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Abstract

Objective
This study aimed to explore distance to highway and factory density related to lung cancer (LC) death
and their spatial heterogeneity in effect.

Methods
We conducted a retrospective cohort study by using the data of registered LC patients in Jiading District
from 2002 to 2012. Standard parametric model with weibull distribution was used to explore factors
related to LC death and the spatial effect of environmental factors were detected by using spatial survival
analysis.

Results
Shorter distance to highway (aOR = 1.15, 95% CI:1.03–1.30) and higher factory density (aOR = 1.20, 95%
CI:1.05–1.37) were signi�cantly associated with increased risks of LC death, and the associations
showed spatial differences in northern and southern areas of Jiading District, respectively. High-risk areas
were mainly distributed in the suburbs with a low population density, while low-risk areas were primarily
located in the urban areas.

Conclusion
Tra�c and factory-related pollution was signi�cantly associated with increased risk of LC death with an
obvious spatial heterogeneity.

Introduction
Globally, an estimated 19.3 million newly diagnosed cancer cases and 10.0 million cancer deaths
occurred in 2020, and among them, lung cancer (LC) remained the leading cause of cancer-related death
(Wang et al. 2020; Sung et al. 2021). The burden of LC in China accounts for a large proportion in the
global cancer epidemic. There were increased number of LC deaths in China from 1990 (men: 164,448;
women: 76,028) to 2017 (men: 447,246; women: 215,143), and accounted approximately 50% (men:
59.39%; women: 43.01%) of global increases (Wang et al. 2020).

The relationship between ambient pollution and LC has been widely studied(Hamra et al. 2014). Based on
land use regression (LUR) techniques, a recent study by Fischer et al. found that an increase of 10-µg/m3
for PM10 was associated with a 26% increase in LC mortality (HR = 1.26, 95% CI: 1.21–1.30), and for
NO2, it was 10% (HR = 1.10, 95% CI: 1.09–1.11)(Fischer et al. 2015). Tra�c density(Bidoli et al.2016) and
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residential distance to nearest road(Cesaroni et al. 2013) were used to assess the association between
tra�c-related air pollution and LC, but the results were controversial. A population-based case-control
study found proximity to major road was signi�cantly associated with LC risk (OR = 1.43, 95% CI:1.02–
2.03), but there was no signi�cant association for residential distance to highway(Shao et al. 2018).
Nurses' Health Study found that living within 50 m compared with > 200m of an A1 road had a LC risk,
but the distance as a continuous variable showed no signi�cant association(Puett et al. 2014). An Italian
study found no effect of either distance to road or tra�c density on LC mortality(Cesaroni et al. 2013).
This study aimed to explore distance to highway and factory density related to LC death. In addition, we
also investigated the spatial heterogeneity for survival of LC patients by combining traditional and spatial
survival analysis.

Materials And Methods
2.1 Study site

This study was conducted in Jiading District, located in the northwest of Shanghai. The district covers an
area of 464.2 km2 and 12 towns with a registered population of 658,200. Since 2010, the roads system in
Jiading District has been gradually developing into a network, with a total length of 1407 km and tra�c
density of 3.04 kilometers per square kilometer. Meanwhile, the main tra�c network of this district
currently includes �ve vertical and six horizontal lines.

2.2 Data collection

2.2.1 The data of LC patients

In this study, we conducted a retrospective cohort study by using the data of registered LC patients in
Jiading District from 2002 to 2012, which were coded C34 according to the International Statistical
Classi�cation of Diseases, 10th revision (ICD-10). Consent from subjects participating in the study was
received prior to conducting the study. A total of 3,687 LC patients were included in this study after
excluding patients with metastatic tumors or patients who lacked the information on gender, age, 
diagnosis date, cause of death, death date or residential address. Besides, 857 LC patients had the
information on pathological type and TNM stage. The survival data of LC patients were collected by the
Jiading District Center for Disease Control and Prevention (CDC) in Shanghai by extracting the case
report, initial visit and follow-up data of each patient from cancer registry. The geographical addresses of
residential addresses were converted into latitude and longitude by using Geocoding software
(https://www.esri.com/en-us/arcgis/products/geocoding) and then transformed into vector point data in
ArcMap 10.5 (Environmental Systems Research Institute, Inc, Redlands, CA).

