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Abstract
Background: Colorectal cancer (CRC) is one of the most common cancers 
worldwide. Comprehensive data on the economic burden of CRC at a population- 
level is critical in informing policymaking, but such data are currently limited in 
China.
Methods: From a societal perspective, the economic burden of CRC in 2019 was 
estimated, including direct medical and nonmedical expenditure, disability, and 
premature- death- related indirect expenditure. Data on disease burden was taken 
from the GBD 2019 and analyzed using a prevalence- based approach. The per- 
person direct expenditure and work loss days were from a multicenter study; 
the premature- death- related expenditure was estimated using a human capital 
approach. Projections were conducted in different simulated scenarios. All 
expenditure data were in Chinese Yuan (CNY) and discounted to 2019.
Results: In 2019, the estimated overall economic burden of CRC in China was 
CNY170.5 billion (0.189% of the local GDP). The direct expenditure was CNY106.4 
billion (62.4% of the total economic burden), 91.4% of which was a direct medical 
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1  |  INTRODUCTION

Colorectal cancer (CRC) is one of the most common 
cancers both globally and in China. The Global Burden 
of Disease Study (GBD) 2019 reported that CRC was the 
second most prevalent cancer in China in 2019, with 
Chinese patients accounting for an estimated 30% of 
the global CRC patient population.1 In addition, treat-
ment of CRC is costly, and the per- person direct medi-
cal expenditure was estimated at 61,829 Chinese Yuan 
(CNY) in 2014 and has doubled over one decade.2,3 The 
substantial number of patients with CRC translates to a 
heavy economic burden on society. Comprehensive data 
on the economic burden of CRC is critical in informing 
policymaking.

The population (national) level economic burden of 
cancer has already been estimated and predicted in many 
countries.4–13 However, there are currently few com-
prehensive data available for China. Most of the previ-
ous studies focus only on the per- person direct medical 
expenditure related with CRC diagnosis and treatment 
alone.2,14–20 Few studies have estimated the direct non-
medical cost and indirect costs of CRC.3,14,21

This study attempted to estimate the economic burden 
of CRC at the national- level in China in 2019 and pre-
dict the annual economic burden in 2020 and 2030 based 
on the predicted epidemiological and demographic data 
as well as cancer prevention and control goals set by the 
United Nations and China in 2030.22,23 The results will 
inform CRC prevention and control, and associated bud-
get planning in China. Furthermore, the methodology 
will provide references for other countries to estimate the 
population- level economic burden of cancers and other 
chronic diseases.

2  |  MATERIALS AND METHODS

2.1 | Study design

From a societal perspective, a prevalence- based approach, 
which has previously been used to assess the economic 
burden of non- communicable diseases, was used to esti-
mate the annual economic burden of CRC at the national 
level for the years 2019 to 2030.24,25 The overall cost esti-
mation framework is displayed in Figure 1A.

2.2 | Data sources

The annual averages for direct medical, nonmedical 
expenditure, and work loss days were obtained from a 
hospital- based multicenter survey from 13 provinces 
across China.3 The age-  and sex- specific data for CRC 
disease burden in 2019 was obtained from the GBD 
2019 (Table  S1).1 The one- to- ten- year survival rates of 
CRC patients of different age groups and gender were 
derived from the National Cancer Registry and other 
population- based studies,26,27 and these survival rates 
were used to calculate the proportion of prevalent pa-
tients in 2019 derived from each year in the past 10 years 
of 2019. The age and sex- specific survival probability 
of the general population were derived from the 2016 
life tables of the Chinese population reported by the 
World Health Organization,28 which is used to estimate 
the economic burden caused by the premature death 
of CRC patients. Based on the annual average wage in 
2018 reported in the China Statistical Yearbook 2019,29 
the annual average wage for 2019–2030 was estimated 
according to the growth rate of China's GDP predicted 
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expenditure. The indirect expenditure was CNY64.1 billion, of which 63.7% 
was related to premature death. The predicted burden would reach CNY560.0 
billion in 2030 given constant trends for disease burden; however, it would be 
alternatively reduced to <CNY515.2 billion if the cancer prevention and control 
goals set by the United Nations and China for 2030 are achieved.
Conclusions: The population- level economic burden of CRC in China in 2019 
seemed noteworthy, with the direct expenditure accounting for more than half. 
Without effectively reducing exposure to modifiable factors and expanding 
screening coverage, the burden would continue increasing.
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F I G U R E  1  Overall study design.
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by the OECD (Organization for Economic Co- operation 
and Development).30 The employment rate was derived 
from the Chinese employment rate in 2010.31 Future 
population data were obtained from the United Nations 
World Population Prospects 201932 (Table S2). All data 
in this study is adapted by public databases and other lit-
erature, and therefore does not necessitate the consent 
of a local ethics committee.

