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Endometrial cancer is the third most common malig­
nant disorder in Canadian females.1 Lynch syndrome 
(formerly known as hereditary nonpolyposis colo­

rectal cancer) is the leading cause of hereditary endometrial 
cancer.2 This autosomal dominant condition is caused by 
inactivating mutations in DNA mismatch repair (MMR) 
genes, including MLH1, MSH2, MSH6 and PMS2. In addi­
tion, there are large deletions in EPCAM, which can lead to 
transcriptional silencing of MSH2.3 Pathogenic MMR germ­
line mutation confers a high risk of development of a somatic 
“second-hit” mutation, with subsequent genomic instability 
and development of cancer in affected people.3 Lynch syn­
drome has historically been characterized by an increased 
lifetime risk — 10%–75% — of colorectal cancer.3,4 The life­
time risk of endometrial cancer in females with Lynch syn­
drome has been reported to exceed that of colorectal cancer, 
ranging from 8.4% to 71%.3,4 Affected people have a risk of 
ovarian cancer of 6%–14%, compared to 2%–3% in the gen­
eral population.1,4 Affected people also have an increased risk 
of gastric (0.7%–13%), small bowel (0.6%–12%), pancreatic 
(0.4%–6%) and urothelial (1.9%–15%) cancers.3,4

Screening strategies for Lynch syndrome in people with 
endometrial cancer include clinical history–based criteria (e.g., 
Amsterdam and Bethesda criteria5–8), tumour microsatellite 

instability (MSI) testing and tumour immunohistochemical 
(IHC) testing. The former identifies DNA repair failures by 
means of DNA sequencing. In tumour IHC testing, specific 
antibodies are used to detect MMR protein products of MLH1, 
MSH2, MSH6 and PMS2. Because MMR proteins form 
heterodimer pairs, a 4-antibody approach targeting all 4 pro­
teins or a 2-antibody approach targeting only heterodimer 
partners PMS2 (which binds to MLH1) and MSH6 (which 
binds to MSH2) may be used.9,10 Tumour MSI and IHC test­
ing have comparable performance; however, MSI testing may 
not detect abnormalities caused by MSH6 mutations, responsi­
ble for a substantial subset of endometrial cancers.10,11 Loss of 
MLH1 expression on IHC testing is often observed in sporadic 
cases of endometrial cancer owing to methylation of the 
MLH1 promoter.12,13 Testing for MLH1 hypermethylation 
can therefore help differentiate between sporadic and germline 
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pathologic variants.12,13 Tumour testing (MSI or IHC) is rec­
ommended to screen for Lynch syndrome in all patients with 
endometrial cancer, as a substantial number of affected patients 
do not fulfill clinical history–based criteria.4,14

The prevalence of Lynch syndrome in people with endo­
metrial cancer was reported to be 2.3% in a case series of 
543 patients in Ohio and 5% in a cohort of 261 patients in 
Montréal.15–17 Population and screening strategy differences 
may explain the higher prevalence in the Montréal cohort. 
Identifying affected people is crucial to cancer management 
and in providing risk-reducing strategies for them and their 
affected relatives.

Nova Scotia introduced universal tumour testing in all 
endometrial cancer cases in April 2017. To our knowledge, the 
prevalence of Lynch syndrome in the endometrial cancer pop­
ulation in Nova Scotia has never been described. We aimed to 
describe screening and testing practices for Lynch syndrome in 
Nova Scotians with endometrial cancer and to determine the 
prevalence of Lynch syndrome in that population.

Methods

Setting
In Nova Scotia, all endometrial specimens suggestive of or 
consistent with malignant disease are reviewed by gynecologic 
pathologists at a single centre in Halifax. Likewise, all gyneco­
logic cancers diagnosed in the province are treated by gyneco­
logic oncologists in that same centre. Since pathologic review 
and oncologic care occurs in a single centre, standard of care 
in this province is established and maintained by close collab­
oration between the 2 groups. An internal decision was made 
to perform tumour testing in all endometrial cancer cases, 
regardless of specimen type, starting Apr. 6, 2017. Two- or 
4-stain IHC screening is performed at the discretion of the 
pathologist, as previously described.18 Testing for MLH1 
hypermethylation was not available during the study period 
(May 1, 2017, to Apr. 30, 2020).

