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Abstract

Objective: Population-level  economic  burden  is  essential  for  prioritizing  healthcare  resources  and  healthcare

budget making in the future. However, little is known about the economic burden of lung cancer in China.

Methods: A prevalence-based approach was adopted to estimate the economic burden of lung cancer, including

direct  expenditure  (medical  and  non-medical)  and  indirect  cost  (disability  and  premature  death).  Data  on  direct

expenditure  and work-loss  days  per  patient  in  each  year  post-diagnosis  were  obtained  from two primary  surveys.

Other parameters were obtained from literatures and official reports. Projections were conducted based on varying

parameters. All expenditure data were reported in United States dollars (USD) using 2017 value (exchange rate: 1

USD= 6.760 CNY), with the discount rate of 3%.

Results: The total economic burden of lung cancer was estimated to be 25,069 million USD in China in 2017

(0.121% of gross domestic productivity, GDP). The estimated direct expenditure was 11,098 million USD, up to

1.43% of total healthcare expenditure for China, covering 10,303 million USD and 795 million USD for medical

and non-medical expenditure, respectively. The estimated indirect cost was 13,971 million, including 1,517 million

USD due to disability and 12,454 million USD due to premature death. Under current assumptions, the projected

total economic burden would increase to 30.1 billion USD, 40.4 billion USD, and 53.4 billion USD in 2020, 2025,

and 2030, accounting for 0.121%, 0.131%, and 0.146% of China’s GDP, respectively. However, if China meets the

United  Nation  sustainable  development  goal  of  reducing  premature  death  from  non-communicable  diseases  by

one-third by 2030, the total economic burden in 2030 would be 31.9 billion USD, 0.087% of China’s GDP.

Conclusions: The economic burden of lung cancer in China in 2017 is substantial and more likely to increase

significantly  in  the  future.  Policy  makers  need  to  take  urgent  actions  in  budget  making  for  health  systems.  The

economic  burden  could  be  alleviated  by  reducing  the  disease  burden  of  lung  cancer  via  effective  control  and

prevention actions.
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Introduction

Lung cancer,  as a major global health threat,  has been the
leading cause of cancer incidence and mortality throughout
the  world,  with  more  than  2.1  million  new  cases  and  1.8
million  deaths  in  2018  (1).  In  particular,  more  than  one
third of all newly diagnosed lung cancers and nearly 40% of
deaths  globally  occurred  in  China,  and  the  number  is
expected to  increase  in  the future  (1,2).  It  is  inevitable  for
lung  cancer  patients  to  utilize  costly  medical  services  with
non-medical  spending and experience productivity loss  for
themselves  and  their  caregivers.  Thus,  the  economic
consequences  of  lung  cancer  and  its  trends  in  the  future,
including  the  direct  and  indirect  cost  are  increasingly
drawing  the  attention  from  both  the  government  and  the
public.

Quantifying  the  comprehensive  economic  burden  of
lung cancer in the population level both at the present and
in the future is a critical first step to inform cancer control
strategies  (3).  The  European  Union  (EU),  the  United
States  (US) and Korea have established a  scientifically-
designed platform and methodology for  estimating and
projecting the population-level cost of cancer (4-8). In the
US, the direct medical expenditure associated with lung
cancer  was  $20.10  billion  in  2015  and  this  figure  is
expected  to  increase  (6).  In  Korea,  the  total  economic
burden of lung cancer is $1.9 billion (7). These estimations
and projections of the economic burden of lung cancer in
foreign countries have provided valuable evidence for local
policymaking and resource allocation. However, data on
the economic burden of lung cancer in China have always
been  sparse,  and  little  is  known  about  the  projections
(9,10).

Therefore,  to address  these gaps,  using a prevalence-
based approach, we estimated the comprehensive economic
burden  of  lung  cancer  in  China  from  2017  to  2030  at
population level.

Materials and methods

Study design

A  prevalence-based  cost-of-illness  approach  was  used  to
estimate  the  annual  economic  burden  of  lung  cancer  in
China  from  2017  to  2030,  including  direct  (medical  and
non-medical)  expenditure  and  indirect  cost  (Figure  1A)
(3,9,11,12).  Direct  medical  expenditure  includes  all
payments  for  healthcare  services  to  manage  lung  cancer,
while  direct  non-medical  expenditure  refers  to  the  other
spending  on  patient’s  diagnosis  and  treatment,  including

additional  meals,  nutrition,  transportation,
accommodation,  hired  informal  nursing  and  other
expenditures.  Indirect  cost  covers  the  value  of  lost
productivity  due  to  disability  and  premature  death  from
lung cancer.

Data source

Individual  direct  expenditure,  and  work-loss  days
associated with lung cancer
Medical  expenditure  data  were  obtained  from  a  hospital-
based  multicenter  lung  cancer  retrospective  clinical
epidemiological  survey  in  2015−2016  in  China  (13).  As
previously  described,  a  convenience  sampling  was
conducted across the seven geography regions classified by
the  National  Bureau  of  Statistics,  including  Shanxi,
Liaoning, Anhui, Zhejiang, Hunan, Guangxi, Yunnan, and
Gansu  (13,14).  Lung  cancer  patients  who  were  primarily
diagnosed  by  pathology  between  2005  and  2014  were
included  if  they  underwent  main  treatments  in  surveyed
hospital  with  complete  medical  record  data  (13).
Information of socio-demographics and risk factors, clinical
characteristics and medical expenditure due to lung cancer
diagnosis and treatment for all  clinical visits,  was collected
through  the  hospital’s  electronic  medical  record  system
(13).  To  present  annual  medical  expenditure  data  with
better  robustness,  information  from  a  sub-set  containing
7,052  primary  lung  cancer  patients  were  applied  for  this
analysis.

Non-medical  expenditures  and  work-loss  days  were
acquired from a multicenter, cross-sectional survey among
hospitalized  lung  cancer  patients  conducted  in  13
provinces,  municipalities,  and  autonomous  regions
(including  Shandong,  Beijing,  Jiangsu,  Guangdong,
Zhejiang, Hebei, Liaoning, Hunan, Heilongjiang, Henan,
Xinjiang,  Gansu  and  Chongqing),  using  a  structured
questionnaire  by  face-to-face  interview  (9,15).  Non-
medical expenditure covered additional meals, nutrition,
transportation, accommodation, hired informal nursing and
other expenditures. Work-loss days of lung cancer were
acquired  both  from  patients  and  their  caregivers.  To
acquire  robust  non-medical  expenditure  and  work-loss
days, information from a sub-set containing 1,145 patients
was applied in the current analysis.

