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Session Objectives
• Present the design and screening parameters of the Manitoba Lynch Syndrome screening program.
• Present that data generated from the first 15 months of province wide screening.
• Present and discuss issues encountered in the design, deployment and early maintenance of the
program.
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History of Lynch Syndrome testing in
Manitoba
Pre 2013:
• Patients with a clinical suspicion of Lynch syndrome were identified by combinations of:
• Clinical History / Family History
• Referral to Medical Genetics for counseling
• “À la carte” testing of patient samples, with requests for testing initiated by:
• Sampling physicians (Gastroenterologists, Surgeons)
• Counselling physicians and health care providers (Medical genetics referrals)
• Pathologists

• Samples from identified patients referred to outside institutions (BCCA, Mt Sinai, etc.. ) for testing by a
variety of methodologies (MMR-IHC +/- MSI or MSI only).
• Cases annually averaged 40-50 send outs to external agencies.

History of Lynch Syndrome testing in
Manitoba
This ad-hoc testing strategy was problematic and produced general confusion with:
•
•
•
•

Who to test?
When to test?
Where do we send samples and what tests will be performed?
Are the testing results generated clinically valuable?

Without a coordinated strategy we were encountering:
◦ Some patients appropriately tested and receiving results that were of clinical value (Ideal outcome).
◦ Some patients appropriately tested but results were lost in the system (Suboptimal outcome).
◦ Some patients that should have, but were not being tested.

With availability of MMR-IHC for screening and a desire from multiple stakeholders to bring in-house
testing, the landscape of testing in Manitoba was ready to change.

History of Lynch Syndrome testing in
Manitoba
Discussions of in-house Lynch testing started as early as 1999, then resumed in mid2000’s then really started up again in 2012.
These discussions involved a core group of Pathologists, the Technical Director, IHC
techs, Molecular Lab director and Lab management representatives.
Consultations with clinical colleagues from Medical Genetics, Gastroenterology,
Colorectal Surgery and Oncology were helpful to ensure open communication, keep the
team on the right track towards a clinically useful system and keep momentum to
brining an in-house testing strategy.

Patient advocacy group also pivotal in:
•
•
•
•

Raising public awareness.
Fund raising to help initiate testing.
Writing letters to and knocking on the door of the Health Minister.
Keeping the momentum.

The Kick-Butt for
colorectal cancer
run/walk
A fundraising event initiated in 2007
by the spouse of a Manitoba colorectal
cancer patient.
Funds collected as part of the KickButt run/walk have gone to the
CancerCare Manitoba Foundation and
in 2013, the funds raised by the event
were directed specifically to support
Lynch Syndrome testing in Manitoba.
The 2015 event has also been
identified as fund raising event to
support Lynch Syndrome testing.

The Manitoba Strategy
The “green-light” to go forward with developing an in-house solution was given in 2012.
Manitoba stakeholders wished to proceed with a screening program and the following needed to be defined:
• Target Population:
• Colorectal Cancer patients.
• Specimen type: Initial diagnosis of colorectal cancer on a resection specimen.
• Age cutoff: 70 years.

• Screening Modality:
• MMR-IHC, 4 Antibody panel (MLH1, PMS2, MSH2 and MSH6).

• Post-screening clinical testing pathways:
• Downstream molecular testing for BRAF V600E mutation detection.
• Downstream molecular testing for MSI status.
• Germline testing for confirmation of screening results.

Optimization and validation of MMR-IHC Ab Panel and Molecular techniques with known cases from local patient
samples previously sent to referral centres for testing.

Invasive Colorectal carcinoma
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Invasive Colorectal carcinoma
Patient ≤ 70 years age
Resection specimen
Reflex MMR-IHC
(MLH1/PMS2/MSH2/MSH6)
450 cases estimated
Intact MMR-IHC
400 cases estimated

“High risk features”
Patient < 50 years
MSI-H Histology
Clinical suspicion
MSI Testing
40 cases
MSI-H
5 cases

MSI-L

MSS
35 cases

Abnormal MMR-IHC
50 Cases

Absence of “High
risk features”

dMLH1/PMS2
37 cases

No additional
testing offered

BRAF V600E

V600E
29 cases

WT BRAF
8 cases

dPMS2
2 cases

dMSH2/MSH6
8 cases

dMSH6
3 cases

Medical genetics referral

Germline sequencing

Estimates based on vanLier et al. J Pathol 2012; 226: 764-774

Additional issues prior to launch of
screening…
Interpretation training
•
•
•
•

A core group of Pathologists volunteered (GI Group) to be the MMR pathologist pod.
Variable experience with MMR-IHC interpretation amongst group with some “anxiety” of process change.
Optimisation and microarray validation slides reviewed as part of a multihead training session.
Pathologist validation by individual review of whole tumor sections of IHC-Tech selected previously known
cases.
• Watchful waiting for cases with interpretive difficulties…

