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Ágrip 

Inngangur: Um 10-15% ristil- og endaþarmskrabbameina myndast fyrir tilstilli óvirkjunar á 

misræmisviðgerðarkerfinu (MMR) og koma oftar fyrir hægra megin í ristli. Hluti MMR-óvirkra 

krabbameina myndast vegna kímlínustökkbreytinga í MMR genum (Lynch heilkenni) en meirihlutinn 

vegna stakstæðra breytinga sem leiða til MMR-óvirkjunar. Áhættuþættir í myndun MMR-óvirkra ristil- 

og endaþarmskrabbameina eru lítt þekktir fyrir utan Lynch heilkenni. Í kjölfar gallblöðrutöku seytla 

gallsýrur stöðugt í meltingarveginn en þær eru taldar krabbameinsvaldandi og hafa verið tengdar 

aukinni áhættu á ristilkrabbameini hægra megin í ristli. Markmið rannsóknarinnar er að skoða hvort 

tíðni gallblöðrutöku sé hærri á meðal sjúklinga með risti- og endaþarmskrabbamein með MMR-óvirkni 

samanborið við viðmiðunarhóp. Ef gallblöðrutökur auka líkur á myndun ristil- og 

endaþarmskrabbameina með MMR-óvirkni gæti slíkt haft áhrif á skimunarleiðbeiningar hjá fólki með 

Lynch heilkenni eftir gallblöðrutöku. 

Efni og aðferðir: Þetta er tilfella-viðmiðunarrannsókn sem inniheldur alla sjúklinga greinda með 

ristilkrabbamein á árunum 2000-2009 (n=1170). Sjúklingahópurinn hafði áður verið skimaður fyrir 

MMR-óvirkni með ónæmislitun og raðgreiningu á MMR kímlínugenum (n=129 með MMR-óvirkni, n=27 

vegna Lynch heilkennis). Hjartavernd útvegaði óútsettan aldurs- og kynstaðlaðan viðmiðunarhóp 

(n=17.273). Gagnagrunnur frá öllum 3 meinafræðirannsóknarstofum á Íslandi var skoðaður og skráð 

hverjir höfðu farið í gallblöðrutöku og hvenær. Tíðni gallblöðrutöku í ristil- og 

endaþarmskrabbameinssjúklingum með MMR-óvirk æxli annars vegar og æxli án MMR-óvirkni 

hinsvegar var borin saman við viðmiðunarhóp með lógístískri aðhvarfsgreiningu.  

Niðurstöður: Þrjátiu (23,3%) sjúklingar með MMR-óvirk æxli og 164 (15,8%) sjúklingar með MMR-virk 

æxli höfðu farið í gallblöðrutöku samanborið við 2.199 (12,7%) viðmið. Þegar notuð var óskilyrt 

lógistísk aðhvarfsgreining og leiðrétt fyrir kyni og aldri þá var gagnlíkindahlutfall (OR) 1,09 (95% 

Öryggisbil (CI), 0,88-1,34) á því að fá ristil- og endaþarmskrabbamein ≥2 árum eftir gallblöðrutöku 

miðað við einstaklinga án gallblöðrutöku. Í fjölþátta óskilyrtri lógistískri aðhvarfsgreiningu var OR 1,38 

(95%CI 0,83-2,30) fyrir áhættu á ristil- og endaþarmskrabbameini með MMR-óvirkni og OR 1,04 

(95%CI 0,83-1,31) fyrir áhættu á ristil- og endaþarmskrabbameini með MMR-virkni. OR á ristil- og 

endaþarmskrabbameini með MMR-óvirkni var 0,73 (95%CI 0,23-2,32) <10 árum eftir gallblöðrutöku, 

2,26 (95%CI 1,17-4,38) 10-20 árum eftir gallblöðrutöku og 1,11 (95%CI 0,45-2,77) >20 árum eftir 

gallblöðrutöku. 

Umræður: Niðurstöður benda til að áhætta á MMR-óvirku ristil- og endaþarmskrabbameini sé aukin 

eftir gallblöðrutöku og er marktækt aukin áhætta 10-20 árum eftir gallblöðrutöku. Niðurstöðurnar ná þó 

eingöngu tölfræðilegu marktæki á þessu árabili. Ef þessi áhætta staðfestist í öðrum stærri rannsóknum 

þyrfti mögulega að auka skimun meðal einstaklinga með Lynch heilkenni sem þurfa á gallblöðrutöku 

að halda og íhuga meðferðir aðrar en gallblöðrutöku við gallsteinum ef kostur er á. 
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Abstract 

Introduction: About 10-15% of colorectal cancers (CRC) are due to mismatch repair deficiency 

(dMMR) and are more commonly right-sided. Part of dMMR CRCs are due to germline mutation in the 

MMR genes (Lynch syndrome) but most of them are caused by somatic mutations or gene inactivation 

in the mismatch repair genes via hypermethylation leading to MMR deficiency. Risk factors for the 

development of dMMR CRCs, besides Lynch syndrome, are not well known. After cholecystectomy 

(CCY) bile acids, which are thought to be carcinogenic and increase the risk of right-sided CRC, 

constantly flow into the GI tract. The primary objective of this study is to investigate whether CCY 

incidence is higher amongst patients with dMMR CRCs compared to an unaffected age- and sex 

adjusted control group. If CCY increases the risk of developing dMMR CRC this could change 

screening recommendations for individuals with Lynch syndrome after a CCY. 

Materials and methods: This is a case-control study, which included all patients diagnosed with CRC 

in Iceland from 2000-2009 (n=1170). These patients had previously been screened for dMMR by 

immunohistochemistry (n=129 had dMMR) and tested for Lynch syndrome via germline mutation 

sequencing (n=27 had LS). Unaffected age- and sex-matched controls were provided by Icelandic 

Heart Association (IHA). Subjects were cross-referenced with databases from all three pathology labs 

in Iceland to establish who had undergone CCY. The dMMR CRC group was compared to CRC cases 

without dMMR (proficient mismatch repair system, pMMR) (n=1041) and to controls provided by IHA 

(n=17,273) to see if there was an excess risk of CRC after CCY. 

