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Purpose: The Korean population is rapidly aging, and the cancer burden is expected to change significantly. This study aimed to
generate projections of incidence and mortality of major cancers among men in Korea until 2034, with a special focus on prostate
cancer.

Materials and Methods: Cancer incidence data from 1999 to 2016 were obtained from the Korea National Cancer Incidence Data-
base. Mortality data were obtained from Statistics Korea. The most common cancers among Korean men (stomach, colorectum, liv-
er, lung and prostate) were analyzed. To predict the future trends of these cancers, the age-period-cohort method was conducted
and extrapolated up to 2034.

Results: In Korean men, prostate cancer was the fourth most commonly diagnosed cancer in 2016. Based on newly diagnosed
cases, the leading cancer site in the year 2034 is expected to be the lung, and the prostate is expected to be the second most
frequently diagnosed cancer among Korean men. Age-standardized incidence rates of the most common cancers in men, except
prostate cancer, are expected to decrease until 2034. Lung cancer is projected to remain the most common cause of cancer-related
mortality until 2034, and the highest estimated change in cancer deaths is expected to be for prostate cancer.

Conclusions: In Korea, the incidence and mortality of prostate cancer is expected to increase markedly in the period up to 2034,
particularly in older men. Concerted efforts in screening, diagnosis, and treatment strategies should be considered by healthcare
planners and providers.
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INTRODUCTION million new cases and 9.6 million cancer deaths in 2018 [1] In
Korea, 229,180 new cancer cases were diagnosed and death
The global cancer burden is rapidly growing, with 181  from cancer accounted for 27.8% of all deaths in 2016 [2].
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The Korean population is one of the most rapidly aging in
the world [3], and according to data published by Statistics
Korea [4], the number of people aged >65 years is expected to
increase from approximately 30 million in 2017 to approxi-
mately 6.8 million in 2034. In addition, Korea is likely to
have the life expectancy frontier position for men and wom-
en by 2030 among 35 industrialized countries [5] Considering
the relationship between aging and cancer incidence, the
cancer burden is expected to increase in Korea. A projection
of the future cancer burden is therefore urgently needed to
facilitate informed prioritization and health policy develop-
ment, and guide cancer research and treatment.

Prostate cancer is the second most frequently diagnosed
cancer and the fifth leading cause of cancer related death
in men worldwide [1]. Risk factors for prostate cancer are
heterogeneous, and include age, ethnicity, genetic mutation,
family history, and a westernized diet [6,7] Of these, age is
most strongly associated with the development of prostate
cancer. The median age at diagnosis is 67 years, and diagno-
sis before the age of 50 years is rare [8] The incidence rate
of prostate cancer varies more than 25fold worldwide and
is generally higher in Westernized countries than in Asian
countries [6,7] However, the incidence of prostate cancer has
grown rapidly in recent years in East Asia, and East Asian
men currently account for 233% of cases of prostate cancer
globally [9]. In Korean men, prostate cancer is the fourth
most commonly diagnosed cancer and the tenth leading
cause of cancer related death, with an estimated 11,800 new
cases diagnosed and 1,745 deaths in 2016 [2] Notably, the
incidence of prostate cancer in Korea has risen rapidly over
the past two decades [10], and due to the rapid demographic
shifts, the burden of prostate cancer in Korea is expected to
increase markedly in the future.

The aim of the current study was to generate projections
of major cancer incidence and mortality among men in Ko-
rea until 2034, with a special focus on prostate cancer.

MATERIALS AND METHODS

1. Study data

The Korea Central Cancer Registry (KCCR) is a nation-
wide hospital-based cancer registry that was established in
1980 by the Ministry of Health and Welfare. Detailed infor-
mation on the history and activities of the KCCR have been
described elsewhere [211] Nationwide cancer incidence data
have been collected by the KCCR. since 1999, including infor-
mation on age, sex, region, date of diagnosis, topography, and
histological type. The completeness of cancer incidence data
for 2016 was estimated to be 982% [2]
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We used cancer incidence data for the five common
cancers from 1999 to 2016 using the national cancer inci-
dence data. All cancer cases were registered in accordance
with the third edition of the International Classification of
Diseases for Oncology, and converted to the tenth edition of
the International Classification of Diseases (ICD-10) [12,13].
Mortality data from Statistics Korea were used from 1992 to
2017. Cases of mortality were registered in accordance with
the ICD-10. We used data for stomach (ICD-10: C16), colon
and rectum (ICD-10: C18—C20), liver (ICD-10: C22), lung (ICD-
10: C33—C34), and prostate ICD-10: C61). Patients with cancer
were categorized into five groups based on their ages in
years; <45, 45-54, 5564, 65—74, and >75.

