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policies are required to efficiently allocate health resources, contain health expendi-

ZHU ET AL.
ture and decrease the individual financial burden of lung cancer.
KEYWORDS
annual prevalence, China, lung cancer, medical service utilization, treatment costs
1 | INTRODUCTION

Lung cancer is the leading cause of cancer incidence and can-
cer mortality globally,1 imposing substantial financial bur-
dens on individuals, families and a country's health system.
In 2018, it was estimated that there was 2.09 million new lung
cancer cases and 1.76 million deaths, accounting for 18.4%
of all global cancer deaths.” Lung cancer treatment costs ac-
counted for between 15% and 20% of the total cancer treat-
ment costs in the United States and European countries,3’4
and 4% of total healthcare cost in Iran.’ With the emergence
of new techniques and treatment options for lung cancer pa-
tients, the lung cancer economic burden on families and the
health system will continue to rise.®

China faces severe challenges in meeting its lung cancer
burden. In China, lung cancer has been the most common
cancer and the first leading cause of cancer death for sev-
eral years.7’8 China contributed to 37% of all new lung cancer
cases and 39% of lung cancer deaths globally, while account-
ing for only 19% of the world's population.z’9 Compared to
global lung cancer incident rates, China's rate is high, with a
steadily increasing crude incidence over the past decade,”'”
and the lung cancer mortality rate is also high compared to
other countries.'' As the most populous country in the world,
with a rapidly ageing population and high incident and mor-
tality rates, the burden of lung cancer will significantly in-
crease in China.

The economic burden caused by lung cancer is not well
researched in China. Sporadic studies on the economic bur-
den of lung cancer in China were carried out for specific
regions, such as Beijing and Guangxi, or based on data with
poor representativeness, comprising only a few hospitals,
making it difficult to draw nationwide conclusions.”'?1*
The estimated average cost per lung cancer inpatient ad-
mission ranged from US$2220 to US$4612, with the esti-
mated mean medical expenditure within 1 year after lung
cancer diagnosis US$9788.%13:14 Using data from second-
ary, tertiary general and specialized cancer hospitals, Cai
et al estimated the direct medical costs of lung cancer treat-
ments in China of RMB24.3 billion." But, the exclusion
of primary healthcare facilities meant that the economic
burden of lung cancer was underestimated. In addition, Cai
et al did not analyse the economic burden on individuals, or
did they provide detailed treatment costs stratified by age,
gender and type of health insurance.

With the rapid increase in China's aging population, the
emergence of new techniques and treatment options and in-
creased survival rates, accurate estimates of lung cancer treat-
ment cost are crucial for health policy making. Understanding
the demographic characteristics of lung cancer patients and
their patterns of medical services use is needed to rationalize
the allocation of health resources for lung cancer treatment
and prevention and to assess the cost-effectiveness of spe-
cific prevention and treatment lung cancer interventions. We
accessed China's Urban Employee's Basic Medical Insurance
(UEBMI) and Urban Resident's Basic Medical Insurance
(URBMI) claims data, which provided sociodemographic
information and medical cost data on more than 95% of all
urban residents in China between 2013 and 2016.'® Using
the unique data, our study estimates the annual prevalence
and total direct medical expenditure on lung cancer treatment
in urban China; assesses medical care utilization measured
by outpatient visits and inpatient admissions and investigates
the distribution of medical costs across different lung cancer
treatments.

2 | MATERIALS AND METHODS

2.1 | Data source

In the 2013-2016 period, UEBMI, for the urban employed,
and URBMLI, for urban unemployed, children and students,
were the two main social health insurance schemes in urban
China which covered 95% of all urban residents in mainland
China.'® Using stratified random sampling method, sample
cities were selected, and 5% random sample of UEBMI and
URBMI beneficiaries’ insurance claims in sample cities col-
lected by the China Health Insurance Research Association
(CHIRA)' in 2013-2016. This cross-sectional data contain
lung cancer beneficiaries’ demographic information, insur-
ance type, diagnoses, inpatient—outpatient services and de-
tailed medical costs. The CHIRA sampling design assigned
a sample weight to each beneficiary and the use of these
weights permitted calculations of nationally representative
lung cancer medical service utilization rates and treatment
costs. The total population count of UEBMI and URBMNI
insured members stratified by age and gender was obtained
from China's Labor Statistical Yearbook and the annual na-

tional sample survey on population changes.18
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2.2 | Sample and Measures

