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Abstract

Objective: To  describe  the  contemporary  trends  in  total,  inpatient,  and  outpatient  expenditure  on  major

subtypes of cancer in different classifications of hospitals in mainland China.

Methods: Home page of Inpatient Medical Records (HIMRs) and Hospital Annual Reports (HARs) were used to

estimate hospital care expenditure on cancer. Inpatient payments and their share of cancer were calculated with the

top-down method. Kriging spatial interpolation methods were used at the county level and summed at the province

level.  Outpatient  expenditure  was  estimated  with  inpatient  expenditure  and  the  ratios  of  outpatient  to  inpatient

payments in specialized cancer hospitals,  stratified by province. Total expenditure on cancer was the sum of both

payments. Log-linear regression was applied to estimate annual percentage change (APC) of expenditure.

Results: Total  expenses  for  cancer  of  Chinese  residents  reached  up  to  304.84  billion  Chinese  Yuan  (CNY)  in

2017,  accounting  for  5.8%  of  the  total  health  expenses  (THE).  After  adjusting  for  consumer  price  index  (CPI),

medical expenses for cancer have increased from 63.30 billion CNY in 2008 to 249.56 billion CNY in 2017 [APC:

15.2%, 95% confidence interval (95% CI): 13.4%−17.0%]. The APC was slightly higher than THE around 2013,

while was lower after 2013. During 2008−2017, the ratio of inpatient to outpatient costs for cancer decreased from

4.3:1 to 3.8:1.  The inpatient  payments  for  cancer  mainly  happened in grade 3 general  hospitals,  East  China,  and

among  lung,  colorectal,  and  stomach  cancer;  while  the  fastest  increase  was  found  in  West  China,  and  among

thyroid, prostate, and colorectal cancer.

Conclusions: During  2008−2017,  the  rapid  growth  trend  of  medical  expenses  for  cancer  has  been  effectively

controlled  with  the  continuous  deepening  of  medical  reform  and  improvements  of  residents’  health  care.  More

attention  should  be  paid  to  potential  increases  of  medical  costs  caused  by  technological  progress  and  demand

release. Socialized and multi-channel insurance financing modes should be explored in the future.

Keywords: Cancer; payments; expenditure; economic burden

Submitted Oct 04, 2021. Accepted for publication Oct 18, 2021.

doi: 10.21147/j.issn.1000-9604.2021.05.09

View this article at: https://doi.org/10.21147/j.issn.1000-9604.2021.05.09

Introduction

To date, cancer has become a major public health concern

worldwide,  with  an  estimation  of  305.1  million  incident

cases,  10.1  million  deaths,  and  251.4  million  disability-

adjusted life years (DALYs) lost in 2019 (1). As a country of
large  population,  it  was  considered  that  approximately
23.7%  of  the  world’s  incident  cancer  cases,  18.4%  of
prevalent cases, and 30.2% of cancer deaths arose in China
(2). According to the China Health Statistics Yearbook, the
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mortality  rate  of  malignant  tumors  increased  by  26.3%
from  128.0/100,000  in  1990  to  161.6/100,000  in  2019  in
urban  areas  of  China;  the  mortality  rate  in  rural  areas
increased  much  faster,  from  112.4/100,000  to
161.0/100,000  (3).  More  specifically,  the  latest  data  from
cancer  registries  in  China  indicated  a  remarkable  increase
in  disease  burdens  of  colorectal  cancer,  female  breast
cancer,  cervix  cancer  and  thyroid  cancer  over  the  last  15
years, and the cancer burden was predicted to continuously
increase  in  China,  with  the  cancer  profile  containing both
features of developing country and developed country (4).

At the same time, with the continuous expansion of the
medical  insurance  coverage  and  the  continuous
improvement  of  the  compensation  level,  the  economic
burden  of  cancer  was  further  stimulated.  Thus,  it  is
urgently  required  to  estimate  the  total  expenditure  of
cancer  care  in  China  for  understanding  the  impact  of
cancer on national budgets, and for allocating prevention
and research funds optimally. This study used the data of
Hospital  Annual  Reports  (HARs)  and  Home  page  of
Inpatient Medical Records (HIMRs) datasets to estimate
the payments of cancer treatment in China systematically,
depicting a picture on how the money was spent on cancer
treatments.

