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ABSTRACT
Objective: Approximately 20–30% of all colorectal cancer (CRC) cases may have a familial contribution.
The family history of CRC can be prominent (e.g., hereditary colorectal cancer (HCRC)) or more moderate
(e.g., familial colorectal cancer (FCRC)). For family members at risk, colonoscopic surveillance is a well-
established method to prevent both HCRC and FCRC, although the evidence for the exact procedures of
the surveillance is limited. Surveillance can come at a high price if individuals are frequently examined, as
this may result in unnecessary colonoscopies in relation to actual risk for CRC. This study analyses the
cost-effectiveness of a surveillance programme implemented in the Northern Sweden Health Care Region.
Methods: The study includes 259 individuals prospectively recorded in the colonoscopic surveillance
programme registry at the Cancer Prevention Clinic, Umeå University Hospital. We performed a
cost–utility analysis with a contrafactual design: we compared observed costs and loss of
quality-adjusted life years (QALYs) due to CRC with the surveillance programme to an expected out-
come without surveillance. The main measure was the incremental cost-effectiveness ratio (ICER)
between surveillance and non-surveillance. Scenario analysis was used to explore uncertainty.
Results: The ICER between surveillance and non-surveillance in the base model was 3596e/QALY. The
ICER varied from �4620e in the best-case scenario to 33,779e in the worst-case scenario.
Conclusion: Colonoscopic surveillance is a very cost-effective method to prevent HCRC and FCRC com-
pared to current thresholds for cost-effectiveness and other cancer preventive interventions.
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Introduction

Approximately 20–30% of patients with colorectal cancer
(CRC) have close relatives who have had the same disease
[1–3]. However, only 3–5% of CRC patients have a dominant
inheritance, such as a known monogenetic hereditary colo-
rectal cancer (HCRC) syndrome. Most family histories of CRC
are less dominant and often referred to as familial colorectal
cancer (FCRC) [1–3]. The lifetime risk for CRC can be up to
80% in HCRC, compared to 10–30% in FCRC [1–3].

The most common HCRC is Lynch syndrome, which is
caused by inherited alterations of DNA mismatch repair
(MMR) genes [1]. In families with HCRC, genetic testing can
often detect mutations in MMR genes and identify carriers at
risk for CRC. In FCRC, no genetic tests are available as the
aetiology most likely is multifactorial and not monogenic
[1–4]. Consequently, in a family with FCRC, the risk for CRC is
entirely based on family history, and carriers at risk for cancer
cannot be distinguished from non-carriers.

Colonoscopic surveillance is a well-established method
[1,2,5,6] for HCRC and FCRC prevention, although the scientific
evidence on how to design an optimal surveillance programme
is limited. There are different opinions and guidelines on how

extensive a familial clustering of CRC must be to justify surveil-
lance, at what age to start surveillance, and the length of exam-
ination intervals [5–10].

If individuals in a surveillance programme have unneces-
sary or too frequent colonoscopies in relation to their true
risk for CRC, the preventive effect may come at a high
price. The disadvantages of unnecessary or too frequent
colonoscopies could be harmful side effects or a high cost
compared to the health benefits. Consequently, cost-effect-
iveness studies of colonoscopic surveillance should be an
important method to both analyse and optimise
surveillance.

There are a few cost-effectiveness studies published on
colonoscopic surveillance for individuals with inherent risk
for CRC [11–15]. These studies are all based on simulation
models and not on the outcome of a real cohort under-
going surveillance. We recently performed a prospective
study that found a high cancer preventive effect of a colo-
noscopic surveillance programme for HCRC and FCRC in the
Northern Sweden Health Care Region [9]. This study investi-
gates whether this surveillance programme was a cost-
effective method for preventing CRC.
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Methods

Population and study design

The study population was individuals recorded in the colono-
scopic surveillance registry at the Cancer Prevention Clinic,
Umeå University Hospital, between 1 January 1995 and 1
September 2012. All study subjects were prospectively
recorded and defined as HCRC or FCRC (Table 1).

