China CDC Weekly

Preplanned Studies

Trends and Regional Distribution Pattern of Female Lung Cancer
— China, 1992-2016

Xue Ni'; Bei Zhang'; Ning Xu'; Xinying Zeng’ Qiang Wang'*

Summary

What is already known about this topic?

The incidence of female lung cancer in China has been
rising, whereas the incidence ratio among men and
women is declining. The rising trend of female lung
cancer is a prominent public health concern for China.

What is added by this report?

The joint secular trends distribution of the incidence,
mortality, and years of life lost (YLLs) due to premature
death of lung cancer in Chinese women demonstrated a
certain regionality, which implied the risk factors for
female lung cancer in China might be different by
region. Common determinant risk factors may exist in
regions sharing the same joint secular trends.

What are the implications for public health
practice?

The secular trends and the regional pattern of the
trends of female lung cancer in China suggested that
the prevention and control of female lung cancer
should be implemented with targeted regional
interventions.

According to the 2018 cancer estimates from the
Global Cancer Observatory (GLOBOCAN) of the
World Health Organization (WHO), lung cancer was
a leading cause of cancer death in China (7). The
incidence of female lung cancer in China was
approximately 1.5 times that of the women worldwide
(1). Tobacco smoke is believed to be the leading risk
factor for lung cancer with about 90% of lung cancer
deaths being linked to cigarette smoking, but the
current rate of smoking in Chinese women has been
estimated to be around 2%-4% in the past 20 years.
Therefore, the growing trend of lung cancer in Chinese
women warrants major concern and the key risk factors
have yet to be elucidated. This study aimed to explore
the secular trends and regional distribution of female
lung cancer in China.

The results of the Global Burden of Disease 2016
(GBD 2016) (2-3) was used in this report. Joinpoint
regression analysis was applied to fit the secular female
lung cancer trends of age-standardized incidence rate
(ASIR), age-standardized mortality rate (ASMR), and
age-standardized years of life lost due to premature
death rate (ASYLLR) for the mainland of China
including the 31 provincial-level administrative
divisions (PLADs) from 1992-2016. Joinpoint
regression models was used to divide the long-term,
secular trend data into a few continuous segments by
turning points, which was more reasonable for
describing changes in trend data.

The World Standard Population database (WHO
2000-2025) (4) was used as the reference population
in the calculation of the age-standardized rates (ASRs)
of 31 PLADs. The secular trends of ASRs were
analyzed using a joinpoint regression model in which
the logarithm of the ASRs was used as the dependent
variable and the year was used as the explanatory
variable. Best-fitting points (joinpoints) were chosen
when the rate changed significantly (5), and the lung
cancer trend was divided into several segments. A
maximum of four joinpoints were set in the regression
analysis. The test of significance was performed by the
Monte Carlo Permutation method. The significant
level was set at p<0.05. Joinpoint regression models
were analyzed by the Joinpoint Regression Program
Version 4.5.0 (Statistical Research and Applications
Branch, National Cancer Institute, Bethesda, MD,
USA).

In the past 25 years for China as a whole, the secular
trend of ASIR rose upward and the trend of ASMR or
ASYLLR moved downwards (Figure 1). The average
annual percent change (AAPC)™* of the ASIR, ASMR,
and ASYLLR were 0.7% (p<0.05), -0.3% (p<0.05),
and -0.7% (p<0.05), respectively. However, ASIR and
ASMR all showed increases before 2005, and ASIR
slight decreased after increase up to 2005 while the

" AAPC: a weighted average of the APCs (Annual Percent Changes: Annual percentage changes of rate in each segment trend) from the joinpoint
model with the weights equal to the length of the APC interval. This means that rates change at a constant percentage every year throughout the entire

period.
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FIGURE 1. Long-term trends of the ASIR, ASMR, and ASYLLR of the female lung cancer of China. Abreviation: ASIR=age-
standardized incidence rate; ASMR=age-standardized mortality rate; ASYLLR=age-standardized the years of live lost due to

premature death rate.