From the CHIRA database, we used the International
Classification of Diseases, 10th version (ICD 10) codes
(134.0-134.9 as the primary diagnosis),' to identify 38199
lung cancer patients with 114992 lung cancer-related medi-
cal records between 2013 and 2016. Medical care utilization
included the number of annual outpatient visits, comprising
pharmacy, primary care, secondary and tertiary hospitals and
the number of annual inpatient admissions to primary care fa-
cilities, secondary hospitals and tertiary hospitals. In China,
healthcare is delivered via a three-tiered system, comprising
primary care facilities, including village clinics, township
hospitals and community health centres; secondary county
and district hospitals with 100—499 beds, providing compre-
hensive health services, medical training and regional-based
research; and tertiary municipal hospitals with over 500
beds, providing complex healthcare, medical education and
research.”’ Direct medical costs, including spending on west-
ern medicine, traditional Chinese medicine (TCM), medical
services and diagnostic tests/medical consumables, were
measured by the average cost per visit and average out-of-
pocket (OOP) cost per visit. OOP spending was the direct
cash payment not reimbursed by health insurance. Control
variables included age groups (younger than 45, 45-54 , 55—
64, 65-74 and 75 years or older), gender (male and female),
insurance type (UEBMI and URBMI) and year (2013, 2014,
2015 and 2016).

2.3 | Statistical analysis
To estimate the prevalence of lung cancer, the numerator was
the total number of beneficiaries in the database who met our
definition of lung cancer for the total sample and each of the
basic demographic characteristics and the denominator was
the total population count of UEBMI and URBMI insured.
Weighted descriptive analyses were used to analyse the sam-
ple characteristics, medical service utilization and medical
costs. Associations between medical service utilization and
sociodemographic characteristics were evaluated by Poisson
regression. A generalized linear model (GLM) with a gamma
distribution and a log link was used to assess the associa-
tion of average total costs and OOP cost with patient soci-
odemographic characteristics. Since our primary interest was
to assess lung cancer-related medical service utilization and
direct medical costs, the coefficients were transformed back
to the original scale. To calculate annual visits or cost for any
patient, the addition factors for each of the characteristics for
that patient were added onto the baseline female, age less
than 45, with URBMI in 2013 estimate.

Unless otherwise specified, all descriptive statistics and
GLM estimates in the text and tables are weighted to have

national estimates based on the sample weight provided by
CHIRA. A p-value of less than 0.05 was considered statisti-
cally significant. The software Stata version 15 for Windows
(Stata Corp, College Station, TX, USA) was used for the sta-
tistical analysis.

3 | RESULTS

3.1 | Sample characteristics

The first three columns of Table 1 display the original and
weighted sample characteristics. There are 38.2 thousand pa-
tients with lung cancer in our sample, and the weighted num-
ber was 2256.21 thousand. Among all lung cancer patients,
62.96% were men, 51.47% were aged 65 years or older and
70.67% were covered by UEMBI.

3.2 | Annual prevalence and direct medical
expenditure

As shown in the fourth column of Table 1, the 2013-2016 an-
nual prevalence of lung cancer was 87.65 cases per 100,000
people. The annual prevalence was higher among men
(108.04 per 100000) than women (66.37 per 100,000); and
those aged 75 or older had the highest prevalence (656.11
per 100,000).

The estimated total direct medical cost for lung cancer
treatment in urban China was RMB76.31 billion (US$12.11
billion) during 2013-2016, or roughly RMB19.08 billion
(US$3.03 billion) per year. The cost for male patients was
twice that for female patients and patients aged 55-64 years
had the highest total direct medical expenses. The weighted
average annual direct medical costs per lung cancer patient
was RMB33.78 thousand (US$5.36 thousand), with 30.37%,
or RMB10.26 thousand (US$1.63 thousand), OOP expenses.
The proportion of health expenditure spent on lung cancer in
the total health expenditure of urban residents was 0.65% on
average during 2013 to 2016. The average annual direct med-
ical expenses per patient accounted for 69.56% of per capita
GDP, and the average annual OOP spending accounted for
70.47% of average non-food household expenditure.

3.3 | Annual utilization of medical
services and associated costs

Table 2 shows outpatient visits and inpatient admissions as
a measure of medical service utilization, with their associ-
ated costs. The annual number of outpatient visits per lung
cancer patient was 2.42, incurring, on average, RMB745.64
(US$118.36) per visit with 33.15% of the total costs OOP
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Outpatient visit
(Total)

Pharmacies
Primary care

Secondary
hospitals

Tertiary hospitals

Inpatient admission
(Total)

Primary care
facilities

Secondary
hospitals

Tertiary hospitals

Average annual
visit number

2.42 (7.16)

0.04 (0.57)
0.51 (3.65)
1.56 (5.08)

0.31 (2.06)
2.07 (2.54)

0.13 (1.03)

0.56 (1.24)

1.39 (2.30)

ZHU ET AL.