2.2.2 Road and factory data

The map of Jiading District and road data in 2010 were purchased from the Shanghai Digital Bitmap
Information Technology Co., LTD. The roads in Jiading District were divided into main roads (national,
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provincial and some county roads with a volume more than 10,000 counts/day) and highways (Chinese
Expressways). The geographical addresses of total factories in Jiading District were obtained from the
local CDC, and we then screened out the factories that produce air pollutants according to factory
detection reports. Finally, the geographical addresses of factories were converted into latitude and
longitude by using Geocoding software and then transformed into vector point data in ArcMap 10.5.

2.2.3 Normalized difference vegetation index (NDVI) value

The normalized difference vegetation index (NDVI) can be used to evaluate the vegetation growth and
coverage degree in the dwelling environment of LC patients. Areas with high vegetation coverage have a
relatively higher NDVI value, which varies between −1 and +1. The NDVI value (MOD13A1 product) was
derived from the Moderate-resolution Imaging Spectroradiometer (MODIS) Terra satellite with a spatial
resolution of 500 meters and a temporal resolution of 16 days.

2.2.4 Gross domestic product (GDP) data

China's gross domestic product (GDP) per kilometer grid in 2010 was downloaded from the Global
Change Research Data Publishing & Repository, with a spatial resolution of 1km.

2.3 Data processing

Firstly, we used the nearest neighbor analysis tool in ArcMap10.5 to calculate distance between
residential address and the closest road and highway, which was used to evaluate individual tra�c-
related air pollution. Factory density was calculated by using a kernel density analysis tool in ArcMap
10.5 according to geographical distribution of factories, which was used to evaluate individual industrial-
related air pollution. Finally, we superimposed the residential address with raster data and evaluated
individual exposure level by using the Extract Values to Points tool in ArcMap 10.5. In this study, GDP was
used as an indicator of the economic status of the LC patients in Jiading District. Besides, we averaged
NDVI values in September (high vegetation coverage) and January (low vegetation coverage) in 2011 as
residential NDVI values for each participant, which represented the vegetation growth and coverage
degree in the dwelling environment of LC patients.

2.4 Exposure classi�cation

We classi�ed characteristics of LC patients including gender (male or female), age (30-39, 40-49, 50-59,
60-69, 70-79,≥80), year of diagnosis (2002-2005, 2006-2009, 2010-2012), pathological type (phosphorus
cancer, glandular cancer, small-cell cancer ), TNM stage (I, II, III, IV), survival time(<1 year, 1-3 year, 3-5
year, >5 year), and treatment (untreated, surgery, chemotherapy, radiotherapy, different therapeutic
combination, other treatments). We classi�ed the following distances from the residential address to the
closest highways (<100, 100-199, 200-599, 600-999, ≥1000m) and to the closest major road ( <50, 50-99,
100-299, 300-499, ≥500m) with the most distant group as the reference group for each. We classi�ed
residential factory density, GDP and NDVI value into quartiles (Q1, Q2, Q3, Q4), with Q4 served as the
reference group.
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2.5 Analytic methods

2.5.1 Traditional survival analysis

Descriptive statistics were applied to summarize the data, and then we used a Kaplan-Meier curve to
describe the survival of LC patients in Jiading District from 2002 to 2012 by gender, year of diagnosis,
pathological type and TNM stage. Weibull distribution is a �exible method used in substantial
investigations on survival analysis for patients(Taouk et al. 2020), the function graph of LC mortality in
Jiading District showed a monotonous downward trend (Fig1), which was suitable for conducting
survival analysis with Weibull distribution. The relationship may be described as:

Besides, due to the serious lack of pathological type and TNM stage in our study, we carried out survival
analysis in total LC patients and LC patients with complete information, respectively.

