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Purpose
This descriptive study assessed the current trends in the incidence of urological cancers
and patient survival in Korea.

Materials and Methods

In this nationwide retrospective observational study based on the data from the Korea
National Cancer Incidence Database (KNCIDB), this study analyzed the age-standardized
incidence rates (ASRs) and annual percentage changes (APCs) of kidney, bladder, prostate,
testicular, and penile cancers as well as cancer of the renal pelvis and ureter between 1999
and 2012. The relative survival rates (RSRs) were calculated for urological cancer patients
diagnosed between 1993 and 2012 from the KNCIDB data.

Results

Prostate cancer was diagnosed in 66,812 individuals followed by bladder (41,549) and kid-
ney (36,836) cancers. The overall ASR (18.26 per 100,000) increased with age because
of the higher ASRs of bladder and prostate cancers in the elderly. The ASR for kidney cancer
was highest in the 40-59-year-old group, whereas testicular cancer occurred most frequently
before the age of 40. The incidence of most urological cancers increased (overall APC,
6.39%; p < 0.001), except for penile (APC, -2.01%; p=0.05) and bladder (APC, -0.40%;
p=0.25) cancers. The overall survival increased steadily (5-year RSR, 66.4% in 1993-1995
vs. 84.2% in 2008-2012; p < 0.001), particularly for prostate (by 34.10%) and kidney
(by 16.30%) cancers, but not for renal pelvis and ureter cancers (-7.20%).

Conclusion

The most common urologjcal cancer in Korea was prostate cancer followed by bladder and
kidney cancers. The incidence of most urological cancers, except for penile and bladder
cancers, increased. Survival also increased, particularly for prostate and kidney cancers.
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Introduction

Cancer is a major public health problem worldwide [1,2].
In Korea, more than 200,000 new cancers are diagnosed each
year, and cancer is responsible for one in four deaths [3]. In
general, the incidence of urological cancers is higher in West-
ern countries compared with that in Asian countries. For
example, the incidence of prostate cancer is three to four
times higher in Western countries than in Korea [4]. On the
other hand, the rapidly increasing elderly population in east-
ern Asian countries, including Korea, might induce an
increase in the incidence of urological cancers in the future.
Over the last few years, the rates of prostate cancer in Korea
appear to have risen steadily, with an up to 28.2% increase
during 1996-1998 and 1999-2001 [5]. To the best of the
authors’ knowledge, there is limited data concerning the
incidence of urological cancers in Korea. Furthermore, these
data are not based on nationwide samples and concern spe-
cific cancer types such as prostate cancer [5,6].

Improved knowledge regarding the incidence of urological
cancers and patient survival rates can help assess diagnostic
measures and the need for the continued promotion of uro-
logical cancer screening programs. We hypothesized that the
overall incidence of urological cancer has increased in Korea,
and that the patterns of each cancer have started to resemble
those observed in Western countries. Using the Korea Cen-
tral Cancer Registry (KCCR) data, this study aimed to assess
trends in the incidence rate of urological cancers between
1999 and 2012 as well as the relative survival rate (RSR) of
patients diagnosed with urological cancers from 1993 to 2012
in Korea.

Materials and Methods

1. Data sources

The KCCR was started as a nationwide, hospital-based
cancer registry in 1980 by the Ministry of Health and Welfare
and has covered the entire population since 1999. The Korea
National Cancer Incidence Database (KNCIDB) is composed
of the KCCR data and includes information on the cancer
patient demographics, primary cancer site, morphology,
diagnostic date, and initial treatment. For this study, the
incidence and survival data were obtained from the
KNCIDB. The urological cancer cases were classified accord-
ing to the International Classification of Diseases for Oncol-
ogy, third edition [7] and converted according to the
International Classification of Diseases, 10th edition (ICD-10)
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[8]. In this study kidney cancer (C64), bladder cancer (C67),
prostate cancer (C61), cancer of the renal pelvis or ureter
(C65, C66), testis cancer (C62), and penile cancer (C60) were
included as urological cancers.

The Institutional Review Board of the National Cancer
Center approved this study (IRB No. NCC2015-0249). The
ethics committee waived the need for participants’ consent
because this study employed collected data that were
anonymized for statistical analysis.

