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Background: The incidence of colorectal cancer in patients aged less than 50 years is increasing in
Western countries. This population-based study investigated the age- and sex-specific incidence of
colorectal cancer over time in Sweden, and characterized trends in tumour localization and stage at
diagnosis.
Methods: Patients diagnosed with colorectal cancer between 1970 and 2016 were identified from the
Swedish Cancer Registry, and categorized by sex, age and tumour location. The incidence and average
annual percentage change (AAPC) were estimated and compared between age groups.
Results: There was an overall increase in the incidence of colorectal cancer between 1970 and 2006, but
a decrease in 2006–2016 (AAPC −0⋅55 (95 per cent c.i. −1⋅02 to −0⋅07) per cent). The largest increase
in colonic cancer was in 1995–2005 in women aged less than 50 years (AAPC 2⋅30 (0⋅09 to 4⋅56) per cent
versus 0⋅04 (−1⋅35 to 1⋅44) and− 0⋅67 (−1⋅62 to 0⋅28) per cent in women aged 50–74 and 75 years or
more respectively). Since 1990, rectal cancer increased in patients of both sexes aged below 50 years, with
higher AAPC values in women (2006–2016: 2⋅01 (−1⋅46 to 5⋅61) per cent versus 0⋅20 (−2⋅25 to 2⋅71) per
cent in men). Younger patients were more likely than those aged 50–74 and 75 years or more to present
with stage III–IV colonic (66⋅2, 57⋅6 and 49⋅6 per cent respectively) and rectal (61⋅2, 54⋅3 and 51⋅3 per
cent) cancer. From the mid 1990s, rates of proximal and distal colorectal cancer, and rectal cancer were
increased in patients aged less than 50 years.
Conclusion: The overall incidence of colorectal cancer in Sweden decreased in the past decade. How-
ever, in patients under 50 years of age the incidence of colorectal cancer – proximal, distal and rectal
– continued to increase over time.
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Introduction

Colorectal cancer is the third most common cancer, with
1⋅36 million new cases estimated every year1. The annual
incidence of colonic cancer in 2007–2011 in Sweden was
44 per 100 000 population in both sexes, and that of rectal
cancer in the same period was 25 per 100 000 in men and
17 per 100 000 in women2.

A decreased trend in the overall incidence of colorec-
tal cancer has usually been attributed to the introduction
of screening programmes3,4. Sweden has not yet intro-
duced a national screening programme; however, a regional
population-based screening programme began in 2008 in
the capital region of Stockholm. On average, 110 000 indi-
viduals aged 60–69 years were screened annually using
faecal occult blood testing at 2-year intervals.
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Table 1 Average annual percentage change, overall and by age, sex and tumour location

AAPC (%)

1970–1983 1984–1994 1995–2005 2006–2016

Overall

Colorectal cancer 0⋅55 (0⋅34, 0⋅77) 0⋅28 (−0⋅96, 1⋅54) 0⋅18 (−0⋅22, 0⋅58) −0⋅55 (−1⋅02, −0⋅07)

Colonic cancer 0⋅30 (−0⋅03, 0⋅63) 0⋅46 (−1⋅41, 2⋅37) 0⋅25 (−0⋅48, 0⋅98) −0⋅39 (−0⋅99, 0⋅22)

Rectal cancer 0⋅93 (0⋅52, 1⋅34) 0⋅00 (−0⋅53, 0⋅54) 0⋅07 (−0⋅56, 0⋅72) −0⋅82 (−1⋅51, −0⋅13)

Colonic cancer

Age <50 years

Women −1⋅29 (−3⋅34, 0⋅80) 0⋅84 (−2⋅83, 4⋅65) 2⋅30 (0⋅09, 4⋅56) 2⋅13 (−1⋅15, 5⋅52)

Men −2⋅85 (−5⋅35, −0⋅29) 0⋅00 (−3⋅99, 4⋅15) 0⋅51 (−2⋅32, 3⋅41) 1⋅19 (−0⋅80, 3⋅21)

Age 50–74 years

Women 0⋅54 (0⋅09, 0⋅99) 0⋅27 (−1⋅61, 2⋅18) 0⋅04 (−1⋅35, 1⋅44) −1⋅07 (−2⋅03, −0⋅10)

