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“Obstacles don’t have to stop you. If you run into a wall, don’t turn around and give up. 
Figure out how to climb it, go through it, or work around it.”– Michael Jordan

Voor mam
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Introduction and 
outline of this thesis

1
CHAPTER
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12Chapter 1

INTRODUCTION

Colorectal cancer afflicts approximately 1,361,000 patients every year and accounts for 
694,000 deaths per year worldwide. In females it is the second most common form of 
cancer, after breast cancer, and in males it is the third most common form after prostate 
and lung cancer.1,2

At the start of the twentieth century, colorectal cancer was an incurable disease. 
Especially rectal cancer had mortality rates of 100% and recurrence at the surgical site 
(local recurrence) in 80% of patients.3 

In the 20th century however, great improvements were made. It started in 1908 when 
Miles published the concept of cylindrical lymphatic spread of cancer cells and the 
recommendation to perform more extensive surgical resection including the lymph 
nodes, in order to prevent recurrence. This procedure was called ‘abdominoperineal 
resection’ (APR) and is considered the basis for modern rectal cancer surgery.4 Although 
clear improvements in survival and recurrence rates were seen, prognosis was still poor 
with local recurrence rates of up to 40% and 5-year survival rates below 50%. 5 This didn’t 
improve until Heald introduced the concept of ‘total mesorectal excision’ (TME) in 1982, in 
which sharp dissection of the rectum and the surrounding fatty envelop with the lymph 
nodes and radially spreading tumor cells (mesorectum) is performed. This revolutionized 
rectal cancer surgery with local recurrence rates in a selected patient group of around 
3.7% and 5-year survival rates of up to 87% after surgery.6,7 For the overall rectal cancer 
population however, there was still a significant problem withlocoregional recurrence 
despite the advancements made by TME surgery.

The addition of preoperative radiotherapy to TME surgery was shortly hereafter 
introduced with great effect. The rate of local recurrence at two years in the Dutch TME 
trial was 2.4 percent in the radiotherapy-plus-surgery group and 8.2 percent in the 
surgery-only group (P<0.001).8

Today TME surgery is still the gold standard for rectal cancer surgery and combined 
with (chemo) radiotherapy this is the most potent curative treatment for patients with 
rectal cancer. 

In the early 1990’s laparoscopic (minimally invasive) surgery was introduced. Instead 
of operating through one large abdominal incision, several small incisions are made and 
surgery is performed with smaller instruments and a laparoscope, producing a magnified 
image of the operating field. The introduction of minimally invasive surgery has resulted 
in less perioperative blood loss, faster postoperative recovery, less pain and a shorter 
length of hospital stay while reporting similar radicality and specimen margins as well 
as recurrence and survival rates for colon cancer in several large trials.9–11 Subsequently, 
laparoscopic surgery was introduced for patients with rectal cancer. Mainly because 
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of the limited workspace in the lower pelvis and fibrosis due to neoadjuvant therapy, 
rectal cancer surgery is considered more challenging than colon surgery. Nonetheless, 
laparoscopic surgery did result in short term benefits for patients with rectal cancer as 
shown in chapter 2 of this thesis. There were remaining questions however whether 
laparoscopic surgery for rectal cancer surgery was non-inferior to open surgery in terms 
of survival and locoregional recurrence rates, since evidence was lacking from large 
randomized trials. To conclusively answer this question the COLOR II trial was initiated 
with randomization of over 1000 patients between open and laparoscopic surgery.12 The 
results of oncological outcome in the COLOR II trial are described in chapter 3. Besides 
oncological outcome, other patient centered outcomes are important as well. 
A number of consequences affecting the patients’ quality of life have been observed 
after completed treatment for rectal cancer, including sexual dysfunction and urinary 
incontinence. 13,14 Nerve pathways as well as microvasculature are easily injured during 
rectal cancer surgery as a result of dissection during TME and due to radiotherapy among 
other factors. The incidence of sexual and urinary complications after open rectal surgery 
is in the range of 10-35% and < 5%, respectively. 15,16 Sexual and urinary function after 
laparoscopic TME were not reported before in prospective randomized trials, but it was 
incorporated in the COLOR II and described in chapter 4 of this thesis. 

Furthermore, one of the major clinical problems in the postoperative phase after 
both colon and rectal cancer surgery are infectious complications with an incidence of 
20-40%.9,17,18 Anastomotic leakage is the most severe complication of colorectal surgery 
with an incidence ranging from 4% to 28% depending on definitions, but generally 
considered to average 5-15%.2,19 Multiple variables have been posed as possible risk 
factors including impaired vascularization of the anastomosis, mechanical traction, and 
the patient’s own microbiome.20 

The additional morbidity as well as mortality associated with anastomotic leakage is 
substantial with reported rates ranging from 2% to 30%.21,22 Treatment of complications 
after colorectal cancer surgery requires specialized care and is associated with major 
health-care costs.

Endogenous bacteria residing in the digestive tract cause the vast majority of surgical 
site infections following colorectal surgery.23,24 By definition, the integrity of this mucosal 
barrier is affected by colorectal surgery. Moreover, the composition of intestinal flora 
shows profound changes following colorectal surgery, which may be influenced by 
delayed or impaired gut peristalsis in the postoperative phase.25,26 The introduction of 
prophylactic antibiotics in patients undergoing colorectal surgery has reduced the risk 
of general infectious complications by approximately 70 % although its prevalence is 
still quite high around 20-40%.27 

137644_Gabor Abis_BOEK-v2.indb   13 23-10-19   13:32



14Chapter 1

Selective decontamination of the digestive tract (SDD) is a way to reduce aerobic 
Gram-negative bacterial load. SDD is based on the administration of oral nonabsorbable 
antibiotics and designed as an antimicrobial prophylaxis regime to prevent or minimize 
the impact of endogenous infections by potentially pathological microorganisms.28,29 Its 
use and possible benefits in digestive surgery are discussed in chapter 6.

This prompted us to further investigate SDD in a randomized controlled trial: 
Perioperative Selective Decontamination of the Digestive Tract (SDD) in Elective 
Colorectal Cancer Patients: a Multicenter Randomized Clinical Trial (SELECT), which is 
described in chapter 7. Primary outcome of this multicenter randomized controlled trial 
was anastomotic leakage rates and infectious complications after surgery, which are 
addressed in chapter 8.

In recent years polymerase chain reaction (PCR) based profiling techniques have been 
developed to get a clearer understanding of the exact composition of the microbiome 
and its changes under pathological circumstances. Until now all information about the 
microbiome was culture based, leaving the majority of the microorganisms undetected. 
PCR-based profiling techniques for high throughput analysis of the human intestinal 
microbiota provide insight on a much more detailed level than conventional culture 
based techniques.30 To ensure adequate decontamination and to study the effects of 
colorectal cancer and SDD in the patients of the SELECT Trial, a PCR based analysis 
technique called IS-pro was used and microbiome data was acquired. Chapter 9 further 
elaborates on the effects of SDD on the microbiome.

Finally the results of the studies described in this thesis are summarized and future 
developments and implementation of the SDD regimen are discussed in chapter 10.

The research questions addressed in this thesis are:
1. Is laparoscopic rectal cancer surgery non-inferior to open surgery on short term 

outcome and local recurrence rates?
2. What are the effects of laparoscopic and open surgery for rectal cancer on sexual 

function and urinary incontinence?
3. Can postoperative infectious complications and anastomotic leakage be diminished 

with perioperative SDD? 
4. What are the effects of SDD on the patients’ microbiome?

137644_Gabor Abis_BOEK-v2.indb   14 23-10-19   13:32
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SAMENVATTING

Doel
Het vergelijken van laparoscopische resectie en open resectie bij patiënten met een 
rectumcarcinoom op het gebied van oncologische veiligheid, morbiditeit, mortaliteit 
en postoperatief herstel.

Opzet
Prospectieve non-inferioriteitsstudie.

Methode
De ‘Colorectal cancer laparoscopic or open resection’(COLOR II)-trial werd opgezet in 
30 centra in 8 landen. Patiënten met een solitair rectumcarcinoom gelegen binnen 15 cm 
vanaf de anus zonder aanwijzing voor afstandsmetastasen werden gerandomiseerd 
voor laparoscopische resectie of open resectie in een 2:1-ratio. Analyses vonden plaats 
op basis van ‘intention to treat’. De trial is geregistreerd bij ClinicalTrials.gov onder 
nummer NCT00297791.

Resultaten
In de periode 2004-2010 werden 1103 patiënten met een rectumcarcinoom 
gerandomiseerd voor laparoscopische of open resectie. Hiervan waren 1044 patiënten 
beschikbaar voor analyse (respectievelijk 699 en 345). Er was geen verschil tussen 
de groepen in de intactheid van het resectiepreparaat (88 vs. 92% intact; p = 0,250). 
Tumorcellen in het circumferentiële snijvlak werden gerapporteerd bij 56 (10%) 
van de 588 patiënten in de laparoscopische groep en 30 (10%) van de 300 in de open-
resectiegroep (p = 0,850). Tussen de laparoscopische en de open-resectiegroep was er 
geen verschil in morbiditeit (278 van 697 patiënten (40%) vs. 128 van 345 patiënten 
(37%); p = 0,424) en mortaliteit (8 van 699 patiënten (1%) vs. 6 van 345 patiënten (2%), 
p = 0,409) binnen 28 dagen na de operatie.

Conclusie
Bij patiënten met een rectumcarcinoom dat niet doorgroeit in de omliggende weefsels 
en dat behandeld wordt door ervaren chirurgen, zijn de radicaliteit, de morbiditeit en 
de mortaliteit van de laparoscopische resectie vergelijkbaar met die van open resectie.

137644_Gabor Abis_BOEK-v2.indb   20 23-10-19   13:32
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INTRODUCTIE

Jaarlijks wordt bij 2800 mensen in Nederland een rectumcarcinoom vastgesteld. 
Het optreden van lokale recidieven van het rectumcarcinoom is aanzienlijk verminderd 
door de toepassing van totale mesorectale excisie (TME). Deze operatie omvat een 
radicale verwijdering van het vetweefsel dat het rectum omringt en van de daarin 
gelegen lymfklieren.1 Daarnaast wordt neo-adjuvante behandeling met radiotherapie en 
chemotherapie frequenter toegepast.2,3 Hiermee treden lokale recidieven op bij minder 
dan 10% van de patiënten met een rectumcarcinoom.4

Laparoscopische verwijdering van coloncarcinoom gaat gepaard met minder 
postoperatieve pijn, een sneller herstel na operatie en een zelfde ziektevrije overleving 
dan met open chirurgie.5 Om vast te stellen of laparoscopische resectie van een 
rectumcarcinoom eveneens oncologisch veilig is en een beter en sneller herstel biedt, 
werd de ‘Colorectal cancer laparoscopic or open resection’(COLOR II)-trial uitgevoerd. 
In dit artikel beschrijven wij de kortetermijnresultaten van deze trial.
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METHODE

Patiënten
COLOR II, een gerandomiseerd, niet-geblindeerd non-inferioriteits-onderzoek, is opgezet 
in 30 klinische centra verdeeld over 8 landen (België, Canada, Denemarken, Duitsland, 
Nederland, Spanje, Zuid-Korea en Zweden). Zowel de arts als de patiënt was op de hoogte 
welke interventie werd verricht. ‘Non-inferioriteit’ betekent in dit geval dat men wil 
aantonen dat de laparoscopische interventie niet slechter is dan open chirurgie. In deze 
studie werden patiënten geïncludeerd met 1 rectumcarcinoom binnen 15 cm vanaf de 
anus – aangetoond met coloscopie, rigide rectoscopie of een bariumklysma – zonder 
aanwijzing voor afstandsmetastasen en die electieve chirurgie zouden ondergaan.

De locatie van de tumor was gecategoriseerd in ‘bovenste’ (onderste grens van de 
tumor 10-15 cm van de anus), ‘middelste’ (5-10 cm) en ‘onderste’ (< 5 cm). Patiënten met 
een tumor die doorgroeide in de omliggende weefsels werden geëxcludeerd. De overige 
exclusiecriteria zijn te vinden in het oorspronkelijke artikel.6 Elk deelnemend ziekenhuis 
verkreeg toestemming van de lokale toetsingscommissie en alle deelnemende patiënten 
hadden een toestemmingsverklaring ondertekend.

Randomisatie en blindering
Patiënten werden gerandomiseerd in een 2:1-ratio ten faveure van laparoscopische 
resectie ten opzichte van open resectie. Stratificatie was voor centrum, lokalisatie 
van de tumor en preoperatieve radiotherapie. Er was geen blindering voor patiënt 
of behandelaar.

Procedure
De perioperatieve zorg, zoals antibioticaprofylaxe, laxantia, tromboseprofylaxe, analgetica 
en postoperatieve hervatting van een normaal dieet, werd volgens de lokale standaarden 
in beide groepen gelijk uitgevoerd. Alle procedures moesten verlopen via de criteria van 
de TME of de partiële mesorectale excisie (PME).1 Bij TME wordt het gehele mesorectum 
verwijderd met of zonder excisie van de anale kringspier (abdominoperineale excisie). 
Tumoren proximaal in het rectum konden met een distale marge van 5 cm verwijderd 
worden; in dat geval spreekt men van een PME.

Een laparoscopische procedure moest geheel doorlopen zijn om de patiënt tot de 
laparoscopische groep te kunnen rekenen; alle andere laparoscopische ingrepen werden 
tot open chirurgie gerekend. 
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Statistische analyse
De groep patiënten met een lokaal recidief 3 jaar na de operatie werd geschat op 10% in de 
groep die open chirurgie had ondergaan. Om gelijkwaardigheid van de laparoscopische 
procedure aan te tonen met een power van 80% en een non-inferioriteitsmarge van 
5 procentpunten, was volgens onze berekening een steekproef van 1000 patiënten 
nodig. In de trial werden 1100 patiënten geïncludeerd om uitval na de randomisatie 
te ondervangen. Vergelijking tussen de 2 groepen aan de hand van categoriale 
uitkomsten werd verricht met Fisher’s exacte toets of c-toets; continue uitkomsten 
werden vergeleken met de Mann-Whitney-U-toets. Analyses werden gedaan volgens 
het ‘intention to treat’-principe. Verschillen met p-waarden < 0,05 bij tweezijdig toetsen 
werden als statistisch significant beschouwd; statistische analyses werden verricht met 
SPSS. De trial is geregistreerd bij ClinicalTrials.gov onder nummer NCT00297791.
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RESULTATEN

Tussen 20 januari 2004 en 4 mei 2010 werden 1103 patiënten met rectumkanker 
gerandomiseerd toegewezen aan de groep van laparoscopische of open chirurgie. 
59 patiënten werden geëxcludeerd na randomisatie (fi guur 1). Van de overgebleven 
1044 patiënten waren er 699 (67%) gerandomiseerd voor laparoscopische chirurgie en 
345 (33%) voor open chirurgie.

1103 gerandomiseerde patiënten

739 laparoscopische resectie 364 open resectie

40 patiënten geëxcludeerd:
12 afstandsmetastasen 
12 geen carcinoom
6 tumorstadium T4
2 overleden voor de operatie
1 teruggetrokken
7 andere redenen

19 patiënten geëxcludeerd:
2 afstandsmetastasen
2 geen carcinoom
2 tumorstadium T4
2 teruggetrokken
1 spoedoperatie

699 beschikbaar voor analyse
7 ondergingen open resectie

345 beschikbaar voor analyse
5 ondergingen laparoscopische resectie

Figuur 1 Stroomschema van de inclusie van patiënten in een vergelijkend onderzoek naar 
laparoscopische versus open resectie van rectumcarcinoom.

Tabel 1 geeft de klinische kenmerken van de patiënten weer. De soort resectie was 
gelijk verdeeld over de 2 groepen. De laparoscopische procedure duurde gemiddeld 
240 min met een gemiddeld bloedverlies van 200 ml, tegenover 188 min voor een open 
resectie met een gemiddeld bloedverlies van 400 ml. Bij 121 van de 695 patiënten (17%) 
werd de laparoscopische procedure geconverteerd naar een open procedure.

Het postoperatieve gebruik van opiaten of niet-opiaten verschilde niet tussen de 
groepen. Epidurale anesthesie werd gedurende de eerste drie postoperatieve dagen 
meer gebruikt na open chirurgie dan na laparoscopie. De eerste defecatie kwam na 
laparoscopische resectie op de tweede postoperatieve dag, een dag eerder dan bij open 
resectie. Vochtinname van meer dan 1 l werd 0,2 dagen eerder verdragen bij laparoscopie 
dan bij open chirurgie. De gemiddelde opnameduur was bij laparoscopie 8 dagen, bij 
open chirurgie 9 dagen. 
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Het percentage naadlekkages en morbiditeit verschilde niet significant tussen beide 
groepen. Het aantal patiënten bij wie een reïnterventie moest plaatsvinden binnen 
28 dagen na chirurgie was gelijk voor beide groepen (tabel 2). In de laparoscopische 
groep overleden 8 patiënten (1%) en in de open groep 6 patiënten (2%) binnen 28 dagen 
na operatie. Er was geen verschil tussen de groepen in het aantal patiënten bij wie 
tumorcellen in het circumferentiële snijvlak waren aangetroffen.

Bij subgroepanalyse van patiënten met een tumor in het onderste derde deel van 
het rectum lag het aantal circumferentiële snijvlakken waarin tumorcellen werden 
aangetroffen significant lager in de laparoscopische groep dan in de open chirurgie 
groep (zie tabel 2). Het gemiddeld aantal lymfeklieren dat werd weggenomen tijdens 
de operatie verschilde niet tussen de groepen (zie tabel 2). Een uitgebreidere bespreking 
van de resultaten staat in ons oorspronkelijke artikel.6

Tabel 1 Klinische kenmerken en operatiegegevens van patiënten in een vergelijkend onderzoek 
naar laparoscopische versus open resectie van rectumcarcinoom

kenmerk laparoscopische chirurgie
(n = 699)

open chirurgie
(n = 345)

p-waarde

geslacht; n/N (%) NS
 ♂
 ♀

448/699 (64)
251/699 (36)

211/345 (61)
134/345 (39)

leeftijd in jaren; gemiddelde (SD) 66,8 (10,5) 65,8 (10,9) NS
ASA-classificatie; n/N (%) NS
 I
 II
 III
 IV

156/678 (23)
368/678 (57)
131/678 (19)
5/678 (< 1)

65/338 (19)
211/338 (62)
61/338 (18)
1/338 (< 1)

BMI (kg/m2); gemiddelde (SD) 26,1 (4,5) 26,5 (4,7) NS
locatie rectumcarcinoom; n/N (%) NS
 bovenste 1/3 (10-15 cm)*
 middelste 1/3 (5-10cm)*
 onderste 1/3 (< 5 cm)*

203/699 (29)
273/699 (39)
223/699 (32)

93/345 (27)
136/345 (39)
116/345 (34)

preoperatieve radiotherapie; n/N (%) 412/699 (59) 199/345 (58) NS
preoperatieve chemotherapie; n/N (%) 196/609 (32) 99/295 (34) NS
operatieduur in min; mediaan (IQR)† 240 (184-300) 188 (150-240) < 0,0001
bloedverlies in ml; mediaan (IQR) 200 (100-400) 400 (200-700) < 0,0001
conversie naar open procedure; n/N (%) 121/695 (17)
ASA = American Society of Anesthesiologists; IQR = interkwartielafstand; NS = niet significant (p ³ 0,05).
* Gerekend vanaf de anus.
† Operatieduur: tijd tussen de eerste incisie en het sluiten van de chirurgische incisie.
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Tabel 2 Postoperatief herstel, mortaliteit binnen 28 dagen en resectiekenmerken bij patiënten 
die een laparoscopische of open resectie van een rectumcarcinoom hebben ondergaan

kenmerk laparoscopische chirurgie open chirurgie p-waarde

dagen tot eerste defaecatie; mediaan 
(IQR)

2,0 (1,0-3,0)* 3,0 (2,0-4,0)* < 0,0001

vochtinname > 1 l; mediaan (IQR) 2,0 (1,0-3,0)† 2,0 (1,0-3,0)† 0,005
reïnterventie; n/N (%) 113/697 (16) 52/345 (15) 0,701
opnamedagen in het ziekenhuis; 
mediaan (IQR)

8,0 (6,0-13,0)‡ 9,0 (7,0-14,0)‡ 0,036

mortaliteit binnen 28 dagen; n/N (%)§ 8/699 (1) 6/345 (2) 0,409
morbiditeit (patiënten met minstens één 
postoperatieve complicatie); n/N (%)

278/697 (40) 128/345 (37) 0,424

naadlekkage; n/N (%) 58/461 (13) 25/240 (10) 0,462
intactheid van het preparaat; n/N (%) 0,250
 compleet
 partieel compleet
 incompleet

589/666 (88)
58/666 (9)
19/666 (3)

303/331 (92)
19/331 (6)
9/311 (3)

circumferentieel snijvlak positief voor 
tumorcellen; n/N (%)
 totale groep
 bovenste 1/3
 middelste 1/3
 onderste 1/3

56/588 (10)
18/196 (9)
22/228 (10)
15/164 (9)

30/300 (10)
9/97(9)
4/115 (3)
17/79 (22)

0,850
1,000
0,068
0,014

aantal verwijderde lymfeklieren; mediaan 
(IQR)
 totale groep
 bovenste 1/3
 middelste 1/3
 onderste 1/3

13 (10-18)
15 (11-20)
14 (10-18)
12 (7-16)

14 (10-19)
15 (12-22)
14 (11-19)
13 (7-16)

0,085
0,359
0,205
0,724

IQR = interkwartielafstand.
*  Dagen tot eerste defaecatie: gemiddeld 2,9 dagen (SD: 3,8) in de laparoscopische groep en 3,7 dagen 

(SD: 3,6) in de open-resectiegroep.
†  Vochtinname > 1 l : gemiddeld 2,6 dagen (SD: 4,3) in de laparoscopische groep en 2,8 dagen (SD: 3,6) in 

de open-resectiegroep.
‡  Opnameduur: gemiddeld 11,9 dagen (SD: 11,8) in de laparoscopische groep en 12,1 dagen (SD: 10,6) in 

de open-resectiegroep.
§  Er waren 2 patiënten in de open-resectiegroep en 1 in de laparoscopische groep die meer dan 28 dagen 

na de operatie in het ziekenhuis overleden.
||  Statistisch significante verschillen tussen de laparoscopische en de open-resectiegroep zijn rood en vet 

afgedrukt.
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BESCHOUWING

De hier gepresenteerde uitkomsten van de COLOR II-trial laten zien dat laparoscopische 
resectie van het rectumcarcinoom eenzelfde radicaliteit oplevert als een open ingreep, 
als beide ingrepen uitgevoerd worden door een ervaren team. Mogelijk is het resultaat 
van de laparoscopische resectie zelfs wat beter voor patiënten met een tumor in het 
onderste derde deel van het rectum. Dit is van groot belang, aangezien de kans op een 
locoregionaal recidief kleiner is als het circumferentiële snijvlak vrij is van tumorcellen.7

Een van de mogelijke verklaringen voor de betere resultaten bij patiënten met een 
tumor in het onderste derde deel van het rectum zou kunnen liggen in de betere 
visualisatie van het lage bekkengebied met laparoscopie. Voordat echter definitief gesteld 
kan worden dat laparoscopische resectie van het rectumcarcinoom een oncologisch 
veilige en gelijkwaardige methode is, dienen de 3-jaarsresultaten afgewacht te worden. 
Deze zullen in de eerste helft van 2014 gepubliceerd worden.

Zoals eerder aangetoond voor onder andere laparoscopische resectie van de 
galblaas, coloncarcinoom en liesbreukchirurgie,5,8,9 laten onze resultaten ook zien dat 
laparoscopische resectie voordelen met zich meebrengt op de korte termijn. De patiënt 
kan sneller orale vochtinname verdragen en de ontlasting komt eerder op gang, wat 
samen resulteert in een kortere duur van de ziekenhuisopname. Er werd geen verschil 
aangetoond in de behoefte aan pijnstilling na de operatie, behalve dat laparoscopisch 
geopereerde patiënten minder epidurale anesthesie gebruikten postoperatief. 
De laparoscopische operaties duurden langer dan de open resecties. Er waren geen 
verschillen tussen laparoscopische resectie en open resectie in postoperatieve 
morbiditeit en mortaliteit.

