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A Meta-Analysis of the Prevalence of L ow Anterior Resection Syndrome

and Systematic Review of Risk Factors

Abstract

Aim:

To summarize the reported prevalence and caudatters of Low Anterior Resection

Syndrome (LARS) from studies using the LARS score.

Methods:

A systematic literature search was conducted uRButgned, Ovid Medline and the Cochrane
database. Searches were performed using a compimdtMeSH (medical subject

headings) terms and key terms. Studies that weteded used the LARS score as their
primary collection tool. Studies were excludedahifial surgery was not for malignancy, or if
the majority of LARS scores were from patients lss 1 year post initial surgery or

closure of diverting stoma. Eligible studies wassessed with a validated quality assessment
tool prior to performing a meta-analysis with qtyaéffects model. Meta-analysis was
conducted with prevalence estimates that had lvaasformed using the double arcsine

method.



Results:

Following the initial search and implementationraflusion and exclusion criteria 11 studies
were deemed suitable for meta-analysis. Meta-aisalgund the estimated prevalence of
major LARS was 41% (95% CI 34 -48). Where possihitier studies were excluded, the
prevalence was 42% (95%CI 35-48). Radiotherapytamdbur height were the most
consistently assessed variables, both showing sistent negative effect on bowel function.
Defunctioning ileostomy was found to have a stédyagnificant negative impact on bowel
function in 4 of 11 studies. The majority of refgal data has been produced by groups in
Denmark and the United Kingdom with limited numbgrsvided by other locations.
Available data is heterogenous with some variah#&sng limited numbers, making meta-

analysis of certain variables impossible.

Conclusions:

There is significant prevalence of Low Anterior Betson Syndrome following oncological

rectal resection. A low anastomotic height ordmgiof radiotherapy are major risk factors.
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1.0 Introduction

With advances in both surgical and adjuvant thesafor rectal cancer, there has been a
decrease in the need for abdominoperineal rese@ieR) with end colostomy. Low
anterior resection with total mesorectal excisibAR) has become the preferred procedure
in suitable patients with mid and low rectal casdéy. Since then, there has been an
increasing recognition of Low Anterior Resectiom8sgome (LARS) which includes
incontinence (to faeces and flatus), urgency, daea, frequency and clustering of bowel
motions [2,3].Patients with LARS often experience either a patté urgency and
incontinence, or alternately, obstructed defecatiBawel adaptation is thought to occur by
about 18 months post operatively, after which Hertimprovement with time is unlikely.
This means that a proportion of patients will hpeemanent alteration in bowel function [4].
Furthermore, with improved oncological outcomedsigoas with persistent symptoms will be

burdened with LARS into the longer term [5].

Currently the volume of literature related to ttapic is growing, however there is variability
of results with estimated prevalence of LARS ragdnom 19-52% [6]. This variability

arises from the use of different data collectiamigavhich are not specific to LARS and often
don’t take quality of life into consideration. Bhias made any meta-analysis impossible.
The LARS score was thus developed to allow forcihieection of comparable data which
would make such a meta-analysis possible and ddo@ more accurate estimation of the
true prevalence of LARS. The LARS score is a \&bd a scoring system which is specific

for LAR patients, taking into account impact of lawlysfunction on overall quality of life
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[3]. The aim of this review was to collate and analysieliphed data on the prevalence of
LARS after 1 year follow-up, from studies whichlige the LARS score. Risk factors

continuing to contribute to LARS after 1 year walgo assessed.

2.0 Methods

2.1 Database sear ch

The work has been reported in line with PRISMA {@med Reporting Items for Systematic
Reviews and Meta-Analyses) Guidelindssystematic literature search was conducted using
Pubmed, Ovid Medline and the Cochrane databasgatérange for the search was set from
2005 to March 2017. Searches were performed wscmnbination of MeSH (medical

subject headings) terms and key terms; “Low anteesection syndrome”, “Anterior
Resection syndrome”, “Prevalence”, “Incidence”, W function”, “Quality of life” and

“Low anterior resection syndrome score”. All aei collected by the initial search were
screened by title and abstract to determine teégvance to the study questions. The
bibliographies of relevant articles were crossnezieed with the list of journals from the

initial search and appropriate articles were subsetly added.

2.2 Study selection

The criteria for inclusion were primary studies efhassessed prevalence of LARS using
LARS score (Figure 2.) and assessed causativersadctioLAR. Only articles written in
English were included. Studies that were exclujleded alternate data collection tools, ii)
majority of functional data was from patients wpiiriod of intestinal continuity of less than

12 months, iii) patients with non-malignant indicatfor surgery.



2.3 Quality Assessment

Prior to meta-analysis the selected articles wetieally assessed and scored using the

validated quality assessment QUADAS? tool, indepetlgl by 2 authors.

2.4 Data Extraction

The measured prevalence (percentage of populdtidies) of major, minor and no LARS
was recorded for each study along with patient rersibnd follow up period (see Table 1).
Variables for systematic review including patieatiables (age and gender) and treatment
variables (anastomotic height, neoadjuvant therapgstomotic technique, anastomotic leak

and duration of ileostomy) were recorded for edalys see (Tables 2 & 3).

