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8 Abstract

10 Background:China contributes to almost half of the esoph-
11 ageal cancer cases diagnosed globally each year. However, the
12 prognosis information of this disease in this large population
13 is scarce.
14 Methods: Data on a population-based cohort consisting of
15 residents of Shandong Province, China who were diagnosed
16 with esophageal cancer during the period from 2005 to 2014
17 were analyzed. The cancer-specific survival rateswere estimated
18 using Kaplan–Meier analysis. Discrete-time multilevel mixed-
19 effects survival models were used to investigate socioeconomic
20 status (SES) disparities on esophageal cancer survival.
21 Results: The unadjusted 1-, 3-, and 5-year cause-specific
22 survival rates were 59.6% [95% confidence interval (CI),
23 59.2%–59.9%], 31.9% (95% CI, 31.5%–32.3%), and 23.6%
24 (95% CI, 23.1%–24.0%), respectively. Patients of blue-collar
25 occupations had higher risk of esophageal cancer–related

death than those of white-collar occupations in the first 2 years
after diagnosis. Rural patients had higher risk of death than
urban patients in the first 3 years after diagnosis. The risks of
esophageal cancer–related death among patients living in low/
middle/high SES index counties were not different in the first
2 years after diagnosis. However, patients living in high SES
index counties had better long-term survival (3–5 years post-
diagnosis) than those living in middle or low SES index
counties.

26 Conclusion: Socioeconomic inequalities in esophageal can-
cer survival exist in thisChinesepopulation.Higher individual-
or area-level SES is associated with better short-term or long-
term cancer survival.

27 Impact: Elucidation of the relative roles of the SES factors on
survival could guide interventions to reduce disparities in the
prognosis of esophageal cancer.

28 Introduction
29 China has the highest incidence rate of esophageal cancer in the
30 world, contributing almost half of the esophageal cancer cases
31 diagnosed globally in 2012 (1). However, prognosis information
32 for this large group of patients with esophageal cancer is scarce. A
33 national-level study reported the 5-year relative survival rate of
34 esophageal cancer is 20.9%–30.3% during 2003–2015 (2). These
35 estimates were based on data from only 17 cancer registries
36 covering less than 2% of the Chinese population (3).
37 International studies about the influence of socioeconomic
38 status (SES) on esophageal cancer survival have reported con-
39 flicting results. The majority of the literature has pointed to a
40 consistent relationship between SES and esophageal cancer sur-

42vival, with patients in lower social classes or living in deprived
43areas having consistently poorer survival than those in higher
44social classes or living in affluent areas (4–9). However, others
45have reported that esophageal cancer survival was not associated
46with SES or urban/rural residential type after adjustment for
47individual's characteristics and cancer treatment (10–12). The
48role of individual-level and area-level SES factors on esophageal
49cancer survival in the Chinese population has not yet been well
50elucidated. The national-level study suggested that the survival of
51esophageal cancer was better for rural patients than urban
52patients, in contrast to the better survival outcomes for urban
53patients diagnosed with other cancers (2). In addition, the few
54studies which have evaluated the role of SES factors in cancer
55survival have considered individual and area effects simulta-
56neously using amodel that allows for SES variables over multiple
57levels.
58Shandong Province lies in the "Asian esophageal cancer belt,"
59which has the highest incidence of this disease (13). It is the
60second most populous province in China, with 98.5 million
61people accounting for 7.2%of the Chinese population (3). Before
622005, cancer registration was performed by only two counties in
63Shandong,meaning that estimates of cancer survivalwere severely
64limited. To date, the survival rate of esophageal cancer and
65associated factors have never been reported at the provincial level
66in Shandong.
67We Q5have previously identified a high-mortality cluster in Shan-
68dong,with residents living in the cluster area being 3.7 timesmore
69likely to die from esophageal cancer than residents in the rest of
70Shandong (14). Whether the high mortality in this cluster area is
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73 due to poorer survival for the patients with esophageal cancer
74 living in the area remains unknown. By quantifying the survival
75 characteristics for people diagnosed with esophageal cancer in
76 Shandong province, and the potential association that SES has
77 with esophageal cancer survival, particularly in the high-mortality
78 cluster, it is hoped that the results of this study will inform efforts
79 to improve early detection and more effective treatment of this
80 disease.

