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Objectives: The incidence and mortality trends of prostate cancer remain unknown in
China. We examined secular trends in prostate cancer incidence and mortality rates and
the net age, period, and cohort effects on them.

Study design: Trends were estimated using joinpoint regression, and the net age, period, and
cohort effects were estimated by an age-period-cohort (APC) model with an intrinsic
estimator (IE) algorithm.

Methods: Age-specific mortality rates of prostate cancer (1990—2017) were collected from
the Global Burden of Disease (GBD) 2017 study, and the average annual percent change
(AAPC) and relative risks (RRs) analyzed by joinpoint regression and APC model.

Results: Age-standardized rates significantly rose by 2.75% (95% confidence interval [CI]: 2.6,
2.9) for incidence but declined by 0.26% (95% CI: —0.4, —0.2) for mortality from 1990 to 2017.
The joinpoint regression analysis showed that incidence rates significantly rose in all age
groups, but mortality rates decreased in these age groups over the past three decades. In
addition, compared to the younger age groups (15-19, 20-24, 25-29, 30-34, 35-39 and 40-44
age group), the older age groups (50-54, 55-59, 60-64 and 75-79 age group) showed more
substantial increases in incidence and slighter declines in mortality. The age effect on
incidence and mortality showed sharp increasing trends from 40 to 79 years, and period
effect showed both of them continuously increased with advancing period, but cohort
effect showed substantial decreasing trends from 1917—1921 to 2002—2006 birth cohort.
Conclusions: Age effect on incidence and mortality presented an increasing trend in older
people, and period effect showed increasing trends. The incidence rate of prostate cancer is
increasing at an alarming rate in all age groups, which may adversely impact the mortality
rates. Mortality began to increase since 2005; thus, timely intervention should be con-
ducted, especially for earlier birth cohorts at high risk.
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Introduction

Prostate cancer is the second most frequently diagnosed
cancer in men worldwide and the fifth leading cause of cancer
death in men." Its incidence is increasing in many countries,*>
while the mortality is decreasing in developed countries and
rising in developing countries.’ In China alone, according to
the 2015 National Central Cancer Registry (NCCR) of China, the
incidence of prostate cancer ranked seventh in male cancers.*
According to the Global Burden of Disease (GBD) 2017, 144,887
cases and 51,718 deaths of prostate cancer occurred in China.
It is of public health significance to control the burden of
prostate cancer.

There has also been significant improvement in screening,
treatment (personalized therapy based on genetic factors,
nanomedicine and traditional Chinese medicine, radical
prostatectomy, or radical radiotherapy) and early detection of
prostate cancer.””” However, China has undergone a rapid
aging transmission and lifestyle change; all these changes
may impact the incidence and mortality rates differently for
various age groups.® '’ Trends in prostate cancer incidence
and mortality in China remain unclear. Hence, it is crucial to
examine time trends and age-period-cohort (APC) effect on
prostate cancer incidence and mortality in China from 1990 to
2017.

Methods
Data source

The incidence and mortality rate of prostate cancer were ob-
tained from the GBD 2017, which provided a comprehensive
estimation of 315 incidence and death causes for 195 countries
from 1990 to 2017, and incidence or mortality of prostate
cancer (International Classification of Diseases [ICD]-10 code]
for all ages in different provinces was age standardized by the
GBD 2017 global age-standardized population.’® The original
data estimated by the GBD for incidence and mortality of
prostate cancer in China were mainly from the Cause of Death
Reporting System of the Chinese Centers for Disease Control
and Prevention (CDC), Disease Surveillance Points (DSPs), and
the Maternal and Child Surveillance System, which are
considered to be nationally representative because they are
based on a national scale.

