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ABSTRACT
Background In 2016 universal screening with mismatch 
repair protein immunohistochemistry in all newly 
diagnosed endometrial carcinomas was introduced in 
Western Australia.
Objective To compare the prevalence of Lynch syndrome 
associated endometrial carcinomas between 2016 and 
2019 with a historical control (2015). Additionally, to 
compare the number of cases appropriately referred for 
genetic assessment.
Methods A cross- sectional study of cases presented at 
the Western Australia gynecologic oncology tumor board 
was carried out. The primary outcome was the prevalence 
of Lynch syndrome associated endometrial carcinomas. A 
secondary outcome was the number of cases appropriately 
referred for genetic assessment. The following variables 
were extracted: date of birth; age at diagnosis; vital status; 
tumor mismatch repair protein expression status (retained 
or lost) and if lost, the specific mismatch repair protein 
deficiency; patients who were referred to a genetic clinic; 
and family history, if recorded. Data were collected from 
the clinical databases of the Familial Cancer Program at 
Genetic Services of Western Australia and WOMEN Center, 
to determine whether patients were appropriately referred 
for genetic evaluation and to ascertain the results of 
genetic testing.
Results Between 2016 and 2019, there were 1040 new 
endometrial carcinomas. Tumors of 883 (85%) patients 
underwent mismatch repair protein immunohistochemistry 
compared with 117 of 199 patients (59%) in 2015 (χ2 
73.14, p<0.001). Of 883 tumors tested, 242 (27%) 
showed loss of mismatch repair protein expression. In 
2015, 30 (26%) tumors of 117 tested showed loss of 
mismatch repair protein expression. During the 4 years of 
universal screening, 13 (1.5%) of 883 patients screened 
were diagnosed with Lynch syndrome compared with 2 
(1.7%) of 117 in 2015 (Fisher's exact test 0.04, p=0.69). 
In 2015, 11 (37%) of 30 patients with loss of mismatch 
repair protein expression were not referred for genetic 

assessment compared with 36 (17%) of 209 patients in 
the universal screening group (χ2 6.28, p=0.02). No cases 
of Lynch syndrome were diagnosed in patients aged over 
70 years.
Conclusions Universal immunohistochemical screening 
did not increase the proportion of Lynch syndrome 
associated endometrial carcinomas identified, although the 
study was underpowered to detect small differences. There 
was an improvement in appropriate referrals for genetic 
assessment.

INTRODUCTION

Endometrial carcinoma is the most common gyneco-
logic malignancy in high- income countries with 417 
367 new cases worldwide in 2020.1 Approximately 
2–5% of endometrial carcinomas are associated with 
Lynch syndrome caused by germline variants in DNA 
mismatch repair protein genes (MLH1, MSH2, MSH6, 
and PMS2) and germline deletions in the EPCAM gene 
that lead to epigenetic silencing of MSH2.2 Lynch 
syndrome confers a high lifetime risk of cancers at a 
variety of other sites, including colon, rectum, ovary, 
stomach, small bowel, biliary tract, urothelium, and 
brain.3 Screening for Lynch syndrome in patients with 
endometrial carcinoma is essential because a Lynch 
syndrome diagnosis has implications for treatment, 
surveillance for other primary cancers, and reduction 
of cancer risk in affected family members.4 Universal 
screening of endometrial tumors for Lynch syndrome 
using mismatch repair protein immunohistochem-
istry has been shown to be cost effective in patients 
younger than 65 or 70 years,5 6 and some guidelines 
recommend universal immunohistochemistry testing 
of tumors in all patients with endometrial carcinoma 
regardless of age.7 8 Despite these recommendations 
marked variation in rates of immunohistochemistry 

HIGHLIGHTS
• Overall, 27% of tumors tested showed loss of mismatch repair protein expression.
• No cases of Lynch syndrome were diagnosed in patients aged over 70 years.
• The rate of patients with loss of mismatch repair protein expression who were not referred for genetic assessment 

decreased from an initial 37% to 17%.
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screening of patients with endometrial carcinoma has been 
reported.9

