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Abstract

Background: There is growing evidence for personalising colorectal cancer (CRC) screening 

based on risk factors. We compared the cost-effectiveness of personalised CRC screening based on 

polygenic risk and family history to uniform screening.

Methods: Using the MISCAN-Colon model, we simulated a cohort of 100 million 40-year-olds, 

offering them uniform or personalised screening. Individuals were categorised based on polygenic 

risk and family history of CRC. We varied screening strategies by start age, interval and test and 

estimated costs and quality-adjusted life years (QALYs). In our analysis we: 1) assessed the cost-

effectiveness of uniform screening; 2) developed personalised screening scenarios based on 

optimal screening strategies by risk group; 3) compared the cost-effectiveness of both.

Results: At a willingness-to-pay threshold of $50,000/QALY, the optimal uniform screening 

scenario was annual faecal immunochemical testing (FIT) from 50-74 years, whereas for 

personalised screening the optimal screening scenario consisted of annual and biennial FIT 

screening except for those at highest risk who were offered 5-yearly colonoscopy from age 50. 

Although these scenarios gained the same number of QALYs (17,887), personalised screening was 

not cost effective, costing an additional $428,953 due to costs associated with determining risk 
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(assumed to be $240 per person). Personalised screening was cost effective when these costs were 

less than ~$48.

Conclusion: Uniform CRC screening currently appears more cost effective than personalised 

screening based on polygenic risk and family history. However, cost-effectiveness is highly 

dependent on the cost of determining risk.

Impact: Personalised screening could become increasingly viable as costs for determining risk 

decrease.
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INTRODUCTION

Screening has been shown to be a cost-effective method to reduce the incidence and 

mortality of colorectal cancer (CRC).1–4 In countries with population screening programs, 

screening for CRC is based on age,5 with separate screening recommendations for those 

with a positive family history.6 However, genetic susceptibility also plays an important role 

in CRC risk and it has been suggested that, when combined with family history, this may 

improve risk prediction and diagnosis.7, 8

Genome-wide association studies have shown that polygenic factors such as common, low 

risk genetic variants or single-nucleotide polymorphisms (SNPs), play a significant role in 

defining CRC risk due to their relatively high prevalence in the population.9–12 In isolation, 

SNPs are only weakly associated with CRC risk, however, cumulatively they explain 

substantial variation in risk.9, 13 A polygenic test can be used to estimate someone’s 

polygenic risk score based on the absence or presence of specific risk alleles. Such a risk 

score can be used to identify individuals at several times lower and greater (0.49-3.40) CRC 

risk than the average population.14

Compared with age-based screening, personalised screening provides an opportunity to 

stratify the population allowing screening to be tailored to an individual’s risk.15 This would 

allow for those at lower risk to start screening later and or have longer screening intervals, 

while those at higher risk could start screening earlier, undergo more intensive screening or 

both.9, 15–17 Personalised screening also provides opportunities to detect cancers in younger 

at-risk individuals, who are currently excluded from age-based screening despite being at 

increased risk.18–20 In this way, personalised screening has the potential to reduce the harms 

of screening while maintaining, or even increasing, its benefits in addition to improving its 

cost-effectiveness.

Previous research has demonstrated the efficacy of stratifying the population for screening 

based on age and polygenic risk,21, 22 or in combination with other factors including family 

history.7, 23 However, no studies have evaluated the cost-effectiveness of such risk-stratified 

screening compared to uniform screening for CRC. To address this gap in knowledge, we 

investigated the impact of personalising CRC screening, based on polygenic risk and family 

history and compared its cost-effectiveness to uniform screening.
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METHODS AND MATERIALS

We used the Microsimulation Screening Analysis-Colon (MISCAN-Colon)24 model to 

estimate the costs, benefits and harms of different uniform screening strategies as well as 

personalised screening strategies which were based on polygenic risk and family history of 

CRC.

MISCAN-Colon

MISCAN-Colon is a well-established microsimulation model for CRC developed at the 

Department of Public Health, Erasmus University Medical Center.24 The structure, 

underlying assumptions and data sources used to calibrate the model are detailed in 

Supplementary Methods and Materials. In brief, the model simulates a large population of 

individuals from birth to death, first without and then with screening for CRC. As each 

simulated person ages, one or more adenomas may arise and some can progress in size from 

small (<5 mm) to medium (6- 9 mm) to large (>10 mm). Some adenomas develop into 

preclinical cancer and subsequently progress through cancer stages I to IV. During each 

stage symptoms may present and CRC may be diagnosed. The introduction of screening 

may alter the simulated life histories through detection and removal of adenomas or through 

detection of CRC at an earlier stage with a more favourable survival. By comparing the life 

histories of a simulated population being screened to the corresponding life histories in a 

simulated population not screened, MISCAN-Colon quantifies the effectiveness and the 

costs of screening.