Men 0⋅57 (0⋅13, 1⋅01) 1⋅39 (−0⋅79, 3⋅62) 0⋅43 (−0⋅63, 1⋅51) −0⋅73 (−1⋅78, 0⋅33)

Age ≥75 years

Women −0⋅08 (−1⋅18, 1⋅03) −1⋅36 (−3⋅04, 0⋅34) −0⋅67 (−1⋅62, 0⋅28) 0⋅36 (−0⋅64, 1⋅37)

Men 0⋅94 (0⋅11, 1⋅77) 0⋅82 (−1⋅33, 3⋅01) 0⋅79 (−0⋅37, 1⋅97) 0⋅04 (−1⋅03, 1⋅13)

Rectal cancer

Age <50 years

Women 1⋅70 (−2⋅73, 6⋅34) −1⋅20 (−4⋅59, 2⋅32) 3⋅14 (0⋅51, 5⋅84) 2⋅01 (−1⋅46, 5⋅61)

Men −1⋅71 (−4⋅37, 1⋅01) −1⋅86 (−4⋅35, 0⋅68) −1⋅97 (−5⋅44, 1⋅62) 0⋅20 (−2⋅25, 2⋅71)

Age 50–74 years

Women 0⋅72 (0⋅02, 1⋅42) −1⋅73 (−2⋅71, −0⋅75) −0⋅36 (−1⋅91, 1⋅22) −1⋅80 (−2⋅58, −1⋅02)

Men 1⋅69 (0⋅79, 2⋅59) 1⋅98 (1⋅58, 2⋅39) 1⋅25 (0⋅51, 2⋅01) −0⋅02 (−1⋅05, 1⋅02)

Age ≥75 years

Women −0⋅18 (−1⋅43, 1⋅09) −2⋅40 (−3⋅94, −0⋅84) −1⋅54 (−2⋅74, −0⋅32) −2⋅22 (−3⋅22, −1⋅21)

Men 1⋅56 (0⋅72, 2⋅41) 1⋅66 (0⋅41, 2⋅92) −0⋅15 (−1⋅13, 0⋅83) 0⋅04 (−1⋅40, 1⋅50)

Values in parentheses are 95 per cent confidence intervals. AAPC, average annual percentage change.

Colorectal cancer usually affects the elderly, and only
4–5 per cent of cases are diagnosed in patients younger
than 50 years2. An increased incidence of colorectal cancer
in these younger patients has been reported in recent
literature5–8, although few of these were population-based
studies. Interestingly, patients under the age of 50 years
are also more likely to present with more advanced tumour
stages9,10.

With respect to localization, the number of proximal
colonic cancers has been reported as increasing in the older
population, whereas distal tumours are decreasing, with a
so-called left-to-right shift11–13.

The aim of this study was to investigate the incidence of
colorectal cancer in Sweden over time, including overall,
age- and sex-specific trends. Additional analyses were per-
formed to examine the trends in localization and stage of
disease at the time of diagnosis.

Methods

Data were extracted from Statistics Sweden, a national reg-
istry maintained by a government agency. The registry was

searched for patients diagnosed with colorectal cancer and
recorded in the Swedish Cancer Registry between 1970 and
2016. The reporting of all malignant tumours diagnosed at
clinical, morphological and laboratory examination and/or
autopsy to the Swedish Cancer Registry has been compul-
sory since its inception in 1958.

Tumour stage has been recorded in the Swedish Can-
cer Registry since 2004. The completeness of the registry
has been benchmarked, with an underreporting rate esti-
mated as about 4 per cent14. Although colorectal cancers
have been registered since 1958, estimation of the inci-
dence of rectal cancer before 1970 was deemed unreliable
owing to the fact that anal cancers could not be excluded
reliably. Thus, the study period was restricted to the years
1970–2016.

For the purpose of this study, inclusion criteria were:
tumours of the colon and rectum diagnosed histologically
as adenocarcinoma. Patients with tumour locations in the
appendix, anus or unspecified were excluded. Individu-
als with synchronous primary colorectal tumours were
excluded to avoid overestimating the incidence when
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performing subgroup analysis on localization. In patients
with metachronous tumours, the first tumour was recorded
and subsequent tumours were excluded.

Cancer localization was subgrouped using ICD-7 codes
as proximal (153⋅0 and 153⋅1, from caecum including
splenic flexure), distal (153⋅2 and 153⋅3, from descending
including sigmoid) and rectal (154⋅0, from rectosigmoid
including rectum).

