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Abstract

Background: Cancer is a group of severe diseases with high mortality and disability, causing great personal suffering among patients and
creating a huge burden to the society. This study aimed to analyze the economic and disease burden of cancers in Chongging, and to provide
scientific evidence for effective prevention and control of cancers.

Methods: The burden of cancers was estimated by the use of disability-adjusted life year (DALY). Two-step method was adopted to calculate
the direct economic burden of cancers. DALY and the human capital method were used to measure the indirect economic burden.

Results: DALY loss by all cancers for the residents in Chongqing in 2013 was 19.86 person year per thousand persons (24.26 for male, 12.83
for female). The five leading causes of cancer burden were lung cancer, liver cancer, esophagus cancer, stomach cancer and colorectal cancer
for male, while for female the third one was breast cancer. The total economic burden of cancers was 14.787 billion CNY in Chongqing in 2013,
which was mainly attributed to lung cancer, liver cancer, colon and rectal cancer, breast cancer and esophagus cancer. The direct and indirect
economic burden were 2.822 billion CNY and 11.965 billion CNY, respectively.

Conclusions: Cancers bring a heavy economic and disease burden to the family and society. Measures should be timely taken to prevent and

control cancers, especially for lung cancer, liver cancer, breast cancer, colorectal cancer and esophagus cancer.
Keywords: Cancer; Disease burden; Economic burden; Disability-adjusted life year

Abbreviations: DALY: Disability-Adjusted Life Year; GBD: Global Burden of Disease; YLL: Years of life lost; YLD: Years lived with disability;
ICD-10: International Classification of Diseases 10" Revision; CNY: Chinese Yuanp; GDP: Gross Domestic Product

Introduction

Chongging’s industries were developed quite early, now there are 2 pillar
industries which are auto/motorcycle and chemicals/pharmaceuticals.
Also high-tech industries such as electronic information, bioengineering,
pollution control, optoelectronic integration and new materials are being
developed rapidly, which become Chongqing new source of growth.
Cancers are chronic diseases which pose serious threats to the life quality
of human beings and lead to huge costs to the society. In recent years,
with the rapidly ageing population and the spread of cancer-related
unhealthy behaviors, cancers is one of the leading causes of mortality in
the Western world and China [1,2]. Some studies reported that cancer
was the leading cause of deaths for male and the second for female in
China, and the deaths caused by cancers accounted for 5% of all deaths
in 2010 [3]. Moreover, Studies also found that the total economic loss
caused by cancer was $107.596 billion which was 0.51% of the GDP
and 4.67% of total medical cost in China in 2006 [4,5]. All these data
contribute to the fact that cancer now is a serious public health problem
in China. Therefore, cancer registration and comprehensive assessment
of economic and disease burden of cancer may play an important role in
effective health planning.

The disease burden can be evaluated from different aspects with several
indicators. The classical indicators are morbidity, mortality and survival
[6]. However, these summary indicators were not age-adjusted. Global
Burden of Disease (GBD) introduced a new indicator in 1990-disability-

adjusted life years (DALY) [7,8], including years of life lost (YLL) and years
lived with disability (YLD). However, the YLD is difficult to be estimated
since lack of some epidemiological data, such as incidence, duration and
prevalence [9]. In the study of economic burden, the direct costs were
easiest to be learned as explicit costs. Two-step method was adopted in the
calculation of direct economic burden of cancer [10], some countries have
reported the cost of disease. Unfortunately, most of these studies failed to
take non-hospitalized cases into consideration [11,12]. In our study, the total
economic burden of cancer consisted of two parts, the first one was direct
costs, which included direct non-medical costs and direct medical costs, and
the second was indirect costs, which was due to work time and work ability. In
conclusion, our study aimed to comprehensively assess the cancer burden.

Materials and Methods
Disease burden

The death data on cancer in 2013 was mainly retrieved from
Chonggqing national registries. Population data was derived from the
Chongging Statistical yearbook. Cost information was retrieved from the
Fifth National Health Service Survey in Chongging. In our study, some
parameters of GBD were referenced [13]. Ages were classified into 0-4,
5-14, 15-29, 30-44, 45-59, 60-69, 70-79, 80+. The diagnosis of disease
was determined according to International Classification of Diseases 10"
Revision (ICD-10). DALY includes YLL and YLD.

DALY =YLL+YLD
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YLL was estimated by the widely used formula in this study. Some
parameters were referenced which were recommended by Global Burden
Disease Study. We used the standard life expectancy at birth (according to
the GBD study, 80.0 years for male, 80.0 years for female). The discount
rate is 3%. We also took the age weight into consideration, and the default
value is 0.04. The age-weight modulation factor and adjustment constant
are 1 and 0.1658, respectively. The formula is as follows.