ASMR showed a significant downward trend.

The secular trends of the ASIR, ASMR, and
ASYLLR among 31 PLADs are inconsistent (Table 1)
as not all ASIRs for 31 PLADs created a rising trend.
The ASIR in 5 (16.1%) of the PLADs remained
relatively steady, while the ASIR in 9 PLADs (29.0%)
declined noticeably. The PLADs with the most rapid
growing ASIR of female lung cancer were Guangxi and
Sichuan with a 2% AAPC. The AAPC of ASIR among
5 PLADs Tianjin, Guizhou,

Yunnan, and Gansu were around zero.

including  Beijing,

There were also regional differences in ASMR and
ASYLLR among the 31 PLADs. The descending trends
of ASMR among 23 PLADs (74.2%) and ASYLLR
among 27 PLADs (87.1%) were consistent with trends
seen nationwide. But the trends of ASMR or ASYLLR
in the remaining PLADs were rising upward or stable.
The greatest declines of ASMR was found in Beijing,
with 2% AAPCs of ASMR approximately. And the
most rapid declines of ASYLLR were found within
Beijing, Tianjin, and Inner Mongolia (2%).

The joint secular trends of the ASIR, ASMR, and
ASYLLR of female lung cancer among 31 PLADs
showed 5 distinct regional patterns (Figure 2). A total
of 9 PLADs in northern China had falling trends in
ASIR, ASMR, and ASYLLR (Pattern A), 4 PLADs in
western China had rising trends in ASIR and ASMR
(Pattern B), 9 PLADs in southeastern China had
trends of rising ASIR, falling ASMR, and falling
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ASYLLR (Pattern C), 4 PLADs in eastern China had
trends of rising ASIR, stable in ASMR, and falling
ASYLLR (Pattern D), and the other 5 PLADs in
southwestern China had trends of steady ASIR, falling
ASMR, and falling ASYLLR (Pattern E). As shown in
Pattern B, except for one province, the three other
provinces had rising trends in ASYLLR. The regional
linkage pattern of the joint secular trends of female
lung cancer suggested that the determinant risk factors
might be different by region.

DISCUSSION

We found the ASIR was rising and the ASMR or
ASYLLR were falling in the past 25 years. The overall
secular trends of female lung cancer in China as a
whole were similar to results found by Liu et al (6).
However, we know that the year of 2005 was a turning
point, and the change in female lung cancer rate was
the most obvious. This may be related to the enhanced
management of China’s Cancer Registration and
Death Registration system in 2005 that intensified
construction of the registration system and data
quality. But it may also be related to improvements in
the ecological environment and the level of medical
treatment and healthcare.

Further trend analyses based on PLADs showed the
joint trends among the 31 PLADs were not consistent.
Although ASIR among the 17 PLAD:s are rising, their
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TABLE 1. National and provincial-level AAPC and female lung cancer ASRs in China, 1992-2016.

ASIR (1/100,000) ASMR (1/100,000) ASYLLR (1/100,000) AAPC,g (95%Cl) AAPC asyr (95%Cl) AAPC sy, & (95%Cl)

