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Abstract

Background: Lung cancer is the most prevalent cancer, and the leading cause of cancer-related deaths in China. The
aim of this study was to estimate the direct medical expenditure incurred for lung cancer care and analyze the trend
therein for the period 2002-2011 using nationally representative data in China

Methods: This study was based on 10-year, multicenter retrospective expenditure data collected from hospital
records, covering 15,437 lung cancer patients from 13 provinces diagnosed during the period 2002-2011. All expend-
iture data were adjusted to 2011 to eliminate the effects of inflation using China’s annual consumer price index.

Results: The direct medical expenditure for lung cancer care (in 2011) was 39,015 CNY (US$6,041) per case, with

an annual growth rate of 7.55% from 2002 to 2011. Drug costs were the highest proportionally in the total medical
expenditure (54.27%), followed by treatment expenditure (14.32%) and surgical expenditure (8.10%). Medical expen-
ditures for the disease varied based on region, hospital level, type, and stage.

Conclusion: The medical expenditure for lung cancer care is substantial in China. Drug costs and laboratory test are
the main factors increasing medical costs.
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Introduction

Lung cancer has been the most common and deadly
malignancy in the world for several decades [1]. In
China, it is also the most prevalent cancer, estimated to
be responsible for 20% of all new cancer cases in 2015.
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mortality rates, the costs associated with lung cancer
treatment have created a heavy economic burden on
health care resources [6, 7].

Accurate estimates of cancer costs are necessary for
health care financing and cost-effectiveness analyses of
relevant control interventions. However, medical costs
associated with lung cancer treatment have not been
conclusively demonstrated. Previous studies have con-
tributed to estimations of such costs, but these findings
have been limited to estimate the medical expenditure of
single center, a certain type or therapy method because
of the lack of reliable sampling and representative data
in China [8-11]. A large public health service project,
Cancer Screening Program in Urban China (CanSPUC),
provided an opportunity to estimate the medical expend-
iture of cancer and their long-term trend. The CanSPUC
was launched in August 2012 and supported financially
by Chinese central government [12]. Lung cancer is one
of the six targeted cancers of CanSPUC.

This aim of this study was to present nationwide rep-
resentative estimates of hospital treatment expenditures
associated with lung cancer care based a multicenter,
hospital-based cross-sectional retrospective survey
conducted by CanSPUC. This study provided a com-
prehensive breakdown of expenditures for different
characteristics and explored the relationships between
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medical expenditures and geographic regions, hospital
characteristics, patient characteristics, and therapy types.
A 10-year trend analysis of the overall expenditure and
its components was also conducted to present the change
in the economic burden of lung cancer.

Methods

Data sources and sample size

As a part of CanSPUC program, a multicenter, hospital-
based survey was conducted to estimate the medical
expenditure incurred for cancer diagnoses and treat-
ments in 13 provinces across China from 2012 to 2014.
For each province, 1200 cases were sampled from 2002
to 2011 (120 cases each calendar year). The first case dis-
charged on December 31 of the year was enrolled; then,
based on the discharged date, 120 eligible cases were
obtained for each hospital by continually moving back
case by case. In order to ensure enough cases for sub-
group analysis, the proportion of clinical stage (I-IV)
and gender samples were required to keep balanced. A
total of 15,437 cases of lung cancer patients were sam-
pled from 37 hospitals in 13 cities in the eastern, cen-
tral, and western regions—accounting for more than a
third of China’s provinces (Table 1). Hospitals in China
were divided into three tiers (primary, secondary, and
tertiary) based on the level of service provision, medical

Table 1 Summary of the survey sites and hospitals in 13 provinces in China

Province General information at provincial Specific information on study sites and hospitals involved
level
Population size  GDP per capita City or cities involved Total number No.(level) of general  No./level of
in2011%,10000 in2011% CNY of hospitals hospital involved specialized hospital
involved involved
Eastern region
Guangdong 10,505 50,807 5 (Five cities ) 6 6 (3A) 0
Shandong 9637 47,335 1 (Jinan) 1 0 1 (3A)
Beijing 2019 81,658 1 (Beijing) 5 3(2x3A/1 x3Borless) 2 (3A)
Zhejiang 5463 59,249 2 (Hangzhou, Ningbo) 2 1(3A) 1(3A)
Jiangsu 7899 62,290 2 (Nantong, Xuzhou) 3 1 (3B or less) 2 (3A)
Liaoning 4383 50,760 2 (Shenyang, Tieling) 2 1(3A) 1(3A)
Central region
Hebei 7241 33,969 1 (Tangshan) 2 2 (3A) 0
Henan 9388 28,661 1 (Zhengzhou) 1 1 (3A)
Hunan 6596 29,880 1 (Changsha) 1 1 (3A)
Heilongjiang 3834 32,819 2 (Harbin, Daging) 4 2 (3A) 2 (3A)
Western region
Xinjiang 2209 30,087 1 (Urumchi) 1 1 (3A)
Chongging 2919 34,500 1 (Chongging) 1 1(3A)
Gansu 2564 19,595 2 (Lanzhou, Jinchang) 8 6 (3B or less) 2 (3A/3B or less)
Overall - - 22 37 22 15