L= (fi}]: [=r+BD G+ pYG+a) - 1] — e+ pla 11|+ ?(1 —eh

where K=Age-weight modulation factor; C=Adjustment constant;
B =Age-weight function; r=Discount rate; a=Age at death; L=Life
expectancy at age a.

According to the death data and population data, YLL could be easily
calculated. The YLD was calculated by the indirect method. We found
that the YLL of Chongqing was 54.78/1000~55.98/1000, which similar to
55.14/1000 of YLL of establish market economic countries (EME), and
the correlation coefficient of YLL was 0.98 between the two region, so the
YLD was estimated by YLL/YLD rate. The formula is as follows.

YLD g, ine 5= YEPsis /- YLL

o v ) x YLL
j=Gender.

EME (i j) EME (i j) Where i=Age;

Direct economic burden

Economic burden includes outpatient and hospitalization cost. The
two-step model was adopted to estimate the cost burden. The exchange
rate of RMB against the U.S. dollar is 0.1639. The formula is as follows:

Outpatient cost =p xaxr x26
Hospitalization cost =p xaxr,

Where p=Average outpatient expenditure per time; p,=Average
hospitalization expenditure per time; a=The number of population in each
age group; r,=Two-week consultation rate; r,=One-year hospitalization rate.

Indirect economic burden

The indirect burden mainly consists of three components: the cost
resulting from premature death; the cost resulting from short-term
disability (such as quit school) and the cost resulting from long-term
disability (such as mutilation). Indirect economic burden commonly used
the methods of human capital approach or willingness to pay to convert
lost life time (such as DALY) into money [14-16]. The formula of human
capital calculation method is as follows:

Indirect economic burden=DALYxGxW

Where G=Per capita Gross Domestic Product (GDP); W=productivity
weight. Different age groups had different productivity weights. According
to Barnum’s study [14], we defined the weights of productivity in the 0-14,
15- 44, 45-59, and more than 60 years old as 0.15, 0.75, 0.80 and 0.10,
respectively. The average productivity weight of the total population was 0.5.

Results
Population and death

The 29.37 million population were monitored in Chongqing, 2013
(14.87 million males and 14.49 million females). The total mortality of
cancer was 16.83/10,000, and the mortality for male (22.56/10,000) was
higher than that for female (10.94/10,000) (x*=59902.01, P<0.0001). The
mortality increased largely with age both in man and women (r=0.87,
P=0.052) (Table 1).

Disease burden by age group and gender

The burden of cancers was at a very low level before the age of 30 and
increased at accelerated speeds with age, then decreased at about 80 years
old. The DALY loss per 1000 population was the highest in the 60-79 age

group, and male had the heavier burden than female. The loss of YLL rate
was much more than the loss of YLD rate, which meant that the burden of
cancers was dominated by death rather than long-term disability (Figure 1).

Disease burden of major cancers by sex

The total burden of cancers was responsible for 24.26 DALY's per 1000
population in male (Table 2). Lung cancer and liver cancer had the highest
share of total burden in male, which accounted for 54.93% of the total
cancer burden, followed by esophagus cancer, stomach cancer, colorectal
cancer and leukemia. The total burden of cancers was responsible for
12.83 DALYs per 1000 population in female (Table 3). The five leading
causes of DALY in female were lung cancer, liver cancer, breast cancer,
stomach cancer and colorectal cancer, respectively. The burden of lung
cancer, liver cancer and breast cancer all accounted for more than 10% of
the total cancer burden.

Table 1: The population (10,000) and mortality (/10,000) of cancer in 2013.

Age VE) Female Total
group Population | Mortality  Population | Mortality Population | Mortality

0-4 81.21 0.48 71.95 0.32 153.16 0.40
5-14 171.41 0.46 152.91 0.33 324.32 0.40
15-29 302.00 1.01 300.56 0.71 602.56 0.86
30-44 325.76 6.58 326.8 3.52 652.56 5.05
45-59 345.41 23.92 342.39 10.32 687.81 17.15
60-69 157.97 61.28 144.93 26.30 302.9 44.54
70-79 77.67 109.15 77.09 50.43 154.76 79.90
80+ 25.94 176.22 32.67 97.67 58.61 132.43
Total 1487.38 22.56 1449.31 10.94 2936.7 16.83

Table 2: The disease burden of main cancers for male (per thousand
population) in 2013.

