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Abstract
Around 5% of colorectal cancers are due to mutations within DNA mismatch repair genes, resulting in Lynch syndrome 
(LS). These mutations have a high penetrance with early onset of colorectal cancer at a mean age of 45 years. The main-
stay of surgical management is either a segmental or extensive colectomy. Currently there is no unified agreement as to 
which management strategy is superior due to limited conclusive empirical evidence available. A systematic review and 
meta- analysis to evaluate the risk of metachronous colorectal cancer (MCC) and mortality in LS following segmental and 
extensive colectomy. A systematic review of the PubMed database was conducted. Studies were included/ excluded based 
on pre-specified criteria. To assess the risk of MCC and mortality attributed to segmental or extensive colectomies, relative 
risks (RR) were calculated and corresponding 95% confidence intervals (CI). Publication bias was investigated using fun-
nel plots. Data about mortality, as well as patient ascertainment [Amsterdam criteria (AC), germline mutation (GM)] were 
also extracted. Statistical analysis was conducted using the R program (version 3.2.3). The literature search identified 85 
studies. After further analysis ten studies were eligible for inclusion in data synthesis. Pooled data identified 1389 patients 
followed up for a mean of 100.7 months with a mean age of onset of 45.5 years of age. A total 1119 patients underwent 
segmental colectomies with an absolute risk of MCC in this group of 22.4% at the end of follow-up. The 270 patients who 
had extensive colectomies had a MCC absolute risk of 4.7% (0% in those with a panproctocolecomy). Segmental colectomy 
was significantly associated with an increased relative risk of MCC (RR = 5.12; 95% CI 2.88–9.11; Fig. 1), although no 
significant association with mortality was identified (RR = 1.65; 95% CI 0.90–3.02). There was no statistically significant 
difference in the risk of MCC between AC and GM cohorts (p = 0.5, Chi-squared test). In LS, segmental colectomy results 
in a significant increased risk of developing MCC. Despite the choice of segmental or extensive colectomies having no 
statistically significant impact on mortality, the choice of initial surgical management can impact a patient’s requirement for 
further surgery. An extensive colectomy can result in decreased need for further surgery; reduced hospital stays and associ-
ated costs. The significant difference in the risk of MCC, following segmental or extensive colectomies should be discussed 
with patients when deciding appropriate management. An individualised approach should be utilised, taking into account the 
patient’s age, co-morbidities and genotype. In order to determine likely germline-specific effects, or a difference in survival, 
larger and more comprehensive studies are required.

Keywords  Lynch syndrome · Metachronous colorectal cancer · Amsterdam criteria · Colorectal cancer · Colectomy

Introduction

In 2012, 694,000 deaths worldwide were attributed to colo-
rectal cancer (CRC) alone [1]. Lynch syndrome (LS), the 
most common form of hereditary CRC, causes 3.1% of all 
CRC, and is associated with a high rate of either metachro-
nous (MCC) or synchronous CRC [2].

LS is an autosomal dominantly inherited condition which 
occurs due to a germline mutation in one or more DNA mis-
match repair genes (MMR) (MLH1, MSH2, MSH6 or PMS2 
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genes) which are responsible for correcting base–base mis-
matches and insertion/ deletion loops arising during DNA 
replication and recombination. This subsequently results in 
defective MMR that drives tumourigenesis. Although cer-
tain deletion mutations in a non-MMR gene EPCAM can 
cause Lynch Syndrome, this is because it affects transcrip-
tion of MSH2.

Due to highly penetrant germline mutations in MMR 
genes, the age of onset and risk of developing CRC dif-
fers significantly between sporadic CRC and LS patients. 
Remarkably the risk of CRC in LS may be as high as 
33–46% by the age of 70, compared to ~ 5.5% in the general 
population. Once a diagnosis of LS has been made, current 
guidance recommends affected individuals should undergo 
1–2 yearly colonoscopic surveillance [2, 3]. If CRC is iden-
tified the mainstay of management is by surgical resection, 
either a segmental or extensive colectomy.

The diagnosis of Lynch syndrome initially relied upon 
clinical diagnostic criteria such as the Amsterdam 1 and 
2 criteria, first published within the 1990s [4, 5]. Later 
emerged the Revised Bethesda Guidelines which provided 
a method of identifying high risk patients which should 
undergo tumor testing for microsatellite instability or immu-
nohistochemistry [6]. Despite these guidelines having a sen-
sitivity and specificity of 81 and 98% respectively, up to 28% 

of LS patients can be missed, with variable application of 
these criteria in clinical practice [7–9].

