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1.1 Appendix: Additional analyses and explanation tadfamm policy making

Q1: How different are the BCSP and UKFSST detecti@? rate

Data from the NHS BCSP includes approximately 240061 scope procedures undertaken in persons agedl®is is a large
data set so there is little uncertainty in these detectiates. Compared to the UKFSST detection rates in ttRBEEP wer
significantly lower for HR adenomas and CRC. It was rssilge to compare for LR adenomas. For bowel scopesicrg LR
adenomas may be identified at BS or at referral colonpgc@he NHS BCSP data only contains information abose fhersons
detected with LR adenomas at colonoscopy hence the metailéd UKFSST data was used to supplement this. In beth th
UKFSST data and the BCSP data the detection rate for LR adeatocoémnoscopy was just over 1% however, the UKFS&T dat
suggests a significant number of LR adenomas (approxiyn@¥) are also detected at BS (in persons not refeoretb
colonoscopy). We note that data on LR adenomas detection(natéuding both at BS and at colonoscopy) shoulddileated

to allow comparison between the NHS BCSP and the UKia&S5

We note that detection rates vary considerably by age ttukigher disease prevalence in older ages. Estimattssifor ages
58 and 60 are also presented. We note that the test chiaréstics for bowel scope relate to the entire scremmiepisode i.e.
Z YA 0+ }% %oope v £ }olv}le }%E (JE®Z}v AZF WEX

For the model base case the BCSP BS data was useédcasdés a higher number of bowel scope procedumed is more likely
to reflect how the bowel scope screening programmefpens in practice. Improvements in bowel scope quatibyld result in
higher HR adenoma and CRC sensitivity as observed WKIRSST and this was explored within a scenario anatytie
scenario analysis uptake was modelled at 55% compared%oid the base case.

Table 12A: Comparison of bowel scope detection raletween NHS BCSP and UKFSEST screen, adenomas and
CRC detected either by BS or subsequent colonoscopy)

UKFSST

Age 55 Age 58 Age 60
LR adenomas detection rate  8.4% (8.1%,8.8%) 8.8% (822%),9 9.0% (8.6%,9.4%)
HR adenomas detection rafe 2.27% (2.07%,2.47%) 2.63%42.85%) 2.87% (2.64%,3.10%)
CRC detection rate 0.24% (0.17%,0.31%) 0.30% (0.23%)0.37 | 0.34% (0.26%,0.42%)
False positives rate NA NA NA

BCSP Bowel Scope

Age 55 (directly observe{Age 58 (adjusted Age 60 (adjusted

data) estimate) estimate)
LR adenomas detection ratgl.4% (1.4%,1.5%) 8.8% (8.4%,9.2%) 9.0% (8.6%,9.4%)
HR adenomas detection rafe 1.97% (1.91%,2.02%), 2.282042.34%) 2.48% (2.42%,2.55%)
CRC detection rate 0.15% (0.14%,0.17%) 0.19% (0.18%)0.21 | 0.22% (0.20%,0.24%)
False positives rate NA NA NA

For BS at age 58 to achieve a similar quality as wasaaber the UKFSST target detection rates should 5 8.8
(>8.4%), 2.6% (2.4%) , 0.30% (>0.23%) for LR adenblR adenomas and CRC respectively. The target uptake rate

is 55%.

For BS at age 60 to achieve a similar quality as waswsaber the UKFSST target detection rates should b 9.0
(>8.6%), 2.9% (2.6%) , 0.34% (>0.26%) for LR adendmRaslenomas and CRC respectively. The target uptake rate

is 55%.



Q2 Considering repeated screening with FIT120 orfdi68ge ranges 50-74 and 60-74; is the replacement FaTa
screen with a BS at age 58/60 cost effective?

Under the base case analysis (BS sensitivity and uptaketfre BCSP)

For FIT120/FIT160 ages 50-74 replacing the FIT agitb8 bowel scope results in higher QALY's but lowst co
effectiveness. i.e. it is not cost effective to replat€ &ge 58 with bowel scope. For FIT120/FIT160 agéd 60-
replacing the FIT age 60 with a bowel scope resultggineniQALYs and higher cost effectiveness. i.eciss
effective to replace FIT age 60 with bowel scope.

Scenario analysis with higher bowel scope detectiongéiten UKFSST, and higher uptake 55%

This scenario analysis is highlighted in yellow in théethelow. For FIT120/FIT160 ages 50-74 or 60-34&dst
effective to replacing a FIT at age 58/60 with a bowepsco

Incremental compared to no screening | Lifetime reduction | o oo 9 Svresnmy

) referral flexible
Screening strategy Costs (Em) QALYs  NMB (£m) incﬁizr(w:ce m(itiﬁty cokanosc:)\pies sigrroidosqc\opy
Current
gFOBT ages 60-74 biennial -£37.3m 11,608 £269.4m 10.7% 16.8% 36,406 -
Bowel scope age 55, gFOBT ages 60-74 biennial £12.919,197 £371.1m 16.5% 22.5% 42,920 329,121
One off screens
Bowel Scope age 59 £26.2m 9,341 £160.7m 8.4% 9.8% 9,197 289,081
Bowel Scope age 59 £21.7m 14,080 £259.9rﬂ 12.0% 14.5% 13,313 357,983
FIT20 age 57 -£39.6m 9,093 £221.5m 7.3% 8.5% 28,995 -
Bowel scope and repeated FIT screening
2-yearly, age 50-74, FIT120 -£91.1m 27,320 £637.5m 25.0% 31.0% 91,652 -
BS age 58, 2-yearly, age 50-74 (excl 58), FIT120 6.8/M82 29,694 £620.6m 27.1% 33.0% 93,099 300,813
BS age 58, 2-yearly, age 50-74 (excl 58), FIT120 7.5/81 31,823 £653.9 28.5% 34.6% 97,162 372,511
2-yearly, age 50-74, FIT160 -£78.5m 24,879 £576.1m) 22.6% 28.3% 77,126 -
BS age 58 2-yearly, age 50-74 (excl 58), FIT160 1817 27,763  £572.4m 25.1% 30.8% 79,829 300,813
BS age 58 2-yearly, age 50-74 (excl 58), FIT160 Om£9. 30,120 £611.4rﬂ 26.7% 32.7% 83,8T2 372,511
2-yearly, age 60-74, FIT120 -£68.7m 16,034 £389.4m 18.3% 23.7% 51,397 -
BS age 60, 2-yearly, age 60-74, FIT120 -£18.2m 19,53£408.8m 21.7% 27.0% 53,372 278,432
BS age 60, 2-yearly, age 60-74, FIT120 -£15.5m 22,756470.6 23.8% 29.8% 57,540 344,796
2-yearly, age 60-74, FIT160 -£58.7m 14,466 £348.0m 16.4% 21.4% 43,880 -
BS age 60, 2-yearly, age 60-74, FIT160 -£11.4m 18,478381.0m 20.2% 25.3% 47,014 278,432
BS age 60, 2-yearly, age 60-74, FIT160 -£9.5m 21,848446.4 22.5% 28.3% 51,182 344,796

Scenario analysis with higher bowel scope test sémty from UKFSST, and higher uptake 55%

For FIT120 ages)-74 replacement with bowel scope at age 58 reduced thé¢ efisctiveness from £637m to
£620m (base case assumption). However, under the asaljth detection rates as in the UKFSST and higher eiptak
(55%) cost effectiveness increases from £637m to 654

With a screening referral colonoscopy capacity of 50,@pproximately current usage) if bowel scope detetti

rates and uptake can achieve levels observed in the UKIRS6 the most cost effective screening strategy is 2-

yearly FIT 160 ages G@-and a BS at 60. For BS at age 60 to achieve a simaléy @s was observed in the UKFSST
target detection rates should be 9.0% (>8.6%), 2.9% §2@%1% (>0.26%) for LR adenomas, HR adenomas and CRC
respectively. The target uptake rate is 55%. We note thigtdbnclusion assumes that endoscopy capacity cannot

be transferred from flexible sigmoidoscopies to scrieg referral colonoscopies.

With a screening referral colonoscopy capacity of 57 @pproximately current usage) if bowel scope detatti
rates and uptake can achieve levels observed in the UKIRS6 the most cost effective screening strategy is 2-
yearly FIT 160 ages 60-74 and a BS at 58. (Note toisgared to 2-yearly FIT127 ages 58-74). For BS aBape 5
achieve a similar quality as was observed in the UKRBS$E tetection rates should be 8.8% (>8.4%), 2.6484p,
0.30% (>0.23%) for LR adenomas, HR adenomas and CRCvelspddte target uptake rate is 55%. We note that
this conclusion assumes that endoscopy capacity cannatamsfierred from flexible sigmoidoscopies to scregnin
referral colonoscopies.



With a 2-yearly FIT120 ages 60-74 strategy it is notilples® include a bowel scope at a capacity of aroun®60
annual screening referrals.

We note that for 2-yearly FIT ages 50-74 the thresholdwevhich it is not cost-effective to add a bowel scope
(with UKFFST detection rates and uptake) is FIT93 wdtgclires a screening referral colonoscopy capacity of
109,000 (which may require conversion of flexibg®idoscopy capacity to colonoscopies to achieve) .

Q3If bowel scope capacity could be converted to screengfgrral colonoscopy capacity does this impact on¢baclusions?

We suppose an endoscopy capacity equivalendddiowel scopes = 4 screening referral colonoscopies
screening strategies with equivalent endoscopy capacitd€uthis assumption) are compared. We consider a one-
off bowel scope screen at age 59. This is associaitbdashigh endoscopy capacity which could also be used to
undertake repeated FIT screening with a lower test thodd.

Base case analysis (BS sensitivity and uptake from the BCSP

A one-off bowel scope at age 59 (290k bowel scopesceening referral colonoscopies) is considertdsyg effective and a
cost effective than a repeated F&¥ screening strategy which is associated with 125k sgngereferral colonoscopies. Such
strategies could be considered to have equivalent endpy capacity. Hence, if bowel scope capacity coulddmererted to
screening referral colonoscopy capacity instaagyould result in far higher effectiveness and coseefiveness to undertake
repeated FIT only screening strategies.

Incremental compared to no o ) Screening Screening
. screening Lifetime reduction referral flexible
Screening strategy . Lo
Costs CRC CRC | colonoscopies | sigmoidoscopy
(Em) QALYS — NMB (EM) | i idence mortality (vearl) (year 1)
Bowel Scope age 59 £26.2m 9,341 £160.7m 8.4% 9.8% 9,197 289,081
2-yearly, age 50-74, FIT74 | -£111.1m 31,613 £743.3m 29.3% 35.6% 125,129 -

Scenario analysis with higher bowel scope test sensititoim UKFSST, and higher uptake 55%

A one-off bowel scope at age 59 (358k bowel scopek,stBening referral colonoscopies) is considerssyg effective and a
cost effective than a repeated FIT screening strategy &sacwith 156k screening referral colonoscopies. Such strategies
could be considered to have equivalent endoscopy cipadence, if bowel scope capacity could be convettedcreening
referral colonoscopy capacity instedatiwould result in far higher effectiveness and coseefiveness to undertake repeated
FIT only screening strategies. 2-yearly FIT54 agel %®associated with 2.4 times the effectiveness (QAAMEB.1 times the
cost effectiveness compared to one off bowel scope at 59

Scenario analysis with higher bowel scope test séay from UKFSST, and higher uptake 55%

Incremental compared to no Lifetime reduction Screening Screening
. referral flexible
Screening strategy Costs QALYs  NMB (Em)]| . .CRC CRC_ colonoscopies | sigmoidoscopy
(Em) incidence mortality
(yearl) (year 1)
Bowel Scope age 59 £21.7m 14,080£259.9m 12.0% 14.59 13,313 357,983
2-yearly, age 50-74, FIT54 | -£121.9m 34,480 £811.5m 32.1% 38.5% 155,363 -

2.4 3.1

The model predictions for the repeated FIT screesingtegies are associated with uncertainty as there is a paucity
of evidence of how well the test will perform wherpeated. However, the repeated FIT screening strategy
considered here could be significantly less effecthan predicted by this model but still remain more efigetand
cost effective than a one-off bowel scope.



1.2 Appendix: Scenario Analysis
A series of scenario analyses were undertaken to inyagithe impact of the following parameter changes: lower
CRC treatment costs; higher Bowel Scope sensitivity B&RSST, and a higher uptake.

The age at which a one-off bowel scope screen was the ooss effective did not vary under most scenario
analyses and changed only slightly (to age 58 rather tharb8yin the case of a higher sensitivity and uptake.

Under the scenario analyses with a higher bowel scopsiteity and uptake from UKFSST, one-off bowel scagme w
more cost-effective than one-off FIT20.

Whether it was cost-effective to add a one-off bowel scepeeen to a repeated FIT screening strategy varie@und
several of the scenario analysis. Adding bowel scopenatisost-effective for: lower CRC treatment costghler

cost for Bowel Scope; increased rate of symptomatic@ntation; female-only subjects. Adding bowel scope was
costs effective for the scenario analyses: lower distoate for costs and QALYSs; higher Bowel Scope setysitivi
from UKFSST, and a higher uptake; lower cost for BamepkSreduced FIT sensitivity in repeated screerdticed
FIT sensitivity and specificity in repeated screenseroaly subjects.



Table 1 Scenario analyses for one-off bowel scope or FIT@@en

Scenario analysis with lower CRC treatment costs

Screening strategy

Incremental compared to no screening

Lifetime reduction

Screening referral

. Screening flexible
colonoscopies

Costs .CRC CRC . ovr) sigmoidoscopy

(Em) QALYs NMB (Em) [incidence mortality
Bowel Scope age 55 £90.0m 9,654 £103.0m 7.3% 8.3V 8,510 329,121
Bowel Scope age 56 £86.1m 9,655 £107.0nj 7.6% 8.7% 8,646 315,523
Bowel Scope age 57 £82.3m 9,602 £109.8m 7.9% 9.1% 8,819 308,029
Bowel Scope age 58 £78.6m 9,497 £111.3n 8.2% 9.500 9,120 300,813
Bowel Scope age 59 £75.1m 9,341  £111.7m 8.4% 9.8% 9,197 289,081
Bowel Scope age 60 £71.7m 9,139 £111.0m 8.6% 10.1p6 9,275 278,432
Bowel Scope age 61 £68.5m 8,892 £109.3n 8.8% 10.3% 8,617 266,846
Bowel Scope age 62 £65.4m 8,605 £106.7n 8.9% 10.5p0 9,112 267,185
Bowel Scope age 63 £62.4m 8,283 £103.2m 9.0% 10.7pb 8,7%8 262,564
Bowel Scope age 64 £59.6m 7,928 £98.9n] 9.1%  10.89 8,933 254,981
Bowel Scope age 65 £56.9m 7,544  £94.0m 9.1% 10.99 8,761 255,383
Bowel Scope age 66 £54.3m 7,140 £88.5m 9.1% 11.0% 9,384 260,232
Bowel Scope age 67 £51.8m 6,716 £82.5m 9.0% 10.91:A) 9,370 265,506
Bowel Scope age 68 £49.3m 6,277 £76.2m 8.9% 10.8P6 10,382 279,845
Bowel Scope age 69 £47.1m 5,833 £69.6m 8.7% 10.7% 10,973 302,066
Bowel Scope age 70 £44.8m 5,385 £62.9m 8.5% 10.506 8,812 232,338

Scenario analysis with higher bowel scope test sitingtly from UKFSST, and higher uptake 55%

Incremental compared to no screening

Lifetime reduction

Screening referral

Screening flexible

Screening strategy Costs .CRC CRC . colonoscopies(Yrl)| sigmoidoscopy
(Em) QALYs NMB (Em) |incidence mortality
Bowel Scope age 55 £40.2m 14,440 £248.6n 10.4% 12.3% 12,252 407,567
Bowel Scope age 56 £34.7m 14,468 £254.7nj 10.9% 12.90% 12,435 390,728
Bowel Scope age 57 £29.8m 14,416 £258.6n 11.3% 13.4% 12,818 381,448
Bowel Scope age 58 £25.4m 14,286 £260.3m 11.6% 14.0% 13,184 372,511
Bowel Scope age 59 £21.7m 14,080 £259.9m 12.0% 14.5% 13,313 357,983
Bowel Scope age 60 £17.7m 13,803 £258.3n 12.2% 14.9% 13,443 344,796
Bowel Scope age 61 £14.8m 13,458 £254.4m 12.5% 15.3% 12,563 330,448
Bowel Scope age 62 £12.3m 13,050 £248.8n 12.6% 15. 7% 13,214 330,868
Bowel Scope age 63 £10.3m 12,588 £241.4m 12.8% 16.006 12,690 325,146
Bowel Scope age 64 £8.9m 12,074 £232.6m 12.8%  16.29 12,967 315,755
Bowel Scope age 65 £7.8m 11,516 £222.5m 12.8%  16.39 12,708 316,253
Bowel Scope age 66 £7.3m 10,923 £211.2n 12.8% 16.4% 13,637 322,258
Bowel Scope age 67 £7.1m 10,298 £198.9n 12.6% 16.4% 13,607 328,789
Bowel Scope age 68 £7.1m 9,648 £185.8nf 12.4% 16.3% 15,107 346,546
Bowel Scope age 69 £7.7m 8,987 £172.1m 12.2% 16.2%%6 15,954 374,064
Bowel Scope age 70 £7.3m 8,316 £159.0nf 11.8% 15.9% 12,926 287,716

Scenario analysis with lower CRC treatment costs

Screening strategy

Incremental compared to no screening

Lifetime reduction

Screening referral

. Screening flexible
colonoscopies

CRC CRC sigmoidoscopy
Costs (Em) QALYs NMB (Em) |incidence mortality (vri)
FIT20 age 55 £7.4m 9,131 £175.2n 6.7% 7.8M0 31,210 -
FIT20 age 56 £6.3m 9,138 £176.5m 7.0% 8.2%0 29,814 -
FIT20 age 57 £5.2m 9,093 £176.6m) 7.3% 8.5% 28,995 =
FIT20 age 58 £4.3m 8,997 £175.7n 7.5% 8.9% 28,201 -
FIT20 age 59 £3.4m 8,852 £173.7n 7.7% 9.2V6 26,985 -
FIT20 age 60 £2.6m 8,662 £170.7n 7.9% 9.4% 25,874 -
FIT20 age 61 £1.9m 8,430 £166.7n 8.1% 9.7% 24,194 -
FIT20 age 62 £1.3m 8,153 £161.8n] 8.2% 9.9P% 24,104 -
FIT20 age 63 £0.7m 7,845 £156.2n 8.2% 10.0p6 23,095 -
FIT20 age 64 £0.3m 7,498 £149.7n 8.3% 10.29 22,32 -
FIT20 age 65 -£0.1m 7,132 £142.8m 83% 10.2¢9 21,78 -
FIT20 age 66 -£0.4m 6,745 £135.3n] 8.3% 10.39 22,132 -
FIT20 age 67 -£0.6m 6,340 £127.4n 8.2% 10.2p6 21,992 -
FIT20 age 68 -£0.9m 5,915 £119.2n 8.0% 10.1p6 23,120 -
FIT20 age 69 -£1.0m 5,487 £110.7n 7.9% 10.0p6 24,290 -
FIT20 age 70 -£1.0m 5,051 £102.0m 7.7% 9.8 18,6 -
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Table 2: Scenario analyses for the key screeningtsties

Scenario analysis with lower CRC treatment costs

Screening strategy

Incremental compared to no screening

Lifetime reduction

Screening referral
colonoscopies (yearl)

Screening flexible
sigmoidoscopy (year 1)

Screening strategy

Costs (Em)  QALYs NMB (Em) | CRC incidence CRC mortality
Current
gFOBT ages 60-74 biennial £6.1m 11,608 £226.0n] 10.7% 16.8% 36,406 -
Bowel scope age 55, gFOBT ages 60-74 biennial £98.3m 19,197 £285.7 16.5% 22.5% 42,920 329,121
One-off screens
Bowel Scope age 59 £75.1m 9,341 £111.71 8.4% 9.8% 9,19 289,081
FIT20 age 57 £5.2m 9,093 £176.6n] 7.3% 8.5% 28,99! -
Repeated FIT screening
2-yearly, age 51-65, FIT161 £30.8m 19,098 £351.2i 15.1% 18.4% 49,85p -
2-yearly, age 50-70, FIT153 £39.8m 23,600 £432.2n] 20.2% 24.9% 69,91p -
2-yearly, age 50-74, FIT124 £43.9m 27,037 £496.8| 24.7% 30.7% 89,82p -
2-yearly, age 50-74, FIT74 £49.3m 31,613 £583.0n] 29.3% 35.6% 125,129 -
Bowel scope and repeated FIT screening
Bowel scope age 59, 2-yearly, age 51-65 (excl.596FIT £105.8m 22,373 £341.7n 18.2% 21.7% 52,80 289,081
Bowel scope age 58, 2-yearly, age 50-70 (excl. S&)58| £118.6m 26,471 £410.9n] 22.7% 27.4% 72,438 300,813
Bowel scope age 58, 2-yearly, age 50-74 (excl. FR)2#&I £122.9m 29,468 £466.51 26.9% 32.7% 91,428 300,813
Discount rates for future costs and QALYSs set t5%.

