
Rezumat

Sindromul Lynch, caracterizat prin mutaţii în genele de reparare a
erorilor de potrivire a bazelor, este unul dintre sindroamele ce 
predispun la cancer, fiind asociat cu un risc crescut de cancer 
colorectal şi endometrial. Acest studiu îşi propune să analizeze în
detaliu conexiunile specifice şi să cerceteze mecanismele molecu-
lare fundamentale ale acestui sindrom. Modificările genetice la
nivelul genelor de reparare a erorilor de potrivire a bazelor ale
ADN-ului, precum MLH1, MSH2, MSH6, PMS2 şi EPCAM, 
predispun indivizii afectaţi la multiple tipuri de cancer. Prezenta
lucrare de cercetare examinează în mod exhaustiv metodele actuale
de screening şi măsurile preventive adaptate pentru indivizii 
diagnosticaţi sau cu risc de a dezvolta sindromul Lynch. Integrarea
tehnologiilor avansate de secvenţiere şi a dispozitivelor sofisticate
de bioinformatică a îmbunătăţit semnificativ precizia detectării
mutaţiilor, facilitând identificarea precisă a purtătorilor de mutaţii
şi a rudelor expuse la risc. În plus, în acest studiu se subliniază
evoluţia tehnicilor diagnostice, revoluţionând identificarea
potenţialilor purtători de mutaţii. Algoritmul diagnostic care 
integrează criterii clinice, teste tumorale şi analize genetice, joacă
un rol esenţial în identificarea şi gestionarea sistematică a
pacienţilor cu sindrom Lynch. Deşi asocierea bine-cunoscută a 
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Introduction

Lynch syndrome (LS), also known as hereditary
non-polyposis colorectal cancer (HNPCC), is a
genetic disorder that increases an individual's
risk of developing various types of cancer,
including colorectal, endometrial, ovarian and

stomach cancer. Lynch syndrome is caused by
mutations in one of several genes involved in
DNA mismatch repair (MMR). Constitutional
pathogenic variations (previously known as
inherited mutations) in the MMR genes MLH1,
MSH2, MSH6, PMS2, and EPCAM distinguish
LS from other diseases. Previously, only a small

sindromului Lynch cu cancerul colorectal şi endometrial este recunoscută, dovezi recente sugerează
un risc crescut pentru alte tipuri de cancer. Un aspect cheie al acestei recenzii de literatură este
analiza detaliată a corelaţiei dintre sindromul Lynch şi cancerele de prostată sau testiculare.
Înţelegerea acestor conexiuni este deosebit de importantă pentru elaborarea protocolelor de 
screening personalizate şi a strategiilor preventive pentru indivizii purtători de mutaţii genetice.
Evaluarea completă a acestui spectru divers de neoplasme subliniază necesitatea unor strategii de
supraveghere personalizate şi a abordărilor multidisciplinare pentru gestionarea şi reducerea
riscurilor la indivizii la care se suspectează modificări asociate sindromului Lynch.

