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ABSTRACT
Introduction Fecal immunochemical testing (FIT) at a 

threshold of 10 mg haemaglobin (Hb)/g is used in English 

primary care to prioritise urgent referral for colorectal 

cancer (CRC) investigation in symptomatic patients. The 

COLOFIT algorithm, based on FIT score, age, sex and blood 

results, performs better than FIT alone for identifying CRC. 

We assessed the cost- effectiveness of COLOFIT compared 

with FIT and investigated optimal risk thresholds.

Methods An individual patient- level simulation model 

was developed, with synthetic populations constructed 

from data used to validate COLOFIT. Referral criteria 

based on different FIT scores and COLOFIT- assessed risk 

thresholds were modelled using probabilistic and scenario 

analyses. Outcomes included costs, quality- adjusted life 

years (QALYs) and cost- effectiveness measured using 

incremental net monetary benefit (INMB) based on a 

willingness to pay threshold of £20 000/QALY.

Results COLOFIT at a CRC risk threshold of 0.64% has 

a 98% probability of being more cost- effective than FIT 

10 mg Hb/g (INMB is £5.67 per person), while detecting 

similar numbers of cancers. Cost- effectiveness is achieved 

by cost savings from reducing referrals outweighing QALYs 

lost through reorienting expedited CRC diagnoses from 

younger (<50) to older (≥70) patients. Cost- effectiveness 

improves as risk thresholds rise. High structural 

uncertainty around cancer progression during diagnostic 

delay and diagnosis of other serious bowel diseases 

considerably affects cost- effectiveness.

Conclusions COLOFIT is likely to be more cost- effective 

than FIT alone and could help alleviate pressure on 

diagnostic services. However, strategies to improve 

diagnosis in the under 50s would be necessary to mitigate 

potential harm. Further research should assess how 

COLOFIT impacts cancer survival and diagnosis of other 

serious bowel diseases.

INTRODUCTION

Colorectal cancer (CRC) accounts for 10% 
of all cancer deaths in the UK.1 Despite the 

existence of a national screening programme, 
90% of cases are diagnosed following the 
development of symptoms, presenting at 
a later stage with poorer outcomes.2 CRC 
symptoms are ubiquitous and frequently 
non- specific, and while referral guidelines 
prioritise high- risk patients for colonoscopy 
through urgent suspected cancer (USC) 
referral pathways (previously called ‘two week 

WHAT IS ALREADY KNOWN ON THIS TOPIC

 ⇒ Fecal immunochemical test (FIT)- based triage for 

urgent referral of patients presenting with colorectal 

cancer (CRC) symptoms is current practice in the UK, 

but diagnostic ability could potentially be improved 

using a newly developed algorithm that incorporates 

FIT, age, sex and full blood count results (COLOFIT).

WHAT THIS STUDY ADDS

 ⇒ Using the COLOFIT algorithm instead of FIT is likely 

to be cost- effective as it enables costly unnecessary 

referrals to be reduced, while diagnosing equivalent 

numbers of CRC.

 ⇒ COLOFIT reorients expedited CRC diagnoses from 

people aged <50 to those aged ≥70, meaning it is 

likely to result in a small amount of quality- adjusted 

life year loss despite its cost- effectiveness.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Adoption of COLOFIT would enable scarce diagnostic 

resources to be better allocated in a cost- effective 

and cost- saving way, but strategies should be put 

in place to improve diagnosis in people aged <50 to 

mitigate potential harm in this age group.

 ⇒ Pilot studies are recommended to enable the validity 

of assumptions around COLOFIT performance, cost 

and ease of implementation to be assessed ahead 

of any national roll- out.
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wait’ referrals),3 around 19% of diagnoses are made 
following non- urgent general practitioner (GP) referral 
pathways,2 with patients often waiting many weeks 
before receiving a diagnostic investigation. A similar 
percentage of patients present with an emergency admis-
sion following a complication of their cancer.2 There is 
evidence that such diagnostic delay can result in poorer 
survival for CRC patients.4 However, increasing the 
number of urgent referrals to mitigate this problem is 
not currently practical in the UK and many healthcare 
systems given the limited capacity for colonoscopy and 
other investigative procedures such as CT colonography 
(CTC).5 Furthermore, these constraints upon endos-
copy services have been exacerbated in England by the 
extension of the CRC screening programme to younger 
age groups.6 Sparing people unnecessary investigation is 
also important given that colonoscopy and other defin-
itive investigations may be uncomfortable for patients 
and have small risks of serious harm.7 There is a need 
to reduce unnecessary referrals while simultaneously 
improving identification of patients likely to have CRC to 
ensure that available diagnostic resources are used in the 
most effective and efficient way.