Incremental compared to no screening Lifetime reduction

Screening referral
colonoscopies (yearl)

Screening flexible
sigmoidoscopy (year 1)

Screening strategy

Costs (Em)  QALYs NMB (Em) | CRC incidence CRC mortality
no screening £0.0m - £0.0m - - - -
gFOBT ages 60-74 biennial -£84.4m 21,906 £522.5n) 10.7% 16.8% 36,406 -
Bowel scope age 55, gFOBT ages 60-74 biennial -£47.7m4,6903 £741.5n) 16.5% 22.5% 42,920 329,121
Bowel Scope age 59 £4.5m 16,686 £329.2m) 8.4% 9.8% 9,197 289,081
FIT20 age 57 -£69.9m 15,892 £387.7| 7.3% 8.5% 28,995 -
2-yearly, age 51-65, FIT161 -£120.0m 33,372 £787.4n) 15.1% 18.4% 49,8%6 -
2-yearly, age 50-70, FIT153 -£154.2m 41,759 £989.4n) 20.2% 24.9% 69,912 -
2-yearly, age 50-74, FIT124 -£188.2m 48,335 £1,154.9 24.7% 30.7% 89,822 -
2-yearly, age 50-74, FIT74 -£227.5m 56,406 £1,355.6n 29.3% 35.6% 125,1P9 -
Bowel scope age 59, 2-yearly, age 51-65 (excl.596FIT -£62.9m 39,191 £846.7m) 18.2% 21.7% 52,805 289,081
Bowel scope age 58, 2-yearly, age 50-70 (excl. F)581 -£89.6m 46,747  £1,024.6] 22.7% 27.4% 72,488 300,813
Bowel scope age 58, 2-yearly, age 50-74 (excl. 38)2#&| -£119.1m 52,530 £1,169.7n] 26.9% 32.7% 91,428 300,813
Scenario analysis with bowel scope cost=£450

Incremental compared to no screening Lifetime reduction

Screening referral
colonoscopies (yearl)

Screening flexible
sigmoidoscopy (year 1)

Screening strategy

Costs (Em)  QALYs NMB (Em) | CRC incidence CRC mortality
no screening
gFOBT ages 60-74 biennial -£37.3m 11,608 £269.4n] 10.7% 16.8% 36,406 -
Bowel scope age 55, gFOBT ages 60-74 biennial £54.3m 19,197 £329.7i 16.5% 22.5% 42,92p 329,121
One-off screens
Bowel Scope age 59 £61.5m 9,341 £125.3n] 8.4% 9.8% 9,19 289,081
FIT20 age 57 -£39.6m 9,093 £221.5n) 7.3% 8.5% 28,99 -
Repeated FIT screening
2-yearly, age 51-65, FIT161 -£59.2m 19,098 £441.21 15.1% 18.4% 49,85p -
2-yearly, age 50-70, FIT153 -£73.7m 23,600 £545.8n] 20.2% 24.9% 69,91p -
2-yearly, age 50-74, FIT124 -£89.7m 27,037 £630.41 24.7% 30.7% 89,82p -
2-yearly, age 50-74, FIT74 -£111.1m 31,613 £743.3n] 29.3% 35.6% 125,129 -
Bowel scope and repeated FIT screening
Bowel scope age 59, 2-yearly, age 51-65 (excl.59), FIT161 £31.4m 22,373 £416.1n] 18.2% 21.7% 52,80p 289,081
Bowel scope age 58, 2-yearly, age 50-70 (excl. 58), FIT153 £24.1m 26,471 £505.3n] 22.7% 27.4% 72,438 300,813
Bowel scope age 58, 2-yearly, age 50-74 (excl. 58), FIT124 £10.7m 29,468 £578.6! 26.9% 32.7% 91,428 300,813
Scenario analysis with bowel scope cost=£150
Incremental compared to no screening Lifetime reduction

Screening referral
colonoscopies (yearl)

Screening flexible
sigmoidoscopy (year 1)

Costs (Em)  QALYs NMB (Em) | CRC incidence CRC mortality
no screening
gFOBT ages 60-74 biennial -£37.3m 11,608 £269.4n) 10.7% 16.8% 36,406 -
Bowel scope age 55, gFOBT ages 60-74 biennial -£35.1m 19,197 £419.1 16.5% 22.5% 42,920 329,121
One-off screens
Bowel Scope age 59 -£14.8m 9,341 £201.7n) 8.4% 9.8% 9,197 289,081
FIT20 age 57 -£39.6m 9,093 £221.5n) 7.3% 8.5% 28,995 -
Repeated FIT screening
2-yearly, age 51-65, FIT161 -£59.2m 19,098 £441.2n) 15.1% 18.4% 49,856 -
2-yearly, age 50-70, FIT153 -£73.7m 23,600 £545.8n) 20.2% 24.9% 69,912 -
2-yearly, age 50-74, FIT124 -£89.7m 27,037 £630.4m 24.7% 30.7% 89,822 -
2-yearly, age 50-74, FIT74 -£111.1m 31,613 £743.3] 29.3% 35.6% 125,129 -
Bowel scope and repeated FIT screening
Bowel scope age 59, 2-yearly, age 51-65 (excl.59), FIT161 -£44.1m 22,373 £491.6n) 18.2% 21.7% 52,805 289,081
Bowel scope age 58, 2-yearly, age 50-70 (excl. 58), FIT153 -£54.5m 26,471 £583.9n) 22.7% 27.4% 72,438 300,813
Bowel scope age 58, 2-yearly, age 50-74 (excl. 58), FIT124 -£67.8m 29,468 £657.2n) 26.9% 32.7% 91,428 300,813




Scenario analysis with higher bowel scope test sigimity from UKFSST, and higher uptake 5

Incremental compared to no Lifetime reduction _ . )

Screening strategy screening Screening referral ~ Screening flexible

o | colonoscopies (yearl) | sigmoidoscopy (year 1)

Costs (Em) QALYs NMB (Em) | CRC incidence CRC mortality

Current
gFOBT ages 60-74 biennial -£37.3m 11,608 £269.4n) 10.7% 16.8% 36,406 -
Bowel scope age 55, gFOBT ages 60-74 biennial £15.1m 23,088 £446.6n) 18.9% 25.3% 45,76 407,567
One-off screens
Bowel Scope age 59 £21.7m 14,080 £259.9m) 12.0% 14.5% 13,318 357,983
FIT20 age 57 -£39.6m 9,093 £221.5m 7.3% 8.5% 28,99 -
Repeated FIT screening
2-yearly, age 51-65, FIT161 -£59.2m 19,098 £441.2 15.1% 18.4% 49,856 -
2-yearly, age 50-70, FIT153 -£73.7m 23,600 £545.8m) 20.2% 24.9% 69,91p -
2-yearly, age 50-74, FIT124 -£89.7m 27,037 £630.4m) 24.7% 30.7% 89,82p -
2-yearly, age 50-74, FIT74 -£111.1m 31,613 £743.3m 29.3% 35.6% 125,129 -
Bowel scope and repeated FIT screening
Bowel scope age 59, 2-yearly, age 51-65 (excl.596FIT £2.2m 24,985 £497.5m 20.1% 24.2% 56,92p 357,983
Bowel scope age 58, 2-yearly, age 50-70 (excl. J8)581 -£4.3m 28,836 £581.0m) 24.3% 29.4% 76,501 372,511
Bowel scope age 58, 2-yearly, age 50-74 (excl. 8)2&I -£16.5m 31,623 £649.0m 28.3% 34.4% 95,491 372,511

Scenario analysis with reduced FIT test sensitivityepeated screen

S

Incremental compared to no

Lifetime reduction

. screening Screening referral Screening flexible

Screening strategy N . X
colonoscopies (yearl) | sigmoidoscopy (year 1)
Costs (Em)  QALYs NMB (Em) | CRC incidence CRC mortality

Current
gFOBT ages 60-74 biennial -£37.3m 11,608 £269.4m 10.7% 16.8% 36,406 -
Bowel scope age 55, gFOBT ages 60-74 biennial £12.9m ,19719 £371.1n 16.5% 22.5% 42,920 329,121
One-off screens
Bowel Scope age 59 £26.2m 9,341 £160.7n] 8.4% 9.8% 9,197 289,081
FIT20 age 57 -£39.6m 9,093 £221.5 7.3% 8.5% 28,995 -
Repeated FIT screening
2-yearly, age 51-65, FIT161 -£40.7m 15,803 £356.7m 12.4% 15.1% 43,3713 -
2-yearly, age 50-70, FIT153 -£50.5m 19,587 £442.3m) 16.6% 20.6% 60,138 -
2-yearly, age 50-74, FIT124 -£63.2m 22,615 £515.5m 20.5% 25.6% 77,3%2 -
2-yearly, age 50-74, FIT74 -£81.8m 26,912 £620.1m) 24.7% 30.3% 109,967 -
Bowel scope and repeated FIT screening
Bowel scope age 59, 2-yearly, age 51-65 (excl.5Q6FIT £9.1m 20,087  £392.6n 16.4% 19.5% 47,292 289,081
Bowel scope age 58, 2-yearly, age 50-70 (excl. S&58| £5.1m 23,480 £464.5m 20.0% 24.1% 63,646 300,813
Bowel scope age 58, 2-yearly, age 50-74 (excl. SE)2&I -£4.9m 26,058  £526.1 23.5% 28.6% 80,018 300,813

Scenario analysis with reduced FIT test sensitivtyd specificity in repeated screens

Incremental compared to no

Lifetime reduction

. screening Screening referral Screening flexible
Screening strategy ) L
o | colonoscopies (yearl) | sigmoidoscopy (year 1)
Costs (Em)  QALYs NMB (Em) | CRC incidence CRC mortality

no screening £0.0m - £0.0 o o o o
gFOBT ages 60-74 biennial -£37.3m 11,608 £269.4m 10.7% 16.8% 36,406 -
Bowel scope age 55, gFOBT ages 60-74 biennial £12.9m 19,197 £371.1nm 16.5% 22.5% 42,920 329,121
One-off screens
Bowel Scope age 59 £26.2m 9,341 £160.7 8.4% 9.8% 9,19 289,081
FIT20 age 57 -£39.6m 9,093 £221.5m 7.3% 8.5% 28,99 -
Repeated FIT screening
2-yearly, age 51-65, FIT161 £146.6m 15,731 £168.0m 12.4% 15.1% 442,88p -
2-yearly, age 50-70, FIT153 £189.0m 19,497 £201.0m 16.6% 20.6% 590,936 -
2-yearly, age 50-74, FIT124 £192.2m 22,522 £258.2m) 20.5% 25.6% 653,768 -
2-yearly, age 50-74, FIT74 £171.6m 26,820 £364.8m 24.7% 30.3% 681,188 -
Bowel scope and repeated FIT screening
Bowel scope age 59, 2-yearly, age 51-65 (excl.59), FIT161 £173.8m 20,024 £226.7m 16.4% 19.5% 391,568 289,081
Bowel scope age 58, 2-yearly, age 50-70 (excl. 58), FIT153 £221.9m 23,400 £246.1m 20.0% 24.1% 535,25(L 300,813
Bowel scope age 58, 2-yearly, age 50-74 (excl. 58), FIT124 £228.3m 25,973 £291.2m 23.5% 28.6% 597,398 300,813




Scenario analysis with increased rates of symptomatiegentation (+10%)

Incremental compared to no i .
. Lifetime reduction . . .
Screening strategy screening Screenlng referral ‘ ScTeenlng flexible
o | colonoscopies (yearl) | sigmoidoscopy (year 1)
Costs (Em) QALYs NMB (Em) | CRC incidence CRC mortality

no screening £0.0m - £0.0 - - - -
gFOBT ages 60-74 biennial -£45.4m 10,807  £261.5n) 11.2% 16.8% 36,309 -
Bowel scope age 55, gFOBT ages 60-74 biennial £2.0m 17,938  £356.7n) 16.9% 22.6% 42,880 329,054
One-off screens
Bowel Scope age 59 £21.7m 8,763  £153.6n 8.5% 9.8% 9,180 288,987
FIT20 age 57 -£43.7m 8,514  £214.0n) 7.3% 8.5% 28,976 -
Repeated FIT screening
2-yearly, age 51-65, FIT161 -£68.2m 17,856  £425.4n) 15.3% 18.4% 49,793 -
2-yearly, age 50-70, FIT153 -£85.6m 22,077  £527.1n) 20.4% 24.9% 69,809 -
2-yearly, age 50-74, FIT124 -£104.0m 25,308  £610.1n) 25.1% 30.7% 89,681 -
2-yearly, age 50-74, FIT74 -£127.4m 29,612  £719.6n) 29.7% 35.5% 124,953 -
Bowel scope and repeated FIT screening
Bowel scope age 59, 2-yearly, age 51-65 (excl.59), FIT161 -£14.1m 20,941  £432.9n) 18.4% 21.7% 52,784 288,987
Bowel scope age 58, 2-yearly, age 50-70 (excl. 58), FIT153 -£25.2m 24,783  £520.9n] 23.0% 27.4% 72,328 300,725
Bowel scope age 58, 2-yearly, age 50-74 (excl. 58), FIT124 -£40.8m 27,601  £592.8n 27.2% 32.7% 91,280 300,725

Males

Incremental compared to no

Lifetime reduction

s . screening Screening referral Screening flexible

creening strategy o | colonoscopies (yearl) | sigmoidoscopy (year 1)
Costs (Em) QALYs NMB (Em) | CRC incidence CRC mortality

Current

gFOBT ages 60-74 biennial -£50.2m 14,049  £331.2n 10.4% 16.2% 36,596 -

Bowel scope age 55, gFOBT ages 60-74 biennial RE14.024,257 £499.1n) 16.7% 22.5% 45,315 337,645]

One-off screens

Bowel Scope age 59 £9.2m 12,443  £239.7 9.1% 10.5% 12,212 296,399

FIT20 age 57 -£55.4m 11,340  £282.2n 7.3% 8.6% 26,116 -

Repeated FIT screening

2-yearly, age 51-65, FIT161 -£87.3m 23,668  £560.6n 15.1% 18.3% 51,348 -

2-yearly, age 50-70, FIT153 -£108.2m 29,082  £689.8n 19.9% 24.5% 71,815 -

2-yearly, age 50-74, FIT124 -£129.8m 33,165 £793.0n) 24.3% 29.9% 90,997 -

2-yearly, age 50-74, FIT74 -£160.8m 38,740  £935.6n] 28.6% 34.6% 122,4p5 -

Bowel scope and repeated FIT screening

Bowel scope age 59, 2-yearly, age 51-65 (excF58)161 -£37.4m 28,159 £600.6n] 18.5% 22.0% 57,056 296,399

Bowel scope age 58, 2-yearly, age 50-70 (excl F58L53 -£51.4m 33,036 £712.2n) 22.8% 27.3% 77,140 308,483]

Bowel scope age 58, 2-yearly, age 50-74 (exclF58).24 -£69.4m 36,533  £800.0n) 26.6% 32.2% 95,478 308,483]

Female

Incremental compared to no

Lifetime reduction

screening Screening referral Screening flexible

Screening strategy N . .
. | colonoscopies (yearl) | sigmoidoscopy (year 1)
Costs (Em) QALYs NMB (Em) [ CRC incidence CRC mortality

Current
gFOBT ages 60-74 biennial -£25.7m 9,478  £215.3n) 11.0% 17.2% 36,493 -
Bowel scope age 55, gFOBT ages 60-74 biennial £34.115,117 £268.3n) 16.3% 22.6% 41,346 320,565
One-off screens
Bowel Scope age 59 £38.4m 7,007 £101.8n) 7.9% 9.2% 6,912 281,647
FIT20 age 57 -£26.6m 7,277 £172.1n) 7.3% 8.6% 31,791 -
Repeated FIT screening
2-yearly, age 51-65, FIT161 -£35.7m 15,314  £341.9n 15.1% 18.5% 48,988 -
2-yearly, age 50-70, FIT153 -£44.3m 18,995  £424.2n 20.3% 25.2% 68,806 -
2-yearly, age 50-74, FIT124 -£54.9m 21,825  £491.4n 25.1% 31.3% 89,520 -
2-yearly, age 50-74, FIT74 -£67.5m 25,515  £577.8n) 29.7% 36.2% 128,742 -
Bowel scope and repeated FIT screening
Bowel scope age 59, 2-yearly, age 51-65 (excFboL61 £23.7m 17,669 £329.7n) 18.0% 21.5% 49,817 281,647
Bowel scope age 58, 2-yearly, age 50-70 (excl Fb8153 £20.0m 21,049 £400.9n) 22.6% 27.5% 69,187 293,049
Bowel scope age 58, 2-yearly, age 50-74 (exclF58).24 £11.2m 23,551 £459.8n 27.0% 33.1% 88,902 293,049




1.3 Appendix: Detaikd results for repeated FIT screening strategies
Table 1: Optimal repeated FIT screening strategyddferent referral colonoscopy capacities

Screening referral colonoscopy capacity Screenimgtsigy

50,000 (similar to current capacity) 2-yearly, ade65, FIT161 (8 screens)
70000 2-yearly, age 50-70, FIT153 (11 screef
90,000 (optimistic future capacity) 2-yearly, age™D) FIT124 (13 screens
110,000 2-yearly, age 50-74, FIT90 (13 screen
130,000 2-yearly, age 50-74, FIT70 (13 screen
150,000 1-yearly, age 50-74, FIT159 (25 scree

Table 2: Repeated FIT screening strategy resultgdéerral colonoscopy capacity 50,000

Costs (discounted, ALYs (discounted Number i
. ( . Q ( Cancer Cancer Screening
Strategy incremental comparer incremental comparer . . ; of NMB referral
. . incidence mortality
to no screening) to no screening) screens colonoscopys

Screening referral colonoscopys < 50000

1-yearly, age 56-63, FIT156 -£60.5m 18,372 15.4% 18.9% 8£427.9m 49,89
1-yearly, age 55-62, FIT161 -£57.9m 18,464 14.8% 18.1% 8£427.2m 49,947
1-yearly, age 56-63, FIT157 -£60.3m 18,333 15.3% 18.8% 8£427.0m 49,704
1-yearly, age 55-62, FIT162 -£57.8m 18,426 14.8% 18.0% 8£426.3m 49,751
1-yearly, age 57-64, FIT151 -£62.5m 18,187 15.9% 19.6% 8£426.3m 49,934
1-yearly, age 56-63, FIT158 -£60.1m 18,295 15.3% 18.8% 8£426.0m 49,514
1-yearly, age 55-62, FIT163 -£57.6m 18,389 14.8% 18.0% 8£425.4m 49,57
1-yearly, age 57-64, FIT152 -£62.3m 18,148 15.9% 19.6% 8£425.3m 49,744
2-yearly, age 51-65, FIT161 -£59.2m 19,098 15.1% 18.4% 8£441.2m 49,856
2-yearly, age 53-67, FIT155 -£64.1m 18,824 16.1% 19.9% 8£440.6m 49,945
2-yearly, age 51-65, FIT162 -£59.0m 19,056 15.1% 18.4% 8£440.1m 49,668
2-yearly, age 52-66, FIT160 -£61.5m 18,915 15.5% 19.1% 8£439.8m 49,991
2-yearly, age 53-67, FIT156 -£63.8m 18,780 16.1% 19.8% 8£439.5m 49,753
2-yearly, age 51-65, FIT163 -£58.8m 19,014 15.0% 18.3% 8£439.1m 49,482
2-yearly, age 52-66, FIT161 -£61.3m 18,872 15.5% 19.0% 8£438.8m 49,804
2-yearly, age 53-67, FIT157 -£63.6m 18,737 16.0% 19.8% 8£438.4m 49,564
3-yearly, age 52-70, FIT122 -£67.8m 18,274 16.3% 20.3% 7 £433.3m 49,837
3-yearly, age 50-71, FIT154 -£62.3m 18,539 16.2% 20.2% 8£433.1m 49,951
3-yearly, age 50-68, FIT130 -£62.9m 18,485 15.3% 18.9% 7 £432.6m 49,917
3-yearly, age 50-71, FIT155 -£62.1m 18,493 16.1% 20.2% 8£431.9m 49,759
3-yearly, age 52-70, FIT123 -£67.5m 18,218 16.3% 20.2% 7£431.8m 49,586
3-yearly, age 50-68, FIT131 -£62.7m 18,431 15.3% 18.8% 7 £431.3m 49,674
3-yearly, age 52-67, FIT100 -£68.0m 18,157 15.4% 18.9% 6£431.1m 49,841
3-yearly, age 50-71, FIT156 -£61.8m 18,447 16.1% 20.1% 8£430.8m 49,564
4-yearly, age 50-70, FIT98 -£66.8m 17,933 15.6% 19.3% 6 425.%n 49,921
4-yearly, age 51-71, FIT95 -£68.9m 17,807 16.0% 19.9% 6 425.1n 49,934
4-yearly, age 50-74, FIT115 -£66.5m 17,886 16.4% 20.7% 7 £424.2m 49,833
4-yearly, age 50-70, FIT99 -£66.5m 17,861 15.5% 19.2% 6 423.7n 49,59(
4-yearly, age 51-71, FIT96 -£68.6m 17,734 16.0% 19.8% 6 423.2n 49,5971
4-yearly, age 50-74, FIT116 -£66.2m 17,825 16.4% 20.7% 7£422.7m 49,564
4-yearly, age 50-70, FIT100 -£66.1m 17,791 15.5% 19.1% 6£421.9m 49,266
4-yearly, age 51-71, FIT97 -£68.2m 17,662 15.9% 19.7% 6 421.4n 49,264
5-yearly, age 50-70, FIT74 -£68.1m 17,379 15.2% 18.7% 5 415.7%n 49,62(
5-yearly, age 51-71, FIT72 -£70.1m 17,239 15.7% 19.3% 5 414.%n 49,529
5-yearly, age 50-70, FIT75 -£67.7m 17,284 15.2% 18.6% 5 413.4n 49,164
5-yearly, age 51-71, FIT73 -£69.6m 17,143 15.6% 19.2% 5 412.%n 49,064
5-yearly, age 50-70, FIT76 -£67.2m 17,192 15.1% 18.5% 5 411.1n 48,721
5-yearly, age 51-71, FIT74 -£69.1m 17,048 15.5% 19.1% 5 410.1n 48,614
5-yearly, age 52-72, FIT71 -£70.9m 16,937 15.9% 19.8% 5 409.7%n 49,933
5-yearly, age 50-70, FIT77 -£66.8m 17,101 15.0% 18.5% 5 408.8n 48,284
6-yearly, age 50-74, FIT70 -£67.7m 16,646 15.5% 19.4% 5 400.6n 49,624
6-yearly, age 52-70, FIT53 -£70.5m 16,496 15.1% 18.6% 4 400.4n 49,534
6-yearly, age 53-71, FIT51 -£72.2m 16,364 15.6% 19.2% 4 399.9n 49,344
6-yearly, age 50-74, FIT71 -£67.2m 16,548 15.4% 19.3% 5 398.2%n 49,144
6-yearly, age 52-70, FIT54 -£69.9m 16,369 15.0% 18.4% 4 397.3n 48,88
6-yearly, age 53-71, FIT52 -£71.6m 16,233 15.5% 19.0% 4 396.2n 48,671
6-yearly, age 50-74, FIT72 -£66.7m 16,452 15.3% 19.2% 5 395.8n 48,683
6-yearly, age 50-68, FIT58 -£65.5m 16,472 14.1% 17.1% 4 394.%n 49,49
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Table 3: Repeated FIT screening strategy resultgdéerral colonoscopy capacity 90,000