3.0 Statistical Analysis

Meta-analysis was undertaken using a quality-e$fewddel (factoring the QUADAS2
scores) conducted using the MetaXL (www. epigean)cadd-in for Microsoft Excel. A
pooled prevalence figure was calculated with 95%/@# conducted the meta-analysis with
prevalence estimates that had been transformed tierdouble arcsine method. This
method avoids variance moving towards zero asultrefsestimate of the study tending

towards 0% or 100%, resulting in over estimatiomvefght in meta-analysis.

4.0 Results



The initial search identified 271 articles. Segife |., for selection of final 11 articles.

Using the quality assessment tool (QUADAS?2) thekstlidies were found to be good
quality however there were a number of weaknessiiterl. Although anastomotic height is
one of the main recognised causative factors foR8Ait was only clearly described in the
data of 3 studies [6-8]. Although all studies gxtck used LARS score data only for patients
who had intestinal continuity for 12months or mdhes exact time from initial surgery to
closure of diverting stoma was poorly describethenmajority of studies [3,7,9-12]. The
form of anastomotic technique or pouch formatiomengdso often not described in a large
proportion of studies [1,3,9,11,13]. Of the 11ds#s which met inclusion criteria, 5 were
from Denmark or the United Kingdom (see Table 17 [@-11]. The largest patient numbers

were also from these studies.

The prevalence of LARS from these studies is sh@®&a Table 1), where major LARS has
significant impact and minor and no LARS is conegdetogether as they both have minimal
impact on quality of life. All studies, with theeeption of 2[1,14] had a mean or median
follow up of 18months or greater (see Table 1)aating that the majority of questionnaire
results would represent mid to long term functiolhofving surgery. The prevalence ranged
widely from 17.8%-56%, and the estimated meta-aisiyrevalence using the quality effect
model was 41% (95% CI 34 -48§=D1%, p<0.001(Table 4, Figure 3). The study wlit t
lowest rate of major LARS excluded patients who tiladergone neoadjuvant therapy which
has likely played a major role in the low rate ddjar LARS identified [6]. The same study
also had a larger percentage of patients with tusiouthe upper rectum (>40%) which
again is known to reduce the risk of developingsicant bowel disturbance post-
operatively. Hughes et al included patients whd had restoration of intestinal continuity
for a minimum of only 12weeks, which is a potentgadson for their higher rate of LARS

being 56% as it is unlike that at this stage thesald be any meaningful bowel adaptation.



The same study also identified that the patientgreho completed the survey <lyr

following surgery had a mean LARS score of 35.5 garad to 27.9 which was the mean
score found in patients completing the questiomnadtyears following surgery. However, a
sensitivityanalysis which excluded the studies kidfat and Hughes found a prevalence rate

of 42% (95%CI 35-48), which is close to the origimeta-analysis prevalence.

Radiotherapy used in either a neoadjuvant or adjsetting was the most consistently
assessed variable affecting major LARS (see Tabda@ reached statistical significance in 8
of the studies [1,3,6-9,12,13]. Hughes et al deiteed that neoadjuvant radiotherapy in their
population was associated with a 20-fold increastdof developing major LARS (p<0.01).
Bondeven et al also found that neoadjuvant theveas/an independent risk factor for the
development of major LARS (OR:3.5, 95% CI) eventwvatlarger remnant rectum. Ekkarat
et al who excluded patients that had neoadjuvanagy identified through multivariate
analysis that post-operative radiotherapy was tiye factor associated with major LARS

(OR 6.5, 95% Cl;2.37-18.15).

Tumour height and hence anastomotic level wasebersl most commonly analysed
variable and 6 of the 11 studies identified a stigglly significant association with the
development of major LARS [3,7-9,12,13]. Bondeetml used post-operative Magnetic
Resonance Imaging (MRI) to accurately assess reinamastomotic height to assess its
impact of post-operative bowel function. They fouhdt the risk of major LARS was 46% in
patients with less than 4cm of remnant rectum pvesecompared to 10% in patients with
>4cm of remnant rectum preserved (P<0.0001). Ekletral correlated anastomotic level
with major LARS to demonstrate that an anastontatight of <5cm had a higher risk of

developing major LARS. Bregendahl et al found {HsliE was an independent risk factor



for the development of major LARS (adjusted ORnf@jor LARS 2.31, CI;1.69-3.16) due to

a likely associated low anastomotic height.

Four studies (see Table 3) looked at the preseinae ileostomy and duration prior to
reversal, all of which found an increased risk @fjon LARS [1,6,12,13]. Having a
complication of an anastomosis, in particular aastmmotic leak, was consistently found to
be associated with increased risk of developin@mapRS and in one study this association
was found to be significant [8]. Age was foundhve a statistically significant association
with the development of major LARS in only one stfii3]. Sturiale et al found that having
surgery at 70 years increased the risk of devetppiajor LARS whilst most other studies
found a trend in younger patients (<65 or 70yo)developing major LARS which did not
reach statistical significance [1,6,8,10-12,14pnN of these studies found any significant or

consistent association between gender and theapeueht of LARS.