Door het benodigde instrumentarium zijn de kosten voor een laparoscopische 
procedure wel hoger dan die van een open resectie. Door de kortere herstelperiode 
en verminderde kans op complicaties lijkt het verschil in kosteneffectiviteit echter 
geminimaliseerd te worden.10 Verdere analyses van de kosteneffectiviteit binnen de 
COLOR II-studie volgen op een later moment, evenals de resultaten met betrekking tot 
complicaties als adhesies en littekenbreuken. Hiervoor lijkt laparoscopie gelijkwaardige 
of betere uitkomsten te bieden dan open chirurgie.11
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CONCLUSIE

Laparoscopische resectie van een rectumcarcinoom biedt dezelfde radicaliteit van de 
ingreep als open resectie, mits uitgevoerd door een ervaren team. Dit geldt voor patiënten 
zonder metastasering en met een tumor die niet is doorgegroeid in omliggende weefsels. 
Deze patiënten kunnen sneller uit het ziekenhuis ontslagen worden na laparoscopische 
chirurgie dan na open chirurgie. Het is echter noodzakelijk de lokale recidiefvorming 
en overleving op lange termijn te onderzoeken voordat laparoscopie bij patiënten 
met een rectumcarcinoom definitief als een oncologisch veilige methode beschouwd 
mag worden.

Belangenconflict en financiële ondersteuning: geen gemeld.

LEERPUNTEN

• Laparoscopische resectie van coloncarcinoom is een bewezen veilige methode met 
gelijke overlevingscijfers maar minder postoperatieve pijn en sneller herstel dan bij 
open resectie.

• Voor het rectumcarcinoom is er onvoldoende bekend over de veiligheid van 
laparoscopische resectie.

• In handen van een ervaren chirurgisch team geeft laparoscopische resectie van een 
rectumcarcinoom dezelfde radicaliteit als open resectie.

• Laparoscopische chirurgie voor het rectumcarcinoom geeft een sneller herstel dan 
open chirurgie.

• Voordat er definitieve conclusies getrokken kunnen worden dienen de 
langetermijnresultaten met betrekking tot lokale recidiefvorming en overleving 
afgewacht te worden.
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ABSTRACT 

Background 
Laparoscopic resection of colorectal cancer is widely used. However, robust evidence to 
conclude that laparoscopic surgery and open surgery have similar outcomes in rectal 
cancer is lacking. A trial was designed to compare 3-year rates of cancer recurrence in 
the pelvic or perineal area (locoregional recurrence) and survival after laparoscopic and 
open resection of rectal cancer. 

Methods 
In this international trial conducted in 30 hospitals, we randomly assigned patients with 
a solitary adenocarcinoma of the rectum within 15 cm of the anal verge, not invading 
adjacent tissues, and without distant metastases to undergo either laparoscopic or open 
surgery in a 2:1 ratio. The primary end point was locoregional recurrence 3 years after the 
index surgery. Secondary end points included disease-free and overall survival. 

Results 
A total of 1044 patients were included (699 in the laparoscopic-surgery group and 345 in 
the open-surgery group). At 3 years, the locoregional recurrence rate was 5.0% in the 
two groups (difference, 0 percentage points; 90% confidence interval [CI], −2.6 to 2.6). 
Disease-free survival rates were 74.8% in the laparoscopic-surgery group and 70.8% in 
the open-surgery group (difference, 4.0 percentage points; 95% CI, −1.9 to 9.9). Overall 
survival rates were 86.7% in the laparoscopic-surgery group and 83.6% in the open-
surgery group (difference, 3.1 percentage points; 95% CI, −1.6 to 7.8). 

Conclusions
Laparoscopic surgery in patients with rectal cancer was associated with rates of 
locoregional recurrence and disease-free and overall survival similar to those for open 
surgery. (Funded by Ethicon Endo-Surgery Europe and others; COLOR II ClinicalTrials.gov 
number, NCT00297791.) 
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Colorectal cancer is the third most common cancer worldwide and accounts for nearly 
1.4 million new cases and 694,000 deaths per year. Approximately one third of all 
colorectal cancers are localized in the rectum.1-4 Less than a half century ago, rectal 
cancer had a poor prognosis, with cancer recurrence rates in the pelvic or perineal area 
(locoregional recurrence) of up to 40% and 5-year survival rates after surgical resection 
of less than 50%.5,6 In the 1980s, Heald and Ryall6 introduced a new surgical technique 
of complete removal of the fatty envelope surrounding the rectum (mesorectum), 
called total mesorectal excision. The adoption of total mesorectal excision combined 
with neoadjuvant chemoradiotherapy in selected patients has reduced locoregional 
recurrence rates to below 10% and improved cancer-free survival rates to more 
than 70%.7-10 

Laparoscopic surgery has progressively replaced open colonic surgery in recent decades 
owing to favorable short-term outcomes, such as less pain, reduced blood loss, and 
improved recovery time.11 Initially, there was concern regarding the safety of laparoscopic 
colectomy after reports of cancer recurrence in the abdominal wall.12,13 In various trials 
in which patients with colon cancer were randomly assigned to undergo either open or 
laparoscopic surgery, evidence was obtained that laparoscopic surgery was associated 
with similar disease-free and overall survival rates as open surgery.14,15 However, evidence 
is lacking from large, randomized clinical trials indicating that survival after laparoscopic 
resection of rectal cancer is not inferior to open surgery. We previously reported that 
laparoscopic surgery in patients with rectal cancer was associated with similar surgical 
safety and improved recovery time, as compared with open surgery.16 In the Colorectal 
Cancer Laparoscopic or Open Resection (COLOR) II trial, we report the long-term rates of 
locoregional recurrence and survival in patients who were randomly assigned to undergo 
one of the two procedures. 

137644_Gabor Abis_BOEK-v2.indb   33 23-10-19   13:32



34Chapter 3

METHODS 

Study design and oversight 
The COLOR II trial was a noninferiority, open-label, multicenter trial conducted at 
30 centers in 8 countries. The study was designed by members of the protocol committee. 
The local investigators and the trial manager gathered the data. The authors analyzed 
the data and vouch for the accuracy of the data and the analyses and the fidelity of the 
study to the protocol (available with the full text of this article at NEJM.org). The authors 
wrote the manuscript and made the decision to submit the manuscript for publication. 
The sponsor of the study, Ethicon Endo-Surgery Europe (a subsidiary of Johnson & 
Johnson), had no role in the study design, data gathering, analyses and interpretation, 
or writing of the manuscript. 

Patients 
Patients with a solitary adenocarcinoma of the rectum within 15 cm from the anal verge 
without distant metastases who were candidates for elective surgery were eligible for 
inclusion. The localization of the tumor was categorized as the upper rectum (distal 
border of tumor, 10 to 15 cm from the anal verge), middle rectum (5 to 10 cm from the anal 
verge), or lower rectum (<5 cm from the anal verge). Patients with T4 tumors or T3 tumors 
within 2 mm of the endopelvic fascia, as determined on computed tomography (CT) 
or magnetic resonance imaging (MRI), were excluded. Other exclusion criteria have been 
reported previously.16 The study was approved by the institutional review board at each 
participating center. All patients provided written informed consent. 

Randomization 
Randomization was performed at the patient level. Laparoscopic and open surgery 
were performed at all participating centers. Eligible patients were randomly assigned 
in a 2:1 ratio to undergo either laparoscopy or open surgery according to a list of 
randomization numbers with treatment assignments. This list was computer-generated, 
with stratification according to hospital, tumor location, and the presence or absence 
of preoperative radiotherapy. An Internet application allowed central randomization. 

Procedures and quality control 
The use of neoadjuvant therapy was determined by multidisciplinary cancer boards at 
each participating hospital, according to local standards, without differences between 
the laparoscopic-surgery group and the open-surgery group. All procedures were 
required to comply with the principles of total mesorectal excision or partial mesorectal 
excision if the cancer was located in the upper part of the rectum.6
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The selection of centers for participation in the trial was based on stringent quality 
assessment by the study management committee to confirm the use of proper surgical 
technique. Unedited recordings of five consecutive laparoscopic total mesorectal 
excisions were evaluated. The respective pathology reports of these five consecutive 
cases were reviewed to confirm completeness of the specimens. Pathologists adhered to 
standardized processing and assessment of specimens, as described in detail in the trial 
protocol, to ensure accurate reporting by all participating centers.16 The circumferential 
resection margin was defined as “involved” when tumor cells were present within 2 mm 
from the lateral surface of the mesorectum. 

End points 
The primary end point was locoregional recurrence 3 years after the index surgery. 
Secondary end points included disease-free and overall survival. 

Follow-up 
Minimal required follow-up included annual clinical examinations for 5 years after surgery. 
Three years after the index surgery, CT or MRI of the pelvis combined with imaging of the 
liver and the chest were performed. Recurrent disease was defined as the presence of 
locoregional recurrence, the presence of distant metastases, or death from rectal cancer.

Statistical analysis 
We used the Kaplan–Meier method to estimate the difference in recurrence rates 
between the two study groups at 3 years postoperatively. Laparoscopic surgery was 
considered to be noninferior to open surgery if the one-sided 95% confidence interval 
for the difference in locoregional recurrence rates excluded an absolute difference of 
5 percentage points or more. With 1000 patients who could be evaluated at a ratio of 2:1, 
the power of the noninferiority test was 80% at a locoregional recurrence rate of 10% in 
the open-surgery group. 
All analyses were performed on an intention-to-treat basis. We used the Kaplan–Meier 
method to compare rates of recurrence, disease-free survival, and overall survival at 
3 years. The onesided 95% confidence interval for the between group difference in 
locoregional recurrence corresponds to the upper limit of the two-sided 90% confidence 
interval for this difference. For survival rates, two-sided 95% confidence intervals were 
calculated. In addition, we performed as-treated analyses for locoregional recurrence, 
disease-free survival, and overall survival.
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RESULTS 

Patients 
From January 2004 through May 2010, a total of 1103 patients with rectal cancer 
underwent randomization. Of these patients, 739 were assigned to undergo laparoscopic 
surgery and 364 to undergo open surgery. After the exclusion of 59 patients following 
randomization, 1044 patients (699 in the laparoscopic-surgery group and 345 patients in 
the open-surgery group) were included in the analysis (Figure 1). In total, 1036 patients 
were included in the long-term analyses. 

At the 3-year follow-up, data were available for 771 patients (74%) regarding locoregional 
recurrence, 923 (89%) regarding disease-free survival, and 903 (87%) regarding overall 
survival. The clinical characteristics of the patients were similar in the two groups, as were 
the proportions of patients who received neoadjuvant chemoradiotherapy (Table 1). 

Figure 1 Flowchart
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Table 1 Baseline clinical characteristics and pathology

 
 

Laparoscopic surgery 
(n=699)

Open surgery (n=345)

Sex
Male 448/699 (64%) 211/345 (61%)
Female 251/699 (36%) 134/345 (39%)

Age (years) 66.8 (10.5) 65.8 (10.9)
American Society of Anesthesiologists classification

I 156/678 (23%) 65/338 (19%)
II 386/678 (57%) 211/338 (62%)
III 131/678 (19%) 61/338 (18%)
IV 5/678 (<1%) 1/338 (<1%)
Missing data 21/699 (3%) 7/345 (2%)

Body-mass index (kg/m2) 26.1 (4.5) 26.5 (4.7)
Location of tumor (distance from anal verge)

Upper rectum (10-15 cm) 223/699 (32%) 116/345 (34%)
Middle rectum (5-10 cm) 273/699 (39%) 136/345 (39%)
Lower rectum (<5 cm) 203/699 (29%) 93/345 (27%)

Clinical stage
I 201/667 (30%) 96/329 (29%)
II 209/667 (31%) 107/329 (33%)
III 257/667 (38%) 126/329 (38%)
Missing data 32/699 (5%) 16/345 (5%)

Preoperative radiotherapy 412/699 (59%) 199/345 (58%)
Preoperative chemotherapy 196/609 (32%) 99/295 (34%)

Missing data 90/699 (13%) 50/345 (14%)
No residual tumor 33/412 (8%) 19/199 (10%)

Missing data 18/699 (3%) 3/345 (<1%)
Pathology stage

I 231/681 (34%) 107/342 (31%) 
II 180/681 (26%) 91/342 (27%)
III 233/681 (34%) 125/342 (37%)
IV 4/681 (<1%) 0
Missing data 18/699 (3%) 3/345 (<1%)

Macroscopic completeness of resection
Complete 589/666 (88%) 303/331 (92%)
Partially complete 58/666 (9%) 19/331 (6%)
Incomplete 19/666 (3%) 9/331 (3%)
Missing data 33/699 (5%) 14/345 (4%)

Lymph nodes harvested 13 (10-18) 14 (10-19)
Missing data 16/699 (2%) 4/345 (1%)

Data are n/N (%), median (IQR) or mean (SD).
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Short-term outcomes 
Five patients who were randomly assigned to the open-surgery group underwent 
laparoscopic surgery. Of these patients, three requested laparoscopic surgery after 
randomization, and the reason for crossover was unknown for the other two patients. 
In addition, seven patients in the laparoscopic- surgery group underwent open surgery: 
one owing to poor pulmonary condition, five because no laparoscopic surgeon was 
available, and one for an unknown reason. A total of 86% of laparoscopic and open 
procedures were performed by surgeons who had performed both laparoscopic and 
open surgeries for rectal cancer. The conversion rate from laparoscopic surgery to open 
surgery was 16%. In the laparoscopic-surgery group, the operating time was 52 minutes 
longer, bowel function returned 1 day earlier, and the hospital stay was 1 day shorter 
than in the open-surgery group. There were no significant differences in the rates of 
anastomotic leaking, complication, or death.16 

Pathological analyses
There were no significant between-group differences for all lesions with respect to 
macroscopic completeness of the mesorectum, involved circumferential resection 
margins (Tables 1 and 2), or distal resection margins (median, 3.0 cm in the two groups). 

Locoregional recurrence 
At 3 years, the rate of locoregional recurrence was 5.0% in each of the study groups 
(31 patients in the laparoscopic-surgery group and 15 in the open-surgery group) (Table 2). 
The upper limit of the 90% confidence interval for the absolute between- group difference 
in the rate of locoregional recurrence (2.6 percentage points) was below the noninferiority 
margin of 5 percentage points. In the intention-to-treat analysis, rates of locoregional 
recurrence of upper rectal cancers were 3.5% in the laparoscopic-surgery group and 
2.9% in the open-surgery group (difference, 0.6 percentage points; 90% CI, −2.9 to 4.1). 
In patients with middle rectal cancers, locoregional recurrence rates were 6.5% and 2.4%, 
respectively (difference, 4.1 percentage points; 90% CI, 0.7 to 7.5); in patients with lower 
rectal cancers, the rates were 4.4% and 11.7%, respectively (difference, −7.3 percentage 
points; 90% CI, −13.9 to −0.7). 
In the as-treated analysis, the locoregional recurrence rates in patients with upper rectal 
cancers were 3.0% in the laparoscopic-surgery group and 3.9% in the open-surgery 
group (difference, −0.9 percentage points; 90% CI, −4.6 to 2.8). In patients with middle 
rectal cancers, locoregional recurrence rates were 5.7% and 4.1%, respectively (difference, 
1.6 percentage points; 90% CI, −2.3 to 5.5); in patients with lower rectal cancers, the rates 
were 3.8% and 12.7%, respectively (difference −8.9 percentage points; 90% CI, −15.6 to 
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−2.2). Among 46 patients with locoregional recurrence at 3 years, 27 patients had distant 
metastases as well. 

Disease-free and overall survival 
At 3 years, the rate of disease-free survival was 74.8% in the laparoscopic-surgery group 
and 70.8% in the open-surgery group (difference, 4.0 percentage points; 95% CI, −1.9 to 
9.9) (Figure 2). In patients with stage I or II rectal cancer, rates of disease-free survival were 
similar in the two groups, whereas in patients with stage III disease, the rate of disease-
free survival was 64.9% in the laparoscopic-surgery group and 52.0% in the open-surgery 
group (difference, 12.9 percentage points; 95% CI, 2.2 to 23.6). 
At 3 years after surgery, 145 patients had died, accounting for an overall survival rate 
of 86.7% in the laparoscopic-surgery group and 83.6% in the open-surgery group 
(difference, 3.1 percentage points; 95% CI, −1.6 to 7.8) (Figure 3). Overall survival rates 
according to disease stage were also similar in the two groups. 
Distant metastases at 3 years after surgery were reported in 19.1% of the patients in the 
laparoscopic-surgery group and 22.1% of those in the open-surgery group, including one 
port-site metastasis in the laparoscopic-surgery group and one tumor recurrence in the 
laparotomy wound in the open-surgery group. 

Figure 2. Disease-free survival
 
a. All stages 
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b. Stage I 

	

c. Stage II 
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d. Stage III

	

Figure 3 Overall survival

a. All stages 
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b. Stage I 

	

c. Stage II 
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d. Stage III
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DISCUSSION 

In this trial, we compared the rates of locoregional recurrence of rectal cancer after 
laparoscopic or open resection. Locoregional recurrences were recorded in 5.0% of the 
patients in each of the two groups. In the Dutch trial of total mesorectal excision by 
Kapiteijn et al.,8 among 1805 patients with rectal cancer who underwent open resection, 
the locoregional recurrence rate at 2 years was 5.3%, a rate similar to that in our study. 
In the Conventional versus Laparoscopic Assisted Surgery in Colorectal Cancer (CLASICC) 
trial, the first multicenter, randomized study to determine the effect of laparoscopic 
surgery on rectal-cancer outcomes involving 381 patients, the locoregional recurrence 
rate at 3 years was 9.7% after laparoscopic surgery and 10.1% after open surgery.17 The 
presence of involved circumferential resection margins, which predispose patients to 
locoregional recurrence, were observed in 16% of the patients after laparoscopic surgery 
in the CLASICC trial, as compared with 10% of those in the laparoscopic surgery group in 
our study.18,19 Recently, in the Comparison of Open versus Laparoscopic Surgery for Mid 
or Low Rectal Cancer after Neoadjuvant Chemoradiotherapy (COREAN) study10 involving 
340 patients with cancer of the middle or lower rectum who had received preoperative 
chemoradiotherapy, rates of locoregional recurrence were 2.6% after laparoscopic 
surgery and 4.9% after open surgery. The presence of involved circumferential resection 
margins in the COREAN trial (2.9% after laparoscopic surgery and 4.1% after open surgery) 
were lower than those in our study.20 However, we considered circumferential resection 
margins as being involved when tumor cells were present within 2 mm from the lateral 
surface of the mesorectum, whereas the COREAN study group used a 1-mm margin. 
The use of a 2-mm margin yields a higher rate of involved circumferential resection 
margins.16 

In our study, laparoscopic surgery in patients with cancer in the lower third of the 
rectum was associated with a lower rate of involved circumferential resection margin 
and a lower locoregional recurrence rate than was open surgery. During laparoscopic 
surgery, narrow spaces such open surgery owing to the use of a laparoscope, which 
projects a magnified and well-illuminated image of the operative field on the monitors. 
A clear view is of paramount importance to accomplish a resection of the cancer with 
sufficient margins. As a result of tapering of the mesorectum at the level of the pelvic 
floor, tissue margins around low rectal cancers are smaller than those around tumors 
located in the middle or upper rectum, which predisposes such tumors to incomplete 
radical resection.21 Therefore, a procedure called extralevatory abdominoperineal rectum 
extirpation (ELAPE), in which a part of the pelvic floor musculature is resected through a 
perineal approach, has been introduced. During the past decade, the ELAPE principle was 
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introduced but was not included in the COLOR II study protocol.22 However, the debate 
on the value of this technique continues. 
The disease-free survival rates at 3 years in our study were 74.8% after laparoscopic 
surgery and 70.8% after open surgery, as compared with rates of 79.2% and 72.5%, 
respectively, during the same follow-up period in the COREAN study.10 In our study, 
among patients with stage III disease, disease-free survival rates were 64.9% after 
laparoscopic surgery and 52.0% after open surgery. A similar finding was reported by 
Lacy and colleagues15 among patients who underwent laparoscopic resection of lymph-
node–positive colon cancers. These observations may confirm the experimental findings 
that less surgical trauma associated with the use of laparoscopic techniques reduces 
tumor recurrence.23 In a study involving patients undergoing laparoscopic and open 
colonic resection, laparoscopic surgery was followed by attenuated stress responses and 
improved preservation of immune function.24 Further studies are necessary to determine 
whether laparoscopic surgery for cancer is associated with improved survival. 
The size of the cohort in our study allowed for the use of a noninferiority margin of 
5 percentage points, whereas in the smaller COREAN trial, the noninferiority margin was 
15 percentage points.20 Since centers in eight countries in Europe, North America, and 
Asia participated in our study, the outcomes appear to be applicable to surgical practice 
in general. 
Rectal-cancer surgery, regardless of which technique is used, is technically demanding 
and requires sufficient training to be performed safely. We verified the surgical quality 
of laparoscopic total mesorectal excision by reviewing unedited recordings of five 
consecutive laparoscopic procedures for each center. Laparoscopic surgical expertise 
is difficult to measure objectively but is reflected to a certain extent by operative time 
and conversion rate.25 The median operating times for laparoscopic procedures were 
240 minutes in our study and 245 minutes in the COREAN trial; the latter obviously was 
recorded by highly skilled surgeons, given the low conversion rate of only 1% in that 
study.20 The conversion rate in our study remained 16% throughout the study period, 
whereas a decline in the conversion rate from 38% in the first year to 16% in the last year 
of the trial was reported by the CLASICC group.19 
In our study, patients with T4 and T3 lesions within 2 mm of the endopelvic fascia were 
excluded because laparoscopic resection of these large tumors is very difficult and could 
result in less-than-complete resection with subsequent higher rates of locoregional 
recurrence. Therefore, we do not recommend laparoscopic surgery in patients with T4 or 
T3 rectal cancers with threatened circumferential margins. 
A limitation of our study is the absence of centralized macroscopic and microscopic 
evaluation of the resected specimens. However, all pathologists adhered to a detailed 
standardized protocol. Another limitation is the use of different imaging methods to 
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determine the location of the tumor. It would have been preferable to standardize the 
imaging technique of the pelvis and calibrate the measurements centrally by indepen-
dent professionals. 
Some surgeons insert one of their hands through a gastight port in the abdomen during 
laparoscopic colorectal surgery to allow for manual retraction of tissues and tactile 
feedback, a procedure called hand-assisted laparoscopic surgery.26 The group who 
designed the study thought that a hand would obstruct the laparoscopic view of the 
narrow pelvis, so this technique was not part of the current protocol. 
In conclusion, long-term outcomes of the COLOR II trial indicate that laparoscopic surgery 
is as safe and effective as open surgery in patients with rectal cancers without invasion 
of adjacent tissues. 

Supported by Ethicon Endo-Surgery Europe; grants from the Swedish Cancer Society 
(2010/593 and 2013/497); the Health and Medical Care Committee of the Regional 
Executive Board, Region Västra Götaland, and an agreement concerning research 
and education of doctors, Sahlgrenska University Hospital, Gothenburg, Sweden; the 
Departments of Surgery and Biostatistics, Erasmus University Medical Center, Rotterdam, 
the Netherlands; the Department of Surgery, Dalhousie University, Halifax, NS, Canada; 
and the Department of Surgery, VU University Medical Center, Amsterdam. 
Disclosure forms provided by the authors are available with the full text of this article 
at NEJM.org. 
We thank Karen Inglis and Kevin Druhan of Dalhousie University for coordinating the trial 
and gathering and processing data. 

137644_Gabor Abis_BOEK-v2.indb   47 23-10-19   13:32



48Chapter 3

References
1. Ferlay J, Soerjomataram I, Ervik M, et 

al. GLOBOCAN 2012: estimated cancer 

incidence, mortality, and prevalence 

worldwide in 2012. Lyon, France: 

International Agency for Research on 

Cancer, 2013 (http://globocan.iarc.fr). 

2. Cancer facts and figures 2014. Atlanta: 

American Cancer Society, 2014  

(http://www.cancer.org/acs/groups/

content/@research/documents/

webcontent/ 

acspc-042151.pdf). 

3. National Bowel Cancer Audit annual 

report 2013. London: Health and Social 

Care Information Centre, 2013 (http://

www.hqip.org.uk/assets/NCAPOP-Library/ 

NCAPOP-2013-14/Bowel-Cancer-Audit-

Jul-2013-MAINREPORT.pdf). 

4. Van Leersum NJ, Snijders HS, 

Henneman D, et al. The Dutch Surgical 

Colorectal Audit.  

Eur J Oncol 2013;39:1063-70. 

5. Slaney G. Results of treatment of 

carcinoma of the colon and rectum. Mod 

Trends Surg 1971;3:69-89. 

6. Heald RJ, Ryall RD. Recurrence and survival 

after total mesorectal excision for rectal 

cancer. Lancet 1986;1:1479-82. 

