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ABSTRACT
Objective To estimate overdiagnosis of colorectal cancer 
(CRC) for screening with sigmoidoscopy and faecal occult 
blood testing (FOBT).
Design Simulation study using data from randomised 
trials.
Setting Primary screening, UK, Norway
Participants 152 850 individuals from the Nottingham 
trial and 98 678 individuals from the Norwegian Colorectal 
Cancer Prevention (NORCCAP) trial.
Intervention CRC screening.
Outcome measure We estimated overdiagnosis using 
long- term data from two randomised trials: the Nottingham 
trial comparing FOBT screening every other year to no- 
screening, and the NORCCAP trial comparing once- only 
sigmoidoscopy screening to no- screening. To estimate the 
natural growth of adenomas to CRC, we used the following 
microsimulation models: (i) the Microsimulation Screening 
Analysis; (ii) the CRC Simulated Population model for 
Incidence and Natural history; (iii) the Simulation Model 
of Colorectal Cancer; (iv) a model derived by the German 
Cancer Research Center. We defined overdiagnosed 
cancers as the difference between the observed number of 
CRCs in the no- screening arm and the expected number of 
cancers in screening arm (sum of observed and prevented 
by adenoma removal). The amount of overdiagnosis is 
defined as the number of overdiagnosed cancers over the 
number of cancers observed in the no- screening arm.
Results Overdiagnosis estimates were highly dependent 
on model assumptions. For FOBT screening with 2354 
cancers observed in control arm, four out of five models 
predicted overdiagnosis, range 2.0% (2400 cancers 
expected in screening) to 7.6% (2533 cancers expected 
in screening). For sigmoidoscopy screening with 452 
cancers observed in control arm, all models predicted 
overdiagnosis, range 25.2% (566 cancers expected 
in screening) to 128.1% (1031 cancers expected in 
screening).
Conclusions The amount of overdiagnosis estimated 
based on the microsimulation models varied substantially. 
Microsimulation models may not give reliable estimates of 
the preventive effect of adenoma removal, and should be 
used with caution to inform guidelines.

INTRODUCTION
Overdiagnosis is diagnosis of a disease that 
would not have developed to cause symp-
toms or death in the patient’s lifetime if 
not detected by screening.1 2 While largely 
disregarded 10 years ago, overdiagnosis is 
now recognised as a major harm of cancer 
screening.1–3

A substantial amount of overdiagnosis has 
been observed for mammography screening 
for breast cancer, ultrasound screening 
for thyroid cancer, and prostate cancer by 
prostate- specific antigen.1

Although colorectal cancer (CRC) 
screening is endorsed in the USA, Europe 
and in many other areas of the world, there 
is a striking paucity of studies on overdiag-
nosis. CRC screening entails different tests 
with varying characteristics, and most likely 
different amounts of overdiagnosis. The most 
commonly used tests are faecal occult blood 
testing (FOBT), sigmoidoscopy and colonos-
copy.3 Faecal tests are mainly early detection 
screening tests as they primarily detect inva-
sive cancers. Colonoscopy and sigmoidoscopy 

Strengths and limitations of this study

 ► Data from two large randomised trials with long 
follow- up and detailed information of adenomas and 
cancers were used.

 ► Four different microsimulation models to estimate 
the natural growth of adenomas to colorectal cancer 
were applied.

 ► The amount of overdiagnosis was highly dependent 
on the transition rates in the different models of nat-
ural history.

 ► Microsimulation models may not give reliable esti-
mates of the preventive effect of adenoma removal 
and should be used with caution.
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are mainly preventive screening tests as they primarily 
detect and remove adenomas which are cancer precur-
sors. Because all CRC screening tests entail colonoscopy 
(either for primary screening, or for individuals positive 
with FOBT or sigmoidoscopy), all entail a component of 
preventive screening.3

The few studies investigating overdiagnosis in CRC 
screening report overdiagnosis of CRC of 6%–9% after 
positive FOBT, and 1 per 1000 screening colonoscopies 
detect and remove an adenoma that would never prog-
ress to CRC. However, the studies have been hampered 
by the failure to recognise the cancer- preventive effect of 
screening to ascertain correct estimates of overdiagnosis, 
and a lack of proper comparison groups, which made reli-
ance entirely on modelling necessary.4 5

We took advantage of recent long- term follow- up data 
from large randomised trials of FOBT and sigmoidoscopy 
screening, with optimal comparative groups.6 7 The aim 
of the study was to estimate the risk of overdiagnosis of 
CRC based on the numbers of adenomas and cancers 
removed at FOBT and sigmoidoscopy screening.