Lower gastrointestinal (GI) symptoms are poor predic-
tors of CRC.8 Symptomatic diagnosis of CRC has been 
facilitated by the introduction of fecal immunochemical 
testing (FIT) in primary care, as FIT is highly sensitive for 
CRC.9–12 For those presenting with lower GI symptoms, 
a FIT threshold of ≥10 mg haemoglobin (Hb)/g feces 
is currently recommended to determine who should be 
offered referral.13 However, given its recent introduction, 
there is currently no data about the performance of FIT 
over the long term. Furthermore, the number of false 
positives for CRC at this threshold is relatively high and is 
increasing as FIT is used more widely, including in indi-
viduals who would never previously have been suspected 
to have CRC, for example, due to young age. It is there-
fore necessary to examine whether the performance of 
FIT for detecting CRC can be improved by including 
other personal or clinical characteristics into the risk 
assessment, and to determine the optimal risk threshold 
for referral to maximise efficient use of existing colonos-
copy and CTC capacity.

The COLOFIT study is a programme of work that 
included developing and validating a multivariable algo-
rithm to establish the optimal use of FIT for identifying 
CRC risk in patients presenting to the GP with symp-
toms of possible CRC. A review of existing risk predic-
tion models indicated that FIT- based models generally 
performed much better than those without FIT, but that 
few existing models had been rigorously tested through 
internal and external validation.14 The CRC risk algo-
rithms developed as part of the COLOFIT study were 
based on data from a large population in Nottingham 
and included age, sex, FIT and haematological param-
eters within a full blood count as variables within either 
a Cox proportional hazards model or a logistic regres-
sion model.15 In derivation and validation populations, 

both models were found to perform similarly and signifi-
cantly better than FIT alone in predicting risk, in partic-
ular by reducing the number of false positive results.15 16 
In this study, we present a health economic modelling 
analysis that assesses the potential cost- effectiveness of 
the COLOFIT algorithm compared with FIT alone in 
England and investigates the optimal threshold for usage 
in a population presenting to the GP with symptoms of 
possible CRC.

MATERIALS AND METHODS

A health economic model was developed in R software 
(V.4.2.1),17 to evaluate the cost- effectiveness of the CRC 
risk algorithm developed in the COLOFIT project (here-
after referred to as COLOFIT) compared with using FIT 
alone, at a range of different thresholds of CRC risk. The 
study takes the perspective of the National Health Service 
(NHS) in England.

The model is an individual patient- level simulation 
with a short- term model that simulates the process and 
outcomes of initial diagnosis, and a long- term Markov style 
model with annual cycles and a lifetime horizon, which 
ensures that all potential long- term impacts of disease 
on survival, costs and benefits are included (figure 1). 
Conceptual modelling defined the model structure and 
scope prior to model build. While the aim of the project 
was CRC detection, conceptual modelling identified the 
importance of including other serious bowel diseases in 
the model, in particular high- risk adenomas and inflam-
matory bowel disease (IBD), as both of these conditions 
benefit from early detection and can be diagnosed via FIT 
positivity, and colonoscopy or CTC, and IBD presents with 
similar symptoms,11 18 19 meaning that COLOFIT intro-
duction is likely to impact on the diagnosis of some cases. 
However, the ability of COLOFIT to detect these condi-
tions is untested, making its performance compared with 
FIT alone unknown. As a compromise, both conditions 
were included in the constructed model described below, 
but the impact of diagnosing them early was ‘switched 
off’ for the main analyses and only included as part of 
additional scenario analysis (see below).

The model population at baseline represents adult 
patients who had attended their GP with symptoms of 
possible CRC and had then performed a FIT upon the 
request of the GP. Synthetic populations were constructed 
for model purposes based on multivariate sampling of 
aggregate data from the Nottingham populations that 
were used to derive or to validate COLOFIT,15 with the 
validation population being used in the base case analysis. 
Patients in the synthetic population had a set of correlated 
personal characteristics, including demographic informa-
tion such as age and sex, and test results such as FIT and 
blood tests. Distributions of most variables, particularly 
FIT, are highly skewed. Data were transformed as neces-
sary and the generated values were refitted within quan-
tile thresholds, enabling distributions to be recreated in 
the population. A full description of how the populations 
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were constructed and their summary characteristics can 
be found in the online supplemental technical methods 
document.

Each individual was assigned at baseline an under-
lying mutually exclusive health state with respect to CRC 
(which included CRC stages I–IV), low- risk or high- risk 
adenoma, or normal epithelium. IBD was included as a 
separate health state. CRC risk was estimated using either 
the Cox proportional hazards or logistic COLOFIT algo-
rithms,15 with the Cox algorithm being used in the base 
case analysis. CRC status was then applied randomly to 
individuals at baseline based upon this risk. The modelled 

prevalence of CRC (1.2% in the validation population, 
1.5% in the derivation population) closely reproduced 
the 1- year incidence in the Nottingham data. Information 
about the prevalence of adenomas and IBD was limited/
unavailable from the Nottingham data, so an alternative 
published source was used to inform this, based on the 
known relationships of these conditions with FIT and 
age.20 It was assumed that COLOFIT would have some 
sensitivity for high- risk adenomas, as FIT does, so this 
health state was allocated based on COLOFIT score, but 
with different levels of prevalence in individuals with 
FIT >10 and FIT <10 as suggested by Nottingham data. 