2.5.2 Spatial survival analysis

Signi�cant environmental variables were obtained by parameter survival analysis above and then used to
construct spatial survival model, which can explore spatial variations in survival time of LC patients and
detect areas with higher risk of LC death in total LC patients. The spatial survival model with adjustment
for spatial correlation based on Bayesian approaches was previously described in Banerjee S’
method(Banerjee et al. 2016). In this study, we used the package “spatsurv” and performed analyses by
using statistical software R 3.4.2. The adopted risk function was described as follows:

i was the observation time of the ith individual; Xi is the covariable vector of the ith observation and
parameter of the model; ψ=(β,ω,η), corresponding to covariate effect, baseline risk parameter and
parameter of Gaussian �eld Y, respectively; Yi represented �eld value at the ith location.

And the baseline risk function was in the form of Weibull distribution:

h_0 (t;α,λ)=αλt^(α-1),α,λ>0

Results
3.1 Characteristics and survival of LC patients

Table 1 showed the characteristics of total LC patients in Jiading District from 2002 to 2012. A total of
3687 LC patients were included in this study and the proportion of elderly patients (≥ 60 years)
accounted for 79.71%. Among them, male patients, glandular cancer, and survival time < 1 year
accounted for 72.44%, 57.25%, and 57.82%, respectively.
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Table 1
Characteristics of LC patients from 2002 to 2012

Characteristics Number Proportion (%) Logrank P

Gender     0.00*

Female 1,016 27.56  

Male 2,671 72.44  

Age (years)     0.00*

30–39 27 0.73  

40–49 126 3.42  

50–59 595 16.14  

60–69 919 24.93  

70–79 1,306 35.42  

≥ 80 714 19.36  

Year of diagnosis     0.00*

2002–2005 1089 29.54  

2006–2009 1397 32.89  

2010–2012 1201 32.57  

Pathological type     0.00*

Phosphorus cancer 421 34.09  

Glandular cancer 707 57.25  

Small-cell cancer 107 8.66  

TNM stage     0.00*

257 18.33  

145 10.34  

465 33.17  

535 38.16  

Survival time (year)     0.00*

< 1 2,132 57.82  

*p < 0.05
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Characteristics Number Proportion (%) Logrank P

1–3 911 24.71  

3–5 210 5.70  

> 5 434 11.77  

Treatment     0.00*

Untreated 285 7.73  

Surgery 313 8.49  

Chemotherapy 675 18.31  

Radiotherapy 63 1.71  

Chemotherapy + radiotherapy 115 3.12  

Surgery + chemotherapy 450 12.21  

Surgery + radiotherapy 16 0.43  

Surgery + chemotherapy + radiotherapy 31 0.84  

Other treatments 1739 47.17  

*p < 0.05

 

Figure 2 illustrated the Kaplan-Meier survival curves of LC patients from 2002 to 2012 by gender, year of
diagnosis, pathological type and TNM stage. Female sex, year of diagnosis at 2010–2012, glandular
cancer and stage I were associated with a better prognosis. The median survival time (MST) was 1.11
years for women and 0.81 years for men. The �ve-year survival rates were 19% (95% CI: 17% − 22%) for
women and 12% (95% CI: 11% − 13%) for men. The survival curve of small-cell LC was signi�cantly
different from the other two types and the prognosis was poorest compared with other types. The �ve-
year survival rate for stage I-IV were 60% (95% CI: 0.54–0.66), 29% (95% CI: 0.22–0.37), 9%(95% CI: 0.07–
0.12), and 2%(95% CI: 0.01–0.04), respectively. With the increase of TNM stage, the survival time of LC
patients decreased (Fig. 3).