sindrom Lynch, MMR, testare germinativă, carcinogeneza, cancer colorectal

Abstract
Lynch syndrome, characterized by DNA mismatch repair deficiency, represents a significant 
paradigm among cancer predisposition syndromes and is notably associated with heightened 
susceptibility to various cancers, particularly colorectal and endometrial malignancies. The 
primary aim of this research paper is to scrutinize specific associations and delve into the underlying
molecular mechanisms of Lynch syndrome. Genetic alterations in MMR genes, including MLH1,
MSH2, MSH6, PMS2, and EPCAM, compromise DNA repair mechanisms, predisposing affected
individuals to a spectrum of malignancies. This paper comprehensively investigates current 
screening methodologies and preventive measures tailored for individuals identified or at risk of
Lynch syndrome. The integration of advanced sequencing technologies and refined bioinformatics
tools has significantly improved mutation detection accuracy, facilitating precise identification of
mutation carriers and their at-risk relatives. Moreover, this review emphasizes the evolving 
diagnostic landscape, which have revolutionized the identification of potential mutation carriers.
The structured diagnostic algorithm, incorporating clinical criteria, tumor testing, and genetic
analysis, plays a pivotal role in systematically identifying and managing individuals with 
Lynch syndrome. While the well-established association of Lynch syndrome with colorectal and
endometrial cancers is recognized, emerging evidence suggests an increased risk for other types of
malignancies. A crucial aspect of this literature review is to extensively analyze the less commonly
acknowledged correlation between Lynch syndrome and prostate or testicular malignancies.
Understanding these correlations holds significant importance in guiding tailored screening 
protocols and preventive strategies for individuals carrying Lynch syndrome-associated genetic
mutations. The comprehensive assessment of this diverse spectrum of cancers underscores the
necessity for tailored surveillance strategies and multidisciplinary approaches to effectively manage
and mitigate risks in individuals harboring Lynch syndrome-associated genetic alterations.

Lynch syndrome, MMR, germline testing, carcinogenesis, colorectal cancer
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number of carefully chosen individuals with a
CRC diagnosis were provided with LS testing
(1). 

Tumor markers are substances in tumor
cells or in response to tumor growth. They can
be used to detect the presence of neoplasia,
monitor the progression of cancer and assess
the response to treatment (2). 

In Lynch syndrome, tumor markers can be
useful for several purposes. First, tumor
markers can be used to screen individuals
with Lynch syndrome for cancer development.
For example, individuals with Lynch syndrome
are at an increased risk of developing colorectal
cancer, so that they may undergo regular
screening with colonoscopy. Tumor markers
such as carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA 19-9) can help
detect colorectal cancer early when it is more
easily treatable. Second, tumor markers can
be used to monitor individuals with Lynch
syndrome who have been diagnosed with can-
cer. CEA and CA 19-9 are commonly used to
monitor the progression of colorectal cancer
and to assess the response to treatment.
Third, tumor markers can help distinguish
between sporadic malignancies and those
associated with Lynch syndrome. For example,
neoplasm associated with Lynch syndrome are
more likely to have defects in MMR, so testing
for MMR status can help identify individuals
with Lynch syndrome. However, immuno-
histochemistry (IHC) finds over 90% of LS
instances (3). 

Additionally, checkpoint inhibitor immuno-
therapy, which is relatively new and has
recently been authorized in standard clinical
practice, may be effective against MMR – defi-
cient tumors (4). Then, if IHC is abnormal for
proteins other than MLH1 in the tumors with
loss of MLH1 expression of MSI, the tumors
may be immediately qualified for genetic 
testing without waiting for a subsequent test
to identify methylation of the MLH1 promotor.
The patient is qualified for genetic testing for
LS if the tumor is deficient in mismatch repair
(dMMR), has abnormal IHC or Microsatellite
Instability Testing (MSI) results, and does not
show evidence of MLH1 promotor methylation.

All in all, there are currently two main 
methods for diagnosing Lynch syndrome: (1)
molecular screening of colorectal and endo-
metrial tumor samples for evidence of impaired
MMR function (MMR-D) or high-level MSI
(MSI-H) to identify cancer patients who should
undergo germline testing for pathogenic MMR
gene variants; or (2) direct germline testing 
carried out on patients who are personal and/or
family histories of cancer are suspicious for
Lynch syndrome (5).

Regarding the diagnosis of Lynch syndrome,
four primary pathology studies can help with
the molecular identification of cancer patients
who are likely to have Lynch syndrome: 1) MSI
testing based on polymerase chain reaction
(PCR); 2) immunohistochemical staining (or
immunohistochemistry (IHC)) for the MMR
proteins; 3) analysis of MLH1 promoter methy-
lation (or analysis of somatic BRAF V600E
mutant); and 4) next-generation somatic
(and/or germline) sequencing assays (5).

