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The problem




What is Lynch syndrome?

Lynch syndrome is an autosomal Lynch syndrome may

dominant cancer predisposition ” occur in u p to
syndrome arising from a
dysfunctional DNA mismatch U &
Ve N

repair (MMR) system .I in 278

people
Up to 95% of Lynch : :
syndrome carriers making it the most
are unaware common inherited

cause of cancer
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Ubiquitous somatic mutations in
simple repeated sequences
reveal a new mechanism for

colonic carcinogenesis
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Mismatch repair (MMR) system

Courtesy of Dr N
Ramchander






DNA mismatch repair (MMR) deficiency

Frameshift, nonsense and missense mutations persist within/microsatellites [A},, [CA], etc

Key tumour; suppressor and cell-cycle regulator genes affected: TGF.1R2, BAX, APC etc.i4

Tumour Proliferation




Upregulation of

the PD-1/PD-L1
immune inhibitory
axis

MMR deficient CRC’s are characterised by a higher infiltration
of CD3+ and CD8&+ lymphocytes compared to MMR proficient
CRC 2.

TGFB
Upregulation of
immune inhibitory \d
FoxP3+ regulatory T-
I *°e
000
IL-10

cells




* Immune check point mechanisms can be targeted by
mono-colonal antibody based therapies

* In 2000 Medarex launched its first clinical trials with a
human Mab binding to CTLA-4.

e Approval of ipilimumab for the treatment of
metastatic melanoma by the FDA in 2011.

Upregulation of
the PD-1/PD-L1 /£ b8+  PD-1
immune inhibitory
axis

cell




Gynecologic Cancer as a “Sentinel Cancer” for
Women With Hereditary Nonpolyposis Colorectal
Cancer Syndrome
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hereditary colorectal cancer: an analysis from the CAPP2
randomised controlled trial

Preventive surgery for colon cancer

in familial adenomatous polyposis

and hereditary nonpolyposis colorectal
cancer syndrome
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Mismatch repair deficiency
predicts response of solid tumors
to PD-1 blockade
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NICE recommends all bowel
cancer patients to be tested for
Lynch Syndrome

Today (Friday 21 October) the National Institute for Health and Care Excellence have announced draft guidance
recommending that everyone who is diagnosed with bowel cancer should be tested for Lynch syndrome. This is good news
as this genetic condition increases a person’s risk of a bowel cancer diagnosis by up to 80% in some cases.
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N I C E Health and Care Excellence | >N CE- E Signin

In bowel

Cancer

NICE Pathways NICE guidance Standards and indicators Evidence search BNF BNFC CKS Journals and databases

Read about our approach to COVID-19

Home ? NICE Guidance ¥ Conditions and diseases # Cancer ¥ Colorectal cancer

Molecular testing strategies for Lynch syndrome in people
with colorectal cancer
Diagnostics guidance [DG27]  Published date: 22 February 2017
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Screening for the Lynch Syndrome
(Hereditary Nonpolyposis Colorectal Cancer)

Identification of Lynch Syndrome
Among Patients With Colorectal Cancer

Context Lynch syndrome i the most common form of hereditary colorectal cancer

Balaguer, MD, PhD (CRO) and s caused by germiine mutationsin DNA mismatch repair (MMR) genes.
P ith MMR-

Norala . M

NorabneLindor, MD 4. sent tumors, but crtera o selectindviduak tn \hcm tumor MR testing should

Albert de la Chapelle be performed are unclear.

Heather Hampel, MS

Lauri A. Aaltonen, MD, PhD

John L Hopper, P Design, Setting, and Patients Pooled-data ansyss of 4 Lrge cohorts of newly

diagnosed CRC ruited between 1994 and 2010 (n=10 2§

lon Cancer Family Regitry, the EPICOLON project, the Ohio Statd
7 the University of Helsinki examining personal, tumor-related, and f3

N P 1ics. as well as microsatellte instabilty, fumor MMR immunostaini

PolyA- Newoosh; PRISMPHL L ‘“““‘“’b PLD, MPH MMR mutational status data.

Objective To establsh 2 highly sensitive and efficient strategy for the ientfication
of MMR gene mutation carmers among CRC proban

n=10,206

Population-Based Molecular Detection of Hered
Nonpolyposis Colorectal Cancer
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Louri A. Adlionen, and Albert de lo Chapelle

Purpose: Cancer morbidity and mortality can be first-degree relative with colorectal or en
dramatically reduced by colonoscopic screening of in-  cer. Notably, 17 (94%) of 18 patients had|
dividuals with the hereditary nonpolyposis colorectal  these three features, which were presen|
cancer (HNPCC) syndrome, creating a need to identify 535 patients. Combining these data
HNPCC. We stodied how HNPCC identfication should  study of 509 patiens, mutation-posit

n=535
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Prevalence and Spectrum of Germline Cancer
Susceptibility Gene Mutations Among Patients
With Early-Onset Colorectal Cancer
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Outcome of 24 years national surveillance
i different hereditary colorectal cancer subgroups
leading to more individualised surveillance