?Based on China Statistical Yearbook 2012, avaliable from http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm;

® Including Guangzhou, Shenzhen, Dongguan, Foshan and Zhongshan
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technology, medical equipment, management, and medi-
cal quality. These three grades were further subdivided
into three subsidiary levels: A, B, and C. This resulted in a
total of nine levels, with tertiary A (3A) being the highest
comprehensive level. In addition, hospitals were divided
into general hospitals and specialized hospitals depend-
ing on the type of service provision. Clinical and medi-
cal expense information was extracted covering inpatient
and outpatient visits of patients with lung cancer in the
investigated hospitals.

Medical expenditure data and inclusion/exclusion criteria
The inpatients simultaneously fulfilling the following
conditions were included: (1) diagnosed with lung cancer
as the primary tumor; (2) main treatment and expenses
occurred in the investigated hospitals; (3) last discharge
date was between January 1, 2002, and December 31,
2011; and (4) patients’ basic information, expenditure
information, and clinical information (clinical diagnosis,
treatment programs, and pathological information) were
available and intact.

Individuals who had two or more primary cancers were
excluded. Patients who only received a diagnosis or post-
operative follow-up in the investigated hospitals were
also excluded.

Data analysis

All expenditures were reported in China Yuan (CNY)
based on the value in 2011 and inflated according to Chi-
na’s year-specific health care consumer price index [13].
Medical expense data were log transformed. The Stu-
dent’s ¢-test and an analysis of variance were performed
to compare differences between groups. All data were
analyzed using SAS 9.3. Values of P<0.05 were consid-
ered statistically significant.

Results
Sample characteristics
A total of 15,437 lung cancer patients for the period
2002-2011 were included in the analysis (Table 2). The
eastern, central, and western regions accounted for 59.52,
23.66, and 25.81% of the sample, respectively. Moreover,
69.83% of the patients were from specialized hospitals,
and 93.16% of the patients were from three hospitals. The
mean age was 59.53 years, and 69.86% were men.
Squamous cell carcinoma and adenocarcinoma were
diagnosed in 5,380 (38.61%) and 4,943 (35.47%) patients,
respectively (Table 2). Patients diagnosed at early clini-
cal stage I accounted for 18.93% of the total. Cases diag-
nosed at this stage were less than those for stage III
and IV (32.42%). A substantial portion (33.02%) of the
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Table 2 Characteristics of included lung cancer cases, 2002-

2011
Variable Results
(n=15,437)
Region?, n (%)
East 7799 (50.52)
Central 3653 (23.66)
West 3985 (25.81)
Hospital type, n (%)
General 4658 (30.17)
Specialized 10,779 (69.83)
Hospital level, n (%)
3A 14,381 (93.16)
3Borless 1056 (6.84)
Gender
Male 10,786 (69.87)
Female 4651 (30.13)
Age at diagnosis, years, mean 4 SD 59.53£11.19
Age at diagnosis, years
<45 1537 (9.96)
45-54 3373 (21.85)
55-64 5116 (33.14)
>65 5411 (35.05)
Pathological type®
Squamous cell carcinoma 5380 (38.61)
Adenocarcinoma 4943 (35.47)
Others 3611 (25.91)
Clinical stage®
| 2922 (18.93)
Il 2344 (15.18)
I 4507 (29.2)
[\ 5005 (3242)
Not reported 659 4.27)
The proportion of morphological verification, % 12,291 (79.64)
Number of clinical visits per case, Median (P5- 1(1-8)
P95)
Number of clinical visits per case
1 8975 (58.14)
2 2182 (14.13)
3 1461 (9.46)
4+ 2819 (18.26)
Number of length of stay per case, Median 26 (14-55)
(P25-P75)
Type of therapy
Surgery 2873 (19)
Radiotherapy 1159 (7.67)
Surgery & Radiotherapy 95 (0.63)
Chemotherapy 4289 (28.37)
Surgery & Chemotherapy 2627 (17.37)
Radiotherapy & Chemotherapy 1486 (9.83)
Palliative care 1923 (12.72)
Others 668 (4.42)
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Table 2 (continued)