5.0 Discussion

Our meta-analysis showed a prevalence of persisigmificant (major) LARS of 41% with
narrow 95% confidence levels of 34-48%, where @ported prevalence ranged widely from
17.8-56%. This should raise the need of awarenfeb® @ondition and its morbidity. This
meta-analysis investigating the prevalence of LAR®e first of its kind and has been made
possible by the creation of a validated data cbledool that is specific for patients with
altered bowel habit following LAR. Early literamimvestigating LARS used a variety of
data collection tools which only reflected a comgminof the syndrome, such as
incontinence, which would thus only identify a poojion of patients with LARS. Also, the

use of various data collection tools lead to tHéEection non-comparable data that could not



be subjected to meta-analysis. Therefore thisystfférs a more accurate representation of
the prevalence of LARS as it has used a specifiarsg system designed for this purpose.
Although the studies reported from patient popalaiwhich are heterogenous for treatment
and patient related factors, this nonethelessyligkesely represents the patients after LAR
presenting for clinic follow-up. The main limitatieoof the meta-analysis was that most of the
larger studies were from Denmark and the Unitecgom. As well as this, 3 of the studies
from Denmark have been produced by the same itistitwith overlapping time periods,
which may have resulted in same patient data hesed in multiple studies. This may
therefore not represent the overall worldwide LABt8valence, and possibly the prevalence
in any locality taking into account the possibleaut of factors including diet and life-style
adaptations to LARS which impacts upon the qualitijffe. Nonetheless, we hope that this
review will generate interest in LARS prevalenagdgts over the world using the
increasingly accepted standardized LARS scoreatocttimparable results will be generated

with a scoring system specific for LAR patients

Our systematic review also showed that LAR patiemy have undergone different
variations in surgical technique, or reconstrucaod adjuvant therapy regimes necessary for
the complex management of rectal cancer. Radigtlyeaad level of colorectal anastomosis
were the most consistently reported factors toiBagmtly negatively impact on major

LARS. Radiation both preoperatively and post opeeit have also been found to have
negative effects on function in LAR patients witlegter numbers of incontinent episodes
and decreased rectal sensation [15]. The potegifeadts of radiation on the sphincter
complex have been investigated and it is likely teducing the dose leads to improvement
in sphincter function post treatment [16]. Witlgaed to the increased rates of major LARS
in patients with a previous diverting ileostomye ttelationship is expected to be due to

underlying reason for the ileostomy rather thanitg@stomy itself. Given that a temporary



ileostomy is used more commonly in lower resectigvtgch is known to increase the risk of
LARS, this would likely account for its associatisth major LARS. Most treatment
regimens for anastomotic leak involve having a ding ileostomy for a more prolonged
period. Since anastomotic leak has been identifged risk for developing major LARS this
association likely plays a major role in patientdhviong term ileostomies having worse
bowel function once reversed. A recent randomesedrol trial comparing LARS scores for
patients treated with a temporary stoma and noatoomd no statistical difference in major,
minor and no LARS when comparing the 2. The sanmyshowever found that patients
treated with a temporary stoma more often reparteontinence for flatus and liquid stools
and had a higher total LARS score [17. The autbbtkis study conceded that data was still

relatively preliminary and further confirmation dtes are required.

Although colonic adaption over a period of aboundbaths may improve bowel function, we
confirm that a significant population of patientsxinue to suffer into the mid and long term.
The cause of LARS is complex and likely multifacadr Impaired anal sphincter function
has been identified in patients following LAR arasibeen shown to be associated with
poorer functional outcome [2,6,18]. It is suspddteat the resultant impairment of the anal
sphincter could be due to both direct injury to éim@l sphincter as well as damage to it
innervation with pelvic dissection of the rectumilf@]. Altered intestinal motility due to
disruption of the parasympathetic innervation & lowel has been suggested to play a role
in the development of LARS [2,19]. Emmertsen dbahd that a hyperactive postprandial
response in the neorectum in non-irradiated TMEeptt likely played a significant role in
the development of LARS and was potentially duthéodenervation of the neorectum.
Interestingly the same study found no significaffecences in sphincter pressure between no
LARS and Major LARS patients suggesting a more pnax cause of bowel dysfunction

such as neorectum impaired compliance or gastsiingg dysmotility [19]. Nonetheless, a
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further limitation of the metanalysis is the ladkdefinitive data regarding the pattern of
LARS into the longer term. Further studies neede@onducted for follow-up LARS over

time, particularly with improved long-term cancenaval.

