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Introduction: Lynch Syndrome (LS) represents the hereditary condition that

is most frequently associated with endometrial cancer (EC). The aim of this

study is to assess the presence of Lynch Syndrome (LS) in young women with

mismatch repair (MMR)-deficient atypical endometrial hyperplasia (AEH) and

non-myoinvasive FIGO G1 endometrioid EC and its possible impact on the

outcome of conservative treatment.

Methods: Six MMR-deficient cases identified from a previous cohort of 69

conservatively treated patients were selected to be screened for germline

mutations in MMR genes. In each patient, the outcomes of conservative

treatment for AEH and EEC, including response, relapse, progression, and

pregnancy, were assessed.

Results: Five out of 6 patients underwent genetic test for LS. Three out

of these 5 patients showed a positive genetic test. Patient 1 showed the

c.942 + 2 T>A heterozygous variant of MSH2 mutation; after 12 months

of complete response, she had relapse and progression of disease. Patient

4 showed the c.2459-1G>C variant of MSH2 mutation; after complete

response, she failed to achieve pregnancy; she had relapse after 24

months and underwent hysterectomy. Patient 6 showed the c.803 + 1

heterozygous variant of PMS2 mutation; she had relapse of disease after 18

months from the first complete response and then underwent hysterectomy.
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Conclusions: In this series, 3 out of 6 women with MMR-deficiency had

LS. None of the patients achieved pregnancy, and those who responded to

treatment had subsequent relapse of disease. Patients undergoing fertility-

sparing treatment for atypical endometrial hyperplasia and endometrial

cancer should perform MMR immunohistochemical analysis in order to

screen LS.

KEYWORDS

endometrial cancer, Lynch Syndrome, fertility-sparing treatment,

immunohistochemistry, mismatch repair, genetic testing

Introduction

Endometrial cancer (EC) is the fifth cause of cancer

in women and the most common gynecological cancer in

developed countries (1–3). Nearly 90% of cases of EC occur in

women >50 years of age, with a mean age at diagnosis of 63

years, while 4% occurs in young women under 40 years old (4).

Ninety-five percent of EC are sporadic, while 5% are hereditary.

The hereditary condition that is most frequently associated

with EC is Lynch Syndrome (LS), an autosomal dominant

disorder characterized by a germline pathogenic variant of one

of the Mismatch Repair (MMR) genes (MLH1, PMS2, MSH2,

MSH6) (5), resulting in microsatellite instability (MSI). MSI

is a condition in which there is an altered number of repeats

of short DNA sequences, called microsatellites, between tumor

and normal tissue. MSI might represent the consequence of

phenotypic evidence of MMR deficiency (6, 7). MSI analysis and

MMR protein immunohistochemistry (IHC) have an important

role in diagnosis: two studies reported high concordance

between MSI and IHC analysis both in colorectal cancer (CRC)

and EC, with discordance in the rare MMR-proficient/MSI-

high cases (<1%) in EC patients, probably due to POLE-EDM

variants (6, 7), while Ryan et al. reported how IHC outperforms

MSI for tumor triage and is a reliable method for identifying

both germline and somatic MMR mutations in women with EC

(8). Women with LS have an increased risk to develop EC (up

to 61% that is 39 times higher than the general population) (9–

12) as well as other cancers, including colorectal (up to 57%),

ovary (up to 40%), kidney, small bowel and biliary tract cancers

(LScarisk.org). The prevalence of LS among ECs ranges from 0.5

to 4.6% (13), although it is probably underestimated. EC could

represent a sentinel event of LS, since it is often the first cancer to

occur, in over 50% of cases (14, 15). The median age at diagnosis

of EC for women with LS is generally lower than in sporadic

cases (49 vs. 60 years, respectively) (15). EC is associated with

MMR abnormalities and LS has worse prognostic factors and

outcomes (10). According to Lu et al., patients with EC and

LS tend to have a lower BMI (16), except for patients with

MSH6 mutation who seem to have a clinical profile more

similar to those with sporadic cancers. However, data on the

clinicopathological characteristics of LS-related EC are missing,

as the studies are mostly conflicting. In these patients, the tumor

is more often in the uterine isthmus and mostly presents as a

well-differentiated endometrioid adenocarcinoma (5). However,

other studies showed a higher percentage of non-endometrioid

histotypes, a higher FIGO stage at presentation, a higher number

of G3 tumors, a deeper myometrial invasion, and a higher

mitotic index in the LS-related EC (17). The 4 genes responsible

for LS have different penetrance and expressivity. The risk of

endometrial cancer (EC) is higher especially among carriers

of MSH2 (49%), MSH6 (41%) and MLH1 (37%) mutations.