Average cost per
visit, RMB
745.64 (1851.65)

559.52 (1025.10)
848.59 (1728.99)
446.76 (1239.17)

775.94 (1995.96)
15669.53 (18729.38)

8454.78 (14520.81)

12893.51 (14508.19)

17452.70 (20231.15)

TABLE 2 Summary of annual

Average out-of-pocket o X .
g P utilization of medical care and associated

cost per visit, RMB .
costs, weighted mean (SD).

247.18 (1063.70)

398.20 (559.44)
96.86 (405.61)
157.25 (379.78)

310.52 (1284.70)
4744.43 (8905.44)

2205.10 (7342.99)

3656.09 (5042.18)

5417.07 (10095.03)

expenses. The annual number of inpatients admissions per
lung cancer patient was 2.07, incurring an average cost of
RMB15669.53 (US$2487.23) per inpatient with RMB
4744.43 (US$753.08) OOP expenses. Inpatient costs ac-
counted for 96% of annual cost of lung cancer treatments,
and roughly 67% of inpatient services occurred in tertiary
hospitals. Tertiary hospitals had higher average inpatient
cost (RMB17452.70; US$2770.27) than secondary hospitals
(RMB12893.51; US$2046.59) and primary care facilities
(RMB8454.78; US$1342.03). OOP cost displayed a similar
pattern to total costs by healthcare facility.

3.4 | Predictors of medical
utilization and costs

Table 3 shows the association between medical utilization
and medical costs with patient sociodemographic character-
istics. The baseline represents utilization and medical costs
for an under 45-year-old woman with URBMI in 2013. When
a patient displays any of the characteristics listed in Table 3,
the annual utilization and medical costs are estimated by
the sum of the baseline and the addition costs correspond-
ing to each patient's characteristics. For example, the annual
number of outpatient visits for an under 45-year-old woman
with URBMI in 2013 was 0.798, and for a man was 0.398
(0.798-0.400), and the associated medical cost for an under
45-year-old woman with URBMI in 2013 was 1510.412 and
1523.867 (1510.412 + 13.455) for a male outpatient.

From Table 3, men utilized less outpatient services, but
more inpatient services with higher average cost per visit,
than women. Patients aged 45-74 years old used more in-
patient services, with a low average cost per admission. The
total inpatient cost per visit was higher for patients covered

by UEBMI than patients covered by URBMI, while the OOP
cost was higher for URBMI patients than UEBMI patients.
Compared with 2013, the average number of inpatient ad-
missions increased over the 2014-2016 period, while average
costs decreased.

3.5 | Structure of lung cancer medical costs
The distributions of various medical costs are presented in
Figure 1. The highest cost was western medicine (39.4%), fol-
lowed closely by medical services (39.2%). Diagnostic tests/
medical consumables costs and TCM cost each accounted for
about 10% of medical costs. TCM accounted for substantial
proportion of medical costs in lower level health facilities
and outpatient services; high-level hospitals had a high pro-
portion of diagnostic tests/medical consumables costs.

4 | DISCUSSION

Using urban basic medical insurance claims data, our study
provides a comprehensive estimate of the annual prevalence,
medical service utilization and direct medical costs of lung
cancer patients in urban China. With a nationally representa-
tive sample of more than 38 thousand lung cancer patients,
we found the annual prevalence of lung cancer was 87.65
cases per 100000 people; nearly 0.65% of China's total health
expenditures by urban residents was spent on lung cancer
treatments; and the average annual direct medical costs of
lung cancer patients was RMB33.78 thousand (US$5.36
thousand), with out-of-pocket costs of RMB10.26 thousand
(US$1.63 thousand) or 30.37% of total lung cancer costs.
The average number of lung cancer-related outpatient visits
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FIGURE 1 Cost subtypes distribution of patients with lung cancer (percentages).

was 2.42 and inpatient admissions was 2.07, with an average
cost of RMBO0.75 thousand (US$0.12 thousand) per outpa-
tient and RMB15.67 thousand (US$2.49 thousand) per in-
patient admission. Inpatient costs were the major component
(95%) of total lung cancer medical costs. Lung cancer-related
medical care utilization and direct costs were associated with
gender, age and insurance status. Medication expenses, espe-
cially western drugs, were the major contributor to average
lung cancer-related medical costs.