MISCAN-Colon was calibrated to match the age-specific incidence of CRC in Australia 

before the introduction of biennial faecal immunochemical test (FIT) screening for those 

aged 50 to 74 in 2006.25 Stage distribution, localisation of cancers in the colorectum and 

five-year relative survival after clinical diagnosis of a cancer were based on Australian 

literature.26, 27 Additional assumptions of the MISCAN-Colon model are presented in Table 

1 and Supplementary Methods and Materials.

Simulated population

For this analysis, we simulated a cohort of 100 million 40-year-olds, with life expectancy as 

observed in Australia in 2013-2015.28 Individuals were followed for a lifetime, until a 

maximum age of 100 years, at which point they are all assumed to be dead.

Risk stratification

Using previous research, the population was stratified a priori into five risk groups based on 

their quintile of polygenic risk score (based on 45 SNPs shown to increase CRC risk) and 

their first-degree family history of CRC (Table 2).14 The expected prevalence of each of the 

five categories in the general population was based on a random assignment of 1,000 people 

given a 20% probability of being in any SNP quintile and a 10% probability of having at 

least one first-degree relative with CRC.29 The relative risk (RR) of developing CRC 

(compared with the average population risk) for each risk group was based on the combined 

RR of each quintile of polygenic risk score and family history based on observed virtual 

independence of the two factors.14 The five risk groups were defined as: “very low” 
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(RR<0.5), “low” (RR between 0.5-0.9), “average” (RR between 0.9-1.2), “high” (RR 

between 1.2-1.8), and “very high” (RR >1.8). We assumed no other differences in life 

expectancy, CRC stage distribution, survival, or screening performance characteristics 

between the risk groups.

Screening and Surveillance

In addition to a scenario without screening, we modelled 25 different screening strategies, 

varying screening start age (40, 46, 50, 54 or 60 years), test (FIT or colonoscopy), and 

interval (annual, biennial or triennial screening for FIT, and every 5 or 10 years for 

colonoscopy). For all FIT analyses, we assumed a positivity of 7.7% based on rates observed 

in the Queensland Bowel Cancer Screening Program between August 2006 and December 

2010.30, 31 Screening was always assumed to stop at age 74 years. Surveillance intervals and 

stop-age for all scenarios were based on the Australian National Health and Medical 

Research Council Clinical Practice Guidelines for Surveillance Colonoscopy.32

Participation

Screening programmes can be assessed under the assumption of perfect adherence or 

observed adherence. In the first analyses, we assumed perfect adherence to all screening, 

diagnostic and surveillance tests. Subsequently, we estimated the costs and effects of 

screening at adherence levels currently observed in Australia.

For the latter analysis, we simulated participation rates as reported by the Australian 

National Bowel Cancer Screening Program (NBCSP), a biennial FIT screening program, in 

2017 (Table 1).33 Participation with annual and triennial FIT and with primary colonoscopy 

screening was set at the same screening participation rates. Age-specific participation rates 

were provided in five-year age intervals between 50 and 74 years. As data was not available 

for screening participation for individuals aged 40-49 years, participation was assumed to be 

equal to those aged 50-54 years. We assumed that 76.0% of individuals who had previously 

attended screening would attend again in the next screening round while 19.7% of 

individuals who had not attended in the previous round would now attend based on data 

from the NBCSP.33

A positive FIT requires a consultation with a primary care provider, such as a general 

practitioner (GP) to discuss test results and obtain a referral for colonoscopy. For the 

observed adherence analyses, it was assumed that 90% of FIT positive cases would attend 

this appointment.26 In addition, attendance at diagnostic colonoscopy was age-specific 

ranging from 68.2 to 72.3% based on outcomes from the NBCSP.33 The participation rate 

for colonoscopy surveillance was assumed to be 80%.34

Assumptions for costs and utilities

The cost of screening with FIT was based on commercially available kits.35 This cost 

includes the test, postage and test processing fees. The cost to analyse a FIT specimen was 

based on the Australian Medicare Benefits Schedule (MBS).36 Cost of attending a GP to 

obtain a referral for colonoscopy (standard consult) is set in the MBS.37 The cost for 

colonoscopy and complications from colonoscopy were obtained from the Independent 