Las loachim Lndberg," Seen Ladlund," Birgie Lidegaard Federsen,
Lar Smit-Hansen," ge Bemstein™

n=13,444 surveillance sessions
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Next-Generation Sequencing Panels for the Diagnosis of
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A Cost-Effectiveness Analysis
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“odin C. Pritchard, William M. Grady, Wylie Burke,

A B S TRATCT

A systematic review and economic evaluation of diagnostic

strategies for Lynch syndrome
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BRAF N Frequently Present in Sporadic Colorectal
Cancer lated hMLHI1, But Not in Hereditary

Conelusions: BRAF mutations aze frequently present in
sparadic colorecta exucer ith methylated RMLEY, but mot
in ANPCC-reated eancers. This discrepaney of BRAF mu-
tations between. sporadic MST+ cancer and HNPCC might
be wed in 2 strafesy for the detection of ENPCC famibes,
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Prophylactic Surgery to Reduce the Risk
of Gynecologic Cancers in the Lynch Syndrome

Kathleen M. Schmeler, M.D., Henry T. Lynch, M.D., Lee-may Chen, M.D.,
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Molly 5. Daniels, M.5., Kristin G. White, B.5., Stephanie . Boyd-Rogers, R.N,,
y G. Conrad, M 5., Kathleen Y. Yang, M.D., Mary M. Rubin, Ph.D.,
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The Questions

* What proportion of endometrial
cancer has MMRd?

 What proportion of endometrial
cancer is related to Lynch syndrome?

* What is the best way to screen
endometrial cancer for MMRd?

e How feasible is it to screen all
endometrial cancers for
MMRd/Lynch syndrome?

* Does the aetiology of MMRd effect
the immune response?
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Proportion of Endometrial Tumours
Associated with Lynch Syndrome
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The proportion of endometrial cancers associated with

Lynch syndrome: a systematic review of the literature
and meta-analysis

M. A. ). Ryan, MBChE =", M. A Glaire, MBChE®, D. Blake, MBChE®, M. Cabrera-Dandy, MBChE®,
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Unselected Endometrial Cancer

!

MSI Analysis MMR IHC Analysis
0.74 (74%) 0.27 (27%) 0.74 (74%) 0.18 (18%) 0.08 (8%)
! .
Normal MLH1/PMS2 Loss MSH2/MSH6 Loss
L 4 l
Normal MSI-H Hyper-methylation
Testing
v
Hyper-methylation
Testing 0.12 (2%) 0.88 (16%)
0.41 (12%) 0.59 (16%) Normal Hyper-
Normal Hyper-
methylated
Y Y
Tumor Indicated Germline Analysis for Lynch syndrome
1 I
0.85 (97-98%) 0.25 (2-3%)
Normal Pathogenic

Variant




Weight

Weight

Study Events Total Proportion  95%-Cl (fixed) (random)

Unselected .
i 190 9 8 032 [0.16;052] 07%  23%
avasus 1990 12 42 —— 0.29 [0.16;0.45] 1.0% 2.8%
Chadwick 2001 774 = 0.23 [0.14;0.34] 1.6% 3.6%
McConechy 2015 23 89 —— 0.26 [0.17;0.36] 2.1% 4.0%
Egoavil 2013 47 173 —‘0— 0.27 [0.21;0.34] 4.2% 5.2%
Yoon 2008 50 113 ; —— 0.44 [0.35;0.54] 3.4% 4.9%
Zauber 2010 56 213 -+ 0.26 [0.21;0.33] 5.0% 5.4%
Hampel 2006 98 543 =i 0.18 [0.15;0.22] 9.8% 6.2%
Buttin 2004 111 413 4= 0.27 [0.23;0.31] 9.9% 6.2%
Goodfellow 2015 296 1002 = 0.30 [0.27;0.32] 25.5% 6.8%
Rubio 2016 22 83 —f— 0.27 [0.17;0.37] 2.0% 3.9%
Ferguson 2014 27 117 —H= 0.23 [0.16;0.32] 2.5% 4.4%

¥

1

|

Selected ;
Hewitt 2006 3 17 ———— 0.18 [0.04;0.43] 0.3% 1.1%
21 61  a— 0.34 [0.23;0.48] 1.7%  3.7%
Parc 2000 21 62 -‘—-— 0.34 [0.22;0.47) 1.7% 3.7%
Moline 2013 33 245 —+ : 0.13 [0.09;0.18]  3.5% 4.9%
Leenen 2012 42 179 = 0.23 [0.17;0.30] 3.9% 51%
Cook 2013 129 480 T 0.27 [0.23;0.31] 11.5% 6.3%
Man-Yee Chu 2015 14 62 —+— 0.23 [0.13;0.35] 1.3% 3.2%
Berends 2003 20 57 —— 0.35 [0.23;0.49] 1.6% 3.6%
Lu 2007 25 9 —f'— 0.26 [0.18;0.36] 2.2% 4.2%
Walsh 2008 42 120 — 0.35 [0.27;0.44] 3.3% 4.8%
Cossio 2009 78 T 0.30 [0.13;0.53] 0.6% 1.9%
Pecorino 2016 8 19 S SEmm— 0.42 [0.20;0.67] 0.6% 1.9%
Fixed effect model 1420 { 0.26 [0.24;0.29] 32.2% -
Random effects model : 0.27 [0.23; 0.32] -—  44.4%

Heterogeneity: 1? = 68%, 12 = 0.1099, p<0.01 |

|
Fixed effect model 4310 j 0.27 [0.25; 0.28] 100.0% -
Random effects model d 0.27 [0.24; 0.30] - 100.0%

Heterogeneity: I° = 71%, f f T T T !