Individuals at risk for HCRC were examined every second
year from the age of 25 and for FCRC every fifth year from 5
to 10 years before the age of the first diagnosed case in the
family. Genetic counselling and testing was done at the
Cancer Prevention Clinic, and the colonoscopies were per-
formed at local hospitals. From the registry, we gathered
data on sex, age at first colonoscopy, number of examina-
tions, mismatch repair status and colonoscopic findings or
complications during the study period.

As in the previous study with the same cohort, we had no
control group (i.e., no group without surveillance). Thus, we
calculated the expected number of CRC cases anticipated
within the cohort, if it had not been surveilled. Details of the
CRC estimations are given in the earlier study [9]. First, we per-
formed a cohort analysis based on age, sex and calendar year
matched CRC incidence rates for the general population in
Sweden [9]. Then, as proposed by Dowe-Edwin et al. [7], we
applied three sets of relative risk estimations (lowest, best and
highest) for individuals with inherited risk for CRC. To compare
observed vs. expected cases of CRC, two-tailed standard

incidence ratios (SIR) with 95% confidence intervals were calcu-
lated according to Byar’s formula. The best-set estimation of
expected cases of CRC without surveillance was used to con-
struct a base model for the cost-effectiveness analysis.

Model for cost-effectiveness analysis and outcome
measures

The cost-effectiveness of surveillance during the study period
was examined by a cost–utility analysis with a contrafactual
design. This means ‘real’ costs and effects of surveillance were
compared with an estimate of expected costs and effects
without any surveillance in the same cohort (Figure 1).

The costs for the competing alternatives – surveillance vs.
non-surveillance – were calculated in a societal perspective, a
viewpoint that includes costs both for the health care sector
and all other sectors in society. The effects or gains of sur-
veillance were calculated by transforming the difference in
CRC cases (effect) into remaining quality-adjusted life years
(QALYs) for the two competing alternatives. The summary
measure of cost-effectiveness of this study is the incremental
cost-effectiveness ratio (ICER) between surveillance and non-
surveillance (Figure 1).

ICER enables comparisons between different health care
interventions and assessment of the cost-effectiveness in rela-
tion to the so-called threshold values. In Sweden, all treatments
with an ICER less than 10,900e/QALY are considered very cost-

Table 1. Classification of family history for definition of hereditary colorectal cancer (HCRC) and familial colorectal cancer (FCRC).

FCRC At least 2 FDRA with CRC diagnosed under age 70, or 3 FDR with CRC diagnosed over age 70.
HCRC Fulfilling Amsterdam criteria, or regardless of family history, MSIB positive or MMRC mutation carrier.
AFirst-degree relative.
BMicrosatellite instability.
CMismatch repair.

Figure 1. Model for cost–utility analysis comparing colonoscopic surveillance vs. non-surveillance and calculations of incremental cost effectiveness ratio (ICER).
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effective, less than 54,300e/QALY are considered general
acceptable, and over 54,300e/QALY are considered interven-
tions to be undertaken only if the disease is very severe [16].
All analyses were performed in IBMVR Statistics SPSSVR version 20
and 22 (SPSS Inc., Chicago, IL) and Microsoft# Excel#.

Calculation of QALYs

The remaining QALYs in the cohort were calculated based on
the year the study subjects had their first surveillance colonos-
copy (i.e., when they entered the study). The calculations were
based on Swedish age-sex-specific data on expected remaining
lifetime and health-related quality of life (HRQoL) [17,18]
(Supplementary Table A). Due to the few cases of CRC, a simpli-
fied model was used to calculate losses of QALYs due to CRC.