Cenin et al. Page 4

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Hospital Pricing Authority report on costs in Australian public hospitals.38 Costs for cancer 

care were based on costs of cancer treatment in the Australian setting.39 All costs are 

presented in Australian dollars ($AUD), standardised to 2016 prices using the consumer 

price index where necessary.40

To determine risk, we assumed all individuals underwent assessment for family history of 

CRC and polygenic testing prior to the commencement of CRC screening. We assumed 

assessment for family history of CRC would be undertaken by a GP and cost the same as a 

standard consult (Table 1).37 In addition, we assumed polygenic testing would cost $200 

based on a commercially available polygenic test for breast cancer.41

The assumed utility loss due to CRC screening was 0.00274 quality-adjusted life years 

(QALYs) per colonoscopy (1.5 days at 0.5 utility) and 0.001918 QALYs per complication of 

colonoscopy (14 days at 0.5 utility) (Table 1). We also assumed that life years (LYs) with 

CRC care are of lower quality than those without CRC care.42 We assumed no disutility 

from determining or knowing polygenic risk score.

Model outcomes

For all scenarios, the model estimated health effects such as CRC incidence and CRC 

mortality, and required resources such as the number of screening and surveillance tests 

performed between ages 40 and 74 years. From these outcomes, we calculated costs, life 

years, and QALYs lived with each strategy. Costs, life years and QALYs were discounted at 

an annual rate of 5%, as is recommended in Australia.43 Undiscounted results are presented 

in Supplementary Results (Table S6–7, Figure S8).

Analyses

Our analysis consisted of four parts. First, we determined costs, benefits and harms of the 

aforementioned screening strategies applied to the population as a whole (uniform 

screening). We plotted the uniform screening scenarios in a cost-effectiveness plane and 

performed an incremental cost-effectiveness analysis to see which scenarios were efficient.

Second, we followed the above steps for each risk group and used these results to determine 

the efficient screening strategies for each risk group. Then, we combined the efficient 

screening strategies for all risk groups and ordered them from least expensive to most 

expensive. Using this list we developed a series of optimal personalised screening scenarios. 

As each personalised screening scenario can be a combination of different strategies for each 

risk subgroup, there will be many more personalised screening scenarios.

Third, we compared the outcomes of uniform and personalised screening to establish which 

method would yield better results. We did this by plotting all uniform and personalised 

screening scenarios in a single cost-effectiveness plane and by performing an incremental 

cost-effectiveness analysis to see whether personalised screening or uniform screening was 

most efficient.
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Finally, we applied imperfect participation rates to uniform and personalised screening 

scenarios to determine their impact in a ‘real-world’ scenario. The benefits and costs of 

screening were compared to the same population undergoing no screening.

At each step, scenarios with the highest incremental cost-effectiveness ratio (ICER) under a 

threshold of $50,000 per QALY gained were identified as the optimally cost-effective 

strategy as this is a commonly used willingness-to-pay (WTP) threshold in Australia.

Sensitivity analyses

In sensitivity analyses, we assessed the impact of weighting QALYs by age44 (we applied 

age-adjusted health related quality of life so that quality of life deceased with increasing 

age) and discounting our results at 3% rather than 5% as this is a common international 

discounting rate.45 In addition, we explored the impact of changes in screening participation 

for personalised screening, holding the participation of uniform screening at current levels. 

To do this, we increased and decreased age-specific participation of the initial screening 

offer by 10 percentage points and adjusted the participation of rescreening.

Due to the uncertainty surrounding costs for determining risk profile, we also included a 

sensitivity analysis where these costs were excluded. Using this information, we conducted a 

threshold analysis to estimate the maximum cost for determining risk profile where 

personalised screening would be considered cost effective compared to uniform screening, at 

a WTP of $50,000 per QALY gained.

RESULTS

Uniform screening

Compared with no screening, the uniform screening scenarios (Table 3a) reduced CRC 

incidence by 22-69% (18-58 fewer CRC cases per 1,000 individuals) and mortality by 

35-79% (10-23 fewer CRC deaths). These scenarios yielded 0.11-0.32% more QALYs 

(20-58 additional QALYs) and costs increased by 0.5%-424% ($6,409-$5,277,930) per 

1,000 individuals. These screening scenarios increased colonoscopy demand by 383-6,927 

colonoscopies per 1,000 individuals (Table 3a). Several uniform screening scenarios were on 

the efficient frontier (Supplementary Results, Figure S1). Using a WTP threshold of $50,000 

per QALY gained, the optimal uniform screening scenario was annual FIT from 50 to 74 

years (ICER $43,174). Although close to the efficient frontier, biennial FIT screening from 

50 to 74 years, the screening program currently implemented in Australia, was dominated. 

