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Abstract: Different sources of patient heterogeneity or personal characteristics may 
contribute to differential cost-effectiveness profiles of national screening programs 
for colorectal cancer (CRC). To motivate the use of subgroup analyses when 
individual level data are unavailable, we provide a stylized example of the potential 
economic value of capturing patient heterogeneity in CRC screening. We developed 
a Markov model to capture the impacts of patient heterogeneity on the cost-
effectiveness of CRC screening involving once-only sigmoidoscopy compared to 
no screening. We simulated cohorts of Norwegian men, women, and six 
comorbidity subgroups that differentially influenced the relative treatment effect, 
the risks of developing CRC, dying from CRC, dying from background mortality or 
screening-related adverse events and baseline quality of life. We calculated the 
discounted (4%) incremental cost-effectiveness ratio (ICER), defined as the cost per 
quality-adjusted life year (QALY) gained, and the net monetary benefit (NMB) 
gained by stratification, from a societal perspective. Screening in men was cost-
effective at any threshold value, while screening in women only provides good value 
for money from threshold values of €50,000 per QALY gained and above. 
Comorbidities unrelated to CRC development yielded generally less attractive cost-
effectiveness ratios (i.e., increased the ICER), while related comorbidities improved 
the cost-effectiveness profiles of screening for CRC. A stratified policy that 
accounts for different screening outcomes between men and women could 
potentially improve the value of screening by €5.8 million annually. Accounting for 
patient heterogeneity in CRC screening will likely improve the value of screening 
strategies, as a single screening approach for the entire population can result in 
inefficient use of resources. 
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1 Introduction 
Evaluations of the health and economic trade-offs of alternative screening programs 
typically use a population-based approach, yielding health policy recommendations and 
reimbursement decisions based on outcomes for the average population. National screening 
guidelines, which can vary by screening test, screening frequency, and triage algorithm, 
often identify a target population for whom screening is most appropriate. However, these 
recommendations can mask important sources of patient heterogeneity (sex, age, 
comorbidity status), often because economic evaluations of important sub-groups for whom 
screening benefits may differ are not undertaken (Bala & Zarkin, 2004; Grutters et al., 
2013). Recommending patients to attend screening for whom it is not effective (or even 
harmful), or withholding screening from patients in the population who can benefit is 
potentially unethical and is an inefficient use of healthcare resources. In order to motivate 
more wide-spread use of sub-group analyses when individual-level data are unavailable, the 
objective of this paper was to provide a stylized example of the potential economic value of 
capturing patient heterogeneity in colorectal cancer (CRC) screening using the most up-to-
date sources of heterogeneity from a recent randomized controlled trial and literature 
reviews. Underscoring the role of patient heterogeneity is particularly important for 
Norway, which is currently outlining a national CRC screening program for all men and 
women aged 55+ years, irrespective of potentially important patient heterogeneity (Cancer 
Registry of Norway, 2017).  

CRC is the 4th most prevalent cause of cancer mortality in the world (Lozano et al., 
2012), and an increasing number of Western countries have implemented (or are considering 
implementing) organized population-based screening programs for the prevention or early 
detection of CRC (Basu et al., 2018; Schreuders et al., 2015). Several factors are known to 
increase the risk of developing and dying from CRC, such as diabetes and obesity, lifestyle-
related factors (e.g. smoking and heavy alcohol use), and familial history and genetic 
predisposition (American Cancer Society, 2018). In addition, the risk of screening-related 
adverse events may be different across patient subgroups (Warren, 2009). Similarly, these 
factors may also increase the monetary costs associated with screening, treatment, and 
complications, which together, will influence the value (i.e., cost-effectiveness) of a generic 
screening program. In reviewing recent economic evaluations of screening for CRC, studies 
explored common sources of patient heterogeneity such as age and sex, and few have 
explored such factors as generic comorbidity status (including diabetes) and race on the 
value of CRC screening (Dinh et al., 2012; Lansdorp-Vogelaar et al., 2014; Lansdorp-
Vogelaar et al., 2009; van Hees et al., 2015). With the exception of diabetes (Dinh et al., 
2012), studies have not provided more concrete examples of patient subgroups for which 
screening recommendations may differ. Even so, and despite several studies identifying 
important differences between sub-groups (e.g., increasing harms due to overdiagnosis with 
increasing generic comorbidity index, reduced benefits of screening with decreasing life 
expectancy (Lansdorp-Vogelaar et al., 2014; van Hees et al., 2015)), national guidelines for 
CRC do not account for differences in patient heterogeneity, apart from age (Basu et al., 
2018; Schreuders et al., 2015). To our knowledge, no studies have assessed the value (and 
opportunity costs) of stratifying CRC screening guidelines for specific sub-groups, which 
may resonate with stakeholders considering the trade-offs of implementing a more generic 
CRC screening program. Similarly, no studies have included evidence from a forthcoming 
randomized trial suggesting that CRC screening using sigmoidoscopy has little or no effect 
on women (Holme et al., 2018).   
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2 Methods 