Materials and methods

Data sources

Data of HIMR
According to the Statistics Law of the People’s Republic of
China  and  the  Statistical  Regulation  of  Health,  data  of
HIMR have been collected since 2008. The data collection
process  can  be  roughly  divided  into  three  stages.  During
2008−2012, 820 sample hospitals (consisting of grade 2 and
grade  3  hospitals)  were  required  to  report  the  inpatient
information extracted from the HIMR, which is uniformly
used  in  hospitals  nationwide.  Later  in  2013−2015,  all  the
hospitals  in grade 2 and above (including those with more
than 500 beds) were included. Since 2016, all hospitals have
been  required  to  report  the  data  of  HIMR.  The
information  of  HIMR  mainly  includes  patients’
demographic  characteristics,  diagnostic  codes,  surgical
codes,  treatment  results,  type  of  medical  insurances,
inpatient  payments,  and  other  personal  hospitalization-
related information.

According  to  the  data  reporting  requirements  of
Statistical Regulation of Health, all the data of HIMR were

reported  quarterly  through  the  information  reporting
system of Health Statistics Network, which is in the charge
of  the  Center  of  Health  Statistics  and  Information,
National Health Commission (CHSI, NHC). The data of
HIMR reported by each hospital are firstly reviewed by the
CHSI at provincial levels, which give feedback to hospitals
for revision and re-submission if there are any incomplete
or inaccurate data. Then the checked data are submitted to
CHSI,  NHC,  which  further  verifies  the  integrity  and
accuracy of reported data.

Data of HAR
As  is  regulated  by  the  Statistics  Law  of  the  People’s
Republic of China and the Statistical Regulation of Health,
all  hospitals  in  China  are  required  to  report  their  basic
information  annually.  The  basic  information  mainly
includes  hospital-related  information  such  as  hospital
property,  grade,  number  of  staff/beds/equipment,
outpatient/inpatient  volume,  outpatient/inpatient  income,
medical  services,  and  human  resources.  The  above
information  is  also  submitted  annually  through  the
information  reporting  system  of  the  Health  Statistics
Network.

The quality  control  of  annual  report  data  of  medical
institutions is also hierarchical.  The CHSI in provincial
levels checks the quality of HARs firstly. Hospitals failing
to pass  the quality  control  are asked to submit  relevant
information again within the allotted time. Then, at the
national level, the CHSI, NHC reviews the quality of the
data again and informs each province of the results, which
further feeds back to hospitals for correction and collects
HARs again.  In addition,  the CHSI,  NHC also holds  a
Data Quality Review Meeting annually,  and carries  out
regular field supervision to inspect the data quality.

Study design

We applied HIMRs and HARs to estimate the expenditure
of  hospital  care  on  cancer.  We  calculated  the  inpatient
payments  and  their  share  in  cancer  with  the  top-down
method by calculating the payments at the county level and
summed  them  at  the  province  level  (5).  Considering,  the
underreporting  could  happen  at  the  county  level,  which
could bring bias to the study, we applied the kriging spatial
interpolation  methods  to  fill  this  gap  (6).  As  for  the
outpatient  expenditure,  we  calculated  the  ratios  of
outpatient  to  inpatient  payments  in  specialized  cancer
hospitals  among  every  province,  and  used  ratio  and
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inpatient payments to get the outpatient payments. Finally,
we  summed  up  both  inpatient  and  outpatient  payments,
and  came  to  the  total  expenditure  on  cancer.  Log-linear
regression  model  was  used  to  calculate  the  annual
percentage  change  (APC)  and  its  confidence  interval  (7).
We  used  the  overall  change  and  APC  to  describe  the
contemporary trends in expenditure.

Statistical analysis

Estimation of cancer inpatient payments
The  top-down  method  was  adopted  to  estimate  the
inpatient payments of various cancers (5).  Considering the
fully recorded information of HARs and the comparatively
incomplete  data  of  HIMRs,  we  calculated  inpatient
payments  of  cancer  based  on  the  total  inpatient  payments
derived  from  HARs  and  the  ratio  of  cancer  inpatient
payments from HIMRs.