Recently, it has been demonstrated that
MSI status may be accurately determined by
next-generation sequencing (NGS) of malig-
nancies, either by directly evaluating many
microsatellite loci or by evaluating the overall
mutational load of a tumor as a proxy for MSI
status (6,7). Nowadays, all patients with colo-
rectal and endometrial cancers can now 
reliably get screening for underlying Lynch
syndrome thanks to developments in molecular
testing and NGS technology, while advances in
immuno-oncology promise to revolutionize 
the treatment of Lynch-associated cancers 
further (8).

Despite this critically important body of
knowledge, there are still several questions
concerning the epidemiology, pathogenesis,
clinical phenotype, and cancer risk reduction
of LS. This review offers a comprehensive
review of recent advancements in these
domains, acknowledging the scarcity of studies
published annually due to the rarity of this
pathology.

This literature review comprehensively
examined the currently available information
concerning genetic markers linked to Lynch
Syndrome. Moreover, it investigated the 
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varieties of these markers associated with
Lynch Syndrome, the methodologies for their
identification and their implications concerning
diagnosis and treatment. Additionally, we will
discuss the current research gaps and limita-
tions in the field. A separate investigation 
was conducted in well-known genetically asso-
ciated tumors such as colorectal, endometrial,
gastric, kidney, and uroepithelial cancers. 

This research provides thorough insights
into the current state of the field. It highlights
the need for further research in the area to
determine the exact nature of the relation-
ships between genetic markers and cancer
development. Furthermore, it can inform
future clinical and research decisions. The
article concludes by deliberating on the 
challenges and prospects offered by the 
ongoing research in the field. 

Materials and Methods

A comprehensive literature search was con-
ducted by the authors using Scopus, Medline
and PubMed data-bases between January
2015 and January 2023. Several combinations
of keywords such as genetic markers, Lynch
Syndrome, hereditary cancers, kidney, colon,
gastric, uroepithelial, MMR, MSH, MSI,
MLH, PMS, and DNA were employed. The 
initial stage of our study involved identifying
and examining 253 articles consisting of
observational research, review articles, 
systematic reviews and randomized controlled
trials. Upon screening the title/abstract and
conducting a thorough evaluation of full-text
articles, a subset of 100 articles conformed to
our inclusion criteria and were selected for
detailed analysis. These studies were included
based on specific prerequi-sites: implementa-
tion of germline testing, explicit diagnostic
methodologies and the examination of a 
substantial patient cohort. Texts in languages
other than English were excluded.

Furthermore, a meticulous examination of
these articles aimed to discern the predomi-
nant genetic markers utilized in Lynch
Syndrome research. The outcomes of this
analysis yielded critical insights into the 

current landscape of Lynch Syndrome investi-
gations, ultimately identifying 19 articles that
furnished comprehensive results warranting
detailed elucidation.

In our modest perspective, the implications
derived from this research possess the 
potential to significantly impact clinical and
research-related deliberations concerning
hereditary cancers and Lynch Syndrome. The
identification of prevalent genetic markers
and the insights garnered from these studies
contribute substantively to the ongoing 
discourse and decision-making processes in
this domain.

Results

There is a strong  correlation between point
mutations in tumor suppressor genes like p53
and APC and sporadic cases of colon cancer.
However, LS tends to have a lower incidence of
these mutations. After the onset of MMR in
LS, it is usual for mutations to develop in the
KRAS gene, which is then followed by muta-
tions in the APC gene (9,10). The syndrome is
responsible for a diverse array of oncological
cancer forms. The underlying mechanism of
this condition is a germline mutation of DNA
mismatch repair (MMR) genes, which can be
discovered in 88–95% of people who have been
diagnosed with this condition (11,12). In 
addition, approximately three percent of
instances of LS are caused by EPCAM, a gene
located nearby MSH2 that, when altered, can
potentially render MSH2 inactive (13). MMR
is one of the essential factors in preventing the
development of cancer in a biological system.
As a result, it repairs mismatched DNA inser-
tions and replication errors. Additionally, it
acts as a checkpoint to maintain vital genomic
stability by restoring improperly assembled
single-base matches during replication (14).
Furthermore, the damage caused by oxidation
or alkylation can be identified and either 
corrected or driven to cause death in the cell. 

