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Abstract

Background: With industrial and economic development in recent decades in South China, cancer incidence may
have changed due to the changing lifestyle and environment. However, the trends of lung cancer and the roles of
smoking and other environmental risk factors in the development of lung cancer in rural areas of South China remain
unclear. The purpose of this study was to explore the lung cancer incidence trends and the possible causes of these
trends.

Methods: Joinpoint regression analysis and the age—period—cohort (APC) model were used to analyze the lung can-
cer incidence trends in Sihui, Guangdong province, China between 1987 and 2011, and explore the possible causes of
these trends.

Results: A total of 2,397 lung cancer patients were involved in this study. A 3-fold increase in the incidence of lung
cancer in both sexes was observed over the 25-year period. Joinpoint regression analysis showed that while the inci-
dence continued to increase steadily in females during the entire period, a sharp acceleration was observed in males
starting in 2005. The full APC model was selected to describe age, period, and birth cohort effects on lung cancer inci-
dence trends in Sihui. The age cohorts in both sexes showed a continuously significant increase in the relative risk (RR)
of lung cancer, with a peak in the eldest age group (80-84 years). The RR of lung cancer showed a fluctuating curve in
both sexes. The birth cohorts identified an increased trend in both males and females; however, males had a plateau
in the youngest cohorts who were born during 1955-1969.

Conclusions: Increasing trends of the incidence of lung cancer in Sihui were dominated by the effects of age and
birth cohorts. Social aging, smoking, and environmental changes may play important roles in such trends.
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Background

Lung cancer is the leading cause of cancer-related mor-
tality worldwide, with 1.82 million new cases and 1.2 mil-
lion deaths per year [1, 2]. The high-risk areas for lung
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cancer include central-eastern and southern Europe,
North America, and eastern Asia [3]. In 1980, it was esti-
mated that 31% of lung cancer cases occurred in devel-
oping countries; in 2012, however, the majority of lung
cancer cases (55%) occurred in developing countries
[4]. Males have a higher incidence of lung cancer than
females, with a sex ratio of 2.5:1 [2, 3]. In China, lung can-
cer is also the most common and deadly cancer in males
[4, 5], with an incidence of 70.39/100,000 and a mortality
of 56.72/100,000 in 2010 [6]. For females, the incidence
and mortality were 39.47/100,000 and 27.04/100,000,
respectively, in 2010 [6].

© 2015 Du et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate

if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/
zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40880-015-0037-3&domain=pdf

Du et al. Chin J Cancer (2015) 34:33

Sihui city is located in the midwestern Guangdong
province, with an area of 1,163 square kilometers. In
2011, the population of Sihui was 418,097 and >75% lived
in rural residences. With the development of industry
and the growth of the economy in the last 30 years, the
lifestyle and living conditions have changed significantly
in China. Because lung cancer is mainly caused by ciga-
rette smoking and environmental factors, analysis of the
long-term incidence of lung cancer in Sihui will provide
valuable information for illustrating the roles of lifestyle
and environment in the development of lung cancer in
rural areas of South China.

In the current study, we used joinpoint regression
and age—period—cohort (APC) analyses with a Poisson
regression model to determine the secular trends in the
incidence of lung cancer in Sihui between 1987 and 2011.