Population parameters were obtained from the popula-
tion estimation and projections from 1992 to 2034, catego-
rized by 5-year age group and sex reported by Statistics
Korea 2034. The study protocol was approved by the Institu-
tional Review Board of the National Cancer Center, Korea
(approval number: NCC2020-0128).

2, Statistical analysis

The age-specific rates for the selected cancers were mod-
eled using the age-period-cohort method proposed by Sasi-
eni and Adams [14] and extrapolated up to 2034. A Poisson
regression model was used to estimate the age, period, and
cohort effect. The model assumes that the number of can-
cer cases follows a Poisson distribution, and the incidence/
mortality rates are a multiplicative function of the included
model parameters. The basic age-period-cohort model is as
follows:

A(age, period) = g{fu(age) + fp(period) + f(cohort)}

where A, incidence (mortality) rate as a function of age and
calendar period; g, “link” function; £, function of age; f5,
function of period (year of incidence or mortality); £, func-
tion of cohort (year of birth, ie, cohort=period-age). We used
the exponential function [15] as the link function, functions
£, f, and £ are the cubic spline to provide greater flexibility
and more realistic data. The different numbers of interior
knots were used for the three temporal effects; 6 knots for
age effects, 5 knots for period effects, and 3 knots for cohort
effects.

The number of cases in Korea in each 5year age group
was multiplied by the corresponding age-specific rates to es-
timate the numbers of cases. Age-standardized rates (ASRs)
were expressed per 100,000 individuals. ASR is a weighted
average of the agespecific rates, where the weights are the
proportions of people in the corresponding age-groups in an
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entire population [16] In the present study, ASRs were cal-
culated using Segi’s world standard population [17].

Trends in ASRs were summarized as annual percent-
ages of change (APCs) and average annual percent change
(AAPC). APC is the average percentage change (PC) of ASRs
and is calculated as follows [16], where y=year, b=intercept,
b,=slope, log(R,)=b+b,,, and log(R,) is the natural log trans-

formed age standardized rates.
R — R
APC = % x 100 = (eP* — 1) x 100

AAPC was defined as a summary measure of the trend over

Cancer projections in Korean men until 2034

RESULTS

From 1999 to 2016 the Korean population grew by 9.9%,
from 46 million to 51 million (Fig. 1). The annual incidence
of the most common cancers (stomach, colorectum, liver,
lung, and prostate) in men increased by 961% over the same
period, from 40,056 to 78544 (Table 1). From 2017 to 2034, the
Korean population is expected to grow by 0.7%, whereas a
109.2% increase in the number of people aged >65 years is
expected, from 7 million to 15 million (Fig. 1). Over that same
period the annual incidence of the most common cancers in
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a pre-specified interval: 1999-2016 and 2017—2034. AAPC - ﬁgz :gg¥
is calculated as a weighted average of the APCs from the 5 0 | )
joinpoint model, with the weights to the length of the APC 8
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All analyses were conducted using SAS version 94 (SAS g
Institute Inc, Cary, NC, USA), Stata version 161 (StataCorp, é 100 -
College Station, TX, USA) and Joinpoint version 4.7 (National %_
Cancer Institute, Bethesda, MD, USA), and p<005 was used £ 50 -
for statistical significance.
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Fig. 1. Population projections of Korea.
Table 1. Incident cases and age-standardized rate of the selected five cancers up to 2034
Case ASR
Cancer site Changes 2016-2034 Changes 2016-2034
1999 2016 2034 Total Annual 1999 2016 2034 Total Annual
(PC) (AAPC) (PC) (AAPC)
All ages
Stomach 13,554 20,509 26,145 27.5 1.5 64.6 49.7 34.8 -29.9 -1.9
Colon and rectum 5,310 16,672 19,204 15.2 0.9 25.5 40.4 24.0 -40.5 -2.7
Liver 10,017 11,774 12,588 6.9 0.3 45.7 28.5 17.8 -37.5 -2.7
Lung 9,738 17,789 31,669 78.0 3.2 49.8 423 353 -16.6 -1.0
Prostate 1,437 11,800 29,339 148.6 54 8.1 28.3 31.7 121 0.8
Age <65y
Stomach 8,300 10,417 7,597 -27.1 -1.6 343 254 16.4 -35.3 -2.3
Colon and rectum 3,213 8,024 4,695 -41.5 -2.8 13.3 19.7 10.1 -48.6 -3.5
Liver 7,301 6,757 4,428 -34.5 -24 30.2 16.5 9.9 -39.9 -29
Lung 4,434 5,353 5,192 -3.0 -0.1 19.3 13.2 10.6 -19.1 -1.2
Prostate 334 2,843 4,058 42.7 2.3 1.5 7.0 8.1 15.2 1.1
Age 265y
Stomach 5,254 10,092 18,548 83.8 34 30.1 243 18.4 -24.2 -1.5
Colon and rectum 2,097 8,648 14,510 67.8 3.0 12.2 20.7 139 -32.8 -2.1
Liver 2,716 5,017 8,160 62.6 2.8 155 12.0 7.9 -34.2 -23
Lung 5,304 12,436 26,477 1129 4.2 304 29.2 24.7 -15.4 -0.9
Prostate 1,103 8,957 25,281 182.2 6.0 6.6 21.3 23.6 1.1 0.7
ASR, age-standardized rate; PC, percent change; AAPC, average annual percent change.
Investig Clin Urol 2022;63:175-183. www.icurology.org 177