Variable Results

(n=15,437)
% of cases with any comorbidities 5098 (33.02)
% of cases with any complications 1431 (9.27)

2 China is divided into eastern, middle and western regions according to
economic development and geographical position differences within country

b Clinical stage is divided into four stages according to the combination of
neoplastic TNM classification. Stage | is the mildest, which mean that the lesion
was localized to the mucosa or submucosa without lymph node metastasis.
Stage IV is the most sever, which mean that the lesion involves peripheral organs
with distant lymph node metastases or distant metastases

patients had other concomitant diseases, and 9.27% of
the patients had complications during treatment.

The median number of clinical visits per case was one
(Table 2). The number of hospitalizations per patient was
either 1, 2, 3, or 4 or more, accounting for 58.14, 14.13,
9.46, and 18.26, respectively. The median length of stay in
a hospital was 26 days.

Regarding therapeutic schemes, patients undergoing
chemotherapy accounted for 28.37%, followed by lung
surgery (19.00%) and surgery combined with chemother-
apy (17.37%). Palliative therapy accounted for 12.72%.

Medical expenditure for lung cancer diagnosis

and treatment

The average medical expenditure per patient dur-
ing 2002-2011 for hospital care was 39,015 CNY
(US$6,041) (Table 3). For the last three years, the aver-
age expenditure was 44,809 CNY (US$6,937) (Table 3).
Expenditures for lung cancer patients were significantly
associated with age at diagnosis, region, hospital type,
hospital level, clinical stage, type of therapy, num-
ber of clinical visits per case, number of bed days per
case, and accompanying diseases (P<0.001). Patients
receiving treatment in 3 A hospitals had higher expen-
ditures (40,173CNY) (US$6,220) than those receiv-
ing treatment in the non-3A hospitals (23,246CNY)
(US$3,599). The expense gaps between hospital lev-
els increased for the period 2009-2011. The average
expenditure per visit was 19,317 CNY (US$2,991). The
medical expenditure for adenocarcinoma was higher
than that for squamous cell carcinoma or other types.
Expenditures of lung cancer patients ranged from
36,413 CNY(US$5,638) in the stage I group to 41,069
CNY (US$6,359) per capita in the stage III group, with
the highest medical expenditure incurred by stage III
patients (Table 4). Stage IV expenditure was the lowest
among expenditures for all stages for the period 2009—
2011. There were also significant regional differences
(17,285CNY-77,026 CNY) (US$2,676-US$11,926), with
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the lowest expenditures in the western regions and the
highest in eastern regions. The expenditures of all 13
provinces are shown in Fig. 1.

Annual time trends in medical expenditure

Overall, the average medical expenditure of lung can-
cer patients increased with the annual growth rate was
7.55% over the decade evaluated (Fig. 2). The average
expenditure per visit had an average annual growth
rate of 1.04% from 2002 to 2011, while the number of
clinical visits per patient increased significantly from
1.26 in 2002 to 4.27 in 2011. The average daily medical
expenditure increased at an average annual growth rate
of 1.28% from 2002 to 2011. The average length of stay
per case increased significantly from 28.68 days in 2002
to 42.39 days in 2011; the highest average length of stay
was 50.37 days in 2008.

The time trends in medical expenditures per capita
varied based on region, type of hospital, hospital grade,
visit time, diagnostic age, and pathological type (Fig. 3).
The gap between the expenditures in eastern, central, and
western regions widened, with the eastern and central
regions increasing rapidly. The total medical expenditure
per case in the eastern region was 1.6 times that of the
western region in 2011. The expense gap between gen-
eral hospitals and specialized hospitals decreased gradu-
ally over time. The difference between 3 A hospitals and
hospitals in other levels increased gradually. The average
expenditure per case for 3 A hospitals was 2.1 times that
of the other hospitals in 2011, up from 1.5 times in 2002.
Chemotherapy, surgery, and surgery combined with
chemotherapy expenditures grew rapidly, whereas pal-
liative treatment expenditures increased slowly. Further-
more, radiotherapy expenditures decreased over the past
decade.