Specifically,  the  inpatient  payment  of  cancer  was
calculated as:

FE E k = R k £ Feek

FE E k k

R k

Feek

where  denoted  the  inpatient  payment  of  cancer, 
referred  to  the  31  provinces  (municipalities  and
autonomous  regions)  in  China;  represented  the
proportions of cancer inpatient payments in total inpatient
payments  across  different  provinces  after  spatial
interpolation,  which  was  calculated  through the  data  from
the HIMR; and  represented total  inpatient  payments
in  different  provinces,  which  were  derived  from  HAR
database.

Estimation of outpatient payments
The total  outpatient  payments  in  different  provinces  were
estimated as the provincial-specific total inpatient payments
multiplied  by  the  provincial-specific  ratio  of  outpatient
income to inpatient income, which was estimated according
to  HARs  of  cancer  specialized  hospitals.  We  simply
considered these ratios  as  ratios  of  outpatient  payments  to
inpatient  payments  of  cancer  treatments  among  all  the
hospitals.

To evaluate temporal trends in inpatient and outpatient
expenditure  for  cancer,  we estimated APC and its  95%
confidence  interval  (95%  CI)  by  fitting  log-linear
regression models:

Y a = 0+ 1 ln X + ¹

where Yα denoted the inpatient and outpatient expenditure
for cancer α, and X was the calendar year between 2008 and

2017.
Thus, the APC of Yα was calculated as:

A PCY a ; = 0£ 100 =
dY a=Y a

dX
We calculated APC and the confidence interval with the

Joinpoint  Regression  Program  Statistical  Software
(Desktop Version 4.9.0.0, https://surveillance.cancer.gov/
joinpoint/) (7).

Kriging spatial interpolation methods
Considering  the  significant  advantages  on  approximation
degree,  extrapolation  ability,  calculation  speed  and
application  scope  comparing  to  other  spatial  interpolation
methods,  kriging spatial  interpolation method was  used to
avoid  the  impact  of  non-random  underreporting  at  the
county level (6). The formula of the kriging method was as
follows:

Z (x 0) =

NX
i=1

¸iZ (x i)

Z (x 0)

Z (x i)

N

¸i i

where  represented  the  value  of  counties  with
hospitals but without the data of HIMRS;  represented
the  value  of  counties  having  the  data  of  HIMRS; 
represented  the  number  of  counties  having  the  data  of
HIMRS; and  represented the weight of th sample point,
which was calculated by the covariance function or variance
function.

The  kriging  interpolation  was  used  to  estimate  the
proportion of cancer inpatient payments in total inpatient
payments within those unknown areas at county level. To
generate  the  proportions  at  the  provincial  level,  the
estimates of proportions at county level multiplied by the
weighting coefficients were summed up. The weighting
coefficients were calculated from the number of hospitals in
every county divided by the total number of hospitals in
every province.  The entire process of  interpolation was
performed  with  the  ArcGIS  software  (Version  10.3;
Redlands, CA: Environmental Systems Research Institute,
Inc.).

Results

The  total  expense  of  cancer  in  2017  has  reached  304.8
billion Chinese Yuan (CNY) (Table 1, Figure 1). From 2008
to  2017,  the  overall  change  of  the  total  expense  of  cancer
was  381.6%,  after  being  adjusted  by  CPI,  the  overall
change  decreased  to  294.3%.  The  percentage  of  total
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expense  of  cancer  in  total  health  expenditure  (THE)
increased from 4.4% in 2008 to 5.8% in 2017 nonlinearly,
reaching  its  maximum  value  of  6.0%  during  2013−2014.
Before 2013, the APC (95% CI) of cancer expenses [21.8%
(21.0%,  22.6%)]  was  higher  than  that  of  THE  [15.7%
(14.2%, 17.3%)] (P<0.05); however, after 2013, the APC of
cancer  expense  [11.9%  (11.2%,  12.6%)]  tended  to  be
similar  with  that  of  THE  [12.9%  (11.9%,  13.8%)]
(P=0.10).

In  2017,  the  inpatient  expense  of  cancer  has  reached
241.9 billion CNY and the outpatient expense of cancer has
reached 62.9 billion CNY. From 2008 to 2017, the overall
change of the inpatient expense was 370.2% and that of the
outpatient  expense  was  431.5%.  Adjusted  by  CPI,  the
overall change of inpatient expense decreased to 284.9%
and  that  of  outpatient  expense  change  decreased  to
335.1%. The ratios of inpatient expenses over outpatient
expenses have changed from 4.3 to 3.8.

