectal cancer, the tumor level and oncological considerations makes
TME the only option for surgical treatment but in higher tumor levels PME may be
considered. Due to this fact TME vs. PME highly confounded by tumor level.

There is some evidence for an association between low tumor level and major impairment
of bowel function. Two studies showed data that tumor level <5 cm and <6 cm was
associated with major LARS and impaired bowel related QoL, respectively 157 16,
Another study (n=93 in analysis) showed a significantly higher proportion of LARS in
tumors levels <5 cm, 5-10 cm compared to >10 cm and conversely a higher proportion of
no LARS in tumor level >10 cm 140, Other studies failed to present an association 4°.

Accordingly, there is evidence that TME is associated with worse bowel function
compared to PME 13145146 |n 3 study, using MRI to measure the length of the remnant
rectum in patients treated with surgery alone, a clear association between shorter length
and the risk for major LARS was reported. In the same study the same association was not
present in patient treated with neoadjuvant CRT and the authors concluded that the
functional benefits from a larger remnant rectum is lost in the irradiated rectum 47,
Nevertheless, in a study by Sun et al. the anastomotic height (cm) had an adjusted OR of

0.74 (95% C1 0.63-0.88) indicating that a higher anastomotic level seems to be protective
141

2.4.3 Defunctioning stoma and time to stoma reversal

There are some studies reporting defunctioning stoma as a risk factor for LARS and other
studies failing to present a statistical significant association. Gadan et al. reported
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functional outcomes from a RCT in which patients were randomized to defunctioning stoma
or no stoma €1, The primary endpoint in this RCT was symptomatic anastomotic leakage.
The original study included 234 patients and functional results was only presented in 87
patients. Statistical significant differences, in favor of no stoma, were seen in incontinence for
flatus and liquid stool but no differences in frequency, clustering, urgency or proportion with
major LARS (although mean LARS score was higher in the defunctioning stoma group). In
non RCT studies many failed to show an association in adjusted analysis (if performed). In a
prospective multicenter study by Sandberg et al. the adjusted RR (adjusted for tumor level)
for major LARS (vs. no/minor LARS) comparing defunctioning stoma vs. no defunctioning
stoma was 1.77 (95 % CI 1.27-2.46) %, Sun et al reported an OR 2.59 (95% CI 1.27-5.30) in
adjusted model (adjusted for neoadjuvant therapy, tumor level, height of anastomosis and
anastomotic leakage) 1. A study by Wells et al. used a broad definition of LARS stating that
if one or more out of six symptoms were present it was defined as LARS 62, Using this
questionable definition an adjusted association between defunctioning stoma was reported.

In four studies including between 129 to 184 patients defunctioning stoma was associated to
major LARS in unadjusted analysis but failing to show any statistical association in adjusted
analysis 143145, 147,182 Another four studies including between 64 to 142 patients failed to
show even an unadjusted association 140 142 144,157

Two meta-analysis were published in 2020, one including two studies and the other including
seven studies. In pooled analysis of the crude ORs from the individual studies both showed a
statistical significant association between defunctioning stoma and major LARS (OR 2.84,
95% CI 1.70-4.71; OR 1.96, 95% CI 1.10-3.48) 163184 The quality of a meta-analysis is
depending on the quality of the included studies and adjustment (or lack of) for potential
confounders may have influenced the results.

In some studies, time to stoma reversal seems to have an association with major LARS (i.e
longer time to reversal the greater the risk). Sturiale et al. presented significantly longer
median time to stoma reversal in the major LARS group compared to no and minor
(p=0.0002) but performed no adjustments *4°. In other studies, using time as a continuous
variable, showed no statistically significant differences 41145152 Hughes et al. reported an
adjusted OR for no stoma at 6 months of 0.1 (95% CI1 0.1-0.3) and OR for ileostomy closed
after 1 year 2.8 (95% CI 0.7-10:5). The only RCT on the subject was published by Keane et
al in 2019 . In this study they compared early closure (8-13 days) to late closure (after 12
weeks) and the primary endpoint was rate of complications. The functional results presented
from this study had a median follow-up of 49 months and showed no significant differences
in proportions of LARS or major LARS between the groups according to the LARS score. In
the MSKCC Bowel Function Instrument the late closure group scored worse on the urgency
and soiling subscales. Since the early closure group had their stoma reversal within 8-13
days, regarding functional outcome, this group could be considered equal to no defunctioning
stoma. In one of the above mentioned meta-analysis, concerning defunctioning stoma or not,
time to stoma reversal was also evaluated. In the pooled unadjusted analysis, the mean time to
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stoma reversal was 2.39 months longer in the major LARS group compared to the no
LARS group 64,

244 Neoadjuvant radiotherapy

In the literature there is strong evidence for an association between neoadjuvant RT and
major LARS / significantly impaired bowel function 24 139147 Before the introduction of
the LARS score questionnaire a systematic review and meta-analysis by Loos et al.
revealed in pooled analysis a significantly higher rate of stool incontinence after
neoadjuvant (C)RT and TME compared to TME alone (RR 1.67, 95% CI 1.36-2.05) 166,
This was in line with the results from manometric studies, included in analysis, showing
reduced mean anal resting pressures and maximum squeeze pressures. Pollack et al.
analyzed a subgroup from two RCTSs (Stockholm I and 1l trials) with focus on anorectal
function in relation to RT 7. The study included 21 patients treated with RT and surgery
and 43 with surgery alone. The results showed significantly more scarring of the anal
(examined with endoanal ultrasound) sphincters among the irradiated as well as lower anal
resting- and squeeze pressures. The irradiated patients also experienced significantly more
fecal incontinence, soiling and more bowel movements. A strong association to major
LARS was reported by Chen et al. (OR 3.0, 99% CI 1.3-6.9) %2,

In a study by Qin et al. they evaluated the thickness of the rectal wall, obturator internus
muscle and levator ani with MRI before and after RT %7, The results showed that
thickening of the rectal wall post-RT had an OR for major LARS of 9.14 (95% CI 2.79-
29.95). In the same study they compared neoadjuvant treatment with chemotherapy to
CRT showing an association between CRT and major LARS, illustrating that RT is
probably responsible for the main negative effect on bowel function. Concerning different
RT regimes, no significant difference between short-course RT and long-course (C)RT
was reported in a large study from Bregendahl et al. 13,

Battersby et al. reported that neoadjuvant RT is associated with impaired bowel related
QoL (adjusted OR 1.67, 95% 1.16-2.42) 1%°,

In a study describing functional outcome in patients treated with CRT and then followed
with the watch and wait program reported major LARS in 33% of patients, a proportion
which is much higher than normative data 1318,

2.45 Chemotherapy

In the neoadjuvant setting chemotherapy is rarely given as the sole treatment, instead
combined with RT, concomitant or administered prior or after RT depending on disease
stage and treatment protocol. A study, excluding patients which had received neoadjuvant
RT and compared neoadjuvant chemotherapy and surgery to surgery alone, showed no
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differences in mean LARS score between the groups at 6 months of follow-up. Other studies
confirm these results 1% 160, Ekkarat et al. present an unadjusted OR of 3.37 (95% CI 1.07-
10.60) for major LARS if treated with chemotherapy (not specified if pre- or postoperative)
143 In the adjuvant setting there are occasional studies indicating an association between
adjuvant chemotherapy and major LARS  and in a recently published meta-analysis
adjuvant chemotherapy had an OR of 1.53 (95% CI 1.53-2.27) for LARS 1¢°,

2.4.6 Type of anastomosis

To improve the capacity of the neorectum several different techniques can be used. A meta-
analysis compared colonic J pouch, side-to-end, tranverse coloplasty and straight anastomotic
techniques concluded that colonic J pouch, side-to-end and transverse coloplasty lead to
better functional outcome for the first year after surgery 17°. The same results were seen in a
prior Cochrane systematic review from 2008 . A more recent meta-analysis comparing
colonic J pouch to side-to-end showed comparable results between the techniques 172,

2.4.7 Anastomotic leakage

Anastomotic leakage is probably a strong risk factor for major functional bowel impairment.
Due to relative low incidence of anastomotic leakage and the fact that a significant proportion
of patients with leakage are left with a permanent stoma many studies probably lacking
power to show an association 124 132.140. 144,157 The |arge study from Bregendahl et al.
presented a crude OR for major LARS of 2.44 (95% CI 1.14-5.22) but failed to show
significant association in adjusted analysis (OR 2.06, 95% CI 0.93-4.55) ¥, Sun et al
reported a crude OR for major LARS of 3.23 (95% CI 1.29-8.11) and a adjusted OR of 2.63
(95% C10.99-6.95) . In a study by Kim et al they used propensity score matching analysis
and showed an adjusted OR for major LARS of 6.39 (95% CI 2.11-19.39) comparing
anastomotic leakage grade B/C (therapeutic intervention needed) to no leakage/grade A (no
intervention needed) 3. A meta-analysis including six studies showed a pooled OR for
LARS of 2.19 (95% CI 1.45-3.31) comparing anastomotic leakage to no leakage *¢°.

2.4.8 Surgical approach

It can be hypothesized that functional outcomes may differ between TaTME, open-,
laparascopic- and robotic-TME due to superior possibilities for nerve-preserving surgery in
robotic through optimized visualization and exact dissection. However, high quality evidence
is scarce. In a recently published systematic review and meta-analysis they compared the
different surgical approaches in relation to functional outcome 7. In this study they
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compared proportions in the three LARS groups between the different techniques but only
one relevant study including functional results following robotic surgery was identified
resulting in a significantly skewed number of representing participants for each group
(TaTME n=163, open n=5039, laparascopic n=165 and robotic n=71). In the results
robotic surgery had a significantly lower proportion of major LARS indicating overall
better anorectal function compared to laparascopic, open and TaTME. Moreover, TaTME
was reported having significantly less LARS than open surgery.

Due to the lack of evidence for robotic surgery further high quality studies is needed to
confirm these results. Until then, the results should be interpreted with caution.

2.4.9 Summary

In a review article by Garfinkle and Boutros, concerning predisposing factor and treatment
of LARS, they propose a structural grading of risk factors based on the strengths of the
underlying evidence ’°. High association was considered for neoadjuvant RT, low tumor
level (or anastomotic height) and TME (vs. PME). A moderate association for history of
fecal diversion (i.e defunctioning stoma), history of anastomotic leakage and extremes of
age. A weak association for female sex and higher comorbidity burden.