Results: Thirty (23.3%) dMMR CRC cases and 164 (15.8%) pMMR CRC cases had undergone CCY 

compared to 2,199 (12.7%) controls. When using unconditional logistic regression adjusted for sex 

and age, the odds ratio (OR) of developing CRC ≥2 years after CCY was 1.09 (95%CI 0.88-1.34). 

Using multinomial unconditional logistic regression, the OR of developing dMMR CRC ≥2 years after a 

CCY was 1.38 (95%CI 0.83-2.30) and 1.04 (95%CI 0.83-1.31) for the development of pMMR CRC ≥2 

years after a CCY and 0.73 (95%CI 0.23-2.32), 2.26 (95%CI 1.17-4.38) and 1.11 (95%CI 0.45-2.77) 

for the development of dMMR CRCs <10, 10-20, >20 years after a CCY. 

Discussions: The results suggest there might be an increased risk of dMMR CRC after CCY. When 

OR for dMMR CRC is stratified by the number of years from CCY, the risk of developing a dMMR CRC 

10-20 years after CCY is significantly increased. If this increased risk is confirmed by other larger 

studies, screening recommendations for individuals with Lynch syndrome may have to be intensified 

after CCY and treatments for gallstones other than cholecystectomies considered. 
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1 Introduction 

Colotectal cancer is the western world´s third leading cause of cancer death (1, 2). Colorectal cancer 

can be divided into three categories, sporadic which has no previous family history of CRC and is the 

most common, hereditary which is due to a germline mutation and is the least common type of CRC 

and finally familial where a family history of CRC exists, without a known mutation, and accounts for 

approximately 25% of CRCs (3, 4). Lynch syndrome is the most common cause of hereditary CRC, it 

is caused by inactivation of the DNA mismatch repair system. This inactivation is generally due to a 

mutation in one or more of the DNA MMR genes (MLH1, MSH2, PMS2 and MSH6) (5, 6). It has been 

speculated for a long time that bile acids are carcinogenic when they are companied with other 

carcinogenic factors. The theory is that this is due to DNA damage caused by oxidative stress and 

reactive oxygen species formed by the bile acids. Cholecystectomy is an extremely common 

procedure and when the gallbladder has been removed the composition of bile acids change. In 

addition to that, bile acids flow continously into the GI tract once the gallbladder has been removed 

constantly irritating the gastrointestinal mucosa (7-10). So far no one has investigated whether this 

continous flow of bile acids after CCY is carcinogenic in individuals with a mutation in the MMR system 

who are already more prone to DNA damage. 

1.1 Colorectal cancer 

1.1.1 Epidemiology 

Colorectal cancer is the third most common cancer diagnosis in males and second most common in 

females with incidence over 1.2 million per year and over 600.000 deaths in 2008. Incidence is 

considerable higher in males than females and has the highest incidence in the western world while it 

is lowest in Africa and South-Central Asia (1). In the U.S. and Iceland the rates of new CRC has 

decreased over the past few years whilst in other countries such as Spain, Eastern Asia and Eastern 

Europe, which used to have low frequencies, rates have rapidly increased. The incidence of CRC 

varies between countries but the age-standardized rate for Icelandic males was 30.0 per 100,000 and 

22.2 per 100,000 for females in 2009-2013.The age-standardized mortality rate in Iceland was 10.9 

per 100,000 for males and 5.6 per 100,000 per females in 2008-2012 (1, 11, 12). 

1.1.2 Risk factors 

There are numerous environmental and genetic risk factors for the development of CRC (13). Risk 

factors for CRC can be categorized into factors that alter screening recommendations, factors that 

may alter screening recommendations and those that do not alter screening recommendations. 

Although environmental factors can increase risk for CRC the factors that alter screening 

recommendations are most often inherited (see table 1). Factors like Familial adenomatous polyposis 

(germline mutation in the APC gene), Lynch syndrome, personal or family history of sporadic CRCs or 

adenomatous polyps, inflammatory bowel disease and abdominal radiation are all example of risk 

factors that alter screening recommendations. Risk factors that may alter screening recommendations 

are race and gender, acromegaly and renal transplantation. An example of risk factors that do not alter 
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screening recommendations are: obesity, diabetes mellitus, red and processed meat, tobacco and 

alcohol to name a few (14). 

Table 1 Genetic and environmental risk factors for CRC 

Risk factor CRC risk 

1 affected relative  OR = 1.8 (95% CI, 1.2 to 2.7) (15) 

2 affected relatives  OR = 5.7 (95% CI, 1.7 to 19.3) (15) 

Familial adenomatous polyposis OR = 1.5-2 (16, 17) 

Lynch Syndrome HR = 148.4 M and 51.1 F (18) 

Ulcerative colitis in patients with pancolitis SIR = 14.8 (19) 

Renal transplant OR = 3.32 (95% CI, 1.81-6.10) (20) 

Obesity HR = 1.16 (95% CI, 1.08, 1.24) (21) 

Diabetes mellitus RR = 1.38 (95% CI, 1.26-1.51) for CC and  

1.20 (95% CI, 1.09-1.31) for RC (22)  

Red and processed meat  RR = 1.50 (95% CI, 1.04-2.17)* and 

RR = 1.53 (95% CI, 1.08-2.18) (23) 

Smoking RR = 1.18 (95% CI, 1.11-1.25) (24) 

Alcohol  RR = 1.21 (95% CI, 1.13-1.28)*** and 

RR = 1.52 (95% CI, 1.27-1.81)**** (25) 

F=females; M=males; OR=odds ratio; SIR=standardized incidence ratio; HR=hazard ratio; CC=colon 
cancer; RC=rectal cancer 

*Processed meat 

**Ratio of red meat to poultry and fish 

***Moderate drinking 

****Heavy drinking (≥4 drinks/day) 

1.1.3 Mismatch repair deficiency in CRC 

1.1.3.1 DNA mismatch repair system 

The MMR system is an evolutionarily old system which is responsible for DNA repair. In normal cells 

DNA is replicated so that the cell can divide and multiply itself. Under normal circumstances these 

DNA replicates will have errors which the MMR system, as well as a number of other systems, has 

evolved to repair. It functions by using two heterodimeric ATPases, hMutSα and hMutSβ, that 

recognize and repair mismatched DNA. hMutSα is formed by the proteins MSH2-MSH6 which mainly 

recognizes base-base mismatches and ID mispairs of 1-2 nucleotides, while hMutSβ is composed of 

the MSH2-MSH3 proteins and generally recognizes larger ID mispairs. Humans have another 

heterodimeric protein composed of MLH1-PMS2 (hMutLα), which interacts with the hMutSα and 

hMutSβ heterodimers bound to mispaired bases and initiates repair mechanisms (26, 27). There are 
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several genes responsible for the encoding of structural units of the MMR system. These genes are 

MLH1, PMS2, MSH2 and MSH6 respectively and inactivation in one of these genes results in high 

mutability and therefore increased cancer risk (28).  