METHODS
Concept of estimating overdiagnosis
Estimating overdiagnosis for CRC screening requires 
knowledge about the natural history of adenomas 
to CRC. The natural history of adenomas cannot be 
observed directly. However, microsimulation models 
for CRC screening which are widely used for guidelines 
and policy making, for example, by the US Preventive 
Services Task Force and the American Cancer Society8 
have natural history assumptions as an important part of 
their models.9 10

Study design
We estimated overdiagnosis of CRC by combining data 
from two sources:
1. We used data of observed adenomas and CRCs from 

two large randomised trials of FOBT screening6 and 
flexible sigmoidoscopy.7 Both trials entailed no- 
screening control arms.

2. For the natural history of adenomas to cancer, we ap-
plied estimates from the three most commonly used 
microsimulation models of CRC screening (a–c) and 
estimates derived from an observational setting (d).
a. The Microsimulation Screening Analysis (MIS-

CAN).11

b. The Colorectal Cancer Simulated Population mod-
el for Incidence and Natural history (CRC- SPIN).11

c. The Simulation Model of Colorectal Cancer (Sim-
CRC).11

d. Model derived by the German Cancer Research 
Center (German).12

All microsimulation models (a–c) simulate the lifetime 
risk of developing adenoma and CRC for a large popu-
lation of individuals. The models were developed inde-
pendently and were calibrated to the same data regarding 

adenoma prevalence, cancer incidence and stage distri-
bution. The data were collected by Cancer Intervention 
and Surveillance Modeling Network. The model derived 
by the German Cancer Research Center (d) was devel-
oped using the German screening colonoscopy data 
and is based on the observed numbers of adenomas and 
cancers detected in the German population.

By combining the natural history estimates from these 
models with the data of actual observed adenomas 
and cancers in the randomised trials, we estimated the 
number of expected cancers if adenomas had not been 
removed at screening, and compared this to the observed 
number of CRCs in the no- screening control arms of the 
two randomised trials.

If the observed and expected numbers of cancer in 
the screening arm are similar to the control arm, there 
is no overdiagnosis. If the numbers are higher, this would 
reflect overdiagnosis, or that the models, which have 
been validated and are used to inform guidelines, may 
be incorrect.

Data sources
Screening with FOBT
The Nottingham trial is a randomised trial comparing 
FOBT screening with no- screening.6 13 Between 1981 and 
1991, 152 850 individuals age 45–74 years living in the 
Nottingham area in England were randomised in a ratio 
of 1:1 to either screening by guaiac- based FOBT every 
other year, or to no screening.13 Between three and six 
screening rounds were applied to the screening arm, 
depending on the date of study entry. Attendance to at 
least one FOBT screening round was 59.9% (44 838 indi-
viduals), attendance to all screening rounds was 38.2% 
(28 720 individuals).

For the current study, we used data from the most recent 
follow- up of the trial published in 2012 (median follow- up 
time 19.5 years) reporting on removed adenomas and 
on CRC incidence and mortality for the screening as 
compared with the control arm.6

Screening with sigmoidoscopy
The Norwegian Colorectal Cancer Prevention Trial 
(NORCCAP) is a randomised trial comparing once- only 
sigmoidoscopy screening to no screening.7 14 Between 
1999 and 2001, all residents of Oslo and Telemark County 
in Norway aged 50–64 years were randomised to sigmoid-
oscopy screening with (10 388 individuals) or without 
(10 392 individuals) an immunochemical FOBT, or to 
no screening (79 430 individuals).14 In all analyses the 
number of observed cancers in the control arm is rescaled 
to fit the screening arm.