Cancer is also common in elderly women with PMS2 mutations

(13%) (18, 19). The screening for LS is often based on clinical

criteria, such as the Amsterdam criteria and the Bethesda criteria

although the latter are of less importance nowadays, which

consider age (<50 years), family history of colorectal cancer,

positive personal history for cancer of the LS spectrum. The

clinical suspect must be confirmed by molecular analysis, which

allows the characterization of the patient’s genotype. However,

the clinical criteria do not always allow to effectively identify

the pathogenic variants for LS (20–23). The benefit for universal

screening in CRC and EC is well known: Kunnackal John

et al. showed how LS screening in EC yielded significantly

higher somatic mutations compared to CRC [pooled percentage

16.94 vs. 5.23%, 95% CI 4.93–5.47%—Mann Whitney test, p

< 0.0001], suggesting the possibility for IHC and somatic

mutation testing before germline testing in EC due to higher

prevalence of somatic mutations as well as germline testing

in these patients and in other major Lynch-associated tumors

(24). The early identification of patients with LS is necessary to

allow a close follow-up and personalized/conservative therapy,

for the patient him/herself and his/her affected relatives.The

objective of our study was to assess the presence of LS

in young women undergoing conservative management for

atypical endometrial hyperplasia (AEH) and non-myoinvasive

FIGO IA endometrioid endometrial cancer (EEC), evaluating its

possible impact on the response rate, relapse rate, progression

rate, and pregnancy rate.
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Materials and methods

The MMR-deficient patients were identified from a previous

retrospective cohort of 69 patients submitted to fertility-sparing

treatment for FIGO IA G1 EC and AEH, between January

2004 and December 2018. The study was carried out at the

“Fondazione Policlinico Universitario A. Gemelli—IRCCS” of

Rome and at the University “Federico II” of Naples. All medical

records of patients with AEH and EEC belonging to the two

centers were retrospectively analyzed.

Therapy outcome and follow-up

All patients underwent hysteroscopic resection of the

pathology followed by progestin therapy: patients 1 and 6

with Megestrol Acetate (Megace) 160mg daily given orally:

patients 2, 3, 4, and 5 with Levonorgestrel releasing Intra

Uterine Device (IUD) (Mirena). Oncological outcomes at

histologic examinations were defined as complete response

(CR), stable disease (SD), progression (P) and relapse (R). CR

was defined as the complete disappearance of AEH or EEC;

SD as persistence of AEH or EEC; P as progression of AEH

to EEC or worsening of the histological grade of EEC. R was

defined as the presence of EEC or AEH after CR had been

previously achieved. In agreement with international guidelines

(25, 26), the presence of at least two consecutive CR was defined

as “regression of disease”, while the lack of two consecutive

CR was labeled “resistance”. The reproductive outcome was

assessed as the achievement of a successful pregnancy. For

every patient, we collected pathology reports of hysteroscopic

biopsies at 3, 6, 12 and up to 27 months after treatment, as

well as data on pregnancies (spontaneous delivery, cesarean

section, miscarriages).

Screening and sequencing procedure

Cases were labeled as “MMR-deficient” based on

immunohistochemical screening for MLH1, MSH2, MSH6, and

PMS2 proteins (25). In patients with lack of MLH1 expression,

MLH1 promoter methylation was analyzed by MS-MLPA

(Mrc Holland) in order to exclude somatic hypermethylation.

In patients with MMR-d tumors, screening for germline

mutations in MMR genes was conducted by Next Generation

Sequencing on Ion Torrent PGM with a homemade 4-genes

panel (MSH2, MSH6, MLH1, PMS2). Sequencing data of

the targeted genes were analyzed with Torrent Suite (Life

Technologies). Additional Sanger sequencing was performed

for regions containing putative variants. Exon deletions and

duplications were assessed byMPLA (Mrc Holland). Alterations

were classified based on guidelines established by Insight

(2018-06_InSiGHT_VIC_v2.4) into the following categories:

(5) pathogenic variant (PV); (4) variant, likely pathogenic;

(3) variant, unknown significance; (2) variant, likely benign;

(1) benign.

Ethical statement

The study received approval from the Institutional Review

Board of the Catholic University of the Sacred Heart of Rome

and the University of Naples Federico II (Prot. No. 0048361/20).

All included patients signed informed written consent for the

use of their biospecimens for research purposes and all data were

anonymized in order to avoid the identification of the subjects.

The whole study was performed following the Declaration

of Helsinki.

Results

From the case history of our previous study, including 69

patients [47 (68.1%) with AEH and 22 (31.9%) with EEC] (25),

six (8.7%) (3 with AEH and 3 with EEC) were enrolled in our

study based on a deficient pattern of expression of the MMR

proteins. The patient’s characteristics are resumed in Table 1. Of

the 6 MMR-deficient patients, one had MSH2/MSH6 deficiency

(EEC), 3 had MSH6 deficiency (1 EEC and 2 AEH) and 2

had PMS2 deficiency (1 EEC and 1 AEH) (Table 2). Five out

of 6 patients received the diagnosis of EEC/AEH before 40

years old, with mean age at diagnosis of 36 (± 4.28 SD) years

old (range 31–43). The mean BMI was 24.9 (± 7.26 SD) with

only one patient with BMI higher than 30 kg/m2 (39.3 kg/m2)

(Table 1). None of the patients reported tumor risk factors for

EC (diabetes, hypertension, PCOS); 2 (33.3%) had a positive

family history for neoplasms of the LS spectrum (patient 1 for

CRC, patient 4 for EC). The dosage of CA125 was negative (<

35 UI/mL) in all patients.

Results of genetic tests

The genetic testing was carried out on 5 of the 6 MMR-d

patients because one patient refused. In patient 1 with MSH2

deficiency on tissue sample, the c.942 + 2 T>A heterozygous

variant has been identified by Next Generation Sequencing

(NGS). This sequence change affects a donor splice site in

intron 5 of the MSH2 gene. It is expected to disrupt RNA

splicing and likely to cause the skipping of exon 5, resulting

in an abnormal protein, p.(Val265_Gln314del), or a transcript

that is subject to nonsense-mediated mRNA decay. This variant

has been classified as Likely Pathogenic (class 4 IARC) (27)

according to the Insight criteria (Table 2). In patient 2, who

showed MSH6 deficiency on tissue sample, genetic testing did

not reveal any mutation. Patient 3, with PMS2 deficiency on
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TABLE 1 Patients’ characteristics.