In DNA there are stretches of the same DNA nucleotides with a repeated sequence called 

microsatellites. When the MMR system is inactivated these microsatellites are most prone to 

developing errors. During replication of repetitive DNA nucleotides the polymerase may slip which will 

result in insertion-deletion loops (IDL) or it may form a single base-pair mismatch. The MMR system 

can pick up on this and repair as previously described, but if it does not the single base-pair mutation 

will result in point mutation, while the IDL is more serious and will result in frame-shift mutations which 

more often than not will lead to downstream nonsense mutation (29). The function of the MMR system 

and the role of the MMR proteins is illustrated in figure 1. 

 

Figure 1 The mismatch repair system  

In scenario (A) MutSα recognizes a single base-pair mutation and creates a sliding clamp around the 
DNA. The MSH2 part of the MutSα heterodimer requires the exchange of ATP for ADP for this step. 
The heterodimer diffuses away from the mismatch side and binds to MutLα forming a complex. The 
complex moves along the daughter strand until it meets up with the DNA polymerase complex. In 
scenario (B) the complex communicates with exonuclease-1, proliferating cell nuclear antigen and the 
DNA polymerase. This complex excises the new DNA strand back to the site of mismatch, the 
complex falls of the strand allowing resynthesis and the correction of the error to occur. In scenario (C) 
we have MutSβ which recognizes larger IDLs. On the right side we have possible interactions of 
different MutL dimers. The role of MutLβ and γ are not fully understood in humans (29).  
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1.1.3.2 Mismatch repair deficiency in CRC 

Roughly 15% of CRC develops due to MMR deficiency which consequently results in hypermutated, 

microsatellite unstable cancers (30, 31). It was recognized early that these tumors occur more often in 

the right colon, are associated with a better prognosis and have an abundance of infiltrating 

lymphocytes in the tumor (32, 33). The most common etiology for the development of MMR deficient 

tumors is through epigenetic changes, where the promoter region of MLH1 is hypermethylated on both 

alleles, which will silence gene expression. These MLH1 hypermethylated tumors develop more often 

in elderly patients and women for unknown reasons. Loss of function in the MMR genes is hereditary 

in approximately 2-3% of CRC cases through a germline mutation, this is called Lynch syndrome 

(previously known as hereditary nonpolyposis colorectal cancer). A second hit to the other allele is 

required (via mutation, loss of heterozygosity or methylation) in order for inactivation of the MMR 

system and cancer development. This syndrome is associated with increased risk for the development 

of several cancers, CRC beeing the most common and endometrial the second most common. There 

is yet another way known that gives rise to dMMR tumors, a so called double somatic hit. Patients with 

double somatic hit have somatic mutations in both alleles of the MMR genes causing CRCs with 

microsatellite instability. These mutations are not germline and are therefore not Lynch syndrome, 

although they may present similarly and are for this reason somtimes called “Lynch-like” syndrome (4, 

6, 34-40). 

1.1.3.3 Risk factors for development of dMMR CRC 

Risk factors for dMMR CRCs have not been studied very much especially somatic MMR deficient 

tumor risk factors. Although one study from 2014 found a significant association between high 

Fusobacterium load in CRC samples and MSI status when comparing 149 colorectal cancer tissues, 

89 adjacent normal appearing mucosae and 72 colonic mucosae from cancer-free individuals (41). 

Henry Lynch first noted that certain Lynch families have higher risk for CRC development and to this 

day it is still not known what causes the variation of CRC risk between families. However studies have 

shown that there are some environmental risk factors for CRC in Lynch patients. These risk factors 

include smoking, which is a known risk factor for CRC in Lynch patients, and BMI over 25 in males 

who have Lynch, but was not significant in females (42, 43). An example of protective factor for Lynch 

carriers, is Aspirin, according to a study from 2015 both aspirin and ibuprofen significantly decreased 

CRC risk in carriers (44). It is also speculated that the risk differences between Lynch families could 

be due to hereditary factors. A study, that looked at 11 gene variants (known to be associated with 

CRC) in Lynch patients, found no evidence of modified CRC risk in Lynch patients carrying these 

variants (45). Moreover factors like age and sex have significant effect on CRC risk in patients with 

MMR deficiency. Women are at a higher risk for development of dMMR CRCs than men are and the 

older you are the greater the risk of dMMR colorectal cancer (46, 47). 
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1.1.4 Lynch syndrome 

1.1.4.1 Cause of Lynch syndrome and lifetime risk for cancer 

Lynch syndrome is an autosomal dominant hereditary disease caused by a germline mutation in one 

of the MMR genes, MLH1, MSH2, MSH6 and PMS2, or due to a mutation in EPCAM. EPCAM is 

located on chromasome 2, right next to MSH2. In some cases of Lynch there is a mutation that 

removes the end of the EPCAM gene, so when beeing copied it forms one long mRNA strand 

including both EPCAM and MSH2, rendering the MSH2 gene unfunctional. The EPCAM mutation only 

accounts for about 6% af Lynch cases and in fact the vast majority of Lynch is caused by germline 

mutation in MSH2 and MLH1. As previously mentioned Lynch syndrome is caused by MMR deficiency 

and that increases the relative risk of evolving cancer. People with Lynch syndrome are at much 

higher risk of developing cancers such as endometrial cancer, ovarian cancer, cancer in the renal 

pelvis, the ureter and many others. Moreover it has a lifetime risk of CRC of nearly 70% (5, 48-51). 