7= 0.0756,p < 0.01 0 02 04 06 08 1



Unselected Endometrial Cancer

!

MSI Analysis MMR IHC Analysis
0.74 (74%) 0.27 (27%) 0.74 (74%) 0.18 (18%) 0.08 (8%)
Normal MLH1/PMS2 Loss MSH2/M5H6 Loss
Y Y l
Normal MSI-H Hyper-methyhation
l Testing
Hyper-methylation
Testing 0.12 (2%) 0.88 (16%)
Normal Hyper-
methylated
Normal Hyper-
methylated
l .. ,
Tumor Indicated Germline Analysis for Lynch syndrome
I I
0.85 (97-98%) 0.25 (2-3%)

!

Normal

!

Pathogenic

Variant




Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)

Buttin 2004 32 111 : 0.29 [0.21;0.38] 23.7% 21.1%
Hampel 2006 28 98 0.29 [0.20;0.39] 20.8% 21.0%
Zauber 2010 37 56 0.66 [0.52;0.78] 13.0% 20.7%
Goodfellow 2015 249 296 : 0.84 [0.79;0.88] 41.1% 21.3%

Cassio 2009 2 7 + 0.29 [0.04;0.71] 1.5% 15.9%

Fixed effect model 568 0.59 [0.54; 0.63] 100.0% —_—
Random effects model 0.49 [0.21; 0.78] ——  100.0%
Heterogeneity: I? = 97%,
12=1.9753,p < 0.01




Unselected Endometrial Cancer

' !

M5! Analysis MMR IHC Analysis

0.74 (74%)  0.27(27%) 0.74(74%) 0.18 (18%) 0.08 (8%)

Normal MLH1/PMS2 Loss MSH2/M5H6 Loss
L 4 Y l
Normal MSI-H Hyper-metkyhation
Testing
v
Hyper-methylation
Testing 0.12 (2%) 0.88 (16%)
0.41 (12%) 0.59 (16%) Normal Hyper-
Normal Hyper-
methylated
Y Y

Tumor Indicated Germline Analysis for Lynch syndrome

0.85 (97-98%) 0.25 (2-3%)
Normal Pathogenic

Variant




Weight Weight
Study Events Proportion 95%-Cl (fixed) (random)

Unselected
Gonzélez 2012 0.25 [0.09;0.49] 0.2% 1.1%
‘Yoon 2008 0.23 [0.16;0.32] 1.1% 2.3%
Riggi 2016 0.33 [0.23;0.44] 1.0% 22%
Rubio 2016 0.33 [0.24;0.43] 1.1% 2.3%
Ferguson 2014 0.29 [0.21;0.38] 1.3% 2.4%
Najdawi 2017 0.29 [0.21;0.38] 1.4% 2.4%
Long 2014 0.24 [0.18;0.31] 1.7% 2.5%
Batte 2014 0.07 [0.05;0.10] 2.1% 2.6%
Hartnett 2015 0.21 [0.16; 0.27] K 2.5%
Djordjevic 2014 0.30 [0.23;0.38] 1. 2.5%
Backes 2011 0.12 [0.09; 0.16] .. 2.6%
Watkins 2017 0.20 [0.15; 0.25] 5 2.5%
Frolova 2015 ! 0.22 [0.17;0.28] 5 2.6%
Egoavil 2013 0.34 [0.27;0.41] . 2.5%
Mas-Moya 2015 0.33 [0.27;0.40] 2. 2.6%
Bruegl 2014 ; 0.29 [0.24;0.33] 4. 2.7%
Resnick 2010 » 0.28 [0.24;0.33] . 2.8%
Mills 2014 0.25 [0.21;0.28] . 2.8%
Buchanan 2014 0.24 [0.21;0.28] . 2.8%
Joehlin—price 2014 1054 0.22 [0.20; 0.25] . 2.8%
Goodfellow 2015 1002 0.36 [0.33;0.39] 2.9%
Hampel 2006 327 0.34 [0.29;0.40] X 2.7%
Dillon 2017 60 233 0.26 [0.20;0.32] 2. 2.6%
Fixed effect model 7725 0.26 [0.25; 0.27] . -
Random effects model 0.25 [0.22; 0.29] 57.6%
Heterogeneity: /> = 90%, 1 = 0.1557, p < 0.01

