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Summary Cancer has become the leading cause of death and a major burden to public health in China.
The current study analyzed the composition, incidence, mortality, and temporal trends for
some major cancer types among permanent residents in Luwan district of Shanghai from
2002 to 2011, so as to provide data for cancer research. Data were collected from the database
of cancer registration and management system in Shanghai. Number of new cases, number
of deaths, incidence, and mortality of each cancer type were calculated. The incidence and
mortality rates were standardized. Temporal trends in the incidence and mortality were
assessed using average annual percent change. There were 12,843 new cancer cases and
8,331 deaths from cancer in Luwan from January 2002 to December 2011. Age-standardized
incidence rates by Segi's standard were 229.46 and 205.05 per 100,000 population for males
and females, respectively. For males, the most commonly diagnosed cancers were lung,
colorectal, stomach, liver, prostate, bladder, pancreas, kidney, lymphoma, and esophageal
cancers; for females, they were breast, colorectal, lung, stomach, thyroid, liver, ovary, pancreas,
uterus, and brain cancers. The incidence rates for all cancers combined increased significantly
for both males and females from 2002 to 2011 (p < 0.05 for both). Age-standardized mortality
rates were 147.04 and 90.62 per 100,000 population for males and females, respectively. The
mortality rates have stayed stable during the 10-year period for both males and females (p >
0.05 for both). Our results suggest that cancer incidence and mortality rates in Luwan district
of Shanghai vary by age, sex, tumor type. The increasing trends in cancer incidence call for
effective prevention and control measures in the district. The significance of cancer registration
for disease surveillance and management needs to be further advocated.
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westernized diet, physical inactivity, and reproductive
changes (such as late marriage and late childbearing).
Luwan district, located at the southeastern part of urban
Shanghai, has a total area of 8.05 km’ and a population
around 0.3 million (2). The relatively stable and dense
aging population, optimized and upgraded industrial
structure, and relatively abundant medical resources in
this district assume greater representative of developed
urban regions in China. Using integrated data based on
the district cancer registry in an urban setting, this study
provided comprehensive regional information of the
cancer burden in the past 10 years.

In the current study, we comprehensively analyzed
composition, incidence and mortality of cancer in Luwan
district of Shanghai. All cancers and cause-specific
incidence and mortality rates were calculated, and
further stratified by gender, age categories, and leading
causes of cancer occurrence and death. The trends of
incidence and mortality rates for all cancers combined
and selected cancers were tested during the period of
2002 to 2011. The purposes of this study include: 1)
present the regional burden and distribution of cancer
in Luwan district of Shanghai, 2) provide population-
based evidence for cancer research, future policy design,
and health resource allocation, and 3) demonstrate the
importance of cancer registration for disease surveillance
and management.

2. Materials and Methods
2.1. Data sources

The cancer data from January 1% 2002 to December
31 2011 of permanent residents in Luwan district were
collected from the database of cancer registration and
management system in Shanghai. The population data
were from Center for Disease Control and Prevention
of Luwan district in Shanghai. All cancer cases were
classified according to the International Classification
of Diseases, 10th revision (ICD-10). Because of data
corrections or case capture lags, cancer incidence rates
were adjusted for reporting delays whenever possible.
Percentages of cancers morphology verified (MV%)
and death certificate only (DCO%) showed overall data
quality is good.

2.2. Statistical analyses

Incidence and mortality rates were calculated as the
total number of new cases/deaths each year divided by
the corresponding annual average population in Luwan
district and expressed per 100,000 population. The rates
were standardized by the demographic composition
developed in the Fifth Nationwide Census in the year
2000, and the Seig's world standard (3,4). Age-specific
incidence and mortality were also calculated for all
cancers combined and selected common cancer types.

Gender difference was compared using the u-statistics
for two observed Poisson variables. All above analyses
were two-sided and performed using EXCEL2007 and
SPSS 16.0 (SPSS, Inc., Chicago, IL). A p < 0.05 was
considered statistical significant.