Methods

Data sources

The data involving all incident lung cancer cases diag-
nosed between January 1, 1987 and December 31, 2011
(Table 1) were obtained from the Sihui Cancer Registry
and analyzed by using year of diagnosis, age at diagnosis,
gender, and histologic codes. The International Classifi-
cation of Diseases (ICD) code corresponding to lung can-
cer was 162 in the 9th revision (1987-1994), and C33 and
C34 in the 10th revision (1995-2004). Populations were
estimated on July 1 of each year based on the Chinese
population census reports of 1990, 2000, and 2010.
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Statistical methods
Age-standardized rates (ASRs) of incidence over 25 years
were calculated with the direct method according to the
Segi’s world standard population in 1962, and the secular
trends in lung cancer were compared between both sexes.
Long-term trends of ASRs of incidence were analyzed by
using a joinpoint regression model, which was developed
by the United States National Cancer Institute for the anal-
ysis of data from the Surveillance Epidemiology and End
Results Program [7]. Joinpoint regression analysis describes
changes in data trends by connecting several different line
segments on a log scale at joinpoints [8]. The analyses in
this study started with the minimum number of joinpoints
and tested for model fit with a maximum of four joinpoints.
An annual percent change in the ASR of incidence for
each line segment and the corresponding 95% confidence
interval (CI) was estimated. The Monte Carlo permutation
method was used to test for statistical significance [8—10].
A Poisson regression analysis was performed for the
effects of age, period, and birth cohort on the incidence of
lung cancer for each gender. In this analysis, we used the
logarithm of the incidence of lung cancer as the depend-
ent variable, and age, period, and birth cohort as inde-
pendent variables [11-14]. The periods were arranged
in five 5-year periods between 1987 and 2011, the ages
were stratified by 5-year age groups from 35-39 years to
80-84 years, and 14 corresponding birth cohorts were
included from 1905-1909 to 1970-1974 (Table 2). The
45-49 years age group, the 1997-2001 period group, and

Table 1 The distributions of lung cancer cases and populations by age and sex in the period of 1987-2011 in Sihui city,

Guangdong province, China

Age group Cases?

Populations (x 1,000)*

1987-1991 1992-1996 1997-2001 2002-2006 2007-2011 1987-1991 1992-1996 1997-2001 2002-2006 2007-2011

10-14 0/0 0/0 0/0 2/0 0/0 80/76 77/68 87/78 92/81 90/78
15-19 0/0 0/0 0/0 0/1 0/1 99/95 79/75 93/84 90/82 90/83
20-24 0/0 2/0 0/0 2/0 0/0 97/95 98/95 91/88 79/74 81/76
25-29 4/0 3/2 3/1 01 3/0 69/66 97/92 93/86 99/90 99/91
30-34 3/0 4/2 1/2 4/1 2/2 69/66 66/63 85/80 105/97 101/95
35-39 2/4 4/3 5/3 11/9 6/5 64/58 70/66 79/74 91/84 93/88
40-44 12/2 12/4 10/3 17/4 17/14 46/38 61/55 57/53 63/61 71/70
45-49 8/3 16/7 18/7 25/10 30/10 38/33 42/36 50/46 63/60 68/66
50-54 20/7 23/5 23/7 36/9 52/19 37/37 37/32 42/39 48/44 51/49
55-59 18/7 20/13 40/10 43/14 76/34 31/37 35/37 34/35 35/31 40/38
60-64 31/10 60/15 50/18 59/15 83/18 28/33 32/35 39/33 31/30 34/34
65-69 25/7 43/20 49/16 60/19 100/29 23/27 25/31 24/30 26/32 28/32
70-74 27/6 50/16 52/14 63/26 99/50 16/23 19/25 16/25 20/28 21/28
75-79 13/3 22/13 22/7 44/12 84/41 10/18 13/19 10/18 13/20 14/22
80-84 2/2 14/13 13/2 11/5 43/32 2/14 7/14 4/12 5/13 6/14
85 1/0 4/3 9/4 4/9 17/15 1/14 5/18 1/8 2/10 3/1