81 Materials and Methods
82 Study site and unit of analysis
83 There are 142 county-level units (small cities/counties/
84 districts) covering Shandong Province without gaps or over-
85 lap (15). The Shandong population is highly homogeneous in
86 terms of ethnicity, with 99.3% of the population belonging to the
87 Han ethnic group (16). Variation in esophageal cancer survival
88 was analyzed according to the hierarchical structure where
89 individuals (level 1) were nested within subcounty units (level
90 2, n ¼ 262) within county-level units (level 3, n ¼ 142).

91 Survival data and data quality
92 Cancer registration data were extracted from Shandong Cancer
93 Registration System (SCRS). SCRS was established in 2005, ini-
94 tially collecting incident cancer cases and follow-up information
95 from 49 counties in Shandong. The population coverage of SCRS
96 continued to increase so 130 counties were included in 2014
97 (Supplementary Fig. S1).
98 The methods for case ascertainment and data collection in the
99 SCRS have been reported previously (17). In brief, new diagnoses
100 were reported by local hospitals, community health service cen-
101 ters, the Urban Residents Basic Medical Insurance program, and
102 the New-Rural Cooperative Medical System. These cases were
103 then followed for vital status until death or loss of follow-up (17).
104 Both active and passive methods were used for patient follow-
105 up. On a yearly basis, usually in the first few months, the county-
106 level Centers for Disease Control and Prevention (CDC) orga-
107 nized active investigations for all the registered patients with
108 cancer from their catchment area whose current vital status is
109 "alive." Public health workers and doctors in the communities
110 were involved in the investigations, as they often have detailed
111 information on the vital status of the patients. When the vital
112 status was unknown by the public health workers and doctors,
113 face-to-face or telephone interviews were conducted with the
114 patients or family members. The follow-up results including vital
115 status ("alive," "dead," or "loss of follow-up"), date of follow-up,
116 and when applicable, date of death were then entered into the
117 registration system.
118 In addition, vital status including date of death and cause of
119 death from Shandong Death Registration System (SDRS) are
120 routinely used to update the follow-up status in SCRS (passive
121 follow-up). Cause-of-death information fromSDRSwas collected
122 on the basis of a national standard protocol and was double
123 checked by physicians and their direct managers within 7 days
124 after death registration (18). Vital status of migrant workers from
125 rural areas was collected mainly by enquiring their local family
126 members or neighbors, andby linkagewith the SCRSdata. By law,
127 all deaths should be registered in their original residence.
128 The Shandong CDC checked and evaluated the quality and
129 comparability of the submitted cancer registration data based on
130 "Guideline for Chinese Cancer Registration" and referring to

