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Research trends of cancer metabolism: analysis from a

Chinese perspective

1 | INTRODUCTION

Association between aberrant metabolism and tumor pro-
gression has been discovered and studied for a long
period of time, and reprogramming of metabolism has
become one of the key characteristics of cancer cells [1,
2]. Numerous studies showed that metabolic disorders are
closely related to cancer risk and cancer-related deaths [3].
According to the reports by the International Agency for
Research on Cancer (IARC) and World Cancer Research
Fund (WCRF), besides smoking, obesity and alcohol have
become the most important risk factors of cancer world-
wide [4]. When evaluated as population attributable frac-
tion (PAF), the burden of cancer attributable to obesity
was 11.9% in men and 13.1% in women. There is sufficient
evidence for an association between excess body fatness
and at least 13 cancer sites [5, 6]. In addition, alcohol con-
sumption, insufficient physical activity, and dietary factors
(i.e., insufficient fruit, non-starchy vegetables and fiber,
red/processed meat, and salt) are postulated to dysregu-
late the metabolic axis and lead to metabolic syndrome [7],
which has direct effects on health and increases the risk of
developing cancer [8].

In China, dietary and lifestyle components are clearly
important factors for high-frequency cancers. Adoption of
modern lifestyles such as high-calorie and high-fat diet
also contributed to the rise in several cancers, including
pancreatic, colorectal, prostate, and female breast cancers
[9]. In the United Kingdom (UK) and the United States
(US), PAFs of obesity and alcohol are even higher [10].
Overweight and obesity is the second largest attributable
cause, responsible for 6.3% of cancers in the UK. Alcohol
(3.3%), dietary fiber (3.3%), and processed meat (1.5%) are

Abbreviations: FDA, Food and Drug Administration; IARC,
International Agency for Research on Cancer; IDHI, Isocitrate
dehydrogenase 1; IDH2, Isocitrate dehydrogenase 2; KAKENH,
Grants-in-Aid for Scientific Research; NIH, National Institute of Health;
NSFC, National Natural Science Foundation of China; PAF, population
attributable fraction; UK, United Kingdom; US, United States; WCRF,
World Cancer Research Fund

also among the top 10 causes [4]. In Japan, however, where
the prevalence of obesity is low, estimates of PAF were 1.1%
for overweight and obesity and 6.3% for alcohol consump-
tion (and 1.6% for salt) [11].

2 | HOTSPOTS OF CANCER
METABOLISM RESEARCH

Given that growing evidence suggest essential roles of
metabolism in tumor progression, more scientists devote
themselves in the basic research of this cutting-edge
field. From 2010 to 2021, there are about 68,000 pub-
lications associated with cancer metabolism, and the
scope of cancer metabolism has reached almost all sub-
fields in oncology research, including cancer immunology,
metastasis, chemotherapy, radiotherapy, diagnosis, and
microenvironment. At this period, publications on can-
cer metastasis associated with metabolism accounted for
the largest proportion (5,907 projects, 10.3%) of all papers
related to cancer metabolism, followed by chemother-
apy (4,593 projects, 8.0%) and microenvironment (3,774
projects, 6.6%) (Figure 1A). It is noteworthy that papers
on cancer stem cell, microbiome, and immunotherapy
have surged in recent years, indicating that these research
fields are emerging hotspots. Among all these literature,
12,281 papers are on breast cancer research, followed by
liver cancer (7,139) and lung cancer (6,457), closely par-
alleling the global epidemiological trends of cancer [12].
When the ratio of metabolism-related papers relative to the
total research papers of each type of cancer are analyzed,
metabolism of liver cancer, colon cancer, renal cancer as
well as pancreatic cancer is highly concerned in each field
(Figure 1B).