2 All data are presented as the numbers of males/females.
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Table 2 The distributions of birth cohorts based on diagnostic age and period for lung cancer cases in age-period-

cohort models

Age group Period

1987-1991 1992-1996 1997-2001 2002-2006 2007-2011
35-39 1950-1954 1955-1959 1960-1964 1965-1969 1970-1974
40-44 1945-1949 1950-1954 1955-1959 1960-1964 1965-1969
45-49 1940-1944 1945-1949 1950-1954 1955-1959 1960-1964
50-54 1935-1939 1940-1944 1945-1949 1950-1954 1955-1959
55-59 1930-1934 1935-1939 1940-1944 1945-1949 1950-1954
60-64 1925-1929 1930-1934 1935-1939 1940-1944 1945-1949
65-69 1920-1924 1925-1929 1930-1934 1935-1939 1940-1944
70-74 1915-1919 1920-1924 1925-1929 1930-1934 1935-1939
75-79 1910-1914 1915-1919 1920-1924 1925-1929 1930-1934
80-84 1905-1909 1910-1914 1915-1919 1920-1924 1925-1929

the 1915-1919 birth cohort group were used as reference
groups, and the results of this model were more reliable
than those using the groups of the fewer age-specific
rates as the reference groups [15-17]. The deviances of
different models and the P value of the Chi square test of
the goodness-of-fit were used to check the model fit. The
closer the deviance to the degrees of freedom, the better
the model fit; the greater the P value of the goodness-
of-fit, the better the data fit [15, 16]. Relative risk (RR)
of incidences was calculated to summarize the effects of
age, period, and birth cohorts from APC models.

A Poisson regression model and other statistical analy-
ses were performed by using the SAS statistical software
(version 9.2; SAS Institute, Cary, NC, USA). For all analy-
ses, the significance level was set at P < 0.05.

Results

Between 1987 and 2011, a total of 2,397 lung cancer
patients were diagnosed in Sihui city, with a male-to-
female ratio of 2.60:1. The average crude incidences of

lung cancer in males, females, and the overall population
were 35.20/100,000, 14.18/100,000, and 24.93/100,000
and the corresponding ASRs were 37.27/100,000,
11.52/100,000, and 23.05/100,000, respectively (Table 3).
The median age at the time of diagnosis for lung cancer
in Sihui was 65 years. The ASRs of lung cancer incidence
showed upward trends in both males and females, with
a 3-fold increase during the entire period (Fig. 1). In
females, there was a steady growth of the annual percent
change (6.03%; 95% CI, 3.8%-8.3%), and no joinpoint
was included in the joinpoint regression model. In males,
the increase in trend accelerated between 2005 and 2010
with an annual percent change of 11.9% (95% CI, 3.1%—
21.4%) (Fig. 2).

Poisson regression analysis was performed to observe
the effects of age, period, and birth cohort on the inci-
dence of lung cancer in both sexes. Five calendar peri-
ods (1987-1991, 1992-1996, 1997-2001, 2002-2006,
2007-2011) and 10 age groups (5-year periods from
35-39 years to 80-84 years) were used in all Poisson

Table 3 Lung cancer incidences in Sihui, Guangdong, China between 1987 and 2011

Period Males Females Overall
Population Cases CR(1/10°) ASR-W® Population Cases CR(1/10°) ASR-W® Population Cases CR(1/10°) ASR-W°
(1/10%) (1/10%) (1/10%)
1987-1991 873,556 166 19.00 21.04 864,750 51 5.90 5.58 1,738,306 217 1248 12.64
1992-1996 940,056 277 2947 30.70 902640 116 1285 1053 1,842,696 393 2133 19.86
1997-2001 1,004,990 295 2935 35.04 947,545 9% 992 939 1,952,535 389 1992 20.15
2002-2006 1,040,108 381 3663 3931 974515 135 1385 1179 2,014,623 516 2562 2462
2007-2011 1,059,544 612 5776 60.26 1007397 270 26580 20.29 2,066,941 882 4267 37.98
Average 4918254 1,731 3520 37.27 4696847 666 1418 11.52 9615101 2397 2493 23.05

CR crude rate, ASR-W world age-standardized rate.

@ ASR-W was calculated with the direct method using Segi’s world standard population in 1962.
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Fig. 1 Age-standardized rates (ASRs) of lung cancer incidence by sex during 1987-2011 in Sihui, China.
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regression models; thus, 14 corresponding birth cohorts
were included from 1905-1909 to 1970-1974. The full
APC model fit the data best in both males and females
based on the deviance statistic and was chosen as the
final model (Table 4).

