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Abstract
Background Lynch-like syndrome (LLS) tumors have similar clinicopathological features to Lynch syndrome (LS) tumors 
but have no identifiable pathogenic germline mismatch repair gene variant. However, cancer risks in LLS patients and first-
degree relatives (FDRs) are not well defined.
Methods To clarify LLS-associated cancer risks, a systematic review of all studies examining all cancer risks in LLS was 
performed. Searching of Medline, Embase, Pubmed, Cochrane and CINAHL databases and reference/citation checking 
identified relevant studies published between January 1, 1980 and February 11, 2021. Joanna Briggs Institute Appraisal 
Tools assessed the risk of bias.
Results Six studies (five cohort/one cross-sectional) were eligible for study inclusion. One study found no difference in 
colorectal cancer (CRC) incidence between LLS and LS patients or CRC risks at aged 70 years. Three studies found CRC 
incidence in LLS FDRs was higher than the general population but lower than LS FDRs. Two studies showed no difference 
in CRC diagnosis age between LLS patients and LS patients. Endometrial cancer risks in LLS patients were higher than the 
general population but lower than LS patients.
Conclusion Evidence of elevated CRC risks in LLS patients and FDRs supports increased colonoscopy surveillance strategies 
for LLS patients and FDRs in line with current recommendations for LS. Due to heterogeneity amongst LLS populations, 
extended intervals between screening may be advised for low-risk families. Studies to resolve the molecular characterization 
and definition of LLS are needed to clarify cancer risks associated with LLS which in turn may individualize surveillance 
strategies for LLS patients and families.
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Introduction

Lynch syndrome (LS) is an autosomal-dominant inherited 
syndrome accounting for 2–4% of colorectal and endome-
trial cancers (Hampel et al. 2006, 2008; Umar et al. 2004). Pandu P. Nugroho and Siti Alyaa S. Ghozali have contributed 

equally to this work.
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LS is characterized by germline pathogenic variants in one 
of the DNA mismatch repair (MMR) genes, MSH2, MLH1, 
MSH6 and PMS2 or large deletions in EPCAM, causing 
transition read through hypermethylation of MSH2 gene 
promoter (Carethers 2014). Inactivation of MMR genes via 
a germline pathogenic variant and an acquired somatic muta-
tion (second hit) results in the accumulation of mutations in 
regions of repetitive DNA during cell replication. This tum-
origenesis mechanism leads to tumors with microsatellite 
instability (MSI), with accompanying loss of MMR protein 
and high numbers of somatic mutations (hypermutation), 
collectively referred to as MMR deficiency (Cancer Genome 
Atlas 2012; Lynch et al. 2015; Rodriguez-Soler et al. 2013).

In addition to LS, there are sporadic causes of tumor 
MMR deficiency. MLH1 promoter hypermethylation is the 
most common cause of MMR deficiency in colorectal cancer 
(CRC) and endometrial cancer, as characterized by loss of 
tumor MLH1 and PMS2 protein expression. Distinguishing 
between MLH1 methylation and LS-related MMR deficiency 
is clinically important for secondary cancer risk manage-
ment and for identifying relatives at risk of cancer.

Lynch-like syndrome (LLS) tumors are considered mim-
ics of LS tumors, also demonstrating MSI, loss of MMR 
protein expression, and absence of MLH1 methylation 
(Carethers 2014; Hampel et al. 2006). However, in LLS, 
there is an absence of a germline pathogenic variant in one 
of the MMR genes or a somatic BRAF V600E mutation 
(in the absence of MLH1 methylation) (Carethers 2014; 
Hampel et al. 2006). LLS tumors constitute up to 70% of 
patients with MSI and MMR deficiency suspected of having 
LS.(Carethers & Stoffel 2015; Rodriguez-Soler et al. 2013) 
The prevalence of CRC cases with LLS in population-based 
studies was estimated to be 2.5% in Spain (Rodriguez-Soler 
et al. 2013), and 6% in collective data from the United 
States, Canada and Australia (Win et al. 2015). However, a 
Japanese hospital-based study found LLS prevalence in CRC 
cases to be significantly lower (0.2%) (Chika et al. 2017), 
which may reflect ethnicity differences between countries.