Proportions of medical expenditure by service type

Over half of the direct medical expenditure was for
drugs, followed by treatment (treatment other than sur-
gery and medicine), inspection, surgery, and labora-
tory costs (Fig. 4). Expenditure percentages for drugs,
treatment, inspection, and laboratory tests increased
over time (Fig. 4). The percentage of drug expenditures
relative to the total medical expenditure ranged from
48.74% in 2002 to 54.85% in 2011; it peaked at 57.0% in
2009. Laboratory costs substantially increased from 3.5%
in 2002 to 5.5% in 2011. Meanwhile, surgical costs rela-
tive to the total medical expenditure decreased sharply
from 14.49% in 2002 to 5.88% in 2011. The share of the
expenditure for beds, nursing, and inspections decreased
slightly over time.
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Table 3 Subgroup analysis of medical expenditure for lung cancer diagnosis and treatment per case
Variable Expenditure percase during Value P Expenditure per case during Value P
2002-2011, CNY Mean(95% ClI) 2009-2011, CNY Mean (95% Cl)
Overall 39,015(38,401-39,629) 44,809 (43,656-45,962)
Region 37800 <0.001% 22369  <0.001°
East 43,100(42,185-44,015) 51,414 (49,721-53,107)
Central 38,003(37,014-38,992) 46,151 (44,045-48,257)
West 31,948(30,701-33,196) 32,439 (30,347-34,531)
Hospital type —1794  <0001° —461  <0001°
General hospital 32,043(31,054-33,031) 43,182 (41,131-45,232)
Specialized hospital 42,028(41,266-42,790) 45,637 (44,245-47,029)
Hospital level 1995  <0001° 1483 <0001°
3A 40,173(39,531-40,815) 46,192 (45,000-47,383)
3Borless 23,246(21,457-25,034) 18,660 (15,710-21,611)
Number of clinical visits per case 1671.52  <0.001° 408.03  <0.001*
1 23,870(23,380-24,360) 26,696 (25,698-27,693)
2 45,966(44,430-47,501) 48,008 (45,276-50,739)
3 59,332(57,165-61,499) 59,473 (55,859-63,087)
4+ 71,323(69,462-73,183) 70,397 (67,671-73,122)
Gender 6.18  <0001° 1.57 0.116°
Male 40,035(39,287-40,784) 45,285 (43,885-46,684)
Female 36,649(35,582-37,715) 43,766 (41,732-45,799)
Age at diagnosis, years 835 <0001° 941  <0.001°
<45 98(36,210-40,186) 43,750 (39,551-47,949)
45-54 39 202(37 913-40,491) 47,391 (44,746-50,036)
55-64 39(39,070-41,208) 46,288 (44,401-48,176)
>65 38, 068(37 026-39,110) 42,152 (40,236-44,068)
Pathological type 6780  <0.001° 3221 <0001°
Squamous cell carcinoma 39,154(38,189-40,119) 47,491 (45,509-49,473)
Adenocarcinoma 43,416(42,280-44,552) 50,693 (48,676-52,710)
Others 36,854(35,548-38,161) 42,886 (40,259-45,474)
Clinical stage 2103  <0.001° 2181  <0.001°
| 36,413(35,307-37,520) 42,960 (40,820-45,101)
I 36,713(35,357-38,070) 43,851 (41,068-46,635)
Il 069(39,907-42,232) 45,861 (43,754-47,968)
v 39, 904(38,694—41 115) 42,914 (40,703-45,125)

CNY Chinese CNY

2 ANOVA test after logarithm transition;  Two-sample Student's t test after logarithm transition

Discussion

The average medical expenditure per patient with lung
cancer was 39015 CNY (US$6,041) for the period 2002—
2011. The narrow confidence interval range indicated
the representativeness and robustness of the multicenter
survey. This situation was consistent with other cancer
studies conducted in the CanSPUC program [13, 14].It
was estimated that 94% of the overall medical expenses
occurred in the first year after the diagnosis of lung can-
cer, and was on average 36,675 CNY (US$5,678), which
was higher than the per capita gross domestic prod-
uct in 2011 (35,181 CNY) (US$5,447). Furthermore,

it was much higher than the annual per capita dispos-
able income of urban households in 2011 (21,810 CNY)
(US$3,377) [15]. Therefore, compared to an individual’s
income, medical costs of lung cancer were substantial,
potentially leading to a high probability of catastrophic
health payments.

