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Abstract
Background and Objective: Colorectal cancer (CRC) is one 
of the most common cancers in Europe. Recently, new data 
from the USA and Europe revealed an increase in the inci-
dence of CRC in individuals aged < 55 years and a reduction 
in those aged > 65 years. Mortality rate was stable in patients 
aged < 55 years and decreased after the age of 55 years. 
Based on the USA data, the American Cancer Society (ACS) 
published a qualified recommendation advocating the start 
of CRC screening at the age of 45 years. We aimed to evalu-
ate if the changes in the CRC incidence/mortality observed 
in the USA and the rest of Europe also occur in Portugal, and 
then perform a cost-utility analysis of CRC screening that 
starts at 45 years of age. Methods: We evaluated the inci-
dence of CRC by age group using data from the National 
Cancer Registry, and the mortality rate according to the Na-
tional Statistics Institute in the periods 1993–2010 and 2003–
2016. A cost-utility analysis was performed with a decision 
tree from a societal perspective comparing biennial fecal im-

munochemical test (FIT) or a single colonoscopy screening 
versus nonscreening at the age of 45 years in Portugal. Re-
sults: In Portugal, in 1993–2010, there was an increase in CRC 
incidence of 17% (from 25 to 30/100,000), 35% (from 39 to 
54/100,000), and 71% (from 52 to 97/100,000) in patients 
aged 45–49 years, 50–54 years, and 55–59 years, respective-
ly. The mortality rate of patients aged 45–54 years remained 
stable between 2003 and 2016 (12/100,000) as a counter-
point to a moderate decrease in those aged 55–64 years 
(from 38 to 35/100,000) and a sharp reduction in those aged 
65–75 years (from 93 to 75/100,000). Screening for CRC at the 
age of 45 years has no cost utility with the current incidence. 
FIT screening provided an ICUR of EUR 84,304/quality-ad-
justed life years (QALY) while colonoscopy provided an ICUR 
of EUR 3,112,244/QALY. On one-way sensitivity analysis, FIT 
screening would only have cost utility at the present cost of 
colonoscopy under sedation (EUR 150) and acceptance rates 
if the incidence rate rises above 47.5/100,000; colonoscopy 
at this age would have no cost utility despite changes in 
costs and/or incidence rates. Conclusion: In Portugal, the in-
cidence of CRC in patients aged 45–55 years has been in-
creasing with a stable mortality rate, in contrast to the de-
crease in mortality in the age groups covered by the current 
CRC screening program. However, at present, CRC screening 
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in Portugal at the age of 45 years has no cost utility and will 
only have this if the incidence rate rises above 47.5/100,000 
(vs. the actual incidence of 30/100,000).

© 2021 Sociedade Portuguesa de Gastrenterologia
Published by S. Karger AG, Basel
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Resumo
Introdução e Objetivos: O cancro colorretal (CCR) é uma 
das neoplasias mais comuns na Europa. Recentemente, 
temos observado um aumento da incidência de cancro 
colorretal (CCR) em indivíduos < 50 anos (não abrangidos 
pelos programas de rastreio), tanto na europa como nos 
Estados Unidos da América (EUA). Simultaneamente, a 
taxa de mortalidade (TM) permaneceu estável em doen-
tes < 55 anos e diminuiu > 55 anos. Baseado nestes dados, 
a American Cancer Society (ACS) publicou uma reco-
mendação qualificada advogando o início do rastreio aos 
45 anos. Avaliar se as alterações na incidência/mortali-
dade de CCR observadas nos EUA/Europa também ocor-
rem em Portugal e realizar uma análise de custo-utilidade 
do início do rastreio de CCR aos 45 anos. Métodos: Ava-
liamos a incidência de CCR por faixa etária usando dados 
do Registro Oncológico Nacional (1993–2010) e TM de 
acordo com o Instituto Nacional de Estatística (2003–
2016). A análise de custo-utilidade foi realizada com uma 
árvore de decisão sob uma perspetiva social, comparan-
do o teste imunoquímico fecal bienal (FIT) com a realiza-
ção de uma colonoscopia total aos 45 anos. Resultados: 
Em Portugal (1993–2010) observou-se um aumento na 
incidência de CRC de 17% (25/100.000 vs. 30/100.000), 
35% (39/100.000 vs. 54/100.000) e 71% (52/100.000 vs. 
97/100.000) em doentes com 45–49 anos, 50–54 anos e 
55–59 anos, respetivamente. A TM de indivíduos com 45–
54 anos permaneceu estável (12/100.000) ao contrário  
da diminuição moderada em indivíduos com 55–64 
(38/100.000 vs. 35/100.000) e uma acentuada redução 
em 65–75 (93/100.000 vs. 75/100.000). O rastreio de CCR 
aos 45 anos não teve custo-utilidade na presente incidên-
cia (FIT/colonoscopia total). O rastreio com FIT forneceu 
um RCEI de € 84.304/QALY, enquanto a colonoscopia for-
neceu um RCEI de € 3.112.244/QALY. Em análise de sen-