We made an approximation of stage-specific survival rates
based on data from the Swedish Colorectal Cancer Registry
(SCRCR) 2007–2011 [19]: Stages I and II – 100% survival;
Stage III – 50% deceased on year five after one year of ter-
minal care; and Stage IV – 100% deceased after one year of
palliative care. Stage distribution at CRC diagnosis was also
based on data from the SCRCR. The stage-specific losses of
QALYs due to CRC were derived from studies by Hees et al.
and Ness et al. [20,21] (Supplementary Table B). Colon and
rectal cancer was not separated. The impact on HRQoL from
each surveillance colonoscopy procedure is negligible accord-
ing to previous studies and was not included [22,23].

Costs

Detailed model input (parameter values) for costs is given in
Supplementary Tables C and D. The costs are mostly based
on tariffs from Swedish county councils’ collaborations and
national guidelines for CRC Care. The principle for the tariffs
is to estimate the cost on the basis of resources used, and
these tariffs are used to make agreements on actual costs.
These tariffs are thus scrutinised and accepted by both pro-
viders and purchasers.

Costs for genetic counselling, testing, and maintaining a
registry for families with HCRC and FCRC were derived from
the budget of the Cancer Prevention Clinic in Umeå during
the study period. To investigate the cost-effectiveness of the
surveillance programme from a population perspective, the
costs from the Cancer Preventive Clinic includes all referred
families due to possible inherited CRC, not just the individu-
als who were recommended surveillance. All costs are given
in Euros at the price level of December 2015 (1e� 9.2 SEK).

Sensitivity analysis

We constructed worst- and best-case scenarios to examine
the stability of the base-case results. The worst-case scenario

for cost-effectiveness of colonoscopic surveillance is a low
incidence of CRC (i.e., a low risk for CRC) in the study popula-
tion without surveillance in combination with high costs for
surveillance and low costs for CRC Care. Consequently, the
best-case scenario is a high incidence of CRC without surveil-
lance in combination with low costs for surveillance and high
costs for CRC Care. Input data in the base-case model, which
are varied in the sensitivity analysis, are given in Figure 2.

Ethics

The Regional Ethical Review Board in Umeå approved the
study and all study subjects gave their informed consent to
be included in the registry.

Results

Outcome of surveillance and estimations of CRC without
surveillance

In this study, 259 individuals (two excluded due to missing
data) from 118 families participated in surveillance. The par-
ticipants had a total of 597 colonoscopies. Mean age for
their first colonoscopy was 53 years (24–79) and 61% (159/
259) were females (Table 2). No complications requiring sur-
gical intervention were reported as the result of a
colonoscopy.

In the surveillance programme, one case (a 70-year-
old female) was diagnosed with CRC (Stage III) although
9.5 cases were expected according to the best estimate
for CRC without surveillance (Table 2). The standardised
incidence ratio (SIR) of CRC – observed vs. expected
cases – based on the best estimates is 0.11 (95%CI
0.0014–0.5857), indicating a significant reduction in CRC
due to surveillance [9]. Mean age of the expected cases
of cancer was 62 years.

Figure 2. Input data varied in the sensitivity analysis.

Table 2. Baseline data and outcome of surveillance for the study cohort.

Total no. of patients 259
Male 100 (39%)
Female 159 (61%)
HCRCA 141(54%)
FCRCB 118 (46%)
Mean age at start of surveillance 52,8 y
Mismatch repair (MMR) gene carrier status

among HCRC patientsC

MLH1 26
MSH2 21
MSH6 26

Total no. of surveillance colonoscopies 597
Total follow-up time 1256 person-years
CRC cases found during surveillance 1
No. of endoscopic polypectomies 26
AHereditary colorectal cancer.
BFamilial colorectal cancer.
CNo testing for MMR gene PMS-2 was performed during the study period.

Table 3. Estimations on expected cases of CRC in the study cohort without
surveillance.