Joinpoint Poisson regression

The identification of changes in the time trend is an important
issue in the analysis of cancer mortality and incidence data,
and such continuous changes were described by a joinpoint
regression model. In the model, logarithmic transformation of
the rates was carried out and the standard errors were
calculated based on binomial approximation.** To determine
the magnitude of the time trends for incidence and mortality
rates, the average annual percent changes (AAPCs) and the
corresponding 95% ClIs were evaluated by joinpoint regression
analysis.'” Each P-value is found using Monte Carlo methods,

and the overall asymptotic significance level is maintained
through a Bonferroni correction. The AAPC was calculated as a
geometrically weighted average of various annual percent
change values from the regression analysis.’® This analysis
was performed using ‘Joinpoint’ software from the Surveil-
lance Research Program of the US National Cancer Institute.

APC analysis

The APC model has been widely used in the fields of sociol-
ogy and epidemiology over the past 80 years. The APC model
is based on the Poisson distribution and can reflect temporal
trends in cancer by age, period, and cohort and after
adjustment for age, period, and cohort.””*® However, a non-
identification problem may still exist because there is a
linear relationship between the age, period, and cohort,
which makes it difficult to estimate the unique set for every
age, period, and cohort effect. To solve this problem, the
intrinsic estimator (IE) method associated with the APC
model was proposed by Yang et al.'? and Fu® to decompose
three temporal trends and provide unbiased and relatively
efficient estimation results. In this study, we fitted two-
factor models and three-factor models and chose the best-
fitting models to conduct the APC analysis. The two-factor
models were age-period (AP), age-cohort (AC), and period-
cohort (PC), which were fitted with Poisson log-linear
model. The three-factor models were APC models solved
with a conventional constrained Poisson log-linear model
estimator (APC-C) and the intrinsic estimator (APC with IE
method). Smaller values for Akaike's information criterion
(AIC) and Bayesian information criterion (BIC) with param-
eter penalty terms denote a better fit. We selected APC (IE)
models for analyzing prostate cancer data because the re-
sults indicated IE method provided a best fit compared with
the other models (Supplementary Table A).

In the APC model with IE method, the age-specific rates
were appropriately recoded into successive 5-year age groups
(15—19, 20—24, ..., 75—79 years), consecutive 5-year periods
from 1990 to 2017, and correspondingly consecutive 5-year
birth cohorts (1917-1921, 1922-1926, ..., 1997—-2001,
2002—2006) to estimate net age, period, and cohort effects of
prostate cancer incidence and mortality. In this model, the
groups younger than 15 years and groups older than 80 years
were excluded. The APC model could be expressed as follows:

Yj=p+ o agej + 8 period; + v cohort; + ¢;

where Y; denoted the response variable—the net effect on
prostate cancer incidence or mortality for group j, «, 8, and vy
denoted the coefficient of age, period, and cohort of APC
model, and p denoted the intercept of the model. ¢ denoted
the residual of the APC model.

The APC-IE method present estimated coefficients for the
age, period, and cohort effects (Supplementary Table B), and
then these coefficients were calculated to the exponential
value (exp(coef) = e®°*") which denotes the incidence and
mortality relative risk (RR) of a particular age, period, or birth
cohort relative to each average level®’ (Table 2). Fig. 5 was also
plotted to reflect the age, period, and cohort effect trends
based on the exponential value. The APC model was
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Table 1 — The average annual percent changes (AAPC) in prostate cancer incidence and mortality, 1990—-2017.

Age group (year) Incidence Mortality
AAPC 95% CI AAPC 95% CI

ASR 1990—2017: 2.75 (2.6, 2.9) 1990-2017: —0.26 (-0.4, —0.2)

1990—2004: 1.84 (1.6,2.1) 1990—2004: —0.47 (-0.5, —0.4)

