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Objective: We investigated the correlation of cancer research in China with its disease
burden and national or provincial wealth. We also compared China’s research output with
that of other Asian countries.

Methods: Chinese publications on cancer research for 2009—18 were retrieved from the
Web of Science with a special filter giving high precision and recall. Their volume relative to
gross domestic product (GDP) was compared with those of 14 Asian countries, and provin-
cial outputs with provincial GDPs. Their distribution by anatomical site was compared with
China’s disease burden, and by research type with that of Europe.

Results: Chinese cancer research publications (including those from Taiwan) have grown
rapidly in the last 10 years, and overtook those of the USA in 2018. Relative to other Asian
countries, Chinese output was approximately proportionate to its wealth. Relative to its
cancer burden (as a percentage of the total disease burden), China published an appropriate
amount of cancer research in 2009—13, but almost one-third more in 2014—18. Its distribution
between the provinces reflected their wealth, but with comparatively greater outputs from
Beijing and Shanghai. The distribution of China’s cancer research portfolio by anatomical
site corresponded to its disease burden quite well, with a heavy emphasis on liver and
stomach cancer. However, China did relatively less research on screening, diagnosis, pallia-
tive care, or quality of life.

Conclusion: The national and provincial cancer research in China in the past 10 years
correlated relatively well with its disease burden and economic level, but over-emphasised
basic research compared with prevention, screening and end-of-life care.

Keywords: Chinese cancer research, burden of disease, comparison with GDP, anatomical
site, research type

Introduction

The People’s Republic of China, or simply “China”, has developed enormously in
the last 40 years. Its economy has expanded rapidly, from barely 6% of that of the
USA in 1990 to over 66% in 2018 (Data of China mainland).! The much greater
prosperity has led to great changes in society, and in its health.” Food is now much
more plentiful and varied,® but pollution is a serious problem in the major cities.*
Life expectancy has increased dramatically, from 44 years in 1960 to 60 years in
1972, 70 years in 1994, and nearly 77 years in 2018.°> The one-child policy to
restrict population growth, which was in force (but only partially) from 1979 to
2015, meant that China now has a relatively aged population compared with, say,

Indonesia.® Over 16% of its population are over 60 years of age, compared with

only 9% in Indonesia — but nearly 34% in Japan.”®
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This means that China is increasingly suffering from the
non-communicable diseases that affect older people, and in
particular, from cancer. In 1990, cancer accounted for 10.5% of
the total Chinese disease burden (measured in Disability-
Adjusted Life Years, DALYSs), but it was 16.6% in 2015,
according to data from the Institute for Health Metrics and
Evaluation at the University of Washington, USA.’ [DALY's
include both early deaths relative to life expectancy in Japan,
currently the world’s highest, and the suffering experienced by

patients with the disease or disability on a scale from zero =

perfect health to unity = death.'® For example, loss of a finger =
0.1 but blindness = 0.6.] The corresponding percentages of the
total disease burden from cancer in 2015 for Indonesia and
Japan were 7.2% and 19.0%, which show that China was much
closer to Japan in this respect. This percentage depends largely
on the percentage of a country’s population that is 50 years of
age or older, but much less on its wealth and amount of adult
obesity, see Figure 1.

However, the pattern of disease from cancer in China
differs notably from that in other industrial countries, for that
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Figure | The correlation between the percentage of DALYs for all disease that are attributable to cancer in 2015 for 170 countries (WHO data) and a composite
independent variable: The percentage of the country’s population aged 50+ plus the GNP/caput (thousands of US dollars, World Bank data) plus the percentage of adult

obesity/25. Spots for China (CN), the UK and the USA marked.
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Figure 2 Disease burden (percent of all malignant neoplasms) for EUR31, the USA and China in 2015 (WHO data).
Abbreviations: LUN, lung cancer; LIV, liver; COL, colorectal; MAM, breast; STO, stomach; PAN, pancreatic; OES, oesophageal; LYM, lymphoma; OTH, other cancers; LEU,

leukaemia; PRO, prostate; CNS, central nervous system.
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is what China has become. Figure 2 compares the relative
burden from the different manifestations of cancer with those
in Europe (defined here as the 27 European Union Member
States plus Iceland, Norway, Switzerland and the UK) and in
the USA, as given by WHO data for 2015. China suffers
relatively far more from liver, stomach and oesophageal can-
cers, but correspondingly less from breast, pancreatic and
prostate cancers.