Several potential mechanisms may underlie LLS, includ-
ing the presence of an atypical germline pathogenic vari-
ant or cryptic mutations in MMR genes not identified by 
current detection methods or germline pathogenic variants 
in genes outside MMR genes (Buchanan et al. 2014; Care-
thers 2014; Pico et al. 2020a). The predominant cause of 
LLS-related MMR deficiency, responsible for up to 80% of 
LLS cancers, involves double somatic mutations in the same 
MMR gene, known as biallelic MMR deficiency (Geurts-
Giele et al. 2014; Haraldsdottir et al. 2014; Mensenkamp 
et al. 2014). Mosaicism of a de novo pathogenic variant may 
also underlie LLS but is rarely described (Guillerm et al. 
2020). Moreover, incorrect immunohistochemistry stain-
ing has been identified as contributing factor to LLS diag-
noses (Haraldsdottir et al. 2014). Subsequently, LLS cases 

represent a heterogeneous population comprised of sporadic 
cases related to biallelic MMR deficiency and inherited 
cases related to undetected LS or germline pathogenic vari-
ants in other DNA repair genes (Clendenning et al. 2011; 
Haraldsdottir et al. 2014; Liu et al. 2016; Mensenkamp et al. 
2014; Morak et al. 2010).

While LS-associated cancer risks are well-known 
(Dominguez-Valentin et al. 2020; International Mismatch 
Repair 2021), and there are standard CRC surveillance 
strategies for LS patients and first-degree relatives (FDRs) 
(Monahan et al. 2020), LLS-associated cancer risks are 
unclear, with studies showing conflicting results with 
regards to the age of CRC diagnosis and risks of CRC and 
other cancers in LLS patients and FDRs (Bucksch et al. 
2020; Overbeek et al. 2007; Pico et al. 2020b; Rodriguez-
Soler et al. 2013; Win et al. 2015). Subsequently, no agreed 
consensus on cancer screening recommendations for LLS 
patients and FDRs currently exists (Ladabaum 2020). This 
uncertainty creates challenges for genetic counseling, con-
ferring different degrees of screening for LLS patients and 
families, ranging from surveillance guidelines for interme-
diate-risk individuals (Win et al. 2015), to vigorous LS-rec-
ommended guidelines (Monahan et al. 2020; Overbeek et al. 
2007). Patients with a LLS diagnosis report variability in the 
interpretation of their diagnosis, cancer risk management 
advice and how that is communicated to family members 
(den Elzen et al. 2021). This present study examined the 
current evidence for cancer risks in LLS patients and FDRs 
by systematic review of all relevant studies. The findings of 
this review may inform future surveillance strategies for LLS 
patients and FDRs.

Materials and methods

Systematic review of all studies examining LLS-associated 
cancer risks published from January 1st 1980 to 11th Febru-
ary 2021 was conducted using Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) criteria 
(Moher et al. 2010). The review was registered in PROS-
PERO (CRD42021238428).

Search strategy

Medical Subject Headings (MeSH) terms were used to search 
databases: MEDLINE (Ovid), PubMed, EMBASE, Cochrane 
Library and Cumulative Index of Nursing and Allied Health 
Literature (CINAHL). An intersection of MeSH terms related 
to Lynch-like syndrome (‘Lynch-like’ or ‘suspected Lynch’ or 
‘Lynch mimic’ or ‘Lynch like’), Lynch syndrome and heredi-
tary nonpolyposis CRC (HNPCC) were used for the search 
strategy (Supplementary Table 1). Studies pertaining to cancer 
risks in LLS patients and families were selected for inclusion 
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by identifying relevant abstracts and screening full-text articles 
for eligibility by two co-authors (SASG and PPN). Manual 
reference and citation checking was performed to identify rel-
evant studies not found from the search strategy. Discrepancies 
between reviewers were resolved by a third reviewer (JCR).

Eligibility criteria

Inclusion criteria included studies examining cancer risks 
in CRC patients with confirmed LLS diagnosis following 
germline MMR gene mutation analysis and MSI analysis 
or immunohistochemistry (IHC). Papers not published in 
English, case studies, reviews, editorials, comparative stud-
ies and conference abstracts were excluded.

Data abstraction

Data extraction from full-text articles fulfilling study cri-
teria was performed independently by co-authors (SASG, 
PPN and MIP) and confirmed by a third reviewer (JCR). 
A standardized data extraction form was used to summa-
rize participant characteristics and study findings (Alvarez-
Lafuente et al. 2004).