In January 2016, following publication of a report by Mills et al10 
that suggested a number of Lynch syndrome associated endo-
metrial carcinomas might be missed using conventional clinical 
and histopathological screening parameters, universal screening 
with mismatch repair protein immunohistochemistry in tumors 
of all patients with newly diagnosed endometrial carcinoma was 
introduced in Western Australia. All endometrial cancers undergo 
reflex mismatch repair protein immunohistochemistry. Tumors with 
combined loss of MLH1/PMS2 protein expression are routinely 
subject to methylation testing as tumors with MLH1 methyl-
ation are very likely to be sporadic rather than related to Lynch 
syndrome. Patients with tumors showing isolated loss of PMS2 or 
MSH6, combined MSH2/MSH6 loss, or loss of MLH1/PMS2 in the 
absence of MLH1 methylation are referred for genetic assessment 
(Figure  1). Genetic counseling, including pre- test counseling and 
informed consent to undergo germline testing, is undertaken by a 
genetic counselor or clinical geneticist in the Familial Cancer Clinic, 
and not by the treating gynecologic oncology specialists.

Prior to January 2016, screening for Lynch syndrome with 
mismatch repair protein immunohistochemistry was based on 
patient age (less than 60 years), and personal and family history 
of Lynch syndrome related cancers, and/or pathologic features 
(lower uterine segment tumor location, grade 3 endometrioid 
or undifferentiated/de- differentiated tumor histology and/or a 

prominent intratumoral or peritumoral lymphocytic reaction). The 
state of Western Australia has a population of more than 1.2 million 
women,11 and universal testing of patients with newly diagnosed 
endometrial carcinoma was facilitated by the centralization of 
gynecologic oncology, histopathology, and genetic services. All 
new diagnoses of gynecologic cancer in the state are presented 
at a weekly multidisciplinary tumor board attended by all Western 
Australian gynecologic oncologists, pathologists reporting gyneco-
logic cancer cases, and a genetic counselor from Genetic Services 
of Western Australia (GSWA), a single, statewide public clinical 
genetics service.

We aimed to compare the prevalence of patients with endome-
trial carcinoma diagnosed with Lynch syndrome in the 4 years since 
universal screening was implemented with a historical control (all 
patients with newly diagnosed endometrial carcinomas in 2015). A 
secondary aim was to compare the number of cases with mismatch 
repair protein loss in 2016–2019 (universal screening group) with 
those in 2015 (pre- universal screening group) who were appropri-
ately referred for genetic assessment.

METHODS

Study Design and Setting
This was a retrospective cross- sectional study performed at King 
Edward Memorial Hospital and St John of God Subiaco Hospital, 
Perth, Western Australia.

Ethical Approval
Ethical approval for the study was granted by the King Edward 
Memorial Hospital Ethics Committee (GEKO reference 34235) and 
St John of God Healthcare Human Research Ethics Committee 
(reference #1099). The study was deemed low risk to partici-
pants and a waiver of consent was granted in accordance with the 
Australian National Health and Medical Research Council National 
Statement on Ethical Conduct in Human Research (https://www. 
nhmrc. gov. au/ about- us/ publications/ national- statement- ethical- 
conduct- human- research- 2007- updated- 2018; accessed 19 
October 2020).

Case Ascertainment
All newly diagnosed endometrial carcinomas from January 1, 2015 
to December 31, 2019 were ascertained from the weekly outcome 
reports of the Western Australian gynecologic oncology tumor board. 
All histological subtypes were included. Cases were cross- referenced 
with the databases at the three gynecologic oncology anatomical 
pathology providers in Western Australia during the study period—
PathWest, Western Diagnostic Pathology, and Australian Clinical Labs. 
The following variables were extracted and entered into a de- identi-
fied Microsoft Excel spreadsheet: patient date of birth; age at diag-
nosis of endometrial carcinoma; vital status; tumor mismatch repair 
protein expression status (retained or lost) and if lost, the specific 
mismatch repair protein deficiency; patients who were referred to a 
genetic clinic; and family history, if recorded.

Patients with tumors showing isolated loss of PMS2 or MSH6, 
combined MSH2/MSH6 loss, or loss of MLH1/PMS2 in the absence 
of MLH1 methylation should have been referred for genetic assess-
ment as shown in the algorithm in Figure 1. Prior to 2018 patients 
with loss of any mismatch repair protein were referred directly to the 

Figure 1 Algorithm for universal screening of newly 
diagnosed endometrial cancers in Western Australia. MMR, 
mismatch repair.
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Familial Cancer Clinics that requested methylation testing for those 
tumors showing combined loss of MLH1/PMS2. Data were collected 
from the clinical databases of the Familial Cancer Program at Genetic 
Services of Western Australia and WOMEN Center (the only private 
familial cancer clinic in Western Australia during the study period), to 
determine whether patients were appropriately referred for genetic 
evaluation and to ascertain the results of genetic testing.