For the current study, we used individual patient data 
provided by the NORCCAP investigators, including sex, 
age, CRC diagnosis, death and immigration, and for the 
screening participants the date of adenoma removal. 
Median follow- up was 14.8 years.7 We used the actual age 
and sex distribution among individuals with adenomas, 
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consisting of 60% men and 40% women for adenomas 
removed at screening.

Model assumptions
Since we did not have access to individual data for adenoma 
patients for the FOBT trial, we assumed follow- up time 
of the entire 19- year study period for patients who had 
adenomas removed in the first screening round. For 
adenomas removed in subsequent rounds, we assumed 
uniform number of adenomas removed in each round, 
with corresponding shorter follow- up time. For detailed 
information on our assumptions, see online supple-
mental appendix 1.

Since we had access to individual data in the sigmoid-
oscopy trial, including date of adenoma removal, size 
and histology of the adenomas, and follow- up time, no 
assumptions were needed.

Modeling
We used Markov models with discrete time (1- year inter-
vals) to calculate the number of prevented cancers. Each 
year any adenoma patient could stay in the same state, 
move from the non- advanced/advanced adenoma state 
to preclinical cancer, or from preclinical cancer to cancer. 
Additionally, at each state patients could move to overall 
death. The state transition probabilities for overall death 
were obtained from population registries (see online 
supplemental appendix 1).

In order to estimate the transition probabilities from 
one state to another we used the four above- mentioned 
CRC screening models, including five scenarios.11 12 

Each of the models provides assumptions for the natural 
history of adenoma growth as presented in figure 1. 
The MISCAN, CRC- SPIN and SimCRC models simu-
late time (in years) from adenoma to preclinical cancer 
and from preclinical cancer to symptomatic cancer.11 In 
our analyses using these three models, we assumed that 
all adenomas removed at screening were non- advanced 
(the most conservative approach). We did not adjust 
our analyses to multiple adenomas because as we focus 
on the time to the first cancer (ie, duration for one of 
the detected adenomas to develop to cancer). We used 
the median dwell time to estimate the annual transition 
between stages in the models. In the MISCAN model, 
non- progression of some adenomas is part of the natural 
history. We used probabilities of progressive adenomas 
reported by the authors, that is, 14% for individuals aged 
less than 65% and 14% to 96% (linearly increasing) for 
individuals aged 65–100 (25.7% progression at age 70, 
49.1% progression at age 80, etc).15

The German model12 estimates age- dependent and sex- 
dependent annual transition rates from non- advanced 
adenoma to advanced adenoma, from advanced 
adenoma to preclinical cancer, and from preclinical 
cancer to clinical cancer. In our estimates we used the 
highest (German, high) and lowest (German, low) point- 
estimates for annual transition rates. Since no informa-
tion on adenoma histology was available for the FOBT 
trial, we defined all adenomas ≥10 mm as advanced, and 
all adenomas <10 mm as non- advanced.

Figure 1 The assumptions of growth and time and rates from adenoma to cancer in the four different models. Model 1–311 is 
the Microsimulation Screening Analysis (MISCAN), the Colorectal Cancer Simulated Population model for Incidence and Natural 
history (CRC- SPIN) and the Simulation Model of Colorectal Cancer (SimCRC).11 Model 4 is a model derived by the German 
Cancer Research Center (German).12

https://dx.doi.org/10.1136/bmjopen-2020-042158
https://dx.doi.org/10.1136/bmjopen-2020-042158
https://dx.doi.org/10.1136/bmjopen-2020-042158
https://dx.doi.org/10.1136/bmjopen-2020-042158
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To obtain additional details on applied transition rates 
for adenomas and cancer, we contacted the MISCAN, CRC- 
SPIN and SimCRC investigators. We got responses from 
the MISCAN and CRC- SPIN modellers and following their 
advice, we performed the following sensitivity analyses. 
For the MISCAN model, the authors assume that the time 
from adenoma to cancer follows an exponential distribu-
tion with a mean of 140 years (meaning that most of the 
adenoma patients will not develop cancer within their 
lifespan). Thus, we drawn 1000 samples from an expo-
nential distribution with mean of 140 years and calculate 
a median over the samples to estimate the annual tran-
sition between adenoma and cancer. For the CRC- SPIN 
we used annual transition rates for the following steps of 
the natural history: from adenoma <5 mm to adenoma 
5–9 mm to adenoma ≥10 mm to preclinical cancer to 
cancer.16

