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To my beloved children

Ludwig, Theodor and Wilmer

Great minds discuss ideas; average minds discuss events;

smallminds discuss people.

Eleanor Roosevelt
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ABSTRACT

In recent years an adjusted method of performing an abdominoperineal excision -(ABEalled
extralevator APE- has been developed and internationally spread. It has been proposed to decrease
intraoperative perforations and naadical surgery and the improve local cancer control and decrease

rates of local recurrences as compared to standard APE. This thesis aims to investigate if the oncological
outcome of ELAPE is superior to standard APE andxplorethe assocation between patient reported
intrusive thoughts and QoL as well as to type of surgery performed three years after surgery and to
compare outcome to that fouirda normative Swedish cohort.

Data on all Swedish patients operated with any kind of APE in the years2R007vere collected from

the Swedish ColoRectal Cancer Registry and dleom oncological outcome was measured (i.e.
perforations and neredical sirgery) as well as sheterm complications and mortality. In order to be able

to differ between APE and ELAPE, all patientsO operation notes were collected from the hospital charts
where they had been operated, and analysed with regard to which op&etingjue had been used.
When 3years local recurrence data were available in the registry these data were also collected from the
registry and analysed with regard to what operation had been performed. Furthermore, a special
questionnaire was developedadnder to be able to measure a number of healdted QoL parameters
specific for this group of patientsThe questionaire was sent to all patients alive 3 years following
surgery and data on QoL was compared to data from a Swedish normative population.

Shortterm oncological results were the same for both groups with regard to perforation aradlinah
surgery. There were fewer intraoperative perforations for a subgroup of the most distal tumtbars
ELAPE groupbut not for the entire group. Therere more wound infections for the ELARJEOup.

Local recurrencesfter 3 yearsvere significantly more common in the ELAPE group as compared to
standard APE but there was no difference between groups in overall survival. Intraoperative perforation
was sigificantly associated with higher risk of local recurrence.

A large proportion of survivors after abdominoperineal excision for rectal cancer have a quality of life
comparable to a normative population, however many suffer from a symptom of stressernagasive
thoughts, which significantly decrease overall quality of life.

Oncological outcome following ELAPE is not superior to standard APE. ELAPE is associated with more
perineal wound complicationsThis methodshould be used in selected patientgshwhigh risk of
intraoperatie perforation
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SAMMANFATTNING Pe SV ENSKA

€ndtarmscanceBr den 9:e vanligaste cancersjukdomen i Sverigeladbar
Erligen ca 2000 svensk@enorsakar ungefSr 800 d3dsfall Erlig&verige
och Sr inte sSllan fsrenad med mycket lidande f&r de drabbade patienterna.

F3r att kunna uppnCE bot vid Sndtarmscancer krSvs oftast en operation dSr
man opererar bort hela candgamsren och en del awller hela Sndtarmen.

Om tumsren sitter vSIdigt IEngt nere i Sndtarmen, nSra Sndtarms3ppningen,
blir det ofta aktuellt meden opeation dSr hela Sndtarmeimklusive
analkanalen och SndtarmsSppningen) opereras bort, s.k. Sndtarmsamputation
(engelsk fsrkortning: APE)Det innebSr att patienten i samtliga fall fEr en
stomi (OpEse pE magdmats att man g3r en s omfattande operatiBn
uppn@Er man inte alltid bot, och jSmfsrt med operation dSr det Sr msjligt att ta
bort tumsren och SndE koppla ihop tarmen igen, sE Sr resultaten efter APE
sSmre. Det Sr vanligare med lokalt Eterfall i tum&rsjukdomen (s.k.
lokalrecidiv) efter APE Sn eftendra Sndtarmsoperationer f&r cancer.

Med syfte att fSrbSttra resultaten efter APE lansesadder b3rjan av 2000

talet en variant av APE dSr man g3r en utvidgad operation som innebSr att
man tar med hela bSckenbottenskulaturen vid operationetkallas d@E
ELAPE). Avsikten var attminska risken att tumsren sprick@ntra-operativ
perforation)i samband med operationeoch Ska chansen aftE bort hela
tumsren (radikal kirurgi) och pE s@E sStt minska risken f5r lokalre€div.
finns indikationer frEiidigare studier att det kan stSmma nden finnsinga

sSkra data som visar att Eterfallen verkligen minskar efter ELAPE.

Vi genomfSrde dSrfsr en studie f&tt undersskaom ELAPE kan minska
risken fSr lokalrecidiv ochocks@®vilka konsekvenser operationdrar fSr
patienternas livskvalitet.

| princip alla svenska patienter som behandlas f&r Sndtarmscagisreras

i det svenska tjocktarm®ch Sndtarmscanceggistret. Vi utgick dSrfsr frEn
alla patienter sonhade opergats med Sndtarmsamputation mell2007
2009 och registrerats i det svenska registtat1300 paénter Vi samlade in
alla data som finns i registret avseend®mplikatione, vltider, re
operationer m.m. sanhdkalrecidivresultat3 Er efter operationen.

Hur operationen utfSrts (APEller ELAPE) registreradedock inte. FSr att
kunna avgSra om patienterna opererats med traditionell APE eller med den
nya metoden (ELAPE3amladeslla patieners operationsberStteldgar(frEn



de sjukhugiSr de blivit opererade), ISstes och analyserhéebart 55 % av
fallen kunde man definiera att &naditionell APE eller ELAPE hade utf3rts. |

45 % av fallen gick det inte att utifrGEn operationsberSttelserna avgsra vilken
sorts operation som hade gjoatsseende &kenbotten

F&r att fE informationpscifikt om patienterrmallmSnnalivskvalitet och
fsrekomst av sE kallade negativa pEtrSngande tankar om operationen och
cancerdiagnosen sardandra aspekter av operationenss@mastSlides ett
studiespecifikt fr&EgeformulSr. FrEEgeformulSret skickaddia tile patienter

som efter tre Er fortfarande var i livet och $defter en telefonkontak®
bedSmdes kunna, och sade sig vilja svara pEUtter patientgruppen
tillfrcEgades 3000 slumpmSssigt utvalda individer okudde tSnka sig att
besvara likalade livskvalitetaelaterade frEgor. Efter en fSrsta kontakt
skickades 2094 fr&EgeformulSr ut och 1078 svarade. Dessa kom att utgsra en
normativ svensk jSmfsrelsegrupp med avseende p(E livskvalitet.

Resultat: Grupperna var inte hebbch hEllejSmfsrbara.ELAPE-gruppens

tumsrer var belSgna mer annSra Sn i APfruppen och ELAPHEruppens

patienter var ocksE n(Egot yngre och hade f(Ett strElbehandling och cellgifter
innan operation n@Egostsrre utstrSckning Sn ARFuppens patienteDet

var ingen skillnadmellan grupperna i korttidesultat gSllande totala
mSngden komplikationer, reoperationer eller dddsfall efter operation. Det var
dockfler sCErinfektioner efter ELAPBet var ingen skillnad mellan APE och
ELAPE vad gSller intrmperativa perforationer ler icke-radikal kirurgi men

f&r en sulgrupp med tumsre mindre Sn 5 cm frEn anus sE var det fSrre
perforationemedELAPE-teknik.

Risken f3r lokalrecidiv visade sig inte vara ISgre efter ELAPE, snarare
tvSrtom trots att de i stdrre utstrSckning hade f€EtEIbehandling och
cellgifter fSre operation. bubgruppe med tumsren mindre Sn 5 cm frEn
anusvar det ingaskillnaderi risken fSr lokalrecidiv.Det var inga skillnader i
total Sverlevnad mellan grupperna.

Negativa pEtrSngande tankar var vanligt @nekande i patientgruppen och

var associerat med f&rsSmrad livskvaligetEr efter operationeBet var

ingen skillnad i fSrekomst av sCEdana tankar beroende pCE vilken
operationsteknik som hade anvSnts. Den allmSnna livskvaliteten i
patientgruppen i sin hed var jSmfSrbar med den i referensgruppen men hos
mSnnen i patientgruppen var livskvaliteten signifikant IS@e i
jSmfsrelsegrupperOrsaken till det Sr inte fullt kSnd.



De cancermSssigagultaten efter ELAPE Sr inte bSttre Sn &RE. ELAPE

Sr féremt med 3$kad risk f3r sErinfektioneroch bsr dSrfsr inte
rekommenderassom standar@peration f§r Sndtarmscancer som krSver
Sndtarmamputatiorutan reserveras f&r utvalda fall

Negativa pEtrSngande tankar Sr vanligt tre Er efter Sndtarmsamputation och Sr
associerat med fSrsSmrad livskvalitet.
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Partial Mesorectal Excision

Relative Risk

Radiotherapy
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TAMIS
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TME
TNM
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QoL
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Trans anal EndoscapMicrosurgery

Total Mesorectal Excision
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1 INTRODUCTION

1.1 The rectum

The rectum idefinedas the mostlistd part of the large intestinewith its
proximal borderapproximatelyat the sacral promontory amiistal border at

the pelvic floor where it passes through the levator ani/puborectalis muscle
and becomes the anal canal. The rectum differs from the sigmoid colon in the
absence of appeitds epiploicag haustre, muscular taeniae and a well
defined mesenteryThe taeniaeare joinedabout 5 cm above the reeto
sigmoid junction to form two wide muscular bands which dedsenteriorly

and posteriorlyin the rectal wafl The length of the rectum is generally
considered approximately 1&m measured with a rigid recttope starting

from the anal verge (the anal verge defined as the opening of the anus at the
outer surface othe body). The rectum is generally divided into three parts
based on the presence or absence of peritoneum; the upper rectum (approx.
10-15 cm from anal verge) isovered by peritoneum on its anterior and
lateral aspectghe middle rectumafpprox.5-10 cmfrom anal vergepnly on

its anterior aspecand the lower/distal rectum (66 cm from anal vergeis
completely situated infraeritoneadly.