7. MacFarlane JK, Ryall RD, Heald RJ. 

Mesorectal excision for rectal cancer. 

Lancet 1993;341:457-60. 

8. Kapiteijn E, Marijnen CA, Nagtegaal 

ID, et al. Preoperative radiotherapy 

combined with total mesorectal excision 

for resectable rectal cancer. N Engl J Med 

2001;345:638-46. 

9. Laurent C, Leblanc F, Wütrich P, Scheffler 

M, Rullier E. Laparoscopic versus open 

surgery for rectal cancer: long-term 

oncologic results. Ann Surg 2009; 

250:54-61. 

10. Jeong SY, Park JW, Nam BH, et al. 

Open versus laparoscopic surgery for 

mid-rectal or  

low-rectal cancer after neoadjuvant 

chemoradiotherapy (COREAN trial): 

survival outcomes of an open-label, 

noninferiority, randomised controlled trial. 

Lancet Oncol 2014;15:767-74. 

11. Veldkamp R, Kuhry E, Hop WC, et al. 

Laparoscopic surgery versus open surgery 

for colon cancer: short-term outcomes 

of a randomised trial. Lancet Oncol 

2005;6:477-84. 

12. Berends FJ, Kazemier G, Bonjer HJ, 

Lange JF. Subcutaneous metastases 

after laparoscopic colectomy. Lancet 

1994;344:58. 

13. Cirocco WC, Schwartzman A, Golub 

RW. Abdominal wall recurrence after 

laparoscopic colectomy for colon cancer. 

Surgery 1994;116:842-6. 

14. Colon Cancer Laparoscopic or Open 

Resection Study Group. Survival after 

laparoscopic surgery versus open surgery 

for colon cancer: long-term outcome of 

a randomised clinical trial. Lancet Oncol 

2009;10:44-52. 

15. Lacy AM, García-Valdecasas JC, Delgado 

S, et al. Laparoscopy-assisted colectomy 

versus open colectomy for treatment 

of non-metastatic colon cancer: a 

randomised trial. Lancet 2002;359:2224-9. 

137644_Gabor Abis_BOEK-v2.indb   48 23-10-19   13:32



49

3

Chapter 3

16. van der Pas MH, Haglind E, Cuesta MA, 

et al. Laparoscopic versus open surgery 

for rectal cancer (COLOR II): short-term 

outcomes of a randomised, phase 3 trial. 

Lancet Oncol 2013;14:210-8. 

17. Jayne DG, Guillou PJ, Thorpe H, et al. 

Randomized trial of laparoscopic-assisted 

resection of colorectal carcinoma: 3-year 

results of the UK MRC CLASICC Trial Group. 

J Clin Oncol 2007;25:3061-8. 

18. Nagtegaal ID, Marijnen CA, Kranenbarg 

EK, van de Velde CJ, van Krieken JH. 

Circumferential margin involvement is still 

an important predictor of local recurrence 

in rectal carcinoma: not one millimeter 

but two millimeters is the limit. Am J Surg 

Pathol 2002;26:350-7. 

19. Guillou PJ, Quirke P, Thorpe H, et al. Short-

term endpoints of conventional versus 

laparoscopic-assisted surgery in patients 

with colorectal cancer (MRC CLASICC trial): 

multicentre, randomised controlled trial. 

Lancet 2005;365:1718-26. 

20. Kang SB, Park JW, Jeong SY, et al. Open 

versus laparoscopic surgery for mid 

or low rectal cancer after neoadjuvant 

chemoradiotherapy (COREAN trial): 

short-term outcomes of an open-label 

randomised controlled trial. Lancet Oncol 

2010;11:637-45. 

21. Marr R, Birbeck K, Garvican J, et al. The 

modern abdominoperineal excision: the 

next challenge after total mesorectal 

excision. Ann Surg 2005;242:74-82. 

22. Holm T, Ljung A, Häggmark T, Jurell G, 

Lagergren J. Extended abdominoperineal 

resection with gluteus maximus flap 

reconstruction of the pelvic floor for rectal 

cancer. Br J Surg 2007;94:232-8. 

23. Bouvy ND, Marquet RL, Jeekel J, Bonjer 

HJ. Laparoscopic surgery is associated 

with less tumour growth stimulation than 

conventional surgery: an experimental 

study. Br J Surg 1997;84:358-61. 

24. Veenhof AA, Vlug MS, van der Pas MH, 

et al. Surgical stress response and 

postoperative immune function after 

laparoscopy or open surgery with 

fast track or standard perioperative 

care: a randomized trial. Ann Surg 

2012;255:216-21. 

25. Harrysson IJ, Cook J, Sirimanna P, Feldman 

LS, Darzi A, Aggarwal R. Systematic review 

of learning curves for minimally invasive 

abdominal surgery: a review of the 

methodology of data collection, depiction 

of outcomes, and statistical analysis. Ann 

Surg 2014;260:37-45. 

26. Milsom JW, de Oliveira O Jr, Trencheva KI, 

Pandey S, Lee SW, Sonoda T. Long-term 

outcomes of patients undergoing curative 

laparoscopic surgery for mid and low 

rectal cancer.  

Dis Colon Rectum 2009;52:1215-22. 

137644_Gabor Abis_BOEK-v2.indb   49 23-10-19   13:32



137644_Gabor Abis_BOEK-v2.indb   50 23-10-19   13:32



Patient-reported genitourinary 
dysfunction after laparoscopic 

and open rectal cancer surgery in 
a randomized trial (COLOR II)

J .  Andersson ,  G .S .A.  Abis ,  M.  Gel lerstedt , 
E .  Angenete,  U.  Angerås,  M.A.  Cuesta ,  P.  Jess, 

J .  Rosenberg,  H.J .  Bonjer,  E .  Hagl ind

Br  J  Surg.  2014 Jun

4
CHAPTER

137644_Gabor Abis_BOEK-v2.indb   51 23-10-19   13:32



52Chapter 4

ABSTRACT

Background
This article reports on patient-reported sexual dysfunction and micturition symptoms 
following a randomized trial of laparoscopic and open surgery for rectal cancer.

Methods
Patients in the COLOR II randomized trial, comparing laparoscopic and open surgery for 
rectal cancer, completed the European Organization for Research and Treatment of Cancer 
(EORTC) QLQ-CR38 questionnaire before surgery, and after 4weeks, 6, 12 and 24 months. 
Adjusted mean differences on a 100-point scale were calculated using changes from 
baseline value at the various time points in the domains of sexual functioning, sexual 
enjoyment, male and female sexual problems, and micturition symptoms.

Results
Of 617 randomized patients, 385 completed this phase of the trial. Their mean age was 
67.1 years. Surgery caused an anticipated reduction in genitourinary function after 
4 weeks, with no significant differences between laparoscopic and open approaches. 
An improvement in sexual dysfunction was seen in the first year, but some male sexual 
problems persisted. Before operation 64.5 per cent of men in the laparoscopic group 
and 55.6 per cent in the open group reported some degree of erectile dysfunction. This 
increased to 81.1 and 80.5 per cent respectively 4weeks after surgery, and 76.3 versus 
75.5 per cent at 12 months, with no significant differences between groups. Micturition 
symptoms were less affected than sexual function and gradually improved to preoperative 
levels by 6months. Adjusting for confounders, including radiotherapy, did not change 
these results.

Conclusion
Sexual dysfunction is common in patients with rectal cancer and treatment (including 
surgery) increases the proportion of patients affected. A laparoscopic approach does not 
change this. Registration number: NCT0029779 (http://www.clinicaltrials.gov). 
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INTRODUCTION

Studies of laparoscopy in colonic cancer have shown less postoperative pain, faster 
recovery and improved health-related quality of life (HRQL), with cancer survival 
rates comparable to those after open surgery1–4. In regard to rectal cancer, several 
studies describing laparoscopic total mesorectal excision (TME) have been published, 
with surrogate markers indicating that it is a safe procedure. No definitive long-term 
survival data are yet available3,5,6. Traditional primary outcome measures for evaluating 
laparoscopic surgery for rectal cancer were survival and local recurrence. However, 
secondary measures such as quality of life, including sexual and urinary dysfunction, 
are also important7–9. Nerve pathways as well as microvasculature are damaged by 
radiotherapy, and this can be compounded by surgery10–14. Sexual dysfunction after 
open rectal surgery has been reported in between 10 and 35 percent of patients, but 
urinary dysfunction is present in less than 5 per cent15,16. Reports17–19 of sexual and urinary 
dysfunction after laparoscopic TME are conflicting, indicating that more research is 
warranted. The aim of this study was to compare patient-reported sexual dysfunction and 
micturition symptoms after rectal cancer surgery in a randomized clinical trial (COlorectal 
cancer Laparoscopic or Open Resection, COLOR II). 
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METHODS

COLOR II, a non-inferiority, international, randomized clinical trial, included patients 
in 30 hospitals. Patients with a single rectal cancer within 15 cm from the anal verge 
were included, in a 2 : 1 ratio of laparoscopic to open. Patients with tumours invading 
adjacent tissues or organs, T4 tumours, or T3 rectal cancers within 2mm of the endopelvic 
fascia at preoperative evaluation, were excluded. Further details about inclusion and 
exclusion criteria, randomization and clinical short-term outcomes have been reported 
previously3,20. The protocol of the COLOR II trial was approved by the appropriate ethics 
committees and registered at ClinicalTrials.gov (NCT0029779).

Quality of life measurements
Twelve hospitals in five countries (Canada, Denmark, Germany, The Netherlands and 
Sweden) participated in the optional HRQL component of the COLOR II trial21. Inability 
to understand the questionnaires was an exclusion criterion. Patients who agreed to 
participate were asked to fill in the preoperative questionnaire before surgery. After
operation the questionnaires were sent out at 4 weeks, and 6, 12 and 24 months. 
Demographic data, details of preoperative radiotherapy and chemotherapy, complications 
during and after surgery, and the pathology report on the resected specimen were used 
from the clinical record forms (CRFs). At the follow-up visits (12 and 24 months), the 
surgeon recorded the presence of sexual dysfunction and stress urinary incontinence in 
the CRF. Validated Swedish, Dutch, Danish, English and German
translations of the European Organization for the Treatment of Cancer (EORTC) 
questionnaire QLQ-CR38 were used.This questionnaire is designed for self administration 
and measures specific information about quality of life in patients with colorectal cancer. 
Thirty-eight questions are divided into four functional scales/single items (body image, 
sexual functioning, sexual enjoyment, future perspective) and eight symptom scales/
items (micturition symptoms, chemotherapy side-effects, symptoms in the area of 
the gastrointestinal tract, male sexual problems, female sexual problems, defaecation 
problems, stomarelated problems and weight loss). For this study the domains/scales/
items sexual functioning, sexual enjoyment, male sexual problems, female sexual 
problems and micturition symptoms were used. All questions relate to the previous 
4weeks and have four alternative responses: ‘not at all’, ‘a little’, ‘quite a bit’ and ‘very much’. 
The sexual functioning item comprises two questions ‘To what extent were you sexually 
active (with or without intercourse)?’ and ‘To what extent were you interested in sex?’. 
The answers were dichotomized into ‘not at all’ versus the rest (‘a little’, ‘quite a bit’, ‘very 
much’) to gauge sexual activity and sexual interest. The single item of sexual enjoyment is 
answered only if the patient has been sexually active. The symptom scale for male sexual 
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problems has two items: ‘Did you have difficulty getting or maintaining an erection?’ 
and ‘Did you have problems with ejaculation (such as so-called dry ejaculation)?’. In the 
symptom scale for female sexual problems, answered only by women who have had 
sexual intercourse, the items are: ‘Did you have a dry vagina during intercourse?’ and ‘Did 
you have pain during intercourse?’. The individual QLQ-CR38 scores were handled 
according to the EORTC scoring manual and converted to a score ranging from 0 to 100. 
A high score on the symptom/item scales represents a high level of symptoms/problems, 
whereas a high score on the functioning scales represents a high level of functioning.

Statistical analyses
The COLOR II study was powered for the primary endpoint of local recurrence at 3 years 
after index surgery. For this substudy a post hoc analysis was performed. The sample 
size achieved (Table 1) corresponds to a power of 80 per cent to detect a difference 
in change between the two surgical procedures of around 7 points, using Student’s 
independent-samples t test (5 per cent significance level) and assuming a standard 
deviation of 20 points in both samples. Applying the same principle to male sexual 
problems enabled detection of a difference of 10 points (Table 1). The domain sexual 
enjoyment and the symptom scale female sexual function were not analysed because 
response rates were low. In the EORTC questionnaires, several studies have examined 
the minimal important difference (MID), which represents the difference in scores 
corresponding to a clinically meaningful difference. Osoba22 suggested that the MID 
is in the range of 5–10 points on the 100-point scale and that a difference of more 
than 20 points suggests a substantial change. Missing data were handled according 
to instructions in the EORTC score manual. Results were calculated for the individual 
patient and expressed as a change from baseline before being presented as means on a 
group level. Comparisons of groups at baseline were made using Student’s t test, χ2 test 
and, where appropriate, Fisher’s exact test. Function and symptom scales in the QLQ-
CR38 were analysed using ANCOVA with the baseline (preoperative) score as a co-variable 
and surgical procedure as a factor. The results are presented as mean changes adjusted 
for baseline with P values and 95 per cent confidence intervals. The perspective of all 
statistical analyses was intention to treat. The level of significance was set at P <0.050. 
All baseline factors and preoperative scores on functioning domains and symptom 
scales were considered possible confounders. To check for confounders (age, sex, body 
mass index, American Society of Anesthesiologists (ASA) grade, tumour stage, type of 
resection, preoperative radiotherapy, preoperative chemotherapy, stoma, blood loss, 
anastomotic leakage, duration of operation and conversion), Student’s t test, ANOVA or 
correlation, where appropriate, were used. Confounders with P <0.200 in the bivariable 
analysis were included in a multiple regression model together with surgical technique. 
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This analysis applied to 12-month data. All statistical analyses were performed using 
SPSS® 20 software (IBM, Armonk, New York, USA). Owing to the explorative nature of this 
study, significant P values should be interpreted with care, as interesting findings rather 
than conclusive evidence. 

Table 1 Answer frequencies of functioning domains and symptom scales in EORTC-CR38 at 
different times. 

Preop 4 weeks 6 months 12 months 24 months

CR-38
Sexual Functioning (%)

326(85) 305(79) 302(78) 286(74) 205(53)

Lap/Open 224/102 207/98 206/96 197/89 141/64

CR-38
Sexual Enjoyment (%)

147(38) 58(15) 109(28) 125(32) 62(16)

Lap/Open 97/50 37/21 72/37 87/38 41/21

CR-38
Male sexual problems  
(% of 239 men)

178(74) 132(55) 163(68) 167(70) 115(48)

Lap/Open 124/54 91/41 116/47 117/50 78/37

CR-38
Female sexual problems  
(% of 146 women)

38(26) 13(9) 29(20) 33(23) 12(8)

Lap/Open 23/15 10/3 19/10 19/14 7/5

CR-38
Micturitional symptoms (%)

350 (91) 322(84) 320(83) 304(79) 249(65)

Lap/Open 240/110 219/103 219/101 209/95 170/79
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RESULTS

Between 2004 and 2010, 1103 patients were included in the COLOR II trial; 385 patients 
(260 laparoscopic and 125 open) were included in this study (Figure 1). The patients 
included in the HRQL study had a lower ASA grade, a longer operating time, a 
smaller proportion had received preoperative radiation, and fewer had postoperative 
anastomotic leakage compared with the eligible patients who were not included (Tables 
2 and 3)21. Demographic characteristics did not differ between the laparoscopic and 
open groups. At 1-year follow-up, sexual dysfunction was registered in the CRFs for 29 of 
326 patients (16 laparoscopic and 13 open; data missing for 59). The corresponding 
proportion at 2-year follow-up was 19 of 263 (11 laparoscopic and 8 open; data missing 
for 114 and 8 dead). There were no significant differences between the laparoscopic 
and open groups regarding sexual dysfunction or micturition problems at any time 
point (Table 4). Adjusting for confounders, including radiotherapy, did not change these 
results. Regarding radiation, none of the functioning domains and symptom scales 
showed a significant correlation in bivariable analysis (P >0.200), except male sexual 
problems, but this was not significant in the multivariable analysis (mean score difference 
12.4 between patients who received short preoperative radiation and those who did not 
receive radiation; P =0.164). All aspects of sexual dysfunction and micturition symptoms 
had deteriorated by 4 weeks after surgery. Sexual functioning showed a pronounced 
deterioration, but returned to baseline. Sexual enjoyment decreased by 6 months and 
stayed at a lower level throughout the study (Figure 2). Male sexual problems increased 
by 4 weeks after surgery and were relatively stable thereafter (Figure 3). Changes over 
time in sexual activity and sexual interest are shown in Figure 4. Sexual activity was 
decreased at 4 weeks after surgery, but recovered partially. There were differences 
between men and women regarding both sexual interest and activity. Before surgery 
64.5 per cent of the men in the laparoscopic group reported some degree of erectile 
dysfunction compared with 55.6 per cent in the open group (P =0.253). Corresponding 
figures were 81.1 and 80.5 per cent 4 weeks after surgery (P =0.933), and 76.3 and75.5 per 
cent respectively at 12months (P =0.912).
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Figure 1 Study fl ow-chart, HRQL, Health Related Quality of Life.
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Figure 2 Mean scores on European Organization for Research and Treatment of Cancer 
QLQ-CR38 domains for sexual functioning and sexual enjoyment over time and by surgical 
technique. A high value on the 100-point scale suggests a high level of functioning

Figure 3 Mean scores on European Organization for Research and Treatment of Cancer 
QLQ-CR38 domains for sexual functioning and sexual enjoyment over time and by surgical 
technique. A high value on the 100-point scale suggests a high level of functioning
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Figure 4 Proportion of patients reporting sexual interest and sexual activity by sex
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DISCUSSION

There were no differences in sexual dysfunction and micturition symptoms after 
laparoscopic versus open surgery for rectal cancer. Sexual dysfunction was more 
pronounced than micturition symptoms, regardless of technique. As in previous 
studies16,23, it found that women showed less interest and had lower sexual activity 
compared to men. In the setting of the randomized Conventional versus Laparoscopic-
Assisted Surgery In Colorectal Cancer (CLASICC) trial18, in which EORTC QLQ-
CR38 questionnaires were collected prospectively and the International Index of 
Erectile Function (IIEF) was added retrospectively, there were no significant differences 
in sexual function between laparoscopic and open surgery for rectal cancer18. Quah 
and colleagues17 reported a significant difference in male sexual dysfunction between 
patients undergoing laparoscopic and open rectal cancer surgery, in favour of open 
surgery. That study was based on retrospective interviews and questionnaires (IIEF) 
3 years after surgery for about 50 per cent of the patients in a randomized trial17, and 
the results should be evaluated in view of these methodological shortcomings. In a 
retrospective study24 of 173 patients treated in a single centre by an expert laparoscopic 
surgeon, there was a significant difference in sexual function in favour of laparoscopic 
compared with open surgery. As previously indicated by Stephens and colleagues12, 
radiotherapy has less effect on sexual dysfunction than surgery. The main strengths of 
the present study are the prospective and randomized design, population size, collection 
of baseline data, reporting of HRQL at several time points, and the use of validated and 
established instruments. The weaknesses include that the HRQL part of the COLOR 
II study was optional for participating centres and had a relatively low inclusion rate 
(62.4 per cent of those eligible), with a small but significant selection bias regarding ASA 
grade, preoperative radiation, rate of anastomotic leakage and duration of operation 
between eligible patients who did not participate and included patients. There were 
differences between the laparoscopic and open surgery groups in operating time and 
blood loss, concordant with findings in the total COLOR II trial cohort3. The same group 
of patients had a response rate of approximately 90 per cent21 for other parts of the 
QLQ-CR38 questionnaire, whereas for the scales or symptoms reported in this study 
the response rates varied between 8.2 and 90.9 per cent. In the EORTC instrument there 
is a structural problem regarding the symptom scale female sexual problems as the 
questions are tied to the condition of sexual intercourse during the past 4weeks. This 
may in part explain the low response to this symptom scale. Owing to its international 
design, this study was restricted to using instruments validated in many languages. 
The instrument has a heteronormative approach with sexual penetration as the 
norm. On the other hand, it is possible that some patients may be offended by sexual 
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questions insinuating homosexual behaviour or masturbation, which could influence 
the response rates25. The low frequency of CRF-reported complications regarding sexual 
dysfunction contrasted with the higher frequency of problems reported by patients 
in the questionnaires. This emphasizes the need for patient-reported outcomes as a 
complement to the surgeon’s records when evaluating postoperative morbidity.
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ABSTRACT

Introduction 
Gastrointestinal surgery is associated with a high incidence of infectious complications. 
Selective decontamination of the digestive tract is an antimicrobial prophylaxis regimen 
that aims to eradicate gastrointestinal carriage of potentially pathogenic microorganisms 
and represents an adjunct to regular prophylaxis in surgery.

Material and Methods 
Relevant studies were identified using bibliographic searches of MEDLINE, EMBASE, 
and The Cochrane database (period from 1970 to November 1, 2012). Only studies 
investigating selective decontamination of the digestive tract in gastrointestinal surgery 
were included.

Results 
Two randomized clinical trials and one retrospective case–control trial showed significant 
benefit in terms of infectious complications and anastomotic leakage in colorectal 
surgery. Two randomized controlled trials in esophageal surgery and two randomized 
clinical trials in gastric surgery reported lower levels of infectious complications.

Conclusion 
Selective decontamination of the digestive tract reduces infections following esophageal, 
gastric, and colorectal surgeries and also appears to have beneficial effects on 
anastomotic leakage in colorectal surgery.We believe these results provide the basis for 
a large multicenter prospective study to investigate the role of selective decontamination 
of the digestive tract in colorectal surgery.
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INTRODUCTION

Despite the fact that the total number of colonizing microbes outnumbers the total 
number of human cells by approximately a factor of 10, the immune system and integrity 
of the skin and mucous membranes are able to maintain a balance in the face of this 
ecological inequality.1 Gastrointestinal surgery may disrupt this balance2 and lead to 
a high incidence of postoperative infectious complications.2–5 For example, infections 
restricted to surgical sites alone occur in 19–26% of cases following colorectal surgery.3, 

5 In addition, anastomotic leakage after restorative colorectal resection, which has a 
reported prevalence of between 4 and 28% but is generally considered to average around 
8–10 %, is a major adverse event and may lead to severe sepsis and  mortality.6–10 Besides 
these short-term consequences, anastomotic leakage and sepsis are known to have a 
negative impact on the longterm prognosis in patients with esophageal and colorectal 
cancer.10–12 The use of prophylactic antibiotics in patients undergoing gastrointestinal 
surgery can reduce the risk of general infectious complications by approximately 70 %.13 To 
ensure adequate tissue coverage during colorectal surgery, prophylaxis protocols usually 
recommend administration of antibiotics 1 h prior to incision. First- or second-generation 
cephalosporins combined with metronidazole fulfill the criteria for most gastrointestinal 
operations. Additionally, combined oral (non-selective) and intravenous antibiotics 
have shown superior efficacy in colorectal surgery when compared to intravenous 
administration alone.13, 14  Alternatively, selective decontamination of the digestive tract 
(SDD) is a prophylaxis regimen that employs nonabsorbable selective antibiotics that 
may also be added to intravenous prophylaxis. The SDD suspension generally consists 
of colistin sulfate (polymyxin E), tobramycin, and amphotericin B and is only applicable 
for enteral use. The SDD regimen is designed to prevent orminimize the impact of 
endogenous infections caused by potentially pathogenic microorganisms. This group 
of microorganisms originates from the patients’ digestive tract and consists mostly of 
predominant aerobic gram-negative bacteria such as E. coli , Klebsiella , Proteus, and 
Enterobacter species but also of Pseudomonas aeruginosa, Staphylococcus aureus, and 
yeasts.15, 16 These microorganisms account for most hospital-acquired infections.17, 18 In 
both critically ill surgical and non-surgical patients admitted to the ICU, the use of SDD 
has been shown to reduce the occurrence of respiratory tract infections and overall 
mortality.15, 16, 19–21 Moreover, SDD is currently being used on a limited scale for elective 
gastrointestinal surgery, including esophageal, gastric, and colorectal surgeries. This 
systematic review addresses the effectiveness of SDD and aims to raise awareness of 
the clinical relevance of SDD in gastrointestinal surgery.
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MATERIAL AND METHODS

Relevant studies were identified using computerized bibliographic searches of MEDLINE, 
EMBASE, and the Cochrane database (until November 1, 2012) and supplemented by a 
manual search of reference lists, as well as “epub ahead of print” articles. A comprehensive 
search was performed using the following search terms: gastrointestinal tract, 
gastrointestinal disease, antibiotic prophylaxis, decontamination. Additional keywords 
and further logical combinations of these and related terms were used to maximize 
sensitivity (Figure 1). The search included systematic reviews, metaanalyses, cohort 
studies, and clinical trials. The search was limited to articles published in English between 
1970 and 2012 and involving patients treated with selective decontamination of the 
digestive tract. A manual crossreference search of the bibliographies of relevant articles 
was conducted to identify studies not found through the computerized search. Articles 
describing appropriate and recognized gastrointestinal surgery in combination with SDD 
treatment were included. No other restrictions were applied during selection.