Temporal trends of the incidence and mortality rates
for all cancers combined and the 10 most common
cancer types stratified by sex were assessed using
fitting joinpoint model by Join-point Regression
Program 3.5.1 (). Rates (per 100,000 population) were
age-standardized according to the Segi's world standard
population and log-transformed. Models were restricted
to a maximum of 2 joinpoints (i.e., 3 line segments),
and trends were expressed as an annual percent change
(APC). The statistical significance of the APC was
assessed by the Z test. Terms "increase" or "decrease"
were used to describe statistically significant (p <
0.05) APC, while the term "stable" was used for non-
statistically significant trends.

3. Results
3.1. Cancer incidence

The annual number of new cases and incidence for
all cancers are presented in Table 1. A total of 12,843
new cancer cases were diagnosed from January 2002
to December 2011. There were 6,563 (51.10%) male
cancer cases, and 6,280 (48.90%) female cancer cases.
The male to female ratio was 1.05:1. For all cancers
combined, the crude incidences of males and females
were 417.62 and 391.63 per 100,000 population,
respectively. Age-standardized rates by the 2000 Chinese
standard population were 191.10 and 180.11 per 100,000
population for males and females, and age-standardized
rates by Segi's standard were 229.46 and 205.05 per
100,000 population for males and females, respectively.
Male incidence for all cancers combined was higher than
the female incidence, and the difference was statistically
significant (u = 3.65, p <0.01).

The number of new cases, crude and age-standardized
incidences for commonly diagnosed cancer types by sites
are presented in Table 2. The 10 most common cancer
types among males were: lung, colorectal, stomach,
liver, prostate, bladder, pancreas, kidney, lymphoma, and
esophageal cancers, accounting for about 80 percent of
all new cancer cases. Lung cancer alone was accounting
for about 19 percent of all new cancer cases in males.
The corresponding cancers among females were: breast,
colorectal, lung, stomach, thyroid, liver, ovary, pancreas,
uterus, and brain, accounting for more than 76 percent
of all cases. Breast cancer alone was accounting for
approximately 19 percent of all new cancer cases in
females (Table 2). The incidences of lung (u = 13.46, p
< 0.01), stomach (u = 9.88, p < 0.01), liver (u = 11.96,
p < 0.01), bladder (u = 9.60, p < 0.01), kidney (u =
5.38, p <0.01), esophageal (u = 8.05, p < 0.01) cancers,
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Table 1. New cases and incidence of all malignant tumors in Luwan district of Shanghai, 2002-2011

Total

Females

Males

Year

ASR ASR

Crude

Population
rate

New

ASR
cases

Population Crude ASR
rate

New

cases

Population  Crude ASR ASR
rate

New

cases

World{
(1/10%)

China*

Worldf

(1/10%)

China*

Worldt

(1/10%)

China*

(1/10%)

(1/10%)

(1/10%)

(1/10%)

(1/10%)

(1/10%)

363.40 171.12 202.97

340123

1236

158.87 184.97

340.17

171089
166582
164138

582
585
572
607
592
615

188.70 227.65

386.90

169034
164522
162074
159090
156367
154860
153593
152216
150506
149281
1571543

654
605
658

2002
2003

170.39 198.47

359.40

331104
326212

1190
1230
1193
1258
1246
1276
1282
1457
1475
12843

164.63 185.79

351.18

180.63 216.73

367.73

172.66 201.97

377.06

163.56 184.08

348.49

187.74 228.07

405.99

2004
2005

206.58

173.76
184.4

372.41

320347
315186
312630
310828
308742
305893
304033
3175098

376.42 174.51 202.79

161257
158819
157770
157235
156526
155387
154752
1603555

175.75 213.54

368.34

586
666
631
641
681

214.03

399.13

178.37 200.40

372.75

195.50 234.11

425.92

2006
2007

178.69 206.92

398.55

170.83 193.60

389.81

189.63 224.09

407.46

217.40
212.11

185.09

410.52

188.11 217.88

403.85

635
601

185.99 221.81

417.34

2008

183.04

415.23

175.73 199.44

383.96

193.40 228.66

447.39

2009
2010

200.58 234.26

476.31

738 474.94 208.56 233.54

753
6280

719 477.72 194.86 238.15

722
6563

214.01 248.13

485.14

217.76 244.80

486.58

211.36 252.71

483.65

2011

183.68 214.83

404.49

180.11 205.05

391.63

191.10 229.46

417.62

Total

*Age-standardized rate by Chinese standard population based on the result of national census in 2000. TAge-standardized rate by Segi's world standard population.

lymphoma (u = 8.05, p < 0.01) and leukemia (u = 2.37,
p < 0.01) were significantly higher among males than
females. While the incidences of thyroid (z = 9.46, p <
0.01), brain (u = 1.84, p < 0.05), and gallbladder (z =
4.77, p < 0.01) cancers were significantly higher among
females than males. There were no significant differences
for colorectal (z = 0.62, p > 0.05), and pancreas (1= 1.27,
p > 0.05) cancers between males and females.