Patients Age at

diagnosis

(years)

BMI

(kg/m2)

Tumor

risk factors

Previous

pregnancy

Symtomps Family history for

endometrial

cancer

Family history for

other SL-related

cancers

1 33 19.5 No No None No Yes (Colorectal)

2 43 21.36 No No Metrorrhagia No No

3 31 39.3 No No Metrorrhagia No No

4 38 22.4 No No None Yes Yes (Colorectal)

5 37 24.61 No No Metrorrhagia No No

6 34 22 No Yes* Metrorrhagia No No

BMI, body mass index; *2 previous vaginal delivery.

tissue sample, refused consent for the genetic test. In patient 4,

exhibiting MSH6 deficiency on tissue sample, the c.2459-1G>C

heterozygous variant has been identified by NGS. This sequence

change affects an acceptor splice site in intron 14 of the MSH2

gene. It is expected to disrupt RNA splicing and likely to cause

skipping of exon 15, resulting in an absent or disrupted protein

product leading to the formation of a premature stop codon after

3 amino acids p.(Gly820Alafs∗3). This variant has been classified

as Likely Pathogenic (class 4 IARC) (27) according to the Insight

criteria (Table 2). In patient 5 with MSH6 deficiency on tissue

sample, the genetic test did not reveal any mutation. In patient

6, who showed PMS2 deficiency on tissue sample, the c.803 + 1

heterozygous variant of the coding sequence of the PMS2 gene

has been identified. This sequence change affects a donor splice

site in intron 7 of the PMS2 gene. It is expected to disrupt RNA

splicing and likely to cause the skipping of exon 7 leading to

the formation of a premature stop codon after 30 amino acids

p(Leu236HisfsTer30). This variant has been classified as Likely

Pathogenic (class 4 IARC) (27) according to the Insight criteria

(Table 2).

Oncological and reproductive outcomes

In patient 1 SD with AEH on the first follow-up and CR

at 12 months was observed. After further 12 months (at 24

months follow-up), she had R with P to EEC. Despite adequate

counseling where the need for radical surgery was explained,

she chose to maintain medical therapy with a close follow-up

every 3 months, given her strong desire for offspring. After

further 18 months (at 42 months follow-up), she had a new

R to EEC and she finally decided to undergo hysterectomy.

Patient 2 decided to undergo hysterectomy after stable disease

SD at 3, 6 and 12 months of follow-up. Patient 3 showed

CR at 12 months; however, CR was not confirmed in the

subsequent follow-up biopsy (at 15 months follow-up), and

the patient chose to undergo hysterectomy. Patient 4 had

CR at 3, 6 and 12 months. After unsuccessful attempts to

get pregnant, she showed R after 24 months from the initial

CR (at 27 months follow-up). Thus, she decided to undergo

hysterectomy. Patients 5 had CR on 4 consecutive biopsies.

After unsuccessful attempts, she had R after 39 months of

initial CR (42 months follow-up) and underwent hysterectomy.

Patient 6 had CR after 3 months but developed R 18 months

later (at 21 months of treatment) with SD on the subsequent

biopsy, and underwent hysterectomy (Table 2). In all patients

that underwent hysterectomy, the pathology report of the

surgical specimen confirmed the hysteroscopic diagnosis. No

patients showed a recurrence with a median follow-up of 20

months.All patients tried to get pregnant spontaneously and

during all follow-up period, without resorting to any medical

therapy.MMR-deficient (dMMR) cases, defined by lack of MMR

protein expression detected by IHC analysis of tumor tissue,

showed resistance to treatment more commonly than MMR-

proficient (pMMR) cases [2 (33.3%) vs. 10 (15.9%)], with a RR

of 2.1 (95%CI: 0.6–7.5) but with no statistical significance (p =

0.2508). Recurrence of AEH/EEC after a complete regression

occurred significantly more commonly in dMMR cases than

pMMR cases [6 (100%) vs 17 (26.4%)], with a RR of 3.8

(95%CI: 2.4–5.9, p< 0.0001). In predicting recurrence of disease

after a complete regression, a deficient immunohistochemical

expression of MMR showed sensitivity = 22.2%, specificity =

100%, and AUC= 0.61 (95%CI: 0.44–0.76) (21).

Discussion

In this study, we considered 6 MMR-deficient cases

of conservatively treated AEH and EEC from a cohort

of 69 patients (25). The conservative managemet included

hysteroscopic resection followed by local or systemic drug

theraphy: 36 (52.2%) women underwent LNG-IUD insertion,

and 33 (47.8%) MA administration. Overall, 17.4% of women

showed resistance to treatment, while 31.6% of women who

responded showed a subsequent recurrence. Out of 5 patients

who underwent genetic test, 3 (60%) were carriers of a germline

variant of MMR genes: 2 patients showed a pathogenic mutation

of MSH2 and 1 patient of PMS2. All patients with confirmed
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TABLE 2 Diagnosis, MMR-deficiency at immunochemistry, genetic test result with variant identified in patients 1, 4, and 6 and located in a recognized site of splicing (±1 o ±2), and outcomes of the 6

patients (EEC, Stage IA G1 endometrioid endometrial cancer; AEH, atypical endometrial cancer; PR, partial response; CR, complete response; SD, stable disease; R, relapse; P, progression; §THL + SOB;

*for patient’s choice; **drop-out; aLNG-IUD from the 6th month).

