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Original Article

IntroductIon

Cancer has become the leading cause of death worldwide, 
which has caused a great burden on public health. According 
to several studies, cancer incidence and mortality have 
been gradually rising. In 2012, it was reported that over 12 
million new cancer cases and 8 million cancer‑related 
deaths occurred worldwide.[1,2] In China, 3 million new 
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cancer cases and 2 million cancer‑related deaths occur every 
year.[3] Epidemiological studies have found that an increase in 
cancer cases in developing countries is a result of population 
aging and growth, smoking, physical inactivity, and 
westernized diets.[4,5] With the globalization of the economy, 
unprecedented social and environmental changes, and aging 
of the populations in many countries, conspicuous trends are 
being seen in the cancer incidence. The estimates for new 
cases and deaths were added to reflect the tumor burdens in 
different areas in a more direct way. The control of cancer 
has become a global and strategic point of governments, 
and to master the situation of cancer is the fundamental 
basis for make plans to control cancer. Population‑based 
cancer registries that have provided cancers incidence and 
mortality statistics since the 1960s in European countries.[6] 
In China, the limited population coverage of cancer registry 
that has provided inadequate cancer information. Some of 
the cancer registries have existed for more than 40 years, 
but the development of cancer registration was very slow 
before the year 2000. In China, the National Central Cancer 
Registry (NCCR) was established in 2002, since then, the 
population coverage and quality of cancer registry have 
noticeably improving.

Wuwei is located in the Eastern region of the Hexi Corridor 
in Gansu province, China, at approximately 37°23′ 
and 38°12′ North latitude and 101°59′ and l03°23′ East 
longitude.[7] In 2012, the population was approximately 
1,020,274 including 710,634 individual’s associated with 
rural environments and 309,640 associated with urban 
environments. Although Wuwei is located in Northwestern 
China, it is one of the earliest areas to implement tumor 
monitoring and control China.[8] As the representative 
area of the Northwestern China, Wuwei has experienced 
remarkable changes in its environment and lifestyle as a 
result of recent economic development. Wuwei is located 
in an agriculture region, so the local population is relatively 
stable and suitable for cancer registration and follow‑up. 
In 2002, the Ministry of Health established the “National 
Cancer Registration Center” requested cancer registration 
in Wuwei, Gansu province to promote and accelerate cancer 
registration within China. To date, Wuwei has been tracking 
the incidence and mortality of local residents for more 
than 10 years, which has provided the basic data that has 
contributed to cancer research, clinical trials, and cancer 
control strategies. At present, there are 46 cancer report 
centers covering more than 1 million people.

The aim of this study was to determine the incidence and 
mortality of Wuwei cancer patients between 2003 and 2012, 
using standard quality control and analytical methods. In 
this study, a systematic examination of cancer incidence 
and mortality of Wuwei residents was performed using data 
from a population‑based cancer registry over the course of 
10 years. The results of this study provide a basis for future 
studies to compare and assess the overall effective of cancer 
health care in Wuwei. In addition, this study provides insight 
into the most common types of cancer and cancer‑related 

deaths, which can shed light on the cancer incidence and 
mortality rates in this city of China.

Methods

Sources of data
The Wuwei Cancer Registry has collected cancer data 
and information from the local population including 
cancer incidence, survival, related deaths, and population 
demographics. From 2003 to 2012, we collected Wuwei 
incidence/mortality data, with the International Classification 
of Diseases (ICD)‑10 codes of C00–C97. In addition, 
population coverage data were also collected. New cancer cases 
were followed‑up and their personal information including 
detailed cancer data were recorded. Mortality information 
was retrieved from the local population‑based death database. 
Population data were collected from Wuwei statistics and 
the public security census data department. The registered 
population consisted of 9,836,740 person‑years (5,110,342 
and 4,726,398 for males and females, respectively) from 
2003 to 2012 [Table 1]. The covered population accounted for 
60% of the whole population in Wuwei. The Wuwei Cancer 
Registry collects and analyzes cancer incidence, mortality, and 
survival data, including data for cancers with ICD‑10 codes 
of C00–C97. Total cancer incidence was 24,705 (15,873 and 
8832 male and female, respectively) and total cancer‑related 
deaths were 17,287 (11,669 and 5618 male and female, 
respectively) during this period.