Data Extraction
Two authors (GSAA, SJO) independently evaluated titles and abstracts to assess 
eligibility in terms of outcome measures and study design. Evaluation during the initial 
review process was blinded, and all findings were subsequently compared. Articles 
for which agreement was not reached during initial assessment were reassessed to 
achieve consensus.
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RESULTS

Literature Search
Titles and abstracts of 1,257 citations were retrieved during MEDLINE, EMBASE, and 
Cochrane searches. Primary inclusion criteria were met in the case of 96 articles, which 
were subsequently reviewed in detail. Of these, only studies investigating selective 
decontamination of the digestive tract in gastrointestinal surgery were included; thus, 
non-selective oral antibiotics used to achieve the same eff ect were not included in this 
review. A total of 90 articles failed to meet these strict inclusion criteria and were therefore 
excluded, leaving six studies for analysis (Figure 1). A total of fi ve randomized clinical 
trials,22–26 and one retrospectively analyzed case–control clinical trial27 remained after the 
selection process (Table 1). Of these six studies, one study explored SDD in esophageal 
resections,25 while two other studies investigated SDD either in gastrectomy23 or in both 
gastrectomy and esophagectomy patients.24 Three clinical trials investigated the eff ects 
of SDD on infectious complications following colorectal cancer surgery.22, 26, 27

Figure 1: Literature search

Search Terms

Gastrointestinal tract
Gastrointestinal disease

Antibiotic
Prophylaxis

Decontamination

Computerised bibliographic searches
Medline Cochrane Embase

Manual-checking/searching of journals and article references

After removal of duplicates: 1257 abstracts identified

Apply Inclusion / Exclusion Criteria

Inclusions Criteria Exclusion Criteria
    1.  SDD admission      1.    No full text available
    2.  >30 patients      2.    Non-English language
    3.  RCT, Systematic Review, 
    Meta-analysis, Cohort study

1161 abstracts failed criteria

First Screening
96 articles identified for “potential” inclusion

Second Screening
90 articles failed to meet the strict inclusion criteria

Defined as SDD in gastro-intestinal surgery

6 articles reviewed and scored
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Esophageal and Gastric Surgery
Anastomotic leakage after esophagectomy is a major complication, with mortality 
varying between 9 and 32 %.28, 29 Previously, experimental studies in rats demonstrated 
a significant reduction in esophago-jejunal anastomotic insufficiency after SDD 
administration, compared to controls.30 In a randomized study by Tetteroo et al., 
112 patients with esophageal carcinoma were allocated to either preoperative SDD 
starting the day before esophagectomy or standard antibiotic prophylaxis.25 The number 
of infections was significantly reduced in the intervention group, with 12 patients and 
18 infections, compared to 32 patients with 51 infections in the control group (p <0.001). 
Notably, fewer respiratory tract and wound infections were observed. However, while 
the SDD group showed significantly lower postoperative use of therapeutic antibiotics, 
the mean length of hospital stay was not influenced by SDD.25 Farran et al. Randomized 
91 patients with esophagectomy or total gastrectomy for oral decontamination or 
placebo. A tendency towards decreased pulmonary infection after gastrectomy (4.5 % vs 
11.1 %) and esophagectomy (22.2 % vs 29.1 %) and decreased anastomotic leakage after 
esophagectomy (0 % vs 12.5 %) was observed.24 In a double-blind multicenter trial by 
Schardey et al., 205 patients undergoing a total gastrectomy were randomized between 
perioperative SDD and placebo.23 Anastomotic insufficiencies, defined as a complete 
intestinal wall defect at the anastomotic suture line (detected with radiologic contrast 
medium), were significantly reduced in the SDD-treated group (2.9 %) compared to the 
control group (10.6 %). In addition, pulmonary infection rates were only 8.8 % in the SDD 
group versus 22.3% in the control group. Although the difference in mortality did not 
reach statistical significance, there was a trend towards improved survival with use of 
SDD (4.9 % mortality in SDD group compared to 10.6 % in control group).23

Colorectal Surgery
A range of factors including serious comorbidity, long operations, wound contamination, 
high body mass index, excessive blood loss, perioperative hypothermia, and a low 
anastomosis in rectal surgery have all been associated with an increased risk of surgical site 
infections in colorectal surgery.3, 31 Anastomotic leakage, one of the major complications 
after colorectal surgery with an incidence of around 10 %, has also been linked with 
these risk factors.9 Prevention of the infectious complications that are primarily due to a 
patients’ endogenous flora demands a multi-pronged approach in which SDD might play 
an important role. The first study applying selective decontamination in colorectal surgery 
was published in 1994 and described a randomized trial (including 381 patients) in which 
decontamination was achieved by preoperative oral ciprofloxacin and compared to no 
oral preoperative antibiotics.26 Treatment with ciprofloxacin, a 4-fluoroquinolone that 
is absorbed in the upper gastrointestinal tract and partly excreted into the feces by the 
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colonic mucosa, resulted in a reduction in gut gramnegative aerobic bacteria. In addition, 
all patients received a single preoperative dose of intravenously administered piperacillin 
after introduction of general anesthesia. A significant decrease in the rates of wound 
infections, abscesses, and septicemia was found in the treatment group. Patients with 
anastomotic leakage were removed from the analysis because the authors considered 
that this is not a reasonable assessment of the efficacy of their prophylactic intervention. 
Nonetheless, the authors suggested in their discussion that decontamination might lower 
incidence or severity of anastomotic dehiscence.26 However, as anaerobic gram-negative 
bacteria are generally less susceptible to ciprofloxacin than aerobe gram-negative bacilli, 
a certain level of selectivity was introduced by this decontamination regimen. Moreover, 
an inherent disadvantage of the use of fluoroquinolones in decontamination is the rapid 
induction of antibiotic resistance.32 More recently, in a retrospective case control cohort 
study, Roos et al. compared 76 patients who perioperatively received the classic SDD 
regimen (polymyxin B sulfate, tobramycin, and amphotericin) with 86 controls who did 
not receive SDD. This SDD regimen was orally administered, non absorbable, and had 
no systemic effects. All patients underwent elective colorectal surgery and a significant 
decrease in infectious complications was seen, with complications occurring in only 
six patients (7.9 %) in the SDD group compared with 17 patients in the control group 
(19.8 %). Moreover, the incidence of the combined endpoint of infectious complications 
and anastomotic leakage was 8 (11 %) in the SDD group versus 22 (26 %) in the control 
group (p =0.014).27 The promising results of this retrospective study prompted the authors 
to conduct a randomized, controlled trial (RCT) comparing SDD with placebo in elective 
gastrointestinal surgery.22 Of the 289 patients included, 190 patients (66 %) underwent 
colorectal surgery. In the SDD group, 28 patients (19.6 %) had infectious complications 
compared to 45 (30.8 %) in the placebo group (p =0.028). Clinical anastomotic leakage 
was also significantly reduced, with an incidence of 6.3 % in the SDD group compared 
with 15.1% in the placebo group (p =0.016). The length of hospital stay and mortality 
did not significantly differ between groups, although there was a trend towards shorter 
hospital stay in the SDD group.22 
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DISCUSSION

Selective decontamination of the digestive tract decreases the number of postoperative 
infections in colorectal surgery,while available data from monocenter studies indicate 
that clinical anastomotic leakage is also reduced. Although results for esophageal and 
gastric cancer surgeries are mostly positive, the results are however not conclusive. 
The vast majority of surgical site infections are caused by endogenous bacteria residing 
in the digestive tract.33–37 By definition, the integrity of this mucosal barrier is affected by 
gastrointestinal surgery. Moreover, the composition of intestinal flora show profound 
changes following colorectal surgery, changes that may be influenced by delayed or 
impaired gut peristalsis in the postoperative phase.38, 39 Using RT-qPCR to study the flora 
of patients undergoing surgery for colorectal cancer, Ohigashi et al. Recently reported 
marked decreases in the obligate anaerobes39 that are important in maintaining microbial 
balance.40 In contrast, potentially pathogenic bacteria including Enterobacteriaceae , 
Enterococcus , Staphylococcus, and Pseudomonas exhibited increased counts.39 A number 
of experimental studies investigated the consequences of these potentially pathogenic 
bacteria colonizing anastomotic sites. In 1955, Cohn described an experimental model 
in dogs that were subject to colonic anastomosis, with division of the mesenteric blood 
supply to cause ischemia and impaired healing. Local administration of tetracycline via a 
bowel catheter prevented clinical anastomotic leakage, whereas the saline control group 
suffered from severe leakage and peritonitis.41 Similarly, Leveen et al. demonstrated, 
also in dogs, that perioperative antibiotic bowel preparation improved colonic 
anastomotic healing and tensile strength.42 Using a rat model, Schardey et al. analyzed 
anastomotic leakage after gastrectomy and compared deliberate oral colonization with 
pathogenic bacteria with topical (local) decontamination with tobramycin, polymyxin 
B, and vancomycin. The rate of anastomotic leakage was dramatically reduced in the 
decontamination group.30 In a recent experimental study in rats, Olivas et al. showed 
that the presence of P.aeruginosa in the bowel increased anastomotic leakage after 
colon resection and radiotherapy (common in rectal cancer) to 60 %, compared to 0 % 
in the control group with radiation alone, due to a transformation to a tissue-destroying 
phenotype at the anastomotic site. Leakage was virtually prevented when expression 
of this phenotype was inhibited in Pseudomonas, implying that microorganisms can 
have a direct effect on anastomotic healing.43 In agreement with these findings, in many 
postoperative infectious complications, including anastomotic leakage, these potentially 
pathogenic bacteria represent an important cause of septic morbidity and are frequently 
cultured from blood or other body fluids/ collections.33–37 SDD controls the levels of these 
pathogenic aerobic gram-negative bacteria, particularly aerobic gramnegative bacteria 
and also including S. aureus and yeasts.44,45 Although the role of yeasts in anastomotic 
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leakage has not been established, SDD use led to decreased leaks in the studies cited; 
whether this was due to the use of antifungals remains to be clarified. Besides selective 
decontamination as outlined in this review, several American studies have investigated 
the role of non-selective oral antibiotics in prevention of surgical site infections following 
colorectal surgery. These regimens consist of oral non-absorbable antibiotics generally 
including neomycin, erythromycin, and metronidazole, combined with intravenously 
administered antibiotics. In contrast to SDD, which selectively targets only specific (aerobe, 
gramnegative) bacteria, these regimens non-selectively decrease the total bacterial load 
(aerobes and anaerobes) in the colon in patients that had some form of mechanical 
bowel cleansing.13, 46, 47 Multiple studies showed a significant benefit in reducing 
surgical site infections after combined treatment with oral non-selective antibiotics and 
intravenous antibiotics, compared to intravenous antibiotics alone.13, 46–48 An effect on 
anastomotic leakage was not investigated in these trials. An inherent disadvantage of 
using broad-spectrum antibiotics in decontamination, and therefore a more extensive 
elimination of bacteria, is the possible disturbance of the indigenous anaerobic flora 
that protect against overgrowth of potentially pathogenic microorganisms (colonization 
resistance) due to the non selective spectrum of these antibiotics. Unfortunately, to our 
knowledge, there have never been direct comparative trials between SDD and the non-
selective antibiotics described above. However, an important possible advantage of SDD 
compared to local broad-spectrum antibiotics can be found in the observation that SDD 
leaves the indigenous anaerobic bacteria undisturbed, as originally described and based 
on conventional cultures.19, 49, 50 With the development of newer techniques in the field of 
metagenomics, which combine molecular biology and genetics, greater insight will be 
gained into the effects of gastrointestinal surgery, SDD, and other antibiotics on human 
microbiota. Available culture techniques reveal just a small fraction of all the bacteria 
present and most microorganisms have never been cultured, often due to difficulty 
with anaerobic culture conditions.51–53 The actual effects of both SDD and non-selective 
antibiotics on the complete intestinal flora therefore remain to be investigated using 
metagenomic approaches. Despite its utility in reducing risk of surgical site infection, 
SDD is not widely applied in the perioperative phase at the current time. This might be 
due to unfamiliarity with its effectiveness, concerns about costs, or the cumbersome 
application of the medication. Concerns about antibiotic resistance development 
may also play a role. However, in contrast to previous reports, especially those in the 
1990s,54–56 large RCTs and meta-analyses have now shown that no increase in bacterial 
resistance occurs in ICU’s in areas with low prevalence of resistant bacteria as a result 
of SDD administration.19, 57–61 Due to the small number of available studies, concerns 
about sufficient power in these studies may also be limiting the application of SDD as a 
standard treatment. 
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CONCLUSION

SDD is a valuable addition to the antibiotic armamentarium of the gastrointestinal surgeon 
in order to prevent postoperative infectious complications, especially in colorectal 
surgery. Although results are promising, the role of SDD in preventing anastomotic 
complications is less apparent. On the basis of available evidence, the authors have now 
instigated a large multicenter randomized clinical trial to evaluate the role of SDD in 
colorectal cancer surgery (SELECT trial). The primary aim will be to investigate the role of 
SDD in anastomotic leakage in colorectal cancer surgery patients. The primary endpoint 
of this study will be the clinical anastomotic leakage rate. Secondary endpoints include 
infectious complications, disease-free survival, overall survival, costs, and quality of life. 
The effects of both SDD and colorectal surgery on microbiota will be investigated using 
metagenomic approaches.   
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ABSTRACT

Introduction 
Infectious complications and especially anastomotic leakage (AL) severely impede the 
recuperation of patients following colorectal cancer (CRC) surgery. When the normal 
gut barrier fails, as in AL, pathogenic microorganisms can enter the circulation and may 
cause severe sepsis which is associated with substantial mortality. Moreover, AL has a 
negative impact on the CRC prognosis. Selective decontamination of the digestive tract 
(SDD) employs oral nonabsorbable antibiotics to eradicate pathogenic micro-organisms 
before elective tumour resection.

Material and methods 
In this multicentre randomised clinical trial, perioperative SDD in addition to standard 
antibiotic prophylaxis is compared with standard antibiotic prophylaxis alone in patients 
with CRC who undergo elective surgical resection with a curative intent. The SDD 
regimen consists of colistin, tobramycin and amphotericin B. The primary objectives of 
this randomised clinical trial are to evaluate if perioperative SDD reduces the incidence of 
clinical AL and its septic consequences as well as other infectious complications. A main 
secondary objective is improvement of the cancer-free survival. A total of 762 patients 
will be included in total for sufficient power. 

Conclusion
It is hypothesised that SDD will reduce clinical AL thereby reducing the morbidity and 
the mortality in CRC patients. 

Funding: The trial is investigator-initiated, investigator-driven and supported by the 
Dutch Digestive Foundation (WO 11-06) and the private Posthumus Meyes Fund.
Trial registration: The trial is registered at ClinicalTrials.gov: NCT01740947.
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INTRODUCTION

In Western countries, approximately 5% of men and women will be diagnosed with 
colorectal cancer (CRC) during their lifetime 1. Surgery remains the mainstay for curative 
treatment of CRC. During the postoperative phase, infectious complications are an 
important clinical problem with an incidence of 20-40%2, 3. Anastomotic leakage (AL) is a 
particularly severe and potentially devastating complication with an incidence ranging 
from 4% and 28%, depending on definitions, but generally considered to average 8-10%. 
AL is associated with substantial additional morbidity and considerable mortality rates 
ranging from 6% to 37%4, 5. Treatment of complications requires specialised care and is 
associated with major healthcare costs. In addition to these short-term consequences 
for patients, there is mounting evidence linking AL with increased tumour recurrence 
and poor survival. AL has been shown to be an independent risk factor associated 
with poor cancer-specific survival after resection of CRC4, 5. AL implicates insufficiency 
of the gut barrier function and allows potentially pathological micro-organisms (PPM) 
that colonise the digestive tract to enter the peritoneal cavity or the blood circulation. 
Furthermore, blood-borne gram-negative bacteria and their endotoxins (also known as 
lipopolysaccharides (LPS)) contribute to the pathogenesis of sepsis and are associated 
with shock and multiple organ failure6. Limiting exposure to these specific endogenous 
PPM and their endotoxins during the postoperative phase may be a rational way of 
diminishing infectious complications, including the clinical consequences of AL. 
Aerobic gram-negative bacteria expressing LPS on their cell surface can be eradicated 
by means of selective decontamination of the digestive tract (SDD). SDD is based on the 
application of oral nonabsorbable antibiotics7, 8. As an antimicrobial prophylaxis regime, 
it is designed to prevent or minimise the impact of endogenous infections by PPM. 
This group of microorganisms originates from the patient’s digestive tract and consists 
predominantly of aerobic gram-negative bacteria and fungi. Selective eradication of 
oropharyngeal and gastro-intestinal carriage of PPM is achieved by oral administration 
of the non-absorbable SDD suspension. SDD is effective against PPM such as aerobic 
gram-negative bacteria, including Enterobacteriaceae (E. coli species, Klebsiella, Proteus 
and Enterobacter species) and Pseudomonas aeruginosa, but also Staphylococcus 
aureus and yeasts. The indigenous anaerobobic flora that protect against overgrowth 
of potentially pathogenic microorganisms, also known as colonization resistance, is left 
undisturbed by SDD9. 
Here, we present the SELECT trial protocol. The aim of this trial is to investigate a 
possible protective effect of perioperative SDD in elective CRC patients who undergo 
elective surgery. 
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MATERIAL AND METHODS

Study objectives and hypothesis
The primary objective of the present study is to evaluate whether perioperative SDD 
is effective in reducing clinical AL rates and, secondarily, the incidence of other post-
operative infectious complications following elective CRC surgery. We hypothesise 
that restricting exposure to specific endogenous PPM and their endotoxins during 
the postoperative phase could be a realistic way to decrease infectious complications 
including the clinical consequences of AL. PPM are predominantly composed of aerobic 
gram-negative bacteria expressing LPS, and they can be eliminated by means of selective 
decontamination of the digestive tract (SDD) using oral nonabsorbable antibiotics.
Another secondary objective is to investigate oncological outcome in terms of disease-
free survival and overall survival. As AL has been shown to negatively influence long-
term survival, we hypothesise that reducing this severe infectious complication may 
improve the oncological outcome. In addition, by decreasing these complication rates 
we aim to reduce healthcare costs substantially as we anticipate a significant decrease 
in the reoperation/re-intervention rate, intensive care unit (ICU) admission rates and 
hospital days, which will all be analysed as well (Table 1). We also hypothesise that the 
use of perioperative SDD will improve the quality of life of patients, which will also be 
evaluated. A reduction of both severe infectious complications after surgery and the risk 
of developing post-surgical metastases are of the utmost significance for the well-being 
of CRC patients. 
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Design
This trial is a randomised multicentre study comparing perioperative SDD combined 
with standard antibiotic prophylaxis (n = 381) with standard antibiotic prophylaxis alone 
(n = 381) in elective CRC surgery patients. Clinical decision-making is identical in the two 
groups in the postoperative period. 

Patient recruitment and randomisation
Patients will be recruited by the participating hospitals of the SELECT trial group, which 
is comprised of one academic and seven teaching hospitals in The Netherlands. Inclusion 
and exclusion criteria are shown in Table 2. Scheduled inclusion will take place during 
a 24-month period. After all inclusion and exclusion criteria have been verified and 
informed consent has been obtained, randomisation will be performed via an internet-
based randomisation programme at the SELECT Trial website. Allocation will be stratified 
according to participating centre and tumour localisation (colon or rectum). A unique 
patient identification code is generated and corresponds with either the allocated 

Table 1. Definition of endpoints

Primary endpoint Description

Clinical AL Clinical and/or radiological evidence of anastomotic 
dehiscence requiring surgical or radiological (re)
intervention. An intra-abdominal abscess localised) 
in the proximity (or same abdominal quadrant) of 
the anastomosis is considered clinical AL if it requires 
intervention.

Secondary endpoints Description

Other postoperative infectious complications Pneumonia, urinary tract infections, surgical-site 
infections, wound dehiscence, remote intra-abdominal 
abscess

Disease-free survival at three and five years
Non-infectious complications Including cardiac failure, cerebrovascular events, deep 

venous thrombosis
Perioperative mortality Defined as deaths occurring during hospitalisation or 

within 30 days of discharge
Readmission rate
Reintervention rate
Duration of hospital stay
Quality of life (quality-adjusted life years) Euro-Qol 5D, SF-36, GIQLI questionnaires 
Cost-effectiveness SF-H&L
AL = Anastomotic leakage 
Euro-Qol 5D = European Quality of Life 5D
GIQLI = Gastrointestestinal Quality of Life Index 
SF-36 = Short Form 36
SF-H&L = Short Form Health and Labor
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intervention or the standard treatment regimen. A standardised online case record form 
(CRF) will be used and is available online at the study location. This CRF is web-based via 
a secured internet module. 

Study drug
SDD is a 10 ml suspension containing 5 ml amphotericine B (500 mg) suspension and 
5 ml colistin sulphate (100 mg) and tobramycin (80 mg) suspension. The suspension is 
applicable for oral administration. 

Intervention group
The intervention group receives the study drug orally four times daily, starting three 
days before surgery, and medication is continued until either normal bowel passage or 
a minimum of three days after surgery. In case of a postoperative nasogastric tube for 
gastroparalysis or postoperative ileus, the nasogastric tube will be occluded for thirty 
minutes when administering SDD. Normal bowel passage is defined as toleration of a 
normal diet and oral intake of more than one litre of fluids per 24 hours. In addition, a 
single preoperative parenteral dose of cefazoline (Kefzol) 1,000 mg and metronidazole 
(Flagyl) 500 mg is given. A peroperative rectal swap will be taken in all patients. 

Control group
The control group routinely receives a single parenteral dose of cefazoline 1,000 mg and 
metronidazole 500 mg preoperatively. Also, a peroperative rectal swap will be taken 
from all patients. 
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Rectal swab
A peroperative rectal swap will be taken in all patients and analysed with the interspace-
profiling method (IS-pro) technique in order to confirm the effectiveness of the 
decontamination. IS-pro is a new polymerase chain reaction (PCR)-based profiling 
technique for high-throughput analysis of the human intestinal microbiota10. 

Data collection
Baseline characteristics including age, gender, co-morbidity, American Society of 
Anesthesiologists physical status (ASA classification), smoking habits, alcohol intake, 
body mass index, surgical history and preoperative radio(chemo)therapy are obtained. 
Preoperative blood samples are taken and haemoglobin, white blood cell count 
(WBC), carcino-embryonic antigen (CEA) and C reactive protein (CRP) are determined. 
In addition, intra-operative data including tumour localisation, type of surgical procedure 

Table 2. Inclusion and exclusion criteria

Inclusion criteria

Elective colon and/or rectal cancer surgery with primary anastomosis 
Elective colorectal surgery for suspected carcinoma with primary anastomosis
No evidence of distant metastases (preoperative CT-abdomen and X-thorax or CT-thorax)
Procedure either with or without diverting stoma
Both laparoscopic and open surgery
Informed consent 
Aged 18 years or older

Exclusion criteria

Previous colorectal malignancy 
Synchronous malignancy currently undergoing treatment
Inflammatory bowel disease (Crohn’s disease or ulcerative colitis)
Previous surgery for diverticular disease
Performance status ASA (American Society for Anaesthesiologists) 4 or higher 
Expected adverse reactions/allergies for study medication 
Prednisone use > 5 mg per day
Familial adenomatous polyposis coli (FAP; Lynch syndrome), hereditary non-polyposis colorectal cancer 
(HNPCC)
Mental disorder/unable to give informed consent
Pregnancy

Exclusion criteria (post-randomization)

No resection/unresectable
No anastomosis constructed
Macroscopic (R2) or microscopic (R1) incomplete tumour resection 
(for secondary endpoint oncological outcome)
No adenocarcinoma (in resected specimen) 
(for secondary endpoint oncological outcome)
CT = Computed tomography
FAP = Familial adenomatous polyposis
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(laparoscopy or open), duration of surgery, blood loss, type of anastomosis and diverting 
ileostomy will be documented. Postoperative blood samples (standard day +1 and +3, 
including inflammatory parameters), histopathological classification of the tumour, 
tumour-node-metastasis classification (TNM classification), use of non-steroidal anti-
inflammatory drugs (NSAID), radicality and (type of ) adjuvant therapy will be recorded. 