Our review on the prevalence and morbidity of LAR§gests that the latter must be taken
into appropriate consideration in the managemeng¢aifl cancer, although oncological
considerations need to be prioritized. Furtheestigating patient selection for neoadjuvant
therapy and improving the sensitivity of investigattechniques such as MRI may further
improve patient selection and result in less pesttinent morbidity [20]. In addition, partial
mesorectal excision for upper rectal cancers whppeopriate rather that total mesorectal
excision should be adhered to as the oncologidabowes are equivalent and functional
outcomes appear to be superior [21]. The usectdireeservoirs to alleviate symptoms
following LAR have been shown to improve functiortwdecreased frequency and urgency
of defecation [22], at least in the early postopeegperiod. Prior to resection, patients also
require counselling and education as to what #vgdected functional outcome may be. A
consent aid has been developed, which aims toginedst treatment functional outcome for
rectal cancer patients based on what surgery, aather treatment factors they will be
receiving for their cancer [23]. Furthermore, thehould be a sympathetic awareness and
willingness to address LARS in postoperative folopvrather than focussing only on
oncological issues. Therapies such as biofeedlsackal nerve modulation and rectal
irrigation have been reported and are showing penm improving patients anorectal

function and quality of life post LAR [24-27.

6.0 Conclusion
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The estimated prevalence of major LARS in this ragtalysis is 41% (95% CI 34 -48), at 1

year after surgery. Radiotherapy, whether preost-pperative, and low tumour height are

the 2 factors which have the greatest negative einpfgpatients bowel function following

LAR. The presence of a temporary stoma and haistipma for a prolonged period of time

are also associated with poorer bowel function. ek, this is likely a reflection of the

tumour height and possible complications of surgenich may also impact negatively on

bowel function. Further studies to better defime prevalence in various parts of the world

as well as to clarify the pattern of LARS over timigh long term follow-up is required.

References

10.

11.

Hughes, D., Cornish, J. and Morris, C. (2017). Fonal outcome following rectal surgery—predispgsin
factors for low anterior resection syndrori@ernational Journal of Colorectal Diseasg2(5), pp.691-
697.

Bryant, C., Lunniss, P., Knowles, C., Thaha, M. &mn, C. (2012). Anterior resection syndroifiee
Lancet Oncologyl13(9), pp.e403-e408.

Emmertsen, K. and Laurberg, S. (2012). Low AnteResection Syndrome Scoknnals of Surgery
255(5), pp.922-928.

Ho, Y. (2006). Techniques for restoring bowel couiiy and function after rectal cancer surgéiorid
Journal of Gastroenterology12(39), p.6252.

André, T., Boni, C., Navarro, M., Tabernero, Jckish, T.(2009). Improved Overall Survival With
Oxaliplatin, Fluorouracil, and Leucovorin As AdjuMalreatment in Stage Il or 1l Colon Cancer in the
MOSAIC Trial. Journal of Clinical Oncology27(19), pp.3109-3116.

Ekkarat, P., Boonpipattanapong, T., Tantiphlachi.iaand Sangkhathat, S. (2016). Factors determining
low anterior resection syndrome after rectal canesection: A study in Thai patientssian Journal of
Surgery 39(4), pp.225-231.

Bondeven, P., Emmertsen, K., Laurberg, S. and BedeB. (2015). Neoadjuvant therapy abolishes the
functional benefits of a larger rectal remnantyesisured by magnetic resonance imaging after egtster
rectal cancer surgerfzuropean Journal of Surgical Oncology (EJS@)(11), pp.1493-1499.

Hain, E., Manceau, G., Maggiori, L., Mongin, C.pBfra la Denise, J. and Panis, Y. (2017). Bowel
dysfunction after anastomotic leakage in laparogcgphincter-saving operative intervention for adct
cancer: A case-matched study in 46 patients usied.ow Anterior Resection Scor@urgery 161(4),
pp.1028-1039.

Juul, T., Battersby, N., Christensen, P., JanjuaBfanagan, G., Laurberg, S., Emmertsen, K. antalo
B. (2015). Validation of the English translationtbé low anterior resection syndrome sc@selorectal
Disease 17(10), pp.908-916.

Bregendahl, S., Emmertsen, K., Lous, J. and Lagrki#r(2013). Bowel dysfunction after low anterior
resection with and without neoadjuvant therapyréatal cancer: a population-based cross-sectional
study.Colorectal Diseasgp.n/a-n/a.

Juul, T., Ahlberg, M., Biondo, S., Espin, E., JireenL., Matzel, K., Palmer, G., Sauermann, A., Tirén,
Zhang, W., Laurberg, S. and Christensen, P. (2Q4y. Anterior Resection Syndrome and Quality of
Life. Diseases of the Colon & Rectufv(5), pp.585-591.

12



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Carrillo, A., Enriquez-Navascués, J., Rodriguez Pdacer, C., Mlgica, J., Saralegui, Y., TimoteoaAd
Borda, N. (2016). Incidence and CharacterizatiothefAnterior Resection Syndrome Through the Use of
the LARS Scale (Low Anterior Resection Scof@jyugia Espafiola (English Edition®4(3), pp.137-143.
Sturiale, A., Martellucci, J., Zurli, L., Vaccar@,, Brusciano, L., Limongelli, P., Docimo, L. anéMeri, A.
(2016). Long-term functional follow-up after antarrectal resection for cancénternational Journal of
Colorectal Disease32(1), pp.83-88.

Luca, F., Valvo, M., Guerra-Cogorno, M., Simo, Blesa-Sierra, E., Biffi, R. and Garberoglio, C. 18).
Functional results of robotic total intersphinotersection with hand-sewn coloanal
anastomosi€=uropean Journal of Surgical Oncology (EJS@)(6), pp.841-847.