1.1.1 The mesorectum

In books on anatomyhe mesentery to the rectumrist considered to be a
distinct and truemesentegy. In rectal cancer surgery there is however a-well
defined and irdepth studied anatomical entity generally nanie
mesorectum. It is defined posteriorly by a visceral fascia enclosing the fat,
vessels, lymph nodes and nerves surrounding and supplying the rectum and
separated from the parietal saerahd coccygealfascia by a loose areolar,
spiderweblike avascular Ssue. This visceral fascia is sometimes less evident
on the lateral aspects of the rectum but nonetheless it«s there. On the anterior
aspect of the rectum the mesoteutis condensed inta thicker and dense
fascia called the Denonvillier«s fascia. In msateseparates the mesorectum
from the seminal vesicles and the upper border of the prostate. In females it is
often not as evident but forms the fascial border to the posterior aspect of the
vagina.
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1.1.2 Arterial v ascular supply of the rectum

The rectum receives its vascular supply from two different routes. The
superior rectal artery originates from thd#erior mesenteric artergand is
located in the mesorectum where it divides into two separate branches near
thelevel of the third sacral veabrae and further into smaller branches inside
the mesorectumThe middle and inferior rectal arteries have their origin in
the internal iliac artery. The middle rectal arteries usually atispstherwith

the inferia vesical arteries, reach the mesdtuwet in the lower part of the
rectum and anastomose with branches from the superior and inferior rectal
arteries andupply the mid and lower part of the rectuifhe presence of the
middle rectal arteries igarying and it is said to be absent in up to about 80%
of the casesThe inferior rectal arteries arise from the pudendal arteries and
supply mainly the anal canal and skin. They anastomose with branches of the
superior and middle réal arteries.

1.1.3 Nervous supply

The sympathetic nerve supply to the rectienives fromtheL1-L3 roots and

the parasympathetic supply from the-S2 % The fibres form a complex
network of descending sympathetic nerves via the superior hypogastric
plexus dividinginto hypogastric nervbundles on each side of the pelvic
sidewall to the left and right inferior hypogastfjpdvic) plexuses.The
parasympathetic nerves on each side pass through the sacral foramina and
fuse to form the erigent nerveshich toge¢her with the sympathetic fibres
from the hypogastric nerves form the inferior hypogastric plexu’séhese

are situated on the lateral pelvic sidewd#teral and dorsal to the seminal
vesicles in man.The parasympathetic nerve fibres also ascend via the
hypogastric nerves to thagsnoid and descending colon.

1.2 Rectal c ancer

The aetiology of rectal cancer is like for most cancer forms not fullwkno
There isevidence for the adenonrtarcinoma sequence; i.e. the development
of carcinoma from benign adenoma of the rectum (and coloa)sieries of
mutational stegs’. This is a development that takes betweerii§ears and

in the endcan resultin the forming of an invasive carcinoma. Several risk
factors for the development of rectal cancer are known among which the
most importat are hereditary factors, smoking, dietary factors (high intake of
red meat and low intake of dietary fibreepesityand the presence oblitis

due toinflammatory bowel disea8é.
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1.2.1 Incidence

Rectal cancer ishe 9" most common cancer form in Swefestands for

3.4% of all new cancer diagnosasd together with colon cancer the third
most common cancer form, exceededyoby breast and prostate cancer.
Rectal cancer is the cause of about 800 deaths annually (469 male, 336
women 2011) in Sweden. The incidence is around 2000 new cases annually
(1979 new cases diagnosed 201Rgctal cancer is more common in men
with approxmately 60% male cases. Theedian age of diagnosisi2 years

and therelative 5year survival is 62.9% for men and 64.2% for women in
Sweden (2011).

1.2.2 Diagnosis and assessment

The suspicion of aectaltumour if often based on the presence of blood in
the stools and/osymptoms of altered defecation commonly in the form of
so-called tenesmus. Tenesmus is characterized by the frequent urge to
defecate, but with only small amounts of faeces faimdthe case of a rectal
neoplasia oftenwith the presencef blood and mucus in the stoolhese
symptoms demand for a rectal examination with digital palpation and a
rectoscopy wherein most cases the tumour is diagnosed macroscopically.
The definitive a@ancer diagnosis ighen based on the histopathologic
assessment of biopsies from the primaryfarther examination with rigid
rectoscopy or flexible colonoscoplyy a colorectal surgeon or medical
gastroenterologistOften the tumarr is palpable ancdcan beevaluated on
digital rectal examinatianAssessma of the level of the tumour, the location
within the rectum (anterior/posterior/circumferent&#t) and the extent of
constiction of the rectal lumen cdme done with these simple means. Gross
assessment of the size of the tumour and signs of advaac®ur gowth

can and should also be performed dutimg examination.

Further examination of the patient servesatizsess the local tumour spread
and any signs of metastatic disedaanost cases a full CT scantbithorax

and abdomen are performed to evaluate metastatic disease, sometimes
complemented with intravenous contrast enhanced ultrasound or MRI of the
liver. A high resolutionMRI of the pelvis and rectum iperformed to in

detail assesthe local growth oftie tumout and of the local lynph nodes
Together with the metastasis evaluation of the CT scan this forms the final
clinical TNM-classification (cTNM) upon which treatment recommendations
are basedd .
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The TNM-classification

The TNM-classification was developed in the 1950«s and has over the years
undergone revisionsThe version now in use in Sweden is tievérsion
(Table 3. It aims to clas$y tumour stage in thredifferent levels: tumaur

level i.e. depth of tumour invasidn the rectal wall andr on to adjoining
organs, dgree of ymph node engagemerand the presence or absence of
distant metastases

Table 1:TNM-classification(version7)

TX Primary tumour cannot be assessed
TO No evidence of primary tumour
T1 Tumour invades submucosa

T1sml Invasion into the upper third of the mucosa

T1sm2 Invasion into the middle third of the mucosa

T1sm3 Invasion of the lower third of theucosa

T2 Tumourinvadesnuscularis propria

T3 Tumour invades through muscularis propria and into subsero.
perirectal fat

T3a Minimal invasion <1 mm beyond the borders dahe muscularis

propria

T3b Slight invasion 1-5 mm beyond the borders athe muscularis
propria

T3c Moderateinvasion 5-15 mm beyond the borders dfie muscularis
propria

T3d Extensiwe invasion >15mmbeyond the borders dhe muscularis
propria

T4 Tumour directly invades other organsstructures and/or perforate

the visceral peritoneum
T4a Tumour perforates the visceral peritoneum
T4b Tumour invades other organs or structures

NX Regional lymph nodes cannot Gssessed

NO No nodal involvement

N1 Metastasef 1-3 perirectallymph nodes

N2 Metastasefn 4 or moreregional lymph nodes
MO No distant metastases

M1 Distant metastases

Mla Metastases confined to one organ
M1b Metastases in more than one organ or peritoneum
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A pretreatment® clinical B TNM-evaluaton (cTNM) is performed based on
the preoperative radiological and clinical findings.

1.3 Multidisciplinary  Treatment of rectal cancer

In amultidisciplinaryteam(MDT) conference with surgeons, radiologists,
medical and radiological oncologists, pathologiistnd (in the Swedish
setting) an oncological team nurpeesentb the optimaltreatment for each
individual patient is decidedased orthe pre-treatment assessmetNM-
classificationandthe patientsmedical history and comorbidit**.

1.3.1 Radiotherapy

There is strong evidence thexternalradiotherapy(RT) administeredo the
tumour site/rectum leads to decreased risk of local recurrféficSeveral
large studiegperformed in1990s showed increased local control following
preoperative exteal RTin comparison to postoperative o irradiatior***,
There is also positive effect ordiseaseree survival’ butstill no significant
effect ha& been shown on overall survival aftpreoperativeexternal RT.
There are two main fractioning standards of the radiothersipyrt course
therapy with 5 doses of 5 Gy eacministered oer the course of a wegk
and generally followed by surgery withirl® days aftercompletion of the
radiation. There is also the conventional or lmogrse radiotherapy with 1.8
or 2 Gy fractions up to a total dose of-B8 Gy administered over 25 to 33
days The aim of the short courselTRs to kill microscopic tumour deposits
outside- what will become- the aurgical pecimen andn this way increase
local tumour control. The aim of the long course RT isaathieve tumour
regression i.e. to shrink/dowagie an advanced tumour in order to make it
possible to perform a radical resection with tumfsae margins. Long
course radiotherapy is often combined with neoadjuvant chemotherapy.

1.3.2 Chemoradiotherapy and chemotherapy

Studies have showthat the additionof chemotherapy concomitant with
preoperative RT(chemoradiotherapy CRTdr as postoperative adjuvant
treatment decreases local recurrence rates as compared to RT alone but has
no effect on overall survivdl ** ?*. The studies have also shown that
preoperative &T hashigher treatment compliance than postagige CRT®.
Furthermore &ochrane review from 20¥2supportthe use of postoperative
adjuvant 5FU-based chemotherapy in patiemtho has undergone radical
surgery for rectal cancer.

10



Mattias Prytz

1.3.3 Surgery

Surgical treatment of rectal cancer includes both local excisions and radical
bowel resectios. Local excision can be performed in several different ways
and techniques: traditional traresnal excision, Transanal Endoscopic
Microsurgery (TEM), Trans Anal Minimal Invasive Surgery TAMIS) and
several otheflexible endoscopidechnique® #. A common trait for these
techniques is that they only allow for local excision of the tumour witié
lumen of the bowel and not for the entire section of the bowel with adjoining
vessels, lymph nodes and fat tissue. The indinafior these surgical
techniquesand their canbination with radie and chemtherapy are uret
investigationbut it is up util now regarded to be early stage cancer (or
precancerous lesions) without lymph node engagement and pigféna
elderly patients who caot tolerate more invasive proceddfés The
following section vill focus on rectal cancer surgery with different typés
bowel resections and not on local excisions.