1.1.4.2 CRC screening in people with Lynch syndrome 

Due to the increased risk of CRC in individuals with Lynch syndrome, they should have regular 

screenings for CRC with a colonoscopy, or once every 1-2 years according to recommendations (52-

55). The screening should start at age 20-25 years or 2-5 years prior to the first cancer diagnosis in 

the family, which ever comes first. These recommendations can be altered for families with MSH6 and 

PMS2 mutations, as their mutations tend to have lower risk for CRC and later age of CRC diagnosis, 

so that the screening start at age 25-30 years or 2-5 years prior to the first family cancer diagnosis. 

Regular screenings have been shown to be beneficial for families with Lynch syndrome, by decreasing 

mortality, lowering CRC incidence and adding 14 quality-adjusted life years to a screened individual 

compared with no screening (56, 57).  

1.2 The gallbladder and cholecystectomy 

1.2.1 Physiological function of the gallbladder 

The gallbladder stores bile acids that are produced by the liver, and are released when food 

containing fat enters the GI tract. The fat stimulates secretion of cholecystokinin from cells of the 

duodenum and jejunum which encourages the gallbladder to rythmically contract and release its 

content into the the duodenum through the biliary tracts. The bile has a role in digesting food 

especially fat (see figure 2), but the bile acids produced by the liver and the bile acids released from 

the gallbladder are not the same, for bile is concentrated during storage by removal of electrolytes and 

water (58). This has been confirmed by studies that investigate the composition of bile acids in 

patients post cholecystectomy. These patients have a higher concentration of deoxycholate, a 

secondary bile acid, but evidence has shown that deoxycholate is carcinogenic (59-61).  
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Figure 2 The physiology of the gallbladder and biliary tract:  

1. The liver produces and secretes bile into the biliary tract. 2. The gallbladder stores and 
concentrates the bile produced by the liver. 3. When food containing fat travels to the duodenum, 
cholecystokinin is released, causing the gallbladder to contract and the sphincter of Oddi to relax. This 
leads to the release of bile through the cystic duct and into the common duct. 4. The bile now 
proceeds to the duodenum allowing for the break down of fat. (62) 

1.2.2 Cholecystectomy 

Cholecystectomy is a surgical procedure that removes the gallbladder, it is an extremely common 

surgery and one of the most frequently preformed abdominal surgeries. Laparoscopic surgery is 

customary, especially in developed countries, but open cholecystectomy is still pretty common (63-65). 

Indications for CCY are many, for example:  

 Symptomatic cholelithiasis 

 Asymptomatic gallstones 

o In patients with increased risk for gallbladder cancer 

o In patients with gallstones that are larger than 2 cm  

o Those who have spinal cord injuries or sensory neuropathies affecting the abdomen. 

 Acalculous cholecystitis 

 Gallbladder polyps over 0.5 cm 

 Porcelain gallbladder 

Even though there are many indications for cholecystectomy the most common one is cholelithiasis or 

gallstones. Cholelithiasis is most often treated with cholecystectomy but other treatments are available 

such as oral bile salt therapy, Endoscopic retrograde Cholangiopancreatogram, contact dissolution 
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and Extracorporeal shockwave lithotripsy. All these treatments have one thing in common, they are 

not the ideal treatment for symptomatic gallstones and some may only be temporary or have low 

success rate of dissolving stones (63, 66, 67).  

1.3 CCY and CRC 

As previously noted the gallbladder is removed during cholecystectomy and this changes the flow of 

bile acids into the GI. When the gallbladder is in place it stores the bile acids and releases them only 

when needed, but after cholecystectomy they flow nonstop into the GI tract irritating the mucosa. 

Moreover the composition of the bile acids changes and evidence has shown that this constant flow 

and change in mixture of bile acids is carcinogenic (7-10, 58-61). Studies have not all been in 

agreement but the theme is that after CCY, patients seem to be more susceptible to the development 

of CRC especially in the right colon (see table 2). MMR deficient colorectal cancer is also well known 

to occur more often in the right colon (32, 33).  
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Table 2 The descriptive characteristics of studies on the association of CCY and CRC  

(table 9 from a review study (68) was used as a guideline when making this table) 

Referenced 
study, C and Y 

Study design No. of cases No. of controls Effect 
estimate (95% 
CI) 

Right-sided 
CRC risk 
(95% CI) 

(69), USA, 

2014 

(70), Norway, 

2012 

(71), USA, 

1999 

 

 

(72), China, 

1993 

(73), USA, 

1991 

(74), USA, 

1989 

 

(75), USA, 

1988 

(76), USA, 

1982 

(77), Taiwan, 

2014 

 

(78), USA, 

2012 

(79), UK, 

2005 

(80), USA, 

2003 

 

(81),Denmark, 

1996 

(82), USA,  

1981 

 

 

(83), 1996 

 

(84), Sweden, 
2001 

Case-control 

 

Case-control 

 

Case-control 

 

 

 

Case-control 

 

Case-control 

 

Case-control 

 

 

Case-control 

 

Case-control 

 

Cohort 

 

 

Cohort 

 

Cohort 

 

Cohort 

 

 

Cohort 

 

Cohort 

 

 

 

Meta-analysis 

 

Cohort 

3907/150045 

 

10/254 

 

226/1982 

 

 

 

8/503 

 

11/106 

 

40/165 

 

 

11/56 

 

92 

 

67/5850 

 

 

1207/150912 

 

297/55960 

 

133/6669 

 

 

225/42098 

 

42/1681 

 

 

 

35 studies 

 

278460 

 

2572/100000 

 

0/1043 

 

270/2129 

 

 

 

18/2188 

 

41/507 

 

19/165 

 

 

10/84 

 

687 

 

76/5850 

 

 

NA 

 

574668 

 

78515 

 

 

NA 
 

 

 

 

 

 

 

167,646 

OR=0.97 

(0.92-1.02) 

HR=1.2 (0.85 

1.70) 

OR=1.1  

(0.9-1.3) 

 

 

OR=1.95 

(0.84-4.51) 

OR=0.96 

(0.46-1.98) 

RR=2.11 

(1.19-3.85) 

 

OR=1.8 

(0.6-5.4) 

RR=1.4  

(0.7-2.6) 

HR=1.56 

(1.12-2.17) 

 

HR=1.36 

(1.13-1.64) 

IRR=1.32 

(1.16-1.48) 

RR=1.21 

(1.01-1.46) 

 

RR=1.09  

(1.0-1.2) 

RR=1.3  

(0.9-1.9) for F 

RR=1.3  

(0.7-2.2) for M 

OR=1.11 

(1.02-1.21) 

Only reached 
significance in 
the right colon 

OR=1 

proximal colon 

NI 

 

Increased risk 

Of prox. 