2.1 Stylized example for colorectal cancer screening 

We developed a decision-analytic Markov model that simulates cohorts of men and women 
aged 60 years in order to provide estimates the cost-effectiveness of screening for CRC 
involving once-only sigmoidoscopy compared to no screening for alternative sub-groups. 
Recent RCTs have shown that sigmoidoscopy reduces the future incidence of CRC by 
identifying and removing adenomas before they have an opportunity to progress to invasive 
cancer (Holme et al., 2018; Lin et al., 2016). The role of sigmoidoscopy to identify early 
stage CRC was not considered in this stylized analysis. 

2.2 Stratification 

In a systematic review, Grutters et al. (2013) categorized patient heterogeneity into three 
sources that potentially affect parameter values in a decision model: demographics (e.g., 
age, sex and socio-economic status), preferences (e.g., attitude, beliefs and risk tolerance) 
and clinical characteristics (e.g. disease severity, disease history and genetic profile). 
Although differences in treatment effects are one important aspect of heterogeneity, the 
cost-effectiveness profiles of interventions can also be affected through differential 
parameter values for baseline risk, health state utility and resource utilization (Grutters et 
al., 2013). For example, Braithwaite (2011) defined payoff time as the time until a 
guideline’s cumulative benefits first exceed its cumulative incremental harms. When life 
expectancy of a patient not following the guideline is shorter than payoff time, the guideline 
should not be followed. This payoff time is especially relevant in the presence of severe 
comorbidities that affect life expectancy (Braithwaite, 2011). Therefore, factors ‘unrelated’ 
to the development of CRC (e.g., background life expectancy, and quality of life) may also 
result in differing cost-effectiveness profiles.    

We reviewed the literature to derive comorbidity-specific risks of CRC incidence, 
screening-related adverse events, and overall- and cancer-specific mortality (Botteri et al., 
2008; Carter et al., 2015; Cho et al., 2013; De Bruijn et al., 2013; Flegal et al., 2013; Mills 
et al., 2013; Moghaddam et al., 2007; Phipps et al., 2011; Reichle et al., 2015; Warren, 
2009), and have been summarized in Table 1. Patient heterogeneity was represented in our 
analysis by two types of comorbidity that affect baseline risk and quality of life, i.e., 
comorbidities related and unrelated to CRC development and screening performance. 
‘Related comorbidities’ included diabetes mellitus, obesity and smoking, as it is well 
established that these factors influence baseline quality of life, the risk of developing CRC, 
dying from CRC and dying from background mortality. ‘Unrelated comorbidities’ 
influenced baseline quality of life and the risk of dying from background mortality and were 
selected from the literature to explore varying degrees of severity and burden in the general 
population. Unrelated comorbidities included chronic obstructive pulmonary disease 
(COPD), dementia, and chronic renal failure. Both diabetes mellitus and COPD additionally 
increased the risk of screening-related adverse events. Furthermore, we included sex-based 
subgroups, as recently published results from a randomized trial suggested differences 
between men and women in the relative effect of sigmoidoscopy screening, screening 
resource use and baseline risk (Holme et al., 2018). 

We used the stratified analysis (SA) framework, introduced by Coyle et al. (2003), 
to identify the optimal treatment for each subgroup in the absence of individual-level data 
and to compare the cost-effectiveness between subgroups. Within the SA framework, we 
compared two approaches to patient management. The ‘population-based approach’, in 
which the optimal decision assumes all patients receive the same treatment, is compared 
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with a ‘stratified approach’, which assumes the total eligible population is stratified into 
relevant patient subgroups and the optimal decision is determined for each respective 
subgroup. The authors define this concept as the ‘limited use criteria’ (LUC) policy, which 
is intended to improve efficiency in healthcare by restricting treatment to subgroups for 
whom it provides good value for money. By calculating the net monetary benefit (NMB) 
gained with stratification (i.e., dividing the population into subgroups of patients) as 
inherent in LUC, the efficiency gains for considering patient heterogeneity can be 
quantified, allowing decision makers to examine the value of subgroup-specific policies. 
Quantification of the benefit of using patient heterogeneity to identify the optimal treatment 
for each subgroup involves calculating the cost-effectiveness of treatment in terms of the 
incremental net monetary benefit (INMB), conditioned on a specific monetary threshold 
value (i.e., willingness-to-pay threshold) assigned to an additional health effect, for each 
subgroup. Potential for efficiency gains exist when optimal treatment decisions for patient 
subgroups are different from an average population-based treatment decision (Coyle et al., 
2003). 