Ho, Y., Lee, K., Eu, K. and Seow-Choen, F. (20@&ects of adjuvant radiotherapy on bowel functsomd
anorectal physiology after low anterior resectionrectal canceechniques in Coloproctolog$(1),
pp.13-16.

Arias, F., Eito, C., Asin, G., Mora, |., Cambra, Klafieru, F., Ibafiez, B., (2017). Fecal incontireaid
radiation dose on anal sphincter in patients vatally advanced rectal cancer (LARC) treated with
preoperative chemoradiotherapy: a retrospectimgjesiinstitutional studyClinical and Translational
Oncology 19(8), pp.969-975.

Gadan, S., Floodeen, H., Lindgren, R. and MattkiesB. (2017). Does a Defunctioning Stoma Impair
Anorectal Function After Low Anterior Resectiontbe Rectum for Cancer? A 12-Year Follow-up of a
Randomized Multicenter TriaDiseases of the Colon & Rectu69(8), pp.800-806.

Dulskas, A., Miliauskas, P., Tikuisis, R., EscagR. and Samalavicius, N. (2016). The functioraulits
of radical rectal cancer surgery: review of therliture Acta Chirurgica Belgical16(1), pp.1-10.
Emmertsen, K., Bregendahl, S., Fassov, J., Krogland Laurberg, S. (2013). A hyperactive postpraindi
response in the neorectum - the clue to low anteggection syndrome after total mesorectal excisio
surgery?Colorectal Diseasel5(10), pp.e599-e606.

Nerad, E., Lambregts, D., Kersten, E., Maas, MkeBs, F., van den Bosch, H., Grabsch, H., Beets-Ran
and Lahaye, M. (2017). MRI for Local Staging of @olCancerDiseases of the Colon & Rectuéo(4),
pp.385-392.

Kanso, F., Lefevre, J., Svrcek, M., Chafai, N.,d?&r and Tiret, E. (2016). Partial Mesorectal Eian for
Rectal Adenocarcinoma: Morbidity and Oncologicak€amne.Clinical Colorectal Cancerl5(1), pp.82-
90.el.

Ho, Y., Tan, M. and Seow-Choen, F. (1996). Prospecandomized controlled study of clinical fungtio
and anorectal physiology after low anterior resgctComparison of straight and colonicJ pouch
anastomoseg®ritish Journal of Surgery83(7), pp.978-980.

Battersby, N., Juul, T., Christensen, P., JanjuaBfanagan, G., Emmertsen, K. (2016). PredictimgRisk
of Bowel-Related Quality-of-Life Impairment AftereRtorative Resection for Rectal Candaiseases of
the Colon & Rectunb9(4), pp.270-280.

Bartlett, L., Sloots, K., Nowak, M. and Ho, Y. (201 Biofeedback therapy for symptoms of bowel
dysfunction following surgery for colorectal cancéechniques in Coloproctolog$5(3), pp.319-326.
Ramage, L., Qiu, S., Kontovounisios, C., Tekkis,Rasheed, S. and Tan, E. (2015). A systematiewevi
of sacral nerve stimulation for low anterior reg@ttsyndromeColorectal Diseasel7(9), pp.762-771
Ho, Y., Chiang, J., Tan, M. and Low, J. (1996).Baxlback therapy for excessive stool frequency and
incontinence following anterior resection or tatalectomy.Diseases of the Colon & Rectug®d(11),
pp.1289-1292.

Maris, A., Devreese, A., D'Hoore, A., PenninckxaRd Staes, F. (2013). Treatment options to improve
anorectal function following rectal resection: atgynatic reviewColorectal Diseasel5(2), pp.e67-e78.

13



ACCEPTED MANUSCRIPT

14



Tablel. Summary of studies prevalence of LARS and follow up period

Study Patient Number Timefrom Major LARS Minor LARS No LARS
Total eligible % Response Surgery to
Survey*
Emmertsen 478 92.8% Mean follow up time 190/478 (40%) 119/478 (25%) 169/478 (35%)
2012, Denmark 55.5months
Juul et a. 579 80% Median follow up 4.9yrs 214 (47%) 103 (23%) 134 (30%)
2014, Denmark + UK (range 1.6-12.4yrs)
Bondeven et al 125 100% Dueto Median follow up 47 (35%) 30 (24%) 48 (35%)
2015, Denmark retrospective design 18months (range 12-
24months)
Hain 135 87% Median 43 (range 12- 36 (23%) 68 (50%) 23 (31%)
2016, France 117months)
Bregendahl 1087 90.1% Median 54months (range 383 (41%) 221 (23.5%%) 334 (35.5%)
2013, Denmark 25-97months)
Juul et al. 1061 76% Mean 5.6yrs (SEM 2.3) 414 (52%) 155 (19%) 227 (29%)
2014, multicentre international
Denmark, Spain, Sweden,
Germany
Lucaet a 23 100% 12months following 5 (23.8%) 4 (19%) 12 (57.1%
2016, Italy reversal of ileostomy
Hughes 85 80% Median 248days (range 17- | 38 (56%) 12 (18%) 18 (26%)
2017, Wales 1664days)
Carilloet al. 195 70% Median 37months 62 (47%) 25 (18.9%) 45 (34.1%)
2016, Spain
Ekkaret et al. 129 Not discussed, Median 38months (range 23 (17.8%) 22 (17%) 84 (65.4%)
2016, Thailand however baseon study | 11.7-117.5months)
design would be
expected to be ~100%

