[bookmark: _GoBack]S6 Appendix. Scenario analyses
Summary
Six scenario analyses were conducted to investigate the potential impact of parameter and structural uncertainty. As shown in Table 1, IHC with MLH1 methylation testing remained cost-effective for all but one of these scenarios.
[bookmark: _Ref513707267]Table 1: Summary of results of scenario analyses
	Scenario
	ICER (IHC with MLH1 methylation testing vs. No testing) [£/QALY]
	Cost-effective strategy (at £20 000 per QALY threshold)

	Base case
	14 200
	IHC with MLH1 methylation

	Prevalence estimates from low drop-out studies
	16 800
	IHC with MLH1 methylation

	Weibull model for CRC incidence
	13 800
	IHC with MLH1 methylation

	Delayed CRC surveillance for MSH6 and PMS2
	14 300
	IHC with MLH1 methylation

	CRC incidence reduction due to colonoscopic surveillance estimated from Arrigoni et al. 2005 [1]
	52 500
	No testing

	Likelihood of MLH1 methylation following MSI-H from Hampel et al. 2006 [2]
	14 200
	IHC with MLH1 methylation

	Acceptance of genetic counselling following tumour-based testing estimated from Batte et al. 2014 [3]
	16 700
	IHC with MLH1 methylation

	Costs of CRC based on Murphy and Gray 2015 [4]
	11 700
	IHC with MLH1 methylation

	Health state utility values related to genetic counselling and testing based on Kuppermann et al. 2013 [5]
	15 100
	IHC with MLH1 methylation

	Health state utility values for CRC based on Ness et al. 1999 [6]
	13 700
	IHC with MLH1 methylation

	Risk prediction tools incorporated based on Mercado et al. 2012 [7]
	14 200
	IHC with MLH1 methylation

	Cost of diagnostic mutation testing £525 following IHC
	13 900
	IHC with MLH1 methylation



Prevalence estimates from low drop-out studies
In this scenario, the overall prevalence of Lynch syndrome among women with endometrial cancer (of all ages) was estimated from studies where fewer than 10% of participants with suggestive tumour-based tests were not tested for constitutional MMR mutations. This was the case in eight of the 15 studies. The resulting prevalence estimate was 3.0% (compared to 3.9% when estimated from all 15 studies). As would be expected, when prevalence is lower, the cost-effectiveness of testing is worsened, since more individuals need to be tested to identify each case of Lynch syndrome, although the ICER for IHC with methylation remains below £20 000 per QALY (see Table 2).
[bookmark: _Ref513709849]Table 2: Prevalence estimates from low drop-out studies - cost-effectiveness results
	Strategy
	Incremental QALYs vs. no testing
	Incremental costs vs. no testing (£)
	ICER vs. no testing (£/QALY)
	Fully incremental ICER (£/QALY)

	MSI with methylation
	26.5
	501 800
	18 900
	Dominated

	Direct mutation testing
	26.8
	729 000
	27 200
	Dominated

	IHC with methylation
	29.1
	490 000
	16 800
	16 800

	MSI
	29.7
	728 000
	24 500
	Extendedly Dominated

	IHC
	31.2
	781 000
	25 000
	136 000



Weibull model for CRC incidence
A Weibull model was fitted to CRC incidence data from the Prospective Lynch Syndrome Database [8-10], as described in S3 Appendix. The AIC for the Weibull model was third lowest, with the log-logistic model performing better; however, the log-logistic and log-normal models frequently produce very similar curves, while the Weibull hazard function is qualitatively very different (see Figure 1), while retaining reasonable predictive performance. 
[image: ]
[bookmark: _Ref513710696]Figure 1: Comparison of log-normal (base case) and Weibull (scenario analysis) CRC incidence models
Note:	Figure shows modelled incidence rate for male MLH1 mutation carriers with previous cancer (the highest risk group in both parametric models)
The use of the Weibull model has a very limited impact on cost-effectiveness results (see Table 3), suggesting that the results are robust to different statistical modelling of this key model input.
[bookmark: _Ref513710937]Table 3: Weibull model for CRC incidence - cost-effectiveness results
	Strategy
	Incremental QALYs vs. no testing
	Incremental costs vs. no testing (£)
	ICER vs. no testing (£/QALY)
	Fully incremental ICER (£/QALY)