132relevant data quality criterion of "Cancer Incidence in Five Con-
133tinents Volume IX" by International Agency for Research on
134Cancer/International Association of Cancer Registries (IARC/
135IACR; refs. 17, 19). The IARC/IACR Check Program was used for
136internal consistency checks to detect unlikely or implausible
137combination of codes (17). For patients with esophageal cancer
138in this study, the percentage of death certificate–only cases for the
139SCRS data was 1.8%.
140Incident cases of malignant neoplasm of the esophagus (ICD-
14110 code: C15) diagnosed between January 1, 2005 andDecember
14231, 2014 were extracted from the SCRS (n ¼ 79,873). The study
143cohort was followed up to December 31, 2016. Cases who were
144aged <20 years at diagnosis (n¼ 158), who had an invalid address
145code (n ¼ 1,091), missing follow-up information (n ¼ 10,482),
146survived less than 1 day (n ¼ 1,812), or who had incomplete
147cause-of-death information (n ¼ 905) were excluded, given the
148final study cohort of 65,425 cases. The survival timewas truncated
149at 5 years postdiagnosis for all cohort members.
150Because the cancer registration system is new to many counties
151and there are delays in organizing the yearly active follow-up, the
152cohort diagnosed in most recent years has a higher chance of
153missing follow-up information. Multivariable logistic regression
154comparing the characteristics of the excluded patients with miss-
155ing follow-up data to those of the final study cohort showed that
156patients diagnosed between 2013 and 2014 were 7.4 [95%
157confidence interval (CI), 6.1–9.0] times more likely to be exclud-
158ed from final analysis, with 74% of the missing follow-up
159cases being diagnosed between 2013 and 2014 (Supplementary
160Table S1). Therefore, a sensitivity analysis which excluded all
161patients diagnosed between 2013 and 2014 was conducted to see
162whether themain findings were robust for the 2005–2012 cohort.

163Measurement of occupation (individual-level SES)
164Occupation data are based on the patient's job at the time of
165diagnosis. Occupation information was coded by the second
166edition of the Chinese Standard Classification and Codes of
167Occupations (20). The Chinese Standard Classification and
168Codes of Occupations is a skill-based measure that groups occu-
169pations requiring similar levels of education, knowledge, respon-
170sibility, on-the-job training, and experience. It comprises eight
171occupation categories: (i) managers, (ii) professionals, (iii) gov-
172ernment officers, (iv) service and sales workers, (v) skilled agri-
173cultural, forestry, and fishery workers, (vi) laborers and craft
174workers, (vii) armed forces occupations, and (viii) others. We
175recoded the occupation information into four categories for
176analyses as follows: white-collar employees (1–4, and 7), blue-
177collar workers (5 and 6), others (8), and unknown (patients
178without occupation code). The percentage of the blue-collar
179residents for the final study cohort (76%) was higher than the
180percentage in the general Shandong population (58%) in 2009
181(ref. 21; Supplementary Table S2), consistent with previous
182studies showing that lower socioeconomic class was related to
183higher esophageal cancer incidence (22, 23).

184Measurement of residential type (subcounty-level SES)
185Residential type (urban/rural) has been chosen as the subcounty-
186level SES variable in this study. We classified residential type
187according to the national standards of urban and rural devia-
188tion (24). Briefly, in county-level units, subdistricts, consisting
189of urban communities or neighborhoods clustered around the
190center of the county-level units were classified as urban areas;
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193 and townships, consisting of a town center and the surrounding
194 villages were classified as rural areas. More information about
195 the residential type classification in Shandong has been published
196 previously (15). Studies have reported that in China, rural resi-
197 dents on average have lower SES than urban residents (25).
198 The urban/rural classification approach applied in this study is
199 different from the approach applied in the national survival
200 study (2), which classified residential type at county level, where
201 only the districts of major cities were considered to be urban,
202 while small cities or counties were considered to be rural. In fact,
203 about one-third of the residents in small cities or counties actually
204 reside in urban communities (24). For purposes of comparison,
205 we also did data analysis using the county-level classification
206 approach.

207 Measurement of SES index (county-level SES)
208 The county-level SES variables considered in this study were
209 average gross domestic product (GDP) per capita, average years of
210 school education for adults, and hospital beds to population
211 ratio. The 2011–2013 data for thesemeasurements were extracted
212 from the Shandong Statistical Yearbooks (16).
213 ThereQ6 were substantial correlations between these three county-
214 level SES variables. Therefore, rather than treating these measures
215 separately, principal component analysis was used to convert
216 these correlated variables into a set of linearly uncorrelated
217 components. Three components were created from the county-
218 level SES variables. Only one of the components had an eigen-
219 value more than 1 (eigenvalue¼ 2.00), overall explaining 66.7%
220 of variation in the original SES variables. This component was
221 discretized into three equally sized categories based on its value
222 and named as "SES index". A county with high SES index value is
223 one that, on average, the adult residents hadmore years of formal
224 school education, had a higher ratio of hospital beds to popu-
225 lation, and had a higher GDP per capita. More information about
226 the generation of SES index can be found in previous paper (18).