Other data sources
The disease  burden  of  lung  cancer  was  obtained  from the
GBD  2017  (16)  (Supplementary  Table  S1).  Detailed
distributions  of  prevalent  cases  among  various  subgroups
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were  estimated  by  use  of  proportions  in  the  multicenter
hospital-based survey of lung cancer (13).  Survival  rates of
lung cancer, serving as parameters to calculate proportions
of prevalent cases in each year, were extracted from reports
based  on  national  cancer  registries  (17)  and  other
population-based  studies  (18).  Additionally,  age-specific
survival  rates  for  general  population  were  from  the  2015
China  Life  Tables  from  World  Health  Organization
(WHO)  (19).  The  employment  rates  for  populations  in

China  in  2010  were  applied  (20).  The  estimated  future
population  size  was  obtained  from  the  United  Nations
(UN)  World  Population  Prospects  (21)  (Supplementary
Table S2).

Estimation for economic burden

Direct expenditure and indirect cost by disability
The annual medical expenditure per prevalent lung cancer

 

Figure 1 Methodology estimating overall population-level economic burden of lung cancer in China. (A) Overall framework for economic
burden of lung cancer; (B) Methods to estimate direct expenditure and indirect cost by disability of lung cancer; (C) Methods to estimate
indirect cost by premature death of lung cancer.
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patient  was  calculated  for  each  12-month  period  after  the
first  diagnosis  (9,11).  To  ensure  the  robustness  of  annual
expenditures  (medical  and  non-medical)  and  work-loss
days,  the  analyzed  sample  for  each  year  post-diagnosis
should  be  greater  than  50.  Thus,  annual  medical
expenditure  for  the  1st  to  the  5th  year  post-diagnosis  was
presented.  Expenditure  in  the  6th  to  the  10th  year  post-
diagnosis was considered the same as those in the 5th year
post-diagnosis. Among the included 7,052 cases for medical
expenditure,  5,156  (73%)  were  male  patients,  and  most
cases (90%) were diagnosed with age above 45 years old. In
terms of region area, cases from the east, central, and west
area  were  relatively  balanced,  with  cases  of  1,980  (28%),
2,360  (33%),  and  2,712  (38%).  Additionally,  most  cases
were diagnosed with late stages, with cases of 2,398 (34%)
and  2,078  (29%)  at  stage  III  and  stage  IV,  respectively
(Supplementary Table S3). The overall medical expenditures
from Year 1 to Year 5 were 9,635 USD, 5,643 USD, 5,581
USD, 4,975 USD and 5,414 USD, respectively (Supplementary
Table S3).

As for the 1,145 cases for non-medical expenditure and
work-loss days with 788 (69%) male cases of total surveyed
participants, nearly 91% of cases were diagnosed with age
over 45 years old. Cases from the east ranked the first (630,
55%), followed by cases from the west (321, 28%), with the
lowest  cases  from the central  (194,  17%).  Cases  in  late
stage could account for majority of all, with cases of 318
(28%)  and  529  (46%)  in  stage  III  and  stage  IV
(Supplementary  Table  S4).  Given  the  data  availability,
annual non-medical expenditure and work-loss days for the
Year 1 to Year 3 were presented, while data for the Year 4
to  Year  10  post-diagnosis  were  considered  the  same as
those in the 3rd year post-diagnosis. The prevalent cases
were  also  divided  into  10  groups,  including  newly-
diagnosed  cases  in  the  aim  year  and  surviving  cases
originating from each previous year, as in Yearym-9, based
on Formula 1.1 and Formula 1.2 in Figure 1B. The overall
non-medical expenditure from Year 1 to Year 3 were 748
USD, 459 USD, and 394 USD, respectively. The overall
work-loss days from Year 1 to Year 3 were 66 d, 54 d, and
39 d, respectively (Supplementary Table S4).

Estimations for direct expenditure and indirect cost were
based on the assumption that the direct expenditure and
indirect  cost  associated  with  disability  in  the  aim  year
resulted  from  prevalent  cases  of  patients  who  were
diagnosed  within  the  last  10  years,  including  newly
diagnosed patients in the aim year and surviving patients

diagnosed in previous years (11). Under this assumption,
the  direct  (medical  and  non-medical)  expenditure  was
estimated by summarizing the products of annual direct
expenditure and matched prevalent cases in corresponding
years after diagnosis (Formula 1.3 in Figure 1B). Indirect
cost by disability (IDIS) was estimated by summarizing the
products of annual work-loss days, matched prevalent cases
in each year post-diagnosis, employment ratios, and daily
wages (Formula 1.4 in Figure 1B).

All expenditure data were discounted to 2017 at a rate of
3% and presented in USD, together with an annual growth
rate of 2.2% (22).

Indirect cost by premature death (IPD)
IPD  was  estimated  for  lung  cancer  patients  aged  from  15
years  old  (working  age)  to  the  life  expectancy  (male:  74.5
years old and female: 80.0 years old) (16). First, the present
value of lifetime earnings (PVLE) was estimated via 5-year
age groups by the human capital approach (23). A discount
rate of 3% was used to convert future earnings into current
worth. Taking the potential growth of future earnings into
account,  an  annual  productivity  growth  rate  of  9.8%  was
assumed  by  referring  to  the  annual  change  of  gross
domestic productivity (GDP) in the last 3 years (9). Second,
IPD was estimated from the products of cancer death cases
and PVLE (Formula 2.1−2.2 in Figure 1C)