	MSI with methylation
	35.3
	544 000
	15 400
	Dominated

	Direct mutation testing
	35.9
	768 000
	21 400
	Dominated

	IHC with methylation
	38.8
	537 000
	13 800
	13 800

	MSI
	39.2
	770 000
	19 700
	Extendedly dominated

	IHC
	41.1
	825 000
	20 100
	129 000



Delayed colonoscopic surveillance for carriers of MSH6 and PMS2 mutations
It has been suggested, since MSH6 and PMS2 mutation carriers have a later age of onset and lower lifetime risk of colorectal cancer that it may be appropriate to start colonoscopic surveillance at age 45 instead of 25, thus saving costs and avoiding potential harms of colonoscopies.
As shown in Table 4 this does reduce incremental costs compared to the base case analysis, but incremental QALYs are also lost. Overall the cost-effectiveness of each testing strategy is slightly worsened. IHC with methylation remains the cost-effective strategy.
[bookmark: _Ref9343109]Table 4: Delayed surveillance for carriers of MSH6 and PMS2 mutations - cost-effectiveness results
	Strategy
	Incremental QALYs vs. no testing
	Incremental costs vs. no testing (£)
	ICER vs. no testing (£/QALY)
	Fully incremental ICER (£/QALY)

	MSI with methylation
	33.6
	536 000
	16 000
	Dominated

	Direct mutation testing
	34.1
	759 000
	22 200
	Dominated

	IHC with methylation
	36.9
	527 000
	14 300
	14 300

	MSI
	37.3
	761 000
	20 400
	Extendedly dominated

	IHC
	39.1
	815 000
	20 800
	130 000



Colonoscopy effectiveness estimates from Arrigoni et al. 2005
There is considerable uncertainty about the effectiveness of colonoscopic surveillance for reducing the incidence of CRC. While the base case estimate, from Jarvinen et al. 2000 [11], is by no means the most optimistic estimate [12], there is a study by Arrigoni et al. 2005 [1] which estimates lower effectiveness.
When the effectiveness of surveillance colonoscopy is lowered, this unsurprisingly has a detrimental impact on the cost-effectiveness of testing strategies. In this case (see Table 5), while IHC with methylation testing remains cost-effective compared to the other testing strategies, it is no longer cost-effective compared to no testing at all. We further explored this finding by setting a number of other parameters to their “best case” values, including assuming 100% sensitivity and specificity of IHC and MSI, as well as 100% acceptance of counselling and mutation testing. In this case IHC with methylation was still not cost-effective compared to no testing, although the ICER was reduced to £27 900 per QALY.
This reinforces that the effectiveness of surveillance colonoscopy is critical for testing to be cost-effective, and that optimistic assumptions about other parameters are insufficient to support the case for testing if surveillance colonoscopy is indeed ineffective.
[bookmark: _Ref513712459]Table 5: Colonoscopy effectiveness estimates from Arrigoni et al. 2005 - cost-effectiveness results
	Strategy
	Incremental QALYs vs. no testing
	Incremental costs vs. no testing (£)
	ICER vs. no testing (£/QALY)
	Fully incremental ICER (£/QALY)

	Direct mutation testing
	10.0
	805 000
	80 200
	Dominated

	MSI with methylation
	10.0
	581 000
	57 800
	Dominated

	IHC with methylation
	11.0
	577 000
	52 500
	52 500

	MSI
	11.5
	810 000
	70 400
	Extendedly dominated

	IHC
	12.1
	867 000
	71 700
	265 000



MLH1 methylation testing performance estimated from Hampel et al. 2006
Only Hampel et al. 2006 [2] conducted MLH1 methylation testing in all patients with MSI-H tumours. As shown in Table 6, estimates from this study predict better performance in Lynch syndrome tumours caused by MLH1 mutations, and in sporadic tumours, but substantially worse performance in LS tumours caused by other mutations.
[bookmark: _Ref531080174]Table 6: MLH1 methylation testing probabilities following MSI-H
	Group
	Probability of positive MLH1 methylation test

	
	Base case
	Hampel et al. 2006

	LS: MLH1 mutation
	5%
	0%

	LS: Other mutation
	7%
	22%

	Sporadic
	67%
	79%



The results of this scenario analysis are given in Table 7. In this scenario, MSI with methylation testing becomes the least effective option. It is still cost-effective compared to no testing, but is dominated by IHC with methylation.
[bookmark: _Ref531080521]Table 7: MLH1 methylation testing probabilities from Hampel et al. 2006 - cost-effectiveness results
	Strategy
	Incremental QALYs vs. no testing
	Incremental costs vs. no testing (£)
	ICER vs. no testing (£/QALY)
	Fully incremental ICER (£/QALY)