Orhe Miles procedure O

Resection of the rectum via a combined abdominal and perineal procedure
was first performed by Czerny in 1884 but it whe British surgeonw
Ernest Miles who first described and published a seriescamhbined
abdominoperinealresections for rectal cancer in 1808Before Miles®
publication most attempts to resect rectal cancer was through a perineal
approach and resultedn nearlyall cases - in early local recurrences. Miles
described a procedure whehe b if there were signs of obstructiontwo
weeks prior to resectioperformed a left sidedoop colostomy He then
performed the resection through a combingddominal and perineal
apprach where hafter entering the abdominal caviwided the colon just
distal to the colostomy, dissected the distal colon and rectum as far as he
could down ¢ the pelvic floor througharpdissection of the peritoneum and

the Olateral ligamenta®d bunt dissectiomposteriorly to the sacral fascia and
anteriorly to the back of the bladder and in males the upper border of the
prostate. He emphasized the importance of removing the cellular tissue of the
pelvic mesocolon by staying cloge the Oanteriosacral ligamentsO to
completely rid the pelvis ahe lymph mdes of the pelvic mesocolon and to

do this in one piece. The peritoneum of the pelvis was then sutured in order
to reestablish the pelvic floor and the abdomimaund closed. Patients
wereturned in a &teral, semprone position and the anus was closed with a
purse string sutureAn incision was done from the saeroccygeal joint
towards an inch from the anus and a wide seincular incision around the
anus was done with the anterior endtlme centre of he perineum. The
coccyx wasremoved and the dissection was done up to the levator muscle.

11
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The levator wadlivided as laterally as possible and the last part of the
dissection from the sacrum was performed. The rectum waspthied out

of the wound and the dissection anteriorly towards the posterior and caudal
aspects of the prostate or vagina was perforr@ade should again be taken

to include all cellular tissue on the anterior aspect of the rectum. The wound
was irrigated with saline arttie skin margins brought togeth&ith sutures.
Drains wereplaced in the perineal wound. The operation shd&uid Miles
opinion Btake only an hour and a quarter to an hour and a half arfthin t
way the patientsgDffers from no more shock than aften ardinary perineal
excisionOln his first serieof 12 patientg9 males, 3 femaleghe mortality

was 41.6% but Miles reasonettha the majority of the deaths were
preventable and that he could decrease mortality by improving the technique.

MilesO proature was subsequently considered gold standard for surgery for
rectal cancer for several years until the development and spread of the
Anterior Resection of the rectd with formation of a coleectal
anastomosis and preservation of intestinal continthitys avoiding the need

for a permanent colostomy.

Total Mesorectal Excision B The TME-concept

Rectal cancer suegy has improved in the last 30 yegnobably mainly
through the introduction of Total Mesorectal Excision (TME) by Heald in the
1980$* **. The concept of TMBurgery is that you under direct vision
dissect the fascial layer covering the mesorectum sharply from the
surrounding tissue, thus keeping it intact during surgery. In this manner you
will be able to produce a surgical specimen withirtact mesorectal fasci
andperform acomplete resection of the rectum with its mesentery and within
that mesorectunall the lymph nodesnd vessels belonging to the rectum.
The spread of the TMBurgery is considered to be responsible for much of
the improvement in local reawnce rates following rectal cancer surgery.
TME-surgery has in several studidseen reportedto decrease local
recurrence rates fropreviously 1525% to 51093 %,

Ante rior Resection

Since Dixons publication fothe results of anterior resections for rectal
cancet® and later on thedevelopment of the technique with theME-
concept, the introduction and improvement of stapling deyvibesprocedure
has become theperationof choicein the majority ofcases whethe level of
the tumourallows bowetdivision distd to the tumour and yetvith the
possibility to perform an anastomosis Sweden approximately 40% of all
patients withrectal cancer undergo operation with anterior resection
(AR)* and of alloperationsfor rectal cancer, AR stands for about 50% of
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procedures. To perform low colorectal or coleanal anastomosis is not
without difficulties despite modern techniques.Sweden the incidence of
clinical anastomotic leakage is around 1(086cording to the Swedish
ColoRectal Cancer Regisfy*® and in studies up to 2086 The reoperation
rate is also around 10% with anastomotic leakage beingntst common
causetogether with deep fascial rupture and bleefin§incethe 2000s the
use of a divertindoop-ileostomy has increased steadily in Sweden to about
80% d patients operated with an AR The objective with the ileostomy is to
reduce the consequences of a leakadmit there has not yet been a
corresponding decrease in clinically significant leates as one might have
expecte®. Another concen has been functional outcoraéieran AR with a

low anastomosis Symptoms of poor funin of the neerectum are
commonly referred to as Low Anterior Resection Syndrome (LARS), and
include frequent bowel movements, incontinence of flatus and stools, stool
fragmentation and clustering and urgelié The frequency of poor
function - asdefined bya high LARSscoreb has been reported as high as
40-50% of patients with neoadjuvant treatment and low anastomiasisa(
complete TME as ampared to Partial Mesorectal ExcisienPME) as
independent riskactord>*,

Hartmann«s procedure

In selected patients when an anastomosis is possible to perform but for other
reasons not suitable a Hartmann«s procedure is performed. It is a recto
sigmoid resection accordirtg the TMEprinciples butwith a closure of the
distal part of the rectum and a formation of an-eakbstomy. In Sweden it is
performed in around 10% of patients with rectal cafic8rand mainly in
patients with comorbidityvhere a reoperation due to anastomotic leakage is
important to avoidand in patients with a poor anal sphinctésnction
preoperatively

Abdominop erineal Excision DAPE

In those patients where the tumour is located too Histalwhere the growth

of the tumour is sucthat you cannot performmafedistal bowel division and
radical surgerywith an AR an abdominopenieal excision (APE) is
performed. The standard AREgure 1) is in most cases a procedure where
the abdominal part is performed with traditional open technioe more
recently increasingly oftenwith laparoscopic techniquB according to the
principlesof TME surgery. The abdominal dissection is performed all the
way down to the pelvic floor and the levatori muscle. The mesorectum is
posteriorly and laterally dissected free from the levator ani muesate
anteriorly the dissection is performed ptee seminal vesicles to the base of
the prostate (in men) and to the vaginal top (in women). Often a surgical
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swab is placed posierly as deep as possible in order to easier find the
dissection plane from the perineal roufe.colostomy is formed and ¢h
perineal part of the proceduretieengenerally performed with the patient in

a lithotomyposition with the legs spread. An oval incision is done from the
apex of the coccyx to the centre of the perineum around the anus and
dissection is performed thrgh the subcutaneous and ischiorectal fatty tissue
up to the levator ani. The posterior perineal body is incised &ityx and

the formerly dissected pigacral space is entered. The levator muscles are
divided on both sides of the distal rectum closdhe bowel. The dissection

is performed anteriorly to the apex of the prostate or the posterior aspect of
the vaginal wall anthe anterior abdominal space is enteredthedpecimen

is free and delivered through thperinealopening. The produced surgal
specimen should typically have a shiny intact fascia covering the mesorectum
and a waist in the plane where the mesorectum endthanevator muscle is
divided. Finally the perineal wound is closed with sutures in several layers.
The oncological redts following APE has in several studies been shown to
be inferior to those of ARwith 5 year overall survival rates of around 60%
for APE and 70% for AB™“*°. The improvemenin local recurrence rates for
patients operated with anterior resection according to -pMiciples and
receivingneoadjuvant RT has not beenaditas evident for patients oded

with APE for rectal canceiThe true reasons for this is not fully known but
much of the proposed explanations have been attributed to the surgical
procedure itseff and to the higheratesof intraoperative perforations and
engaged circumferential margin (ironradical surgeryfollowing APE® as
compared to AR.
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Figure 1.Standard APE

Extralevator Abdominoperineal Excision ~ DELAPE

In later years theAPE procedure has been in the focus of chihged a
more radical method has been proposediider to meet the problems of
intraoperative perforains and engaged CRM The alternate procedure,
often referred to as Extralevator ERELAPE) was described by Holm and
colleagues in 2007. It is actually more like the aginal description of the
APE by Miles in the aspect of levator dissection and division. ELAPE is
performed in the same twway-approach as standard APE with the
abdominal part performed according to TNEnciples either with open
surgical technique (as seribed by Holm) or laparoscopicalfyHowever the
pelvic dissection stops posteriorly before reaching the pelvic floor at the level
of the upper border of the coccyso as to not deth the mesorectum off the
levator muscl® *%. Anteriorly the dissection should stop just beloe
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seminal vesicles or cervix uteAntero-laterally the dissection is stopped just
below the inferior hypogastric plexushis is essential to do in orderot to
get aconing of the specimen at the level of the levats you would
otherwise get.

Figure 2: Extralevator APE

As in standard APE a swab is left deep in the pelvic cavity to act as a guide
for the perineal part of the dissectioA terminal colostomy is the
performed and the abdomen closed. The patient is tineed in a prone
JackKnife position with the legs apart. The anus is closed with a purse string
sutureand a teadrop-shapedincision is performed from the apex of the
coccyx and around the anukhe dissection is then performed up through the
subcutarous and ischiorectal fat just outside the border of the subcutaneous
part of the externadphincter. Thanferior aspect of thg@elvic floor isthen
dissectedreeround its entire lateral and posteriagrcamference. The coccyx

is disarticulated, the prsacral fascia divided and the pelvic cavityith the
guiding swab- is enteredDisarticulation of the coccyx is not mandatory but
often helps delivering the specimen through the wollhd.levator muscle is
divided at its origin at the pelvic sidewalfound the circumferenc@&he
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specimen idelivered out through the perineal wound and in that way the
final part of the dissection can be performed using lateral and inferior traction
and countetraction. The specimen is carefully dissected off the pioste
aspect of the prostate or vaginal wall and finally the last part of the anterior
levator muscle is divided and the specintam be completely delivered and
inspected. The specimen now typically has a cylindrical shape without the
waist or coning at # level of the levator plane, as is common following the
standard APE procedurg&he last part of the operation is now to close the
perineal wound. This can be done in several different ways andithece
solid evidence whas the best methgg®".