Prediction of future economic burden
The disease burden of lung cancer in China was projected
based  on  population  numbers  and  rates  of  incidence,
prevalence,  and  mortality.  To  account  for  changes  in  the
disease burden of lung cancer with aging and urbanization,
population  numbers  based  on  the  medium fertility  variant
from  the  UN  World  Prospects  were  applied  (21).  Three
scenarios  were  adopted  to  project  the  disease  burden  of
lung cancer in China in the future (12): 1) In the base case
scenario,  we  assumed  that  changes  in  aging  and
urbanization  are  the  only  drivers  of  disease  burden;  2)  In
the main body scenario,  the disease burden of lung cancer
was  further  projected  based  on  the  current  status  in  2017
and rates of changes in the past trend. Mean annual change
rates in the age- and sex-specific incidence, prevalence and
mortality  in  China  were  estimated  using  data  from  the
Global Burden of Disease (GBD) 2017 for the years 2000,
2005, 2010, 2015 and 2017; 3) Target scenario was only set
for 2030. In the target scenario, we explored the predicted
economic burden in 2030 under the realization of goals in
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disease  prevention  and  control  for  lung  cancer.  Target  1
was assumed under Sustainable Development Goals (SDG)
3.4  proposed  by  the  UN Agenda,  in  which  the  premature
mortality  from non-communicable  diseases  in  2030  would
decrease by one-third from their 2015 levels (24). Here, the
non-communicable  diseases  were  limited  to  lung  cancer
and  the  baseline  year  was  2017.  Given  the  interactions
among  mortality,  incidence,  and  prevalence,  reductions
were  predicted  to  occur  simultaneously  for  these  three
indicators. Moreover, under the SDG assumption, target 2
was  estimated  with  a  reduction  only  in  lung  cancer
mortality. Target 3 was assumed to have a 15% increase in
the  survival  rate  for  lung  cancer  patients,  the  goal  set  by
Healthy China 2030 (25).

Annual  expenditure  per  patient  (medical  and  non-
medical) was projected by the annual growth rate of 2.2%,
while constant work-loss days were input (22). The annual
growth rate  for  annual  earnings  was  assumed to  be  the
increase  of  GDP  based  on  the  forecast  from  the
Organizat ion  for  Economic  Co-operat ion  and
Development (OECD) (26).

Parameters for sensitivity analysis

Uncertainty  in  economic  burden  from  2017  to  2030  was
explored  by  one-way  sensitivity  analyses.  The  impact  of
these variations was quantified by the relative change in the
percent of the total economic burden attributed to a given
parameter.  An  annual  growth  rate  of  5.6%  for  direct
expenditure  per  capita,  observed  from  a  multicenter
hospital-based retrospective clinical epidemiological survey
of  lung  cancer,  was  input  to  test  the  impact  (13).
Expenditure  patterns  of  lung  cancer  are  scarcely  reported
in  China.  In  the  US,  lung  cancer  expenditure  could  be
classified  based  on  the  initial,  continuing,  and  end  of  life
periods,  and  a  “J”  shape  could  be  found  across  three
periods  (6).  In  Australia,  the  “J”  shape among expenditure
across  three  periods  is  also  observed,  although  the  annual
expenditure  since  the  4th  diagnosis  decreases  substantially
(11).  To test the impact by expenditure pattern, data from
the  US  and  Australia  were  applied.  Annual  productivity
growth  rate  could  be  easily  influenced  by  the  economic
environment. Based on the OECD estimates of GDP from
2015 to 2017, an annual growth rate of 6.8% was applied as
a  conservative  estimation  (26).  Furthermore,  given  the
special circumstances, such as the economic situation under
the  coronavirus  disease  2019  (COVID-19)  pandemic,  we

assumed the worst productivity/earnings growth rate of the
−6.8%,  based  on  GDP  in  the  first  quarter  in  China  (27).
Distinct  ranges  of  working age,  including 16−60 years  old
for  males  and  16−55  years  old  for  females  required  by
China  (28),  15−64  years  old  defined  by  OECD  (20)  and
30−69 years old recommended by a global estimation (29),
were  tested  for  their  impact  on  the  estimation  of  indirect
cost. Data from Cancer Tomorrow in GLOBOCAN 2018
were  used  to  evaluate  the  potential  influence  of  the  data
source (30).

Results

Economic burden in 2017

The  total  estimated  economic  burden  of  lung  cancer  in
2017,  including  direct  expenditure  and  indirect  cost,  was
25,069  million  USD,  equivalent  to  0.121%  of  the  local
GDP  of  China  in  2017  (Table  1)  (26).  If  we  adopted  the
GDP  from  the  China  Statistical  Yearbook,  the  share  of
GDP  would  be  0.205%  (14).  The  total  estimated  direct
expenditure,  including  direct  medical  expenditure  and
direct  non-medical  expenditure,  was  11,098  million  USD,
which  is  approximately  1.43%  of  total  healthcare
expenditure  (31)  in  China  for  2017  (Table  1).  The  total
direct  medical  expenditure  and  direct  non-medical
expenditure  were  10,303  million  USD  and  795  million
USD,  respectively.  The  total  estimated  indirect  cost,
covering  the  IDIS  and  IPD,  was  13,971  million  USD,
accounting  for  55.7%  of  the  total  economic  burden,  of
which  89.1%  resulted  from  IPD  (Figure  2).  Younger
patients bore more of the burden caused by IPD, with the
proportions  of  85.5%  and  68.7%  in  the  age  groups  <45
years and 45−59 years, respectively (Figure 2).

The  total  economic  burden  increased  with  age,  with
patients  over  60 years  old  accounting for  51.3% of  the
burden. Male patients constituted 71.9% of the economic
burden. Compared with the burden in central and western
regions,  the  economic  burden  was  the  highest  in  east
regions (16,259 million USD), accounting for 64.9% of the
total. Patients diagnosed in later stages (stage III and IV)
(16,282 million USD) bore a greater burden than those
diagnosed in early stages (stage I  and II)  (8,787 million
USD). Moreover, the economic burden attributed to lung
cancer patients with a smoking history was 14,361 million
USD, representing 57.3% of the total economic burden. In
terms of  health insurance,  compared with patients  with
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Table 1 Population-level economic burden of lung cancer in China in 2017

Characteristics

Direct expenditure (USD, million) Indirect burden (USD, million) Total economic burden
(USD, million)

Medical Non-
medical

Sub-
total

THE
percent*
(100%)

Disability Premature
death Sub-total Total

GDP percent**
(100%)