Risk of bias assessment

Two reviewers (SASG and PPN) assessed risk of bias using 
Joanna Briggs Institute (JBI) Critical Appraisal Checklists 
according to study type (Soldan et al. 1997) with any disa-
greements resolved by a third reviewer (JCR). The JBI tool 
comprises 8–11 checklists (depending on study type), with 
options of “yes”, “no”, “unclear” or “not applicable” for 
each question. Studies were classified low risk (> 80%), 
moderate risk (60–80%), or high risk of bias (< 60%) (Chima 
et al. 2019; Reece et al. 2021). No studies were excluded 
based on risk of bias assessment for completeness of report-
ing all relevant study findings (Shea et al. 2017).

Narrative synthesis

A comprehensive narrative synthesis of included studies was 
conducted summarizing main study characteristics and find-
ings (Green et al. 2006). Data findings were analyzed sepa-
rately before summarizing results for narrative synthesis. A 
meta-analysis was not possible due to heterogeneity of data 
across included studies.

Results

A total of 1665 studies were identified following searching 
of five databases (Fig. 1). After removal of duplicates, 169 
remaining studies were screened based on title/abstract 

and 159 studies not fulfilling study criteria were removed. 
The full-text of 12 remaining studies was assessed for 
eligibility and five studies were removed for examining 
a different outcome (not cancer risks) (Giri et al. 2019; 
Pearlman et al. 2019), different research question (can-
cer screening adherence and perceived cancer risks in 
LLS CRC cases (Katz et al. 2016), UNC5C mutations 
in LLS patients (Kury et al. 2014), and validation of an 
online questionnaire in people undergoing colonoscopy 
to identify individuals with higher familial and hereditary 
CRC risks) (Kallenberg et al. 2015). A further study was 
excluded as it was a comparative study (Mas-Moya et al. 
2015). Manually checking reference and citation lists of 
included papers, identified two further papers for study 
inclusion, giving a total of six included studies.

The six studies [five cohort (Bucksch et al. 2020; Pico 
et al. 2020b; Rodriguez-Soler et al. 2013; Win et al. 2015; 
Xu et al. 2020), and one cross-sectional (Overbeek et al. 
2007)] were published between 2007 and 2020 (Table 1). 
Two studies were from Spain (Pico et al. 2020b; Rodri-
guez-Soler et al. 2013), one from the Netherlands (Over-
beek et al. 2007), Germany (Bucksch et al. 2020), China 
(Xu et al. 2020), and Australia (using Colon Cancer Fam-
ily Register data from Australia, US and Canada) (Win 
et al. 2015).

Five studies had low risk of bias (Bucksch et al. 2020; 
Overbeek et al. 2007; Rodriguez-Soler et al. 2013; Win 
et al. 2015; Xu et al. 2020), and one had moderate risk 
(Table 2; Supplementary Tables 2–3) (Rodriguez-Soler 
et  al. 2013). Strengths and limitations of studies are 
outlined.

Lynch‑like syndrome definition

There were minor differences in LLS definitions across stud-
ies (Table 1). All studies performed MSI analysis except 
one(Xu et al. 2020), IHC to identify MMR deficiency of 
MLH1, MSH2, MSH6, and PMS2 and germline analy-
sis to confirm the absence of a DNA MMR gen,(Bucksch 
et al. 2020; Overbeek et al. 2007; Pico et al. 2020b; Rod-
riguez-Soler et al. 2013; Win et al. 2015), with three stud-
ies confirming the absence of EPCAM germline mutations 
(Bucksch et al. 2020; Pico et al. 2020b; Xu et al. 2020). 
Four studies included tumors with loss of MLH1 expression 
without MLH1 promoter hypermethylation (Overbeek et al. 
2007; Pico et al. 2020b; Rodriguez-Soler et al. 2013; Win 
et al. 2015). Two studies examined BRAF V600E mutations: 
one study including tumors with or without a mutation (Win 
et al. 2015), and the other including tumors without a muta-
tion (Xu et al. 2020). No studies examining LLS-associated 
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cancer risks screened for the presence of double somatic 
MMR mutations (Monahan et al. 2020).