2005—2017: 3.60 (3.5, 3.7) 2005—2017: 0.38 (0.3,0.5)
15—19 1.79" (1.5, 2.2) -3.28" (3.7, —2.9)
20—24 2.00" (1.8, 2.3) -3.21 (3.6, —2.8)
25-29 2.57" (2.1, 3.0) —-2.82" (3.3, —2.3)
30—34 3.03" (2.5, 3.5) —2.39" (2.8, —1.9)
35-39 3.26° (2.9, 3.6) -1.97° (2.2, -1.7)
40—44 2.68" (2.4,2.9) —2.47" (2.7, —2.2)
45-49 3.71" (3.4, 4.0) —~1.65" (1.9, —1.4)
50—54 4.06" (3.8, 4.3) -1.34" (1.5, -1.2)
55—59 4.03" (3.7,4.3) -1.03" (-1.2, —0.9)
60—64 3.99 (3.7,4.3) -0.82° (1.0, —0.7)
65—69 3.82" (3.5, 4.1) —0.65" (-0.8, —0.5)
70-74 3.06" (2.9, 3.3) -0.73" (-0.8, —0.6)
75—79 2.35" (2.2, 2.5) -0.57" (-0.7, —0.5)

ASR, age-standardized rate; CI, confidence interval. Incidence and mortality for prostate cancer were age standardized by the GBD 2017 global

age standard population.
*Significantly different from 0 at alpha = 0.05 (P < 0.05).

performed using the Stata 12.0 software (StataCorp, College
Station, TX, USA).

Results
Descriptive analysis of incidence and mortality rates

Trends in the crude incidence rate (CIR), age-standardized
incidence rate (ASIR), crude mortality rate (CMR), and age-
standardized mortality rate (ASMR) at all a@ges for pros-
tate cancer from 1990 to 2017 are shown in Fig. 1.
Generally, for incidence of prostate cancer, CIR and ASIR
significantly increased from 1990 to 2017. ASMR experi-
enced a slight decrease during 1990-2005, and then it
slightly increased from 2005 to 2017. CMR for prostate
cancer showed an obvious upward trend since 1990.

Trends in age-specific incidence and mortality rates using
joinpoint regression analysis

Table 1 shows the AAPCs of prostate cancer incidence and
mortality rates in China from 1990 to 2017. Age-standardized
rates significantly rose by 2.75% (95% CI: 2.6, 2.9) for inci-
dence but declined by 0.26% (95% CI: —0.4, —0.2) for mortality
over the last few decades. Moreover, from 1990 to 2004, ASIR
significantly rose by 1.84% (95% CI: 1.6, 2.1), but ASMR declined
by 0.47% (95% CI: —0.5, —0.4); from 2005 to 2017, ASIR still
significantly rose (AAPC: 3.60%; 95% CI: 3.5, 3.7) while ASMR
began to rise (0.38%: 0.3, 0.5). For age-specific incidence rates,
significant increases were observed in all age groups (15—19,
20—24 ... and 75—79 years), but mortality rates declined in all
age groups. In addition, compared with the older age groups,
the younger age groups showed more substantial increases in
incidence and slighter declines in mortality. Overall, the
incidence of prostate cancer has increased, while its mortality

has decreased among all age groups over the past three
decades.

The variation of age, period, and cohort on incidence and
mortality rates

Fig. 2 presents trends of the age-specific incidence and mor-
tality in 1992, 1997, 2002, 2007, 2012, and 2017. Incidence and
mortality rates showed no changes from 15-19 to 35-39
years, while the rates almost exponentially increased with
advancing age from 40—44 to 75—79 years. Both incidence and
mortality rates in older population were higher than those in
younger people.

Fig. 3 shows the variation trends of prostate cancer inci-
dence and mortality of different age groups from 1992 to 2017.
Incidence rates almost increased with advancing time among
all age groups, while mortality rates showed a slight down-
ward trend from 1992 to 2017. The incidence and mortality
rates of older groups in Fig. 3b were much higher than those of
younger groups in Fig. 3a.

Fig. 4 shows the cohort-based variation of age-specific
incidence and mortality. Incidence rates of prostate cancer
increased continuously with advancing year of birth, except
for the younger age groups (15—19, 20—24, 25—29, 30—34, 35—39
and 40—44 years) which showed no material changes. How-
ever, the mortality rates decreased continuously for the older
age groups (50—54, 55—59, 60—64 and 75-79 years), while
similarly no decreases were observed in the younger age
groups (15—19, 20—24, 25—29, 30—34, 35—39, 40—44 and 45—49
years); note that the age group 65—69 and 70—74 years showed
a decrease in the earlier birth cohort and subsequently an
increase in the later birth cohort. Incidence and mortality in
younger people were lower than those in the older people. The
cohort effects span 89 years. Because age and period effects on
the incidence and mortality were confounded, the indepen-
dent cohort effects were not found.
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Table 2 — Prostate cancer incidence and mortality relative risks due to age, period, and cohort effects.