Referral to medical genetics is offered to the patient and 
then sent by the gynecologic oncologist. In the present study, 
patients were eligible for genetic counselling if they had 1 or 
more of the following: any loss of MMR protein expression 
on tumour IHC testing; age 50 years or younger at the time 
of diagnosis; personal history of other Lynch-associated 
malignant disorders, including colorectal, ovarian, gastric, 
pancreatic, small bowel, urothelial and/or biliary tract cancers; 
and a family history of Lynch-associated malignant disorders, 
including endometrial, colorectal, ovarian, gastric, pancreatic, 
small bowel, urothelial and/or biliary tract cancers, in 2 or 
more first- or second-degree relatives.

Genetic counselling in Nova Scotia is available only 
through the Maritime Medical Genetics Service (MMGS), 
in Halifax. The service offers germline testing to all patients 
with abnormal results of tumour IHC testing and all patients 
younger than 40 years, regardless of other risk factors. 
In  patients aged 40  years or older, family history usually 
guides testing. The same criteria are used in patients with 
colorectal cancer.

Design
This was a population-based descriptive study using data for all 
people diagnosed with endometrial cancer in Nova Scotia 
between May 1, 2017, and Apr. 30, 2020. Patients with a health 
card number from outside of Nova Scotia were excluded.

Data sources
We used the Tupper Gynaecologic Oncology Database 
(TGOD) to generate a list of all patients diagnosed with 
endometrial cancer during the study period. The database 
contains province-wide data for patients with gynecologic 
cancers. It is audited for accuracy by its users every few years 
by comparing provincial cancer statistics. We abstracted age 
and body mass index at the time of diagnosis, histologic find­
ings, International Federation of Gynaecology and Obstetrics 
(FIGO) grade and FIGO stage from the database. The 
TGOD does not contain information on personal or family 
history. Chart review was then performed for each patient to 
confirm eligibility and collect missing body mass index infor­
mation by M.L., an obstetrics and gynecology resident.

Tumour IHC testing results for each patient were 
extracted from pathology reports by R.W., a pathology resi­
dent. The pathology results were double-checked for accuracy 
by M.L. in about one-third of cases.

Germline testing results, and personal and family histo­
ries of Lynch-associated malignant disease for all eligible 
patients were extracted from medical genetics records by 
endometrial cancer, MMGS genetic counsellor. All cases 
identified with a germline mutation or variant of unknown 
significance, and cases in which patients did not undergo 
germline testing after referral were verified by M.L. Variants 
of unknown significance are genetic variants for which there 
is not enough data to indicate that it clearly increases one’s 
risk of malignancy or enough data to safely indicate that it 
does not.

Statistical analysis
We reported age and body mass index using mean and stan­
dard deviation. Total numbers and percentages were reported 
for all other variables. Owing to inadequate statistical power, 
p values were omitted when comparing groups.

Ethics approval
Ethics approval was obtained from the Nova Scotia Health 
Research Ethics Board (1026033).

Results

We identified 475 people diagnosed with endometrial cancer 
between May 1, 2017, and Apr. 30, 2020. Ten patients were 
excluded, yielding a final cohort of 465  people (Figure 1). 
Most patients were more than 50 years of age (422 [90.8%]) 
and had obesity (302/456 [66.2%]), endometrioid histologic 
subtype (398 [85.6%]), FIGO grade 1 (304/464 [65.4%]) 
and  FIGO stage 1 (338/437 [77.3%]) (Table 1). Personal 
and family history were unknown in 314 and 320  cases, 
respectively.
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Tumour IHC staining was performed in 444  patients 
(95.5%), with a 2-stain and a 4-stain panel in 267 and 
177  patients, respectively. There was loss of expression of 
at least 1 protein in 120 patients (27.0%). Different patterns 
of loss were observed: MLH1 and PMS2 (99 [82.4%]), 

MSH2  and MSH6 (< 5%), PMS2 only (< 5%), MSH6 only 
(< 5%), MSH2 only (< 5%), and MLH1, PMS2 and MSH6 
(<  1%). Staining gave equivocal or suboptimal results for 
MLH1 and/or PMS2 in 5 cases; all 5 patients were referred 
to MMGS.