In different classifications of hospitals (including grade 2
general  hospitals,  grade  3  general  hospitals  and  cancer
specialized hospitals), the inpatient expenses of cancer in
2017 were 23.0, 155.9 and 41.9 billion CNY, the overall
changes  from 2008 to  2017 were  147.4%, 449.4%, and
378.2%,  respectively  (Table  2).  The  APC  growth  of
inpatient  expenses  of  cancer  was  slower  in  2013−2017
compared with 2008−2013 in all kinds of hospitals. In all
hospitals,  grade  3  general  hospitals  take  up  the  most
proportion of  inpatient expenses of  cancer.  The overall
change from 2008 to 2017 is  also the fastest  in grade 3
general hospitals.

Inpatient expenses of cancer are 144.34, 66.42 and 31.18
billion CNY in East, Middle and West China, respectively,
in  2017.  Also,  a  decline  in  the  growth  rate  of  APC  is
observed  in  each  region  of  China  when  we  compare
between 2008−2013 and 2013−2017. Inpatient expenses of
cancer  in  East  China  are  the  highest  among  all  three
regions,  while  the  fastest  overall  change  of  inpatient
expenses of cancer appears in West China.

Significant disparity of inpatient expenses was observed
across subtypes of cancer, both in levels and in temporal
trends. Among all the major subtypes, lung cancer (from
8.90 billion CNY in 2008 to 46.03 billion CNY in 2017),
colorectal cancer (from 6.20 billion CNY in 2008 to 32.33
billion  CNY  in  2017),  and  stomach  cancer  (from  5.50
billion  CNY  in  2008  to  23.84  billion  CNY  in  2017)
remained  the  top  3  contributors  to  cancer  inpatient
payments during 2008−2017, which in total accounted forT
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more than 40% of the entire expenses (Figure 2). Subtypes
including liver cancer,  leukemia,  esophagus cancer,  and
breast  cancer  also  attained  a  meaningful  share  of  total
inpatient  expenses,  while  the  proportions  belonging  to
gallbladder  carcinoma  and  nasopharynx  cancer  were
relatively limited across the study period. In addition, it
should be noted that although the thyroid cancer was not a
major contributor to the inpatient expenses, it increased
rapidly by 940.7% during the observation time, from 0.86
billion CNY (1.7%) in 2008 to 8.95 billion CNY (3.7%) in
2017.  Inpatient  payments  of  prostatic  cancer  (493.0%),
colorectal cancer (421.5%), and lung cancer (417.2%) also
increased much faster than average during the entire study
period. In general,  the APC (95% CI) of overall  cancer
inpatient  payments  slowed  down  from  21.8%  (21.0%,
22.6%) per year before 2013 to 11.9% (11.2%, 12.6%) per
year after 2013. The largest fluctuation in annual growth
rates was found for nasopharynx cancer, of which the APC
declined from 21.5% (16.5%, 26.6%) per  year  to  2.4%
(−5.9%, 10.8%) per year. Similarly, the increasing rates of
inpatient expenses for esophagus cancer, stomach cancer,
and liver cancer also significantly slowed down after 2013.

Although most cancer inpatient expenses have generally
happened  in  grade  3  general  hospitals,  the  relative
proportion  of  payments  spent  in  different  classes  of
hospitals  varied  across  cancer  subtypes  (Supplementary
Table S1). In 2017, the inpatient expense of cervical cancers
happened in cancer specialized hospitals held a significantly
larger  share  (39.6%)  than  average  (18.2%),  along  with

breast  cancer  (28.5%),  ovarian  cancer  (28.5%),
nasopharynx cancer (37.9%) and thyroid cancer (23.8%).
On the other hand, the inpatient payments of prostatic and
bladder cancers spent in cancer specialized hospitals only
accounted for about 9% of total costs. The proportion was
even more limited for leukemia (1.3%), of which over 85%
of inpatient expenses have happened in grade 3 general
hospitals.  In  addition,  more  than  25.0%  of  inpatient
payments  of  gallbladder  carcinoma  (28.9%),  stomach
cancer (25.2%) and bladder cancer (25.0%) were spent in
grade 2 general hospitals, which were relatively larger than
general (19.7%).