Identifying the potential risk factors for impaired bowel function is of greatest important to
be able to improve functional outcomes and incorporate, the perspective of function, when
choosing the appropriate treatment regime and evaluation of new treatments.

25 LARS AND QUALITY OF LIFE

Previous studies have shown an association between the QoL and the severity of LARS.
One of the first studies concerning the association between LARS and QoL was published
by Juul et al. in 2014 *°. In this international cross-sectional study four countries
contributed with a total number of 796 patients in analysis and the mean follow-up time
since surgery was 5.6 (SD 2.1). They concluded that “the quality of life in patients who
have had rectal cancer is closely associated with the severity of the low anterior resection
syndrome”. In the study they used the EORTC QLQ-C30 instrument for measurement of
QoL (described in detail below). In the study the major LARS group had a mean score
(p<0.001) worse than the mean score in the no LARS group for the global health status /
QoL subscale which may be considered the most important QoL aspect. The same
difference was seen in all selected subscales except constipation. Similar results has been
reported from other studies also 24 1%,

The problem with most studies analyzing an association between LARS and QoL is that
the study designs prevents from evaluation of causality. There are no prospective cohort
studies evaluation QoL preoperatively with a follow-up measurement postoperatively.

32



Battersby et al used an anchor question assessing to which extent patients experienced their
bowel related QoL (BQoL) 1. In this study the mean LARS score of 34 points corresponded
to major BQoL indicating that patients experienced that bowel function had a substantial
direct effect on QoL.

2.5.1 EORTC (European Organization for Research and Treatment of
Cancer) QLQ-C30 questionnaire
This instrument contains 30 items that generates 9 multi-item scales: 1 global health status /
QoL scale, 5 functional scales (physical-, role-, emotional-, cognitive- and social
functioning), 3 symptom scales (fatigue, nausea and vomiting, pain) and 6 single items
(dyspnea, insomnia, appetite loss, constipation, diarrhea and financial difficulties). The
generated score for each scales and single items ranges from 0-100. A high score on the
global health status / QoL and functional scales represents a high level of QoL and
functioning. Conversely, a high score on the symptom scales and single items is equivalent to
a high grade of symptoms 17, The score is generated using s specific formula described in the
EORTC QLQ-C30 scoring manual 1”7, First you calculate a RawScore, including the
individual score for each item which is then divided by the number of included items
generating a mean score of the component items. A linear transformation formula (different
depending if functional scale or not) is used to standardize the RawScore into scores ranging
between 0-100.

The first version of EORTC QLQ-C30 was described by Aaronson et al. in 1993 176, The
questionnaire was a development from the first generation core questionnaire which was
developed in 1987. To the core questionnaire there are several additional available modules
for specific types of cancer. The study for development of the questionnaire included 346
patients from 13 different countries (including Sweden). Only lung cancer patients were
selected for inclusion motivated by: “(a) The high incidence of the disease would facilitate
efficient patient accrual, and (b) the rapid progression of the disease would permit an
examination of the responsiveness of the questionnaire to (i.e, its ability to reflect) changes in
health status within a relatively compressed time frame” 17®. The results showed good
acceptability for the questionnaire. Further, the development process included multitrait
scaling (examine whether individual item could be aggregated into a more limited number of
subscales), validity checking (inter scale correlation, known-groups comparison and
responsiveness to change) and reliability (assessing internal consistency).

When interpreting cross-sectional differences in scores statistically significant differences are
not by definition clinically relevant. Cocks et al. has provided guidelines for interpretation of
clinically relevant differences. For cross-sectional differences in mean scores the differences
are divided into trivial, small, medium and large, according to clinical relevance. Trivial
differences were used to describe differences unlikely to have any clinical relevance 178178,
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The EORTC QLQ-C30 is available in several different languages including Swedish. All
translations involve two native speaking for the language in question and also fluent in the
original language ",

Reference values for EORTC QLQ-C30 has been published for a random sample of the
Swedish population . The sample was frequency-matched according to age and gender
to match the distribution of upper gastrointestinal cancer. The overall participation rate
was 70.5% which was considered acceptable but there is always a concern with normative
data that the patients with impaired QoL could be more likely to answer the questionnaire.

2.6 TREATMENT OF LARS

Treatment of LARS aims to reduce symptoms and there is no definitive treatment. The
regional treatment program for Stockholm / Gotland for LARS mainly consists of dietary
regimes, treatment with bulky agents and loperamide 8.

There is some evidence for the benefit of pelvic floor rehabilitation (PRF) in patients with
LARS showing better functional outcome (mainly continence measured) after PRF 182,
However, several randomized trials have recently been registered with the aim of
evaluating the role of pelvic floor rehabilitation in the treatment of LARS, hopefully
increasing the level of evidence 183185,

Kim et al. reported, in a retrospective review, some benefits of biofeedback therapy in
patients with LARS *€°,

Sacral nerve stimulation (SNS) can be used for patients with incontinence and has been
studied also for patients with LARS after anterior resection. A systematic review,
including 7 studies (a total of 43 patients included), showed that 94.1% of patients that
after peripheral nerve evaluation had a definitive implantation (34 patients) experienced
improvement of symptoms 7. In a more recent systematic review and meta-analysis these
results were confirmed. In the meta-analysis using CCFFIS as outcome measure 7 studies
were included and for LARS-score 3 studies (no RCTs) . The pooled analysis revealed
statistically significant improvements in both outcome measures with a reduction of 11.2
(mean difference) in CCFFIS and 17.8 for LARS-score. It should be noted that SNS
implantation is usually a two-stage procedure including a first stage of evaluation before a
selection is made and only those which experienced a significant improvement are chosen
for permanent implantation. Therefor there is a significant risk of selection bias in the
results.

Percutaneous tibial nerve stimulation (PTNS) has also been evaluated in LARS patients
with encouraging results . In a multicenter, double blinded RCT by Marinello et al.
PTNS was evaluated. 46 patients were randomized (1:1) to either PTNS or sham therapy
190, Primary outcome measure was LARS-score and the results showed that in both groups
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a reduction in LARS-score was reported at 1 month of follow-up but only the intervention
group showed a reduction (compared to baseline LARS-score) at 12 months of follow-up.
However, no statistically significant differences between the groups were reported at any of
the time points of follow-up.

Serotonin or 5-hydroxytryptamine (5-HT) is a neurotransmitter affecting both central- and
enteric nervous system. In a RCT a 5-HTsreceptor antagonist (Ramosetron ®) was evaluated
as a treatment for LARS °%, Only male patients were included (the drug only approved for
males in Korea) and were randomized to either Ramosetron (n=48) or conservative treatment
(n=50). The primary outcome was differences in proportion of major LARS at 4 weeks of
follow-up. The result showed no differences in proportion of major LARS but a statistically
significant difference at follow-up (p=0.004). Benefits of 5-HTs receptor antagonist has also
been reported by Inagaki et al. in a prospective study in males with LARS %,

The use of probiotics has been evaluated in one RCT showing no improvement in bowel
function 1%, In this study patients were randomized to either probiotic therapy or placebo
after they had undergone stoma reversal and evaluated after 4 weeks of treatment.

Transanal irrigation (TAI) is a treatment used to assist the evacuation of feces from the bowel
introducing water to bowel through the anus. Regular irrigation aims to ensure emptying of
the left colon and rectum/neorectum %4, It is unclear if the result of washout is achieved by
simple mechanical washout or by colonic mass movements induced by the enema. The
estimated risk of enema-induced perforation is less than 0.002 percent 1%, There is no
available estimated perforation risk for LARS patients. In 1989 Iwama et al. published data
including 10 patients treated with TAI after low anterior resection and in all cases the
frequent urge to defecate disappeared %. A qualitative study suggested that TAI, for patients
with LARS, is an acceptable method of treatment 1°7. Koch et al. reported that 57% of
patients became completely (pseudo-) continent after using TAI *%., A prospective study,
including 14 patients with LARS, showed a significant decrease in number of defecations
(both day and night), improved incontinence score and QoL *%. Martellucci et al. reported, in
a prospective study including 27 patients (at end of follow-up) that the median LARS-score
was reduced from baseline 35.1 to 12.2 at 6 months of follow-up 2%,

Despite encouraging results for TAI there has been a lack of RCTs evaluating the benefits of
TAI. Only one RTC has been published by Rosen et al. evaluating TAI as a prophylactic
treatment 2% 202, The study reports 12 months of follow-up data comparing TAI to control
(best supportive treatment). In the intervention group the TAI treatment was initiated shortly
after stoma reversal. No intention to treat analysis was performed, instead there were the nine
patients in the TAI group, which decided to stop the treatment, analyzed in the control group.
At 12 months of follow up 10 patients were analyzed in the TAI group and 21 in the control
group. Results showed lower median maximum number of bowel movements day and night
in favor of the TAI group (p=0.018 and 0.004 respectively). No statistically significant
differences were seen in Wexner score, LARS-score or SF-36 questionnaire (mental and
physical component).
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No RCT evaluating TAI as a treatment (not prophylactic) for LARS has been published.

There also sporadic studies evaluating antegrade enema via a percutaneous cecostomy
showing improvement in both LARS score and Wexner score 2%,

2.7 OTHER FUNCTIONAL OUTCOMES

Both urinary dysfunction and sexual dysfunction are relatively common as a consequence
of rectal cancer treatment. Both the surgery and other treatment (i.e RT) can cause damage
to the autonomic nervous system involved in urinary and sexual function. In a review by
Lange and van de Velde potential associations between autonomic nerve damage and
impaired urinary and sexual function are discussed 2%4. During surgery the sympathetic
nerves are at risk during central arterial ligation, presacral dissection and venterolateral
dissection of the mesorectum. Parasympathetic nerves are at risk during deep dissection
laterally of the mesorectum. RT can also cause nerve damage. Sympathetic nerve damage
may lead to urge incontinence as a result of detrusor instability and reduced capacity while
parasympathetic nerve damage may lead urinary emptying difficulties. In men
sympathetic nerve damage may lead to absent, retrograde or painful ejaculation while
parasympathetic damage may lead to impotence. The mechanism for the association
between autonomic nerve damage and female sexual dysfunction is still unclear. In theory
sympathetic nerve damage may lead to lubrication problems, impaired sensation of the
internal genitalia and orgasm problems while parasympathetic may lead to reduced labial
swelling response.