Perineal wound closure

The traditional way of closing the perineal wound is by suturing of the
remnant part of the pelvic floor. Following an ELAPE there is no or nearly
no levator muscléeft for suturing and thereferthe closure of the wound by
suturing will be by suturing the ischiorectahd subcutaneous fat in layers as
well as the skiff. An alternative wayof closing the pelvic defect after an
ELAPE is by using some kind of mesh to replace the excised levator muscle.
Often in studies- and clinical practice- a biological/collagen me&h®
(permacad, surgisi®, strattic®) has been used. The mesh is sutured with
interrupted sutures to the raant of the levator nacleand the subcutaneous
tissue and skirare then sutured in layersThere isat least one ogoing
study* comparing the outcome of perineal wound closure with a biological
mesh as compared to primary suturirdy.third often used method of
performing a closure of the pelvic defect and pealnwound isby use of a
myocutaneous flap. There are several different-feghniques described and

in use. The unior bilateral gluteus maximus mygataneous flagGMF) was

the method first described by Holfrand used in the first series of patients
described.The technigue uses a part of the gluteus maximus muscle with
adjoining subcutaneous fat and ski arotational flap with intact vascular
supply (from the superior gluteal artery) and innervation (from the inferior
gluteal nerve). If the defect in not too large a unilateral flap will be enough to
cover the defect but in case of larger defects a bélbflap can be usé§®.

It has the advantage of not adding any other dsitercomplications but the
disadvantagef using tissue that has beeant least partiallypin the field of

the external radiotherapy and therefor the inherent risk of impaired healing.
Another possible disadvantage is the adding of further local functional loss in
the perineal area since the use of a large portion of the gluteal ntascle
affect both sitting and risg upto standing’. It is preferably performed by a
plasticsurgeon but caalsobe doneby the cdorectal surgectt ®. Anotherb
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technically more demandin® flap reconstruction is the Vertical Rectus
Abdominus Myocutaneous (VRAM) flap. This flap is constructed bst p&

the rectus abdominis muscle with preserved circulation from the inferior
epigastric artery but without preserved innervation. It is more complicated to
perform than the GMF and generally requires specialised plastic surgical
skills. It has the advaage of using notirradiated tissue for the repair but is
more complex and has the inherent problem of atrophying over time since the
muscle is denervated. There are several published series of both tecfiniques
68 bui'égnorandomised controlled study comparing the technigues against each
other”.

Outcome of ELAPE

Initial studies on the fécacy of the ELAPEtechnique to improve the
oncological outcomeb as compared to standard AREconcentrated on
pathologyrelated shorterm outcome measur&s’. In the initial study by
West and colleaguesnorphometry, CRM involvement and intraoperative
perforations of 27 ELAPE specimen (10 operated in the- U&eds- and 17

in Stockholm) were compared to 1lO%tandard APE operated in Leeds
between 1992007 (n=99) and Stockholm between 2EDD6 (n=2) The
amount of tissue removed with ELAPE was significantly higher and there
were significantly lower rates operforations and involved CRMvith
ELAPE. The oncological result of the standard APE cosgrolp was
however not impressive with a perforaticate 22.8% and amnvolved CRM

in 40.6% of casesThere were no data on local recurrence Patés another
study by the same author 176 ELAPREcedures performed by 11 different
European Colorectal Surgeons were compared to 124 standard APE
procedures operated in a sin@& centre in Leeds by 8 different surgeons.
ELAPE resulted in a significaméduction in CRM involvement (from 4®to
20.3 %) andintraoperative perforation§rom 282 to 82 %) compared with
standardAPE surgery. HoweverELAPE was associated with an increase in
perineal wound complications (from 20 to 3. Again the perforation rate
and CRMpositivity rate of the control group was high (28.2% and 49.6%
respectively) There were no local recurrence data

Other studieshave reported conflicting results’. In the study by Welsch

and colleagues the oncological results of 30 patients operated with open or
laparoscopic ELAPE seemed promisinghaonly 7% involved CRM and no
local recurrences within a median follow up of 28.3 months. However 46.6%
of patients had perineal wound complication and 50% reported persistent
perineal pain at follovup. The perineal wound closure was performed with
different flaptechniques, suturing, mesh ofmost commonly an
omentoplasty.There was no control grotfp Asplund and colleagué's
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presented retrospective data from a Swedish siceyidre study ofl58 (79
ELAPE, 79 standard APE) patients with curative resections for rectal cancer.
CRM paositivity did not differ significantly ketween groupsELAPE: 17%
standard APE 20%). Intraoperative perforation (13%s. 10%) or local
recurrence (seven in each group) was no different. Perineal wound infection
was significantly more common after extraletor APE (46%vs. 28%). The
patients were operated on in different tisgans so there were differences
between groups regarding time for follaya: median 45monthsfor standard

APE andmedian 26 monthfr ELAPE. The perineal wound closurgasin

all pafents performed with plain suturing in layers.

Three review articld§” came to different conclusions as to what extent
ELAPE was oncologicallysuperior compared to standard AFEelzner and
colleaguesconcluded from theisystenatic review of 14 nommandomized
studies from 1997 to 2011 on Oextended APEO and 50 studies on traditional
APE from 1991to 2011 that Oextended APEO had a reduced frisk o
intraoperative perforation. The effects on local recurrence and survival rates
were not possible to analystEhe review was mainly based on observational
studies and case series, or on prospective randomized studies in which the
results of APE in relatio to surgical technique was not an end point. A series
of factors may confound thepooled ajusted analysis especially of local
recurrencerates, but also of CRM statusuc factors discussed by the
authors beingpreoperative imaging, selection of tlséudy population in
respect to treatment intent, case mix and twmnsiage, use of nadjuvant
therapy, lengths and schedule of folloyy, mode of data collection,
statistical tests used, and not letss definition of what constitutes a local
recurrence The data in their systematic review regarding local recurrence
rates and CRM status have therefarebe interpreted with caution and the
authors concludk with a suggesbn to useregistry data- such as the
Swedish Cancer Registr®) to study whether eghded APE (such as
extralevator APE) provides superioesults compared to standard ARE
Krishna and colleagues conclubla their comparison of published rates of
CRM involvement and intraoperative bowel perforatidnem 8 studies
between 1992008 and registrgata from the Australian Concord Hospital
registry of resected colorectal cancers for the period 8838 that there

was no convincing evidence that ELAP&sultswere better than those for
standard APE. In a review and metanalysis of 8 studies (one of which is
included in the review by Krishna) on a total of 949 patients (ELAPE 496,
APE 453)published between 206812 Yu and colleagues suggedtthat
ELAPE hal a lower intraoprative bowel perforation rate, positive CRM rate,
and local recurrence rate than standard APBased on the data in these
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studies theysuggestdthat in selected low rectal cancer patients, ELAPE is a
more efficient and equally safe option to replatzndardAPE.

There isonly one randomized, cdmlled trial comparing ELAPE and
standard APE regarding oncological outcome with local recurrence rate as
one of the end point3.he study by Han et al. repad a reducedecurrence

rate following @ylindrical APED after median followup of 29 months,
suggssting that therevas an oncologal advantage witt@ylindrical APEDas
compared to standa®dPE in matients with T3 and T4umaurs’. However,

the study was small (n = 6 B5 ELAPE, 32 standard APEt is unclear what

the primary endpoint was and no power calculation was presentedethlils

of external or internal validity were reported, and less than 30 % of the
patientsreceived neoadjuvant treatment.

The SwedishNational Board of Health andVelfare (Socialstyrelsen) stated
2014 in thaér ONational Guidelines for colon and rectal carscientific
basisQ(Nationella riktlinjer f3r tjock- och SndtarmscancerVetenskapligt
underlag page 11§ that ELAPE for distal rectal cancer without evidence of
tumour engagement of the levator muscle should only be performed within
clinical trials (FoU).

1.4 Health related Quality of Life

The concept of Quality of Life (@L) is a broad concept without one single
cleardefinition. There is howeveransiderable agreement that quality of life
is a multidimensionalconcept. A way of addressing this concept is by
categorising Qolin five dimensbns: physical wellbeing, material wellbeing,

social wellbeing, emotional wellbeing, and development and acfivity

The interest for Qolrelated outcome in relation to healdlated research

has increased in the last four decades and the term Health Related Quality of
Life (HRQL) has beerused.A prominent trait ofHRQL-data is that it is
baseddirecty on patients@Gubjective reports ofsymptoms and functional
outcome, and not on OobjectiveO measurements as is standard in other parts
of healthresearch.The data collection is primarily done by the use of
different kinds of questionnair€sand there is an abundance of validated
questionnaires for different medical conditions aectment.