Figure 1 Model diagram showing the structures of the short- term diagnostic model and the long- term Markov style model. 

Boxes in the short- term model represent events, and boxes in the long- term model represent health states. CRC, colorectal 

cancer; CTC, CT colonography; FIT, fecal immunochemical testing; GP, general practitioner; IBD, inflammatory bowel disease; 

TNM, tumour, node, metastases; USC, urgent suspected cancer.
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Low- risk adenomas were allocated randomly in the popu-
lation as there is evidence that the prevalence is similar 
in general and USC populations.20 21 IBD was allocated 
based on age and FIT score.

The short- term model incorporated costs of the initial 
GP appointment and FIT test in all individuals. Risk strati-
fication was carried out either using the FIT score directly 
or risk as predicted by the COLOFIT algorithm. In the 
COLOFIT arm of the model, costs of doing a full blood 
count in people who did not already have one were also 
included (£8.38 per person for phlebotomy plus haema-
tology).22 In addition, a small cost for implementing 
and running the algorithm was included, assumed to be 
£0.01 per person based on annuitisation of an estimated 
up- front capital cost (personal communication COLOFIT 
team). In the Nottingham population, 91% of people 
referred to secondary care with a FIT already had a full 
blood count within a year of the FIT of 14 days following 
it, so additional blood test costs were only included for 
the remaining 9% in the base case analysis. The flexi-
bility of the individual patient- level nature of the model 
enabled any threshold of CRC risk predicted either by 
FIT value alone or through COLOFIT to be chosen. 
Individuals with scores equal to or above the selected 
threshold were referred through the USC pathway, in 
which case CRC (and adenomas/IBD if modelled) was 
assumed to be detected immediately dependent upon 
uptake and colonoscopy/CTC sensitivity for those condi-
tions. Those below the threshold were not referred via the 
USC pathway, in which case CRC (and IBD if included) 
diagnosis was assumed to be delayed. This was also the 
case for anyone who chose not to take up USC referral, or 
whose condition was missed by colonoscopy/CTC.

CRC diagnosis in people not diagnosed through USC 
was assumed to be delayed by a mean of 3 months based 
on evidence from a UK study,4 with each patient having 
a personalised delay ranging from 2 weeks to 2 years. 
IBD diagnostic delays were assumed to be 1.34 years, 
based on data for time to diagnosis in people who are 
not diagnosed within 6 months of symptom onset.19 USC 
diagnosis was assumed to incur costs and harms of colo-
noscopy/CTC,7 22–25 while delayed diagnosis additionally 
incurred costs of extra GP appointments and emer-
gency presentations in a proportion of delayed cases.2 26 
Delayed diagnosis was assumed to result in a stage shift 
for CRC calculated through the lifetime Markov model 
(and higher incidence of complications for IBD18 19), 
leading to differences in costs, quality of life and survival 
that projected into the long term.

The lifetime Markov model was based upon our previ-
ously published CRC screening model,27–29 incorporating 
transition probabilities relating to CRC development, 
progression and diagnosis. CRC stage progression param-
eters in our screening model represent mean progression 
of both subclinical and clinical (symptomatic) CRC, but 
it is possible that progression could be faster in people 
with symptoms than represented by these parameters. 
This was tested in sensitivity analysis. CRC mortality was 

based on survival data by stage, age, sex and time since 
diagnosis for all CRC cases in England,30 as detailed 
survival data by route to diagnosis were not available. 
As only 11% of cases are detected through screening 
against 58% of cases detected through primary care 
referral and 24% through emergency presentation,31 it 
seems likely that the data are reasonably representative 
of stage- specific survival in the symptomatic population 
who have attended their GP. Other cause mortality was 
based on National Life Tables.32 All model parameters 
are described fully in the online supplemental technical 
methods document.

An independent researcher not involved directly in 
model code development (OM) checked the code for 
errors. A set of validations was carried out to test the 
performance of COLOFIT and FIT in the synthetic popu-
lations and compare against the Nottingham data. This 
indicated that the performance of FIT and COLOFIT 
could be replicated reasonably well in the model, 
although tended to diverge as risk thresholds increased 
(online supplemental technical methods document).