Kato 2016 10 360 + 0.03 [0.01;0.05]
Cossio 2009 10 30 0.33 [0.17;0.53]
Woo 2014 15 77 0.19 [0.11;0.30]
Lin 2016 17 76 0.22 [0.14;0.33]
Pecorino 2016 19 62 0.31 [0.20; 0.44]
Kost 2016 20 83 0.24 [0.15;0.35]
Mathews 2008 21 61 b 0.34 [0.23;0.48]
Man-Yee Chu 2015 22 67 0.33 [0.22;0.45]
Ring 2013 29 111 0.26 [0.18;0.35]
Garg 2009 32 71 0.45 [0.33;0.57]
Lu 2007 34 100 0.34 [0.25; 0.44]
Walsh 2008 38 146 0.26 [0.19;0.34]
Rabban 2014 41 273 0.15 [0.11;0.20]
Leenen 2012 42 179 0.23 [0.17; 0.30]
Sugawara 2015 54 182 0.30 [0.23;0.37]
Tan 2013 58 246 0.24 [0.18; 0.29]
Moline 2013 61 245 0.25 [0.20; 0.31]
Lee 2018 67 315 0.21 [0.17;0.26]
Berends 2003 25 51 0.49 [0.35; 0.63]
Fixed effect model 2735 0.25 [0.23; 0.27]
Random effects model 0.25 [0.21; 0.30]
Heterogeneity: /% = 85%, 1 = 0.2427, p < 0.01

Overall
Fixed effect model 0.26 [0.25; 0.27] 100.0%
Random effects model 0.25 [0.23; 0.28] -
Heterogeneity: /2 = 88%, I E E— E— —

2_
©=01722,p<0.01 0 02 04 06 08 1




Unselected Endometrial Cancer

!

MSI Analysis MMR IHC Analysis
0.74 (74%) 0.27 (27%) 0.74 (74%) 0.18 (18%) 0.08 (8%)
L .
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3 ¥ l
Normal MSI-H Hyper-meikylition
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L 4
Hyper-methylation
Testing 0.12 (2%) 0.88 (16%)
0.41 (12%) 0.59 (16%) Normal Hyper-
Normal Hyper-
methylated
Y Y
Tumor Indicated Germline Analysis for Lynch syndrome
I 1
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Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)

Unselected

Bruegl 2014 118 ¢ 0.15 [0.09;0.23] 13.6% 6.8%
Buchanan 2014 0.12 [0.07;0.18] 15.8% 6.9%
Djordjevic 2013 : 0.22 [0.11;0.36] 7.0% 6.3%
Egoavil 2013 : 0.17 [0.09;0.29] 7.4% 6.4%
Frolova 2015 ; 0.08 [0.02;0.19] 3.3% 5.4%
Goodfellow 2015 : 0.05 [0.03;0.08] 15.3% 6.9%
Hartnett 2015 : 0.02 [0.00;0.12] 0.9% 3.1%
Mills 2014 : 0.01 [0.00;0.05] 1.8% 4.4%
Najdawi 2017 0.03 [0.00;0.15] 0.9% 3.1%
Watkins 2017 ; 0.04 [0.01;0.14] 1.7% 4.3%
Yoon 2008 ; 0.62 [0.41;0.80] 5.5% 6.1%
Hampel 2006 0.12 [0.06;0.19] 10.3% 6.6%
Dillon 2017 : 0.03 [0.00;0.12] 1.7% 4.3%
Fixed effect model 0.12 [0.10; 0.14] 85.1% -
Random effects model 0.10 [0.06; 0.16] - 70.5%
Heterogeneity: I* = 85%, 1° = 0.8456, p < 0.01}

Selected

Kost 2016
Leenen 2012
Lin 2016

Lu 2007
Rabban 2014
Sugawara 2015

0.05 [0.00; 0.25]
0.02 [0.00;0.13]
0.18 [0.04; 0.43]
0.03 [0.00;0.15]
0.00 [0.00;0.09]
0.11 [0.04; 0.23]
Walsh 2008 : 0.16 [0.06; 0.31]
Cassio 2009 10 ~—~.— 0.00 [0.00; 0.31]
Fixed effect model 256 <> 0.10 [0.06; 0.15]
Random effects model <::> 0.09 [0.05; 0.15]
Heterogeneity: I* = 28%, 1 = 0.2100, p = 0.21;

OO = W= =

Fixed effect model 1533 <'> 0.11 [0.10; 0.13] 100.0%
Random effects model <> 0.09 [0.06; 0.13] -
Heterogeneity: 1 = 78%, f T T T T