Previous suboptimal identification of LS patients has led 
to a recent change in guidance provided by organisations 
such as the National Institute for Health and Care Excel-
lence, the Mallorca group and the Evaluation of Genomic 
Applications in Practice and Prevention (EGAPP) Working 
group who currently recommend that all patients diagnosed 
with colorectal cancer, irrespective of age, should be univer-
sally tested for molecular features suggestive of LS [2, 10, 
11]. The aim is to improve the identification of LS patients 
and thus ensure patients are managed correctly, with a focus 
on improving patient outcomes.

Synchronous and metachronous colorectal cancers 
(MCC) occur more commonly in patients with LS compared 
to the general population [12, 13]. LS is also associated with 
young onset diagnosis CRC, thus there is a high risk in many 
patients of developing MCC after a primary tumour resec-
tion. Current American and European guidance recommend 
considering a more extensive resection due to retrospective 
case series data suggesting a greater risk of MCC after a seg-
mental versus extended colectomy [2, 3]. Whether a segmen-
tal or total colectomy is performed remains controversial due 
to the lack of robust conclusive data and guidelines being 
based on level III evidence and grade C recommendations.

The aim of this systematic review and meta-analysis is to 
conclusively evaluate the risk of MCC and mortality follow-
ing a segmental and extensive colectomy in LS.

Methods

Literature search

An extensive literature search of the PubMed database from 
inception (last search November 2016) was conducted. Ini-
tially the following terms were searched: “Lynch Syndrome” 
or “HNPCC” AND “metachronous”. This literature search 
was independently performed by two researchers (SS and 
ML).

Eligibility criteria

The study titles were examined for potential relevance and 
the abstract was then reviewed. The full text was retrieved 
to ensure eligibility using the following inclusion and exclu-
sion criteria.

Inclusion criteria

1.	 ≥ 50 cases with previous colorectal surgical resection 
for colorectal cancer or cancer prophylaxis.

2.	 LS or HNPCC patients.

Fig. 1   Flow chart displaying the exclusion and inclusion of studies 
within the meta- analysis
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3.	 Median follow-up ≥ 60 months.
4.	 Full articles published in English within a peer reviewed 

journal.
5.	 Sufficient data was available for analyses to be con-

ducted.

Exclusion criteria

1.	 Insufficient information within the article for inclusion/
exclusion to be established.

2.	 Study included non-colorectal cancer cases.
3.	 Study included data on patients without a diagnosis of 

LS or HNPCC.
4.	 Case only study.
5.	 Cell or animal based studies.
6.	 Review articles.

The bibliographies of relevant articles were also inspected 
for further eligible studies. In the case of any uncertainty 
regarding study inclusion, another investigator (KM) was 
consulted as a third person arbiter to assess eligibility.

Data extraction

For eligible studies, the following data was extracted using 
a standardised database: title; first author; publication year; 
number of male and female subjects; mean age of diagno-
sis; mean follow up time; total number of patients in each 
study; total number of patients undergoing segmental; sub-
total or total colectomy as well as the total number who 
developed MCC after each surgery and total mortality after 
each surgery. Extensive surgery was considered to include 
those patients who underwent panproctocolectomy, subtotal 
or Total colectomy.

If the required data was unavailable within the full text 
of the article or any accompanying supplementary mate-
rial, this was sought through e-mail exchange with the stated 
correspondent(s).

Statistical analysis

Meta-analyses were conducted to quantify the risk of MCC; 
risk of mortality attributed to colorectal cancer specifically 
and risk of mortality overall after a segmental versus an 
extensive colectomy. Quantitative synthesis involved calcu-
lating relative risk (RR) for three or more studies using the 
following formula: 

For example, whereby segmental colectomy patients with 
(a) or without MCC (b) were compared to extensive colec-
tomy patients with (c) or without MCC (d).