Model outcomes included monetary costs (2017 Euros) and QALYs for a cohort of 
a 1,000 screen-eligible individuals. For each of the eight subgroups, we calculated the 
incremental cost-effectiveness ratio (ICER), defined as the cost per quality-adjusted life 
year (QALY) gained. We adopted a societal perspective and discounted costs and health 
effects at 4% annually, consistent with Norwegian guidelines (Norwegian Medicines 
Agency, 2018). We calculated the NMB gained assuming stratification to quantify the 
potential efficiency gains for each patient subgroup compared with the general population.  

3 Model structure 
A cohort of Norwegian men or women enter the model at age 60 years without colorectal 
cancer (Figure 1). Each year, the cohort faces risks of developing and dying from CRC, 
dying due to other causes (i.e., background mortality) or remaining CRC-free. Screening, 
involving once-only sigmoidoscopy occurs at age 60 years (i.e., model start), followed by a 
colonoscopy for the proportion of screened individuals considered at risk of developing 
CRC. Adverse events associated with the sigmoidoscopy and colonoscopy procedures 
included intestinal bleeding and bowel perforation, which could result in hospitalization or 
death.  

 
Figure 1:  Model structure. 
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3.1 Model input parameters 
Model parameter inputs included Norwegian national epidemiologic and economic data 
augmented with data obtained from the literature review as described earlier (Table 1). 

Age- and sex-specific all-cause mortality was estimated from 2017 Norwegian life 
tables (Statistics Norway, 2018a). Age-and sex-specific CRC incidence rates and sex-
specific 15-year relative survival was estimated using 2012-2016 data from the Norwegian 
Cancer Registry (Cancer Registry of Norway). We used tunnel states to capture the time-
dependency of CRC survival and assumed CRC patients faced no excess CRC mortality 
after 15 years. 

The comorbidity-specific risks of colorectal cancer incidence, screening-related 
adverse events, and overall- and cancer-specific mortality, identified in the previously-
described literature review, were applied to the baseline event rates (Botteri et al., 2008; 
Carter et al., 2015; Cho et al., 2013; De Bruijn et al., 2013; Flegal et al., 2013; Mills et al., 
2013; Moghaddam et al., 2007; Phipps et al., 2011; Reichle et al., 2015; Warren, 2009). To 
control for overestimation of CRC risks, increased event rates in subgroups were normalized 
by using age- and sex-specific Norwegian prevalence data (Norwegian Institute of Public 
Health, 2016a, 2016b; Norwegian Renal Registry, 2016; Solli, 2013; Statistics Norway, 
2016; 2018a; 2018b; Waatevik et al., 2013).  

The clinical effect of screening on CRC incidence, stratified for men and women, 
was based on a large (n= 100,210) randomized controlled trial of once-only screening 
involving sigmoidoscopy conducted in a sample of the Norwegian general population aged 
55-64 years with a median follow-up of 14.8 years (Holme et al., 2018). The hazard ratio 
for incident CRC was applied in the model for the first 14 years following baseline screening 
at age 60 years. From years 15 to 19 after screening, incident CRC was assumed to linearly 
return to the age-specific baseline risk. As no comorbidity-specific data on the clinical effect 
of screening were available, we assumed a constant relative screening effect across 
comorbidity subgroups. We further assumed that the probability of a follow-up colonoscopy 
in screened individuals was proportional to CRC risk across the subgroups.  

The probability of follow-up colonoscopy for men and women was based on the 
same Norwegian trial (Holme et al., 2018), and the baseline probability of screening-related 
adverse events was derived from a previous economic evaluation of colorectal cancer 
screening (Sharp et al., 2013). 