The age distributions of the top 5 most frequently
diagnosed cancer types by sex are presented in Figure
la and 1b. In general, incidences of the 5 most common
cancer types among males increased with age (Figure
la). For lung, colorectal, stomach, and liver cancers,
the incidences gradually increased after 45 years of
age, and peaked at age group 80-85. There was a sharp
increase for lung, colorectal, and stomach cancers after
age 55. For prostate cancer, incidence increased steeply
after age 70, and peaked at age group 85+. Among
females, thyroid cancer was diagnosed among almost
all age groups. The incidence of breast cancer increased
significantly after 35 years of age, and stayed high
between the ages 45-80. The incidences of colorectal,
lung, and stomach cancers also increased significantly
with age, and the sharp increase was seen after ages 50,
55, and 65, respectively.

3.2. Cancer mortality

The annual number of deaths, crude and age-
standardized mortality for all cancers are presented in
Table 3. A total of 8,331 patients died of cancer from
January 2002 to December 2011. There were 4,694
(56.34%) cancer deaths of males, and 3,637 (43.66%)
cancer deaths of females. The male to female ratio was
1.29:1. For all cancers combined, the crude mortality of
males and females were 298.69 and 226.81 per 100,000
population, respectively. Age-standardized rates by the
2000 Chinese standard population were 118.82 and 73.78
per 100,000 population for males and females, and age-
standardized rates by Segi's standard were 147.04 and
90.62 per 100,000 population for males and females,
respectively. Male mortality for all cancers combined
was significantly higher than the female mortality (u =
12.52, p<0.01).

The number of cancer deaths and mortality for
common cancer types by sites are presented in Table
4. The top 10 causes of cancer deaths among males
were: lung, stomach, colorectal, liver, pancreas,
prostate, esophageal, lymphoma, bladder, and leukemia,
accounting for approximately 84 percent of all cancer
deaths. Lung cancer alone was accounting for about one
quarter of all cancer deaths in males. The corresponding
cancers among females were: lung, colorectal, stomach,
breast, liver, pancreas, gallbladder, ovary, lymphoma,
and brain, accounting for about 78 percent of all cancer
deaths. The mortality rates of lung (z = 13.89, p < 0.01),
stomach (1 = 8.95, p < 0.01), liver (u =11.38, p <0.01),
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Figure 2. Age-specific mortality rates of the 5 most common causes of cancer deaths among permanent residents in Luwan
district of Shanghai, 2002-2011. (A) Age-specific mortality rates of the 5 most common causes of cancer deaths among males
in Luwan district of Shanghai, 2002-2011. (B) Age-specific mortality rates of the 5 most common causes of cancer deaths among

females in Luwan district of Shanghai, 2002-2011.

Table 5. Death-to-case ratio by sex in Luwan district of Shanghai, 2002-2011

Males Females Total

Year

New Deaths Deaths New Deaths Deaths New Deaths Deaths

cases /New cases cases /New cases cases /New cases
2002 654 505 0.77 582 373 0.66 1236 878 0.71
2003 605 463 0.77 585 382 0.65 1190 845 0.71
2004 658 467 0.71 572 357 0.62 1230 824 0.67
2005 586 440 0.75 607 343 0.57 1193 783 0.66
2006 666 442 0.66 592 334 0.56 1258 776 0.62
2007 631 428 0.68 615 334 0.54 1246 762 0.61
2008 641 474 0.74 635 369 0.58 1276 843 0.66
2009 681 501 0.74 601 381 0.63 1282 882 0.69
2010 719 504 0.70 738 422 0.57 1457 926 0.64
2011 722 470 0.65 753 342 0.45 1475 812 0.55
Total 5304 3726 0.70 5113 2882 0.56 10417 6608 0.63

esophageal (1 = 7.89, p < 0.01), bladder (u = 6.41, p
< 0.01) cancers, lymphoma (u = 3.46, p < 0.01) and
leukemia (u = 3.09, p < 0.01) were significantly higher
among males than females. While the mortality rate of
gallbladder cancer (u = 4.18, p < 0.01) was significantly
higher among females than males. There were no
significant differences for colorectal (z = 0.03, p > 0.05),
pancreas (# = 0.73, p > 0.05), brain (u = 0.28, p > 0.05),
and kidney (u = 0.56, p > 0.05) cancers between males
and females.