Patients Diagnosis MMR-d Mutated

gene

Nucleotide

or

amino acid

substitution@

IARC

Classification

Medical

therapy

3

months

follow-

up

6

months

follow-

up

12

months

follow-

up

15

months

follow-

up

18

months

follow-

up

21

months

follow-

up

24

months

follow-

up

27

months

follow-

up

42

months

follow-

up

Pregnancy Radical

surgery§

1 Stage IA

G1 EEC

MSH6/

MSH2

MSH2 c.942+2T>A

p.(Val265_

Gln314del)

Class 4

(likely

pathogenetic)

Megace R© SD

(AEH)

SDa CR CR CR CR R; P / R No Yes

2 Stage IA

G1 EEC

MSH6 / / / Mirena R© SD SD SD / / / / / / No Yes

3 Stage IA

G1 EEC

PMS2 /** / / Mirena R© SD SD CR R / / / / / No Yes

4 AEH MSH6 MSH2 c.2459-1G>C

p.(Gly820A

lafs*3)

Class 4

(likely

pathogenetic)

Mirena R© CR CR CR / / / / R / No Yes*

5 AEH MSH6 / / / Mirena R© CR CR CR / / / / / R No Yes

6 AEH PMS2 PMS2 c.803+1G>T

p.(Leu236His

fsTer30)

Class 4

(likely

pathogenetic)

Megace R© CR CRa CR CR CR R SD / / No Yes

@Themethods analysis included: Next Generation Sequencing on Ion Torrent PGM for the screening of germline mutations inMMR genes, Torrent Suite (Life Technologies) for the sequencing of the targeted genes, Sanger sequencing for the sequencing

of regions containing putative variants, and MPLA (Mrc Holland) for the assessment of exon deletions and duplications.
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LS responded to conservative treatment; however, all failed

to achieve pregnancy and had relapse of disease. The rate

of LS endometrial cancer patients in this series (4.3%) was

almost superimposable to that reported in the literature (11).

Among MMR-deficient cases, recurrence occurred after 24

and 39 months in the LNG-IUD group, and after 12 and 18

months in the MA group. In predicting recurrence of disease

after a complete regression, a deficient immunohistochemical

expression of MMR showed sensitivity = 50%, specificity =

100%, and area under the curve (AUC) = 0.75 (95%CI: 0.00–

1.00) in the LNG-IUD subgroup, and sensitivity = 14.3%,

specificity = 100%, and AUC = 0.57 (95%CI: 0.35–0.79) in

the MA subgroup (25). The lifetime risk of developing cancer

is significantly higher in patients with MSH2, and MLH1

mutations compared to PMS2 and MSH6 mutations. Patients

with MLH1, MSH2, and MSH6 mutations have a rapidly rising

risk of gynecological cancers from 40 years of age (18). In these

patients, the incidence of EC is 51% among carriers of MSH2

mutation, 49% among carriers of MSH6 mutation, 34% among

carriers of MLH1 mutation. In our study, 2 patients (MSH2

mutation confirmed) had a family history for colorectal cancer

and both colorectal cancer and EC, respectively. In 2016, Rubio

et al. reported how all patients with pathogenic mutations in any

of the MMR genes had a family history (first-degree relatives)

compatible with LS, but more than half (61.79%) of patients

with no pathogenic mutation had a positive family history.

These differences are explained by a selection bias related to

one of the inclusion criteria concerned the family history of

cancer of the LS spectrum (20). In 2019, a review and meta-

analysis estimated that only 56% of cases of LS are diagnosed

based on traditional clinical-anamnestic indicators, while 43%

of cases would be lost and undiagnosed if we exclusively used

these criteria. This provides further support to the current

data present in literature, suggesting the need for a universal

screening approach to all new cases of EC arising in young

women, in order to maximize the detection of LS patients (28).

In our study, we used IHC analysis as a screening method,

but many studies also propose the analysis of microsatellites.