As Norwegian data on health-related quality of life (HRQoL) do not exist, we 
derived the age- and sex-specific HRQoL values for the general population from the 
Swedish study by Burström et al. (2001), as recommended in the Norwegian guidelines 
(Norwegian Directorate of Health, 2018). We used Dutch studies to estimate the baseline 
values for comorbidity-specific HRQoL, elicited using the EQ-5D questionnaire (De Wit et 
al., 2000; Hakim et al., 2002; Redekop et al., 2002; Rutten-van Molken et al., 2006; Vogl et 
al., 2012; Wolfs et al., 2007). We applied an age-adjustment based on the general population 
values, in accordance with the Norwegian guidelines. The quality of life decrement for 
incident colorectal cancer was derived from the Global Burden of Disease study (Salomon 
et al., 2012) and subtracted from the baseline comorbidity-specific quality of life value. 
Similar to cancer survival, we assumed quality of life retuned to its baseline pre-cancer value 
after 15 years. 
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Table 1:  Values for key model parameters used in the analysis. Costs in 2017 Euros. 

Model parameter Valuea References 

   
CRC (baseline) 

CRC incidence, men (age 60-99) 0.001 – 0.006 
(Cancer Registry of 
Norway, 2017) 

CRC incidence, women (age 60-99) 0.001 – 0.004 
(Cancer Registry of 
Norway, 2017) 

CRC cumulative relative survival (year 1-15), men 0.836 – 0.540 
(Cancer Registry of 
Norway, 2017) 

CRC cumulative relative survival (year 1-15), women 0.834 – 0.584 
(Cancer Registry of 
Norway, 2017) 

Screening characteristics (baseline) 
RR for CRC incidence for sigmoidoscopy, men 0.66 (0.57 - 0.78) (Holme et al., 2018) 
RR for CRC incidence for sigmoidoscopy, women 0.92 (0.79 - 1.07) (Holme et al., 2018) 
Participation rate in, men 0.614  (Holme et al., 2018) 
Participation rate in, women 0.647 (Holme et al., 2018) 
Baseline proportion attending colonoscopy, men 0.229 (Holme et al., 2018) 
Baseline proportion attending colonoscopy, women 0.162 (Holme et al., 2018) 

Adverse screening events (baseline)   
Probability of perforation during sigmoidoscopy 0.00002 (Sharp et al., 2013) 
Probability of death after perforation during 
sigmoidoscopy 0.065 (Sharp et al., 2013) 
Probability of major bleeding during sigmoidoscopy 0.00003 (Sharp et al., 2013) 
Probability of perforation during colonoscopy 0.002 (Sharp et al., 2013) 
Probability of death after perforation during 
colonoscopy 0.052 (Sharp et al., 2013) 
Probability of major bleeding during colonoscopy 0.004 (Sharp et al., 2013) 

Risk for comorbidities   
RR for CRC incidence for obesity 1.19 (1.11 - 1.29) (Moghaddam et al., 2007) 
RR for conditional CRC mortality for obesity 3.17 (1.29 - 7.81) (Reichle et al., 2015) 
RR for overall mortality for obesity 1.18 (1.12 - 1.25) (Flegal et al., 2013) 
RR for CRC incidence for diabetes 1.26 (1.14 - 1.40) (De Bruijn et al., 2013) 
RR for conditional CRC mortality for diabetes 1.12 (1.01 - 1.24) (Mills et al., 2013) 
RR for overall mortality for diabetes 1.45 (1.43 - 1.47) (Cho et al., 2013) 
RR for adverse screening events for diabetes 1.262  (Warren, 2009) 
RR for CRC incidence for smoking 1.18 (1.11 - 1.25) (Botteri et al., 2008) 
RR for conditional CRC mortality for smoking 1.30 (1.09 - 1.74) (Phipps et al., 2011) 
RR for overall mortality for smoking 2.80 (2.70 - 2.90) (Carter et al., 2015) 
RR for overall mortality for COPD 1.76 (1.74 - 1.79) (Cho et al., 2013) 
RR for adverse screening events for COPD 1.508 (Warren, 2009) 
RR for overall mortality for chronic renal failure 2.30 (2.25 - 2.36) (Cho et al., 2013) 
RR for overall mortality for dementia 2.35 (2.31 - 2.40) (Cho et al., 2013) 

Quality of life 
Baseline quality of life for the general population 0.80 – 0.72 (Burström et al., 2001) 
Baseline quality of life for patients with obesity 0.726  (Hakim et al., 2002) 
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Table 1 continued: Values for key model parameters used in the analysis. 
Costs in 2017 Euros. 