Statistical Analysis
Data were analyzed using IBM SPSS Statistics for Windows, version 26 
(IBM Corp., Armonk, New York, USA). Continuous scale variables were 
described using mean and SD. Categorical variables were described 
using frequency and percent. Group differences (universal screening 
2016–2019 vs pre- universal screening 2015) were examined using 
Fisher’s exact test and χ2 test. For patient age the assumption of 
normality was met based on the Shapiro- Wilk test. The association of 
patient age and referral for genetic assessment was assessed by the 
one- way analysis of variance test. An α value of 0.05 was considered 
statistically significant.

RESULTS

Clinical and Pathological Characteristics
Table 1 shows the clinical and pathological characteristics of the two 
groups. Most tumors were low- grade (58.0% grade 1, 11.8% grade 
2 in the universal screening group; 65.0% grade 1, 10.3% grade 2 

in the pre- universal screening group), FIGO stages I–II (72.3% in the 
universal screening group; 87.2% in the pre- universal screening 
group) endometrioid adenocarcinomas.

Mismatch Repair Protein Immunohistochemistry and Lynch 
Syndrome Diagnosis
Between 2016 and 2019, there were 1040 newly diagnosed endo-
metrial carcinomas. Tumors of 883 (85%) patients underwent 
mismatch repair protein immunohistochemistry compared with 
117 of 199 patients (59%) in 2015 (χ2 73.14, p<0.001). During the 
4 years of universal screening 13 (1.5%) patients of 883 screened 
were diagnosed with Lynch syndrome compared with 2 (1.7%) of 
117 patients screened in 2015 (Fisher's exact test 0.04, p=0.69). 
Of the 883 tumors screened in 2016–2019, 242 (27%) showed 
loss of mismatch repair protein expression and of these, 13 (5.4%) 
patients had Lynch syndrome (Tables 2 and 3). In 2015, prior to 
universal screening, 30 (26%) tumors of 117 screened showed 
loss of mismatch repair protein expression. Of these 30 tumors, 2 
(6.7%) patients had Lynch syndrome (Table 3).

Family History
In the universal screening group, only 3 of 13 patients with Lynch 
syndrome met the Amsterdam II criteria and would have thus been 
detected based on family history screening criteria alone. Eight 
(62%) of 13 patients had a family history of cancer in at least one 

Table 1 Patient clinical and histopathological characteristics by group

Variable

Universal screening 2016–2019 Pre- universal screening 2015

(n=883) (n=117)

Age group (years) N Percentage N Percentage

<60 312 35.3% 44 37.6%

60–64 149 16.9% 22 18.8%

65–69 148 16.8% 18 15.4%

≥70 274 31.0% 33 28.2%

Histology and FIGO grade

Endometrioid adenocarcinoma

  Grade 1 512 58.0% 76 65.0%

  Grade 2 104 11.8% 12 10.3%

  Grade 3 76 8.6% 16 13.7%

  Unknown 11 1.2% 1 0.9%

Serous adenocarcinoma 63 7.1% 6 5.13

Clear cell carcinoma 21 2.4% 1 0.9%

Carcinosarcoma 28 3.2% 2 1.7%

Other/mixed 65 7.4% 3 2.6%

Missing 3 0.3% 0 0%

FIGO stage

I–II 638 72.3% 102 87.2%

III–IV 170 19.3% 14 12.0%

Missing 75 8.% 1 0.9%

FIGO, International Federation of Gynecology and Obstetrics.
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Table 2 Age group distribution of mismatch repair protein immunohistochemistry by group

Group Age group (years)

<60 60–64 65–69 ≥70 Total

Universal screening 2016 - 2019

Loss of MMR protein expression: 98 20 48 76 242

  Combined loss of MLH1/PMS2, total 50 19 45 68 182

  Combined loss of MLH1/PMS2, methylation positive 42 18 43 63 166

  Combined loss of MLH1/PMS2, methylation negative 8 1 2 5 16

  Isolated PMS2/MSH6/or combined MSH2/MSH6 loss 48 1 3 8 60

Normal MMR protein expression 214 129 100 198 641

Total 312 149 148 274 883

% of total with combined loss of MLH1/PMS2 expression 16% 12.80% 30.40% 24.80% 20.6%