Costs (discounte( QALYS

. discounted, i

incremental ( Cancer  Cancer Number of Screening

Strategy incremental . . NMB referral
compared to no incidence mortality  screens

) compared to no colonoscopys
screening) .
screening)

Screening referral colonoscopys < 90000

1-yearly, age 52-66, FIT170 -£71.4m 27,397 22.4% 27.1% 15 £619.3m 89,905
1-yearly, age 52-66, FIT171 -£71.2m 27,354 22.4% 27.1% 15 £618.3m 89,592
1-yearly, age 51-65, FIT173 -£66.7m 27,566 21.7% 26.1% 15 £618.1m 89,914
1-yearly, age 53-67, FIT167 -£75.2m 27,116 23.0% 28.1% 15 £617.5m 89,84
1-yearly, age 52-66, FIT172 -£71.0m 27,311 22.3% 27.0% 15 £617.2m 89,28
1-yearly, age 51-65, FIT174 -£66.6m 27,523 21.6% 26.1% 15 £617.0m 89,60
1-yearly, age 53-67, FIT168 -£75.0m 27,072 23.0% 28.0% 15 £616.4m 89,524
1-yearly, age 52-66, FIT173 -£70.8m 27,268 22.3% 27.0% 15 £616.1m 88,971
2-yearly, age 50-74, FIT124 -£89.7m 27,037 24.7% 30.7% 13 £630.4m 89,822
2-yearly, age 50-72, FIT114 -£89.9m 26,989 24.0% 29.5% 12 £629.7m 89,778
2-yearly, age 50-74, FIT125 -£89.4m 26,968 24.7% 30.6% 13 £628.7m 89,382
2-yearly, age 50-72, FIT115 -£89.5m 26,914 23.9% 29.4% 12 £627.8m 89,287
2-yearly, age 50-74, FIT126 -£89.0m 26,899 24.6% 30.5% 13 £627.0m 88,947
2-yearly, age 50-70, FIT103 -£89.6m 26,853 23.1% 28.2% 11 £626.6m 89,505
2-yearly, age 50-72, FIT116 -£89.1m 26,840 23.9% 29.3% 12 £626.0m 88,803
2-yearly, age 51-73, FIT111 -£92.6m 26,634 24.5% 30.3% 12 £625.3m 89,546
3-yearly, age 50-74, FIT70 -£98.9m 25,777 24.0% 29.4% 9 614.4n 89,254
3-yearly, age 50-74, FIT71 -£98.3m 25,653 23.8% 29.3% 9 611.3n 88,404
3-yearly, age 50-71, FIT63 -£97.1m 25,606 22.8% 27.6% 8 609.2n 89,241
3-yearly, age 50-74, FIT72 -£97.7m 25,531 23.7% 29.2% 9 608.3n 87,571
3-yearly, age 52-73, FIT58 -£102.9m 25,186 24.1% 29.4% 8 £606.6m 89,251
3-yearly, age 50-71, FIT64 -£96.5m 25,470 22.7% 27.5% 8 605.%n 88,277
3-yearly, age 50-74, FIT73 -£97.1m 25,411 23.6% 29.0% 9 605.4n 86,76d
3-yearly, age 52-73, FIT59 -£102.2m 25,041 23.9% 29.2% 8 £603.0m 88,204
4-yearly, age 50-74, FIT48 -£101.1m 24,869 23.3% 28.5% 7 £598.4m 89,699
4-yearly, age 50-74, FIT49 -£100.3m 24,686 23.2% 28.3% 7 £594.0m 88,38
4-yearly, age 50-74, FIT50 -£99.5m 24,508 23.0% 28.1% 7 589.6n 87,116
4-yearly, age 51-71, FIT41 -£100.5m 24,414 22.4% 27.0% 6 £588.7m 89,574
4-yearly, age 50-70, FIT43 -£96.9m 24,454 21.6% 26.0% 6 586.Gn 88,735
4-yearly, age 50-74, FIT51 -£98.7m 24,334 22.8% 27.9% 7 585.3n 85,895
4-yearly, age 51-71, FIT42 -£99.6m 24,205 22.2% 26.8% 6 583.7n 88,001
4-yearly, age 50-74, FIT52 -£97.9m 24,164 22.7% 27.7% 7 581.2n 84,714
5-yearly, age 50-70, FIT33 -£96.7m 23,802 21.2% 25.5% 5 572.7&n 89,214
5-yearly, age 51-71, FIT32 -£99.7m 23,634 21.8% 26.3% 5 572.4n 88,944
5-yearly, age 50-70, FIT34 -£95.7m 23,539 21.0% 25.2% 5 566.4n 87,209
5-yearly, age 51-71, FIT33 -£98.6m 23,365 21.6% 26.0% 5 565.%n 86,899
5-yearly, age 52-72, FIT32 -£100.7m 23,107 22.1% 26.7% 5 £562.8m 88,157
5-yearly, age 50-70, FIT35 -£94.7m 23,285 20.7% 24.9% 5 560.4n 85,309
5-yearly, age 51-71, FIT34 -£97.5m 23,106 21.3% 25.7% 5 559.6n 84,961
5-yearly, age 53-73, FIT31 -£102.2m 22,762 22.6% 27.4% 5 £557.5m 88,201
6-yearly, age 50-74, FIT31 -£98.0m 23,093 21.9% 26.7% 5 559.8n 89,253
6-yearly, age 50-74, FIT32 -£96.8m 22,811 21.6% 26.3% 5 553.Gn 87,139
6-yearly, age 52-70, FIT24 -£98.2m 22,663 21.1% 25.3% 4 551.9n 89,514
6-yearly, age 53-71, FIT23 -£100.9m 22,508 21.8% 26.1% 4 £551.1m 89,231
6-yearly, age 50-74, FIT33 -£95.6m 22,540 21.4% 26.0% 5 546.4n 85,137
6-yearly, age 55-73, FIT21 -£104.3m 21,978 22.9% 27.6% 4 £543.9m 89,486
6-yearly, age 52-70, FIT25 -£96.8m 22,309 20.8% 24.9% 4 543.Gn 86,714
6-yearly, age 53-71, FIT24 -£99.4m 22,142 21.4% 25.7% 4 542.2n 86,339
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Table 4: Repeated FIT screening strategy resultgdéerral colonoscopy capacity 110,000

Costs (discounte« (dis?:ﬁt::sd s .
incremental ; ' Cancer Cancer Number of creening
Strategy compared to no incremental incidence  mortality screens NMB referral
) compared to no colonoscopys
screening) .
screening)

Screening referral colonoscopys < 110000
2-yearly, age 50-74, FIT90 -£103.3m 29,852 27.5% 33.7% 13 £700.4m 109,964
2-yearly, age 50-74, FIT91 -£102.9m 29,754 27.4% 33.6% 13 £698.0m 109,17
2-yearly, age 50-74, FIT92 -£102.4m 29,656 27.3% 335% 13 £695.6m 108,404
2-yearly, age 50-72, FIT84 -£102.1m 29,644 26.5% 32.2% 12 £695.0m 109,344
2-yearly, age 50-74, FIT93 -£102.0m 29,560 27.2% 33.4% 13 £693.2m 107,654
2-yearly, age 50-72, FIT85 -£101.7m 29,540 26.4% 32.1% 12 £692.5m 108,499
2-yearly, age 51-73, FIT81 -£105.6m 29,335 27.2% 33.2% 12 £692.3m 109,62
1-yearly, age 50-67, FIT167 -£70.8m 31,027 24.9% 30.0% 18 £691.3m 109,604
2-yearly, age 50-74, FIT94 -£101.5m 29,465 27.1% 33.3% 13 £690.8m 106,914
1-yearly, age 51-68, FIT165 -£75.9m 30,741 25.6% 31.0% 18 £690.7m 109,997
1-yearly, age 50-67, FIT168 -£70.6m 30,980 24.9% 29.9% 18 £690.2m 109,21
2-yearly, age 50-70, FIT76 -£100.9m 29,460 25.5% 30.8% 11 £690.1m 109,52]
2-yearly, age 50-72, FIT86 -£101.2m 29,437 26.3% 32.0% 12 £690.0m 107,65
2-yearly, age 51-73, FIT82 -£105.1m 29,228 27.1% 33.1% 12 £689.6m 108,74
1-yearly, age 51-68, FIT166 -£75.7m 30,694 25.6% 31.0% 18 £689.6m 109,603
1-yearly, age 50-67, FIT169 -£70.4m 30,933 24.8% 29.9% 18 £689.1m 108,82
2-yearly, age 50-74, FIT95 -£101.1m 29,371 27.0% 33.2% 13 £688.5m 106,187
1-yearly, age 51-68, FIT167 -£75.5m 30,647 25.5% 30.9% 18 £688.4m 109,211
1-yearly, age 50-67, FIT170 -£70.2m 30,886 24.8% 29.9% 18 £687.9m 108,431
2-yearly, age 51-71, FIT74 -£104.5m 29,162 26.2% 31.7% 11 £687.7m 109,654

Table 5: Repeated FIT screening strategy resultgdfgrral colonoscopy capacity 130,000

Costs (discountet ( dis?:ﬁllj:tz q Sereern
incremental . ' Cancer Cancer Number of creening
Strategy compared to no incremental incidence  mortality  screens NMB referral
. compared to no colonoscopys
screening) .
screening)

Screening referral colonoscopys < 130000

2-yearly, age 50-74, FIT70 -£113.2m 32,116 29.8% 36.1% 13 £755.5m 129,90(
1-yearly, age 50-71, FIT172 -£78.1m 33,827 29.2% 355% 22 £754.6m 129,764
1-yearly, age 50-71, FIT173 -£77.9m 33,779 29.2% 35.5% 22 £753.5m 129,324
2-yearly, age 50-74, FIT71 -£112.6m 31,988  29.6% 35.9% 13 £752.4m 128,66
1-yearly, age 50-71, FIT174 -£77.7m 33,731 29.1% 35.4% 22 £752.3m 128,894
1-yearly, age 50-70, FIT162 -£78.4m 33,650  28.6% 34.6% 21 £751.6m 129,52¢
1-yearly, age 50-71, FIT175 -£77.4m 33,684  29.1% 35.4% 22 £751.1m 128,46
1-yearly, age 51-72, FIT168 -£83.0m 33,386 29.9% 36.5% 22 £750.7m 129,97
1-yearly, age 50-70, FIT163 -£78.2m 33,608  28.5% 34.6% 21 £750.3m 129,054
1-yearly, age 50-71, FIT176 -£77.2m 33,637  29.0% 3B3% 22 £750.0m 128,041
1-yearly, age 51-73, FIT179 -£81.9m 33,39  30.3% 37.2% 23 £749.8m 129,591
1-yearly, age 51-72, FIT169 -£82.7m 33,338 29.8% 36.4% 22 £749.5m 129,524
2-yearly, age 50-74, FIT72 -£112.1m 31,861 29.5% 35.8% 13 £749.3m 127,454
1-yearly, age 51-71, FIT158 -£83.6m 33,284  29.3% 35.6% 21 £749.3m 129,68
1-yearly, age 50-70, FIT164 -£78.0m 33,558 28.5% 345% 21 £749.1m 128,584
1-yearly, age 50-71, FIT177 -£77.0m 33,589 29.0% 35.3% 22 £748.8m 127,623
1-yearly, age 50-69, FIT151 -£78.7m 33,496 28.0% 33.7% 20 £748.6m 129,744
1-yearly, age 51-73, FIT180 -£81.6m 33,350  30.3% 37.2% 23 £748.6m 129,18
1-yearly, age 51-72, FIT170 -£82.5m 33,289 29.8% 36.4% 22 £748.3m 129,081
1-yearly, age 51-71, FIT159 -£83.4m 33,233 29.3% 36.6% 21 £748.0m 129,20(
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Table 6: Repeated FIT screening strategy resultgdferral colonoscopy capacity 150,000

Costs (discountet (dichﬁt:tZd S )
incremental ) ’ Cancer Cancer Number of creening
Strategy compared to no incremental incidence  mortality  screens NMB referral
) compared to no colonoscopys
screening) }
screening)

Screening referral colonoscopys < 150000

1-yearly, age 50-74, FIT159 -£85.4m 36,088 32.8% 40.0% 25 £807.1m 149,50
1-yearly, age 50-73, FIT151 -£86.0m 36,048 32.3% 39.2% 24 £807.0m 149,884
1-yearly, age 50-74, FIT160 -£85.2m 36,034 32.7% 39.9% 25 £805.8m 148,954
1-yearly, age 50-73, FIT152 -£85.8m 35,993 32.2% 39.1% 24 £805.6m 149,301
1-yearly, age 50-74, FIT161 -£84.9m 35,982 32.7% 39.9% 25 £804.6m 148,41}
1-yearly, age 50-73, FIT153 -£85.5m 35,938 32.2% 39.1% 24 £804.3m 148,724
1-yearly, age 50-72, FIT144 -£86.2m 35,901 31L.7% 38.3% 23 £804.2m 149,441
1-yearly, age 50-74, FIT162 -£84.7m 35,929 32.6% 39.8% 25 £803.3m 147,884
1-yearly, age 50-73, FIT154 -£85.3m 35,883 32.1% 39.0% 24 £803.0m 148,15
1-yearly, age 50-71, FIT135 -£86.5m 35,821 31.1% 37.4% 22 £802.9m 149,971
1-yearly, age 50-72, FIT145 -£85.9m 35,844 31.6% 382% 23 £802.8m 148,821
1-yearly, age 50-74, FIT163 -£84.4m 35,877 32.6% 39.8% 25 £802.0m 147,35]
1-yearly, age 50-73, FIT155 -£85.1m 35,829 32.1% 39.0% 24 £801.6m 147,594
1-yearly, age 50-71, FIT136 -£86.3m 35,760 31.0% 37.4% 22 £801.5m 149,291
1-yearly, age 50-72, FIT146 -£85.7m 35,787 31.6% 38.2% 23 £801.4m 148,20
1-yearly, age 50-74, FIT164 -£84.2m 35,825 32.5% 39.7% 25 £800.7m 146,83
1-yearly, age 51-74, FIT147 -£90.8m 35,493 32.9% 40.1% 24 £800.7m 149,47
1-yearly, age 50-73, FIT156 -£84.8m 35,775 32.0% 389% 24 £800.3m 147,03
1-yearly, age 50-72, FIT147 -£85.4m 35,731 31.5% 38.1% 23 £800.1m 147,60
1-yearly, age 50-71, FIT137 -£86.0m 35,701 31.0% 37.3% 22 £800.0m 148,62
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1.4 Appendix: Probabilistic Sensitivity Analyses (PSA)

We ran probabilistic sensitivity analysis for the nine &eseening strategies presented in the main resulte T
analysis was run for 1000 runs, varying parameters ubiaglistributions presented in the model parameters &bl
We looked at the impact of the PSA for the followingwese comparisons:

i) comparing one-off Bowel Scope with one-off FIT20;

i) replacing FIT at 59 with Bowel Scope for a 2-yearl &l Tscreening strategy;
iii) replacing FIT at 58 with Bowel Scope for a 2-yearli &l Tscreening strategy;
iv) replacing FIT at 58 with Bowel scope for a 2-yearlL&1Tscreening strategy;

The mean cost and QALYs from the PSA differed ogihflglto those for the deterministic results. This lgsitrated
on the PSA scatterplot. The CEACs illustrate that the pilitlyahat it is cost effective to replace a FIT withawke!
scope varies according to the willingness to pay thré&sho

Figure 1: Cost-effectiveness for the key strategy qarisons, assessed at £20,000 per QALY

PSA scatterplot
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¢ DETERMINISTIC RESULTS
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OPSA mean

B DETERMINISTIC RESULTS
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APSA mean

A DETERMINISTIC RESULTS

Bowel scope age 59, 2-yearly, age 5
65 (excl.59), FIT161
PSA mean

Incremental QALYs compared to no screening
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Incremental costs compared to no screening
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Figure 2: Cost effectiveness acceptability curveBEACS) for the key strategy comparisons
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1.5 Appendix: Table of model parameter values

Table 7: Table of parameters used in the model

Test Characteristics mean Distribution used in PSA and 95% CI source
gFOBT Sensitivity for LR adenomas 0.01 Beta(422,72,457) (0.01-0.01) BCSP data

gFOBT Sensitivity for HR adenomas 0.10 Beta(732,6,777) (0.09-0.10) BCSP data

gFOBT Sensitivity for CRC 0.17 Beta(139,691) (0.14-0.19) BCSP data

gFOBT Specificity age 50 0.99 Beta(128,370,1,428) (0.99-0.99) BCSP data

gFOBT Specificity age 70 0.99 Beta(128,370,1,428) (0.99-0.99) BCSP data

FS Sensitivity for LR adenomas 0.24 Beta(1,535,4,839) (0.23-0.25) BCSP data

FS Sensitivity for HR adenomas 0.68 Beta(1,967,940) (0.66-0.69) BCSP data

FS Sensitivity for CRC 0.44 Beta(294,378) (0.40-0.48) BCSP data

FS Specificity 1.00 NA Assumption due to nature of the test

FIT Sensitivity for LR adenomas 0.01 Beta(8,1,454) (0.00-0.01) FIT pilot, Moss et al 2016.

FIT Sensitivity for HR adenomas 0.17 Beta(20,99) (0.11-0.24) FIT pilot, Moss et al 2016.

FIT Sensitivity for CRC 0.17 Beta(3,13) (0.03-0.38) FIT pilot, Moss et al 2016.

FIT Specificity 0.99 Beta(2,254,32) (0.98-0.99) FIT pilot, Moss et al 2016.

COL Sensitivity for LR adenomas 0.77 Beta(544,167) (0.73-0.80) Van Rijn et al 2006

COL Sensitivity for HR adenomas 0.98 Beta(94,2) (0.94-1.00) Bressler et al 2007

COL Sensitivity for CRC 0.98 Beta(94,2) (0.94-1.00) Bressler et al 2007

COL Specificity - NA Assumption due to nature of the test

CTC Sensitivity for LR adenomas 0.63 Beta(446,265) (0.40-0.98) Assumption based on detection rates relative to COL in Atkin 2013
CTC Sensitivity for HR adenomas 0.80 Beta(77,19) (0.51-1.25) Assumption based on detection rates relative to COL in Atkin 2013
CTC Sensitivity for CRC 0.96 Beta(92,4) (0.62-1.49) Assumption based on detection rates relative to COL in Atkin 2013
CTC Specificity 0.88 Beta(5,267,710) (0.87-0.89) Lin et al 2015 review

Proportion CTC of all referrals Age 60-61 0.03 Beta(255,7,832) (0.03-0.04) NHS BCSP data 2014/15.

Proportion CTC of all referrals Age 62-63 0.04 Beta(304,7,918) (0.03-0.04) NHS BCSP data 2014/15.

Proportion CTC of all referrals Age 64-65 0.04 Beta(399,8,478) (0.04-0.05) NHS BCSP data 2014/15.

Proportion CTC of all referrals Age 66-67 0.04 Beta(415,8,965) (0.04-0.05) NHS BCSP data 2014/15.

Proportion CTC of all referrals Age 72-74 0.06 Beta(414,6,405) (0.06-0.07) NHS BCSP data 2014/15.

Proportion CTC of all referrals Age 60-61 0.03 Beta(9,29,991) (0.00-0.00) NHS BCSP data 2014/15.