Discussion

Globally,  expenditure  of  cancer  health  care  in  a  country
often accounts for a significant part of its THE. In Europe,
the  expenditure  on  cancer  health  care  in  31  countries
ranged from 4% to 7% of THE in 2018 (8). For instance,
the  proportion  was  reported  to  be  6.8%  in  Germany.
Evidence was relatively limited in China. According to the
study of Zhang et al., health care expenditure for cancer in
2011  took  up  about  7.35%  of  that  for  overall  chronic
diseases, and about 5.14% of THE (9). The proportion was
similar to findings in Europe, while it was a little bit higher
than our results (ranged from 3.5% to 4.6%). The possible
reason for the difference is that the health care expenditure
in  Zhang’s  study  included  expenditures  on  prevention,
inpatient,  outpatient,  medicine,  and  health  management,
while  our  study  only  included  expenditures  on  inpatient

 

Figure 1 Inpatient (A); outpatient (B); and total (C) expenses of cancer in China during 2008−2017. THE, total health expenditure.
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and outpatient.
With the remarkable epidemiological and demographic

transition in  China,  DALYs of  cancer  have  remarkably
increased during the last decades in China. Moreover, the
great improvements in screening, diagnosis, and medical
treatments of cancer, which greatly helped better identify
patients at earlier stages and prolong their survival time
with  diseases,  have  further  exacerbated  the  burden  of
cancer  in China (1).  Accordingly,  our study indicated a
remarkable increase (294.3% from 2008 to 2017) in the
health care expenditure of cancer in China.

$

$

At the same time, the expenditures of cancer health care
have increased significantly worldwide. Cancer health care
expenditures had increased by 233% from 35.7 billion euro
in 1995 to 83.2 billion euro in 2014 in the EU, and this
growth is foreseeable to continue (10). Not only in Europe,
but  also  in  the  United  States  (US),  the  expenditure  on
cancer health care also increased significantly. Based on the
report  from  the  Agency  for  Healthcare  Research  and
Quality, the total expenditure on cancer health care was
approximately 57 billion in 2001, whereas in 2011, the
total expenditure on cancer health care has increased to
approximately  88.3  billion  (11).  Cancer  health  care
expenditure had increased by 154.91% in that decade.

In order to control the excessive growth of THE, a series
of health expenditure control policies were promulgated in
China in 2012, including Opinions on Carrying out Total
Control of Basic Medical Insurance Payments issued by the

Ministry  of  Human  Resources  and  Social  Security,
Ministry  of  Finance,  National  Health  Commission
(previously  the  Ministry  of  Health),  and  Opinions  of
Carrying  out  Controlling  the  Total  Payment  of  Basic
Medical Insurance issued by Ministry of Human Resources
and Social Security, Ministry of Finance, National Health
Commission. Several  months after these policies issued,
significant changes in annual growth rates of expenditures
were observed (e.g. from 2008 to 2013 the APC of the total
expenditure of cancer was 21.8% (21.0%, 22.6%), while
from 2013 to 2017 it decreased to 11.9% (11.2%, 12.6%),
which to some extent reflected the policy effect. A similar
influence of policy reform was observed in other studies. In
the  US,  studies  also  showed that  once  the  government
introduced a fee control policy, the expenditure on cancer
treatment was greatly impacted. The reform could improve
the efficiency of health resources through adjustment in
medical  insurance  and  hospital  finances,  leading  to  a
reduction in the profit of cancer treatment (12). Data from
the  World  Bank  also  indicated  a  slight  decline  in  the
proportion of THE in GDP in the US after 2010 due to
the cost control policy of the Affordable Care Act.

Inpatient payments of cancer were observed to be mainly
concentrated on grade 3 hospitals and continued to pour
into grade 3 hospitals from 2008 to 2017. In consideration
of  the  complication  of  cancer  treatments  and  its  high
equipment  requirements,  the  large  share  of  grade  3
hospitals  in  total  cancer  payments  was  reasonable.  In

 

Figure 2 Proportion of different subtypes in total inpatient expenses of cancer during 2008−2017.
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addition,  this  tendency  was  also  rational  under  the
strengthening  hierarchical  diagnosis  and  treatment
program  in  China,  since  both  the  Service  Capacity
Standards of Community Health Service Centers and the
Service Capacity Standards of Township Health Centers
launched by the government in 2018 did not recommend
the cancer treatment as s a basic medical and health service.