	MSI with methylation
	34.5
	545 000
	15 800
	Dominated

	Direct mutation testing
	35.1
	769 000
	21 900
	Dominated

	IHC with methylation
	37.9
	538 000
	14 200
	14 200

	MSI
	38.3
	771 000
	20 100
	Extendedly Dominated

	IHC
	40.2
	826 000
	20 600
	129 000



Acceptance of genetic counselling estimated from Batte et al. 2014
In the base case analysis, it is assumed that 55% of women with tumour-based test results suggestive of Lynch syndrome will accept genetic counselling, based on a study by Heald et al. 2013 [13]. Another study, by Batte et al. 2014 [3], produces a higher estimate of 72%.
As expected, when the acceptance rate of genetic counselling is increased, the cost-effectiveness of testing is improved (Table 8).
[bookmark: _Ref513713373]Table 8: Acceptance of genetic counselling estimated from Batte et al. 2014 - cost-effectiveness results
	Strategy
	Incremental QALYs vs. no testing
	Incremental costs vs. no testing (£)
	ICER vs. no testing (£/QALY)
	Fully incremental ICER (£/QALY)

	Direct mutation testing
	35.1
	769 000
	21 900
	Dominated

	MSI with methylation
	44.9
	637 000
	14 200
	Dominated

	IHC with methylation
	49.4
	627 000
	12 700
	12 700

	MSI
	49.9
	941 000
	18 900
	Extendedly dominated

	IHC
	52.3
	1 010 000
	19 300
	132 000



Costs of CRC based on Murphy and Gray 2015
In this scenario, an alternative source for costs of CRC was used, which does not stratify according to age at diagnosis [4]. Furthermore, these costs were substantially higher than those used in the base case. As expected, this improved the cost-effectiveness of testing strategies (Table 9), since preventing CRC saves more money in this scenario.
[bookmark: _Ref513713714]Table 9: Costs of CRC based on Murphy and Gray 2015 - cost-effectiveness results
	Strategy
	Incremental QALYs vs. no testing
	Incremental costs vs. no testing (£)
	ICER vs. no testing (£/QALY)
	Fully incremental ICER (£/QALY)

	MSI with methylation
	34.5
	458 000
	13 300
	Dominated

	Direct mutation testing
	35.1
	681 000
	19 400
	Dominated

	IHC with methylation
	37.9
	442 000
	11 600
	11 600

	MSI
	38.3
	673 000
	17 600
	Extendedly dominated

	IHC
	40.2
	723 000
	18 000
	126 000



Health state utility values relating to genetic counselling and testing based on Kuppermann et al. 2013
In this scenario analysis, utility multipliers were used based on the study by Kuppermann et al. 2013 [5] as shown in Table 10.
[bookmark: _Ref519175029]Table 10: Health state utility value multipliers in scenario analysis
	Health state
	Utility multiplier
	Derivation

	Declining testing
	0.959
	Utility for declining testing = 0.745
Utility for negative test result = 0.777
Assume utility for negative test result = utility for someone not recommended genetic counselling

	Declining counselling
	0.959
	Assumed equal to utility for declining testing

	Diagnosed with LS pathogenic variant
	0.918
	Assumed twice as bad as declining testing

	Diagnosed putative LS
	0.918
	Assumed equal to utility with LS diagnosis



In this scenario analysis, IHC with MLH1 methylation remains the only cost-effective strategy in a fully incremental analysis with a cost-effectiveness threshold of £20 000 per QALY, although it’s cost-effectiveness is slightly worsened, from a base case ICER of £14 200 per QALY to £15 100 per QALY.
Table 11: Health state utility values for genetic counselling and testing based on Kuppermann et al. 2013 - cost-effectiveness results
	Strategy
	Incremental QALYs vs. no testing
	Incremental costs vs. no testing (£)
	ICER vs. no testing (£/QALY)
	Fully incremental ICER (£/QALY)