Factor Incidence Mortality

RR 95% CI P-value RR 95% CI P-value
Age (years)
15-19 0.09 0.01-1.07 0.056 0.10 0.00—-13.74 0.364
20—-24 0.14 0.03-0.77 0.024 0.13 0.00-5.77 0.289
25-29 0.20 0.05-0.79 0.022 0.14 0.00—4.10 0.256
30—-34 0.21 0.06—-0.74 0.015 0.15 0.01-3.10 0.220
35-39 0.20 0.06—0.67 0.009 0.15 0.01-2.40 0.182
40—-44 0.26 0.09-0.72 0.010 0.22 0.02-1.96 0.175
45-49 0.60 0.29-1.25 0.173 0.49 0.11-2.30 0.368
50—-54 1.37 0.80—2.36 0.255 1.12 0.37-3.40 0.845
55-59 2.99 2.00—4.49 0.000 2.78 1.22—-6.33 0.015
60—64 6.05 4.44—8.26 0.000 6.45 3.21-12.96 0.000
65—69 9.84 7.39—-13.09 0.000 12.44 5.82—-26.57 0.000
70—74 14.31 10.26—19.94 0.000 22.49 8.70—58.09 0.000
75—-79 16.77 10.95-25.68 0.000 38.07 11.39-127.18 0.000
Period
1992 0.45 0.31-0.66 0.000 0.80 0.34—-1.86 0.597
1997 0.61 0.47-0.77 0.000 0.85 0.50—1.43 0.543
2002 0.83 0.73—0.95 0.007 0.92 0.73-1.17 0.502
2007 1.17 1.03-1.34 0.019 1.01 0.79-1.28 0.932
2012 1.66 1.31-2.10 0.000 1.16 0.68—1.96 0.585
2017 2.27 1.58-3.25 0.000 1.37 0.59-3.18 0.463
Cohort
1917-1921 4.48 2.20-9.12 0.000 3.91 0.77—19.85 0.100
1922-1926 3.49 1.97-6.18 0.000 3.48 0.91-13.32 0.068
1927-1931 2.80 1.77-4.41 0.000 3.08 1.03-9.24 0.045
1932-1936 2.26 1.57-3.26 0.000 2.68 1.07—-6.74 0.035
19371941 1.87 1.36—2.57 0.000 2.35 1.01-5.44 0.046
1942—-1946 1.58 1.14-2.18 0.005 2.02 0.84—4.87 0.117
1947-1951 1.42 0.95-2.11 0.085 1.75 0.61-4.99 0.296
1952—-1956 1.31 0.79-2.17 0.290 1.56 0.43-5.67 0.501
1957-1961 1.13 0.60—2.14 0.702 1.29 0.26—6.34 0.754
1962—-1966 0.98 0.45-2.15 0.962 1.05 0.15—7.46 0.958
1967-1971 0.87 0.34-2.26 0.776 0.90 0.08-9.76 0.928
1972-1976 0.73 0.23-2.30 0.586 0.71 0.04-12.93 0.820
1977-1981 0.58 0.15-2.33 0.444 0.56 0.02-17.33 0.738
1982—-1986 0.51 0.11-2.37 0.388 0.45 0.01-26.98 0.704
1987-1991 0.43 0.08-2.37 0.332 0.36 0.00—45.83 0.677
1992-1996 0.35 0.05—-2.68 0.311 0.27 0.00—-119.89 0.674
1997-2001 0.27 0.02—-4.66 0.367 0.20 0.00—784.84 0.704
2002—-2006 0.22 0.00—47.37 0.581 0.16 0.00—471644.12 0.810

RR: relative risk [RR = exp(coefficient)]; CI: confidence interval.