Individuals diagnosed with Lynch syndrome
must initially meet the condition of having a

Chirurgia, 118 (6), 2023 www.revistachirurgia.ro 587



C.V. Ene et al

germline mutation present in one of the two
MMR genes. In most cases, inactivation of the
second healthy allele results from the 
presence of minor pathogenic variations in
addition to gene loss, which ultimately fails in
the MMR system (15).

To this day, research has pinpointed four
primary MMR genes as being involved in
developing cancer linked to LS. These predis-
posing genes are called mutL homolog 1
(MLH1) and mutS homolog 2 (MSH2), which
are then followed by mutS homolog 6 (MSH6)
and postmeiotic segregation increased 2
(PMS2). It has been demonstrated that MSH2
can create the MSH2-MSH6 heterodimer,
which detects base-base mismatches. The
MSH2 and MLH1 proteins are required to
form their respective dimer to function 
properly (16-19). MutL  then stimulates the
excision of the mismatched locus, which is 
carried out by proteins such as exonuclease-1
and DNA polymerase. DNA ligase then resyn-
thesizes and binds the DNA strand (20,21). 

Any deficiency in these proteins results in
an inactive DNA repair mechanism, which
raises pathogenic modification rates in genes
of the cell growth cycle, hence causing 
abnormalities in tumor suppressor genes and
oncogenes and a subsequent rise in cancer risk
(22). Inadequate MMR and the consequent
change in the number of nucleotides in a
microsatellite region, characterized as short
repeating DNA sequences, are known as
microsatellite instability (MSI), and it is 
present in roughly 95% of all cancers 
associated with LS (16). In contrast, MSI is
uncommon in colorectal cancer (CRC) that
arises sporadically. Tumor mutational burden
(TMB) was consistently high in colorectal 
cancer cases with MMR gene inactivation (23).

It has been demonstrated that it is cost-
effective for some institutions to routinely test
patients for LS who are at a 5% or higher risk
(24). It is also a regular practice to screen
patients with colon cancer under 50 years of
age. The three stages of evaluation – clinical

criteria, tumor tissue testing, and genetic 
testing are available to aid in diagnosing LS.

Clinical

The diagnosis of HNPCC is made using the
Amsterdam criteria I and II (25), but the 
diagnosis of Lynch syndrome (including 
suspected Lynch syndrome variations such as
Lynch-like syndrome) requires the discovery of
a mutation in the MMR gene.

Tissue testing

Immunohistochemistry and multiplex sequence-
independent polymerase chain reaction (MSI-
PCR) assays must be performed initially when
a tissue sample is available for analysis.
Immunohistochemistry can be used to distin-
guish the protein by-products of the MMR
genes MLH1, MSH2, MSH6, and PSM2.
When the MMR proteins are absent, certain
genetic testing is run. Polymerase chain 
reaction (MSI-PCR) measures the variance in
microsatellite length. A high MSI suggests
MMR insufficiency and supports the suspicion
of Lynch syndrome; however, testing five
marker panels of microsatellite alleles is 
indicated to determine the genuine MSI status
(26).

Genetic

When MMR gene abnormalities are detected,
germline genetic testing is required to 
diagnose Lynch syndrome. The universal 
testing strategy establishes who is eligible for
genetic testing. The analysis may involve IHC
testing for the proteins MLH1/MSH2/MSH6/
PMS2 and/or MSI analysis. Loss of MLH1 in
cancers indicates the need for BRAF testing 
or research into MLH1 promoter hyper-
methylation (27).

Once a patient meets the Amsterdam I/II
criteria and is determined to have MSI-high
tumors or a loss of protein expression on IHC,
LS is typically suspected. This is done after
consulting with a genetic counselor. However,
assertions made by certain researchers 
suggest that the strict Amsterdam II criteria
might potentially overlook a considerable 
segment of individuals with LS (28).
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The index patient and any future descen-
dants with a 50% probability of inheriting the
mutation would benefit from discovering a
diagnosis for LS.