Patients included in the study were divided into the
following age groups: 0–49, 50–74 and 75 years or
more, based on the proposed lower age cut-offs recom-
mended in the USA15 and EU16 for colorectal cancer
screening,.

The sixth edition of the TNM classification of malig-
nant tumours was used for tumour staging. The TNM
stage was based either on evidence acquired before treat-
ment (cTNM) or on histopathology findings (pTNM).
Data on tumour stage were combined with data retrieved
from the Swedish Colorectal Cancer Registry based on the
unique Swedish identification number. By combining the
two registers, missing values were aimed to be kept to a
minimum (0–11⋅7 per cent); analyses were possible start-
ing from 2007. Accordingly, tumour stage was analysed for
2007–2016.

Endpoints

The primary endpoint was the overall age- and sex-specific
incidence of colorectal cancer (colon and rectum), includ-
ing variation over time, between 1970 and 2016. Additional
endpoints included tumour localization and stage at the
time of diagnosis by age and sex over time.

Ethical approval for the study was obtained from
the regional ethics committee (Stockholm; dnr
2016/1145-31/2).

Statistical analysis

Incidence was estimated as the number of cases divided by
the population on 31 December the previous year (cumu-
lative incidence). It was reported as number of cases per
100 000 and age-adjusted to the European Standard Popu-
lation (1976). The cumulative incidence approach was con-
sidered reasonable because colorectal cancer is relatively
rare and follow-up is short (12 months).

The average incidence was characterized using an addi-
tive model for the logarithm of the rates in which the
temporal non-linearities were characterized by specify-
ing the conditional mean using restricted cubic splines.
Age group and sex, and their interactions with the spline
effect, were added as effects to the model to enable curve

Fig. 1 Overall age-standardized incidence of colorectal cancer
in Sweden, 1970–2016
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estimation for each age group and sex17. For colonic can-
cer, localization (proximal and distal) was included in the
same manner. The curves were presented graphically on
the original scale by calculating the exponential of the
mean predictions and the 95 per cent confidence intervals.
The average annual percentage change (AAPC) was esti-
mated separately for each period, 1970–1983, 1984–1994,
1995–2005 and 2006–2016, using linear least-squares
regression of log AAPC, in which time, age group and
sex were included as co-variables. Interactions between
time, age group and sex were included to enable compar-
ison between age groups. The AAPC, its group compar-
isons and 95 per cent c.i. were derived from the estimated
slopes by the same back-transformation as for the analysis
of incidence.

Statistical analyses were performed using SPSS® (IBM,
Armonk, New York, USA), SAS® (SAS Institute, Cary,
North Carolina, USA), and R (R Foundation for Statistical
Computing, Vienna, Austria).

Results

Some 212 451 colorectal cancers that met the inclusion
criteria were identified from the Swedish Cancer Registry
between 1970 and 2016. After the exclusion of 9468
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Fig. 2 Age-standardized incidence of colonic and rectal cancer in Sweden by age and sex, 1970–2016
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patients with synchronous tumours and 33 859 reported
as having subsequent metachronous tumours, 169 124
patients were left for analysis, with 104 816 colonic and
64 308 rectal cancers. With respect to tumour localiza-
tion, there were no patients with missing information in
1970–1992, but in 1992–2016 there were missing records
for 6 per cent, in both female and male populations, but
with a slightly higher proportion in the youngest age
group.

For the additional analysis by tumour stage (2007–2016),
26 484 patients with colonic cancer and complete TNM
stage were identified, 76⋅0 per cent based on pTNM
and 24⋅0 per cent on cTNM. Some 14 133 patients
with rectal cancer and complete TNM stage were also
identified, with the majority of TNM stages based on
pTNM rather than cTNM (69⋅0 and 30⋅9 per cent
respectively).

Colorectal cancer

The overall age-standardized incidence of colorectal can-
cer in Sweden increased until 2006; a significant decrease
was observed in the last decade (2006–2016), with an aver-
age annual decrease of 0⋅55 (95 per cent c.i.−1⋅02 to−0⋅07)
per cent (Table 1 and Fig. 1). This decrease was observed
for both colonic and rectal cancer (Fig. 2). However, inci-
dence rates varied considerably over time, with a decrease
in colorectal cancer around 1990, explained by a concurrent
decrease in colonic cancer.