Model parameter Valuea References 

Baseline quality of life for patients with diabetes 0.780  (Redekop et al., 2002) 
Baseline quality of life for smokers 0.767  (Vogl et al., 2012) 
Baseline quality of life for patients with COPD 0.760  (Rutten-van Molken et al., 2006) 
Baseline quality of life for patients with chronic renal 
failure 0.690  (De Wit et al., 2000) 
Baseline quality of life for patients with dementia 0.540  (Wolfs et al., 2007) 
Quality of life decrement for CRC 0.294  (Salomon et al., 2012) 

Unit costs (2017 €) 
Invitation incl. reminder for sigmoidoscopy 25 (Aas, 2015) 
Invitation incl. reminder for colonoscopy 25 (Aas, 2015) 
Sigmoidoscopy 337 (Aas, 2015) 
Colonoscopy 495 (Aas, 2015) 
Pathology for sigmoidoscopy 6 (Aas, 2015) 
Pathology for colonoscopy 234 (Aas, 2015) 
Treating bowel perforation 
 

3 440 
 

(Norwegian Directorate of 
Health, 2016) 

Hospital admittance for bleeding 790 (Lonne et al., 2015) 
CRC treatment 39 268 (Joranger et al., 2015) 
Round-trip to the medical center 35 (Aas, 2015) 

   
COPD: chronic obstructive pulmonary disease, CRC: colorectal cancer, RR: risk ratio. 
 a For some parameters, the confidence intervals/standard errors were either not available or difficult to present 
due to age-specific values. 
 

Costs of the screening procedure, adverse events and average lifetime costs of 
colorectal cancer treatment were based on Norwegian cost studies (Aas, 2015; Joranger et 
al., 2015; Lonne et al., 2015; Norwegian Directorate of Health, 2016). In the absence of data 
we assumed unit costs of the screening procedure and per-patient average lifetime costs of 
cancer treatment were equal across subgroups, and adjusted to the participation rate in the 
screening trial. Per-patient average lifetime costs of CRC treatment were applied to all 
incident CRC cases. Costs of treating comorbidities were not included, as these were not 
directly affected by the screening procedure. 

Direct non-healthcare and indirect costs included travel costs and productivity costs 
related to screening and CRC treatment. We applied the friction cost method to calculate 
productivity costs (Koopmanschap & Rutten, 1996). The friction period for Norway has 
previously been estimated to be 68 days, based on data from the Norwegian Labour and 
Welfare Administration on open and filled vacancies in 2010 and 2011  (Norwegian Labour 
and Welfare Administration, 2015). Absence from work for the screening procedure has 
previously been estimated at 2.5 hours for sigmoidoscopy and 5 hours for colonoscopy (Aas, 
2015). 

3.2 Sensitivity analysis 
We performed a number of one-way and multi-way sensitivity analyses to evaluate the 
sensitivity of model outcomes for alternative parameter values (Table 3). We obtained the 
lower and upper values for the risk parameters from the corresponding 95% confidence 
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intervals as reported in the literature. For the lifetime cost of CRC treatment, we used lower 
and upper values corresponding to a 40% deviation from the mean value. 

4 Results 

4.1 Stratified cost-effectiveness analysis 
For the average general population, once-only sigmoidoscopy screening at age 60 years to 
reduce the future incidence of CRC resulted in €8,241 per QALY gained (Table 2); however, 
the cost-effectiveness profiles varied considerably across the alternative subgroups. 
Screening men using sigmoidoscopy was considered cost-effective at any positive 
willingness-to-pay threshold value, while screening in women only provided good value for 
money for threshold values of €50,000 per QALY gained and above. With the exception of 
smokers, screening subgroups with comorbidities considered related to CRC yielded more 
attractive ICERs compared to the average general population. In contrast, the subgroups 
with comorbidities considered unrelated to CRC generally resulted in less favorable ICERs 
compared to the average population. For example, at a threshold value of €20,000 per 
QALY gained, screening using once-only sigmoidoscopy provided good value for money 
in the average general population, but not in subgroups of women and individuals with 
dementia.  
 
Table 2: Discounted incremental costs, quality-adjusted life years (QALY), 

incremental cost-effectiveness ratios (ICER) and incremental net 
monetary benefit for screening for CRC by once-only sigmoidoscopy at 
age 60 years compared to no screening. Cohorts of 1,000 individuals, 
societal perspective. Costs in 2017 Euros. 