China*** OECD

Overall 10,303 795 11,098 1.43 1,517 12,454 13,971 25,069 0.205 0.121

Age at diagnosis (year)

　<45 403 27 430 0.06 54 2,849 2,904 3,334 0.027 0.016

　45−59 2,292 173 2,465 0.32 317 6,104 6,421 8,885 0.073 0.043

　≥60 7,608 595 8,203 1.05 1,145 3,501 4,647 12,850 0.105 0.062

Gender

　Male 6,907 544 7,451 0.96 1,078 9,500 10,578 18,029 0.147 0.087

　Female 3,396 251 3,647 0.47 439 2,954 3,393 7,040 0.058 0.034

Region

　East 7,000 519 7,520 0.97 1,038 7,701 8,739 16,259 0.133 0.078

　Central 2,259 173 2,433 0.31 309 3,177 3,485 5,918 0.048 0.028

　West 1,044 102 1,146 0.15 169 1,577 1,746 2,892 0.024 0.014

Cancer stage

　I 1,818 154 1,971 0.25 266 2,224 2,490 4,461 0.036 0.021

　II 1,789 132 1,921 0.25 227 2,178 2,405 4,326 0.035 0.021

　III 3,907 284 4,191 0.54 508 4,510 5,019 9,209 0.075 0.044

　IV 2,789 226 3,015 0.39 515 3,542 4,058 7,073 0.058 0.034

Smoking status

　Current smoker 4,187 327 4,514 0.58 622 5,576 6,199 10,713 0.088 0.052

　Former smoker 1,514 121 1,635 0.21 230 1,782 2,012 3,648 0.030 0.018

　Never smoker 4,461 334 4,794 0.62 638 4,949 5,587 10,382 0.085 0.050

　Unknown 141 13 154 0.02 26 147 173 327 0.003 0.002

Health insurance status

　UEBMI 2,036 174 2,210 0.28 325 2,210 2,534 4,744 0.039 0.023

　URBMI 401 35 436 0.06 64 513 576 1,013 0.008 0.005

　NRCMS 2,516 156 2,672 0.34 434 3,240 3,674 6,346 0.052 0.031

　Self-pay 2,037 242 2,279 0.29 265 2,978 3,243 5,522 0.045 0.027

　Other 1,268 70 1,338 0.17 183 1,429 1,612 2,950 0.024 0.014

　Unknown 2,045 118 2,163 0.28 247 2,085 2,331 4,494 0.037 0.022

Health insurance location

　Local 2,746 221 2,967 0.38 421 3,166 3,587 6,554 0.054 0.032

　Non-local 6,382 502 6,883 0.88 957 8,042 8,999 15,883 0.130 0.076

　Unknown 1,175 73 1,248 0.16 139 1,246 1,385 2,633 0.022 0.013

All expenditure is expressed in 2017 USD (United States dollars, 1 USD=6.760 CNY); *, Total health expenditure in China, 2017 (31);
**,  Gross  domestic  productivity  (GDP)  in  China,  2017;  ***,  GDP  from  China  Statistical  Yearbook  2018  (14);  OECD,
Organization for Economic Co-operation and Development (26); UEBMI, urban employee basic medical insurance; URBMI, urban
resident basic medical insurance; NRCMS, new rural cooperative medical system; THE, total health expenditure.
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urban employee basic medical insurance (UEBMI) (4,744
million USD) and urban resident basic medical insurance
(URBMI) (1,013 million USD),  patients  with insurance

from the new rural cooperative medical system (NRCMS)
(6,346 million USD) and self-pay  (5,522 million USD)
represented a larger economic burden. The patterns in the

 

Figure 2 Break-downs of population-level economic burden of lung cancer in China in 2017, by subgroup. (A) Overall; (B) by age; (C) by
gender;  (D) by region;  (E)  by cancer stage;  (F)  by smoking status;  (G) by health insurance status;  (H) by health insurance location.  DM,
direct medical expenditure; DNM, direct non-medical expenditure; IDIS, indirect cost by disability; IPD, indirect cost by premature death.
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subgroups  for  direct  medical  expenditure,  direct  non-
medical expenditure, IDIS and IPD followed a distribution
similar to the total burden (Table 1, Figure 2).

Economic burden in 2020−2030

In the main body scenario, the estimated economic burden
of lung cancer in China for 2020, 2025, and 2030 was 30.1
billion  USD,  40.4  billion  USD,  and  53.4  billion  USD,
representing up to 0.121%, 0.131%, and 0.146% of China’s
GDP, respectively. Based on GDP long-term forecast from
OECD, the GDP for China in 2020, 2025, and 2030 were
168,218.9  billion  USD,  208,948.6  billion  USD,  and
247,928.3  billion  USD,  respectively  (26).  Compared  with
the  burden  in  2017,  it  would  increase  by  20.1%,  61.2%,
and  113.1%,  respectively.  In  contrast,  if  the  only  drivers
were  population  aging  and  urbanization,  the  economic
burden  of  lung  cancer  in  China  for  2020,  2025  and  2030
would  be  29.6  billion  USD,  38.2  billion  USD,  and  47.8
billion USD, respectively (Figure 3,4).

However,  if  China meets the UN goal of  a  one-third
reduction  in  premature  death  from non-communicable

diseases (focusing on lung cancer here),  together with a
similar reduction in the prevalence and incidence rates, the
economic burden of lung cancer in 2030 would decrease to
31.9 billion USD (approximately 0.087% of China’s GDP),
with  a  reduction  of  40.3%  relative  to  the  main  body
scenario in 2030. Even if the reduction were confined to
reducing  mortality  by  one-third,  the  economic  burden
would decrease by 14.4% (45.7 billion USD). In addition, if
the goal set by Healthy China 2030 was achieved, with a
15% increase  in  the  cancer  survival  rate,  the  economic
burden would be 46.7 billion USD, which is 12.6% lower
than that in the main body scenario for 2030 (Figure 3).