A previous multi-center study on lung cancer direct
medical expenditure published in 2021 measured the
direct medical expenditure of enrollees using claim
data of urban basic medical insurance between 2013
and 2016[16]. The consequent estimate of inpatient
expenditure was 34,240 CNY (US$5,414) per lung
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Table 4 Subgroup analysis of medical expenditure for lung cancer diagnosis and treatment per case, Price in 2019
Variable Expenditure per case during Value P Expenditure per case Value P
2002-2011, CNY Mean (95% CI) during 2009-2011, CNY
Mean (95% CI)
Overall 49,432(48,654-50,210) 56,773(55,312-58,233)
Region 378.00 <0.001° 223.69 <0.001°
East 54,607(53,448-55,767) 65,142(62,997-67,287)
Central 58,473(55,805-61,142)
West 40,478(46,897-49,403) 41,100(38,450-43,751)
Hospital type —17.94 <0.001° — 461 <0.001°
General hospital 40,598(39,345-41,850) 54,712(52,113-57,309)
Specialized hospital 53,249(52,284-54,215) 57,822(56,058-21,576)
Hospital level 19.95 <0.001° 14.83 <0.001°
3A 50,899(50,085-51,713) 58,525(57,015-60,034)
3Aless 29,453(27,186-31,718) 23,642(19,905-27,381)
Number of clinical visits per case 167152 <0.001° 408.03 <0.001°
1 30,243(29,622-30,864) 33,824(32,559-35,087)
2 58,239(56,293-60,184) 60,826(57,365-64,286)
3 75174(72,428-77,919) 75,352(70,773-79,931)
4+ 90,366(88,008-92,723) 89,193(85,739-92,646)
Gender 618  <0001° 157 0.116°
Male 50,724(49,777-51,673) 57,376(55,602-58,027)
Female 46,434(45,082-47,785) 55,452(52,874-58,027)
Age at diagnosis, y 835 <0.001° 941 <0.001°
<45 48,397(45,878-50,916) 55,431(50,111-60,751)
45-54 49,669(48,036-51,302) 60,044(56,693-63,396)
55-64 50,856(49,502-52,211) 58,647(56,256-61,039)
>65 48,232(46,912-49,552) 53,407(50,979-55,834)
Pathological type 6780  <0001P 3221 <0.001P
Squamous cell carcinoma 49,608(48,385-50,831) 60,171(57,660-62,682)
Adenocarcinoma 55,008(53,569-56,447) 64,228(61,672-66,784)
Others 46,694(45,039-48,350) 54,337(51,008-57,616)
Clinical stage 21.03 <0.0012 21.81 <0.001°

46,135(44,734-47,538)
46,515(44,797-48,235)
52,034(50,562-53,508)
50,558(49,025-52,093)

54,430(51,719-57,143)
55,559(52,033-59,087)
58,106(55,436-60,775)
54,372(51,571-57,173)

CNY Chinese CNY

2 ANOVA test after logarithm transition
b Two-sample Student t test after logarithm transition

cancer patient which was slightly lower than our sur-
vey. The difference might be due to different survey
methodology applied and period covered.

Medical expenses for patients with lung cancer grew
continually over time. The annual average growth rate
in medical expenditure per patient was 7.55% for the
period 2002-2011. 2010. This trend was consistent with
the change in the length of stay in the hospital, which
declined from 48.13 days in 2009 to 42.39 days in 2011,
implying that reducing the average number of days

of hospitalization was effective in decreasing patient
costs.

Medical expenses for patients with lung cancer were
influenced by many factors. Significant differences in
patient costs were found among different regions and
provinces. Medical expenditures in the central and east-
ern regions were significantly higher than those in the
western region, a finding that was consistent with local
economy levels. The differences might have been caused
by diverse medical technology levels and medical service
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Fig. 1 Medical expenditure for lung cancer diagnosis and treatment per case in China, by province

prices, which are fixed by provincial administrations
according to the regional economy and health service
costs. The regional gap of medical expenditure continued
to widen over ten years.

Medical expenditures also varied by clinical stage.
Expenditures of patients with stages III and IV lung can-
cer were higher than those of patients with stages I and
I diagnoses. Early-stage patients accounted for 34%, with
the majority of patients (62%) diagnosed at an advanced
stage. Only 37% of patients received surgical treatment.
Some patients might already have missed potential sur-
gical cures and were only indicated for long courses of
radiation and chemotherapy or palliative care, generally
leading to unfavorable results and a long-term financial
burden [17]. Thus it is essential to conduct early detec-
tion and treatment for lung cancer through screening to
reduce the disease burden [18]. The large-scale CanSPUC
program promotes early diagnosis and treatment of can-
cer in China.