3.2 Risk factors associated with LC survival from parametric survival analysis

Table 2 showed the results of parametric survival analysis of total LC patients from 2002 to 2012. In the
multivariable analysis, male (aOR = 1.34, 95% CI:1.23–1.45), shorter distance to highway(aOR = 1.15, 95%
CI:1.03–1.30) and higher factory density (> 23.38 vs < 3.14,aOR = 1.20, 95% CI:1.05–1.37) were
signi�cantly associated with increased the risk of LC death. In addition, year of diagnosis in 2010–2012
(vs 2002–2005, aOR = 0.90, 95% CI:0.82–0.99), surgical treatment (vs untreated, aOR = 0.15, 95%
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CI:0.12–0.18), and higher GDP (32271–46559 vs < 6421, aOR = 0.84, 95% CI:0.73–0.98) were negatively
associated with the risk of LC death.
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Table 2
The results of parametric survival analysis of total LC patients from 2002 to 2012

Characteristics Proportion Univariate analysis Multivariate analysis

  N(%) HR(95%) P HR(95%) P

Gender          

Female 1016(27.56) 1   1  

Male 2671(72.44) 1.34(1.24–
1.45)

0.00* 1.34(1.23–
1.45)

0.00*

Age of diagnosis (years) 3687(100) 1.03(1.03–
1.04)

0.00* 1.01(1.01–
1.01)

0.00*

Year of diagnosis          

2002–2005 1089(29.54) 1   1  

2006–2009 1397(37.89) 0.88(0.80–
0.95)

0.00* 0.97(0.89–
1.06)

0.52

2010–2012 1201(32.57) 0.76(0.69–
0.83)

0.00* 0.90(0.82–
0.99)

0.03*

Distance to the closest major
roads(m)

         

≥ 500 2343(63.55) 1   1  

300–499 440(11.93) 1.02(0.91–
1.14)

0.06 1.01(0.91–
1.12)

0.85

100–299 724(19.64) 1.01(0.92–
1.11)

0.05 1.05(0.95–
1.16)

0.32

50–99 145(3.93) 0.99(0.82–
1.18)

0.09 0.97(0.83–
1.12)

0.65

< 50 35(0.95) 1.13(0.80–
1.61)

0.20 1.08(0.94–
1.23)

0.30

Distance to the closest
highway(m)

         

≥ 1000 1333(35.86) 1   1  

600–999 675(18.31) 0.95(0.86–
1.05)

0.34 1.15(1.03–
1.30)

0.02*

200–599 1054(28.59) 0.96(0.88–
1.05)

0.37 1.08(0.97–
1.19)

0.16

*p < 0.05
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Characteristics Proportion Univariate analysis Multivariate analysis

100–199 304(8.25) 0.91(0.80–
1.05)

0.20 1.05(0.87–
1.26)

0.63

< 100 332(9.00) 0.98(0.86–
1.11)

0.71 1.22(0.85–
1.73)

0.28

Treatment          

Untreated 285(7.73) 1   1  

Surgery 313(8.49) 0.14(0.11–
0.17)

0.00* 0.15(0.12–
0.18)

0.00*

Chemotherapy 675(18.31) 0.54(0.46–
0.62)

0.00* 0.61(0.52–
0.70)

0.00*

Radiotherapy 63(1.71) 0.53(0.40–
0.71)

0.00* 0.56(0.42–
0.76)

0.00*

Chemotherapy + radiotherapy 115(3.12) 0.44(0.35–
0.55)

0.00* 0.48(0.38–
0.61)

0.00*

Surgery + chemotherapy 450(12.21) 0.14(0.12–
0.17)

0.00* 0.16(0.14–
0.19)

0.00*

Surgery + radiotherapy 16(0.43) 0.17(0.09–
0.31)

0.00* 0.19(0.10–
0.35)

0.00*

Surgery + chemotherapy + 
radiotherapy

31(0.84) 0.17(0.11–
0.26)

0.00* 0.21(0.13–
0.33)

0.00*

Other treatments 1739(47.17) 0.76(0.67–
0.87)