After adjusting for period and cohort effects, the RR
of age on the incidence of lung cancer showed a con-
tinuously rising trend until the oldest age cohort (80—
84 years) for both sexes (Table 5; Fig. 3a). The RR showed
a relatively flat trend, with only a slight increase in the
most recent period (2007-2011) in both sexes (Table 5;
Fig. 3b). By using the 1915-1919 birth cohort as a refer-
ence group, the effects of the birth cohort curve fluctu-
ated, but there was a significant continuous increase in
RR during the entire period in females (Table 5; Fig. 3c).
The first birth cohort (1905-1909) and the last birth
cohort (1970-1974) were not shown because they each
contained only one case. The RR continued to increase
in males from the 1910-1914 birth cohort to the 1950—
1954 birth cohort when it reached its peak; subsequently,
there was a plateau in the younger cohort born during
1955-1969.

Discussion

This study showed that the incidence of lung cancer has
been rapidly increasing in Sihui over the last 25 years.
Although the overall incidence of lung cancer in Sihui
(24.93/100,000) was lower than the average incidence
of lung cancer in China (46.08/100,000) [6], the rate of
increase (5.90%) was greater than the average in China
(1.64%) [18]. The APC analysis further revealed that the
increasing trend in the incidence of lung cancer was
mainly due to the effects of aging population and young
birth cohort in both sexes. Such temporal patterns may
indicate the complex impact of lifestyle and environment

Table 4 Comparison of age-period-cohort models for lung
cancer incidences with Poisson regression in Sihui

Model DF  Males Females
Dev Pvalue?* Dev P value®

Age 40 2445  <0.001 1873  <0.001
Age-period 36 56.7 0.008 56.6 0.048
Age-cohort 27 423 0.047 503 0.009
Age-period-cohort 24 298 0.252 24.1 0.562
Period curvature effect® 3 125 0.007 262 <0.001
Cohort curvature effect® 12 269 0.003 325 0.002

DF degree of freedom, Dev deviance.
@ Pvalue was from a Chi square test of the goodness-of-fit of the model.

b Effects were assessed by comparing the age—period-cohort model with the
age-cohort model (period curvature effect) and the age-period-cohort model
with the age-period model (cohort curvature effect).
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Table 5 The relative risk (RR) estimates with 95% confi-
dence interval (Cl) of lung cancer incidence in the age-
period-cohort model for both sexes in the period of 1987-

2011 in Sihui

Parameter Subgroup Males Females
RR (95% CI) RR (95% ClI)

Age (years) 35-39 0.24 (0.14,0.38)° 042 (0.23,0.73)°
40-44 0.64 (0.44,0.94) 045 (0.24,0.80)°
45-49 Reference Reference
50-54 196 (143,2.72)P 130(0.81,2.11)
55-59 3.14(2.21,4.53)? 2.37 (147,3.90)
60-64 5(3.47,7.89)° 2.77 (163, 4.84)°
65-69 6.90 (4.34,11.48) 71(2.07,6.88)°
70-74 11.26 (6.63,20.37)° 5.53(2.93,10. 94)
75-79 11.63(6.32,23200°  555(2.73,11.98)°
80-84 13.56 (6.61,3046)  7.29(3.23,17. 59)

Period (year) 1987-1991 0.81(0.61, 1.09) 0.79(0.52,1.18)
1992-1996  1.00 (0.81, 1.24) 1.35(0.99,1.83)
1997-2001 Reference Reference
2002-2006  1.12(0.92,1.37) 1.18(0.88, 1.58)
2007-2011 161 (1.25,203) 2.19(1.62, 2.96)°

