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Abstract: Lynch syndrome, known as hereditary nonpolyposis colorectal cancer (HNPCC), is an
autosomal-dominant familial cancer syndrome with an increased risk for urothelial cancer (UC).
Mismatch repair (MMR) deficiency, due to pathogenic variants in MLH1, MSH2, MSH6, and PMS2,
and microsatellite instability, are known for development of Lynch syndrome (LS) associated carcinogenesis. UC is the third most common cancer type in LS-associated tumors. The diversity of
germline variants in the affected MMR genes and their following subsequent function loss might be
responsible for the variation in cancer risk, suggesting an increased risk of developing UC in MSH2
mutation carriers. In this review, we will focus on LS-associated UC of the upper urinary tract (UUT)
and bladder, their germline profiles, and outcomes compared to sporadic UC, the impact of genetic
testing, as well as urological follow-up strategies in LS. In addition, we present a case of metastatic
LS-associated UC of the UUT and bladder, achieving complete response during checkpoint inhibition
since more than 2 years.
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1. Introduction
Lynch syndrome (LS), also known as hereditary nonpolyposis colorectal cancer (HNPCC), is the most common hereditary type of colon cancer, accounting for 3% of new colon
cancer diagnoses [1]. Apart from early onset colon cancer with proximal predominance
and an excess of synchronous and/or metachronous colon cancer [2], the cancer types most
frequently associated with LS are endometrial and ovarian cancer [3], and malignancies
affecting the stomach, small bowel, prostate, breast, brain, and hepato-biliary tract [4–7].
Due to the increased recognition of tumor heterogeneity in LS, LS-associated cancer types
include urothelial cancer (UC) as the third most common cancer in subsets of these families
as first described by Lynch et al. in 1990 [8]. Therefore, the aim of this review article is
to focus on LS-associated UC of the upper urinary tract (UUT) and bladder, highlighting
genetics, molecular subtype classifications, and germline variant profiles compared to
sporadic UC, the impact of genetic testing, incidence, outcomes, and potential future treatment strategies such as immune checkpoint inhibitors (ICI), which might help to optimize
treatment in LS-associated cancer.
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1.1. Materials and Methods

1.1. Materials and Methods
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(National Library of Medicine, National Center for Biotechnology Information, Bethesda,
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Thereafter, suitable findings that we presumed to be of clinical interest were included
Thereafter, suitable findings that we presumed to be of clinical interest were included
in the detailed analysis in our review article.
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Table 1. Amsterdam criteria I for LS patient identification [34].
Amsterdam Criteria I
There should be at least three relatives with a CRC (colorectal cancer).
One should be a first-degree relative of the other two.
At least two successive generations should be affected.
At least one should be diagnosed before the age of 50 years.
Familial adenomatous polyposis (FAP) should be excluded.
Tumors should be verified by pathological examination.

As mentioned, LS includes various extra-colonic malignancies, which were not considered in these first diagnostic criteria. In 1999, the revised Amsterdam criteria II stipulated
at least three relatives with LS-associated cancer instead of only CRC, defined as CRC,
cancer of the endometrium, small bowel, ureter, or renal pelvis [35]. Because LS is a
hereditary disease, anamnesis and an accurate medical family record concerning malignancies are essential for early screening and diagnosis, but in clinical practice this can
be difficult [36]. Histopathology alone is not usually able to distinguish LS associated
CRC from sporadic CRC cases [37], but specific histopathological characteristics have been
described as being representative for LS. These include peritumoral Crohn’s like lymphatic
reaction, medullary histology with poor differentiation, and intratumoral lymphocytic
infiltration [38,39]. Mucinous histopathologic character is often present [40,41]. Identifying
individuals who do not meet the Amsterdam criteria, yet have a potential risk of LS, is still
a challenge. For this reason the Bethesda Guidelines were defined in 1997 which, when
fulfilled, propose testing of replication errors and MSI to detect mutation carriers [42]. The
Bethesda guidelines were revised in 2004 and are listed in Table 2 [43].
Table 2. Bethesda Guidelines as current recommendation for LS identification.
Revised Bethesda Guidelines
Patients meeting any one of the following should undergo microsatellite instability (MSI) testing:
CRC diagnosed in an individual under age 50 years.
Presence of synchronous, metachronous colorectal, or other LS-associated tumors *, regardless of age.
CRC with the MSI-H (high-frequency MSI) histology ‡ , in a patient <60 years of age.
CRC 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 a LS-related tumor *, with 1 of the cancers being diagnosed under age 50 years.
* Endometrial, ovarian, gastric, small bowel, pancreas, hepatobiliary tract, renal pelvis, or ureter and brain tumors, sebaceous gland adenomas, and keratoacanthomas. ‡ Presence of tumor-infiltrating lymphocytes, Crohn’s like lymphocytic reaction, mucinous differentiation, or
medullary growth pattern [25,26].