Reporting strategies
•
•
•
•
•
•

Template reports developed to ensure consistency of reports for all cases.
IHC expression pattern reported as (Intact expression, Loss of expression, Cannot be determined).
Standard templates developed and LIS insert codes to simplify reporting process.
Insert codes linked to specific relevant but infrequently used SnoMED codes for data tracking purposes.
Reporting user guide distributed to the MMR Pathologist Pod.
Process for referral of “Abnormal, high probability Lynch Syndrome” cases to Medical Genetics.

Standardized
reporting of
MMR-IHC
screening results
Template documents which report:
Nature of specimen
Reference block
Detailed IHC Results
Interpretive comment
Technical details

MMR-IHC
Visual User
Guide
for reporting
User manual with step by step
instructions and screenshots of the
reporting process of MMR-IHC cases

Abnormal IHC,
high probability
Lynch referral to
Medical Genetics
Uptake of genetic counselling is
improved when Medical Genetics has
access to reports from high risk
patients and ideally have the ability to
contact the patient directly to
coordinate counselling for possible
germline testing.
Agreement amongst MMR
pathologists to include Medical
genetics as a cc’d recipient of:
“Abnormal IHC, high probability Lynch”
or
“Abnormal IHC cannot exclude Lynch
syndrome” cases.

Additional issues prior to launch of
screening…
“Public awareness campaign”
• Pathologist education
• Several CME sessions in years leading to screening program launch to provide background information on Lynch Syndrome.
• Memo to all pathologists in Manitoba to inform them of screening launch, screening parameters, process for MMR-IHC order entry
(an MMR IHC order entry code developed) inclusive of required sample (section containing tumor and non-tumoral tissue)

• Sampling and treating physician education
• Reaching out beyond the select non-pathologist physicians that had supported the development of the screening program via CME
sessions in Gastroenterology and grand round sessions in Surgery.

• General Public awareness
• At the discretion of the Health Minister and in cooperation with CancerCare Manitoba, a press release and media event was
organized to announce to the general public that organized province-wide testing had begun in Manitoba.
• Media event had been “threatened” in the weeks leading to screening program kick-off and the Minister of Health’s office had
given us 24 hours warning that they were going pubic with the testing announcement as part of the KickButt run/walk of 2013.
Formal announcement occurred closer to 6 months after the screening had started.
• Watchful waiting for any unexpected spin on the screening program…

Public
awareness
campaigns
Media release with scheduled press
conference to publically announce the
initiation of MMR Screening.

Public
awareness
campaigns
Media release with scheduled press
conference to publically announce the
initiation of MMR Screening.

Lynch syndrome patient presented to
the public the impact that syndrome
identification can have on an
individual and their family.

Additional issues prior to launch of
screening…
Case tracking
• Mechanisms to track cases tested :
• Total volume of cases tested.
• Abnormal IHCs identified and breakdown of abnormal IHCs (dMLH1/PMS2 vs dPMS2 vs dMSH2/MSH6 and dMSH6)
• Results of downstream molecular tests (# of V600E vs BRAF-WT and MSS vs MSI-H vs MSI-L)
• Adherence to the screening parameters, primarily patient age (≤ 70 years of age)

• Mechanisms to track cases that were missed as part of screening:
• As a reflex screening program a major determinant of success will be ensuring all eligible candidates receive testing.
• Adding a reflex test to pathologists daily tasks not without some difficulties.

• Monthly report identifying all reported CRC resection specimens which would have qualified for MMR-IHC but for which no MMRIHC order entry or no MMRS (insert code Supplemental report for MMR-IHC) were performed generated and sent to the MMR
Pathologist pod lead.

• Search strategies had to be adapted to accommodate the two LIS environments in Manitoba.