LLS‑related cancer risks

While the present study aimed to examined to examine 
cancer risks in LLS, this review predominantly focuses 
on a comparison of cancer risks in LLS compared to 
LS probands and FDRs, with less focus on cancer risks 
in LLS compared to the general population. This was a 

direct result of the study design of most included stud-
ies that mainly examined cancer risks in LLS compared 
with LS. Further, the most common cancer types examined 
in included studies were LS-related cancers, particularly 
CRC and endometrial cancer.

Age of CRC diagnosis

In the Win et al. large population-based study the mean 
(± SD) age of CRC diagnosis was slightly higher for LLS 
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probands [48.8 (± 12.3) years] than for LS probands [45.0 
(± 11.3) years] (Win et al. 2015), consistent with the mean 
CRC diagnosis age of 44 years for both LLS and LS patients 
in a smaller Dutch study (Overbeek et al. 2007). Similarly, in 
a small study (n = 34) examining cancer risk perceptions not 
included in the review, the mean CRC diagnosis age of LLS 
patients was 47.6 (± 10.9) years but these were a selected 
subgroup (Katz et al. 2016).

In contrast, a Spanish study by Pico et  al. found the 
median CRC diagnosis age (SD) in LLS patients was sig-
nificantly higher [54.9 (14.2) years] than LS patients [48.1 
(12.9) years, p = 0.01] (Pico et al. 2020b). However, this may 
reflect the small study size compared with the Win et al. 
(2015) study.

In LLS FDRs, Win et al. found the mean CRC diagno-
sis age as significantly older (57.9 ± 14.8 years) than LS 
FDRs (49.1 ± 13.1; p < 0.001) (Win et al. 2015), compara-
ble with findings of the smaller Chinese study where the 
mean age of diagnosis in LLS families was 44.5 ± 13.6 years 
compared with 37.5 ± 8.6 years in LS families (Xu et al. 
2020). However, in the small Spanish study by Rodriguez-
Soler et al., the mean CRC diagnosis age between LLS 
FDRs (53.71 ± 16.8 years) and LS FDRs was not different 
(48.5 ± 14.13 years; p = 0.23) (Rodriguez-Soler et al. 2013).

Notably, confirmation of CRC diagnoses may potentially 
influence these results. In the Win et al. study, 43% of CRC 
diagnoses were confirmed by medical records, with proband 
and family members interviewed to confirm CRC diagnoses, 
whereas in the two Spanish studies, cancer diagnoses were 
confirmed by medical records which are likely to be more 
reliable (Rodriguez-Soler et al. 2013; Xu et al. 2020).

Risk of any cancer

In the German study by Bucksch et al., the standard inci-
dence ratio (SIR) of any cancer in LLS patients was 2.7 
(95% CI 1.2–5.4) which was not significantly different to 
LS patients (Table 3; SIR = 5.3, 95% CI 3.8–7.3) (Bucksch 
et al. 2020). However, the cumulative risk of any cancer in 
LLS patients at 70 years was significantly lower compared 
to LS patients (log-rank; p = 0.043).

CRC risks

Bucksch et al. found no difference in CRC incidence in LLS 
patients (SIR = 14.8; 95% CI 5.4–32.2) compared with LS 
patients (SIR = 24.3, 95% CI 16.2–35.1) or CRC risks in 
LLS patients at age 70 (21.0%, 95% CI 9.9–41.3%) com-
pared to LS patients (40.9%, 95% CI 28.3–56.4%; log-rank, 
p = 0.102) (Bucksch et al. 2020). However, this study may be 
underpowered to identify differences given the small study 
size, as evidenced by the wide confidence intervals and the 

inability to find a difference in lifetime CRC risk between 
LS and Familial Colorectal Cancer Type X (FCCTX) which 
is inconsistent with a previous study (Samadder et al. 2017).

In males with LLS, Bucksch et al. found CRC inci-
dence was higher (SIR = 25.2, 95% CI 13.4–43.2) than 
females (SIR = 6.3; 95% CI 0.8–22.7), consistent with 
Xu et  al. where the mean number of males with CRC 
in LLS families was higher (2.04 ± 1.63) than females 
(1.54 ± 1.32) (Xu et al. 2020). Similarly, higher incidences 
of CRC cases in males have been reported in population-
based cancer registry data from Europe, Australia and the 
US (Bray et al. 2018), and in LS families (Sehgal et al. 
2014).