Lowest estimate Best estimate Highest estimate

4.3 9.5 14.2
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Differences in QALYs and costs, surveillance vs.
non-surveillance

Surveillance saved 64.8 QALYs (1.7%) in the study population
compared to non-surveillance (Table 3). Surveillance was
378,047e more costly than non-surveillance for the health
care sector, whereas non-surveillance had 145,010e in higher
costs due to loss of production. In total, the net cost for sur-
veillance was 233,038e (Tables 4 and 5).

Main outcome and sensitivity analysis

The ICER, comparing surveillance and non-surveillance, was
in the base case 3596e/QALY (233,038/64.8). In the sensitivity
analysis, the ICER varied from �4620e in the best-case scen-
ario to 33,779e in the worst-case scenario.

Discussion

Colonoscopic surveillance is a cost-effective method for her-
editary and familial colorectal cancer prevention. Compared
to current thresholds for cost-effectiveness of health care
interventions in Sweden, the ICER in our study is low in the
base-case and moderate in the worst-case scenario. The
negative ICER in the best-case scenario means that surveil-
lance, with these assumptions, saves both lives – e.g., QALYs
– and money.

A few earlier studies have examined the cost-effectiveness
of colonoscopic surveillance or colonoscopic screening based
on family history [11–15]. All these studies conclude colonos-
copy is a cost-effective method to prevent inherent CRC.
Unfortunately, it is difficult to compare the ICER in these
studies with our study due to differences in aim,

methodology (on-going surveillance vs. simulation) and set-
ting (time and location). Compared to other cancer prevent-
ive interventions, the ICER for colonoscopic surveillance in
this study is lower or similar (Figure 3).

A Spanish study from 2004 by Balmana et al. examined
the cost-effectiveness of surveillance for familial breast cancer
and found ICERs that resembled ours; however, since their
estimated costs are now over ten years old, their ICERs might
be underestimated [24]. More recently, the Swedish National
Board of Health and Welfare (SNBHW) published cost-effect-
iveness evaluations of breast and colorectal cancer screening
in the general population. Biannually screening for breast
cancer with mammography for women age 50–69 years has
a moderate ICER according to threshold values in Sweden
[25]. CRC screening is a low-cost intervention using biannual
faecal immunochemical test (FIT) for individuals 50–74 years
old [26]. FIT, however, is not a valid alternative for surveil-
lance of inherited CRC due to a low detection rate for prema-
lignant adenomas. This is especially true since inherited CRC
has an accelerated adenoma–carcinoma sequence compared
to the slower oncogenesis in sporadic CRC [27].
Sigmoidoscopy can detect premalignant adenomas and a sin-
gle examination at age 60 is very cost-effective way to screen
for CRC in the general population [28]. However, since most
hereditary CRC cases are found proximal of the splenic flex-
ure, sigmoidoscopy is not an option in surveillance for HCRC
or FCRC.

Strengths and limitations

To our knowledge, this is the first cost-effectiveness study on
colonoscopic surveillance based on an on-going programme.
Our study analyses the cost-effectiveness of maintaining a
surveillance programme for a defined population; all the indi-
viduals in this study had suspected FCRC or HCRC and lived
in the Northern Sweden Health Care Region where they were
referred to the Cancer Prevention Clinic in Umeå.
Furthermore, costs include genetic testing and counselling
for all referred individuals and not just costs for those who
were recommended for surveillance.

The reliability of CRC findings is high as all study subjects
were linked to the Regional Cancer Registry. Nevertheless, in
the absence of a control group, we had to estimate expected
cases of CRC without surveillance. A control group with no
surveillance would have been ethically impossible since our
material includes HCRC individuals with up to 80% lifetime
risk for CRC. We consider cohort analysis, including best avail-
able data on relative risk for HCRC/FCRC, as the most plaus-
ible way to evaluate a surveillance programme.

The relative risks for HCRC/FCRC in our cohort are based
on a study from 2005 by Dowe-Edwin et al [7]. The estima-
tions correspond to an average lifetime risk for CRC in about
40% in the best estimate for HCRC families. More recent

Table 4. Calculations on differences in quality-adjusted life years (QALYs), surveillance vs. non-surveillance.