Pre- universal screening 2015

  Loss of MMR protein expression: 7 6 6 11 30

  Combined loss of MLH1/PMS, total 4 5 3 11 23

  Combined loss of MLH1/PMS2, methylation positive 2 5 3 11 21

  Combined loss of MLH1/PMS2, methylation negative 2 0 0 0 2

  Isolated PMS2/MSH6/or combined MSH2/MSH6 loss 3 1 3 0 7

  Normal MMR protein expression 37 16 12 22 87

Total 44 22 18 33 117

% of total with combined loss of MLH1/PMS2 expression 9.10% 22.70% 16.70% 33.30% 19.7 %

MMR, mismatch repair.;

Table 3 Lynch syndrome diagnoses showing age, pathogenic variant, and family cancer history by group

Patient No Age (years)
Germline pathogenic 
variant*

Amsterdam II 
criteria met

Family history with first- degree relatives

Mother Father

Jan 2016 – Dec 2019 Universal screening group

1 49 MLH1 Yes Lung and brain   

2 53 MSH6 No   Brain

3 66 PMS2 No Colorectal   

4 53 MSH2 No Lymphoma Colorectal and 
melanoma

5 56 MSH6 No Colorectal Esophageal

6 48 MLH1 Yes   Colorectal

7 29 PMS2 No     

8 61 MSH6 No Breast Prostate

9 41 MSH6 No Cervical   

10 52 MSH6 No     

11 61 MSH6 Yes     

12 68 PMS2 No     

13 49 PMS2 No     

Jan 2015 – Dec 2015 Pre- universal screening group

14 48 MSH2 Yes     

15 64 MSH6 Yes   Colorectal

*Methylation analysis was applied only to MLH1/PMS2 deficient tumors.
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parent (Table 3). There was no family history of cancer in children 
or siblings of women with Lynch syndrome associated endometrial 
cancers. Four patients had a family history of cancer in second- 
or third- degree relatives (data not shown). In the pre- universal 
screening group, both patients with Lynch syndrome met the 
Amsterdam II criteria and only one of these patients had a family 
history of cancer in a parent.

Loss of Mismatch Repair Protein Expression and Appropriate 
Referral for Genetic Assessment
In the pre- universal screening group, all 30 patients with loss of 
mismatch repair protein expression should have been referred for 
genetic assessment according to the practice at the time (when the 
Familial Cancer Clinic requested methylation testing after a patient 
had been referred for genetic assessment) but only 11 (37%) of these 
30 patients were actually referred. After 2018 methylation testing was 
requested by both pathologists (for public patients) and by the Familial 
Cancer Clinic (for private patients). Of 242 patients in the universal 
screening group (Table 2) with loss of mismatch repair protein expres-
sion, 33 patients were found to have MLH1 methylation prior to 
referral for genetic assessment and 133 patients were found to have 
MLH1 methylation on testing requested by the Familial Cancer Clinics 
after referral. Thus 209 (242 − 33) patients in the universal screening 
group should have been referred for genetic assessment. Of these 209 
patients, 36 (17%) patients were not referred for genetic assessment 
compared with 11 (37%) of 30 in the pre- universal screening group 
(χ2 6.28, p=0.02). In the universal screening group, there were no 
differences in the mean age, year of diagnosis and location of treat-
ment (public/private) between patients referred and not referred for 
genetic assessment (online supplemental file).

Age
In the universal screening group, nine of 13 Lynch syndrome diag-
noses were in patients aged less than 60 years, two were age 60–64 
years, and 2 were age 65–69 years (Table  3). In the pre- universal 
screening group, one of two Lynch syndrome diagnoses was in a 
patient aged less than 60 and the other was aged less than 65 years. 
In both groups (a combined total of 1000 tumors tested) no patients 
over age 70 years (n=307) were diagnosed with Lynch syndrome 
(Table 2) .

DISCUSSION

We did not observe an increase in the prevalence of Lynch syndrome 
diagnoses in patients with endometrial carcinoma during the first 4 
years of universal screening in Western Australia compared with the 
12 months prior to its implementation. However, a post hoc power 
calculation showed that our study had only 4.4% power to detect 
a significant between- group difference, and thus it is possible that 
a type II error might have occurred (failing to detect a difference 
when one is present). A post hoc sample size calculation showed 
that 3066 patients would be required to detect an increase in Lynch 
syndrome from 1.5% to 3% at 80% power and an α value of 0.05.

