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Study on mortality characteristics and prediction of non—-melanoma skin
cancer in China from 2005 to 2018

XIE Lin-yan, SHI Zheng—yang, ZHANG Yu, HU Yun-hua, YAN Yi-zhong
Medical College of Shihezi University, Shihezi, Xinjiang 832003, China

Abstract: Objective To analyze the mortality rate and trend of non—melanoma skin cancer (NMSC) in China from 2005 to
2018 and predict its future trend, providing a basis for effective prevention and control. Methods NMSC mortality data from
2005 to 2018 were collected from the Chinese Cancer Registry Annual Report. The Joinpoint regression model was used to
estimate the average annual percentage change (AAPC) and annual percentage change (APC) to reflect temporal trends. An
age —period —cohort model with intrinsic estimator algorithm was applied to analyze age, period, and cohort effects. The
Bayesian age—period—cohort (BAPC) analysis with integrated nested Laplace approximation was employed to predict NMSC
mortality trends in China from 2019 to 2035. Results From 2005 to 2018, the age—standardized mortality rate (ASMR) of
NMSC in China was 0.34 per 100 000, showing an upward trend with an AAPC of 5.6% (95%CI: 3.8%-7.4%). The ASMR
was higher in males (0.41 per 100 000) than in females (0.26 per 100 000), but the increase was slightly faster in females
(AAPC=6.2%). Rural areas had a higher ASMR (0.40 per 100 000) than urban areas (0.30 per 100 000), but the AAPC was
only half that of urban areas. The mortality risk of NMSC increased with age. The cohort effect showed a declining trend in
ASMR. The predicted ASMR of NMSC in China is expected to continue rising to 0.78 per 100 000 (95%CI: 0.10-1.46 per
100 000) during 2019 and 2035. Conclusion The ASMR of NMSC in China exhibited an upward trend from 2005 to 2018,
with variations by age, sex, and region. NMSC remains a public health concern requiring sustained attention.

Keywords: Non-melanoma skin cancer; Mortality; Age —period —cohort model; Joinpoint regression model; Bayesian age —

period—cohort model
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0.26/10 J7, 3715 0.30/10 J7, 4¢ 4 0.40/10 T3 . PR
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i [ NMSC ) ASMR M 2005 4E19 0.23/10 J7 34
Jing] 2018 /Y 0.41/10 Ji', AAPC=5.6%(95%CI: 3.8%
~7.4%), B NMSC ) ASMR M 2005 4-# 0.31/10
JTHEHNE] 2018 4E/Y 0.50/10 77, AAPC=5.0%(95%CI:

3.2% ~ 6.8% ), L PE) ASMR M 2005 4E/Y 0.16/10 J7
N F] 2018 4E /Y 0.33/10 J7 ,AAPC=6.2% (95% CI:
4.2% ~8.1% ), ¥kTi NMSC ) ASMR Hi 2005 4E ()
0.20/10 J7 b F+ 2 2018 41 0.36/10 J7 , AAPC= 5.8%
(95%CI: 3.9% ~71.7% ), 4%F ASMR H 2005 4F (¥
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Table 1 Mortality rate of NMSC in China from 2003 to 2018 (/100 000)

Ay S Bk 7k s AT

(4F) JETHC BETI% ASMR BT HC SETE ASMR  SETEL BT % ASMR AET8L SET-% ASMR JET%L ST  ASMR
2005 208 054 023 178 064 031 120 044 016 206 051 020 92 065 033
2006 325 055 022 182 061 028 143 048 016 223 048  0.19 102 078 038
2007 324 054 022 183 061 028 141 048 0.7 209 047  0.19 115 076 036
2008 463 070 026 266 080 034 197 060 020 354 068 025 109 078 033
2009 553 065 024 308 071 029 245 058 020 370 064 023 183 065 027
2010 710 057 034 394 062 041 316 051 028 453 057 031 257 0.58 039
2011 990 068 040 565 077 050 425 059 031 591 068 037 399 069 045
2012 1364 069 040 762 076 049 602 062 032 671 067 035 693 071 046
2013 1542 068 038 842 073 046 700 063 031 752 067 034 790 069 043
2014 1932 067 037 1074 073 045 858 060 030 983 068 035 949 066 040
2015 2390 074 040 1319 081 048 1071 068 032 1104 072 036 1286 077 043
2016 2978 078 041 1674 086 050 1304 069 032 1524 079 039 1454 077 043
2017 3374 077 041 1905 086 050 1469 068 031 1580 0.74 037 1794 080 045
2018 4214 082 041 2350 089 050 1964 076 033 1,798 076 036 2516 088 045
Total 21,557 072 034 12002 080 041 9455 065 026 10818 069 030 10,739 076  0.40