227 Statistical analysis
228 The 1-, 3-, 5-year cause-specific survival rates were assessed
229 using Kaplan–Meier analysis, with estimates compared between
230 patient subgroups with the log-rank test. The cause-specific sur-
231 vival rate presents the percentage of people who have not died
232 from esophageal cancer in a defined period of time. Therefore, in
233 this study, patients who died from causes other than esophageal
234 cancer were treated as censored cases. Data analysis was con-
235 ducted using Stata Statistical Software (v15, StataCorp).
236 The most common model for survival analyses is the Cox
237 regression model or its variants (26). Because our data do not
238 meet the proportion hazards assumption, the Cox model with
239 time varying coefficients was considered (27). However, it does
240 not retain the underlying hierarchical structure of the data.
241 Another variation, the Cox model with mixed effects is appro-
242 priate for hierarchical structure data, however it only accounts for
243 two-level data (28), thus is not suitable for the three-level struc-
244 ture data in this study. The multilevel mixed-effects parametric
245 survival model is another option, however, none of the assumed
246 distributions for the hazard function (28): exponential, Weibull,
247 lognormal, loglogistic, or gamma distribution fitted the survival
248 data in this study.
249 For these reasons, we used a discrete-time multilevel mixed-
250 effects survival model for the survival analysis in this study. The
251 discrete-time multilevel mixed-effects survival model is fitted to

253an expanded person-period dataset, containing a sequence of
254binary responses for each individual from each event time (29).
255This binary response variable was coded as 1 if an individual died
256during a time interval t (measured in years, time interval¼0–1; 1–
2572; . . .; 4–5) and 0 otherwise. A three level mixed-effects regression
258model for binary outcomes was then used to model the proba-
259bility that the events occurred at a specific discrete-timepoint,
260conditional on the fact that it had not yet occurred (28). The
261models were used to examine the potential roles of individual-
262level and area-level SES factors on survival of esophageal cancer in
263the Shandong population and the survival difference between the
264high-mortality cluster and noncluster areas. Because some of the
265SES covariates presented nonproportional hazards, interactions
266between time intervals and independent covariates were consid-
267ered in the model. HRs reflecting the linear combinations of
268independent covariates and their interactions with each time
269interval were reported.

270Results
271Kaplan–Meier survival analysis
272Among the final study cohort, the 1-, 3-, and 5-year cause-
273specific survival rate were 59.6%, 31.9%, and 23.6%, respectively
274(Table 1). The hazard of dying from esophageal cancer increased
275in the first 8months after diagnosis and decreased gradually after,
276for both male and female (Fig. 1).
277Unadjusted cause-specific survival decreased with increasing
278age (P < 0.01). Poorer survival outcomes were also seen for
279patients who were blue-collar workers (P < 0.01), living in rural
280areas (P<0.01), living in countieswith lower SES index (P<0.01),
281or living in noncluster areas (P < 0.01; Table 1; Fig. 2).