Colonoscopy screening scenarios were the most effective, however, they also had the highest 

ICERs.

Optimal screening strategies per risk group

The efficient frontier included many of the same strategies for each risk group, however, the 

ICERs differed substantially (Supplementary Results Table S1, Figures S2a–e). For 

example, annual screening with FIT from 54 to 74 years was on the efficient frontier for all 

risk groups, however, the ICERs ranged from $86,929 for those at very low risk to $3,687 

for those at very high risk. Considering a WTP threshold of $50,000 per QALY gained, the 
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optimal screening strategy for those at very low risk was biennial FIT from 54 to 74 years 

(ICER $33,639), while for those at highest risk, the optimal strategy was 5-yearly 

colonoscopy from 50 to 74 years (ICER $39,568). Biennial FIT screening was only on the 

efficient frontier for the very low risk group (ICER $63,911).

Personalised screening

Using these efficient strategies, 39 personalised screening scenarios were created (Table 4). 

These scenarios (Table 5a) reduced CRC incidence by 4-68% (3-57 fewer CRC cases per 

1,000 individuals) and mortality by 5-79% (2-23 fewer deaths). In addition, they yielded 

0.02-0.32% more QALYs (3-58 additional QALYs) and increased costs by 19-432% 

($233,599-$5,330,249). The personalised screening scenarios increased colonoscopy 

demand by 45-6,698 colonoscopies per 1,000 individuals (Table 5a).

At a WTP threshold of $50,000 per QALY gained, the optimal personalised screening 

scenario consisted of the following: those at very low risk or low risk screening should start 

at age 54 with biennial and annual FIT respectively, those at average and high risk screening 

should start at age 50 with annual FIT and those at very high risk screening should start at 

age 50 with 5-yearly colonoscopy (ICER $45,682).

Uniform screening versus personalised screening

When compared, personalised and uniform screening scenarios similarly reduced CRC 

incidence and mortality and yielded similar QALYs. Personalised screening more efficiently 

allocated colonoscopy demand, however it cost more than uniform screening, due to the cost 

of determining risk. Although several scenarios from each type of screening were on the 

efficient frontier (Figure 1a), all of the personalised screening scenarios had an ICER above 

$100,000 and would therefore not be considered cost effective. At a WTP threshold of 

$50,000 per QALY gained, the optimal screening scenario was annual FIT screening from 

50 to 74 years.

Realistic adherence

As might be expected, the application of realistic participation rates decreased the health 

benefits as well as the costs of all screening scenarios. At this level of participation, none of 

the personalised screening scenarios were cost effective compared to uniform screening 

(Figure 1b).

Sensitivity analyses

Our results were not sensitive to changes in discounting, weighting of QALYs or 

adjustments to rates of participation (Supplementary Results Tables S2–5, Figures S3–6). 

However, excluding the costs of determining polygenic risk had a significant impact on our 

results with personalised screening dominating uniform screening scenarios at both perfect 

(Figure 1c) and realistic adherence (Supplementary Results Figure S7). The threshold 

analysis indicated that for personalised screening to be cost effective compared to uniform 

screening at the WTP of $50,000 per QALY gained, the cost for determining risk should not 

exceed $47.52 (Supplementary Results Table S8).
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DISCUSSION

We investigated the impact of personalising CRC screening based on polygenic risk and 

family history. We found that uniform screening was equally effective (cancers and deaths 

prevented) but more cost effective than personalised screening. Although personalised and 

uniform screening showed similar reductions in CRC incidence and mortality and similar 

gains in QALYs, personalised screening incurred additional costs resulting from the whole 

population undergoing testing to determine their CRC risk.

The concept of personalised screening is promising and has previously been shown to be 

more effective than a strategy based on age alone.7, 21–23 Our results add support to these 

findings. However, our results do not align with recent findings that risk-stratified screening 

based on polygenic risk profile for breast cancer is cost effective compared to the standard 

age-based screening program.46 This discrepancy may be due to differences in the 

discriminatory performance of risk stratification algorithms or differences in the cost for 

determining risk, which was substantially lower in this analysis (£50 or ~$90) than in ours 

(~$240). However, it is difficult to accurately determine how much of the cost for 

establishing risk should be allocated to a screening program. The cost of polygenic testing 

varies widely47 and there is potential to combine testing for other cancers. Given this 

difficulty and because cost-effectiveness of personalised screening is highly dependent on 

these additional costs, we assessed the impact of excluding them. We found that when these 

costs were excluded, personalised screening was cost effective. The threshold analysis 

suggested that at a WTP of $50,000 per QALY gained, the cost to determine risk should not 

exceed ~$48, which is significantly lower than the cost assumed in this analysis.