COL (without polypectomy) perforation rate 0.00 Beta(28,30,853) (0.00-0.00) Rutter et al 2014

COL (with polypectomy) perforation rate 0.00 Beta(4,73) (0.01-0.11) Rutter et al 2014

COL Probability of death following perforation 0.05 N/A Gatto et al 2003

FS (without polypectomy) perforation rate - Beta(1,9,498) (0.00-0.00) FS UK screening trial data, Atkin et al 2002
FS (with polypectomy) perforation rate 0.00 Beta(2,29) (0.01-0.17) FS UK screening trial data, Atkin et al 2002
FS Probability of death following perforation 0.06 Beta(12,40,609) (0.00-0.00) Gatto et al 2003

FS probability of hospitalisation for bleeding 0.00 Beta(52,130,779) (0.00-0.00) FS UK screening trial data, Atkin et al 2002
COL probability of hospitalisation for bleeding 0.00 Beta(6,29,042) (0.00-0.00) Rutter et al 2014

CTC perforation rate 0.00 N/A Bellini et al 2014 metanalysis

CTC Probability of death following perforation - NA Bellini et al 2014 metanalysis

gFOBT mean number of tests completed 1.08 N/A Assumption based on number of gFOBTSs returned within 7 days
Repeat rates mean Distribution used in PSA and 95% CI source
gFOBT mean number of tests completed 1.08 N/A Assumption based on number of gFOBTs returned within 7 days
iFOBT mean number of tests completed 1.01 N/A NHS BCSP data, Italian iFOBT screening programme Zorzi et al 2009
FS Probability test repeated on a later day 0.02 Beta(839,39,782) (0.02-0.02) FS UK screening trial data, Atkin et al 2002
COL repeat test rate 0.07 Beta(5,453,72,858) (0.07-0.07) NHS BCSP data

CTC additional investigation rate 0.89 Beta(911,116) Plumb et al 2013

Mean gFOBT uptake over all screening rounds 0.58 Beta(2,398,418,1,719,460) (0.58-0.58) NHS BCSP data 2014/15

Mean iFOBT uptake over all screening rounds 0.65 Beta(26,674,14,256) (0.65-0.66) Calculated compared with gFOBT data from RR derived from Moss et al 2(
Natural history parameters mean Distribution used in PSA and 95% CI source
Normal epithelium to LR adenomas - age 30 0.021 Correlated parameter set (0.018-0.022) Model calibration

Normal epithelium to LR adenomas - age 50 0.020 Correlated parameter set (0.019-0.022) Model calibration

Normal epithelium to LR adenomas - age 70 0.045 Correlated parameter set (0.029-0.042) Model calibration

Normal epithelium to LR adenomas - age 100 0.011 Correlated parameter set (0.005-0.031) Model calibration

LR adenomas to high risk adenomas - age 30 0.009 Correlated parameter set (0.008-0.014) Model calibration

LR adenomas to high risk adenomas - age 50 0.008 Correlated parameter set (0.006-0.008) Model calibration

LR adenomas to high risk adenomas - age 70 0.008 Correlated parameter set (0.008-0.010) Model calibration

LR adenomas to high risk adenomas - age 100 0.004 Correlated parameter set (0.004-0.010) Model calibration

HR adenomas to Dukes A CRC - age 30 0.029 Correlated parameter set (0.004-0.036) Model calibration

HR adenomas to Dukes A CRC - age 50 0.025 Correlated parameter set (0.022-0.026) Model calibration

HR adenomas to Dukes A CRC - age 70 0.054 Correlated parameter set (0.050-0.058) Model calibration

HR adenomas to Dukes A CRC - age 100 0.115 Correlated parameter set (0.084-0.115) Model calibration

Normal epithelium to CRC Dukes A 0.00004 Correlated parameter set (0.000-0.000) Model calibration

Preclinical CRC: Dukes Stage A to B 0.51 Correlated parameter set (0.504-0.886) Model calibration

Preclinical CRC: Dukes Stage B to C 0.69 Correlated parameter set (0.499-0.797) Model calibration

Preclinical CRC: Dukes Stage C to D 0.71 Correlated parameter set (0.594-0.762) Model calibration

Symptomatic presentation with CRC Dukes A 0.04 Correlated parameter set (0.043-0.070) Model calibration

Symptomatic presentation with CRC Dukes B 0.18 Correlated parameter set (0.124-0.195) Model calibration

Symptomatic presentation with CRC Dukes C 0.37 Correlated parameter set (0.303-0.394) Model calibration

Symptomatic presentation with CRC Dukes D 0.74 Correlated parameter set (0.647-0.924) Model calibration

Proportion of cancer incidence classified as proximal 0.38 Beta(422,72,457) (0.01-0.01) Cancer Registrations 2007, England
Average number of adenomas present in patient with at least one 2.30 Beta(732,6,777) (0.09-0.10) Rutter et al 2014

Proportion of advanced adenomas classified as HR adenomas 0.75 Beta(139,691) (0.14-0.19) FS UK screening trial data, Atkin et al 2002
Surveillance parameters mean Distribution used in PSA and 95% CI source
Proportion of HR polypectomy requiring annual sunweillance 0.29 NHS BCSP data

LR polypectomy, transition probability LR 0.10

LR polypectomy, transition probability HR 0.04

LR polypectomy, transition probability CRC 0.00

IR polypectomy, transition probability LR 0.16 England BCSP data, Martinez et al 2009 LR=low risk, IR-intermediate
IR polypectomy, transition probability HR 0.09 risk, HR=high risk

IR polypectomy, transition probability CRC 0.00

HR polypectomy, transition probability LR 0.19

HR polypectomy, transition probability HR 0.57
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Harm/complications parameters mean Distribution used in PSA and 95% ClI source

COL (without polypectomy) perforation rate 0.000 Beta(9,29,991) (0.00-0.00) Rutter et al 2014

COL (with polypectomy) perforation rate 0.001 Beta(28,30,853) (0.00-0.00) Rutter et al 2014

COL Probability of death following perforation 0.052 Beta(4,73) (0.01-0.11) Gatto et al 2003

FS (without polypectomy) perforation rate - NA FS UK screening trial data, Atkin et al 2002

FS (with polypectomy) perforation rate 0.000 Beta(1,9,498) (0.00-0.00) FS UK screening trial data, Atkin et al 2002

FS Probability of death following perforation 0.065 Beta(2,29) (0.01-0.17) Gatto et al 2003

FS probability of hospitalisation for bleeding 0.000 Beta(12,40,609) (0.00-0.00) FS UK screening trial data, Atkin et al 2002

COL probability of hospitalisation for bleeding 0.000 Beta(52,130,779) (0.00-0.00) Rutter et al 2014

CTC perforation rate 0.000 Beta(6,29,042) (0.00-0.00) Bellini et al 2014 metanalysis

CTC Probability of death following perforation - NA Bellini et al 2014 metanalysis

gFOBT mean number of tests completed 1.080 N/A Assumption based on number of gFOBTs returned within 7 days
iFOBT mean number of tests completed 1.010 N/A NHS BCSP data, Italian iFOBT screening programme Zorzi et al 2009
FS Probability test repeated on a later day 0.021 Beta(839,39,782) (0.02-0.02) FS UK screening trial data, Atkin et al 2002

CTC Probability of death following perforation - Beta(5,453,72,858) (0.07-0.07) Bellini et al 2014 metanalysis

Resource Use parameters mean Distribution used in PSA and 95% CI source

Cost of gFOBT screen (non-compliers)

Cost of gFOBT screen (normal result)

Cost of gFOBT screen (positive result)

Cost of iFOBT screen (non-compliers)

Cost of iFOBT screen (normal result)

Cost of iFOBT screen (positive result)

Cost of FS screen excl. FS exam (non-compliers)
Cost of FS screen excl. FS exam (not referred to COL)
Cost of FS screen excl. FS exam (referred to COL)
Cost of FS (without polypectomy)

Cost of FS (with polypectomy)

Proportion of LR adenomas being referred for COL following FS
Cost of specialised screening nurse post FS
Cost of specialised screening nurse post FOBT
Cost of COL (without polypectomy)

Cost of COL (with polypectomy)

Cost of treating bowel perforation (major surgery)
Cost of admittance for bleeding (overnight stay on medical
ward)

Pathology cost for adenoma

Pathology cost for cancer

Cost of CTC

Cost treatment Dukes' A Age 40-49

Cost treatment Dukes’ A Age 50-59

Cost treatment Dukes' A Age 60-69

Cost treatment Dukes' A Age 70-79

Cost treatment Dukes' A Age 80-100

Cost treatment Dukes' B Age 40-49

Cost treatment Dukes' B Age 50-59

Cost treatment Dukes' B Age 60-69

Cost treatment Dukes' B Age 70-79

Cost treatment Dukes' B Age 80-100

Cost treatment Dukes' C Age 40-49

Cost treatment Dukes' C Age 50-59

Cost treatment Dukes' C Age 60-69

Cost treatment Dukes' C Age 70-79

Cost treatment Dukes’ C Age 80-100

Cost treatment Dukes' D Age 40-49

Cost treatment Dukes' D Age 50-59

Cost treatment Dukes' D Age 60-69

Cost treatment Dukes' D Age 70-79

Cost treatment Dukes' D Age 80-100

£2.23 Uniform(2.01,2.45)
£3.69 Uniform(3.32,4.06)
£13.11 Uniform(11.80,14.42)
£7.06 Uniform(6.35,7.77)
£8.09 Uniform(7.28,8.90)
£17.78 Uniform(16.00,19.56)
£5.51 Uniform(4.96,6.07)
£6.60 Uniform(5.94,7.26)
£16.29 Uniform(14.66,17.92)
£311.02 Uniform(280,342)
£360.10 Uniform(324,396)

£0.03 Uniform(0.03,0.03)
£16.25 Uniform(14.63,17.88)
£32.50 Uniform(29.25,35.75)
£518.36 Uniform(467,570)
£600.16 Uniform(540,660)
£1,272.78 Gamma(100,13)

£474.54 Gamma(100,5)
£28.82 Gamma(100,0)
£28.82 Gamma(100,0)
£136.21 Uniform(76,163)
£31,218 Gamma(100,312)
£31,218 Gamma(100,312)
£31,798 Gamma(100,318)
£32,377 Gamma(100,324)
£32,377 Gamma(100,324)
£31,218 Gamma(100,312)
£31,218 Gamma(100,312)
£31,798 Gamma(100,318)
£32,377 Gamma(100,324)
£32,377 Gamma(100,324)
£44,086 Gamma(100,441)
£44,086 Gamma(100,441)
£40,729 Gamma(100,407)
£37,371 Gamma(100,374)
£37,371 Gamma(100,374)
£44,086 Gamma(100,441)
£44,086 Gamma(100,441)
£40,729 Gamma(100,407)
£37,371 Gamma(100,374)
£37,371 Gamma(100,374)

Southern Hub screening costings model inflated
Southern Hub screening costings model inflated
Southern Hub screening costings model inflated
Southern Hub screening costings model inflated
Southern Hub screening costings model inflated
Southern Hub screening costings model inflated
Southern Hub screening costings model inflated
Southern Hub screening costings model inflated
Southern Hub screening costings model inflated
NHS reference costs 14/15 for colonoscopy * 0.6 on advice of Wendy Atki
NHS reference costs 14/15 for colonoscopy * 0.6 on advice of Wendy Atki

FS UK screening trial data, Atkin et al 2002
PSSRU Unit Costs 14/15

PSSRU Unit Costs 14/16

NHS reference costs 14/15

NHS reference costs 14/15

NHS reference costs 14/15

NHS reference costs 14/16
NHS reference costs 14/15, histopathology
NHS reference costs 14/15, histopathology
NHS reference costs 14/15
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016
Laudicella et al. 2016

Discount rate for costs 3.5% N/A NICE methods of techonology appraisal 2008
Discount rate for health outcomes 3.5% N/A NICE methods of techonology appraisal 2008
Willingness to pay threshold £20,000 N/A NICE methods of techonology appraisal 2008
Screening participation parameters mean Distribution used in PSA and 95% CI source

Mean gFOBT uptake over all screening rounds

Mean iFOBT uptake over all screening rounds

gFOBT participation for a round for those who comply with at
least one gFOBT test (incidenct uptake)

iFOBT participation for a round for those who comply with at
least one iFOBT test (incident uptake)

Follow-up compliance FOBT screening

Follow-up compliance FS screening

COL suneillance compliance

FS screening compliance

CTC follow-up compliance

0.58
0.65

0.85
0.90
0.87
0.96

0.44
0.99

Beta(2,398,418,1,719,460) (0.58-0.58)
Beta(26,674,14,256) (0.65-0.66)

Beta(1,934,059,331,839) (0.85-0.85)

Beta(20,287,2,360) (0.89-0.90)
Beta(37,517,5,509) (0.87-0.88)
Beta(2,047,79) (0.95-0.97)

N/A

Beta(34,265,42,884) (0.44-0.45)
Beta(2,731,22) (0.99-0.99)

NHS BCSP data 2014/15
Calculated compared with gFOBT data from RR derived from Moss et al 2(

NHS BCSP data 2014/15

Calculated compared with gFOBT data from RR derived from Moss et al 2
NHS BCSP data 2014/15

FS UK screening trial data, Atkin et al 2002

NHS BCSP data

NHS BCSP data 2014/15

"Plumb et al 2013

Health-related quality of life parameters

Utility value cancer free Age 30-34
Utility value cancer free Age 35-39
Utility value cancer free Age 40-44
Utility value cancer free Age 45-49
Utility value cancer free Age 50-54
Utility value cancer free Age 55-59
Utility value cancer free Age 60-64
Utility value cancer free Age 65-69
Utility value cancer free Age 70-74
Utility value cancer free Age 75-79
Utility value cancer free Age 80-84
Utility value cancer free Age 85+

Utility value CRC Age 30-34 Stage A-C
Utility value CRC Age 35-39 Stage A-C
Utility value CRC Age 40-44 Stage A-C
Utility value CRC Age 45-49 Stage A-C
Utility value CRC Age 50-54 Stage A-C
Utility value CRC Age 55-59 Stage A-C
Utility value CRC Age 60-64 Stage A-C
Utility value CRC Age 65-69 Stage A-C
Utility value CRC Age 70-74 Stage A-C
Utility value CRC Age 75-79 Stage A-C
Utility value CRC Age 80-84 Stage A-C
Utility value CRC Age 85+ Stage A-C
Utility value CRC Age 30-34 Stage D
Utility value CRC Age 35-39 Stage D
Utility value CRC Age 40-44 Stage D
Utility value CRC Age 45-49 Stage D
Utility value CRC Age 50-54 Stage D
Utility value CRC Age 55-59 Stage D
Utility value CRC Age 60-64 Stage D
Utility value CRC Age 65-69 Stage D
Utility value CRC Age 70-74 Stage D
Utility value CRC Age 75-79 Stage D
Utility value CRC Age 80-84 Stage D
Utility value CRC Age 85+ Stage D

mean Distribution used in PSA and 95% CI source
0.91 Beta(28,945,2,823) (0.91-0.92) Ara et al 2010.
0.90 Beta(26,499,3,028) (0.90-0.90) Ara et al 2010.
0.88 Beta(22,447,2,961) (0.88-0.89) Ara et al 2010.
0.87 Beta(20,271,3,097) (0.87-0.87) Ara et al 2010.
0.85 Beta(19,605,3,439) (0.85-0.86) Ara et al 2010.
0.83 Beta(20,411,4,104) (0.83-0.84) Ara et al 2010.
0.81 Beta(21,437,4,932) (0.81-0.82) Ara et al 2010.
0.79 Beta(20,011,5,258) (0.79-0.80) Ara et al 2010.
0.77 Beta(15,018,4,496) (0.76-0.78) Ara et al 2010.
0.74 Beta(9,155,3,148) (0.74-0.75) Ara et al 2010.
0.72 Beta(5,144,2,008) (0.71-0.73) Ara et al 2010.
0.68 Beta(2,896,1,334) (0.68-0.70) Ara et al 2010.
0.87 Beta(364,55) (0.84-0.90) Ara et al 2010.
0.85 Beta(391,67) (0.82-0.89) Ara et al 2010.
0.84 Beta(415,80) (0.81-0.87) Ara et al 2010.
0.82 Beta(440,96) (0.79-0.86) Ara et al 2010.
0.80 Beta(465,113) (0.77-0.84) Ara et al 2010.
0.79 Beta(490,134) (0.75-0.82) Ara et al 2010.
0.77 Beta(514,158) (0.73-0.80) Ara et al 2010.
0.74 Beta(535,184) (0.71-0.78) Ara et al 2010.
0.72 Beta(549,214) (0.69-0.75) Ara et al 2010.
0.69 Beta(552,243) (0.66-0.73) Ara et al 2010.
0.67 Beta(536,268) (0.63-0.70) Ara et al 2010.
0.63 Beta(494,291) (0.60-0.67) Ara et al 2010.
0.67 Beta(913,451) (0.65-0.70) Ara et al 2010.
0.66 Beta(912,474) (0.63-0.68) Ara et al 2010.
0.65 Beta(909,497) (0.62-0.67) Ara et al 2010.
0.63 Beta(906,524) (0.61-0.66) Ara et al 2010.
0.62 Beta(903,553) (0.60-0.65) Ara et al 2010.
0.61 Beta(901,586) (0.58-0.63) Ara et al 2010.
0.59 Beta(898,624) (0.57-0.62) Ara et al 2010.
0.57 Beta(890,662) (0.55-0.60) Ara et al 2010.
0.56 Beta(873,700) (0.53-0.58) Ara et al 2010.
0.54 Beta(839,728) (0.51-0.56) Ara et al 2010.
0.51 Beta(781,738) (0.49-0.54) Ara et al 2010.
0.49 Beta(687,728) (0.47-0.52) Ara et al 2010.
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1.6 Appendix: Model Natural History

Evidence suggests that most CRC develops from adenomas in the lining of the bowel which is known as the
adenoma-carcinoma sequence [1]. Various approaches can be taken to model the development of adenomas and

CRC. These include modelling: the growth of individual adenomas; the number/size/type/location of adenomas; an
LQGLYLGXDOTV SUR HdwncediRagvantedrdenRgas; anindLYLGXDOYV SURJUHKMbBR IURP
risk adenomas.

The natural history of CRC can be modelled using a patient-level or a cohort model [2, 3]. A patient-level simulation

gives greater flexibility in modelling disease natural history and management, allowing, for instance, easier

implementation of surveillance colonoscoS\ DV D SDWLHQWYfV SDWKZD\WWLOOUGHEB QO FH W
patient-level modelling approach will generally require more parameters and distributional assumptions than a cohort

model. For example, a cohort modelling approach requires information on the average rate at which an adenoma

would develop into a CRC, but a patient-level modelling approach would also require knowledge of the between-

patient variation in this rate.

There is considerable uncertainty surrounding several of the natural history parameters such as adenoma growth
rates. A cohort modelling approach was used in preference to a patient-level model in this instance to reduce the
number of assumptions required and to ensure that there was sufficient data available to inform the model
parameters. This choice was based on previous experience with both methods in modelling CRC. A state transition
model was used to simulate the life experience of a cohort of 30 year old individuals in the general population of
England with normal epithelium through to the development of adenomas and CRC and subsequent death.

Definition of health states

+HDOWK VWDWHY ZHUH GHILQHGTY R¥ B X I& XM Gaads@IQ A wak Gividedinto eight
KHDOWK VWDWHY ZKLFK GH YV F-D afdhvhétheHor noNtie\CRO/Hasdeh lirically diagnosed:
preclinical/clinical.

Individuals with adenomas can be classified in many different ways to reflect the size, type, number and location of

adenomas present, but it is important that the choice of adenoma health states reflects the data available to inform the
PRGHO 7KH J)2%7 VFUHHQLQJ SURJUDBPM HOW DR Q RUINGY M M EXRtBGR&ABh- ULV N’
adenomas as defined by the current British Society of Gastroenterology (BSG) guidelines for endoscopic surveillance
following adenoma removal [4]. Detection rates from the FS screening trial ZKLFK XVH WKLV FODVWWLYRDW I
DQG 3LQWHUP-HGVDNWB KHQRPDYV ZHUH DOVR REWDWEHE FTKHVRRIGHO WILA D XU H
GHILQH WZR KHDOWK VWDWHVWKRDGHI\QRRPEWH @4 LKLAE X DAWMIDcdUHeE RPDV™ KH
persons with at least 3 small adenomas or at least one adenoma of size >1cm (this includes the BSG intermediate

DQG KLJK ULVN VXUYHLOODQHHWDWEBRRIPHDW ~ KKBCGCWKRZVWDWEMmAIEMYGHYV St
adenomas. These KHDOWK VWDWHY FRUUHVSRQG WR LWIGRY H GRAHIG W R XGJHW H O B DQHF
approach eases the modelling of surveillance.

7KH PRGHO KHDOWK VWDWHY DUWHLVNRDSBHQRPILW KKH.O KXUPL VONR 2 G FDONRHPADTV  SUH
stagesA-' FOLQLFDO &5& 'XNXKanfl déatl.Olidhealth states and transitions included within the natural
history model are shown in| |
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Figure 3: Diagram of Model Structure
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Transition between health states

We define a sequence of annual transition probabilities between these states relating to CRC developing through the
adenoma farcinoma sequence, as this is thought to be the natural history of most CRC. In addition, we define a
WUDQVLWLRQ SUREDELOLW\ I[URRIQREBROVRSDLWEBERDLRB WRHXMNBRQWRK H\DLQ/F WL
do not arise from adenomas (de novo cancers). For each cancer state we define the probability of being diagnosed

through symptomatic presentation or chance detection, and this transition corresponds to moving from a preclinical to

a clinical health state.

There is evidence to suggest that adenoma growth rate varies with age. Brenner et al. examined the results of

840,149 screening colonoscopies and found that the age gradient is much stronger for CRC incidence than for

advanced adenoma prevalence, hence projected annual transition rates from advanced adenomas to CRC strongly

increase with age [5]. The probability of developing a low risk adenoma, the transition probability from low to high risk
DGHQRPD DQG WKH WUDQVLWLRNY CWHRERPED OLRVIXNRPIKV WO UH. $ &5 & VB UM D
using a piecewise linear model whose parameter values were the transition probabilities at ages 30, 50,70,100.

Transitions between the preclinical CRC states and from preclinical to clinical CRC are assumed to be independent of

age. All persons may die of non-CRC causes, and this is modelled using age-specific mortality rates. Once a person is
diagnosed with CRC,tKH WUDQVLWLRQV EHWZHHQ 'XNHGH WG H/Qipeiic\QROD@KRtYe) H U P
survival rate is applied. In addition, preclinical stage D CRC may be fatal. Survival rates for clinical CRC stages A-D

and preclinical stage D CRC is assumed to be dependent on the CRC stage at diagnosis and patient age.