Cohort (year) 1910-1914 0.78 (0.45,1.32) 1.13(0.56, 2.28)
1915-1919 Reference Reference
1920-1924 1.13(0.80, 1.61) 1.16 (0.69, 1.99)
1925-1929  1.56(1.12,2.21)° 192 (1.22,3.09)°
1930-1934  1.73(1.20,2.57)° 2.19(1.38,3.61)°
1935-1939  1.51(0.98,2.44) 2.33 (140, 4.05)°
1940-1944 190 (1.15,3.36)° 187 (1.04,3.55)°
1945-1949 1.85 (1.04, 3.60)° 1.90 (0.98,3.92)
1950-1954  2.05 (1.08,4.37)° 2.57(1.29,5.62)°
1955-1959 1.87(0.90,4.41) 2.07 (0.95, 5.00)
1960-1964  1.75(0.76,4.58) 132(0.52,3.68)
1965-1969 1.67 (0.66,4.91) 3.36(1.34,9.71)°

2 P<0.001.

b P<0.05.

changes on the risk of lung cancer in rural areas of South

China [5, 19-22].

Sihui is a county-level city located in the central part of

Guangdong province. Before the era of economic refor-
mation and open policy in China, Sihui was a traditional
agricultural location with rice paddies and oranges as the
main economic crops. Corresponding with the imple-
mentation of a policy of openness and reform by Chinese
government in 1978, Sihui became one of the earliest
economic boom areas in South China. The major indus-
tries in Sihui include jade processing, smelting, metallur-
gic casting, and ceramic manufacturing. As a result of the
industrial needs, most of the laborers, especially males,
moved from agricultural areas to local factories and
therefore a series of life style and environmental changes
occurred.
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It has been estimated that cigarette smoking causes
>75% of all lung cancers [23]. Other known and sus-
pected risk factors for lung cancer include a history of
tuberculosis and other inflammatory lung diseases [24,
25], indoor air pollution [26-28], productive dust and
fumes in the workplace [29], and air pollution [30]. Sev-
eral studies conducted in Guangdong province showed
that despite a high prevalence of cigarette smoking, a
declining rate of cigarette smoking was observed in males
in recent decades [31]. The lower rate of cigarette smok-
ing (1.7%) observed in males accompanied a correspond-
ing increase in the cigarette smoking rate in females [31,
32]. Thus, the rapid growth in the incidence of lung can-
cer in Sihui cannot be explained fully by cigarette smok-
ing, especially in males.

It has been estimated that nearly half of deaths from lung
cancer in China can be attributed to aging in China [33].
Based on the APC analysis, we showed that age cohort
had a significantly positive association with the risk of
lung cancer after adjusting for the period and birth cohort
effects in both sexes, thus implying that increased longev-
ity increases the risk of lung cancer in Sihui [34]. With
the economic development in recent decades in Sihui,
enhancements in public hygiene, improved nutrition, basic
health care availability, and medical progress have brought
an increase in life expectancy of its residents. In 2010, the
average life expectancy in Sihui (76.6 years) was longer
than the average life expectancy in China by 3.1 years [35].

In addition to the major risk factors (cigarette smoking
and longer life expectancy), other known and suspected
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risk factors of lung cancer have changed considerably.
For example, the rapid industrialization and economic
development in the 1980s brought air pollution, dust, and
fume contaminants to occupational environments, which
is especially pertinent to males. After 20-30 years of
effects, this may have resulted in the accelerated increase
of lung cancer incidence in males from 2005 to 2010,
which was demonstrated by joinpoint analysis (Fig. 2).

Birth cohort trends for lung cancer incidence usually
suggest that the risk factors exposed to in early life have
changed. The incubation time between exposure and can-
cer occurrence is 20—-30 years for lung cancer [36], and
lung cancer has the highest incidence in those >60 years
of age, so the relevant age of exposure to risk factors
would be in the first 4th decade of life. Thus, overexposure
to lung carcinogens in Sihui should have occurred prior to
the 1940s and 1950s and less frequently after the 1960s.
We assume that the combination of a high prevalence of
cigarette smoking, advanced age, and exposure to worsen-
ing air pollution in the younger generation might be the
main reasons underlying the birth cohort effect on the
risk of lung cancer in the last 25 years in Sihui.