282Discrete-time survival models with mixed effects
283Themultilevelmodel suggested that patients in blue-collar jobs
284at diagnosis had 1.39 times higher risk of death due to esophageal
285cancer than those employed in white-collar jobs in the first year
286after diagnosis (Table 2). The corresponding number was 1.32 in
287the second year after diagnosis. The differences of esophageal
288cancer–related death risk between blue- and white-collar patients
289were not significant after 2 years of diagnosis.
290When compared with patients living in urban areas, those
291living in rural areas had 1.18, 1.22, and 1.17 times higher risk
292of esophageal cancer–related death in the first, second, and third
293year postdiagnosis, respectively (Table 2). The differences became
294nonsignificant after 3 years of diagnosis. It is worth noting that,
295when we used the county-level classification approach that
296applied in previous national study (2), rural patients had higher
297risk of esophageal cancer–related death in the first year after
298diagnosis (HR, 1.20; 95% CI, 1.02–1.41), but lower risk of
299esophageal cancer–related death in the fourth and fifth year after
300diagnosis, with HR as 0.71 (95% CI, 0.56–0.89) and 0.64 (95%
301CI, 0.46–0.88), respectively. The death risk differences were not
302significant in the second and third year after diagnosis (results not
303shown in table).
304The survival differences between patients living in middle/low
305SES index counties and those living in high SES index counties
306were not significant in the first 2 years of diagnosis (Table 2).
307However, patients living in middle SES index counties had
3083.11 times higher risk of death than those living in high SES
309index counties in the third year postdiagnosis, and had 5.67 times
310higher risk of death than those living in high SES index counties in
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313 the fifth year postdiagnosis. The corresponding number for
314 patients living in low SES index counties were 2.64 and 6.47,
315 respectively, compared with those living in high SES index
316 counties.
317 After adjustment of sex, age, diagnosis period, and SES vari-
318 ables, patients with esophageal cancer living in the high-mortality
319 cluster area had better survival in almost all time intervals, with
320 the risk of dying from esophageal cancer for those living in
321 noncluster areas being 1.26, 1.33, 1.35, 2.23, and 2.14 times
322 higher than for those living in the cluster area in the first, second,
323 third, fourth, and fifth year postdiagnosis (Table 2).

325Sensitivity analysis
326Because 74% of the missing follow-up cases were diagnosed
327between 2013 and 2014, we did a sensitivity analysis, which
328excluded all patients diagnosed between 2013 and 2014. The
329sensitivity analysis revealed little change in the cause-specific
330survival rate (Supplementary Table S3).

331Discussion
332This large population-based study is the first to elucidate the
333influence of SES at three different levels in the population of

Table 1. Cohort description and unadjusted 1-, 3-, 5-year estimates of cause-specific outcomes for patientswith esophageal cancer aged 20þ in Shandong ProvinceQ7 ,
2005–2014Q8

1-year (%) 3-year (%) 5-year (%)
EC patients (N) Survival 95% CI Survival 95% CI Survival 95% CI Pa

All cohort 65425 59.6 59.2–59.9 31.9 31.5–32.3 23.6 23.1–24.0 —

Individual-level variables
Age <0.01
20–39 313 64.1 58.4–69.2 42.7 36.8–48.4 35.3 29.1–41.5
40–59 17,623 67.3 66.6–68.0 40.2 39.4–41.0 31.1 30.2–31.9
60–79 39,755 59.6 59.1–60.1 31.3 30.8–31.8 22.6 22.1–23.2
80þ 7,734 41.2 40.0–42.3 15.2 14.5–16.1 9.2 8.2–10.1

Sex ¼0.12
Male 48,589 59.5 58.8–60.3 32.7 31.9–33.5 24.4 23.6–25.3
Female 16,836 59.6 59.1–60.0 31.6 31.2–32.1 23.2 22.7–23.7

Occupation <0.01
White 2,721 70.4 68.6–72.1 43.8 41.7–45.8 31.9 29.4–34.3
Blue 49,875 57.5 57.1–58.0 29.1 28.7–29.6 20.8 20.4–21.3
Others 3,028 65.0 63.3–66.7 39.3 37.3–41.4 29.6 27.2–32.1
Unknown 9,801 65.3 64.3–66.2 40.8 39.7–41.9 33.5 32.3–34.6

Subarea-level variable
Residency type <0.01
Urban 15,518 64.8 64.0–65.5 39.2 38.4–40.1 29.8 28.8–30.8
Rural 49,907 57.9 57.5–58.4 29.7 29.3–30.2 21.7 21.3–22.2