There has been mu¢tRQL-research in relation to rectal cancer treatrifent
%% The knowledge with regard to lofasting symptoms from the perineal
wound following APE is however noéxtensiveand even lesso when it
comes to ELAPE. A problem in this regardpi®bablythe lack of validated
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specific questionnaires with thfecus. There is a need for further studies
within thisfield of rectal cancer researh

1.5 Negative Intrusive Thoughts

Negative intrusive thoughts (NIT) are involuntaagd unwelcome thoughts

that appear suddenly and repeatedly. Negative intrusive thoughts are part of
posttraumatic stress disorder and have been regarded as a marker of
incomplete cognitive processing of the psychological trauma caused by for
example a cancer diagnosisis relatedto and part of the concept Glear of
cancer recurren€®(FCRY" % Intrusive thoughtsand FCR hae been
recognised agmportant factos associated witlpoor quality-of-life outcome
following surgery for other malignancies; i.e. prostate and bieaster as

well asfunctional impairment and the presence of psychological symptoms
100, 101
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2 AIM

The overall aim of this thesis was to explore the oncologiadl functional
outcomeof ELAPE as compared to standard APE in a Swedish national
cohort of patients operated with any kind of AB&ween 200-2009

The specific aims were:
To investigate short term oncological outcome of standard APE and ELAPE
with regad to intraoperative perforations and involved CRM in this

population.

To investigate the thregears local recurrence rates following standard APE
and ELAPE in the same population.

To explore assoations between patient reportiedrusive thoughts and Qo

as well as to type of surgery performed three years after surgery and to
compare outcome to that found in a normative Swedish cohort
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3 PATIENTS AND METHODS

The results of the papers in this tlseare based on the APERudy with he
primary endpoint3-years local recurrence rates following abdominoperineal
excision for rectal carcinoma.

Secondary endpoints were to study postoperative morbidity, late morbidity,
overall mortality, functional results and quality of liféollowing
abdominoperineal excision

The hypothessof the studywere that ELAPE reducelbcal recurence at
three years, increasgubstoperative morlity, decreasethte morbidity and
improvedquality of life at 3648 months postoperatively

The study is registered in the National Institute of Health«s (NIH) governed
Clinical Trialsdatabase under the acronym APER, with the
ClinicalTrials.gov identifierNCT01296984.

3.1 Datafrom the Swedish Colorectal Cancer
Registry

The patientswere collected from the national database formed by the
Swedish Colorectal Cancer Registry (SCRCR)e registrycollects dataon

all Swedish patients diagnosed with colorectal cancer independent of
residential geographyreatmentmodality, curativeor palliative intenion etc

The registrycovers nearly 1009%° '°¢ and virtualy no patient undergoes
surgery for rectal cancér Swederwithout being included in the registfy

The study wasapproved by the local ethical committee(the Ethical
Committeein Gothenburg, no. 408010).

All patients operated with an abdominoperine&tision in Sweden in the
years 20072009 andpresentin the registry were collectedata on cTNM
classification, tumour height from anal verge (as determined with a rigid
rectoscopy), patient demographics (weight, length and American Society of
AnaesthesiologistsO (ASAlassification), pre and postoperative non
surgical treatment, certain mects of the operative technique (open or
laparoscopic operation, level of vascular divisionperioperative
complications (including perperative bleeding, perforation of the
specimen), operatg time, pahology report (including pTNMlassification,
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CRM, distal margin, lymphnode harvest), postoperative complications
(including infections, wound complications, cardiovascular complications,
etc.), reoperations, pagierative intensive care treatment-adittance
within 30 days and death within 30 days were all collected from the registry.
When the data on three years local recurrence rates were avahabkata
was also collected from the registry.

3.2 Data from operative notes

Information onthe type of APE performed is not registerad SCRCR
Operativenotes foreach patient we retrieved from the hospital where the
operation was performed. A Clinical Record Form (CREB$ usedo collect

data from the operative notes includipgints such as divish of the levator
muscle, removal of the coccyi.e. how the perineal part ofi¢ procedure

was performedto determine if a stadard APEor an extralevator APBad

been performedTechnique forthe peineal repair wasollected, if present

All retrieved opeative notes wergead and analgsl usig the CRF. The
operating notes weneviewed by one of the colorectal surgeons in the study
groupbi.e. myself The operation waconsilered an ELAPE the operation

was described in the operating chag a OHolm procedureO, if it was
described as a cylindrical specimen or if it was stated that the levator muscle
was dissected laterally or atdistance from the rectum. In cases where there
was uncertainty as to how the dissettizvas performed, théwo other
colorectal surgeons ithe researchgroup also reviewed the operative notes
The operation type wasassified a©not statedO if no consensus ngashed

or if all threeagred thatthe perineal part was not possible to classifgisb
registeed in the CRFat what level the vascular division was made, if there
was any damage to the specimen during the operation, if the perineal part was
performed in lithotomy, pnoe Jackknife oranyother position.

3.3 Data from questionnaire

Information regardingthe presence of negative intrusive thouglater
surgery was obtained through a sttghecific questionnaire. Thguestions

on intrusive thoughtswere part of an extensive questionnaire that also
covered many other aspeat$ functional outcome after abdonoiperineal
excision. The development and validation of this qoesiiire is illustrated

in figure 3 and has beenedcribed in detail in otheryblications® ' The
process involved interviews withatientswith rectal canceand subsequent
analysis with qualitative methodsprtent validation in a multidisciplinary
group ofexpertswith extensive clinical experience in the field, and faoe
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face validation, wher@atients were asked to complete the questionnaire in
the presence of a specialist nurse to detect any problemistenpretations,

or concerns. Questions were revised accordingly, and the process continued
until no uncertainties remained. Also included in the questionnaeee
guestions on posiperative perineal wound &kng and the E€D visual
andogue scale (V&) question on global healtklated quality of life

The questionnaires were sent out according to a-estdiblished routine in
our research group: Each patient alieee years after the operatimceivel

a letter with information about the study informing the patientahaember
of the study staff wuld contact the patient bielephone shortly. During the
telephone coversation, the study stafiscertaied that the patient hkh
understood the written infmation inthe letter. Next, the patient wasked if
he/she conseatl and if the answewas yes, the pgéent was further asked if
we could send the questionnaire. If the answer was yes, the questionnaire was
sent. The questionnaire inclutleontact informationto be able to contache
studyoffice and patients we invited to call if she/he needeturther
information or if any questions @®. Two weeks after semt, a thank
you/reminder letter was sent, and after this there vmerdurther active
contacts with the patientWith this routine 85% of eligible patients agreed to
receive the questionnaire and 77.5% of eligible patients answardd
returnedthe questionnaire
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Figure 3:Development of a stuegpecific questionnaire

3.4 Patient population s

All three studies were performed on the same population (or part of the same
population B Paper 1IV) derived from the SCRCR. The population was
defined as all patients in the registry having undergone any kind of APE in

Sweden in the years 20@D09.

In paper IV anormative reference population wased as comparison. The
population wasandomly collected with help of the Swedish Tax Agency;
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3000 persons were identified through the Swedish Tax Agency. An
introductory letter was sent to 2955 pmrs, 1636 of wbm we were
subsequently able to contact by telephone. 2094 questionnaires were sent out
to persons who gave oral consent by telephone (n=775) or were unreachable
by telephone (n=1319). 1078 questionnaires were returned and formed the
refererce populatior(figure 4)

3.4.1 Papers Il and Il

1397 patients were identified in the registry«s database. Following the
analysis of the ogrative notes 24 patients were found to ibeorrectly
registered as having undergone an APE, when fact they had nat54
patient©operative notes were not possible to obwéspiteour bestefforts
thusresulting in 1319 patients avdile for analysisn papers Il and llIFor

the 54 patientexcluded because of the lack of surgical notes (4%), clinical
and demographic data from the registry did not differ compared with the
patients included in the study.

3.4.2 Paper IV

The patients in this study were derived from $agnepopulationasin the
previous studiesOf the 1319 patients 853 patients were alive threasyea
after the surgery andligible for inclusionin the questionnaire part of the
study. A total of 596 patients agreed to receive the questionnaire by mail and
545 returned the questionnaire and were iredlith the analysis. See figure 5
for details. In addition to this studypopulation a randomly selected
normative Swedish popation consisting of 1078 individumlwas collected

and used as a reference populaasrdescribed abo@gure 4)
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Figure 4 Flow-chart of normative population in Paper IV
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Figure 5 Flow-chart of patients in Paper IV

Included in the analysis of
oncological outcome (Prytz et al
2014)

1373 cases of abdominoperineal excision for
rectal cancer in Sweden 2007-2009

E—

<_

1319 patients

Surgical notes unavailable, n=54 I

___—

Introductory letter sent to 852 patients,

followed by a phone call

Deceased, n=467 I

Unable (mentally or physically) to

> participate, n =91
Lost to follow-up, n=58
703 eligible patients |
—>| No consent, =107 I
‘ Questionnaire sent to 596 patients ‘
—>| Questionnaire not returned, n=51 l
545 patients returned a completed
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analysis
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3.5 Statistical methods

All data were collected in a database, and statistical analyses were performed
using SPSS 21.0 (IBM SPSS Inc. Armonk, NY, USA) and SAS v. 9 (SAS
institute).

In paper Il ontinuousoutcome variables were compared betweentiie
groups(APE and ELAPE using WilcoxonOs rardum test; categorical data
were compared between the two groups using Rihexact test or the chi
square test, as deemed appropriate.

In paper Il m@tient charateristics were summarized descriptively.
Continuous outcome vatbites were compared between the thgreups
(APE, ELAPE and Onot stated@)ng analysis of variance, and categorical
data were compared between the thlgemups using the KruskalWallis teg.

To assess the primary objectioé comparingAPE and ELAPE with reayd

to local recurrence within thregears, odds ratios were estimated by logistic
regression. Relative rislwas estimated by Poisson regression with robust
error variance$* because of failure of convergence of the-bigomial
model. The results are presented with corrasfing 95% confidence
intervals.