Evolution of diagnostic criteria over time

Several recognized clinical models and methods
can be used to identify patients who are very
susceptible to LS. The Amsterdam Criteria I, or
the initial set of guidelines, was released in
1990. These standards were revised to reflect
the Amsterdam II standard, as shown in 

(25).
Finding those who do not meet the

Amsterdam criteria but may still be at risk for
LS is still challenging. Consequently, Bethesda
Guidelines were established in 1997. These
guidelines recommend identifying mutation
carriers by looking for replication defects and
MSI. An updated version of the Bethesda 
recommendations may be seen in (29)
and was made in 2004.

The Bethesda Guidelines are simplified by
the MIPA criteria, published in 2005 and
shown in , by leaving out the details of
family history, which are frequently unneces-
sary in clinical practice (30).

Colorectal cancer

The two most frequently observed cancer
forms in LS are CRC and endometrial cancer
(31). However, it has been demonstrated that
several other malignancies, including stomach
cancers, ovarian, biliary system, small bowel,
and brain tumors, are more common in LS
than in the general community (32). According
to research, there are differences between the
cancer traits linked to MLH1, MSH2, and
MSH6 gene mutations. As an illustration,
Vasen et al. (33) discovered that MSH2 muta-
tion bearers were more likely to develop extra-
colonic cancers than MLH1 mutation carriers.
This syndrome is linked with several clinical
traits common to colonic tumors. Female
MSH6 mutation carriers have a significantly

lower chance of developing CRC than do
MLH1 and MSH2 mutation carriers, according
to Hendriks et al. (34). For LS mutation 
carriers, colonoscopic monitoring has been
advised to stop the growth of cancer. Jarvinen
et al. (35) compared colonoscopic screening
(done at three-year intervals) with no screening
of at-risk LS family members in a long-term
controlled trial. The findings demonstrated
that screening greatly decreased overall 
mortality (8% in screened patients versus 22%
in controls) as well as the incidence of CRC
(6% in screened patients versus 16% in 
controls). The National Institute of Health and
Care Excellence has suggested "universal"
testing for all new CRC diagnoses since 2017
(4). Mismatch repair deficiency testing on the
tumor specimen is recommended for all CRCs,
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For identifying individuals at risk of being MMR mutation carriers, where all
criteria must be met:

Three or more relatives with histologically verified Lynch syndrome-
related cancers (colorectal, endometrial, small intestinal, renal pelvic,
ureter). One of which should be a first-degree relative of the other two.
Involvement of two or more successive generations should be affected
One or more cancers diagnosed before age 50
Exclusion of familial adenomatous polyposis

Table 1. Amsterdam II criteria for Lynch syndrome

Patients meeting any one of the following should undergo microsatellite
instability (MSI) testing:

CRC is diagnosed in an individual under the age of 50 years.
Presence of synchronous, metachronous colorectal, or other 
LS-associated tumors *, re-gardless of age.
CRC with the MSI-H (high-frequency MSI) histology ‡, in a patient
<60 years of age.
CRC is diagnosed in 2 or more first- or second-degree relatives with
LS-related tumors *, regardless of age.
CRC in 1 or more first-degree relatives with an LS-related tumor *,
with 1 of the cancers being diagnosed under age 50 years.

Table 2. Revised Bethesda Guidelines as a current recommendation
for LS identification

Patients meeting any one of the following should undergo MSI analysis:
CRC before the age of 50 years.
Two LS-associated tumors, including synchronous or metachronous
CRCs or
LS-associated tumors.
Adenoma before the age of 40 years.