Screening data in first 15 months of testing
(October 2013 – December 2014)

Manitoba Data (Oct 2013 – Dec 2014)
In the first 15 months of screening:
• 378 colorectal cancer patients resection cases were tested for Mismatch repair deficiency and of these:
• 254 (67%) had Intact MMR-IHC expression and no high risk clinical or pathologic features
• 63 (17%) had intact MMR-IHC but were identified as having at least one “high-risk feature” from:
• Age at presentation < 50 years
• Histologic features suggestive of MSI-H status (right sided, mucinous, poorly differentiated, TILs,
Crohn’s-like lymphoid aggregates
• Strong clinical suspicion
• Of 63 cases sent for downstream MSI testing:
• 60 (95%) were MSS
• 3 (5%) were MSI-L
• 0 MSI-H cases were identified

Manitoba Data (Oct 2013 – Dec 2014)
In the first 15 months of screening:
• 378 colorectal cancer patients resection cases were tested for Mismatch repair deficiency and of these:
• 60 (16%) had Abnormal MMR-IHC expression with:
• 47 (78% of abnormals) documented as dMLH1/PMS2
• BRAF V600E identified in 33 cases (70%)
• BRAF-WT identified in 14 cases (30%)
• 4 (7% of abnormals) documented as dPMS2
• 6 (10% of abnormals) documented as dMSH2/MSH6
• 3 (5 % of abnormals) documented as dMSH6
• “High probability Lynch Syndrome” patients (dPMS2, dMSH2/MSH6, dMSH6) cases accounted for
3.4% of colorectal cancer cases screened by MMR-IHC.
• “Cannot exclude Lynch Syndrome” patients dMLH1/PMS2 + BRAF WT = 3.7% of screened cases.

Manitoba Data (Oct 2013 – Dec 2014)
In the first 15 months of screening:
• 53 cases were ordered on patients outside of the age parameters for screening (> 70 years) and of
these:
• 35 cases (66%) had intact MMR-IHC expression
• 18 cases (34%) had abnormal MMR-IHC expression all of which were dMLH1/PMS2
• Of the abnormal cases in > 70 years group all 18 were proven to be BRAF V600E positive.
• One of 378 cases screened was reported as MMR-IHC expression undetermined.

Manitoba Data (Oct 2013 – Dec 2014)
Comparison of Manitoba data with other screening programs:

Time frame
Total cases screened
Total normal (IHC / MSI)
Abnormal IHC, high probability Lynch

1.
2.

Manitoba/DSM

Dutch Study (1)

Cleveland Clinic (2)

15 months

2 years

8 years

378

1137

1108

317 (84%)

996 (87%)

930 (84%)

3.4%

4.5%

2.8%

vanLier et al. Yield of routine molecular analyses in colorectal cancer patients ≤ 70 years to detect underlying Lynch syndrome. J Pathol. (2012);
226: 764-774
Heald, B. et al. Implementation of a Universal Microsatellite Instability and Immunohistochemistry Screening for Diagnosing Lynch Syndrome
in a Large Academic Medical Centre. J Clin Oncol. (2013); 31: 1336 – 1340.

Issues encountered in the first 15 months of
screening

Issues encountered in the first 15
months of screening
Interpretation difficulties
• Fortunately few… but we have had some and MSH6 seems to be the difficult one.
• The most common issue to date encountered is absence of MSH6 expression in resection specimens of
rectal cancer subjected to neo-adjuvant therapy.
• Three known cases in the screening program and these represent a minority in the post-neoadjuvant therapy cohort.
• In the setting of MSH6 loss, MMR Pathologist should review patient’s medical history to determine if neoadjuvant therapy is a
confounding factor.
• With loss of MSH6 in the setting of neoadjuvant therapy, reflex testing of the biopsy specimen is undertaken and in our few cases
has been useful to document MSH6 expression in therapy naïve tumor.

• Focal expression of MSH6
• One case in which expression of MSH6 was exquisitely focal. Confounding this case was absent PMS2 expression.

• Weak nuclear expression vs “nuclear blush”
• Some cases with very faint nuclear expression in tumor cells but stronger expression in internal controls.
• ? Ideal way to report these cases. If screening is the goal, wouldn’t sensitivity matter most and thus handle these as loss of
expression but why compromise specificity of the test and label someone as potentially harbouring an inherited cancer syndrome.