sibilidade unilateral, o rastreio com FIT apresentaria cus-
to-utilidade com o custo atual da colonoscopia sob seda-
ção (€ 150) e taxas de aceitação apenas se a incidência 
subir acima de 47,5/100.000; o rastreio com colonoscopia 
nesta idade nunca teria custo-utilidade, apesar das mu-
danças nos custos e/ou taxas de incidência. Conclusão: 
Em Portugal, a incidência de CCR em doentes com idades 
entre 45–55 anos tem aumentado (TM estável). Este 
cenário é semelhante ao descrito nos EUA/restante eu-
ropa. No entanto, o início do rastreio do CCR aos 45 anos 
em Portugal apenas terá custo-utilidade se incidência for 
> 47.5/100.000 (vs. 30/100.000). 

© 2021 Sociedade Portuguesa de Gastrenterologia
Publicado por S. Karger AG, Basel

Background and Objectives

Colorectal cancer (CRC) is the second cause of cancer 
mortality in Europe and the first in Portugal, representing 
nearly 16% of all cancer-related deaths [1]. The overall 
incidence of CRC has increased in most European coun-
tries over the last 10 years. The annual increase ranges 
across different European countries, from 0.4 to 3.6% [2]. 
However, it is expected that the recent introduction of 
CRC screening for individuals aged ≥50 years will reverse 
this trend [2–4]. 

The CRC incidence has also risen in individuals < 50 
years of age, who are not included in most CRC screening 
programs [5, 6]. The USA documented an increase in the 
incidence of CRC in individuals < 55 years of age (45–49 
years: 31/100,000; 50–54 years: 58/100,000), in contrast to 
a reduced incidence in those aged > 65 years. The mortal-
ity rate was stable in patients aged < 55 years (45–49 years: 
8/100,000; 50–54 years: 13/100,000) and decreased in old-
er patients. Based on this data, the American Cancer So-
ciety (ACS) showed that, in the US population, CRC 
screening beginning at the age of 45 years creates a favor-
able balance between screening benefits and burdens, 
thus supporting the recommendation for starting screen-
ing at 45 years [5]. A recently published analysis of CRC 
incidence and mortality rate in individuals aged < 50 years 
in Europe (including a small region of northern Portugal) 
showed an increased incidence of 7.9% per year in indi-
viduals aged 20–29 years (in 2004–2016), 4.9% per year in 
those aged 30–39 years (2005–2016), and 1.6% per year in 
those aged 40–49 years (2004–2016) [6]. The authors re-
ported a large variability between countries and conclud-
ed that, if this trend continues, screening guidelines may 
need to be reconsidered; however, no formal recommen-
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dations were provided and no cost-effective analysis was 
performed [7].