Statistics
A power analysis on anastomotic leakage as primary endpoint was performed using a 
power of 80% at a confidence level of 95%. Assuming a 9% anastomotic leakage rate in 
the control group (H0 = 9%) and an estimated 4% in the intervention group, 381 patients 
need to be included per treatment arm for a total of 762 patients. All data will be collected 
in an online OpenClinica database, and statistical analyses will be performed using SPSS 
20.0 (SPSS Inc., Chicago, Illinois, USA). 
Percentage differences in baseline values between groups will be compared using 
the Pearson’s  c2 test or Fisher’s exact test. Comparison of continuous data will be 
done by use of the Mann Whitney test. The logrank test is used to make univariate 
comparisons. Disease-free survival and overall survival are depicted as Kaplan Meier 
curves. Multivariate analyses of primary endpoints and survival outcomes will be done 
by use of Cox regression analysis. P values ≤ 0.05 are considered statistically significant. 
95% confidence intervals (CI) are reported as well. The main analyses will be based on 
an intention-to-treat basis. 
The economic evaluation will be performed from a societal perspective as a cost-
effectiveness and cost-utility analysis. The main analyses include costs per day reduction 
to achieve full recovery and costs per quality adjusted life year (QALY) gained. Additional 
sensitivity analyses of differences in possible sub-groups will be performed. This will 
include different age groups, gender groups and colon versus rectal cancer patients. 
All related costs will be estimated based on the actual input terms of resource use 
and personnel in the in-hospital period. For all cost-items such as hospital admission, 
medication used, and diagnostic tests, unit costs will be derived from the Dutch costing 
manual or determined in cooperation with the hospital administration. Direct medical 
costs will be recorded in the case record forms. Indirect costs arising from losses in 
productivity will be assessed by means of the Health and Labor questionnaire and will 
be calculated by means of the friction cost method11.

Ethics
The study will be conducted according to the principles of the Declaration of Helsinki 
(6. rev, October 2008) and in accordance with the Medical Research Involving Human 
Subjects Act (WMO) and other guidelines, regulations and acts as well as good clinical 
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practice. The Vrije Universiteit (VU) medical centre Medical Ethics Committee and The 
Central Committee on Research Involving Human Subjects have approved the study. 

Trial registration: The trial is registered at ClinicalTrials.gov, identifier: NCT01740947. 
Acronym: SELECT.
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DISCUSSION

The multicentre randomised SELECT trial aims to reduce clinical AL rates. We presume 
that by limiting exposure to specific endogenous PPM and their endotoxins during the 
postoperative phase, infectious complications including clinical AL and its consequences 
will be reduced. Endotoxin, an LPS and constituent of the cell wall of gram-negative 
bacteria, is an important mediator in sepsis and associated with shock and multiple organ 
failure6. We previously demonstrated that either abdominal surgery or LPS injection 
increased adherence of circulating tumour cells in the livers of rats12-14. Furthermore, 
perioperative exposure to LPS has been implicated in accelerated metastatic tumour 
growth in several experimental tumour models15, 16. Moreover, continued and repetitive 
exposure to LPS such as during abdominal sepsis results in reduced (cellular) immune 
responsiveness or even immune paralysis. This immunosuppression may impede an 
effective antitumor response and may contribute to the development of metastases 
following CRC resection13, 14. These mechanisms may explain the enhanced recurrence 
rates observed in CRC patients that have had AL after curative resection4, 5. 
So far, SDD has shown encouraging results in terms of significantly reducing infectious 
complications and AL in several studies in which oesophagogastric cancer surgery 
was performed17, 18. Furthermore, Roos et al recently published a retrospective case 
controlled study and a monocentre randomised controlled trial on SDD treatment in 
digestive surgery patients19, 20. Both studies supported a significant decrease in infectious 
complications and AL rates for CRC surgery patients. Length of hospital stay and mortality 
did not differ between groups in this population. These results, however, are only from 
studies with small samples in a monocentre setting and not powered for AL20. In addition, 
several intensive care unit-related studies have shown that SDD does not seem to lead 
to development of resistance8, 21.
The abovementioned promising results with regard to clinical AL and other postoperative 
infectious complications and, as a consequence, the hypothesised effects on oncological 
outcome prompted us to instigate this multicentre clinical trial in order to add a valuable 
improvement to CRC treatment.

ABBREVIATIONS

CRC
AL
SDD
PPM
LPS
ICU
CRF

Colorectal cancer
Anastomotic leakage
Selective decontamination of the digestive tract
Potentially pathological micro-organisms
Lipopolysaccharide
Intensive care unit
Case record form
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ABSTRACT

Background
Infectious complications and anastomotic leakage affect approximately 30 per cent of 
patients after colorectal cancer surgery. The aim of this multicentre randomized trial was 
to investigate whether selective decontamination of the digestive tract (SDD) reduces 
these complications of elective colorectal cancer surgery.

Methods
The effectiveness of SDD was evaluated in a multicentre, open-label RCT in six centres in 
the Netherlands. Patients with colorectal cancer scheduled for elective curative surgery 
with a primary anastomosis were eligible. Oral colistin, tobramycin and amphotericin B 
were administered to patients in the SDD group to decontaminate the digestive tract. 
Both treatment and control group received intravenous cefazolin and metronidazole 
for perioperative prophylaxis. Mechanical bowel preparation was given for left-sided 
colectomies, sigmoid and anterior resections. Anastomotic leakage was the primary 
outcome; infectious complications and mortality were secondary outcomes. 

Results
A total of 228 patients were randomized to the SDD group and 227 to the control group 
until the trial was stopped after interim analysis demonstrated that superiority was no 
longer attainable. Effective SDD was confirmed by interspace DNA profiling analysis 
of rectal swabs. Anastomotic leakage was observed in 14 patients (6.1 per cent) in the 
SDD group and in 22 patients (9.7 per cent) in the control group (odds ratio (OR) 0.61, 
95 per cent c.i. 0.30 to 1.22). Fewer patients in the SDD group had one or more infectious 
complications than patients in the control group (14.9 versus 26.9 per cent respectively; 
OR 0.48, 0.30 to 0.76). Multivariable analysis indicated that SDD reduced the rate of 
infectious complications (OR 0.47, 0.29 to 0.76).

Conclusion 
SDD reduces infectious complications after colorectal cancer resection but did 
not significantly reduce anastomotic leakage in this trial. Registration number: 
NCT01740947 (https://www.clinicaltrials.gov).
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INTRODUCTION

Colorectal cancer is a common cancer worldwide, affecting more than one million 
patients annually1. Surgical resection remains the mainstay for curative treatment, 
but infectious complications affect 20–40 per cent of patients2,3. Anastomotic leakage 
is the most severe complication of colorectal surgery, with an incidence ranging from 
5 to 15 per cent3,4 and a mortality rate of 6–30 per cent3,5. Management of surgical-site 
infection (SSI) in colorectal cancer surgery requires specialized care and can increase 
costs by 40 per cent, up to €17 500 per case6. Although several possible risk factors 
for anastomotic leakage have been proposed, the patient’s microbiome may play a 
role in the pathophysiology7. Postoperative abdominal, pulmonary or other infectious 
complications implicate digestive tract microorganisms in other organ spaces or 
the blood circulation. Furthermore, blood-borne Gram-negative bacteria and their 
endotoxins contribute to the pathogenesis of sepsis, shock and multiple organ failure8.
Selective decontamination of the digestive tract (SDD) is based on the administration of 
oral non-absorbable antibiotics to minimize the impact of endogenous infections from 
gut microorganisms including aerobic Gram-negative bacteria, Staphylococcus aureus 
and fungi9. SDD was introduced in the ICU setting, where it reduced mortality in ventilated 
patients10. In oesophagogastric and digestive surgery there are data11,12 showing that 
infectious complications and anastomotic leakage are reduced by SDD. The aim of this 
multicentre RCT was to investigate the effects of SDD on anastomotic leakage and 
infectious complications in patients undergoing elective colorectal cancer resection 
with a primary anastomosis.
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METHODS

Study design
The SELECT trial was a superiority, open-label, multicentre, randomized trial conducted 
at one university medical centre and five teaching hospitals in the Netherlands. The study 
was designed by members of the protocol committee. The local investigators and the 
coordinating investigator collected the data. The authors analysed and vouch for the 
accuracy of the data and fidelity of the study to the protocol. The trial was registered 
with ClinicalTrials.gov (number NCT01740947).

Patients
Patients were eligible for inclusion if they had a biopsy-proven colorectal carcinoma 
(or a high index of suspicion of carcinoma on biopsy) with no imaging signs of distant 
metastasis, and were candidates for elective surgery with a primary anastomosis via 
laparoscopic or open surgery. Exclusion criteria included other malignancy, inflammatory 
bowel disease, previous surgery for diverticular disease, ASA grade IV, polyposis/familial 
cancer syndromes, or inability to give informed consent13. The ethics board at the VU 
University Medical Centre and the institutional review board at each participating centre 
approved the study. All patients provided written informed consent.

Randomization and masking
After inclusion and exclusion criteria had been verified and informed consent obtained, 
randomization was performed via an internet-based program. Allocation of patients was 
stratified for participating centre and tumour localization (colonic or rectal) and type of 
resection (laparoscopic or open). A unique patient identification code was generated 
and corresponded with the allocated intervention or standard treatment regimen. 
A standardized online case record form was used via a secured internet module.

Procedures and quality control
All patients were presented at multidisciplinary team meetings to determine individual 
management (in accordance with the Dutch guidelines on colorectal cancer).

Study drug
Patients in the SDD arm received orally a 10-ml suspension containing 5 ml amphotericin 
B (500 mg) and 5 ml colistin sulphate (100 mg) and tobramycin (80 mg).
Intervention group
The intervention group received the study drug orally four times daily, starting 3 days 
before surgery. Medication was continued until either normal bowel motion occurred 
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or for a minimum of 3 days after surgery. In patients who had a nasogastric tube after 
surgery, the tube was clamped for 30 min after administration of SDD. Normal bowel 
passage was defined as toleration of a normal diet and oral intake of more than 1 litre of 
fluid per 24 h. In addition, a single preoperative parenteral dose of 1000 mg cefazolin and 
500 mg metronidazole was given; this was repeated if the operation took more than 4 h. 
A preoperative rectal swab was taken from all patients. All perioperative care fulfilled the 
Enhanced Recovery After Surgery (ERAS) criteria14. Oral mechanical bowel preparation 
was given for left-sided colonic, sigmoid and low anterior resections.

Control group
The control group routinely received a single preoperative parenteral dose of 1000 mg 
cefazolin and 500 mg metronidazole; this was repeated if operation took more than 4 h. 
A preoperative rectal swab was taken from all patients. All perioperative care fulfilled 
the ERAS criteria14. Oral mechanical bowel preparation was given for left-sided colonic, 
sigmoid and low anterior resections.

Study endpoints
The primary endpoint was anastomotic leakage rate at 30 days after surgery. Anastomotic 
leakage was diagnosed either clinically or radiologically and considered as such if surgical 
or radiological intervention was required. Abscesses in the proximity of the anastomosis 
were also considered as anastomotic leakage.
Secondary short-term endpoints were infectious complications, mortality, ICU admission, 
reoperation/reintervention within 30 days of surgery, readmission and hospital stay.

Follow-up
Follow-up was done at least twice a year in the first 2 years after surgery and then yearly 
according the Dutch guidelines on colorectal cancer.

Verification of decontamination
To verify the decontaminating effect of SDD on the presence of potential pathogenic 
microorganisms in the gut, microbial analysis was performed by the interspace (IS) 
profiling technique (IS-pro™; IS-Diagnostics, Amsterdam, the Netherlands) on rectal 
swabs of a subset of patients.

Rectal swabs
Rectal swabs (FLOQSwabs™ 552C; Copan, California, USA) were taken before surgery. 
Swab tips were transported in a sterile container containing 500 µl reduced transport 
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fluid (RTF) buffer. Within half an hour of transportation, containers were stored at a 
temperature of −20ºC before sample handling.

Interspace profiling of intestinal microbiota
Analysis on the intestinal microbiota was performed with the IS-pro™ technique, which 
discriminates bacterial species based on the length of the 16–23S rDNA IS region, as 
described previously15.
Bacterial DNA was isolated with the IVD-labelled, automated NucliSENS® easyMag® 
extraction system (bioMérieux, St. Louis, Missouri, USA) according to the instructions 
for use in the IS-pro™ Research kit 14000 (IS Diagnostics). The DNA was eluted in 110 µl 
buffer and stored at 4ºC before PCR amplification.
IS fragments were amplified in two separate PCR reactions with phylum-specific 
fluorescent labels. In the first PCR reaction, IS fragments of bacteria belonging to the 
phyla Firmicutes, Bacteroidetes, Actinobacteria, Fusobacteria and Verrucomicrobia were 
amplified. In the second PCR reaction, IS fragments of bacteria belonging to the phylum 
Proteobacteria were amplified. Amplifications were performed on a GeneAmp® PCR 
system 9700 (Applied Biosystems, Foster City, California, USA).
Subsequently, DNA fragment analysis was performed on an ABI Prism® 3500 Genetic 
Analyzer (Applied Biosystems). All data were preprocessed with the proprietary software 
suite (IS-Diagnostics) and analysed further with the Spotfire® software package (TIBCO, 
Palo Alto, California, USA).
To determine phylum, family and species abundance, a box plot was made for the 
abundance of Proteobacteria, Enterobacteriaceae and Escherichia coli. The x-axis depicted 
treatment, and the y-axis showed log2 intensity, measured in relative fluorescence units. 
P values for difference in abundance in the SDD versus control group were calculated for 
these taxonomic groups, by performing a two-sample t test.

Statistical analysis
With anastomotic leakage as a primary endpoint, a power of 80 per cent at a confidence 
level of 95 per cent was used. Considering a 9 per cent anastomotic leakage rate in the 
control group, based on numbers of the Dutch Surgical Colorectal Audit at onset of the 
trial3, and an estimated 4 per cent in the intervention group, 381 patients needed to be 
included per treatment arm (total of 762 patients). All data were collected in an online 
OpenClinica® database (https://www.openclinica.com), and statistical analyses were 
performed using SPSS® 21.0 (IBM, Armonk, New York, USA).
An interim analysis was performed approximately halfway through the trial after a 
decrease in anastomotic leakage rate from 9 per cent in 2010 to 6 per cent in 2015 was 
reported by the Dutch Surgical Colorectal Audit3. The interim analysis, carried out by 
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an independent statistician and reviewed by the statistician involved in the trial, was 
performed to evaluate whether the power was still sufficient to continue the trial. 
The final decision was made by the PI of the trial.
The main analyses were performed on a modified intention-to-treat basis, without 
exclusion of patients after randomization. Odds ratios (ORs) were determined for 
the binary outcome measures, and difference in means for the continuous outcome 
measure. Potential confounders for complication rates were identified based on the 
literature: age. sex, BMI, ASA classification, smoking history, diabetes, bowel preparation, 
surgical procedure performed, deviating ileostomy and conversion. Adjusted ORs were 
determined by logistic regression. To limit the number of co-variables, confounders 
were selected based on their prognostic value, using a threshold P value of 0.150 in 
univariable analysis. Given the low percentage of patients with missing observations 
in the confounders (less than 1 per cent), these patients were omitted from the logistic 
regression analysis.
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RESULTS

A total of 485 patients were enrolled from May 2013 until March 2017 (Figure 1). The trial 
was stopped after interim analysis demonstrated that superiority could not be reached 
for the primary outcome at the parameters set a priori; the power to detect a diff erence 
of 55 per cent was too low.

Randomized
n = 485

Allocated to intervention n =244
Received intervention n = 244
Did not receive intervention n=0

Give reasons n =

Allocated to control n =241
Received intervention n = 241
Did not receive intervention n =0

Give reasons n =

Lost to follow-up n = 0
Give reasons n =

Discontinued intervention n = 0 
Give reasons  n =

Lost to follow-up n = 0
Give reasons n =
Discontinued intervention n = 0

Give reasons  n =

Analysed n = 228
Excluded from analysis n = 16

Give reasons  n =
   7 No anastomosis
   6 TaTME performed
   2 Exclusion criteria 
   1 No operation

Analysed n = 227
Excluded from analysis n = 14

Give reasons  n =
   1 No anastomosis
   8 TaTME performed
   3 Exclusion criteria 
   1 No operation
   1 Withdrawal Informed consent
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Baseline characteristics
Baseline characteristics are shown in Table 1. Missing data were equally distributed over 
the two arms of the trial.

Clinical outcomes
Anastomotic leakage was recorded in 14 patients (6.1 per cent) in the SDD group and 
22 (9.7 per cent) in the control group (OR 0.61, 95 per cent c.i. 0.30 to 1.22). Twelve of the 
patients in the SDD group with anastomotic leak required reoperation, and the remaining 
two underwent drainage either percutaneously or via the rectum. In the control group, 
18 of the 22 patients required reoperation and four were drained percutaneously or via 
the rectum (Table 2).
Thirty-four patients (14.9 per cent) in the SDD group had one or more infectious 
complications compared with 61 (26.9 per cent) in the control group (OR 0.48, 95 per cent 
c.i. 0.30 to 0.76) (Table 2). The total number of infectious complications was 34 (14.9 per 
cent) in the SDD group and 74 (32.6 per cent) in the control group (OR 0.36, 0.23 to 0.57). 
There was a statistically significant difference for SSI between the groups (OR 0.19, 0.07 to 
0.51), but not for pneumonia, urinary tract infection or other infections (1 intravascular 
catheter-related infection and 2 oral infections with Candida). No infections with 
multidrug-resistant bacteria or Clostridium difficile occurred.
Thirty-three non-infectious complications (14.5 per cent) were recorded in the SDD 
group and 37 (16.3 per cent) in the control group, with no significant difference. Ileus, 
cardiac complications, pulmonary embolism, fascial dehiscence and other non-infectious 
complications also showed no significant difference between groups (Table 2). The 30-day 
mortality rate did not differ between study arms, with three deaths (1.3 per cent) in the 
SDD arm and four (1.8 per cent) in the control arm. No differences were found in median 
time to first intake, first defaecation, median hospital stay, readmission within 30 days 
and ICU admissions.
Administration of SDD was according to protocol in 224 (98.2 per cent) of the patients. 
In the four non-compliant patients, at least six doses were taken before intake was 
discontinued. The reason for discontinuing the study medication was related to taste 
in all four patients.
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Table 1 Baseline Characteristics

  SDD Control 

  N=228 N= 227 

Sex No(%)  

Male 131 (57%) 134 (59%)

Female 97 (43%) 93 (41%)

Age in years (Std. Dev) 67·5 (±8·4) 68·1 (±9·0)

ASA No(%)    

I: Healthy 60 (26%) 64 (28%)

II: Mild systemic disease 137 (61%) 129 (57%)

III: Severe systemic disease
Missing 1

31 (13%) 33 15 (%)

Body mass index Mean (Std.dev) 26·7 (±4·3) 25·9 (±4·3)

Diabetes No (%)
Missing 3

36 (15·8%) 24 (10·5%)

Preoperative Hb Mean (Std.dev) 8·2 (±1·2) 8·2 (±1·2)

Active smoker No (%)
Missing 42

29 (12·7%) 32 (14·0%)

Neoadjuvant therapy No (%) 6 (2·6%) 13 (5·7%)

Surgical intervention No (%)    

Right hemicolectomy 84 (37%) 78 (34%)

Transverse colectomy 11 (5%) 6 (3%)

Left hemicolectomy (extended) 21 (9%) 20 (9%)

Sigmoid resection 60 (26%) 64 (28%)

Low anterior resection 47 (21%) 56 (25%)

Other  5 (2%) 3 (1%)

Type of surgery No (%)    

Laparoscopic 224 (98%) 223 (98%)

Open 4 (2%) 4 (2%)

Bowel preparation No (%) 155 (68%) 161 (71%)

Diverting ileostomy No (%) 12 (5%) 11 (5%)

Conversion No (%) 24/224 (11%) 30 (13%)

Time in OR Minutes (SD)
Missing 111

193 (±58) 185 (±45)

Blood loss in mL Median 
Missing 174

50 50

Pathological stage No (%)    

I: T1-2N0M0 73 (32%) 63 (28%)

II: T3-4N0M0 76 (33%) 68 (30%)

III: TxN+M0 70 (30%) 85 (37%)

ypT0N0 1 (1%) 3 (1%)

pT0 (dysplasia) 8 (4%) 8 (4%)
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Table 2 Results of primairy and secondary outcomes

  SDD Control Effect size
  N=228 N= 227  

Anastomic leakage* 14 (6·1%) 22 (9·6%) OR 0.61 (0.30-1.22)

Required intervention for anastomotic leakage No (%)    
Reoperation 12 (86%) 18 (82%)  
Transrectal drainage 1 (7%) 3 (14%)  
Percutaneous drainage 1 (7%) 1 (4%)  

At least one infectious complication (including 
anastomic leakage)^

34 (14·9%) 61 (26·9%) OR 0.48 (0.30-0.76)

Surgical site infection 5 (2·1%) 24 (10·6%)
Pneumonia 11 (4·8%) 19 (8·4%)
Urinary tract 4 (1·8%) 6 (2·6%)
Other 0 (0%) 3 (1·3%)
Non-infectious complications No (%) # 33 (14·4%) 37 (16·3%) OR 0.87 (0.52-1.45)
Ileus 11 (4·8%) 12 (5·3%)
Cardiac 5 (2·2%) 11(4·8%)
Pulmonary embolism 4 (1·8%) 3 (1·3%)
Fascia dehiscence 1 (0·4%) 5 (2·2%)
Other 13 (5·7%) 14 (6·1%)
30-day mortality No (%) 3 (1·3%) 4 (1·8%) OR 0.74 (0.16-3.36)
* Anastomotic leakage and/or anastomotic abscess is defined as clinical and/or radiological evidence of 
anastomotic dehiscence requiring surgical or radiological (re)intervention
^ Patients with at least one infectious complication
# patients with at least one non-infectious complication

Univariable and multivariable analysis
Infectious complications
Treatment with SDD and higher ASA fitness grade had an effect on the occurrence of 
at least one infectious complication in univariable analysis (Table 3). In multivariable 
analysis, SDD had a strong protective effect against infectious complications (OR 
0.47, 95 per cent c.i. 0.29 to 0.76). ASA grade showed no significant relation with any 
infectious complication.

Anastomotic leakage
SDD, smoking, diabetes, bowel preparation, neoadjuvant therapy and low anterior 
resection had an effect on anastomotic leakage in univariable analysis (Table 4). 
In multivariable analysis only diabetes was associated with anastomotic leakage (OR 
2.63, 95 per cent c.i. 1.09 to 6.37).

Non-infectious complications
Conversion to open surgery was the only factor associated with the occurrence of a non-
infectious complication (OR 2.48, 95 per cent c.i. 1.05 to 4.22).
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Any complication
No significant associations were found for the occurrence of any complication, either 
infectious or non-infectious (data not shown). 

Effectiveness of decontamination
The loads of both Proteobacteria and Enterobacteriaceae were significantly reduced in 
the SDD group compared with the control group (both P < 0.001). In the SDD group, the 
total E. coli load was significantly lower than that in the control group (P < 0.001), and 
adequate decontamination was achieved in patients who had SDD (Figure 2).

