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Abstract 24 

Introduction 25 

The burden of stomach cancer remains high, particularly among Asian countries. Although Japan is 26 

known to achieve high survival from stomach cancer, little is known regarding the survival trends for 27 

recent years and survival by subsite and stage. We report age-standardised 1-, 3-, 5- and 10-year net 28 

survival for patients diagnosed with stomach cancer in Osaka, Japan. 29 

Methods 30 

We analysed patients diagnosed with primary stomach cancer and registered in the population-based 31 

cancer registry in Osaka Prefecture between 2001 and 2014. We used the non-parametric Pohar Perme 32 

method to derive net survival for each year. Both cohort and period approaches were used. Age was 33 

standardised using weights of the external population of the International Cancer Survival Standard. 34 

Multiple imputation was applied to handle missing information on subsite and stage before estimating 35 

age-standardised net survival by subsite (cardia and non-cardia) and stage (localised, regional and 36 

distant metastasis). We then examined general trends in the cohort-based survival estimates, as well as 37 

by subsite and stage, using linear regression. 38 

Results 39 

A total of 97,276 patients were included in the analysis. Age-standardised net survival improved 40 

steadily (mean annual absolute change ≥1.2%). Net survival for both subsites improved, but cardia 41 

cancer showed 7–23% lower survival than non-cardia cancer throughout the study period. Five-year 42 

net survival remained high (≥80%) in the localised stage from the beginning of this study. Net 43 

survival increased steeply (≥1.4% per year) in the regional stage. Although 1-year net survival 44 

increased by 14% in the distant stage, 5-year and 10-year net survival remained below 10%. 45 

Conclusion 46 

Age-standardised net survival for stomach cancer in Japan improved during the study period owing to 47 

an increase in the number of patients with localised stage at diagnosis and improved treatment. 48 

Monitoring both short- and long-term survival should be continued as management of stomach cancer 49 

progresses. 50 

(Abstract: 300 words) 51 
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1. Introduction 56 

The burden of stomach cancer remains high, particularly in Asian countries which accounted for 75% 57 

of the worldwide incidence and mortality in 2018 and 2019 [1]. In Japan, stomach cancer had the 58 

second and third highest incidence and mortality, respectively in 2018 and 2019 [2] but survival was 59 

reported to be relatively high (age-standardised 5-year net survival of 60.3%) among the high-burden 60 

countries [3]. However, little has been reported on the details of shorter- or longer-term net survival. 61 

Although cardia stomach cancers can be expected to rise in Japan due to the rapid westernisation of 62 

lifestyle, the increasing trend in cardia cancer has not been consistently reported [4, 5]. We aimed to 63 

provide short- and long-term survival estimates of stomach cancer by subsite and stage and 64 

investigate their trends. We estimated age-standardised net survival for patients diagnosed with 65 

stomach cancer between 2001 and 2014, using data from the population-based cancer registry data in 66 

Osaka Prefecture. 67 

2. Methods 68 

2.1. Data 69 

This is a cohort study using data from Osaka Prefecture (population 8.8 million), the third most 70 

populated prefecture in Japan. We extracted data from the Osaka Cancer Registry (OCR), which is 71 

one of the country’s oldest regional registries, established in 1962. The OCR has been following up 72 

on the survival of the registered patients since 1975. The OCR meets the standard of the International 73 

Agency for Research on Cancer for its data quality and comparability over 40 years [6]. The data 74 

include information on age and date of diagnosis, date of death or the end of follow-up and vital status 75 

at the end of follow-up for each patient. The data also include information on tumour characteristics 76 

such as subsite, stage and morphology. 77 

We included patients diagnosed with primary stomach cancer (International Classification of Diseases 78 

for Oncology, 3rd edition code: C16) in Osaka Prefecture between 2001 and 2014 and followed up 79 

until the end of 2017. We included patients aged 15 to 99, diagnosed with any morphological type of 80 

stomach cancer except lymphomas (morphology code 9590–9729 and 9740–9759), multiple 81 



myelomas (9730–9739 and 9760–9769), other haematologic malignancies (9950–9989, 9991 and 9992) 82 

and malignant melanomas (8720), regardless of previous history of a primary cancer of any other 83 

organs. Carcinoma in situ was excluded from the analysis. For patients with two or more synchronous 84 

primary stomach cancers, only a record with the most advance stage was retained. For the patients 85 

having metachronous subsequent primary stomach cancers, the record with the earliest diagnosis date 86 

was retained. We excluded patients with unknown age at diagnosis or sex, and whose the sole source 87 

of information on cancer was the death certificate (Death Certificate Only [DCO] cases). The OCR 88 

follows up and verifies the vital status of cancer patients routinely using the death certificate and 89 

official resident registries at 3, 5, and 10 years from diagnosis. In addition, information on the vital 90 

status was collated once for all patients with information from the official resident registries at the end 91 

of 2017. The records were fully anonymised before research use at the OCR. 92 

This study was approved by the Institutional Review Board at the Osaka International Cancer 93 

Institution (approval number: 19143). 94 

2.2. Age-standardised net survival 95 

We estimated 1-, 3-, 5- and 10-year net survival for patients diagnosed in each year from 2001 to 96 

2014. Date of diagnosis was the time of entry. We used the non-parametric Pohar Perme (PP) method 97 

[7] with the stns command in Stata [8]. Net survival accounts for background mortality and is defined 98 

as survival in a hypothetical world, where patients are assumed to die only from the disease of interest 99 

(stomach cancer in this study). This measure enables us to compare the survival across countries and 100 

over time. Patients aged >97, >95 and >90 were excluded for 3-, 5- and 10-year survival, respectively. 101 

We excluded these extremely old patients because it is not reasonable to interpret cause of death as 102 

stomach cancer alone [9]. We used a lifetable for Osaka Prefecture by sex, single year of age and 103 

calendar year [10]. 104 

We used the cohort approach to derive 1- and 3-year net survival for all years, 5-year net survival up 105 

to 2012 and 10-year net survival up to 2007. All patients were followed up until the end of 2017, thus 106 

the net survival estimates derived by the cohort approach are based on actually observed data. Five-107 



year net survival for 2013 and 2014 and 10-year net survival for 2011 and after were derived by the 108 

period approach [11], which estimates the up-to-date survival by borrowing information from the past 109 

when patients have not been followed up for a full five or ten years yet by the end of 2017. Ten-year 110 

net survival was not estimated for 2008 to 2010 because the maximum possible follow-up time was 111 

less than ten years and we did not have data on patients diagnosed from 1998 to 2000 to use the 112 

period approach (Appendix A). 113 

Net survival was age-standardised using an external standard, the International Cancer Survival 114 

Standard (ICSS)-1 group [12] and patients were categorised into five default age groups (15–44, 45–115 

54, 55–64, 65–74 and 75+). We used traditional direct age-standardisation: deriving the net survival 116 

for each age group, then combining the weighted estimates [12]. If the net survival for a particular age 117 

group was not obtainable due to sparse data, we combined it with a neighbouring age group and the 118 

ICSS weights were also summed correspondingly. For the 3-, 5- and 10-year estimates, despite the 119 

exclusion of extremely old adults, ICSS weights were not re-calculated to keep comparability across 120 

countries and time. 121 

We estimated age-standardised net survival for overall and then by subsite and stage. The subsite was 122 

categorised into three groups: cardia (C16.0); non-cardia; and overlapping site (C16.8). Of the three 123 

subsites, we only estimated survival for two subsites (cardia and non-cardia). The non-cardia included 124 

fundus (C16.1), body (C16.2), antrum (C16.3), pylorus (C16.4), lesser curvature (C16.5) and greater 125 

curvature (C16.6). The stage was categorised into three groups using the Japanese staging system 126 

based on the Surveillance, Epidemiology, and End Results (SEER) summary stage: localised; regional 127 

(regional lymph nodes involved and direct extension); and distant metastasis (distant stage). The 128 

localised stage corresponds to the 6th and 7th edition of the International Union Against Cancer 129 

(UICC) TNM Classification of Malignant Tumours of T1–2 (T2 corresponding to muscularis propria 130 

[MP] or subserosa [SS])N0M0 (and T3 [SS]N0M0 in the 7th edition), the regional stage to T3–4N0–131 

3M0 (except T3N0M0 in the 7th edition), and the distant stage to T1–4N0–3M1 [13, 14]. As 132 

information on subsite and stage was missing in some patients (missingness at 25.4% for subsite and 133 

11.0% for stage), we used multiple imputation to obtain the distribution of these variables assuming 134 



missing conditionally at random mechanism. Both variables were imputed 25 times using a 135 

multinomial logistic imputation model with chained equations [15, 16]. Vital status, Nelson-Aalen 136 

estimator of the cumulative hazard, sex, age and year of diagnosis were used for the imputation. Age 137 

and year were treated as splines and an interaction term between them was also in the imputation 138 

model. 139 

When deriving the age-standardised net survival by subsite and stage, imputed data were used as the 140 

main analysis because there would be substantial bias if only complete records were used [17]. The 141 

age-standardised estimates obtained for each of the 25 imputed datasets were complementary log-log 142 

transformed [17, 18] and pooled according to Rubin’s rule [19]. For the comparison, we also derived 143 

the age-standardised net survival using complete records as a sensitivity analysis. 144 