1% =0.7164, p <0.01 0 02 04 06 08




Weight

Weight

Study Events Total Proportion  95%-Cl (fixed) (random)
Unselected L
Egoavil 2013 8 19 —:*— 0.42 [0.20;0.67] 4.6% 4.8%
Frolova 2015 5 16 —r°—— 0.31 [0.11;059] 3.4%  45%
Watkins 2017 4 10 —‘—'— 0.40 [0.12;0.74] 2.4% 4.1%
Najdawi 2017 3 9 —:._-— 0.33 [0.07;0.70] 2.0% 3.9%
Backes 2011 3 8 —~—‘— 0.38 [0.09;0.76] 1.8%  3.9%
Buchanan 2014 2 158 0.14 [0.09;0.20] 18.6%  5.4%
Kato 2016 2 5 : . 0.40 [0.05;0.85] 1.2% 3.3%
Chadwick 2001 2 17 —— 012 1001°03A1  17%  3R%
Welght  Welght
Study Events Total Proportion  85%-Cl (flxed) (random)
Pennington 2013 0 151+ 000 [0.00;002] 19% 9 4%
Ring 2016 22 381 [ 006 [D.04;009] 804%  530%
Berends 2003 5 58 v 009 [003;019] 17.7%  377%
Flxed effect model 580 o 0.06 [0.04; 0.08] 100.0% -
Random effects model < 0.05 [0.02; 0.12] —  100.0%
Heterogeneity: I = 61%,1°=0.3718, p=0log | ' '
0 02 04 06 08 1
Random effects model = 0.39 [0.26; 0.54] -  744%
Heterogeneity: /° = 84%, ¥ = 12401, p<0.01 @ !
Selected C
Moline 2013 § 34—t 0.24 [0.11;041] 60%  50%
Ferguson 2014 7 08 +— 0.08 [0.03;0.16] 63%  5.0%
Leenen 2012 7 10 P 0.70 [0.35:0.93] 21%  4.0%
Lin 2016 3 5 0 0.60 [0.15;0.95] 1.2% 3.3%
Rabban 2014 27— 029 [0.04;0.71] 14%  35%
Lu 2007 9 25 . 0.36 [0.18;0.57) 57%  4.9%
Fixed effect model 170 1 0.25 [0.18; 0.33] 22.7% -
Random effects model 0.32 [0.15; 0.55] —  25.6%
Heterogeneity: 12 =79%, 12 = 1.0813, p<0.01 E
Fixed effect model 700 : 0.29 [0.25; 0.33] 100.0% -
Random effects model 0.37 [0.27; 0.49] - 100.0%
Heterogeneity: 7 = 83%, ! ! ! ! ! !
?=1.1341, p < 0.01 0 02 04 06 08 1



But

* Quality of available studies was very
poor

* Few studies tested all eligible
patients

* No studies compared all testing
strategies

» All studies in private health care
setting
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Women eligible for recruitment
(n=505)

|
[ |

Prospective recruitment with Prospective recruitment without
detailed pedigree (n=305) pedigree (n=200)

Excluded:
Intravenous

leiomyosarcoma (n=1)
Ovarian primary (n=2)

Women who did not meet criteria
Declined (n=2) for germline testing (n=364)

MSI-H MMRp MSI-H MMRd MSI-H MSI-L/IMSS
(n=7) (normal MLH1 MMRd & MMRd
methylation) MLH1 (normal

(n=6) hyper- MLH1
MSI-H MMRd methylation methylation)

(no (n=26) (n=10)
methylation) MSI-L/MSS

Family or
personal history
suggestive, no

indicative
tumour features

Age <50 years,
no indicative
tumour features
(n=35)

(n=12)

(n=13) MMRd (no
methylation)
(n=9)
Ger_rnline_ LS Lr::écgy('nl\;";\ﬂ;;
testing failed
(n=1)"

(n=135)"

Germline Analysis of MLH1, MSH2, MSHE, PMS2*

1

path_MLH1 path_MSH2

No path  MMR variant (n=2) (n=4)

(n=119)

path_MSH6
(n=8)

path_PMS2
(n=2)

MSI-H MMRd

MSI-H MMRd MSI-H MMRd
(n=2) (n=3)

MSI-H MMRd
1 =4

(n=1)

MSS/MSI-L
MMRd
(n=1)

MSS/MSI-L

MSS/MSI-L
MMRd
(n=4)

MMRd
(n=1)




Clinicopathological variable

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

100 (79.4-100)

80.6 (76.8-84.0)

14.5 (8.5-22.5)

100 (99.1-100)

MMR deficiency by IHC

MSI-H

56.3 (29.9-80.2)

83.5 (79.9-86.7)

10.1 (4.7-18.3)

98.3 (96.5-99.3)

With MLH I-methylation testing

56.3 (29.9-80.2)

96.7 (94.7-98.1)

36.0 (18.0-57.5)

98.5(97.0-99.4)

With MLHI-methylation testing

100 (79.4-100)

95.5 (93.2-97.1)

42.1 (26.3-59.2)

100 (99.2-100)

Age

<50 years

43.8 (19.8-70.1)

87.4 (84.1-90.2)

10.3 (4.2-20.1)

97.9 (96.1-99.0)

<60 years

56.3 (29.9-80.2)

65.7 (61.3-69.9)

5.1 (2.4-9.5)

97.8 (95.6-99.1)

<70 years

93.8 (69.8-99.8)

35.1 (30.9-39.6)

46 (2.6-7.4)

99.4 (96.8-100.0)

BMI <35 kg/m’

86.7 (59.5-98.3)

37.7 (33.3-42.2)

4.1 (2.2-7.0)

98.9 (96.1-99.9)

<50 years

33.3(11.8-61.6)

94.8 (92.5-96.6)

16.7 (5.6-34.7)

97.9 (96.1-99.0)

<60 years

46.7 (21.3-73.4)

82.0 (78.3-85.3)

7.4 (3.0-14.7)

98.0 (96.1-99.1)

<70 years

80.0 (51.9-95.7)

64.0 (59.5-68.3)

6.5 (3.4-11.0)