The MIPA criteria, published in 2005 and listed in Table 3, propose a simplified version
of the Bethesda Guidelines by excluding details of family history [44], which are often not
applicable in clinical practice [36].
Table 3. MIPA criteria. Identifying LS in patients without known family history.
MIPA Criteria
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.
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The molecular diagnostic approach combines MSI analysis and MMR protein immunostaining and seems to be a productive way of pre-selecting those patients at high risk
for LS for further germline variant analysis [45]. Ninety-five percent of LS-associated cancers are MSI-positive [46]. Tumors are characterized on the basis of frequency of instability:
Low-frequency MSI (MSI-L) and high-frequency MSI (MSI-H), which is suspicious for
LS. MSI-H status has been associated with better survival due to accumulation of somatic
mutations [47–49]. In CRC, MSI is a well-known prognostic marker [50]. Furthermore, in
patients with stage II disease of CRC, MSI is also of predictive importance for the response
to immunotherapy in metastatic disease [51]. Association between MSI and IHC in extracolonic LS cancers has been shown to become more and more weaker, suggesting that
microsatellites are organ-specific [50]. Different staining patterns in immunohistochemistry
(IHC) allow an assessment of MMR protein loss and have been proposed as an alternative
screening method to MSI testing, both being valid and effective diagnostic tools for selecting patients for further genetic germline variant analysis [52,53]. However, IHC cannot
differentiate between dysfunctional proteins deriving from either missense mutations or
polypeptides. It has been shown that MSH2 and MLH1 proteins are the obligatory partners
of their heterodimers MSH6 and PMS2, respectively (Figure 1). Furthermore, MSH2 and
MLH1 are stable without their dimer partners, but not reversely. To conclude, tumors with
an MLH1 pathogenic germline variant will show loss of both partners MLH1 and PMS2.
Pathogenic variants in MSH2 will result in disintegration to missense of both MSH2 and
MSH6. On the other hand, pathogenic variants in the secondary genes MSH6 and PMS2
result in selective loss of only these genes, as additionally summarized in Table 4. IHC
should therefore include antibodies of all four proteins in order to detect as many as MLH1
and MSH2 abnormalities as possible. Thus, various IHC expression patterns associated
with MMR-gene pathogenic variants are possibly based on the heterodimeric nature of the
MMR proteins as already described by Van Lier et al. [45].
Table 4. Protein expression in MMR-gene mutations.
Gene

MLH1

MSH2

MSH6

PMS2

MLH
MSH2
MSH6
PMS2

−*
+
+
−

+
−
−
+

+
+
−
+

+
+
+
−

* MLH1 gene mutation or promoter hypermethylation. + Positive nuclear protein expression in tumor and normal
cells. − Negative nuclear protein expression in tumor cells and positive staining in normal cells.