	Direct mutation testing
	27.6
	769 000
	27 800
	Dominated

	MSI with methylation
	32.0
	545 000
	17 100
	Dominated

	MSI
	33.5
	771 000
	23 000
	Dominated

	IHC
	35.0
	826 000
	26 700
	Dominated

	IHC with methylation
	35.5
	538 000
	15 100
	15 100



Health state utility values for CRC based on Ness et al. 1999
Of the few studies which have investigated the impact of CRC stage on preference-based health utility values, most identify little difference between localised (Stage I/II), regional (Stage III) and metastatic (Stage IV) CRC [14]. One study, by Ness et al. 1999 [6], stands apart and identifies a very significant gradient for utility value according to disease stage. This study uses vignettes which include CRC-specific sequelae, such as faecal urgency and incontinence, which are not captured in generic preference-based utility measures such as EQ-5D.
As expected, a more significant gradient for utility value according to disease stage leads to testing for Lynch syndrome being more cost-effective (Table 12), since colonoscopic surveillance is effective at identifying CRC in earlier stages.
[bookmark: _Ref513714278]Table 12: Health state utility values for CRC based on Ness et al. 1999 - cost-effectiveness results
	Strategy
	Incremental QALYs vs. no testing
	Incremental costs vs. no testing (£)
	ICER vs. no testing (£/QALY)
	Fully incremental ICER (£/QALY)

	MSI with methylation
	35.8
	535 000
	15 200
	Dominated

	Direct mutation testing
	36.4
	769 000
	21 100
	Dominated

	IHC with methylation
	39.4
	538 000
	13 700
	13 700

	MSI
	39.8
	771 000
	19 400
	Extendedly dominated

	IHC
	41.7
	826 000
	19 800
	125 000



Risk prediction tools incorporated
As a scenario analysis we incorporated the risk prediction tools PREMM1,2,6, MMRpro and MMRpredict. We assumed they would have diagnostic performance as demonstrated in the population-based cohort in Mercado et al. 2012 [7], specifically that their sensitivities and specificities would be as shown in Table 13. We assumed that MMRpro with tumour-based data would incorporate IHC information. We assumed a uniform cost of £116 to conduct risk prediction using any one of the prediction tools, based on the cost of a non-consultant-led outpatient appointment in gynaecologic oncology in the NHS [15].
[bookmark: _Ref6926850]Table 13: Diagnostic performance of risk prediction tools
	Prediction tool
	Sensitivity [%]
	Specificity [%]

	PREMM1,2,6
	64.3
	85.2

	MMRpredict
	71.4
	63.8

	MMRpro
	57.1
	84.9

	MMRpro + IHC
	64.3
	89.0



In this scenario analysis the risk prediction tools all produced fewer QALYs than the existing testing strategies, and all were dominated or extendedly dominated, as shown in Table 14. IHC with methylation testing remained the cost-effective strategy.
[bookmark: _Ref6927263]Table 14: Risk prediction tools incorporated – cost-effectiveness results
	Strategy
	Incremental QALYs vs. no testing
	Incremental costs vs. no testing (£)
	ICER vs. no testing (£/QALY)
	Fully incremental ICER (£/QALY)

	MMRpro
	22.9
	389 000
	17 000
	Extendedly dominated

	PREMM1,2,6
	25.7
	400 000
	15 600
	Extendedly dominated

	MMRpro + IHC
	26.8
	586 000
	21 800
	Dominated

	MMRpredict
	29.2
	628 000
	21 500
	Dominated

	MSI with methylation
	34.5
	545 000
	15 800
	Dominated

	Direct mutation testing
	35.1
	769 000
	21 900
	Dominated

	IHC with methylation
	37.9
	538 000
	14 200
	14 200

	MSI
	38.3
	771 000
	20 100
	Extendedly dominated

	IHC
	40.2
	826 000
	20 600
	129 000



Cost of diagnostic mutation testing £525 following IHC
As a scenario analysis we explored the impact of diagnostic mutation testing being cheaper following IHC as not all genes need to be tested in the vast majority of cases. We assumed (based on information from the UK Genetic Testing Network) that diagnostic mutation testing would cost £525 as this is the median cost for two-gene panels which include MLH1 and PMS2 or MSH2 and MSH6.
In this scenario analysis the costs of IHC with methylation testing were marginally lower (£10 per patient) and the costs of IHC without methylation testing were £32 lower. All other results were unchanged, as shown in Table 15. IHC with methylation testing remained the cost-effective strategy.
[bookmark: _Ref15465005]Table 15: Risk prediction tools incorporated – cost-effectiveness results
	Strategy
	Incremental QALYs vs. no testing
	Incremental costs vs. no testing (£)
	ICER vs. no testing (£/QALY)
	Fully incremental ICER (£/QALY)

	MSI with methylation
	34.5
	545 000
	15 800
	Dominated

	Direct mutation testing
	35.1
	769 000
	21 900
	Dominated

	IHC with methylation
	37.9
	527 000
	13 900
	13 900

	MSI
	38.3
	771 000
	20 100
	Extendedly dominated

	IHC
	40.2
	794 000
	19 800
	120 000
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