In 2016, Rubio et al. used both methods, demonstrating high

sensitivity and specificity in selecting patients with LS mutations

(20). In particular, a study by Leenen et al. (29) on 183 women

showed a 100% agreement between the two techniques and

Walsh et al. (30) reported similar results (97.5%). It is estimated

that the specificity of the MSI analysis for LS is around 90.2%

and that the sensitivity is 91% for MLH1/MSH2 and 77% for

MSH6/PMS2. The specificity and sensitivity of the IHC analysis,

on the other hand, are respectively 88.8 and 83% (31). A

universal screening approach would certainly have considerable

economic implications; for this reason, it is essential to aspiring

to cost optimization. The analysis of MSI has limitations,

represented by the inability to discriminate the type of protein

of the MMR deficient and also many MMR-d tumors for MSH6

are low instability (MSI-L), therefore, this technique cannot

be very sensitive in detecting many low-penetrance MSH6

germline mutations. The IHC analysis has lower costs. Thus, the

best screening approach, in terms of cost-effectiveness, would

therefore be to start with an IHC investigation of the expression

of MMR proteins in order to limit further costs and to refer

patients with IHC MMR-d phenotype to genetic testing at a

later time or, in case of strong clinical suspicion, despite the

expression of MMR proteins being intact (19). Furthermore,

in the event that the IHC shows a deficit of expression of

MLH1 or PMS2, it is advisable to first perform the analysis

of methylation of the MLH1 promoter, which in most cases

allows excluding sporadic forms of EC from MSI, although this

methylation is rarely the consequence of a germline mutation of

the promoter. Since a germline mutation of the MLH1 promoter

is configured as a rare event, in the absence of a personal or

family history strongly suggestive of a hereditary process, for

which a genetic analysis would be carried out on the promoter,

the methylation of the promoter is considered a fairly reliable

indicator of sporadic cancer (19). Considering that IHC is a

highly sensitive technique for identifying mutations in MMR

genes in CRC, it could be expected that an IHC-based screening

approach could prevent a significant number of LS patients

remain undiagnosed (19). Our sample was analyzed for the IHC

expression of MMR proteins using two different criteria in the

two centers. Patients from Fondazione Policlinico A. Gemelli—

IRCCS of Rome were analyzed for all four proteins of the MMR

(MSH2,MSH6, PMS2, MLH1); those of the University of Naples

center were analyzed exclusively for two proteins, MSH6 and

PMS2. The latter approach agrees with two studies (32, 33),

according to which an initial screening limited to two proteins

can significantly reduce costs without affecting efficacy—as

MSH6 and PMS2 are mandatory partners, respectively, of

MSH2 and MLH1—whereby the lack of expression of these

proteins reflects a deficit of their partners. The evaluation of

the clinical and anamnestic data of our patients with pathogenic

variants has also revealed a tendentially lower BMI, compared

to women with sporadic forms of EC, and negativity for

the normal risk factors typical of sporadic forms of EC, in

accordance with data in literature. It is important to identify

LS patients among new EC because these patients have an

increased risk to develop other types of cancers of the LS

spectrum, synchronous ormetachronous, allowing such patients

to benefit from close surveillance (through colonoscopy and

transvaginal ultrasound) and possible preventive interventions

(34). Furthermore, MMR status is starting to acquire prognostic

value, as studies are beginning to demonstrate differences

in characteristics and outcomes between MMR-proficient and

MMR-deficient EC (35). In presence of young women with

Stage IA G1 EEC or AEH, strongly persuaded to preserve

their fertility and candidates for conservative treatment (36–

38), identifying MMR-deficient patients and, possibly, patients

with LS could also be essential in guiding adequate counseling:

indeed, our data show how these patients tend to have a
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worse outcome than MMR-proficient patients (39, 40). In

detail, all patients with confirmed LS responded to conservative

treatment in our series. However, none achieved pregnancy,

and all had relapse of disease. This underlines the unfavorable

impact of LS on the outcomes of AEH and EEC. As a

consequence, the search for tailored treatment strategies for

women affected by LS could provide a good strategy to

maximize clinical benefit. Further studies are necessary to

assess whether a successful pregnancy may be achieved by

lengthening the relapse-free period. The comprehension of

predictive genetic testing for LS by patients is fundamental to

avoid refusals, as happened in our case with patient 3, also

involving families considering that they often play an important

role in the decision compared to health professionals; also, the

deconstruction of current misconceptions related to potential

abuses of genetic information, the emphasis of clinical utility

of genetic assessment, and the use of genetics to the specific

context of cancer care is crucial for patients’ inclusion with newly

diagnosed cancer of LS spectrum in clinical cancer genetics

services (41). Genetic analysis in women treated conservatively

for AEH/EEC under 45 years old can help to find LS families

that would not have been identified using existing criteria and

to provide them adequate counseling regarding screening of

other cancers of the LS spectrum. The screening procedure

could begin, as for colorectal cancer, with the IHC analysis,

although it has limitations as abovementioned. The mutations

found in our sample, although small, are different from those

described more frequently for every single gene and therefore

there is the need to intensify genetic studies to identify a

greater number of pathogenic variants that would allow us to

diagnose not only spectrum tumors of LS but also other types

of cancer. The need for biomolecular and genetic prognostic

factors that can facilitate decision making is nowadays essential

(42, 43). On the whole, prospective and larger population

studies are needed to evaluate the applicability and usefulness

of a “screening test” for LS in young women diagnosed with

AEH and EEC which could be based on IHC analysis and

then select among these, patients eligible to carry out the

genetic test.

Data availability statement

The datasets presented in this study can be found in

online repositories. The names of the repository/repositories

and accession number(s) can be found in the

article/supplementary material.

Ethics statement

The study was conducted according to the guidelines of

the Declaration of Helsinki and approved by the Institutional

Review Board of the Catholic University of the Sacred Heart

of Rome and the University of Naples Federico II (Prot. No.

0048361/20). The patients/participants provided their written

informed consent to participate in this study. Written informed

consent was obtained from the individual(s) for the publication

of any potentially identifiable images or data included in

this article.

Author contributions

UC and LDC contributed to conception of the study,

interpretation of data, statistical analysis, and drafting the article.

AR, AT, and EL contributed to acquisition and interpretation

of data and drafting the article. EL contributed to acquisition

and interpretation of data. VM, GB, and AD contributed to

drafting the article. GS and FF contributed to review the article

critically for important intellectual content and final approval of

the version to be published.