Variation in the calendar period trend usually indicates
the impact of new diagnoses, improved medical interven-
tions, or a change in ascertaining or coding the cause of
incidence. In this study, we observed a slight variation
over the time periods studied. The slight increase in the
calendar period trend coincided with changes in the inci-
dence of lung cancer due to the use of the bronchofiber-
scopes in the 1990s, computed tomography in the 1990s
[37], and tumor markers in the 2000s [38].

Our study had some limitations. Specifically, the his-
tologic diagnostic information of patients was incom-
plete, so we could not analyze the incidence trends in
lung cancer of different histologic subtypes. We also did
not obtain the data of air quality and cigarette smoking
in Sihui to analyze their relationships with the trends in
lung cancer incidence.

In summary, a 3.4-fold increase in the incidence of lung
cancer was noted in Sihui over the past 25 years. Age,
period, and birth cohort effects on the risk of lung cancer
in both sexes were observed, which suggests important
roles for social aging, cigarette smoking, and environ-
mental risk factors in the risk of lung cancer. Compre-
hensive measures including decreasing the prevalence
of tobacco smoking in males, reducing the occupational
exposure, and mitigating the air pollution may be taken
to alleviate the burden of lung cancer in rural areas of
South China.

Authors’ contributions
J-LD, XL, S-MC, and Z-EL conceived the study and participated in its design
and coordination. Q-HH, XL, Y-HL, S-HX, E-HL, and JG contributed to

Page 7 of 8

acquisition of data. J-LD, L-FZ, M-JY, QL, and M-HH performed the statistical
analyses and interpretation. J-LD, S-MC, XL, Z-EL, and Q-HH drafted the manu-
script. All authors read and approved the final manuscript.

Author details

' Sun Yat-sen University Cancer Center, State Key Laboratory of Oncology

in South China, Collaborative Innovation Center for Cancer Medicine, Guang-
zhou, Guangdong 510060, P. R. China. 2 Department of Cancer Prevention
Research, Sun Yat-sen University Cancer Center, Guangzhou, Guangdong
510060, P. R. China. 3 School of Public Health, Guangdong Medical University,
Dongguan, Guangdong 523808, P. R. China. * Sihui Cancer Institute, Sihui,
Guangdong 526200, P. R. China. 5 Department of Clinical Trial Center, Sun
Yat-sen University Cancer Center, Guangzhou, Guangdong 510060, P. R. China.
6 Department of Cancer Screening, Sun Yat-sen University Cancer Center,
Guangzhou, Guangdong 510060, P. R. China.

Acknowledgements

This work was supported by the National High Technology Research and
Development Program of China (No. 2012AA02A501) and the Special Fund for
Public Health Trade (No. 201202014). We are grateful to the staff at the Sihui
Cancer Institute for their efforts in data linkage and follow-up.

Compliance with ethical guidelines

Competing interests
The authors declare that they have no competing interests.

Received: 26 November 2014 Accepted: 13 May 2015
Published online: 31 July 2015

References

1. Thun MJ, Henley SJ, Burns D, Jemal A, Shanks TG, Calle EE. Lung cancer
death rates in lifelong nonsmokers. J Natl Cancer Inst. 2006;98:691-9.

2. Ferlay J, Soerjomataram |, Dikshit R, Eser S, Mathers C, Rebelo M, et al.
Cancer incidence and mortality worldwide: sources, methods and major
patterns in GLOBOCAN 2012. Int J Cancer. 2015;136:E359-86.

3. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates of
worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer.
2010;127:2893-917.