CRC for first 

14 years 

OR=6.1(2.24 

16.9) 

OR=0.78  

(0.21-2.87) 

RR=2.31 

(P=0.019) 

Right vs left 

2.26  

(0.61-8.42) 

No connection 

 

RR= 2.98fold 

(1.08-8.21) 

(Prox colon) 

NI 

 

NI 

 

RR=1.34  

(0.97-1.88) 

(prox colon) F 

RR=1.21 (0.9 

1.5) 

RR=2.1 (1.1-
3.6) 

 

 

OR=1.86  

(1.31-2.65) 

SIR=1.16 

(1.08-1.24) 

F=females; M=males; NI=not investigated; NA=not available; OR=odds ratio; SIR=standardized 
incidence ratio; RR=risk ratio; IRR=incidence rate ratio; C=country where the study was performed; Y= 
year the study was published 
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1.4 Primary objective 

The primary objective is to determine whether CCY incidence is higher in the dMMR CRC group 

compared with the pMMR CRC group and unaffected age- and sex-matched controls. If it turns out 

that there is a higher incidence in the dMMR group this would suggest that CCY increases the risk of 

developing dMMR CRC. This could change the way we screen patients with LS after having 

undergone CCY and would necessitate full colonoscopies (rather than sigmoidoscopies) as a 

screening method in patients after CCY. 

1.4.1 Secondary objective  

The secondary objective is to examine the number of CCY performed every year in Iceland. 

Furthermore to examine if there has been any change in the number of CCY performed over the past 

years. 
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2 Methoods  

2.1 Cohort and variables 

The study included all CRC patients diagnosed in Iceland from January 1, 2000 to December 31, 2009 

and were provided from the study ‘Incidence of Lynch Syndrome and the Microsatellite Instability 

Pathway in Colorectal Cancer Patients in Iceland’ (Haraldsdottir et al. unpublished data). Within this 

group of 1182 subjects there were 132 subjects with dMMR CRC, which was the primary focus group 

of this study1. Twelve of our cases were excluded since we couldn´t provide controls for them. This 

meant that after exclusions we had 1170 subjects, 129 dMMR subjects and 1141 pMMR subjects. The 

CRC patients were cross-referenced with databases from all 3 pathology labs in Iceland, Department 

of Pathology (meinafræðideild LSH), Pathology laboratory of Akureyri Regional Hospital 

(meinafræðideild FSA) and Pathology Laboratory Services in Reykjavík (Vefjarannsóknarstofan), to 

see if any had undergone CCY. The patients were also cross referenced with the surgical database at 

the National University Hospital of Iceland (NUHI) using surgical codes JKSA21 and JKSA20 (ICD10) 

and 5122 and 5123 (ICD9) to see if any had been missed using the pathology lab databases. 

Graphical display on how and what information we obtained for the control group can be seen in figure 

3. 

This was a case-control study. The Icelandic Heart Association (Hjartavernd) provided the controls 

from their 3 cohort studies the Reykjavík study, AGES-Reykjavík and REFINE-Reykjavík. In 

Reykjavík-REFINE a random sample, living in the Reykjavík area in 2005, was drawn from the 

Icelandic national registry, the sample included 9478 men and women born in 1935-85. The Reykjavík 

study was composed of a random sample of 30,795 men and women living in the Reykjavík area in 

1967 and born in 1907-1935. Finally AGES-Reykjavík included 11,549 previously studied cohort 

members, from the Reykjavík study, who were still alive. The AGES study began in 2002 and when 

the study concluded in 2006 the total sample size included 5,764 survivors of the Reykjavik Study 

cohort and 42% were male2 (85, 86). We had an average of 14.8 controls per case or a total of 17,273 

controls, which were age and sex matched using risk set sampling to avoid bias. The Icelandic Heart 

Association (IHA) used information we provided them from the pathology registries to explore which 

controls had undergone CCYs. The Icelandic Cancer Registry (Krabbameinsskrá) provided 

information about all CRCs so IHA could exclude anyone who had been diagnosed with CRC, before 

                                                      

 

 

 

1 For more detailed information on the cases go to supplementary data 

2 For more detailed information about the control group look at studies Harris et al and Svansdottir 

et al  
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2010, from the control group (see figure 4). Icelandic Cancer Registry (ICR) also provided information 

on the Icelandic population (number of living individuals in Iceland per year from 1986-2014). 

The main variables documented were sex, age, CCY (yes or no) and where the information about 

CCY came from (Department of Pathology (DP), Pathology laboratory of Akureyri Regional Hospital 

(PARH), Pathology Laboratory Services in Reykjavík (PLSR) or by using surgical codes) and the CCY 

surgery date. Furthermore information about CRC was collected along with date of diagnosis. 

 

 

Figure 3 Collection of main variables for case group  

Information about CCY was obtained for the entire CRC group (n=1170) using pathology database of 
DP, PARH and PLSR and surgical codes. The total CRC group was split into 2 groups, dMMR group 
(n=129) and pMMR group (n=1041). 

 

Figure 4 Collection of main variables for control group  

The Control group was provided by IHA from 3 studies Reykjavík study, Ages-Reykjavík and REFINE-
Reykjavík. The entire control group was compared to the CRC list from ICR and this left a control 
group of 17,273 or roughly an average of 15 controls per case. These controls were ran through the 
database from the 3 pathology labs to see who had undergone CCY.  
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2.2 Definitions 

2.2.1 Cholecystectomies 

As previously mentioned information about CCY was collected. This was done by composing one 

large database in Excel, from information provided by the 3 pathology labs (DP, PARH and PLSR) of 

Iceland, about histological samples obtained in CCYs until end of year 2009. The pathology lab of 

PARH started its operation in 1982 but information became computerized in 1990 so CCY cases 

performed at PARH in the years of 1982-1989 are missing. A manual search by surgical codes was 

also performed. All this information was cross-referenced with both the pMMR and dMMR group using 

Excel to see who had undergone CCYs. 