The time trends in medical expenditures varied by
treatment strategy. Expenditures of patients who under-
went chemotherapy or surgery combined with chemo-
therapy increased rapidly, which might be attributed to
the rise in prices of antineoplastic drugs. There were no
significant increases in expenditures for radiation ther-
apy and palliative treatment because radiotherapy prices

remained stable, thanks to the supervision of medical
services administrators.

Regarding medical expenditures of patients with lung
cancer, drug expenditures accounted for the largest pro-
portion and increased over time. This finding is consist-
ent with other domestic research results regarding lung
cancer costs [7, 19]. Laboratory and inspection expen-
ditures have continued to rise over the past decade. In
contrast, expenditures for surgery, nursing care, and
diagnoses (reflecting the value of medical labor) were
relatively low in terms of the overall medical expendi-
ture. The proportion of surgical expenses relative to the
total medical expenditure decreased from 14.5% in 2002
to 5.9% in 2011. Less than 1% of the total expenditure
was attributed to nursing expenses, and this percentage
has been falling over the past decade. The long treat-
ment course for patients with lung cancer requires a large
number of antineoplastic and supportive drugs. On the
one hand, rapid advances in innovative drug and diag-
nosis technologies in recent years have further increased
the cost of drugs [20, 21]. On the other hand, hospitals’
drugs policies and economic incentives could lead to a
supplier-induced demand for physicians and an increase
in the use of drugs and high-tech inspections [22]. It is
anticipated that the trend of increasing medical expen-
ditures could be diminished by new health care reform
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measures in China regarding financing and the drug poli-
cies of public hospitals [23, 24].

The direct medical expenditure associated with
lung cancer might be an underestimation based on
the following limitations. First, it was difficult to col-
lect all medical record information of the patients in
the selected hospitals, especially outpatient records.
Some hospitals had not implemented electronic medi-
cal records management for previous years. Second,
the diagnosis and treatment expenditures of patients
with lung cancer used in this study were only from
selected hospitals; expenditures of patients enrolled in
other hospitals were not included. Thus, the complete
direct medical cost incurred by patients with lung can-
cer might not be reflected in the expenditure estimate.
Third, over-the-counter pharmaceuticals or prescrip-
tions filled at pharmacies were not included in our
estimates since only hospital expenses were included.
A single-center study regarding the economic bur-
den resulting from lung cancer indicated that over-
the-counter pharmaceuticals accounted for 26.2% of
the direct medical cost [9]. Forth, the vast majority of
patients came from general hospitals or tumor special-
ized hospitals of 3 A level, which potentially decreased
the generalization of this data. Finally, this study aimed

to estimate the direct medical cost of lung cancer based
on the medical records. Indirect and intangible costs
were not included.

Conclusions

The overall medical expenditure incurred for lung cancer
diagnosis and treatment was substantial and rose rapidly
in China. Reducing the average length of hospital stay
could be beneficial for decreasing the total expenditure.
Drugs, treatment, inspection, and surgery accounted
for most of the total expenditure of lung cancer care.
The largest component was the expenditure for drugs.
Reducing drug costs is one of the means that can reduce
the economic burden of lung cancer patients. Addition-
ally, more attention should be paid to screening for lung
cancer to facilitate detection at an early stage, and thus
reduce relevant treatment costs.

Abbreviations
CanSPUC: Cancer Screening Program in Urban China; CNY: China Yuan; DALYs:
Disability-adjusted life-years; Cl: Confidence interval.

Acknowledgements
The authors would like to thank all members of the Health Economic Evalua-
tion Working Group and the field investigation of the CanSPUC program.



Zhang et al. Cost Eff Resour Alloc (2021) 19:53

Authors’ contributions

XZ and GXL were responsible for the data interpretation and manuscript draft-
ing. JFS was responsible for the study design. LWG was responsible for the
data analysis. HYH and XYZ contributed to data quality control and interpreta-
tion. WDH, LMS, and YM contributed to manuscript drafting. JSR, YNB, XZL,
AYM, and XJS contributed to data analysis. QZ, JYG, JYZ, YQL, LM, BBS, LZ, XJX,
LBD, XQ, XHS, SLW, YR, RC, LL, and PAL contributed to data collection. KZ, JH,
and MD contributed to the overall design and management of the CanSPUC
program. All authors read and approved the final manuscript.