Table 3. MIPA Criteria. Identifying LS in patients without a known
family history
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ideally on colonoscopic biopsies when practical
(36). Fecal immunochemical testing (FIT) was
introduced as a stopgap measure to risk 
stratify patients with LS owing to surveillance
endoscopy. An emergent colonoscopy was 
prioritized with a 10 g/g cut-off of feces (37). By
checking for the existence of somatic BRAF
V600E mutations, which serve as a stand-in
for the methylation state of MLH1, promoter
methylation in colorectal cancers can also be
evaluated indirectly (38). BRAF mutation has
a strong negative predictive value because
somatic BRAF V600E mutations are only
found in a small percentage of colorectal 
cancers overall, but they are found in 69% to
78% of colorectal cancers with MLH1 promoter
methylation and hardly ever in cancers linked
to Lynch syndrome (39).

Endometrial cancer

Patients are diagnosed at an average age of 
49 years, notably lower than the general 
community's average value of 60 years at the
time of diagnosis (40). According to studies,
MSH6 mutation families have a greater risk of
developing endometrial cancer (64–71%) than
MSH2 or MLH1 mutation families (40–50%)
(41). For MLH1, MSH2, MSH6 variant bearers,
and PMS2 variant carriers, the lifetime risk of
endometrial cancer ranges from 20% to 70%,
with a slightly lower but elevated risk of 
ovarian cancer. However, monitoring for 
uterine or ovarian cancer has not been shown
to lower mortality in LS (42). 94% of endo-
metrial cancer cases without MLH1 or PMS2
are due to methylation of the MLH1 promoter
(43). Due to the prevalence of MLH1 promoter
methylation, patients with MSI-H tumors
and/or tumors that show no expression of the
MLH1 and PMS2 proteins on IHC typically
rule it out before germline genetic testing.

Gastric cancer

Chronic gastritis brought on by Helicobacter
pylori is strongly linked to developing the
intestinal form of gastric cancer. Therefore,
research has indicated that H. pylori infection
and atrophic gastritis may indicate a higher
risk of gastric cancer in people with LS.

However, according to a Finnish survey, only
20% of gastric cancers in LS were H. Pylori
positive (44). In a group of 73 mutation carriers,
Renkonen-Sinisalo et al. (45) assessed the 
utility of gastroscopic surveillance. LS families
with a cluster of stomach cancer and in
nations with a high prevalence of the disease
are encouraged to get screened for gastric 
cancer, according to a group of collaborative
European specialists in hereditary gastro-
intestinal cancer. Serological biomarkers like
pepsinogen I and II and H. pylori antibodies
have also been proposed as a non-endoscopic
screening technique in LS for determining
individual risk for gastric cancer (46).

Uroepithelial and kidney cancer

Particularly in MSH2 mutation carriers, Van
der Post et al. (47) found an elevated risk for
bladder cancer. Similarly, MSH2 mutation 
carriers had a sevenfold greater lifetime risk of
developing urological tumors than did MLH1
mutation carriers, according to Watson et al.'s
research (48). It has been demonstrated that
urine cytology is ineffective in detecting bladder
and ureter cancers in LS mutation bearers (49).
On the other hand, abdomen ultrasound, 
urinalysis, and urine cytology are suggested 
for detecting urological lesions by European
authorities on hereditary gastro-intestinal 
cancer. Ages 30 to 35 should be the starting
point for screening, with gaps of one to two
years. This plan is particularly designed for
families with urological tumor clusters (46).

Prostate cancer

In men, prostate cancer is the most frequent
form of malignancy and the second highest
cause of fatalities attributed to cancer (50).
Although spontaneous adenocarcinomas of the
prostate make up the majority of cases, a tiny
percentage can be attributed to hereditary 
factors, most notably the BRCA2 gene (51).
Recent epidemiological research shows a link
between Lynch syndrome and prostate cancer.
Even if the molecular genetic pathways
involved in prostate cancer are not well known,
there is a link between Lynch syndrome and
prostate cancer (52). 
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The idea that prostate cancer should be
included in the Lynch syndrome spectrum has
been supported by a systematic review and
meta-analysis that was published in 2014 by
Ryan et al. (52). It found a total of 23 research,
including six molecular investigations and 18
risk studies, that analyzed data on prostate
cancer in people who carried the MMR gene
mutation. It was discovered that MMR 
deficiency was present in 74 percent of
prostate tumors among mutation carriers,
with a range of 57 – 85 percent (especially
MSH2 mutations). Those individuals with the
gene alterations had a relative risk of having
prostate cancer that was 3.67 times higher
(95% confidence interval (CI), 2.32 – 6.67). The
scientists also showed that patients with
Lynch syndrome had an epidemiological risk
of prostate cancer that was significantly
enhanced by two to three times compared 
to people without Lynch syndrome. These
findings corroborate a 2016 research of 288
Danish Lynch syndrome families, which found
that nearly 10% of the group acquired prostate
cancer. Sixty-nine percent of patients were
found to lack MMR (53).