Data quality control
Wuwei Cancer Registry is a population‑based cancer registry 
that collects information on total cancer cases and related 
deaths in this city. The registry uses both active and passive 
methods of data collection. All data files received from 
lower‑level registries and hospitals are checked with cancer 
report lists and death certificate notifications to identify missing 
cases and to exclude duplicate registrations. The comparability, 
completeness, validity, and timeliness were used to address 
data quality. Proportion of morphological verification (MV%), 
percentage of cancer cases identified with death certification 
only (DCO%), mortality to incidence ratio (M/I), and the 
percentage of cancers with undefined or unknown primary 
sites (O and U%) were used to evaluate the completeness, 
validity, and reliability of gastric cancer statistics. According 
to the International Association of Cancer Registries (IACR) 
and NCCR requirements of cancer registration data,[9‑11] our 
data evaluation was as follows: 74.43% MV%, 1.21% DCO%, 
0.70 M/I, 0.23% O and U% [Table 2].

Statistical analysis
Cancers were classified according to the ICD‑X.[12] The 
qualified data were assessed based on the “guideline of 
Chinese cancer registration” and referred to the criteria 
listed under the “cancer incidence in five continents volume” 
outlined by IACR. The data were stratified by years, gender, 
and age (age groups as shown in the Table 3), and crude 
incidence/mortality rates were calculated. Age‑standardized 
incidence rates (ASIRs) were calculated according to the 
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1982 Chinese population. In addition, the world Segi’s 
population was also calculated. MS Excel 2010 (Microsoft 
Corporation, USA), SAS 9.2 (SAS Institute Inc, USA), and 
CanReg4 (IARC, France) were used for data analysis.[13] 
We calculated the ASIR and then analyzed gender, age, 
and site‑specific trends among these standardized rates. 
In addition, we estimated the average annual percent 
change (EAPC) to assess trends with regard to changes in 
cancer incidence/mortality rates over time.[14] The EAPC 
calculation included the independent variable, years, and 
a logarithmic transformation on the incidence/mortality 
rates. We fit the EAPC to a straight line, Y = b + aX and 
Y = Ln (incidence/mortality rate), where X represents the 
year. With the final equation being EAPC = (10a − 1) ×100%. 
Finally, we performed a hypothesis‑based test for the EAPC, 
in which the EAPC was tested for accidental variation. 
The results from this test explained any observed annual 
variation/stability trends.[15]

results

Gender‑ and age‑specific incidence/mortality 
characteristics
Between 2003 and 2012, a total of 24,705 cancer incidence 
cases and 17,287 mortality cases were reported to the Wuwei 
Cancer Registry, with 65.54% being male. The mean age 
at diagnosis was 58.2 years, and the mean age of male and 
female patients were 59.9 and 56.4 years, respectively. 
More than half of the cancers were diagnosed on the basis 
of histopathology findings, with 1.18% of diagnosis was 

obtained from death certificates [Table 2]. From 2003 to 
2012 in Wuwei, the cancer incidence and mortality were 
relatively low for individuals <44.9 years old, but increased 
dramatically for individuals >45.0 years. Incidence was 
highest for individuals from 55.0–69.9 years and decreased 
for ages >80.0 years. The incidence rate in the males was 
higher than females in the age group >40.0 years. The 
disparity of incidence rates between males and the females 
was striking in the age group >45.0 years [Tables 3 and 4].

Incidence and mortality rates
The crude incidence of all cancers in the registry was 
251.15/100,000 persons (310.61 and 186.87 in males 
and females per 100,000 persons). The age‑standardized 
rates by Chinese standard population (ASR‑China) and 
age‑standardized rates by world standard population 
(ASR‑world) was 207.76 and 245.42/100,000 persons, 
respectively. Among the patients aged 0–74.9 years, the 
cumulative incidence was 32.22%. The crude mortality 
among the cancer cases in the registry was 175.74/100,000 
persons (228.34 and 118.86 in males and females, 
respectively). The ASR‑China and ASR‑world were 
149.57 and 175.13/100,000, respectively. The cumulative 
mortality (0–74.9 years) was 20.59% [Table 5].