 
Incremental 
QALYs 

Incremental 
cost (€) 

ICER 
(€) 

Incremental net monetary benefit (€) 
λ=€20,000      λ=€40,000      λ=€60,000 

       
General population 21.6 177,657 8,241 253,499 684,655 1,115,810 
       
Sex 

Men 36.5 40,050 1,098 689,226 1,418,503 2,147,779 
Women 6.4 317,186 49,225 -188,314 -59,441 69,431 

       
Comorbidities related 
to CRC 

Obesity 42.9 155,261 3,619 702,718 1,560,697 2,418,676 
Diabetes 26.8 136,153 5,076 400,341 936,834 1,473,328 
Smoking 17.8 175,218 9,824 181,495 538,207 89,4920 

Comorbidities 
unrelated to CRC 

COPD 18.8 132,068 7,040 243,144 618,355 993,567 
Chronic renal 
failure 11.3 158,609 14,095 66,440 291,490 516,539 
Dementia 7.5 212,098 28,139 -61,346 89,407 240,160 

       
λ= monetary value of a quality-adjusted life year gained. COPD: chronic obstructive pulmonary disease, CRC: 
colorectal cancer.  
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4.2 Gain from stratification 
Dependent on the threshold willingness-to-pay value, we found that the optimal decision to 
screen using once-only sigmoidoscopy was different for the respective subgroups than for 
the average population, yielding positive gains associated with stratified recommendations. 
For a cohort of 1,000 women, the NMB gained by stratification was €188,314 at a threshold 
value of €20,000 per QALY gained (Table 2). When we scaled to the Norwegian population 
of 31,007 60-year-old women in 2017, the value of a stratified policy based on a sex-specific 
policy could amount to approximately €5.8 million annually. The NMB gained by 
stratification was positive at €61,346 for a cohort of 1,000 individuals with dementia (Table 
2), which approximately equals the potential annual value of a stratified policy based on this 
characteristic in the Norwegian 60-year old population. 

4.3 Sensitivity 
In sensitivity analysis, we found that the sex-specific relative screening effect had the largest 
impact on the model outcomes, as the upper limit for the relative effect in women was above 
1 (i.e., a higher CRC incidence in the screening arm) (Table 3). Alternative values for the 
baseline risk across the comorbidity subgroups and cost of CRC treatment had a limited 
impact on the ICER, and would generally not change the optimal treatment decision given 
a threshold value of €20,000 per QALY gained. An exception was the dementia subgroup 
when the higher bound for the cost of CRC treatment was used; the ICER dropped to just 
below €20,000 per QALY gained, which would result in a positive screening 
recommendation at the given threshold. The results of the sensitivity analysis for the 
comorbidity subgroups not presented in Table 3 were very similar. 
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Table 3:  Discounted incremental costs, quality-adjusted life years (QALY) and 
incremental cost-effectiveness ratios (ICER) associated with the one-way 
and multi-way analyses for screening for CRC involving once-only 
sigmoidoscopy at age 60 years compared to no screening for the 
comorbidity subgroups related and unrelated to CRC with the highest 
expected benefit of screening within their category, i.e., obesity and COPD. 

 
Value Incremental 

QALYs 
Incremental 
cost (€) 

ICER (€) 
 

Men 
Relative screening effect (lower) 0.57 46.4 -59,778 Dominant  
Relative screening effect (upper) 0.78 23.3 172,639 7,403 
     
Women 
Relative screening effect (lower) 0.79 17.8 207,267 11,673 
Relative screening effect (upper) 1.07 -6.6 443,500 Dominated 
     
Obesity 
Relative screening effect (lower) 0.57 79.0 -57,919 Dominant 
Relative screening effect (upper) 1.07 -12.9 498,607 Dominated 
     
Relative risk for CRC incidence (lower) 1.11 40.8 159,616 3,914 
Relative risk for CRC incidence (upper) 1.29 45.4 150,512 3,312 
     
Relative risk for CRC mortality (lower) 1.29 27.7 155,261 5,595 
Relative risk for CRC mortality (upper) 7.81 49.9 155,261 3,114 
     
Relative risk for other mortality (lower) 1.12 43.6 154,521 3,546 
Relative risk for other mortality (upper) 1.25 42.2 156,105 3,703 
     
Relative risks for CRC incidence, CRC 
mortality, other mortality (lower) 

1.11, 1.29, 
1.12 

27.0 
 

158,902 
 

5,889 
 

Relative risks for CRC incidence, CRC 
mortality, other mortality (upper) 

1.29, 7,81, 
1.25  

52.0 
 

151,391 
 

2,911 
 

     
Relative risks for CRC incidence, CRC 
mortality, other mortality (lower), CRC 
treatment cost 

1.11, 1.29, 
1.12, €54,975 

27.0 
 

64,328 
 

2,384 
 

Relative risks for CRC incidence, CRC 
mortality, other mortality (upper), CRC 
treatment cost 