Location of adenomas and cancer

Adenomas and CRC may develop in various locations within the colon and rectum. Little data was identified
describing CRC/adenoma prevalence by location and age. A study by Yamaji et al. analysed the records of a
colonoscopic follow-up study on 2900 subjects after polypectomy [6]. They describe the change in adenoma location
E\ DIJH 3$OWKRXJK WKHUH PD\ RR LRGdiod td@Mside I8ddtldidf Epldiesaladenomas, aging
tends to increase the number of adenomas in the right-side colon, while only modestly affecting those in the left-side
colon.” :H REVHUYHG WKDW WKH SURSR KWW GROG RIQRH IRIGDEmIKE FoQ/ary

significantly by age; see|Table 8
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Table 8: Location of adenomas by age as reportedviaynaji et al. 2007

Adenomas located Adenomas located in Adenomas located
only in the left side both the left side and only in the right-side
Age group|colon and rectum the right-side colon colon
<40 59% 12% 30%
40-49 56% 15% 29%
50-59 43% 24% 34%
>=60 37% 34% 29%

shows incidence of cancer in the proximal and distal colon by age for newly diagnosed cases in England in
2007. Of diagnosed cases of CRC with known location, 62% are located in the distal colon and 38% in the proximal
colon. Distal and proximal CRC may be associated with different likelihoods of displaying symptoms and receiving a
diagnosis. Hence the difference in incidence between the proximal and distal colon is unlikely to accurately reflect the
difference in prevalence between the distal and proximal colon.

Table 9: CRC by age and location, registrationeafly diagnosed cases 2007

Incidence Rates per 100,000 population CRC with known location
Proximal Colon  Distal Colon Unknown location

Age range| (C18.0-C18.6) (C18.7,C18.8,C19,C20) (C18.9) Proximal Distal
30-34 1.2 41% 1.4 51% 0.2 8% 45% 55%
35-39 21 39% 2.9 53% 0.4 8% 42% 58%
40-44 3.6 36% 5.6 56% 0.8 8% 39% 61%
45-49 55 29% 12.2 64% 1.4 7% 31% 69%
50-54 10.2  27% 25.6 67% 26 7% 29% 71%
55-59 18.2 2% 44.7 66% 53 8% 29% 71%
60-64 36.5 31% 70.8 61% 9.0 8% 34% 66%
65-69 57.9 31% 112.0 61% 151 8% 34% 66%
70-74 79.0 33% 143.4 59% 20.0 8% 36% 64%
75-79 115.8 37% 166.8 54% 28.8 9% 41% 59%
80-84 149.9 40% 181.1 49% 40.8 11% 45% 55%
85 and ovg 140.4 39% 165.6 46% 55.4 15% 46% 54%
All ages 20.7 34% 33.7 56% 5.7 10% 38% 62%

Screening test sensitivity by location

The sensitivity of a screening test may vary between the distal and the proximal colon. This gives two important
considerations for the modelling of screening. Firstly, as CRC/adenoma location distributions vary by age, it follows
that the overall sensitivity of a screening test may vary by age. Secondly, a screening test with significantly different
proximal and distal sensitivity will impact the location distribution for remaining undetected CRC and adenomas. This
in turn will impact on the detection rates seen at subsequent screens. Hence, adenoma/CRC location distribution and
screening test sensitivity by location may be important considerations when modelling combined or repeated
screening strategies.

The extent to which the CRC sensitivity of a screening test varies between the distal/proximal colon can be estimated
by comparing the location distribution of screen detected CRC with that of prevalent CRC. As no data on the location
distribution of prevalent CRC was available, data on the location distribution of CRC incidence was used. The use of
incidence as a proxy for prevalence will introduce errors, as symptoms and diagnosis rates will vary by location.
Hence this calculation is simply a crude estimate for illustrative purposes. Location specific sensitivities for CRC are

estimated in|

Table 10|
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Tablel0: Screening test CRC detection by location

Screen detected CRC |Age group |Proportion of CRC incidence in Sensitivity to CRC
Screening Distal Proximal |screened |distal colon for age group Owerall Distal*  Proximal*
gFOBT BCSP data 72% 28% 60-69 66% 0.24 0.26 0.20
FS trial data 90% 10% 55-64 69% 0.62 0.81 0.20

*Formulae used in calculation: overall sensitivity = proportion distal * distal sensitivity + proportion proximal * proximal sensitivity

In the England gFOBT screening programme, 72% of CRC detected (with a known location) was found in the distal
colon, compared to 66% of CRC incidence which is distal for this age group [7]. Using this data we estimate that
gFOBT has very similar sensitivity in the distal and proximal colon.

Flexible sigmoidoscopy examines the distal colon only; however, a participant may be referred to colonoscopy
following FS and colonoscopy may find lesions in both the proximal and distal colon. In the UK flexible sigmoidoscopy
trial, 90% of all CRC detected at screening was found in the distal colon, compared to 69% of CRC incidence which is
distal for this age group. This implies a significant difference between distal and proximal sensitivity which
corresponds with the nature of the test. A FS CRC sensitivity of 20% for the proximal colon implies that 20% of
proximal CRC was associated with a distal adenoma which required referral to colonoscopy.

Sensitivity at repeat screens

The estimated location specific test sensitivities were used to examine the degree to which the overall sensitivity to
CRC may vary between a first and a repeat screen. An initial distal:proximal CRC split of 70:30 was assumed, and
calculation details are presented in This calculation estimated the maximum possible change in overall
sensitivity, as it assumes that the CRC location distribution does not change in the time after the first screen to before
the repeat screen. The gFOBT overall sensitivity to CRC did not vary significantly by first/repeat screen; however, FS
overall sensitivity to CRC may be reduced to as little at 0.42 for a repeat screen. Hence modelling varying FS
sensitivity by first/repeat screen is important for a strategy involving two or more FS screens. This estimate of
minimum FS overall sensitivity to CRC for a repeat FS screen is used within a sensitivity analysis.

Tablell: Estimated overall sensitivity at first/repeat screen irpmating location-specific sensitivities

CRC location distribution Sensitivity to CRC
Distal Proximal Distal Proximal Owerall
gFOBT First screen 0.70 0.30] 0.26 0.20 0.24
Repeat screen 0.68 0.32] 0.26 0.20 0.24
FS First screen 0.70 0.30 | 0.81 0.20 0.63
Repeat screen 0.36 0.64 | 0.81 0.20 0.42

Data on detection rates in the distal/proximal colon for FIT is not available, so no conclusions can be reached on the
sensitivity in the proximal and distal locations.

Location-specific sensitivity to adenomas

Data on the location of adenomas is very complex to report. The definition used for high risk adenomas (or advanced
adenomas) refers to the whole colon. An individual will often have adenomas in both the proximal and distal colon,
and it may be the combination of these that determines the risk level.

Yamaiji et al. found that the proportion of persons who only had adenomas in the proximal colon did not vary
significantly by age; see|Table 8|[6]. Hence, even though the sensitivity of FS varies significantly between the proximal
and the distal colon, this suggests that the overall sensitivity of FS may not significantly vary by age.
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Data from gFOBT screening showed a significantly lower HR adenoma detection rate at the repeat screen. This may
suggest that the location specific variation in gFOBT HR adenoma sensitivity is significant. However, data on HR
adenoma prevalence by location is not available, so this remains an area requiring further research.

Metachronous adenomag adenoma recurrence rates post-polypectomy

The model uses data on the risk of recurrence of adenomas in persons who have had adenomas removed by
polypectomy and are undergoing surveillance. To ensure consistency between the model parameters, it is important
that the post-polypectomy transition probabilities used align with the other natural history transition probabilities in the
model. We assume that persons who are undergoing surveillance post-polypectomy are at higher risk of developing
adenomas than persons with a normal epithelium. We also assume that polypectomy reduces the risk of developing
CRC. Hence we place restrictions on the post-polypectomy transition probabilities as described ir) [

Tablel2: Restrictions on transition probabilities post-polymtomy

Restrictions on transition probabilities post polypectomy

Post polypectomy(LR) to LR adenoma > Normal epithelium to LR adenoma

Post polypectomy(HR) to LR adenoma > Normal epithelium to LR adenoma

Post polypectomy(LR) to HR adenoma < LR adenoma to HR adenoma

> Normal epithelium to HR adenoma

Post polypectomy(HR) to HR adenoma > Normal epithelium to HR adenoma

Post polypectomy(LR) to CRC < LR adenomato CRC

> Normal epithelium to CRC

Post polypectomy(HR) to CRC <HR adenomato CRC
> Normal epithelium to CRC

Post polypectomy(LR) to LR adenoma< Post polypectomy(HR) to LR adenoma

Post polypectomy(LR) to HR adenoma< Post polypectomy(HR) to HR adenoma

Post polypectomy(LR) to CRC adenoma< Post polypectomy(HR) to CRC adenoma

Data on the surveillance results from the England gFOBT BCSP details over 4000 surveillance colonoscopies
[7]. Unfortunately, data which details the results of 1 and 3 year (IR/HR) surveillance separately is not currently
available, so some assumptions had to be made.

Tablel13: Detection rates at surveillance in the England gFOBT screening programme

Detection rates at sunweillance Estimated annual reccurrence rate *

Suneillance Suneillance

undertaken in 2008 (undertaken in 2010 [Persons Persons

assumed to be 1-year |assumed to be mainly (undergoing 3- undergoing 1-year
Find suneillance) 3-year suneillance) yearly suneillance [suneillance
CRC 1.3% 0.3% 0.1% 1.3%
HR adenomas 55.7% 24.4% 9.1% 56.8%
LR adenomas 14.5% 31.9% 16.3% 18.8%

*Estimated annual recurrence rates w ere calculated by adjusting for the number of years until surveillance and colonoscopy miss rates.

There is currently no data available of recurrence rates for persons with LR adenomas who do not receive surveillance
in the English BCSP.

Martinez et al. report a pooled analysis of individual data from 8 prospective studies comprising 9167 men and women
aged 22 to 80 with previously resected colorectal adenomas to quantify their risk of developing subsequent advanced
adenoma or cancer, as well as identify factors associated with the development of advanced colorectal neoplasms
during surveillance [8]. Risk of new neoplasia at follow-up evaluation is estimated according to baseline adenoma
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characteristics. Data from the Martinez study was converted into annual transition probabilities assuming a follow-up
period of 4 years; see It should be noted that the definitions of low and high risk used in the Martinez study
differs slightly from the definitions used in the BSG surveillance guidelines; however, the Martinez study was still
deemed to be the best available data source.

Tablel14: Data from Martinez et al. 2009

Risk of new neoplasia at follow-up evaluation (median duration of Annual transition probabilities (assuming a

follow up 47.2 months) follow-up of 4 years)

Non advanced Non advanced |Advanced Colorectal
Adenoma history*  |adenoma Advanced adenoma** [Colorectal cancer adenoma adenoma cancer
Low-risk 0.345 (0.331,0.358) 0.069 (0.062,0.076) 0.005 (0.003,0.007) 10.0% 1.8% 0.1%
High-risk 0.353 (0.339,0.367) 0.155 (0.145,0.166) 0.008 (0.005,0.01) 10.3% 4.1% 0.2%

7KH ORZ ULVN JURXS LQFOXGHY SDMA H@W¥ XODVWKDEHQRPO V \ZLUL
**Advanced adenoma are defined as those with a diameter 10mm or larger, having greater than 25% villous

The model uses recurrence rates from the English BCSP for persons with HR adenomas and data from Martinez et al.
for persons with LR adenomas. This data on recurrence rates post-polypectomy has several limitations. The transition
probabilities reported are not age-dependent; however, the transition probabilities used in the model are age-
dependent. The study populations do not reflect the English screening population, are quite small in size, do not use
the BSG surveillance guidelines to categorise adenomas, and report highly varying recurrence rates. It is very
important that detailed data on outcomes at surveillance in the English gFOBT screening programme is collected and
available for future modelling work to improve the accuracy of decision support for the screening programmes.

Classification of adenomas

Adenomas can be categorised in the following ways: by size: <6mm, 5-10mm, 10-20mm, 20+mm and by type:
tubulovillous/villous (>25% villous features), advanced/non-advanced, high grade dysplasia. In addition, persons can
be classified by number of adenomas present or by BSG surveillance guidelines risk level: low/intermediate/high.

The majority of the colonoscopy studies identified in the systematic review classify adenomas as advanced or non-
DGYDQFHG $V WKH GHILQLWLRQ ROX0GBY DMFEIE REHOQRR OV RY cludOOReXY DGH !
individuals who would be classified as low-risk according the BSG guidelines. There will also be some individuals with

3-4 small adenomas who are classified as intermediate risk according the BSG guidelines but who do not have

advanced adenoma. Out of persons found to have an advanced adenoma in the FS trial, 74% were classified as

intermediate or high risk according to the BSG guidelines. Hence it was assumed that 74% of persons with advanced
adenoma had high-risk adenomas.

Tablel5: Classification of persons with adenomas

BSG sunweillence guidelines [Definition used in Brenner et al. | Model health states
intermediate low risk  [high risk
low risk [risk high risk Advanced adenoma adenomas |adenomas
1-2 small (<10mm) adenomas X X
3-4 small (<10mm) adenomas X X
large (<=10mm) adenoma X X X
5+ small (<10mm) adenomas X X
3+ adenomas at least one of which is >=10mm X X
high grade dysplasia X X
1-2 small (<10mm) tubulovillous or villous adenoma X X X
3-4 small (<10mm) tubulovillous or villous adenoma X X X
5+ small (<10mm) tubulovillous or villous adenoma X X X

Data from the gFOBT screening programme in England reports detection rates of low/intermediate/high-risk

adenomas (accordingto %6* JXLGHOLQHY DQG WKLV FOBWWUIREQMW DRQLIOG XY HEXWA T\
Data from FIT VFUHHQLQJ LQ ,WDO\ DQG FRORRRQ\FRISS KRB WNHGH W B G L*RHQ UDWHV
DGHQRPDYV  is gréatvalde to be had in using all of these data sources, as they provide valuable information

regarding the different screening modalities. The differences in the reporting of adenoma detection rates are

problematic and introduce great uncertainty into the modelling. An internationally consistent way of reporting adenoma
findings from screening programmes and trials should be a priority for the future.
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Adenoma and CRC prevalence in an asymptomatic pojputa

Data on the prevalence of CRC and adenomas by age in a screening population (asymptomatic) was required to
inform the CRC natural history model. Such data are available from autopsy studies and can also be estimated from
colonoscopy screening studies. A systematic review of data from colonoscopy studies in an asymptomatic population
and autopsy studies was undertaken. Studies which report adenoma detection/prevalence rates by age were
identified. Full details of the systematic review are included in Appendix 1 of the 2011 reappraisal report [9].

Colonoscopy studies provide data on adenoma prevalence but as colonoscopy is not a perfect test some adenomas
(in particular small adenomas) may be missed. Adenoma prevalence estimates from colonoscopy screening studies
may also be biased as they consist of a population who attend screening which is likely to differ slightly to the general
population. The systematic review identified eight colonoscopy studies which are described in the largest of
which described the results of over 2 million colonoscopies from the German screening programme [10]. For the
model calibration data the study by Brenner et al. was selected due to the large sample sizes, broad age range, and
the expected similarity between the German and English screening populations. To incorporate some data on LR
adenomas (not reported by Brenner et al.) and some information for persons aged under 60, data from Chung et al.
2010 was also included [11].|Figure 4|and|Figure 5|present data on advanced adenoma prevalence by age from
colonoscopy studies identified by the systematic review.

Table16: Summary of colonoscopy study characteristics

Included within study definition of advanced adencen
Data adenoma adenoma adenoma adenoma adenoma
Collected >=Icmin containing villouswith high ~ with with
(Time- Country of | Sample size/diame features />= 25% grade malignant carcinomg
Study Interval) study Size |Age Rangiter villous features dysplasia features in situ
Rundle et al (2008) 2004 -2006 United States 905 40-59 |Y Y Y
Lin et al (2006) 2002-2005 United States 1244 >=50 |Y Y
Strull etal (2006) 1996 - 2003 Israel 1177 40-80 |Y Y Y
Soon etal (2005)  2002- 2004 Uted States 3403 4070 Y Y Y
Taiwan 1456  40-70
Yamaiji et al (2004) 1988 - 2002 Japan 4084 allages| Y Y Y
Chung et al (2010) 2004 - 2007 Korea 5254 30-59 [V Y Y
Brenner et al (2007) 2003 - 2004 Germany 840,149 50-8¥ Y Y
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Figure 4: Advanced adenoma detection rates in colsnopy studies identified by systematic review
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Figure 5: Advanced adenoma detection rates in colenopy studies identified by systematic review
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Autopsy studies allow a complete and thorough examination of the colon and rectum; however, data from autopsy
studies may be biased, as autopsied individuals represent a biased sample of deaths. In addition, autopsy studies do
not always include an equal cross-section of ages. Due to the large amount of heterogeneity in the autopsy studies
and the small sample sizes when compared to colonoscopy studies, the autopsy study data was not used within the
model calibration.

Colorectal cancer incidence in the absence of scieg by age and stage

'DWD RQ &5& LQFLGHQFH LQ WKHDMEVIHRQURKN HRG EF DHHQDL@G FXNHV I WIYDHR DW
from England cancer registry data for Oxford, Northern and Yorkshire, and Eastern regions from 2004 +2006

(personal communication from Northern & Yorkshire Cancer Registry & Information Service and the National Cancer
Intelligence Network).
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Screening programme data

Observed data from existing screening programmes and screening trials was used within the calibration of the model.
The screening detection rates are essential to estimate the sensitivities of the screening tests while the false positive
rates inform screening test specificity. Note that we define the false positive rate to be the proportion of persons
undergoing colonoscopy following FOBT in whom no CRC or adenomas were found at colonoscopy. The change in
screening positivity and detection rates by age provide important information for the natural history model, i.e. the
change in underlying adenoma and CRC prevalence by age.

[Table 17]provides a summary of the screening data used within the model calibration. The current gFOBT BCSP in
England reported numbers of persons with positive gFOBT result and the detection rates of low and high risk
adenomas and CRC at screening. Data from the FS trial consisted of detection rates of CRC, low/high risk adenomas
and non-advanced/advanced adenomas at screening [12]. As UK data is only available for the gFOBT and FS,
screening test data from Italy was used for FIT screening.

The population of the FS trial differed slightly from a screening population, as all persons had indicated that they were
interested in attending screening in the questionnaire. The screening data used in the calibration relates to persons
who attended screening. Screening attenders in the FS trial may be slightly healthier than those undergoing gFOBT
screening, hence they may have slightly lower detection rates at FS screening leading to a slightly lower estimate of
FS sensitivity, thus biasing the result slightly in the favour of FOBT. This slight difference between the screening
populations is not expected to significantly bias the model results. In fact, an analysis demonstrated that the FS trial
control population had lower mortality rates than Norwegian control but incidence was the same.

Colonoscopy screening is not considered in this evaluation; however, data from screening colonoscopies is of
particular use for calibrating the model because of the accuracy of colonoscopy. As mentioned earlier, colonoscopy

screening data was used in preference to autopsy study data as the sample sizes are much larger.

Figure 7|presents the screening data which was used within the calibration process. The higher detection rates seen
at FS screening indicate that FS is much more sensitive than gFOBT.

Tablel7: Screening data used within model calibration

Number of
Time period particpants
Screening screening undergoing Age range of
test Source Country undertaken screening participants Data reported
false positive rate; detection rates for LR adenomas,
gFOBT England BCSP England 2006-2010 2,889,925 59-74 HR adenomas and CRC
false positive rate; detection rates for non-advanced
iFOBT Zorzi et al ltaly 2006-2010 591,152 50-69 adenomas, advanced adenomas and CRC
detection rates for LR adenomas, HR adenomas and
FS Atkin et al England 2005-2008 40,621 55-65 CRC
Colonoscopy Brenneretal  Germany 2003-2007 2,185,153 55-75 detection rates for advanced adenomas and CRC
Colonoscopy Brenneretal  Germany 2003-2004 840,149 50-80+  detection rates for advanced adenomas
detection rates non-advanced adenomas, advanced
Colonoscopy Chung et al 2003-2007 5,254 30-59 adenomas and CRC
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Figure 7: CRC and adenoma detection rates at screening &8i fle@e positive rates with 95% confidence intervals
presented as vertical lines
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International variation in CRC and adenoma prevalenc

There exists data describing the international differences in the incidence of CRC, however, there is little evidence

describing the difference in the prevalence of CRC and adenomas. Soon et al. undertook a study in which a cohort of

patients in both Taiwan and Seattle received colonoscopy [13] 7KH\ FRQFOXGHG WKDW 3FRPSDUHG W
Chinese patients have a slightly lower prevalence of colon neoplasia (but not advanced neoplasia), more distal
GLVWULEXWLRQ RI QHRSODVLBERQRRPKWIX@W SURHPIKRRG Y QFHESQBRED DV

Differences in adenoma and CRC prevalence between England, Germany and Italy may exist; however, the extent of
these differences is unknown. The value of using data from more than one country is that it allows the use of large
datasets from several different screening modalities. The benefit of including data on different screening modalities
was considered to outweigh the uncertainty introduced by using datasets from different countries.

Natural history model calibration method

Model calibration used the methods described by Whyte et al. [3]. For a given parameter set, the model can be run to
produce predictions of CRC incidence, adenoma prevalence and screening outcomes. The aim of the calibration is to
obtain parameter sets whose predictions are close to the observed data. For each data set, the sum squared error
(SSE) was calculated by comparing the observed number of observations to the predicted number of observations for
each age. The total SSE is a measure of how well the model fits to all the observed data sets. The aim of the
calibration is to obtain multiple parameter sets which each produces a model that has a good fit to the observed data
sets (determined by consideration of total SSE).
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The Metropolis Hastings (MH) algorithm was used for the calibration process to generate multiple sets of parameters
[14]. These parameter sets form the posterior distribution which is compatible with the observed data, accurately
representing parameter uncertainty. This approach embeds the problem in the framework of Bayesian inference and
produces correlated parameter sets which can be used for probabilistic sensitivity analyses (PSA). Correct
representation of the joint uncertainty in these parameters is particularly important because of the potential for
correlation between several of these parameters.