A further analysis in Appendix evaluated to which extent improvement in net survival could be due to 145 

change in stage distribution over time. Stage- and age-standardised net survival was estimated using 146 

the stage distribution in 2001 as the reference. Absolute change over time in stage- and age-147 

standardised net survival was compared with that in age-standardised net survival. 148 

2.3. Trends of age-standardised net survival 149 

We explored trends in the age-standardised 1-, 3-, 5- and 10-year net survival separately for overall 150 

and by imputed subsite and stage. We used univariable linear regression weighted with the inverse of 151 

the variance of net survival estimates for the trend analysis, using the uvrs command in Stata [20]. 152 

Both linear and linear spline models were assessed. Regarding the linear splines, the number of 153 

‘knots’, that is, the year when the trend changes, was set at up to two. In the model with two internal 154 

knots, the place of the knots was selected within the command. The linear or linear spline with the 155 

smallest Akaike information criterion was selected as the final model. The trend was examined only 156 

for the cohort-based estimates. The differences and trends are reported as absolute differences 157 

between proportions of subsite/stage distributions or survival probabilities. Stata 16 MP (StataCorp, 158 

College Station, Texas, US) was used for all analyses.  159 



3. Results 160 

A total of 108,592 patients were diagnosed with stomach cancer between 2001 and 2014. Around 161 

eight percent of the patients (n=9,067) were excluded because of DCO cases. A further 41 patients 162 

were excluded because they did not meet the age criteria or the sex of the patient was unknown. An 163 

additional of 1,334 patients due to their morphologies and five patients with carcinoma in situ were 164 

excluded. Eight-hundred and sixty-nine records of subsequent primary stomach cancers were 165 

excluded. The remaining 97,276 patients were included in the study (Appendix B). 166 

Of the 97,276 patients, nearly 70% (n=67,367) were male, and the median age was 70 (Table 1). After 167 

imputation, the majority had their cancer located in the non-cardia region, while 11.2% had cancer of 168 

the cardia (Table 1). The proportion of cardia cancer did not increase during the study period for both 169 

imputed data and complete records (Table 2). Around half of the patients had localised-stage stomach 170 

cancer (Table 1). The proportion of patients diagnosed with localised stage in imputed data increased 171 

by an absolute change of +13% from 46% (2001) to 59% (2014); the trend was similar to that in 172 

complete records (Table 2). 173 

3.1. Overall trends 174 

All age-standardised 1-, 3-, 5- and 10-year net survivals for overall showed a steady increase between 175 

2001 and 2014 (Table 3). The mean annual absolute change in the age-standardised net survival was 176 

+1.2%, +1.6% and +1.8% for 1-, 3- and 5-year estimates, respectively (Table 4). The increase was 177 

steeper during the late 2000s than in other periods. The estimates of 10-year net survival by period 178 

approach were projected to be over 50% after 2011. Net survival by sex and age group showed similar 179 

trends, except the youngest age group (Appendix C). 180 

3.2. Trends by subsite and stage 181 

The pooled estimates using imputed data and the fitted trends for each of the age-standardised 1-, 3-, 182 

5- and 10-year net survival are shown in Figures 1 and 2. 183 



The age-standardised net survival for both cardia and non-cardia cancers showed steady 184 

improvements over time for both imputed and complete cases (Table 4, Figure 1 and Appendix D). 185 

Similar to the trend for overall, the increase was large after 2005 for non-cardia cancer. The one-year 186 

survival estimates improved by more than an absolute change of +10% from 2001 to 2014 for both 187 

subsites. The improvements were even more apparent for the 3- and 5-year net survival (mean annual 188 

absolute change ≥ +1.3%). The net survival was 7–23% lower in cardia cancer than in non-cardia 189 

cancer throughout. Additional analysis also showed no evidence that the survival gap between cardia 190 

and non-cardia cancer narrowed over time (Appendix E). 191 

For the stage-specific estimates, the youngest and the second youngest age groups were combined for 192 

the localised stage because of sparse data. Regarding the survival trend by stage, the improvements 193 

were more substantial in the regional stage (mean annual absolute change +1.4 to +1.9%) than in 194 

other stages (Table 4 and Figure 2). In the localised stage, 5-year net survival reached 90% after 2011 195 

(Figure 2, Appendix E). In the distant stage, despite a more than absolute change of +10% in the 1-196 

year estimates during the first decade, the corresponding trend for 3-, 5- and 10-year survival reached 197 

a plateau; the five-year estimates remained as low as 6–7% even after 2010 (Appendix E). The 198 

sensitivity analysis using complete cases showed a similar trend (Appendix D). An additional analysis 199 

assessing the impact of stage on survival improvement showed that not standardising on stage had led 200 

to over-estimating the survival improvement by 16%–30%. Furthermore, the increase in stage- and 201 

age-standardised net survival reached its plateau in 2007 (Appendix F). 202 

4. Discussion 203 

This study updated both short- and long-term net survival for stomach cancer by subsite and stage. 204 

Overall, the net survival of stomach cancer showed a steady improvement from 2001 to 2014, with a 205 

more than 1% increase in the mean annual absolute change. Net survival improved for both cardia and 206 

non-cardia stomach cancers, but the gap in net survival between the two subsites did not narrow over 207 

the study period. In the regional stage, short-term net survival increased more steeply compared with 208 

other stages. For longer-term survival (5- and 10-year estimates), the localised stage marked high 209 

figures as more than 70% from the beginning of the study period. The corresponding longer-term 210 



survival for the distant stage remained below 10% despite a considerable improvement in one-year 211 

survival. 212 

A potential explanation for the overall upward trend in net survival is an increase in the number of 213 

patients with localised stage over time. The increase in localised stage may be explained by a gradual 214 

increase in the total number of registered cases (Table 1), particularly those diagnosed with the 215 

localised stage, after the enforcement of the Cancer Control Act in 2007 [21]. In Japan, where 216 

Helicobacter pylori (H. pylori) infection was still highly prevalent at around 60% among the 217 

population aged ≥70 in 2008 [22], screening programmes basically using fluoroscopy were 218 

recommended for those aged ≥ 40 until 2016 [23, 24]. Although the screening uptake remains below 219 

50% [25], easy access to gastroscopy with a small co-payment under the universal health coverage is 220 

maintained, compensating for the low uptake. Eradication therapy for gastric ulcers with H. pylori 221 

infection has been available since 2000 and for gastritis since 2013 [26]. As a result, more than a 222 

million people received a gastroscopy every month in both primary and secondary care facilities in 223 

Japan in 2014 [27]. This figure does not differentiate between screening and symptomatic gastroscopy 224 

but reflects an exceptionally large diagnostic intensity for example compared with an estimated 6.9 225 

million annual gastroscopies performed in the United States in 2009 (i.e., less than 600,000 per month 226 

for its more than twice larger population) [28]. Also, endoscopic treatment, including endoscopic 227 

submucosal dissection, has become increasingly common for early-stage cancers in Japan. The option 228 

for the less invasive treatment may have led clinicians to detect stomach cancers at the earliest 229 

possible stage. 230 

A considerable improvement in survival was seen among the patients with regional stage cancer. An 231 

oral anticancer drug, S-1, was approved for stomach cancer in Japan in 1999 [29]. Although we did 232 

not analyse the survival trend before 2001, the introduction of S-1 coincides with the marked 233 

improvement in survival during the early 2000s. The pattern of stage-standardised survival (Appendix 234 

F) suggests that the overall improvement in net survival was partly due to an increasing number of 235 

patients diagnosed with localised stage. In contrast, a continuous rise in net survival for regional stage 236 

(Figure 2) even after 2007 might be due to advances in treatment. In patients with distant stage cancer, 237 



on the other hand, we revealed that the improvement was more pronounced in one-year net survival, 238 

but the longer-term estimates remained low, as expected. A previous population-based study from 239 

Kanagawa Prefecture reported that the three-year overall survival of the patients with distant stage 240 

may have improved over time owing to the introduction of novel chemotherapy regimens [30]. 241 

However, our study suggests that the effect on longer-term survival was likely to be limited, at least 242 

during this study period. Clinical management of stomach cancer has been changing over time. The 243 

results of a retrospective cohort study on conversion surgery which aims at R0 resection after 244 

neoadjuvant chemotherapy for patients with metastatic stage, have been published recently [31]. The 245 

trend in net survival should be closely monitored by stage in the future, in conjunction with the 246 

advances in these treatment strategies. 247 

Age-standardised net survival can be compared over time and place without considering the 248 

difference in age composition. The effect of an ageing population is not captured in the age-249 

standardised net survival in this study; however, alongside the change in stage distribution, it is 250 

noteworthy that the population showed a sharp increase (+6 years) in the median age at diagnosis 251 

during the study period (data not shown). In our study, the proportion of patients aged 75 and over 252 

increased from 26% in 2001 to 42% in 2014. The number of deaths from stomach cancer decreased 253 

among the young population but is rising among the older age groups [32]. Like other cancers, there is 254 

an urgent challenge to treat stomach cancer among the ageing population in Japan. 255 