Data analysis
Overdiagnosis calculations
We estimated overdiagnosis as the difference between 
the expected number of cancers in the screening arm 
if no adenomas had been removed at screening and the 
number of cancers observed in the control arm. In our 
primary analysis, we used the following formula to calcu-
late the number of overdiagnosed cancers:

 OD = CRCSrc
EXP − CRCCtrl

OBS   

 OD =
(
CRCSrc

OBS + CRCSrc+
ADN

)
−
(
CRCCtrl

OBS

)
  (Primary 

analysis)

where  CRCSrc
EXP  are the number of expected cancers 

among screening participants in the screening arm if no 
adenomas had been removed, and  CRCCtrl

OBS   is the number 
of observed cancers in the control arm. The number of 
expected cancers is the sum of the numbers of cancers 
observed (diagnosed) in the screening arm  CRCSrc

OBS

 , and the numbers of cancers that would develop from 

adenomas if they were not removed at screening  CRCSrc+
ADN   

(figure 2 and box 1).
In a secondary analysis, we included all adenomas, both 

in the screening and control arm of the FOBT trial. This 
was not done for the sigmoidoscopy trial since no infor-
mation existed on adenoma removal in the non- attenders 
and in the control arm. The following formula was used 
to estimate overdiagnosis:

 

OD =
(

CRCSrc
OBS + CRCSrc+

ADN + CRCSrc−
ADN

)
−(

CRCCtrl
OBS + CRCCtrl

ADN

)
  (Sec-

ondary analysis)

where  CRCSrc−
ADN   is the number of cancers expected if 

no adenomas had been removed among non- attenders 
and  CRCCtrl

ADN  are the number of cancers expected if no 
adenomas had been removed in the control arm.

We estimated the amount of overdiagnosis as number 
of overdiagnosed cancers divided by the number of 
observed cancers in the control arm. For transparency, 
we also calculated overdiagnosis using the observed and 
expected number of CRCs in the screening arm as an alter-
native denominator. In a non- randomised setting, without 

Figure 2 Illustrating estimates of overdiagnosis. CRC, colorectal cancer.
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a valid control group, number of cancers observed in the 
presence of screening may be the only number available 
and it is sometimes used as the denominator. However, 
for preventive screening methods (reducing cancer inci-
dence) such as in colorectal screening, this may result in 
falsely high overdiagnosis estimates.17

RESULTS
Trial data
Table 1 shows the baseline characteristics of the 
randomised trials on FOBT and sigmoidoscopy screening, 
including detected cancers and adenomas, and cancer 
incidence in the follow- up period.

Table 1 Baseline characteristics of the randomised trials on FOBT and sigmoidoscopy screening, respectively6 7

Screening arm Control arm

FOBT trial

Number of patients included* 76 056 75 919

Person- years of follow- up 1 286 526 1 286 877

Attendance rate (to at least one screening 
round)

44 838 (59.9%) NA

Positive test 2050 (2.7%) NA

Number of individuals with at least one 
colonoscopy after positive test

1778 (2.3%) NA

Number of cancers detected at screening 236   

CRC incidence 2279 (3.0%) 2354 (3.1%)

Total number of individuals with adenomas detected at screening

  Size <10 mm in diameter 159 (0.2%)   

  Size ≥10 mm in diameter 615 (0.8%)   

Total number of individuals with adenomas detected (non- responders and interval adenomas)

  Size <10 mm in diameter 629 (0.8%) 601 (0.8%)

  Size ≥10 mm in diameter 736 (1.0%) 883 (1.2%)