Neoadjuvant Tx
related MSH6
loss
Patient had preoperaitve
Chemoradiation and reflex screening
MMR-IHC had revealed MSH6 loss

IHC performed on pre-therapy biopsy
confidently documented intact MSH6
expression in tumor cell nuclei

MSH2

Neoadjuvant Tx
related MSH6
loss
Patient had preoperaitve
Chemoradiation and reflex screening
MMR-IHC had revealed intact MSH2
and MSH6 loss
(at most faint focal nuclear positivity)

MSH6

Neoadjuvant Tx
related MSH6
loss
Patient had preoperaitve
Chemoradiation and reflex screening
MMR-IHC had revealed intact MSH2
and MSH6 loss
(at most faint focal nuclear positivity)

IHC performed on a nodal metastasis
and subsequently on the pre-therapy
biopsy confidently documented intact
MSH6 expression in tumor cell nuclei

MSH6

Neoadjuvant Tx
related MSH6
loss
Patient had preoperaitve
Chemoradiation and reflex screening
MMR-IHC had revealed intact MSH2
and MSH6 loss
(at most faint focal nuclear positivity)

IHC performed on a nodal metastasis
and subsequently on the pre-therapy
biopsy confidently documented intact
MSH6 expression in tumor cell nuclei

MSH6

Neoadjuvant Tx
related MSH6
loss
Documented in the literature.
Reports of loss or reduced expression
in range of 18 - 20% of cases.

Repeat staining of the endoscopic
biopsy material should be undertaken.

Focal MSH6
expression
36 y.o. male
Sigmoid adenocarcinoma
9.4 cm in size
pT3 N0 Mx
No history of neoadjuvant Tx

MSH6

Focal MSH6
expression
Most tumor cell nuclei had loss of
MSH6 expression in spite of positive
internal controls.
Focal strong MSH6 expression in
tumor cells identified.

No history of neoadjuvant therapy to
account for altered MSH6 expression

MSH6

Focal MSH6
expression
Most tumor cell nuclei had loss of
MSH6 expression in spite of positive
internal controls.
Focal strong MSH6 expression in
tumor cells identified.

No history of neoadjuvant therapy to
account for altered MSH6 expression

MSH2

Focal MSH6
expression
The same tumor has diffuse strong
MSH2 nuclear expression in tumor
cells nuclei.

MSH2

PMS2

Focal MSH6
expression
The same tumor has complete loss of
PMS2 in tumor cell nuclei with
retained expression in internal
controls.
No history of neoadjuvant therapy to
account for altered MSH6 expression.

Germline PMS2 mutation testing was
to be perfromed on a living family
member.

PMS2

Focal MSH6
expression
Heterogeneity of MMR expression
described and three distinct patterns
recognized:
Intraglandular
Within or in between glandular
formations)
Clonal

In whole glands or groups of glands
Compartmental
In larger tumor areas/compartments
or in between different tumor blocks

Weak expression
vs “nuclear
blush” of MMR
proteins
High grade, poorly differentiated
carcinoma with MSI-H histologic
features:
Medullary phenotype
TILs

Weak expression
vs “nuclear
blush” of MMR
proteins
Faint nuclear expression in possible
tumor cell nuclei. Internal control with
stronger nuclear expression of MMR
proteins.

Does this constitute a positive
expression pattern in line with CAP
recommendations of “any nuclear
positivity should be reported as
intact”?
Or is this best considered as absent
expression to maximize screening
sensitivity and offer patient
opportunity to receive genetic
counselling

MSH6

Weak expression
vs “nuclear
blush” of MMR
proteins
The same tumor is found to be
MLH1/PMS2 deficient.
Was the faint nuclear MSH6
expression in tumor cell nuclei best
considered intact expression in line
with CAP recommendations of “any
nuclear positivity should be reported
as intact”?

BRAF V600E testing pending.

MLH1

Issues encountered in the first 15
months of screening
Test ordering difficulties
• Sign-out pathologist selection of best possible tumor section not always ideal.
• Not all cases follow recommendation of testing on section tumor with adjacent non-neoplastic tissue.
• Pathologists also uncertain about the number of tumors which require testing:
• In the setting of synchronous colorectal carcinoma (on its own concerning for a hereditary disposition to colorectal carcinoma) a
representative section of each tumor should be tested.
• In the setting of synchronous colorectal and another possible Lynch-related neoplasm (ie: endometrial carcinoma), a section of
each tumor should be tested.
• In a patient with prior history suggestive of Lynch syndrome and previous iMMR tumor and presents with resection of a
metachronous colorectal cancer (or an advanced polyp) I recommend testing the second neoplasm.

MLH1

MMR-IHC
testing in
synchronous
CRC and EC

PMS2

PMS2

66 y.o. female patient with right sided
colon cancer (screening OB+) and
endometrioid carcinoma on
endometrial biopsy for PMB.

MSH2
Patient underwent resection of both
an invasive colorectal adenocarcinoma
and synchronous endometrial
carcinoma
IHC performed on the CRC
documented intact nuclear expression
for all 4 MMR proteins.