Model outcomes included costs, life years (LYs), 
quality- adjusted life years (QALYs), CRC mortality, 
number of USC referrals and number of CRCs diag-
nosed at USC. Cost- effectiveness was assessed through 
calculating incremental net monetary benefit (INMB), 
based on valuation of a QALY at £20 000. Results were 
extracted across the whole population per million 
patients and for subgroups defined by age and sex. Costs 
were measured in £UK at 2023 values. All costs and 
QALYs were discounted at 3.5% in the base case analysis 
in line with National Institute of Health and Care Excel-
lence (NICE) guidelines.33

Model base case analyses compared a wide range of FIT 
and COLOFIT thresholds against referring all people to 
USC, with results compared against all other results in 
incremental analysis. The primary analysis compared the 
current NICE- recommended FIT threshold of ≥10 µg/mg 
(FIT 10) against a risk threshold of ≥0.64% as estimated 
by COLOFIT (COLOFIT 0.64%), as these are approxi-
mately equivalent in the number of CRCs detected at 
USC. Other important thresholds assessed related to 1%, 
2% and 3% levels of risk as identified by the COLOFIT 
algorithm study (COLOFIT 1% vs FIT 13; COLOFIT 2% 
vs FIT 28, and COLOFIT 3% vs FIT 40).15 Due to some 
differences between the real population used in that study 
and the synthetic population developed for the model, 
these threshold comparisons do not represent perfectly 
equivalent risk. Results at multiple thresholds were there-
fore graphed to enable comparisons of outcomes across 
different levels of CRC risk.

In addition to the comparison of different thresholds, a 
set of scenario analyses was performed to investigate key 
structural uncertainties in the model. These included:
1. Incorporating detection of adenomas and/or IBD in 

the model.
2. Using a synthetic population based on the Nottingham 

derivation cohort instead of the validation cohort.
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3. Using the COLOFIT logistic model to estimate risk 
rather than the Cox model;

4. Adding an additional harm of colonoscopy equivalent 
to loss of a full day of QALYs in everyone who under-
goes one, to represent the patient burden of undergo-
ing the procedure.

5. Increasing CRC stage shift caused by diagnostic de-
lay through either maximising annual CRC transition 
probabilities and/or doubling diagnostic delay to a 
mean of 6 months.

6. Using higher (5%) or lower (1.5%) discount rates.
7. Increasing the costs of COLOFIT by assuming that all 

patients would incur additional costs of blood tests 
rather than just 9% as observed in Nottingham.

All model analyses were initially performed determin-
istically based on two million patients, with the primary 
and 1%, 2% and 3% risk threshold analyses for FIT and 
COLOFIT also performed using probabilistic sensitivity 
analysis based on 500 model runs of 100 000 patients 
each.

Patients and the public were involved in the reporting 
and dissemination plans of our research. A reporting 
checklist is provided as online supplemental material.

RESULTS

The results of the primary probabilistic sensitivity anal-
ysis comparing FIT 10 and COLOFIT 0.64% suggest that 
COLOFIT would be more cost- effective than FIT with an 
INMB of £5.7 m per million patients and 98% probability 
of being the most cost- effective option (table 1, figure 2). 
There is a small reduction in incremental QALYs (−45 
per million patients) and LYs (−53 per million patients) 
compared with FIT, and 1.5 additional CRC deaths are 
expected per million people despite higher numbers 
of USC pathway diagnoses (27 additional USC pathway 
diagnoses per million). However, the negative QALYs 
are overwhelmed by the incremental cost savings made 
of £6.6 m per million patients due to lower numbers of 
USC referrals required (12 505 fewer per million). Plots 
of INMB at different FIT and COLOFIT thresholds indi-
cate that COLOFIT is more cost- effective than FIT at 
diagnosing the same numbers of USC CRC, although 
the INMB between FIT and COLOFIT diminishes and 
becomes negligible as thresholds increase (figure 2), 
and the probability that COLOFIT is more cost- effective 
than FIT diminishes from the 2% risk threshold upwards 
(table 1).

For either FIT or COLOFIT, cost- effectiveness 
compared with sending all patients to USC referral 
increases with higher thresholds, with probabilistic results 
indicating that COLOFIT 3% is considerably more cost- 
effective than either COLOFIT 0.64%, COLOFIT 1% or 
COLOFIT 2%. Deterministic results indicate that thresh-
olds above 3% risk could be even more cost- effective than 
those below, with INMB peaking at COLOFIT 10%, or 
FIT 500 (figure 2). However, differences between FIT, 
COLOFIT and different thresholds are minimal at this 

level of risk, and it should be noted that the COLOFIT 
algorithm has not been validated above a 3% risk of CRC 
threshold.15 As with the FIT versus COLOFIT compar-
ison, these results are driven by cost savings from fewer 
USC referrals, with LYs and QALYs being lost as thresh-
olds increase due to higher numbers of CRC with delayed 
diagnosis.

Subgroup analysis by age and sex indicates that 
COLOFIT reorients USC referrals from low yield young 
people and from women towards higher yield older 
people and men, which enables the algorithm to identify 
the same number or slightly more CRCs than FIT, with 
fewer USC referrals (figure 3 and online supplemental 
table S1). The reduction in USC referrals means that 
COLOFIT saves more costs and is more cost- effective 
overall compared with FIT, particularly in the young 
and in women. However, in reorienting USC referrals, 
COLOFIT also redirects expedited CRC diagnoses from 
the young to the old and from women to men. This 
results in LY and QALY loss in these groups, particularly 
for the young, who have more potential to benefit from 
early CRC diagnosis due to their longer life expectancy. 
Modelling suggests that 0.6–0.85 QALYs are lost for every 
delayed diagnosis in the under 50 age group compared 
with less than 0.2 QALYs lost for every delayed diagnosis 
in the over 70 age group (online supplemental table S2). 
This means that QALY loss from fewer CRCs diagnosed 
early in young people outweighs QALY gain from more 
CRC diagnosed early in older people, resulting in QALY 
loss overall across the population. Optimal thresholds for 
COLOFIT may be slightly lower in the young compared 
with the older age groups, but in all groups are above 
the 3% risk threshold (online supplemental figure S1). 
There is no clear difference in optimal threshold by sex.