Although cardia cancers were said to have increased, we showed that the proportion of cardia cancer 256 

levelled off during the study period, which is in line with other studies [33, 34]. We found that the 257 

survival for both cardia and non-cardia cancers improved over time, and the trend was not specific to 258 

a particular subsite of stomach cancer. Advances in surgery and changes in the guidelines took place 259 

during the 2000s for both cardia and non-cardia cancers. For cardia cancers invading ≤ 3cm of the 260 

distal oesophagus, the left thoracoabdominal approach was replaced with the abdominal-transhiatal 261 

approach [35, 36]. For non-cardia cancers, laparoscopic distal surgery was proved to have a 5-year 262 

overall survival at 98% for clinical stage I in Japan [37, 38], which is comparable with open surgery. 263 



The improvements in survival for both subsites imply that the progress in treatment, specific to each 264 

subsite, may have contributed equally to the improvement in survival during the study period. 265 

The strength of this study is that we updated a summary of net survival in Japan, where the incidence 266 

of stomach cancer is one of the highest in the world. We provided unbiased survival estimates by 267 

subsite and stage using the imputation method. Another strength is that we used a lifetable specific to 268 

Osaka Prefecture. Background mortality is expected to vary across and within countries; thus, using a 269 

population-specific lifetable is of great importance [39]. In Japan, the background mortality for adults 270 

at the national level was lower than that in Osaka Prefecture [10, 40]. Therefore, using a national 271 

lifetable leads to underestimating the expected mortality, and thus to overestimating the excess 272 

mortality and underestimating the net survival in Osaka Prefecture. Using the prefectural lifetable, we 273 

estimated the unbiased net survival for patients diagnosed in Osaka Prefecture. 274 

Our study also has limitations. The first limitation is related to the non-parametric method. For the 275 

long-term survival, the PP estimates are prone to be unstable and imprecise at the end of follow-up, 276 

sometimes increasing over time which would never happen in reality [7, 41, 42]. Flexible parametric 277 

modelling could be used; however, this can be challenging due to convergence issues or complexity 278 

with interaction and nonproportional or non-linear effects [43], leading to a misspecification of the 279 

model. The second limitation is related to extremely old patients. When estimating net survival for the 280 

longer term, we excluded extremely old patients to make a reasonable interpretation of net survival. 281 

There is a recommendation advocating the exclusion of these patients according to the length of 282 

survival estimation [9], but may lead to a lack of comparability across time and place. However, the 283 

proportion of patients aged >90, >95 and >97 in our study was negligible at 1.5%, 0.2% and 0.06%, 284 

respectively. Therefore, including these patients was deemed unlikely to change our results greatly. 285 

The third limitation is that information on lost to follow-up was not available in our data for research 286 

use. The data does not include information to distinguish between the patients verified to be alive and 287 

those lost to follow-up at the end of 2017. Therefore, true survival can be lower. However, from the 288 

OCR annual report [44], the proportion of patients lost to follow-up for all cancer sites was minimal: 289 



1.5% for patients diagnosed in 2008 (i.e., 10-year follow-up), 1.6% for 5-year follow-up and 0.8% for 290 

3-year follow-up. 291 

In conclusion, the age-standardised net survival of stomach cancer in Osaka showed a steady 292 

improvement during 2001–2014 partly owing to an increase in the number of patients with localised 293 

stage disease. The improvement was particularly noticeable for the regional stage. The survival gap 294 

between cardia and non-cardia cancers did not narrow over time. For stomach cancer, surgical 295 

techniques and chemotherapy have been changing rapidly. Survival trends by subsite and stage, in 296 

both short and long term, should be monitored in the future, together with advances in treatment.297 
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Table 1. Baseline characteristics of patients diagnosed with primary stomach cancer with complete 
records and after imputation, Osaka, Japan, 2001–2014. 

 
Total number Complete records Imputed data 

 n % % 
Total 97,276 100.0  
Median age at diagnosis (IQR) 70 (63–77) 

  

Sex    
 Male 67,367 69.3 

 

 Female 29,909 30.8  
Subsite 

   

 Cardia 7,881 10.8 11.2 
 Non-cardia 64,481 88.6 88.2 
 Overlapping 429 0.6 0.6 
 Missing 24,485 (25.2)* NA 
Stage 

   

 Localised 46,388 53.5 51.2 
 Regional 21,605 24.9 25.0 
 Distant 18,740 21.6 23.8 
 Missing 10,543 (10.8)* NA 
Year of diagnosis 

   

 2001 5,556 5.7 
 

 2002 5,216 5.4 
 

 2003 5,497 5.7 
 

 2004 6,055 6.2 
 

 2005 6,203 6.4 
 

 2006 6,350 6.5  
 2007 6,836 7.0 

 

 2008 6,905 7.1 
 

 2009 7,196 7.4 
 

 2010 7,583 7.8 
 

 2011 7,952 8.2  
 2012 8,357 8.6 

 

 2013 8,685 8.9  
 2014 8,885 9.1 

 

Abbreviations: IQR, interquartile range; NA, not applicable. Cardia cancer includes C16.0, non-cardia cancer 

includes C16.1–6 and overlapping site includes C16.8.* The denominator of the missing records is the total 

number of patients (n=97,276). For the subsite and stage distribution of the complete records, the denominator 

of each percentage except missing is the total number of patients who did not have missing subsite or stage.  



20 

 

Table 2. Distribution of subsite and stage by year of diagnosis before and after the multiple 
imputation, stomach cancer, Osaka, Japan, 2001–2014. 

Both subsite and stage were multiply imputed 25 times with chained equations using multinomial logistic 

imputation model with chained equations. Vital status, Nelson-Aalen estimator of the cumulative hazard, sex, 

age and year of diagnosis were used for the imputation. Age and year were treated as splines and an interaction 

term between the two variables was also added in the imputation model. The denominator of the missing records 

is the total number of patients (n=97,276). For the subsite and stage distribution of the complete records, the 

denominator of each percentage except missing is the total number of patients who do not have missing subsite 

or stage.  

 Before multiple imputation (%)  After multiple imputation (%) 

Subsite         

Year of 
diagnosis  

Cardia Non-cardia Overlapping Missing*  Cardia Non-cardia Overlapping 

2001 12.8 86.8 0.4 (64.6)  11.3 88.3 0.4 
2002 12.8 86.4 0.8 (61.5)  11.9 87.5 0.6 
2003 11.4 87.0 1.6 (53.5)  11.9 86.9 1.2 
2004 14.4 82.5 3.1 (44.0)  13.9 83.9 2.2 
2005 13.5 84.2 2.3 (40.4)  13.7 84.5 1.8 
2006 12.9 86.1 1.0 (29.5)  13.3 85.7 1.0 
2007 12.0 87.5 0.5 (21.6)  12.4 87.0 0.5 
2008 11.6 88.1 0.3 (18.3)  12.0 87.7 0.3 
2009 11.4 88.3 0.3 (13.6)  11.6 88.1 0.3 
2010 10.1 89.6 0.3 (11.7)  10.4 89.3 0.3 
2011 9.4 90.5 0.1 (10.2)  9.6 90.2 0.1 
2012 9.0 90.8 0.2 (10.8)  9.3 90.6 0.2 
2013 9.9 89.8 0.2 (8.9)  10.1 89.6 0.2 
2014 8.5 91.4 0.1 (6.9)  8.8 91.1 0.1 

Stage         

Year of 
diagnosis 

Localised Regional Distant Missing*  Localised Regional Distant 

2001 48.2 30.7 21.1 (21.4)  45.5 29.7 24.8 
2002 47.7 29.9 22.5 (20.2)  44.9 29.0 26.1 
2003 46.8 30.6 22.6 (16.5)  44.8 29.8 25.3 
2004 46.1 31.3 22.6 (18.0)  42.7 30.0 27.3 
2005 45.8 30.7 23.5 (15.9)  42.3 29.8 27.9 
2006 49.3 28.2 22.6 (11.7)  47.1 28.2 24.7 
2007 50.7 25.8 23.4 (11.5)  49.3 25.9 24.8 
2008 52.2 25.5 22.3 (10.2)  50.4 25.8 23.8 
2009 54.2 24.3 21.4 (9.0)  52.5 24.6 22.9 
2010 56.7 22.9 20.4 (8.4)  54.9 23.1 22.0 
2011 57.0 21.6 21.4 (7.6)  55.4 21.9 22.7 
2012 59.0 20.5 20.5 (4.7)  57.7 20.7 21.6 
2013 59.7 19.9 20.3 (4.5)  58.2 20.2 21.6 
2014 59.9 19.9 20.2 (4.6)  58.5 20.1 21.4 
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Table 3. Age-standardised 1-, 3-, 5- and 10-year net survival of patients with primary stomach cancer, 
Osaka, Japan, 2001–2014. 