The effectiveness of personalised screening will be impacted by the precision with which the 

population is stratified.15 This will be affected by both the accuracy of the metric used to 

stratify the population and the proportion of the population willing to undertake polygenic 

testing. Although our results appear unfavourable, the advantage of screening based on 

polygenic risk and family history remains limited largely because the current contribution of 

known SNPs to CRC risk is modest.9, 10, 48 As new SNPs are identified, the discriminatory 

utility of polygenic testing will increase and the performance of risk assessment based on 

this metric could improve.15 The inclusion of other factors in risk assessment, such as 

obesity and smoking status, may also enhance the discriminatory performance of 

personalised screening.13, 49, 50 It may also be pertinent to consider results from an 

individual’s screening history. As these factors will vary over an individual’s lifespan, 

assessment of risk may need to become more dynamic in nature and although such 

inclusions will present challenges, they will likely improve the harm–benefit ratio of CRC 

screening.

In addition, although genetic testing for CRC has been shown to be acceptable to the 

community,51 individuals may not always be willing to undergo testing, for a variety of 

reasons, including concerns over privacy, possible misuse of data, and potential negative 

psychological impacts of findings.52–54 For this analysis, we assumed all individuals would 

undergo testing to determine their risk profile however, due consideration of how to manage 

this issue is required.
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The benefits of population screening are largely dependent on participation. With many 

countries already experiencing suboptimal levels of participation in routine age-based 

screening for CRC,33, 55 personalised screening presents an interesting proposition. On one 

hand, increasing the complexity of screening may reduce participation in screening, thereby 

diminishing the modest benefits. However, individuals at increased risk of CRC have been 

shown to be more compliant to screening guidelines than those at average risk,56 suggesting 

that the provision of risk information may assist in screening uptake.16, 57 Coupled with 

evidence that involvement of GPs improves participation in CRC screening,58 a simple risk 

assessment has the potential to positively impact screening participation.59 When we applied 

realistic rates of participation we found that personalised screening remained suboptimal 

compared to uniform screening, even when participation in personalised screening was 

improved (Supplementary Results, Figure S6). This suggests that at present, increasing 

participation in uniform screening will likely yield better results.

Screening effectiveness will also be impacted by the choice of screening test and screening 

frequency. This will largely be determined by a health systems capacity to provide a given 

intervention to its population. Our analysis indicates that screening scenarios utilising 

colonoscopy are the most effective scenarios. However, as would be expected, these 

scenarios significantly increase colonoscopy utilisation. Although personalised screening 

more efficiently allocated colonoscopy utilisation compared to uniform screening, such 

increases in demand will likely be infeasible, especially in countries with limited 

colonoscopy capacity.

Moving from an age-based screening program will result in a redistribution of the harms and 

benefits. This raises ethical issues as although personalised screening may be optimal at a 

population level, individuals may experience increased harms or reduced benefits as a result 

of their screening protocol. As would be expected, our analysis indicates that when 

individuals undergo less frequent screening (either by starting screening later or by having a 

longer screening interval) they experience higher CRC incidence and mortality. However, 

this will be partly offset by a reduction in other harms such as invasive tests, false-positive 

test results, adverse events, anxiety and inconvenience. These concerns hold for the inclusion 

of younger individuals although recent evidence suggests that their inclusion is favourable.60

Limitations exist with our research. First, we only considered a limited number of risk 

categories. Effectiveness and cost-effectiveness could be further improved as the 

discriminatory performance of risk stratification improves. Second, we only included a 

limited number of low intensity screening strategies. It is possible that other low intensity 

screening strategies, such as one-off colonoscopy or less frequent FIT screening would be 

more efficient. Third, we did not compare the (cost-)effectiveness of stratifying the 

population based on family history alone. However, as the aim of this research was to 

explore the possible implications of combining SNPs and family history in a risk 

assessment, and, as determining polygenic risk is assumed to be quite expensive, such a 

comparison would potentially make this analysis look even less cost effective. Finally, there 

is some uncertainty regarding the assumptions for participation in screening. We assumed 

that participation in screening of any form would be equal to participation in uniform 

biennial FIT screening. However this is unlikely as participation in screening varies widely.5 
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Unfortunately, to date, there is little data examining multiple screening modalities within one 

population to adequately address this concern.