The age, period, and cohort effects on incidence and risks of prostate cancer incidence and mortality increased by

mortality using APC (IE) analysis

Age effect

After controlling for period and cohort effects, the age effect
on prostate cancer showed that both incidence and mortality
risk continuously increased with advancing age from 40 to 79
years (Fig. 5a, Table 2). This finding indicated that prostate
cancer incidence and mortality significantly increased with
advancing age, mainly in the older people. From the age
groups 15—19 to 75—79 years, the incidence risk increased by
178.10 times and mortality risk increased by 365.52 times.
These two values were computed by the coefficients.

Period effect

The period effect on incidence and mortality presented
remarkable increasing and slight increasing trends from 1992
to 2017, respectively (Fig. 5b, Table 2). During the period, the

5.04 and 1.72 times, respectively. Seemingly, mortality risks
substantially increased from 2007 (RR = 1.01; 95% CI 0.79, 1.28)
to 2017 (RR = 1.37; 95% CI 0.59, 3.18). However, the period effect
on mortality in Fig. 5b differs from that in Fig. 3b that showed
mortality rates have slightly decreased from 1992 to 2017,
which are assumed to be caused by the confounding of one or
both of the age and cohort effects.

Cohort effect

The cohort effect presented the incidence risk continuously
decreased from the earlier birth cohort to the later birth
cohort, as well as the mortality (Fig. 5c, Table 2). From
1917—-1921 to 2002—2006 birth cohort, the risk of prostate
cancer incidence and mortality significantly decreased by
95.08% and 74.43%, respectively. However, the decreasing
cohort effects in Fig. Sc differ from those in Fig. 4 that showed
increasing trend in incidence rates and decreasing trends in
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mortality rates almost among older people, which are
assumed to be caused by the confounding of one or both of the
age and period effects.

Discussion

This study presented the secular trends in incidence and
mortality from prostate cancer in China. Joinpoint regres-
sion analysis showed incidence rates increased while mor-
tality rates decreased among all age groups. The overall ASIR
of prostate cancer significantly increased from 1990 through
2017, which was consistent with a previous study about
burden of prostate cancer in China,”? while our findings
about the ASMR of prostate cancer is not consistent with
that of this study which showed the ASMR increased from
1990 to 2013.?> The mortality experienced a slight decrease
during the period 1990—2005; however, this trend reversed

beginning in the year 2005, which may have been driven by
urbanization, reform, and rapid economic transitions. As
reported, the urbanization process has progressed faster
than the economic growth since 2004 in China,”® and in
March 2014, China unveiled the New-style Urbanization Plan
(2014—2020).%* This situation urgently requires the imple-
mentation of effective measures to reduce increasing mor-
tality rate of prostate cancer in China. In general, we
conducted this study focused on the incidence and mortality
trends of prostate cancer using APC analysis with IE method
to explore the cause of prostate cancer trends and assess the
effect of public health control policies. Therefore, the three
effects on incidence and mortality of prostate cancer were
discussed preliminarily in the following section.

Age effect on prostate cancer explained incidence and
mortality remarkably increased with advancing age mainly in
older people, which might be mainly related to China's aging
transition.”” Previous studies have demonstrated that older
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men with high-risk prostate cancer tend to be older at diag-
nosis and is often undertreated with androgen deprivation
alone,”®? and rapid aging is observed from 1980 to 2010 in
China.”® In addition, prostate cancer detected in older patients
usually experience worse prognosis and failure rate which is
significantly higher in them than in matched younger pa-
tients.”” In our study, age effect showed that the increasing
trends, which is consistent with the study by Ko et al.”’
Prostate cancer is considered a disease of older men (aged

>65 years), but this study showed the incidence and mortality
significantly increased in young men aged <40 years. It is
worthwhile to note that these early-onset prostate cancer
may be different from those diagnosed at an older age in
terms of etiology and prognosis.>® All these factors may cause
the increasing age effect on prostate cancer incidence and
mortality in older people in China.