RESULTS IN THE CONTEXT OF PUBLISHED LITERATURE

Additional explanations for the similar prevalence of Lynch 
syndrome in the two groups include the already high proportion 

of cases undergoing immunohistological analysis in 2015 prior to 
universal screening (59%) and that clinical risk factor screening and 
referral of patients for genetic assessment resulted in comparable 
detection of Lynch syndrome. However, studies suggest that family 
history screening and clinical risk assessment perform poorly in 
comparison with universal screening. In a meta- analysis of 29 
studies that included 6649 patients, 43% of women with endome-
trial cancer who were diagnosed with Lynch syndrome via tumor 
typing would have been missed by family history- based screening 
alone.12 Prospective studies of universal screening programs in 
endometrial and colorectal cancer found that 50% more patients 
with Lynch syndrome were identified and that many diagnoses of 
Lynch syndrome would have been missed by clinical risk assess-
ment.13 14 Genetic variation between the populations of Western 
Australia and those in other studies is unlikely to account for our 
findings. The Western Australian population is similar to that in Cali-
fornia, where clinical and histopathological screening was found to 
miss a number of Lynch syndrome associated endometrial carci-
nomas.10

Although 'universal' screening should include all newly diag-
nosed endometrial carcinomas it was notable that 15% of tumors 
did not undergo mismatch repair protein immunohistochemistry 
testing. Failure to screen cases was not associated with patient 
characteristics or the year of endometrial carcinoma diagnosis as 
the proportion of untested tumors remained relatively constant 
throughout the period of the study (data not shown). It was also 
notable that despite an increase in the proportion of referrals for 
genetic assessment following the implementation of universal 
screening, 17% of patients with tumors showing isolated loss of 
PMS2 or MSH6, combined MSH2/MSH6 loss, or loss of MLH1/PMS2 
in the absence of MLH1 methylation did not receive genetic assess-
ment. No differences were observed in mean age, year of diagnosis. 
and public/private treatment between patients referred and those 
not referred, for genetic assessment (online supplemental table 1). 
Possible explanations include patients declining referral or failure to 
refer by the treating specialist.

No patient aged 70 years or older was diagnosed with Lynch 
syndrome, which is consistent with the findings of the Australasian 
Endometrial Cancer Study (ANECS), which showed a combination 
of mismatch repair protein immunohistochemistry plus MLH1 
methylation testing in women younger than 60 years of age at 
diagnosis provides the highest positive predictive value for the 
identification of Lynch syndrome variant carriers.15 Our findings 
suggest that universal screening in patients over age 70 could be 
omitted at a substantial cost saving (online supplemental table 
2). Mismatch repair protein immunohistochemistry is, however, 
advised in patients with a personal and/or family history sugges-
tive of Lynch syndrome, or with advanced, metastatic, or recur-
rent endometrial carcinoma as loss of mismatch repair protein 
expression is associated with response to anti- PD-1 antibody 
immunotherapeutics.16 Universal screening of endometrial tumors 
has the advantage of non- reliance on factors such as patient age 
as pathologists may omit mismatch repair protein analysis if this 
is not an automatic process. Further, Lynch syndrome associated 
endometrial carcinoma does occasionally present in patients aged 
over 70 years.
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Strengths and Weaknesses
Strengths of the current study are that, to our knowledge, it 
includes the largest series of unselected endometrial carcinomas in 
Australia and presents ‘real world’ data following implementation 
of universal screening for Lynch syndrome in a statewide popula-
tion. An additional strength was the centralization of gynecologic 
oncology, pathology, and genetic services in Western Australia, 
which ensured maximum case ascertainment. Our study has 
important limitations that should be acknowledged, including its 
retrospective design and limited statistical power. Further, patients 
not referred for genetic assessment might have accounted for 
missed diagnoses of Lynch syndrome. We did not collect data on 
colorectal cancer screening, the incidence of secondary malignan-
cies, and results of cascade genetic testing in next of kin of patients 
diagnosed with Lynch syndrome, and compliance with prophylactic 
aspirin.

Implications for Practice and Future Research
No cases of Lynch syndrome were diagnosed in patients over age 
70 years and consideration should be given to omitting testing in 
this age group unless there is a personal or family history of Lynch 
syndrome associated cancers, or if the patient has advanced, meta-
static, or recurrent disease when knowledge of tumor mismatch 
repair protein status might have treatment implications.

CONCLUSIONS

In this study we found no increase in the prevalence of Lynch 
syndrome associated endometrial carcinoma during the first 4 
years of universal screening compared with the 12 months prior 
to its implementation. However, our study lacked power to detect 
small differences.
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