The age distributions of the top 5 causes of cancer
deaths by sex are presented in Figure 2a and 2b. For both
males and females, the mortality rates increased with
age. Table 5 presents the death-to-case ration during the
10 years period.

3.3. Trends in cancer incidence and mortality

Trends in cancer incidence for all cancers combined and
the top 10 most common cancer types are shown in Table
6. For both males and females, the age-standardized
incidence rates increased significantly over the period
of 2002 to 2011 (p < 0.05 for both). The temporal trend
analyses among males showed incidences increased
significantly of prostate and kidney cancers (p < 0.05 for
both), while the incidence of stomach cancer decreased

significantly (p < 0.05). The incidence trends for other
selected cancer types in males were stable (Table 6). For
females, the age-standardized incidence rate of breast
cancer increased significantly from 2007 to 2011 (p <
0.05). A significant increase of age-standardized rate was
also observed for thyroid cancer in females (p < 0.05).
The temporal trends were stable for other selected cancer
types in females (Table 6).

Table 7 shows trends in cancer mortality for all
cancers combined and the top 10 most common cancer
types. The age-standardized mortality rates stayed stable
during the period of 2002 to 2011 for both males and
females (p > 0.05 for both). The temporal trend analyses
showed for males, the mortality rates of lung, stomach,
and esophageal cancers decreased significantly (p <
0.05 for all three). The temporal trends of mortality for
other selected cancer types in males were stable (Table
7). For females, the age-standardized mortality rate of
lymphoma increased significantly from 2002 to 2011 (p
< 0.05), and the temporal trends were stable for other
selected cancer types (Table 7).

4. Discussion

The present study analyzed cancer composition,
incidence, mortality and their trends among permanent
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Table 6. Trends in cancer incidence rates (age-standardized to the Segi's world Standard Population) for selected cancers
and all cancers combined by sex in Luwan district of Shanghai, 2002-2011

Trends 1 Trends 2
Site ICD-10
Years APC Years APC

Male

Lung C33-34 2002-2011 -0.97

Colon and rectum C18-21 2002-2011 -0.42

Stomach Cl6 2002-2011 -3.33%

Liver C22 2002-2011 -0.04

Prostate C61 2002-2011 6.42%*

Bladder Co67 2002-2011 1.03

Pancreas C25 2002-2011 2.96

Kidney C64-66,68 2002-2011 6.19*

Esophagus C15 2002-2011 -6.24

Lymphoma C81-85, 88, 90, 96 2002-2011 3.22

All sites ALL 2002-2011 1.25%
Female

Breast C50 2002-2007 -3.31 2007-2011 10.48%*

Colon and rectum C18-21 2002-2011 0.49

Lung C33-34 2002-2011 1.29

Stomach Cl6 2002-2011 1.67

Thyroid C73 2002-2004 109.32* 2004-2011 18.28*

Liver C22 2002-2011 0.40

Ovary C56 2002-2011 -8.44

Pancreas C25 2002-2011 4.63

Uterus C54-55 2002-2011 9.56

Brain, CNS C70-C72 2002-2011 1.22

All sites ALL 2002-2011 3.06*

APC, annual percent change; CNS, central nervous system; ICD-10, International Classification of Diseases, 10™ revision. *The APC is
significantly different from zero (P < 0.05).