2.3 Incidence of CCY in Iceland 

Using the information already gathered from the pathology labs about all CCYs performed until the 

year 2009 we were able to calculate the absolute number of CCYs performed every year from 1986-

2009. Using that information along with the information from ICR about the Icelandic population 

(number of living individuals in Iceland per year from 1986-2014) we calculated the incidence of CCY 

in Iceland per 100,000 over the years 1986-2009. ICR also ran the social security number of the CCY 

cases to find out the sex of the subjects. Out of the 12,485 subjects we were able to obtain the sex for 

12,414 subjects. We then calculated the CCY incidence for both sexes separately. Excel was used to 

calculate the difference between the date of birth and the CCY surgery date to see the age distribution 

of the CCY subjects. 

2.4 Data analysis 

All data about the cases was collected and documented into Microsoft Excel. IHA provided us with a 

CSV file containing information about the control group. A statistician from Netherlands Cancer 

Institute compared the 3 groups, the dMMR CRC group, the CRC group and the control group 

together, using the two files (the excel file from us and CSV file from IHA), and calculated the OR. OR 

was calculated for CRC in subjects with vs without a CCY (≥2 years after the CCY) using 

unconditional logistic regression adjusted for sex and age. Furthermore OR was calculated for pMMR 

CRC vs dMMR CRC ≥2 years after a CCY using multinomial unconditional logistic regression adjusted 

for sex and age. Using conditional logistic regression OR was calculated for CRC in subjects by time 

since CCY (<10, 10-20, >20 years after a CCY). Finally multinomial unconditional logistic regression 

was used to calculate the OR for pMMR CRC vs dMMR CRC by time since CCY (<10, 10-20, >20 

years after a CCY). 

2.5 License  

At the beginning of data collection, permission for this study was granted by Data Protection Society 

(Persónuvernd) and Bioethics Committee (Vísindasiðanefnd Landspítalans) (VSN-16-006). 

Furthermore the chiefs of the pathology labs of DP, PARH and PLSR granted permission to use their 

database. 
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3 Results 

3.1 Subjects 

In total there were 129 subjects in the dMMR group and 1041 in the pMMR group and 17,273 in the 

control group. In the dMMR group there were more females than males and in the pMMR group there 

were 599 males and 442 females. The controls were age and sex standardized but the average age of 

the groups were 73.0 and 69.1 in the dMMR and pMMR groups (see table 3). 

Table 3 Subject characteristics  

 dMMR pMMR Controls 

Average age 73.0 69.1  

Males 52 (40.3%) 599 (57.5) 9881 (57.2%) 

Females 77 (59.7%) 442 (42.5%) 7392 (42.8%) 

Total 129 1041 17,273 

 

3.2 Cholecystectomies  

According to the pathology registry a total of 16,784 people had undergone CCY in the years 1961-

2009. The information was obtained from the 3 pathology registries in Iceland, 15,141 cases came 

from the DP database, 1069 came from the PARH database and 574 came from the PLSR database 

(see table 4). 

Table 4 Number of CCYs 

 Total CCYs Years 

DP 15,141 1961-2009 

PARH 1069 1990-2009 

PLSR 574 1997-2009 

Years=The database had information about CCYs in these years 

According to the pathology registry 30 subjects (23.3%) from the dMMR group had undergone CCYs 

and all of them were from the DP database. A total of 164 subjects (15.8%) from the CRC group had 

undergone CCYs, 14 of them were from the PARH database, 2 of them from the PLSR database and 

the rest from the DP database. In the control group 2199 had undergone CCYs and 2061, 91 and 47 

of them according to the DP, PARH and PLSR databases (see table 5). 
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Table 5 Number of CCYs in each group according to the pathology registry  

 dMMR CRC pMMR CRC Control 

DP 30 148 2061 

PARH 0 14 91 

PLSR 0 2 47 

Total 30 164 2199 

Percentage 23.3% 15.8% 12.7% 

 

To examine accuracy in the pathology registries we also obtained surgical codes from NUHI going 

back to 1975 (JKSA 20 and 21 and 5122 and 5123) and found that 15 of 129 dMMR subjects had 

undergone CCYs which is 11.6% of the total dMMR group. We also found that 79 of the 1041 CRC 

subjects had undergone CCYs, which is 7.5% of the total CRC group. Ninety-two of the 94 cases 

(97.9%) obtained by searching surgical codes were also found in the pathology registry.  

3.3 Odds ratio of CRC after CCY 

We calculated the OR of CRC ≥2 years after a CCY using unconditional logistic regression adjusted 

for sex and age (OR 1.09 (95% CI 0.88-1.34)). Multinomial unconditional logistic regression adjusted 

for sex and age was used to calculate OR for pMMR and dMMR CRC ≥2 years after a CCY (OR 1.04 

(95% CI 0.83-1.31) and 1.34 (95% CI 0.83-2.30)). Using conditional logistic regression (other analyses 

gave similar results) we also calculated OR of CRC <10, 10-20, and >20 years after a CCY (OR 1.05 

(95% CI 0.74-1.49), 1.10 (95% CI 0.78-1.54) and 1.00 (95% CI 0.68-1.45)). Furthermore multinomial 

unconditional logistic regression (other analyses gave similar results) was used to calculate OR for 

pMMR and dMMR CRC <10, 10-20, and >20 years after a CCY. Results of OR for pMMR and dMMR 

CRC <10, 10-20, and >20 years after a CCY are displayed in table 6 along with other results 

mentioned earlier in this chapter. 
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Table 6 OR for CRC in the 3 groups 

What is calculated CRC (dMMR + 

pMMR) 

pMMR CRC dMMR CRC 

Odds of CRC ≥2 

years after a CCY 

1.09 (0.88-1.34)* 1.04 (0.83-1.31)** 1.38 (0.83-2.30)** 

Odds of CRC 

<10 years after a CCY 

1.05 (0.74-1.49)*** 1.12 (0.79-1.60)** 0.73 (0.23-2.32)** 

Odds of CRC 10-20 

years after a CCY 

1.10 (0.78-1.54)*** 0.98 (0.66-1.44)** 2.26 (1.17-4.38)** 

Odds of CRC 

>20 years after a CCY 

1.00 (0.68-1.45)*** 1.02 (0.69-1.52)** 1.11 (0.45-2.77)** 

Statistically significant numbers are bold 

*unconditional logistic regression adjusted for sex and age 

**Multinomial unconditional logistic regression adjusted for sex and age 

***Conditional logistic regression 

 