Region 1992 2016 1992 2016 1992 2016 1992-2016 1992-2016 1992-2016
China 188 223 20.1 18.5 4749 4005 0.7 (06,08  -0.3(-0.5,-0.2) -0.7 (-0.8, —0.6)*
Anhui 190 230 20.8 19.7 4798 4307 0.8(0.6,0.9) -0.2(-0.3,-0.1) -0.4(-0.5, -0.4)
Beijing 260 264 25.3 17.2 571.1 350.0 0.1(-0.0,0.2) -1.6(-1.8,-15) -2.0(-2.1,-1.9)
Chonggqing 234 2717 240 225 579.7  488.1 0.7(0.6,0.9)  -0.3(-0.5,-0.1) -0.7 (-0.9, -0.6)"
Fujian 149 170 16.4 13.7 386.3 3075 0.5(0.3,0.8)  -0.7(-0.9,-0.6) -0.9(-1.1,-0.8)
Gansu 9.7 9.6 10.3 9.6 2406 2200 -0.0(-0.2,0.1) -0.2(-0.4,-0.0) -0.3(-0.4,-0.2)
Guangdong 171 234 19.2 15.5 4460 3452 1.3(1.0,1.6)  -0.9(-1.0,-0.7) -1.0(-1.2,-0.9)
Guangxi 132 223 14.4 16.6 349.0 3726 2.2(1.9,2.4) 0.6 (0.5, 0.8) 0.3 (0.1, 0.5)
Guizhou 157 157 17.0 16.3 4016 3615 0.0(-0.2,0.2) -0.2(-0.3,-0.1) -0.4(-0.5, -0.3)’
Hainan 181  16.0 18.8 15.2 434 1 3355 -0.5(-0.6,-04) -0.9(-1.0,-0.7) -1.1(-1.2,-0.9)
Hebei 159 210 16.8 16.7 389.0 3656 12(1.1,1.2)  -0.0(-0.1,00) -0.3(-0.3,-0.2)
Heilongjiang ~ 43.0 385 464 343 1088.7 7274  —0.4(-0.8,-0.1) -1.2(-14,-1.0) -1.6(-1.8,-1.4)
Henan 151 177 15.8 17.3 3717  366.4 0.7 (0.5,0.8) 0.4 (0.2,0.5) -0.1(-0.2,0.1)
Hubei 161 212 16.5 16.5 3856  367.7 1.2(1.0,1.3) 0.0(-0.1,0.1)  -0.2(-0.3, -0.1)
Hunan 161 176 17.3 15.4 4162 3454 0.4 (03,05 -0.5(-0.7,-0.3) -0.8(-0.9, -0.6)
Inner Mongolia 24.1 214 25.7 17.5 607.7 377.5 -0.5(-0.6,-0.3) -1.6(-1.8,-1.4) -2.0(-2.1,-1.8)
Jiangsu 177 223 19.8 15.9 4496 3475 1.0(0.9,1.1)  -0.9(-1.0,-0.7) -1.0(-1.2,-0.9)
Jiangxi 16.1 154 17.1 15.4 4122 3370 -0.2(-0.4,-0.0) -0.4(-0.6,-0.2) -0.9(-1.0,-0.7)
Jilin 311 336 339 255 7946 5490 0.3(0.2,0.5) -1.1(-14,-0.8) -1.5(-1.7,-1.3)
Liaoning 306  28.0 337 239 7873 5002 -04(-05,-0.3) -1.4(-16,-13) -1.9(-2.0,-1.8)
Ningxia 16.7  16.3 17.4 16.1 409.1 3514  -0.1(-0.1,-0.0) -0.3(-0.4,-0.2) -0.6(-0.7,-0.6)
Qinghai 131 154 13.6 15.6 3235 3544 0.7 (0.5,0.8) 0.6 (0.4, 0.8) 0.4 (0.2,0.6)
Shaanxi 147 139 16.2 13.3 381.1 2939 -02(-04,-0.0) -0.8(-1.0,-0.7) -1.1(-1.2,-0.9)
Shandong 217 269 237 242 553.9  518.0 0.9 (0.8, 1.1) 0.1(-0.0,0.2) -0.3(-0.4,-0.2)
Shanghai 198 235 19.1 15.0 4248 3145 0.7(0.6,0.9) -1.0(-1.2,-0.8) -1.2(-1.4,-1.1)
Shanxi 16.0 18.0 16.5 17.0 388.2 3596 0.5(0.4,0.7) 0.1(-0.0,0.3) -0.3(-0.4,-0.2)
Sichuan 182  30.1 188 244 4795  531.0 2.1(1.9,2.4) 1.1(0.9,1.2) 0.4 (0.2, 0.6)
Tianjin 336 34.6 359 244 818.2 4988 0.1(-0.2,04) -15(-1.8,-1.3) -2.0(-2.2,-1.8)
Tibet 4.8 4.6 5.0 4.8 121.3 1136  -0.2(-0.3,-0.0) -0.2(-0.2,-0.1) -0.3(-0.4,-0.2)
Xinjiang 158  13.0 15.6 12.9 3705 2740 -0.8(-1.0,-06) -0.8(-1.0,-0.6) -1.2(-1.4,-1.1)
Yunnan 143 134 15.6 13.5 3745 3106 -0.3(-0.5,0.0) -0.6(-0.8,-0.4) -0.8(-0.9,-0.6)
Zhejiang 172 21.1 18.5 16.6 4384 3584 0.9(0.7,1.0)  -0.4(-0.7,-0.1) -0.8(-1.0,-0.5)