Our annual prevalence of lung cancer in urban China,
87.65/100000, was slightly higher than Zheng et al.
74.9/100,000 estimate using 2011 cancer registry data.?! This
is likely because of the increase in the crude incidence and
5-year relative survival rate in recent years.l’22 Also, com-
pared to 2011, the men—women ratio of prevalence decreased
slightly, from 1.86 to 1.63 in our study. This is consistent with
China's cancer statistics that show the incidence gap between
males and females narrowed in this period.1’7’23

Nearly 0.65% of total health expenditures of urban res-
idents were spent on lung cancer medical costs, which was
similar to the European Union.* We estimated the annual
treatment cost of lung cancer in urban China as roughly
RMB19 billion (US$3 billion). This was about 86% of na-
tional healthcare expense on lung cancer (RMB22 billion
(US$3.5 billion) estimated by Cai et al."”> Our estimate of
86% for lung cancer treatment costs is also significantly
higher than the total health expenditure of urban residents
(77%) in national total health expenditures.24 The potential
reason for our relative higher proportion of lung cancer in
total lung cancer treatment was that Cai et al. did include pri-
mary healthcare facilities and the higher prevalence of lung
cancer in urban compared to rural areas.”!

The average annual cost per lung cancer patient and aver-
age cost per visit (outpatient and inpatient) in our study were
lower than those estimated in some Chinese studies.”* This
may be due to the difference in locations, disease stages and
demographic characteristics. Previous research has shown
that higher-level hospitals have higher cost than low -level
hospitalsm’26 and first year cost of treatment was higher than
subsequent years of treatment.”> While this is consistent with
our data, additional studies should include more types of
healthcare facilities and all stages of lung cancer patients.

Lung cancer imposes a substantial financial burden on
individuals and families. Although the Chinese government
has launched several policies to ease the financial burden of
patients with lung cancer since 2006, such as price reductions
in anticancer drugs27 and critical disease insurance,ls’28 OOP
costs accounted for about 30% of total lung cancer expenses.
Average OOP expenses were 70.47% of average non-food
household expenditure, which meant that a substantial pro-
portion of families incurred catastrophic health expenditures,
using the catastrophic threshold definition of 40% of non-
food household expenditure on health.** To mitigate this
situation, a series of polices were initiated recently, including
anticancer drug price negotiation, more anticancer drugs in
drug list on social insurance and exempt tariffs on imported
cancer drugs. We recommend further measures to protect
mainly poor families from catastrophic lung cancer medical
expenditures, such as adopting more anticancer drugs on the
drug list and encouraging the use of generic medicines.

Consistent with previous studies in China, most of the
lung cancer treatment costs were attributed to inpatient treat-
ment,’' and the major inpatient service occurred in tertiary
hospitals, with the highest medical cost per admission of all
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health facilities.'*"> One interpretation is that there was ex-
cessive health-seeking behaviour by lung cancer patients for
inpatient services provided by tertiary hospitals. The lack of
ambulatory chemotherapy services®” and the low compensa-
tion level for outpatient lung cancer treatments are reasons
for the high tertiary hospital admission rates.>* On the supply
side, primary and secondary hospitals had a lower capacity
to treat cancers than tertiary hospitals.33’34 The evidence
shows that there were less than 2 oncologists per 100,000
population in China, and oncologists were concentrated in
high-level tertiary hospitals.34 Unsurprisingly, patients by-
passed lower-level facilities to seek care in tertiary hospitals.
In addition, the lack of a structured referral system permitted
patients to choose their initial health facility for treatment,
without referral by a lower-level health facility to higher-level
hospitals, underscored this health-seeking behavior.™

We found significant differences in medical service utiliza-
tion and cost by gender, age and insurance type.13’14 Compared
with women, men had higher inpatient service utilization with
higher treatment expenditures. A higher incidence of lung cancer
in men suggests gender-specific interventions for lung cancer,
with different prioritization of cancer screening and treatment
for males, leading to lung cancer treatment cost reductions. Due
to the insurance schemes disparities in the types of medical ser-
vices insured and their reimbursement rate, UEBMI patients
had higher medical service utilization and higher total cost, but
lower OOP expenses, than URBMI patients. UEBMI targeted
urban employees who paid higher premiums, while URBMI
targeted urban children, students, the unemployed and those
with disabilities who paid lower premiums,36 which explains
UEBMI's higher medical services and medications coverage
and higher reimbursement rates. We found an increase trend in
the number of clinical visits with a decrease trend in the cost per
visit. The potential reason was the payment reforms in recent
years in China, such as quota payment, where each inpatient
episode was paid by a contracted quota, and diagnosis-related
group (DRG) payments, where hospitals receive a prospectively
set fixed amount for each inpatient admission according to its
DRG category. These policies encouraged hospitals to shorten
average length of hospital stay and break one longer hospital-
ization into more shorter hospital admissions.™