In Portugal, there is still no universal screening pro-
gram for CRC. Some geographical areas are covered by 
an organized screening program; in the remaining areas, 
opportunistic screening is performed in patients aged  
> 50 years based on a biennial fecal immunochemical test 
(FIT), and a colonoscopy in cases with a positive FIT [8].

We aimed to evaluate changes in the CRC incidence/
mortality in patients in Portugal aged < 50 years. We then 
performed a cost-utility analysis of CRC screening start-
ing at 45 years of age, as no other countries outside the 
USA have produced data to support the ACS recommen-
dations. 

Material and Methods

Study Population and Model
A cost-utility analysis was performed using a decision tree 

model comparing 2 CRC screening strategies: a biennial FIT fol-
lowed by colonoscopy if the FIT is positive (≥100 ng/mL or 20 
µg/g) or 1 colonoscopy, starting at the age of 45 years, versus non-
screening. The Portuguese population was considered in the mod-
el and a societal perspective was adopted, in accordance with rec-
ommendations for cost-effectiveness analysis reporting (including 
the costs to the healthcare system, patients, families, and employ-
ers [9]. 

Data Source and Cost-Utility Analysis
The decision tree intended to evaluate if starting a CRC screen-

ing program between the age of 45 and 50 years would have cost 
utility. This comes with the assumption that the CRC screening is 
already cost-effective for patients aged 50 years; screening starting 
at 50 years is already in place in some areas of Portugal, is the of-
ficial policy of our Health Ministry, and was already proven to have 
cost utility in a previous study [10]. Data regarding the incidence 
of CRC by age group in the period 1993–2010 were taken from the 
Portuguese National Cancer Registry, and mortality rate data were 
collected according to the Portuguese National Statistics Institute 
for subjects aged 20–75 years in 2003–2016 [11, 12]. Incidence and 
mortality rates were expressed per 100,000 people. We used data 
from 2 different sources to be sure to obtain the most recent data 
available from both data sources (the National Cancer Registry and 
National Statistics Institute).

Clinical probabilities were obtained from an exhaustive litera-
ture review, and utilities were obtained from the literature provid-
ing values according to the disease location (colon vs. rectum) and 
stage (I/II/III/IV) [13, 14].

Costs were obtained from published tables of prices from the 
National Health Service and reported in euros for the year 2019, 
while the discount rate used was 3% according to published recom-
mendations [9, 15]. Efficacy was reported as utility using quality-
adjusted life years (QALY). For the base-case scenario, the inci-
dence rate used for the age group 45–50 years was 30/100,000, the 
FIT cost was EUR 3 with a 50% acceptance rate, and the colonos-
copy cost (colonoscopy under sedation) was EUR 150 with a 38% 
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Fig. 1. Colorectal cancer incidence rate by age group between 1993 
and 2010 in Portugal (data source: National Oncologic Registry).
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acceptance rate. The outcome measure was the incremental cost-
utility ratio (ICUR) between each of the screening strategies versus 
no screening, with costs in the numerator and effectiveness in the 
denominator. The threshold for the willingness-to-pay (WTP) was 
set at EUR 39,760/QALY (2× the gross national income per capita) 

and the primary outcome was the ICUR. The online supplemen-
tary Table (www.karger.com/doi/10.1159/000513592) provides 
the variables used in the model for transition probabilities and 
costs. 

Table 1. Cost-utility results for the base case scenario

 Screening strategy Cost,
EUR

Incremental
cost, EUR

Utility Incremental 
utility

Cost utility ICUR

No screening 7 0.99765 QALY EUR 7/QALY
FIT (EUR 150/colonoscopy) 9 2 0.99767 QALY 0.00002 QALY EUR 9/QALY EUR 84,304/QALY
Colonoscopy (EUR 150/screening) 90 83 0.99768 QALY 0.00003 QALY EUR 90/QALY EUR 3,112,244/QALY
FIT (EUR 397/colonoscopy) 1 4 0.99767 QALY 0.00002 QALY EUR 11/QALY EUR 176,213/QALY
Colonoscopy (EUR 397/screening) 184 177 0.99768 QALY 0.00003 QALY EUR 185/QALY EUR 6,620,987/QALY