Table 4 Logistic regression analysis for anastomotic leakage

  Univariate OR (CI) p Multivariate OR (CI) p 

SDD vs control group (treatment effect) ·610 (·304-1·224) ·164 ·628 (·305-1·294) ·208
Gender (male) 1·294 (·638-2·625) ·475    
Age (per year increase) 1·016 (·976-1·057) ·439    
BMI (per point increase) ·995 (·918-1·078) ·901    
Smoking 0·328 (·077-1·403) ·133 0·367 (·086-1·623) ·186
Diabetes 2·000 (·865-4·629) ·105 2·631 (1·087-6·369) ·032
Bowel preparation 2·915 (1·108-7·692) ·030 1·952 (·693-5·494) ·205
ASA-classification 2 -> 1 1·243 (·535-2·890) ·614    
ASA-classification 3 -> 1 1·781 (·615-5·154) ·287    
Low anterior resection vs. other resection 3·053 (1·518-6·138) ·002 2·079 (·909-4·753) ·083 
Neoadjuvant therapy 4·666 (1·577-13·801 ·005 2·593 (·747-9·005) ·134
Deviating ileostomy ·551 (·156-1·952) ·356    
Conversion 1·545 (·611-3·906) ·357    

Table 3 Logistic regression analysis for one or more infectious complications

  Univariate OR (CI) p Multivariate OR (CI) p 

SDD vs control group (treatment effect) ·477 (·299-·761) ·002 ·472 (·294-·755) ·002
Gender (male) 1·296 (·813-2·066) ·275    
Age (above 70 years) 1·287 (·666-2·164) ·283    
BMI (above 30) 1·200 (·965-1·075) ·543    
Smoking 0·909 (·475-1·739) ·773    
Diabetes 1·321 (·700-2·487) ·390    
Bowel preparation ·738 (·458-1·190) ·214    
ASA-classification 2 vs. 1 1·181 (·682-2·045) ·553 1·213 (·696-2·113) ·495
ASA-classification 3 vs. 1 1·958 (·965-3·970) ·063 1·990 (·973-4·073) ·060
Low anterior resection vs. other resection 1·038 (·607-1·776) ·892    
Neoadjuvant therapy 1·799 (·665-4·867) ·247
Deviating ileostomy 1·055 (·381-2·923) ·917    
Conversion 1·543 (·810-2·941) ·187    
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DISCUSSION

SDD reduced the rate of SSI but did not significantly affect anastomotic leakage in this 
RCT. The microbiome is the microbial ecosystem of the body and resides largely in the 
digestive tract. In recent years, DNA and RNA sequencing studies have revealed that 
the diversity and metabolic interactions of this microbial community greatly influence 
the development of infection and disease16. When balance in the microbiome is lost 
and potentially pathogenic microorganisms predominate the bowel environment, a 
‘disease-promoting microbiome’ occurs that facilitates the occurrence of disease and 
infectious complications17. The vast majority of SSIs following colorectal surgery are 
caused by endogenous bacteria from the digestive tract18,19. The integrity of this mucosal 
barrier is disrupted by opening the gut during surgery. In addition, the composition of 
the microbiome changes profoundly following colorectal surgery owing to delayed or 
impaired gut peristalsis in the postoperative phase20.
Experimental studies linking the microbiome and specific pathogens to anastomotic 
leakage have been published21. Recently, in an experimental study in rats, Olivas and 
colleagues22 showed that the addition of Pseudomonas aeruginosa in the bowel 
increased the anastomotic leakage rate after colonic resection combined with 
radiotherapy (common in rectal cancer) to 60 per cent, compared with 0 per cent 
in a control group that had resection and radiotherapy alone. This was attributed to 
transformation of P. aeruginosa to a tissue-destroying phenotype at the anastomotic 
site. Leakage was virtually prevented when expression of this phenotype was inhibited 
in P. aeruginosa, implying that microorganisms can have a direct effect on anastomotic 
healing22. Comparable results were found for Enterococcus faecalis, P. aeruginosa and 
Serratia marcescens strains that showed increased virulence factors contributing to 
anastomotic leakage16,23,24.
SDD is based on the administration of oral non-absorbable antibiotics and fungicides to 
eliminate potentially pathogenic microorganisms in the bowel9. Infectious complications 
after colorectal surgery remain a major source of postoperative morbidity, even in this 
era of minimally invasive surgery. In the present trial, the infectious complication rate was 
in accordance with that found in other studies25, and was significantly reduced by SDD.
In smaller single-centre studies, it was shown previously that SDD decreases infectious 
complications in oesophagogastric cancer surgery11,26. Roos and co-workers12,27 published 
a retrospective case–control study and a smaller single-centre RCT of SDD in patients 
undergoing gastrointestinal surgery. Their RCT demonstrated a significant decrease in 
infectious complications and anastomotic leak rates as a combined endpoint in patients 
undergoing various gastointestinal operations, including colorectal, oesophageal and 
gastric resections for both benign and malignant disease12.
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Recently, two trials, one large retrospective US-based study of the American College of 
Surgeons National Surgical Quality Improvement Program (ACS-NSQIP®) database28 and 
a Chinese randomized trial25, indicated a preventive role for SSI and anastomotic leakage 
with the use of both mechanical bowel preparation (MBP) and oral antibiotic. In the present 
study, MBP did not have this effect on infections or anastomotic leakage in a multivariable 
logistic regression analysis. In the ACS-NSQIP® study28, the use of oral antibiotics was at 
the preference of the surgeon, and selection bias cannot be excluded. Oral antibiotics 
used in the Chinese study25 were not selective, but seemed to have an impact; however, 
the sample size in was small and thus the study was possibly underpowered.
The present study has some limitations. Originally, it was designed to show superiority 
of the addition of SDD to standard antibiotic prophylaxis compared with standard 
prophylaxis alone for the prevention of anastomotic leakage. The power analysis was 
based on published Dutch data on the incidence of this complication. However, during 
the trial recruitment period, the Dutch Surgical Colorectal Audit reported that rates of 
anastomotic leakage were lower than those reported when the trial was designed3. 
A subsequent interim analysis showed that it would not be possible to demonstrate 
superiority of SDD versus standard care in the prevention of anastomotic leakage. 
Hence, the SELECT Trial steering group decided to discontinue the study. No placebo 
was included in the study design. The primary endpoint of anastomotic leakage and 
the most important secondary endpoint of infectious complications are, however, not 
susceptible to a placebo effect because they are hard endpoints.
A strength of this study is the effect of SDD on the intestinal microbiota by IS profiling, a 
technique that was shown recently29 to provide excellent and reproducible microbiota 
profiles. This PCR-based profiling technique for high-throughput analysis of the human 
intestinal microbiota provides insight on a much more detailed level than that provided 
by conventional culture-based techniques15. IS profiling showed that SDD was effective 
in reducing the load of Proteobacteriae, Enterobacteriaceae and E. coli, compared with 
those in the control group.
No adverse effects attributable to the study medication were reported in this trial, and 
no infections with multidrug-resistant microorganisms or C. difficile were observed. 
The safety of SDD with respect to resistance development has been shown in studies 
performed in ICU populations30,31. Cost-effectiveness was not considered in the present 
study, but de Smet et al.10 showed SDD to be cost-effective in an ICU population; costs 
for SDD per patient are around €40. In conclusion, SDD reduced infectious complications 
after colorectal cancer resection but did not significantly affect the rate of anastomotic 
leakage in this trial.
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ABSTRACT

Background
Selective decontamination of the digestive tract (SDD) is selectively aimed at removal of 
potential pathogenic microorganisms. Few studies have addressed the effect of SDD on 
overall gut microbiota composition. In this study, the effect of SDD on gut microbiota was 
evaluated, in a large homogenous group of elective colorectal cancer surgery patients.

Methods
Rectal swabs were taken from 118 patients undergoing colorectal surgery for 
colorectal carcinoma. These patients were randomly assigned to receive or not to 
receive perioperative SDD. Rectal swabs were taken prior to surgery, three days after 
commencing administration of SDD. Gut microbial profiles were obtained with the IS-pro 
technique. Differences in abundance for different taxonomical groups and Shannon 
diversity between the groups were assessed. Unsupervised and supervised classification 
techniques were used to assess the difference in microbial signatures between the 
two groups.

Findings
SDD samples showed different microbial signatures than control samples. Escherichia 
coli, Sutterella spp., Faecalibacterium prausnitzii and Streptococcus spp. were the most 
discriminatory species. The SDD group showed clustering into two subgroups. In one 
subgroup a decrease in Proteobacteria was observed, whereas the other subgroup 
showed a shift in Proteobacteria, which was characterized by a decrease in E. coli and 
Sutterella spp. and an increase in Desulfovibrio spp. and Hafnia alvei.

Interpretation
SDD is nonselective and also impacts potentially beneficial species in the community. 
Additional studies are needed to evaluate if we can predict which patients benefit from 
SDD, in order to administer SDD in a select group of patients. 

Funding
This study was funded by the by the Dutch Gastrointestinal and Liver Foundation and 
the Spaarne Gasthuis Academy fund. 
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INTRODUCTION

On many intensive care units (ICU’s) in the Netherlands, selective decontamination of the 
digestive tract (SDD) has been administered to patients for many decades. SDD decreases 
the rate of ventilator-associated pneumonia1 and ICU related mortality.2 ICU related 
infections are mainly caused by aerobic Gram-negative bacteria such as Escherichia 
coli, Klebsiella spp., Proteus spp., Pseudomonas aeruginosa and Enterobacter spp., 
Staphylococcus aureus and yeasts.3 These potentially pathogenic microorganisms 
(PPM’s) colonize the oropharynx and gastrointestinal tract of patients. To prevent or 
eliminate colonization and subsequent infection with PPM’s, SDD is administered in the 
oropharynx and gastrointestinal (GI) tract, which consists of a mixture of nonabsorbable 
tobramycin, colistin and amphotericin BSDD is supposed to selectively eliminate PPM’s 
while leaving the anaerobic intestinal microbiota intact.4 There have however been few 
studies that addressed the effect of SDD on gut microbiota. Studies based on microbial 
culture show that administering SDD leads to a decrease in the number of patients that 
are colonized by Gram-negative bacteria in the gastrointestinal tract.1 However, the vast 
majority of our gut microbiota is uncultivable, and culture based studies may give biased 
results on the effect of SDD on gut microbiota.5,6 A limited amount of studies based on 
molecular techniques has been performed on the effect of SDD on gut microbiota. These 
molecular studies are, however, based on small study groups, and have mainly evaluated 
gut microbiota composition with techniques targeted at specific species, such as QPCR 
or FISH. Moreover, in both the culture and molecular based studies, patient groups 
were small and heterogeneous. ICU patients are patients with different comorbidities 
and confounding factors, which may influence the gut microbiota composition, such 
as feeding through a nasogastric tube.7 Importantly, a variety of other antibiotics are 
commonly administered to these patients besides SDD, which can severely confound 
results when studying the effect of SDD on the composition of gut microbiota. 
Therefore, here we evaluate the effect of SDD on gut microbiota, in a large homogenous 
group of elective colorectal cancer surgery patients, who were randomized to receive 
perioperative SDD or no perioperative SDD.
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METHODS

Design:
This study was accessory to the SELECT trial: ‘Perioperative Selective Decontamination of 
the Digestive Tract (SDD) in Elective Colorectal Cancer Patients: a Multicenter Randomized 
Clinical Trial.8 The SELECT trial is registered at ClinicalTrials.gov, identifier: NCT01740947. 
This descriptive, prospective accessory study was initiated by the VU University Medical 
Center. Study subjects were randomly assigned to the intervention or control group. 
The intervention group (hereafter referred to as SDD group) received SDD four times 
daily, starting three days before surgery. SDD was orally administered and consisted of 
a 10 ml suspension containing 5 ml amphotericin B (500 mg) and 5 ml of a mixture of 
colistin (1000 mg) and tobramycin (80 mg). In addition, a single preoperative parenteral 
dose of 1000 mg of cefazolin and 500 mg of metronidazole was given. The control group 
(hereafter referred to as control group) routinely received a single preoperative parental 
dose of 1000 mg of cefazolin and 500 mg of metronidazole. A preoperative rectal 
swab was taken in the operating theatre from all subjects, before the administration of 
cefazolin and metronidazole. 

Subjects and clinical data collection:
Colorectal carcinoma patients undergoing elective colorectal surgery (formation of an 
anastomosis) with curative intent, were recruited by the participating hospitals of the 
SELECT trial group. Inclusion and exclusion criteria have been extensively described 
in the study protocol.8 Written informed consent was obtained from al study subjects. 
Furthermore, the study was approved by the Medical Ethical Review Committee of 
the VU University Medical Center and the Central Committee on Research Involving 
Human Subjects.
Baseline characteristics including age, gender, smoking habits, alcohol intake, body mass 
index (BMI), surgical history and preoperative radio (chemo) therapy were obtained.

Rectal swabs:
Rectal swabs provide a good method to produce highly reproducible microbiota profiles.9  
The rectal swabs (FLOQSwabs 552C, Copan, CA, USA) were taken preoperatively. Swab 
tips were transported in a sterile container which contained 500 µl Reduced Transport 
Fluid (RTF) buffer. Within half an hour of transportation they were stored at a temperature 
of –20 ºC, prior to sample handling.

IS-profiling of the intestinal microbiota:
Analysis on the intestinal microbiota was performed with the IS-profiling (IS-pro) 
technique, as described previously.10 With IS-pro, bacterial species are discriminated 
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based on the length of the 16S-23S rDNA interspace region. The IS-pro technique consists 
of 3 separate steps, described more in detail below. 

DNA isolation:
DNA from the samples was isolated with the IVD-labeled, automated NucliSENS®easyMag® 
extraction system (EasyMag, Biomerieux). One ml of lysis buffer including guanidine 
thiocyanate was added to each Eppendorf tube containing a swab. Tubes were vortexed 
for 5 minutes at 1400 rpm (Thermomixer comfort, Eppendorf, Hamburg, Germany). 
Hereafter tubes were centrifuged for 2 minutes at 14000 rpm. Of the supernatant, 
200 µl was added to the easyMag container, together with 2 ml of lysis buffer. After the 
mixture was incubated for at least 10 minutes at room temperature, DNA extraction was 
performed on the easyMag machine with the specific A protocol, as described by the 
manufacturer. The DNA was eluted in 110 µl buffer and stored at 4 ºC prior to polymerase 
chain reaction (PCR) amplification.

IS-fragment amplification:
IS-fragments were amplified in 2 separate PCR reactions, with phylum specific, fluorescent 
primers. In the first PCR reaction IS-fragments of bacteria belonging to the phyla Firmicutes, 
Bacteroidetes, Actinobacteria, Fusobacteria and Verrucomicrobia were amplified. In the 
second PCR reaction IS-fragments of bacteria belonging to the phylum Proteobacteria 
were amplified. Amplifications were performed on a GeneAmp PCR system 9700 (Applied 
Biosystems, Foster City, CA). Cycling conditions for PCR were 35 cycles of 94 ºC for 30 s, 
56 ºC for 45 s and 72 ºC for 1 min; and a final extension at 72 ºC for 11 min.

IS-fragment analysis:
After the PCR reactions were completed, 5 µl of PCR product was mixed with 
19.5 µl formamide and 0.5 µl Mapmaker 1500 ROXlabeled size marker (BioVentures, 
Murfreesboro, TN, USA). Subsequently, DNA fragment analysis was performed on an 
ABI Prism 3500 Genetic Analyzer (Applied Biosystems). All data were preprocessed with 
the proprietary software suite (IS-Diagnostics, Amsterdam, the Netherlands) and further 
analyzed with the Spotfire software package (TIBCO, Palo Alto, CA, USA). 

Statistical analysis:
After processing the data, each sample resulted in a unique interspace profile. Each 
profile consisted of a set of peaks. On the X-axis the length of the peak was depicted, 
measured in nucleotides. On the Y-axis the height of the peak was depicted, measured 
in relative fluorescence units (RFU), reflecting quantity of PCR product. Each peak in a 
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profile was considered as an operational taxonomic unit (OTU) and its corresponding 
intensity as its abundance. For correlations, all RFU intensities were log2 transformed. 

Phylum and species abundance:
A boxplot was made for abundance at a phylum level for Proteobacteria, Bacteroidetes 
and Firmicutes/Actinobacteria/Fusobacteria/Verrucomicrobia (FAFV group). P-values for 
differences in abundance of the SDD group versus the control group were calculated 
for the phyla, by performing a two-sample t-test. A p-value of < 0·05 was considered 
statistically significant.

UPGMA clustering analysis:
A clustered heat map analysis was made by generating a correlation matrix of all 
log2 transformed profile data, followed by unsupervised clustering with the unweighted 
pair group method with arithmetic mean (UPGMA).

Diversity analysis:
To characterize species diversity in a sample, Shannon diversity index was calculated. 
Shannon’s diversity index accounts for both abundance and evenness of a species 
present in a sample by calculating the proportion of species relative to the total number 
of species.11 Diversity was calculated for the overall composition and per phylum, based 
on the resulting profiles using the R 2.15.2 software package. P-values for difference in 
Shannon’s diversity index of the SDD group versus the control group were calculated, by 
performing a two-sample t-test. A p-value of < 0·05 was considered statistically significant.

Partial least squares discriminant analysis (PLS-DA):
PLS-DA is a supervised pattern recognition technique used in the case where the number 
of independent variables (species in microbiota analysis) is larger than the number of 
data points (samples). It aims to identify patterns in complex, high dimensional data 
by rotating PCoA (Principal Components Analysis) components, such that a maximum 
separation among classes is obtained, and to understand which variables carry the class 
separating information. PLS-DA was performed to provide a quantitative estimate of the 
discriminatory power of each OTU. The discriminatory power of each OTU is expressed 
as a variable importance value, which we used to define the OTU’s that were the most 
discriminant between the SDD group and the control group. A list of the four most 
discriminant species was made. 

Role of the funding source
The sponsor of this study had no role in the study design; in the collection, analysis, and 
interpretation of data; in the writing of the report
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RESULTS 

One hundred and eighteen patients underwent a rectal swab for microbiota analysis. 
Fifty-six patients received SDD treatment and sixty-two patients were allocated to the 
control group. The patients’ baseline characteristics are shown in table 1. There was no 
statistically significant difference in age and BMI between the SDD and the control group 
(P= 0·1 and P= 0·2, respectively). 

Table 1 Study and patient characteristics

SDD group (n=56)2 Control group (n=62)

Age (years) 1 66.3 (64.0-68.5) 68.8 (66.3-71.2)

Sex (M) 34 (60.7%) 40 (64.5%)

BMI (kg/m2) 1 26.9 (25.2-28.7) 25.6 (24.6-26.7)

Active smoker 6 (10.7%) 4 (6.6%)

1 Data expressed as mean with 95% Confidence Interval (CI)
2 One patient did not provide BMI and data on smoking habit

Total abundance of the phylum Proteobacteria (P = 0·0002) and the FAFV group (P < 
0·0001) was significantly decreased in the SDD group, compared to the control group 
(figure 1). Total abundance of the phylum Bacteroidetes was equal between the SDD 
group and the control group (P = 0·37). 

	
Figure 1 Phylum abundance analysis
Boxplot of the phylum abundance analysis. Total Proteobacteria and FAFV group abundance 
was significantly reduced in the SDD group versus the control group (P = 0.0002, respectively 
P<0.0001).
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Shannon diversity was significantly decreased in the SDD group, compared to the control 
group. This held true for all phyla combined (P= 0·0081), but was mainly defined by a 
decreased diversity of the phyla Proteobacteria (P= 0·047) and FAFV group (P< 0·0001). 
A heat map was generated from all IS-profiles, based on clustering by Proteobacteria. 
There was no clear clustering based on Bacteroidetes or the FAFV group. Based 
on Proteobacteria, there was a clear separation of the SDD group from the control 
group. However, the SDD group clustered into two separate groups. One group with 
a reduction in Proteobacteria abundance and diversity (hereafter referred to as SDD no 
Proteobacteria group) and one group without a clear reduction in Proteobacteria, but 
a shift in Proteobacteria composition (hereafter referred to as SDD shift Proteobacteria 
group) (figure 2). We performed a Random Forest supervised classification analysis on 
21 samples of the SDD shift Proteobacteria group and 22 samples of the control group, in 
order to assess the most discriminant Proteobacteria between these groups to determine 
which species determine the shift. We found that in the SDD shift Proteobacteria group, 
the shift was defined by a decrease in Escherichia coli and Sutterella spp., and an increase 
in Desulfovibrio spp. and Hafnia alvei, compared to the control group. 

	

Figure 2 UPGMA clustering analysis
Unsupervised clustering based on Proteobacteria, depicted as a heat map of all profiles colored 
by phylum. A clear subclustering into two subgroups for SDD is shown. One SDD subgroup 
shows reduction of Proteobacteria, compared to controls. And one SDD subgroup showed no 
clear reduction in Proteobacteria, but a shift in Proteobacteria composition

Supervised classification with PLSDA showed a clear separation between the SDD group 
and the control group (figure 3). The clearest separation was found when all phyla were 
taken together (sensitivity, specificity: 92%, 91%), with an accuracy of 92%. Samples of 
the SDD group were associated with a decreased abundance of E. coli, Sutterella spp., 
Faecalibacterium prausnitzii and Streptococcus spp (figure 4), as defined by PLS-DA.
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Figure 3 Partial least squares discriminant analysis for all phyla, Proteobacteria, 
Bacteroidetes, and the FAFV group
PLS-DA showed clear separation of SDD samples versus control samples, based on total 
microbiota analysis

	

Figure 4 Abundance bar chart of the 4 species, discriminating most between SDD and 
control samples
Samples of the SDD group were associated with a decreased abundance of E. coli, F. prausnitzii, 
Sutterella spp., and Streptococcus spp.
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DISCUSSION 

This study shows that SDD not only decreases colonization of the gastrointestinal 
tract with potential pathogenic Gram-negative microorganisms, but also reduces the 
abundance of normal colonizers of our gastrointestinal system, and leads to a shift in 
total microbiota composition. Remarkably, administering SDD does not invariably lead 
to the desired decrease in potential pathogenic Gram-negative bacteria in every patient. 
On the phylum level, we found that SDD led to a significant decrease in abundance and 
Shannon diversity of the phylum Proteobacteria. In addition, we found that administering 
SDD resulted in a decrease in abundance of E. coli, a well-known Gram-negative potential 
pathogen and also a representative of the phylum Proteobacteria. This is in line with 
previous studies, showing a decrease in abundance of Gram-negative bacteria including 
E. coli.1,5,12 However, also the abundance and Shannon diversity of the FAFV group was 
significantly decreased in the SDD group, compared to the control group. Within the 
FAFV group, F. prausnitzii abundance was most significantly diminished in the SDD group, 
compared to the control group. Previous studies have also shown that SDD affects the 
abundance of F. prausnitzii. Benus et al. have shown that F. prausnitzii, Eubacterium rectale 
and Roseburia intestinalis abundance is significantly decreased in SDD patients.5 These 
bacteria belong to the Clostridium cluster IV and XIVa group, which were reduced in 
studies performed by Buelow et al.6,12 Not only are specific taxonomic groups affected by 
SDD, but the microbiota composition as a whole is affected by SDD. Based on supervised 
microbiota analysis with PLS-DA, there was a clear separation between the SDD group 
and the control group, based on all phyla taken together. Buelow et al. also found 
that microbiota profiles from healthy patients were clearly distinct from microbiota 
profiles from patients receiving SDD during ICU stay.12 To our knowledge, no supervised 
classification technique has yet been used to obtain the discriminatory power of each 
OTU in defining the microbial difference between patients treated with SDD and controls. 
The most discriminatory species between the SDD group and the control group were 
E. coli, Sutterella spp., F. prausnitzii and Streptococcus spp. With unsupervised UPGMA 
clustering, there was a separation of control samples from SDD samples. Remarkably, the 
SDD samples were divided into two separate subgroups. One subgroup had an expected 
decrease in Proteobacteria, but the second subgroup showed a shift in composition of 
Proteobacteria. By means of the RF technique, we determined the species, belonging to 
the phylum of Proteobacteria, that discriminated most between the control group and 
the SDD subgroup with a shift in Proteobacteria composition. The SDD subgroup with 
a shift in Proteobacteria showed a decrease in E. coli and Sutterella spp. but an increase 
in Desulfovibrio spp. and H. alveii. This contrasting effect of SDD, dividing the SDD group 
into two subgroups, has never been shown in previous studies.
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Our study has limitations. Patients in this study where colorectal cancer patients. 
Colorectal cancer is associated with a change in gut microbiota composition, which 
could have influenced the gut microbiota composition in our patient group. However, 
our results extend previous results and offers novel insights into the sheer effects of the 
(oral component of ) SDD on gut microbiota composition. Our study is unique because 
it is randomized and controlled, in a large sized homogenous patient group. This gives 
a better and detailed insight in the effect of SDD, while omitting other concomitant 
factors, influencing gut microbiota composition. Moreover, as a first, we have used rectal 
swabs to analyze the effect of SDD on gut microbiota composition. It has been previously 
shown that microbiota composition, derived from rectal swab samples, is similar to that 
from fecal samples.9,13