Long-term urinary incontinence has been reported in 38.1% of patients after rectal cancer
surgery (72% normal continence preoperatively) and difficulties with bladder emptying in
30.6% (65% with normal function preoperatively). Independent risk factors for
incontinence were preoperative incontinence, female gender and for emptying difficulties
peroperative blood loss and autonomic nerve damage 2%. A Swedish study recorded
baseline prevalence (before treatment) and 1 year of follow-up prevalence of urinary
dysfunction 2%, At baseline prevalence of urinary incontinence was 14% for women and 8
% for men increasing to 29% and 14% respectively, at 1 year of follow-up. Bladder
emptying difficulties had a baseline prevalence of 28% in women and 43% in men and at
1 year of follow-up the prevalence was 41% and 49% respectively. However, it seems to
be an improvement in symptoms over time 2%’. In a large Danish cross-section study
including only males (5710 patients, response rate 52.8%) they compared urinary
dysfunction between patients after colon cancer surgery to patients after rectal cancer
surgery 2%, In the results they found that both scores on voiding (emptying) and
incontinence were significantly higher after rectal cancer surgery indicating a higher level
of impairment. Similar results were reported for women by the same research group 2%°.
Both studies showed an association between urinary dysfunction and impaired QoL.
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Sexual dysfunction has been reported in up 70% postoperatively in rectal cancer patients 2°.
But, as in studies regarding urinary dysfunction, baseline data (pre-treatment) is lacking in
many studies. Sexual dysfunction is probably multifactorial and sexual dysfunction is not
necessarily equal to a sexual physiological dysfunction 21, One study which included
baseline measurements was published by Stamopoulos et al. in 2009 22, Participants were
evaluated with International Index of Erectile Function (I1EF) at baseline (n=56), 6 months
(n=34) and 12 months (n=12) of follow-up. The results showed significant difference in total
IIEF-score at both 6 and 12 months of follow up when compared to baseline, indicating
treatment-related sexual dysfunction. Hendren et al. reported a reduction in the proportion
sexually active postoperatively compared to preoperatively (median follow up time 52
months women; 58 months men) 23, Specific sexual problems that were reported by sexually
active women were libido (28%), arousal (20%), lubrication problems (56%), orgasm
problems (24%), dyspareunia (36%) and sexual problem due to worry/embarrassment (8.7%).
Sexually active men reported libido (35.4%), impotence (13%), partial impotence (40.4%),
orgasm problems (28.3%), ejaculation problems (36.2%) and sexual problems due to
worry/embarrassment (15.2).
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3 RESEARCH AIMS

The overall aim was to gain knowledge about Low Anterior Resection Syndrome to better
understand and manage patients post rectal cancer surgery.

Specific aims:

I.  To evaluate whether post surgery bowel dysfunction, measured with the LARS-score,
changed over time and if an association to impaired QoL persisted.

Il.  To investigate the prevalence of LARS in a large population-based Swedish cohort
and the association to QoL.

Ill.  Toassess if a defunctioning stoma and time to stoma reversal were associated with
major LARS in a population-based cohort of Swedish rectal cancer patients.

IV.  To evaluate transanal irrigation (TAI) as a treament strategy for LARS.
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4 PATIENTS AND METHODS

Study | Study Il Study IlI Study IV

Study Exposure  Exposure 2001- Exposure 2007- Exposure 2007- 2017-2020

period 2009 2013 2013

Outcome  Outcome 2011- Outcome 2017 Outcome 2017 6 and 12 months

2012 and 2016- FU
2017

Design Longitudinal Population-based Population-based Randomized
cohort study cross-sectional cohort study Controlled Trial

study

Population Study specific Inhabitants of Inhabitants of Stockholm
Swedish and Stockholm / Stockholm / county**
Danish cohort Gotland county Gotland county

Participants Patients which had  Patients which had  Patients which had  Patients which had
undergone undergone undergone undergone low
anterior resection anterior resection anterior resection anterior resection
with anastomosis ~ with anastomosis ~ with anastomosis with anastomosis

N* 282 478 430 39

Data sources

SCRCR + medical
journals +
outcome

questionnaires

SCRCR + medical
journals +
outcome

questionnaires

SCRCR + medical
journals +
outcome

questionnaires

Medical journals +
outcome
questionnaires +
follow-up phone
calls

Outcome measures

LARS-score +
anchor question
BQoL + EORTC
QLQ-C30

LARS-score +

CCFFIS + anchor
question BQol +
EORTC QLQ-C30

LARS-score +
anchor question
BQolL

LARS-score +
CCFFIS + 4 study
specific questions
+EORTC QLQ-C30

Table 3. Overview of patients and methods for study I-1V. Abbreviations: RCT Randomized Controlled Trial,
SCRCR Swedish Colorectal Cancer Registry, LARS-score Low Anterior Resection Syndrome score, CCFFIS
Cleveland Clinic Florida Fecal Incontinence Score, BQoL Bowel related quality of life, EORTC European
Organization for research and treatment of Cancer. N*=Total number of patients included in final analysis.
**Patients included from South General Hospital (S6S), Danderyd Hospital and Karolinska University Hospital.
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4.1 STUDY |

In 2014 an international cross-sectional study was published by Juul et al. including
patients from Sweden, Denmark, Spain and Germany **°. The aim for this study was to
investigate the association between QoL and LARS. Due to the lack of longitudinal long-
term data on LARS this cohort posed an opportunity for a second follow-up. Study |
included all patients from the Swedish and Danish cohorts which had been included in the
study by Juul et al. Patients from Spain and Germany were not included for logistical
reasons. Patients aged >18 which had undergone curative rectal cancer surgery with either
TME or PME during 2001-2009 were eligible for inclusion. In Sweden patients from two
hospitals were invited (Karolinska University Hospital and Ersta Hospital) and in
Denmark all alive patients were considered eligible for inclusion. Exclusion criteria were
the presence of a stoma and/or known disseminated or recurrent disease at any of the time
points. Data regarding patient characteristics and exclusion criteria was retrieved form
national databases (SCRCR for Swedish patients) and medical records. The study
consisted of two different time points for follow-up, FU 1 and FU 2. Outcome data for FU
1 was collected between March 1, 2011 and April 1, 2012 and for FU 2 during January
2016 for Danish patients and between February 1 and March 31, 2017 for Swedish
patients.

Follow-up 1 cohort
[FU 1)
2011-2012
(n=408)
l Died [n=22})
—) Stoma (n=13)

Recurrence/Dissemination (n=3)

Study population
[FU 2]
2016-2017
(n=368)

- Mon responders in FU 2
(n=86; 23%)

Included in analysis
(n=282; 77%)

Figure 7. Flow chart for Study |

The outcome measures consisted of LARS-score, EORTC QLQ-C30 questionnaire and an
anchor question regarding bowel related QoL. The study design provided a basis for one

42



of the first studies with the potential of providing longitudinal long-term data on LARS and
QoL.

4.1.1 Statistical analysis Study |

To test differences in patient characteristics between the different LARS-groups, responders
vs. non-responders and included vs. excluded Chi Square test was used for categorical
variables and Student t test for continuous variables. Descriptive statistics was presented as
frequencies and percentage for categorical variables and with mean and SDs for continuous
variables. Chi Square test is used for nominal or ordinal data (categorical) and test for
differences in proportions between groups. Categories are mutually exclusive meaning that
one sample can only add data into one category / level of the variable. The test assumes that
the study groups are independent. It is a non-parametric test meaning that it does not assume
anything about the underlying distribution from which the sample was taken. 2* Student t test
(independent t test) is used to compare means between two independent groups. The test is
parametric in which it assumes that the dependent variable is approximately normally
distributed within each group. The test also assumes equal variances but in many statistical
software this assumption is tested and in the output you will get an alternative p-value for
unequal variances. 2°

In order to test the main outcome (i.e proportion with major LARS changed over time) the no
LARS and minor LARS groups were merged into one group. After dichotomization of the
LARS group variable McNemar’s test was used to test differences in proportions between FU
1 and FU 2. McNemar’s test is a non-parametric test useful in the context of repeated
measures and assesses the difference between paired proportions. The test requires a
dichotomous outcome variable. In a 2x2 table the test null hypothesis is that the number in
the discordant cells are equal. 26

To test association between LARS-groups and QoL, as well as BQoL at the two different
time-points a linear mixed effect model was used, including a time interaction term, adjusting
for age at test, years since operation, tumor level, T-stage, sex, surgical approach
(PME/TME), radiotherapy and chemotherapy. For this study a mean difference >10 points in
EORTC QLQ-C30 score was considered clinically relevant 2". Responses on BQoL were
divided into three groups in analysis; “Not at all”, “A little” and “Some” / ”A lot”. A linear
mixed effect model can be used for comparison of means when you have repeated measures.
The model allows for observations within a subject to be correlated and both between- and
within-subject variability may be estimated 28,

For those patients that changed groups (no/minor LARS and major LARS) between the time-
points a separate analysis was performed to assess factors associated with deterioration and
improvement. Long term deterioration defined as no/minor LARS at FU 1 and major LARS
at FU 2, improvement as major LARS at FU 1 and no/minor LARS at FU 2, stable as being
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in the same LARS group at both FU 1 and FU 2 (stable “good” as no/minor LARS at both
FUI and FU 2 and stable “bad” as major LARS at both FU 1 and FU 2). A multivariable
logistic regression model, including patient characteristics, was used to assess associations
to the defined outcomes.

4.2 STUDY I

The basis for this population-based cross-sectional study was to use all patients who had
underwent curative surgery for rectal cancer between January 2007 and December 2013 in
Stockholm Gotland county in order to be able determine the prevalence of LARS in a,
clearly defined, Swedish cohort. Patients eligible for inclusion were identified through the
SCRCR.

Patients which responded, were >18 years, did not have a stoma or diagnosis of dementia
or recurrent disease, were included in analysis (figure 8). The LARS-score, CCFFIS,
EORTC QLQ-C30 were used as outcome measures. A specific questionnaire concerning
presence of a stoma or not was also sent to all eligible patients. Medical records were
reviewed for both responders and non-responders according to exclusion criteria. The
CCFFIS (i.e CCFIS or Wexner score) was used to acquire a more detailed evaluation of
the incontinence part of LARS and to enable comparison to studies evaluating bowel
dysfunction prior to the development of the LARS-score. As previously mentioned
CCFFIS is one of the most commonly used outcome measure for bowel dysfunction after
rectal cancer surgery .