The model calibration was run eight times using different sets (randomly generated) of initial parameter values to
ensure that the best fitting parameter set was obtained. Each run consisted of 50,000 iterations of the MH algorithm
and could be run overnight on a standard PC. A sample of 250 parameter sets from after convergence from four of the
runs were combined to form 1000 parameters sets to be used to run the PSA.

A large number of parameters were being estimated within the calibration process, which can lead to low acceptance
rates and slow convergence. Hence an approach was implemented in which there was a random 30% probability that
a given parameter was varied on each run, and this increased acceptance rates and time to convergence.

Model calibration results

Figure 8|shows the model predictions compared to the observed data for the best fitting parameter set resulting from
the calibration process. The model obtained a good fit to the observed data on CRC incidence in the absence of
screening.

The best fitting parameter set and 95% percentiles are presented in The 95% percentiles demonstrate that
there are varying degrees of uncertainty surrounding the different parameter values. For example, there is
considerable uncertainty surrounding the FS CRC sensitivity value, as the sample sizes are quite small for the CRC
detection rates at FS screening. We note that although the CRC sensitivity estimates for FS and FIT were similar, FS
has higher detection rates because it is associated with a higher rate of compliance with follow-up colonoscopy.
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Figure 8: Model predictions compared to observed ddta CRC incidence in the absence of screening
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1.7 Appendix: BCSP gFOBT data

The existing model calibration uses BCSP data from the first and second rounds of gFOBT screening (2006-2010) to
inform gFOBT screening characteristics. However, although BCSP gFOBT data is available for 2014/15 (presented in
section 3.1) there is an issue with updating the model to use the more recent screening data. Current BCSP data is
segregated by prevalent and incident screening episodes and is based on a slightly different screening population
from the first and second round data used in previous model calibrations. The first round of BCSP screening
represents the first time that anyone has been invited to screening (no matter what age), whilst prevalent screening
represents invitations to individuals who have never before been screened, but who may have previously been invited.
These populations are identical aged 60, but for older age groups, prevalent screening predominantly identifies those
who have previously been invited and refused. As discussed previously, those who refuse screening are likely to be at
higher risk of CRC than those who have never previously been invited.

This is illustrated in

which compares first round and prevalent data. Higher positivity and detection rates are observed in the
recent prevalent data than in the old first round data, and whilst the difference is small at age 60, it increases with age.
For example, the positivity rate in 68 year olds invited for the first time was 2.4% compared to 3.4% for 68 year olds
who were invited for screening at ages 60, 62, 64, and 66 but did not attend. Individual screening history cannot
currently be incorporated due to the cohort nature of the model, but this is something that could be included in phase I
of the project, therefore allowing natural history modelling to be based on more recent prevalent data. The data for
age 60 does indicate that positivity and detection rates have increased slightly between 2006/7 and 2014/15, perhaps
due to improved colonoscopy quality. This indicates that the current version of the model may slightly underestimate
the benefits of gFOBT screening.

Figure 9 Comparison of BCSP first screen (2006/7) and prena{2014/15) data. Vertical lines represent 95%
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Similarly, second round and incident data do not represent the same population, with second round data including
some prevalent screening (those who were invited but refused the first round) plus second invitation incident
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screening, whereas the 2014/15 incident data includes all incident screening no matter how many times individuals
have been previously screened. Given that the more frequently someone is screened the less likely they are to have
CRC or adenomas (as those with CRC or adenomas are removed from the eligible screening pool in the previous
rounds), it is unsurprising that the data indicates that incident positivity and detection rates (with the exception of
detection of low risk adenomas) are lower than second round values {Figure 10).

Figurel0: Comparison of BCSP second round (2008/9) and imicfd614/15) data. Vertical lines represent 95%
confidence intervals.
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Given that screening is now underway, it is not possible to update first and second round data with equivalent but
more recent data. The calibration model was therefore not updated with more recent BCSP data.

FIT and bowel scope test characteristics

The estimation of these has been updated using FIT pilot data and NHSBCSP data on bowel scope. These are now
estimated outside of the calibration process.
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1.8 Appendix: Utility values

A utility value is a preference weight reflecting the relative value that individuals place on different health states. Here
different utility values are used for persons with CRC and for persons without CRC. NICE recommends that utilities
should be based upon public preferences (e.g. EQ-5D values) and valued by patients [15]. Given that the focus of the
model is comparison of screening strategies at different ages, and that screening may result in earlier detection of
CRC (which may also be at an earlier stage) it is also particularly important that age and stage dependent utilities are
included in the model. As one of the screening strategies considered is that of not screening, it is also important that a
comparison with the health-related quality of life of the general population is considered.

A recent systematic review and meta-analysis of utilities in CRC used data from 26 articles to construct a linear fixed
effects model to predict patient utility depending upon cancer type (colon, rectal or colorectal), stage, time from
surgery, utility measurement instrument and survey administration method [16]. The fixed effects model estimates a
utility of 0.83 for stage I-1ll CRC, where time from surgery is not indicated using EQ-5D as the utility measurement
instrument; a utility of 0.64 for the equivalent stage IV CRC, and a utility of 0.77 for mixed stages. However, the
analysis does not give a value for persons without CRC for comparison, nor does it state the mean age of individuals
with CRC in the included studies to allow comparison against general population age-related EQ-5D estimates. If it is
assumed that the mean age of individuals in the included studies corresponds to 71, which is the mean age of
individuals at diagnosis of CRC [17] then the utility of 0.83 for stage I-1ll CRC is actually considerably higher than the
mean utility of the general population at this age (0.78).

Another study measuring EQ-5D in CRC patients has also found health related quality of life to be slightly higher in
CRC patients undergoing rehabilitation or remission than in the age standardised population [18]. Small but non-
significant utility decrements were found for patients undergoing primary treatment (-0.033) or with metastatic disease
(-0.005), with the only significant negative effects found in patients undergoing palliative care (-0.119), confirming that
utility is lower in patients suffering from the most severe stages of the disease.

For this study, pooled data from the annual Health Survey for England (HSE) was used to estimate the impact of age
and having cancer on utility, as measured using the EQ-5D-3L (hereafter the EQ-5D) [19]. This data is limited by the
fact that the health survey for England does not include persons in hospital or in nursing home, and relies on self-
report of long-standing disease. Cancer is one of the health conditions represented, but there is no subdivision by
cancer type, stage or whether individuals are in remission.

Data used

Data on EQ-5D were collected in the HSEs from 2003 to 2014 inclusive, with the exception of the surveys conducted
in 2007, 2009 and 2013. Hence a total of nine years of HSE data were available for analysis. The data were obtained
from the UK Data Service [19]. Of the nine surveys with EQ-5D data, mean (index) EQ-5D scores were available for
all of the surveys apart from 2010 and 2011, for which EQ-5D responses were only available for individual domains.
These were combined to estimate the mean EQ-5D using UK population preferences [20]. This method was validated
using the 2012 HSE data as this included both EQ-5D scores and responses for individual domains

Statistical analyses

Both descriptive analyses and linear regression were used to estimate the impact of age and cancer status on mean
EQ-5D score. Gender was also included in the analyses, as this is known to be associated with EQ-5D. All analyses
were performed using STATA version 14.1.

The descriptive analyses undertaken included univariate analyses of the differences in EQ-5D score, age, and gender
by cancer status. For continuous variables (EQ-5D score and age) associations were tested for statistical significance
usingt- WHVWYV |RU JH@@ditdstitag ysdd) Yalues of less than 0.05 were used to indicate statistical
significance, although findings were treated with caution due to the univariate, exploratory aspect of the descriptive
analyses. The association of EQ-5D score with both cancer status and age was also visually displayed using on local
polynomial smoothing.

Multivariable linear regression modelling was using to estimate the impact of age and cancer status on EQ-5D score,
whilst controlling for differences in gender. Interactions between age and cancer status were also considered. The
functional form to use for age was based on the results of multivariable fractional polynomial modelling. This considers
up to two fractional polynomial terms for age, for each term the potential powers considered are (i -1, -%3, 0, %, 1, 2,
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3), or the logarithm of age may be chosen. The number of terms, and the powers for each term, are based on
minimising the deviance. For comparison, the model which used age untransformed was also considered.

Resllts

The combined dataset of nine surveys contained 129,364 individuals. Of these, 42,446 (32.8%) had missing EQ-5D
data and so were dropped from the analysis. This included all individuals aged less than 16 (n = 34,884, 82.2% of all
the missing data). The resulting dataset used in the analysis was 86,918. A breakdown of the number of individuals,
including those with cancer, per survey year is provided in[Table 18] The association of mean EQ-5D with both cancer
status and age is displayed in individual EQ-5D values are shown as scatterplots, along with smoothed

averages.

Table18: Health Survey for England data; individuals wH®Q-5D data by year.

Survey Year Count Count with cancer | Percent with cancer
2003 13,753 266 1.93%
2004 6,114 130 2.13%
2005 9,211 243 2.64%
2006 12,926 264 2.04%
2008 14,113 292 2.07%
2010 7,332 180 2.45%
2011 7,517 171 2.27%
2012 8,060 162 2.01%
2014 7,892 170 2.15%
Total 86,918 1,878 2.16%
Figurell: The association between mean EQ-5D and age, mgeastatus.
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A comparison of age, EQ-5D score and gender by cancer status is provided in| Table19| All of the differences are

statistically significant; compared to those without cancer, those with cancer are older, have lower quality of life and
are less likely to be female.

Tablel9: Sample characteristics of individuals with andthwut cancer.

Have cancer (n = 1,878) No cancer (n = 85,040) p-value
Age (mean, 95% CI) 64.78 (64.12 to 65.44) 49.17 (49.05 to 49.30) <0.001
EQ-5D score (mean, 95% CI) 0.694 (0.680 to 0.708) 0.855 (0.854 to 0.857) <0.001
Female (count, %) 1,003 (53.41%) 47,469 (55.82%) 0.039

Cl: Confidence interval

Results from the multivariate fractional polynomial suggest that two age terms should be included; age and ages.
Results from the linear regression model using these two terms are displayed in whilst results from the
model just using age are displayed in Interactions between age and cancer status were not significant for
either model (p-values all greater than 0.7), so are not displayed.

Table20: Parameter estimates for Model 1.

Covariate N Coef. Std. Err. P>t 95% CI

Age 84,576 -0.0216 0.0022 <0.001 (0.0259 to -0.0172)
Age® 84,576 -0.0002 <0.001 <0.001 (0.0002 to -0.0001)
Female 47,174 -0.0197 0.0030 <0.001 (0.0256 to -0.0138)
Have cancer 1,768 -0.1065 0.0153 <0.001 (0.1364 to -0.0766)
Coefficient 84,576 0.9972 0.0063 <0.001 (0.9848 to 1.0095)
ClI: Confidence interval. Age terms are divided by 10.

Table21: Parameter estimates for Model 2.

Covariate N Coef. Std. Err. P>t 95% CI

Age 84,576 -0.0034 <0.001 <0.001 (-0.0035 to -0.0032)
Female 47,174 -0.0202 0.0030 <0.001 (-0.0261 to -0.0143)
Have cancer 1,768 -0.1084 0.0153 <0.001 (-0.1384 to -0.0785)
Coefficient 84,576 1.0304 0.0039 <0.001 (1.0228 to 1.0379)

Cl: Confidence interval.

To validate the two-models, model predictions were compared with observed EQ-5D scores, by age-group. Results

are displayed in|Figurel?2

|Figure13| These show close agreements for both models, although model 2 (which includes one age term) provides a

relatively poor fit for the oldest age-group.

with squared differences displayed in
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Figurel2: Comparison of observed and predicted mean EQ-6brss.

EQ-5D Score

1 -

0.95 -

0.85 —
0.8 -
0.75
0.7 -

0.65 -

— b served
Maodel 1
Maodel 2

0.6 I
T

3

o I TG I T T - N V-
- T R U S W R S« A WA -
- AW FTEE § A AT P

: <
& ®

Figurel3: Squared residuals for both models.

Difference from obhserved?

0.0025 -

0.002 -

0.0015 -

0.001 -

0.0005 -

I:r'__I__I__I__I__I__I__I_I

B O Al AO o
9 B 0 A A7 &
STE G AN AT P

,.,Jﬁ

M R

Model 1
Model 2

T T T 1
=

&

For the health-economic model, utility values for individuals with and without cancer are required by age-group. The
predictions from Model 1 are provided in

Table22

an

d|Figurel4

Table22: Model-predictions of mean EQ-5D score by age-group

Age-group Mean EQ-5D; cancer Mean EQ-5D; no Mean EQ-5D;
cancer general population

<30 0.828947 0.935461 0.935155
30-34 0.805172 0.911686 0.911139
35-39 0.791586 0.898100 0.897436
40-44 0.777783 0.884297 0.883453
45-49 0.762204 0.868718 0.867453
50-54 0.746368 0.852882 0.850767
55-59 0.728722 0.835236 0.832586
60-64 0.709954 0.816469 0.812973
65-69 0.689847 0.796361 0.791923
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70-74 0.667858 0.774372 0.769612
75-79 0.644148 0.750663 0.744147
80-84 0.61865 0.725164 0.719288
85+ 0.584025 0.690539 0.684607

Figurel4: Average utilities by age for individuals with anglithout cancer.
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The final step in calculating utilities used in the mlodas to separate them by stage. The utility values foechix
stage, stage I-1ll and stage IV from Djalalov et al. 2DdAere used to calculate a further two multipliers for
converting mixed stage utilities into either stage I-lllititis or stage IV utilities. These utilities are usechmmodel
in the base case scenario, assuming that cancer stagés I-<p § 8} Z  ul [«C eddRancer stage IV

<U 8§ ¢ 8} Z pl [«|Fa@bIE23ang

37



. It is assumed that once CRC is diagnosed then indigidtay with age-specific CRC utilities for the rest of
their life and never return to general population utilities

Table23: Utilities used in the model for the base case segio

Age Group Without CRC With CRC #stage A-C With CRC tstage D
30-34 0.9111 0.8679 0.6692
35-39 0.8974 0.8533 0.6579
40-44 0.8835 0.8384 0.6465
45-49 0.8675 0.8216 0.6335
50-54 0.8508 0.8045 0.6204
55-59 0.8326 0.7855 0.6057
60-64 0.8130 0.7653 0.5901
65-69 0.7919 0.7436 0.5734
70-74 0.7696 0.7199 0.5551
75-79 0.7441 0.6943 0.5354
80-84 0.7193 0.6669 0.5142

85+ 0.6846 0.6295 0.4854
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Figurel5: Utilities used in the model for the base case segio
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Given that these utilities are for cancer in general and not specifically CRC, and given that both the Djalalov et al.
2014 meta-analysis [16] and the Farkkila et al. 2013 study [18] indicate that utilities may be quite a bit higher for
individuals with non-terminal cancer, a sensitivity analysis was carried out based on the utility decrements reported in
Farkkila et al. These were age standardised by calculating a utility multiplier in comparison with the general population
values calculated above {Table 24]. It was assumed that individuals in remission had the same utility as the general
population as the increase in utility reported in the study did not seem plausible.

Table24: Utility multipliers for sensitivity analysis devied from Farkkila et al. 2013 [18]

Palliative Care Treatment Remission
Utility Decrement -0.119 -0.033 0
Mean Age 69 65 68
Utility of general population at age 0.804 0.804 0.804
Utility Multiplier 0.847 0.958 1

It was assumed that utility of the terminal cancer cases in the model would use the utility multiplier for palliative care,
whilst the utility of non-terminal cancer cases would be a composite of five years for the treatment utility multiplier and
the remaining life expectancy for the remission utility multiplier. This is because the model cannot incorporate time
spent within a health state (e.g. five years in treatment before moving to remission) without a large increase in
complexity. The remaining life expectancy for each age group was calculated from the 2012-2014 interim life tables for
the UK, taking an unweighted mean of values for male and female of all ages within the group. For the 85+ age group,
life expectancy was under five years and therefore only the treatment utility multiplier was used. Final utilities for each

age group for the sensitivity analysis are shown in|Table 25

Table25: Utilities used in the model for the sensitivityrealysis

Age Group Without CRC Terminal CRC Non-terminal CRC
30-34 0.9145 0.7748 0.9106
35-39 0.9069 0.7684 0.9026
40-44 0.8824 0.7476 0.8777
45-49 0.8639 0.7319 0.8587
50-54 0.8344 0.7069 0.8287
55-59 0.8222 0.6966 0.8156
60-64 0.8072 0.6839 0.7995

39




65-69 0.8041 0.6813 0.7947
70-74 0.7790 0.6600 0.7674
75-79 0.7533 0.6382 0.7385
80-84 0.6985 0.5918 0.6796

85+ 0.6497 0.5505 0.6222
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1.9 Appendix: Model Validation
Several model validations were carried out to check foorsrin the model and investigate discrepancies between
the SCHARR model, other existing models and the data.

Validation against recent incidence data

The ScHARR model was validated against the most recent UKogle@ice data (2011-2013) available from CRUK
[17]. This reports average number of CRC cases byapeange-specific incidence rates per 100,000 populabgn,
gender and age. Total incidence by age was calculated anpgarethagainst model estimates of CRC incidence
either with no screening, or with gFOBT screening 202 situation where some individuals could have hadoup
3-4 screening rounds would be expected to be somenehin between these two extremes). FS screeningveas
modelled as it had not yet begun in 2012. To accuratstiyrete number of cases in the population, the model used
UK population data from 2012 from the ONS [21]

Results are showim| Table26|and Figurel6| The no screening model predictions are fairly accur@light model
under-prediction in the 30-39 age range is due to thedelsstructure in which the entire cohort starts the
simulation with normal epithelium at the age of 30. Thisame that very few individuals develop CRC within the
following 10 years. Overall this makes very littlead#hce to the incidence statistics.

Table26: Model predictions of incidence data from CRUK (2e2(113)

Age Range | CRUK Data [17] Model (no screening) Model (gFOBT) screening
Annual Cases| Rates* Annual Cases| Rates* Annual Cases | Rates*

30-34 243 6 18 0 18 0

3510 39 284 7 178 4 178 4

40 to44 559 12 567 12 567 12

45 to 49 1,043 22 1,227 26 1,227 26

50 to 54 1,828 43 1,829 43 1,829 43

55 to 59 2,769 75 2,584 116 2,584 70

60 to 64 4,693 129 4,215 171 5,228 144

65 to 69 5,806 174 5,722 239 5,217 156

70to 74 6,375 257 5,905 239 5,495 222

751079 6,512 318 6,405 313 4,399 215

80to 84 5,975 390 5,933 387 4,739 309

85 to 89 3,836 414 4,070 440 3,511 379

90+ 1,832 357 2,381 464 1,725 336

TOTAL 41,755 66 41,035 64 36,716 58

*Rates per 100,000 population

The model also under-estimates incidence in individagksd between 69 and 74. This could be due to theehod
using incidence data from the pre-screening era (ire.2D06), which is necessary in order to be able tdwapthe
natural history of CRC without screening. AccordingR&K, incidence rates have increased slightly since 2005 [
likely due to the introduction of screening as this eba in incidence is particularly noticeable in the sorag-
eligible age group. The introduction of screeningasaccurately modelled by the screening model resuitsheese
reflect a steady state situation where the benefits ofemgring in reducing actual CRC disease burden outwbkagh t
effect of screening in detecting more cases and thareincreasing incidence temporarily.
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Figurel6: Comparison of incidence data from CRUK (2011-2@t®) the SCHARR model
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Validation against recent death certificate data

The ScHARR model was validated against the most recent detficaer registrations (2014) available from the
ONS for England and Wales [22]. This reports certifiiedhs due to a variety of different causes by age group
Deaths due to C18, Malignant neoplasm of colon, and @194@alignant neoplasm of rectosigmoid junction,
rectum and anus were included as CRC deaths. Thisslyletl-estimates the total number of CRC deaths as it
includes a small proportion of anal cancers. CRC mortslipge was calculated and compared against model
estimates of CRC mortality either with no screening, ¢in gFOBT screening (the 2012 situation where some
individuals could have had up to 3-4 screening roundsld be expected to be somewhere in between these tw
extremes). FS screening was not modelled as it hadetdiggun in 2012. To accurately estimate number of cases
the population, the model used ONS population data forl&@mdjand Wales from 2012 [21].

Results are shownl|in
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[Table27|and Figura 7| The model with no screening slightly over-predid&Gnortality, whilst the model with
screening included undet%o E ] S Z Uu}E&S 0]3CX Z oo UE[ L0ESKkE GhldasedEo0C
The differences between the models occur in particbletween the ages of 65 ariD, suggesting that they are due
to screening. Current screening practice would be etgebto lie somewhere in between the screening and no
screening model results, which is exactly what theadaiggests.
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Table27: Model predictions of ONS death certificate dateofn 2012. Mortality in rates per 100,000

Age Range| ONS Death Certificate Datj Model (no screening) Model (gFOBT screening)
CRC All Cause | CRC All Cause | CRC All Cause
Mortality Mortality Mortality Mortality Mortality Mortality

25134 1 56 0 62 0 62

35t44 3 121 1 117 1 117

45154 8 266 7 265 7 265

55164 27 658 24 645 25 646

65t74 63 1,596 72 1,608 61 1,590

75184 153 4,690 163 4,567 118 4,535

85+ 292 15,245 270 13,961 229 14,061

Figurel7: Comparison of ONS death certificate data from 204nd mortality data from the SCHARR model
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Validation against the previous FIT cost-effectivessemodel

The model was validated by comparing results againsttiodgained in the FIT versus gFOBT cost-effectiveness
analysis performed by Jacqueline Murphy and Alastair &}y Murphy & Gray based their model structure upon
an older version of the SCHARR Bowel Cancer Screenithgl, \dut updated parameters relating to unit costs,
colonoscopy complications and FIT screening charastsrisSince 2011, and for this project specifically, ynan
updates to the SCHARR model have been made. However, amtiggpated that it should be possible to compare
results given by the two models and explain any diffeemin terms of updated parameters in the SCHARR model.
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The following modifications to the SCHARR model weaiderin order to aid comparison of results from the two
models:

x The ScHARR model is able to compare a variety ofahtfecreening strategies. To model those strategies
compared in the Murphy & Gray report, results were ded¥rom a comparison of gFOBT versus FIT, using a
FIT cut-off of 180ug/g. No FS screening was incatpdrin the comparison.