Scenario analysis indicates that cost- effectiveness esti-
mates vary widely if different assumptions are made around 
key structural model uncertainties (table 2, online supple-
mental table S2 and figure S2a, b). If adenomas and/or 
IBD are incorporated in the model, the optimal strategy is 
to refer everyone to USC, with cost- effectiveness reducing 
as thresholds increase, and COLOFIT being less cost- 
effective than FIT across thresholds. The reason for this 
is from much higher QALY loss, particularly in the young 
who are less likely to be referred through COLOFIT, 
but who are impacted disproportionately by adenomas 
and IBD being missed. In the case of IBD inclusion, no 
cost savings accrue despite fewer USC referrals due to 
the higher cost of treating cases with delayed diagnosis. 
Using a synthetic population based on the Nottingham 
derivation cohort produces results broadly similar to the 
validation cohort, providing FIT/COLOFIT comparisons 
are made based on similar numbers of USC CRC diag-
noses (see online supplemental figure S2a, b for curves 
demonstrating this). Using the COLOFIT logistic model 
rather than the Cox model results in slightly higher cost- 
effectiveness for COLOFIT compared with FIT driven by 
higher QALYs, but results are otherwise broadly similar. 
Adding additional colonoscopy harm means that QALYs 
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Table 1 Results from probabilistic sensitivity analysis comparing USC referral based on different FIT and COLOFIT thresholds against referring all people urgently, and 

two- way comparisons

Strategy

(compared with 

sending all to USC)

Incremental NMB Incremental costs

Incremental 

QALYs

Incremental 

life years

Incremental USC 

CRC diagnoses

Incremental 

CRC deaths Total USC referrals

Probability 

more cost- 

effective than 

comparatorPer 1 000 000 people

FIT 10

£460 m

(£334 m; £601 m)

−£469 m

(−£612 m; −£345 m)

−425

(−1029; −329)

−593

(−1433; −18)

−1386

(−2555; −674)

31

(−20; 100)

202 428

(199 904; 204 893) 100%

FIT 13

£469 m

(£341 m; £613 m)

−£479 m

(−£626 m; −£353 m)

−461

(−1150; −50)

−643

(−1583; −32)

−1509

(−2751; −750)

34

(−20; 110)

185 823

(183 145; 188 030) 100%

FIT 28

£503 m

(£365 m; £659 m)

−£517 m

(−£675 m; −£380 m)

−701

(−1621; −147)

−974

(−2192; −159)

−2311

(−4091; −1230)

50

(−20; 140)

120 530

(118 557; 122 285) 100%

FIT 40

£513 m

(£372 m; £672 m)

−£529 m

(−£691 m; −£389 m)

−835

(−1828; −234)

−1163

(−2529; −277)

−2837

(−4765; −1540)

59

(−10; 160)

99 778

(98 014; 101 340) 100%

COLOFIT 0.64%

£466 m

(£339 m; £611 m)

−£475 m

(−£622 m; −£350 m)

−470

(−1115; −53)

−646

(−1539; −39)

−1359

(−2477; −655)

32

(−20; 110)

189 923

(187 430; 192 091) 100%

COLOFIT 1%

£483 m

(£351 m; £633 m)

−£494 m

(−£646 m; −£364 m)

−561

(−1629; −70)

−769

(−1822; −64)

−1623

(−2921; −810)

38

(−20; 110)

157 275

(154 789; 159 355) 100%

COLOFIT 2%

£503 m

(£365 m; £660 m)

−£518 m

(−£678 m; −£381 m)

−755

(−1600; −140)

−1035

(−2167; −152)

−2201

(−3852; −1185)

52

(−20; 150)

116 519

(114 450; 118 416) 100%

COLOFIT 3%

£514 m

(£375 m; £674 m)

−£532 m

(−£695 m; −£392 m)

−932

(−1975; −221)

−1277

(−2622; −286)

−2767

(−4691; −1560)

63

(−20; 170)

93 373

(91 615; 95 006) 100%

Comparison Per 1 000 000 people

COLOFIT 0.64%

versus FIT 10

£5.7 m

(£0.65; £9.82)

−£6.6 m

(−£8.9 m; −£4.3 m)

−45

(−322; 113)

−53

(−416; 176)

27

(−70; 140)

1.5

(−20; 20)