3.4 Cholecystectomies in the years 1986-2009 

The absolute number of CCYs performed, according to the pathology databases at DP, PARH and 

PLSR, in the years 1986-2009, were 12,485. Of those 12,485 patients 8829 (70.7%) were female, 

3585 (28.7%) were male and the sex was missing for 71 (0.6%) of them. At the beginning of these 24 

years the number of CCYs performed per year were 283 in total, 187 were female and 93 were male 

(sex missing for 3), but at the end they had drastically increased to a total of 731 surgeries per year 

with 513 of them being female and 217 male (sex missing for 1) (see figure 5). The Icelandic 

population steadily increased during these years from 243,209 (121,009 females and 122,200 males) 

in the year 1986 to 319,246 (157,698 females and 161,548 males) in the year 2009. The increase in 

the Icelandic population is displayed in figure 6. The total number of CCYs performed on the Icelandic 

population per 100,000 every year increases steadily from 116.4 in 1986 to 229.0 in 2009. When 

looking at the sexes separately we found that the number of CCYs per 100,000 increased from 76.1 to 

134.3 for the males and 154.5 to 325.3 for females as is displayed in figure 7. The age distribution 

over those 24 years is displayed in figure 8, CCY incidence increases as the subjects get older until it 

reaches a peak in the age group of 55-59 and slowly decreases again after that. 
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Figure 5 Annual number of CCYs in Iceland  

The chart displays the absolute number of cholecystectomies performed on the Icelandic population in 
the years 1986-2009. The blue line represents both female and male CCY patients, the orange line 
represents female and the grey line represents male CCY patients. It shows an increase from 283 
total procedures (187 female, 93 male and sex missing for 3), at the beginning of the 24 year time 
period, to a total of 731 (513 female, 217 male and sex missing for 1) procedures at the end of the era.  

 

Figure 6 Icelandic population from 1986-2009  

The chart shows the increase of the Icelandic population over 24 years. Blue line represents the total 
number of the Icelandic population whereas the orange one represents the number of females and the 
grey represents the number males in the Icelandic population over that 24 year time period.  
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Figure 7 CCY incidence in Iceland  

The chart shows the CCY incidence in Iceland per 100,000 every year over a 24 year time period it 
more than doubles in numbers for females (orange line) and near doubles for both sexes (blue line) 
and males (grey line) as well. 

 

 

Figure 8 CCY age distribution  

This graph demonstrates how the number of CCY increases with age until it reaches a peak in the age 
group 55-59 years old. 
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4 Discussion  

4.1 Results 

Results of this study show that it is more common for CRC patients, especially dMMR patients, to 

have undergone CCYs compared to the control group. After calculating OR for these groups by 

matching for age and sex the study shows that the higher risk of dMMR CRC after CCY is only 

significant 10-20 years after a CCY. There is also evidence to suggest that the risk of pMMR CRC is 

slightly increased after a CCY, although these results do not reach statistical significance. Furthermore 

the study shows that the annual number of CCYs performed in Iceland have increased over the past 

few years. 

4.1.1 Subjects 

When looking at the subjects of the study it is clear that males are the majority of our CRC cases. This 

comes as no surprise and is consistent with previous observations that CRCs are more common 

amongst males than females. However females are a larger part of the dMMR group and this concurs 

with what is already known, that dMMR CRCs occur more often in females. It is also well known that 

dMMR CRCs are more common in the elderly (when related to somatic hypermethylation of MLH1) 

and this is also the case in our study. The dMMR group has an average age of 73.0 compared with 

69.1 in the pMMR group. Since age and sex are known risk factor for the development of cancer, the 

fact that the dMMR group is older and consist of more females, could produce a confounder. This is 

why we chose to use age- and sex-matched controls for the unaffected control group (87, 88).  

4.1.2 Cholecystectomies 

The vast majority of the cholecystectomies in our database came from DP. This comes as no surprise 

as it is both the oldest and largest pathology lab out of the three pathology labs in Iceland. We had 

records from the pathology lab of DP dating back to 1961. A study from 2005 comparing 1208 CCY 

cases found the average age of CCY patients to be 47.2 +/- 15.1 years (89) and for this reason we 

think it is unlikely that many of our subjects have undergone CCY at DP prior to 1961. The pathology 

lab at PARH started its operation in 1982, however its records weren´t digital until 1990 so we might 

be missing a few CCY´s from there. Although since the PARH pathology lab is much smaller than DP 

and those eight years out of the 49 total years (1961-2009) of information about CCYs we have, we 

are probably only missing information about CCYs on a fraction of our subjects. Furthermore our 

controls were obtained from studies performed on subjects living in Reykjavík (which is where the 

pathology lab of DP and PLSR is located) so it is unlikely that many of our controls will have 

undergone CCYs at Akureyri Regional Hospital during those eight years we are missing information 

about. This might even produce a bias leading to us underestimating the risk of dMMR CRC after a 

CCY since it is more unlikely that information about CCYs on our controls is missing than on our 

cases. We have information about CCYs from PLSR since it started its operation so we should have 

information about all cases and controls that might have undergone CCYs there. We also ran our 

cases through the surgical database of DP using surgical codes dating back to 1975 and found that 94 
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of our cases had undergone CCYs according to the surgical database. Out of those 94 cases 92 

(97.9%) were also in our records from the pathology lab of DP further assuring us that we had 

obtained information about most all CCYs done on our subjects. 

The ratio of dMMR patients that have undergone CCY is 23.3% which is considerable higher than 

amongst the pMMR CRC patients (15.8%) and the control group (12.7%). This would imply that there 

is a causal relationship between CCYs and dMMR CRC. However since dMMR CRCs and CCYs are 

both more common in females and the elder it is likely that the relationship we see between CCY and 

dMMR CRCs can be traced back to these common risk factors (88, 90). To try and avoid this possible 

bias we also used statistical analysis adjusted for sex and age and it is also why we used sex and age 

adjusted controls instead of just comparing the dMMR group with the pMMR group. Another possible 

confounder in our study is Body Mass Index (BMI), but it has been documented that high BMI 

increases the odds of both gallstones and dMMR CRCs (42, 91). But since we have a large control 

group (n=17,273, 14.7 per case on average) it is unlikely that BMI, which is not considered a strong 

CRC risk factor, will have a large effect on our results (21). 