In comparison, IHC may be slightly superior in predicting pathogenic germline
variants to MSI analysis. Additionally, it is cheaper and more easily applicable [54] as a fast
and simple procedure. IHC for MMR proteins should not replace MSI testing to detect LS,
encouraging a so called ‘combined diagnostic molecular concept’, as IHC interpretation
may be difficult due to inter- and intraobserver variability, missense mutations, or low or
absent intensity of nuclear staining in tumors and normal tissue [55,56]. Nevertheless, both
molecular screening methods, IHC staining and MSI analysis, confirm the absence of one
the four MMR proteins or a high MSI count, which assigns patients to further germline
analysis. On the other hand, if the clinical suspicion for LS is very high, even in the case
of no tumoral MMR deficiency or MSS tumors, genetic counselling and testing are still
indicated, although the false-negative rate of MSI analysis is very low (<5%). Due to the
fact that germline analysis is time consuming and expensive, the current standard practice
is to select patients for genetic testing by a molecular diagnostic work-up, guided by clinical
and pathological criteria, such as MSI testing and IHC staining of MMR proteins [45].
Genetic testing is performed on DNA isolated from peripheral blood mononuclear
cells obtained by blood draw or from an oral rinse. Currently, in addition to MLH1 and
MSH2, whose testing was introduced in 1990s, mutations in the genes MSH6, PMS2, and
EPCAM are now also included in testing of individuals suspected to have LS [57–59].
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Germline testing confirms LS in only 24 to 67% of MMR-deficient CRC and in 16 to 80%
of MMR-deficient EC [60,61], depending on the IHC expression patterns. Accordingly,
germline analysis by next-generation sequencing has improved, generating a more comprehensive genetic profile of both germline and somatic mutations, thereby analyzing DNA
isolated from both blood and tumor samples in parallel [62]. Subsequently, ‘paired tumor
and germline testing’ seems to be an attractive diagnostic tool in the LS testing algorithm,
as it identifies an underlying cause for MMR-deficient tumors such as CRC and EC in
76% and 61% of patients without and with prior LS germline testing. Combined testing
allows the simultaneous diagnosis of LS and describes atypical IHC patterns in patients
where germline pathogenic variants were not concordant with specific protein expression,
e.g., double somatic mutations, which explain IHC staining in addition to a germline
mutation in a different LS gene. Moreover, solely tumor sequencing for germline screening
is limited in detecting exon-level somatic copy number variants in regions with significant
pseudogene homology such as the PMS2 pseudogene region [63]. These findings may
corroborate the importance of performing a comprehensive germline testing regardless of
IHC staining patterns, reducing the risk of germline rearrangements.
1.5. Lynch Syndrome and UC of the UUT and Bladder
UC of the UUT accounts for only 5 to 10% of UC [64], but about 60% of primary
diagnosed UUT cancers are invasive, and 7% have already metastasized at first diagnosis [65,66]. Tumors of the renal pelvis are 3 to 4 times more common than malignancies
of the ureteric tract [67]. Hereditary UC of the UUT is linked to LS and accounts for
approximately 20% of all UC of the UUT [68,69], and it ranks third (5%) after colon cancer
(63%) and EC (9%) within the group of HNPCC-associated tumors [70]. Patients diagnosed
with LS have a 22-fold higher risk and a cumulative lifetime risk of 3% to develop UC of
the UUT, as compared to the general population [70,71]. The relative risk of UUT cancer
in patients with LS therefore is 14% [72]. Compared to sporadic UC, LS-associated UC is
known to have a female predominance and to occur at a younger age [73]. Hubosky et al.
first described that patients with LS who develop UC of the UUT in their cohort appear to
be more likely to have bilateral UC of the UUT over their lifetimes compared to sporadic
UUT cancer patients [25].
Whereas UC of the UUT and bladder are biologically and histomorphologically very
similar [74], differences in germline variant profiles have been noticed, especially in highgrade urothelial tumors [75]. Comparison of next-generation sequencing of high-grade
UUT cancer with high-grade UC of the bladder identified similar pathogenic germline
variants in both cancer types, but at different frequencies [76], confirming a higher prevalence of fibroblast growth factor receptor 3 (FGFR3), HRAS and CDKN2B mutated genes
in high-grade UUT cancers, and TP53 and RB1 in high-grade UC of the bladder [76,77].
FGFR3 is a member of the tyrosine kinase family and its signaling plays a role toward cell
differentiation and proliferation [78] and is known to contribute to an early and essential
stage in the molecular pathogenesis of papillary bladder cancer [79,80]. Moss et al. confirmed four unique molecular and clinical subtypes of UC of the UUT by whole-exome
sequencing of DNA, RNA sequencing, and protein analysis, as described in Table 5.
Table 5. Proposal of four clinical and molecular subtypes of urothelial cancer (UC) of the upper urinary tract (UUT) [81].
Cluster 1

No PIK3CA mutation, non-smokers, high-grade < pT2 tumors, high recurrence

Cluster 2

100% FGFR3 mutation, tobacco use, low-grade tumors, non-invasive disease, no bladder recurrences

Cluster 3

100% FGFR3 mutations, 71% PIK3CA, no TP53 mutations, tobacco use, tumors all <pT2, five bladder recurrences

Cluster 4

KMT2D (62.5%), FGFR3 (50%), TP53 (50%) mutations, no PIK3CA mutations, tobacco use, high-grade pT2+
disease, carcinoma in situ, shorter survival