0.00* 0.76(0.67–
0.87)

0.00*

GDP(Ten thousand yuan /km2)          

< 6421 526(14.27) 1   1  

6422–32270 1305(35.39) 0.85(0.76–
0.94)

0.00* 0.90(0.79–
1.01)

0.08

32271–46559 931(25.25) 0.78(0.70–
0.88)

0.00* 0.84(0.73–
0.98)

0.02*

> 46559 925(25.09) 0.89(0.80-
1.00)

0.06 0.93(0.80–
1.09)

0.39

Factory density          

< 3.34 553(15.00) 1   1  

3.35–12.43 1291(35.01) 0.96(0.86–
1.07)

0.47 1.14(1.01–
1.28)

0.03*

*p < 0.05
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Characteristics Proportion Univariate analysis Multivariate analysis

12.44–23.18 916(24.84) 1.04(0.92–
1.16)

0.54 1.14(1.00-
1.30)

0.06

> 23.18 927(25.14) 1.03(0.92–
1.16)

0.59 1.20(1.05–
1.37)

0.01*

NDVI value          

< 0.19 505(13.70) 1   1  

0.20–0.24 1364(36.99) 1.04(0.92–
1.16)

0.55 0.97(0.86–
1.09)

0.64

0.25–0.30 879(23.84) 0.92(0.82–
1.04)

0.18 0.91(0.80–
1.04)

0.17

> 0.30 939(25.47) 1.13(1.00-
1.27)

0.05 0.99(0.85–
1.14)

0.85

*p < 0.05

 

Table 3 illustrated the results of parametric survival analysis of LC patients with complete information
from 2002 to 2012. The effect of diagnosis age, year of diagnosis, residential distance to highway and
treatment was similarly signi�cant while the effect of gender, GDP, factory density disappeared. We found
higher TNM stage (IV vs I,aOR = 5.03, 95% CI:3.70–6.83) and shorter distance to the closest highway (< 
100 vs > = 1000 aOR = 2.42, 95% CI:1.17–4.99) were signi�cantly associated with increased risk of LC
death.
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Table 3
The results of parametric survival analysis of LC patients with complete information from 2002 to 2012
Characteristics Proportion Univariate analysis Multivariate analysis

  N(%) HR (95% CI) P HR (95% CI) P

Gender          

Female 250(29.17) 1   1  

Male 607(70.83) 1.33(1.12–
1.57)

0.00* 1.19(0.98–
1.45)

0.08

Age of diagnosis (years) 857(100) 1.02(1.01–
1.03)

0.00* 1.01(1.00-
1.02)

0.01*

Year of diagnosis          

2002–2005 185(21.59) 1   1  

2006–2009 509(59.39) 0.84(0.69–
1.02)

0.08 0.78(0.64–
1.06)

0.02*

2010–2012 67(7.82) 0.82(0.67-
1.00)

0.05* 0.78(0.63–
0.97)

0.02*

Pathological type          

Phosphorus cancer 281(32.79) 1   1  

Glandular cancer 509(59.39) 0.96(0.82–
1.14)

0.67 0.87(0.72–
1.06)

0.17

Small-cell cancer 67(7.82) 1.79(1.35–
2.38)

0.00* 1.20(0.89–
1.61)

0.24

TNM stage          

184(21.47) 1   1  

102(11.90) 2.20(1.59–
3.04)

0.00* 1.85(1.32–
2.60)

0.00*

268(31.27) 5.27(4.06–
6.84)

0.00* 3.40(2.53–
4.57)

0.00*

303(35.36) 8.90(6.85–
11.55)

0.00* 5.03(3.70–
6.83)

0.00*

Distance to the closest major
roads(m)

         

≥ 500 545(63.59) 1   1  

*p < 0.05
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Characteristics Proportion Univariate analysis Multivariate analysis

300–499 120(14.00) 1.07(0.86–
1.34)

0.53 0.92(0.73–
1.15)