Year of diagnosis  1-year net survival  3-year net survival  5-year net survival  10-year net survival 
  (%, 95% CI)  (%, 95% CI)  (%, 95% CI)  (%, 95% CI) 

Overall         
2001  66.1 (64.9–67.5)  50.5 (49.1–52.0)  46.2 (44.7–47.8)  41.6 (39.7–43.7) 
2002  67.8 (66.5–69.1)  50.9 (49.5–52.4)  46.4 (44.9–48.0)  41.5 (39.7–43.4) 
2003  70.0 (68.8–71.3)  53.8 (52.4–55.2)  49.7 (48.2–51.2)  45.3 (43.3–47.3) 
2004  67.9 (66.6–69.1)  53.1 (51.7–54.5)  48.4 (47.0–49.9)  43.4 (41.7–45.2) 
2005  69.4 (68.3–70.7)  53.5 (52.2–54.9)  49.1 (47.7–50.6)  44.9 (43.2–46.6) 
2006  73.8 (72.6–74.9)  57.8 (56.5–59.2)  53.8 (52.4–55.3)  49.0 (47.2–50.8) 
2007  76.0 (74.9–77.1)  62.3 (61.0–63.7)  57.7 (56.3–59.1)  52.1 (50.4–53.9) 
2008  77.1 (76.0–78.2)  62.7 (61.4–64.0)  58.1 (56.7–59.6)  - 
2009  78.1 (77.0–79.2)  63.4 (62.1–64.8)  59.1 (57.7–60.6)  - 
2010  79.2 (78.2–80.2)  65.9 (64.7–67.2)  61.4 (60.1–62.8)  - 
2011  79.7 (78.7–80.7)  67.3 (66.0–68.5)  63.4 (62.1–64.7)  52.7 (50.5–55.0)* 
2012  80.8 (79.8–81.7)  68.5 (67.3–69.7)  65.0 (63.7–66.3)  54.3 (52.1–56.6)* 
2013  80.7 (79.7–81.6)  68.8 (67.6–70.0)  63.5 (62.2–64.9)*  58.6 (56.6–60.7)* 
2014  81.2 (80.3–82.2)  69.5 (68.4–70.7)  64.9 (63.6–66.3)*  58.9 (57.0–60.9)* 

Abbreviations: 95% CI, 95% confidence interval. *Estimates are derived by period approach. Others are derived 

by cohort approach. Ten-year net survival was not estimated for 2008 to 2010 because the maximum possible 

follow-up time was less than ten years for them and we did not have data on patients diagnosed from 1998 to 

2000 to use the period approach. Two patients were excluded from the survival analyses because they died 

before the date of diagnosis. 
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Table 4. Mean annual absolute change (%) in age-standardised net survival by subsite and stage for primary stomach cancer after imputation, Osaka, Japan, 
2001–2014. 

1-year net survival  3-year net survival  5-year net survival  10-year net survival 

 Year of diagnosis Mean annual 
absolute change 

 Year of diagnosis Mean annual 
absolute change 

 Year of diagnosis Mean annual 
absolute change 

 Year of diagnosis Mean annual 
absolute change 

  (%, 95% CI)   (%, 95% CI)   (%, 95% CI)   (%, 95% CI) 

Overall 2001–2014 1.2 (1.0–1.5)  2001–2014 1.6 (1.4–1.9)  2001–2012 1.8 (1.6–2.1)  2001–2007 1.7 (0.8–2.6) 
 2001–2005 1.1 (0.4–1.9)  2001–2005 1.2 (0.5–2.0)  2001–2004 1.0 (-0.1–2.1)  2001–2005 0.9 (-0.1–1.8) 
 2005–2010 1.8 (1.3–2.3)  2005–2010 2.3 (1.8–2.8)  2004–2012 2.0 (1.7–2.4)  2005–2007 3.6 (1.8–5.4) 
 2010–2014 0.3 (-0.3–0.9)  2010–2014 0.7 (0.1–1.4)       

Subsite            
Cardia 2001–2014 1.2 (0.9–1.4)  2001–2014 1.3 (1.0–1.6)  2001–2012 1.3 (0.9–1.7)  2001–2007 1.3 (0.3–2.3)  

2001–2008 1.5 (1.1–2.0)  2001–2008 1.7 (1.1–2.2)  2001–2008 1.7 (1.0–2.3)  2001–2003 -0.4 (-3.9–3.0)  
2008–2014 0.7 (0.2–1.2)  2008–2014 0.8 (0.2–1.5)  2008–2012 0.5 (-0.6–1.6)  2003–2007 1.8 (0.4–3.3) 

Non-cardia 2001–2014 1.3 (1.1–1.5)  2001–2014 1.7 (1.5–1.9)  2001–2012 1.9 (1.6–2.2)  2001–2007 1.8 (0.7–2.8)  
2001–2005 1.0 (0.3–1.8)  2001–2005 1.2 (0.4–1.9)  2001–2004 0.9 (-0.2–2.1)  2001–2005 0.8 (-0.2–1.9)  
2005–2010 1.9 (1.4–2.5)  2005–2010 2.4 (1.9–3.0)  2004–2012 2.2 (1.7–2.6)  2005–2007 4.1 (2.0–6.2)  
2010–2014 0.2 (-0.6–1.0)  2010–2014 0.7 (-0.2–1.5)  

  
 

  

Stage 
  

 
  

 
  

 
  

Localised 2001–2014 0.4 (0.3–0.6)  2001–2014 0.8 (0.6–0.9)  2001–2012 1.1 (0.9–1.3)  2001–2007 1.6 (0.9–2.3)  
2001–2006 1.0 (0.9–1.1)  2001–2007 1.4 (1.2–1.6)  2001–2006 1.6 (1.2–2.0)  2001–2007 1.6 (0.9–2.3)  
2006–2014 0.1 (0.0–0.2)  2007–2014 0.2 (0.1–0.4)  2006–2012 0.6 (0.3–1.0)  

  

Regional 2001–2014 1.4 (1.2–1.7)  2001–2014 1.9 (1.7–2.2)  2001–2012 1.9 (1.5–2.3)  2001–2007 1.9 (0.9–2.8)  
2001–2008 1.8 (1.5–2.2)  2001–2007 2.3 (1.8–2.9)  2001–2012 1.9 (1.5–2.3)  2001–2005 1.3 (-0.2–2.9)  
2008–2014 0.9 (0.4–1.3)  2007–2014 1.6 (1.0–2.1)  

  
 2005–2007 3.2 (0.0–6.4) 

Distant 2001–2014 1.1 (0.8–1.3)  2001–2014 0.4 (0.3–0.5)  2001–2012 0.3 (0.2–0.4)  2001–2007 0.4 (0.2–0.6)  
2001–2009 1.6 (1.3–1.8)  2001–2007 0.7 (0.5–0.9)  2001–2003 0.9 (0.2–1.6)  2001–2007 0.4 (0.2–0.6)  
2009–2014 0.2 (-0.3–0.6)  2007–2014 0.2 (0.1–0.4)  2003–2012 0.3 (0.1–0.4)  

  

Abbreviations: 95% CI, 95% confidence interval. All estimates are age standardised. Subsite- and stage-specific estimates of the age-standardised net survival are the pooled 

estimates using the imputed data. Trend was examined for cohort-based estimates only (2001 to 2014 for 1- and 3-year estimates, 2001 to 2012 for 5-year estimates, 2001 to 

2007 for 10-year estimates) Inverse of variance weighted linear and linear spline models (weight wi = 1/σi
2 [variance]) with the number of the knots (i.e., the year when the 

trend changes) set up to two were estimated using uvrs command. The places of the knots in a model with two knots were selected within the command. The models were 

compared and the model with the smallest Akaike information criterion was selected as the final model.  
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Figure 1. Age-standardised 1-, 3-, 5- and 10-year net survival by imputed subsite for primary stomach cancer, Osaka, Japan, 2001–2014. 

(A) 1-year (B) 3-year (C) 5-year (D) 10-year age-standardised net survival. Circle points and dash-dot lines correspond to the estimates for cardia cancer, triangle points and 

solid lines for non-cardia cancer of the stomach. Solid points are cohort-based and hollow points are period-based.  
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Figure 2. Age-standardised 1-, 3-, 5- and 10-year net survival by imputed stage for primary stomach cancer, Osaka, Japan, 2001–2014. 

(A) 1-year (B) 3-year (C) 5-year (D) 10-year age-standardised net survival. Circle points and dash-dot lines correspond to the estimates for localised stage, triangle points and 

solid lines for regional stage, square points and dash lines for distant stage. Solid points are cohort-based and hollow points are period-based.



25 

 

Highlights 

• Age-standardised net survival of stomach cancer in Osaka improved during 2001–2014. 

• Net survival improved as the number of localised stage cancer increased. 

• Survival of cardia and non-cardia cancer rose, but the survival gap did not narrow. 

• Increase in 5-year net survival was largest in regional stage from 32% to 52%. 

• One-year survival for the distant stage rose, but with no rise in the longer term. 
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Appendix A 

Supplementary Table A.1. Cohort and period approach for deriving net survival for each year. 