Original cohort from SCRCR Original cohort from SCRCR

n=993 Excluded n=283 n=993
Died n=274
" - (TME n=235 PME n=44) _ l

Moved abroad n=4

Cohort at extraction from SCRCR Cohart at extraction from SCRCR
n=710 Died n=20 n=710
Stoma n=78 (n=79 Study i)

l - Recurrence/Metastasis n=21 — l

Dementia n=9
Anastomotic leakage n=47

Cohortincluded in Study || (sterdy I enly) Cohort included in Study ||

n=582 n=534

l ‘ Mon-responders l
n=101 (17.4%; 18.9%)

Responders Study Il Responders Study Il
n=481 (82.6%) n=433 (81.1%)

Reponded But did net

l ‘ complete LARS-score - l,

n=3 (0.5%; 0.6%)
Included in analysis Study Il
n=478 (82.1%)

Included in analysis Study |11
n=430 (80.5%)

Figure 8. Flow chart Study Il and 111
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4.2.1 Statistical analysis Study Il

Chi square test (categorical variables) and ANOVA (continuous variables) was used to test for
differences in patient characteristics between the LARS groups. ANOVA (analysis of
variance) can be used to test means between three groups or more and is a parametric test. A
significant p-value in ANOVA indicates a statistically significant difference between at least
two of the groups. To determine which groups multiple pair-wise comparisons are needed. 21
Variance (6% o=standard deviation) is a measurement of the spread between numbers in a
data set. Simplified, ANOVA can be described as the ratio between variability of the group
mean to the overall mean and variability within each group. A high ratio indicates a
significant difference. 21° Chi square test and Student’s t test were used to test differences
between responders vs. non-responders and included vs. excluded. ANCOVA is an extension
of ANOVA enabling adjusted for covariates (potential confounders) 2*°. To explore
associations between the different LARS groups and adjusted EORTC QLQ-C30, CCFFIS
mean score and BQoL an ANCOVA regression model was used. The covariates included in
the model were age (per year), tumor level (per cm), preoperative T-stage, sex, surgical
approach (TME/PME), radiotherapy and chemotherapy. Clinically relevant differences in
EORTC QLQ-C30 mean score were interpreted according to guidelines provided by Cocks et
al. and fractionated into trivial (not clinically relevant), small, medium and large 8. A
EORTC QLQ-C30 summary score was also calculated for this study according to available
guidelines 7.

4.3 STUDY Il

For study Il the same cohort was used as in study Il (figure 8). The primary endpoint was to
evaluate if a formation of a defunctioning stoma and time to stoma reversal were associated
with impaired bowel function in the long term perspective. The secondary endpoint was,
using the same exposures, the association to bowel related QoL. The inclusion / exclusion
criteria were the same as in study Il with the exception that patients with an anastomotic
leakage were also excluded (n=47). The rationale for this was to only include patients in
where a defunctioning stoma or not, was optional. For this study a meticulous review of
medical records was done to ensure high quality data on the exposure and covariates. Among
the excluded patients an additional patient with stoma at follow-up was identified in study II1.
Outcome measures used in the study were LARS-score and an anchor question regarding
BQoL. A study specific questionnaire concerning the presence of a stoma was also used. If a
stoma was present participants were also asked to state, the reason for this, among three
different response alternatives.
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4.3.1 Statistical analysis Study Il

Chi-square test and Student’s t test were used to test variables in patient characteristics
between responders vs. non-responders and included vs. excluded. Both univariable and
multivariable binary logistic regression models were used to test association between
exposures (defunctioning stoma vs. no stoma and time to stoma reversal) and outcomes
(major LARS and impaired BQoL). Using DAGs (Directed Acyclic Graph) and clinical
knowledge about potential confounders a selection was made, for each of the logistic
regression models, regarding which covariates to include. Results were presented as crude
and adjusted ORs with 95% CI. Binary logistic regression models require that the
dependent variable (outcome) is binary and that observations are independent of each
other. The covariates included in the model can be both categorical or continuous. Highly
correlated variables should be avoided (multicollinearity) and the model assumes a
uniform (particular direction) relationship between predictor variables and outcome
variable. 22° In Study I11 age at operation, gender, neoadjuvant RT, tumor level and
surgical method were included in the models for the outcomes major LARS and impaired
BQoL. The variable time to stoma reversal was divided into 60-days interval groups using
121-180 days as a reference. The reference group was selected based on clinical
experience regarding “normal” time for stoma reversal. Selection of time intervals were
made on the basis of not being too short, assuming that small differences in time probably
would not have an effect on the outcome and that the number of patients in each group
would be too small. Using longer time intervals would increase the variations within
groups and potentially dilute the results. Nevertheless, only 4 patients were included in O-
60 days’ group reflecting that stoma reversal this early was very rare during the study
period. In the model using time to stoma reversal as the exposure variable the covariates
age at surgery and adjuvant chemotherapy were included as potential confounders.
ANOVA was used for comparison of mean time to stoma reversal between the three LARS
groups.

4.4 STUDY IV

The fourth study was different in design being a multicenter non-blinded RCT.
Participating hospitals were South General Hospital (Sodersjukhuset), Danderyd Hospital
and Karolinska University Hospital. As mentioned the aim was to evaluate transanal
irrigation (TAI) as a treatment for LARS. Primary endpoint was differences in bowel
function at 12 moths of follow-up and secondary endpoint was differences in QoL.
Eligible for inclusion were patients who had undergone TME with a defunctioning stoma
between May 2016 and November 2019, aged >18 years, with major LARS, normal
endoscopic examination of the anastomosis (defined as no signs of local recurrence,
leakage and clinically relevant stenosis) at 1-year follow-up visit and understanding of the
Swedish language. Patients with recurrence / metastasis or previous or concurrent other
colorectal surgery or no stoma reversal or inflammatory bowel disease were excluded.
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Block randomization was used with blocks randomly varying between 4 and 6. For every
block 6 sealed paper envelopes were sealed in a larger envelope, representing one block.
Blocks including 4 had two blank envelopes in order to reduce the ability to predict the next
randomization group. One member of the research team was responsible for the
randomization process and was contacted after inclusion of a new participant and performed
the randomization. Patients were randomized to either the TAI group or control group (1:1).
The TAI group was trained to perform TAI by a urotherapist or a stoma nurse, both familiar
with the procedure. The Peristeen™ System (Coloplast Group, Humlebaek, Denmark) was
used according to manufacturer’s instructions. Both groups received conservative treatment
with medication and support regarding medication. LARS-score, CCFFIS, four study specific
questions were used as primary outcome measures and EORTC QLQ-C30 was used as
secondary outcome measure. Patients were followed up at 3 (only telephone), 6, 12 months,
in which follow-up at 6 and 12 months included both telephone follow up according to a
study specific questionnaire and the outcome questionnaires. In the four study specific
questions (Q1-Q4) the scale was 1-10 in Q1 and Q2 whereas in Q3 and Q4 (questions related
to specific symptoms) the scale was 0-10 where O corresponded to “Do not experience any

urgency / fragmentation”.

4.4.1 Statistical analysis Study IV

Due to multiple outcome measures the power calculation became more complicated. At the
time of initiating the study the available data, regarding using TAI as a treatment for LARS,
was lacking. Based on this two power calculation were performed and an interim analysis,
was planned, after 40 patients with completed follow-up. In order to demonstrate a 5 points
difference in the LARS-score (with 80% certainty) 34 patients (17 in each group) was
needed. In CCFFIS 72 patients (36 in each group) were needed in order to show a 2.9 points
difference (with 80% certainty). The interim analysis showed results, strong in favor of TAI,
and resulted in a termination of inclusion. Means at baseline was tested with Student’s t test.
To compare means, between the groups at the two follow-up time points, a linear mixed
effect model was used, including a time interaction term with exposure and adjusted for
baseline LARS-score. The time interaction term included in order to be able estimate
exposure effect at different time points. Clinically relevant differences in EORTC QLQ-C30
scores were interpreted as described in Study I1.
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TME with anastomosis and defunctioning
stoma between May 2016 and November
2019
n=305

.

Eligible for inclusion
n=123

2

Included
n=45

Excluded (n=182; 60%)
Mo/Minar LARS (n=67)
Recurrence/Metastasis (n=d9)

Mo stoma reversal (n=di)
Abnormal findings ar rectoscopy® (ne=15)
Language difficulties (n=8)

Other previous colerectal surgery (n=2)

Other reasons for not paticipating
(n=78; 63%)
Follow-up at other hospital [n=35)

Met inclusion criteria but declined (n=20}
Mo screening with LARS-score performed [ne10)
Deceased at 1-year follow-up (n=7)

Mo follow-up visit in cutpatient clinic (n=3)
Already tried TAl before 1-year follow-up (n=3)

Intervention n=22 Control n=23
Drop out after randomizaten (n=6; 13%), all

‘ - from intervention group
Drep cut before trying TAI (p=2)
Drop out after trying TAl (n=1)

Included with follow-up data Sudden death [pulmonary embolism) before trying

n=39 TAl [n=1)
Intervention n=16 Control n=23+ Drop out before trying TAl due to COVID-19
pandemic (n=2)

Figure 9. Flow chart study 1V. *Stenosis or defect in anastomosis. ¥One drop out after 6-months of follow-up
and one patient did not respond to the 6-months questionnaires. TME=Total Mesorectal Excision.
TAl=Transanal irrigation. LARS=Low Anterior Resection Syndrome.

The four study specific question regarding bowel dysfunction were validated with a test-
retest reliability test including 33 patients which completed the questions at two different
time points (1-2 weeks apart) before any intervention was initiated. An intraclass
correlation coefficient was calculated for each question showing all through excellent
correlation (0.90, 0.92, 0.94 and 0.92 respectively).

An intention to treat approach was used in statistical analysis.

For all studies 5% was set as level of significance and the basis for analysis was separate
pre-written study protocols.

4.5 ETHICAL CONSIDERATIONS

All studies were approved by the regional Ethical Review Board at Karolinska Institute.
All participants included in analysis had given their informed consent. Study I-111 were
observational studies and had no effect on the patient’s treatment. In Study IV we
conducted a structured follow-up according to a protocol including questions concerning
adverse effect of the TAI treatment. Patients were also instructed to contact the TAI-
instructor if any problems occurred. After completed follow-up, the patients randomized to
the control group, were offered an opportunity to try the TAI treatment.