99.0 (97.2-99.8)

PREMM; score

84.6 (54.6-98.1)

46.5 (40.6-52.5)

6.7 (3.4-11.7)

98.5 (94.8-99.8)

Amsterdam II Criteria

30.8 (9.1-61.4)

99.0 (97.0-99.8)

57.1(18.4-90.1)

96.9 (94.2-98.6)

Revised Bethesda Guidelines

38.5(13.9-68.4)

98.6 (96.5-99.6)

55.6 (21.2-86.3)

97.3 (94.7-98.8)

Endometrioid histopathology

68.8 (41.3-88.9)

29.8 (25.7-34.0

3.1 (1.6-5.5)

96.6 (92.3-98.9)

High TILs

93.8 (69.8-99.8)

76.7 (72.6-80.4)

11.7 (6.7-18.6)

99.7 (98.5-100)

Abbreviations: BMI, body mass index; IHC, immunohistochemistry; MMR, mismatch repair; MSI, microsatellite instability; MSI-H, microsatellite instability-high;

NPV, negative predictive value; PPV, positive predictive value; PREMM, PREdiction Model for gene Mutations; TIL, tumour-infiltrating lymphocyte

https://doi.org/10.1371/journal.pmed.1003263.t003
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A Micro-Costing Study of Screening for Lynch Syndrome-Associated
Pathogenic Variants in an Unselected Endometrial Cancer Population:
Cheap as NGS Chips?

Meill A. J. I%_..rar'n,"'E MNiall J. Dauisun,3 Katherine Fayne,a Anne Enle,“' D. Gareth Evan5,2~4

% and Emma J. Crosbie1:58."
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LS Diagnosed
High MSI NGS Testing

LS Not
Strategy 1 MSI Testing

Diagnosed

LS Not
Diagnosed

Low MSI or MSS

/I

LS Diagnosed

NGS Testing
Methylation LS Not
Testing Diagnosed

High MS!

Strategy 2 MSI Testing

LS Not

Hypermethylated Diagnosed

LS Not

Low MSI or MSS Diagnosed

<

Endometrial cancer

LS Diagnosed
Normal NGS Testing

Methylation
MLH1 Loss

Diagnosed

LS Diagnosed
MSH2 MSH6
or PMS2 Loss NGS Testing

LS Not
Diagnosed

LS Not
Testing Diagnosed
LS Not
Strategy 3 IHC Testing Hypermethylated

LS Not
Diagnosed

LS Diagnosed Key

No MMR Loss

Strategy 4 NGS Testing

D Decision node - A point where a decision must be made
LS Not O ch de - A point wh bj h babili
Diagnosed ance node - A point where outcomes are subject to chance or probability
< Terminal node - The final result of a combination of decisions and chance

7 Branch - One of the possible alternatives from a decision or event




Strategy Cost per
tumour

IHC & methylation £45.68

MS £78.95

MSI & methylation £42.01

Direct germline £176.24
sequencing
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Cost-Effectiveness of the Manchester Approach to Identifying Lynch
Syndrome in Women with Endometrial Cancer

Tristan M. Snowsill,"" Neil A. J. Ryan,234 and Emma J. Crosbie33
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Cost-effectiveness analysis of reflex testing for Lynch
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European guidelines from the EHTG and ESCP for Lynch
syndrome: an updated third edition of the Mallorca guidelines
based on gene and gender

T.T. Seppala &, A. Latchford, |. Negoi, A. Sampaio Soares, R. imenez-Rodriguez ... See all authors s~

First published: 21 September 2020 | https://doi.org/10.1002/bjs.11902
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The Manchester International Consensus Group
recommendations for the management of gynecological
cancers in Lynch syndrome

Emma J. Croshig, PhD o == Neil A. 1. Ryan, MBChB'*, Mark 1. Arends, PhD®, Tjalling Bosse, PhDS,
John Burn, MD?, Joanna M. Cornes, BS<®, Robin Crawford, MD®, Diana Ecdes MD™
lan M. Frayling, PhD'", Sadaf Ghaem-Maghami, PhD'?, Heather Hampel M5'®, Moah D. Kauft, Mo,
Henry €. Kitchener, MD', Sarah J. Kitson, PhD', Ranjit Manchanda, PhD'®
Raymond F. T. McMahon, MD'S, Kevin ). Monahan, PhD', Usha Menon, MD', P3l Meller, PhD192921,
Gabriela Maslein, MD?', Adam Rosenthal, PhD™, Peter Sasieni, PhD™, Mourad W. Seif, MD'?,
Naveena Singh, MD™, Pauline Skarrott, MBChB, Tristan M. Snowsill, PhD™, Robert Steele, MD™,
Mare Tischkowitz, MD™* Manchester International Consensus Group, and
D. Gareth Evans, MD o 343

: There are no inermationally agresd opon  dinical
guiddines as to which women with gynecological cancer woold
bensfit from Lynch syndrome screening or how best to manage e
risk of gmecological cancer in women with Lynch spndn

syndrome and (2} how this should be done, (3) whether there was
a mie for gyneonbogeal sorvellance in women at risk of Lyndh
syndrome, and (4} wha prevenove measores shoold be necom-

ded dor with Lynch syndrome io redoce their risk

The Mandhester Imernatonal Consersns Groap was comvenad in
April 2017 1o address dhis onmet newd The aim of the Groop was
to develop dear and comprehensive clinical goidance regarding
the management of the grnecological saquaas of Lyndh syndrame
bassd on evisting ewidence and expent opinion from medial
professionals and patients

Methods: Sukshnlders from Eorope and Norgh Ameria sworked
togedhier oner @ ten-day waorkshop o achlewe oonsersos an best
practice.