RR = (a∕a + b)∕(c∕c + d)

Corresponding 95% confidence intervals (CI) were 
deemed statistically significant if they did not cross 1. 
Cochrane’s Q statistic and the I2 test were used to determine 
the degree of variation between studies not attributable to 
chance [14, 15]. I2 values ranged from 0% indicating homo-
geneity to 100% indicating heterogeneity. If the I2 value was 
between 50 and 100%, the DerSimonian and Laird random 
effects method was used to generate pooled RRs [16]. If the 
I2 value was between 0 and 50% then the Mantel–Haenszel 
fixed effects method was used [17].

Subgroup analysis was performed to investigate if there 
was a significant difference in risk of MCC after segmen-
tal versus extended colectomy in patients with LS with a 
confirmed germline mutation, and separately assessing risk 
in those patients who met Amsterdam criteria alone but in 
whom germline status was uncertain.

Sensitivity analysis was achieved by removing each 
study individually and repeating the analysis. This assessed 
whether the results were influenced by a single study.

Publication bias was assessed using funnel plots and Egg-
er’s test. An asymmetrical funnel plot signified the possible 
presence of publication bias. Publication bias was quanti-
tatively assessed using Egger’s test, however restricted to 
meta-analyses containing 10 or more studies as per recom-
mendations outlined by Sterne et al. [18, 19]. A p value of 
< 0.05 after Egger’s test suggested publication bias.

Statistical analyses were performed using the Metafor 
package in R (Version 3.3.2) [20].

Results

A search of the PubMed database yielded 181 studies. After 
screening titles and abstracts 165 papers were excluded and 
16 studies were reviewed in full. After thorough review of 
these studies, ten were eligible for inclusion in quantitative 
synthesis (Fig. 1).

Pooled data identified 1389 patients followed up for 
a mean of 100.7  months with a mean age of onset of 
45.52 years of age (Table 1). 1119 patients underwent seg-
mental colectomies with risk of MCC in this group of 28.2% 
at the end of follow-up (Table 2). 270 patients had extensive 
colectomies with a MCC risk of 4.7%, and 0% in those with 
a panproctocolectomy (Table 1).

A segmental colectomy was significantly associated with 
an increased risk of MCC (RR = 5.12; 95% CI 2.88–9.11; 
Fig. 2). The relative risk of MCC after a segmental colec-
tomy versus an extended colectomy was 8.56 (95% CI 
3.37–21.73) and 3.04 (95% CI 1.46–6.34) in patients with a 
confirmed LS germline mutation and patients with LS diag-
nosis using the Amsterdam criteria respectively (Fig. 2). 
There was no statistically significant difference in the risk 
of MCC between AC and GM cohorts (p = 0.5, Chi-squared 
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test). The relative frequencies of germline mutations in each 
study is presented in Table 3. Only 2 of the studies incorpo-
rated data about all 4 MMR genes, and only one specifically 
included data about EPCAM mutations.

Although there was a trend towards higher mortality in 
those who underwent segmental colectomy, no significant 
association with mortality was identified (RR = 1.65; 95% 
CI 0.90–3.02; Fig. 3).

Funnel plots for both meta analyses were symmetri-
cal (Figs. 4, 5). There were fewer than ten studies present 
within the mortality meta-analysis therefore Egger’s test was 
only performed for the risk of MCC meta-analysis. Egger’s 
test supported there was no evidence of publication bias 
(p = 0.0745).

Discussion

The surgical management of Lynch Syndrome remains 
controversial. There is a lack of robust evidence support-
ing the hypothesis that there is a greater risk of MCC after 
a segmental colectomy versus extensive colectomy. Our 
study shows that there is a five times greater risk of MCC 
after a segmental colectomy when compared to an extensive 
colectomy. Although a trend towards decreased mortality in 
the extensive colectomy cohort is suggested by this meta-
analysis, this is not statistically significant. Despite these 
findings an individualised approach for each patient should 
be utilised.

It must be recognised that patient centred care is para-
mount and patients should not only be counselled on the 
significantly greater risk of MCC after a segmental com-
pared to an extensive colectomy, but also on the impact that 
more extensive surgery may have on morbidity. Steel et al. 
demonstrated in patients who were at high risk of MCC 
that they were well informed about the surgical procedure, 
however they feared recurrence and information relating to Ta
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Table 2   Total number of patients and risk of MCC in segmental and 
extensive colectomy

There was no significant difference in MCC risk between Amsterdam 
criteria and germline mutation cohorts

Amsterdam 
Criteria

Germline muta-
tion

Overall %

Number of patients
 Segmental 414 705 1119
 Extensive 94 176 270

Median follow up 
(months)