−12 505

(−13 796; −11 205) 98%

COLOFIT 1%

versus FIT 13

£13.8 m

(£7.3 m; £20.0 m)

−£15.8 m

(−£20.8 m; −£11.2 m)

−99

(−413; 94)

−126

(−545; 150)

−114

(−250; 0)

5

(−20; 30)

−28 148

(−29 435; −26 950) 100%

COLOFIT 2%

versus FIT 28

£0.4 m

(−£5.4 m; £4.6 m)

−£1.5 m

(−£3.0 m; −£0.3 m)

−54

(−367; 185)

−61

(−488; 285)

110

(−40; 270)

2

(−30; 40)

−4011

(−5016; −3014) 61%

COLOFIT 3%

versus FIT 40

£1 m

(−£5.9 m; £5.8 m)

−£2.9 m

(−£4.6 m; −£1.4 m)

−97

(−488; 165)

−115

(−648; 269)

70

(−100; 260)

4

(−30; 45)

−6405

(−7345; −5395) 66%

COLOFIT 3%

versus COLOFIT 2%

£10.2 m

(£3.2 m; £15.1 m)

−£13.7 m

(−£17.9 m; −£10 m)

−177

(−531; 1)

−243

(−711; 16)

−565

(−920; −320)

11

(−20; 50)

−23 146

(−24 085; −22 210) 100%

Note that 11 943 USC CRC diagnoses are expected in this population if all people are referred urgently. 95% credible intervals are shown in parentheses.

COLOFIT algorithm developed for COLOFIT project; NMB net monetary benefit (calculated based on a threshold of £20 000 per QALY).

CRC, colorectal cancer; FIT, fecal immunochemical test; m, million; QALY, quality- adjusted life year; USC, urgent suspected cancer.

BMJ Public Health: first published as 10.1136/bmjph-2024-002089 on 24 June 2025. Downloaded from https://bmjpublichealth.bmj.com on 3 July 2025 by guest.

Protected by copyright, including for uses related to text and data mining, AI training, and similar technologies.



Thomas C, et al. BMJ Public Health 2025;3:e002089. doi:10.1136/bmjph-2024-002089 7

BMJ Public Health

Figure 2 Base case results comparing FIT and COLOFIT at different thresholds. (A) Distribution of PSA results on the cost- 

effectiveness plane for the FIT10:COLOFIT 0.64% comparison. (B) Cost- effectiveness acceptability curve indicating probability 

cost- effective at different WTP thresholds for the FIT10:COLOFIT 0.64% comparison. Plots of (C) USC referrals; (D) incremental 

net monetary benefit; (E) QALYs and (F) costs against USC CRC diagnoses for different thresholds of FIT and COLOFIT 

compared with sending all urgently. Graphs indicating net monetary benefit at different thresholds of (G) COLOFIT and (H) FIT 

compared with sending all urgently. CRC, colorectal cancer; FIT, fecal immunochemical testing; PSA, probabilistic sensitivity 

analysis; QALYs, quality- adjusted life years; USC, urgent suspected cancer; WTP, willingness to pay.
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are gained if risk stratification is used compared with 
referring everyone to USC, but COLOFIT still results in 
QALY loss compared with FIT, though cost- effectiveness 
results are similar.

Increasing the CRC stage shift caused by diagnostic 
delay increases QALY loss at all thresholds, reducing the 
optimal threshold and altering the balance between FIT 
and COLOFIT. If diagnostic delay is doubled and stage 
transitions are increased, the optimal threshold reduces 

to around the 2% risk level (online supplemental figure 
S2a, b). COLOFIT is still more cost- effective than FIT 
below this threshold, but at/above this threshold, FIT 
is more cost- effective than COLOFIT as the QALY loss 
in the young overwhelms the cost- savings caused by 
reduced USC referrals in the young. Altering discount 
rates has little impact on cost- effectiveness, as results are 
driven by USC referral costs, which are incurred in the 
first modelled year and are undiscounted. Increasing 

Figure 3 Plots showing FIT and COLOFIT at different thresholds compared against sending all urgently in subgroups 

defined by age and sex for (A, B) number of USC referrals plotted against all referrals; (C, D) number of USC CRC diagnoses; 

(E, F) incremental net monetary benefit; (G) QALYs and (H) costs. (C–H) All plotted against all USC CRC diagnoses. CRC, 

colorectal cancer; FIT, fecal immunochemical testing; QALYs, quality- adjusted life years; USC, urgent suspected cancer.
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COLOFIT costs from additional blood tests has little 
impact on optimal threshold, but eliminates cost- savings 
of COLOFIT compared with FIT, resulting in little or no 
cost- effectiveness benefit.