Endometrial cancer cases diagnosed
in Nova Scotia, May 1, 2017–Apr. 30, 2020*

n = 475

Excluded  n = 10
• Out of province  n = 3
• Not endometrial primary  n = 7

Total number of cases included
n = 465

Tumour MMR testing not performed
n = 21

Tumour MMR testing performed
n = 444

Age ≤ 50 yr  n = 1
• Unknown family and personal history  n = 3

Age ≤ 60 yr and personal history§  n = 1

No criteria met for referral to medical genetics¶ 
n = 19

• Unknown personal and family history  n = 19            

MMR protein 
expression intact

n = 319

Loss of expression 
of ≥ 1 MMR protein

n = 125†

Age ≤ 50 yr  n = 23
• Unknown personal and 
  family history  n = 20

Family history‡  n = 15

Personal history§  n = 5
• Unknown family history  n = 2

Personal and family history‡§  n = 6

Age ≤ 50 yr and family history‡  n = 4

Age ≤ 50 yr and personal history§  n = 5

Age ≤ 50 yr and personal and family 
history‡§  n = 4

No criteria met for referral to medical genetics¶  
n = 257

• Unknown personal and family history  n = 243           

Total ineligible for referral¶
n = 276

• Unknown personal or family history  n = 262

Isolated loss of MMR protein 
expression  n = 79
• Unknown personal and family history  n = 29
• Unknown family history  n = 3

Age ≤ 50 yr  n = 6
• Unknown personal and family history  n = 3
• Unknown family history  n = 1

Family history‡  n = 35

Personal history§  n = 1

Personal and family history‡§  n = 2

Age ≤ 50 yr and family history‡  n = 2

Total eligible for referral¶
n = 189

• Unknown personal and family history  n = 52    
• Unknown family history  n = 6                           

Figure 1: Tumour mismatch repair (MMR) protein testing to screen for Lynch syndrome and referral for genetic counselling in 465 Nova Sco-
tians diagnosed with endometrial cancer between May 1, 2017, and Apr. 30, 2020. *Identified through the Tupper Gynaecologic Oncology Data-
base. †Staining equivocal or suboptimal in 5 cases. ‡Endometrial, colorectal, ovarian, gastric, pancreatic, small bowel, urothelial and/or biliary 
tract cancers in 2 or more first- or second-degree relatives. §Previous diagnosis of colorectal, ovarian, gastric, pancreatic, small bowel, urothelial 
and/or biliary tract cancers. ¶At least 1 of the following: loss of expression of 1 or more MMR proteins, age 60 years or less at time of diagnosis, 
personal history of Lynch-associated malignant disorder or family history of Lynch-associated malignant disorders.
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Table 2: Characteristics of participants according to whether 
they accepted or declined germline testing for Lynch 
syndrome

Characteristic

No. (%) of participants

Accepted 
germline testing 

n = 98

Declined 
germline testing 

n = 21

Age at diagnosis, yr

    ≤ 50 14 (14) 1 (5)

    > 50 84 (86) 20 (95)

Body mass index at 
diagnosis

    18.5–24.9 16 (16) 2 (10)

    25.0–29.9 18 (18) 4 (19)

    30.0–34.9 25 (26) 5 (24)

    35.0–39.9 11 (11) 4 (19)

    ≥ 40.0 28 (29) 6 (29)

Histologic type

    Endometrioid 81 (83) 17 (81)

    Clear cell 1 (1) 2 (10)

    Serous 3 (3) 2 (10)