The  ratio  of  outpatient  expenditure  to  inpatient
expenditure  for  cancer  treatments  generally  remained
stable, with a slight increase observed from 0.22 in 2011 to
0.26 in 2017. This nearly 1:4 ratio was consistent with our
previous findings and its modest increase partially indicated
the  improvement  of  outpatient  service  for  cancer
treatments in China (13). Studies in the US showed that
with the improving technology of cancer treatment, the
ratio would increase further. Studies of the expenditure of
cancer treatments in the US showed that ambulatory care
visits treatments (similar to the outpatient treatments in
China) account for 41% of health care expenditures and is
the  largest  part  of  expenditures,  followed  by  inpatient
treatments accounting for about 27%, anti-cancer drugs
accounting  for  about  21%,  and  the  rest  of  services
accounting for about 10% (14). Similar results were also
reported in a recently published regional study conducted
in Southwest China in 2016, which showed that payments
incurred in hospitalization accounted for 82.18% of the
total direct medical expenses for cancers and the outpatient
expenses  accounted  for  the  remaining  17.82%.  The
corresponding ratio of 0.22 was a bit lower in comparison
with the  national  level  of  0.25 in  2016 observed in  our
analyses.

Along with other upper-middle income countries, lung
cancer, gastric cancer, and colorectal cancer have remained
the top-three-ranking causes of DALYs in China. In 2015,
lung cancer  was  estimated  as  the  most  common cancer
diagnosed  in  China,  followed  by  gastric  and  colorectal
cancer,  in total  accounting for over 40% of overall  new
cancer cases in China (15). Accordingly, we found that lung
cancer was also the leading contributor to the expenditure
of cancer health care, which generated 460.3 billion CNY
inpatient payments (19% of total inpatient payments) in
2017. Besides, gastrointestinal cancers including gastric and
colorectal  cancers  also  contributed  substantially  to  the
cancer inpatient payments. Consistent with our findings,
lung cancer and colorectal cancer were proved to be the
costliest  cancer  among  US  adults  (14).  Despite  the

prevalence,  the difference in stage at diagnosis,  survival
duration,  intensity  of  treatment,  and  comorbidity  also
contributed to disparity in economic burdens for cancer
subtypes (16). For instance, most lung cancer patients were
diagnosed  at  advanced  stages  and  often  had  higher
comorbidity  burdens,  which  led  to  greater  demand for
intensive  care  and  higher  spending  on  inpatient
services (17).

In  addition,  we  observed  a  much  faster  increase  in
inpatient expenditure for thyroid cancer, along with the
rapid rise in incidence and moderate growth in mortality of
thyroid cancer in current China (18). Apart from higher
prevalence  of  risk  factors  like  obesity,  the  improved
sensitivity of diagnostic tools might also be an important
explanation  for  this  increase,  as  previous  studies  have
reported (19).  Similar  situations were also observed for
cervical cancer among females and prostatic cancer among
males  (20-22).  Moreover,  the  inpatient  expense  for
colorectal cancer was found to be increased much faster
than average, along with a significant growth in incidence
due to  westernization of  lifestyle  and aged tendency of
population in China. Meanwhile,  advances in treatment
including surgical techniques, liver metastasis therapy, and
targeted therapy remarkably  improved survival  rates  of
patients  and  prolonged  their  survival  duration,  which
unavoidably added to the hospitalization expenditure of
colorectal cancer currently (23). Early prevention strategies
could  help  reduce  the  cancer  expenditure  in  hospitals
(24,25).

Conclusions

This  study  estimates  the  total  payments  of  cancer
treatments  in  China  from  2008  to  2017,  which  would
provide  information for  decision making on the  allocation
of  resources  to  service  provisioning,  prevention  strategies
and  research  funding.  What  is  more,  our  results  showed
that  after  2013,  the  APC  (95%  CI)  of  cancer  health  care
expenditure dropped from 21.8% (21.0%, 22.6%) to 11.9%
(11.2%,  12.6%),  from higher  than  APC of  THE to  lower
than  APC  of  THE.  This  study  may  provide  scientific
evidence  to  evaluate  whether  our  government  can  afford
the economic burden of cancer in the future.
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