2.3 | Baseline analysis

2.3.1 | Direct expenditure and 
disability- related indirect expenditure

This study assumed that the prevalent CRC patient in 
2019 comprised patients newly diagnosed in 2019 and 
patients who survived after being diagnosed over the 
last 9 years. The annual medical expenditure, nonmedi-
cal expenditure, and work loss days of patients over 
the whole disease course were decomposed by each 
consecutive 12- month period after the CRC was diag-
nosed.24,33 To ensure the data robustness, only those by- 
year sub- groups with a minimum sample size of 50 were 
included, and therefore the annual averages in the first 
year, the second year, and the third year after the CRC 
diagnosis were calculated. The detailed annual average 
expenditure and work loss days of CRC patients were 
shown in Table S3.

As there were no relevant reports on the whole course 
expenditure patterns of CRC patients in China, detailed 
information was available for CRC patients in the US8; 
therefore, we applied the by- year pattern to estimate the 
expenditure for the fourth year to the tenth year after 
CRC diagnosed. The US National Cancer Institute's 
Cancer Prevalence and Cost of Care Projections divides 
patients with cancer into three phases according to their 
disease course: the “initial phase” (the first year after di-
agnosis), the “last year of life phase” (the last year before 
death), and the “continuing phase” (the period between 
the initial phase and the last year of life phases)8; the 
ratios of medical expenditure of CRC patients (2018) 
in the initial phase, continuing, and the last year of life 
phase was reported as 1: 0.07: 0.78, respectively.34 Using 
these ratios among phases, we leveraged our existing ex-
penditure data sets of the first year to the third year to 
estimate the data sets for the unknown fourth year to 
the tenth year.

At the same time, CRC patients in 2019 were cate-
gorized into three phases: the initial phase (newly di-
agnosed cases), the last year of life phase (patients who 
died during the year), and the continuous phase (all 
other patients). The number of CRC patients in the three 

phases by subgroups was estimated according to the 
proportion of different regions and CRC stages investi-
gated in the above cross- sectional study,3 the proportion 
of different cancer locations occurred reported in the 
Chinese Cancer Registry Annual Report,35 the overall 
annual incident CRC cases in GBD 2019,1 as well as the 
one- to- ten- year survival rates of CRC patients estimated 
according to the literature.26,27 The direct and indirect 
economic burden of CRC was calculated similarly in 
detail in Figure 1B. Since the unavailability of detailed 
wages of different subgroups, the overall daily average 
wage was used to calculate the indirect economic bur-
den caused by disability in different subgroups of CRC 
patients. All expenditure data were in 2019 currency 
and were discounted by 3% per year, as well as an annual 
average growth rate of 6.9%.14

2.3.2 | Indirect expenditure caused by 
premature death

The indirect expenditure due to premature deaths were 
estimated for CRC patients between the age of 15 years 
old (working age) and the average life expectancy (male: 
74.5 years old, female: 80.0 years old).1 First, the pre-
sent value of lifetime earnings (PVLE) for each 5- year 
age group in 2019 was estimated based on the human 
capital approach.36 Future earnings from 2020 to aver-
age life expectancy were inflated by 8.7% per year to re-
flect the annual productivity growth rate based on the 
observed annual GDP growth rate in 2013–201829 and 
were discounted to 2019 at a rate of 3% per year. Second, 
to estimate the indirect economic burden caused by pre-
mature death due to CRC, the number of deaths of CRC 
patients in each 5- year age group in 2019 was multiplied 
by the PVLE of each five- year age group in 2019 calcu-
lated above (Figure 1C).

2.4 | Prediction for up to 2030

The disease burden of CRC from 2020 to 2030 was predicted 
in four scenarios: (1) Demographic change: considering pop-
ulation growth alone, with the rates of incidence, prevalence, 
and mortality of CRC remaining unchanged. (2) Base case: 
considering the trend of population growth, along with the 
trends of CRC rates of incidence, mortality, and prevalence 
according to the rates from 2009 to 2019 reported in the GBD 
2019. (3) Sustainable Development Goals (SDGs) 2030: re-
ducing the premature mortality rate of non- communicable 
diseases by one- third in 2030 compared with 2015.22 In this 
study, non- communicable diseases are referred to as CRC, 
and 2019 was taken as the base year. The SDGs 2030 (a) 
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considers only the decline in mortality and (b) considers the 
interrelationship between mortality, incidence, and preva-
lence—these three indicators are expected to decrease by 
one- third simultaneously. (4) Healthy China 2030: increas-
ing the five- year survival rate of all patients with cancer by 
15%23; for this study, only CRC was considered.