Western medication was the leading cost component
(39.4%) of lung cancer treatment costs, which is similar to
other Chinese health studies,l?”14 but much higher than that
in European Union (27%).4 According to Shi et al., chemo-
therapy was the most common treatment regimen among
lung cancer patients in China, with more than 50% of pa-
tients receiving chemotherapy.9 Also, half of spending on
anticancer medicines in China was for imported medicines,
and anticancer drug prices in China are the second highest in
the world.*” In contrast to higher-level hospitals, TCM treat-
ments accounted for substantial proportion of lower-level
health facilities services. Despite the lack of evidence on the
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clinical efficacy of TCM, TCM was widely used as supple-
mentary drugs in cancer treatment in China.”®*

This study has several policy implications. First, lung
cancer causes huge economic pressure on China's health sys-
tem, and it expected to increase with a rapid ageing popula-
tion. This means the expansion of specific policies to control
cancer creating behaviour, such as further taxes on tobacco
consumption and better environmental pollution measures; to
contain the cost of cancer treatment, including the early detec-
tion of lung cancer; to improve innovation ability of domestic
drug companies; to reform provider payment mechanisms and
to improve referral systems. Second, patients and their fam-
ilies bear a large financial burden when suffering lung can-
cer. The government should place more anticancer drugs on
the drug list and encourage the use of generic medicines to
reduce the OOP costs of anticancer drugs. Third, the govern-
ment should design policies to provide training opportunities
to oncologists in primary and secondary hospitals, and sub-
stantially improve their capacity, both to detect and treat lung
cancer. Given the government's commitment to TCM, more
high-quality research should be supported to measure the ef-
fectiveness of TCM in the treatment of lung cancer.

This study has several limitations. First, our data do not
allow us to estimate the cost stratified by pathological cancer
subtypes and clinical stages of lung cancer. Second, our es-
timates do not consider treatment regimens given the lack of
treatment regime information. Third, since the data we used
were claim data, patients who did not go to medical care fa-
cilities or were not insured were not included in our sample.
Fourth, the use of claim data may miss direct non-medical
cost and indirect cost of lung cancer patients, although this
study focused on the direct medical cost. Previous studies
with relatively small samples have shown that the direct non-
medical cost and indirect cost together account for 8.1% to
32.8% of total cost.*®** A national estimate of direct non-
medical cost and indirect cost should be addressed in future
research. Fifth, there were some socioeconomic factors, such
as education, income and the occupation, that were not con-
trolled in our analysis. In addition, our data cannot allow us
to distinguish the OOP cost into several categories, such as
western medicine, medical services or TCM. Despite these
limitations, our study used UEBMI and URBMI claims data
that covered almost all urban Chinese and all types of med-
ical care facilities, providing the first nationally comprehen-
sive cost analysis for lung cancer patients in urban China.

5 | CONCLUSION

Lung cancer imposes a significant economic burden on
China's health system and a financial burden on cancer suf-
ferers and their families. Our study provides a nation-wide
measure of the annual prevalence, direct medical expenditures
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and medical resource utilization by lung cancer sufferers in
urban China. The greatest cost of lung cancer treatment was
medication, especially western drugs. Already high by global
standards, and with an ageing population, China's lung cancer
incidence and survival rate will increase in the future, which
will require more efficient allocation of health resources, im-
proved healthcare services and the containment of treatment
expenditures. Our reliable cost-of-illness data informs policy
makers to implement cost control of western anticancer drugs
and strengthen domestic drug companies; to develop more
controls on treatment-seeking behaviour; to improve early
lung cancer detection; to reform the referral system and to
expand the capacity of outpatient and lower-level hospitals
to upgrade their cancer treatment capacity. The Chinese gov-
ernment should adopt more anticancer drugs on the social
health insurance drug list and encourage the use of generic
medicines to decrease the medication financial burden on
families. The efficacy of TCM lung cancer treatment needs
urgent research to determine its effectiveness as an alterna-
tive to western drugs as a cancer treatment.
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