All three geographical areas suffer most from lung can-
cer (defined by the WHO as “trachea, bronchus and lung”).
Smoking is very prevalent in China, with over 350 million
smokers, and is still considered socially acceptable, espe-
cially in rural areas.'" Although formally the Chinese gov-
ernment is trying to limit smoking, the substantial revenues
generated by the China National Tobacco Corporation inhi-
bit enforcement of bans.'? Cigarette consumption in China
rose by 27% from 2004 to 2018,"* whereas in the USA it
declined by 40% over the same period.'* At present it is still
rare for women in China to smoke, but this is changing
among young adults.'" Consequently, the overall cancer
burden for women in 2017 (14.0% of all DALY's according
to the Institute for Health Metrics and Evaluation (IHME)
data) was 72% of that for men, which was 19.5%. For 2015,
it was 60%° and it is likely to continue increasing in the
future if this situation is not effectively addressed.

China is also very varied geographically. Its 34 pro-
vinces (including Hong Kong, Macau and Taiwan) vary
greatly in wealth (the ones on the eastern seaboard are the

most prosperous) and also in terms of population. Table 1

lists them with their digraph codes, population and wealth
(GDP per caput). Clearly there are some extremes of wealth
(Macau, Hong Kong), and of poverty (Gansu, Guizhou,
Yunnan and Tibet). These will affect the capacity of the
different provinces to carry out research. China’s population
overall was 55% urban (in 2014), but 11 provinces, mainly
in the south and west, were more than 50% rural, where
medical treatment is less advanced.'> The incidence of
malignant tumors in urban areas is higher than that in rural
areas (Age-standardized incidence rates by Chinese standard
population in 2015 were 196/100,000 vs 183/100,000),
while the mortality in rural areas is higher than that in
urban areas (Age-standardized mortality by Chinese stan-
dard population in 2015 were 104/100,000 vs 111/
100,000).'® This may be related to the difference in the
composition of the cancer spectrum between urban and
rural areas. In rural areas, malignant tumors of the digestive
system with a poor prognosis, such as esophageal cancer,
stomach cancer and liver cancer, are the major cancers,
while in urban areas, malignant tumors such as colorectal
cancer and breast cancer are the most common. In addition,
the poor allocation of medical resources in rural areas, the
poor level of diagnosis and treatment, and the lack of health
awareness among residents also lead to the relatively low
survival rate from malignant tumors in rural areas.'®'’
However, the differences in the incidence of, and deaths
from, malignant tumors between urban and rural areas are
gradually decreasing, which may be due to the narrowing
difference in the risk factors of malignant tumors between

Table |1 The 34 Provinces of China, with Their Populations (2014) and Wealth (US$ per Caput, Thousands)

Province Code Pop, M Wealth Province Code Pop, M Wealth
Anhui AH 60.8 5.6 Jilin JL 27.5 8.2
Beijing BJ 21.5 16.1 Liaoning LN 43.9 10.6
Chongging cQ 29.9 7.8 Macau MO 0.6 95.4
Fujian FJ 38.1 10.3 Inner Mongolia NM 25.1 1.5
Gansu GS 259 43 Ningxia NX 6.0 6.9
Guangdong GD 107.2 10.3 Qinghai QH 5.8 6.4
Guangxi GX 475 5.4 Shaanxi SN 378 7.6
Guizhou GZ 35.1 43 Shandong SD 97.9 9.9
Hainan HI 9.0 6.3 Shanghai SH 243 15.8
Hebei HE 738 6.5 Shanxi SX 36.5 5.7
Heilongjiang HL 383 6.4 Sichuan sC 8l1.4 5.7
Henan HA 94.4 6.0 Taiwan ™ 234 22.6
Hong Kong HK 72 40.3 Tianjin T 15.2 18.1
Hubei HB 58.2 77 Tibet XZ 32 4.7
Hunan HN 67.4 6.5 Xinjiang XJ 23.0 6.6
Jiangsu JS 79.6 133 Yunnan YN 47.1 44
Jiangxi JX 454 5.6 Zhejiang V4| 55.1 1.9
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urban and rural areas, such as smoking, chronic infection,
diet and air pollution.