1.29, 7,81, 
1.25, €23,561  

52.0 
 

255,904 
 

4,921 
 

     
COPD 
Relative screening effect (lower) 0.57 29.2 -18,157 Dominant 
Relative screening effect (upper) 1.07 -4.9 475,122 Dominated 
     
Relative risk for other mortality (lower) 1.74 18.9 131,773 6,965 
Relative risk for other mortality (upper) 1.79 18.5 132,507 7,152 
     
Relative risk for other mortality (lower), 
CRC treatment cost 

1.74, €54,975 
 

18.9 
 

29,695 
 

1,570 
 

Relative risk for other mortality (upper), 
CRC treatment cost 

1.79, €23,561  
 

18.5 
 

234,300 
 

12,647 
 

COPD: chronic obstructive pulmonary disease, CRC: colorectal cancer. 
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5 Discussion 
Despite evidence of important heterogeneity in CRC screening and existing methodology 
to account for this in decision analyses, few economic evaluations of population-based CRC 
screening programs systematically address patient heterogeneity, often because individual-
level data are not available. We applied the SA framework developed by Coyle et al. (2003), 
which does not require individual-level data, to a cost-effectiveness analysis of once-only 
sigmoidoscopy screening for CRC to demonstrate that decisions in favor of providing the 
same intervention to the entire population can result in inefficient use of resources. Our 
results generally indicate that screening women and patients with comorbidities considered 
unrelated to CRC led to less attractive cost-effectiveness profiles, while screening men and 
comorbidities considered related to CRC led to more attractive cost-effectiveness profiles. 
Reducing future CRC incidence may therefore outweigh an increase in potential adverse 
events and reduced life expectancy. These findings argue against screening 
recommendations that consider individuals of similar ages as a homogenous population. 
Instead, we argue that analyses and policy recommendations should consider heterogeneity 
in screening outcomes not only for age, but also for sex, comorbidities and other 
characteristics, as this may improve health and reduce costs in society. This is especially 
relevant for Norway, which is currently rolling-out a national CRC screening program 
without consideration of personal characteristics other than age, despite evidence from a 
large Norwegian randomized trial suggesting sigmoidoscopy-screening may not be effective 
for women. Although alternative CRC screening technologies may be used in population-
based screening (e.g., fecal occult blood testing, colonoscopy, computed tomography 
colonography), our findings suggest that women may yield greater benefits if different 
screening algorithms catered to their risk profiles were recommended (not a one-size-fits-
all national recommendation). 

Our analysis included clinically defined subgroups, for which differential baseline 
risks for CRC development and all-cause mortality are well-established in the literature, in 
conjunction with a normalization of the applied relative risks that enabled matching of 
model outcomes with national epidemiologic statistics. Similar to the previous studies that 
considered patient heterogeneity in CRC screening, we found that CRC risk and life 
expectancy are key variables that affect the cost-effectiveness of CRC screening in opposite 
directions (Braithwaite, 2011; Lansdorp-Vogelaar et al., 2014; van Hees et al., 2015). In 
contrast to our findings, Dinh et al. (2012) found that the cost-effectiveness of screening for 
CRC involving colonoscopy was negatively affected by the presence of diabetes. 
Unfortunately, we were unable to directly compare the parameter values for the baseline 
risks of CRC development and all-cause mortality in diabetes patients with our study. None 
of the previous studies explicitly assessed the value of stratification for specifically defined 
subgroups, nor incorporated the most recent evidence on heterogeneity in screening 
outcomes from a large randomized controlled trial (Holme et al., 2018).  

There are several frameworks for accounting for patient heterogeneity in decision 
analyses that differ with respect to the types of data (i.e., individual level vs 
aggregate/secondary) required to perform a subgroup analysis, which inherently dictate the 
type of framework that can be employed in an analysis. The expected value of individualized 
care (EVIC) framework, developed by Basu and Meltzer (2007), is based on calculating the 
monetary gain obtained by determining the optimal treatment for specific individual patients 
compared with providing all patients with the optimal treatment identified on the population 
average. The authors make a distinction in calculating the EVIC with and without cost 
internalization (i.e. based on cost-effectiveness versus based on effectiveness alone). 
Espinoza et al. (2014) extended the SA and EVIC frameworks into the value of 



94 M. A. M. Vervaart et al. / Nordic Journal of Health Economics, Vol. 6 (2018), No. 1, pp. 83-98  

heterogeneity (VoH) framework, by including an efficiency frontier to determine the 
optimal level of stratification that accounts for the transaction costs associated with 
identifying additional subgroups in practice. This framework also distinguishes between the 
value of a subgroup policy based on current information and the potential value of 
performing additional research to reduce the uncertainty surrounding parameter values 
within subgroups. The SA framework that we used in our analysis does not require 
individual level data, and provides insight in whether a subgroup policy may be valuable by 
quantifying the efficiency gains obtained from stratification. Unlike the EVIC and VoH 
frameworks, the SA framework does not allow for estimating the optimal level of 
stratification or consideration of cost-internalization. 