Period effect is usually influenced by a complex set of
historical events and environmental factors, such as wars,
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economic crises, epidemics of infectious diseases, public
health interventions, and socio-economic development. The
prevalence of tobacco smoking, one of the major risk factors,
was closely associated with risk of prostate cancer,*’ and in
Chinese men, current smoking was associated with high
prostate cancer incidence.’” A recent systematic meta-
analysis showed that smoking appears to be a modifiable
risk factor for prostate cancer mortality.33 In China, there are
four national tobacco surveys among people aged 15 years and
older during 1984—2010,"® which showed tobacco smoking
rates gradually decreased in both males and females over the
last two decades; thus, the improvement of smoking preva-
lence was not possibly the reason for these increasing period
trends. However, the association between smoking and inci-
dence of prostate cancer is still controversial, and an inverse
relationship was reported (risk ratio: 0.90; 95% CI 0.85, 0.96),**
which need to be further studied. Treatments for prostate
cancer have been improved over the past decades, including
personalized therapy based on genetic factors, nanomedicine
and traditional Chinese medicine, radical prostatectomy, or
radical radiotherapy,®’ while improvements in survival of
those patients seemingly did not impact the increasing period
effect on its mortality in the present study.

Prostate-specific antigen (PSA) screening is possibly the
reason of continuously increasing period trend from 1992 to
2017. PSA screening has been the technology used worldwide
for prostate cancer at an early and curable stage; however,
PSA screening may have led to overdiagnosis and over-
treatment of clinically insignificant cancers.*** Recent
studies are ongoing to confirm the role of PSA testing on
prostate cancer'* because the PSA screening is very
controversial. In the early 1990s, PSA testing was introduced
in the world for over 20 years,>* and increasing PSA screening
might have impacted the prostate cancer incidence or mor-
tality in many developed countries,*®* such as leading to a
decrease in mortality in the United States.>* However, in
recent years, routine PSA screening is no longer recom-
mended for males because studies in America showed it
potentially had serious side-effects related with prostate
cancer treatment from 1985 to 2000 and frequent over-
diagnosis were concerned, and some studies are ongoing to
evaluate new tests for prostate cancer.’**° In Germany, the
PROBASE is a current study researching a recommendation for
PSA screening.®’ Furthermore, a recent study reported that
continuing PSA screening for men aged <70 years could pre-
vent greater than 50% of avoidable deaths of prostate cancer,*'
although PSA screening remains popular in some developing
countries such as China and Japan®**® and developed coun-
tries such as the US, as well as some European countries.**>>
PSA screening levels in Asian men are almost identical, and
the variation of PSA testing and clinical treatment might be
the major contributing factor for increasing incidence and
mortality in Asia.** In China, studies reported a high positive
detection rate of prostate cancer in different PSA levels since
2000 to 2005.*> Although the value of serum PSA screening
remains controversial, PSA screening is recommended to
facilitate the early diagnosis of prostate cancer in high-risk
groups in China.” PSA screening improves the detection rate
of localized prostate cancer in China,” and previous study
proposed PSA testing should be offered earlier in men with life

expectancy over 10 years and men at high risk of prostate
cancer in China.*® But the coverage of PSA screening in China
remains unknown, and there is still a need for new comple-
mentary diagnostic methods.? Currently, there are different
treatment strategies for prostate cancer in China, mainly
including radical treatment (surgery, radiotherapy) and local
treatment (particle implantation, ablation) for localized pros-
tate cancer and endocrine therapy, chemotherapy, targeted
therapy, and immunotherapy for advanced prostate cancer.’
However, the period effect did not show any declines over
the last decades. Ongoing studies showed the recent progress
of immunotherapy in prostate cancer might be succeeded in
China, while prevention remains an important strategy for
reducing prostate cancer incidence and mortality.”*” Thus,
publishing a recommendation for prostate cancer screening
and treatment management might still be one of the urgent
measures for controlling prostate cancer burden.