A systemic evaluation of current genomic sequencing and proteomic data in UC of
the UUT confirmed molecular differences in FGFR3 (fibroblast growth receptor 3), TP53,
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and MSI between sporadic (80–90%) and hereditary (10–20%) UUT cancers. Whereas
sporadic low-grade UC of the UUT is FGFR3 mutated in over 90%, high-grade UC of
the UUT is associated with TP53/MDM2 mutations. Nevertheless, UC in patients with
LS share molecular similarities of subtype classification with sporadic UC, identifying a
predominance of the ‘urothelial-like’ molecular subtype in LS with only the remaining 20%
being genomically unstable, basal-like, or related to other subtypes [73]. MMR protein
loss has been shown to be present in 7% of all UUT cancer cases and 30% in LS-related
UC of the UUT, in this cohort of patients with UUT urothelial cancers and verified loss of
mismatch repair protein expression, up to 86% were affected in loss of MSH2 and MSH6,
with the remaining 14% showing isolated loss of MSH6 [82]. Cases with MSH2 variants
were shown to have the highest risk of developing UC [73,83,84], with an odds ratio of 4.6
(p = 0.001) [85]. Development of UC has been shown to be strongly associated with MSH2
variants in up to 73%, leaving patients with this specific protein-loss at higher risk for UC
than individuals with loss of MLH1 or MSH6. [15]. MSI is described to be rare in bladder
cancer and to be present in up to 40% of cases of UC of the UUT cases [86,87]. Certain
clinical and pathological criteria are more common in UC of the UUT with MSI, such as
location in the lower ureter, female sex, younger age, and an inverted growth pattern [88].
Huang et al. have reviewed the association between LS and bladder cancer. It has to
be said that it is difficult to assess whether bladder cancer is a LS-associated malignancy,
as data regarding the risk of bladder cancer in LS are sparse, yet penetrance was shown
to be much less than for LS-associated UC of the UUT [89]. Generally, it has been shown
that bladder cancer generally was more common in MSH2 variant families than in the
general population. Additionally, these patients had evidence of UC of the UUT as well,
which leads the authors to assume that individuals with bladder cancer had an increased
risk for UC of the UUT in the first place [90]. Especially amongst patients with MSH2
pathogenic variants, the incidence not only for UC of the UUT, but also for bladder cancer,
has shown to be increased [91]. A Swedish cohort of patients fulfilling the Bethesda
criteria showed an increased risk of malignancies of UC of the UUT, but interestingly not
of UC of the bladder itself [92]. In contrast, van der Post et al. confirmed an increased
risk of UC of both the UUT and the bladder in patients with LS carrying a germline
MSH2 variant. The cumulative risk of bladder cancer alone until the age of 70 years
in MSH2 pathogenic variant carriers and first-degree relatives was 12.3% for men and
2.6% for women. The overall cumulative risk for urinary tract cancer, including bladder
and UUT, in MSH2 germline variant carriers and first-degree relatives was 18.2% in men
and 8.4% in women [84]. However, there are several factors that may point to the link
between bladder cancer and LS [89]. First of all, patients with prior or concurrent UC
of the UUT can confound results. Moreover, the low rate of MSI in UC of the bladder
may be due to the association with LS [93]. Most importantly, patients with LS-associated
UC have similar overall survival rates compared to stage-matched sporadic UC, but are
diagnosed at younger age in female patients. In addition, in MMR-deficient LS patients the
overall survival was not significantly influenced by MSI [73]. In patients who underwent
nephroureterectomy due to invasive UC of the UUT, a high MSI incidence (17%) was
an independent positive prognostic factor for survival, especially in patients younger
than 71 years with tumor stage T2-T3N0M0 [94]. Five-year and 10-year survival rates for
LS-associated bladder cancer with germline pathogenic variants in any of the four MMR
genes were very promising with 93% and 81%, respectively [28]. These data suggest that
bladder cancer is part of the LS tumors spectrum and consequently, surveillance should be
considered, especially in MSH2 pathological germline variant carriers.
1.6. Recommendations of Screening in LS
Early diagnosis of LS enables precise screening for potential LS-associated tumors
and inclusion into follow-up programs, reducing the lifetime cancer risk [95,96]. Universal
molecular testing can miss up to 28% of LS cases after applying the revised Bethesda
Guidelines [95]. Specific screening of patients presenting with UC of the UUT using IHC
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of MMR proteins and the revised Amsterdam Criteria (ACII) [35] showed that in patients
with no known cancer predisposition, up to 21% were estimated to have underlying
LS [97]. The sensitivity and specificity of immunohistochemistry are approximately 83%
and 89% [95,98]. Furthermore, specific histopathological features, such as pleomorphism,
inverted growth, and intratumoral lymphocytes, were associated with the presence of
LS [99]. MSI occurred significantly more often when the pathological feature of inverted
growth was present, leading to the consideration that this histological parameter could
serve as a marker lesion for MSI and help identify patients with LS with UC of the UUT.
Using positive ACI/II, MSI, or IHC, Metcalfe et al. identified 13.9% of UC of the UUT as
potential LS-tumors. Subsequent genetic testing confirmed LS in 5.2% [97], which is still
highly frequented and highlights the importance of this genetic syndrome in UC. Screening
for EC and CRC for loss of MMR proteins has already become a standard of care [100,101].
Usage of IHC and PCR was implemented for screening of all new CRC cases, resulting in