Prospective follow-up of participants after their first 
colonoscopy or at 25 years by Bucksch et al. found LLS 
index patients had higher CRC risks at 70 years (50%, 95% 
CI 19.6–88.9%) than their at-risk relatives (13.2%, 95% CI 
4.4–35.9%; p = 0.027).(Bucksch et al. 2020) Further, in 
the Pico et al. prospective follow-up study, CRC incidence 
was lower in LLS patients and families (0.5%) compared 
with LS patients and families (1.9%; p = 0.019) and LLS 
patients were at significantly lower risk of CRC than LS 
patients (log-rank; p = 0.0001) (Pico et al. 2020b).

In an earlier study, Overbeek et al. found LLS families 
carried a lower CRC risk (11%) compared with LS fami-
lies (66%; p < 0.009) (Overbeek et al. 2007). Three later 
studies found CRC incidence in LLS FDRs was higher 
than the general population but lower than LS FDRs; in 
Rodriguez-Soler et al. and Pico et al. studies the CRC SIR 
was 2.1 in LLS FDRs (Pico et al. 2020b; Rodriguez-Soler 
et al. 2013), and 6.04 (95% CI 3.58–9.54) (Rodriguez-
Soler et al. 2013), and 4.25 (95% CI 3.67–4.90; p < 0.001) 
(Pico et al. 2020b), respectively, in LS FDRs. Consistent 
with these findings, the larger Win et al. study found CRC 
incidence was lower in LLS FDRs (SIR = 3.45 95% CI 
2.62–4.57) than LS FDRs but SIRs were higher in mag-
nitude (SIR = 9.67, 95% CI 7.10–13.1) (Win et al. 2015). 
Notably, both Spanish studies comprised small fam-
ily cohorts so there was potentially selection bias. Pico 
et al. also included LS FDRs regardless of whether or not 
they carried MMR mutations (Pico et al. 2020b), where 
Rodriguez-Soler et al. only performed genetic testing in 
people with cancers which may influence study findings 
(Rodriguez-Soler et al. 2013). In the Win et al. study, as 
57% of CRC diagnoses in FDRs were self-reported (Win 
et al. 2015), if a proportion of these are false-positive diag-
noses, this may underestimate true associations.

Stratification by tumor location in the small Chinese 
cohort found significantly less left-sided CRCs and signifi-
cantly more rectal tumors in LLS families compared with 
LS families (Xu et al. 2020). Notably, the study by Mas-
Moya et al. also found LLS patients were more likely to 
have right-sided colon cancers and not have synchronous 
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and metachronous tumors (Mas-Moya et al. 2015), but as 
this was a comparative study it was not included in the 
systematic review.

Risks of extra‑colonic Lynch syndrome‑related 
cancers

Two small Spanish studies showed conflicting results in 
extra-colonic LS-related cancer (ECLSRC) risks. Pico 
et al. found the incidence of ECLSRCs in LLS FDRs was 
higher than the general population (SIR = 2.04, 95% CI 
1.44–2.80) but lower than LS FDRs (SIR = 5.01, 95% CI 
4.26–5.84; p < 0.001) (Pico et al. 2020b). However, no dif-
ference between LLS families and LS families in frequen-
cies of ovarian, stomach, urinary tract, skin, small intes-
tine, brain and biliary tract cancer were found (p < 0.05). 
Similarly, Rodriguez-Soler et al. found the incidence of 
ECLSRCs in LLS FDRs was not higher than the general 
population (SIR = 1.69, 95% CI 0.73–3.34) and lower than 
LS FDRs (SIR = 2.81, 95% CI 1.03–6.12) (Rodriguez-Soler 
et al. 2013).

In a prospective follow-up, Pico et al. found the appear-
ance of new cases of ECLSRCs after an index case diagnosis 
was lower in LLS patients and families (0.3%) compared 
with LS patients and families (2%; p 0.006) (Pico et al. 
2020b).

Endometrial cancer risks

Bucksch et al. found endometrial cancer incidence in LLS 
patients (SIR = 14.5; 95% CI 4.7–33.8) was significantly 
lower than in LS patients (SIR = 57.8, 95% CI 36.7–86.8) 
(Bucksch et al. 2020), consistent with increased LS-related 
endometrial cancer risks (Hampel et al. 2006). Cumulative 
endometrial cancer risk at 70 years was also significantly 
lower in LLS patients compared to LS patients (log-rank; 
0.002).