4.1.3 Odds ratio of CRC after CCY 

When we used OR to calculate risk of developing CRC after CCY between the 3 groups we found that 

there was a higher risk of developing dMMR CRC ≥2 years after a CCY (OR=1.38 (95% CI, 083-2.30)) 

although this does not reach statistical significance. There are a few reasons that might explain why 

this doesn’t reach significance. The most obvious one is that there is no connection between CCYs 

and dMMR CRCs and the connection we see is due to coincidence or some other common 

confounder. Other reasons might be that the dMMR group wasn´t large enough or that the few 

cholecystectomies that we missed may be needed to reach statistical significance.  

When we stratify our data and calculate the OR for CRC <10, 10-20, and >20 years after a CCY in 

our 3 groups we find no connection between pMMR CRCs and cholecystectomies <10 years after a 

CCY. This is not surprising as it takes a long time to develop a CRC and 10 years might not be 

enough. Nielsen et al found that the median interval from CCY to development of colonic cancer was 

11.3 years and 9.8 years for rectal cancer (8). This strengthens our findings of a relationship between 

CCY and dMMR CRC 10-20 years after a cholecystectomy (OR=2.26 (95% CI, 1.17-4.38)). However 

this begs the question of why a relationship between dMMR CRC and a CCY >20 years after a 

cholecystectomy was not found. Since our data on cholecystectomies only dates back to 1961 it is 

possible that most of the information about CCYs that we are missing about our cases, is on the cases 

that had a CCY >20 years before they developed CRCs. Also the largest part of CCYs missing from 

PARH (1982-1990) is >20 years before most of our cases were diagnosed with CRC, as our cases 

were diagnosed between 2000 and 2009. To the best of our knowledge no research on the 

relationship between CCYs and dMMR CRCs has been done before and so further studies on the 

matter are necessary to determine whether there truly is a relationship between cholecystectomies 

and dMMR CRCs. It would also be interesting to do a further analysis on our data and see if the 

relationship we found could be traced back specifically to dMMR CRCs caused by hypermethylation 

on MLH1 (rather than Lynch syndrome). Additionally it would be interesting to see if there is a 
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relationship between the cancer site of the CRCs and CCYs as some studies have shown relationship 

between cholecystectomies and CRCs (71, 77, 83).  

4.1.4 Cholecystectomies in the years 1986-2009 

It is clear when looking at our data that the annual number of CCYs has increased from 1986-2009. 

The reason for this increase is most likely due to multiple factors. One reason is probably that during 

this time period the surgical technique for removal of the gallbladder has much improved as 

laparoscopic cholecystectomy was introduced in Iceland during this time. This could mean that both 

patients and surgeons are more willing to perform CCYs. Another reason could be that as a nation the 

Icelandic population is getting both older and heavier and both age and obesity are known risk factors 

for cholecystectomies (90). This increase in number of CCY’s done every year is also seen in 

neighboring countries. Rate per 100.000 is higher in Iceland than in Denmark, Finland, Sweden, 

Norway and Scotland but lower than in Canada (92-94). Why the number of cholecystectomies in 

Iceland is so much higher than in most other countries we looked at is unclear but a further analysis of 

the subject would be interesting. However, the fact that our data implies that the number of CCY´s 

done annually in Iceland are this high further assures us that we weren´t missing information about 

many CCYs done on our subjects.  

4.2 Strengths and weaknesses  

The biggest strength of this study is that it is population-based and all-inclusive. This ensures that we 

have information about the development of dMMR CRCs and CCY´s for the whole country and 

exclude possible external risk factors that might be different between regions and cause bias. 

Furthermore this excludes the selection bias since all CRC cases diagnosed from 2000-2009 were 

included. The study also gains strength from using both sex and age matched controls as well as 

comparing risks between the dMMR and pMMR groups.  

The main weakness of the study is the retrospective design and that information about CRCs and 

CCYs were collected from databases. Even though information is well documented in these databases 

some cases of both CRCs and CCY might still be missing. Another weakness is that the dMMR group 

is so small that it might not provide the statistical strength needed to provide significant results were 

there might actually be a relationship between CCYs and dMMR CRCs. 

4.3 Conclusion  

According to the study there is a relationship between cholecystectomies and dMMR CRCs 10-20 

years after a CCY which may suggest that CCY could increase the risk of developing a dMMR CRC. 

This finding will hopefully stimulate further research to confirm this relationship. Furthermore the 

annual number of CCYs in Iceland have increased over the past years. 
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5 Supplementary data 

5.1 Cases 

Information on the Case group from Haraldsdottir et al study: “The Icelandic Cancer Registry provided 

a list with 1208 patients diagnosed with invasive colorectal carcinoma in Iceland from 2000-2009. Out 

of the 1208 eligible colorectal cancer cases, 1182 (97.8%) were included. Cases where the origin of 

the primary tumor was regarded to be non-colonic (appendix, ileum etc.) or unknown (n=8) were 

excluded. Four foreign patients were excluded. Furthermore, 11 cases were excluded for insufficient 

material and 3 were excluded as specimens were not found. In cases of synchronous CRC, only the 

tumor with the most advanced stage or stage subdivision was analysed. In cases of metachronous 

CRC, the tumor diagnosed in the defined period was used (the first one if there were two).  

A total of 997 cases (84.3%) were diagnosed at LSH, 82 cases (6.9%) were diagnosed by biopsy in 

Glaesibaer and 103 cases (8.7%) were diagnosed at FSA Hospital in Akureyri. “ (95) 

5.2 Surgical codes 

Codes  Description 

JKSA21 Laparoscopic cholecystectomy (ICD10 codes) 

JKSA20 Open cholecystectomy (ICD10 codes) 

5122  Open cholecystectomy (ICD9 codes) 

5123  Laparoscopic cholecystectomy (ICD9 codes) 
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