Remaining QALYs in the study population as of the year they had their first colonoscopy 3893
Loss of QALYs due to the observed case of CRC with surveillance 3.8
Loss of QALYs due to expected cases of CRC w/o surveillance 68.6
Differences in QALYs, surveillance vs. non-surveillance 64.8 (1.7%¼64.8/3889.2)

Table 5. Costs for the health care sector and loss of production, surveillance
vs. non-surveillance.

Surveillance (e) Non-Surveillance (e)

Health care costs
Genetic counselling, testing, registry 444,833
Colonoscopies 368,128
Polypectomies 15,436
Diagnostic work-up CRC 1224 17,488
Curative surgery 19,565 146,739
Adjuvant chemotherapy 11,866 23,732
Palliative care 0 266,231
Follow-up 2273 17,044

Sum of health care costs 866,325 488,278
Loss of production

Genetic counselling 13,746 I
Colonoscopies 62,884 0
Diagnostic work-up CRC,

care and convalescence
7935 59,514

Adjuvant chemotherapy 23,805 47,611
Terminal care 0 142,833
Follow-up CRC 527 3950

Sum loss of production 108,898 253,908
Total costs 975,223 742,185
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studies suggest the risk for CRC in the most common HCRC
syndrome – Lynch – is variable from 46% to 10%, depending
on the associated MMR gene [29]. The MMR gene associated
with the lowest risk for CRC is PMS-2, which was not tested
during our study period. A large proportion of unknown
PMS-2 carriers might cause an overestimation of both the
expected cases of CRC in the cohort and the cost-effective-
ness of surveillance.

However, since PMS-2 seems to be the most rare MMR
gene variant (5–10%), undiagnosed PMS-2 carriers would
probably be very few with a low impact on the CRC estima-
tions [29]. Another limitation is the small study population,
although the statistical analysis indicates a significant reduc-
tion in CRC owing to surveillance.

We also chose to perform the sensitivity analysis as a
scenario analysis instead of using a more complex prob-
abilistic sensitivity analysis. A different sensitivity analysis
would probably not change the study’s conclusion, as the
ICER in the base case is far below the current threshold
(� 54,300e) for moderate cost-effective interventions in
Sweden [7].

Improving surveillance in the future

As FCRC comprises individuals with a heterogeneous risk,
many of these individuals might have colonoscopies too
early or too often in relation to their true risk for CRC. There
is growing evidence that five- or six-year examination inter-
vals from the age of 45 are sufficient in most cases of FCRC
[7–9]. Findings at the individual’s first colonoscopy may also
provide tools to customise future surveillance [30]. FCRC
patients with pre-malignant high-risk adenomas may have
shorter intervals, and older individuals without alarming ini-
tial findings might not need continued surveillance [7,8].

The risk assessment in HCRC can also be improved. In
HCRC, there are families who have a negative view of testing
for known HCRC genes. Gene carriers cannot be discrimi-
nated from non-carriers, and all family members are recom-
mended surveillance. Considering a lifetime perspective of
one young non-carrier, 20–25 colonoscopies might be
avoided.

In our study population, there is one larger family who
fulfilled the Amsterdam criteria for Lynch syndrome, but
who were negative for known Lynch genes. The family’s
22 members had 81 colonoscopies during the study
period. If the gene that causes CRC in this family could be
identified, all the non-carriers could be excluded from the
surveillance programme. In theory, half of the family mem-
bers should be non-carriers, and the potential savings are
about 40 colonoscopies or 33,000e during our limited
study period.

To conclude, colonoscopic surveillance of HCRC every
second year from the age of 25 and for FCRC every fifth year
from 5 to 10 years before the age of the first diagnosed case
in the family is a cost-effective intervention to prevent CRC.
Enhanced genetic testing and customising surveillance on
the basis of colonoscopic findings could further improve
cost-effectiveness.
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