    Mixed carcinoma 5 (5) 0 (0)

Malignant mixed 
müllerian tumour

3 (3) 0 (0)

    Other 5 (5) 0 (0)

FIGO grade

    1 49 (50) 9 (43)

    2 18 (18) 7 (33)

    3 31 (32) 5 (24)

FIGO stage

    1 73 (74) 14 (67)

    2 4 (4) 2 (10)

    3 16 (16) 3 (14)

    4 2 (2) 1 (5)

    Unable to stage 3 (3) 1 (5)

Loss of MMR protein expression

    Yes 72 (74) 19 (90)

    No 26 (26) 2 (10)

Family history of Lynch-associated cancer

    Yes 50 (51) 7 (33)

    No 46 (47) 12 (57)

    Unknown 2 (2) 2 (10)

Personal history of Lynch-associated cancer*

    Yes 18 (18) 1 (5)

    No 80 (82) 18 (86)

    Unknown 0 (0) 2 (10)

Note: FIGO = International Federation of Gynaecology and Obstetrics, MMR = 
mismatch repair.
*Excluding endometrial cancer.

Table 1: Participant characteristics

Characteristic
No. (%) of participants*

n = 465

Age at diagnosis, yr

    ≤ 50 43 (9.2)

    > 50 422 (90.8)

Age, mean ± SD, yr 64.2 ± 11.2

Body mass index at diagnosis

    < 18.5 4 (0.9)

    18.5–24.9 58 (12.5)

    25.0–29.9 92 (19.8)

    30.0–34.9 106 (22.8)

    35.0–39.9 64 (13.8)

    ≥ 40.0  132 (28.4)

    Not reported 9 (1.9)

Body mass index, mean ± SD 35.0 ± 9.5

Histologic type

    Endometrioid 398 (85.6)

    Clear cell 14 (3.0)

    Serous 12 (2.6)

    Mixed carcinoma 12 (2.6)

    Malignant mixed müllerian tumour 11 (2.4)

    Other† 18 (3.9)

FIGO grade

    1 304 (65.4)

    2 58 (12.5)

    3 102 (21.9)

    Not reported 1 (0.2)

FIGO stage

    1 338 (72.7)

    2 27 (5.8)

    3 47 (10.1)

    4 25 (5.4)

    Unable to stage 28 (6.0)

Family history of Lynch-associated cancer‡

    Yes 67 (14.4)

    No 78 (16.8)

    Unknown 320 (68.8)

Personal history of Lynch-associated cancer§

    Yes 26 (5.6)

    No 125 (26.9)

    Unknown 314 (67.5)

Note: FIGO = International Federation of Gynaecology and Obstetrics.
*Except where noted otherwise.
†Undifferentiated, dedifferentiated, poorly differentiated and giant cell 
carcinomas, and müllerian adenosarcoma.
‡Endometrial, colorectal, ovarian, gastric, pancreatic, small bowel, urothelial and/or 
biliary tract cancers.
§Excluding endometrial cancer.
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Of the 465 people, 189 (40.6%) were eligible for genetic 
counselling; according to medical genetics records, referral 
was not received for 33 of the 189. Germline testing was 
offered to 119 (76.3%) of the 156 patients referred, of whom 
98 accepted (Figure 2). Germline testing was not offered to 29 
of the 156 referred patients (Figure 2). Patients who agreed to 
undergo germline testing appeared to be more likely than 
those who declined germline testing to have a personal or 
family history of Lynch-associated malignant disease; how­
ever, the difference was not statistically significant (Table 2). 
Nine patients were confirmed to have Lynch syndrome, cor­
responding to 9.2% of those tested and 1.9% of the study 
population. Seven patients had a variant of unknown signifi­
cance. Characteristics of the patients with Lynch syndrome 
are presented in Table 3.

More than half (18 [54%]) of the 33  patients who were 
not referred to MMGS met the age criteria for referral. Com­
pared to the people who were not referred, those referred 
appeared to be older, have higher-grade tumours and be more 
likely to have abnormal results of tumour IHC testing 
(Table 4).