All databases were anonymized and kept separate from the original data, both at secure
locations.
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5 RESULTS

5.1 STUDY I

A total of 282 patients were included in the analysis (49% men, mean age 72.5 at FU 2). The
mean follow-up time from primary surgery to FU 2 was 11.1 years (range 7.1-16.1) and
between FU 1 and FU 2 5 years (range 4.3-5.9). Divided into LARS groups there were some
differences in patient characteristics. In the major LARS group, the patients were younger,
had a slightly lower mean tumor level, higher proportion with TME (vs. PME) and a higher
proportion with neoadjuvant RT compared to the no and minor LARS groups.

The response rate was 77% and comparison of patient characteristics between responders and
non-responders (n=86) revealed that the non-responders were older (at surgery) and had a
lower proportion of TME.

The McNemar’s test showed no statistically significant difference in distribution proportions
between no/minor LARS and major LARS groups when comparing FU 1 to FU 2 (p=0.185).

COMPARISON OF DISTRIBUTION IN NO/MINOR LARS GROUP
VS. MAJOR LARS GROUP, FU1 VS.FU 2

B No/Minor LARS ® Major LARS

3]0

FU1 FU2
No/minor LARSFU2  Major LARSFU 2 Total (%)
No/minor LARSFU1 | 104 29 133(47)
Major LARSFU 1 40 109 145(53)
Total (%) 144(51) 138(49) 282

Figure 10. Distribution (number of patients) in LARS groups no/minor LARS and major LARS at both FU 1 and
FU 2, including number of patients which changed group. McNemar’s test of marginal homogeneity showed that
time effect was not statistically significant on the change between no/minor LARS-group and major LARS-group
(p=0.185). FU 1 = Follow-up 1; FU 2 = Follow-up 2. LARS = Low Anterior Resection Syndrome

Comparing EORTC QLQ-C30 mean scores between no/minor LARS to major LARS groups
revealed worse (statistically significant and clinically relevant) QoL in 6 out 15 subscales at
FU 1 and in 7 out of 15 at FU 2 (table 4). The reversed relationship could not be seen in any
of the subscales. A higher LARS score were associated with impaired BQoL. Comparing the
response groups regarding BQoL showed a statistically significant difference in mean LARS
between all of the groups at both FU 1 and FU 2. (Table 5)
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Pairwise comparisons of EORTC QLQ-C30 subscale means by LARS groups at follow up 1 (FU 1) and 2

(FU 2)

FU 1 No/minor LARS — Major LARS FU2 No/minor LARS — Major LARS
Qol scales / items Mean score differences p-value Mean score differences p-value
Global health status/QolL (ql2) 14 <0.001 10 <0.001
Physical functioning (pf2) 8 <0.001 8 <0.001
Role functioning (rf2) 13 <0.001 14 <0.001
Emotional functioning (ef) 6 0.012 4 0.11
Cognitive functioning (cf) 5 0.020 5 0.056
Social functioning (sf) 10 <0.001 10 <0.001
Fatigue (fa*) -12 <0.001 -14 <0.001
Nausea and vomiting (nv*) -3 0.028 -3 0.011
Pain (pa*) -11 <0.001 -10 <0.001
Dyspnea (dy*) -6 0.057 -12 <0.001
Insomnia (sl*) -9 0.009 -9 0.012
Appetite loss (ap*) -3 0.17 -6 <0.001
Constipation (co*) -6 0.064 -9 0.006
Diarrhea (di*) -20 <0.001 -21 <0.001
Financial difficulties (fi*) -5 0.026 -2 0.50

Table 4. Differences in scales / item means (no/minor LARS group EORTC QLQ C-30 score mean minus
major LARS group EORTC QLQ C-30 score mean). Differences that were both statistically significant
(p<0,05) and clinically relevant (=10 p) are presented in bold. *Symptom scales and items, a high score
equivalent to a high grade of symptoms. In g2, pf2, rf2, ef, cf and sf a high score represents a high level of
QoL and functioning.

Mean LARS-score and pairwise comparison of response groups on question on impact of LARS on QolL,
FU 1 versus FU 2

Impact on QoL Mean LARS-score (FU 1) Mean LARS- Mean score difference; FU 1 vs. FU 2 (p-
response groups score (FU 2) value)
”Not at all” (1) 15.2 17.3 -2.1(0.231)
A little” (2) 26.4 26.8 -0.4 (0.731)
”Some” / ”A lot” (3) 335 32.2 1.3 (0.244)
Response group vs. Differences in mean LARS-score p-value Differences in mean LARS-score p-
response group between groups FU 1 between groups FU 2 value
1vs3 18.3 <0.001 14.9 <0.001
2vs3 7.1 <0.001 5.4 <0.001
1vs2 11.2 <0.001 9.5 <0.001

Table 5. Comparison of mean LARS-score for each different response alternatives on question “Overall,
how much does your bowel function affect your quality of life? .

Results for predicting factors for stable dysfunction, long-term deterioration or
improvement of LARS symptoms are not presented here but are available in the full
article.
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5.2 STUDY Il

Out of a total of 993 patients which underwent anterior resection during the selected time
period (2007-2013) 478 patients were included in the final analysis (figure 8). In order to
evaluate potential selection bias due to exclusion and non-responders, a comparison to
included patients, was made regarding patient characteristics. There were no statistically
significant differences between included and excluded. The only difference between
responders and non-responders was that the non-responders had a slightly lower mean tumor
level (10.0 vs. 10.6; p=0.048). The prevalence of LARS is presented in figure 11, including
prevalence numbers for the age-group 50-79 years enabling better comparison to normative
data %3, The overall prevalence of LARS was 77.4% and for major LARS 53.1%.

Prevalence of LARS

% S0

i
30
10 §
N | -

No LARS Minor LARS Major LARS LARS

(Minor/Minor)

mTotal cohort  ® Age group 50-79 years

LARS group

Total cohort, n = 478 ( %) *

Age group 50-79 years n = 412 (%)

No LARS

Minor LARS

Major LARS
Minor + Major LARS

108 (22.6)
116 (24.3)
254 (53.1)
370 (77.4)

Figure 11. Prevalence of LARS in the selected cohort

85 (20.6)

104 (25.3)
223 (54.1)
327 (79.4)

The mean LARS score for the three different LARS groups was associated to a difference in
CCFFIS. The major LARS group had a mean LARS score of 35.6 and the corresponding
CCFFIS was 10.5. For the minor and no LARS group the mean scores were 26.1 vs. 5.2 and
9.9 vs. 3.2, respectively. When comparing score differences in CCFFIS, between LARS
groups, there were statistically significant differences between all groups. A higher mean
score was also clearly associated to impaired BQoL (table 6)

Mean LARS-score and pairwise comparison of response groups on question concerning impact
of bowel function on QoL

Response to No. of patients * | LARS-score’ Group vs. Score p-value't
question (number) Group differencet

”Not at all” (1) 52 (10.9) 11.4 (8.6,14.1) 2vs.3 8.8(7.2,10.4) <0.001
”A little” (2) 204 (42.7) 24.3(22.4,26.2) 1vs.2 12.9(10.3,15.5) | <0.001
“Some”/"A lot"(3) | 222 (46.4) 33.1(31.2, 34.9) 1vs3 21.7(19.1,24.3) | <0.001

Table 6. *Values in parentheses are percentages.tValues are mean (95% CI).tt ANCOVA regression model
adjusted for age, sex, tumor level, preoperative T-stage, type of operation, neoadjuvant RT and neoadjuvant
chemotherapy. QoL= Quality of Life. Statistically significant p-values in bold.
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Comparing mean EORTC QLQ-C30 score for the different LARS groups the results
showed only two subscales in where no LARS scored statistically significant and
clinically relevant worse than minor LARS. Minor LARS scored worse in 11 out of 15
subscales than major LARS, whereas no LARS scored worse than major LARS in all
subscales (summary score included) except financial difficulties. (table 7)

Pairwise comparisons of EORTC QLQ-C30 subscale means by LARS groups

Subscale

Summary score

Global health status/QolL
(al2)
Physical functioning (pf2)

Role functioning (rf2)
Emotional functioning (ef)

Cognitive functioning (cf)

Social functioning (sf)
Fatigue (fa)
Nausea and vomiting (nv)

Pain (pa)

Dyspnea (dy)

Insomnia (sl)

Appetite loss (ap)
Constipation (co)
Diarrhoea (di)
Financial difficulties (fi)

No LARS — Minor LARS

Mean score p-value
differences (95%

)

2.3(-1.6,6.3) 0.246
4.55(4.5,10.6) 0.140
3.97(-1.2,9.1) 0.136
4.87(-2.3,12.0) 0.182
3.0(-3.8,9.8) 0.383
-0.57(-6.1,5.1) 0.860
1.97(-5.1,8.9) 0.589
-6.85(-13.1,-0.5) 0.034
0.107(-2.6, 2.9) 0.944
-5.27(-11.3,0.9) 0.092
-3.47(-10.8,3.9) 0.355
-4.15(-11.9,3.7) 0.304
0.87(-4.6, 6.3) 0.771
2.57(-5.0, 10.0) 0.510
-10.5M(-17.6,-3.3) 0.004
-2.37(-8.0,3.4) 0.424

Minor LARS — Major LARS

Mean score p-value
differences (95%

[¢)]

9.5(6.1,12.9) <0.001
12.4M(7.3,17.6) <0.001
5.25(0.8,9.6) 0.021
9.65(3.5,15.7) 0.002
9.7(3.9, 15.5) 0.001
7.55(2.7,12.3) 0.002
17.31(11.3,23.3) <0.001
-10.25(-15.6, -4.9) <0.001
-4.35(-6.6,-1.9) <0.001
-3.67(-8.8,1.5) 0.168
-5.95(-12.1,0.3) 0.063
-11.25(-17.9, -4.6) 0.001
-6.25(-1.6,-10.9) 0.009
-11.15(-4.8,-17.5) <0.001
-20.1M(-26.2,-14.0) <0.001
-2.47(-7.3,2.5) 0330

No LARS — Major LARS

Mean score p-value
differences (95%

)

11.8(8.2,15.4) <0.001
17.0%(11.5, 22.4) <0.001
9.15(4.4,13.8) 0.001
14.45(8.0, 20.9) <0.001
12.8 (6.6, 18.9) <0.001
7.05(1.8,12.1) 0.008
19.21(12.8, 25.6) <0.001
-17.0M(-11.3, -22.7) <0.001
-4.25(-6.6,-1.7) 0.001
-8.85(3.3, 14.4) 0.002
-9.4M(-15.9, -2.8) 0.006
-15.3M(-22.4,-8.3) <0.001
-5.45(-10.4, -0.5) 0.031
-8.65(-15.3,-1.9) 0.012
-30.6M(-37.1,-24.1) <0.001
-4.75(-9.9,0.4) 0.073

Table 7. P-values (adjusted for age, sex, tumor level, type of operation, T-stage, radiotherapy and
chemotherapy). - = Large-, ™ = Medium-, S = Small clinical difference. "= Trivial mean difference were not
considered clinical relevant. Differences that were both statistically significant (p>0,05) and clinically
relevant (small-, medium and large difference) are presented in bold.