Colonic cancer

The age-standardized overall incidence of colonic can-
cer from 1970 to 2016 is shown in Fig. 2. An overall
increase was observed over time, although the incidence
stabilized over the last two decades and there was a sig-
nificant decrease in 2006–2016, with an average annual
decrease of 0⋅39 (95 per cent c.i. −0⋅99 to 0⋅22) per cent
(Table 1). The age-standardized incidence showed substan-
tial variation over time and between the different age
groups.

The age-specific incidence of colonic cancer increased
steadily in the 0–49 years age group from the 1990s,
whereas in the age groups 50–74 and 75 years or above it
increased in the early 1990s, but then declined and stabi-
lized (Fig. 2).

The greatest increase was seen in women under 50 years
of age between 1995 and 2016, with an AAPC of 2⋅30
(95 per cent c.i. 0⋅09 to 4⋅56) per cent in 1995–2005;
the increase continued in 2006–2016. This increase in
younger women was higher in comparison to that in older

Table 2 Ratio of average annual percentage change:
comparison with patients aged under 50 years and by age, sex
and tumour location

AAPC ratio

Sex and age group compared Colonic cancer Rectal cancer

2006–2016

F, 0–49 versus ≥75 years 1⋅02 (0⋅99, 1⋅04) 1⋅04 (1⋅02, 1⋅07)

M, 0–49 versus ≥75 years 1⋅01 (0⋅99, 1⋅03) 1⋅00 (0⋅98, 1⋅03)

F, 0–49 versus 50–74 years 1⋅03 (1⋅01, 1⋅05) 1⋅04 (1⋅01, 1⋅06)

F, 50–74 versus ≥75 years 0⋅99 (0⋅97, 1⋅00) 1⋅00 (0⋅98, 1⋅03)

M, 0–49 versus 50–74 years 1⋅02 (1⋅00, 1⋅04) 1⋅00 (0⋅98, 1⋅03)

M, 50–74 versus ≥75 years 0⋅99 (0⋅97, 1⋅01) 1⋅00 (0⋅98, 1⋅02)

1995–2005

F, 0–49 versus ≥75 years 1⋅03 (1⋅01, 1⋅05) 1⋅05 (1⋅02, 1⋅07)

M, 0–49 versus ≥75 years 1⋅00 (0⋅98, 1⋅02) 0⋅98 (0⋅96, 1⋅00)

F, 0–49 versus 50–74 years 1⋅02 (1⋅00, 1⋅04) 1⋅04 (1⋅01, 1⋅06)

F, 50–74 versus ≥75 years 1⋅01 (0⋅99, 1⋅03) 1⋅01 (0⋅99, 1⋅04)

M, 0–49 versus 50–74 years 1⋅00 (0⋅98, 1⋅02) 0⋅97 (0⋅95, 0⋅99)

M, 50–74 versus ≥75 years 1⋅00 (0⋅98, 1⋅01) 1⋅01 (0⋅99, 1⋅04)

1984–1994

F, 0–49 versus ≥75 years 1⋅02 (0⋅99, 1⋅05) 1⋅01 (0⋅99, 1⋅04)

M, 0–49 versus ≥75 years 0⋅99 (0⋅96, 1⋅02) 0⋅97 (0⋅94, 0⋅99)

F, 0–49 versus 50–74 years 1⋅01 (0⋅98, 1⋅04) 1⋅01 (0⋅98, 1⋅03)

F, 50–74 versus ≥75 years 1⋅02 (0⋅99, 1⋅05) 1⋅01 (0⋅98, 1⋅04)

M, 0–49 versus 50–74 years 0⋅99 (0⋅96, 1⋅02) 0⋅96 (0⋅94, 0⋅99)

M, 50–74 versus ≥75 years 1⋅01 (0⋅98, 1⋅04) 1⋅00 (0⋅98, 1⋅03)

1970–1983

F, 0–49 versus ≥75 years 0⋅99 (0⋅97, 1⋅00) 1⋅02 (0⋅99, 1⋅04)

M, 0–49 versus ≥75 years 0⋅96 (0⋅95, 0⋅98) 0⋅97 (0⋅95, 0⋅99)

F, 0–49 versus 50–74 years 0⋅98 (0⋅97, 1⋅00) 1⋅01 (0⋅99, 1⋅04)