Gender and age distribution of major cancers
Table 6 shows the age distribution of major cancers in 
Wuwei between 2003 and 2012. Over the same period, 
cancer incidence and mortality were observed primarily in 
the age group of 45.0–64.9 years (>50%), followed by the 
age group >65.0 years (~30%). Similarly, for some of the 
major cancers that caused morbidity and mortality including 
liver, lung, gastric, and nasopharyngeal cancers, the age 
at morbidity and mortality was observed at higher age. 
Leukemia, which occurs more often in teenagers, peaked in 
the age group of 0–44.9 years. Data also suggested that in the 
age group of 0–44.9 years, the cancer incidence and mortality 
in males was lower than that in females. With increasing 
age, the incidence and mortality for males and females 
significantly increased in the age groups of 45.0–64.9 years.

Incidence and mortality of major cancers
The ten most common cancers accounted for 85.45% of 
all cancer incidences. In term of cancer sites, the stomach 
was the leading site, followed by the esophagus, liver, lung, 
colorectum, breast, cervix, blood (e.g., lymphoma and 
leukemia), brain, and central nervous system. For males, 
stomach cancer was the most common cancer followed 
by cancers of the esophagus, liver, lung, colorectum, 
lymphoma, bladder, brain and central nervous system, 
blood (leukemia), and kidney. The ten most common cancers 

Table 1: Population coverage in Wuwei city from 2003 to 2012 (n)

Gender 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Total
Male 483,105 488,418 491,225 509,872 520,994 515,190 521,276 526,202 523,472 530,588 5,110,342
Female 446,901 451,620 458,797 460,169 465,412 476,265 481,055 486,487 510,031 489,661 4,726,398
Total 930,006 940,038 950,022 970,041 986,406 991,455 1,002,331 1,012,689 1,033,503 1,020,249 9,836,740

Table 2: Quality evaluation of cancers in Wuwei cancer 
registration from 2003 to 2012

Year Incidence 
case

Deaths

(n)

M/I MV% DCO% O and U%

2003 1951 1431 0.73 59.18 1.51 0.39
2004 2271 1331 0.59 62.41 1.95 0.27
2005 2245 1515 0.67 63.21 1.68 0.17
2006 2151 1810 0.84 77.86 1.17 0.3
2007 2353 1814 0.77 79.08 0.91 0.2
2008 2671 1810 0.68 78.75 1.18 0.17
2009 2532 1720 0.68 83.11 0.92 0.19
2010 2721 1692 0.62 80.19 0.91 0.28
2011 2804 2073 0.74 78.62 0.98 0.16
2012 3005 2091 0.70 81.84 0.87 0.21
Total 24,705 17,287 0.70 74.43 1.21 0.23
M/I: Mortality to incidence ratio; MV%: Proportion of morphological 
verification; DCO%: Percentage of cancer case identified with death 
certification only; O and U%: Percentage of cancer with undefined or 
unknown primary site.
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in males accounted for 90.97% of all cancers. For females, 
stomach cancer was the most common cancer followed by 
cancers of the esophagus, lung, breast, liver, colorectum, 
cervix, uterus, blood (leukemia), and lymphoma. The ten 
most common cancers in females accounted for 77.90% of 
all cancers [Table 7, Figures 1 and 2].

With regard to mortality, the ten most common cancers accounted 
for 89.82% of all cancer‑related deaths. In term of cancers sites, 
the stomach was the leading site, followed by the esophagus, 
liver, lung, colorectum, breast, cervix, blood (e.g., lymphoma 
and leukemia), brain, and central nervous system. For males, 
stomach cancer was the most common cancer followed by 

Table 3: Gender‑ and age‑specific incidence characteristics of all cancer cases registered in Wuwei during 2003–2012

Age groups 
(years)

Cumulative 
population

Age‑specific 
incidence 

rate (1/105)

Male Female

Population Incidence 
cases

Incidence 
rate (1/105)

Population Incidence 
cases

Incidence 
rate (1/105)