5.3

STUDY llI

In final analysis 430 patients were included (figure 8). The mean follow-up time since
surgery was 6.7 years (range 3.4-10.7), As in previous studies an analysis of patient
characteristics between included vs. excluded and responders vs. non-responders, was
performed, without revealing any major differences. Mean and median LARS score was
higher in the defunctioning stoma group compared to the no stoma group (29, 32 vs. 21,
20, p<0.001). (figure 12)

52



Patient characteristics of 430 patients surgically treated for rectal cancer stratified by the presence of a

defunctioning stoma

Variable

Age at primary surgery, mean years (SD) *

Gender male, n (%) / female, n (%)*

Follow up time since primary operation, mean years (SD)*
Tumor level, n (% within group) *

0-5cm

6-10cm

11-15cm

BMI, n (% within group) +
<18.5

18.5-24.9

25-30

>30

Preoperative T-stage --

T-stage < 2, n (% within group)

T-stage 2 3, n (% within group)

Unknown

Preoperative n-stage *

n-stage 21, n (% within group)

Unknown

Metabolic comorbidity, n (% within group) --
Prior radiotherapy to the pelvic area, n (% within group) --
Neoadjuvant radiotherapy, n (% within group) *
Neoadjuvant radiochemotherapy, n (% within group) *
Surgical approach, n (% within group) --

Open

Minimally invasive (laparascopic or robotic)
Operation time, mean in minutes (SD) *

Level for central ligature, n (% within group) *
Inferior mesenteric artery

Superior rectal artery

Proportion TME (vs PME), n (% within group) *
Adjuvant chemotherapy, n (% within group) --
LARS groups, n (% within group) *

No LARS

Minor LARS

Major LARS

Mean time to stoma reversal, Days (SD) --

All

No LARS

Minor LARS

Major LARS group

Table 9. Patients characteristics Study 111

No stoma (n=80)

67 (12)
37 (46) / 43 (54)
7.1(2.3)

0(0)
15 (19)
65 (81)

0(0)
40 (51)
32 (40)
7(9)

24 (30)
48 (60)
8(10)

22(28)
8(10)
27 (34)
5(6)
37 (46)
4(5)

62(77)
18(23)

193 (63)

43 (54)
37 (46)
23(29)
16 (20)

36 (45)
21(26)
23(29)

Groups

Defunctioning stoma (n=350)

64 (9)
206 (59) / 144 (41)
6.6 (2.0)

9(3)
182 (52)
159 (45)

5(1.6)
166 (48)
138 (40)
38(11)

99 (28)
243 (70)
7(2)

180 (52)
11(3)
116 (33)
10 (3)
247 (71)
67 (19)

323(93)
25(7)

295 (109)

239 (68)
111 (32)

312(89)
92 (26)

66 (19)
86 (24)
198 (57)

211(143)
208 (127)
219 (147)
210 (146)
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LARS-score

No Yes

Defunctioning stoma

Figure 12. Box plot of LARS scores divided into defunctioning stoma and no stoma.

Defunctioning stoma had a statistical significant association to Major LARS (vs. no
LARS) in multivariable logistic regression (OR 2.43, 95% CI 1.14-5.20) but the
association did not remain when changing the outcome reference to minor LARS (OR
1.42, 95% CI 0.67-3.00). (Table 9)

Defunctioning stoma and association to major LARS adjusted for age, gender, neoadjuvant treatment,
tumor level and surgical method.

Variable Crude OR (95% Cl) Adjusted OR (95% CI) | Crude OR (95%Cl) | Adjusted OR (95%
Major LARS (vs. No Major LARS (vs. No Major LARS (vs. Cl) Major LARS (vs.
LARSt) LARSt) Minor LARST) Minor LARST)
Defunctioning stoma Yes (n=350) 4.70 (2.60-8.49) 2.43 (1.14-5.20) 2.10(1.11-4.00) 1.42 (0.67-3.00)
No (n=80) Ref. Ref. Ref. Ref.
Age at primary Years (mean 64) 0.95 (0.93-0.98) 0.98 (0.95-1.01) 0.98 (0.95-1.01) 0.99 (0.96-1.01)
operation
Gender Female (n=187) 0.77 (0.48-1.23) 0.99 (0.58-1.68) 1.29 (0.80-2.07) 1.32(0.81-2.16)
Male (n=243) Ref. Ref. Ref. Ref.
Neoadjuvant treatment Yes (n=284) 5.22(3.14-8.69) 3.50(1.98-6.23) 2.36 (1.42-3.93) 1.91(1.12-3.26)
(RT) No (n=146) Ref. Ref. Ref. Ref.
Tumor level
0-5 cm (n=9) 4.19 (0.50-34.85) 1.11 (0.13-9.73) 4.18 (0.50-34.84) 2.54 (0.30-21.66)
6-10 cm (n=197) 1.68 (1.04-2.71) 0.76 (0.41-1.39) 1.49 (0.93-2.38) 1.15 (0.69-1.91)
11-15 cm (n=224) Ref. Ref. Ref. Ref.
Surgical method TME (n=335) 5.71(3.22-10.13) 2.60 (1.20-5.66) 2.64 (1.45-4.84) 1.75 (0.84-3.64)
PME (n=95) Ref. Ref. Ref. Ref.

Table 9. Multivariable logistic regression model with defunctioning stoma as exposure and major LARS as
outcome. Statistically significant OR presented in bold. No missing data. Ref.= Reference. t Outcome

reference

In the model, using BQoL as the outcome, defunctioning stoma had an unadjusted
statistically significant association to impaired BQoL (OR 2.64, 95% CI 1.54-4.53) but
failed to reach statistically significance in the adjusted model (OR 1.56, 95% CI 0.82-
2.97). The only variable in the adjusted model reached statistically significance was TME
(vs. PME) with an OR of 2.02 (95% CI 1.06-3.87). Table available in full article.
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The exposure time to stoma reversal stratified into time groups revealed no statistically
significant associations to major LARS (vs. no LARS), neither in unadjusted or adjusted
model (figure 13). Using minor LARS as outcome reference, the group 61-120 days
(compared to reference group 121-180 days) had an unadjusted OR for major LARS of 2.41
(95% CI 1.13-5.14) and adjusted OR of 2.34 (1.09-5.05). We found no other statistical
significant associations for major LARS when using minor LARS as outcome reference.

Time to stoma reversal, adjusted odds ratios (with 95% CI) for Major LARS when compared to No
LARS

10.000 |
8.000

6.000 |

Odds ratio

4,000

2.000

O

[ E——

L ! ; 1

0-60 days 61-120days  181-240days 241-300 days 301-360 days >360 days

000 |

Timegroups (121-180 days reference group)

Figure 13. Forest plot. Exposure: Time to stoma reversal stratified into time groups. Outcome Major LARS (vs.
no LARS).

5.4 STUDY IV

As in many RCTSs the strict inclusion criteria exclude a large number of patients from
participating in the study. Starting with 305 patients which underwent TME with anastomosis
and defunctioning stoma during the study period, exclusion left only 123 patients eligible for
inclusion. Due to different factors an additional 78 patients did not participate which resulted
in the final 45 patients that were included and randomized (figure 9). After randomization and
before the first follow-up a drop out of 6 patients was registered. All within the intervention
group (TAI) but only one participant dropped out after trying TAI. In final analysis the
intervention group consisted of 16 patients and the control group of 23 patients. Analyzing
differences in patient characteristics between patients included in analysis and drop out
showed no statistical significant differences.

5.4.1 Primary outcome LARS-score

At baseline there was no difference in mean LARS score between the groups. The linear
mixed effect model revealed statistically significant differences in mean LARS-score at both
6 and 12 months, in favor of the intervention group (table 10). The distribution of LARS-
score in the two groups are displayed in figure 14.
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Figure 14. Box plot showing the distribution of LARS-scores at the different time-points.

5.4.2Primary outcome CCFFIS and the four study specific questions

In CCFIS there were no statistically significant differences between the groups at baseline
and 6 months of follow-up but at 12 months of follow-up the differences reached
statistical significance (border significant; p=0.050). Although not significant at 6 months
there were a clear trend favoring TAI with a difference in points of 2.0 (no difference at
baseline). (table 10, figure 15)

Comparison of mean scores at different time points between intervention group (TAIl) and control
group in LARS score, CCFIS and scores on the four study specific questions

0 months 6 months 12 months
Outcome Group Mean Difference Mean Difference Mean Difference
measure score in mean score in mean score in mean
score (95% score (95% score (95%
cl) cl*) cl*)

LARS score TAI 36.4 07(-1.4,2.8) 204 -11.3(-17.1,- 229 -9.5(-15.2,-3.7)
Control 356 317 56) 324

CCFFIS TAI 9.6 0.0(-2.7,2.8) 6.1 -2.0(-4.8,0.8) 6.4 -2.8(-5.6,0.0)
Control 9.6 8.1 9.2

Question 1. “How would you in general describe your bowel function?”
TAI 6.1 -0.4(-1.6,0.8) 4.1 -17(-3.0,-03) | 46 -1.0(-2.3,03)
Control 6.5 5.8 5.6

Question 2. “How much does your bowel function affect your daily life?”
TAI 55 -0.4(-1.8,0.9) 3.6 -1.4(-2.9,0.1) 3.7 -1.6(-3.2,-0.2)
Control 5.9 5.0 53

Question 3. “If you have trouble with urgency, how does it affect your daily life?”
TAI 5.9 -0.3(-1.8,1.2) 2.0 -2.7 (-4.6,-0.9) 3.2 -1.4(-3.2,0.4)
Control 6.2 4.7 4.6

Question 4. “If you have trouble with fragmentation, how does this affect your daily life?”
TAI 6.3 -0.5(-1.9,0.9) 2.4 -3.0(-47,-1.2) | 2.8 -2.7 (-4.5,-0.9)
Control 6.8 5.4 5.5

Table 10. Results primary outcome measures Study IV. *Adjusted for baseline LARS-scores

At baseline no significant differences were present for any of the four study specific
question (Q1-Q4). At 6 months of follow-up the TAI group scored significantly better in 3
out of 4 questions (Q1, Q3 and Q4). At 12 month of follow-up the results were slightly
different revealing significant differences in 2 out of 4 questions (Q2 and Q4). Although
not significant results in all questions the overall main trend was clearly in favor of TAI.
(table 10)
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5.4.3 Secondary outcome EORTC QLQ-C30

At baseline there were no statistically significant differences in any of the subscales on the
EORTC QLQ-C30 questionnaire. At 6 months the TAI group scored clinically relevant and
significantly superior than the control group in the subscales physical functioning, diarrhea.
The secondary endpoint was QoL at 12 months of follow-up and at this time point the TAI
group scored clinically relevant and significantly superior in summary score, global
health/QoL, physical functioning, role functioning, social functioning, fatigue, pain and
diarrhea. The reversed relationship did not occur in any of the subscales.