Sensitivity analysis

The range of working age plays an important role both in
the  estimation  of  economic  burden  in  2017  and  in
projections.  If  we  adopted  the  range  of  working  age  from
China’s official recommendation 16−60 years for males and
16−55  years  for  females,  the  economic  burden  would  be
reduced  by  more  than  40%.  Moreover,  economic  burden
could  be  easily  influenced  by  the  annual  productivity

 

Figure 3 Projections for population-level economic burden of lung cancer in China. (A) total economic burden; (B) percentage to GDP of
China. GDP, gross domestic productivity. GDP was from Organization for Economic Co-operation and Development.
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growth  rate  due  to  the  economic  environment.  In  the
conservative  estimation  with  annual  productivity  growth
rate of 6.8%, 10.0%−15.0% declines for economic burden
were observed. However, in the worst scenario, such as the
current  situation  under  COVID-19  with  annual
productivity  growth  rate  of −6.8%,  the  economic  burden
could  be  reduced  by  over  30.0%.  When  we  applied
expenditure patterns by period in US, the economic burden
would  be  28.6  billion  USD,  which  is  higher  than  our
estimation  of  14.2%  in  decline.  Regarding  medical
expenditure  pattern  by  years’  post-diagnosis  in  Australia,
the burden would be 23.7 billion USD, which is reduced by
5.6% (Data  was  not  shown in  the Table  2).  In  addition,  if

medical expenditure rises at a faster annual rate (5.6%), the
economic  burden  would  have  been  expected  to  grow  by
10.3% in 2017. Moreover,  the economic burden would be
projected to rise by at least 33.6% when we use the disease
burden  of  lung  cancer  from  Cancer  Tomorrow  in
GLOBOCAN 2018 (30) (Table 2).

Discussion

By  using  prevalence-based  approaches,  this  study
determined  the  comprehensive  economic  burden  of  lung
cancer in China from 2017 to 2030 at the population level,
which  can  provide  a  reference  for  evidence-based  policy

 

Figure 4 Break-downs of projected economic burden of lung cancer in China, in 2020 (A), 2025 (B) and 2030 (C).

Table 2 Changes in estimated economic burden of lung cancer in China: based on variations in key parameters considered in sensitivity
analyses

Subgroups
2017 2020 2025 2030

Value
(USD, billion)

Change
(%)

Value
(USD, billion)

Change
(%)

Value
(USD, billion)

Change
(%)

Value
(USD, billion)

Change
(%)

Main body 25.1 − 30.1 − 40.4 − 53.4 −
Direct expenditure

　Annual growth rate of 5.6% (13) 27.7 10.3 35.1   16.4 52.6   30.2 79.6   49.1

Annual productivity growth rate

　6.8% (26) 21.6 −13.9 25.8 −14.4 35.2 −12.8 47.4 −11.2

　−6.8% (27) 16.1 −35.9 19.0 −36.8 26.7 −33.8 37.2 −30.4

Working age (year)

　Male: 16−60; Female: 16−55 (28) 13.8 −44.9 17.5 −42.0 23.3 −42.4 30.9 −42.1

　Both: 15−64 (18) 15.7 −37.2 21.2 −29.6 28.2 −30.3 37.0 −30.7

　Both: 30−69 (29) 17.4 −30.5 25.1 −16.6 33.3 −17.6 43.9 −17.9

Disease burden of lung cancer

　Data from GLOBOCAN 2018 (30) − − 40.2   33.6 58.9   45.9 85.2   59.4

All expenditure is expressed in 2017 USD (United States dollars, 1 USD=6.760 CNY). The purpose of sensitivity analyses was to test
the impact of key parameters on the main estimation, so it is only conducted in the main body of estimated economic burden both
in 2017 and future. In terms of retiring ages in China for male and female, these are several requirements based on different kinds of
occupation. Here, we just choose the common ones inputting the analyses.
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making  in  cancer  prevention  and  control.  The  estimated
economic burden of lung cancer in China in 2017 was 25.1
billion USD, accounting for 0.121% of the local GDP, and
is  projected  to  increase  significantly  in  the  future.
However,  if  the  target  for  the  prevention  and  control  of
lung  cancer  could  be  achieved  by  2030,  the  economic
burden would be mitigated.

The contemporary economic burden of lung cancer in
China is  substantial,  up to 0.121% of the local  GDP in
2017. If we adopted the GDP from the China Statistical
Yearbook (14), it would be 0.205%, equal to 4 times that
previously  described for  the  economic  consequences  of
smoking  in  China  (9).  Very  large  differences  could  be
caused by the following factors. Changes in prevalent cases
and deaths from lung cancer play an important role.  In
GBD 2015, the prevalent cases and deaths were 918,794
and 580,020 for China in 2015, respectively (32), while they
were as high as 1,271,772 and 692,389 in 2017 based on
GBD 2017 due to increases in the disease burden of lung
cancer  (16),  the  aging  population  and  comprehensive
updates in the data source for GBD. Moreover, an upward
trend in expenditure related to treatment could accelerate
the growth in the economic burden.

The  economic  burden  of  lung  cancer  varies  greatly
across countries and regions due to the differences in the
disease  burden  of  lung  cancer,  treatment  patterns  and
healthcare settings (4-8,33,34). For the US, the economic
burden of lung cancer was 0.24% of the local GDP in 2018
(direct cost: $14.2 billion, indirect cost: $36.1 billion) (33),
which  was  much  higher  than  our  estimation.  Higher
medical  cost  due  to  differences  in  treatment  intensity,
duration,  and  supporting  care  and  high  labor  wages  is
potential  explanations  (35).  For  the  EU,  the  economic
burden of lung cancer in 2009 was €18.8 billion, which was
up  to  0.160%  of  the  local  GDP  (8).  For  Korea,  the
economic burden of lung cancer in 2015 was $19.9 billion,
which accounted for  0.139% of  the local  GDP (7).  For
Iran, the total burden of lung cancer was only up to 0.03%
of the local GDP in 2014 (34). Multiple factors could lead
to  these  variations  across  countries.  Apart  from  the
methodology  (34)  and  types  of  economic  burden  (7),
differences in the disease burden of lung cancer contribute
greatly (16). Based on results from GBD 2017, the number
of  prevalent  cases  were  483,923,  50,059,  7,235,  and
1,271,722 for the EU in 2009, Korea in 2015, Iran in 2014,
and China in 2017, respectively (16). Moreover, differences
in  medical  and  non-medical  expenditure  caused  by
treatment patterns could be another contributor. Thus, it is

of  great  significance  to  estimate  the  comprehensive
economic burden of lung cancer based on Chinese-specific
parameters.