4. ZhengT, Holford TR, Boyle P, ChenY, Ward BA, Flannery J. Time trend and
the age—period-cohort effect on the incidence of histologic types of
lung cancer in Connecticut, 1960-1989. Cancer. 1994;74:1556-67.

5. Wen J, FuJH, Zhang W, Guo M. Lung carcinoma signaling pathways
activated by smoking. Chin J Cancer. 2011;30:551-8.

6. ChenW, Zheng R, Zhang S, Zhao P, Zeng H, Zou X. Report of cancer
incidence and mortality in China, 2010. Ann Transl Med. 2014,2:61.

7. Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint
regression with applications to cancer rates. Stat Med. 2000;19:335-51.

8. Qiu D, Katanoda K, Marugame T, Sobue T. A joinpoint regression analysis
of long-term trends in cancer mortality in Japan (1958-2004). Int J Can-
cer. 2009;124:443-8.

9. Tang WR, Fang JY, Wu KS, Shi XJ, Luo JY, Lin K. Epidemiological characteris-
tics and prediction of esophageal cancer mortality in China from 1991 to
2012. Asian Pac J Cancer Prev. 2014;15:6929-34.

10.  Al-Hashimi MM, Wang XJ. Breast cancer in Iraq, incidence trends from
2000-2009. Asian Pac J Cancer Prev. 2014;15:281-6.

11. Ahacic K, Kennison R, Thorslund M. Trends in smoking in Sweden
from 1968 to 2002: age, period, and cohort patterns. Prev Med.
2008;46:558-64.

12. Utada M, OhnoY, Shimizu S, Ito Y, Tsukuma H. Cancer incidence and
mortality in Osaka, Japan: future trends estimation with an age—period—
cohort model. Asian Pac J Cancer Prev. 2012;13:3893-8.

13. Lee LT, Huang HY, Huang KC, Chen CY, Lee WC. Age—period-cohort
analysis of hepatocellular carcinoma mortality in Taiwan, 1976-2005. Ann
Epidemiol. 2009;19:323-8.

14. Mdzinarishvili T, Gleason MX, Sherman S. Estimation of hazard functions
in the log-linear age—period-cohort model: application to lung cancer
risk associated with geographical area. Cancer Inform. 2010,9:67-78.



Du et al. Chin J Cancer (2015) 34:33

20.

21.

22.

23.

24,

25.

26.

Luo J, Chia KS, Chia SE, Reilly M, Tan CS, Ye W. Secular trends of naso-
pharyngeal carcinoma incidence in Singapore, Hong Kong and Los Ange-
les Chinese populations, 1973-1997. Eur J Epidemiol. 2007;22:513-21.
Eilstein D, Uhry Z, Lim TA, Bloch J. Lung cancer mortality in france. Trend
analysis and projection between 1975 and 2012, using a Bayesian age—
period-cohort model. Lung Cancer. 2008;59:282-90.

Cayuela A, Rodriguez-Dominguez S, Lopez-Campos JL, Vigil E. Age-
period-cohort analysis of lung cancer mortality rates in Andalusia,
1975-2004. Lung Cancer. 2007;57:261-5.

Chen WQ, Zheng RS, Zhang SW, Zeng HM, Zou XN. The incidences and
mortalities of major cancers in China, 2010. Chin J Cancer. 2014;33:402-5.
Al-Hashimi MM, Wang XJ. Trend analysis of lung cancer incidence rates in
Ninawa province, Irag, from 2000 to 2010—decrease and recent stability.
Asian Pac J Cancer Prev. 2014;15:385-90.

Mdzinarishvili T, Gleason MX, Sherman S. A novel approach for analysis
of the log-linear age-period-cohort model: application to lung cancer
incidence. Cancer Inform. 2009;7:271-80.

Yu IT, Chiu YL, Au JS, Wong TW, Tang JL. Dose-response relationship
between cooking fumes exposures and lung cancer among Chinese
nonsmoking women. Cancer Res. 2006;66:4961-7.