Conflict of interest

The authors declare that the research was conducted in

the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Colombo N, Creutzberg C, Amant F, Bosse T, González-
Martín A, Ledermann J, et al. ESMO-ESGO-ESTRO Endometrial
Consensus Conference Working Group. ESMO-ESGO-ESTRO

Consensus Conference on Endometrial Cancer: diagnosis, treatment
and follow-up. Ann Oncol. (2016) 27:16–41. doi: 10.1093/annonc/
mdv484

Frontiers inMedicine 07 frontiersin.org

https://doi.org/10.3389/fmed.2022.948509
https://doi.org/10.1093/annonc/mdv484
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Catena et al. 10.3389/fmed.2022.948509

2. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017.CACancer J Clin. (2017)
67:7–30. doi: 10.3322/caac.21387

3. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2018) 68:394–
424. doi: 10.3322/caac.21492

4. AIOM Guide Lines. Endometrial Carcinoma (2019).

5. Singh S, Resnick KE et al. Lynch Syndrome and Endometrial Cancer. South
Med J. (2017) 110:265–9. doi: 10.14423/SMJ.0000000000000633

6. Stelloo E, Jansen AML, Osse EM, Nout RA, Creutzberg CL, Ruano D et al.
Practical guidance for mismatch repair-deficiency testing in endometrial cancer.
Ann Oncol. (2017) 28:96–102. doi: 10.1093/annonc/mdw542

7. Loughrey MB, McGrath J, Coleman HG, Bankhead P, Maxwell P, McGready C,
et al. Identifyingmismatch repair-deficient colon cancer: near-perfect concordance
between immunohistochemistry and microsatellite instability testing in a large,
population-based series. Histopathology. (2021) 78:401–13. doi: 10.1111/his.
14233

8. Ryan NAJ, McMahon R, Tobi S, Snowsill T, Esquibel S, Wallace
AJ, et al. The proportion of endometrial tumours associated with Lynch
syndrome (PETALS): A prospective cross-sectional study. PLoS Med. (2020)
17:e1003263. doi: 10.1371/journal.pmed.1003263

9. Broaddus RR, Lynch HT, Chen LM et al. Pathologic features of endometrial
carcinoma associated with HNPCC: a comparison with sporadic endometrial
carcinoma. Cancer. (2006) 106:87–94. doi: 10.1002/cncr.21560

10. Garg K, Soslow RA. Endometrial carcinoma in women aged
40 years and younger. Arch Pathol Lab Med. (2014) 138:335–
42. doi: 10.5858/arpa.2012-0654-RA

11. Egoavil C, Alenda C, Castillejo A, Paya A, Peiro G, Sánchez-Heras A-B, et al.
Prevalence of Lynch syndrome among patients with newly diagnosed endometrial
cancers. PloS ONE. (2013) 8:e79737. doi: 10.1371/journal.pone.0079737

12. Muek AO, Seeger H, Rabe T. Hormonal contraception and risk of
endometrial cancer: a systematic review. Endocr Relat Cancer. (2010) 17:R263–
71. doi: 10.1677/ERC-10-0076

13. Lancaster JM, Powell CB, Chen LM, Richardson DL. SGO Clinical Practice
Committee. Society of Gynecologic Oncology statement on risk assessment
for inherited gynecologic cancer predispositions. Gynecol Oncol. (2015) 136:3–
7. doi: 10.1016/j.ygyno.2014.09.009

14. Lu KH, Dinh M, Kohlmann W, Watson P, Green J, Syngal S
et al. Gynecologic cancer as a "sentinel cancer” for women with hereditary
non polyposis colorectal cancer syndrome. Obstet Gynecol. (2005) 105:569–
74. doi: 10.1097/01.AOG.0000154885.44002.ae

15. Rossi L, Le Frere-Belda MA, Laurent-PuigP, Buecher B, De Pauw A, Stoppa-
Lyonnet D, et al. Clinicopathologic characteristics of endometrial cancer in Lynch
syndrome: a French Multicenter Study. Int J Gynecol Cancer. (2017) 27:953–
60 doi: 10.1097/IGC.0000000000000985

16. Lu KH, Schorge JO, Rodabaugh KJ, Daniels MS, Sun CC, Soliman
PT, et al. Prospective determination of prevalence of Lynch syndrome in
young women with endometrial cancer. J Clin Oncol. (2007) 25:5158–
64. doi: 10.1200/JCO.2007.10.8597

17. Bats AS, Rossi L, Le Frere-Belda MA, Narjoz C, Cournou C, Gosset M, et al.
Syndrome de Lynch et cancer de l’endomètre [Lynch syndrome and endometrial
cancer]. Bull Cancer. (2017) 104:1013–21. doi: 10.1016/j.bulcan.2017.06.018

18. Dominguez-Valentin M, Sampson JR, Seppälä TT, Ten Broeke SW, Plazzer
JP, Nakken S, 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. doi: 10.1038/s41436-019-0716-6

19. Mills AM, Liou S, Ford JM, Berek JS, Pai RK, Longacre TA. Lynch syndrome
screening should be considered for all patients with newly diagnosed endometrial
cancer. Am J Surg Pathol. (2014) 38:1501–9. doi: 10.1097/PAS.0000000000000321

20. Rubio I, Ibáñez-Feijoo E, Andrés L, Aguirre E, Balmaña J, Blay P, et al.
Analysis of Lynch syndrome mismatch repair genes in women with endometrial
cancer. Oncology. (2016) 91:171–6. doi: 10.1159/000447972

21. Royal College of Obstetricians and Gynaecologists (RCOG) with the
British Society for Gynaecological Endoscopy (BSGE). Management of
Endometrial Hyperplasia. Green-top Guideline No. 67. London: RCOG/BSGE
Joint Guideline (2016).