DISCUSSION

Health economic analysis indicates that COLOFIT is 
likely to be cost- effective compared with using FIT alone 
at equivalent risk thresholds. The modelling also suggests 
that if applied, higher thresholds (for either FIT or 
COLOFIT) could potentially be more cost- effective than 
the current recommended threshold of 10 mg Hb/g, 
although there is greater uncertainty around COLOFIT 
cost- effectiveness compared with FIT at higher thresh-
olds. In both cases, cost- effectiveness arises by saving costs 
through a reduction in the number of expensive USC 
referrals required to detect similar numbers of cancers; 
however, QALYs, LYs and lives are lost. The choice to 
use COLOFIT or higher risk thresholds would therefore 
technically represent a disinvestment decision. Disinvest-
ment recommendations are still relatively uncommon 
in health technology assessment and can be controver-
sial.34 However, in this particular case, the limitations on 
colonoscopy capacity mean that current levels of referral 
are unfeasibly high5 and are limiting expansion of other 
beneficial services such as CRC screening. Excessive 
referral numbers are resulting in additional diagnostic 
delay due to capacity constraints and therefore likely to 
be causing further QALY loss not captured in this model-
ling. COLOFIT and/or higher thresholds could there-
fore be used to reduce symptomatic referrals to a more 
sustainable level, retaining the same level of investment 

in colonoscopy services but potentially freeing up spare 
capacity for screening where CRC yield is higher (due to 
higher FIT thresholds) and at earlier stage of diagnosis.35

The situation is complicated further by our results 
showing that reduction in USC referrals and colonosco-
pies occurs predominately in younger patients. This is 
likely to be driven by the age variables in the COLOFIT 
algorithm. While this makes sense clinically given that 
CRC is much more prevalent in older people, it means 
that at any given risk threshold, expedited CRC diagnoses 
are reprioritised from the under 50s, who have greater 
remaining lifetime to benefit, to the over 70s, who have 
less remaining lifetime and lower health- related quality 
of life. This disadvantages the small number of young 
patients who transpire to have cancer and drives the 
observed net QALY loss. While the QALY loss is small, 
this could be underestimated given there is evidence that 
young people already suffer greater delays in diagnosis 
than do older patients.36 Furthermore, CRC in the young 
is increasing in incidence37 and considerable efforts are 
currently being made to try and improve diagnosis in this 
age group. We do not have data currently to improve the 
accuracy of clinical prediction in younger patients. The 
use of FIT tests in people aged under 50 is increasing and 
significant work is going on more widely aimed at risk 
stratifying possible CRC, though it is likely to be some 
years before a specific algorithm for younger patients can 
be generated and validated due to the small number of 
cancers identified in these groups. Such an algorithm 
may potentially allow more precise targeting of USC/
colonoscopy resources, balancing the desire to under-
take fewer investigations in low- risk younger people but 

Table 2 Comparison of incremental net monetary benefit per patient (based on a threshold of £20 000 per QALY) for base 

case and scenario analyses comparing FIT and COLOFIT thresholds against referring all urgently

Scenario

0.64% risk threshold 3% risk threshold

FIT 10 COLOFIT 0.64% FIT 40 COLOFIT 3%

Base case £464 £469 £517 £519

(1a) Include adenomas in the model −£405 −£420 −£478 −£492

(1b) Include adenomas and IBD in the model −£1016 −£1267 −£1506 −£1637

(2) Population based on Nottingham derivation cohort £461* £457* £515* £512*

(3) Use logistic COLOFIT algorithm £463 £474 £517 £520

(4) Addition of colonoscopy harm £491 £497 £548 £550

(5a) Doubled diagnostic delay £459 £464 £509 £509

(5b) Faster stage transitions for delayed diagnoses £441 £444 £472 £469

(5c) Combination of 5a and 5b £432 £435 £457 £451

(6a) Discount rates increased to 5% £465 £471 £519 £521

(6b) Discount rates reduced to 1.5% £462 £467 £513 £514

(7) COLOFIT costs increased £464 £462 £517 £511

Note that base case results vary slightly from those presented in table 1 as these are deterministic analyses.

*For this population, the FIT:COLOFIT comparison does not result in equal numbers of CRC diagnosis; if these are equalised, COLOFIT is 

more cost- effective than FIT at both thresholds.

COLOFIT, Algorithm developed for the COLOFIT project; CRC, colorectal cancer; FIT, fecal immunochemical test; IBD, inflammatory bowel 

disease; QALY, quality- adjusted life year.
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potentially allowing the small number of cancers that 
exist to be diagnosed rapidly. If the COLOFIT model 
were to be adopted, therefore it is important that there 
is a robust plan to ‘safety- net’ all, but in particular those 
younger people not offered definitive investigation.