Results: Guidance was deweloped in foor key arsas: (1) whegher
women with gmecologial cancer should be soeened for Lyndh

of gynecnlogical oancer.

Contlhusion: This doooment prowides comprehensie  dindkal
godance that can be refarenced by both patients and clinicians
s0 that women with Lych syndrome @n expat and receiwe
approprise sandards of care

Geneties in Medicine {2019 hitpa//doLong 10108/ 54 1486-015.
D4Ry

Keywords: Lymdh syndmme: endometrial cancer; soeening
surveillance ol dance:







DOL: 10.1111/1471-0528.16432 Original Article
www.bjog.org

Gynaecological oncology

Region: Scotland
Clinician response: Available
Patient response: 27% (59%
corrected) uptake

A mismatch in care: results of a United
Kingdom-wide patient and clinician survey of
gynaecological services for women with Lynch
syndrome

NAJ Ryan,*® M Nobes," D Sedgewick,® S-N Teoh, DG Evans,** EJ Croshie® (7

Region: North East
Clinician response: Mixed
Patient response: 7% (21%
corrected) uptake

Region: North West
Clinician response: Available
Patient response: 25% (58%
corrected) uptake

e 20% of GO didn’t known LS was

associated with OC

e 18% of GO didn’t agree with the Region: Wales : gﬁﬁ,':,:n“:::;:g: _—
universal LS screening in EC gﬁg!:;jﬁgj;§zg:f;g;az'j§; Patient response: 19% (43%

corrected) uptake

* <5% of Cancer Centers we carrying corrected) uptake
out universal screening in EC

 The management of women with
LS was far from uniform

Region: South West
Clinician response: Mixed
Patient response: 31% (70%

2\

Region: South East/London
Clinician response: Available
Patient response: 22% (44%
e corrected) uptake

corrected) uptake

%




Survey of BAGP and ISGyP (n=36
and 44)

90% aware of LS association with
EC

36% carried out universal
screening

36% thought consent was
needed before tumour testing

All respondents wanted a
standardised terminology for
reporting

Histopathology

Histopathology 2019, 75, 813-824. DOI: 10.1111/his.13925

Lynch syndrome screening in gynaecological cancers: results
of an international survey with recommendations for
uniform reporting terminology for mismatch repair
immunohistochemistry results

Neil Ryan,' Johanna Wall,” Emma ] Crosbie, Mark Arends,® Tjalling Bosse,* Saimah Arif,’
Asma Farugqi,” Tan Frayling,® Raji Ganesan,” Ye L Hock,® Raymond McMahon,” Ranjit
Manchanda,'® W Glenn McCluggage,'' @ Pinias Mukonoweshuro, '~
GerhardvanSchalkwyk,'® Lucy Side,'* John H Smith,'® Bruce Tanchel,'® D Gareth Evans,'”
C Blake Gilks'®@ & Naveena Singh?






National Institute for
N I C E Health and Care Excellence Seaeh b HEG

NICE Pathways NICE guidance Standards and indicators Evidence search BNF CKS Journals and da

Read about our approach to COVID-19

Home 2 NICE Guidance # Conditions and diseases ¢ Cancer ? Endometrial cancers

Testing strategies for Lynch syndrome in people with
endometrial cancer

Diagnostics guidance [DG42] Published date: 28 October 2020  Rregister as a stakeholder




Draft SW pathway for MMR IHC for endometrial cancer (DG42)
For the identification of patients with Lynch syndrome

MDT/
Clinical team

Local Cell
Pathology
laboratories

clinical or family history
referral to dlinical genetics
should be considered even
if MMR IHC proficient.

In the presence of a strong

{ e |
==
]
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N I c E National Institute for
Health and Care Excellence

guidance

Dostarlimab for previously

treated advanced or
recurrent endometrial cancer
with high microsatellite
instability or mismatch repair
deficiency

Technology appraisal guidance
Published: 16 March 2022
www.nice.org.uk/guidance/ta779
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Biomarkers of Lynch Tumours
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Checkpoint inhibitors

Immune check point mechanisms can be targeted by
mono-clonal antibody-based therapies

In 2000 Medarex launched its first clinical trials with a
human Mab binding to CTLA-4.

Approval of ipilimumab for the treatment of
metastatic melanoma by the FDA in 2011.