Calendar 
year of 
diagnosis 

Calendar year of follow-up 

 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

2001 0 1 2 3 4 5 6 7# 8# 9# 10 11 12 13 14 15 16 

2002 
 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

2003 
  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

2004 
   

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

2005 
    

0 1 2 3 4 5 6 7 8 9 10 11 12 

2006 
     

0 1 2 3 4 5 6 7 8 9 10 11 

2007 
      

0 1 2 3 4 5 6 7 8 9 10 

2008 
       

0 1 2 3 4 5 6 7 8 9** 

2009 
        

0 1 2 3 4 5 6 7 8** 

2010 
         

0 1 2 3 4 5 6 7** 

2011 
          

0 1 2 3 4 5 6* 

2012 
           

0 1 2 3 4 5* 

2013 
            

0 1 2 3 4* 

2014 
             

0 1 2 3* 

The number in each box shows the minimum year(s) followed up. We used the cohort approach (count boxes in rows) to derive 5-year net survival up to 2012 (surrounded by 

a dot line as an example of cohort approach for patients diagnosed in 2012) and 10-year net survival up to 2007 (surrounded by a bold line). Five-year net survival for 2013 

and 2014 (painted in light grey) and 10-year net survival for 2011 and after (painted in grey) were derived by the period approach (count boxes in columns) because those 

patients have not been followed up for full five or ten years yet by the end of 2017 (* and ** shows the minimum years of follow-up for patients diagnosed in each year at the 

end of 2017). Ten-year net survival was not estimated for 2008 to 2010 because the maximum follow-up time was less than ten years for them (**) and we did not have data 

on patients diagnosed from 1998 to 2000 to use the period approach (surrounded by a triple line, # shows the maximum follow-up time of the year of follow-up when 

deriving the net survival of the calendar year of diagnosis by period approach). 
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Appendix B 

Supplementary Figure B.1. Flow chart of eligible, excluded and included patients in survival analysis 
among those diagnosed with primary stomach cancer, Osaka, Japan, 2001–2014. 
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Appendix C 

Supplementary Table C.1. Age-standardised net survival by sex, stomach cancer, Osaka, Japan, 2001–2014. 
 

Male  Female 

Year of  1-year net survival 3-year net survival 5-year net survival 10-year net survival  1-year net survival 3-year net survival 5-year net survival 10-year net survival 
diagnosis (%, 95% CI) (%, 95% CI) (%, 95% CI) (%, 95% CI)  (%, 95% CI) (%, 95% CI) (%, 95% CI) (%, 95% CI) 

2001 65.9 (64.3–67.5) 51.1 (49.3–52.9) 46.5 (44.6–48.5) 41.5 (39.0–44.2)  67.2 (65.1–69.5) 50.0 (47.6–52.5) 46.1 (43.6–48.7) 42.1 (39.2–45.1) 
2002 68.1 (66.4–69.7) 50.8 (48.9–52.7) 46.4 (44.5–48.5) 41.1 (38.7–43.6)  67.7 (65.5–70.0) 51.5 (49.0–54.0) 46.5 (44.0–49.1) 42.8 (40.0–45.9) 
2003 69.8 (68.2–71.4) 54.2 (52.4–56.0) 50.5 (48.6–52.5) 45.8 (43.1–48.6)  70.9 (68.8–73.1) 53.8 (51.3–56.3) 48.7 (46.2–51.3) 45.0 (42.2–48.0) 
2004 67.8 (66.3–69.4) 53.3 (51.6–55.1) 48.8 (47.0–50.6) 43.1 (40.9–45.5)  68.3 (66.2–70.4) 52.9 (50.6–55.3) 48.0 (45.6–50.5) 44.1 (41.4–46.9) 
2005 69.1 (67.6–70.6) 52.8 (51.1–54.5) 48.7 (47.0–50.6) 44.9 (42.7–47.2)  70.6 (68.6–72.6) 56.1 (53.8–58.5) 50.6 (48.2–53.0) 45.7 (43.0–48.4) 
2006 74.0 (72.6–75.4) 58.3 (56.6–60.0) 53.9 (52.1–55.8) 48.3 (46.0–50.6)  73.8 (71.8–75.8) 57.8 (55.6–60.2) 54.1 (51.8–56.6) 50.7 (48.0–53.6) 
2007 76.3 (74.9–77.7) 62.5 (60.8–64.2) 57.7 (55.9–59.6) 51.8 (49.5–54.1)  75.7 (73.9–77.6) 62.3 (60.1–64.5) 57.8 (55.5–60.1) 52.6 (50.1–55.3) 
2008 76.8 (75.4–78.2) 62.2 (60.5–63.9) 57.9 (56.1–59.7) -  77.9 (76.1–79.7) 64.4 (62.2–66.6) 59.4 (57.1–61.8) - 
2009 78.6 (77.3–80.0) 63.9 (62.3–65.6) 59.5 (57.7–61.3) -  77.2 (75.3–79.1) 62.5 (60.3–64.8) 58.1 (55.8–60.6) - 
2010 78.8 (77.6–80.1) 65.3 (63.8–66.9) 60.8 (59.1–62.5) -  79.7 (78.1–81.4) 67.3 (65.2–69.4) 62.3 (60.1–64.6) - 
2011 79.9 (78.7–81.2) 67.6 (66.1–69.1) 63.2 (61.6–64.9) 51.5 (48.6–54.6)*  79.4 (77.8–81.1) 67.1 (65.0–69.2) 63.7 (61.5–65.9) 55.1 (52.1–58.3)* 
2012 80.8 (79.6–82.0) 69.3 (67.8–70.8) 65.6 (63.9–67.2) 53.0 (50.1–56.0)*  80.6 (79.0–82.3) 67.4 (65.3–69.5) 64.3 (62.1–66.5) 57.3 (54.2–60.5)* 
2013 81.2 (80.1–82.4) 69.4 (68.0–70.9) 64.3 (62.6–66.1)* 59.5 (56.7–62.3)*  80.1 (78.5–81.8) 68.4 (66.3–70.5) 62.4 (60.2–64.8)* 57.4 (54.6–60.4)* 
2014 81.9 (80.8–83.0) 69.1 (67.7–70.6) 65.7 (64.0–67.4)* 59.5 (57.0–62.2)*  80.0 (78.4–81.7) 70.4 (68.5–72.4) 64.2 (62.0–66.5)* 58.3 (55.5–61.3)* 

Abbreviations: 95% CI, 95% confidence interval. *Estimates are derived by period approach. Others are derived by cohort approach. Ten-year net survival was not estimated 

for 2008–2010 because the maximum follow-up time was less than ten years for them and we did not have data on patients diagnosed from 1998–2000 to use period 

approach.
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Supplementary Table C.2. Net survival by age group, stomach cancer, Osaka, Japan, 2001–2014. 

  

Year of diagnosis Net survival by age group (%, 95% CI) 

 15–44 45–54 55–64 65–74 75–99 

1-year net survival 2001 70.5 (64.1–77.0) 75.2 (71.9–78.6) 71.0 (68.6–73.4) 68.0 (65.9–70.2) 55.6 (52.9–58.4)  
2002 81.1 (75.0–87.2) 74.8 (71.3–78.3) 73.2 (70.6–75.7) 71.1 (69.0–73.3) 54.0 (51.3–56.8)  
2003 79.2 (73.0–85.4) 75.0 (71.1–78.9) 76.9 (74.6–79.2) 71.2 (69.1–73.3) 59.1 (56.5–61.7)  
2004 81.1 (75.1–87.1) 77.8 (74.1–81.5) 73.5 (71.2–75.8) 69.7 (67.7–71.7) 54.2 (51.8–56.7)  
2005 79.4 (73.5–85.3) 78.2 (74.3–82.0) 74.8 (72.6–77.1) 72.8 (70.9–74.8) 55.8 (53.4–58.1)  
2006 78.1 (72.0–84.1) 79.0 (75.3–82.6) 79.3 (77.2–81.4) 77.0 (75.2–78.9) 62.8 (60.6–65.1)  
2007 78.3 (72.0–84.7) 85.4 (82.0–88.8) 81.6 (79.6–83.5) 77.0 (75.3–78.8) 66.2 (64.1–68.3)  
2008 82.0 (76.0–88.1) 81.3 (77.5–85.2) 82.8 (80.9–84.7) 79.6 (78.0–81.3) 67.1 (65.1–69.2)  
2009 84.6 (78.7–90.5) 81.8 (77.9–85.8) 83.5 (81.5–85.4) 79.5 (77.9–81.1) 69.3 (67.3–71.3)  
2010 87.4 (82.1–92.7) 88.2 (85.2–91.3) 81.7 (79.7–83.6) 80.5 (78.9–82.0) 70.3 (68.4–72.1)  
2011 83.6 (78.0–89.3) 88.0 (84.7–91.3) 83.4 (81.5–85.3) 81.4 (79.9–82.9) 70.6 (68.9–72.4)  
2012 84.5 (78.5–90.4) 87.5 (84.2–90.9) 84.9 (83.1–86.8) 81.2 (79.7–82.6) 73.4 (71.7–75.0)  
2013 86.1 (80.6–91.5) 87.3 (83.8–90.8) 84.5 (82.6–86.4) 83.6 (82.2–84.9) 70.7 (69.0–72.3)  
2014 87.3 (82.2–92.4) 87.6 (84.1–91.0) 86.3 (84.5–88.2) 84.0 (82.7–85.3) 70.4 (68.8–72.0) 