2. Analysis

The age-standardized incidence rates (ASRs) were calcu-
lated for each cancer site in patients diagnosed with cancer
between 1999 and 2012 according to sex and age group (< 40,
40-59, 60-69, and > 70 years) using the world standard pop-
ulation. ASRs were expressed per 100,000 persons. The inci-
dence trends for urological cancers were analyzed by the
annual percentage change (APC) for each sex from 1999 to
2012. The male/female ratio was calculated as the ratio of the
ASR in men to that in women.

The survival data were retrieved using the KNCIDB for
individuals newly diagnosed with cancer from 1993 to 2012
and followed until December 31, 2013. The 5-year RSRs were
calculated according to 5 periods of diagnosis (1993-1995,
1996-2000, 2001-2005, 2006-2010, and 2008-2012). The RSRs
were calculated by comparing the observed survival with the
expected survival using the Ederer II method. All analyses
were conducted using the SAS ver. 9.2 (SAS Institute Inc.,
Cary, NC), and p < 0.05 was considered statistically signifi-
cant.

Results

1. Incidence

During 1999-2012, urological cancer occurred in 155,991
patients (Table 1). The most common cancer was prostate
cancer (66,812 patients) followed by bladder cancer (41,549
patients), kidney cancer (36,836 patients), renal pelvis and
ureter cancer (7,537 patients), testis cancer (2,439 patients),
and penile cancer (818 patients). The overall ASR for urolog-
ical cancer was 18.26 per 100,000 persons. The ASR was 37.00
for men and 4.72 for women. The higher ASR observed
among men was due most likely to prostate cancer. On the
other hand, a similar difference between sexes was also
found for bladder and kidney cancer.

Table 2 shows the ASRs per 100,000 persons by age group.
The overall ASR of urological cancer increased with age
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Fig. 2. Annual percentage change (APC) of urologic cancer by sex in Korea, 1999-2012.

Table 4. Five-year relative survival rate (%) of urologic cancer according to the age group in Korea, 1993 to 2012%

Site (ICD-10) <40
Kidney (C64) 875
Bladder (C67) 91.6
Prostate (C61) 443
Renal pelvis, ureter (C65, C66) 78.9
Testis (C62) 93.3
Penis (C60) 75.8
Total 89.1

40-59 60-69 270
81.4 712 55.5
85.6 79.0 62.5
86.1 88.7 82.7
67.1 62.6 50.0
88.4 76.5 45.1
69.0 71.7 69.7
82.9 81.1 71.7

ICD-10, International Classification of Diseases, 10th edition. ¥Calculated using latest database.

Discussion

In Korea, cancer registration began officially in 1980 with
the formation of the KCCR, and reporting of cancer cases has
been fairly complete since 1999 [9]. Analyzing the incidence
of urological cancer may assist in its early detection and pre-
vention as well as promote a better understanding of the
urological cancer patterns in Korea.

In 2002, the Korean Urological Cancer Society examined
the incidence of urological cancer in Korea based on the sur-
vey data of 46 hospitals between 1985 and 1999. During that
period, bladder cancer was the most common urological can-
cer; the incidence of prostate cancer and renal cancer was
similar, and male patients outnumbered female patients by
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a ratio of 5.4:1 [6]. Recent reports concerning the incidence
of urologic cancers, including kidney, bladder, and prostate
cancer, between 1999 and 2011 revealed prostate cancer to be
the most common urological cancer, which are similar to
those of the current study [10].

1. Prostate cancer

Generally, prostate cancer is not a common cancer in Asian
countries, including Korea, compared to Western countries
(Fig. 1, S2 Table); however, the incidence of prostate cancer
has begun to increase recently [3,5,6]. Interestingly, Western
countries have higher incidence rates of prostate cancer than
Asian countries. On the other hand, the incidence of prostate
cancer differ according to the socioeconomic status across
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Asian countries. High-income Asian countries, including
Korea, Japan, and Singapore, have higher incidences of
prostate cancer than low-income Asian countries, such as
Philippines, Malaysia, and Thailand (53 Fig.). Increasing age,
high dietary fat intake, and cigarette smoking, as well as pre-
disposing genetic factors, are considered common risk fac-
tors [11,12]. The rapid increase in the incidence of prostate
cancer may be due to the widespread use of a prostate-spe-
cific antigen (PSA), which also induced stage migration of
newly diagnosed prostate cancers to localized disease at
diagnosis. For example, a previous study including 46 hos-
pitals found that prostate cancer had been diagnosed in 2,417
patients comprising 18.3% of all urological cancers cases dur-
ing 1985-1999 [6]. In another study, although the incidence
of prostate cancer was low (7.9 per 100,000 man-years), it
increased by 28.2% between 1996-1998 and 1999-2001 [5].
Furthermore, in the present study, 66,812 patients in the
KCCR were diagnosed with prostate cancer between 1999
and 2012, a much higher number than previous studies
examining survey data [6].