22. Royal College of Obstetricians and Gynaecologists (RCOG). Fertility sparing
treatment in gynaecological treatment. Scientific Impact Paper No. 35. London:
RCOG (2013).

23. Masciullo V, Trivellizzi N, Zannoni G, Catena U, Moroni R, Fanfani
F, et al. Prognostic impact of hysteroscopic resection of endometrial atypical
hyperplasia-endometrioid intraepithelial neoplasia and early-stage cancer in
combination with megestrol acetate. Am J Obstet Gynecol. (2021) 224:408–
10. doi: 10.1016/j.ajog.2020.12.1210

24. Kunnackal John G, Das Villgran V, Caufield-Noll C, Giardiello
FM. Comparison of universal screening in major lynch-associated
tumors: a systematic review of literature. Fam Cancer. (2022)
21:57–67. doi: 10.1007/s10689-020-00226-w

25. Raffone A, Catena U, Travaglino A, Masciullo V, Spadola S, Della
Corte L, et al. Mismatch repair-deficiency specifically predicts recurrence
of atypical endometrial hyperplasia and early endometrial carcinoma after
conservative treatment: A multi-center study. Gynecol Oncol. (2021) 161:795–
801. doi: 10.1016/j.ygyno.2021.03.029

26. Management of Endometrial Hyperplasia. Green-top GuidelineNo. 67, Royal
College of Obstetricians and Gynaecologists/British Society for Gynaecological
Endoscopy, London. (2016). Available online at: https://www.rcog.org.uk/
globalassets/documents/guidelines/green-top-guidelines/gtg_67_endometrial_
hyperplasia.pdf (accessed on October 09, 2021).

27. Plon SE, Eccles DM, Easton D, Foulkes WD, Genuardi M, Greenblatt MS,
et al. IARC Unclassified Genetic Variants Working Group. Sequence variant
classification and reporting: recommendations for improving the interpretation
of cancer susceptibility genetic test results. Hum Mutat. (2008) 29:1282–
91. doi: 10.1002/humu.20880

28. Guillon S, Popescu N, Phelippeau J, Koskas M, A. systematic review and
meta-analysis of prognostic factors for remission in fertility-sparing management
of endometrial atypical hyperplasia and adenocarcinoma. Int J Gynaecol Obstet.
(2019) 146:277–88. doi: 10.1002/ijgo.12882

29. Leenen CH, van Lier MG, van Doorn HC, van Leerdam ME, Kooi SG, de
Waard J, et al. Prospective evaluation of molecular screening for Lynch syndrome
in patients with endometrial cancer ≤ 70 years. Gynecol Oncol. (2012) 125:414–
20. doi: 10.1016/j.ygyno.2012.01.049

30. Walsh MD, Cummings MC, Buchanan DD, Dambacher WM, Arnold
S, McKeone D, et al. Molecular, pathologic, and clinical features of early-
onset endometrial cancer: identifying presumptive Lynch syndrome patients.
Clin Cancer Res. (2008) 14:1692–700. doi: 10.1158/1078-0432.CCR-07-
1849

31. Gould-Suarez M, El-Serag HB, Musher B, Franco LM, Chen
GJ. Cost-effectiveness and diagnostic effectiveness analyses of multiple
algorithms for the diagnosis of Lynch syndrome. Dig Dis Sci. (2014)
59:2913–26. doi: 10.1007/s10620-014-3248-6

32. Mojtahed A, Schrijver I, Ford JM, Longacre TA, Pai RK, A. two-antibody
mismatch repair protein immunohistochemistry screening approach for colorectal
carcinomas, skin sebaceous tumors, and gynecologic tract carcinomas.Mod Pathol.
(2011) 24:1004–14. doi: 10.1038/modpathol.2011.55

33. Shia J, Tang LH, Vakiani E, Guillem JG, Stadler ZK, Soslow RA, et al.
Immunohistochemistry as first-line screening for detecting colorectal cancer
patients at risk for hereditary nonpolyposis colorectal cancer syndrome: a 2-
antibody panel may be as predictive as a 4-antibody panel.Am J Surg Pathol. (2009)
33:1639–45. doi: 10.1097/PAS.0b013e3181b15aa2

34. Svrcek M, Lascols O, Cohen R, Collura A, Jonchere V, Flejou JF, et al.
MSI/MMR-deficient tumor diagnosis: Which standard for screening and for
diagnosis? Diagnostic modalities for the colon and other sites: Differences between
tumors. Bull Cancer. (2019) 106:119–28. doi: 10.1016/j.bulcan.2018.12.008

35. Kahn RM, Gordhandas S, Maddy BP, Baltich Nelson B, Askin G,
Christos PJ, et al. Universal endometrial cancer tumor typing: How much
has immunohistochemistry, microsatellite instability, and MLH1 methylation
improved the diagnosis of Lynch syndrome across the population? Cancer. (2019)
125:3172–83. doi: 10.1002/cncr.32203