3-year net survival 2001 52.0 (45.0–59.1) 58.6 (54.8–62.4) 55.1 (52.5–57.8) 52.1 (49.7–54.5) 41.5 (38.5–44.6)  
2002 59.7 (52.1–67.4) 59.9 (55.9–63.8) 56.1 (53.2–58.9) 53.7 (51.2–56.2) 38.3 (35.3–41.2)  
2003 65.2 (57.9–72.6) 60.9 (56.5–65.4) 62.0 (59.3–64.7) 53.8 (51.4–56.2) 41.5 (38.7–44.3)  
2004 70.8 (63.8–77.8) 60.5 (56.1–64.9) 58.4 (55.8–61.0) 54.3 (52.0–56.5) 40.3 (37.7–43.0)  
2005 63.9 (56.9–71.0) 62.5 (58.0–67.1) 58.9 (56.3–61.5) 55.7 (53.5–58.0) 40.8 (38.3–43.3)  
2006 59.5 (52.3–66.8) 64.4 (60.0–68.7) 63.0 (60.5–65.6) 59.7 (57.5–61.9) 48.7 (46.1–51.3)  
2007 65.4 (58.1–72.8) 70.7 (66.2–75.1) 68.5 (66.1–70.9) 62.7 (60.6–64.8) 52.9 (50.4–55.3)  
2008 66.0 (58.5–73.5) 66.8 (62.2–71.4) 67.8 (65.4–70.2) 64.9 (62.8–67.0) 53.9 (51.4–56.3)  
2009 65.7 (57.9–73.5) 68.3 (63.6–73.1) 67.1 (64.6–69.6) 65.8 (63.9–67.8) 55.6 (53.2–58.0)  
2010 72.2 (65.0–79.4) 76.0 (71.9–80.0) 68.5 (66.1–70.9) 67.5 (65.5–69.4) 56.6 (54.3–58.9)  
2011 70.9 (64.0–77.9) 74.8 (70.4–79.2) 70.9 (68.5–73.2) 69.1 (67.2–71.0) 58.5 (56.4–60.7)  
2012 73.3 (65.9–80.6) 78.5 (74.2–82.7) 70.0 (67.6–72.5) 69.5 (67.7–71.3) 61.1 (59.0–63.1)  
2013 70.3 (63.1–77.4) 76.5 (72.0–80.9) 72.6 (70.2–75.0) 71.8 (70.1–73.6) 59.2 (57.2–61.2)  
2014 75.8 (69.2–82.4) 76.2 (71.7–80.7) 75.3 (72.9–77.8) 72.3 (70.6–74.0) 57.9 (56.0–59.8) 

5-year net survival 2001 48.5 (41.4–55.6) 54.0 (50.1–57.9) 50.5 (47.8–53.3) 47.6 (45.1–50.1) 37.6 (34.2–40.9)  
2002 54.1 (46.3–61.9) 53.6 (49.5–57.6) 52.4 (49.5–55.3) 49.0 (46.4–51.5) 34.2 (31.0–37.5)  
2003 59.3 (51.7–66.9) 57.1 (52.6–61.7) 57.6 (54.8–60.4) 48.9 (46.4–51.4) 38.8 (35.6–41.9)  
2004 66.7 (59.4–74.0) 54.7 (50.2–59.2) 54.0 (51.4–56.7) 50.1 (47.8–52.5) 35.1 (32.2–38.1)  
2005 57.9 (50.7–65.2) 57.4 (52.7–62.1) 54.4 (51.7–57.0) 51.1 (48.8–53.5) 37.5 (34.7–40.2)  
2006 56.2 (48.9–63.5) 60.5 (56.0–65.0) 58.0 (55.4–60.7) 54.4 (52.0–56.7) 46.5 (43.5–49.5)  
2007 62.4 (54.9–69.9) 66.1 (61.5–70.8) 63.8 (61.3–66.3) 58.1 (55.9–60.3) 47.8 (44.9–50.6)  
2008 60.9 (53.2–68.6) 62.1 (57.3–66.9) 62.4 (59.9–65.0) 60.7 (58.5–62.9) 49.9 (47.1–52.7)  
2009 58.1 (49.9–66.2) 63.6 (58.7–68.6) 62.7 (60.1–65.3) 62.2 (60.1–64.3) 51.6 (48.8–54.4)  
2010 63.7 (56.0–71.4) 70.3 (65.9–74.7) 66.0 (63.5–68.5) 63.8 (61.7–65.8) 51.1 (48.5–53.7)  
2011 68.0 (60.9–75.2) 70.0 (65.3–74.7) 67.4 (64.9–69.9) 65.9 (63.9–67.9) 53.8 (51.3–56.3)  
2012 71.2 (63.7–78.7) 73.9 (69.4–78.5) 67.0 (64.4–69.5) 66.5 (64.6–68.5) 56.6 (54.2–59.0)  
2013* 68.3 (60.7–75.9) 69.6 (64.9–74.4) 67.0 (64.4–69.5) 65.2 (63.2–67.2) 55.5 (52.9–58.1)  
2014* 68.3 (60.7–76.0) 74.6 (70.0–79.2) 68.1 (65.5–70.7) 67.9 (66.0–69.9) 54.6 (52.1–57.1) 

10-year net survival 2001 44.8 (37.7–51.9) 50.2 (46.1–54.2) 46.8 (43.9–49.7) 41.6 (38.8–44.4) 33.3 (28.0–38.6)  
2002 47.6 (39.7–55.4) 49.1 (44.9–53.3) 48.1 (45.0–51.3) 43.6 (40.6–46.5) 29.5 (25.0–34.1)  
2003 55.3 (47.6–63.0) 52.8 (48.1–57.5) 53.8 (50.8–56.8) 42.9 (40.0–45.7) 35.4 (30.1–40.6)  
2004 64.5 (57.1–71.9) 49.2 (44.6–53.8) 50.0 (47.2–52.8) 44.4 (41.7–47.1) 29.8 (25.6–34.0)  
2005 56.1 (48.7–63.4) 52.4 (47.5–57.2) 51.7 (48.9–54.5) 44.7 (42.0–47.4) 33.9 (29.8–37.9)  
2006 53.8 (46.4–61.2) 54.9 (50.3–59.6) 54.6 (51.7–57.4) 48.7 (46.0–51.4) 41.3 (36.9–45.7)  
2007 59.0 (51.4–66.7) 61.5 (56.6–66.5) 59.7 (57.0–62.4) 52.6 (50.1–55.2) 40.1 (36.0–44.2)  
2011* 60.8 (52.8–68.8) 60.7 (55.6–65.7) 57.8 (54.9–60.7) 54.2 (51.2–57.2) 42.0 (36.0–48.0)  
2012* 58.6 (50.7–66.5) 61.3 (56.2–66.4) 60.6 (57.7–63.5) 55.7 (52.9–58.6) 43.9 (37.9–50.0)  
2013* 62.7 (54.7–70.7) 66.7 (61.6–71.7) 63.9 (61.1–66.8) 57.9 (55.1–60.6) 50.8 (45.4–56.3)  
2014* 64.4 (56.4–72.4) 71.7 (66.7–76.7) 63.8 (60.9–66.7) 61.9 (59.2–64.6) 45.4 (40.5–50.3) 
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Continued from Supplementary Table C.2. 

Abbreviations: 95% CI, 95% confidence interval. *Estimates are derived by period approach. Others are derived 

by cohort approach. Ten-year net survival was not estimated for 2008–2010 because the maximum follow-up 

time was less than ten years for them and we did not have data on patients diagnosed from 1998–2000 to use 

period approach.  
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Appendix D 

Supplementary Table D.1. Mean annual absolute change in age-standardised net survival using complete records, stomach cancer, Osaka, Japan, 2001–
2014. 

 1-year net survival  3-year net survival  5-year net survival  10-year net survival 

 Year of diagnosis Mean annual 
absolute change 

 Year of diagnosis Mean annual 
absolute change 

 Year of diagnosis Mean annual 
absolute change 

 Year of diagnosis Mean annual 
absolute change 

  (%, 95% CI)   (%, 95% CI)   (%, 95% CI)   (%, 95% CI) 

Subsite            
Cardia 2001–2014 0.6 (0.3–0.9)  2001–2014 0.9 (0.5–1.3)  2001–2012 1.0 (0.3–1.7)  2001–2007 1.9 (-0.1–3.8)  

2001–2006 1.4 (0.6–2.3)  2001–2007 1.8 (0.8–2.8)  2001–2006 2.6 (1.1–4.1)  2001–2007 1.9 (-0.1–3.8)  
2006–2014 0.3 (-0.1–0.7)  2007–2014 0.4 (-0.3–1.0)  2006–2012 0.1 (-0.9–1.1)  

  

Non-cardia 2001–2014 0.6 (0.4–0.7)  2001–2014 1.0 (0.8–1.1)  2001–2012 1.2 (0.9–1.4)  2001–2007 1.3 (0.4–2.3)  
2001–2008 0.8 (0.5–1.1)  2001–2012 1.1 (0.8–1.3)  2001–2012 1.2 (0.9–1.4)  2001–2005 0.6 (-0.9–2.0)  
2008–2014 0.4 (0.1–0.6)  2012–2014 0.1 (-0.9–1.2)  

  
 2005–2007 2.7 (0.5–4.9) 

Stage 
  

 
  

 
  