Based on the KCCR annual report, prostate cancer com-
prised 4.1% of all newly diagnosed cancers in 2012 with a
crude incidence rate of 18.4 per 100,000 persons and an ASR
of 11.6 per 100,000 persons, making prostate cancer the sev-
enth most common cancer among the total population and
the fifth most common cancer among men [3]. The ASR for
prostate cancer was highest among those > 70 years old, but
the APC for prostate cancer was highest among those 60-69
years old (15.4%). These results are in accordance with gen-
eral knowledge about prostate cancer development. In addi-
tion, the APC among those 40-59 years old was also high
(14.5%) and comparable to the rate among those in their 60s.
Considering the longer estimated survival observed in the
younger age group, there should be more concern about a
prostate cancer diagnosis for those in their 50s and 60s. In
addition, the APC of prostate cancer among the total Korean
population was 12.96 between 1999 and 2012, an APC that is
much higher than in Japan (4.8) between 1985 and 2000 [13].
On the other hand, prostate cancer survival has increased
remarkably, which may be related to the PSA test commonly
used since the late 1990s that resulted in an increased rate of
localized prostate cancer among newly diagnosed prostate
cancer patients. However, the role of PSA-based screening
in a prostate cancer diagnosis is still controversial because
screening implementation has not decreased the prostate
cancer mortality significantly [14]. In Korea, prostate cancer
is not included in the national cancer screening program.
Prostate cancer in Korean men has different biological char-
acteristics than in Western populations. For Korean men, the
incidence of high-grade or advanced-stage prostate cancer is
higher [15,16], even when the levels of PSA are low, which
may be due to late detection or differences specific to the

Asian population. This emphasizes the need to detect
prostate cancer at its early stages in Korean men.

2. Bladder cancer

The ASR of bladder cancer was similar in Japan and Korea
(5.6 and 5.2, respectively) (52 Table). On the other hand,
despite the lower incidence of bladder cancer in Korea than
in Western countries, bladder cancer remained the most com-
mon urological cancer in Korea before 2004. In addition, the
incidence of bladder cancer gradually increased until 2003
and generally affected those > 50 years old, peaking among
those older than 70.

In the United States, the incidence of bladder cancer is
increasing among men and declining slightly among women.
In Japan, the incidence rate has slowly increased with an
APC of 0.9 between 1985 and 2003 [13]. Therefore, compared
to the APC of other urological cancers, including prostate
and kidney cancer, the change in bladder cancer was not
remarkable in Korea. In general, bladder cancer is prevalent
in men, and in this study, the male to female ASR ratio was
5.68 between 1999 and 2012, which is similar to a previous
study (ASR, 5.50 between 1985 and 1999) [6]. Since 2008, the
ASR of bladder cancer has decreased, and in 2012, the ASR
was 4.30, which is the lowest value compared to other uro-
logical cancers (prostate cancer, 11.65; kidney cancer, 5.60).
This may be related to cigarette smoking, which is consid-
ered the most important risk factor in bladder cancer [17].
For example, cigarette smoking increased rapidly in Korean
society until the 1990s. However, since 1999, the rate of cig-
arette smoking in Korean adults has decreased gradually,
which might be related to the decreasing incidence of blad-
der cancer.

3. Kidney cancer

The incidence of kidney cancer is higher in North America
and Europe than in Asia and South America [18]. A previous
report showed that male patients outnumbered female
patients by a ratio of 2.3:1 between 1985 and 1999 [6]. In the
United States, the ASR increased from 10.6 in 2001 to 12.4 in
2010, and the incidence in men was almost double that in
women [19]. As shown in S2 Table, most Western countries
have a higher ASR than Asian countries, such as Korea and
Japan. Interestingly, Korea tended to have a higher ASR of
kidney cancer than Japan among both men and women in
2012. In Japan, the APC in kidney cancer was 4.8 between
1985 and 1996 based on population-based data [13]. In Korea,
the incidence of kidney cancer increased steadily during the
study period (APC, 5.80). This increase may be related to
early or incidentally detected kidney cancer derived from the
prevalent health check-ups, including radiologic examina-
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tions, such as ultrasonography and computed tomography,
since the 1990s in Korea. In addition, kidney cancer showed
the highest ASR (1.75) in the 40-59 years age group, the
period when Korean adults usually undergo health screen-
ing supported by the National Health Insurance system for
the first time in their life. Accordingly, the survival of kidney
cancer is currently increasing in Korea due to incidental and
early detection of kidney cancer.