F, 50–74 versus ≥75 years 1⋅01 (0⋅99, 1⋅02) 1⋅01 (0⋅99, 1⋅03)

M, 0–49 versus 50–74 years 0⋅97 (0⋅95, 0⋅98) 0⋅97 (0⋅94, 0⋅99)

M, 50–74 versus ≥75 years 1⋅00 (0⋅98, 1⋅01) 1⋅00 (0⋅98, 1⋅03)

Values in parentheses are 95 per cent confidence intervals. AAPC, average
annual percentage change.

age groups in 1995–2005 (0⋅04 per cent in women aged
50–74 years and− 0⋅67 per cent in those aged 75 years or
more), but was not significantly different from that in the
oldest age group in 2006–2016, and data analysis disclosed
limited/borderline values for 95 per cent c.i. (Tables 1
and 2).

In men aged under 50 years the AAPC increased by 1⋅19
(95 per cent c.i. −0⋅80 to 3⋅21) per cent in 2006–2016,
higher than that in men aged 50–74 years (–0⋅73 per
cent), but not significantly different compared with that
in men aged 75 years or above (0⋅04 per cent) (Tables 1
and 2).

In the 50–74 years age group, there was a negative AAPC
in overall incidence among both men and women over
the years 2006–2016 (−0⋅73 (95 per cent c.i. −1⋅78 to
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Fig. 3 Age-standardized incidence of colonic cancer in Sweden by age, sex and tumour location, 1970–2016
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0⋅33) versus−1⋅07 (−2⋅03 to −0⋅10) per cent respectively)
(Table 1).

Incidence by age and localization revealed an increase
in proximal and distal colonic cancer in both sexes aged
under 50 years from the early 1990s (Fig. 3). Proximal
cancer was more common in young men than distal
colonic cancer (Fig. 3). In younger women, similar pro-
portions of proximal and distal colonic cancer were
observed, but with increasing age there were more prox-
imal colonic cancers, consistent with a left-to-right
shift (Fig. 3). In the most recent years there was an
increase in proximal colonic cancers in all age groups
regardless of sex, whereas distal and rectal tumours
decreased or stabilized in patients aged 50 years or above
(Figs 2–4).

Patients under the age of 50 years were more likely
to present with more advanced disease (stage III–IV)
than those in older age groups (66⋅2 per cent of patients
aged less than 50 years versus 57⋅6 per cent in patients
aged 50–74 years and 49⋅6 per cent in those aged
75 years or more). The stage of disease at presentation
remained relatively stable between 2007 and 2016 (Figs 5
and 6).

Rectal cancer

The overall incidence of rectal cancer in Sweden decreased
steadily from 1985 to 2006, particularly in the oldest age
group (Fig. 2). However, since 1990 there was an increase
in rectal cancer among patients aged less than 50 years in
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Fig. 4 Proportion of colorectal cancer according to tumour location by age and sex
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both sexes, especially in women (2⋅01 (95 per cent c.i.−1⋅46
to 5⋅61) per cent versus 0⋅20 (−2⋅25 to 2⋅71) in men in
2006–2016) (Table 1). The greater increase in the AAPC
rate was documented between 1995–2005 and 2006–2016
in women under 50 years of age: 3⋅14 (0⋅51 to 5⋅84) and
2⋅01 (−1⋅46 to 5⋅61) per cent respectively. This was higher
than that in women aged 50–74 years (−1⋅80 per cent) and
in those in the oldest age group (−2⋅22 per cent), although
data analysis again disclosed limited/borderline values for
the 95 per cent c.i. (Tables 1 and 2).

In men aged under 50 years the AAPC rate in 2006–2016
did not differ significantly between the 50–74 years and
the oldest age group: 0⋅22 versus− 0⋅02 and 0⋅04 per cent
respectively (Table 1).

The incidence of rectal cancer decreased in the old-
est age group over time, largely attributed to the steady
decline in incidence for women (−2⋅22 (95 per cent c.i.
−3⋅22 to −1⋅21) per cent over the years 2006–2016)
(Table 1). The incidence of rectal cancer was similar
among men and women in the youngest age group,
but was more common in men in patients aged over
50 years.