 
  

Localised 2001–2014 0.2 (0.1–0.3)  2001–2014 0.3 (0.2–0.5)  2001–2012 0.6 (0.4–0.7)  2001–2007 0.8 (0.0–1.6)  
2001–2005 0.7 (0.5–0.9)  2001–2011 0.5 (0.4–0.6)  2001–2012 0.6 (0.4–0.7)  2001–2007 0.8 (0.0–1.6)  
2005–2010 0.1 (0.0–0.2)  2011–2014 -0.4 (-0.6–-0.1)  

  
 

  

 2010–2014 0.0 (-0.1–0.1)          
Regional 2001–2014 1.3 (1.1–1.5)  2001–2014 1.8 (1.6–2.0)  2001–2012 1.9 (1.4–2.3)  2001–2007 1.8 (0.8–2.7)  

2001–2008 1.7 (1.4–2.0)  2001–2011 2.0 (1.7–2.3)  2001–2012 1.9 (1.4–2.3)  2001–2007 1.8 (0.8–2.7)  
2008–2014 0.9 (0.6–1.2)  2011–2014 0.9 (-0.2–2.1)  

  
   

Distant 2001–2014 1.0 (0.7–1.2)  2001–2014 0.4 (0.3–0.5)  2001–2012 0.3 (0.2–0.5)  2001–2007 0.5 (0.2–0.8)  
2001–2005 2.1 (1.6–2.6)  2001–2007 0.7 (0.5–0.8)  2001–2004 0.9 (0.5–1.2)  2001–2007 0.5 (0.2–0.8)  
2005–2010 0.9 (0.5–1.2)  2007–2014 0.2 (0.0–0.3)  2004–2012 0.2 (0.0–0.3)  

  
 

2010–2014 0.2 (-0.4–0.7)  
  

 
  

 
  

Abbreviations: 95% CI, 95% confidence interval. All estimates are age standardised. Trend was examined for cohort-based estimates only (2001–2014 for 1- and 3-year 

estimates, 2001–2012 for 5-year estimates, 2001–2007 for 10-year estimates). Inverse of variance weighted linear and linear spline models (weight wi = 1/σi
2 [variance]) with 

the number of the knots (i.e., the year when the trend changes) set up to two were estimated using uvrs command. The places of the knots in a model with two knots were 

selected within the command. The models were compared and the model with the smallest Akaike information criterion was selected as the final model.  
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Supplementary Figure D.1. Trends in age-standardised net survival by subsite using complete records, stomach cancer, Osaka, Japan, 2001–2014. 

(A) 1-year (B) 3-year (C) 5-year (D) 10-year age-standardised net survival. Circle points and dash-dot lines correspond to the estimates for cardia cancer, triangle points and 

solid lines for non-cardia cancer of the stomach. Solid points are cohort-based and hollow points are period-based.  
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Supplementary Figure D.2. Trends in age-standardised net survival by stage using complete records, stomach cancer, Osaka, Japan, 2001–2014. 

(A) 1-year (B) 3-year (C) 5-year (D) 10-year age-standardised net survival. Circle points and dash-dot lines correspond to the estimates for localised stage, triangle points and 

solid lines for regional stage, square points and dash lines for distant stage. Solid points are cohort-based and hollow points are period-based. 
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Appendix E 

Supplementary Table E.1. Age-standardised net survival by imputed subsite and the mean annual 
absolute change in survival gap between cardia and non-cardia stomach cancers, Osaka, Japan, 
2001–2014.

 
Year of 
diagnosis 

Net survival (%, 95% CI) by subsite  Mean annual absolute change in 
survival gap (%, 95% CI) 

  Cardia Non-cardia   

1-year net survival 2001 60.1 (55.3–64.5) 66.8 (65.4–68.2)  2001–2005 -0.1 (-1.6–1.4) 
 2002 60.3 (55.2–65.0) 68.6 (67.1–70.0)    
 2003 61.4 (56.5–66.0) 71.0 (69.6–72.4)    
 2004 60.8 (56.6–64.7) 68.6 (67.2–70.0)    

 2005 63.1 (58.8–67.1) 70.0 (68.6–71.3)  2005–2010 0.4 (-0.7–1.5) 
 2006 67.2 (63.0–71.0) 74.6 (73.3–75.8)    
 2007 68.1 (64.0–71.7) 77.0 (75.8–78.2)    
 2008 70.1 (66.1–73.7) 78.0 (76.8–79.2)    
 2009 70.4 (66.4–74.0) 79.1 (77.9–80.2)    

 2010 69.4 (65.5–72.9) 80.3 (79.2–81.3)  2010–2014 -0.2 (-1.8–1.4) 
 2011 72.3 (68.6–75.7) 80.5 (79.5–81.5)    
 2012 73.8 (70.0–77.1) 81.5 (80.5–82.5)    
 2013 71.0 (67.3–74.3) 81.8 (80.8–82.8)    
 2014 74.1 (70.3–77.6) 82.0 (81.0–82.9)    

3-year net survival 2001 41.6 (36.7–46.4) 51.5 (49.9–53.0)  2001–2005 0.1 (-1.6–1.8) 
 2002 38.3 (33.2–43.3) 52.5 (50.8–54.1)    
 2003 39.6 (34.7–44.5) 55.5 (53.8–57.1)    
 2004 41.6 (37.1–46.0) 54.3 (52.7–55.8)    

 2005 43.3 (38.9–47.5) 54.4 (52.9–55.9)  2005–2010 0.7 (-0.5–1.9) 
 2006 44.4 (40.3–48.5) 59.6 (58.1–61.1)    
 2007 48.9 (44.6–53.0) 64.0 (62.6–65.4)    
 2008 52.9 (48.6–57.0) 63.9 (62.4–65.3)    
 2009 48.7 (44.5–52.8) 65.3 (63.9–66.7)    

 2010 50.6 (46.4–54.6) 67.7 (66.3–68.9)  2010–2014 0.1 (-1.6–1.8) 
 2011 52.9 (48.7–56.8) 68.8 (67.5–70.1)    
 2012 53.0 (48.7–57.0) 70.1 (68.8–71.3)    
 2013 53.1 (49.1–57.0) 70.6 (69.3–71.8)    
 2014 54.8 (50.3–59.1) 71.0 (69.7–72.2)    

5-year net survival 2001 35.4 (30.2–40.6) 47.4 (45.7–49.0)  2001–2012 0.6 (0.0–1.2) 
 2002 32.8 (27.8–37.8) 48.0 (46.3–49.7)    
 2003 34.6 (29.7–39.5) 51.4 (49.7–53.1)    
 2004 36.1 (31.6–40.7) 49.6 (47.9–51.2)    
 2005 38.6 (34.2–42.9) 50.1 (48.4–51.7)    
 2006 40.9 (36.6–45.1) 55.5 (53.9–57.1)    
 2007 42.5 (38.2–46.6) 59.5 (58.0–61.0)    
 2008 47.4 (43.0–51.6) 59.6 (58.0–61.1)    
 2009 42.7 (38.4–46.9) 61.2 (59.7–62.8)    
 2010 43.5 (39.2–47.6) 63.4 (62.0–64.8)    
 2011 45.7 (41.4–49.8) 65.3 (63.9–66.7)    
 2012 47.6 (43.2–51.9) 66.8 (65.4–68.1)    

 2013 44.8 (40.5–49.0)* 65.8 (64.3–67.2)*    
 2014 47.1 (42.6–51.5)* 66.9 (65.5–68.3)*    

10-year net survival 2001 29.3 (23.2–35.6) 42.9 (40.6–45.1)  2001–2005 -0.4 (-2.6–1.7) 
 2002 28.5 (22.7–34.5) 43.0 (40.9–45.1)    
 2003 28.3 (22.7–34.1) 47.1 (44.9–49.4)    

 2004 28.8 (24.3–33.3) 45.1 (43.1–47.1)  2005–2007 2.8 (-1.2–6.7) 
 2005 34.2 (28.9–39.6) 45.8 (43.9–47.8)    
 2006 35.2 (30.5–39.9) 50.7 (48.7–52.7)    
 2007 34.2 (29.5–38.9) 54.4 (52.5–56.3)    

 2011 37.2 (30.3–44.2)* 54.6 (52.1–57.0)*    
 2012 38.3 (31.6–44.9)* 56.0 (53.6–58.4)*    
 2013 38.5 (33.0–43.9)* 61.0 (58.7–63.3)*    
 2014 42.0 (36.7–47.2)* 60.7 (58.6–62.8)*    
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Continued from Supplementary Table E.1. 

Abbreviations: 95% CI, 95% confidence interval. *Estimates are derived by period approach. Others are derived 

by cohort approach. Ten-year net survival was not estimated for 2008–2010 because the maximum follow-up 

time was less than ten years for them and we did not have data on patients diagnosed from 1998–2000 to use 

period approach. 

Trend in survival gap was derived only for cohort-based estimates. The mean annual change in the survival gap 

between cardia and non-cardia cancers was derived by the coefficient (βyear*subsite) of the interaction between year 

and subsite in a following inverse of variance weighted linear regression model (weight wi = 1/σi
2 [variance]) 

using mvrs in Stata. 