Sturiale 110 84.5% Median 13.7yrs (range 19 (20.5%) 25 (27%) 49 (52.5%)
2016, Italy 10.9-18yrs)




Table2. Risk factors for LARS, Neoadjuvant therapy and Aoastic Height

Study

Radiotherapy / Chemor adiother apy

Anastomosis height

Emmertsen
2012, Denmark

Sgnificant (p < 0.0001)
Radiotherapy (20.6% of patients) risk factor forR&

Sgnificant - p < 0.0001
tumour height > or < 5cm
patient numbers not shown in data.

Juul et al.
2015, Denmark + UK

Sgnificant (p=0.018)
Neoadjuvan{n: 141, median LARS: 30)
No neoadjuvan{n: 306, median LARS: 28)

Sgnificant (p=0.018)
<5cm from anal verge (n=72, median LARS score 32)
>5cm from anal verge (n=378, median LARS score 28)

Bondeven et al
2015, Denmark

Sgnificant (p= 0.002)

Long course (n. 25/20%) neoadjuvant chemoradhatio
independent risk factor for major LARS (OR: 3.59®9€l: 1.15-
9.4)

Sgnificant (p= 0.0001)
<4cm remnant rectum: 46% risk major LARS
- n. 22/48 major LARS in <4cm

>4cm remnant rectum: 10% risk of major LARS
- n. 5/47 major LARS in >4cm

TME performed in anastomoses 2-8cm from anal verge
PME performed in anastomoses 5-13cm from anal verge

Hain
2016, France

Sgnificant (p=0.0007)
Long course radiotherapy (n.96/71%): independeshtfactor for
major LARS

Risk factors for major LARS:
intersphincteric resection (likely used to tumogdem)(p=0.003)

hand-sewn CAA (used for tumours <4c(p¥ 0.0008)

Bregendahl
2013, Denmark

Neoadjuvant (n.96/9% short course, n.95/9% long®):
increased risk of developing major LARS (OR 2.48%0Cl:
1.73-3.55)

TME for lower cancers: increased risk of major LARBER= 2.31; 95% CI:
1.69-3.16)

TME n.555, tumours 0-10cm n.453

PME n.383, tumours >10cm n.478




Juul et al.

2014, multicentre international
Denmark, Spain, Sweden,
Germany

No statistical analysis discussed
Radiotherapy (n.431/41%):
major LARS (n.279)

minor LARS (n.79)

no LARS (n.73)

No statistical analysis discussed

Mean tumour distance from anal verge:
major LARS — 9 cm n.414/796

minor LARS — 9.6 cm n.155/796

no LARS -10.6 cm n.227/796

Luca et al
2016, Italy No significant association with major LARS and long course | No significant association with major LARS.
neoadjuvant (n.18/78%)
*This was not displayed in the data All patients had tumours within 5cm of anal vergean 3.17cm
*This was not displayed in the data
Hughes
2017, Wales Sgnificant (p<0.01) Not significant (p=0.37)
Neoadjuvant radiation (n=19/22%): 20 fold increassk of Tumour < 8cm increased risk of major LARS (OR B%% CI: 0.6-4.1)
developing major LARS
Major LARS Tumour <8cm n. 18/22
Major LARS Tumour >8cm n. 20/34
Carillo et al.
2016, Spain Sgnificant (p=0.019) Sgnificant (p<0.001)
long course radiotherapy (n=30/48) developed nlafdRS Risk factors for major LARS:
TME n=56/91
PME n=6/35

* Did not discuss anastomotic/tumour height, howeMdE for middle and
lower tumours, PME for upper rectal tumours

Ekkarat et al.
2016, Thailand

Sgnificant (p<0.001)

Association of adjuvant radiotherapy and developgroémajor
LARS (OR 6.55; 95%Cl; 2.37-18.15)

*Neoadjuvant excluded

Anastomotic level <5¢cm higher risk of LARS (OR 3. B6%CI; 1.34-
10.61)

Sturiale
2016, ltaly

Sgnificant (p=0.04)
Major LARS:
Neoadjuvant radiotherapy n=13/19

Sgnificant p=0.003
Major LARS:
tumours <5cm from anal verge n=8/19




Table 3.