88.0 95.0 92.8

Risk of MCC (%)
 Segmental 22.7 21.8 22.7
 Extensive 7.4 2.8 4.7



561Metachronous colorectal cancer following segmental or extended colectomy in Lynch syndrome:…

1 3

Fig. 2   Forest plot displaying the risk of metachronous colorectal cancer after a segmental colectomy versus Extensive colectomy, with a higher 
relative risk amongst patients with a germline mutation

Table 3   Frequency of MMR 
gene germline mutations in this 
meta-analysis

n/a not available

MMR gene mutated Total Kim Cappel Stupart Parry Win Natarajan

MLH1 319 64 31 24 116 18 66
MSH2 273 27 32 15 104 55 40
MSH6 32 4 5 n/a 19 4 n/a
EPCAM 11 11 n/a n/a n/a n/a n/a
PMS2 21 n/a n/a n/a 19 2 n/a

Fig. 3   A forest plot display-
ing the risk of mortality after 
a segmental colectomy versus 
extensive colectomy
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surgical outcome, recovery and lifestyle adjustments were 
inadequate [21].

Extensive surgery includes a pan-proctocolectomy or a 
subtotal colectomy. Patients undergoing a pan-proctocolec-
tomy should be counselled that this will necessitate a perma-
nent end ileostomy or ileal anal pouch anastomosis (IPAA) 
which will require lifestyle and dietary adaptation and has 
been reported to negatively impact up to 50% of patient’s 
sex lives [22]. Alternative extensive surgery includes a total 
colectomy whereby an ileorectal anastomosis is formed or 

a proctectomy can be performed at later date and an IPAA 
created. A pan-proctocolectomy will eliminate the risk of 
MCC however with a total colectomy the risk of a rectal 
cancer remains. Although proximal cancers are a hallmark 
of LS, it has been found that up to 15% of tumours can occur 
within the rectum [23]. In addition it must be acknowledged 
that there is greater morbidity following an extended colec-
tomy with an increase in bowel motions, poorer functional 
outcome and reported lower quality of life [24].

A pan-proctocolectomy would be the optimal choice to 
eliminate a patient’s risk of MCC, especially if the primary 
tumour has occurred within the rectum. If a patient opts 
against this and prefers a total colectomy and ileorectal anas-
tomosis or IPAA, then regular endoscopic surveillance of 
the remaining rectum would be required due to the risk of 
a rectal cancer. Where a segmental colectomy is the surgi-
cal management of choice regular endoscopic surveillance 
would be sensible due to the five times greater risk of MCC 
in such patients.

Despite there being a significantly increased risk of MCC, 
the choice of surgical management has no significant effect 
on mortality. However, it can logically be assumed that a 
cancer recurrence, need for repeat surgery and anaesthe-
sia would all increase one’s risk of mortality. Despite our 
findings contradicting this, the limitations of the mortality 
meta-analysis must be recognised. There were only 3 studies 
(548 patients) that included mortality data. Before definitive 
conclusions are made, the meta-analysis should be repeated 
when more studies with mortality data becomes available. 
We therefore suggest that further studies investigating the 
effect of the choice of surgery on mortality should be con-
ducted and authors should make this data available to allow 
for a conclusive meta-analysis to be conducted.

It appears that patients with higher penetrance forms of 
LS may be at the greatest risk of MCC. Germline specific 
data reveal that most of the cases in the meta-analysis were 
patients with MLH1 and MSH2 mutations, with only two of 
the studies reporting mutations for MSH6 and PMS2 muta-
tions as well. Thus the high risk of MCC in the segmental 
colectomy cohort is largely due to patients with MLH1 and 
MSH2 mutations, and therefore germline specific informa-
tion must be taken in to account when counselling patients 
about the risks of surgery [13, 25].

The choice of surgical management should also take into 
account the patient’s age and co-morbidities. Parry et al. 
showed that there was a cumulative increase in the risk of 
MCC as time following segmental colectomy increases 
[13]. The risk was demonstrated as 16, 41 and 62% at 10, 
20 and 30 years respectively. This cumulative increase in 
risk should be considered along with the impact upon ones 
quality of life, particularly in a younger patient compared to 
a more elderly patient. Elderly patients may also have more 
co-morbidities further increasing their risk of mortality and 
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morbidity following more extensive surgical intervention. 
Lynch syndrome is also associatd with extra colonic malig-
nancies such as endometrial and ovarian malignancy. The 
presence of a concomitant extra colonic malignancy should 
be taken into consideration when selecting a segmental or 
extended colectomy.