Yang G, Shu XO, Chow WH, Zhang X, Li HL, Ji BT, et al. Soy food intake and
risk of lung cancer: evidence from the Shanghai Women'’s Health Study
and a meta-analysis. Am J Epidemiol. 2012;176:846-55.

Weinberg GB, Kuller LH, Redmond CK. The relationship between the
geographic distribution of lung cancer incidence and cigarette smoking
in Allegheny county, Pennsylvania. Am J Epidemiol. 1982;115:40-58.
Engels EA. Inflammation in the development of lung cancer: epidemio-
logical evidence. Expert Rev Anticancer Ther. 2008;8:605-15.

Zulueta JJ, Wisnivesky JP, Henschke Cl, Yip R, Faroogi AO, McCauley D,

et al. Emphysema scores predict death from COPD and lung cancer.
Chest. 2012;141:1216-23.

Straif K, Baan R, Grosse Y, Secretan B, El Ghissassi F, Cogliano V. Carcino-
genicity of household solid fuel combustion and of high-temperature
frying. Lancet Oncol. 2006,7:977-8.

27.

28.

29.

30.

31

32.

33
34.

37.

38.

Page 8 of 8

Seow A, Poh WT, Teh M, Eng P, Wang YT, Tan WC, et al. Fumes from meat
cooking and lung cancer risk in Chinese women. Cancer Epidemiol
Biomarkers Prev. 2000;,9:1215-21.

Ko YC, Cheng LS, Lee CH, Huang JJ, Huang MS, Kao EL, et al. Chinese
food cooking and lung cancer in women nonsmokers. Am J Epidemiol.
2000;151:140-7.

Wang L, Lubin JH, Zhang SR, Metayer C, Xia Y, Brenner A, et al. Lung can-
cer and environmental tobacco smoke in a non-industrial area of China.
Int J Cancer. 2000;88:139-45.

Xu ZY, Brown L, Pan GW, Li G, Feng YP, Guan DX, et al. Lifestyle, environ-
mental pollution and lung cancer in cities of Liaoning in northeastern
China. Lung Cancer. 1996;14(Suppl 1):5149-60.

Yu W, He LR, Zhao YC, Chan MH, Zhang M, He M. Dynamic protein—pro-
tein interaction subnetworks of lung cancer in cases with smoking
history. Chin J Cancer. 2013;32:84-90.

Li YG, Gao X. Epidemiologic studies of particulate matter and lung cancer.
Chin J Cancer. 2014,33:376-80.

Ershler WB. Cancer: a disease of the elderly. J Support Oncol. 2003;1:5-10.
Ocana-Riola R, Blanco-Reina E, Moreno-Navarro E, Mayoral-Cortés JM.
Age-period-cohort effects on mortality from cerebrovascular disease in
southern Spain. J Stroke Cerebrovasc Dis. 2014,23:2274-82.

. The Fourth National People’'s Congress. The Twelfth Five-Year Plan outline

of national economic and social development. Beijing: People’s Publish-
ing House; 2011. p. 3-6.

. Armenian HK. Incubation periods of cancer: old and new. J Chronic Dis.

1987;40(Supp! 2):95-155.

Henschke Cl, Yankelevitz DF, Libby DM, Pasmantier MW, Smith JP, Miet-
tinen OS. Survival of patients with stage | lung cancer detected on CT
screening. N Engl J Med. 2006;355:1763-71.

Martelli MP, Sozzi G, Hernandez L, Pettirossi V, Navarro A, Conte D, et al.
EML4-ALK rearrangement in non-small cell lung cancer and non-tumor
lung tissues. Am J Pathol. 2009;174:661-70.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

* Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolMed Central
J




	Secular trend analysis of lung cancer incidence in Sihui city, China between 1987 and 2011
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data sources
	Statistical methods

	Results
	Discussion
	Authors’ contributions
	Author details
	Received: 26 November 2014   Accepted: 13 May 2015References