There were a number of variables regarded as potential confounders; i.e. co
varying with and influencindocal recurrencand groupsWhen quantifying

the groupspecific risk of locatecurrence, identifying and adjusting tbese
variables wasieeded.The pool of variables was clinical and pathology T
and Nstage, CRMsex, ASA, bleeding (mean centred), operating time (mean
cented), perioperative perforation, and preoperative tadrmapy. Variables

not included were(presentedin preoperative multidisciplinary therapy
conferenc@ asthis was at such high levels in all thrgeoups that further
distinction of the influence of this variable was impossible, and tmhewel

from theanal verge. Tumour level was not included as data suggested that
this factor was part of the rationale for choice of ELAPE versus APE. For
each variable considered potentially clinically relevant and represented in
both surgical techniques, a regsion mdel including operativeechnique

was fit. A bivariate logistic regression was performed and possible
confounding variables with a-yalue > 0.20 were removed and all other
variables were incorporated into a multivariate logistic regression model. For
calaulation of the Relative Risk (RR) a Poisson regression model was used.
Odds Ratios (OR) and RR with confidence intervals were calculated for the
included covariates (table 2). Included covariates werestade, pNstage,
bleeding (500 ml) and intraoperake perforation- as well as operating
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technique. The same multivariate logistic regression was performed for the
subgroup of patients with tumour level "4 cm from anal velyeKaplan
Meier plot on overall survival for the three groups was computed.

In paper IV the association between QoL, negative intrusive thoughts and
type of surgery was analysed with a proportional odds mMBderhe
proportional odds assumpti was evaluated and results w@mesented as
odds ratios with 95% confidence intervals. To account for potentially
influential variables, these were adjusted for by including them as covariates
in the modé The variables weresex age ASA-classification (-1V), tumour
stage(T0-T4), comorbidity (characterized as OYesO if a patient reported at
least one of cardiovascular disease, diabetes or chronic obstructive
pulmonary diseasejparital statugpartner, no partner) aretlucational status
(university education, no university education). For sensitivity assessment,
results for unadjusted analyses are presented as well.

The comparison with the normative data was made using a Celgtanate}

Haengel test of general associati®h stratified by age group {89, 5059,
60-69, 7079, 80 years). The analysaegere made for each sex separately.
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4 RESULTS

4.1 Paperl

The first paper of the thesis is theethodologichdescription of the APER
study. The APERstudy is thebasis of the studies in the following three
papers as well as in further studi®s our researclgroup The method are
described in detail as well #we statistical power calculatiqguerformed prior
to initiating the study. There are no clinical results presented in the paper.

4.2 Paperll

The shorterm resultsb i.e. results bsed on the pathology report,
perioperative data ardhta on complications from the regisBwre presented
in this paper.

The initial analysis of the @pative notes revealed tha%% of the patients in

the cohort from the registry (n=1319) could be clifisd as having been
operated witheither standard APEn=209) or ELAPE (n=518) In the
remaining 45%(n=592)of the paténts in thecohort,the operative notes did

not allow for a definitive classification to either of those groups &mely
wereclassified as Onot statedO. The epidemiological data on all three groups
were presented and the further analysis and presentation of results were
focused on the two surgically/anatomicatlgfined groups (i.e. standard APE

and ELAPE).

The epidemiological data shed that the three groupgsgnificantly differed
with regard tomean tumour heighas measured with rigid rectoscopy at the
distal border of the tumourThe ELAPEgroup had a mean tumour height of
3.4 cm from anal verge whereas the Agtfup had a mean iyht of 6.6 cm
and the Onot statedfdup was in between with 4.1 cm. The mean height for
the entire cohort (n=1319) was 4.2 cm. Tpetients in the ELAPHgroup
were significantly younger (mediarage 68yeard than the APEpatients
(median 7lyear3. There were also a significantly higher proportion of
patients who had received preoperative RT and CRT in the Etgk&®lp as
compared to the APEroup. There wer@o differences impT- or pN-stage
between groups.

The shortterm oncological outcomef ELAPE did not result in fewer
intraoperéive perforations or involvedircumferential resection mgins as

31



Abdominoperineal excision for distal rectal carcinoma

compared withstandard RE. There wasno difference between groups in
shortterm (30 days) mortality (APE: 2.4%, ELAPE: 2.1%) or overall
complication rate (APE41.6%, ELAPE: 45.9%).

When a subgroupnalysis for the group of patients with the most distal
tumours("4 cm) was performed, thenfraoperative perforations wefeund

to be significantly fewer for paents operated with ELAPENn=28/386
compared withstandard APEn=9/58) (p=0.043) and for earlypT0Br2) T-
stages (ELAPE: n=3/1AZrsus APE: n=6/75=0.025).

There were significantly more pesperative wound infections aft&lL APE
(n=106, 20.4 %) than afteAPE (n=25, 12.0 %;p=0.011). The wound
infections relate to all wound locations, not only the peal wound, since
the distinction between the two was not madehe registry.

4.3 Paper lll

The primary en¢point of the APERstudy is presented in this papéhe
cohort of patients is the sameiagaper Il. The results wemmpleted with
the 3years local recurrence data from the registyalysis of oveall
survival was also performed.

Results regardingotal recurrencewere calculatedfor al three groups
(ELAPE, standard APE and Onot stated@g median followup was for all
patients 3.4 yearsand for separate groups: APB:4 years; ELAPE 3.4

years; not sted: 3.4years.

The local recurrence rate waignificantly higher for ELAPE compared with
APE (OR: 4.10 95% CI:1.1914.08 (table 2) Perioperative perforation was
also associated with an increased riskoohl recurrence (RR3.62 95% ClI:
2.136.13) (table 3) There was no difference in-y&ar overallsurvival
between APE and ELAPE (figurd.4n the subgroup of patients with very
low tumours ("4 cm from the anal verge), no significant difference in the
local recurrence rate could be observed.
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Table 2 Multivariate Logistic RegressiomAnalyseswith Odds Ratios
indicating the Risk of Local Recurrence All patients,n=1319

Variable P Oddsratio (95% CI)
Group 0.076 -
APE - Referene
ELAPE 0.025 4.10(1.19- 14.08)
Not Stated 0.082 3.06(0.87-10.78)
PathologyN-stage 0.011 -
0 - Referene
1 0.206 1.63(0.76- 3.48)
2 0.003 2.98(1.47-6.04)
Clinical T-stage 0.091 -
1-2 Referene
0 N/A®
3 0.244 1.83(0.66- 5.09)
4 0.022 3.33(1.19-9.29)
Bleeding(500mL) 0.043 1.09(1.00- 1.19)
Perioperative perforation <0.001 -
No - Referene
Yes <0.001 5.30(2.64- 10.66)

1 Norecurrenceén Clinical T-stage0, thereforenot possibleto calculate
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Table 3 Multivariate'Poisson Regression Analyses with
RelativeRisk of local recurrence.All patients,n= 1319

Variable P Relative Risk(95% CI)
Group 0.006 -
APE - Referene
ELAPE 0.007 4.91(1.53-15.74)
Not Stated 0.087 2.82(0.86-9.26)
Perioperativeperforation <0.001 -
No - Referene
Yes <0.001 3.62(2.13-6.13)

! Additional covariatesare PathologyN -
stageClinical T-stage, NodesandBleeding

o |
. S — APE
= -—-- ELAPE
€« ol 000 R | Not Stated
§ 37
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27 ELAPE
55 Not Stated

Figure 4: Kaplan-Meier plots of overall survival for thiaree groups
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4.4 Paper IV

In this paper we investigatethe association between negative intrusive
thoughts and quality of life three years after surgery for rectal cancer. Quality
of life wasalso assesséd relation totype of surgery performeei.e. APE or
ELAPE. Overall quality of life in this cohort of patients was furthermore
compared to that of a normative Swedish population.

The results are based data fromfirstly the selfreported symptoms from

the 596 patients alive and willing to answer thedgtspecific questionnaire
three years after the operation and the data are from the 545 patients that
returned the questionnaifdhe APERpopulation)and secondlyhe randomly
selected normative Swedish population consisting of 1078 persons collected
andused as a reference population

In the APER population 6% were male. The median age was 69 years at the
time of filling out the questionnaire and did not differ between men and
women. Moremen lived in a relationship (83%s.59% p=0,04). There were

no differences regarding level of education or retirement. There were no
differences between the sexes regarding -reglbrted comorbidity or
depression.

Quiality of life was assessed using two differer@asurementverall QoL

was assessed by apdint Likert scale anchored by 0 (figoL) and 6 (best
possible QoL)High and low QoL was dichotomized with a cut off between 4
and 5 in the Lickert scal&lobal healthrelated QoL was assessed by using
the EQ5D visual analogue scale (VABpth these instrumentgere part of

the questionnaire and reported by the patients in the APER study and the
persons in the normative population.

56% of the APER population reported a lowesall quality of life withno
significant difference between the sexes. In men thereanvdi$ference in
overall QoL, with alargerdegree of lgh QoL in the normative population
(48%) compared with thenale APER population (39%The median score
for global healtirelated QoL (EQ5D VAS) was 80 for both sexes and in both
cohorts.

Negative intusive thoghts were reported by 52% of women and by 4%%
men (p = 0,04 19% of the females and 15 % of thwmles respectively,
reportedsuch thoughts at least onaeeHly three years after their surgdior

rectal cancer. 9%regarded the severity of thatrusive thoughts as
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OModerately intrusiveO or OVery intrusiveO vathifierence between the
sexes.

After three years there was no difference in alleé@oL after standard APE
compared with extralevator APEegative intrusive thoughts, as such, as
well as thé& frequency andseverity vas significantly associated with a low
overall QoL.

Selfreported depression was associated wéative intrusive thoughts, OR
(95% Cl}y 3.61(1.99; 6.56).
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5 DISCUSSION

To study the outcom® both short and longterm B of a new operative
technique like ELAPE in comparison toa gold standardlike APE a
prospective, randomised, controlled stwayuld be the preferreshethod- as
has been dondor example for laparoscopic colonand rectal cancer
surgery®'® A multicentre study would have been needéu achieve a
rapid, and - based on a calculationf sample size needed in relation to the
chosen primary outcome measure for coeparisorbadequate inclusion of
patientsIn doing so one would be able to minimize selection bias, control for
confounding factors and have a good possibilityhtove control of the
surgeryperformed. The inherent problems of sacttudy with regard toisk

of prolongedinclusion time andpoor external validity would haveébeen
addressedndas far as possiblmet.