Sigmoidoscopy trial†

Number of patients included 20 552 78 126

Person- years of follow- up 289 272 1 084 774

Attendance rate 12 955 (63.0%)   

Positive test 2639 (12.8%)   

Number of individuals with at least one 
colonoscopy after positive test

2520 (12.3%)   

Number of cancers detected at screening 41   

CRC incidence 393 (1.9%) 1751 (2.2%)

Total number of individuals with adenomas detected at screening‡

  Non- advanced adenoma 1628 (7.8%)   

  Advanced adenoma 582 (2.8%)   

*875 subjects were excluded could not be traced by the Office for National Statistics or had emigrated and were excluded from the report.6

†Norwegian Colorectal Cancer Screening Trial randomised individuals aged 50–54 in 1:5.4 ratio and individuals 55–64 in 1:3 ratio in the 
screening and control arm, respectively.
‡Available only for screening participants. Size of adenoma refers to a patient’s largest adenoma at an investigation. Advanced adenoma was 
defined as adenoma ≥10 mm in diameter or with villous histology or with high- grade dysplasia.
CRC, colorectal cancer; FOBT, faecal occult blood testing.

Box 1 Glossary of terms for overdiagnosis in preventive 
screening

Overdiagnosis: diagnosis of a disease that would not have developed 
to cause symptoms or death in the patient’s lifetime if not detected by 
screening.
Number of overdiagnosed cancers: number of cancers expected in the 
screening arm subtracting number of cancers observed (diagnosed) in the 
control arm.
Number of cancers expected in the screening arm: the sum of the numbers 
of cancers observed (diagnosed) in the screening arm, and the numbers 
of cancers that would develop from precursor lesions if they were not re-
moved at screening (estimated through microsimulation models).
Overdiagnosis: number of overdiagnosed cancers divided by the number of 
observed (diagnosed) cancers in the control arm.
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Model data
The estimated annual transition rates from adenoma to 
cancer which are used in the five scenarios (four models) 
are displayed in table 2. The highest annual transition rates 
from adenoma to cancer were found in the CRC- SPIN and 
the SimCRC models, and the lowest in the German model 
(German low) (table 2). The annual transition rate from 
adenoma to preclinical cancer ranged from 3.0% in the 
CRC- SPIN model to 10.9% for the progressive adenomas 
in the MISCAN model (not all adenomas are progres-
sive in the MISCAN model). The transition rate from 
preclinical to clinical cancer ranged from 17.3% in the 
German model (German, low) to 29.3% in the MISCAN 
and CRC- SPIN models. In the MISCAN model, not all 
adenomas progress and the estimates are for the progres-
sive adenomas. Accordingly, if one follows 100 adenoma 
patients for 10 years and assume median reported dwell 
times, between 1 (German, low) and 18 (CRC- SPIN 
and SimCRC) cancers would develop according to the 
different models. Annual transition rates for sensitivity 
analyses can be found in online supplemental table 1.

Overdiagnosis
For FOBT screening arm, the number of prevented 
cancers in the different models ranged from 72 to 254. 

Four out of the five model scenarios predicted overdi-
agnosis ranging from 2.0% (2400 cancers expected in 
screening arm vs 2354 cancers observed in control arm) 
to 7.6% (2533 cancers expected in screening arm). 
The MISCAN model did not predict any overdiagnosis, 
table 3. For sigmoidoscopy screening arm, the number of 
prevented cancers in the different models ranged from 
173 to 638. All models predicted overdiagnosis, ranging 
from 25.2% (566 cancers expected in screening arm vs 
452 observed in control arm) to 128.1% (1031 cancers 
expected in screening arm), table 3. Similar results were 
obtained in the sensitivity analyses, see online supple-
mental tables 2 and 3. A comparison of cancers observed 
and cancers expected in screening and control arms can 
be found in figure 3.

The overdiagnosis was highest when cancers observed 
in the screening arm were used as denominator (up to 
7.9% for FOBT and 147.3% in sigmoidoscopy) and lowest 
when cancers expected in the screening arm was used 
as a denominator (up to 7.1% for FOBT and 56.2% for 
sigmoidoscopy), see online supplemental table 4.