Multiple Joinpoint Models

0.553

0.508

0.462

0.417

0.372

0.326

0.281

Age-Adjusted Rate

0.236

0.191

0.145

® National - 0 Joinpoints
— 2005-2018 APC = 5.30*

A Male - 0 Joinpoints
2005-2018 APC = 4.75*
* Female - 0 Joinpoints
2005-2018 APC = 5.69*
* Urban - 0 Joinpoints
2005-2018 APC = 5.40*
* Rural - 0 Joinpoints
2005-2018 APC = 2.42*

0.10

2004 2006 2008 2010 2012 2014

year

2016 2018

B 1 2005—2018 4 [E NMSC SET- ¥ joinpoint [F1JH
Figure 1 Joinpoint regression in the mortality of NMSC in China, 2005—2018
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NMSC FET R EZE 18 | FHa# . A k) NMSC FET R
USRS R E T RS, L 2010 4F R4 5.
NMSC FET= XU {8 BRI RN ZF 1920—1924 4F 3k

F TR (RR=1.98,95%CI: 1.3 ~2.66), %R J51E 1995—
1999 4F N [EF ik 2N Al 4. (RR=-1.99,95%CI- -3.06 ~
-091), b5 7 2000—2019 2 PR T UL 2.

R 2 2005—2018 4 H1[E NMSC SET- % (%)
Table 2 Trends in NMSC mortality in China from 2005 to 2018 (%)

PEyA4 T ot W Vi)
P ) (4F) 2005—2018 2005—2018 2005—2018 2005—2018 2005—2018
APC(95%CI) 5.6(3.8~74) 5.0(32~6.8) 6.2(42~8.1) 5.8(3.9~7.7) 2.6(0.85~4.3)
i 6.8 6.0 6.8 6.6 33
P <0.001 <0.001 <0.001 <0.001 <0.010
AAPC(95%CI) 5.6(3.8~74) 5.0(32~6.8) 6.2(42~8.1) 5.8(3.9~7.7) 2.6(0.85~4.3)
i 6.8 6.0 6.8 6.6 33
Pia <0.001 <0.001 <0.001 <0.001 <0.010
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Figure 2 Age—period—cohort model of NMSC mortality in China, 2005—2018
(A )Nation; (B) Male; (C) Female; (D) Urban; (E) Rural
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2.3 BAPC 4#F 2019—2035 4E, 1[E NMSC HY4E
T-HU 7R H ASMR B, N ENEERE ,
ASMR i i1 K MK 2019 4E (%) 0.57/10 71 (95% CI-
0.52/10 J7 ~0.62/10 J3 ) 3% ¥ ¥4 i 2] 2035 4F (1)
0.78/10 J3 (95%CI:0.10/10 J3 ~ 1.46/10 J3 ), %5 5l J&
B ASMR Fi it FF £ 1.13/10 J7 (95% CI: 0.13/10
T ~2.12/10 71 ),

MILZ T, 2 ASMR 36 M 2019 4E 1
0.45/10 71 (95%CI:0.40/10 J7 ~0.50/10 J1) FJ+%=
2034 4E 1Y 0.54/10 71 (95%C1:0.03/10 J3 ~ 1.05/10

J7), FE 2035 4EHi A 0.55/10 71 (95%CI:-0.01/10
J7~1.10/10 J3 )5 FESETTHLIX , ASMR Fii3155 A 2019
411 0.53/10 J7(95%CI:0.47/10 T3 ~0.59/10 J7 ) b T
F] 2034 411 0.76/10 J7(95%CI:0.04/10 J7 ~ 1.49/10
i), TE 2035 4EFiiTk 0.79/10 75 (95%CI:-0.02/10
Ji ~1.59/10 J3); 7EARKSHLIX , ASMR T35 A 2019
411 0.60/10 J7(95%CI:0.52/10 T3 ~0.67/10 J7 ) b T}
F] 2032 4E 1) 0.67/10 J7(95%CI:0.05/10 J3 ~ 1.30/10
J7), FE 2035 4EHi A 0.70/10 71 (95%CI:-0.13/10
Ji~1.53/10 J7). W3 3.