Risk factorsfor LARS, Patient and Ileostomy Factors

Study Age Gender Anastomotic L eak Timing of Ileostomy Anastomosis type
Reversal
Emmertsen Type of reconstruction not
2012, Denmark Not discussed as possible | Not discussed as possible | Not discussed as possible Not discussed as possible recorded in database
causative factor causative factor causative factor causative factor
Juul et &. Not discussed
2015, Denmark + | Not discussed as possible | Not discussed as possible | Not discussed as possible Not discussed as possible

UK

causative factor

causative factor

causative factor

causative factor

Bondeven et a End to side VsEnd to End. Not
2015, Denmark No association found No association found Anastomotic leak was an Not discussed as possible found to have significant
between major LARS between major LARS and | exclusion criteria causative factor impact.
and age gender
Hain Hand-sewn col oanal
2016, France Not significant (p=0.202) | Not significant (p=0.37) Sgnificant (P= 0.02) Not discussed as a possible anastomosis greater risk of
>70yo less likely to Maleslesslikely to Symptomatic anastomotic leak: | causative factor Major LARSp = 0.003
develop LARS (OR 0.49, | develop LARS (OR 0.66, independent risk factor for
Cl 95%:0.14-1.42. P= Cl195%:0.28-1.64) major LARS Side to end anastomosis greater
0.202) risk of developing major LARS
p=0.01
Bregendahl Colonic pouch Vs straight-to-
2013, Denmark < 64yo more likely to Females more likely to Anastomoatic leak increased risk | Not discussed as possible end or side-to-end anastomosis
develop mgjor LARS develop mgjor LARS of developing mgjor LARS (OR | causative factor
(OR=1.9; 95% ClI 1.43- | (OR=1.35; 95% CI; 1.02- | 2.06; 95% CI:0.93-4.55)
2.51) 1.79) No Statistical difference found
Juul et &. Not discussed
2014, multicentre | No statistical analysis No statistical analysis Not discussed as possible Not discussed as possible
international discussed discussed causative factor causative factor

Denmark, Spain,
Sweden, Germany

The mean age of patients
with: mgjor LARS:
66.4yo0

minor LARS: 68.3yo

no LARS: 70.2y0

Major LARS (n=414)
males (n=232): 56%
females (n=182) = 44%
*55% of total patients
male




Lucaet d

All patients had hand-sewn

2016, Italy No significant association | No significant association | Not discussed as possible Not discussed as possible coloanal anastomosis
with major LARS. with major LARS. causative factor causative factor
*Thiswas not displayed | *Thiswas not displayed in
in the data the data
Hughes Not discussed
2017, Wales Not significant (p=0.14) | Not significant (p=0.73) Not significant (p=0.26) Sgnificant (p=0.03)
>70yo reduced risk of Male gender increased risk | Anastomotic leak increased risk | ileostomy closure after 1 year
major LARS (OR 0.5; of developing LARS (OR | of mgjor LARS (OR 3.4; 95% increased risk of mgjor LARS
95% CI:0.2-1.3) 1.2; 95% CI;0.4-3.5) Cl; 0.4-32.2) (OR 3.7, 95% Cl: 1.1-13.1)
Carilloet a. Lower rates of mgjor LARS
2016, Spain Not significant (p=0.45) | Not significant (p=0.82) Not significant (p=0.641) Sgnificant (p=0.003) reservoir (colonic pouch or
Average age of: Major LARS: Major LARS: Major LARS: colopalsty) p= 0.017
Major LARS - 69.1yo Males n=43/90 With anastomotic complication | No diverting stoma n=19/59
Minor LARS 66.3yo Females n=19/42 n=1/3 Diverting stoma n=43/73
No LARS 68.3yo With no anastomotic
complication n=61/129 *Timing not discussed, however
presence of stoma vs no stoma
* Reported anastomotic noted
complications not leak
specificaly.
Ekkarat et al. Not discussed as a possible For ULAR (n. 38)
2016, Thailand Not significant (p=0.72) | Not significant (p=0.18) causative factor Sgnificant (p=0.024) 27anastomosed with stapler, and
Magjor LARS: Major LARS: Magjor LARS: 11 with handsewn.
<60yo n=12/63 Males n=9/67 No diverting stoma n=11/88
>60yo n=11/66 Females n=14/62 Diverting stoma n=12/41 Hand-sewn found to have
*Timing not discussed, however | higher rates of LARS. Not
presence of ssomavsno stoma | significant
noted
Sturiale Colorectal end to end stapled
2016, Italy Sgnificant (p=0.003) Not significant Not significant Sgnificant (p=0.002) anastomosis

Magjor LARS:
>70yo n=10/19

Median time of closure

of ileostomy:

major LARS: 5.4 months minor
LARS: 3.3 months

no LARS: 2.6 months
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Table 4. Meta-analysis results of LARS score prevalence

Major LARS

Minor LARS

No LARS

Prevalence

41%

24%

35%




Identification

Screening

Eligibility

Included

Figure 1 Flow chart of study selection. * Studies excluded as they did not primarily focus

on assessment of post operative bowel function following anterior resection.

Records identified through
database searching
(n=278)

S

Records excluded *
(n=118)

Records after duplicates removed
(n=158)

l

Records screened
(n=158)

l

Full-text articles assessed
for eligibility
(n=40)

Studies included in
qualitative synthesis
(n=11)

Articles excluded due to
use of alternate data
collection tool other than
LARS score
(n=29)
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Figure 2. English validated version of Low Anterior Resection Syndrome (LARS) score.