Abreviation: AAPC=average annual percent change; ASR=age-standardized rates;ASIR=age-standardized incidence rate; ASMR=age-
standardized mortality rate; ASYLLR=age-standardized years of live lost due to premature death rate.
*Represents statistical significance, p<0.05.

trends in ASMR and ASYLLR were different. They
were in 5 patterns of joint changing trends, and the
distribution of the joint trends were not chaotic or
random. The PLADs sharing common patterns were
found to be geographically adjacent. The linkage
regional patterns suggested that the phenotypes of
female lung cancer might also be different by region.
There might exist different key risks of female lung
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cancer in different regions, such as air pollution. Chen
et al. (7) also found provincial differences in the
potential risks of population attributable fraction
(PAF). In addition, the overall ASIR trend of female
lung cancer in northeastern China was currently
declining, but ASIR of these PLADs were the highest
in China. Risk factors in the northeastern China need
further attention.
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FIGURE 2. Joint changing trends of female lung cancer in China at the provincial level, 1992-2016. The pattern illustrated
different average annual percent change (AAPC) trends in combination of age standardized incidence rate (ASIR) and age
standardized mortality rate (ASMR), and age-standardized years of life lost due to premature death rate (ASYLLR). Pattern
A, significant fall in ASIR, ASMR, and ASYLLR; Pattern B, significant rise in ASIR, ASMR, and ASYLLR; Pattern C,
significant rise in ASIR, significant fall in ASMR and in ASYLLR; Pattern D, significant rise in ASIR, stable in ASMR, and
significant fall in ASYLLR; Pattern E, stable in ASIR, significant fall in ASMR, and significant fall in ASYLLR; NA, no data

was available.

Aging is believed to be closely correlated with lung
cancer (8—9). Among the 5 joint changing patterns, the
trends of ASMR rates among 4 PLADs in western
China kept rising, which differed from that of the
falling trends in other 27 PLADs. This suggests that
aging was not the key risk for the secular rising trends
of female lung cancer among 4 PLADs. The risk
factors of female lung cancer in western China need to
be further explored.

The incidence and mortality extracted from GBD
data in this report might differ slightly from cancer
registration data. However, GBD data was obtained by
analyzing data from multiple sources using a uniform
and comparable method, which increased its
representativeness.

There were some limitations in this study. First, due
to the availability and quality of cancer registration
data in China, the data scale of this study was only
limited to the provincial level, and the trends of
prevalence of female lung cancer could not be studied
at a more sophisticated scale. Second, this study
inferred that the tendency of female lung cancer and its
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risk factors might be aggregated based on the
characteristics of the trend of female lung cancer, and
further studies are required.

In summary, the linkage regional pattern of joint
trends in incidence, mortality, and ASYLLR suggested
there might exist region-specific risks of female lung
cancer. A region-specific strategy might be necessary
for prevention and control of female lung cancer in
China, especially for the Pattern B region where the
ASIR increased rapidly, which may be caused by new
risk factors. The increase in ASMR and ASYLLR
suggested that early detection and early treatment may
be very important.
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