0–0.9 79,609 0.00 42,374 0 0.00 37,235 0 0.00
1.0–4.9 343,658 1.12 192,922 0 0.00 150,736 4 2.56
5.0–9.9 508,743 0.00 307,010 0 0.00 201,733 0 0.00
10.0–14.9 809,074 0.55 470,108 4 0.95 338,966 0 0.00
15.0–19.9 996,442 2.06 530,213 9 1.68 466,229 12 2.48
20.0–24.9 947,340 4.09 470,148 16 3.32 477,192 23 4.85
25.0–29.9 701,556 8.94 369,277 36 9.67 332,279 27 8.12
30.0–34.9 701,119 34.33 363,383 125 34.41 337,736 116 34.24
35.0–39.9 1,154,848 45.53 581,725 237 40.69 573,123 289 50.45
40.0–44.9 1,062,112 127.71 521,988 701 134.31 540,124 655 121.34
45.0–49.9 565,215 342.62 272,592 1123 412.01 292,623 813 277.98
50.0–54.9 614,585 541.78 313,697 2219 707.50 300,888 1110 369.00
55.0–59.9 433,379 949.97 219,691 2818 1282.62 213,688 1299 607.97
60.0–64.9 341,773 1330.29 163,624 2985 1824.46 178,149 1561 876.41
65.0–69.9 255,527 1445.78 130,626 2434 1863.15 124,901 1261 1009.29
70.0–74.9 194,420 1603.94 95,791 2027 2116.47 98,629 1091 1106.15
75.0–79.9 87,100 1399.25 44,666 822 1839.59 42,434 397 935.74
80.0–84.9 28,206 1427.55 14,654 252 1721.76 13,552 150 1109.42
85.0 or older 12,034 730.28 5853 65 1106.29 6181 23 374.22
Total 9,836,740 251.15 5,110,342 15,873 310.61 4,726,398 8832 186.87

Table 4: Gender– and age–specific mortality characteristics of all cancer cases registered in Wuwei during 2003–2012

Age groups Cumulative 
population

Age‑specific 
mortality 

rate (1/105)

Male Female

Population Mortality 
cases

Mortality 
rate (1/105)

Population Mortality 
cases

Mortality 
rate (1/105)

0–0.9 79,609 0.00 42,374 0 0.00 37,235 0 0.00
1.0–4.9 343,658 0.00 192,922 0 0.00 150,736 0 0.00
5.0–9.9 508,743 0.00 307,010 0 0.00 201,733 0 0.00
10.0–14.9 809,074 0.29 470,108 2 0.50 338,966 0 0.00
15.0–19.9 996,442 0.73 530,213 0 0.00 466,229 7 1.55
20.0–24.9 947,340 1.01 470,148 2 0.50 477,192 7 1.52
25.0–29.9 701,556 3.40 369,277 9 2.54 332,279 14 4.35
30.0–34.9 701,119 10.00 363,383 38 10.33 337,736 33 9.64
35.0–39.9 1,154,848 22.13 581,725 129 22.17 573,123 127 22.09
40.0–44.9 1,062,112 56.21 521,988 293 56.16 540,124 304 56.26
45.0–49.9 565,215 163.46 272,592 544 199.59 292,623 380 129.80
50.0–54.9 614,585 265.08 313,697 1144 364.81 300,888 485 161.11
55.0–59.9 433,379 554.51 219,691 1745 794.17 213,688 658 308.11
60.0–64.9 341,773 848.52 163,624 1996 1219.65 178,149 904 507.65
65.0–69.9 255,527 1177.99 130,626 1899 1454.15 124,901 1111 889.17
70.0–74.9 194,420 1461.37 95,791 1944 2029.47 98,629 897 909.61
75.0–79.9 87,100 2118.35 44,666 1353 3029.37 42,434 492 1159.41
80.0–84.9 28,206 1928.78 14,654 417 2848.51 13,552 127 934.28
85.0 or older 12,034 1867.87 5853 152 2604.28 6181 72 1170.53
Total 9,836,740 175.74 5,110,342 11,669 228.34 4,726,398 5618 118.86
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cancers of the liver, esophagus, lung, colorectum, brain, 
central nervous system, bone, blood (leukemia), bladder, 
and lymphoma. The ten most common cancers in males 
accounted for 95.68% of all cancers. For females, stomach 
cancer was the most common cancer followed by cancers of 
the esophagus, lung, liver, breast, cervix, uterus, unspecified, 
ovary, colorectum, brain, and central nervous system. The ten 
most common cancers in females accounted for 85.70% of all 
cancers [Table 8, Figures 3 and 4].