0.45

100–299 143(16.69) 0.92(0.74–
1.14)

0.45 0.96(0.77–
1.18)

0.68

50–99 40(4.67) 1.04(0.73–
1.49)

0.82 0.81(0.59–
1.12)

0.20

< 50 9(1.05) 1.49(0.74-
3.00)

0.26 0.97(0.71–
1.33)

0.86

Distance to the closest
highway(m)

         

≥ 1000 298(34.77) 1   1  

600–999 165(19.25) 0.99(0.80–
1.23)

0.93 1.19(0.94–
1.51)

0.14

200–599 248(28.94) 0.92(0.76–
1.12)

0.42 0.90(0.71–
1.14)

0.38

100–199 71(8.28) 0.90(0.67–
1.21)

0.49 0.81(0.55–
1.20)

0.30

< 100 75(8.75) 0.87(0.65–
1.16)

0.34 2.42(1.17–
4.99)

0.02*

Treatment          

Untreated 22(2.57) 1   1  

Surgery 101(11.79) 0.07(0.04–
0.12)

0.00* 0.16(0.09–
0.28)

0.00*

Chemotherapy 276(32.21) 0.36(0.23–
0.57)

0.00* 0.37(0.23–
0.59)

0.00*

Radiotherapy 11(1.28) 0.62(0.28–
1.37)

0.24 0.52(0.23–
1.17)

0.11

Chemotherapy + radiotherapy 49(5.72) 0.34(0.20–
0.58)

0.00* 0.36(0.20–
0.62)

0.00*

Surgery + chemotherapy 230(26.84) 0.08(0.05–
0.12)

0.00* 0.15(0.09–
0.25)

0.00*

Surgery + radiotherapy 8(0.93) 0.08(0.03–
0.21)

0.00* 0.11(0.04–
0.30)

0.00*

Surgery + chemotherapy + 
radiotherapy

17(1.98) 0.15(0.07–
0.29)

0.00* 0.22(0.11–
0.44)

0.00*

*p < 0.05
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Characteristics Proportion Univariate analysis Multivariate analysis

Other treatments 143(16.69) 0.43(0.27–
0.69)

0.00* 0.49(0.30–
0.81)

0.00*

GDP(Ten thousand yuan /km2)          

< 6421 123(14.35) 1   1  

6422–32270 304(35.47) 0.95(0.75–
1.19)

0.63 1.08(0.83–
1.42)

0.57

32271–46559 229(26.72) 0.77(0.60–
0.99)

0.04* 1.02(0.75–
1.41)

0.88

> 46559 201(23.45) 0.93(0.73–
1.19)

0.58 1.36(0.96–
1.92)

0.09

Factory density          

< 3.34 118(13.77) 1   1  

3.35–12.43 304(35.47) 0.9(0.71–1.15) 0.42 0.88(0.67–
1.16)

0.36

12.44–23.18 229(26.72) 1.13(0.87–
1.46)

0.36 1.08(0.79–
1.46)

0.64

> 23.18 201(23.45) 1.06(0.82–
1.36)

0.66 1.05(0.77–
1.42)

0.76

NDVI value          

< 0.19 104(12.14) 1   1  

0.20–0.24 310(36.17) 0.89(0.70–
1.14)

0.37 0.78(0.60-
1.00)

0.05

0.25–0.30 234(27.30) 0.90(0.69–
1.16)

0.41 0.87(0.66–
1.16)

0.35

> 0.30 209(24.39) 1.05(0.81–
1.36)

0.70 1.00(0.73–
1.37)

0.99

*p < 0.05

 

3.3 Distance to highway and factory density related to LC survival from spatial survival analysis

Based on the signi�cant results in parametric survival analysis, variables included in Model A were
gender, diagnosis age, year of diagnosis, TNM stage and treatment. On the basis of Model A, Model B
added distance to the closest highway, Model C added factory density, and Model D added distance to
the closest highway and factory density. The Lag auto-correlation graph showed the Markov chains were
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well mixed (Fig. 4). Figure 5 showed that the Markov chain moved from the transitory stage to the steady
state. Figure 6 showed the spatial correlation was within a short distance between 0 and 500 m.