36. McKenzie ND, Kennard JA, Ahmad S. Fertility preserving options for
gynecologic malignancies: a review of current understanding and future directions.
Crit Rev Oncol Hematol. (2018) 132:116–24. doi: 10.1016/j.critrevonc.2018.
09.020

37. Gullo G, Etrusco A, Cucinella G, Perino A, Chiantera V, Laganà AS,
et al. Fertility-sparing approach in women affected by stage i and low-
grade endometrial carcinoma: an updated overview. Int J Mol Sci. (2021)
22:11825. doi: 10.3390/ijms222111825

38. Cavaliere AF, Perelli F, Zaami S, D’Indinosante M, Turrini I, Giusti
M, et al. Fertility sparing treatments in endometrial cancer patients: the
potential role of the new molecular classification. Int J Mol Sci. (2021)
22:12248. doi: 10.3390/ijms222212248

Frontiers inMedicine 08 frontiersin.org

https://doi.org/10.3389/fmed.2022.948509
https://doi.org/10.3322/caac.21387
https://doi.org/10.3322/caac.21492
https://doi.org/10.14423/SMJ.0000000000000633
https://doi.org/10.1093/annonc/mdw542
https://doi.org/10.1111/his.14233
https://doi.org/10.1371/journal.pmed.1003263
https://doi.org/10.1002/cncr.21560
https://doi.org/10.5858/arpa.2012-0654-RA
https://doi.org/10.1371/journal.pone.0079737
https://doi.org/10.1677/ERC-10-0076
https://doi.org/10.1016/j.ygyno.2014.09.009
https://doi.org/10.1097/01.AOG.0000154885.44002.ae
https://doi.org/10.1097/IGC.0000000000000985
https://doi.org/10.1200/JCO.2007.10.8597
https://doi.org/10.1016/j.bulcan.2017.06.018
https://doi.org/10.1038/s41436-019-0716-6
https://doi.org/10.1097/PAS.0000000000000321
https://doi.org/10.1159/000447972
https://doi.org/10.1016/j.ajog.2020.12.1210
https://doi.org/10.1007/s10689-020-00226-w
https://doi.org/10.1016/j.ygyno.2021.03.029
https://www.rcog.org.uk/globalassets/documents/guidelines/green-top-guidelines/gtg_67_endometrial_hyperplasia.pdf
https://www.rcog.org.uk/globalassets/documents/guidelines/green-top-guidelines/gtg_67_endometrial_hyperplasia.pdf
https://www.rcog.org.uk/globalassets/documents/guidelines/green-top-guidelines/gtg_67_endometrial_hyperplasia.pdf
https://doi.org/10.1002/humu.20880
https://doi.org/10.1002/ijgo.12882
https://doi.org/10.1016/j.ygyno.2012.01.049
https://doi.org/10.1158/1078-0432.CCR-07-1849
https://doi.org/10.1007/s10620-014-3248-6
https://doi.org/10.1038/modpathol.2011.55
https://doi.org/10.1097/PAS.0b013e3181b15aa2
https://doi.org/10.1016/j.bulcan.2018.12.008
https://doi.org/10.1002/cncr.32203
https://doi.org/10.1016/j.critrevonc.2018.09.020
https://doi.org/10.3390/ijms222111825
https://doi.org/10.3390/ijms222212248
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Catena et al. 10.3389/fmed.2022.948509

39. Kanga-Parabia A, Gaff C, Flander L, Jenkins M, Keogh LA. Discussions
about predictive genetic testing for Lynch syndrome: the role of health
professionals and families in decisions to decline. Fam Cancer. (2018) 17:547–
55. doi: 10.1007/s10689-018-0078-2

40. Gallo A, Catena U, Saccone G, Di Spiezio Sardo A. Conservative surgery in
endometrial cancer. J Clin Med. (2021) 11:183. doi: 10.3390/jcm11010183

41. Tomiak E, Samson A, Spector N, Mackey M, Gilpin C, Smith E, et al. Reflex
testing for Lynch syndrome: if we build it, will they come? Lessons learned from the

uptake of clinical genetics services by individuals with newly diagnosed colorectal
cancer (CRC). Fam Cancer. (2014) 13:75–82. doi: 10.1007/s10689-013-9677-0

42. Tanos P, Dimitriou S, Gullo G, Tanos V. Biomolecular and genetic prognostic
factors that can facilitate fertility-sparing treatment (FST) decision making in
early stage endometrial cancer (ES-EC): a systematic review. Int J Mol Sci. (2022)
23:2653. doi: 10.3390/ijms23052653

43. Yamamoto H, Imai K. Microsatellite instability: an update. Arch Toxicol.
(2015) 89:899–921. doi: 10.1007/s00204-015-1474-0

Frontiers inMedicine 09 frontiersin.org

https://doi.org/10.3389/fmed.2022.948509
https://doi.org/10.1007/s10689-018-0078-2
https://doi.org/10.3390/jcm11010183
https://doi.org/10.1007/s10689-013-9677-0
https://doi.org/10.3390/ijms23052653
https://doi.org/10.1007/s00204-015-1474-0
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	Fertility-sparing treatment for endometrial cancer and atypical endometrial hyperplasia in patients with Lynch Syndrome: Molecular diagnosis after immunohistochemistry of MMR proteins
	Introduction
	Materials and methods
	Therapy outcome and follow-up
	Screening and sequencing procedure
	Ethical statement

	Results
	Results of genetic tests
	Oncological and reproductive outcomes

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