Area-level variables
Index of SES <0.01
High 903 70.6 67.4–73.5 51.6 47.8–55.3 46.1 41.8–50.3
Middle 7,259 61.8 60.7–63.0 35.3 34.0–36.5 27.0 25.6–28.5
Low 57,270 59.1 58.7–59.5 31.2 30.8–31.7 22.9 22.4–23.3

Geographic type <0.01
Noncluster 42,690 58.3 57.9–58.8 30.8 30.3–31.3 21.2 20.6–21.7
Cluster 22,735 61.8 61.2–62.5 34.0 33.3–34.6 26.9 26.2–27.6

Abbreviation: EC, esophageal cancer.
aP value is a comparison of Kaplan–Meier curves from log-rank test.

Figure 1.

Cause-specific Kaplan–Meier survival curve (left) and smoothed hazard curve (right) for the patients with esophageal cancer aged 20þ in Shandong Province,
2005–2014.Q9
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Figure 2.

Cause-specific Kaplan–Meier survival curves for patients with esophageal cancer aged 20þ in Shandong Province, 2005–2014 by occupation (upper left),
residential type (upper right), SES index (lower left), and cluster variable (lower right).

Table 2. Association between SES factors and cause-specific mortality in patients with esophageal cancer within 5 years postdiagnosis, aged 20þ in Shandong
Province, 2005–2014

0–1 years after diagnosis 1–2 years after diagnosis 2–3 years after diagnosis 3–4 years after diagnosis 4–5 years after diagnosis
HRa,b (95% CI) Pb HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Individual-level variables
Occupation
White-collarc 1 – 1 – 1 – 1 – 1 –

Blue-collar 1.39 (1.29–1.50) <0.01 1.32 (1.20–1.47) <0.01 1.17 (1.00–1.36) 0.06 0.92 (0.74–1.14) 0.45 0.92 (0.64–1.32) 0.66
Others 1.16 (1.06–1.28) <0.01 1.10 (0.98–1.25) 0.11 0.97 (0.82–1.15) 0.74 0.77 (0.61–0.96) 0.02 0.77 (0.53–1.10) 0.16

Unknown 1.18 (1.09–1.28) <0.01 1.13 (1.01–1.26) 0.03 0.99 (0.84–1.17) 0.91 0.78 (0.64–0.98) 0.03 0.78 (0.55–1.12) 0.19
Subcounty-level SES variable
Residential type
Urbanc 1 – 1 – 1 – 1 – 1 –

Rural 1.18 (1.10–1.26) <0.01 1.22 (1.12–1.32) <0.01 1.17 (1.06–1.30) <0.01 1.14 (0.99–1.32) 0.07 0.95 (0.77–1.16) 0.60
County-level SES variables
SES index
Highc 1 – 1 – 1 – 1 – 1 –

Middle 1.41 (0.92–2.15) 0.11 1.53 (0.97–2.41) 0.07 3.11 (1.71–5.67) <0.01 1.70 (0.84–3.45) 0.14 5.67 (1.29–24.80) 0.02
Low 1.30 (0.86–1.95) 0.21 1.36 (0.88–2.11) 0.17 2.64 (1.47–4.76) <0.01 1.92 (0.96–3.83) 0.06 6.47 (1.50–27.89) 0.01