MSH6

PMS2

MLH1

MMR-IHC
testing in
synchronous
CRC and EC

PMS2

Patient underwent resection of both
an invasive colorectal adenocarcinoma
and synchronous endometrial
carcinoma
IHC performed on the CRC
documented intact nuclear expression
for all 4 MMR proteins.
Section of endometrial
adenocarcinoma tested for MMR
expression and found to be dPMS2.

Germline testing confirmatory of
PMS2 mutation

MSH2

MSH6

MMR-IHC
testing in
synchronous
CRC and EC
Of the synchronous colorectal cancers
in the first 15 months of testing, all
had intact MMR-IHC

However patients with Lynch
syndrome may develop Colorectal
carcinoma in pathways that do not
immediately implicate the MMR
system.

Testing of multiple cancers may be
beneficial.

A 14 y.o. F patient
with invasive CRC.
Family history
positive for sister
who died of CRC at
young age.
High clinical
probability of
Lynch syndrome.
MMR-IHC testing performed

A 14 y.o. F patient
with invasive CRC.

MLH1
PMS2

PMS2

MSH2

MSH6

Family history
positive for sister
who died of CRC at
young age.
High clinical
probability of
Lynch syndrome.
Absent PMS2 expression in tumor cells
and internal controls

A 14 y.o. F patient
with invasive CRC.

PMS2 – normal colorectal mucosa adjacent to tumor

Family history
positive for sister
who died of CRC at
young age.
High clinical
probability of
Lynch syndrome.
Absence of PMS2 expression in
adjacent normal tissue. On-slide
control positive.

PMS2 control

Issues encountered in the first 15
months of screening
Identification of other diseases
• Patients with Biallelic MMR deficiency (BMMR-D) although rare, can be expected to be encountered as
part of systemic Lynch Syndrome screening.
• These patients would ideally could be identified by clinical parameters and MMR-IHC would be
complimentary testing.
• Recognition of this disease entity is important as it may be otherwise considered a technical problem in
the IHC lab.
• Loss of all tissue expression of one MMR protein in the setting of positive controls may be due to
biallelic MMR gene mutations from consanguinity.
• Patients with biallelic loss present at very young age with malignancies of the gastrointestinal tract, CNS
and hematolymphoid system.
• Although parents of affected children each carry a MMR gene mutation, they somehow are unaffected
by Lynch-related malignancies.

Issues encountered in the first 15
months of screening
Identification of additional clinically relevant case findings
• As part of our protocol, MMR-IHC slides are accompanied by a representative H&E section, allowing:
• Review of tumor morphology - if intact MMR but tumor has MSI-H features, MSI testing initiated by MMR pathologist
• Confirmation that tumor is present in IHC sections – unusual tumor morphologies (signet ring cell ca, minimal residual tumor)
• Selection of tumor area for BRAF in dMLH1/PMS2 cases and tumor and non-tumor areas in cases requiring MSI testing.

• Additional unexpected findings can be encountered and were either absent or missed on initial
sections.
• This has been very infrequent in our centre. One case of extra mural venous invasion was identified and
had originally been interpreted as an area of subserosal invasion.

Issues encountered in the first 15
months of screening
Case tracking
• A robust LIS (or creative exploitation of a less than robust LIS) is required to keep monitor of quality
parameters, including:
• Cases missed that should have received reflex MMR-IHC.
• Results from cases tested – are we meeting the expected targets in our program?
• Cases that fall into the “High probability Lynch” or “Cannot exclude Lynch” categories for appropriate Medical genetics referral.
• Cases that are tested outside of approves screening parameters.

• Data and case tracking can be difficult and clinical teams (Med genetics) will “speak-up”
• A recent case was flagged as a major issue as a high risk patient report was not cc’d to genetics.
• IHC report verified on May 19th and complaint e-mail to lead MMR pathologist received on May 26th.
• Patient physician had actually acted on results and appropriately referred patient to counselling.

Stakeholder
opinion on
implementation
of Lynch
Syndrome
screening
programs

Issues encountered in the first 15
months of screening
Public awareness issues
•
•
•
•
•

Missed cases by pathologists.
Cases tested outside of screening parameters.
Tests for Oncologic management (no clinical suspicion of Lynch syndrome).
Waiting list requests.
Patients with unresectable disease.

Future directions:
• Expansion to include Gynecologic (endometrial carcinomas).
• Transition to BRAF IHC.
• Reduction in MSI volumes
• MSI to be ordered only on clinically flagged cases with Intact MMR IHC
• Discontinue Reflex MSI for “High risk pathologic features or age at presentation < 50 years)

Thank you.