Analysis of cancer trends in Wuwei, 2003–2012
The EAPC (%) [Table 9, Figures 5 and 6] estimated the 
value reflecting the trends associated with changes in cancer 

incidence and mortality rates in Wuwei from 2003 to 2012. 
We calculated trends with regard to changes over time of 
all malignant tumor incidence and mortality rates, as well 
as five kinds of cancers including gastric, esophageal, 
liver, lung, and colorectum cancers, which are the biggest 
threat to local residents’ health. Results showed that during 
2003 and 2012, malignant tumor incidence and mortality 
rates increased 1.32% and 1.31%/year, respectively, in 
Wuwei. During this decade, colorectum cancer incidence 
and mortality rates increased by 2.69% and 7.54%/year, 
respectively. In addition, the incidence and mortality rates 
for several cancers including gastric, esophageal, liver, and 
lung cancers all increased.

Table 5: The incidence and mortality rates of cancers (ICD‑10:C00–C97) registered in Wuwei during 2003–2012

Gender Cases 
number

Crude rate 
(1/105)

ASR‑China 
(1/105)

ASR‑world 
(1/105)

Cumulative rate 
0–74.9 years (%)

Incidence
Both genders 24,705 251.15 207.76 245.42 32.22
Male 15,873 310.61 248.30 308.91 41.00
Female 8832 186.87 169.52 184.85 23.77

Mortality
Both genders 17,287 175.74 149.57 175.13 20.59
Male 11,669 228.34 185.09 230.31 26.40
Female 5618 118.86 115.22 121.95 15.38

ASR‑China: Age‑standardized rate for the incidence/mortality based on the Chinese standard population; ASR‑world: Age‑standardized rate for the 
incidence/mortality based on the world standard population; cumulative rate refers to the rate for all patients aged 0–74.9 years. ICD: International 
Classification of Diseases.

Table 6: Constituent ratio of age distribution of major cancers in Wuwei during 2003–2012

ICD 0–44.9 years (%) 45.0–64.9 years (%) 65.0 years or older (%) Total (%)

Male Female Male Female Male Female Male Female
Incidence (2003–2012)

Stomach, C16 6.78 12.22 57.72 54.16 35.50 33.62 100.00 100.00
Esophagus, C15 3.41 5.16 55.49 52.67 41.10 42.17 100.00 100.00
Liver, C22 18.14 17.83 54.21 48.97 27.65 33.2 100.00 100.00
Lung, C33–C34 6.52 13.71 46.99 50.61 46.49 35.68 100.00 100.00
Colon, rectum, C18–C21 12.49 15.95 47.89 54.42 39.62 29.63 100.00 100.00
Breast, C50 – 35.47 – 55.31 – 9.22 – 100.00
Lymphoma, C77 30.29 36.34 47.89 47.77 21.82 15.89 100.00 100.00
Leukemia, C42 55.01 47.33 30.68 37.39 14.31 15.28 100.00 100.00
Cervix, C53 – 31.35 – 55.75 – 12.90 – 100.00
Nervous system, C70–C72 37.42 40.67 41.71 42.24 20.87 17.09 100.00 100.00
All cancers 9.87 18.30 53.61 54.58 36.52 27.12 100.00 100.00