The medical and health care system of China includes
hospitals, basic medical and health institutions, and spe-
cialised public health institutions. Hospitals are divided
into public hospitals and social hospitals. Among them,
public hospitals are divided into government-run hospitals
(including county hospitals, city hospitals, provincial hos-
pitals, and ministerial hospitals), and other public hospitals
(including military hospitals, state-owned and collective
enterprises and institutions). Medical and health institu-
tions at or below the county level are classified into public
and social organizations. Specialized public health institu-
tions, including the Center of Disease Control and
Maternal and Children Health Institution, are divided into
government-run specialised public health institutions and
other specialised public health institutions (mainly state-
owned and collective enterprises and institutions).
According to the different levels, government-run specia-
lised public health institutions can be divided into four
categories: County-run, city-run, provincial-run and min-
isterial-run.'®

The Chinese government has now achieved universal
medical insurance coverage through two systems: The
Basic Medical Insurance System for Urban Employees
(BMISUE) and the Basic Medical Insurance System for
Urban and Rural Residents (BMISURR). But these do not
cover all cancer treatment costs, especially expensive tar-
geted drugs. In order to benefit more cancer patients, since
2013 anti-cancer targeting drugs such as Imatinib have
been included in local medical insurance. In 2019, 17 anti-
cancer targeting drugs were included in the national basic
medical insurance program.'® The Chinese government is
now making cancer drugs cheaper and making the process
for their approval quicker and smoother.*°

At present, China’s cancer institutions mainly focus on
treatment, but also take the social responsibility for pro-
moting cancer prevention. With the “Healthy China

Strategy” becoming a national strategy, cancer prevention
has become more focused than before. China is promoting
prevention and control measures of “early screening and
early diagnosis and treatment”. A National Cancer
Prevention and control network was established under
the leadership of the National Cancer Center. China will
set up a cancer registration reporting system in medical
institutions above the county level. There are now 574
cancer registries in 31 provincial-level regions.
A national, provincial, municipal and county cancer pre-
vention and control system is being established to provide
strong technical support for prevention and control work.?'

At present, investment in medical research in China is
mainly from the central government. The leading funding
agencies are the Ministry of Science and Technology,
the National Natural Science Foundation Committee, the
National Development and Reform Commission, and the
Departments of Health and Education. Local government
commissions are also important sources of funding. Over the
past decades, China’s support for the national key areas of
medical research has been financed through the National Key
Basic Research Program of China (973 Program), the
National High Technology Research and Development
Program of China (863 Program), the Science and
Technology Support Plan and the National Natural Scientific
Fund (before 2015) and the National Key Research and
Development Project, and the National Natural Scientific
Fund since 2016. The state input has been adjusted in accor-
dance with the five-year plan.

Considering the economic growth of China, and the
development of its health policy and medical research fund-
ing mechanisms, we sought to compare the output of Chinese
cancer research, relative to its wealth, with that of 14 Asian
countries, and also to make a comparison at the provincial
level. We also sought to compare the distribution of Chinese
cancer research by anatomical site with the corresponding
disease burden, and the distribution by research type with

that in Europe, for which data were available.

Table 2 Asian Countries Used as Comparators for China’s Cancer and Biomedical Research Outputs, with Their Gross Domestic

Products (GDPs) in 2015 (Billion US Dollars)

Country 1SO2 GDP Country 1SO2 GDP Country 1SO2 GDP
Bangladesh BD 195 Japan JP 4383 South Korea KR 1378
China (+TW) CN 11,596 Malaysia MY 296 Thailand TH 395
India IN 2089 Pakistan PK 271 Turkey TR 718
Indonesia ID 862 Philippines PH 292 Viet Nam VN 194
Iran IR 386 Singapore SG 293
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Figure 3 Outputs of cancer research papers (articles + reviews) in the web of science, 200018, for EUR31, the USA, and for China (including Taiwan).

1000000 ¢
®2014-18 7 CN
H2009-13
100000 1 1R
q I IR I
; L
= i
) L SG
o | |
g 7‘ s
S i
L
=
o 4
& 10000
N » D
C =
[ /l BD
I // PH
n
[
| | |
1000
100 1000 10000

100000

GDP,US $, bn

Figure 4 Biomedical research outputs in 2009-13 and 2014-18 from 14 Asian countries in relation to their gross domestic products (GDP) in 2010 and 2015. For ISO

codes, see Table 2.