While Pico et al. found the frequency of endometrial 
cancer in LLS FDRs was high (20%), it was significantly 
lower than LS FDRs (48.4%; p = 0.001) (Pico et al. 2020b). 
Bucksch et  al. also found endometrial cancer risks in 
index LLS patients at 70 years were lower (4.0%, 95% CI 
1.0–15.3%) than LLS relatives (23.1%, 95% CI 8.1–55.8%; 
p = 0.01) (Bucksch et al. 2020).

Urothelial cancer risks

Bucksch et  al. found the incidence of urothelial cancer 
in LLS patients was higher than the general population 
(SIR = 6.6; 95% CI 1.8–16.8) and not significantly different 
to LS patients (SIR = 27.7, 95% CI 12.7–52.6); however, 
cumulative risk at 70 years was lower in LLS patients com-
pared to LS patients (log-rank; p = 0.015) (Bucksch et al. 

2020). Further, women from LLS families with MSH2 
protein deficiency had higher urothelial cancer risks than 
from LLS families with MLH1 or MSH6 protein deficiency 
(p = 0.003) (Bucksch et al. 2020).

Pancreatic cancer risks

Pico et al. found 6 of the 40 extra-colonic tumors in LLS 
FDRs were pancreatic tumors (15%), significantly higher 
than in LS FDRs (3.3%; p = 0.003) (Pico et al. 2020b). 
Similarly, Xu et al. found 1 pancreatic cancer case in 29 
extra-colonic tumors (3.5%) in LLS families and no cases 
in LS families (Xu et al. 2020).

Stomach cancer risks

One study reporting stomach cancer incidence in LLS 
patients found the incidence (SIR = 6.1; 95% CI 1.7–15.7) 
was similar to LS patients (SIR = 6.1, 95% CI 2.8–11.6) 
(Bucksch et al. 2020). Stomach cancer incidence was also 
higher in males with LLS (SIR = 7.7; 95% CI 1.6–22.5), 
similar to males with LS (SIR = 5.2, 95% CI 1.7–12.2).

Small bowel cancer risks

Bucksch et al. found the incidence of small bowel cancer 
in LLS patients was comparable to the general population 
(SIR = 11.9, 95% CI 0.3–66.3) and significantly lower than 
in LS patients (SIR = 126.0, 95% CI 79.9–189.0) (Bucksch 
et al. 2020). However, the number of cases was small as 
indicated by the wide confidence intervals. Nevertheless, 
cumulative cancer risks at 70 years were significantly 
lower in LLS patients than LS patients (log-rank; 0.004).

Surveillance recommendations

Rodriguez-Soler et al. recommended cancer surveillance 
for LLS families to be commenced at similar age as LS 
families albeit with longer intervals between surveillance, 
given the age of CRC diagnosis between LS and LLS 
patients was similar while the CRC risks were lower in 
LLS families than LS families (Table 3) (Rodriguez-Soler 
et al. 2013). Pico et al. recommended cancer screening for 
FDRs of LLS patients and gynaecologic surveillance of 
female LLS patients and FDRs, due to higher CRC and 
gynaecological cancer risks in LLS compared with the 
general population (Pico et al. 2020b). Win et al. sug-
gested compliance with general age-dependent screening 
recommendations but for CRC screening of FDRs of CRC 
cases to commence screening earlier (40 years) due to the 
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younger age of CRC diagnosis in LLS probands and higher 
CRC risk in LLS FDRs (Win et al. 2015). Xu et al. recom-
mended commencing screening at an early (unspecified) 
age, taking family history and higher rectal cancer risks 
into consideration (Xu et al. 2020).

Discussion

Clinicopathological characteristics of LLS tumors are 
similar to LS tumors. However, while cancer risks in LS 
patients and FDRs are well established, LLS-related can-
cer risks are less certain (Buchanan et al. 2014; Pico et al. 
2020a). The present study represents the first systematic 
review to examine cancer risks in individuals with LLS 
and families to help address clinically related ambiguities 
and surveillance strategies. Review of six included stud-
ies (five cohort and one cross-sectional) found CRC inci-
dence in LLS patients was similar to LS patients (Bucksch 
et al. 2020); however, CRC incidence in LLS FDRs was 
lower than LS FDRs but higher than the general popula-
tion (Bucksch et al. 2020; Pico et al. 2020b; Rodriguez-
Soler et al. 2013; Win et al. 2015). Studies also found 
the age of CRC diagnosis was comparable between LS 
and LLS patients (Overbeek et al. 2007; Win et al. 2015), 
and FDRs (Rodriguez-Soler et al. 2013), but these find-
ings were inconsistent across studies (Pico et al. 2020b; 
Rodriguez-Soler et al. 2013; Xu et al. 2020).