Pak et al

A 40,000
Observed

ICUROLOGY

Forecast

35,000
Stomach

30,000 Colon and rectum
Liver

25,0004 — Lung
— Prostate

20,000
15,000 /
10,000

5,000

New cases

-
©

Year

B 801

Observed

T T T T T T T T T T T T T T T T T 1
99 2001 2003 2005 2007 2009 20112013 2015 2017 2019 2021 2023 2025 2027 2029 20312033 2035

Forecast

70

60 1
50 -\/W—\_H

30

Rate per 100,000

20

104

0 T T T T T T

Stomach
Colon and rectum
Liver

— Lung

—— Prostate

40 - \

Fig. 2. The observed and projected

T T T T T T T T T T T 1
1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029 203120332035  incidence of (A) new cases and (B) age-

Year

2007 Stomach
180 Cplon and rectum
Liver
160 — Lung
—— Prostate
140
8 120
c
£ 100
o
R 80
60
40
20
0 T

standardized for men in Korea.

Fig. 3. Projected change in new cases

T T T T T T T T T T T T T T T T 1
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 20312032 2033 2034 from 2016 to 2034 (as percentages of

Year

men is expected to increase by 49.8% (Table 1).

The observed and projected incidence values by cancer
location in men are shown in Table 1. Based on our projec-
tions, the incidence of lung cancer will become the most fre-
quently diagnosed cancer in Korean men by 2034 (Fig. 2A).
Prostate cancer will be the second most frequently diagnosed
cancer in Korean men by 2034, exceeding the incidence of
colorectal and stomach cancer. Furthermore, ASRs of the in-
cidence of the most common cancers in men, except prostate
cancer, are expected to decrease from 2016 to 2034 (Fig. 2B).

178  www.icurology.org

the 2016 value).

The ASR of prostate cancer will surpass liver and colorectal
cancer, thus ranking third by 2034 in Korean men.

Based on the absolute number of cases for cancer inci-
dence, cancer sites with the highest increases from 2016 to
2034 in men are expected to be the prostate (PC: 1486%), fol-
lowed by cancer of the lung (780%), stomach (27.5%), colorec-
tum (152%), and liver (69%) (Fig. 3). In men aged >65 years,
new cases from 2016 to 2034 are expected to increase for
every cancer site analyzed, and the increase is much larger
than in other age groups. The sites with the highest increas-

https://doi.org/10.4111/icu.20210405
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es are expected to be the prostate (PC: 1822%), lung (112.9%),
stomach (83.8%), colorectum (67.8%), and liver (626%) in men
aged >65 years (Table 1). In men aged <65 years, predicted
incidence rates of the four major cancers are decreased from
2016 to 2034, except for prostate cancer (PC: 427%) By age
group (Fig. 4), only prostate cancer had an increasing ASR
for incidence up till 2034 in men aged <65 (152%) and >65
years (11.1%).