Interpretation

In this study of Nova Scotians diagnosed with endometrial 
cancer between 2017 and 2020, the prevalence of Lynch syn­
drome was at least 1.9% (9/465). The patients’ demographic 
characteristics were similar to those of other populations of 
patients with endometrial cancer.10–12,15,17,19,20

Personal and family histories were readily available through 
the genetics database for patients seen by MMGS. These data 
are not collected in TGOD, and this reflects a gap in data cur­
rently being gathered. Although not captured in our database, 
personal and family histories are typically collected during 
initial gynecologic oncologic consultations. This information 
could have been included in our chart review.

Tumour IHC testing was performed in 95.5% of our study 
population. The reasons why tumour testing was not per­
formed in a minority of patients remain unclear. Overall, 
uptake of universal tumour testing has been successful since 
its implementation at our centre, in 2017.

It remains unclear as to why 33 eligible participants were 
not referred to MMGS. Eighteen of the 33 were eligible for 

Patients eligible for referral 
to medical genetics

n = 189

Excluded: not referred  n = 33

Referred
n = 156

Awaiting appointment
n = 8

Germline testing offered*
n = 119

Declined
n = 21

• No sample provided  n = 16
• Declined testing  n = 5        

Accepted
n = 98

Positive result†
n = 9

• PMS2  n = 4          
• MSH6  n = 3          
• MSH2  n = 2          

Negative result
n = 82

Variant of 
unknown 

significance
n = 7

Germline testing not offered
n = 29

• Deceased before appointment  n = 2
• Unable to contact  n = 7
• Did not meet criteria  n = 2
• Did not attend appointment  n = 2
• Declined appointment  n = 11
• Unknown  n = 5

Figure 2: Germline testing in 269 Nova Scotians with endometrial cancer eligible for medical genetics referral. *Testing of peripheral blood to 
look for pathologic variants associated with Lynch syndrome. †Pathologic variant for Lynch syndrome identified.
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genetic counselling based on age alone. It is possible that 
patients who met the age criterion for referral to MMGS and 
had normal results of IHC testing were less interested in pur­
suing germline testing after discussion with their gynecologic 
oncologist. A minority of patients may have already been 
diagnosed with a family cancer syndrome, remotely or in 
another province. This could not be captured in our data. 
Notably, 16 patients not referred to MMGS had abnormal 
tumour testing results.

Despite successful implementation of universal tumour 
testing, access to genetic counselling remains a challenge. We 
agree with Dicks and colleagues19 that the success of programs 
offering universal tumour screening for Lynch syndrome 
ultimately depends on patients’ being able to access germline 
testing after receiving a positive screening result. Barriers to 
accessing genetic counselling identified in their survey of 
Canadian pathologists and genetic counsellors included lack 
of counsellors and lack of an interdisciplinary approach.19 Our 
centre uses an inclusive interdisciplinary approach, with 
weekly case rounds attended by pathologists, radiologists, 
gynecologic oncologists and genetic counsellors; however, not 
all patients are discussed during these rounds. Other possible 
barriers include patients’ being too unwell and/or declining 
referral when offered by their gynecologic oncologist. This 
could not be captured in our data.

Germline testing confirmed 9 cases of Lynch syndrome 
and showed 7 variants of unknown significance. Such patients 
should be seen by medical genetics every few years for 
updated information on their variant. Among the confirmed 
cases of Lynch syndrome, PMS2 mutations were found in the 
3 oldest patients. This is consistent with literature reports of 
PMS2’s having the lowest penetrance and generally manifest­
ing later in life compared to other variants.3 One patient had 
normal results of tumour IHC testing. Although such testing 
is the most effective screening strategy for Lynch syn­
drome,11,12,14,20 family history remains clinically relevant. A 
small number of patients may be missed when IHC testing 

alone is relied on,11,12,15 as staining may be intact for some 
nonfunctioning mutant proteins.10 The sensitivity and speci­
ficity of IHC testing in identifying patients with Lynch syn­
drome at our institution is unknown; however, participation 
in an external quality-assurance program conducted by Can­
adian Pathology Quality Assurance showed 98.1% accuracy 
for our MMR IHC stains in 2021–2022.