Funding

This study was funded by National Key research and development plan of
China (2017YFC1308700, 2017YFC1308705), Cancer Screening Program in

Urban China (CanSPUC), and National Nature Science Foundation of China
(71673071,71503063).

Availability of data and materials
The data sets used and/or analysed during the current study are not publicly
available due to the program requirement on data confidentiality.

Declarations

Ethics approval and consent to participate

The project protocol was approved by the Ethics Committee of Cancer
Institute and Hospital, Chinese Academy of Medical Sciences (Approval
No.15-070/997).

Consent for publication
Not applicable.

Author details

'School of Health Management, Harbin Medical University, 194 Xuefu Road,
Nangang District, Harbin 150081, China. 2Office of Cancer Screening, National
Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital,
Chinese Academy of Medical Sciences and Peking Union Medical College, 17
Panjiayuan South Lane, Chaoyang District, Beijing 100021, China. >Depart-
ment of Cancer Epidemiology, The Affiliated Cancer Hospital of Zhengzhou
University, Henan Cancer Hospital, Zhengzhou 450008, China. *Institute

of Epidemiology and Health Statistics, Lanzhou University, Lanzhou 730000,
China. °*Hunan Office for Cancer Control and Research, Hunan Provincial Can-
cer Hospital, Changsha 410006, China. ®Public Health Information Research
Office, Institute of Medical Information, Chinese Academy of Medical Sciences,
Beijing 100020, China. ’Center for Health Management and Policy, Key Lab

of Health Economics and Policy, Shandong University, Jinan 250012, China.
8Chongging Office for Cancer Control and Research, Chongging Cancer
Hospital, Chongging 400030, China. °Science and Education Department

of Public Health Division, Shandong Tumor Hospital, Jinan 250117, China.
1%Jiangsu Provincial Center for Disease Control and Prevention, Institute

of Chronic Non-Communicable Diseases Prevention and Control, Nan-

jing 210009, China. ''Cancer Epidemiology Research Center, Gansu Provincial
Cancer Hospital, Lanzhou 730050, China. '?Department of Institute of Tumor
Research, The Affiliated Cancer Hospital of Zhengzhou University, Henan
Cancer Hospital, Zhengzhou 450008, China. *Heilongjiang Office for Cancer
Control and Research, Affiliated Cancer Hospital of Harbin Medical University,
Harbin 150081, China. '“Teaching and Research Department, Affiliated Cancer
Hospital of Xinjiang Medical University, Urumqi 830011, China. "*Liaoning
Office for Cancer Control and Research, Liaoning Cancer Hospital & Institute,
Shenyang 110042, China. '%Zhejiang Office for Cancer Control and Research,
Zhejiang Cancer Hospital, Hangzhou 310022, China. '"Department of Occu-
pational Medicine, Tangshan People’s Hospital, Tangshan 063001, China.
'8Ningbo Clinical Cancer Prevention Guidance Center, Ningbo NO.2 Hospital,
Ningbo 315010, China. '’Health Department of Kailuan Group, Kailuan Gen-
eral Hospital, Tangshan 063000, China. °Urban Office of Cancer Early Detec-
tion and Treatment, Tieling Central Hospital, Tieling 112000, China. >' Depart-
ment of Health Policy and Economic Research, Guangdong Provincial Institute
of Public Health, Guangzhou 511430, China. Institute of Chronic Disease
Prevention and Control, Harbin Center for Disease Control and Prevention,
Harbin 150056, China. 2Department of Control and Prevention of Chronic
Non-Communicable Diseases, Xuzhou Center for Disease Control and Preven-
tion, Xuzhou 221006, China.

Page 11 of 12

Received: 31 January 2021 Accepted: 9 August 2021
Published online: 17 August 2021

References

1. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018,68:394-424.

2. GaoS, LiN,Wang s, Zhang F, Wei W, Li N, et al. Lung cancer in People’s
Republic of China. J Thorac Oncol. 2020;15(10):1567-76.

3. Yang G,Wang, Zeng Y, Gao GF, Liang X, Zhou M, et al. Rapid health
transition in China, 1990-2010: findings from the global burden of
disease study 2010. Lancet. 2013;381:1987-2015.