94% concordance [102,103]. Similar screening concepts, which are clinically easy applicable
and cost-effective, are yet to be established to identify patients with LS-associated UTUC.
Currently, the only recommendation for testing of LS is by the European Association of
Urology (EAU) Guidelines. Patients at high risk for HNPCC syndrome, which means age
<60 years, a personal history of HNPCC-related cancers or first-degree relative <50 years
with HNPCC-related cancers, or two first-degree relatives with HNPCC-related cancers [68]
should undergo germ-line DNA sequencing with family counselling [64]. In a cohort of
117 patients, it was demonstrated that previously suggested demographic and histologic
factors were found to be ineffective at flagging patients with UC of the UUT for further
screening, proposing reflexive MMR screening by IHC followed by MSI testing for all
UC of the UUT patients [104]. Implementation of a universal screening method remains
challenging. European guidelines for managing patients with MMR mutations recommend
sonography and urine analysis every one to two years from the age of 30 only in family
constellations of two or more UC of the UUT cases [105].
1.7. Recommendations of Urological Surveillance in LS
Mork et al. suggested surveillance of patients with diagnosed LS, yet without development of UC of the UUT. The recommendations include (1) frequent urinalysis with a
threshold of three red blood cells per high power field for further investigation, (2) CT scan
including a urographic phase when follow-up of CRC is performed, and (3) cystoscopy
with a retrograde pyelography. Urine cytology is not recommended [106]. There is general
agreement that regular urinalysis should be the leading diagnostic examination when it
comes to surveillance in patients diagnosed or suspicious for LS [70,107,108]. In cases of
UC of the UUT, MSI testing therefore should be sought, and hereditary predisposition
should be investigated, pursuing patients with MSH2 protein loss in IHC to undergo
further testing for germline mutations. Special attention should be put on surveillance of
UC of the bladder in patients with a verified MSH2 variant, as the association between
MSH2 and UC has evolved in the past [15,109,110]. In literature, recommendations for UC
surveillance in LS are defined as ultrasound of the bladder and UUT with urine cytology
and sediment in every MSH2 mutation carrier starting at age 40 and above, performed
every one to two years [84].
1.8. Lynch Syndrome and Immunotherapy
Immune checkpoint inhibitors (ICI) have had a profound impact on the oncological
treatment landscape and are known to act as regulators of T cell activation [111]. The core
concept is the ability of ICI to enhance the anti-tumor activity of infiltrating T cells. The
immune checkpoints (IC) targeted by ICI are programmed cell death 1 (PD-1), programmed
cell death ligand 1 (PD-L1), and cytotoxic T lymphocyte antigen 4 (CTLA-4). IC prevent
infiltrating T cells from attacking tumor cells. Conversely, blockade of these IC by ICI
abrogates the immunosuppressive effects and facilitates antitumor T cell responses. MMR
protein loss causes an upregulation of mutation-associated neoantigens, which then trigger
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more T cells to infiltrate the tumor [112]. However, PD-1 and PD-L1 are often upregulated
in infiltrating T cells, preventing antitumor responses. These tumors are reported to express
high PD-(L)1 levels on their cell surface [113,114]. Upregulated expression of immune
checkpoints, e.g., PD-L1, then leads to inhibition of cytotoxic T cell activity in the tumor
environment and thereby promotes immunosuppression, associated with poorer overall
survival [115]. Administration of PD-1 and PD-L1 inhibitors in MSI tumors can therefore
be held accountable for good response rates. Cancers with proven MSI produce large
amounts of neo-antigens that tumor infiltrating lymphocytes (TILs) subsequently target;
these tumors are reported to express high PD-(L)1 levels on their cell surface [113,114]. In
the advanced therapy-refractory treatment setting, it has been shown that MSI tumors
are suitable for immunotherapy [116]. In the Checkmate 142 phase 2 trial, nivolumab
achieved further durable responses, consisting of an objective response rate (ORR) of
31%, with almost 69% of patients having disease control for longer than 12 months [117].
Previous case reports have also shown a better response in both CRC and UTUC in patients
who had received pembrolizumab after failure of chemotherapy [118,119]. Based on the
results of the Checkmate 142 trail, nivolumab received approval for metastatic colorectal
cancers with MMR-deficiency and MSI-H that has progressed following prior treatment
with fluoropyrimidine, oxaliplatin, and irinotecan [117]. Le et al. found that patients with
MMR deficiency showed a significantly higher ORR (40%) compared to patients with
MMR proficiency (11%) in colon cancer in response to pembrolizumab treatment. In this
cohort, MSI was a significant predictor of ORR [32]. This was also verified for tumors with
MMR deficiency regardless of their origin [120], which finally resulted in FDA approval of
pembrolizumab in MMR deficient tumors [121]. In epithelial ovarian cancer, the common
histologic subtype of high grade serous cancer showed higher PD-L1 positivity and a
higher rate of TILs, supporting the consideration of immunotherapy being a promising
treatment strategy for this type of ovarian cancer [122]. Recently, pembrolizumab has been
approved as first line therapy of metastatic MMR/MSI colorectal cancer [123]. Currently,
trials that use ICI in LS-associated tumors are restricted to CRC with no ongoing trials in
LS-associated UC. Yet, they point out the upcoming importance of immunotherapy in all
MMR deficient tumors. A detailed list of studies concerning LS is shown in Table 6.
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Table 6. Trials with immunotherapy in Lynch syndrome.
Agents