Table 7. Trends in cancer mortality rates (age-standardized to the Segi's world Standard Population) for selected cancers
and all cancers combined by sex in Luwan district of Shanghai, 2002-2011

Trends 1 Trends 2 Trends 2
Site ICD-10
Years APC Years APC Years APC

Male

Lung C33-34 2002-2011 -3.12%

Stomach Cl6 2002-2011 -3.34%

Colon and rectum C18-21 2002-2011 2.46

Liver C22 2002-2011 -1.86

Pancreas C25 2002-2004 -33.95 2004-2007 26.40 2007-2011 -541

Prostate Co1 2002-2011 3.37

Esophagus CI15 2002-2011 -9.18*

Lymphoma C81-85, 88, 90, 96 2002-2011 6.63

Bladder C67 2002-2011 2.25

Leukemia C91-95 2002-2011 1.25

All sites ALL 2002-2011 -0.83
Female

Lung C33-34 2002-2004 -23.17 2004-2007 14.6 2007-2011 -12.26

Colon and rectum C18-21 2002-2011 -1.59

Stomach Cl6 2002-2011 -2.42

Breast C50 2002-2011 -0.71

Liver C22 2002-2011 -0.75

Pancreas C25 2002-2011 -0.41

Gallbladder C23-24 2002-2011 -6.58

Ovary C56 2002-2011 -1.33

Lymphoma C81-85, 88, 90, 96 2002-2011 21.20%

Brain, CNS C70-C72 2002-2011 8.13

All sites ALL 2002-2011 -1.21

APC, annual percent change; CNS, central nervous system; ICD-10, International Classification of Diseases, 10" revision. *The APC is
significantly different from zero (P < 0.05).
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residents in Luwan district of Shanghai from 2002
to 2011. A total of 12,843 new cancer cases were
diagnosed during the period of 2002-2011, with a male
to female ratio of 1.05:1. The crude incidences for all
cancers combined were 417.62 and 391.63 per 100,000
population for males and females, respectively. The age-
standardized incidences by Segi's standard population
were 229.46 and 205.05 per 100,000 population for
males and females, respectively. The age-standardized
incidence rates of all cancers combined for both males
and females increased significantly over the 10 year
period, indicating the urgent needs of broadly applying
effective prevention measures covering known cancer
risk factors, especially for those cancer types with
increasing temporal trends. From another standpoint,
the high cancer incidence estimated in this developed
district might be partly due to over-diagnosis of cancers
by intense sensitive investigations in recent years. The
total number of cancer deaths was 8,331, with a male to
female ratio of 1.29:1. The crude mortality rates of all
cancers combined were 298.69 and 226.81 per 100,000
population for males and females, respectively. The age-
standardized mortality rates by Segi's standard population
were 229.46 and 205.05 per 100,000 population for
males and females, respectively. Certain cancer types,
including lung, stomach, and esophageal cancers showed
decreasing mortality trends in males, while the mortality
of lymphoma showed a significant increasing trend in
females.

The top 10 cancer types of Luwan district were
different from the national statistics. Lung, stomach,
liver, and esophageal cancers were the 4 most common
cancer types diagnosed in China according to the cancer
statistics of 2015 (/). Compared to the national data,
lung and stomach cancers remained the most commonly
diagnosed cancers in Luwan district. However, colorectal
cancer (CRC) surpassed liver cancer and became the
top diagnosed gastrointestinal cancer. Breast cancer was
the fourth commonly diagnosed cancers and the most
frequent one in females. In addition, esophageal cancer
ranked 9th among males and did not make the top 10 list
in females. This disparity reflected regional differences,
which may be affected by many elements including
changes of risk factors and detection techniques.

Lung cancer was the first and third most frequently
diagnosed cancer in males and females, respectively.
Similar to the national data, it was also the leading
cause of cancer death among both males and females.
In addition, the incidence trend of lung cancer during
the 10 years period was stable, while the mortality
rate decreased slightly in males. Worldwide, tobacco
smoking is a major risk factor of cancer incidence and
mortality including lung, stomach, pancreas, liver,
kidney, urinary tract, and uterine cervix (6). With the
high smoking rate in adult Chinese men, and still rising
rates in adolescents and young adults, smoking-related
cancer will continue to be a huge public health burden