Methods

Cancer research was defined with a filter consisting of 185
specialist journal titles and 323 title words or phrases.** It
had a precision, p, of 0.95 and a recall, r, of 0.98.% It was
applied to the Web of Science (WoS, © Clarivate
Analytics) for the ten years 2009-18, and the details of
the Chinese papers were downloaded (in March 2019) to
a series of text files, each containing 500 papers. [We did

not search PubMed because we needed more information
about the papers than is contained therein, notably all the
addresses.] A special macro was used to convert these
bibliographic data to an Excel spreadsheet. Another
macro was used to identify the fractional count of each
province (including Hong Kong, Macau and Taiwan),
based on its name, or individual cities, appearing in the

addresses on each paper.
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The gross domestic products of each province in 2014
were obtained from the National Bureau of Statistics of
China for comparison with the outputs in the ten-year
study period.'> We also obtained data on the Chinese disease
burden from the different cancers in 2010 and 2015, mea-
sured in DALYs, from the World Health Organization
(WHO) burden of disease website. These were compared
with the distribution of cancer research papers on the differ-
ent sites (eg, breast, liver) obtained by means of another
macro based on the presence of journal name strings and
title words. A fourth macro was used to characterise the
individual papers by their research type, or domain, such
as genetics or surgery. We also determined the numbers of
papers that were describing the results of clinical trials, again
by means of a macro based on title words and phrases, such
as double-blind, Phase II, and randomized.

For comparison purposes, we also determined the num-
bers of cancer research papers from 13 other Asian coun-
tries over the 10-year study period, and in the two
quinquennia, 2009-13 and 2014-18. The countries are
listed in Table 2, with their ISO2 codes, and their GDPs

in 2015. These outputs were whole, or integer, counts, as it
was not practicable to download all these papers in order
to determine fractional counts.

We also wished to compare China’s cancer research
output with the totality of its biomedical research. For this
purpose, we used a previously-developed filter for the
WoS based on address terms and contractions.>*** We
determined each country’s integer counts of biomedical
research papers for 2009-18, and then compared the per-
centage of biomedical research represented by cancer
research with the percentage of its disease burden (in
DALYs) attributable to cancer in 2010.

Results

China’s research capability and outputs of papers in the
last two decades have both been increasing spectacularly.
In cancer research its WoS output of articles and reviews
increased from almost 1500 per year in 2000 to nearly
15,000 per year in 2012, and over 40,000 in 2019. Its
output overtook that of the USA in 2018,?° see Figure 3.
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Figure 5 Percentages of biomedical research represented by cancer (ONCOL) in 2009—13 and 2014—18 for 14 Asian countries in relation to their cancer burden, relative to
all diseases and disorders in 2010 and 2015 (WHO data on DALYs). For ISO codes, see Table 2.
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Figure 6 Plot of outputs of Chinese cancer research papers from each province (for codes, see Table |) in 2009—18 compared with its gross domestic product in 2014, US
$ billion. Best fit line is a power law line; chain dotted lines show values x 5 or x 0.2 the least-squares line. Qinghai and Tibet not shown as their research outputs were

below 100 papers.

The outputs of the 31 European countries closely parallel
those of the USA, but remain slightly higher.

Figure 4 shows the outputs of the 14 Asian countries in
biomedical research in relation to their wealth and the
changes that have occurred over the decade. The correlation
is only moderately positive because two countries, Indonesia
and the Philippines, do relatively little cancer research.
China’s performance was close to the best correlation line,
but was relatively lower than that of Iran, Turkey, Singapore
and South Korea. Figure 5 shows the Asian countries’ ratios
for cancer research as a fraction of all biomedical research,
and the relative burdens from cancer, again for the two
quinquennia, 2009-13 and 2014-18. China and India both
appeared to be devoting relatively more effort to cancer
research than their disease burden would appear to warrant.

The outputs in cancer research of the Chinese pro-
vinces, on a fractional count basis, are shown in Figure 6
where they are compared with the gross domestic product
(GDP) of the provinces in 2014. There is a fair correlation

between the two values (r* = 0.82), but clearly some
provinces such as the cities Beijing (BJ) and Shanghai
(SH) are publishing five times what might have been
expected because of their contributions from top-rank uni-
versities and National Academy laboratories. However,
Inner Mongolia (NM) is publishing only one-fifth of the
amount expected from its wealth.