The  contemporary  direct  expenditure  is  very  high,
amounting to 1.43% of the total healthcare expenditure of
China in 2017. Direct expenditure is greatly affected by the
disease  burden  of  lung  cancer,  the  range  of  target
population,  and  the  unit  of  expenditure  related  to
treatment.  Based  on the  Chinese  hospital  database  and
assumptions for outpatient payment, Cai et al. estimated
the total direct expenditure in 2015, as 0.59% of the total
healthcare  expenditure,  which  was  lower  than  our
estimation (10).  As  noted previously,  differences  in  the
disease burden of lung cancer could account for most of the
gap. Furthermore,  patients who were not treated in the
hospital  during survey time or not seeking treatment in
local clinics were not included, which could have resulted
in  underestimation  in  the  study  by  Cai  et  al  (10).  In
addition, our primary survey was conducted among high-
level  hospital  in  each province,  while  all  hospitals  with
electronic hospital databases were included in the study by
Cai et al. (10). Thus, unit medical expenditure in our study
might be higher than that in the prior study.

The  relative  proportions  of  the  direct  and  indirect
economic burden are closely related to prognosis. In our
analysis, the indirect burden could account for 55.7% of
the  total  burden,  in  which the  cost  of  premature  death
accounted  for  the  majority.  The  distribution  is  in
accordance with the estimation for lung cancer from the
US (36), the United Kingdom (36), and Korea (7). Most
lung cancer patients undergo worse survival, with 5 relative
survival rates of 19.7% in China (17). Thus, lung cancer
could  cause  more  premature  death,  driving  the  higher
proportions  of  indirect  cost.  Improvements  in  the
prognosis of lung cancer could not only prevent death but
also bring substantial economic benefits nationally (37).

The  economic  burden  of  lung  cancer  varies  across
demographic and tumor characteristics,  which could be
helpful in identifying economically vulnerable cases and
guiding  policy  making  in  controlling  lung  cancer.
Consistent with distributions of the disease burden of lung
cancer,  male  patients  and  older  patients  had  a  greater
burden. Lung cancer patients diagnosed in later stages bore
a  heavier  burden,  which  was  caused  by  the  higher
proportions  of  cases  in  stages  III  and  IV (63.5%)  with
worse survival. This issue underscores the importance and
promising  cost-effectiveness  of  early  detection  of  lung
cancer  (38).  Consistent  with  our  previous  estimation,
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patients  with  a  smoking  history  (including  current  and
former smokers) constituted 57.3% of the total economic
burden in 2017. Such an enormous health and economic
burden caused by smoking highlights the strong tobacco
control strategies.

Projections  for  the  future  economic  burden  of  lung
cancer are essential for policy making in terms of long-term
budget making and healthcare resource allocation and have
never been performed in China before. Under the context
of  population aging,  urbanization and increased disease
burden from lung cancer, it is projected that the economic
burden of lung cancer in 2020, 2025, and 2030 will be 30.1
billion  USD,  40.4  billion  USD,  and  53.4  billion  USD,
accounting for 0.121%, 0.131%, and 0.146% of China’s
GDP, respectively. Even without changes in the disease
burden  of  lung  cancer  in  the  current  projections,
population aging and urbanization could strongly drive the
economic  burden,  which  is  consistent  with  the  US
projection (6). On the one hand, this dynamic increasing
trend may serve as a reminder for the government that it is
urgent to make healthcare budgets with a long-term view,
especially in an era with inevitable population aging and
rapid urbanization. On the other hand, the findings also
emphasize the need to take actions to control and prevent
lung cancer and the associated economic burden.

If the goals of lung cancer control and prevention can be
achieved, including the SDG 3.4 and Healthy China 2030,
the economic burden would decline by 12.6% and 40.3%,
respectively. These reductions shed light on the directions
we  should  take  in  reducing  the  economic  burden.  It  is
imperative  that  actions  be  taken  to  reduce  lung  cancer
morbidity and mortality, including lowering modifiable risk
factors, such as smoking, implementing screening programs
to find more patients in early stages, and improving clinical
practice to prolong patients’ lives.

Medical  expenditure  plays  an  important  role  in  the
economic burden. As we noted in method, the pattern of
unit expenditure is closely related to the healthcare system.
In the US, expenditure across the initial, continuing, and
end of life periods were shown in “J” shape (6). In Australia,
the “J” shape among expenditure across three periods is
also observed, and the annual expenditure since the 4th
diagnosis decreases substantially (11). In China, data for the
expenditure  pattern  of  lung cancer  may be  scarce.  The
current  estimation  pioneered  the  exploration  of
expenditure according to the rank of years post-diagnosis
and  found  an  “L”  shaped  pattern.  When  considering
expenditure patterns by period for the US (1, 0.21, 1.60 for

initial, continuing, and end of life periods), the economic
burden  in  China  would  increase  by  14.2%;  when
considering patterns for Australia (1, 0.17 and 0.11 for 1-
year, 4-year and 5-year post diagnosis), the burden would
be  reduced  by  5.6%.  Given  the  differences  in  the
healthcare  system  in  the  US,  Australia  and  China,
especially  insurance  coverage,  health  care  access,  and
treatment rates, these provisional comparisons provide only
preliminary results under varying patterns. More attention
should be given to the expenditure pattern of lung cancer
across the full disease course in China, as examining this
pattern is essential for estimating the economic burden.

Identifying the appropriate age range for the working
population is crucial for calculating the indirect economic
burden. If we took the age range of 16−60 years for males
and 16−55 years for females officially required in China
(28), the age range of 15−64 years recommended by OECD
(20) or the age ranges applied in a global estimation (29),
the economic burden in China both in 2017 and in the
future would be reduced considerably. However, according
to  the  definition  from National  Bureau  of  Statistics  in
China, the labor force refers to the population aged above
16  years  old  with  working  ability,  both  employed  and
unemployed  (39).  Meanwhile,  employment  rates  from
OECD showed that 8.1% of the population over 75 years
old were still  working (20).  It  is  reasonable to choose a
working age above 16 years old and below the sex-specific
life expectancy for our main comprehensive estimation. In
addition, when we used data on the disease burden of lung
cancer  in  the  future  from  GLOBOCAN  2018,  the
economic burden was predicted to be higher which reflects
the possible underestimation in existing predictions.