YLL/ YLD/ DALY/Total

Cancers YLL

YLD DALY

DALY (%) DALY (%) DALY (%)
Lung cancer 7.22 96.58 0.26 3.42 7.48 30.83
Liver cancer 5.72 97.89 0.12 21 5.85 241
Esophageal

1.94 96.84 0.06 3.16 2.00 8.26
cancer

Stomach cancer | 1.74 95.6 0.08

4.40 1.82 7.51

Colorectal cancer | 1.08 80.70 0.26 19.30 1.33 5.49
Leukemia 0.79 95.04 0.04 4.96 0.83 3.42
Nasopharyngeal

) 0.29 93.04 0.02 6.96 0.31 1.28
carcinoma

Bladder cancer | 0.17
Total cancer 21.9

70.45 0.07 29.55 0.24 1.01
90.28 2.36 9.72 24.26 100

Table 3: The burden of main cancers for female (per thousand population)
in 2013.

YLL/ YLD/ DALY/Total

Cancer pALY(%) Y'P paLy%) PAY DALY (%)
Lung cancer 2.45 96.65 0.08 3.35 2.53 19.75
Liver cancer 1.57 97.79 0.04 2.21 1.61 12.54
Breast cancer 1.02 77.79 0.29 22.21 1.31 10.24
Stomach cancer | 0.89 95.16 0.05 4.84 0.94 7.32
Colorectal cancer | 0.69 79.33 0.18 20.67 0.87 6.81
Cervical cancer | 0.57 73.81 0.2 26.19 0.77 6.02
Leukemia 0.59 95.26 0.03 4.74 0.62 4.85
E:gggfgea' 058 | 9691 | 002 309 | 059 463
?:ri‘i’rf’::;yngea' 012 | 9135 |001| 865 |013| 099
Bladder cancer | 0.04 77.63 0.01 22.37 0.05 0.38
Total cancer 10.95 85.34 1.88 14.66 |12.83 100
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Figure 1: The cancer burden by age group and gender in 2013.

Apart from breast cancer and cervical cancer, male had the heavier
burden than female in observed cancers, especially for lung cancer and
liver cancer, in which male were 4.95 and 4.24 DALY's per 1000 population
more than female, respectively. At the same time, esophagus cancer was
the third cause of DALY in male (account for 8.26%), while the eighth in
female (account for 4.63%). On the contrary, for some special cancers,
female had the heavier burden than male. The burden of breast cancer
attributed to more than 10% in female, whereas it was negligible in male.
In addition, the distribution ratio of YLL in total DALYs was much higher
than the YLD in all cancers both in female and male. The YLD contribution
to DALYs in the case of male were all under 5% except for colon and
rectal cancer (19.30%), bladder cancer (29.55%) and nasopharynx cancer
(6.96%). In the case of female, the YLD contribution to DALY's was little
higher than that in male, and a lot of cancers even had more than 20%,
such as the breast cancer (22.21%), colon and rectal cancer (20.67%),
cervical cancer (26.19%) and bladder cancer (22.37%).

Economic burden of major cancers

Data from the Fifth National Health Service Survey showed that
average outpatient expenditure and average hospitalization expenditure
based on all cases with a diagnosis of cancer were 718.96 CNY and
18212.88 CNY, respectively. Two-week consultation rate was 2.12%. One-
year hospitalization rate was 3.04%. Based on the above indicators, the
total economic burden could be calculated and the results showed that the
burden was up to 14.787 billion CNY in Chongqing in 2013, accounted
for 1.17% of GDP (Table 4). The top five cancers of economic burden were
lung cancer, liver cancer, colorectal cancer, breast cancer and esophageal
cancer. The direct economic burden was 2.822 billion CNY, accounting for
19.08% of the total economic burden, and was mainly attributable to breast
cancer, colon and rectal cancer, nasopharynx cancer and lung cancer. The
indirect economic burden was 11.965 billion CNY, accounting for 80.92%
of the total economic burden, and was mainly attributable to lung cancer
and liver cancer. The results indicated that the indirect economic burden
was much higher than direct economic burden.

Open Access

Table 4: The economic burden of main cancers (one hundred million CNY).

Cancers Direct |Indirect Total Total | Total cost

cost cost cost | cost/(%) | /IGDP(%)
Lung cancer 2.44 32.15 | 34.59 23.39 0.27
Liver cancer 0.85 23.97 | 24.82 16.79 0.20
Colorectal cancer 6.30 7.06 13.36 9.04 0.11
Breast cancer 8.32 4.23 12.55 8.49 0.10
Esophageal cancer 2.39 8.35 10.73 7.26 0.08
Stomach cancer 0.14 8.85 8.99 6.08 0.07
E:ri?rf’::;yngea' 2.84 140 | 424 | 287 0.03
Cervical cancer 1.10 2.43 3.53 2.39 0.03
Total cancers 28.22 119.65 | 147.87 | 100.00