The aim of this questionnaire is to assess your bowel function. Please tick only one box for each
question. It may be difficult to select only one answer, as we know that for some patient’s symptoms
vary from day to day. We would kindly ask you to choose one answer which best describes your daily
life. If you have recently had an infection affecting your bowel function, please do not take this into
account and focus on answering questions to reflect your usual daily bowel function.

Q.1 : Do you ever have occasions when you cannot control your flatus (wind)?

u] No, never 0
o Yes, less than once per week 4
o Yes, at least once per week 7

Q.2 : Do you ever have any accidental leakage of liquid stool?

m] No, never 0
u} Yes, less than once per week 3
O Yes, at least once per week

Q.3 : How often do you open your bowels?

o More than 7 times per day (24 hours) 4
O 4-7 times per day (24 hours) 2
O 1-3 times per day (24 hours) 0
u] Less than once per day (24 hours) 5
Q.4 : Do you ever have to open your bowels again within one hour of the last bowel opening?

] No, never 0
o Yes, less than once per week 9
O Yes, at least once per week 11

Q.5 : Do you ever have such a strong urge to open your bowels that you have to rush to the toilet?

o No, never 0
o Yes, less than once per week 11
] Yes, at least once per week 16

Add the scores from each of the five answers to one final score.
Interpretation: 0-20 = No LARS  21-29 = Minor LARS  30-42 = Major LARS




Figure 3. Forest plots of meta-analysis for major minor and no LARS preval ence with a 95% confidence interval.

QE, Major LARS

Study Prev (95% CI) % Weight
Emmertsen 2012 —a—— 0.40 ( 0.35, 0.44) 114
Juul et al. 2014 — 0.47 ( 0.43, 0.52) 123
Bondeven et al 2015 = 0.38 ( 0.29, 0.46) 5.2
Hain 2016 & 0.28 ( 0.21, 0.37) 5.8
Bregendahl 2013 —— 0.41 ( 0.38, 0.44) 239
Juul et al 2014 —i— 0.52 ( 0.49, 0.55) 20.5
Luca et al 2016 & 0.22 ( 0.07, 0.41) 26
Hughes 2017 = 0.56 ( 0.44, 0.68) 3.4
Carillo et al. 2016 = 0.47 ( 0.38, 0.56) 5.3
Ekkarat et al. 2016 & 0.18 ( 0.12, 0.25) 5.3
Sturiale 2016 & 0.20 ( 0.13, 0.29) 43
Overall — 0.41 ( 0.34, 0.48) 100.0

Q=117.43, p=0.00, 12=91%
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Study

Emmertsen 2012
Juul et al. 2014
Bondeven et al 2015
Hain 2016
Bregendahl 2013
Juul et al 2014
Luca et al 2016
Hughes 2017
Carillo et al. 2016
Ekkarat et al. 2016
Sturiale 2016

Overall
Q=117.43, p=0.00, 12=91%

QE, Minor LARS

T

03 035 04 045
Prevalence

Prev (95% ClI)

0.25 ( 0.21, 0.29)
0.23 ( 0.19, 0.27)
0.24 ( 0.17, 0.32)
0.54 ( 0.45, 0.62)
0.24 ( 0.21, 0.26)
0.19 ( 0.17, 0.22)
0.17 ( 0.04, 0.36)
0.18 ( 0.09, 0.28)
0.19 ( 0.13, 0.26)
0.17 ( 0.11, 0.24)
0.27 ( 0.18, 0.36)

0.24 ( 0.17, 0.30)

% Weight
114
12.3
52
5.8
23.9
20.5
2.6
34
5.3
5.3
4.3

100.0



QE, NO LARS

Study Prev (95% ClI) % Weight
Emmertsen 2012 — 0.35 ( 0.31, 0.40) 114
Juul et al. 2014 — 0.30 ( 0.26, 0.34) 123
Bondeven et al 2015 & 0.38 ( 0.30, 0.47) 5.2
Hain 2016 & 0.18 ( 0.12, 0.25) 5.8
Bregendahl 2013 —i— 0.36 ( 0.33, 0.39) 239
Juul et al 2014 —i— 0.29 ( 0.25, 0.32) 205
Luca et al 2016 & 0.52 ( 0.32, 0.72) 2.6
Hughes 2017 & 0.26 ( 0.17, 0.38) 34
Carillo et al. 2016 = 0.34 ( 0.26, 0.42) 53
Ekkarat et al. 2016 = 0.65 ( 0.57, 0.73) 5.3
Sturiale 2016 = 0.53 ( 042, 0.63) 43
Overall ‘ 0.35 ( 0.28, 0.42) 100.0

Q=117.43, p=0.00, 12=91%

01 015 02 025 03 035 04 045 05 055 06 065 07 0.75
Prevalence



Highlights

Low anterior resection syndrome (LARS) more common due high rates of sphincter
preserving surgery

The LARS score was designed to make a meta-analysis of the syndrome possible
Risk factors need to be defined in order to attempt preventing LARS

Need to increase awareness of syndrome to appropriately council patients
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