The observed and projected mortality values by cancers

Investig Clin Urol 2022;63:175-183.
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Fig. 4. Age-standardized incidence rates for the selected five cancers
in men by age group up till 2034. (A) Stomach. (B) Colon and rectum. (C)
Liver. (D) Lung. (E) Prostate.

are shown in Table 2. Lung cancer is projected to remain
the most common cause of cancer-related mortality among
Korean men, and the absolute number of deaths is likely to
steadily increase (Fig. 5A). The highest estimated change in
cancer deaths from 2016 to 2034 is expected to be for pros-
tate cancer (PC: 750%), followed by cancer of the lung (46.4%),
colorectum (37.7%), stomach (-30%), and liver (-:9.0%). ASR of
mortality of all of the most common cancers in men are ex-
pected to decrease (Fig. 5B). Lung cancer is expected to have
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Table 2. Mortality cases and age-standardized rate of the selected five cancers up to 2034

ICUROLOGY

Case ASR
Cancer site Changes 2016-2034 Changes 2016-2034
1992 2016 2034 Total Annual 1992 2016 2034 Total Annual
(PC) (AAPC) (PC) (AAPC)

All ages

Stomach 7,603 5318 5,158 -3.0 -0.2 494 12.6 6.0 -52.6 -4.3

Colon and rectum 962 4,659 6,413 37.7 1.6 6.1 10.9 6.2 -42.8 -33

Liver 7,247 8,043 7316 -9.0 -0.7 425 19.2 9.3 -51.7 -4.1

Lung 5,060 13,323 19,503 46.4 2.2 338 31.1 19.6 -36.9 -2.5

Prostate 160 1,745 3,053 75.0 3.1 13 4.0 2.5 -36.8 -2.6
Age <65y

Stomach 4,379 1,845 1,051 -43.0 -3.0 234 45 2.1 -52.5 -4.2

Colon and rectum 573 1,425 616 -56.8 -4.6 2.9 3.5 13 -62.9 -5.5

Liver 5,468 3,909 1,956 -50.0 -3.8 28.4 9.5 43 -55.0 -4.5

Lung 2,747 2,879 2,065 -28.3 -1.7 15.4 7.1 4.1 -414 -3.0

Prostate 30 141 73 -47.9 -3.5 0.2 0.4 0.1 -60.1 -4.9
Age 265y

Stomach 3,224 3,473 4,107 18.3 0.7 26.0 21.3 3.8 -52.6 -4.3

Colon and rectum 389 3,234 5797 79.3 3.0 3.2 74 49 -334 -2.4

Liver 1,779 4,134 5,359 29.6 14 14.1 9.7 5.0 -48.5 -3.7

Lung 2,313 10,444 17,438 67.0 3.0 18.4 24.0 15.5 -355 -2.3

Prostate 130 1,604 2,980 85.8 33 1.1 3.6 24 -34.3 -2.3

ASR, age-standardized rate; PC, percent change; AAPC, average annual percent change.

A25,OOO-
Observed Forecast
20,000 Stomach
Colon and rectum
Liver
" — Lung
2 15,0001 —— prostate
3
3
=z 10,000
5,000
-
0 ’ﬁ(l—l/ff__ T T T T T T T T 1
b > O O O & © & O 9 & 0 O QO A N 0 D O A ok
O P P PO O T LN AR NN PR > O o
FEFFEETETFTFTE ST ST S
Year
B 4o-
Observed Forecast
507 Stomach

Colon and rectum

Liver
40 — Lung
—— Prostate
304 \
204

104

Rate per 100,000

180 www.icurology.org

Fig. 5. The observed and projected
mortality of (A) new cases and (B) age-
standardized for men in Korea.
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the highest ASR for mortality until 2034, followed by cancer
of the liver, colorectum, stomach and prostate.

DISCUSSION

Projection of the cancer burden is important in terms
of healthcare policy development, resource allocation, and
research [18] There is a 95% probability that in 2030 life ex-
pectancy at birth among Korean men will be over 80 years
[6] Rapid demographic shifts in Korea are expected to exert
pressure on the components of the healthcare system related
to cancer, highlighting the profound importance of estimat-
ing the future cancer burden. Of the cancers that are most
common in Korean men, prostate cancer may be the most
affected by the aging society given the strong association
between age and incidence.