A systematic review and meta-analysis to ascertain the 
risk of MCC following a segmental colectomy compared 
to extensive colectomy has been performed by Heneghan 
et al. [26] and Anele et al. [27]. There are key differences 
in the statistical analysis and methodology which makes the 
current study more advantageous.

Firstly, it is not possible to reproduce the odds ratios 
calculated for 5 out of 6 of the individual studies within 
the Heneghan study. 3 out of the 6 studies included in the 
meta-analysis by Heneghan et al. have also been included 
by Anele et al. and again the odds ratios calculated for these 
studies do not correlate. This suggests that they’re may have 
been an error in statistical analysis of the data by Heneghan 
at al, thus producing an unreliable overall odds ratio for 
the risk of MCC. Furthermore Anele and colleagues have 
made an error when extracting data from the study by Stu-
part et al. [28]. Mortality following metastatic colorectal 
cancer following an extensive colectomy has been extracted 
as opposed to the number of patients with MCC after an 
extensive colectomy.

Anele and colleagues argue that as the Heneghan study 
includes patients which meet the Amsterdam criteria but do 
not necessarily have a confirmed germline mutation, this 
patient demographic could include patients with familial 
colorectal cancer type X, which has a lower rate of MCC, 
thus producing bias [27]. Anele et al. try and overcome 
this bias by only including patients with a confirmed LS 
germline mutation. Contrary to this, they included patients 
which demonstrated microsatellite instability and/or mis-
match repair deficiency from a study by Aronson et al., how-
ever only 85.4% of these patients have a confirmed germline 
mutation [29].

To investigate if there is a significant difference in risk 
between patients which meet the Amsterdam criteria (but 
have not undergone genetic testing) and those with a con-
firmed germline mutation we performed a subgroup anal-
ysis. The relative risk of MCC in these groups was 3.04 
(95% CI 1.46–6.34) and 8.56 (95% CI 3.37–21.73) respec-
tively. Despite the risk being lower within those who meet 
the Amsterdam criteria, there is no significant difference 
between the two groups.

The CAPP2 study demonstrated that regular high dose 
aspirin could lower the risk of developing colorectal cancer 
in those with LS [30]. One may argue that chemoprevention 
using aspirin may remove the need for a prophylactic exten-
sive colectomy to prevent MCC. However, despite further 
studies required to ascertain the optimal dose of aspirin for 

chemoprevention, the CAPP2 study and other data (Rothwell 
et al.) demonstrated that the effect of aspirin is delayed and it 
isn’t until after a latent period of approximately a decade that 
the risk is significantly lowered when compared to placebo 
[31]. This delayed effect after 120 months occurs after the 
mean follow up, 100.73 months, of the patients within this 
study. By the point of significant effect of aspirin, the risk 
of MCC after a segmental colectomy compared to extensive 
colectomy is already increased fivefold, therefore necessi-
tating the need for a prophylactic colectomy to lower one’s 
risk of MCC.

In addition to chemoprevention, the role of endoscopy in 
risk modification is not well established. Current interna-
tional guidance recommends 1–2 yearly colonoscopic sur-
veillance of LS carriers in order to ensure colorectal cancers 
are identified and managed promptly [2, 3]. Several studies 
have now demonstrated no significant reduction in risk of 
MCC in segmental and extensive colectomy patients under-
going regular biennial colonoscopic surveillance [13, 25, 
32]. Perhaps more regular or higher quality colonoscopic 
surveillance may be more beneficial, however the efficacy 
and cost effectiveness of this would need to be evaluated.

Conclusion

We conclude that there is a significantly greater risk of 
MCC following a segmental colectomy compared to exten-
sive colectomy in LS patients. An individualised approach 
must be utilised taking into account the age, co-morbidities 
and genotype of the patient as well as the morbidity and 
impact on the quality of life the choice of surgical manage-
ment may have. Patients must be counselled on the findings 
of this meta-analysis prior to any surgical intervention and 
informed, using the best available germline-specific infor-
mation. Despite this study demonstrating no significant 
effect on mortality, better powered studies are required to 
investigate this further, and an existing international collabo-
ration may be well placed to answer this and other questions 
[33]. The current role of aspirin chemoprevention and regu-
lar endoscopic surveillance to reduce risk of MCC over the 
follow-up of this analysis is not well established. However, 
a prophylactic extensive colectomy may be the most effec-
tive current MCC risk reduction strategy especially given 
the delayed effect of aspirin chemoprevention and limited 
effectiveness of endoscopic surveillance.