As we all know, both the surveys for medical expenditure
and non-medical expenditure with work-loss days were the
first  ones  conducted based on multi-center  sites,  which
could provide detailed expenditure information with good
representativeness. However, results should be interpreted
with  caution  due  to  the  potential  bias  caused  by
participants’ selection and study design. Lung cancer from
hospital-based survey is easy to suffer from selection bias
due to two reasons. First, patients who sought hospital care
were included, neglecting the cases like those who were
treated  by  the  outpatient  visit.  Second,  this  survey  was
limited  to  high-level  hospitals,  lacking  the  hospitals  at
municipal or prefecture level. What is more, information
bias, as the nature of retrospective study, occurred as well
due to the integrity and accuracy of  the medical  record
systems  in  surveyed  hospitals,  or  the  recall  misleading
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among surveyed participants by face-to-face interview.
Furthermore,  our  estimates  were  based  on  various

assumptions and databases that might be dissimilar due to
many factors; hence, several limitations are acknowledged.
The cited surveys providing original data on expenditure
were  conducted  several  years  ago,  and  thus  might  not
represent contemporary expenditure. To reflect the time-
effectiveness, a discount rate of 3% and an annual growth
rate in the current analysis were applied in raw expenditure
data. Apart from the selection bias and information bias as
we  stated  before  (13,15),  the  limited  time  period  for
primary surveys could be another limitation, resulting in
difficulties  in  presenting expenditure  or  work-loss  days
across the full disease course. As we noted in the method,
the  unit  medical  expenditure  in  the  last  5  years  was
assumed to be the same. However,  medical  expenditure
among the initial, continuing, and end of life period was in
an  ‘J’  shape  (6,11)  in  the  US  and  Australia.  Thus,  the
assumptions  in  our  analyses  lead to  some uncertainties.
However, the impact of expenditure patterns from the US
and Australia  has been quantified in sensitivity analysis.
Other limitations in data sources should be acknowledged
here as well. For prevalent cases, only total cases could be
acquired due to data source limitations. Brief estimation
was conducted by use of limited survival rates. Additionally,
because of data availability limitations, average earnings
were input to estimate the indirect economic burden, thus
neglecting  wage  differences  among subgroups.  Despite
such  limitations,  our  estimation  and  prediction  at  the
population level can provide direction for health-related
policy making.

Conclusions

The economic burden of lung cancer in China in 2017 was
substantial  and  more  likely  to  continue  increasing  in  the
future. However, the economic burden can be alleviated via
effective  lung  cancer  control  and  prevention  programs.
Despite  existing  limitations,  both  the  current  status  and
projected  trend  will  be  essential  for  policy  making
regarding cancer prevention and control, as they can assist
in  shaping  healthcare  policies  to  support  those  who  are
economically  vulnerable  individuals  and  guide  budget
formulation in the mid-long term.
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Table S1 Inputting parameters of diseases burden of lung cancer in China in 2017

Characteristics

No. of lung cancer patients Rates (per 100,000 population)

Incidence Death Prevalence Incidence Death Prevalence

Male Female Male Female Male Female Male Female Male Female Male Female

Total 564,095 249,116 477,244 215,144 865,515 406,257 78.22 36.04 66.17 31.12 120.01 58.77

Age group (year)

　15−19 107 62 74 42 146 91 0.26 0.17 0.18 0.12 0.36 0.25

　20−24 254 180 150 102 435 306 0.53 0.41 0.32 0.23 0.92 0.69

　25−29 1,314 852 668 426 2,920 1,970 2.12 1.40 1.08 0.70 4.71 3.23

　30−34 2,591 1,712 1,453 938 5,155 3,643 4.28 2.91 2.40 1.59 8.52 6.19

　35−39 3,180 2,047 2,045 1,309 6,159 4,163 6.42 4.28 4.13 2.74 12.43 8.71

　40−44 7,166 4,648 5,344 3,180 12,865 10,033 12.70 8.55 9.47 5.85 22.80 18.45

　45−49 20,933 10,813 16,333 8,011 36,179 21,145 32.93 17.64 25.69 13.07 56.91 34.50

　50−54 42,686 19,275 34,081 14,047 72,684 40,958 71.15 32.40 56.81 23.61 121.16 68.84

　55−59 43,125 16,182 33,830 12,226 77,991 32,310 105.96 40.61 83.12 30.68 191.62 81.08

　60−64 97,261 36,707 75,724 28,565 179,567 69,641 234.19 88.98 182.33 69.24 432.38 168.81

　65−69 113,673 44,537 92,726 36,462 192,916 76,296 377.13 143.36 307.63 117.36 640.03 245.58

　70-74 86,903 35,456 75,353 31,189 123,807 54,798 435.73 170.37 377.82 149.87 620.76 263.31

　75−79 70,432 32,513 65,088 30,960 85,897 44,259 517.52 222.18 478.25 211.56 631.16 302.45

　80+ 74,470 44,132 74,375 47,687 68,794 46,644 595.66 259.69 594.90 280.61 550.26 274.47

Total and age/gender-specific incident, death and prevalent lung cancer patients were obtained from Global Burden of Disease
2017 (13). Detailed cases specific to other characteristics were based on total cases from GBD 2017 and relative proportions from a
hospital-based multicenter lung cancer retrospective clinical epidemiological study survey (13,16).