Net survival = βyearXyear + βsubsiteXsubsite + βyear*subsiteXyearXsubsite + ε 

The knot, that is, the year when the survival trend changes, were selected within the mvrs command. The 

number of the knots were set up to two, and the final model was selected comparing the Akaike information 

criterion of the linear and linear spline models. 

A positive coefficient βyear*subsite indicates reduced gap and a negative coefficient βyear*subsite indicates widening 

gap in net survival between cardia and non-cardia cancers.  
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Supplementary Table E.2. Age-standardised net survival by imputed stage, stomach cancer, Osaka, 
Japan, 2001–2014. 

Abbreviations: 95% CI, 95% confidence interval. *Estimates are derived by period approach. Others are derived 

by cohort approach. Ten-year net survival was not estimated for 2008–2010 because the maximum follow-up 

time was less than ten years for them and we did not have data on patients diagnosed from 1998–2000 to use 

period approach.

 Year of diagnosis Net survival (%, 95% CI) by stage 

  Localised Regional Distant 

1-year net survival 2001 90.6 (89.1–92.0) 65.4 (62.8–67.9) 23.0 (20.6–25.5) 
 2002 91.9 (90.2–93.2) 68.6 (65.9–71.1) 25.9 (23.4–28.5) 
 2003 93.4 (91.9–94.7) 71.2 (68.5–73.6) 27.2 (24.6–29.8) 
 2004 93.5 (92.1–94.6) 69.6 (67.3–71.8) 25.6 (23.2–28.1) 
 2005 95.0 (93.7–96.0) 71.6 (69.2–73.7) 28.5 (26.2–30.9) 
 2006 95.5 (94.4–96.3) 75.3 (73.0–77.5) 30.8 (28.2–33.4) 
 2007 95.9 (94.9–96.7) 78.3 (76.1–80.3) 33.9 (31.4–36.5) 
 2008 96.1 (95.1–96.9) 78.8 (76.5–80.9) 34.7 (32.1–37.4) 
 2009 96.7 (95.8–97.4) 79.3 (77.1–81.4) 34.6 (32.0–37.2) 
 2010 96.4 (95.6–97.0) 79.3 (77.1–81.3) 36.0 (33.3–38.6) 
 2011 96.5 (95.7–97.2) 81.6 (79.5–83.4) 36.7 (34.1–39.3) 
 2012 96.6 (95.9–97.2) 83.3 (81.3–85.1) 36.1 (33.4–38.7) 
 2013 96.5 (95.8–97.1) 83.3 (81.2–85.2) 35.7 (33.1–38.3) 
 2014 96.7 (96.1–97.3) 83.1 (81.1–84.9) 36.6 (33.9–39.3) 

3-year net survival 2001 83.5 (81.4–85.3) 39.0 (36.3–41.7) 4.5 (3.4–5.8) 
 2002 84.6 (82.5–86.6) 39.8 (36.9–42.6) 5.2 (4.0–6.7) 
 2003 86.9 (84.9–88.8) 43.2 (40.4–45.9) 6.6 (5.2–8.2) 
 2004 87.1 (85.1–88.8) 46.0 (43.3–48.5) 6.3 (5.0–7.8) 
 2005 88.6 (86.8–90.2) 46.6 (44.0–49.2) 6.5 (5.3–7.9) 
 2006 90.3 (88.6–91.7) 47.1 (44.4–49.7) 7.8 (6.4–9.4) 
 2007 92.1 (90.6–93.4) 55.7 (53.0–58.3) 9.4 (7.9–11.1) 
 2008 91.9 (90.5–93.2) 54.7 (52.0–57.3) 8.7 (7.2–10.3) 
 2009 92.1 (90.7–93.4) 53.6 (50.8–56.3) 9.2 (7.6–10.9) 
 2010 92.2 (90.9–93.4) 56.1 (53.3–58.8) 9.7 (8.0–11.5) 
 2011 93.3 (92.1–94.4) 59.9 (57.2–62.5) 9.9 (8.2–11.6) 
 2012 93.4 (92.3–94.4) 60.6 (58.0–63.1) 9.8 (8.1–11.6) 
 2013 93.6 (92.5–94.5) 60.8 (58.0–63.4) 9.1 (7.5–10.8) 
 2014 92.6 (91.6–93.6) 63.2 (60.6–65.8) 10.7 (9.0–12.6) 

5-year net survival 2001 79.8 (77.4–82.0) 31.9 (29.3–34.6) 2.1 (1.4–3.0) 
 2002 81.7 (79.1–83.9) 31.2 (28.4–34.0) 2.3 (1.5–3.4) 
 2003 84.5 (82.0–86.7) 35.0 (32.3–37.8) 3.9 (2.9–5.2) 
 2004 82.8 (80.5–84.9) 38.0 (35.3–40.8) 3.9 (2.9–5.2) 
 2005 86.3 (84.1–88.2) 37.5 (34.9–40.1) 3.8 (2.9–4.9) 
 2006 88.4 (86.3–90.1) 38.4 (35.7–41.1) 4.6 (3.5–5.9) 
 2007 88.9 (87.1–90.5) 47.2 (44.3–49.9) 5.5 (4.3–6.9) 
 2008 89.2 (87.4–90.7) 46.7 (43.9–49.5) 4.3 (3.3–5.5) 
 2009 89.8 (88.0–91.3) 44.2 (41.3–47.2) 5.6 (4.4–7.1) 
 2010 89.6 (88.0–91.0) 46.2 (43.4–49.1) 5.8 (4.5–7.3) 
 2011 91.2 (89.7–92.5) 51.2 (48.4–54.0) 6.0 (4.8–7.3) 
 2012 91.9 (90.5–93.0) 52.3 (49.6–55.0) 5.6 (4.4–7.1) 
 2013 91.3 (89.7–92.7)* 51.3 (48.3–54.1)* 5.5 (4.2–7.0)* 
 2014 90.9 (89.4–92.2)* 51.7 (48.8–54.6)* 6.6 (5.1–8.3)* 

10-year net survival 2001 73.4 (69.5–76.9) 26.4 (23.4–29.4) 1.4 (0.8–2.2) 
 2002 74.8 (71.2–78.1) 25.8 (22.8–28.8) 0.7 (0.3–1.4) 
 2003 79.0 (74.8–82.5) 28.7 (25.8–31.6) 2.4 (1.6–3.4) 
 2004 76.0 (72.6–79.1) 32.0 (29.0–35.0) 2.4 (1.6–3.5) 
 2005 80.7 (77.5–83.5) 31.1 (28.3–34.0) 2.8 (2.0–3.9) 
 2006 82.2 (79.1–84.9) 32.2 (29.3–35.1) 3.1 (2.2–4.3) 
 2007 82.4 (79.6–84.8) 38.9 (35.8–42.0) 3.8 (2.8–5.2) 
 2011 78.4 (74.6–81.6)* 40.4 (36.4–44.3)* 2.5 (1.5–3.8)* 
 2012 80.6 (76.8–83.8)* 40.0 (36.3–43.7)* 4.2 (3.0–5.8)* 
 2013 85.8 (82.3–88.7)* 44.2 (40.6–47.8)* 4.1 (2.9–5.7)* 
 2014 84.3 (81.2–86.9)* 43.0 (39.4–46.5)* 5.1 (3.7–6.8)* 
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Appendix F 

Supplementary Table F.1. Absolute change in net survival and impact of stage standardisation, 
stomach cancer, Osaka, Japan, 2001–2014. 

 Absolute change in net survival Impact of stage standardisation 
 between 2001 and the last year of 

diagnosis* (%) 
  

 Age-standardised Age- & stage-
standardised 

(A)/(B) Istage
# 

 (A) (B)   

1-year NS 25.6 22.1 1.159 15.9% 

3-year NS 28.0 22.0 1.272 27.2% 

5-year NS 27.4 21.1 1.295 29.5% 

10-year NS 18.8 16.8 1.121 12.1% 
Abbreviations: NS, net survival. *The last year of diagnosis is 2014 for the 1- and 3-year estimates, 2012 for the 

5-year, 2007 for 10-year estimates. Stage was standardised using the weight derived by the stage distribution of 

the imputed stage in 2001 as the reference (see Table 2). (A) was derived by Sage (2014 [1-,3-year], 2012 [5-

year] or 2007 [10-year])-Scrude (2001), (B) was derived by Sage-stage (2014 [1-,3-year], 2012 [5-year] or 2007 [10-

year])-Scrude (2001) when the unstandardised (crude) net survival was defined as Scrude (t), stage-unstandardised 

age-standardised net survival was defined as Sage (t) and the age- and stage-standardised net survival was defined 

as Sage-stage (t). #Impact of stage standardisation (Istage) was estimated by the following formula {(A)/(B)-1}*100. 
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Supplementary Figure F.1. Crude, age-standardised and stage- and age-standardised net survival for stomach cancer, Osaka, Japan, 2001–2014. 

(A) 1-year (B) 3-year (C) 5-year (D) 10-year net survival. Circle points and solid lines correspond to crude net survival, triangle points and long-dash lines to age-

standardised, square points and short-dash lines to stage- and age-standardised net survival. The net survival for 2001 is all set at the crude estimates. 