Notably, two studies found endometrial cancer risks in 
LLS patients and FDRs were lower than LS patients and 
FDRs but significantly higher than the general population 
(Bucksch et al. 2020; Pico et al. 2020b). The incidence of 
urothelial and stomach cancer in LLS patients was also 
high, comparable to LS patients, advising vigilance for 
related symptoms, particularly in females with MSH2 
protein deficiency due to associated risks (Bucksch et al. 
2020). While two studies indicated pancreatic cancer risks 
may be elevated in LLS families (Pico et al. 2020b; Xu 
et al. 2020), surveillance for pancreatic cancer is currently 
only recommended for high-risk individuals in a research 
setting (Pico et al. 2020b).

Critically, it is important to consider findings of this 
review in the context of the shortcomings of the current 
definition of the molecular phenotype of LLS. Although 
there are a number of potential causes of LLS, there is 
the possibility of heterogeneity across different LLS pop-
ulations due to the differing definitions used in studies 
examining LLS-related cancer risks (Clendenning et al. 
2011; Haraldsdottir et al. 2014; Liu et al. 2016; Mensen-
kamp et al. 2014; Morak et al. 2010). In particular, stud-
ies suggest up to 80% of cases suspected to have LLSs 
have double somatic MMR mutations (biallelic MMR 
deficiency) (Geurts-Giele et al. 2014; Haraldsdottir et al. 

2014; Mensenkamp et  al. 2014), with the most recent 
NCCN guidelines (Genetic/Familial High-Risk Assess-
ment: Colorectal, version 1.2021) not available prior to 
the included studies, recommending screening for double 
somatic mutations in people with unexplained MMR defi-
ciency. Importantly, Pearlman et al. also found people with 
LS were more likely to be afflicted with LS-related tumors 
than people with double somatic mutations and also meet 
Amsterdam II criteria (Pearlman et al. 2019). Other stud-
ies indicated current analytic techniques may not identify 
cryptic or complex MMR genetic variants (Clendenning 
et al. 2011; Morak et al. 2010; Pope et al. 2021), or vari-
ants in MMR regulatory regions rarely screened (Liu et al. 
2016). However, as studies examining LLS-related cancer 
risks did not screen for the presence of double somatic 
mutations or these variants, we could only report the find-
ings from available studies and acknowledge that LLS 
populations comprise a heterogeneous population with 
a large number of cases with double somatic mutations. 
Future studies should aim to examine the LLS-related can-
cer risks for patients with confirmed double somatic MMR 
mutations.

Clarifying the definition of LLS may be possible through 
advances in genetic testing strategies, as indicated by a 
recent study using a gene panel designed ad hoc in com-
bination with pathogenicity variant assessment to identify 
potentially causal LLS genes (deleterious MMR mutations) 
(Damaso et al. 2020). This is particularly pertinent for older 
studies included in the review using less accurate genetic 
technology than newer studies (Overbeek et al. 2007; Rodri-
guez-Soler et al. 2013), but as three of the six included stud-
ies were published within the last year (Bucksch et al. 2020; 
Pico et al. 2020b; Xu et al. 2020), the findings of this review 
are likely to be relevant for some time until there is a broader 
implementation of tumor testing to resolve LLS diagnosis.