SDD is designed to selectively target Gram-negative bacteria, yeasts and Staphylococcus 
aureus. The decrease in abundance and Shannon diversity of Proteobacteria is in line 
with expectations. This also holds true for E. coli and Sutterella spp., two of the four 
species, discriminating SDD patients from control patients. Colistin and tobramycin, 
two of the three components of SDD are effective against potential pathogenic Gram-
negative bacteria, belonging to the phylum Proteobacteria. What we can conclude 
is that decontamination of potential pathogenic Gram-negative bacteria by SDD 
was adequate.14 Remarkably, abundance and Shannon diversity of FAFV group was 
also affected by SDD. The only pathogen in this group that SDD is aimed to target is 
Staphylococcus aureus. Although Bacteroidetes and Firmicutes constitute the vast 
majority of gut microbiota , staphylococci do not belong to the 30 most abundant 
genera.15 Hence, the significant decrease in the abundance of the FAFV group cannot be 
explained merely by a decrease in S. aureus. Faecalibacterium is one the most abundant 
genera in the gut.15 The decrease in Faecalibacterium prausnitzii explains the decrease in 
the FAFV group for a significant part. Faecalibacterium prausnitzii is difficult to culture and 
is extremely sensitive to oxygen.16 Very little is known about susceptibility to antibiotics 
of this species, and no clinical breakpoints for antibiotics have been set. Nevertheless, 
Benus et al. have performed a susceptibility test by an E-test for colisitin and tobramycin 
on F. prausnitzii. They have found that the MIC of tobramycin for F. prausnitzii was 4 µg/
ml. In SDD, per gift, 60 mg of tobramycin is administered, suspended in 10 ml. About 
eight liters of fluid enter the bowel each day, which consists of water from diet, saliva, 
gastric juice, bile, pancreatic juice and intestinal secretions. SDD is administered four 
times daily. With each administration, 60 mg of tobramycin is distributed in 2 liter of 
fluid, so the concentration of tobramycin will be around 30 µg/ml. The MIC of 4 µg/
ml should easily be attained. Theoretically, the administration of tobramycin could 
affect F. prausnitzii abundance. Contrastingly, we have found that SDD significantly 
decreases Streptococcus spp. abundance, despite the fact that colistin and tobramycin 
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have no in vitro activity against Streptococcus spp. Previous studies have characterized 
the interspecies interaction between Gram-negative bacteria and streptococci. Gram-
negative bacteria have been shown to promote streptococcal colonization in the 
airway of Cystic fibrosis patients, and to promote streptococcal biofilm formation.17,18 To 
conclude, in vitro antibiotic susceptibility of a bacterium may differ from the antibiotic 
susceptibility in vivo, because the micro-organism is part of a complex polymicrobial 
environment and interaction.19 These complex microbial interactions may partly 
explain why the whole microbial community is affected by SDD, as shown in our study. 
Remarkably, SDD did not lead to a decrease in Proteobacteria in every SDD patient. There 
was a clear clustering into two separate groups. One SDD subgroup showed a decrease in 
Proteobacteria. And the other did not show a clear decrease in Proteobacteria, but a shift 
in species, mainly attributed to a decrease in E. coli and Sutterella spp. and an increase of 
Desulfovibrio spp. and H. alvei. H. alvei is a Gram-negative rod with a naturally occurring 
resistance to colistin.20 Desulfovibrio spp. are strictly anaerobic Gram-negative rods that 
are resistant to colistin.21,22 To exert effect, aminoglycosides needs to be taken up by 
the bacterial cell. This process is an O2 demanding process.23 Because of this, anaerobic 
bacteria are not susceptible to tobramycin. The increase of Desulfovibrio spp. and H. alvei 
in the SDD Proteobacteria subgroup might be a reflection of selection of SDD resistant 
bacteria. 
Desulfovibrio spp. have been associated with a variety of chronic inflammatory diseases, 
such as periodontitis and inflammatory bowel disease24, and they have been shown 
to induce apoptosis of gastrointestinal epithelial cells.25 Both H. alvei and Desulfovibrio 
are bacteria that can cause infections.26–31 Abis et al. have shown that administering 
perioperative SDD in colorectal cancer patients, undergoing surgery, decreased the 
number of postoperative infectious complications. 14Our findings show that not all 
patients benefit from the advantage of SDD, namely the eradication of potential 
pathogenic Gram-negative bacteria. The results also provide a first indication that it 
might be feasible to predict in which patients SDD will exert its desired effect. More 
research, in the form of fecal sampling and microbial profiling before administering SDD, 
is needed to address this question. 
F. prausnitzii is a prominent resident of the gut and well known for its beneficial 
properties.32–34 F. prausnitzii has anti-inflammatory properties and produces butyrate, 
which serves as an energy source for gut epithelial cells and thus is important in 
maintaining bowel health. Moreover a decrease in F. prausnitzii is associated with several 
disease states, such as IBD and obesity. In contrast, small bowel microbial composition 
is predominated by Veillonella spp. and streptococci such as S. parasanguinis.35 Van den 
Bogert et al. have shown that stimulation of dendritic cells with a specific S. parasanguinis 
strain results in higher DC maturation and subsequently higher activation marker 

137644_Gabor Abis_BOEK-v2.indb   132 23-10-19   13:32



133

8

Chapter 8

expression. In conclusion Streptococcus spp. have immunomodulatory properties 
and play an important role in shaping the immunesystem and immune homeostasis. 
Although administering SDD has been proven to reduce ICU related mortality, the effects 
of SDD on other health outcome measures have never been investigated. SDD leads to 
a nonselective change in gut microbiota composition. Additional longitudinal studies 
are needed to evaluate the effect of SDD on long-term health and to evaluate if we can 
predict which patients benefit from SDD. 
Firstly, administering SDD decreases ICU related mortality, but is not as selective as 
meant to be. The term selective should better be adapted to decontamination of the 
digestive tract (DD), so that clinicians are aware of the broad antimicrobial effect against 
both potential pathogenic as well as beneficial bacteria, at which SDD is not targeted. 
Secondly, personalizing SDD administration, based on assessing intestinal microbiota 
composition and predicting what patient subgroups may benefit from administering 
SDD, holds great promise for the future and might prevent harmful and unnecessary 
administering of SDD in a subgroup of patients.
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SUMMARY, GENERAL DISCUSSION & FUTURE PERSPECTIVES

This thesis focuses on several aspects of the treatment of colorectal cancer, its effects on 
patients undergoing colorectal cancer surgery and how to diminish its complications.
Colorectal cancer surgery is a developing field even though it has been performed for 
a long time. Where it started with laparotomies, significant mortality rates and high 
chances of locoregional recurrence it has evolved into a minimally invasive, safe and in 
many cases curative field of surgery. 
To get there several important steps had to be taken. As stated before, rectal cancer 
surgery started as mutilating amputative surgery with high recurrence and mortality rates. 
The introduction of a new sharp dissection technique in the nineteen eighties referred to 
as total mesorectal excision (TME), instead of conventional blunt dissection, transformed 
rectal surgery into a restorative and curative procedure.1 Overall survival (from 48% to 
>60%) as well as local recurrence rates (from >20% to <10%)improved. Moreover, higher 
incidence of sphincter preservation and less blood loss and autonomic nerve damage 
was observed.2 Hereafter radiotherapy was added as neo-adjuvant therapy, where both 
the Swedish rectal cancer trial and the Dutch TME trial showed half the amount of local 
recurrences with the addition of preoperative radiotherapy compared to TME surgery 
alone.3–5 Complete mesorectal excision and tumor resection proved necessary to achieve 
these results, as involvement of the circumferential resection margin (CRM) still resulted 
in high local recurrence rates.6,7 Introduction of minimally invasive surgery in colorectal 
cancer at the end of the twentieth century predicted less surgical trauma with equal 
oncologic results. To evaluate these expectations, multiple studies have been initiated. 
Several large randomized controlled trials showed the safety of laparoscopic surgery 
in colon cancer (CLASICC trial, COLOR trial, Barcelona trial),8–10 which opened the door 
for studies evaluating laparoscopic surgery in the technically more challenging field of 
rectal cancer. 

Chapter 2 discusses the short-term results of the COLOR II trial11, which was conducted 
to compare laparoscopic and open surgery in patients with rectal cancer and was the 
largest RCT of its kind, since 1044 patients who were eligible for analysis were included 
in 30 centers in 8 countries. 
Results were similar to data obtained in trials in laparoscopic colon cancer surgery. 
Less blood loss, and faster return of bowel function was observed. Moreover, hospital 
stay was shorter in the laparoscopic group.8–10 Operating time was however longer 
in the laparoscopic group, while completeness of resection, positive CRM, morbidity 
and mortality did not differ between groups. Other comparable RCTs were performed, 
including the CLASICC trial12, COREAN trial13, ACOSOG Z6051 trial14 and the ALaCaRT 
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trial.15 All showed longer operating times and less blood loss for laparoscopy, with 
comparable intraoperative morbidity. Hospital stay was shorter in the COREAN and 
CLASICC trials, while no difference was found in the ACOSOG Z6051 and ALaCaRT 
trials. Bowel recovery was faster in the ACOSOG Z6051 and CLASICC trials, whereas no 
difference was found in the ALaCaRT trial. The COREAN trial did not report these values. 
Overall, results in favor of laparoscopic rectal resection were reported. 

Oncologic endpoints are of most importance when evaluating a new technique in 
cancer surgery. Chapter 3 discusses the primary endpoint of the COLOR II trial, which 
was locoregional recurrence at 3 years after surgery. This was 5% for both laparoscopic 
and open surgery groups with a confidence interval (CI) of -2.6% to 2.6%.16 
The COREAN trial (n=340) used a non-inferiority margin of 15%. Its primary endpoint was 
3-year disease-free survival, which was 72.5% for the open surgery group and 79.2% for 
the laparoscopic group, with a CI for the difference of -15.8 to 2.4%.17 In 2015, the safety 
of laparoscopic rectal resection was questioned by two large randomized controlled 
trials from the US and Australia, the ACOSOG Z6051 and the ALaCaRT trials respectively. 
Both trials were unable to establish non-inferiority of the laparoscopic approach as a 
result of inadequate surgical resection due to higher distal and circumferential margin 
involvement.14,15 No real explanations were given for these inadequate resections, 
although the ACOSOG Z6051 mentioned the challenging nature of rectal cancer surgery 
at baseline and the constraints of rigid laparoscopic instruments in a narrow pelvis. 
Nonetheless, these same problems were encountered by the COLOR II and COREAN trials, 
which did show non-inferiority for laparoscopic resection compared to open resection. 
When evaluating these trials very wide confidence intervals were observed in both the 
ACOSOG Z6051 and the ALaCaRT trial around the difference of the primary endpoint 
(-12.4 to ∞ and -10.8 to ∞, respectively). Since the confidence interval represents the 
range around the study’s result in which we expect the true value to lie, a wide confidence 
interval diminishes the high quality evidence of RCTs. Possible factors that could have 
contributed to the wide confidence intervals of these two trials are that numbers 
randomized were too small (486 patients for ACOSOG Z6051 and 475 for ALaCaRT), that 
a surrogate endpoint was used or that the laparoscopic technique was not completely 
standardized. As stated before the best ways to confirm non-inferiority are oncological 
outcome on survival and recurrence. Both the ALaCaRT and the ACOSOG Z6051 trials 
reported their two-year oncological follow-up only recently. The ACOSOG Z6051 trial 
reported two-year disease free survival for laparoscopic surgery of 79.5% (95% CI 74.4-
84.9) and for open surgery 83.2% (95% CI 78.3-88.3) with locoregional recurrence rates of 
4.6% in the laparoscopic group and 4.5% in the open group respectively.18 The ALaCaRT 
trial described a two-year disease free survival for laparoscopic surgery of 80% and for 
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open surgery 82% (difference 2.0%; 95% CI, -9.3% to 5.4%) with locoregional recurrence 
rates of 5.4% in the laparoscopic group and 3.1% in the open group respectively 
(difference 2.3%; 95% CI -1.5% to 6.1%).19 Recently a meta-analysis on the non-inferiority of 
laparoscopic rectal cancer surgery which included data from all these before mentioned 
trials has been performed and these outcomes further support the non-inferiority of 
laparoscopic rectal cancer surgery found by the COLOR II and COREAN trial.20

The COLOR II trial is the largest randomized trial conducted on the subject. Due to the 
large number of patients, narrow confidence interval regarding the primary endpoint 
and the very high follow-up rate of 99% it can be considered as high quality evidence. 
Several learning points can be taken from the study design for planning future studies to 
further increase quality of the data. First, a standardized imaging modality to determine 
the location of the tumor and central storage of the complete surgical videos would 
be preferable. Second, pathological evaluation of the resected specimen with central 
revision by independent professionals would improve standardization in future studies. 
The same applies to some form of surgical quality assurance by way of storage and 
central access of the operation videos. In the COLOR III trial, in which transanal TME 
(TaTME) is compared with laparoscopic TME, learning points that were observed in the 
COLOR II trial have been incorporated in the study protocol. Because all data are collected 
digitally, including imaging and operation videos, it is unique in its design and extensive 
quality assurance.21 
While rectal cancer surgery emerged as a minimally invasive operation with excellent 
results on survival and recurrence of disease, other patient related outcomes also became 
more important. Chapter 4 discusses the health related quality of life after rectal cancer 
surgery in the COLOR II trial and most importantly the effects on urinary dysfunction 
and sexual dysfunction.22 Sexual problems after surgery for rectal cancer are common, 
multifactorial, inadequately discussed, and undertreated.23 
Sexual and urinary functions are dependent on dual autonomic (sympathetic and 
parasympathetic) innervation. The most important structures are the superior hypogastric 
plexus, hypogastric nerves, pelvic splanchnic nerves and the inferior hypogastric plexus. 
Damage of the superior hypogastric plexus and the hypogastric nerves causes bladder 
instability (loss of relaxation) and retrograde ejaculation or loss of ejaculation, whereas 
damage of the inferior hypogastric plexus and sacral branches leads to difficulties in 
bladder emptying (loss of contraction) and impotence. In women, the increased blood 
flow to the vagina and vulva, causing vaginal lubrication and swelling of the labia and 
clitoris, is also under the predominant control of these parasympathetic nerves and injury 
results loss of these functions in women. 
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During neoadjuvant therapy, especially radiotherapy, nerve pathways as well as 
microvasculature are damaged. Subsequent rectal surgery only aggravates this 
damage.24–26 
In the COLOR II trial both female and male genitourinary function was impaired by 
surgery, with no differences between open and laparoscopic surgery. Micturition 
problems were less affected than sexual function and mostly recovered to preoperative 
levels within six months after surgery. Male sexual function was affected in approximately 
80% of patients in both groups four weeks after surgery. Male sexual function slightly 
improved but remained worse than index levels at one year after surgery for both groups. 
In literature sexual function remains an undervalued and underexplored field, especially 
lacking high quality evidence. Several systematic reviews have been performed that in 
line with our study, did not show differences between laparoscopic or open approach 
concerning sexual function.27,28 Concerning sexual function and robotic surgery versus 
laparoscopy, there is only one prospective randomized study and several non-randomized 
studies, all with very small samples, and thus far no convincing differences have been 
found.29 Radiotherapy increases the rate of sexual dysfunction but is rarely the only 
causative factor.30 To obtain higher-level evidence on this subject, it is very important that 
all high quality studies use the same validated questionnaires. Furthermore, healthcare 
professionals should always ask about these functions pre- and postoperatively in men 
and women alike. 
Interesting novel treatment developments for rectal cancer are currently underway. 
The main cornerstone remains radical surgical treatment, but since rectal cancer surgery 
is associated with significant morbidity and decrease in quality of life there has been a 
shift to different treatment strategies to preserve function and quality of life without 
hampering oncological outcome. Because of screening programs more early stage 
cancer is detected, leading to more trials and possibilities for local therapies and organ 
preservation. One example is the TESAR trial, comparing radical TME surgery versus 
adjuvant chemoradiotherapy after local excision for early rectal cancers.31 It is expected 
that the latter will result in comparable oncological results with less morbidity and 
increased quality of life, including sexual and urinary function. Another example is the 
STARTREC trial, which investigates rectal preserving strategies after neoadjuvant therapy. 
The rectal preserving group consists of two arms of which one arm receives short course 
5x5Gy radiotherapy, whereas the other arm will receive chemoradiotherapy (Capecitabine 
and long-course radiotherapy) according to current protocols. Subsequent treatment will 
be decided based on the response of the tumor to the neo-adjuvant treatment regimens. 
Non-responders will undergo low-anterior resection, partial responders will undergo TEM 
and complete responders will have a ‘wait and see’ policy with intensive follow-up.32 This 
nonoperative ‘wait and see’ approach in case of complete remission after neoadjuvant 
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therapy is being investigated more in recent years.33–36 Evidence suggests that this a 
safe strategy in an adequately selected population and should be offered to patients in 
a controlled trial setting to increase the available level of evidence. More clarity on the 
exact role of radiotherapy on sexual /bladder dysfunction and incontinence is expected 
from the long-term follow-up of patients undergoing watch and wait approach after 
complete response following radiotherapy.

Another way to improve patient outcome is the reduction of complications in the 
postoperative phase. Infectious complications affect 20 to 40 percent of patients 
undergoing surgery for colorectal cancer28, while anastomotic leakage, the most severe 
complication of colorectal surgery, has an incidence ranging from 5% to 15%37 and a 
mortality rate of 6% to 30%.38 The patient’s own microbiome seems to play an important 
role in the etiology of these complications.39 Alterations to the patients’ microbiome 
might be a way to decrease these serious complications and improve outcome. One way 
to influence the microbiome is with selective decontamination of the digestive tract 
(SDD). This mixture of oral nonabsorbable antibiotics, mostly consisting of oral colistin, 
tobramycin and amphotericin B, is designed to minimize the impact of infections by 
potentially pathogenic microorganisms that are endogenous to the patient.40 These 
microorganisms colonize the digestive tract and consist predominantly of aerobic 
Gram-negative bacteria, Staphylococcus aureus and fungi against which SDD is effective. 
SDD has been safely introduced in the intensive care unit (ICU) setting after it reduced 
mortality in ventilated ICU patients.41 

In chapter 5 we provide an overview on the use of SDD in digestive surgery.42 The review 
discusses five randomized controlled trials and one cohort study on SDD in esophageal, 
gastric and colorectal surgery. These studies reported a positive effect of SDD on 
infectious complications and in some studies on anastomotic leakage rates, especially 
in colorectal surgery. Available literature was however performed in heterogeneous 
populations, underpowered for anastomotic leakage and additional proof for the benefit 
of SDD in colorectal surgery was needed. 

We therefore initiated a study for a large multicenter randomized clinical trial in six 
hospitals in the Netherlands to evaluate the role of SDD in colorectal cancer surgery 
(SELECT trial). The study protocol is presented in chapter 6.43 The primary aim of this trial 
was to investigate the role of SDD on anastomotic leakage in colorectal cancer surgery 
patients. The clinical anastomotic leakage rate was the primary endpoint of this study. 
Secondary endpoints included infectious complications, disease-free survival, overall 
survival, costs, and quality of life. Patients with a colorectal carcinoma without evidence of 
metastases at imaging who were candidates for elective curative surgery with a primary 
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anastomosis were eligible for inclusion. Oral colistin, tobramycin and amphotericin B 
were administered to the SDD group to decontaminate the digestive tract. Both groups 
received cefazoline and metronidazole as pre-operative prophylaxis. Decontamination 
by SDD was verified by the presence of potential pathogenic microorganisms in the 
gut by microbial analysis by Interspace-profiling technique (IS-pro) on rectal swabs of 
patients. To our knowledge this was the first large multicenter RCT with SDD in patients 
undergoing only colorectal cancer surgery.

Chapter 7 highlights the primary outcome results of the SELECT trial. 
Patients were recruited from May 2013 until March 2017. A total of 485 patients was 
included of which 455 were eligible for analysis with 228 patients randomly assigned 
to the intervention (SDD) group and 227 patients to the control group. Anastomotic 
leakage was observed in 6.1% of the patients in the SDD group and in 9.6% of the 
patients in the control group with an odds ratio (OR) of 0.610 and a 95% confidence 
interval (CI) of 0.304 to 1.224. In the SDD group, fewer patients had one or more infectious 
complications compared to the control group (14.9% versus 26.9%, OR 0.477 and CI of 
0.299 to 0.761. No differences between study arms were observed in thirty-day mortality, 
median days until first intake, median days until first defecation, median hospital stay 
in days, readmissions within 30 days or ICU admissions. Adequate decontamination in 
the SDD group was confirmed by IS-pro analysis (see Chapter 8) and no infections with 
resistant microorganisms occurred.44 
Unfortunately the trial was stopped prematurely when the interim-analysis indicated 
that superiority was no longer attainable for anastomotic leakage. We were unable to 
show a significant decrease in anastomotic leak rate. Nonetheless, the robust reduction 
of over 50% of the infectious complications advocates the standard use of perioperative 
SDD in all colorectal cancer surgery to prevent infectious complications. As previously 
stated SDD is based on the administration of oral nonabsorbable antibiotics to minimize 
the impact of endogenous infections by potentially pathogenic microorganisms. Oral 
antibiotics and bowelprep are mostly used in the United States for the reduction of SSIs 
and seem to have a comparable effect on SSI rate as the described effect by SDD in our 
study.45,46 Concerning the use of bowel prep and oral antibiotics however, varying levels 
of evidence for this effect are presented. Performed studies are mostly not randomized 
or underpowered. Additionally, oral antibiotics are not specified or substantial selection 
bias cannot be ruled out. Besides that, no substantial evidence on possible antibiotic 
resistance occurrence is available when oral antibiotics are given for only one day prior 
to surgery. 
SDD is also a form of oral antibiotics, but with a standardized and reproducible protocol. 
No antibiotic resistance occurrence by SDD was shown in several very large randomized 
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trials in an ICU setting,47,48 as well as in our study. Furthermore, SDD had a substantial 
effect on the total number of infectious complications in our study including pulmonary 
and urinary tract infections in addition to a reduction of 75% on SSIs .
We therefore recommend SDD over “any” oral antibiotics and bowel prep for the reduction 
of infectious complications. 