in China (7,8). Cigarette smoking is the single largest
cause of lung cancer, accounting for about 90% of
all diagnosed cases (9). For Chinese women, besides
the traditional risk factors, environmental pollution
such as passive smoking and cooking smog are also
contributors of lung cancer (/0). Public health campaigns
and tobacco control programs to prevent initiation and
promote cessation in some western countries have
successfully decreased smoking rate, which preceded
the decrease of lung cancer incidence and mortality rates
especially among males (/7,12). Similarly, we observed
a decreasing trend of lung cancer mortality among male
residents in Luwan district. However, like other areas in
China (/), lung cancer has been and will remain to be
a major health burden in Luwan district. Furthermore,
most lung cancers are diagnosed at later stages, missing
the best opportunity for effective treatment and resulting
in poor prognosis (/3); therefore, effective lung cancer
screening, especially for high risk population is of
crucial importance for improving survival and life
quality. Studies have shown that compared with chest
x-ray, annual screening for lung cancer with low-dose
computed tomography (LDCT) significantly reduced
lung cancer mortality (/4). It is of great value to carry
out such parallel screening studies in the communities of
Shanghai.

A significant increase of incidence was seen for
cancers of the prostate and kidney for men, and breast
and thyroid for women. The exact reasons for the
increase are not fully elucidated; however, westernized
diet and physical inactivity may contribute to some
of the changes (/). Improvements in several aspects,
including elevation of disease awareness, completeness
of the data, improvement of detection service, and
gradual implementation of screening procedures such
as prostate-specific antigen screening may also account
for the marked increase (/,/5). An increasing trend of
breast cancer incidence was observed from 2007 to
2011, which may be partially influenced by reproductive
changes in Chinese women (/6). Breast cancer screening
is well-implemented and common in the United States,
while it is relatively new in China (/7,18). Approaches
or strategies for cancer prevention and early detection
should be tailored according to the unique cultural beliefs
of the population and the policies of the government. It
is essential to raise awareness, especially in high-risk
women, of the importance of breast cancer screening.
Similar to the national statistics and study results from
other countries (/,19-21), it is reported that there was a
dramatic increase of thyroid cancer in women of Luwan
district, and it is unclear whether the rise is due to "over-
diagnosis" using new imaging technologies or is a real
increase caused by change of exposure level to risk
factors (22,23).

Major gastrointestinal cancers including cancers of
esophagus, stomach, colon and rectum, liver, gallbladder,
and pancreas accounted for approximately 45 percent
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and 35 percent of the total new cancer cases in men and
women respectively in Luwan district during the 10-year
period. The high proportion of gastrointestinal cancers
may reflect the changes of population characteristics
such as high smoking rate, inactive life style, more meat
and less fresh fruits and vegetables in diet. CRC ranked
the second most common cancer type in both males and
females, and has been continuously posing a threat to
people's health. Regular screening has been shown to be
effective in preventing CRC and reducing CRC mortality
(24). The ongoing CRC screening program in Shanghai
using fecal occult blood test has identified a sizeable
proportion of high-risk individuals and is waiting for the
long-term results (25).

Compared to other areas in China, the incidence of
liver cancer in the district was relatively low, which can
be attributed to the successful control of hepatitis B virus
(HBV) and hepatitis C virus (HCV) infection, as well
as effective implementation of the HBV vaccination
program (26). A significantly decreasing incidence
and mortality trend was observed for stomach cancer
during the 10 year period in Luwan district. There was
also a decreasing trend of esophageal cancer mortality.
Improved sanitation and greater availability of fresh food
are main contributors to the decline (27,28).

There are some limitations of the current study. Our
dataset was from a single district in Shanghai, which
was a typical urban area with well developed economy.
Therefore, it may not be representative of metropolitan
Shanghai. However, our study utilized complete and
accurate data from the community, and population-based
data are crucial to plan and assess the effectiveness of
prevention and control strategies. In 2011, there was
a revocation of the organizational system of Shanghai
Luwan district and Huangpu district, and then the
establishment of a new Huangpu district. The jurisdiction
of the original Luwan district was adjusted to the new
Huangpu district. Therefore, our study result is also of
historical value.

In summary, the current study comprehensively
analyzed community based cancer statistics including
composition, incidence, mortality, and temporal trends,
which provided valuable information for developing
and evaluating cancer prevention and control strategies.
The significance of cancer registration for disease
surveillance and management should be brought into
focus. With an aging population, cancer will continue
to be a huge public health problem nationwide. It is
important to further study the epidemiology and etiology
of cancers so as to increase existing cancer control
knowledge, reduce preventable cancers and ultimately
relieve future cancer burden.
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