FIT, fecal immunochemical test; QALY, quality-adjusted life years; ICUR, incremental cost-utility ratio.
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Fig. 3. Cost-utility analysis of fecal immunochemical test (FIT) or 
colonoscopy screening (EUR 150) versus no screening. x axis rep-
resents the effectiveness in quality-adjusted life years (QALY).  
y axis represents the cost in euros. The best screening strategy is 

FIT, presenting a better combination of increased effectiveness 
and lower costs, providing an incremental cost-utility ratio of EUR 
84.304/QALY (but above the threshold of EUR 39,760/QALY) ver-
sus EUR 3,112,244/QALY for colonoscopy. 
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Results

In Portugal, in 1993–2010, there was an increase in 
CRC incidence of 17% (from 25 to 30/100,000), 35% 
(from 39 to 54/100,000), and 71% (from 52 to 97/100,000) 
in patients aged 45–49 years, 50–54 years, and 55–59 
years, respectively. The mortality rate of patients aged  
45–54 years remained stable between 2003 and 2016 
(12/100,000), as a counterpoint to a moderate decrease in 
those aged 55–64 years (from 38 to 35/100,000) and a 
sharp reduction in those aged 65–75 years (from 93 to 
75/100,000). 

For those < 50 years old, the incidence of colon cancer 
increased by 55% (from 4.5 to 7/100,000) and the inci-
dence of rectal cancer increased by 10% (from 3.9 to 
4.3/100,000) (Fig. 1, 2).

According to our model, starting screening for CRC at 
the age of 45 years has no cost utility with the current in-

cidence of 30/100,000. When considering the current 
price of a colonoscopy with sedation, i.e., EUR 150, the 
strategy for a FIT screening provided an ICUR of EUR 
84,304/QALY while the colonoscopy screening strategy 
provided an ICUR of EUR 3,112,244/QALY (the thresh-
old was set at EUR 39,760/QALY). When considering the 
screening price of a colonoscopy with sedation, i.e., EUR 
397 according to the Portuguese legislation for an orga-
nized screening program, the strategy for a FIT screening 
provided an ICUR of EUR 176,213/QALY while the colo-
noscopy screening strategy provided an ICUR of EUR 
6,620,987/QALY (Table 1; Fig. 3).

In the one-way deterministic sensitivity analysis, and 
only considering the lower current cost of EUR 150 for 
colonoscopy with sedation, the option for a FIT screening 
would have cost utility at the present cost and acceptance 
rates if the CRC incidence rate rose above 47.5/100,000 
(the current rates for people aged ≥50 years, for whom 

39,680
39,670
39,660
39,650
39,640
39,630
39,620
39,610
39,600
39,590
39,580
39,570
39,560
39,550
39,540
39,530
39,520
39,510
39,500
39,490
39,480

N
et

 m
on

et
ar

y 
be

ne
fit

0.
00

04
75

2

0.0
00

17
8

0.0
00

41
42

0.0
00

65
04

0.0
00

88
66

0.0
01

12
28

0.0
01

35
9

0.0
01

59
52

0.0
01

83
14

0.0
02

06
76

0.0
02

30
38

0.0
02

54

CRC probability

Sensitivity analysis (WTP = 39,760) Colonoscopy screening
FIT screening
No screening

Fig. 4. One-way sensitivity analysis of the incidence of colorectal 
cancer (CRC; X axis) influence on the incremental cost-utility ratio 
(ICUR; Y axis). For a willingness-to-pay threshold (WTP) set at 
EUR 39,760/QALY, CRC incidence will have to rise up to 

47.5/100,000 for a fecal immunochemical test-based screening 
program to have cost utility starting at the age of 45 years (at a 
colonoscopy cost of EUR 150). Colonoscopy screening would nev-
er have cost utility.
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screening is an accepted option) (Fig.  4); colonoscopy 
screening at this age, even at the current lower cost of 
EUR 150 per exam, would not have cost utility despite 
changes in costs and/or the incidence rate (Fig. 5). In the 
probabilistic sensitivity analysis, all 1,000 simulations of 
FIT screening versus no screening returned to above the 
threshold line, corresponding with the model result that, 
only on the very rare occasion that the CRC incidence 
would rise above 47.5/100,000 would the screening have 
cost utility (Fig. 6).