When the early reports on ELAPE exe published anddiscussed in the
Swedish colorectal societguch a study was proposed by a member of our
research group (SSOR@)ut t was at that time considered unnecesseany
perhapseven unethicakince the data in the publishedse sees b despite

the fact thatthe endpointsn the studies werenly surrogate markers/risk
factors for a bad oncological outcome, not local recurrendedicated
superior results for ELAPE. The discussion was instead focused on another
important topicrelated to ELAPEi.e. the bestvay of closing the perineal
defect. A randomised multicentre studp the NEAPEstudy B was
subsequently initiatedby HaapamSki and colleagues at the UmeE
University*°. The study is stiltecruiting patients.

Since a randomisedaontrolled, national Swediststudy therefog would be
nearly impossible to condyaithe studydesigns had to be considerdte

aim was to test andfind support forthe proposedsuperia oncological
outcome of ELAPE in comparison to standard ARiEh regard to hareend
oncological outcome, i.e. local recurrefreges. The Swedish Colorectal
Cancer registry with data on virtually all Swedish patients operated for colo
rectal @ancer wasonsideredh good basis for thistudy.

Data on patients is reported the registry from all Swedish hospitals
performing colerectal cancer surgery. The regional cancer centres (RCC«s)
meticulously monitor the registration andntact hospitals in the region
when the reports are lacking. The data on operated patientsoapegively
registered so even if such study had to be a retrospective syu® by
definition Bthe data wereollected prospectively. The cohort collected from
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the registry is thua national cohort and the problem of selection of patients
from different centresb with- or without special expertisB is avoided.A
national cohort reflects the practice at the time, without selectionThiasis

true for the performed surgery but also for the pathology refdre
pathological analysiwas performed byifferent pathologists from different
centres all over Sweden and not only by colorectal pathological subspecialists
as in other studié® To what degree thiwill have an effect on the pathology
report standard is not cleabut from a methodologicalpoint of view it
contributes to the external validity of the results.

However a selection biamay still be present, if surgeons and censekect
patients for one or the other methfmd one or more reasonfn a registy
such as SCRCR a @@ number of clinical details@reported, ando some
extent it ispossible to adjust for selectiomhenanalysingthe data.

A possible issuaith retrospective studies fisissing data. Standardisation of
the data collected may differ between cest@nd physicians. The data in
SCRCRIis however standardigl as to what datés registered and also how it
is reported to the registryThe SCRCRis well established, hassaable and
high coverge and is validated and updated® ' In the registry,
registrationof complicationsjncluding reoperationsare standardisedbut in
the timdrame of our study, complications were not graded according to the
ClavienDindo classification* *** b as they are todaySince the Clavien
Dindo classification system now is the stardlin most surgical studigke
lack of it in this study is a weaknesBhe complication ates mayalso be
underreportett* and this must be taken into account wiRrrpreting results
on complicationsout the total incidence of complications is similar to other
prospective studies ofectal cancer surgeldf and there is no reason to
believe tha there is a reporting bias to the registiye to operating
technique.

There areother weaknesses with a retrospective stiielsign. Athoughthe
coveragen SCRCRIs high, there will always beissing datan aregistry.

For most variables reported, trete of missing data is small and ranges from

0 to 3 % for the variables used in our studth the exception of the
numeical value (in mm) for the CRM. For this varialtleere wasmissing

data in 20 % of cases, whereas the data on involvement of thve aid
intraoperative perforation were missing in less than 1 %. Our results
regarding the absolute value of the CRM must therefore be interpreted with
caution. The finding of a tendency towards a wider CRM in millimetres for
the traditional APEgroup mayalso be due to a larger number of tumours
situated higher in the rectum in the traditional APE group that consequently

38



Mattias Prytz

have a wider distance to the CRMsincesome would becovered by the
mesorectum.

A major strengthof our study is the cohort size and flaet that the patients
included comprises 94 % of all Swedish patients operated with any kind of
APE in the years 20@R009. Thus, the results are populatlmsed.
Selection bias is not a probleim this aspectThis is a strength copared

with otherreports comprisingselected case seriaad historical controls with
oncological resultshat differssignificantly when compared to more recent
oncological outcomeAnother advantage with a registibpased study is that it
gives the opportunity to have a large cohort of patients collected in a time
frame thatis both short and receravoidingcomparisons withhistorical data

asin previous studies "* %,

The 3-year followrup time has the advantage of a more rapid presentation of
results, butthe limitation of a relatively low event rate aral lack oflong-
termoutcome(5-10 years) witharisk of missing differencebetween groups

in the long-term. According to recent reports &year followup should be
sufficient to identify the majoity of local recurrences and elinically
relevant followup timeé***'®. The overall survival datpresented in our study
(paper lll)is also longethan three yearsince alicause mortality dateould

be collectedat a later timgpointthan3-yearlocal recurrence

A major concern with thestudy design is ofourse thathe registry does not
include details of the perineal part of the operation, and therefetails of

this had to be ctdcted separatelyOur pretrred method to obtain this
information was by collection of the primary data from the operative notes
from the respective hospitalen each and every one of the included patients.
This Dbesideghe drawback obeing a time and effortconsuming metho®
gavefirst hand data on the operations perforraed was done in order to fill
this vital lack of data fysm the registry. The analysiaf all chars was
performed byindividuals with expert knowledge abaiie surgery performed
Di.e. colorectalsurgeonsThe extraction of data from the operative notes had
to be standardised and based on surgical/anatomical descriptions rather than
(well-formed interpretations of the notes. A CRF was constructed and the
interpretationof the notes was performeds( described earlier, see Opatients
and methodsO) forming a conclusion vafiether a standard APE or an
ELAPE had been performetinfortunately, it became evident that Swedish
surgeons often did not includmatomicaletails of the perineal dissection in
thdr operative notesandin a large portion of patienfscould not be decided

as towhich procedurédnad been performed. It is worth mentioning that at this
stage nothingvas known of the sherbr longterm outcome for the patients
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However despite th&arge portion of patients in the Onot statgap the
remaining sample is dtilarge and by setting such OhardO criteria for
definition the patients of the ELARPEand standard APgroups can be
regarded as well definedlso the Onot statedf@oup can b analyseds a
separate groufas was done in paper Ill) to see if there are mdifferences

in demographicsor in oncological outcome. There is® based on the
oncological results for the Onot statgd@up- no indication that the lack of
detail regarthg the description of the perineal dissection performednis
indication of poor surgery.

Another kind of outcomedata that we we interested in andvhich the
registry B thus farbdid not have, wapatientreported health related QeL
data.To obtain véid knowledge on patien@experienceand how the surgery

had impacted on their daily lives, a studgpecific questionnaire was
developed within our research group. The aim with the questionnaire was to
be able tayain knowledge of hothe patients themselvagporedtheir loss

of function and effeston QoL, not only a few morits, but rather three years
after the surgery. The questionnaire was developed according to known
standards and based on the development and knowledge of similar
questionnaire’”® '’ for other malignant tumoursn the pelvis. The
guestionnaie covers several aspects of the heathted QoL following the
treatmentfor rectal cancéf and the parts of the questionnaire usedhis
thesis are those concerniagerall quality of life and the presence or absence
of negative intrusive thoughtsOther aspects eve also covered in the
questionnaire and are thecfs ofprevious'® andcominganalysesThe data
obtained from the patients alive threeays after the surgery is a major
strength in this study since it adds knowledge that hapmatiously been
available.As the data represents a national cohort of patients it is valid not
exclusively for a small group of patients in highly specialisetyisal
centres. The generalizability of this data should therefor also be considered
high.

The study was not a randomised study in desidmt based ona national
cohort of patients prospectively registered but reopely analysed. There

are consequentlgifferences between the groupge found thaELAPE was
already videly spread among Swedish geons in 2002009, andit was

used with some discriminatianostly for rectal cancers situated low very

low in therectum.This was evident in thelemographiaatg where the mean
tumour height for ELAPE was 3.4 cm from the anal verge as compared to the
6.6 cm for the standard APE group. The mean height in the Onot statedO
groupwas between the twahus indicating thiit probablywas a mix ofboth

APE and ELAPEoperated patients. Theveere also differences between the
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two groups with regard to preapgive adjuvant radio and
chemoradiotherapy moreommonly administrated t&LAPE-patients.This
selective use nuethe comparisorof outcomedetween the ELAPEand the
standard APEjroupmoredemanding

To address th problem of differences between groups werformed a
subgroupanalysis of the cohort of patients with the most distaidurs ("4

cm from anal vergen= 44). In the study ofoncologicaland clinicalshort

term endpoirg (paper Il)there was a significantly lower rate of intraoperative
perforationsfor the ELAPE group as compared to standard APE. This could
representn indication that ELAPE is really suparto APE in this regar®

as proposed in previous studids should be kept in mind thaubgroup
analy®s have the inherentdisadvantageof smaller sample sizaith the risk

of making both type | (false positive) and type Il (false negative) statistic
errorswheninterpreting the results.

In the further analyss of local recurrence rates atitk relationship between
negative intrusive thoughts and overall quality of life stetistical analyss

was strengthened andomplemented with multivariate reggsion models in
order to conpensatdor differences between groupsgarding confounding
factors. The multivariate adjustments for possible confounders assds
standard in epidemiological reseamtne with the purpose of adjusting for
differences beteen the groupshus making outcomedifferences between
groups more likely to be trueOdds ratiosand relative risks of local
recurrence (both for the entire cohort and the subgroup of distal tumours)
were calculated. In these analyses, previously known risk factors for local
recurrence i.e. intraoperative perforations, more advanesthgeé and
lymph-nodestagewas found to be associated with increased risk of local
recurrence, but also ELAPE itseifhen compared totandard APEFor the
subgroup of the more distal tumours ELAPE was not associated with higher
risk for local recurrence but no advantage could be shown with ELAPE
compared to standard APE as was the printgyothesis of the studyhis
despite the fact that the ELARHoup had received significantly more
neoadjuvant treatment.