The average direct medical expenditure and nonmed-
ical expenditure were predicted for the corresponding 
years based on the average annual growth rate of 6.9%, 
and the number of work loss days remained unchanged.

2.5 | Sensitivity analysis

One- way sensitivity analysis was used to explore the un-
certainty of the economic burden of CRC in China from 
2019 to 2030. The impact of the following factors was con-
sidered: the annual growth rate of direct expenditure, con-
sultation rate, annual growth rate of productivity and/or 
earnings, working age, prevalence breakdown, and preva-
lence, incidence, and mortality data source. The relative 
change rate of the total economic burden under the base 
case scenario was used to measure the impact of the above 
variations (Data S1).

3  |  RESULTS

3.1 | Economic burden estimation for 
2019

The total economic burden of CRC in China in 2019 was 
estimated to be CNY170.5,29 and when the OECD- reported 
GDP of China in 201930 was adopted, the proportion was 
0.105%. The direct economic burden of CRC was esti-
mated to be CNY106.4 billion (62.4% of the total economic 
burden), which included direct medical expenditure of 
CNY97.3 billion (approximately 1.65% of the total health 
expenditure in China in 201937) and direct nonmedical ex-
penditure of CNY9.1 billion. Indirect costs were estimated 
to amount to CNY64.1 billion, with CNY23.3 billion at-
tributed to disability and CNY40.9 billion to premature 
death, respectively (Table 1).

Patients over 60 years old (51.4%), male patients (64.5%), 
those living in the eastern region of China (46.1%), those 
with advanced- stage CRC (Stages III and IV) (64.1%), and 
those with colon cancer or rectal cancer (98%) accounted 
for the majority of the economic burden associated with 
CRC. The direct medical burden, direct nonmedical bur-
den, the indirect economic burden caused by disability, 
and the indirect economic burden caused by premature 
death accounted for different proportions across different 
subgroups (Figure 2).

3.2 | Economic burden prediction for 
2020, 2025, and 2030

If demographic change alone is considered, the economic 
burden of CRC in China would increase by 10.5%, 49.9%, 
and 99.4%, respectively, compared with 2019. Under the 
base case scenario, the economic burden of CRC in China 
would increase by 15.4%, 95.9%, and 228.4%, respectively, 
compared with 2019. Regarding the composition of eco-
nomic burden, the proportion of direct medical burden may 
increase, while the proportion of indirect economic burden 
caused by premature death may decrease (Figure 3).

If the SDGs were to be achieved by considering the 
reduction of premature death from CRC, together with 
a similar reduction in the prevalence and incidence, the 
economic burden of CRC would drop to CNY226.6 million 
by 2030, with a reduction of 59.5% when compared to the 
base case scenario. Even if only the decline in premature 
death were considered, the economic burden would drop 
to CNY515.2 billion. Further, if the goal of Healthy China 
2030 were to be achieved, the economic burden of CRC 
would be CNY357.3 billion, which is 36.2% lower than the 
figure in the base case scenario (Figure 3).

3.3 | Sensitivity analysis

The annual growth rate of direct expenditure was found to 
have the greatest impact on the economic burden, and an 
annual growth rate of 9.2% would see the total economic 
burden of CRC in 2019, 2020, 2025, and 2030 increase by 
24.6%, 26.5%, 38.9%, and 54.5%, respectively, compared with 
the baseline. The economic burden can also be easily influ-
enced by the consultation rate. Assuming a lower consul-
tation rate (62%), the economic burden would be reduced 
by 23%–28%. The economic burden is also affected by the 
annual productivity growth rate, which is determined by 
the economic environment. It would be reduced by 3%–6% 
using a conservative estimate (annual productivity growth 
rate: 6.7%) and by almost 10%–18% using the worst- case sce-
nario (−6.8%). With a working age of 16–60 years for men 
and 16–55 years for women, the economic burden would be 
reduced by between 9% and 14%, and with a working age 
of 15–64 years or 30–69 years, the economic burden would 
decrease by less than 10% compared with baseline. If the 
number of patients with CRC was divided according to the 
three clinically relevant phases defined by the United States 
National Cancer Institute, the economic burden would be 
reduced by between 7% and 10%. Finally, if the disease bur-
den of CRC in GLOBOCAN 2020 were used, the economic 
burden would decrease by 7.7% compared with the baseline 
in 2020, and increase by 5.7% and 19.7% compared with the 
baseline in 2025 and 2030, respectively (Figure 4).
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4 | DISCUSSION

We estimated the national- level economic burden of 
CRC for the period from 2019 to 2030 in China using a 
prevalence- based approach. To the best of our knowledge, 
this is the most comprehensive population- level analysis 
of the economic burden of CRC in China. The economic 
burden of CRC in China was estimated to be CNY170.5 
billion in 2019, of which the direct economic burden ac-
counted for 62.4%. Moreover, without effective interven-
tion against the growing disease burden and treatment 
cost of CRC, the economic burden may continue to in-
crease over the next 10 years.