Targets

Comparator

Study

Study
Phase

Status

Patient
Enrollment

Study Number

Primary Outcome
Measures

Secondary
Outcome Measures

Pembrolizumab

PD-1

-

MK-3475-016

II

completed

113

NCT01876511

irPFS 20 w
irORR
PFS 20 w

OS
irPFS 28 w
ORR
AE
PFS 28 w
DCR
MSI as marker

Nivolumab/
Nivolumab + Ipilimumab/
Nivolumab + Ipilimumab +
Cobimetinib/
Nivolumab + Daratumumab

PD-1
CTLA-4
MEK
CD38

-

Checkmate 142

II

active, not
recruiting

340

NCT02060188

ORR

ORR

Combination
Chemotherapy + Atezolizumab

PD-L1

Combination
Chemotherapy

NCI-2016-01417

III

recruiting

700

NCT02912559

DFS

OS
AE

Pembrolizumab

PD-1

Standard of Care

Keynote-177

III

active, not
recruiting

308

NCT02563002

PFS
OS

ORR

Nivolumab

PD-1

-

NCI-2018-01491

II

active, not
recruiting

3

NCT03631641

Adenoma incidence

-

irPFS—immune related progression free survival, irORR—immune related objective response rate, ORR—objective response rate, PFS—progression free survival, OS—overall survival, AE—adverse events,
DCR—disease control rate, DFS—disease free survival.
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3. Conclusions
Hereditary urological cancers, especially of the UUT, can often be misclassified as
sporadic, resulting in an underestimation of their incidence. Hereditary UC of the UUT
accounts to approximately 20% of all UC of the UUT cases and ranks third (5%) after colon
cancer (63%) and EC (9%) within all reported LS-associated tumors. Compared to sporadic
UC, LS-associated UC, especially in the UUT, is associated with a female predominance,
bilateral occurrence, and younger age at first diagnosis. Specific histopathological features,
such as intratumoral lymphocytes and inverted papilloma-like growth pattern, may be
useful in combination with IHC in identifying those at risk for LS. Urological surveillance in
LS should include imaging of the UUT, urine analysis, cytology, and cystoscopy, especially
in patients with MSH2 germline variants. MSI was detected more frequently when the
pathological feature of inverted growth was present, leading to the consideration that this
pathological feature could serve as a surrogate marker for MSI and help identify patients
with LS and UC of the UUT at first oncological diagnosis. In cases of UC of the UUT, MSI
testing should be sought, and hereditary predisposition should be investigated by genetic
testing. In this context, IHC serves as a clinically more applicable strategy to identify
patients with MMR protein loss for subsequent genetic testing. Since MSI, which occurs
in up to 40% of UC of the UUT cases, is associated with a better survival, and given that
tumors with a high MSI show good responses to immunotherapy, it is tempting to predict
that ICI will have a central role in the therapeutic regimes of LS.
As presented in our case, ICI show promising results in the therapeutic landscape
of LS-associated tumors, which is supported by our case presentation. Future research
is dedicated to the development of guidelines that provide a framework for screening,
surveillance, and therapy regimes of patients diagnosed with LS-associated UC.
Author Contributions: A.K.L., G.S., and R.P. conceived and designed research. R.P., M.T., and Z.C.
were responsible for validation. G.U., P.O., and I.P. adjudged the histological specimens, performed
IHC and provided histological imaging. F.S. provided radiological imaging to our case report. A.K.L.
and G.S. drafted the original manuscript. R.P., G.T., M.T., G.U., I.P., W.H. and Z.C. critically revised
and edited the manuscript draft. R.P., M.T., W.H., and Z.C. were responsible for supervision. All
authors made substantial contributions to the manuscript draft and critical revised it. All authors
have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.
Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations
ACII
AUA
CT
CRC
CTLA-4
DNA
EC
FAP
FGFR3
HPF
ICI
IHC
LS
MLH1
MMR
MSH2
MSH6
MSI