Mortality (2003–2012)
Stomach, C16 6.09 11.11 55.34 50.56 38.57 38.33 100.00 100.00
Esophagus, C15 2.77 3.82 55.22 53.55 42.01 42.63 100.00 100.00
Liver, C22 17.95 19.93 53.38 48.03 28.67 32.04 100.00 100.00
Lung, C33–C34 6.40 13.44 46.58 46.50 47.02 40.06 100.00 100.00
Colon, rectum, C18–C21 12.00 17.38 45.33 49.50 42.67 33.12 100.00 100.00
Breast, C50 – 36.56 – 51.45 – 11.99 – 100.00
Lymphoma, C77 31.98 39.36 47.15 45.01 20.87 15.63 100.00 100.00
Leukemia, C42 64.37 53.08 19.49 34.96 16.14 11.96 100.00 100.00
Cervix, C53 – 31.36 – 49.29 – 19.35 – 100.00
Nervous system, C70–C72 40.39 50.55 35.23 30.59 24.38 18.86 100.00 100.00
All cancers 9.70 19.48 51.85 49.07 38.45 31.45 100.00 100.00

ICD: International Classification of Diseases.
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dIscussIon

The systematic analysis explored the population‑based 
cancer incidence and mortality in Wuwei between 2003 and 
2012, with a standardized protocol for data collection, quality 
control, and analysis. Although the population covered was 
approximately 3% of the Gansu province population, this still 
represents a base population of 1 million people. Reliable 
information on cancer incidence and mortality in this area 

is critical for understanding the effectiveness of diagnosis 
and treatment management for cancer, which is necessary 
information for health care planners and professionals. In 
this study, person‑year was calculated, which represent 
survival time composite unit, and it is the sum of product 
of people number and survival years. From 2003 to 2012, 
person‑years were 9,836,740 (5,110,342 and 4,726,398 male 
and female, respectively) in Wuwei, and the gender ratio 
of male/female was 1.08:1. In our data analyses, we found 
that the gender‑ and age‑specific incidence and mortality 
was relatively low in the age group of 0–44.9 years and was 
dramatically increased in ages >20.0 years. Incidence and 
mortality reached a peak in the age groups of 55.0–64.9 years. 
The increase in age‑specific incidence and mortality of 
males was similar to that observed for females. The male 
cancer incidence and mortality were 17,117 and 11,882, 
respectively, and the female incidence and mortality cancers 
cases were 9524 and 5726, respectively. The approximate 
age for females and males who had the highest incidence of 
cancer was 64 years. This was found to be related to lifestyle, 
environmental pollution, population, and aging. The reasons 
for the high incidence and mortality in males were due to 
their habits including smoking and drinking. The population 
epidemiological survey showed that Wuwei males liked to 

Table 7: Incidence of the top 10 cancers in Wuwei, 2003–2012

Rank Both genders Male Female

Site Number Incidence 
(1/105)

Proportion 
(%)

Site Number Incidence 
(1/105)

Proportion 
(%)

Site Number Incidence 
(1/105)

Proportion 
(%)

1 Stomach 9400 95.56 35.28 Stomach 7109 139.11 41.53 Stomach 2291 48.47 24.05
2 Esophagus 4486 45.60 16.84 Esophagus 3391 66.35 19.81 Esophagus 1095 23.17 11.50
3 Liver 2680 27.24 10.06 Liver 1954 38.23 11.41 Lung 836 17.68 8.77
4 Lung 2392 24.32 8.98 Lung 1556 30.44 9.09 Breast 827 17.50 8.68
5 Colorectum 1438 14.62 5.40 Colorectum 773 15.13 4.52 Liver 726 15.37 7.63
6 Breast 827 8.41 3.10 Lymphoma 255 4.99 1.49 Colorectum 665 14.06 6.98
7 Cervix 413 4.20 1.55 Bladder 205 4.01 1.20 Cervix 413 8.74 4.34
8 Lymphoma 402 4.09 1.51 Nervous 

system
203 3.98 1.19 Uterus 220 4.66 2.31

9 Leukemia 378 3.84 1.42 Leukemia 179 3.51 1.05 Leukemia 199 4.20 2.08
10 Nervous 

system
349 3.55 1.31 Kidney 147 2.88 0.86 Lymphoma 147 3.11 1.54

Total 22,765 231.43 85.45 15,772 304.72 90.97 7419 156.97 77.90

Figure 2: The proportion of the commonest cancers incidence.