The prevalence of Lynch syndrome in our population is 
similar to that in a previously described US population15,16 
but, interestingly, is less than half that reported in a cohort of 
Montréal patients.17 At the time of writing, germline status 
remained unknown for 91 of the 189 participants eligible for 
genetic counselling. Our criteria for referral to medical gen­
etics were broader than those in the studies by Hampel and 
colleagues15 and Lawrence and colleagues.17 In both studies, 
only tumour testing, including MLH1-hypermethylation test­
ing, was used to triage patients. If we had done the same, only 
15 patients would not have been referred (compared to 33). 
The uptake of germline testing in our population was also 
lower than that in those studies,15,17 with 21 patients declining 
testing and 11 patients declining consultation with MMGS. It 
is difficult to make conclusions regarding the true prevalence 
of Lynch syndrome in our population; however, given the 
sensitivity of IHC testing and the uptake of germline testing 
in our study, our estimate is likely an underestimate.

This project allowed us to identify specific knowledge and 
service gaps. Our clinical pathways are being reviewed to 
ensure that testing is available to all appropriate patients. The 
TGOD continues to undergo quality review, and further 
validation, including improvement in the type of data col­
lected and data accuracy, is planned. As the responsibility to 
refer to MMGS typically falls on the gynecologic oncologists, 
adding a variable regarding genetic testing in TGOD may be 
useful. Ideally, results of tumour IHC testing should be avail­
able at initial consultation, and MMGS referral considered 
and sent then. Educating patients to improve their knowledge 
of the benefits of genetic testing is currently a priority.

Table 3: Characteristics of Lynch syndrome cases diagnosed in Nova Scotians with endometrial cancer*

Case 
no.

Age, 
yr

Body mass 
index

FIGO 
grade

FIGO 
stage

Personal 
history

Family 
history

Tumour MMR testing; gene MMR 
germline 
mutationMSH6 MSH2 MLH1 PMS2

1 51 27.6 3 3 Yes† Yes Intact Deficient Intact Intact MSH2

2 55 45.5 1 1 Yes† No Intact Intact Intact Intact MSH6

3 64 22.8 1 1 No Yes Intact Intact Deficient Deficient PMS2

4 59 32.9 3 3 No No Deficient Deficient Intact Intact MSH6

5 62 28.0 3 1 No Yes Intact Intact Deficient Deficient PMS2

6 58 43.8 1 1 No Yes Deficient Intact Intact Intact MSH6

7 65 26.9 2 1 No No Intact Intact Intact Deficient PMS2

8 40 31.6 1 1 No Yes Intact Deficient Intact Intact MSH2

9 53 46.0 1 1 No No Deficient Intact Intact Intact PMS2

Note: FIGO = International Federation of Gynaecology and Obstetrics, MMR = mismatch repair.
*Histologic type was endometrioid in all cases except case 4 (mixed endometrioid [70%], serous [25%] and sarcomatoid [5%]).
†Previously diagnosed with ovarian cancer.
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Sending pathology reports of abnormal IHC testing results 
directly to genetic counsellors could also be considered to 
ensure better referral rates. The age criterion for referral could 
be reviewed, as some patients meeting the current criterion 
may not qualify for germline testing. Testing for MLH1 
hypermethylation should also help reduce referral volumes. 
We hope that modifying clinical pathways to lower referral 
volumes will decrease wait times, which, in turn, may lessen 
barriers to accessing germline testing such as inability to be 
contacted owing to change in contact information and death 
from disease while awaiting an appointment. Other strategies 
to decrease wait times may include hiring more genetic coun­
sellors and offering group counselling for specific indications.19

Limitations
The use of province-wide data and a relatively large popula­
tion were strengths of this study. A major limitation was the 
inability to determine why patients were not referred to 
MMGS. Other limitations include retrospective data collec­
tion through databases, and the lack of data on body mass 
index and personal and family histories. As our population was 
geographically restricted to Nova Scotia, our results may not 
be generalizable to other populations. Owing to the small 
number of patients with Lynch syndrome, the accuracy of our 
tumour IHC testing and our ability to compare germline 
mutations to those of other populations are limited; this may 
be feasible as part of a larger project in the future.