Open Access  This article is distributed under the terms of the Creative 
Commons Attribution 4.0 International License (http://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


564	 S. S. Malik et al.

1 3

References

	 1.	 World Health Organisation (2017) http://globocan.iarc.fr/Pages/
fact_sheets_cancer.aspx. Accessed 6 June 2017

	 2.	 Vasen HFA et al (2013) Revised guidelines for the clinical man-
agement of Lynch syndrome (HNPCC): recommendations by a 
group of European experts. Gut 62:812–823

	 3.	 Syngal S et al (2015) ACG clinical guideline: genetic testing and 
management of hereditary gastrointestinal cancer syndromes. Am 
J Gastroenterol 110:223–262 (quiz 263)

	 4.	 Vasen HF, Mecklin JP, Khan PM, Lynch HT (1991) The Interna-
tional Collaborative Group on hereditary non-polyposis colorectal 
cancer (ICG-HNPCC). Dis Colon Rectum 34:424–425

	 5.	 Vasen HF, Watson P, Mecklin JP, Lynch HT (1999) New clinical 
criteria for hereditary nonpolyposis colorectal cancer (HNPCC, 
Lynch syndrome) proposed by the International Collaborative 
group on HNPCC. Gastroenterology 116:1453–1456

	 6.	 Umar A et al (2004) Revised Bethesda Guidelines for hereditary 
nonpolyposis colorectal cancer (Lynch syndrome) and microsatel-
lite instability. J Natl Cancer Inst 96:261–268

	 7.	 Piñol V et al (2005) Accuracy of revised Bethesda guidelines, 
microsatellite instability, and immunohistochemistry for the iden-
tification of patients with hereditary nonpolyposis colorectal can-
cer. JAMA 293:1986–1994

	 8.	 Giardiello FM et al (2014) Guidelines on genetic evaluation and 
management of Lynch syndrome: a consensus statement by the 
US Multi-Society Task Force on Colorectal Cancer. Dis Colon 
Rectum 57:1025–1048

	 9.	 Adelson M et al (2013) UK colorectal cancer patients are inad-
equately assessed for Lynch syndrome. Frontline Gastroenterol 
5:31 LP-35

	10.	 Molecular testing strategies for Lynch syndrome in people with 
colorectal cancer|Guidance and guidelines|NICE

	11.	 Evaluation of Genomic Applications in Practice and Prevention 
(EGAPP) (2013) Recommendations from the EGAPP Working 
Group: can testing of tumor tissue for mutations in EGFR pathway 
downstream effector genes in patients with metastatic colorectal 
cancer improve health outcomes by guiding decisions regarding 
anti-EGFR therapy? Genet Med 15:517–527

	12.	 Lin KM et al (1998) Colorectal and extracolonic cancer variations 
in MLH1/MSH2 hereditary nonpolyposis colorectal cancer kin-
dreds and the general population. Dis Colon Rectum 41:428–433

	13.	 Parry S et al (2011) Metachronous colorectal cancer risk for 
mismatch repair gene mutation carriers: the advantage of more 
extensive colon surgery. Gut 60:950–957

	14.	 Cochran WG (1954) The combination of estimates from different 
experiments. Biometrics 10:101–129

	15.	 Higgins JPT, Thompson SG, Deeks JJ, Altman DG (2003) Meas-
uring inconsistency in meta-analyses. BMJ 327:557 LP-560

	16.	 DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. 
Control Clin Trials 7:177–188

	17.	 MANTEL N, HAENSZEL W (1959) Statistical aspects of the 
analysis of data from retrospective studies of disease. J Natl Can-
cer Inst 22:719–748

	18.	 Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias 
in meta-analysis detected by a simple, graphical test. BMJ 
315:629–634

	19.	 Sterne JAC et al (2011) Recommendations for examining and 
interpreting funnel plot asymmetry in meta-analyses of ran-
domised controlled trials. BMJ 343:d4002