Discussion

In the present study, cancer burden is comprehensively estimated
both in economic and disease burden. DALY is a complex indicator that
combines the components of premature death and disability [17,18].
Some parameters, such as age weight, disability weights, discount rate are
introduced to comprehensively evaluate health status. The results showed
that the total loss of DALY rate were 24.26 person years in male and 12.83
in female. Apart from breast cancer and cervical cancer, male had the
heavier burden than female in observed cancers. Several risk factors can
be taken into consideration, such as diet, alcohol, smoking and lifestyle
[19-22]. Males are more likely to suffer from living and working stress,
alcohol abuse, and addicting to nicotine, which could contribute to the
high incidence for all kinds of cancer [23,24]. On the contrary, breast
and cervical cancer bring heavy disease burden for female. Some studies
reported that there was an increase of 14% in breast cancer deaths in
recent 5 years all over the world [25]. The deaths of breast cancer were
522,000 in 2012 in the world, which made it the first cause of cancer death
[26]. But there is a difference between developing and developed countries
in mortality. Because of the lack of actions of early detection, mortality
rates in developing countries are higher than that in developed countries.

Lung cancer and liver cancer take the most share of cancer burden in
both male and female. Lung cancer had the highest mortality rate for six
consecutive years in Chongqing. The mortality rate of lung cancer was
56.01/100,000 in 2013, accounting for 33.28% of total cancer deaths. The
reasons may be attributed to some bad living habits and environmental
pollution, such as smoking, long-term staying up late and air pollution
[27]. What’s more, smoking rate has been sustainable increasing in these
years in Chongging, while the screen of lung cancer in communities has
not been established yet. For liver cancer, with 7000 cases per year [28],
the incidence reached to 22.04/100,000 in 2013 in Chongqing. Several risk
factors can be found, such as eating habits, living environment, and virus
infection [29]. The screening rate of live cancer was also relatively low. In
some giant companies and enterprises, a lot of people more than 45 years
old are often advised to receive screening for tumor markers annually,
which is necessary to help early diagnosis and treatment for cancer
and may decrease the cancer mortality consequently. So people should
cultivate good living habits such as quitting alcohol, keep exercising. For
high-risk population, the early screening can significantly reduce the risk
of cancer. For example, implementing the test of smear of cervix cells for
female had sexual act. At the stage of primary prevention, enhancing the
health education of cancer prevention, using medical supplies rationally,
eliminating the occupational carcinogen, strengthening labor protection,
environmental protection and food hygiene can prevent cancer effectively.

We found that the reason why the proportion of YLD is distinctly
higher in bladder cancer, colon cancer, cervical cancer, and breast cancer,
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as compared to lung cancer and pancreatic cancer is due to higher survival
rates of patients with the former type of cancers, that is, the live longer
with the disease. The proportion of YLD in DALY for cancer in Chongqing
was similar to Korea [30], the burden of most diseases due to YLD were
under 5% in men, except for bladder cancer and colon and rectal cancer.
The reason may be that these cancers have lower mortalities compared to
others. In the case of women, the burden due to disability was higher than
that in men, especially for cervical cancer and breast cancer, of which the
burden due to YLD was relatively higher compared to other cancers. This
result might be explained by the severity of the cancers themselves, the
low screening rate and the delayed diagnosis of cancers.

Our results indicated that large amounts of money were devoted to the
treatment of cancers. The total economic burden of cancers was very large,
up to 14.787 billion CNY, which had brought a heavy burden to individuals,
families and society. We also found that different cancers show differing
weights in direct and indirect costs. Because of the high morbidity, lung
cancer and liver cancer took the most share of the economic burden, and
their indirect economic burden caused by the loss of labor hours was
significantly heavier than direct economic burden. Meanwhile, other
cancers, such as colorectal cancer and breast cancer, took on a relatively
high weighting in direct economic burden. The reason might be explained
by the high rates of clinical visit and hospitalization, and the most of
economic resources were expended in medical institutions [16].

This study has some limitations. In the first place, intangible economic
burden was not taken into consideration, but some studies showed that it
was necessary in the study of economic burden [31]. In the second place,
some parameters, such as life expectancy, discount rate and age weight,
were introduced into the study, which might be not necessarily suitable for
Chongging, and it could lead to deviation of the study results. However,
using common parameters are conducive to the comparison of results
among different regions.

Conclusions

Measures should be timely taken to prevent and control cancers,
especially for lung cancer, liver cancer, breast cancer, colorectal cancer
and esophagus cancer, which could bring a heavy economic and disease
burden to the family and society. In a word, good life style and effective
policies could reduce the burden.
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