Conclusion
The prevalence of Lynch syndrome in our study population of 
patients with endometrial cancer, 1.9%, was similar to that 
reported for other populations. Our results show successful 
implementation of universal tumour testing; however, there 
remains a gap in access to genetic counselling. Clinical path­
ways ensuring access to genetic counselling for all eligible 
people are necessary for prompt diagnosis of Lynch syndrome 
in patients and their family members in order to implement 
risk-reducing strategies.
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Not referred 
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Age at diagnosis, yr

    ≤ 50 25 (16.0) 18 (54)

    > 50 131 (84.0) 15 (46)

Body mass index at diagnosis

    < 18.5 0 (0.0) 1 (3)

    18.5–24.9 21 (13.5) 2 (6)
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    30.0–34.9 39 (25.0) 3 (9)

    35.0–39.9 20 (12.8) 6 (18)

    ≥ 40.0 48 (30.8) 15 (46)

Histologic type

    Endometrioid 130 (83.3) 32 (97)

    Clear cell 4 (2.6) 1 (3)

    Serous 5 (3.2) 0 (0)

    Mixed carcinoma 7 (4.5) 0 (0)

Malignant mixed 
müllerian tumour

3 (1.9) 0 (0)

    Other* 7 (4.5) 0 (0.0)

FIGO grade

    1 77 (49.4) 26 (79)

    2 35 (22.4) 4 (12)

    3 44 (28.2) 3 (9)

FIGO stage

    1 111 (71.2) 24 (73)

    2 11 (7.1) 2 (6)

    3 23 (14.7) 2 (6)

    4 6 (3.8) 0 (0)

    Unable to stage 5 (3.2) 5 (15)

Loss of MMR protein expression

    Yes 110 (70.5) 15 (46)

    No 46 (29.5) 18 (54)

Family history of Lynch-associated cancer

    Yes 68 (43.6) 0 (0)

    No 63 (40.4) 0 (0)

    Unknown 25 (16.0) 33 (100)

Personal history of Lynch-associated cancer*

    Yes 25 (16.0) 1 (3)

    No 111 (71.2) 0 (0)

    Unknown 20 (12.8) 32 (97)

Note: FIGO = International Federation of Gynaecology and Obstetrics, MMR = 
mismatch repair.
*Excluding endometrial cancer.



Research

	 CMAJ OPEN, 11(5)	 E1019    

  9.	 Niu BT, Hammond RFL, Leen SLS, et al. Two versus four immunostains for 
Lynch syndrome screening in endometrial carcinoma. Histopathology 2019;​
75:442-5.

10.	 Shia J, Holck S, Depetris G, et al. Lynch syndrome-associated neoplasms: 
a discussion on histopathology and immunohistochemistry. Fam Cancer 2013;​
12:241-60.

11.	 Ferguson SE, Aronson M, Pollett A, et al. Performance characteristics of 
screening strategies for Lynch syndrome in unselected women with newly 
diagnosed endometrial cancer who have undergone universal germline muta­
tion testing. Cancer 2014;120:3932-9.

12.	 Kahn RM, Gordhandas S, Maddy BP, 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.

13.	 Buchanan DD, Tan YY, Walsh MD, et al. Tumor mismatch repair immuno­
histochemistry and DNA MLH1 methylation testing of patients with endome­
trial cancer diagnosed at age younger than 60 years optimizes triage for 
population-level germline mismatch repair gene mutation testing. J Clin Oncol 
2014;32:90-100.