On the contrary, when compared with other urological
cancers that usually develop in old age, kidney cancer is
more prevalent in the middle-aged group, and the highest
ASR is found among those aged 40-59 years. In the United
States, however, kidney cancer is the most prevalent among
an even younger age group (20 to 39 years old) [19]. This may
be because of the association between renal cell carcinoma
and obesity [20]. Therefore, since obesity in younger age
groups has been increasing for several decades in the United
States, childhood obesity may be at least partially responsible
for the higher APC in 20-39 years age group. Furthermore,
childhood obesity is currently an important health issue in
Korea because of the high fat diet and Westernized food
intake. In Korea, the prevalence of obesity has increased
markedly since 1998 [21], indicating that the incidence of kid-
ney cancer may increase in the future.

4. Testis and penile cancer

Testicular cancer is rare urological cancers; however, the
incidence rate has been steadily increasing in Western coun-
tries, which is more common than Asian countries, including
Korea. The incidence of testicular cancer in Western coun-
tries is approximately 5-9 times of that in Korea [4]. In Korean
men, middle-aged men had the highest incidence of testicu-
lar cancer because of the commonly diagnosed seminoma. In
general, testicular cancer is largely a disease of young and
middle-aged men, but approximately 7% of cases occur in
children and teens, and approximately 7% of cases occur in
men over the age of 55 [22].

Penile cancer occurs in approximately one of 100,000 men
in the United States [23]. Although penile cancer is more
common in some parts of Asia, it is rare among Koreans and
Israeli Jews (ASR, 0.22 in Koreans and 0.10 in Israeli Jews),
which might be related to improvements in hygiene or com-
monly performed circumcisions [24,25].

Despite the use of a population-based registry, there were
some limitations to this study. First, because the KCCR does
not collect data regarding the tumor characteristics, such as
tumor stage, histological grade, or specific treatments, we
could only examine relative survival and not cancer-specific
survival or overall survival. Moreover, the KCCR does not
record the cancer risk factors, such as tobacco/alcohol use,
exposure to carcinogenic arsenic, dietary habits, and lifestyle,
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and this lack of data makes it more difficult to determine the
real relationship between these etiological factors and the uri-
nary tract cancer risk. Second, because of the very low inci-
dence in Korea, some urological cancers, such as testicular
cancer and penile cancer, were not analyzed comprehen-
sively. Third, a study of cancer trends is mainly affected by
the completeness of cancer registration. The completeness of
cancer registration in the early period might be lower than
that in recent years. These differences in completeness
according to the time period might cause an overestimation
or underestimation of the cancer trends. In addition, many
Korean insurance companies do not currently cover patients
with Ta bladder tumors or carcinoma in-situ (CIS) lesions.
Therefore, several cases of Ta tumors or CIS lesions may not
have been counted as new instances of cancer, which may
have contributed to the apparent decrease in the incidence
of bladder and renal pelvis or ureter tumors. Finally, this
study was conducted in the Korean population, which con-
sists almost entirely of ethnic Koreans, whereas the Korean
health care system is markedly different from those of other
countries. These factors should be taken into consideration
when interpreting the present findings. Despite these short-
comings, this nationwide registry-based study included the
largest numbers of cases of these rare diseases and contained
information that is more than 97% complete and encom-
passes entire South Korea. Therefore, the results are likely to
be the most accurate and can allow for an analysis of the
internal validity and generalizability.

Conclusion

In Korea, prostate cancer was the most common urological
cancer followed by bladder cancer and kidney cancer. The
ASR of urological cancer was 18.26 per 100,000 persons, and
men had a higher incidence than women. The incidence of
urological cancers generally increases with age; however,
kidney cancer and testicular cancer were diagnosed more fre-
quently in the younger age groups. In addition, the urologi-
cal cancer survival rates are currently increasing. In parti-
cular, the 5-year RSR for prostate cancer and kidney cancer
has increased remarkably.
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