Discussion

Our model showed an increased CRC incidence in in-
dividuals < 55 years of age in Portugal, mainly due to the 
increased incidence of colon cancer, as opposed to rectal 
cancer, but still not enough to render a screening pro-
gram at this age to have cost utility.

The etiology of this trend is yet unknown. This phenom-
enon has also been observed in other parts of the world such 
as other European countries, the USA, Australia, and Chi-
na, and it may be caused by the adoption of a western life-
style dominated by an excess of nutrients (and obesity as-
sociated with a chronic low-grade inflammatory response 
in metabolic cells), a lack of physical activity, alcohol con-
sumption, and cigarette-smoking [6, 16–18]. These partic-
ular lifestyle factors have been associated mainly with colon 
cancer but not with rectal cancer [19, 20].

European guidelines recommend CRC screening 
starting at the age of 50 years [21]. We documented a 35 
and 71% increase in CRC incidence in the age group 45–
49 years and 50–54 years, respectively. These data come 
hand-in-hand with a stable mortality rate in individuals 
45–54 years of age, as a counterpoint to a significant de-
crease in older patients (affected by the CRC screening 
program).

Beginning screening earlier (at 45 years) would benefit 
these patients, not only for diagnosing CRC at earlier 
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cer; FIT, fecal immunochemical test.
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stages but also allowing for the removal of large polys that 
would evolve in CRC in the near future (i.e., have a pre-
ventive effect on the individuals 50–54 years of age). In 
contrast, starting screening at age the age of 45 years has 
the major disadvantage of using valuable endoscopic re-
sources that are needed to properly screen patients in the 
age group 50–75 years, who would benefit the most from 
screening.

The ACS analysis, however, showed a favorable ben-
efit-to-burden balance, with an expected reduction in 
CRC incidence and mortality [5]. However, in Portugal, 
CRC screening at these younger ages had no cost utility 
with the present CRC incidence at the age of 45 years. 
The FIT screening would only have cost utility at its pres-
ent cost and acceptance rates if the incidence rate rises 
above 47.5/100,000 (vs. the current incidence of just 
30/100,000).

Several limitations of our study need to be addressed: 
not every hospital (mainly private hospitals) provided 
their data regarding CRC diagnosis to the National Can-

cer Registry, so we probably underestimated the true 
CRC incidence in the Portuguese community. We could 
only obtain incidence data up to 2010 as no later data are 
yet available; this limited the analysis of more recent 
trends. Finally, the present model is applicable to the Por-
tuguese population, but any comparisons regarding other 
populations must be made with caution due to different 
assumptions about CRC incidence and mortality, and ob-
viously about costs.

Despite the results of our study providing arguments 
against starting a CRC screening program at 45 years in 
Portugal, it is important to monitor the increasing inci-
dence of CRC and the clinical relevance at a younger age, 
to be able to assess whether screening practices need to be 
addressed in the near future. This work has highlighted 
the importance of having trustworthy and universal Na-
tional Cancer Registry data to evaluate these changes and 
act accordingly.
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Conclusion

In Portugal, the incidence of CRC in patients aged 45–
55 years has been increasing but remains at < 30/100,000, 
despite a stable mortality rate, contrary to the decrease in 
mortality in the age groups covered by the current CRC 
screening programs. This scenario is similar to what has 
been described in the USA and in other European coun-
tries. Starting CRC screening in Portugal at the age of 45 
years still has no cost utility at present. This may soon al-
ter if the incidence rate rises to 47.5/100,000. 
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