Cluster variable
Clusterc 1 – 1 – 1 – 1 – 1 –

Noncluster 1.26 (0.99–1.61) 0.06 1.33 (1.04–1.70) 0.03 1.35 (1.05–1.74) 0.02 2.23 (1.71–2.91) <0.01 2.14 (1.59–2.88) <0.01
NOTE: Model included diagnosis period, age group at diagnosis, sex, occupation, residential type, SES index, cluster variable, and interactions between time intervals
and the mentioned covariates. Likelihood-ratio tests showed better model fit for the final model when compared with model without interactions;
aHR, adjusted hazard ratio.
bHRs and P values were linear combination between independent covariates and their interactions with each time interval.
cReference group in the mode.
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336 Shandong, China. We found that the cause-specific survival up
337 to 5 years after diagnosis was independently associated with
338 the patient's occupation and where they live, with better
339 survival for patients doing a white-collar job (individual
340 level), residing in urban area (subcounty-level), living in a
341 county with higher SES index (county-level), or high-mortality
342 cluster area.
343 The overall 5-year cause-specific survival of esophageal cancer
344 in the Shandong population was 23.6% in the research period
345 (2005–2014). A national study reported a 5-year relative survival
346 of 25.6% in a similar time period (2). The national study is based
347 on data from 17 cancer registries in east China, with one of the
348 registries located in Shandong Province (30). Two other survival
349 analyses based on data from two county-level cancer registries
350 located in east and west China reported 5-year all-cause survival
351 for esophageal cancer as 19.6% in 2002–2014 and 18.6% in
352 2008–2013, respectively (31, 32). Although the different survival
353 measurements were not directly comparable, results from this
354 study are largely consistent with other Chinese studies at similar
355 period.
356 The model results suggested that occupation was associated
357 with esophageal cancer survival in the first 2 years after diagnosis,
358 with blue-collar workers having poorer survival compared with
359 white-collar ones. The results are independent of a patient's age,
360 sex, year of diagnosis, and where they live. Studies in European
361 countries such as England, Wales, and Denmark reported a weak
362 relationship between esophageal cancer survival and individual-
363 level SES (11, 12).While the treatment for cancer is largely free for
364 the residents living in these countries (33, 34), the situation is
365 quite different in China. Chinese patients have to pay between
366 30% and 100% of their medical service costs (35), meaning
367 patients with low individual SES might avoid to seek medical
368 services when their early symptoms appear (36) or could not
369 afford the necessary treatment after diagnosis. This may be one
370 potential reason for the positive association between individual
371 SES and short-term survival of esophageal cancer after diagnosis
372 in the Shandong population.
373 After the adjustment of occupation and SES index, a large gap in
374 survival still existed between rural and urban patients, with a
375 17%–22% increased risk among rural patients to die from esoph-
376 ageal cancer within 3 years of diagnosis. This finding is inconsis-
377 tent with the national study, which reported better survival from
378 esophageal cancer for rural patients (2). Two reasons could
379 partially explain the conflicting results. As mentioned in the
380 Materials and Methods, the national study used more heteroge-
381 neous county level approach for residential type classification (2),
382 while we used the subcounty-level approach, the latter of which
383 was consistent with the national standards of urban and rural
384 deviation (24). Our analysis using the county-level approach
385 (similar as the national study) also showed a better survival for
386 rural patients in the fourth and fifth year after diagnosis. Further-
387 more, the sample size in the national study (n ¼ 17 sites) is
388 relatively small, with only three sites classified as urban (30).
389 Therefore the true difference between rural and urban dwellers
390 might have been confounded by the geographic variations
391 between provinces or broad regions. As a unique strength, our
392 study was conducted with a highly homogeneous population
393 using classification that is consistent with the official standard.
394 Therefore, we are quite confident that the pattern we observed
395 with poorer survival in rural patients is likely to be true at least in
396 the Shandong population.