Given that much of the model data comes from 
Nottingham where the COLOFIT algorithm was devel-
oped and internally validated,15 it is worth considering 
whether COLOFIT could perform differently in other 
populations, which may have different underlying CRC 
prevalence, risk factor distribution or diagnostic path-
ways, and how this might impact the health economic 
outcomes. Our findings indicate that cost- effectiveness is 
strongly driven by the ability of the algorithm to prevent 
excess urgent referrals. This means that we can conclude 
as a general principle that for a given population, and at 
a particular CRC risk threshold, then COLOFIT is likely 
to be the most cost- effective option, providing it is able to 
significantly reduce referrals compared with FIT. Is this 
likely to be the case nationally? Previous development of 
an algorithm combining parameters for FIT and blood 
results did not show significant improvement on using 
FIT alone;38 however, there were significant problems in 
that study that were avoided during COLOFIT develop-
ment and were more related to unconventional sample 
collection rather than any regional differences in popula-
tion structure or clinical pathways (extensively discussed 
in Crooks et al

15). Furthermore, COLOFIT performance 
has now been externally validated in two alternative 
regions of the UK (East Lancashire and Oxford), which 
has confirmed similar CRC prevalence across different 
populations and similar ability of COLOFIT to prevent 
unnecessary referrals in different local NHS systems.15 16 
It is also worth considering whether the implementation 
of COLOFIT could prove more complex than modelled 
and introduce additional resource requirements or delays 
compared with FIT due to the need for a blood test. The 
cost scenario analysis presented here does suggest that 
costs saved from reduced colonoscopy must balance any 
additional costs incurred as a result of implementing 
COLOFIT for it to be cost- effective. Implementation anal-
ysis or piloting of COLOFIT is essential to enable such 
questions to be answered prior to any national roll- out.

Several important model uncertainties and limitations 
have been highlighted in the structural sensitivity analysis, 
which are important when making policy decisions. First, 
other serious bowel conditions such as IBD may present 
with similar symptoms and are detectable through FIT 
to a certain extent. These are worsened by diagnostic 
delay and may currently be diagnosed serendipitously 
but rapidly through the cancer referral process.18–20 
Changes to the referral pathway are therefore likely to 
affect these non- cancer conditions. However, assessing 
the impact of COLOFIT on the diagnosis of non- cancer 
bowel conditions was out of the scope of the COLOFIT 
project, so while COLOFIT is likely to have some sensi-
tivity for such diseases due to its large FIT component,15 
it is unclear what the relative sensitivity and specificity of 

COLOFIT versus FIT might be. Our scenario analyses 
including adenomas and IBD in the model are therefore 
based on limited and uncertain data but suggest that 
COLOFIT could be less cost- effective than FIT if these 
conditions are taken into account. These results are likely 
to be driven by age variables in the COLOFIT algorithm 
promoting the reorientation of referrals to older people, 
as IBD is more prevalent in the young than cancer,20 and 
while adenomas are more prevalent in older people, their 
early detection may particularly benefit younger people 
by preventing cancer in later life. Further research into 
the likely impact of COLOFIT on the diagnosis of other 
serious bowel diseases, and the development of alterna-
tive referral pathways if the impact is likely to be signif-
icant, is therefore essential to ensure that people with 
these conditions are not disadvantaged.

A second important limitation is the ability of the 
model to estimate accurately the harms of delayed diag-
nosis. Studies looking at the impact of diagnostic delay 
have struggled with confounding given that people 
with higher risk of more advanced disease tend to be 
referred more urgently. Data from one study suggest 
that for people with high- risk symptoms, mortality 
could be 30–50% higher if diagnosis is delayed by more 
than 3 months, although this association was not seen 
for patients presenting with other symptoms,4 and has 
not been observed more generally across symptomatic 
patients in other studies.39 40 Rather than using this uncer-
tain data, we took a natural history modelling approach 
whereby harms of delayed diagnosis were driven by stage 
shift based on transition probabilities calibrated as part 
of previous modelling work.27–29 However, this approach 
has its own limitations as it ignores disease progression 
within a stage, relies on estimates of diagnostic delay that 
omit recent increases in capacity constraints, and uses 
stage transition probabilities that were calibrated within 
a general population and therefore may not accurately 
represent how rapidly cancer develops in a symptomatic 
population. Our scenario analysis shows that increasing 
the impact of delay changes the balance of costs to 
QALYs, thereby reducing both the cost- effectiveness 
of COLOFIT compared with FIT and the optimal risk 
threshold. Assessing the impact on cancer outcomes 
would therefore be essential if COLOFIT and/or lower 
risk thresholds are implemented.

CONCLUSION

Health economic modelling suggests that COLOFIT is 
likely to be more cost- effective than FIT at diagnosing 
a similar number of cancers and could help alleviate 
pressure on secondary care diagnostic services through 
significant reduction in the number of referrals required. 
However, the reorientation of expedited CRC diagnoses 
from people aged under 50 to those aged over 70, and 
resulting subsequent QALY loss, suggests that strategies 
to improve diagnosis in the under 50s are necessary to 
mitigate potential harm, particularly in the context of 
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increasing incidence in this age group. Further research 
would enable uncertainties to be resolved around how 
COLOFIT might impact cancer survival and diagnosis of 
other serious bowel diseases in populations throughout 
England. Decisions around any future adoption of 
COLOFIT should consider cost- effectiveness alongside 
other priorities including diagnostic capacity, implemen-
tation practicalities and potential benefits and harms to 
different patient populations.
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