Despite the acknowledged limitations regarding 
included studies failing to identify double somatic muta-
tions in LLS patients, our findings support regular colo-
noscopy screening of index cases in LLS patients and 
implementing early cancer screening in LLS FDRs due to 
earlier ages of CRC diagnoses and elevated CRC risks in 
LLS patients and FDRs (Bucksch et al. 2020; Pico et al. 
2020b; Rodriguez-Soler et  al. 2013; Win et al. 2015). 
Monahan et al. currently recommends 2-yearly colonos-
copy screening for CRC (as opposed to FIT/FOBT) for 
LLS individuals with unexplained MMR deficiency that 
do not have double somatic mutations and FDRs up to 
75 years commencing at 25 years, consistent with rec-
ommendations for MLH1 and MSH2 pathogenic variant 
carriers (Monahan et al. 2020). However, as two studies 
found the age of CRC diagnosis was older in LLS patients 
(Pico et al. 2020b), and LLS FDRs (Win et al. 2015), than 
LS patients and FDRs, colonoscopy surveillance could 
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potentially commence later, consistent with Monahan et al. 
recommendations for MSH6 and PMS2 pathogenic vari-
ant carriers (at 35 years) (Monahan et al. 2020). Further, 
longer intervals between colonoscopy may be advised due 
to lower CRC risks in LLS FDRs than LS FDRs (Bucksch 
et al. 2020; Pico et al. 2020b; Rodriguez-Soler et al. 2013; 
Win et  al. 2015), consistent with the Buchanan et  al. 
review that favored increased intervals > 2 years between 
screening (Buchanan et al. 2014). Importantly, family his-
tory of cancer needs to be considered and clinical rec-
ommendations devised based on individual LLS families 
which may result in personalized colonoscopy surveil-
lance strategies for certain LLS families (Bucksch et al. 
2020; Xu et al. 2020). Moreover, Monaghan et al. recom-
mend individuals with double somatic MMR mutations 
be followed up based on family history of cancer, not LLS 
guidelines (Monahan et al. 2020).

Strengths of this study include the strict adherence to 
PRISMA guidelines (Page et al. 2021), and strict study eligi-
bility criteria to identify and include relevant articles. Search 
strategies, data extractions and risk of bias assessment were 
performed by two independent reviewers, with a third person 
resolving any discrepancies. Included studies used appro-
priate and uniform methods for identifying MMR-deficient 
tumors and genetic phenotyping to define LLS and LS 
patients (Bucksch et al. 2020; Overbeek et al. 2007; Pico 
et al. 2020b; Rodriguez-Soler et al. 2013; Win et al. 2015). 
Consequently, comparisons across studies are unlikely to be 
affected by the methodology used across studies. Further, 
five included studies had a low risk of bias (Bucksch et al. 
2020; Overbeek et al. 2007; Pico et al. 2020b; Win et al. 
2015; Xu et al. 2020).

The study is limited by the scarcity of relevant studies 
examining LLS-related cancer risks eligible for inclusion 
and heterogeneity between included studies related to can-
cer diagnosis assessments, follow-up times and subgroups 
of participants. As mentioned, none of the included studies 
screened for the presence of double somatic mutations and, 
especially for older studies, the extent of germline MMR 
gene testing to identify more challenging mutations such 
as the inversion of exons 1–7 in MSH2 is unclear. Conse-
quently, it was not feasible to conduct a meta-analysis to 
quantitate cancer risks. While two studies examined pro-
spective follow-up (Bucksch et al. 2020; Pico et al. 2020b), 
only Bucksch et al. reported intensified colonoscopy sur-
veillance of participants (Bucksch et al. 2020), and Pico 
et al. acknowledged decreased adherence to follow-up in 
LLS FDRs, potentially due to an unclear LLS diagnosis 
(Carayol et al. 2002), may limit study findings (Pico et al. 
2020b). Median follow-up was relatively short (3–8.3 years) 
(Bucksch et al. 2020; Pico et al. 2020b; Rodriguez-Soler 
et al. 2013; Win et al. 2015), so cancers may not have been 
detected during this time. Further, some studies had only 

small numbers of cases, particularly for extra-colonic can-
cers (Bucksch et al. 2020; Pico et al. 2020b; Rodriguez-Soler 
et al. 2013), influencing reported cancer risks and screening 
recommendations. Study findings may also not be general-
izable to non-Caucasian populations as the review did not 
include any studies from non-Westernized countries.

Conclusion

Systematic review of relevant articles in the litera-
ture found LLS patients and FDRs are at increased risk 
of developing CRC and potentially at an earlier age to 
the general population, supporting recommendations of 
increased colonoscopy surveillance for LLS patients and 
FDRs, in line with LS guidelines. However, commencing 
screening at a later age and extending the time between 
screening may be considered for low-risk LLS families. 
Future studies focused on molecularly characterized LLS 
cases will help resolve the germline and somatic etiologi-
cal heterogeneity and enable studies to refine cancer risks 
for double somatic MMR mutation cases, leading to more 
personalized surveillance strategies for individual patients 
and families.
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