Comparison of EORTC QLQ-C30 subscale mean scores at different time points

0 months 6 months 12 months
Subscale / Item Group Mean | Difference in mean Mean Difference in mean Mean | Difference in mean
score score (95% Cl) score score (95% Cl *) score | score (95% Cl *)

Summary score TAl 82.8 12(-5.7,8.0) 90.4 6.7 (-0.6-14.0) 91.7 10.7+(3.5-18.1)
Control 81.6 83.7 81.0

Global Health TAI 70.1 2.3(-9.4,14.0) 72.1 5.3(-8.8-19.4) 80.5 17.8' (3.7-31.8)

status/QoL Control 67.8 66.8 62.7

Functional scales

Physical TAI 87.9 0.4(-8.6,9.2) 96.9 11.05(2.8,19.2) 96.5 11.55 (3.2, 19.6)

functioning Control 87.5 85.9 85.0

Role functioning TAI 773 -24(-14.6,9.7) 94.6 11.2(-2.6,25.0) 93.6 16.2° (2.4, 30.0)
Control 79.7 83.4 77.4

Emotional TAI 826 -1.8(-12.6, 8.9) 84.7 0.7(-12.3,10.9) 86.8 7.8(-3.8,19.4)

functioning Control 84.4 85.4 79.0

Cognitive TAI 84.8 -1.4(-12.5,9.8) 85.7 0.5(-11.5,10.5) 89.8 4.4(-6.6,15.4)

functioning Control 86.2 86.2 85.4

Social functioning | TAI 78.0 2.6(-10.2,15.5) 90.6 10.3(-4.1,24.7) 89.6 15.34(0.9, 29.7)
Control 75.4 80.3 743

Symptom scales

Fatigue t TAI 222 -3.9(-16.7,9.0) 13.7 -13.8(-28.3,0.7) 9.5 -21.4(-35.9, -6.9)
Control 26.1 275 30.9

Nausea and TAI 3.0 -0.6(-5.2,4.0) 1.8 0.8(-2.9,4.6) 2.8 0.3(-3.3,4.1)

vomiting Control 3.6 1.0 25

Paint TAI 12.1 -0.2(-13.1,12.7) 5.9 -8.1(-21.1,4.9) 3.8 -14.6(-27.6,-1.7)
Control 123 14.0 18.4

Single items

Dyspnea + TAI 18.2 6.6(-8.0,21.1) 211 0.0(-16.5, 16.6) 6.5 -10.0(-26.5, 6.6)
Control 11.6 21.1 16.5

Insomnia t TAI 19.7 09(-13.1,14.9) 14.8 -7.8(-24.1,8.6) 19.0 -0.5(-16.8, 15.8)
Control 18.8 22.6 19.5

Appetite loss + TAI 4.6 -5.6(-16.8, 5.6) 3.7 1.8(-6.2,9.8) 1.6 -4.8(-12.8,3.1)
Control 10.1 1.9 6.4

Constipation t TAI 30.3 -0.1(-233,23.1) 16.2 -8.4(-28.7,11.8) 12.0 -18.6(-38.8, 1.6)
Control 30.4 24.6 30.6

Diarrheat TAI 24.2 -14.9(-33.1,3.3) 04 -20.5™(-34.0, -6.9) 8.8 -15.1%(-28.7, -1.6)
Control 39.1 20.9 239

Financial + TAI 15 -1.4(-6.5,3.7) 0.2 -4.2(-13.1,4.6) 2.2 -3.7(-12.5,5.1)

difficulties Control 2.9 4.4 5.9

Table 11. Clinically and statistical significant differences are presented in bold. S=small, M=medium, "=Large
clinically relevant difference. *Adjusted for baseline LARS-score.
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Patient characteristics of 45 included patients divided into intervention group (TAl) and control group

Age at primary operation, mean years (SD)

Gender, male n (%) / female n (%)

BMI (SD)

Tumor level, mean cm (SD)
Preoperative T-stage 23, n (%)
Preoperative N-stage 21, n (%)
Neoadjuvant radiotherapy, n (%)
Neoadjuvant chemoradiotherapy, n (%)
Surgical approach

Open, n (%)

Minimally invasive approach, n (%)
Laparascopic, n (%)

Robotic, n (%)

Conversion, n (%)

Type of anastomosis

End to end, n (%)

Side to end, n (%)

Pathology T-stage 23, n (%)

Pathology N-stage 21, n (%)

Adjuvant chemotherapy, n (%)
Anastomotic leakage, n (%)

Time to stoma reversal, mean days (SD)
Time from primary surgery to inclusion,
mean days (SD)

Intervention (TAl) (n=22)
65 (10)

11(50) / 11 (50)

26.1(4)

10(2)

16 (63)

16 (73)

16 (73)

7(32)

5(23)
17(77)
2(12)
15 (88)
0(0)

1(5)

21 (95)
9(41)
8(36)
4(18)
0(0)
192 (85)
439 (83)

Table 12. Patient characteristics Study IV

Control (n=23)
64 (13)
14(61) /9 (39)
27.2(5)

10(3)

19(83)

17 (74)

17 (74)

6(26)

7(30)
16 (70)
3(19)
13 (81)
2(13)

1(4)
22(96)
10 (43)
10 (43)
5(22)
2(9)
192 (81)
441 (95)

Comparison of mean LARS score and CCFFIS between intervention

LARS score
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Figure 15. Line chart included LARS-score and CCFFIS as outcome measures (Study 1V).
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6 DISCUSSION

With improved long term cancer survival, the need for continued focus on functional
outcomes is evident. When evaluating different treatment regime functional outcome should
be a part of the study design along with the more traditional oncological outcomes. In Study |
and Il we showed that the prevalence of LARS was approximately fifty percent and that the
distribution within LARS groups did not change significantly over time, despite five years
between points of measure. Moreover, the fact that severe bowel dysfunction is clearly
associated with impaired QoL. Longitudinal data on LARS has been lacking but in a recently
published meta-analysis (including data from study I) they concluded: “LARS improves by
18 months postoperatively then remains stable up to 3 years” 22X, This is in line with the
conclusion in Study 1, in the sense that difficulties with LARS is stable in the long-term
perspective.

The prevalence of major LARS in Study Il was in the higher range compared to other
previously published studies. In the large study by Bregendahl et al. (n=938) the prevalence
of major LARS was 41% compared to 53% in Study 11 132, A main contributor to this
difference may be the large difference in proportion of patients which received neoadjuvant
RT and underwent surgery with TME, which are both strong risk factors for LARS 6% 175,
Bregendahl et al. reported only 20% neoadjuvant therapy and 59% TME whereas in Study Il
66.5% received neoadjuvant RT and 85% underwent TME surgery. Our results are more in
line with recently reported Swedish data with a prevalence of major LARS of 56% at 2 years
of follow-up *%. In the only meta-analysis regarding prevalence of LARS the prevalence was
estimated to 41% (95% CI 34-48) but among the included studies the prevalence ranged from
17.8%-56% *4°, Obviously prevalence is not a fixed proportion over time or between study-
populations but it is nevertheless of great importance to study the prevalence in order to gain
understanding and knowledge regarding the burden of certain outcome in the population.
Results should also be related to published normative data before making any conclusions
from the data. In our results the prevalence of major LARS clearly exceeded the normative
prevalence numbers, which supports a significant impact on bowel function from the cancer
treatment 13313,

However, there are some limitations in the cross-sectional study design 222, In study I-111 we
aimed to measure LARS in a defined population. The exposure in these study was the
primary surgery for rectal cancer (Study | and I1) and defunctioning stoma (Study I11). Since
the time point of exposure, a number of patients had died (i.e could not respond). Exclusion
criteria and non-responders excluded a number of patients from analysis which lead to that
less than half of the original population provided outcome measure in Study Il and I11. This is
of course of concern if your aim is to measure the overall prevalence in a selected population.
In this perspective, the long follow-up time was both a strength and a weakness. A strength, is
the addition of knowledge about long-term bowel related consequences after rectal cancer
surgery, and a weakness is the fact that a fair number of patients within the population, had
already died at follow-up. A non-controlled selection of patients had been made but this is
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inevitable in the context of clinical research involving oncological patients. The exclusion
criteria were set to exclude patients with a potential risk of highly bias the results and the
selection on which exclusion criteria to use or not use, may be subject for debate. Should
we have included patients with recurrence or metastasis despite that the disease itself and
its treatment may potentially have biased the results? There is no correct answer to this
question, instead you as a researcher have to make a choice and clearly state your position.

Of greater importance is the risk of non-responder bias, i.e patients who get the
opportunity to provide outcome measures but are not willing to participate for unknown
reasons. In a systematic review on response rates in patient and health care professional
surveys in surgery by Meyer et al. the average response rate was 70% over 811 studies 2%,
In Study I-111 the response rates were 77%, 82.6% and 80.5% respectively which in this
context should be considered more than acceptable. Nevertheless, there is a risk for non-
responder bias, i.e selection bias. Patients with less bowel dysfunction may be more
reluctant to respond. In order to attempt an assessment of the potential effect of exclusion
and non-respondents on the results an analysis of patient characteristics was conducted (in
Study I-111). Differences in patient characteristics between excluded and included, as well
as non-responders and responders was analyzed and showed no major differences. This
was at least some indication of limited effect. In Study IV the analysis was made between
patients which provided follow-up data and drop outs with similar results. In Study Il and
11 a study specific questionnaire concerning stoma was used in order to investigate
reasons for the stoma. Of responders with a stoma 32% had received a new stoma due to
severe bowel dysfunction and it would be fair to assume that these patients also suffered
from major LARS prior to the stoma operation.