Figure 1: Incidence of the commonest cancers. (a) Both genders. (b) Male. (c) Female.
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drink and therefore, gastric, esophageal, and other malignant 
cancers of the digestive system were common.[16,17]

During 2003–2012 there were 24,705 new cancers (15,873 
and 8832 male and female, respectively) according to 
the Wuwei cancer registries. Among all new cases, the 
proportion of males and females were 64.25% and 35.75%, 
respectively. In 2009, the national average incidence of 

cancer was 195.67/100,000 persons,[18] and Wuwei was 
44.85% higher than the national average. There were 17,287 
cancer‑related deaths (11,669 and 5618 male and female, 
respectively) between 2003 and 2012, and the proportion 
of male and female deaths were 67.48% and 32.52%, 
respectively. In 2008, the national average incidence of 
cancer was 140.88/100,000 persons,[18] and Wuwei was 
25.91% higher than the national average. There were high 
incidence and mortality cases of cancer among the age 

Table 8: Mortality of the top 10 cancers in Wuwei, 2003–2012

Rank Both genders Male Female

Site Number Mortality 
(1/105)

Proportion 
(%)

Site Number Mortality 
(1/105)

Proportion 
(%)

Site Number Mortality 
(1/105)

Proportion 
(%)

1 Stomach 6753 68.65 38.35 Stomach 5200 101.75 43.76 Stomach 1553 32.86 27.12
2 Esophagus 2732 27.77 15.52 Liver 2072 40.55 17.44 Esophagus 751 15.89 13.12
3 Liver 2701 27.46 15.34 Esophagus 1981 38.76 16.67 Lung 688 14.56 12.02
4 Lung 1872 19.03 10.63 Lung 1184 23.17 9.97 Liver 629 13.30 10.98
5 Colorectum 433 4.40 2.46 Colorectum 323 6.33 2.72 Breast 389 8.24 6.80
6 Breast 389 3.95 2.21 Nervous 

system
174 3.40 1.46 Cervix 311 6.59 5.44

7 Cervix 311 3.16 1.77 Bone 115 2.26 0.97 Uterus 250 5.28 4.36
8 Nervous 

system
260 2.64 1.48 Leukemia 109 2.14 0.92 Ovary 140 2.97 2.45

9 Uterus 250 2.54 1.42 Bladder 107 2.09 0.90 Colorectum 110 2.33 1.92
10 Bone 115 1.17 0.65 Lymphoma 103 2.01 0.86 Nervous 

system
86 1.81 1.49

Total 15,816 160.78 89.82 11,368 222.46 95.68 4907 103.83 85.70

Figure 4: The proportion of the most common cancers mortality.

Figure 5: Time trends change of cancers incidence rate in Wuwei 
during 2003–2012.

Figure 3: Mortality of the commonest cancers. (a) Both genders. (b) Male. (c) Female.
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groups of 45.0–64.9 years, with more men than women. 
The main cancers among the age group under 45.0 years 
old included non‑Hodgkin’s lymphoma, Hodgkin’s disease, 
and leukemia. Older individuals were more likely to suffer 
from lung, liver, nasopharyngeal carcinoma, gastric, breast, 
colon, skin, and bone cancers. The occurrence of cancer is 
associated with decreased immunity.[19] This data suggest 
that local residents should pay attention to their diet and 
exercise, form good habits, and stop drinking alcohol, and 
the incidence and mortality of cancer will likely decrease.

The incidence of the ten most common cancers was different 
between Wuwei and China national cancer registries.[18,20] 
Gastric and esophageal cancers were ranked first and second, 
respectively, in Wuwei, but the most common cancers in 
national cancer registration areas were lung and liver cancers. 
The standardized incidence of gastric and esophageal cancers 
in Wuwei was much higher than the national average level. 
Digestive system tumors, especially gastric cancers, were 
still the main cause of male and female malignant tumor 
death in Wuwei. The reasons may be due to multiple reasons 
including local diet habits, diet structure, and environmental 
factors. For one thing, Wuwei is located in Northwestern 
China, which is a less developed area, and the gaps exist 