Amsterdam Criteria II
American Urological Association
computed tomography
colorectal cancer
cytotoxic T lymphocyte antigen 4
deoxyribonucleic acid
endometrial cancer
familial adenomatous polyposis
fibroblast growth factor receptor 3
high-power field
immune checkpoint inhibitors
immunohistochemistry
Lynch syndrome
mutL homolog 1
mismatch repair
mutS homolog 2
mutS homolog 6
microsatellite instability

Int. J. Mol. Sci. 2021, 22, 531

16 of 21

MSI-H
MSI-L
MSS
ORR
PD-1
PD-L1
PMS2
RBC
Th1
TIL
TMB
UC
UUT

high-frequency MSI
low-frequency MSI
microsatellite stable
objective response rate
programmed cell death 1 protein
programmed cell death ligand 1 protein
postmeiotic segregation increased 2
red blood cells
Type 1 T helper cells
tumor infiltrating lymphocytes
tumor mutational burden
urothelial cancer
upper urothelial tract

References
1.
2.

3.

4.
5.
6.
7.

8.
9.
10.

11.

12.
13.
14.

15.
16.

17.

18.

19.
20.
21.

Fodde, R. The APC gene in colorectal cancer. Eur. J. Cancer 2002, 38, 867–871. [CrossRef]
Kloth, M.; Ruesseler, V.; Engel, C.; Koenig, K.; Peifer, M.; Mariotti, E.; Kuenstlinger, H.; Florin, A.; Rommerscheidt-Fuss, U.;
Koitzsch, U.; et al. Activating ERBB2/HER2 mutations indicate susceptibility to pan-HER inhibitors in Lynch and Lynch-like
colorectal cancer. Gut 2016, 65, 1296–1305. [CrossRef] [PubMed]
Mangold, E.; Pagenstecher, C.; Friedl, W.; Mathiak, M.; Buettner, R.; Engel, C.; Loeffler, M.; Holinski-Feder, E.; Müller-Koch, Y.;
Keller, G.; et al. Spectrum and frequencies of mutations in MSH2 and MLH1 identified in 1,721 German families suspected of
hereditary nonpolyposis colorectal cancer. Int. J. Cancer 2005, 116, 692–702. [CrossRef] [PubMed]
Boland, C.R. Recent discoveries in the molecular genetics of Lynch syndrome. Fam. Cancer 2016, 15, 395–403. [CrossRef]
Modrich, P. Mechanisms in eukaryotic mismatch repair. J. Biol. Chem. 2006, 281, 30305–30309. [CrossRef]
Bridge, G.; Rashid, S.; Martin, S.A. DNA mismatch repair and oxidative DNA damage: Implications for cancer biology and
treatment. Cancers 2014, 6, 1597–1614. [CrossRef]
Dominguez-Valentin, M.; Sampson, J.R.; Seppälä, T.T.; Ten Broeke, S.W.; Plazzer, J.-P.; Nakken, S.; Engel, C.; Aretz, S.; Jenkins,
M.A.; Sunde, L.; et al. Cancer risks by gene, age, and gender in 6350 carriers of pathogenic mismatch repair variants: Findings
from the Prospective Lynch Syndrome Database. Genet. Med. 2020, 22, 15–25. [CrossRef]
Lynch, H.T.; Ens, J.A.; Lynch, J.F. The Lynch syndrome II and urological malignancies. J. Urol. 1990, 143, 24–28. [CrossRef]
Li, X.-L.; Zhou, J.; Chen, Z.-R.; Chng, W.-J. P53 mutations in colorectal cancer—Molecular pathogenesis and pharmacological
reactivation. World J. Gastroenterol. 2015, 21, 84–93. [CrossRef]