X Murphy & Gray use a different set of screening cogsimfthose used as default in the SCHARR model. For
the purposes of this validation, the Murphy & Gray selieg costs were used instead.

X The Murphy & Gray analysis is based upon a cohort ofithdils aged 60 at baseline. The SCHARR model
can model either a cohort of individuals or the entire ptgiion. To model a cohort representative of the
Murphy & Gray cohort in the SCHARR model, it was nacg$s model natural history from the age of 30 in
sufficient individuals to result in 701,809 individuatged 60 without diagnosed CRC and hence eligible for
screening. The numbers modelled are shown in Tagj&Results were collected only from the age of 60
onwards, and discounting started from age 60.

Table28: Comparison of cohort size in the SCHARR and Mui@Bhgy models

ScHARR Model

Murphy & Gray Model

Cohort aged 30 756,002 N/A
Cohort aged 60 706,962 711,228
Eligible cohort aged 60 701,809 701,809

Each of the results tables from the Murphy and Gray rep@s compared against the results obtained from the
ScHARR model. This enabled us to find and correct sdnge errors in the SCHARR model in addition to
documenting the differences between the two modelseThajor differences found were as follew

FIT Sensitivity Assumptions
The Murphy & Gray analysis used the FIT pilot to estirRéfescreening characteristics relative to gFOBT, \ifilst
screening characteristics were estimated for the SCHARR Imodw®aring detection rates at age 60 with the
expected number of underlying adenomas in the populatibhe overall sensitivity of FIT180 and gFOBT for cance
and adenomas is much lower in the SCHARR model, resintthg lower positivity rate. However, the number of
responders is higher in the SCHARR model which use8aSP data (whereas Murphy & Gray use the FIT pilot
response rate which is lower). This means that ovesatieening costs are estimated as being very similar itvibe
analyses as shown|in

Table29| total incremental costs per person associated with th&t frear of FIT screening compared with gFOBT
screening are estimated at £2. in the SCHARR model and £2.36 in the Murphy & Graymod

Table29: Comparison of resource use and costs associatétl screening kits in the first year of screeningg@
60) in the SCHARR (black text) and Murphy Gray (redastined text) models
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Resource Use Cost
gFOBT FIT 180 Inc. gFOBT FIT 180 Inc.
Total Invites| 701,809 701,809 0
701,809 701,809 0
Total People Normg 429,981 450,880 20,898
Returns| 375,329 439,745 64,416
Total People Positiv 5,817 6,494 678
Returns 7,133 7,366 233
Positivity Rate  1.33% 1.42% 0.09%
1.86% 1.65% -0.22%
Non Returnery 266,011 244,435 -21,576
319,347 254,698 -64,649
Number Normal Kity 464,380 455,388 -8,991| £942,691 £2,340,696 £1,398,006
Used| 402,351 450,166 47,815/ £810,183 £2,291,569 £1,481,386
Number Positive Kit; 6,282 6,559 277 £12,753 £33,715 £20,962
Used 7,646 7,540 -106 £15,397 £38,383 £22,986
Number Unreturned 287,292 246,879 -40,413| £238,452 £409,820 £171,367
Kits Used 342,339 260,734 -81,605| £281,998 £431,072 £149,075
TOTAL COS’ £1,193,896 £2,784,231 £1,590,335
£1,107,578 £2,761,024 £1,653,446
TOTAL COSTS P £1.70 £3.97 £2.27
PERSON £1.58 £3.93 £2.36

Follow-up Colonoscopy

The number of follow-up colonoscopies estimated ia BtHARR model is roughly the same as that seen in the
Murphy & Gray model. This occurs because whilst the labsaumber of individuals eligible for follow-upldasver

in the SCHARR model (due to the lower FIT180 and gp@RBivity), the SCHARR model has a higher uptake of
follow-up colonoscopy (87% from recent BCSP data) Mhamphy & Gray, and also implements a colonoscopy repeat
test rate of 7% that is not implemented in the Murphy &agmodel. However, the number of diagnostic
colonoscopies is much lower and the number of theraecolonoscopies is slightly higher in the ScCHARRemod
which is likely to be a consequence of the differeniethe modelling of screening sensitivity (as désctiabove)

For surveillance colonoscopy, overall numbers areyfairhilar between the two models, but the proportion of
diagnostic to therapeutic colonoscopies is much highehe SCHARR model and lower in the Murphy & Grayehod
Other differences include a small percentage of iitligls undergoing CTC rather than colonoscopy in thAREH
model, which reduces the total number of colonoscapimdertaken slightly. The result of these differenisethat

the SCHARR model estimates slightly lower incrementas @as person for colonoscopy use than the Murphy &
Gray mode| (
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Table30).
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Table30: Comparison of colonoscopy use between the ScHAR&CKltext) and Murphy Gray (red underlined text)
models. Lifetime outcomes for a cohort aged 60. Adists are discounted by 3.5%.

Resource Use Cost
gFOBT FIT 180 Inc. gFOBT FIT 180 Inc.
Followup 15,003 13,659 -1,343
Diagnostic 24,315 21379 -2,935
Colonoscopy,
Followup 28,741 33,949 5,208
Therapeutic 22,419 26,157 3,738
Colonoscopy,
Follow-up CT( 1,985 2,155 169
0 0 0
Total Followdp 45,729 49,763 4,034 | £20,298,629 £22,320,550 £2,021,921
46,736 47,538 802 | £21,007,230 £21,661,237  £654,006
Surveillance 17,637 24,400 6,762
Diagnostic 8,094 10,982 2,889
Colonoscopy,
Surveillanceg 9,210 12,760 3,550
Therapeutic 20,996 28,468 7,472
Colonoscopy,

Total 26,847 37,160 10,313| £10,136,457 £14,107,646 £3,971,189
Surveillance 29,090 39,451 10,361| £12,167,682 £16,594,752 £4,427,069
Colonoscopy,

Total Bleeds 17 18 1
31 35 4

Total 45 55 10
Perforation 43 47 3
Total Deaths 2 3 1

due to 2 2 0
Colonoscopy,

TOTAL 72,576 86,923  14,347| £30,485,293 £36,488,313 £6,003,020
PROCEDURI 75,826 86,990 11,164| £33,271,225 £38,360,061 £5,088,836
TOTAL PE 0.10 0.12 0.02 £43.44 £51.99 £8.55

PERSON 0.11 0.12 0.00 £47.41 £54.66 £7.25

CRC Stage Distribution
Although the two models use the same set of naturadnisparameters, the SCHARR model contains several

updates that alter CRC stage distribution at diagnosis and slireites. Updates to the incidence by age and stage
§ U v3s8Z3S8SZE €& VIA ZIPZ G %E)RMES]IAIBEZ]IVUIA] 3Z wmthal ¢
ScHARR model. Also, the survival curves used in theREtHhodel to estimate cancer mortality now incorporate
differential survival by age group. Furthermore, ovesalivival has improved in recent years meaning that mowtalit
rates are lower (Tabld1).

The predicted stage D incidence with gFOBT was daulie Murphy and Gray model compared to the SCHARR
model. The Murphy and Gray model predicted proportidrincidence which is stage D was 45% which is much
higher than both 2004-6 incidence data (29%), curreritigrice data (22%) and the SCHARR model predicted
incidence data (26%).
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The increase in survival and stage shift impact upemnrésults in two ways. Firstly, CRC stage A and B are ctteape
treat than stage C and D, which makes treatment costs slifgwlgr in the SCHARR model than they would
otherwise be. Secondly, changing to FIT means that thelatesnumbers and incremental percentage of lives saved
is higher in the Murphy & Gray model than in the ScHAR&el due to the CRC incidence updates in the SCHARR
model, which impacts quite considerably upon life yeand hence QALYs gained. Because of this, increméatal i
years and incremental QALYs are much smaller in the Scki¥aBRis compared with the Murphy & Gray analysis
Table31).

Table31: Comparison of CRC incidence and mortality betwelea SCHARR (black text) and Murphy Gray (red
underlined text) models. Lifetime outcomes for a kort aged 60.

Number Proportion
gFOBT FIT 180 Inc. gFOBT FIT 180 Inc.
Number diagnoseq 6,392 5,849 -542 14% 14%
(CRCstage 4 4,201 4,057 -144 9% 10%
Number diagnoseq 11,861 11,208 -653 26% 26%
(CRCstage B 9,021 8,613 -408 20% 20%
Number diagnoseq 15,157 14,460 -697 33% 33%
(CRCstage( 11,402 10,823 -578 26% 26%
Number diagnoseq 11,752 11,262 -490 26% 26%
(CRCstagel] 19881 18,722  -1,159 45% 44%
CRC Incidence (arf 45,161 42,779 -2,382 -5.3%
stage)| 44,504 42,215  -2,289 -5.1%
CRC Mortality (any 32,050 30,637 -1,413 -4.4%
stage)| 37,730 35,694  -2,036 -5.4%

Cost of Cancer Treatment

The cost of cancer treatment produces the largest differe between the two models. Murphy & Gray use
treatment costs by stage that are inflated from Pilgrim 2(B4], whereas the SCHARR model uses a new set of
treatment costs that are inflated from Laudicella and incldde indirect healthcare costs of cancer treatment so are
much higher than those used by Murphy & Gray. The 8&Héosts are higher than the Murphy & Gray costs,
particularly for the younger age grou. The outcome of this is that the incremental cost sgsinf using

FIT rather than gFOBT screening are almost double in tH&RR model compared to the Murphy & Gray model
Table33).

Table32: CRC Treatment costs used in the SCHARR Model antthiphy & Gray Model

CRC Treatment Costs| ScCHARR Model Murphy & Gray Model
(from Laudicella) (from Pilgrim 200924])
ul o[ W Do £31,218 £13,469
65+ £32,377
ul o[ W Do# £31,218 £18,532
65+ £32,377
ul o[ W Doh £44,086 £25,416
65+ £37,371
ul o[ W DoOAR £44,086 £27,796
65+ £37,371

49



Table33: Comparison of overall results between the ScCHARRdbtext) and Murphy & Gray (red underlined text)
models. Lifetime outcomes for a cohort aged 60. édists are discounted by 3.5%.

Costs and Benefits

gFOBT FIT 180 Inc.
Total Screening & £37,522,161 £52,854,593 £15,332,431]
Follow-up Costs £39,984,076 £54,866,451 £14,882,375
Total Cancer Treatmer £835,425,281 £788,111,130 -£47,314,151
Costs £592,879,328 £558,018,891 -£34,860,437
TOTAL COS] £872,947,442 £840,965,722 -£31,981,720
£632,863,404 £612,885,342 -£19,978,062
TOTAL COSTS P £1,243 £1,198 -£46
PERSON £902 £873 -£28
Total Life Year 11,338,996 11,342,231 3,236
11,263,240 11,276,575 13,335
TOTAL QALY 8,743,528 8,746,499 2,971
8,962,563 8,972,325 9,762
TOTAL QALYs PI 12.46 12.46 0.004
PERSON 12.77 12.78 0.014
ICER Cost saving, QALY ga -£10,764
Cost saving, QALY ga -£2,047

The comparison of the two models indicates that despitmbdased on many of the same parameters and
structural assumptions, they give very different resfittssome outcomes. Cancer treatment costs are one ef th
key differences; if the SCHARR model is run usingdhme CRC treatment costs as those used in the Murphyag G
model, then the cost-savings of using FIT comparegFOBT are slightly lower than those found in the Murg@hy
Gray analysis, rather than almost twice as high. Theseairgng differences are likely to be due to the diffieces in
stage distribution, CRC survival and estimates of FIT séysitsed in the two models

Table34: Comparison of overall results using different aaar treatment costs

ScHARR Mode ScHARR Mode Murphy & Gray|

Laudicella cost Pilgrim costs Pilgrim costg

Total Cancer Treatmer| -£47,314,151 -£28,081,461 -£34,860,437
Costs

TOTAL COS’ -£31,981,720 -£12,749,029 -£19,978,062

TOTAL COSTS P -£46 -£18 -£28
PERSON

TOTAL QALYs PI 0.004 0.004 0.014
PERSON

ICER -£10,764 -£4,291 -£2,047

Validation against the Nottingham Study

A model validation was carried out to compare model ressafainst the findings of the gFOBT randomised
controlled trial conducted in Nottingham from 1981 [2%his randomised 152,850 individuals to biennial gFrOBT
screening or control (no screening) groups, and hasmy published 20 year follow-up results [26].
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The model was adapted as much as possible to refledrihiesetting; however, as the model is a cohort moidel
was not possible to incorporate the patient variability withirettrial in terms of age, number of screening rounds
and follow-up. The validation exercise therefore had fibéwing limitations:

X The trial included individuals aged between 45 andarisl reports the number of individuals recruited in
each five year age group. To model this as closelpssilge, six age cohorts were modelled with mean ages
of 47; 52; 57; 62; 67 and 73 and results for these addgdther.

X The trial delivered screening biennially to individyalgeraging 3-5 rounds of screening per person. The
model is only able to simulate screening between the ages) and 75. Therefore for most cohorts it was
assumed that individuals received 4 rounds of bienniadesting, starting in the first year, but for the cohort
aged 47, screening was assumed to not start until agaid for the cohort aged 73, only 2 rounds of
biennial screening were modelled.

X The trial has a median of 19.5 years of follow-up pespe, ranging from 0 to 28.4 years. In the modelQa 2
year follow-up was assumed for everyone.

X The screening part of the trial finished over 20 years, 89 some aspects such as CRC survival and all-cause
mortality may be out of date compared to the model. To tdss$, an analyss wascarried out in which life
table data and CRC mortality data from 1996 (halfway throughrthkfollow-up) was used instead of
current data.

The trial follow-up analysis reported a significant rethucin certified CRC mortality with gFOBT screening
compared to no screening with a rate ratio of 0.91 (084.99) and adjusted rate ratio (to take account of
incomplete uptake) of 0.82 (0.70 to 0.98), but reductiorCRC incidence was not significant. If current daydifles
and CRC mortality rates are used, then the model is ablegicate this reduction in CRC mortality due to gFOBT
saeening very accurately, but is not able to estimatesgiéi CRC incidence reduction than expected, although
results are well within the reported 95% confidence mt. Rate ratios for CRC mortality are made worse if
historical mortality data from 1996 is used.

Table35: Comparison of adjusted rate ratios for gFOBT saiieg vs no screening in the gFOBT trial and in the
model

CRC Incidence | CRC Mortality All Cause Mortality
Trial 0.94 (0.85-1.05) | 0.82 (0.70-0.98) | 1.00 (0.99-1.02)
Model current mortality data 0.89 0.82 1.00
Model 1996 mortality data 0.89 0.87 1.00

The absolute numbers of individuals dying with CRCoan fither causes is underestimated using current mortality
data, but is estimated more accurately using historicattality data from 1996Absolute CRC incidence however is
slightly overestimated by the model using current matyatlataX dZ]e u | « ¢« ve ¢ SZ & pn S]}v Jv .
mortality over the past 35 years has contributed to a larggémber of people living long enough to develop CRC,

and indeed CRC incidence has increased over that perioddiog to CRUK statistics [17]

Table36: Comparison of absolute values for gFOBT screeaimgjno screening in the gFOBT trial and in the model

Control t no screening gFOBT Screening
CRC CRC Other All cause | CRC CRC Other All cause
incidence | mortality | cause mortality | incidence | mortality | cause mortality
mortality mortality
Trial 2,354 1,300 39,250 | 40,550 | 2,279 1,176 39,505 | 40,681
Model current | 2,655 1,073 26,076 | 27,150 | 2,503 978 26,129 | 27,079
Model 1996 2,380 1,193 34,396 | 35,589 | 2,253 1,114 34,485 | 35,599
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shows that CRC incidence does not reduce in the moud#lyear 10-11, and perhaps even later in the
trial. This indicates that the benefits of screening iduging cancer incidence are only seen after screenasy
stopped: whilst screening is ongoing, cases detetitegugh screening outweigh the number of cases pragd by
screening. Mortality reductions in contrast should ocearly after screening begins as is seen in the ffiz. model
is unable to simulate these early mortality reductionstas ¢ohort nature of the model means that reduced
mortality in screen detected cancer cases cannot be inm@red.

Figurel8: Estimates of cumulative CRC incidence (top) andtalidy (bottom) from the study (left) and the mode
using 1996 mortality data (right) with 20 years @dllow-up
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There are several potential explanations for the differesnbetween the trial results and model predictions for
cancer incidence. The first relates to differences leswthe trial population and a general screening populatio
The trial selected only those individuals who did noténagrious illness, meaning that the trial population was
healthier than the general population and therefore may havadjiéted less from screening (this is known as the
healthy volunteer effect [27]). Also, for the first tgrars of the trial, individuals were not re-invited frbsequent
screening rounds if they had not attended the firstesmting round. However, we now know from BCSP data
presented in the data section of this report that thosbahave not previously attended screening have adrigh
incidence of CRC and polyps than those who have prsliaftended screening [28] and therefore screening has
more potential to detect pre-cancerous abnormality andridey prevent cancer in these individuals than in presiou
screenees.

Secondly, in the past 35 years, colonoscopy qualitigelylto have improved, potentially leading to greater
detection and more successful removal of adenomas. lirthkere was no surveillance programme operatingheg t
time of the trial, whereas surveillance in the model laasmall effect in reducing cancer incidence and maytafill
these reasons could lead to the trial having underestimakedbenefits of BCSP screening in a current day
population. However, the model may also overestimate leaefits of screening. Model natural history is based on
general population data and the cohort model assumes thaestiattendees are representative of the general
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% }%o o S]}vX ,}JA A EU §hpselwhd &tténd screening have fewer abnormalitiestithose who do
not attend screening and therefore may benefit less frecneening.

Validation against the FS Trial

A model validation was carried out to compare model ressatjainst the 11 year follow-up findings of the FS
randomised controlled trial conducted between 1994 a®®9 by Wendy Atkin and others [12, 29]. The trial
randomised 57,237 individuals to FS screening (oftwhi®s took it up), and 113,195 individuals to the cohtr
group (no screening).

The following assumptions were used when adapting thelehto simulate trial results:

x The trial enrolled individuals aged between 55 and 6& Model simulates the correct number of
individuals in each age-year cohort and adds results toggetb produce a total.

x Mean follow-up in the trial was 11.2 years, whereas thedel uses an 11 year follow-up for the entire
cohort.

X Uptake for FS screening was changed from 44% (BCSRodaté)p to reflect the trial.
The trial was carried out between 1996 and 1999 with follgpdata published in 2010, so some aspects
such as CRC survival and all cause mortality may be stighthf date compared to the model. To test this,
life table data and CRC mortality data from 2003 (halfway benn996 and 2010) was used instead of
current data.

The model slightly underestimates absolute CRC incideutestimates the benefits of screening on CRC incidence
very accurately (HR = 0.78 for model and 0.77 for s)t. Absolute CRC mortality is overestimated by the
model, but the benefits of screening on CRC mortality aidetestimated compared to the study although this does
lie just within the study 95% confidence intervals (HR = @082he model and 0.69 for the study). Note that other
cause mortality is also slightly over-estimated by thedelolnterestingly, if current day life table and CRC mibytal
data is used instead of historic (2003) data, the modeiush better at estimating absolute CRC mortality in the
control arm and slightly better at estimating CRC mortality rdhzatios (HR = 0.78), but then underestimates
absolute other cause mortality quite considerably (data stodwn in table).

Table37: CRC incidence and mortality in control and intent®n groups in the study and the model after 11 ges
follow-up

Control Intervention Hazard Ratio

Study Model | Study Model | Study Model
CRdQncidence 1,818 1,701 | 706 667 0.77(0.70 | 0.78
CRC Incidence Rates* 149 (143-156) | 145 114 (106-123)| 112 -0.84)
CRC Mortality 538 636 189 265 0.69(0.59 | 0.82
CRC Mortality Rates* 44 (4048) 54 30 (2635) 45 -0.82)
Other Cause Mortality 13,230 13,439 6,554 6,774 | 0.99(0.96 | 1.00
Other Cause Mortality Rates] 1,080(1,062- | 1,144 1,057 (1,032- | 1,141 -1.02)

1,099) 1,083)
All Cause Mortality 13,768 14075 | 6,775 7,040 | 0.97(0.94 | 0.99
All Cause Mortality Rates* | 1,124 (1,106- | 1,198 | 1,093 (1,067- | 1,185 | -1.00)

1,143) 1,119)
*Rates per 100,000 person years

Comparison of CRC incidence over time indicates that trdefrseems to be fairly accurate at estimating the initial
increase in incidence seen due to screening and thet@ which a net reduction in CRC incidence becomes
apparent (at about 5-6 years following screenie However, estimates of CRC mortality over time are
slightly anomalous, as the screened group shows sligiglyer CRC mortality in the early years. This is an
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unavoidable limitation of the model which cannot distirgflubetween screen detected cancer cases and undetected
cases which in reality have different mortality rates.