Another issue, in studies using questionnaires, is the concern regarding the accuracy in
measuring the selected outcomes. In all studies we used validated questionnaires (LARS-
score, EORTC QLQ-C30, CCFFIS) in order to minimize this concern. If the outcome
measures failing to accurately measure the outcome there is a risk for misclassification
bias of the outcome. If failing to perfectly measuring the exposure there is a risk of
misclassification bias of the exposure. Misclassification bias (type of information bias) can
be differential and non-differential; differential misclassification meaning that the error
rate differs between groups while non-differential meaning that error rates are evenly
distributed between groups (generally bias results towards the null). In study I and 1l the
exposure should be defined as a selection-criteria for inclusion in the selected cohort, with
a minimal risk for misclassification. Risk for misclassification of exposure in Study 111
(i.e. defunctioning stoma) was minimized through cross-checking register data with
medical records. If misclassification bias was present in the presented studies it is most
likely of non-differential type. The LARS-score may not be optimal in the longitudinal
setting due intrinsic limitations in detecting improvement or deterioration but these
limitations should be evenly distributed among the LARS groups. Using a more sensitive
instrument may have altered the results, but unlikely in any major way.
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In Study I an additional analysis was performed with the purpose to identify predictors for
deterioration, improvement and stable function over time (data not shown in results but
available in full article). Retrospectively, since the study design was not optimal, these
analyses should probably have been omitted.

Another concept worth mentioning is statisficing which involves to which degree participants
chose the most accurate response alternative 224, Participants may, due to several factors,
compromise their standards and give imprecise responses. In relation to this aspect it should
be an advantage using short questionnaires that are clear and easy to understand (e.g. LARS-
score). This phenomenon is impossible to test for but is an important concept to keep in mind
when interpreting results based on questionnaire data.

In cross sectional studies making causal inference is difficult. In all present studies an anchor
questions, concerning BQoL was added in order to assess LARS causal association to QoL.
In Study I and Il a higher LARS score was associated with a greater impact on BQoL which
is in line with a prior study by Battersby et al. %°. Adding the results, showing an association
between major LARS and impaired QoL (Study I and 1), measured with the EORTC QLQ-
C30 questionnaire strengthens the basis for assuming that a causal association does exists
between impaired bowel function and impaired QoL. The consistent results throughout the
literature also supports this 124 132.1%0_ Otherwise the association could be the result of an
unknown confounder, associated with both the exposure and the outcome. Hypothetical
patients with major LARS are probably at a higher risk of developing urinary and sexual
dysfunction after rectal cancer treatment, i.e. an association between major LARS and sexual-
and urinary dysfunction. Sexual- and urinary dysfunction are associated with impaired QoL.
In this scenario the association between major LARS and QoL may not be causal but instead
explained by impact on QoL by the unknown confounder (sexual- and urinary dysfunction).

Confounder
(e.g. Sexual-and
urinary
dysfunction

Exposure Outcome
(e.g. major — :'5\' variable

LARS) (e.g- Qol)

Figure 16. Example of relationship between exposure, confounder and outcome.

In study Il and IV multiple outcome measures for bowel dysfunction was used which could
be considered a strength given that the results were clearly correlated. In study Il the mean
score in the major LARS group was associated with statistically significant higher score in
CCFFIS. Reporting CCFFIS also enables comparisons to studies on postoperative anorectal
function in which CCFFIS (i.e. Wexner score) was used as the outcome measure. Having
multiple outcome measures with correlated results probably also reduces the risk for a type |
error (i.e. reject the null hypothesis when it is actually true).
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Study | and Il were more descriptive in nature while still reporting inference on
association between bowel related outcome measures and LARS-groups to QoL. Study Il
however had a more clearly defined exposure, i.e. defunctioning stoma. Using a logistic
regression an adjusted association between defunctioning stoma and major LARS (vs. no
LARS) was identified. Known potential confounders were included in the model.
However, the association could not be reproduced when changing the outcome reference
to minor LARS. This could be result of lack of power in the study design. Minor and
major LARS are more closely related than no and major LARS which increases the
number of participants needed to have a sufficient power in the study. Changing the
outcome to BQoL resulted in a non-significant adjusted OR for more severe impaired
BQoL. This could be explained by how the outcome variable was dichotomized. Also in
this case there could be a lack of power due to merging of response alternatives. If we
instead had compared the response alternatives “some” / ”a lot” to only “not at all” the
adjusted OR was 2.57 (95% CI 1.08-6.05) and would probably increase even more if we
restricted the analysis to only comparing “a lot” vs. “not at all”. During, the time of
planning, the study there were a diversity in the results in the literature concerning
defunctioning stoma and association to impaired bowel function. Since then, two meta-

analyzes have been published, both reporting results in line with the results from Study 111
163, 164

In Study 111 29 patients had a defunctioning stoma preoperatively to the rectal cancer
operation. Out of these, 27 patients remained in the defunctioning stoma group and only 2
patients were stoma free postoperatively. Due to the low number of patients, which ended
up in the no stoma group, this was not included in the analysis.

The second part of the primary endpoint in study I11 was time to stoma reversal and
association to more severe bowel function (i.e. major LARS). In the 0-60 days’ group
there were only 4 patients making the results to uncertain to interpret. Using 121-180 days
as the reference category the only statistical significant results (crude and adjusted) was
reported in comparison to the 61-120 days’ group. The 61-120 days’ group had an
adjusted OR of 2.34 (95% CI 1.09-5.05) for major LARS (vs. minor LARS) but strangely
non-significant OR when changing the outcome reference category to no LARS. Several
factors are involved in the timing of a stoma reversal, e.g. hospital resources and
prioritization between different surgical procedures and diseases. In cases with early stoma
closure there is more often related to a medical reason and in many cases stoma
complications (e.g. high output stoma). There may have been patient-related factor (i.e.
unknown confounders) associated with the outcome for which we were unable to control
for. Comparing the results, to other previous studies, is difficult due to differences in study
design. However, no clear conclusion can be drawn from the results and they should be
interpreted with caution. The ideal study would be an RCT randomizing patients to stoma
reversal at different time points while evaluating bowel function.
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The rational for using multiple outcome measures in Study 1V was an uncertainty whether is
LARS-score was sensitive enough to detect improvements. Since the aim was to evaluate
LARS, using only the CCFFIS questionnaire was not sufficient because it does not cover all
aspects within the syndrome. The four study specific questions were also added and validated
through a test-retest. A strength of the RCT design is the often excellent internal validity (i.e.
confidence in causal relationship) which mainly arises from the randomization process. But
the study design has some limitations in regard to external validity (i.e. to what extent the
results can be generalized beyond the study population), mainly because of strict inclusion-
and exclusion criteria. Internal validity can be negatively affected by loss to follow up / drop
out. In Study IV six patients from the intervention group were lost at follow-up. Only one of
these patients dropped out after trying TAIL However, since the total number of patients in the
TAI group was limited it cannot be excluded that full participation of these patients may have
altered the results in either direction.

Study IV was the first published RCT evaluating TAI as a treatment (prior RCT used TAI
prophylactic) for LARS showed results strongly favoring TAI which confirms results from
prior observational studies 1%6-198. 200,
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7 CONCLUSIONS

Study I: This longitudinal study shows that long-term difficulties with LARS appears to be
stable over time and the impact of LARS on BQoL and overall QoL persists.

Study I1: This population-based study shows that after anterior resection surgery a majority
of patients suffers from severe bowel dysfunction which is also associated to impaired BQoL
and overall QoL.

Study I11: The results from this population-based study indicates that the presence of a
defunctioning stoma is associated with a higher risk for major LARS in the long-term
perspective. However, the results failed to show any clear association between time to stoma
reversal and major LARS.

Study 1V: This RTC shows clear benefits of TAI in the treatment of major LARS after rectal
cancer surgery with TME. With results confirming reduced symptoms of LARS and
improved QoL the TAI treatment should be a natural part of the treatment arsenal in treating
postoperative bowel dysfunction.
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8 POINTS OF PERSPECTIVE

Since bowel dysfunction is so common after rectal cancer surgery every colorectal unit
should have a clear and structured plan for supporting these patients, in regard to treatment-
related functional impairment. Although oncological outcomes are our primary concern when
choosing a treatment strategy, functional outcomes should be incorporated in this decision
process. Evaluating new treatments, studies would benefit from adding functional outcomes
along with oncological outcomes. Take for instance robotic surgery. The majority of patients
in Study I-111 underwent surgery in the pre-robotic era. Hopefully, optimized vision and
increased possibilities for precise dissection (nerve preserving) in robotic surgery can
improve functional outcomes but still there is a lack of evidence supporting this assumption.
Regarding RT there may still be room for improved patient selection, (i.e. which patients
benefits from treatment) to avoid overtreatment.

There is also a need for more prospective studies evaluating bowel function pre- and post-
treatment. Certainly there will be some difficulties in interpreting bowel function in the pre-
treatment setting due to bias from the presence of a tumor, but nevertheless, for many studies
it would be beneficial providing baseline measurements.

If the LARS-score is the optimal instrument measuring LARS is debatable. In the clinical
setting it is an easy and fast screening tool for measuring bowel dysfunction but for a more
detailed evaluating it has some limitations. Since the LARS-groups are quite established, the
use of other instruments limits comparison between studies. The optimal situation, for
measurement, would be to have a more comprehensive instrument that is somehow link to the
LARS-score making comparison possible. In this scenario the current LARS score could be
used for screening and then the more comprehensive instrument could be used for evaluation
of treatment interventions among those with more severe bowel dysfunction (i.e. major
LARS). The LARS international collaboration group presented a consensus definition of
LARS in 2020 and in this article stating an intention to develop a new more robust scoring
system based on this definition °2. Such an instrument would further improve the ability to
assess LARS and evaluate different treatment options. Development, on the basis of an
international collaboration, would also improve the likelihood of future coherence in the use
outcome measure regarding LARS.

Regardless of which instrument used, as outcome measure, there is still a need for studies
concerning different treatments for LARS. As mentioned earlier several RCTs has been
registered regarding pelvic floor rehabilitation which is promising 8318, Also additional
studies that involves tools for improved patient selection for specific treatment would be
desirable.

Hopefully, in the future we will have an improved and more robust instrument for measuring
LARS and a treatment algorithm based on high quality scientific evidence. This would
constitute a well-grounded foundation to improve management and QoL among rectal cancer
patients.
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