A greater proportion of patients under the age of
50 years presented with a more advanced tumour stage
(stage III–IV): 61⋅2 per cent versus 54⋅3 and 51⋅3 per
cent in the 50–74 and 75 years and over age groups
respectively.
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Fig. 5 Proportion of colonic cancer according to UICC tumour stage at presentation by age and sex
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Fig. 6 Proportion of rectal cancer according to UICC tumour stage at presentation by age and sex
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Discussion

Several studies have documented a general decrease in the
incidence of colorectal cancer in developed countries4,8.
However, the literature has also documented an increased
rate of colorectal cancer in patients under 50 years of age,
mainly with a distal colonic and rectal localization4,6,18,19.
In the present study, the incidence of colorectal can-
cer – proximal, distal and rectal – was found to be
increased in patients aged less than 50 years, especially
in women. Similarly, the increasing trend in incidence of
proximal colonic cancer (mainly in older women11,13) has
been reported by a number of authors, providing the basis
for the left-to-right shift in colorectal cancer.

Although some investigators have proposed that
this should be explained as the result of incomplete
colonoscopies20, the overall increase in proximal tumours
internationally and in the present study could also suggest
an actual increase in proximal colonic cancer, possibly
secondary to changes in environmental risk factors. The
risk factors affecting the incidence of colorectal cancer are
recognized to be multifactorial, inherited and acquired,
including obesity, physical inactivity, diabetes, smoking,
alcohol consumption and high red meat intake20–22. The
increased incidence of obesity and red meat consumption
could partly explain the increase in colorectal cancer in
patients under the age of 50 years23. Smoking, however,
decreased in Sweden24, and alcohol consumption has been
relatively stable over time24.

The recent decrease in the overall incidence of colorectal
cancer reported in previous studies3,4,8 has been related to
the implementation of screening programmes. The present
population-based study shows an overall increase in inci-
dence between 1970 and 2006, with a decrease observed
in the last decade starting from 2006, consistent with the
subsequent introduction of a regional population-based
screening programme in 2008.

The findings reported here of young patients presenting
with more advanced disease (stage III–IV), regardless of
tumour localization, are in line with those of a previously
published study25.

Strengths of this study include the high quality of
data from the Swedish Cancer Registry based on the
entire Swedish population, and the enrichment of data
from the Swedish Colorectal Cancer Registry regarding
TNM staging. The separate reporting of synchronous
and metachronous tumours could also be interpreted as a
strength.

However, a potential limitation is in relation to stages
of the disease, as these are based on clinical or patho-
logical information. This is particularly important when

considering rectal cancer, as the pTNM is more likely to
be downstaged due to (chemo)radiotherapy.

These increasing rates of colorectal cancer in younger
patients are of concern, and the factors relating to this
increasing incidence require further investigation.
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Statistical Editor’s comments

As a retired university teacher in medical statistics and epidemiology, I have always been intrigued by finding research
publications with highly complex statistical methods combined with misuse of fundamental concepts. The two things
often seem linked, and this study by Petersson and colleagues is not an exception.

First a brief background: the concepts of disease frequency, incidence rate, risk, and their calculations are not
generally well understood1. Confused incidence calculations have already been described and criticized2.

The term cumulative incidence is a synonym for disease risk, the probability that an individual in a defined population
will develop a disease. Cumulative incidence can be estimated directly in a cohort with fixed membership, for example
as defined by a common event (such as having been randomized in a specific clinical trial) and followed up until disease
endpoint or the study closing date. Cumulative incidence is estimated as a proportion, with the number of individuals
developing the disease during follow-up as the numerator and the number of cohort members at start of follow-up as
the denominator.

Cumulative incidence =
No. of persons developing the disease during follow-up

No. of persons at risk at start of follow-up
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In contrast, a dynamic population, for example the population of a country, varies during follow-up because children
are born and people die, others emigrate or immigrate. It is not practically possible to define a baseline, perform
standardized follow-up, and evaluate the disease endpoints as in a fixed-membership cohort. However, another
incidence measure, the incidence density, can be estimated. This measure is defined as a ratio with the same numerator
as for the cumulative incidence but with a denominator consisting of the amount of person-time at risk (the mean
number of people at risk during follow-up multiplied by the amount of time they have been at risk).

Incidence density =
No. of persons developing the disease during follow-up

Amount of person-time at risk during follow-up

The number of person-years at risk is for a specific calendar year, often calculated as the year’s mid-year population
(multiplied by 1 year to get person-years). The mid-year population for a calendar year is defined as the arithmetic
mean of that year’s and the preceding years’ end-of-year populations.