398International studies suggested a better survival of esophageal
399cancer for urban patients when compared with rural ones (37).
400However, the relationship becomes insignificant after adjusting
401for cancer treatment and stage at diagnosis (38, 39). The treatment
402and diagnosis differences could also be one of the reasons for the
403poorer survival in the rural patients observed in our study. In
404China, the health insurance systems are different between urban
405and rural residents, with rural patients usually needing to pay a
406higher percentage of their medical service costs than urban
407patients even in the same hospital (35). This may lead to sub-
408optimal treatment among rural patients. In addition, most of the
409tertiary referral hospitals in China are in urban areas. The different
410health insurance system leads to longer waiting times for medical
411investigation and referral for diagnosis for rural patients (35, 40).
412However, because the data on treatment or stage at diagnosis are
413not available, this study could not elucidate the potential influ-
414ential factors behind the poorer survival in rural patients.
415Patients living inmiddle and low SES index counties hadmuch
416higher risk of death after 3 years of diagnosis than those living in
417high SES index counties. International studies have also reported
418poorer survival in patients living in socioeconomically disadvan-
419taged areas for esophageal cancer (5, 7, 9, 41). The SES index
420applied in this study incorporates GDP per capita, years of school
421education, and hospital bed to population ratio. Local govern-
422ments in affluent areas with a high GDP level are more likely to
423allocate a larger proportion of the total expenditure on health
424care, whichmay lead to easier access to health resources andbetter
425medical services (42). Our study also supported this, finding a
426significant correlation between a county's GDP per capita and
427number of hospital beds to population ratio.
428In addition to the relationship between SES factors and esoph-
429ageal cancer survival found in this study, we also revealed that a
430patient's occupation and residential type were more associated to
431the short-term (1–3 years) survival of esophageal cancer,while the
432county-level SES index was more associated with long-term (3–5
433year) survival. Studies related to the association between different
434SES factors on short- and long-term cancer survival are scarce. Our
435hypothesis is that, as patients with low individual SES or from
436rural areas usually cannot affordmedical services, theymight have
437their disease diagnosed in later stage and have suboptimal or even
438no treatment. These could lead to a higher mortality risk within
439short-term after diagnosis. On the other hand, counties with
440higher SES index were associated with more expenditure on
441health care. It is usually related to more up-to-date cancer treat-
442ment in those counties. Studies have reported that treatment is a
443strong predictor for long-term cancer survival in terms of com-
444plication and recurrence (43, 44).
445After adjustment for age, sex, period of diagnosis, and SES
446factors, patients living in the high-mortality cluster area had a
447lower risk of dying from esophageal cancer within 5 years of
448diagnosis, when compared with the remaining areas of the
449province. The result suggested that the higher mortality due to
450esophageal cancer in the cluster area is not because of poorer
451survival, but rather due to higher incidence, a pattern which has
452been previously reported in some counties located in the cluster
453area (45). However, because incidence information is not avail-
454able at theprovincial level, it is difficult to confirm this hypothesis.
455Since 2006, the National Oesophageal Cancer Screening
456Program for Early Detection and Treatment has been conducted
457in a few counties located in the high-mortality cluster area.
458The program provides endoscopy and biopsy for residents to
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461 early detect esophageal cancer and its preneoplastic lesions (46).
462 Studies reported that during the program, 87.9%of the diagnosed
463 cases are in early stage (47). Earlier detection leading to more
464 effective treatment of esophageal cancer in the cluster area is likely
465 to at least partially explain for the longer survival times.
466 This study has several limitations. Because someof the counties
467 just started to reported cancer incident cases, 13.8% of the 2005–
468 2014 registration records did not have follow-up information.
469 However, sensitivity analysis showed that the excluded missing
470 follow-up data have limited influence on the key patterns
471 observed in this study. The other limitation is we did not have
472 cancer treatment and stage information, which are strong indi-
473 cators for cancer survival outcomes. Therefore, we could not
474 elucidate the association between individual and area-level SES
475 on cancer stage and treatment choices.

476 Conclusion
477 Our study provides unique insights into the prognosis of
478 esophageal cancer in a large Chinese population. By elucidating

479 the relative roles of SES factors on survival, the results could guide
480 interventions to reduce disparities in the prognosis of esophageal
481 cancer inChina. Finally, we found that the highermortality rate in
482 the cluster area of Shandong is unlikely to be caused by poorer
483 survival rates but was more likely caused by a higher incidence of
484 esophageal cancer in that area. While it remains crucial to collect
485 more detailed information on diagnoses and treatment patterns,

487these findings provide important evidence to help tailor public
488health strategies for this vulnerable group.
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