	20.	 R Core Team (2016) R: a language and environment for statistical 
computing. R Core Team, Vienna

	21.	 Steel EJ et al (2016) The experience of extended bowel resection 
in individuals with a high metachronous colorectal cancer risk: a 
qualitative study. Oncol Nurs Forum 43:444–452

	22.	 Nugent KP, Daniels P, Stewart B, Patankar R, Johnson CD (1999) 
Quality of life in stoma patients. Dis Colon Rectum 42:1569–1574

	23.	 Mecklin JP, Järvinen HJ (1986) Clinical features of colorec-
tal carcinoma in cancer family syndrome. Dis Colon Rectum 
29:160–164

	24.	 You YN et al (2008) Segmental vs. extended colectomy: measur-
able differences in morbidity, function, and quality of life. Dis 
Colon Rectum 51:1036–1043

	25.	 Win AK et al (2013) Risk of metachronous colon cancer following 
surgery for rectal cancer in mismatch repair gene mutation carri-
ers. Ann Surg Oncol 20:1829–1836

	26.	 Heneghan HM, Martin ST, Winter DC (2015) Segmental vs 
extended colectomy in the management of hereditary nonpoly-
posis colorectal cancer: a systematic review and meta-analysis. 
Colorectal Dis 17:382–389

	27.	 Anele CC et al (2017) Risk of metachronous colorectal cancer 
following colectomy in Lynch syndrome: a systematic review and 
meta-analysis. Colorectal Dis. https://doi.org/10.1111/codi.13679

	28.	 Stupart DA, Goldberg PA, Baigrie RJ, Algar U, Ramesar R (2011) 
Surgery for colonic cancer in HNPCC: total vs segmental colec-
tomy. Colorectal Dis 13:1395–1399

	29.	 Aronson M et al (2015) DNA mismatch repair status predicts 
need for future colorectal surgery for metachronous neoplasms 
in young individuals undergoing colorectal cancer resection. Dis 
Colon Rectum 58:645–652

	30.	 Burn J et al (2011) Long-term effect of aspirin on cancer risk 
in carriers of hereditary colorectal cancer: an analysis from the 
CAPP2 randomised controlled trial. Lancet 378:2081–2087

	31.	 Rothwell PM et al (2017) Effect of daily aspirin on long-term risk 
of death due to cancer: analysis of individual patient data from 
randomised trials. Lancet 377:31–41

	32.	 Cirillo L et al (2013) High risk of rectal cancer and of metachro-
nous colorectal cancer in probands of families fulfilling the 
Amsterdam criteria. Ann Surg 257:900–904

	33.	 Møller P et al. Cancer incidence and survival in Lynch syndrome 
patients receiving colonoscopic and gynaecological surveillance: 
first report from the prospective Lynch syndrome database. Gut 
(2015)

	34.	 Kalady MF, Lipman J, McGannon E, Church JM (2012) Risk of 
colonic neoplasia after proctectomy for rectal cancer in hereditary 
nonpolyposis colorectal cancer. Ann Surg 255:1121–1125

	35.	 Van Dalen R et al (2003) Patterns of surgery in patients belonging 
to amsterdam-positive families. Dis Colon Rectum 46:617–620

	36.	 Vasen HF et al (1993) Surveillance in hereditary nonpolypo-
sis colorectal cancer: an international cooperative study of 165 
families. The International Collaborative Group on HNPCC. Dis 
Colon Rectum 36:1–4

	 .	 de Vos tot Nederveen Cappel WH (2002) Surveillance for 
hereditary nonpolyposis colorectal cancer. Dis. Colon Rectum 
45:1588–1594

	38.	 Natarajan N, Watson P, Silva-Lopez E, Lynch HT (2010) Com-
parison of extended colectomy and limited resection in patients 
with Lynch syndrome. Dis Colon Rectum 53:77–82

	39.	 Kim TJ et al (2017) Survival outcome and risk of metachronous 
colorectal cancer after surgery in Lynch syndrome. Ann Surg 
Oncol 24:1085–1092

http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx
http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx
https://doi.org/10.1111/codi.13679

	Metachronous colorectal cancer following segmental or extended colectomy in Lynch syndrome: a systematic review and meta-analysis
	Abstract
	Introduction
	Methods
	Literature search
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria
	Data extraction
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