In their article, Petersson and colleagues explain that they have estimated the cumulative incidence and that this is
a reasonable approach: ‘Incidence was estimated as the number of cases divided by the population on 31 December
the previous year (cumulative incidence)’ and ‘The cumulative incidence approach was considered reasonable because
colorectal cancer is relatively rare and follow-up is short (12 months).’

This description indicates a confusion between the two incidence measures. The population on 31 December the
previous year is, because of the described population dynamics, not an adequate measure of the number of persons
at risk during the next year, and the number of persons developing cancer during a year is not necessarily registered
in the population register for 31 December the year before. In other words, the relation between the numerator and
the denominator is not the one that is required for estimating cumulative incidence. Moreover, no adjustments to
the number of registered cancer cases, or to the population sizes in order to achieve an adequate relation between
numerator and denominator, are mentioned.

A more reasonable interpretation of the performed calculations is, therefore, that the authors, instead of the
cumulative incidence, have calculated the incidence density, but with the amount of person-time at risk based on
previous end-of-year populations instead of mid-year populations.

Given that the amount of person-time at risk is then systematically miscalculated, that the studied population is
ageing, and that the risk of the studied disease increases with age, the presented results are likely to be biased. The
magnitude of this bias cannot easily be assessed without a statistical reanalysis. The bias may be minor, perhaps even
negligible.

Nevertheless, the uncertainty of the results’ validity is an unnecessary limitation in this article, and this could easily
have been avoided.

J. Ranstam
Statistical Editor, BJS

1 Vandenbroucke JP, Pearce N. Incidence rate in dynamic populations. Int J Epidemiol 2012; 41: 1472–1479.
2 Dobler CC. Cumulative incidence and incidence rate ratio for estimation of risk of tuberculosis in patients with cancer. Clin

Infect Dis 2017; 65: 1423.
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Authors’ reply to Statistical Editor’ comments

We are grateful to the Statistical Editor at BJS Open for scrutinizing our approach for estimating incidence (number
of cases per 100 000). This will contribute to an increased awareness for the broader audience on proper estimation of
incidence. The main objection against our approach to estimation using the previous end-of-year population is that
the population is dynamic and will change during the 12-month follow-up. This should be accounted for using the
average between the population at risk at the start and at the end of follow-up (mid-year population) as the at-risk
population (denominator). We have argued that, for large populations and rare diseases, both approaches will lead to
similar results, but in smaller populations the differences may be larger.

To address the magnitude of discrepancy in the age-standardized cumulative incidence between the two approaches,
results of both methods are displayed in Fig. 1 below. All patients with colorectal cancer as well as subgroup analyses
of men with colonic cancer are shown. The reader will note the close approximation of the curves for ‘mid-year’ and
‘previous end-of-the-year’ calculations. Fig. 1a corresponds to Fig. 1 in the main manuscript; Fig. 1b-d correspond to
the right-side panels in Fig. 2 of the main manuscript.

To examine the discrepancies in more detail, percentage differences between the two approaches are displayed in
Fig. 2. For all patients (Fig. 2a), the approach used in our article yields a slightly higher incidence. For example, in
the year 2010, the estimates are 61⋅50 and 61⋅10 for our end-of-year approach and mid-year approach respectively.
The differences become slightly more pronounced in subgroup analysis. Amongst men aged 0–49 years (Fig. 2b),
the difference in incidence peaks in 1988, where the values are 1⋅11 and 1⋅09 respectively. Discrepancies of similar
magnitude are seen amongst women and patients with rectal cancer.

In summary, we feel that the study results are highly unlikely to be significantly biased by the effects of person-time
at risk. We appreciate this opportunity for dialogue regarding the statistical methodology of our study.

Fig. 1 Comparison of mid-year and previous end-of-the-year calculations for age-adjusted incidence of colorectal cancer, 1970–2016
a All patients. b Male patients aged 0–49 years, c men aged 50–74 years and d men aged 75 years or more with colonic cancer.
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Fig. 2 Percentage difference in colorectal cancer: previous end-of-the year versus mid-year population a All patients. b Men aged 0–49
years, c men aged 50–74 years and d men aged 75 years or more with colonic cancer.
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