4. LiuY,WangW, Liu J, Yin P, Zhou M. Cancer mortality—China. China
CDC Weekly. 2018;2:63-8.

5. Sun D, Cao M, LiH,He S, Chen W. Cancer burden and trends in China:
a review and comparison with Japan and South Korea. Chin J Cancer
Res. 2020;32(2):129-39.

6. Zeng X, Karnon J, Wang S, Wu B, Wan X, Peng L. The cost of treating
advanced non-small cell lung cancer: estimates from the Chinese
experience. PLoS ONE. 2012;10:e48323.

7. SheJ, Yang P, Hong Q, Bai C. Lung cancer in China: challenges and
interventions. Chest. 2013;143:1117-26.

8. Mao W, Chen W. Economic burden of the patients with lung cancer
in Xinjiang Province, China: a real-world research. Value Health.
2016;3:A166.

9. Zhang X, Liu S, LiuY, Du J, Fu W, Zhao X, et al. Economic burden for
lung cancer survivors in urban China. Int J Environ Res Public Health.
2017;14(3):308.

10. Chai Q, Shen', Du J, et al. Economic burden of patients with advanced
non-small-cell lung cancer receiving nivolumab versus chemotherapy
in China. Immunotherapy. 2020;12(4):245-54.

11. Ding L, Zhu D, He P, et al. Comorbidity in lung cancer patients and its
association with medical service cost and treatment choice in China.
BMC Cancer. 2020;20:250.

12. Dai M, Shi J, Li N. Cancer screening program in urban China: the pro-
gram design and the expectancies. Zhonghua Yu Fang Yi Xue Za Zhi
(in Chinese). 2013;2:179-82.

13. ShiJ, Liu G, Wang H, et al. Medical expenditures for colorectal cancer
diagnosis and treatment: a 10-year high-level-hospital-based multi-
center retrospective survey in China, 2002-2011. Chin J Cancer Res.
2019;31(5):825-37.

14. Guo L, Huang H, Shi J, et al. Medical expenditures for colorectal cancer
diagnosis and treatment: a 10-year high-level-hospital-based multi-
center retrospective survey in China, 2002-2011. Chin J Cancer Res.
2017,36:73.

15. Ministry of Health of the People’s Republic of China. China health sta-
tistical yearbook. Beijing: China Union Medical University Press; 2012.

16. Zhu D, Shi X, Nicholas S, et al. Estimated annual prevalence, medi-
cal service utilization and direct costs of lung cancer in urban China.
Cancer Med. 2021;8:1-10.

17. Woodward RM, Brown ML, Stewart ST, Cronin KA, Cutler DM. The
value of medical interventions for lung cancer in the elderly. Cancer.
2007;110:2511-8.

18. ShiJ, Dai M. Health economic evaluation of cancer screening in China.
Zhonghua Yu Fang Yi Xue Za Zhi (in Chinese). 2017,51:107-11.

19. Hu C, Huang L, Zhao D, Xu L. Review of disease burden of lung cancer
in China’Beijing and Shanghai. Value Health. 2015;3:A199.

20. LiY, Li X. Global efforts in conquering lung cancer in China. Chin J
Cancer. 2015;34:32.

21. Xue C,Hu Z, Jiang W, Zhao Y, Xu F, Huang Y, et al. National survey of
the medical treatment status for non-small cell lung cancer (NSCLC) in
China. Lung Cancer. 2012;2:371-5.

22. Wagstaff A, Yip W, Lindelow M, et al. China's health system and its
reform: a review of recent studies. Health Econ. 2009;18:57-23.

23. Yip WC, Hsiao WC, Chen W, Hu S, Ma J, Maynard A. Early appraisal
of China’s huge and complex health-care reforms. Lancet.
2012;379(9818):833-42.



Zhang et al. Cost Eff Resour Alloc (2021) 19:53

24, Zang X, Zhang M. Wei S Impact of public hospital pricing reform on
medical expenditure structure in Jiangsu, China: a synthetic control
analysis. BMC Health Serv Res. 2019;19:512.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Medical expenditure for lung cancer in China: a multicenter, hospital-based retrospective survey
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Data sources and sample size
	Medical expenditure data and inclusionexclusion criteria
	Data analysis

	Results
	Sample characteristics
	Medical expenditure for lung cancer diagnosis and treatment
	Annual time trends in medical expenditure
	Proportions of medical expenditure by service type

	Discussion
	Conclusions
	Acknowledgements
	References