14.	 American College of Obstetricians and Gynecologists. Practice Bulletin 
no. 147: Lynch syndrome [correction in Obstet Gynecol 2022;139:696]. Obstet 
Gynecol 2014;124:​1042-54.

15.	 Hampel H, Frankel W, Panescu J, et al. Screening for Lynch syndrome 
(hereditary nonpolyposis colorectal cancer) among endometrial cancer patients. 
Cancer Res 2006;66:​7810-7.

16.	 Hampel H, Panescu J, Lockman J, et al. Comment on: Screening for Lynch 
syndrome (hereditary nonpolyposis colorectal cancer) among endometrial can­
cer patients. Cancer Res 2007;67:9603.

17.	 Lawrence J, Richer L, Arseneau J, et al. Mismatch repair universal screening of 
endometrial cancers (MUSE) in a Canadian cohort. Curr Oncol 2021;28:​
509-22.

18.	 Wood RK, Offman SL, Murray SK, et al. Lynch syndrome screening in endo­
metrial carcinoma: a two-antibody (PMS2/MSH6) immunohistochemistry 
panel can lead to underdiagnosis of MSH2-deficient tumours. Can J Pathol 
2021;13:14.

19.	 Dicks E, Pullman D, Kao K, et al. Universal tumor screening for Lynch syn­
drome: perceptions of Canadian pathologists and genetic counselors of barriers 
and facilitators. Cancer Med 2019;8:3614-22.

20.	 Snowsill TM, Ryan NAJ, Crosbie EJ, et al. Cost-effectiveness analysis of reflex 
testing for Lynch syndrome in women with endometrial cancer in the UK set­
ting. PLoS One 2019;14:e0221419.

Affiliations: Department of Obstetrics and Gynaecology (Levesque, 
Brock), Dalhousie University; Nova Scotia Health (Levesque, Wood, 

Carter, Kieser); Department of Pathology (Wood, Carter, Brock), 
Dalhousie University; Maritime Medical Genetics Service, IWK Health 
Centre; Division of Gynaecologic Oncology (Kieser), Department of 
Obstetrics and Gynaecology, Dalhousie University, Halifax, NS

Contributors: Marianne Levesque and Katharina Kieser conceived and 
designed the project. Katharina Kieser supervised the project. Richard 
Wood collected the pathology data. Marianne Levesque collected the 
demographic and oncologic data, and oversaw data merging and coding. 
Marianne Levesque supervised data analysis, which was provided in part 
by a third party (Nova Scotia Health’s Research Methods Unit), and 
drafted the manuscript. Marianne Levesque, Katharina Kieser and 
Michael Carter intrepreted the data. Richard Wood, Michael Carter, 
Jo-Ann Brock and Katharina Kieser revised the manuscript critically for 
important intellectual content. All authors approved the final version to 
be published and agreed to be accountable for all aspects of the work.

Funding: Funding for this study was obtained from the Department of 
Obstetrics and Gynaecology, Dalhousie University, Halifax, Nova Scotia.

Content licence: This is an Open Access article distributed in accordance 
with the terms of the Creative Commons Attribution (CC BY-NC-ND 4.0) 
licence, which permits use, distribution and reproduction in any medium, 
provided that the original publication is properly cited, the use is noncom­
mercial (i.e., research or educational use), and no modifications or adapta­
tions are made. See: https://creativecommons.org/licenses/by-nc​-nd/4.0/

Data sharing: Given the small size of and identifiable content in the 
Tupper Gynaecologic Oncology Database, data from the database are 
available only to those directly involved in patient care in our institution. 
Data used in this study are available in an unidentified, coded format from 
the first author on reasonable request: Marianne.levesque@dal.ca.

Acknowledgement: The authors acknowledge Erin Chamberlain, a 
Canadian certified genetic counsellor with the Maritime Medical Gen­
etics Service, for providing medical genetics data and insight from a medi­
cal genetics’ perspective.

Supplemental information: For reviewer comments and the original 
submission of this manuscript, please see www.cmajopen.ca/content/11/​
5/E1012/suppl/DC1.