 

Table S2 Inputting parameters of survival probability, employment rates and number of population in China

Survival probability Employment rate (%)
No. of population

Characteristics 2020 2025 2030

Male Female Male Female Male Female Male Female Male Female

Total NA NA 76.1 61.7 738,247 701,076 746,461 711,448 748,159 716,181

Age group

　0−4

0−1*:
0.992
1−4**:
0.999

0−1*:
0.992
1−4**:
0.999

NA NA 44,456 39,476 40,108 36,234 37,007 34,026

　5−9 0.998 0.998 NA NA 46,320 40,415 44,355 39,399 40,025 36,168

　10−14 0.999 0.999 NA NA 45,350 38,913 46,239 40,354 44,285 39,344

　15−19 0.998 0.998 32.1 29.7 44,103 38,239 45,188 38,776 46,088 40,224

　20−24 0.997 0.998 71.8 64.9 46,274 40,884 43,827 38,000 44,927 38,551

　25−29 0.996 0.997 92.8 78.7 51,523 46,466 45,953 40,629 43,534 37,765

　30−34 0.995 0.997 95.0 80.6 66,443 62,296 51,178 46,215 45,654 40,406

　35−39 0.994 0.996 95.0 81.9 51,346 48,746 66,016 62,005 50,855 45,991

　40−44 0.992 0.994 94.7 82.6 49,289 46,985 50,939 48,468 65,550 61,689

　45−49 0.988 0.991 93.1 78.0 61,173 58,664 48,770 46,642 50,444 48,137

　50−54 0.979 0.985 87.8 61.5 62,348 61,097 60,195 58,060 48,042 46,187

　55−59 0.965 0.975 79.0 53.3 49,958 48,782 60,710 60,088 58,727 57,164

　60−64 0.934 0.953 57.8 40.3 38,917 38,597 47,639 47,353 58,105 58,458

　65−69 0.882 0.915 44.5 27.4 36,527 37,623 35,643 36,541 43,943 45,023

　70−74 0.796 0.849 25.4 13.7 21,425 23,525 31,094 34,020 30,743 33,297

　75−79 0.679 0.757 11.2   5.5 12,207 14,337 16,096 19,680 23,897 28,831

　80+ 0.568 0.624 11.2   5.5 10,587 16,031 12,511 18,985 16,333 24,919

NA, not available. Age- and sex-specific survival probabilities were from the China Life Tables from World Health Organization (19).
Estimated population numbers in the future were from the United Nation World Population Prospects (21); *, means age group from
0 to 1 year old; **, means age group from 1 to 4 years old.



 

Table S3 Annual direct medical expenditure per lung cancer patient in China in 2017 by year post-diagnosis

Characteristics No.
Annual direct expenditure (USD)

Year 1 Year 2 Year 3 Year 4 Year 5

Overall 7,052 9,635 5,643 5,581 4,975 5,414

Age at diagnosis (year)

　<45 688 9,513 6,943 5,805 5,729 7,479

　45−59 3,055 9,917 6,022 5,361 5,174 5,758

　≥60 3,309 9,400 4,942 5,788 4,597 4,554

Gender

　Male 5,156 9,732 5,483 5,319 4,641 4,110

　Female 1,896 9,371 5,976 6,056 5,546 7,602

Region

　East 1,980 12,506 5,158 5,896 4,858 5,693

　Central 2,360 8,739 6,137 6,073 4,695 5,934

　West 2,712 8,318 6,410 4,801 5,428 4,093

Cancer stage*

　I 1,284 9,962 4,150 4,380 4,390 3,278

　II 1,122 10,219 5,711 5,293 4,279 7,003

　III 2,398 10,316 5,543 7,152 6,809 7,546

　IV 2,078 8,624 8,496 5,791 4,811 4,629

Smoking status

　Current smoker 3,013 9,397 5,151 4,992 4,386 4,142

　Former smoker 980 10,775 5,275 6,336 5,453 3,997

　Never smoker 2,977 9,476 6,134 5,814 5,303 7,103

　Unknown 82 10,545 8,230 15,073 5,457 5,457

Health insurance status

　UEBMI 1,259 12,346 6,339 5,955 4,437 3,821

　URBMI 293 9,918 6,675 4,315 7,700 3,776

　NRCMS 1,841 9,474 3,962 6,359 5,634 6,022

　Self-pay 1,644 7,962 4,951 3,853 4,784 6,657

　Other 814 11,601 7,089 6,626 4,085 4,294

　Unknown 1,201 7,936 4,833 5,923 7,696 22,904

Health insurance location

　Local 1,801 10,462 5,983 6,131 4,812 4,430

　Non-local 4,542 9,424 5,442 5,069 3,749 5,066

　Unknown 709 8,888 4,892 5,711 9,113 13,975

All expenditure is expressed in 2017 USD (United States dollars, 1 USD=6.760 CNY). UEBMI, urban employee basic medical
insurance; URBMI, urban resident basic medical insurance; NRCMS, new rural cooperative medical system. Due to the focus on
patients with medical expenditure post-diagnoses from 1st to 5th year, 7,052 lung cancer patients were finally included; *, 170
cases of small cell carcinoma with limited and extensive stage were not reported.



 

Table S4 Annual direct non-medical expenditure and days of work-loss per lung cancer patient in China in 2017 by year post-diagnosis

Characteristics No.
Year 1 Year 2 Year 3

Direct non-medical
expenditure (USD)

Work-loss
(d)

Direct non-medical
expenditure (USD)

Work-loss
(d)

Direct non-medical
expenditure (USD)

Work-loss
(d)

Overall 1,145 748 66 459 54 394 39

Age at diagnosis (year)

　<45 99 725 73 495 62 350 44

　45−59 475 841 50 403 36 274 40

　≥60 571 674 62 485 39 479 25

Gender

　Male 788 767 68 476 55 343 43

　Female 357 706 62 433 52 492 32

Region

　East 630 787 61 500 73 410 43

　Central 194 642 70 318 44 318 32

　West 321 736 64 417 56 396 44

Cancer stage*

　I 135 616 63 625 47 712 28

　II 142 835 59 348 47 248 33

　III 318 749 64 689 51 413 32

　IV 529 770 71 360 58 286 49

Health insurance status*

　UEBMI 440 927 70 560 62 403 44

　URBMI 197 698 61 419 38 602 37

　NRCMS 462 572 67 357 52 221 34

All expenditure was expressed in 2017 USD (United States dollars, 1 USD=6.760 CNY). UEBMI, urban employee basic medical
insurance; URBMI, urban resident basic medical insurance; NRCMS, new rural cooperative medical system. Except detailed
information presented in the above Table, data specific to smoking status, health insurance type and location were estimated based
on relative ratios of medical expenditure from hospital-based multicenter lung cancer retrospective clinical epidemiological study
survey (13). *, there were cases with missing information.