Cohort effect represents variations, across groups of in-
dividuals born in the same year or years, may arise when
each succeeding cohort carries the imprints of physical and
social exposures from gestation to old age.***° Fig. 4 showed
a slight increase in mortality rates at the age groups 65—69
and 70—74 years for later birth cohorts, which was consistent
with previous studies that showed the mortality has not in
general declined in elderly persons (65 years or older) over
the past decades,”"° while the causes might be unknown.
Cohort effects on prostate cancer incidence and mortality
showed continuous decreasing trends from 1917—-1921 to
2002—2006 birth cohort. The probable reason was that more
later birth cohorts than earlier birth cohorts received good
education and had a stronger awareness of health and dis-
ease prevention.”® More studies reported that industrial
waste gas emission or traffic-related air pollution was
significantly positively associated with prostate cancer risk of
incidence and mortality,”> >* and a recent study showed air
pollution from industrial waste gas emissions is associated
with prostate cancer incidences in Shanghai, China.”®> With
the development of air pollution control policies from the
1980s onwards, air pollution including total sulfur dioxide
(SO,) emissions, particulate matter (PM,s), and ground level
ozone (O3;) was more and more effectively controlled in
China.>**” In addition, a national survey reported the prev-
alence rate of experimenting smoking was 47.8% for boys
aged 1120 years in 1998,°® and the prevalence of smoking
was 46.4% among high-school students (from 12 years or
younger to 17 years or older) in 2002.°>°° All of the changes
may explain the decreasing cohort trends for incidence and
mortality. However, another study reported the prevalence
rate of smoking for adolescent males increased from the
period 1996—2000 to 2000—2010.°* Thus, it is controversial
that whether the age of adolescent smokers for boys is
younger or older since 1990s, which seemingly could not
explain the decreasing cohort trends.

Overall, the sharply increasing trend of incidence for China
was also observed in Japan from 2008 to 2013,% the United
States where that of men aged 50—69 years increased from
2004 to 2012,%° or Panama where higher increases were shown
in many cancers from 2001 to 2011°* and slight decreasing
mortality was observed in these countries. However, mortality
of prostate cancer began to increase from 2005 to 2017, and
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both the age and period effect on incidence and mortality
showed increasing trends from 1992 through 2017. Despite
mortality rates decreasing among all age groups and incidence
increasing at a sharp rate, this incidence trend may adversely
affect prostate cancer mortality rates.

These findings provided epidemiological evidence to have
an understanding on reasons of increasing prostate cancer
burden, as well as for the consequent of PSA screening used
widely. However, there are some limitations. First, despite
the non-bias, validity, asymptotic features, and superior
estimation ability of the IE method, the parameter estimates
generated using this method are not intuitive. Moreover, the
theory behind this method is complicated, and the actual
meaning of parameter estimates could not be explained.
Second, APC analysis considers a community as the observed
and analyzed unit, which might result in ecological fallacies.
Thus, we have pointed out scientific hypotheses regarding
the causality of these trends of prostate cancer incidence and
mortality, based on the available data and existing literature.
Third, despite many methods being used to reduce bias,
including misclassification corrections, incompleteness, and
redistribution of garbage codes, it might be difficult to thor-
oughly avoid inaccuracy of data. Therefore, our results in the
present study on epidemiology of prostate cancer should be
treated carefully. Owing to insufficient data, the study could
not estimate trends for the incidence and mortality rate be-
tween urban and rural China. Thus, epidemiology of prostate
cancer in urban and rural areas needs to be further analyzed
in the future.

Conclusions

Age effect on both incidence and mortality presented a sub-
stantially increasing trend in older people, and period effect
showed continuously increasing trends over the past three
decades. The percent changes of rates showed incidence rates
increased while mortality rates decreased among all age
groups. Prostate cancer incidence trend may adversely impact
the mortality rates, which is likely to continue to rise in China.
Timely intervention should be conducted, especially for
earlier birth cohorts at high risk.
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