The areas of high risk of LC death were relatively scattered, and were mainly distributed in the northern
and southern of Jiading District. Low risk areas were mainly distributed in the middle, southeast and
southwest of Jiading District with a decreasing trend from the center to the periphery (Fig. 7a). After
adjusted for distance to the closest highway, there was a decrease in risk of LC death, especially in the
northern areas, indicating that distance to the closest highway could partially explain the risk (Fig. 7b).
Figure 7c illustrated that factory density was associated with an increased risk of LC death, especially in
southern areas. Besides, Fig. 7d shows the effects of distance to the closest highway and factory density,
which involved the characteristics of risk variations in both Model A and Model B.

Figure 8 depicted the probability of a low risk of LC death (RR < 1) in Model D in Jiading District. We
found that the probability map was closely related to the population density map of Jiading District, that
is, the higher probability of low risk found to be mainly distributed in areas with high population density
(Fig. 9).

 

Discussion
In this study, we explored distance to highway and factory density and other factors associated with the
survival of LC patients by combing traditional and spatial survival analysis. In general, gender, age of
diagnosis, TNM stage, treatment, year of diagnosis, distance to the closest highway and factory density
were signi�cantly related to the survival of LC patients. Through spatial survival analysis, we found that
high-risk areas were mainly distributed in the suburbs with low population density, while the low-risk
areas were primarily located in the urban areas. The size of high-risk area decreased when residential
distance to highway and factory density were included in the model, indicating the two factors affected
the LC death risk in the high-risk area.

Compared with the results derived from total LC patients, we found the signi�cant effects of GDP and
factory density disappeared in LC patients with complete information, which might be due to the decrease
in sample size or selection bias. In population-based cancer registration, previous studies found the
information of TNM stage was more likely to be missed in the elderly(Adams et al. 2014) and patients
suffering from other serious diseases(Yancik et al. 2001). Another study found that the deletion of TNM
had nothing to do with site of malignant tumor, comorbidity score, short-term mortality, and patient
characteristics(Girolamo et al. 2018). Some researchers considered the missing of TNM staging caused
by patient age and comorbidities as random missing with minimal in�uence on the representativeness of
patients(Falcaro et al. 2015). If that was the case, a smaller sample size might the main reason for the
non-signi�cant effect of GDP and factory density on LC patients with complete information. A national
study conducted in China found the cancer mortality rate was higher in regions with low GDP(Yang et al.
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2017). However, the gap of the annual per capital income is small in Jiading District, ranging from 5074.9
to 7035.8 dollars among different towns.

In previous studies, the concentrations of tra�c-related pollution presented a gradient change from center
of the road to the periphery. For example, a study found particle concentrations decreased exponentially
with downwind distance from the freeway(Zhu et al. 2002),and residential distance to road could be used
to represent individual exposure to tra�c-related pollution. In the current study, we found that a shorter
distance to highway was signi�cantly associated with an increased risk of LC death while there was no
evidence for LC death in relation to the distance to road. A study conducted in Italian however, found a
gradient in risk for LC mortality for residents living within 50 meters (m) of national major roads(Bidoli et
al. 2016). The discrepancy between the results of residential proximity to highway and road might be due
to a wide emission range of pollutants on expressways and a declined concentration with increasing
distance. Previous studies found that exposure to air pollutants could directly exacerbate in�ammatory
response, oxidative stress and impairment of respiratory system(Riva et al. 2011). Meanwhile,
immunocompromised LC patients had an increased risk of impaired respiratory function when exposed
to ambient pollution (Hamra et al. 2015).