In summary, this research presents an exploration of the possible impact of personalised 

screening for CRC based on polygenic risk and family history. Our results suggest that 

although personalising screening based on CRC risk is slightly more effective than screening 

based on age alone, it is currently not necessarily cost effective. Cost-effectiveness of 

personalised screening will depend on the costs of determining risk and the magnitude of the 

benefits of personalisation. Our analysis suggests that the currently assumed cost of 

determining risk is too high compared to the gains and costs must be substantially lower for 

personalised screening to become cost effective. The balance of cost and benefits will be 

contingent on the discriminatory performance of risk-stratification algorithms on polygenic 

risk and family history, which remains sub-optimal.

However, we cannot ignore the changing landscape that advances in technology provide and, 

as improvements in risk stratification occur and costs for polygenic testing decrease, 

personalising screening will become an increasingly cost-effective and attractive option. 

This consortium of researchers, and others, have previously called for the concept of 

personalised screening to be brought to the attention of key stakeholders.15, 61 Our research 

seeks to highlight the possible implications of personalised screening based on risk 

assessment, which we believe can and will play a significant role in improving our screening 

programs. As such, we reiterate our call that key stakeholders carefully consider the 

evidence for personalised screening in order to effectively plan for the future.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Costs and quality-adjusted life years (discounted at 5%) per 1,000 40-year-olds for all 

uniform and personalised colorectal cancer screening scenarios and a scenario without 

screening, with the efficient frontier connecting the economically efficient strategiesa 

assuming: a) perfect adherence; b) realistic adherence and c) perfect adherence and no costs 

associated with determining risk.

Abbreviations: QALYs = quality-adjusted life years

Note: A description of the personalised screening scenarios can be found in Table 4.
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a. Discounted costs and life years gained reflect total costs and life years gained of a 

screening program, accounting for time preference for present over future outcomes. 

Quality-adjusted life years gained are plotted on the y-axis, and total costs are plotted on the 

x-axis. Each possible screening strategy is represented by a point. Strategies that form the 

solid line connecting the points lying left and upward are the economically rational subset of 

choices. This line is called the efficient frontier. The inverse slope of the line represents the 

incremental cost-effectiveness ratio of the connected strategies. Points lying to the right and 

beneath the line represent the dominated strategies.
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Table 1:

Model Inputs: Test characteristics, participation assumptions, utility losses and costs associated with colorectal 

cancer screening and treatment

TEST CHARACTERISTICS

Specificity and sensitivity of FIT 
a

  Specificity (per person) 95.0%

  Sensitivity adenoma 1-5 mm 0.0%

  Sensitivity adenoma 6-9 mm 9.0%

  Sensitivity adenoma 10+ mm 32.0%

  Sensitivity cancer long before clinical diagnosis 
b 36.5%

  Sensitivity cancer shortly before clinical diagnosis 
b 72.8%

Specificity and sensitivity of colonoscopy 
c, d

  Specificity 86%

  Sensitivity adenoma 1-5 mm 75%

  Sensitivity adenoma 6-9 mm 85%

  Sensitivity adenoma 10+ mm 95%

  Sensitivity preclinical cancer 95%

Complication of colonoscopy 
e

  Fatal complication 
f 0.040%

  General complication 
g

   50–54 0.096%

   55–59 0.080%

   60–64 0.054%

   65–69 0.127%

   70–74 0.073%

PARTICIPATION

Uptake of initial screening offer 
h

  50–54 28.5%

  55–59 36.8%

  60–64 43.2%

  65–69 43.5%

  70–74 52.5%

Uptake of rescreening 
h

  Previously attended 76.0%

  Previously not attended 19.7%

Attendance at General Practitioner 
i 90.0%

Uptake of diagnostic test 
h

  50–54 72.3%
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TEST CHARACTERISTICS

  55–59 71.6%

  60–64 71.4%

  65–69 70.6%

  70–74 68.2%

Adherence to surveillance 
j 80.0%

UTILITY LOSS (QALYs) 
k

Per FIT 0

Per colonoscopy 
l 0.00274

Per complication of colonoscopy 
m 0.01918

Per LY with CRC Care 
n, o Initial Care Continuing Care Terminal care (Death CRC) Terminal care (Death OC)