As the protein products of BRCA1 and
BRCA2 are involved in DNA repair and other
associated functions to stabilize DNA, similar
to MMR proteins, the fact that carriers of
BRCA mutations are more likely to develop
prostate cancer adds an intriguing new twist
to this story (54).

The clinical implications concerning
screening and surveillance are not yet 
clearly evident. PSA testing should be tried
out in MSH2 mutation carriers between 
the ages of 40 and 50, according to the 
recommendations of Barrow et al. (55).

The most common form of cancer in men is
prostate cancer, and it is the second leading
cause of cancer-related death (50). Even
though spontaneous prostate adenocarcino-
mas account for most cases, a small percent-
age can be traced to hereditary factors, most
notably the BRCA2 gene (51). In recent 
epidemiological studies, a link has been
found between Lynch syndrome and prostate
cancer. Even though the molecular genetic

pathways involved in prostate cancer are 
not well understood, it is known that Lynch 
syndrome is associated with prostate cancer
(52).

Testicular cancer

It is unclear whether LS is associated with 
testicular cancer. This association has been
demonstrated in studies examining refractory
rather than primary testicular tumors (56).
One-third of refractory tumors and 0% to 6%
of unselected germ cell tumors were found to
exhibit MSI with reduced expression of MLH1
and MSH2 (57) and a higher risk of relapse
and death following chemotherapy (58). This
suggests that refractory tumors, which are
tumors that don't respond to chemotherapy,
are more likely to have reduced expression 
of certain proteins associated with DNA 
mismatch repair. Therefore, this could be why
refractory tumors have a higher risk of relapse
and death following chemotherapy (57).

However, other possible explanations exist
for why refractory tumors have a higher
relapse rate. For example, it could be that the
cancer cells in refractory tumors are more
resistant to the effects of chemotherapy.
Conversely, a possibility exists that cancer
cells within refractory tumors exhibit height-
ened aggressiveness and accelerated growth
compared to those within tumors responsive
to chemotherapy. Interestingly, some studies
have failed to demonstrate a correlation
between the expression of MLH1 or MSH2
and primary testicular cancer (56). This 
association needs to be further explored before
any conclusions can be formulated.

Others cancers

In a notable study across four LS research
facilities, Watson et al. identified a seven 
percent lifetime risk for ovarian cancer (48).
Additionally, they discovered that the risk for
ovarian cancer peaked between the ages of 40
and 55 and that MSH2 family members had
an occurrence rate that was almost twice as
high as that of MLH1 family members. LS
ovarian cancer appears to have a better 
prognosis than ovarian cancer in the general
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community or in people who carry the
BRCA1/2 mutation (59).

Pancreatic and biliary tract cancers appear
to have a connection to LS (60). According to
estimates, LS mutation carriers have a 2%
lifetime chance of developing these cancers
(32). Family members with LS are not typically
advised to undergo pancreas or biliary tract
cancer surveillance. Also, concerning the
screening for small bowel cancer, it is not in
the guidelines for clinic management of family
members with LS (60).

According to Vasen et al., MSH2 mutation
carriers are more likely to develop brain
tumors than MLH1 mutation carriers.
Additionally, it has been noted that LS brain
tumors exhibit microsatellite stability (61).