F®3 2019 — 2035 4 [E NMSC B HNAET- 2 (1/10 J1)
Table 3 Projected mortality from NMSC in China, from 2019 to 2035 (/100 000)

£ Bk g/gds Wi At
AR (4F) AR PRE AL T2 RS PRELSET R AR PR T R AEIARHEALAET R AR T SR
(95%CI) (95%CI) (95%CI) (95%CI) (95%CI)
0.57 0.70 045 0.53 0.60
2019 (0.52 ~0.62) 0.63 ~0.77) (0.40 ~ 0.50) (0.47 ~0.59) (0.52 ~ 0.67)
0.58 0.71 0.46 0.54 0.60
2020 (0.51 ~ 0.65) 0.62 ~0.81) (0.39 ~0.52) (0.46 ~ 0.62) (0.50 ~ 0.70)
0.59 0.73 0.46 0.55 0.60
2021 (0.50 ~ 0.68) 0.61 ~0.85) (0.38 ~ 0.54) (0.45 ~ 0.65) (0.47 ~0.73)
0.60 0.75 047 0.56 0.61
2022 (0.49 ~ 0.71) (0.60 ~ 0.89) (0.36 ~ 0.57) (0.43 ~0.69) (0.45~0.77)
0.61 0.77 047 0.57 0.61
2023 (0.47 ~ 0.75) (0.59 ~ 0.95) (0.35 ~ 0.60) (042 ~0.73) (0.42 ~0.81)
0.62 0.79 048 0.59 0.62
2024 (0.46 ~ 0.79) (0.57~1.01) (0.33 ~ 0.63) (0.40 ~0.77) (0.39 ~0.85)
0.63 0.81 0.48 0.60 0.62
2025 (0.44 ~ 0.83) (0.55~1.07) (0.30 ~ 0.66) (0.37~0.82) (0.35~0.89)
0.64 0.83 0.49 0.61 0.63
2026 (0.42 ~ 0.87) (0.52~1.14) (0.28 ~ 0.70) (0.35~0.88) (0.32 ~0.94)
0.66 0.86 0.49 0.63 0.64
2027 (0.39 ~ 0.92) 0.50 ~1.22) (0.26 ~ 0.73) (0.32 ~0.94) (0.28 ~0.99)
0.67 0.88 0.50 0.65 0.64
2028 (0.37 ~ 0.98) (0.47 ~ 1.30) (0.23 ~0.77) (0.29 ~ 1.00) (0.24 ~ 1.05)
2020 0.69 0.91 0.51 0.66 0.65
(0.34 ~ 1.04) (0.43 ~1.39) (0.20 ~ 0.81) 0.26 ~ 1.07) (0.19 ~ 1.10)
2030 0.70 0.94 0.51 0.68 0.66
(0.31 ~ 1.10) (0.40 ~ 1.49) (0.17 ~ 0.86) 0.22~1.14) 0.15~1.17)
0.72 0.98 0.52 0.70 0.66
2091 (0.27 ~ 1.16) (0.35 ~ 1.60) (0.14 ~ 0.90) 0.18~1.22) (0.10~1.23)
o 0.73 1.01 0.53 0.72 0.67
(0.23 ~ 1.23) 0.31~1.71) (0.10 ~ 0.95) (0.14 ~ 1.30) (0.05 ~ 1.30)
03 0.75 1.05 0.53 0.74 0.68
(0.19 ~ 1.30) (0.25 ~ 1.84) (0.07 ~ 1.00) (0.09 ~ 1.39) (-0.01 ~ 1.37)
203 0.77 1.08 0.54 0.76 0.69
(0.15 ~ 1.38) 0.20 ~1.97) (0.03 ~ 1.05) (0.04 ~ 1.49) (-0.07 ~ 1.45)
203 0.78 1.13 0.55 0.79 0.70
(0.10 ~ 1.46) 0.13~2.12) (=0.01 ~ 1.10) (=0.02 ~ 1.59) (-0.13 ~ 1.53)
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