In the secondary analysis for FOBT screening (when 
we included estimates of cancers prevented through 
adenoma removal outside of screening in the screening 

Table 2 Transition time in years, and rates as annual percentages in different phases of the natural history of colorectal 
cancer for the different model scenarios11 12

Name of the model MISCAN CRC- SPIN SimCRC German low German high

Phase I: from adenoma to preclinical cancer

Annual transition from 
non- advanced adenoma 
to advanced adenoma 
(%)

      3.6 4.2

Annual transition from 
advanced adenoma to 
preclinical cancer (%)

      2.5 5.6

Median dwell time 
(years)

6 23 19     

Annual transition from 
adenoma to preclinical 
cancer (%)*

10.9 3.0 3.6     

Phase II: from preclinical cancer to cancer

Median of dwell time 
(years)

2 2 3

Annual transition from 
preclinical cancer to 
cancer (%)*

29.3 29.3 20.6 17.3 22.5

Total: from adenoma to cancer

Annual transition from 
adenoma to cancer (%)

0.72† 1.80 1.81 0.13‡ 0.36‡

*Calculated based on reported median dwell time from adenoma to preclinical cancer and from preclinical cancer to cancer for discrete time 
Markov models with 1- year intervals.
†Assuming 14% progressive adenomas.
‡Assuming 100% non- advanced adenomas.
CRC- SPIN, Colorectal Cancer Simulated Population model for Incidence and Natural history; MISCAN, Microsimulation Screening Analysis; 
SimCRC, Simulation Model of Colorectal Cancer.

https://dx.doi.org/10.1136/bmjopen-2020-042158
https://dx.doi.org/10.1136/bmjopen-2020-042158
https://dx.doi.org/10.1136/bmjopen-2020-042158
https://dx.doi.org/10.1136/bmjopen-2020-042158
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arm and in the control arm), <1% overdiagnosis was 
estimated with the MISCAN model, whereas for the 
remaining four model scenarios, the estimated overdiag-
nosis ranged from 3.1% to 10.2%.

DISCUSSION
This study is the first to estimate overdiagnosis in 
colorectal cancer screening using randomised trials with 
valid comparison groups and sufficiently long follow- up. 
We found that overdiagnosis with FOBT screening is 
between 0% and 7.6% depending on adenoma transition 

rates. The highest amount of overdiagnosis was observed 
for German model (German high), with 179 overdiag-
nosed cancers. For comparison only 236 cancers were 
detected at screening.

For sigmoidoscopy screening, our analyses yielded 
overdiagnosis between 25.2% and 128.1%. Two of the five 
models predicted overdiagnosis over 100%, which means 
that majority of cancers detected in the screening arm are 
overdiagnosed. The apparent difference in overdiagnosis 
between FOBT and sigmoidoscopy may be explained 
by different characteristics of adenomas detected at 
screening (less advanced in sigmoidoscopy and more 
advanced in FOBT). However, even if we use the lowest 
reported transition rates for adenomas removed in FOBT 
screening and highest reported for adenomas removed in 
sigmoidoscopy screening, the results are hard to believe 
clinically. Although, similar overdiagnosis (50%–70%) 
was estimated with MISCAN model for cervical cancer 
screening (which same as sigmoidoscopy is mostly preven-
tive),18 there is no clinical justification for observed 
results.

Overdiagnosis was highly dependent on the model used, 
and thus the transition rates from adenoma to cancer. 
The choice of denominator or whether we included only 
adenomas detected at screening (primary analysis) or all 
adenomas (secondary analysis) did not change the results 
significantly. The CRC- SPIN and SimCRC models had the 
highest proportion of adenomas progressing to cancer 
within 10 years from adenoma detection (18%) for the 
German model (with the lowest annual transition rates, 
ie, German, low) it was 1.3%.