Emerging Therapies

Emerging therapies, including immune check-
point inhibitors, targeted therapies, and poly
ADP-ribose polymerase (PARP) inhibitors, are
being studied as potential treatments for
Lynch syndrome-associated cancers. Critical
for self-tolerance, immune checkpoints serve
as vital regulators within the immune system,
preventing in-discriminate attacks on cells.
The immune checkpoints programmed death
1 (PD-1), and cytotoxic T-lymphocyte-associated
protein 4 (CTLA4) pathways are negative feed-
back systems repressing T-cell cytotoxic
immune responses. Immune checkpoint 
inhibition with antibodies against CTLA4,
PD-1, or its associated ligands has led to 
phenomenal clinical responses in patients
with various types of cancer (62). Cancers with
high MSI (as in LS), manifest high mutation
rates resulting in the production of mutant
immunogenic proteins associated with a 
lymphocytic infiltrate (63). MMR deficiency
leads to the generation of a substantial 
number of neo-antigens, more than 20 times
higher than in tumors lacking MMR 
deficiency, potentially resulting in increased
immunogenicity and inducing a significant
immune response. These malignant cells also
overexpress immune-checkpoint proteins 
(PD-1 and CTLA-4) (64). Clinical trials have

shown promising results with immune-
checkpoint inhibitors in treating advanced
high-MSI colorectal cancer (65). Recent 
evidence has indicated a sustained impact in
patients with high-MSI pancreatic cancer (66).
Such findings suggest the potential for 
analogous results across various extracolonic
tumors associated with Lynch syndrome,
including those of urologic origin. 

Future Directions

The Lynch syndrome was originally recog-
nized as a colorectal cancer, however, in fact, it
encompasses a wide range of diseases due to
the presence of multiple affected organs, each
of which requires a unique treatment
approach. Providing the best care for patients
with this disease requires a multidisciplinary
medical team, which can be challenging not
only in terms of diagnosis but also in terms of
treatment. 

Espenschied et al. discovered that 27.3% of
patients did not fit any of the existing LS 
testing criteria and that MSH6 and PMS2
mutation carriers were substantially more
likely than MLH1 and MSH2 mutation 
carriers to only meet the BRCA1/2 testing
requirements (and not LS criteria) (67).
Additionally, 15.2% of the MSI and/or IHC
data that were available for individuals with
MSH6 or PMS2 mutations were inconsistent,
which may have made it possible for the 
mutation to go undetected in the absence of
MGPT. It could be observed that MSI and IHC
do not have 100% sensitivity for LS, and many
of the discordant MSH6 mutations may be
explained by known issues with IHC for the
MSH6 protein (68.69). Lynch syndrome is the
most prevalent cancer predisposition syn-
drome and is significantly underdiagnosed
despite being relatively uncommon in the
majority of clinicians' practices. This could
involve developing new screening methods
and treatments that could help identify those
at risk of Lynch Syndrome and prevent them
from developing certain types of cancer.
Another area of focus could be on further
understanding the genetics of Lynch
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Syndrome and its associated cancers. This
could involve studying how specific genetic
variations can affect the development of 
cancer and how genetic factors interact with
environmental factors.

Conclusions

Overall, the future of Lynch Syndrome
research is filled with possibilities. Advances
in genetic screening have revolutionized 
identification strategies, allowing for more
precise and comprehensive detection of 
individuals at risk. With further research and
understanding of the condition, there is hope
for better prevention and detection of Lynch
Syndrome and its associated pathologies.
These insights have also shed light on the
unique molecular pathways underlying Lynch
syndrome-related cancers, paving the way for
targeted therapies and immuno-therapeutic
approaches. 

Moreover, heightened awareness and inter-
disciplinary collaboration have underscored
the importance of holistic care, emphasizing
not just treatment but also psychological 
support and genetic counseling. This collabora-
tive approach is pivotal in delivering compre-
hensive care, from early detection to tailored
treatment plans, and facilitating informed
decision-making for patients and their 
families. 
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