Due to the exploratory and hypothesis generating nature of the objectives, no
correction for multiple hypothesis testing were madence, the familywise
error rate, i.e. the probability of making at least one type | error, were
inflated. Consequently, statistical results should be interpreted cautiously
with this in mind and not be considered as conclusive evidence.
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In this study ofa large nationathree years cohort of patients operatdth
APE, we found no reduction iny&ar local recurrence for ELAPE compared
with standard APEn a multivariate analysisThere was no difference ir 3
year overall survivabetween the groupsHowever, risk factors for local
recurrence were more advanced tumso (T4 and N2stages) and
intraoperative perforation.

The resultsconfirmed previous findings of a higher rate of pagierative
infectious complications in the ELAPE gimas compared toatdard APE>

071 but we found no differeces between the groups regagdreoperation

rate, oveall complication rate or sheterm mortality. Data on wouncklated
infections were retrieved from the national registry, and the rates that we
found were not in th higher rages among the reported. We hawavever

no reason to suspect that there was any bias in reporting complications to the
Swedish Colorectal Cancer Registry bedwehe two types of procedures.
future studies based on data from the SCRGRplenentary data from the
Swedish National Patient Regigtcould be collected to further validate the
data on reoperations from the SCRCR.

A maijority of the patients received neoadjuvant treatmenttl@iadvas more
common among the patients in the ELAPE ugro which could have
influenced long-term results. Whether this, to some extent, can explain the
increased wond infection rate is not possible to elucidate in this study

The finding of fewer intraoperative perforations for the early tumoursgpTO
pT2) with ELAPE is perhaps somewhat unexpected and shbube
mentioned. A plausible Ippthesis is that sugberforations to some extent is
due to dowsstaging of tumars from neoadjuvant radiotley which
renders theumours more fragile and sustigte to perfoations when the
dissection is performed in closécinity to the tumour as in traditional APE.

Other variables that can be attributed to the results of both standard APE and
ELAPE are surgeorelated vaables such as level of trainingpast
experienceand annual numberd operations performedSwedish colorectal
surgeons at the timg0072009) could be considered well trained due to
well-attended workshops TME surgery. However, ithe studytherewere

both highcaseload centres and centres tleafgymed less than 10 procedures
annually, so theravas definitely a variation in surgeaelated competence.
Since the study included all Swedish patients and centres during these years,
the resultsare valid on a nationabasis. Whethen large proportio of the
patients operated with ELAPE wagperatedn high caseload centres oot,
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has not been the focus of our studies so far. This is however a valid question
andcaseload ishe focus ofesearch both nationally and internation&fiy*.

Another factor that might influence results igigat positioning during the
perineal part of the operation; however, since the proneljaif& position

was used in the majority of the ELAPE procedures and the lithotomy position
in the majority of the traditional APE procedures, the influence of dutf

was not possible to analyse.

Since the start of our study in February 2011 frtistudies has been
performedinternationally. Tvo large- nationally based studies from Spain
and Denmark have beerompleted and publisheddrtiz and colleagues
presenéd propensity scorenatched data on 914 patients from 2083
with no advantage for ELAPE on intraoperative perforations, involved CRM,
local recurrence or mortali§%. Their studywas a prospective large,
multicente study. Not all Spanish cends tookpart and this may represent a
possible selection bias. In the nationwide datalsasdy by Klein and
colleagues from Denmark on all Danish patidatspatients from the Danish
Colorectal Cancer Group's prospectiveataisepperated with standard APE
or ELAPE (n=554) from 2009 to August 2012 themsas no benefit for
ELAPE regarding shoitierm oncological outcome i.e. involved ®Rin
multivariate analysis compared with standard APEtrabperative
perforations ofocal recurrence ratesere not reported in thatudy?®

In 2015a systematic review and metaalysis by Zhou and colleaguess
published. The study includethe two studie$®® '** and also thetady in
paper Il of this thesis as well asher studies. Tik metaanalysisdid not find

a statisttally significant advantagef ELAPE over conventional APE in
terms of CRM positivity There was dorderlinerisk redudion for ELAPE
regardingintra-operative bowel perfotmn with a RR of0.61 ©@5% CI:
0.3701.00).

The cumulativeresultson the different outcome variables of the ELAPE
techniqueare still not overwhelming within the krature There isa clear
indication in several studies that ELAPRas associated with increased
morbidity in relation to the perineal surgical wound, and since this is well in
line with what could be expected this is likely to be a tlisadvantagef

this techniqué- *® The principle hypothesis that ELAPE by decreasing
intraoperative perforations and involved CRM can decrease the rates of local
recurrence has however not been shown with cldritpur study of Swedish
patients operated with standard APE and ELAPE, ELAPE did not single

as a factor associated with a decreased risk for 3years local recurrence, rather
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the opposite. Theravas of course the problem with differences between
groups with regard to tumour height and the large group of Onot staigdO
the subgroums well & the multivariate regressiesnalyses i not indicate
superior outcome for the ELAP§oup as was hypothesisethther that
ELAPE itselfwas a risk factor for local recurrenc€he finding of decreased
rate of intraoperative perforations for the distalntours with ELAPE is
interesting but since it is a subgreapalysis this findingshould be
interpretedwith caution. The multivariate analysis of local recurrence in this
subgroup @ not revealdecreased local recurrence ragdter ELAPE and
againintempreting the resultsvith caution is advisabldt should be kept in
mind that our study lacked the statistical power in this regdide other two
large nationdy basedstudies by Orti#? and Klein®® do not supporthe
superiority of ELAPE for the most distaimours("4 cm from anal verge)
but we still lack aandomised studgf sufficient sample size to give further
information.Our resultdo notsupport the use of ELAPE as standard surgery
for all distalrectal cancer.

As was previously known, intraoperative perforation of the specimen is an
independent and important risk factor for local recurrence. In our shisly
was againevident and a plasible suggestion isha the ELAPEconcept has

a placein the surgery of distal rectal tumours where the preoperative MRI
reveab tumour growth on the levator muscle antienthere ishigh risk of
intraoperative perforation due to local tumamowth at what will otherwise

(i.e. with standard APE) become the resection margin.
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6 CONCLUSION

Summary of results
ELAPE was used in a largeoportion of patients operated for distal rectal
cancer in Sweden 202009

Patients operated with ELAPE had significantly enalistal tumours than
patients operated with standard APE.

There was no difference between standard APE and ELAPE with regard to
mortality, overall complications or reoperations within 30 days after surgery.

There were significantly more postoperative weuimfections following
ELAPE than standard APE.

There were no differences between standard APE and ELAPE with regard to
intraoperative perforations or involved CRM for the entire groups.

For the subgroup of the most distal tumours ("4 cm from anal vehge®
were fewer intraoperative perftions with ELAPE.

The relative risk for local recurrence in a multivariate analysis was
significantly higher for patients operated with ELAPE than standard APE.

The relative risk for local recurrence in a multivariate analysis for the
subgroup of the most distal tumours ("4 cm from anal verge) was not
significantly different between patients operated with ELAPE and standard
APE.

A large proportion of survivors &t abdominoperineal excision for rectal
cancer have a quality of life comparable to a normative population, however
many suffer from a symptom of stress, negative intrusive thoughts, which
significantly decrease overall quality of life.

General conclusion
ELAPE should not be suggested as a standard operative technique for all low
rectal cancers.

ELAPE should be used with discretion, primarily for cases with high risk of
intra operative perforationwhichis amajor risk factor for local recurrence.
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7/ FUTURE PERSPECTIVES

Clearly tere is still need for improvement of the treatment of rectal cancer in
general, and distal rectal canceparticular.

In order to improve resultsinderstanihg the underlyingpathophysiological

and biologicalproperties ofthe disease, is crucial. Hopefully further studies
on the genetic and biological mechanisms of the disease itself and the
pathways of local recurrence will help improve the treatment. This is of
course within asomewhatdifferent field of research thandhfocus of this
thesis but there will always be the need of cooperatidwdsn the clinical
(macro)and the more basal/cellular (micro) research fields.

When it comes to the surgical aspects of the treatment of distal rectal cancer
there is stillmuch more to do. Largescale high-quality, registrybased
studies or even better randomised controlled trialsnefv treatment
modalitieswill always be neededStudies on radical chemoradiotherapy to
achieve complete tumour response aregoing and knowledge fo both
oncological results and patient repartdRQL are importanto evaluate the
placeof this nonsurgical modality in the treatment of rectal candéren it
comes to ELAPEthe results on local recurrence rates from the Danish
registrywill be of greatinterest and it would be valuable to also hafiam
results m the most distal tumours with and without tumour engagement of
the levator muscle to conclude whether these patients gain from ELAPE or if
ELAPE mainly contributes with morbidity.

To understad the functional and HRQL aspects of rectal cancer treatment
much more knowledgis needed. It i€lear that all treatmentdffect patients«
quality of life. This outcome must be further studied in order to better
understand the mechanisms and minimibe negative impact of the
treatment. This is even more importam@an era ofbetteroncological results
and improeddiseasdreelong-termsurvival.

An aspect of the functional outcome not much studied soafarthe
functional losses following surgery.Studies on how to address and treat
functional deficienes following surgery are much neededn order to
improve the HRQL. Improveddatmentof for examplesexual and uiary
morbidity areperhaps the first to be addressadce tkesearecommon and
are known to have great impact on patisQoL.
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