A reasonable explanation for the calculated overdiag-
nosis is that adenoma growth rates in at least some of the 
models are wrong. Our study may indicate that microsim-
ulation models do not provide reliable estimates for the 
natural history of adenomas. As a consequence, because 
adenoma development is a central assumption in CRC 
screening microsimulation models, we are concerned 
that the model estimates for the effect of preventive CRC 
screening tests, such as sigmoidoscopy or colonoscopy 
screening, may be wrong. Since the estimates for flexible 
endoscopy screening were much more unlikely than for 
FOBT screening it may be that the models have specific 
problems with screening tests where multiple non- 
advanced adenomas are detected. It could be interpreted 
that either the proportion of non- advanced adenomas 
destined to progress to cancer or the time to progress to 
cancer is overestimated in these models.

Strengths of our study include the application of data 
from large randomised trials with long follow- up and 
detailed information of adenomas and cancers. Although 
some observational studies with long follow- up were also 
available19 20 we decided not to use them due to lack of 
appropriate control groups. Weaknesses include the 
inability to directly observe transition times of adenomas 
and cancers, which this study shares with all others in 
this area. Modelling studies of the natural history of CRC 
show a variation of mean transition time from adenoma 

Figure 3 Numbers of observed and expected colorectal 
cancers (CRCs) in the screening arm and observed in 
the control arm for faecal occult blood testing (A) and 
sigmoidoscopy screening (B). Bar for expected number of 
cancers in screening arm is a mean over all microsimulation 
models. Error bar for expected number of cancers in 
screening arm is a range (min–max) over all microsimulation 
models.
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to preclinical cancer between 7.6 and 24.2 years.11 The 
annual transition rate from advanced adenoma to CRC 
is estimated to be 2.5%–5.6% dependent on age and sex, 
and from adenoma to advanced adenoma from 3.6% to 
4.2%.12 Thus, differences in transition rates do impact on 
the results obtained. Our assumption on adenoma growth 
relied on the median transition rate from the microsimu-
lation models11 and the lowest and highest point estimate 
for annual transition rates from the German model.12 
The advantage of this assumption is that it is transparent 
and easy to understand. In addition to assumption on 
adenoma growth rate, the microsimulation models 
include several other assumptions such as participation 
rates, performance and quality of the screening interven-
tion. We did not make assumptions on any of these vari-
ables, and some may considered this a limitation of our 
study. We were able to use the observed data from the 
published trials where these variables are observed in a 
real life scenario and do not have to be assumed. Since 
there is no randomised trials on faecal immunochemical 
test, used as benchmark test for CRC in the UK,21 we used 
data from the randomised trial of FOBT screening. We 
believe that our results can be generalisable for faecal 
immunochemical testing depending on the threshold for 
the test positivity which can be chosen with FIT, but not 
with FOBT screening.

Overdiagnosis in preventive screening is difficult to 
ascertain, because the early detection effect which may 
harbour the risk of overdiagnosis is counteracted by the 
preventive effect, which reduces cancer incidence. Disen-
tangling the two effects is necessary to ascertain the net 
overdiagnosis. As all approaches used for CRC screening 
include colonoscopy which has a cancer prevention effect 
due to adenoma removal, it is invalid to assume that there 
is no overdiagnosis in CRC screening simply because the 
cumulative incidence of CRC is similar or lower in the 
screening arm compared with the control arm at the end 
of follow- up. In the present study, we achieved this by using 
information about removed adenomas in the randomised 
trials and by applying modelled transition rates from 
adenoma to cancer from the most commonly used micro-
simulation models. This approach should provide a good 
and valid approximation of the true amount of overdiag-
nosis in CRC screening, but as our results show, it did not 
result in plausible estimates for sigmoidoscopy and FOBT 
screening.

Microsimulation modelling has been used extensively 
to guide policy making about CRC screening. The models 
we used for this study are regarded as valid and trustworthy. 
Important guidelines which are followed by physicians 
around the world and their patients rely on these models 
for their recommendations for or against screening. The 
US Preventive Services Task Force is heavily relying on 
microsimulation modelling,8 and many other organisa-
tions do so increasingly.9 10 However, based on our results, 
the four presented microsimulation models may not give 
reliable estimates of preventive effect of screening and 
they results should be used with caution.
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