Figure 7 shows the outputs relevant to different cancer
sites. These have again been split into two quinquennia
(2009-13 and 2014-18), and compared respectively with
the burden (in DALYs) for 2010 and 2015. As in both
Europe and the USA, breast cancer (although a minor
cancer in China, with 3% of the burden) is over-
researched by a factor of about four, but lung and oeso-
phageal cancer are under-researched. However, unlike in
Europe, pancreatic cancer receives a fair amount of atten-
tion. The biggest difference from Europe is that there is
a fairly strong (r* = 0.52) and positive correlation between
and the burden from different

research disease
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manifestations, whereas in Europe the correlation is
“rather weak”.”*

Research types, or domains, for Chinese cancer research
in 2009-18 are shown in chart form in Figure 8, where they
are compared with the corresponding analysis for EUR31
for 2002—13. China concentrates even more than Europe on
genetics and prognosis, but relatively neglects radiotherapy,

screening, and palliative care. These are important areas of
research, particularly for the prevention of cancer and treat-
ment of end-stage patients. It also publishes relatively few
papers on clinical trials, only 1.2% of its total, compared
with 3.3% in Europe and 3.6% in the USA.

Despite its rapid growth, international collaboration as
a proportion of China’s cancer research output actually
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Figure 8 Percentage of EUR3| (2002-13) and Chinese (2009-18) cancer research papers in different domains.
Abbreviations: GENE, genetics; PROG, prognosis; CHEM, chemotherapy; SURG, surgery; PATH, pathology; EPID, epidemiology; DIAG, diagnosis; RADI, radiotherapy;

TARG, targeted therapy; SCRE, screening; PALL, palliative care; QUAL, quality of life.
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declined with time, from 13% in 2009 to 8.5% in 2018,
although the actual numbers of such papers more than tripled.
More than 63% of the contributions to the internationally
collaborative papers were from Canada and the USA.
EUR31 countries only contributed 17% of the international
total.

Discussion

With greater wealth and improvements in life expectancy,
cancer has become the second-largest component of the
Chinese disease burden (after cardiovascular disease and
stroke). Cancer research has grown very rapidly, probably
caused by the increased investment on it, but this also may
mean that other disease areas were relatively neglected.
For example, in 2015 almost 23% of the Chinese disease
burden was from heart disease and stroke, but we estimate
that in 2014-18, research in the WoS on these diseases in
China represented less than 9% of all biomedical research.
The correlation between provincial wealth and cancer
research is fair, although the two largest cities (Shanghai
and Beijing) have major concentrations of universities and
research institutes, while being much less rich than
Guangdong (Canton) and Jiangsu.

Lung cancer is the most burdensome manifestation, as
it is everywhere, and the lack of serious national efforts to
curb smoking is not helping. The low price of many
cigarettes in China is also a hindrance. China also suffers
greatly from digestive system cancers. This may be
because of dietary and eating habits, such as the consump-
tion of food and beverages when they are too hot, and
excessive drinking.?”*® However, the correlation between
the distributions of cancer research and the relative burden
from different sites (see Figure 7) is higher (r* = 0.52), and
much better than in all European countries and north
America, perhaps because of central direction of research
by the Chinese Communist Party.

At present, based on our analysis of papers on the Web
of Science, China attaches more importance to cancer
treatment, and to basic research rather than clinical
research output. It is relatively weak at the prevention of
cancer, as shown by its ambivalent attitude to smoking.
However, while the national strategy for cancer is focused
mainly on diagnosis and treatment, a greater emphasis on
screening and other prevention-related research needs to
grow rapidly in the future.

Our study has a major limitation in being limited to
papers in an international database, with almost all of them
in English (99.6%). This may not be unrepresentative of the

research that is considered important in China because of the
close connection between WoS publications and academic
promotion.”’ However, there is a much larger output of
cancer research papers in Chinese recorded in the China
National Knowledge Infrastructure (CNKI) or in the
SinoMed databases (over half a million in each of them). In
future, we intend to undertake an analysis of these Chinese
papers on cancer research, and compare them with those in
the WoS. We also plan to look at the funding sources for
Chinese cancer research, and its impact both on other
researchers and on healthcare provision in China through
analysis of the evidence-base for clinical practice guidelines.

Conclusions

e Compared with other countries, China’s cancer
research output is adequate in volume for its disease
burden from cancer, and is growing rapidly

e [t is also fairly well distributed between the different
anatomical sites based on the disease burden from
each, and this distribution is much better than in
Europe

¢ The outputs from the different provinces reflect their
wealth, except that Beijing and Shanghai are rela-
tively over-producing because the major research
centres are located there

e However, there is relatively too much basic research,
with insufficient attention to prevention, clinical
trials, and end-of-life care

e In particular, there is a serious conflict of interest in the
restriction of smoking because of the revenues gener-
ated by the Chinese National Tobacco Corporation.
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