Dadvand et al. investigated the relationship between surrounding greenness and personal exposure to
ambient pollution among pregnant women by using portable ambient particulate monitor, and found that
higher residential surrounding greenness was associated with lower personal, home-indoor, and home-
outdoor PM2.5 levels(Dadvand et al. 2012). Although living green vegetation can reduce the
concentration of air pollutants and increase the frequency of outdoor activities of LC patients, there has
been no strong evidence of a signi�cant relationship between outdoor green vegetation and survival of LC
patients currently(Klompmaker et al. 2019; Mitchell and Popham 2008) although an observational study
found a signi�cant association between green vegetation exposure and lung cancer mortality by
classifying vegetation type in places of residence(Richardson et al. 2010). Our results also indicated that
NDVI value had no effect on the survival of LC patients.

As one of the sources of ambient pollution, pollution discharged from factories is a risk factor for LC
death in many studies. A study indicated that serious health risks due to polycyclic aromatic hydrocarbon
emissions during the production of coke-oven batteries existed not only in working areas, but also in a
densely populated residential district near the factory(Liberti et al. 2006). In a case-control study
conducted in Shenyang, an industrial city in northeastern China,men worked in smelting industry had an
increased LC risk(Xu et al. 1989). Due to the lack of factory emissions, we used residential factory density
as a proxy for industrial-related pollution exposure in this study and found a positive association between
factory density and the risk of LC death.

Currently, only a few studies have explored the spatial differences associated with the risk of LC death.
Spatial scan statistics was used to detect high-risk clusters of LC mortality in China, and a higher LC
mortality was observed in those with higher socioeconomic status and living in more urbanized areas
(Shen et al. 2017). A population-based study showed that LC cases exposed to higher air pollution had a
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signi�cantly shorter survival time than those with a lower exposure level, which highlighted the spatial
heterogeneity in LC death risk(Xu et al. 2013). The results of spatial survival analysis in this study
showed that the risk of LC death decreased signi�cantly in the north and northeast of Jiading District
when the variable of residential distance to highway was added into spatial model, indicating the effect
of the highway-related pollution was relatively larger in these areas. It might be related to the vehicle type,
tra�c �ow and proportion of heavy trucks in north and northeast of Jiading District. We also observed a
greater effect of factory density on LC death in the south of Jiading District, where there is higher
aggregation of factories. The probability map showed a higher risk of LC death in suburbs of Jiading
District, which might be in�uenced by higher air pollution levels and less sophisticated medical care
system.

There were several limitations in this study. Firstly, there was a lack of information on diet and behavior
for LC patients. Secondly, missing information for TNM stage and pathological classi�cation in some LC
patients might affect the validity of the study estimates.

Conclusion
In general, gender, age of diagnosis, TNM stage, treatment, year of diagnosis, distance to the closest
highway and factory density were signi�cantly related to the survival of LC patients. There was obvious
spatial heterogeneity in the risk of LC death, which could be partly explained by the spatial effect of
residential distance to highway and factory density.
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Figure 1

The risk function of LC mortality from 2002 to 2012
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Figure 2

Kaplan-Meier survival curve of LC patients from 2002 to 2012 by gender, year of diagnosis, pathological
type and TNM stage
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Figure 3

Box plot of the survival time of LC patients by TNM stage
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Figure 4

Lag auto-correlation graph of the four models: (a) Model A, (b) Model B, (c) Model C and (d) Model D
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Figure 5

The initial value of the Markov chain and a logarithmic posteriori of all reserved iterations: (a) Model A,
(b) Model B, (c) Model C and (d) Model D
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Figure 6

Posterior covariance function graphs of the four models: (a) Model A, (b) Model B, (c) Model C and (d)
Model D
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Figure 7

Distribution of average relative risk of LC death in Jiading District between 2002 and 2012: (a) Model A,
(b) Model B, (c) Model C and (d) Model D Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors
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Figure 8

Probability map of relative risk of LC death (RR<1) in Model D in Jiading District Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors
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Figure 9

The map of population density in Jiading District in 2010 Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.