There are previous reports of ethnic and international
variations in prostate cancer incidence and mortality rates
[17]. Genetic factors and healthcare accessibility report-
edly contribute to these variations. The worldwide burden
of prostate cancer with respect to new cases and deaths is
expected to increase approximately two-fold by 2040 simply
due to population growth and aging [19] In one recent report,
it was surmised that prostate cancer incidence rates have
stabilized or been in decline in most countries, and decreases
were more pronounced in high-income countries [7] Notably,
however, incidence rates of prostate cancer have continued
to increase in Asia and some Eastern European countries.

Korea is one of the most rapidly aging societies in the
world, and some East Asian countries are experiencing simi-
lar changes [20-22] In Japan, where population aging began
earlier, the incidence rate of prostate cancer is expected to
increase dramatically from 103,610 in 2015-2019 to 180,360
in 2035—2039 (a 74.6% increase), whereas the incidence rates
of other common cancers in men (stomach, liver, lung, and
colon) are expected to stabilize or decline during the same
period [23]

Our study shows that the incidence of prostate cancer
in Korea can be expected to increase markedly in the years
up till 2034, particularly in older men aged >65 years. To
our knowledge, this study is the first to generate a long-
term forecast of the future burdens exerted by cancers in
Korean men based on national cancer registry data. From
2016 to 2034, the total projected prostate cancer incidence is
predicted to increase by 148%. The incidence in elderly men
drive this increase, with a 1822% increase in men aged >65
years. Notably, prostate cancer is the only cancer commonly
diagnosed in men, the incidence of which is predicted to
steadily increase in ASR in Korea. While age-specific rates

Investig Clin Urol 2022;63:175-183.
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are expected to decrease across all age groups for the other
cancers, prostate cancer is expected to increase or be stable.
The change in the cases of mortality from prostate cancer is
relatively small, but also expected to increase by 750% from
2016 to 2034, particularly prominent in men aged >65 years.

Countries throughout the East Asia are experiencing
similar demographic transitions, and are likely to have
similar rapid increases in the burden of prostate cancer
[20,21,24] The screening, diagnosis and treatment activities
for prostate cancer in Asia are guided based on the data
of the western population mostly [2225] However, several
studies have reported that prostate cancer in Asian men
is usually advanced by the time that it is diagnosed [26,27],
and that the genetic alterations differ markedly from those
found in Western men [28] Therefore, caution should be ex-
ercised about extrapolating data from Western populations
to Asian populations, and concerted efforts are needed to de-
velop strategies for the prevention, screening, diagnosis, and
treatment of prostate cancer based on epidemiological and
sociodemographic factors. First, the pros and cons of pros-
tate-specific antigen (PSA)-based screening should be investi-
gated in Asian populations. PSA-based screening is a simple,
sensitive, and inexpensive detection tool for prostate cancer
that has been widely adopted [22] However, its role in the
reduction of mortality, which is mostly due to aggressive dis-
ease, is controversial and routine screening for prostate can-
cer in all men may drive overdiagnosis and overtreatment
[29] Contrary to Western populations, there are no published
prospective controlled studies of prostate cancer screening
in Asian men. Currently, there are no official guidelines on
screening for prostate cancer available in Asian countries
other than Japan [22] Second, tailored prostate cancer man-
agement strategies are needed in the national healthcare
system. Considering the heterogeneous nature of prostate
cancer, strategies to reduce its overdiagnosis and overtreat-
ment, and to improve the detection of clinically significant
disease in Asian men, should be developed and validated,
using methods such as magnetic resonance imaging-targeted
prostate biopsy, active surveillance programs, and genetic
marker-based approaches.

The present study is not free from limitations. A major
limitation of the present study is that prostate cancer stage-
specific projection was not performed due to a lack of avail-
able information in that regard.

CONCLUSIONS

In conclusion, in Korea, the incidence and mortality of
prostate cancer is expected to increase markedly in the pe-
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riod until 2034, due primarily to estimated increases in the
aged population. Concerted efforts to develop, implement,
and maintain screening, prevention, and treatment strate-
gies should be considered by healthcare planners and pro-
viders.
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