Stage I 0.12 0.05 0.70 0.05

Stage II 0.18 0.05 0.70 0.05

Stage III 0.24 0.24 0.70 0.24

Stage IV 0.70 0.70 0.70 0.70

COSTS (2016 $AUD) 
p

Per FIT invitation 
q 17.35

Per returned FIT 
r 22.60

Per GP visit 
s 37.05

Per colonoscopy (same day) 
t 1,627

Polygenic test 
u 200

Per complication of colonoscopy 
v 9,027

Treatment by stage and location 
w, x, y

  Stage I CC (without bevacizumab) 31,107

  Stage I RC (without bevacizumab) 41,619

  Stage II CC (without bevacizumab) 43,776

  Stage III CC (without bevacizumab) 79,375

  Stage II/III RC (without bevacizumab) 86,317

  Stage IV CRC without bevacizumab 71,156

  Stage IV CRC with bevacizumab 81,403

Abbreviations: CC = Colon Cancer; CRC = Colorectal Cancer; Abbreviations: FIT = faecal immunochemical test; GP = General Practitioner; OC = 
Other Cause; QALY = Quality-Adjusted Life Year; RC = Rectal Cancer; LY = Life Year

a.
Specificity and sensitivity of FIT derived from results of Queensland Health report31

b.
We assume that FIT screening is more sensitive in cancers as they progress towards becoming symptomatic (visible bleeding) and clinically 

detectable. For preclinical cancers which will become symptomatic within the same stage, assumed test sensitivity is higher

c.
The lack of specificity with endoscopy reflects the detection of non-adenomatous lesions, where the non-adenomatous lesions are removed and 

therefore induce polypectomy and biopsy or lead to (unnecessary) referral with sigmoidoscopy. The evidence synthesis reported no specificity for 

endoscopy for any adenoma. Specificity for colonoscopy is therefore based on Schroy et al, 201362
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d.
Sensitivity of colonoscopy for the detection of adenomas and CRC within the reach of the endoscope was obtained from a systematic review on 

miss rates observed in tandem colonoscopy studies63

e.
Complications are conditional on polypectomy, and we assume that polypectomy is only performed if colonoscopy is positive

f.
Fatal perforation taken from Viiala et al, 200364 and includes only deaths from colonoscopies performed in outpatients within 30 days of, and 

attributed to, colonoscopy

g.
Age-specific rate of complication taken from National Bowel Cancer Screening Monitoring report.33 A complication is considered as an 

unplanned hospital admission within 30-days of a diagnostic colonoscopy

h.
Uptake of screening, rescreening and participation in diagnostic follow up taken from National Bowel Cancer Screening Monitoring report33

i.
Attendance at general practitioner for referral to colonoscopy taken from Tran et al, 201126

j.
Attendance at surveillance colonoscopies assumed to be 80% based on Colquhoun et al, 200334

k.
The loss of quality of life associated with a particular event

l.
Equal to 2 days per colonoscopy at a utility of 0.5

m.
Complications associated with hospitalisation with 30 days of colonoscopy were assumed to be equal to 14 days at a utility of 0.5

n.
Care for CRC was divided in three clinically relevant phases: the initial, continuing, and terminal care phase. The initial care phase was defined as 

the first 12 months after diagnosis; the terminal care phase was defined as the final 12 months of life; the continuing care phase was defined as all 
months in between. In the terminal care phase, we distinguished between CRC patients dying from CRC and CRC patients dying from another 
cause. For patients surviving less than 24 months, the final 12 months were allocated to the terminal care phase and the remaining months were 
allocated to the initial care phase

o.
Utility losses for LYs with initial care were derived from a study by Ness and colleagues.42 For LYs with continuing care for stage I and II CRC, 

we assumed a utility loss of 0.05 QALYs; for LYs with continuing care for stage III and IV CRC, we assumed the corresponding utility losses for 
LYs with initial care. For LYs with terminal care for CRC, we assumed the utility loss for LYs with initial care for stage IV CRC. For LYs with 
terminal care for another cause, we assumed the corresponding utility losses for LYs with continuing care

p.
Costs are from a health systems perspective and do not include patient time costs. All costs are presented in Australian dollars ($AUD) and are 

indexed to 2016 prices

q.
FIT price based on the pricing of a commercially available alternative35

r.
The cost to analyse a specimen based in Australian Medicare Benefits Schedule36

s.
Cost to visit GP taken from Australian Medicare Benefits Schedule37

t.
Costs for colonoscopy are calculated based on information available from Independent Hospital Pricing Authority38

u.
Cost of polygenic test based on a commercially available polygenic test for breast cancer41

v.
Costs for complications of colonoscopy are calculated based on information available from Independent Hospital Pricing Authority38

w.
Cost of treatment taken from Ananda et al, 201639

x.
Proportion of rectal cancer assumed to be 30.81%27

y.
Proportion of Stage IV cancers treated with bevacizumab assumed to be 50%39
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Table 4:

Specifics of the personalised screening scenarios, when costs and QALYs are discounted at 5%
a

Screening Strategy
Risk Groups

Very Low Low Average High Very High

PS1 NoScr NoScr NoScr NoScr FIT_60_1

PS2 NoScr NoScr NoScr NoScr FIT_54_1

PS3 NoScr NoScr NoScr FIT_60_2 FIT_54_1

PS4 NoScr NoScr NoScr FIT_60_1 FIT_54_1

PS5 NoScr NoScr NoScr FIT_54_2 FIT_54_1

PS6 NoScr NoScr NoScr FIT_54_1 FIT_54_1

PS7 NoScr NoScr FIT_60_2 FIT_54_1 FIT_54_1

PS8 NoScr NoScr FIT_54_2 FIT_54_1 FIT_54_1

PS9 NoScr NoScr FIT_54_2 FIT_54_1 FIT_50_1

PS10 NoScr FIT_60_2 FIT_54_2 FIT_54_1 FIT_50_1

PS11 NoScr FIT_54_2 FIT_54_2 FIT_54_1 FIT_50_1

PS12 NoScr FIT_54_2 FIT_54_1 FIT_54_1 FIT_50_1

PS13 NoScr FIT_54_2 FIT_54_1 FIT_50_1 FIT_50_1

PS14 FIT_54_3 FIT_54_2 FIT_54_1 FIT_50_1 FIT_50_1

PS15 FIT_54_2 FIT_54_2 FIT_54_1 FIT_50_1 FIT_50_1

PS16 FIT_54_2 FIT_54_2 FIT_54_1 FIT_50_1 COL_54_5

PS17 FIT_54_2 FIT_54_2 FIT_54_1 FIT_50_1 COL_50_5

PS18 FIT_54_2 FIT_54_1 FIT_54_1 FIT_50_1 COL_50_5

PS19 FIT_54_2 FIT_54_1 FIT_50_1 FIT_50_1 COL_50_5

PS20 FIT_54_2 FIT_50_1 FIT_50_1 FIT_50_1 COL_50_5

PS21 FIT_50_2 FIT_50_1 FIT_50_1 FIT_50_1 COL_50_5

PS22 FIT_50_2 FIT_50_1 FIT_50_1 COL_50_5 COL_50_5

PS23 FIT_50_2 FIT_50_1 FIT_50_1 COL_50_5 COL_46_5

PS24 FIT_54_1 FIT_50_1 FIT_50_1 COL_50_5 COL_46_5

PS25 FIT_50_1 FIT_50_1 FIT_50_1 COL_50_5 COL_46_5

PS26 FIT_50_1 FIT_50_1 FIT_46_1 COL_50_5 COL_46_5

PS27 FIT_50_1 FIT_50_1 FIT_46_1 COL_50_5 COL_40_5

PS28 FIT_50_1 FIT_50_1 FIT_46_1 COL_46_5 COL_40_5

PS29 FIT_50_1 FIT_50_1 COL_50_5 COL_46_5 COL_40_5

PS30 FIT_50_1 FIT_46_1 COL_50_5 COL_46_5 COL_40_5

PS31 FIT_46_1 FIT_46_1 COL_50_5 COL_46_5 COL_40_5

PS32 FIT_46_1 FIT_46_1 COL_50_5 COL_40_5 COL_40_5

PS33 FIT_46_1 FIT_46_1 COL_46_5 COL_40_5 COL_40_5

PS34 FIT_46_1 COL_50_5 COL_46_5 COL_40_5 COL_40_5

PS35 FIT_46_1 COL_46_5 COL_46_5 COL_40_5 COL_40_5

PS36 FIT_46_1 COL_46_5 COL_40_5 COL_40_5 COL_40_5

PS37 COL_50_5 COL_46_5 COL_40_5 COL_40_5 COL_40_5

PS38 COL_50_5 COL_40_5 COL_40_5 COL_40_5 COL_40_5
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Screening Strategy
Risk Groups

Very Low Low Average High Very High

PS39 COL_46_5 COL_40_5 COL_40_5 COL_40_5 COL_40_5

Abbreviations: COL = colonoscopy; FIT = faecal immunochemical test, NoScr = no screening

Screening strategies: Screening test, screening start age, screening interval

a.
All screening ends at or before the age of 74 years
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