Figurel9: Estimates of cumulative CRC incidence (left) anartality (right) from the study (top) and the model
(bottom) with 11 years of followup
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There are several possible reasons for the differef@ta/een the trial and model results. Firstly, whilsé tmodel
uses natural history data from the general population, tHaltselected a healthier population for analysis, which
excluded individuals with poor health, family history@RC or current symptoms of CRC. This healthy volunteer
effect has been noted previously [27], and could pdstiakplain the differences in absolute CRC mortality olesir
% ES3] po EoC PJA v §Z § 83Z B }18Zo@&E «jue [ ]u JiGEEs wepdild By Atkin et al. (2010)
that CRC incidence in the study control group was almexattly as expected in the general population which may
argue against a healthy volunteer effect, but no mention similar CRC mortality comparison was made
Furthermore it is not clear whether a difference in ptgtion composition that impact upon absolute mortality
would also impact upon relative mortality between controbdagtreening trial arms.

Secondly, the model assumes that individuals recetveaneening other than the single FS. However, gFOBT
screening was initiated during the trial follow-up peatjoneaning that it is likely that some individuals in boihl
arms received gFOBT screening, known to impact upom@R@&lity and potentially incidence (see Nottingham trial
validation above). Thirdly, the model uses a fixed rathistory model which does not vary over time wheraas i
reality presentation rates and incidence may change ovee.tim

A further validation was carried out against the unpublisf&ltrial 17 year follow-up data. All model parameters
were kept as described above for the 11 year followtdpwever, to reflect the longer follow-up time difables and
CRC mortality data from 2006 were used instead of 2003.

The model predicts that the benefits of FS screeningpgamed to no screening will continue to increase sligbther
this period, indicating that the benefits of FS screerarglong-lasting.

Table38: CRC incidence and mortality in control and intent®n groups the model after 17 years followp
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Control Intervention Hazard Ratio

Study Model | Study Model | Study Model
CRC Incidence 3,253 3,105 | 1,230 1,190 | 0.74 (0.70- | 0.76
CRC Incidence Rates* 184 (178- 179 137 (130-145)| 136 0.80)

191)
CRC Mortality 996 1,184 | 353 463 0.70 (0.62- | 0.78
CRC Mortality Rates* 56 (5360) 68 39 (3543) 53 0.79)
Other Cause Mortality 25,413 26,196 | 12,926 13196 | 1.00 (0.98- | 1.00
Other Cause Mortality Rates| 1,427 (1,410- 1,512 1,433 (1,408- | 1,505 1.03)

1,445) 1,458)
All Cause Mortality 27,379 27,390 | 13,279 13,664 | 0.99 (0.97- | 0.99
All Cause Mortality Rates* | 1,483 (1,465- 1,580 1,472 (1,447-| 1,558 1.01)

1,501) 1,497)
*Rates per 100,000 person years

Figure20: Estimates of cumulative CRC incidence (left) anartality (right) from the study (top) and the model
(bottom) with 17 years of followup

Validation against FIT estimates in the literature
At the lowest threshold of FIT modelled (cut-offa8f pg/ml) a sensitivity for CRC of 54.4% is usedeimtbdel. This
value was derived from the UK pilot [30], and is basedhdividuals receiving both an initial and subsequent
screens. This value is similar to that of 57.5% rebioie Murphy and Gray, who used a similar methodol&pth
this study and the study by Murphy and Gray used data fiteenUK pilot; it is expected that this is the moserant
evidence source as it related to the UK population, asdde will reflect the natural history of cancer in the. WKs
unclear if the natural history of CRC in different coig#tis generalisable to the UK setting. Despite this gakn
limitation Murphy and Gray noted that their derived val& (6%) is lower than that reported in other studies. For
example, the recent systematic review of screeningd®Crepared for the U.S. preventative services task force
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[31], identified four studies for which comparable estites of sensitivity were available [30, 32-34], whighorted
sensitivities of 73% (n = 2,220), 75% (n = 1,256} (f¥= 9,989) and 100% (n = 779). To investigatesthie further
the estimate from the largest study by Imperiale et 2D14), which used the same FIT test as the UK pilptyae

compared with the estimate used for this study. Threasons for the different sensitivity estimates wedemtified:

1. Colonoscopy is used by the authors to identify all ins¢ésnof CRC, with the assumption that this is 100%
specific. However, for this report it is estimated tlt@lonoscopy only identifies 98% of cancers, based on
published evidence [35]. Adjusting the Imperiateal. sensitivity estimate to account for imperfect
colonoscopy adjusts the sensitivity from 73.8% to 72.4%

2. The authors only consider sensitivity for the firstegmn. However, it has been shown that sensitivity is
higher in the first screen than in subsequent scre@#, with sensitivity from the first screen over-
estimating the overall sensitivity by about 8.6%. Th&lts in an adjusted sensitivity from 72.4% to 66.6%.

This adjusted sensitivity of 66.6% is closer to the isgites used in both this report and by Murphy & Grag15)
[23], suggesting that much of the difference was dueifterences in how sensitivity was defined.

Validation of surveillance parameters

Model estimate of surveillance colonoscopy usage ar ylewas compared with the actual number of surveillance
colonoscopies from the BCSP, in order to validate tineesilance part of the model. Two scenarios (gFOBT
screening alone and gFOBT screening plus FS age@fgSjum as the current situation of partial FS roll-out didou

be intermediate between them. TabB89 indicates that the model estimates are far larger than theevlbed BCSP
data, indicating a problem with the surveillance model. Nihi@t the FIT cost-effectiveness model developed
independently by Murphy & Gray does estimate similamiber of surveillance colonoscopies to the SCHARR model,
indicating that it is unlikely that the difference with BG&#a is due to model coding errors.

Table39: Number of surveillance colonoscopies observedhie BCSP data and estimated in a single year in the
model

BCSP data Model estimate Model estimate (gFOB7 Model estimate (FS agg
(gFOBT screening 8 | screening steady state) 55 plus gFOBT
years into roll-out) screening steady state)

12,642 27,518 22,469 35,381

There are several reasons why the model could be imately estimating the number of surveillance colonoscspie
Firstly, the model estimates an increased risk of adenoma&ldement in the surveillance population compared

with the general population. If the risk has been set kigh, then individuals will stay in surveillance forder as

they will be less likely to have consecutive suraeidk colonoscopies with negative results. This was tdsyed
altering the model so that adenoma risk in surveillance washanged from adenoma risk in the general population.
It can be seen in
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Table40 that using an unchanged adenoma risk has only a small effettte total number of surveillance
colonoscopies in year 1 of the model. This seemsetéairly consistent when considering different scriegn
strategies.
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Table40: A comparison of the number of surveillance deteck cancer diagnoses and annual surveillance

colonoscopies for several different screening stegfies and different surveillance assumptions.

Year 1 Surveillance

Number of cancer diagnoses: population lifetime

Colonoscopies DukesA | DukesB | DukesC | DukesD
gFOBT biannual age 60- 74 steady state
Base case 22,469 1,403 429 120 33
Unchanged adenoma 21,996 146 55 20 4
risk in surveillance
60% surveillance 19,486 1,694 648 261 85
attendance rate
10% annual 20,506 1,399 432 122 34
surveillance
50% annual 24,652 1,406 425 118 33
surveillance
gFOBT biannual age 60- 74 8 years into roll- out
Base case 27,518 1,454 443 123 34
Unchanged adenoma 27,352 151 57 21 4
risk in surveillance
60% surveillance 20,753 1,725 665 261 85
attendance rate
10% annual 24,658 1,450 447 125 35
surveillance
50% annual 30,669 1,457 439 121 33
surveillance
FIT40 age 55, 60, 65 & 70
Base case 36,467 1,804 589 187 55
Unchanged adenoma 35,415 199 79 30 6
risk in surveillance
60% surveillance 34,756 2,766 1,149 512 179
attendance rate
10% annual 33,489 1,778 584 186 54
surveillance
50% annual 39,766 1,832 595 189 55
surveillance
FS age 50, FIT20 annual 51- 74
Base case 102,276 4,826 1,529 461 131
Unchanged adenoma 92,711 474 188 71 14
risk in surveillance
60% surveillance 96,460 7,074 2,883 1,260 437
attendance rate
10% annual 93,811 4,804 1,533 463 132
surveillance
50% annual 111,639 4,851 1,525 457 130
surveillance

Secondly, the model could lessuming a higher attendance rate for surveillance thanerly occurs (the model

assumes 83% attend). This was tested by reducing adiecelrate to 60% (
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Table40), which reduces the number of surveillance colompses carried out variably depending upon screening
strategy, but increases the number of cancer cases detegiexsumably due to a reduction in individuals leaving
surveillance because those that do not turn up do not héneeopportunity to be tested negative and leave
surveillance. Thirdly, the model could be assuming #éhiaigher proportion of individuals are being referried

annual surveillance versus 3 year surveillance than od¢aoysactice (the model assumes 29% are referred to ahnu
surveillance). The Murphy& Gray FIT cost-effectiveraemlysis reported different numbers of therapeutic versu
diagnostic surveillance colonoscopies than the ScHARRI sz validation against Murphy & Gray data above)
[23]; however it is unclear what assumptions they usedlitam these results. To test the SCHARR model
assumptions, a sensitivity analysis altering the proportjoing to annual surveillance to either 10% or 50% was
carried out (
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Table40). This again had little effect on the results.

Fnally, the model could be overestimating the numbeirafividuals undergoing surveillance if, for example th
guidelines pathway, used in the model to determine vibioeferred for surveillance and who should come off
surveillance, is not being followed in practice. Thisld affect either numbers going into surveillance omiing out
of surveillance. Data about surveillance is not availalslecty from the BCSP, but obtaining this in future alibw
the model assumptions to be updated and the surveillancglehto be improved.
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1.10 Appendix: Evidence on changing sensitivity of F@Bt$ over repeat screening
rounds.

The evidence®n the changen gFOBT/FIT sensitivity rounddueto changesn the proportionof disease
whichis detectableby roundis presented below.

Kearnset al. 2014, Guaiac faecal occult blood test performaratenitial and repeat screeng the English
Bowel Cancer Screening Programme [36]

The gFOBT sensitivity for CRC was estintatelécrease from 27.35% the initial screeno 20.22%at the
repeat screer(arelative reductiorof 26.1%). Decreases were also observed for the pogtiedictive value
(8.417.2%) and detection rate for CRC (0tA.94%). Assuming equal performance measures for bathrtiial
and repeat screens leid an overestimateof the cost effectivenessf gFOBT screening compared with the
other screening modalities.

van der Meulenet al. 2016 ,Nonbleeding Adenomas: Evidencé Systematic False-Negative Faecal
Immunochemical Test Results and Their Implicatidos Screening EffectivenessA Modeling Study [37]
The model without systematic false-negativity simulatéghler detection ratesn the second screening round
than observed. These observed rates cduddeproduced when assuming that FIT systematically mis6éd 2
of advanced and@3%of nonadvanced adenomas$o reduce the false-positive raia the second roundo the
observed level, the authors also htmassume that 30%f false-positie findings were systematically false-
positive. Systematic false-negative FIT testing limitddhg-term reductionof biennial FIT screening the
incidenceof colorectal cancer (35.6%640.9%) and its mortality (55.29659.0%)n participants

Uri Ladabaunet al. 2016 _Sensitivityof Repeated Faecal Immunochemical Testing (FIT) OwveeIDoes
Each "Biteat the Apple” Stand the Same Chance? [38]

The authors considered two different scenarios: one viitthependent FIT sensitivities for each round, and
one with a diminishing FIT sensitivity for each rousehéitivityat round 2 = % thaat round1, sensitivityat
round 3 = % thaat round 1. The authors stated that modelling independent FIT seritsi#s/provided a better
fit to the observed data, and concluded thak pr€Bults support the hypothesis that the diminishinglgief
FIT observeth subsequent screening cyclissattributed primarilyto the progressive removalf people with
neoplasia from the screen-eligible population, instedidhe presencef a substantial fractionf lesions that
are "silent" with respecto FIT (i.e. never-o  JvPeX _

The usefulnessf this studyis limited asit is only availableasan abstract.In addition, the p 3§ Z } €Brdlusion
that ~ K (sfulation suggests that FIT sensitivity barconsidered independent through the initial 4 cyads
a screening%o (E } P @ppeargo be basedon a visual comparisoof modelled and observed data, witto
systematic quantitative method for making this judgemedfthe three cohorts modelled, the assumptioh
a diminishing FIT sensitivity appears (visuatyfjt aswellasthe assumptiorof independent FIT sensitivities
for two (Dutch and USA). Modelling independent FIT isigitees gives a better fit for the Italian datht.is
unclear what these differences are, although differenc&IT sensitivity maye a causeln addition, there are
also other scenarios for a diminishing FIT that the autiotsd have explored, which may have provided a
better fit to the data. For example, the authors did not model a sderarjust two different FITs: one for the
initial screen, and one for subsequent scrednsaddition, the estimatef the magnitudeof the changen FIT
sensitivity could have been data-drivemenable a better fito the observed data.

Steeleet al. 2012, Interval cancers a FOBT-based colorectal cancer population screemirmpramme:
implications for stage, gender and tumour site [39]
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This study used data from the Scottish BCSP and intexnaérsto estimate gFOBT sensitivay repeat
screens. Sensitivity for a given round was definedzas: Edetected cancers / (screen detected + interval

v (EAs$eteen detected cancers wilkk affectedby uptake ratesit is importantto adjust for this when
making comparisons across rounds. This was achieyedjusting the screen detected cancers for a given
round by the differencein uptake between that round and the first round. The nwnbf interval cancers was
also adjustedso that the overall numbeof cancers per round was the same. For example, for rdwadthere
were 208 screen-detected cancers a@d3interval cancers (total cancers = 421). Uptake for ro2imehs
96.2% thabf round 1 (53.0% compared with 55.0%). Heifiegtakein round 2 had been 55.0%, the number
of screen detected cancers would have increasedpproximately 216=208*1/0.962).In other words, 8
extra cancers would have been screen detected instefduking interval cancersp the numberof interval
cancers would have reduced fra2d3to 205. Results from this adjustment are providedTable41.

Table41: Screening results for uptake adjustment

Round 1 2 3
Uptake 55.0% 53.0% 55.3%
Screen-detected 351 208 139
Interval 193 213 229
Screen-detected adjusted | 351 216.1 138.3
Interval adjusted 193 204.9 229.7
Sensitivity 64.5% 51.3% 37.6%
Relative change 20.4% 26.8%

However, this datés limitedin making comparisons. Whilst round 1 will contain dnltial screens,
subsequent rounds will contain a mixtuoéinitial and repeat screens. Sensitivity should not cleafog initial
screens (case-mix should not change), wika¢quiredis an estimateof how gFOBT sensitivity changes for
repeat screens. Datan the proportionof screens that were repeats was not presentedhe publicationso
was instead taken from Steeét al. [39], ands presentedin Table42.

62



Table42: Repeat screening proportions from Steele et 9]

Round 2 3

Total invitations 309,803 317,864
Non-respondein all previous rounds 111,763 105,115
Respondein any previous round 147,469 158,006
Total Uptake (%) 53% 55%
Non-respondein all previous rounds 0.138 0.139
Respondein any previous round 0.854 0.852
Total Uptake (n; derived) 164,196 175,779
Non-respondein all previous rounds 15,423 14,611
Respondein any previous round 125,939 134,621
% Repeats*: 76.7% 76.6%

* Definedasnumberof respondersn any previous round total uptake

Adjusting the relative change for the numbarrepeats provides a relative change from initial scissen
repeat round 2of 26.7% (20.4%/76.7%). This vailsieery similatto the relative change founih the UKBCSP
by Kearnset al. (26.1%), supporting the conclusiaofsthis study.

Garciaet al. 2015, Interval Canceiig a Population-Based Screening Program for Colore€@anceiin
Catalonia, Spain [40]

This study used data from the biennial screening prognaim Barcelona. Interval cancers (definasicancers
diagnosed withirBO months from the last screen) were ustxderive estimate®f sensitivity, using the same
formulaas Steelet al. 2012.Data forup to four roundsof screening were available. For the first three screens
gFOBT was udefor the fourth a mixtureof gFOBT and FIT were used.

No detailson uptake were provided, which limit comparisons acres®ening roundasdifferencesn uptake
will affect estimate®f sensitivity when using interval cancers. The stisdyso limitedoy relatively low
numberof identified cancer, which leads uncertaintyin the resultsToemphasis this uncertainty, sonodé

the results from Table 3 have been replicated belowWable43, but including95%confidence intervals (based
on the Wilson score methodsdescribedn Newcombe [41].
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Table43: Screening round sensitivities with 95% confideriotervals

Last screening Sensitivity and95%ClI Number of Sensitivity and95%Cl
round screens
1 67.65% (50.84% 80.87%) 1 67.09% (56.15% 76.45%)
2 48.15% (30.74% 66.01%) 2 38.64% (25.72% 53.38%)
3 57.45% (43.28% 70.49%) 3 54.29% (38.19% 69.53%)
4 53.97% (41.79% 65.69%) 4 61.54% (35.52% 82.29%)
Rounds 20 4 54.01% (45.67% 62.14%) Rounds 20 4 47.83% (37.91% 57.91%)

When comparing resultisy screening round, theris little differencein sensitivities between rounds two and
four. However, these results wilk limited asthe populations will include a mixtui initial and repeat
screens. When comparing initial screens (humtifescreens ) with repeat screens (numbef screens = B
4), the relative chang@ sensitivityis 28.7%. This numbes similarto, although slightly larger than, the
changes reportedh the Kearns (26.1%) and Steele (26.7%) stuttiessunclear what impact differential
uptake rates would haven the estimateof 28.7%.

Another notable result from the Garcia stuidjthat thereisno evidence that sensitivity continués decrease
with repeat screeningn fact, the opposite occurs: amongst people receivielgeat screens, sensitivity
increases with the numbeaf repeat screens received. Somithis maybe an artefactof natural variatiordue
to small numberspr differencesn uptake (for which therés no data).

A limitationof both the Steele and the Garcia papértheir relianceon using interval cancers. This limitation
has already been noteid the Kearns study” d Zuseof interval cancerso estimate sensitivity has two main
limitations; first, some interval cancers would not hdeen cancerst the timeof the screen and second, not
all undetected cancers wile diagnosed within any givehv § E Boweé¢er, the results from these two
studies provide similar estimated the relative chang@ sensitivity fronthe initialto repeat screen.

Conclusion

In conclusion, for gFOBT thereevidenceo suggest that sensitivity for repeat screeatower than for the
initial screen. This includes evidence from both tH¢S\BCSP and the Scottish BCSP. &haueentlyno
evidence that sensitivity continugs diminish for recurring repeat screens, although tkismoredueto a lack
of evidence rather than evidence for lagkan effect.

The evidence base for repeat FIT scresmsnall, and therésno Uk-based evidence. The Ladabaum study,
using Dutch data, suggests that FIT sensitivity will deeréar repeat screens. This conclusi®nontradicted
by the authorsof the van der Meulen study. However, the conclusionshis study are limitecdsthe results
are only availablasan abstract andt is unclearif the presented results actually support the conclusions.

64



Hencedueto a paucityof data, for the base-case analyssdifferencesn FIT sensitivity (beyond thdueto
differencesin case-mixascaptured by the natural history model) are modelled. Thleustnesf resultsto
this assumption are explordd sensitivity analyses.

111 %o % v AW Yu% EJe}v AJSZ Sy PIVRZEZ E V] @ Z
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The potential of a longer screening interval, with a meensitive FIT test, has previously been investigated by

Haug et al. (2017) [42] and Digby et. al. (2016) [43h Based their findings on a trial on a standard scregni

interval of 2 years, and used the results to model outes for alternative regimes. They concluded,

respectively, that a shorter interval leads to performamcenparable to, or worse than, the standard scenario.

This agrees with our findings in this report, thatiaterval of 2 years is optimal. However, they only lablk

the effects of alternative screening strategies for thristftwo screening rounds, rather than over a whole

screening regime.

Haug et al. [42] analysed data from an ongoing CRC screstuidy in the southwest Netherlands, with a
standard threshold of FIT50. The interval between th& find second screening rounds varied betweed 1-
years, and the interval between the second and thirdrmds was fixed at 2 years. Subjects that tested positive
were referred to a surveillance programme. Haug etallofved subjects up to the time of the third round,
exclusive. Alternative scenarios had different threshpldish the second round omitted, resulting in an
interval of 3-5 years. Alternative scenario outcomes westmated comparing subjects’ baseline
Haemoglobin (Hb) readings to the scenario's threshdhe results found FIT11 to have a number of subjects
diagnosed with advanced adenomas similar to that of tlemdard scenario, and a higher positivity rate. FIT22
had a similar positivity rate to the standard scenario, il less subject diagnosed with advanced
adenomas. All alternative scenarios used less FIT tastshresholds below FIT22 had more colonoscopies
than the standard scenario. Haug et al. concluded that theriaditive scenarios did not markedly differ with
respect to diagnostic yield and cumulative positivity rafaey also suggested that an alternative screening
strategy, with a higher sensitivity for a single scregnimould be advantageous for subjects that attend
screenings irregularly, or in the case of lack cégular invitation system, such as in a decentralisedltn
system. Further, they refer to another study (check whievhich found that varying the interval between first
and second screenings showed no change in the seommud detection rate for advanced neoplasia. They
expect similar results for programmes with higher tinelds.

Digby et al. [43] analysed data from a demonstration gEtady involving 30893 subjects, between 50 and 74
years of age, in Scotland, with a standard thresholdOofi§/g (FIT200). Alternative scenario results were
estimated on the assumption that all cancers detectechim $econd screening round were present and
detectable during the first screening round. Digby ef@lnd that a threshold of 27.6 ug/g (FIT138) doubled
the positivity rate, and had the same number of colongsies as the standard scenario. However, there was a
substantial decrease in the number of screen-deteatadcers, and a substantial increase in the number of
interval cancers. There were similar trade-offs for ottieesholds. Digby et al. therefore concluded that the
alternative regimes seemed unattractive. However, base@wo earlier study, which found that the first-
screen Hb measurement predicts the subsequent risha@tient colorectal neoplasia, they suggested that a
possible improvement would be to make the screenirigrivel dependent on the first-round Hb results, on an
individual basis.
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