Little is known about the effect of SDD on composition of the gut microbiota. Until 
recently, all research on gut microbiota was culture-based. The vast majority of gut 
microbiota however, is uncultivable and therefore these studies give biased results. 
In addition, previous studies on the effect of SDD with molecular techniques were 
based on small and heterogeneous groups and have mainly evaluated gut microbiota 
composition with techniques targeted at specific species.49,50 These studies consisted 
of mostly ICU patients who are patients with different comorbidities and confounding 
factors, which may influence the gut microbiota composition, such as feeding through 
a nasogastric tube and the use of multiple additional antibiotics.51

Chapter 8 focuses on the effect of SDD on overall gut microbiota composition. In this 
accessory study to the SELECT trial rectal swabs of 118 patients were analyzed (56 SDD 
vs 62 control) with the IS-pro technique. With IS-pro, bacterial species are discriminated 
based on the length of the 16S-23S rDNA interspace region.52 
SDD samples showed different microbial signatures compared to control samples. 
Escherichia coli, Sutterella spp., Faecalibacterium prausnitzii and Streptococcus spp. were 
the most discriminatory species. The SDD group showed clustering into two subgroups. 
In one subgroup a decrease in Proteobacteria was observed, whereas the other subgroup 
showed a shift in Proteobacteria, which was characterized by a decrease in E. coli and 
Sutterella spp. and an increase in Desulfovibrio spp. and Hafnia alvei.
This contrasting effect of SDD, dividing the SDD group into two subgroups, has never 
been shown in previous studies. These results also provide a first indication that it might 
be feasible to predict in which patients SDD will exert its desired effect. SDD also leads, 
however, to a nonselective change in gut microbiota composition and more research to 
study this effect is needed. 
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FUTURE PERSPECTIVES

Several interesting topics for further research have surfaced from this thesis and should 
be explored. Patient reported outcome measures (PROMS) on sexual and urinary function 
should be included in the standard workup of rectal cancer patients. In this era of organ 
sparing rectal cancer surgery and with long-term results from a watch-and-wait (W&W) 
approach after (chemo-) radiotherapy (CRT) for rectal cancer quality of life becomes 
even more important. Several studies to provide higher-grade evidence on the W&W 
approach are currently underway and should give a clearer answer on the safety and 
limits of this approach.31,32,53 Most evidence thus far suggests that the W&W approach 
and organ preserving surgery give better results on PROMS compared to TME surgery.54 
Preferentially future high quality surgical studies should be performed through 
international collaboration to decrease the time in which a high number of patients can 
be accrued. Hopefully in that way the interval between commencement of a trial and 
reporting of long term outcomes can be shortened to several years instead of a decade 
as most previous large trials.
I believe that the treatment of rectal cancer has to be tailored to each specific patient in 
the future. Patients who show partial response to CRT should be closely monitored in 
a surveillance program and allowed longer time to achieve the best possible reduction 
in tumor load as it may take more than 12 weeks to achieve complete response for 
some tumors.
Patients who do not respond are however unlikely to benefit from longer waiting periods 
and should be operated sooner when a safe and successful procedure is still feasible. 
Rectal cancer surgery should always be performed minimally invasive when possible 
and expertise is available as shown in this thesis. However, as in most rectal cancer trials 
T4 tumors are excluded these results cannot be extrapolated to this subgroup. Therefore, 
in large and invasive tumors there is still a role for open rectal cancer surgery. 
When evaluating mid and low rectal tumors, TaTME or robotic-assisted laparoscopic 
surgery could become the standard treatment instead of laparoscopic low anterior 
resection (LAR). Thus far however, no high level evidence of the superiority of either of 
these techniques has been published. 
TaTME is a single port transanal technique while adhering to TME principles and has 
potential benefits: better specimen quality with better radicality, less morbidity due to 
better anastomotic techniques and more sphincter saving procedures. Thus far results 
from several cohorts are promising, since specimen quality proves equal or better, the 
number of harvested lymph nodes is higher and quality of life seems comparable to 
laparoscopic TME.55,56 Before adaptation of TaTME as standard surgical therapy, a well-
designed randomized study is however imperative to demonstrate its efficacy and safety. 
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This led to the initiation of the COLOR III trial. Until the COLOR III trial provides evidence 
for similar recurrence and survival rates as laparoscopic resection alone, it cannot be fully 
implemented for mid and low rectal tumors.
One of the largest randomized trials investigating robotic rectal cancer surgery has been 
the Robotic versus Laparoscopic Resection for Rectal cancer (ROLARR) trial. This trial 
randomized 237 versus 234 patients for robotic or laparoscopic resection respectively, in 
29 hospitals in 10 countries. It showed similar outcomes in both groups regarding quality 
of TME, CRM involvement, conversion to open surgery, intraoperative complications, 
30-day mortality, bladder dysfunction, and sexual dysfunction and was therefore not 
able to show superiority of robotic rectal cancer surgery.57 Since robotic surgery has 
several drawback such as lack of tactile feedback, high costs and large size of the systems, 
the role of robotic surgery in rectal cancer surgery remains under debate. 
Besides several other factors that could influence infectious complications and 
anastomotic leakage, the key to reducing infectious complications, anastomotic leakage 
and possibly even the development of colorectal cancer could very well lie in the patients’ 
microbiome.58–60

As shown in this thesis, gut microbiota manipulation can lead to beneficial effects 
on postoperative outcomes. Interestingly, not all patients responded equally to SDD 
treatment. Evaluating which patients did not respond to SDD with the desired effect 
and why, and determining whether they had different outcomes than classic responders 
to SDD is crucial to get more insight in the effects and underlying mechanism of 
the treatment. SDD should be implemented to decrease infectious complications. 
Simultaneously, more studies should be performed to better understand the influence 
of the patients’ microbiome on outcome after surgery. In the future, fecal sampling 
and microbial profiling of every patient before colorectal surgery could well be part 
of the preoperative workup in order to assess the microbiome and regulate potential 
deleterious effects. Although we were not able to proof it in the SELECT Trial due to lack 
of statistical power, I believe a decreasing effect on anastomotic leakage will be observed 
with larger numbers of patients treated with SDD. We observed a trend in the SELECT 
Trial of minus 3.5 percent leakage rate for SDD-treated patients, and the large number 
of patients needed to provide statistical evidence for a smaller decrease in anastomotic 
leakage rate of a couple percent. 
Through new molecular techniques, a more complete understanding of “a healthy 
microbiome” is emerging as well as what constitutes a pathological disturbance in the 
microbiome.61 Such dysbiosis in microbial community membership can consist of a loss 
of specific beneficial bacteria or a critical loss of diversity among the beneficial bacteria, 
which results in a pathobiome.62
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It is plausible that higher levels of pathogens are present in the microbiome of patients who 
are more at risk for SSIs and anastomotic leakage, such as those with lengthy operations, 
increased blood loss, reoperative surgery in the same wound site, poor nutritional status 
and smokers. Normally these pathogens remain contained by the abundance and 
diversity of the microbiota. But during surgery, low abundance pathogens can become 
unleashed by the very process of preparing and treating the patient, beginning with 
nil per os after midnight, application of broad spectrum antibiotics, and physiologic 
stress among others.63 Several pathogens are linked to the development of anastomotic 
leakage, infectious complications and even the development of colorectal cancer. 
Pathogens, such as P. aeruginosa, E. faecalis and Serratia marcescens can proliferate 
when the microbiota becomes depleted in the perioperative period. These pathogens 
can produce collagenase and elicit intestinal inflammation leading to anastomotic 
leakage.64,65 
To correct the pathobiome perioperatively should be a topic for further research. 
This could be through e.g. nutritional advice, probiotics, antibiotics or even a bowel 
prep solution containing both nutrients and antivirulence agents that promote the 
proliferation of beneficial bacteria, restores the balance in the gut and preserves or 
enhances the normal microbiota. 66

To get as much insight on this as possible, the microbiome of colorectal cancer patients 
should be analyzed by molecular diagnostics, preferably pre-, per- and postoperatively. 
In this way, large databases with colorectal cancer patients and their microbiome 
constitution, fluctuation and repopulation will become available to find pathogens and 
compositions that can be linked to colorectal cancer as well as anastomotic leakage and 
other complications. This could lead to a further decrease in infectious complications, 
anastomotic leakage rates and therefore a more favorable oncological outcome.
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SAMENVATTING

Dit proefschrift richt zich op verschillende aspecten in de behandeling van het 
colorectaal carcinoom, de effecten die deze behandeling heeft op de patiënten en hoe 
de bijbehorende complicaties verminderd kunnen worden. 

Hoofdstuk 1 vormt de introductie van dit proefschrift. Het colorectaal carcinoom is 
de op twee na meest voorkomende vorm van kanker wereldwijd en wordt jaarlijks 
gediagnosticeerd bij bijna 1,4 miljoen mensen en leidt tot ongeveer 694.000 doden. 
Hoewel chirurgie voor het colorectaal carcinoom reeds lang verricht wordt is het nog 
steeds een zich ontwikkelend gebied. Vroeger was het geassocieerd met laparotomieën, 
significante mortaliteit en hoge locoregionale recidiefpercentages, maar het heeft zich 
ontwikkeld in een minimaal invasief, veilig en zeer curatief onderdeel van de chirurgie. 
Hierdoor komt de nadruk naast (kanker specifieke) overleving steeds meer te liggen op 
kwaliteit van leven en het voorkomen van (infectieuze) complicaties.

Hoofdstuk 2 licht de korte termijn resultaten van de COLOR II trial uit, die was verricht 
om laparoscopisch en open chirurgie in patiënten met een rectumcarcinoom met 
elkaar te vergelijken en is de grootste gerandomiseerde studie van zijn soort. Er werden 
1044 patiënten geanalyseerd die waren geïncludeerd in 30 centra in 8 verschillende 
landen. De resultaten waren vergelijkbaar met die van studies naar laparoscopische colon 
chirurgie; minder bloedverlies, sneller herstel van de darmfunctie en de opnameduur was 
korter bij laparoscopische chirurgie. De operatieduur was wel langer in de laparoscopie 
groep, terwijl de volledigheid van de resectie, positieve circumferentiële resectiemarge 
(CRM), morbiditeit en mortaliteit niet verschilde tussen de groepen. 

Hoofdstuk 3 bespreekt het primaire eindpunt van de COLOR II; locoregionaal recidief 
op 3 jaar na de primaire operatie. Dit was 5% voor zowel de laparoscopie als de open 
chirurgie groep. De belangrijkste secundaire eindpunten waren ziektevrije en algehele 
overleving en deze waren ook gelijk tussen beide groepen. Patiënten met een stadium 
3 rectumcarcinoom hadden na een laparoscopische resectie een hogere ziektevrije 
overleving dan patiënten na een open operatie.

Hoofdstuk 4 laat de resultaten zien van het kwaliteit van leven onderzoek na 
rectumcarcinoom chirurgie in de COLOR II trial. Bij zowel mannen als vrouwen was de 
blaas- en seksuele functie aangedaan, met geen verschillen tussen laparoscopische 
operaties en open operaties. Blaasfunctie was minder aangedaan dan seksuele functie 
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en herstelde meestal goed in de maanden na operatie, terwijl de seksuele functie van 
met name mannen bij 80% aangedaan was en slechts gedeeltelijk herstel vertoonde.

Hoofdstuk 5 geeft een overzicht van het gebruik van selectieve darmdecontaminatie 
(SDD) in gastro-intestinale chirurgie. Er worden vijf gerandomiseerde studies en een 
cohort studie beschreven in slokdarm-, maag- en colorectale chirurgie. Alle studies 
rapporteerden een positief effect van SDD op infectieuze complicaties en in sommige 
studies ook een positief effect op naadlekkages. Al deze studies waren echter in heterogene 
populaties en in te kleine populaties om sluitende conclusies te kunnen trekken.

Hoofdstuk 6 beschrijft het studieprotocol van de SELECT trial, een multicenter 
gerandomiseerde studie in zes Nederlandse ziekenhuizen. Het primaire doel van 
deze studie was om het effect van SDD op naadlekkage en infectieuze complicaties 
te onderzoeken in patiënten die geopereerd werden in verband met een colorectaal 
carcinoom. Hiervoor werden patiënten geïncludeerd met een colorectaal carcinoom, 
zonder metastasen, die een geplande operatie ondergingen met het aanleggen van 
een anastomose.

Hoofdstuk 7 bespreekt de primaire uitkomstmaat van de SELECT trial. Er werden in 
totaal 455 patiënten in de studie geanalyseerd waarvan er 228 in de SDD groep en 227 in 
de controle groep. Er werd bij 6,1% van de patiënten in de SDD groep en 9,6% van de 
patiënten in de controle groep naadlekkage vastgesteld, maar dit was niet statistisch 
significant. Er werd wel een halvering van het aantal infectieuze complicaties gezien 
indien de patiënten SDD rondom de operatie hadden gehad, hetgeen sterk significant 
was. Er werden geen verschillen in opnameduur, morbiditeit, ziekenhuisopname 
en mortaliteit gevonden. Op basis van het zeer significante resultaat op infectieuze 
complicaties raden wij het gebruik van SDD als standaardbehandeling aan bij patiënten 
die een operatie voor een colorectaal carcinoom ondergaan.

Hoofdstuk 8 is gericht op de resultaten van een microbiologische studie binnen de 
SELECT Trial. Er werd gekeken naar het effect van SDD op de samenstelling van het 
microbioom bij patiënten met een colorectaal carcinoom. Dit werd gedaan door middel 
van de IS-pro techniek, waarbij er op basis van een rectale swab een volledig overzicht 
van de samenstelling van het microbioom van een patiënt in beeld gebracht kan worden. 
Patiënten die SDD hadden gehad verschilden significant van controle patiënten. Binnen 
de SDD groep werden er opvallend genoeg twee verschillende groepen gezien en 
viel op dat SDD minder selectief is als dat altijd gedacht werd. Dit is nog nooit eerder 
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aangetoond en zou erop kunnen wijzen dat we mogelijk kunnen voorspellen op wie SDD 
het gewenste effect gaat hebben en op wie niet.

Hoofdstuk 9 omvat de discussie van dit proefschrift met een bespreking van de 
toekomstperspectieven voor patiënten met een colorectaal carcinoom in zowel de 
chirurgische behandeling als de preventie van complicaties.
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DANKWOORD

En dan is het klaar! Naast het bedanken van alle patiënten die meegedaan hebben aan de 
twee studies die aan dit proefschrift ten grondslag liggen, zijn er nog heel veel mensen 
die met hun inspanningen dit proefschrift mede mogelijk hebben gemaakt. Het is 
onmogelijk om iedereen bij naam te noemen zonder iemand te vergeten, maar als jullie 
maar weten dat het zonder jullie inspanningen nooit was gelukt. Ontzettend bedankt! 

Prof.dr. H.J. Bonjer. Beste Jaap, ik kan je niet genoeg bedanken voor de steun en het 
vertrouwen dat je in me hebt gehad. Naast de mogelijkheid om de SELECT Trial op te 
zetten kreeg ik als bonus ook nog eens zo’n prachtige studie als de COLOR II onder 
mijn hoede erbij van je. Jouw enthousiasmerende en inspirerende rol in de regio, op de 
werkvloer en in het onderzoek, jouw kritische blik, het denken in mogelijkheden en niet 
in beperkingen voor onderzoek en jouw ‘magie’ voor het herschrijven van artikelen zijn 
zaken die me mijn gehele carrière bij zullen blijven. Zowel op wetenschappelijk, politiek 
als op chirurgisch vlak heb ik veel van je geleerd en ik hoop dat we elkaar door de jaren 
nog vaak zullen treffen.

Prof.dr. M. Van Egmond. Beste Marjolein, jij was altijd zeer nauw betrokken bij mijn 
projecten, ook al voerde ik die niet uit op ‘jouw’ afdeling. Jij stond altijd klaar voor overleg 
of als ik vragen had en kwam altijd met goede opbouwende adviezen en feedback. Onze 
vele overleggen, zowel gepland als ongepland als ik even binnenliep, hebben dit mooie 
resultaat opgeleverd! Daarnaast stond je altijd klaar om ergens extra gewicht in de schaal 
te leggen als er wat geregeld moest worden en hield je de regie over de eindverslagen 
voor de Maag Lever Darm Stichting en veel andere zaken omtrent mijn promotietraject. 

Dr. S.J. Oosterling. Beste Steven, wie had gedacht toen ik als groene ANIOS en jij als oudste 
assistent rondliepen in het Kennemer Gasthuis, dat we nu als promovendus, copromotor, 
stafchirurg en oudste assistent in het Spaarne Gasthuis zouden samenwerken. Samen 
hebben we ‘jouw’ SELECT Trial tot een mooi resultaat gebracht. Je bent altijd extreem 
betrokken, zorgvuldig en komt met goede ideeën omtrent de richting van het onderzoek. 
Onze overleggen, eindeloze belletjes in avonden en weekenden en het doorspitten van 
de data hebben tot dit mooie resultaat geleid, met als hoogtepunt het binnenhalen van 
de prijs in Sevilla dit jaar. De volgende projecten met Reinder lopen alweer en ik hoop 
dat we samen nog veel mooie projecten kunnen ondernemen en gezellig een biertje 
kunnen drinken.
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Dr. H.B.A.C Stockmann. Beste Hein, het vertrouwen dat jij in me hebt gehad toen ik 
nog een co-assistent was en hoe je mij gestimuleerd en geënthousiasmeerd hebt voor 
wetenschappelijk onderzoek heeft ervoor gezorgd dat ik van een beginnende (met 
name) klinische dokter een gepromoveerd chirurg met veel onderzoeksaffiniteit ben 
geworden. Jij was altijd bij de besprekingen en was direct en kritisch maar ook als eerste 
lovend als er een mooi resultaat was. De etentjes bij jou thuis waren mooi, verbindend 
en persoonlijk.

Prof. dr. G. Kazemier. Beste Geert, bedankt dat je de voorzitter van mijn leescommissie 
wilde zijn. Tijdens mijn academische jaren heb ik veel chirurgische lessen van je geleerd. 
Daarnaast wil ik je bedanken voor je interesse in mijn onderzoek en de mens achter de 
assistent. De combinatie van slap ouwehoeren, flauwe grappen en serieus advies kan ik 
erg in je waarderen.

Geachte leden van de lees-/promotiecommissie. Prof.dr. G.L. Beets, Prof.dr. W.A. 
Bemelman, Prof. dr. M.C. Vos, Prof.dr. J.H.W. de Wilt, bedankt voor de tijd en moeite die u 
heeft genomen om mijn proefschrift te bestuderen en het voeren van de oppositie. Prof.
dr. C. Verhoef, helaas kon u toch niet aanwezig zijn voor het opponeren, maar ontzettend 
bedankt voor de beoordeling van het manuscript.

De maatschap chirurgie van het (Kennemer) en Spaarne Gasthuis. Ik heb genoten van de 
serieuze en gezellige momenten in het ziekenhuis waar ik onderdeel van het meubilair 
ben geworden. Van co-assistent tot nu bijna chirurg heb ik bij jullie mogen doorlopen. 
Bedankt voor de prachtige en leerzame opleiding, waardoor ik er dankzij jullie straks 
klaar voor ben om als chirurg aan de slag te gaan. Er was voor mij geen beter ziekenhuis 
om opgeleid te worden.

Stafleden heelkunde in het Amsterdam UMC locatie VUMC, zowel als fulltime onderzoeker 
als AIOS heb ik vele mooie momenten mogen hebben. Dank voor de steun, interesse 
en prachtig academisch deel van mijn opleiding die ik bij jullie heb mogen ondergaan. 
Regio 1 op 1!

Al mijn collega assistenten binnen de chirurgie van Regio 1, maar met name mijn collega’s 
in het Spaarne en het VUMC! Dank voor alle gezelligheid, het gelach, de feestjes en de 
mooie momenten op de chirurgendagen, de cup (is van Regio 1!) en congressen.

Specialistisch verpleegkundigen voor de colon zorg in de centra van de SELECT Trial: 
Pien, Petri, Hilde, Marije, Nanja, Ilse, Cindy, Maaike. Bedankt voor alle hulp en coördinatie 
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rondom de inclusies van de SELECT en het invullen van de baseline gegevens van de 
patiënt. Zonder jullie was het nooit tot zo’n mooi eind gekomen.

Kevin and Karen, thank you for managing the dataload in the COLOR II and for always 
replying quickly concerning any questions that I had. 

Reinder, mooi dat je nu een jaar fulltime onderzoek kan doen en voort kan borduren op 
de SELECT data en nog zoveel moois meer. Bedankt voor de prettige kerel die je bent. 
Pas op met naar huis fietsen, ik kan deze keer ook niet met je mee fietsen.

Nadine, bedankt dat jij de SELECT een tijd draaiende hebt gehouden vanuit de VU 
naast je eigen onderzoeksprojecten. Ik neem aan dat je nooit meer normaal het woord 
vragenlijst kunt horen en niet aan de SELECT Trial kunt denken. Bedankt voor je inzet en 
veel succes met het afschrijven van je proefschrift.

Charlotte, bedankt voor de gezellige samenwerking aan de COLOR II, de strakke 
opvolging die je eraan hebt gegeven en de tijdelijke hulp met de SELECT Trial toen ik 
niet meer op de onderzoekskamer zat. De meetings en congressen waren altijd gezellig, 
maar de fout met de getallen bij de writing seminar in Kopenhagen kwam toch echt door 
dat biertje dat jij erbij had. 

Ron, Ilse, Wendy, Laura, Karin: jullie houden de afdeling chirurgie draaiende en bedankt 
voor al jullie hulp bij het soepel laten verlopen van mijn onderzoek!

Elly en Janneke, ontzettend bedankt aan jullie allebei voor de hulp met de statistiek. 
Jullie wisten mij geduldig en duidelijk uit te leggen waarom sommige analyses wel nodig 
waren of juist niet mochten. Dankzij jullie werden de getallen snel heel logisch. 

De originele researchkamer, de oprichters AKA de reseachers (zonder R toch Max?) 
van het eerste uur: Karin, Max, Nikki, Joanna, Marjolein, Dieuwertje, Erienne, Saskia, 
Marjolein en Renske. Jullie maakten de onderzoeksjaren een van de mooiste periodes 
uit mijn leven en een feestje. Mooi dat we onderling direct in dezelfde gewoonten en 
slappe teksten als toen vervallen als we elkaar tegenkomen ook al zijn we 7 jaar (en wat 
huwelijken en kinderen) verder.

Lieve vrienden, you know who you are! Bedankt dat ik met jullie ook vaak niet over 
onderzoek of werk kon praten, maar dat jullie wel regelmatig informeerden hoe het er 
nou eigenlijk voor stond met die opleiding (sjezus wat duurt dat lang) en dat proefschrift 
(sjezus wat duurt dat lang). Update: bijna klaar en klaar!
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Paranimfen David en Jesse, hoe mooi is het om hier met jullie te staan!
David vanaf dag 1 geneeskunde zat het goed en na getuige te zijn bij mijn huwelijk 
met Julia dan nu ook getuige van dit huwelijk met mezelf. Dat we tot ruim na ons 
pensioen maar slap mogen ouwehoeren, biertjes drinken, elkaars zinnen afmaken en 
flauwe grappen maken die met name wij erg grappig vinden. Vriendschap zoals deze is 
zeldzaam en moeten we koesteren.
Jesse, van voetballen in de co-assistenten kamer tijdens ons coschap kindergeneeskunde 
naar collega’s samen in het Spaarne en nu allebei bijna klaar met onze opleiding. 
De avonden lang PES’en, dagen voetballen, avondjes Joop en pubquizen zijn ingeruild 
voor af en toe pubquizen en chillen met Oscar en Joshua maar het is er toch alleen maar 
mooier van geworden. Jouw boek is ook bijna af, kan niet wachten om er met een marker 
doorheen te gaan. Super fijn dat je me hier vandaag bij wil staan en ik prijs me gelukkig 
om je als vriend te hebben. 

Lieve Theo en Ans, zonder jullie was dit proefschrift er (nog) niet gekomen. Bedankt voor 
al jullie ondersteuning en hulp, die is niet te vatten in woorden. Joshua en Olivia hadden 
zich geen lievere opa en oma kunnen wensen.

Lieve Gioia en Lennert. Ook al wonen we ver uit elkaar, onze basis is goed. Bedankt voor 
onze fijne familieband.

Lieve Arja, ik vind het altijd mooi om te zien hoe creatief je bent en jullie passie voor de 
zaak is aanstekelijk. Bedankt dat je pap weer gelukkig en blij hebt gemaakt en dat je zo 
lief bent met Joshua en Olivia.

Lieve pap, wat jammer dat mama hier niet bij kan zijn. Helaas de volgende mijlpaal die ze 
niet mee maakt. Ik ben jullie oneindig dankbaar voor de fijne, liefdevolle en stimulerende 
opvoeding die ik van jullie heb gehad. Zonder jullie steun, interesse en liefde had ik het 
nooit zover geschopt. Ik hou van jullie.

Lieve Julia, het leven is zoveel leuker met jou! Jij zorgt voor de balans, steunt me 
onvoorwaardelijk en daarnaast ben je een fantastische moeder voor onze lieve kindjes 
Joshua en Olivia. Ik ben je ontzettend dankbaar voor de ruimte die je me hebt gegeven als 
ik weer eens een avond, weekend of compensatieweek aan onderzoek zat en daarnaast 
kwam jouw kennis als epidemioloog ook nog af en toe heel goed van pas! Het is klaar 
en de laptop kan nu een stuk vaker dicht blijven. Ik hou van je.

Lieve Joshua en Olivia, jullie maken het leven mooier dan ik me had kunnen bedenken 
en ik ben ontzettend gelukkig dat jullie in mijn leven zijn gekomen.
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CURRICULUM VITAE

Gabor Salvatore Anton Abis was born on December 27th 1984 in Amsterdam. After 
graduating from the Willem de Zwijger College in Bussum in 2003 he started medical 
school at the VU University in Amsterdam in the same year. 
During his medical training he performed his research thesis with the vascular surgery 
department at the VU University Hospital and spent almost four months in Tanzania for 
a surgery/tropical medicine internship.
He graduated medical school in 2010 and started working as a surgical resident not 
in training at the Amstelland Hospital in Amstelveen while starting with a research 
project in the Kennemer Gasthuis Hospital in Haarlem (Dr. H.B.A.C. Stockmann and Dr. 
S.J. Oosterling) which was awarded the incentive price from the KNMG District 2. After 
a couple of months he was given the opportunity to transfer to the Kennemer Gasthuis 
Hospital as a surgical resident not in training where he worked until the end of 2011. 
At that time he was able to start a full time PhD candidacy on the SELECT and COLOR 
2 trial at the department of surgery of the VU University Hospital (Prof. H.J. Bonjer and 
prof. M. Van Egmond) which was partly funded by a grant from the MaagLeverDarm 
Stichting. In this period he was also involved in several guideline committees (appendicitis 
and hernias), taught medical students, oncology- and scrub nurses in training and was 
the president for the 2012 SEOHS congress in Amsterdam. From 2011 until present he 
presented his research at several large national and international congresses, for which 
he was awarded the Karl Storz award for best research and oral presentation at the EAES 
congress twice (2014 Paris and 2019 Seville).
In January 2014 he started his surgical training at the Kennemer Gasthuis/Spaarne 
Gasthuis Hospital in Haarlem/Hoofddorp (Dr. H. Rijna) and from 2017 until 2019 at the 
VU University Hospital (Prof. dr. D.L. van der Peet). 
He is currently finishing the last year of his surgical training at the Spaarne Gasthuis with 
a differentiation towards colorectal, oncological, liver and endocrine surgery.
He lives in Hilversum with his wife Julia and two children, Joshua and Olivia.
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