Upregulation of
the PD-1/PD-L1 / C€D8+
immune inhibitory
axis

PD-1

cell
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20 single-feature cohorts:
Immunoscores 11:110 & Q1:Q10

Three-class or Two-class
response variable

0.7:0.3
Train : Test
Partition

Immunascore Immuncscone
Bimary|{Median)  Hi-Res (Quartile)

CDASROCT
COASRO IM
FoxP3 CT
FoxP3 18

L

Method used

Multinomial Regression
Neural Networks
Support Vector Machines

Linear & Tuned
Radial & Tuned

Discriminant Analyses

LDA
QDA
MDA
FDA
RDA

Train-control

p—— I

5x 10-
fold CV

Model Validation

Accuracy
Confusion Matrices
ROC AUCs




LS-associated MMRd Sporadic MMRd Sporadic MMRp

CD45RO+

? frontiers ORIGINAL RESEARCH

in Immunology
®
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FoxP3+

Distinct Immunological Landscapes
Characterize Inherited and Sporadic
Mismatch Repair Deficient
Endometrial Cancer

Neal C. Ramchander™', Neil A. J. Ryan**, Thomas D. J. Walker*, Lauren Harries *,
James Bolton®, Tjalling Bosse*®, D. G. Evans*” and Emma J. Crosbie ***

FoxP3+




TABLE 3 | The difference in immune-profile expression by molecular group and
location within the tumor.

Molecular subgroup Marker p-value

Overall Tumor  Invasive
center margin

Overall (LS-associated MMRd vs. CcD3 <0.0001 <0.0001 <0.0001
Sporadic MMRd vs. MMRp)

LS-associated vs. sporadic MMRd ~ CD3 0.09 0.4 0.054
LS-associated vs. MMRp cD3 0.0001 0.002 <0.0001
Sporadic MMRd vs. MMRp CD3 0.0024 0.003 0.006

Overall (LS-associated MMRd vs. cD8 <0.0001 <0.0001 <0.0001
Sporadic MMRd vs. MMRp)

LS-associated vs. sporadic MMRd ~ CD8 0.04 0.2 0.02
LS-associated vs. MMRp cD8 <0.0001 <0.0001
Sporadic MMRd vs. MMRp cD8 0.001 0.004

Overall (LS-associated MMRd vs. CD45RQ  <0.0001 <0.0001
Sporadic MMRd vs. MMRp)

LS-associated vs. sporadic MMRd CD45RO  0.008 0.2 0.0007
LS-associated vs. MMRp CD45RO  <0.0001 0.04 0.0004
Sporadic MMRd vs. MMRp CD45RO 0.04 0.1 0.1

Overall (LS-associated MMRd vs.  FoxP3  <0.0001 <0.0001 <0.0001
Sporadic MMRd vs. MMRp)

LS-associated vs. sporadic MMRd  FoxP3 0.04 0.08 0.08
LS-associated vs. MMRp FoxP3 0.0002 0.0009 0.0006
Sporadic MMRd vs. MMRp FoxP3 0.02 0.02 0.03

Overall (LS-associated MMRd vs. PD-1 <0.0001 <0.0001 <0.0001
Sporadic MMRd vs. MMRp)

LS-associated vs. sporadic MMRd  PD-1 0.002 0.04 0.005
LS-associated vs. MMRp PD-1 <0.0001 0.0007 0.0001
Sporadic MMRd vs. MMRp PD-1 0.09 0.05 0.1

LS-associated MMRd, Lynch Syndrome-associated mismatch repair deficient; Sporadic
MMRd, Sporadic mismatch repair deficient; MMRp, mismatch repair proficient. Unless
otherwise stated p values represent Kruskal Wallis with Dunn post hoc, controlled for by
Benjamini-Hochberg FDR.

All statistically significant results (p < 0.05) are in bold.
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Figure 1. Study flow diagram Abbreviations: EIN: endometrial intraepithelial neoplasia; FFPE: formalin-fixed, paraffin-
embedded; G: grade; NGS: next-generation sequencing; NK: not known.
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Table 1| UK, European, US, and National Comprehensive Cancer Network gynaecological surveillance recommendations
for women with Lynch syndrome

Guidelines UK 2019° ESMO 2016 ASCO 2015° NCCN2021”

Symptom awareness Yes, age 25 Yes Yes Yes
Education

Gynaecological examination Yes Yes Yes -

Pelvic ultrasound No Yes Yes Not

CA125 No Not stated No Not

Endometrial biopsy No Annually from age 30-35 Annually from age 30-35 Every 1-2 years from age
30-35

Hysterectomy and bilateral Yest Yes Yes Yes
salpingo-oophorectomy

Research needed Yes - - -

T Can consider at the physician’s preference. No earlier than 35-40 years and preoperative endometrial biopsy and pelvic ultrasound. United Kingdom (UK) Manchester
guidelines (NICE does not currently offer a recommendation on surveillance), European Society for Medical Oncology (ESMO), American Society of Clinical Oncology (ASCO),
National Comprehensive Cancer Network (NCCN).
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CANCER BIOMARKERS

Mismatch repair deficiency

predicts response of solid tumors
to PD-1 blockade




In summary

Gynecological care for Lynch syndrome and
remains behind colorectal

Our understanding of the science that
underpins MMRd gynaecological cancer is
still behind colorectal

The body of work tries to address this

More is needed to address the inequality
seen in Lynch syndrome care

Collaborations are key in rare disease
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