in the diet structure and lifestyle compared to developed 
areas. Zhou et al.[17] found that the local residents consume 
less fresh vegetables, but more marinated or pickled foods. 
In addition, recent years, a national upper gastrointestinal 
tract cancer screening project was implemented in this area, 
and the results showed that chronic gastritis and gastric 
ulcer were higher in local residents. These factors combined 
have probably led to the high incidence of stomach and 
esophageal cancers in this region. Increased cancer incidence 
and mortality in males were also observed in this study, 
especially stomach, esophageal, liver, and lung cancers. 
Similar data have been reported in other countries.[21] It is 
not very clear what has caused the increase in incidence 
and mortality in males and the sites associated with cancer. 
In a recent study, they showed that genetic predisposition, 
smoking, and alcohol consumption are very common in 
males of this region and that all of these factors have been 
associated with the development of stomach, esophageal, 
liver, and lung cancers.[22‑24] In addition, we used an estimated 
EAPC to assess the trends in cancer incidence and mortality 
rates over time.[15] Results showed that during 2003–2012, 
cancer incidence and mortality rates increased. In addition, 
we observed a steady increase in the incidence and mortality 
of all cancers, except colorectum cancer, which significantly 
increased. The recent epidemiological survey showed that 
baked, pickled, and increased intake of meat can lead to 
colorectum cancer.[25,26] All cancers appeared to be associated 
with aging, diet structure, and environmental factors. In 
addition, high cancer incidence was also associated with the 
development of medicine and early diagnosis.[27‑29]

In summary, results from our study showed that 
(1) the incidence of stomach and esophageal cancers 
is high in Wuwei, (2) the main carcinoma tends to 
occur in elderly and is more common in males, and 
(3) colorectal cancer significantly increased from 2003 to 
2012. In addition, the increased burden of tumors and other 
environmentally‑related health problems have become 
a regional public health issue.[30] Our study showed that 

Table 9: Trend change analysis of cancers incidence/mortality rates in Wuwei, EAPC estimate (2003–2012)

Groups 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 EAPC (%) P
Incidence (1/105)

All cancers 209.79 241.59 236.31 221.74 238.54 269.41 252.61 268.69 271.31 294.53 1.32 0.001
Stomach 84.41 92.87 90.63 102.46 96.31 103.99 89.49 98.35 98.79 97.23 0.47 0.135
Esophagus 48.71 38.99 42.3 49.7 44.78 41.87 46.69 45.61 50.91 46.07 0.39 0.354
Liver 26.12 23.28 22.65 29.38 27.12 29.57 32.37 26.71 30.83 23.92 0.63 0.312
Lung 24.30 22.89 23.69 22.13 25.91 24.08 23.65 25.77 26.99 23.52 0.37 0.222
Colorectum 11.34 16.40 11.07 10.85 13.01 14.97 19.48 18.66 15.43 22.45 2.69 0.015

Mortality (1/105)
All cancers 153.87 141.59 159.47 186.59 183.90 182.56 171.60 167.08 200.58 204.95 1.31 0.008
Stomach 63.44 57.45 63.68 69.68 71.61 74.44 61.99 64.68 72.01 63.51 0.36 0.390
Esophagus 25.27 26.28 25.38 30.23 29.17 24.03 24.12 30.42 33.69 28.55 0.76 0.177
Liver 25.16 25.98 29.91 26.57 27.46 20.37 22.25 32.16 33.86 30.29 0.80 0.319
Lung 15.91 20.33 19.21 14.99 16.32 18.89 24.96 19.87 18.01 21.47 0.97 0.197
Colorectum 1.18 3.00 2.66 2.86 4.33 3.23 5.29 4.79 6.17 9.90 7.54 0.000

EAPC: Estimated the average annual percent change.

Figure 6: Time trends change of cancers mortality rate in Wuwei 
during 2003–2012.
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gastric, esophageal, and other digestive system tumors are 
the main cancers threating Wuwei residents. Based on these 
results, the local government should provide the following: 
(1) health education, (2) healthy living environments, and 
(3) screening of chronic diseases. Future population‑based 
epidemiological studies should be conducted to further 
study the trends associated with cancers and to elucidate 
the potential risk factors for digestive system cancers in this 
high endemic region.
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