This study estimated the economic burden of CRC from 
a social perspective, including direct medical expenditure, 
direct nonmedical expenditure, and indirect economic 
burden. Previously, there were few studies reported the 
indirect economic burden of CRC patients at the national- 
level in China. One study based on the Chinese hospital 
database, estimated that the direct medical expenditure 

on CRC in China was CNY20.76 billion in 2015,17 which 
is considerably lower than the estimate in our study. This 
difference may be because the disease burden of CRC 
increased in the years from 2015 to 2019. Another rea-
son may be that the study mentioned was based on the 
Chinese hospital database and did not include patients 
who receive treatment in hospitals below second- level, 
which might have led to an underestimation of the direct 
medical economic burden.

In this study, the proportion of direct expenditure of 
CRC in the total economic burden was higher than that 
of indirect economic burden. Cancers with different prog-
nosis have different proportions of the direct and indirect 
economic burden. Those with higher survival rates live 
longer with tumors, resulting in relatively high direct ex-
penditure. The survival rate of patients with CRC is rela-
tively high among all cancers.26 Consequently, the direct 
economic burden constituted a larger proportion of the 
total economic burden. In contrast, for cancers with poor 
survival rates, such as lung cancer, the indirect economic 

F I G U R E  2  A breakdown of the population- level economic burden of colorectal cancer in China in 2019, by subgroup.
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burden constitutes a larger proportion of the overall eco-
nomic burden.25

Predicting the future economic burden of CRC is im-
portant for policymaking and medical resource allocation. 
Considering different scenarios, this study predicted the 
economic burden of CRC between 2020 and 2030. Even if 
the disease burden of CRC remains unchanged, the eco-
nomic burden will continue to increase due to population 
aging and urbanization and is expected to double between 
2019 and 2030. If the SDGs 2030 and Healthy China 2030 
goals are achieved by 2030, the economic burden of CRC 
would be greatly reduced. These results highlight the ur-
gency of introducing interventions to reduce CRC inci-
dence and mortality.

Individual- level of medical expenses has a consider-
able impact on the estimation of the overall economic 

burden. The direct expenditure per case in this study 
came from a multicenter cross- sectional survey, and 
only the expenditure in the first 3 years post- diagnosis 
was recorded. To obtain the expenditure for different pe-
riods throughout the course of the disease, we estimated 
the expenditure in the continuing and last year of life 
phases according to the cost ratio of the three phases 
of CRC in the USA. However, the cost patterns of CRC 
vary between countries.33,34 No study has reported on 
the cost patterns of CRC in China. This study made a 
preliminary estimation based on the estimated ratio in 
the USA, which was relatively conservative compared 
with the proportions in Australia. We expect that there 
will be studies on the cost patterns of the entire course 
of CRC in China in the future to facilitate a more accu-
rate estimation of the economic burden.

F I G U R E  3  Total and breakdown of the estimated population- level economic burden of colorectal cancer in China, 2019–2030.
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This study has limitations. First, the direct cost per 
case came from a cross- sectional survey undertaken be-
tween 2012 and 2014. Although the cost was discounted 
according to the annual growth rate, it still may not rep-
resent the actual cost in the estimated year. Second, due 
to the limitations of the data source available, only total 
(not by sub- groups) numbers of prevalent CRC patients 
were available. Third, in the sensitivity analysis of con-
sultation rate, as the parameters of the impact of consul-
tation rate on survival rate cannot be obtained, we only 
consider the impact of consultation rate on direct medical 
and nonmedical expenditure, which may have a certain 
impact on the overall results. However, despite the above 
limitations, by predicting the economic burden of CRC at 
the population- level in China, this study fills a gap in the 
literature and will provide a basis for the formulation of 
relevant health policies.

5  |  CONCLUSIONS

In summary, the economic burden of CRC in China in 
2019 is considerable, and the direct economic burden 
accounted for a higher proportion of the total economic 
burden compared to cancers with a poor prognosis, such 

as lung cancer. Without the intervention of modifiable 
risk factors and the expansion of effective screening, the 
economic burden of CRC will continue to increase over 
the next decade. Targeted intervention measures should 
be strengthened to decrease this trend. Despite the study's 
limitations, its estimation of the current economic burden 
of CRC and predictions of future trends will provide a 
basis for the formulation of cancer prevention and control 
policies, and resource allocation decisions in the future.
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