There are some important limitations to consider. The structure of the model is 
simplified and does not include cancer stages or consideration of alternative screening 
technologies and algorithms, as we did not aim to determine the optimal method and timing 
of CRC screening, but rather demonstrate the potential importance of capturing 
heterogeneity in CRC screening in general. More complex models can evaluate more refined 
algorithms that may identify optimal screening approaches for each subgroup that vary by 
screening intensity (e.g., age to start, screening frequency), rather than a choice between an 
‘all or nothing’ approach.  We reflected patient heterogeneity by adjusting baseline risks of 
overall mortality, relative treatment effect for men and women, CRC-specific incidence and 
mortality, adverse screening events and baseline health-related quality of life. However, 
patient heterogeneity may also exist in the relative treatment effect across comorbidity 
subgroups, resource utilization and the quality of life decrement for CRC (Grutters et al., 
2013). As data on these other potential sources of heterogeneity are limited, we could only 
include explore the impact of these other factors in a sensitivity analysis. 

Improving expected population health benefits by further stratification may have to 
be weighed against an increase in uncertainty as a result of using smaller subsets of data 
(Sculpher, 2008). Well-defined subgroups may also explain, in part, some differences in 
screening outcomes between patients and thereby reduce uncertainty. We were however 
unable to explore this trade-off in the absence of individual level data.  

The comorbidities that were selected are not mutually exclusive; therefore, it was 
not possible to calculate the full efficiency gains yielded from a subgroup policy accounting 
for multiple comorbidities compared to using average population estimates. However, the 
potential gain of using a subgroup policy will be equal or greater than the gain in the 
individual comorbidity subgroup. Overlap between comorbidities (e.g. patients with both 
diabetes and COPD) should be further explored, as the effect of having multiple 
comorbidities is not clear. 

We expect the transaction costs related to developing and implementing tools to 
identify subgroups in clinical practice to decrease efficiency associated with a stratified 
policy (Espinoza et al., 2014). In addition, leakage or non-adherence to a LUC policy, 
defined as the provision of treatment to patients for whom it is not recommended, will 
necessarily result in a loss in the NMBs gained from stratification (Coyle et al., 2003). 
Transaction costs required to identify subgroups, and leakage could potentially offset the 
efficiency gained from stratification, and should be considered when determining the 
optimal subgroup policy. Importantly, several comorbidity subgroups included in the 
analysis could in practice easily be identified and selected for screening by linking general 
practitioner’s registry data, resulting in a relatively low transaction cost. In contrast, 
restricting organized screening for specific subgroups (e.g. smoking and obesity) may not 
be possible due to identification problems inter alia.  

There are several ethical considerations associated with stratified cost-effectiveness 
analyses that are not only relevant for screening, but also for healthcare initiatives such as 
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genetic testing, e-health and other interventions that are targeted at heterogeneous 
populations. An implicit assumption of the SA framework is that the gains in efficiency are 
calculated by restricting treatment to subgroups with a positive INMB. However, subgroups 
with a negative INMB do not necessarily have to be excluded from a screening program 
altogether. A subgroup-specific policy may also involve restricting interventions aimed at 
increasing screening uptake in those subgroups that are expected to benefit most, or to 
include subgroup-specific screening algorithms that vary by technology, intensity and cost 
(including ages to initiate screening, ages to terminate screening, and frequency of 
screening) for different patient groups. Some factors (e.g. a small relative treatment effect, 
or high mortality due to other causes than CRC) may ethically be more acceptable as basis 
for a stratified policy than other factors (e.g. a low quality of life in life years saved). 
Importantly, enumerating the costs and benefits associated with subgroups and evaluating 
what factors affect screening outcomes allows decision makers to make an explicit 
consideration of the potential trade-off between equity and efficiency. 

6 Conclusion  
Accounting for patient heterogeneity in CRC screening will likely improve the value of 
national screening policies. Decision makers should consider the role of patient 
heterogeneity when evaluating population-based screening programs, as decisions in favor 
of providing or rejecting interventions for the entire population can result in inefficient use 
of resources.  
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