Ahadova, A.; Gallon, R.; Gebert, J.; Ballhausen, A.; Endris, V.; Kirchner, M.; Stenzinger, A.; Burn, J.; von Knebel Doeberitz, M.;
Bläker, H.; et al. Three molecular pathways model colorectal carcinogenesis in Lynch syndrome. Int. J. Cancer 2018, 143, 139–150.
[CrossRef]
Ten Broeke, S.W.; van Bavel, T.C.; Jansen, A.M.L.; Gómez-García, E.; Hes, F.J.; van Hest, L.P.; Letteboer, T.G.W.; Olderode-Berends,
M.J.W.; Ruano, D.; Spruijt, L.; et al. Molecular Background of Colorectal Tumors from Patients with Lynch Syndrome Associated
with Germline Variants in PMS2. Gastroenterology 2018, 155, 844–851. [CrossRef] [PubMed]
Tiwari, A.K.; Roy, H.K.; Lynch, H.T. Lynch syndrome in the 21st century: Clinical perspectives. QJM 2016, 109, 151–158. [CrossRef]
[PubMed]
Chung, D.C.; Rustgi, A.K. DNA mismatch repair and cancer. Gastroenterology 1995, 109, 1685–1699. [CrossRef]
Pinto, D.; Pinto, C.; Guerra, J.; Pinheiro, M.; Santos, R.; Vedeld, H.M.; Yohannes, Z.; Peixoto, A.; Santos, C.; Pinto, P.; et al.
Contribution of MLH1 constitutional methylation for Lynch syndrome diagnosis in patients with tumor MLH1 downregulation.
Cancer Med. 2018, 7, 433–444. [CrossRef]
Joost, P.; Therkildsen, C.; Dominguez-Valentin, M.; Jönsson, M.; Nilbert, M. Urinary Tract Cancer in Lynch Syndrome; Increased
Risk in Carriers of MSH2 Mutations. Urology 2015, 86, 1212–1217. [CrossRef]
Bonadona, V.; Bonaïti, B.; Olschwang, S.; Grandjouan, S.; Huiart, L.; Longy, M.; Guimbaud, R.; Buecher, B.; Bignon, Y.-J.;
Caron, O.; et al. Cancer risks associated with germline mutations in MLH1, MSH2, and MSH6 genes in Lynch syndrome. JAMA
2011, 305, 2304–2310. [CrossRef]
Ten Broeke, S.W.; van der Klift, H.M.; Tops, C.M.J.; Aretz, S.; Bernstein, I.; Buchanan, D.D.; de la Chapelle, A.; Capella, G.;
Clendenning, M.; Engel, C.; et al. Cancer Risks for PMS2-Associated Lynch Syndrome. J. Clin. Oncol. 2018, 36, 2961–2968.
[CrossRef]
de Jong, A.E.; van Puijenbroek, M.; Hendriks, Y.; Tops, C.; Wijnen, J.; Ausems, M.G.E.M.; Meijers-Heijboer, H.; Wagner, A.; van
Os, T.A.M.; Bröcker-Vriends, A.H.J.T.; et al. Microsatellite instability, immunohistochemistry, and additional PMS2 staining in
suspected hereditary nonpolyposis colorectal cancer. Clin. Cancer Res. 2004, 10, 972–980. [CrossRef]
Vilar, E.; Gruber, S.B. Microsatellite instability in colorectal cancer-the stable evidence. Nat. Rev. Clin. Oncol. 2010, 7, 153–162.
[CrossRef]
Hoeijmakers, J.H. Genome maintenance mechanisms for preventing cancer. Nature 2001, 411, 366–374. [CrossRef]
Peltomäki, P. Update on Lynch syndrome genomics. Fam. Cancer 2016, 15, 385–393. [CrossRef] [PubMed]

Int. J. Mol. Sci. 2021, 22, 531

22.

23.

24.

25.

26.

27.
28.

29.

30.
31.
32.
33.

34.
35.
36.
37.
38.
39.
40.
41.

42.

43.

44.

17 of 21
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