The significant growth of publications (From 2,400 to
approximately 7,400 per year) indicates a rapid progress
and extensive attention to cancer metabolism (Figure 1C).
Notably, amount of China authored papers increased
much more rapidly (average annual growth rate 28.3%)
than the speed of the US authored papers (average annual
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FIGURE 1 Profiles of cancer metabolism publications and Comparison of national basic research grant support in the field of cancer
metabolism NSFC, NIH, and KAKENHI (2010-2021). (A) Changes of publications in different research direction of cancer metabolism. If a
paper involves more than one research direction, all of them were counted. (B) Distribution by cancer types of those cancer metabolism
related manuscripts. (C) Trends in number of publications from the US, China and worldwide in cancer metabolism. (D-E) Distribution by
country/region and funded affiliations of those manuscripts. Data were collected by searching the following items on Web of Science
(http://apps.webofknowledge.com/): ‘Year Published = 2010-2021" AND ‘Address = China’ (or indicated country) AND ‘Topic = indicated
cancer metabolism’. Cute off date: Nov 28th, 2021. (F) Changes in number of funded projects and total funding amounts and (G) funding
profiles of NSFC in cancer metabolism. (H-I) Changes in number of funded projects and total funding amounts of NIH and KAKENHI in
cancer metabolism. Information on funded projects was manually collected and selected by searching project titles with keywords ‘cancer’
and ‘metabolism’ in the NSFC information system (https://isisn.nsfc.gov.cn/egrantweb/), NIH Project Reporter system
(https://projectreporter.nih.gov/reporter.cfm/), and KAKEN database (https://kaken.nii.ac.jp/). Abbreviations: NSFC, National Natural
Science Foundation of China; NIH, National Institutes of Health; KAKENHI, Japanese Grants-in-Aid for Scientific Research. Euro Commu,
European Commission; UKRI, UK Research Innovation; UK Mrc, UK Medical Research Council; MEXT, Ministry of Education Culture
Sports Science And Technology Japan; JSPS, Japan Society For The Promotion Of Science; DFG, German Research Foundation
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growth rate 7.1%) and publications worldwide (average
annual growth rate 11.6%) (Figure 1C). In sum, scholars
from the US and China contributed the majority of these
papers (33.1% and 24.9% of total published paper, respec-
tively) (Figure 1D). Correspondingly, the Department of
Health & Human Services, National Institute of Health
(NIH) in the US and National Natural Science Founda-
tion of China (NSFC) founded the most of these publica-
tions, followed by their counterparts in Europe and Japan
(Figure 1E).

3 | SCHEMES OF FUNDING RELATED
TO CANCER METABOLISM

Fundamental research of disease in China is majorly sup-
ported by the central funders of the state, one of which
is the NSFC. Since the Department of Health Sciences of
NSFC was founded in 2010, both the number of projects
and funding amounts related to cancer metabolism kept
rising substantially (Figure 1F). From 2010 to 2021, the total
number of cancer metabolism projects funded by the NSFC
reached 982, with a total funding amount of 571.4 million
RMB (US$ 88.76 million). Among these funded projects,
48.6% (477 projects) are “general programs”, which is a
primary grant that allows scientists to freely select their
research themes (Figure 1G). The second largest project
type is the young scientist’s grant (28.5%, 380 projects),
which only support scholars not exceeding 35 years old
for males or 38 years old for females. Besides, there are
also 28 key programs, 5 major research plans, 5 major pro-
grams and 1 Science Fund for Creative Research Group, all
support researchers to conduct in-depth, systematic and
innovative research to promote disciplinary development
and breakthroughs in the important area or scientific fron-
tiers. Moreover, in this field, 8 scientists were supported by
National Science Fund for Distinguished Young Scholars
and 14 scientists received Excellent Young Scientists Fund,
which support young scholars who have made outstanding
achievements in basic research. In comparison, between
2010 and 2021, NIH funded a total number 0f 13,621 projects
related to the field of cancer metabolism, with an overall
funding amount of US$ 11.94 billion (Figure 1H). In Japan,
the numbers and amounts of grants allotted for cancer
metabolism research by the national Grants-in-Aid for Sci-
entific Research (KAKENHTI) Program were 1,986 and 55.79
billion Yen (US$ 48.90 million), respectively (Figure 11).
It is noteworthy that there is an obvious decline in num-
bers and amounts of cancer metabolism grants after 2016
in Japan, despite that the overall budget of KAKENHI
remains steady.

When the cancer types of NSFC submitted proposals
and awarded grants were investigated, from 2010 to 2021,

there were more than 7,000 submitted proposals related
to cancer metabolism, among which liver cancer-related
metabolism accounted for the majority (804 proposals)
of all cancer metabolism proposals, followed by colon
cancer (614 projects) and breast cancer (576 proposals)
(Figure 2A). Of all the cancer types, renal cancer and
pancreatic cancer have the highest ratio of metabolism-
related proposals relative to overall proposals, while blad-
der cancer (4.30%), cervical cancer (3.84%) and osteosar-
coma (3.66%) hold relative lower ratios (Figure 2B). This
trend of applications mirrors that of the publications,
as well as that of the funded projects, among which
projects funded on liver cancer are also the most (166
projects) of all cancer metabolism projects, followed by
colon cancer (99 projects) and breast cancer (94 projects)
(Figure 2C). As for the cancer types, renal cancer has
the highest proportion of grants funded for metabolism-
related projects relative to all funded renal cancer projects
(7.63%), which is slightly higher than colon cancer (6.01%)
and thyroid cancer (5.83%), while gastric cancer (2.89%),
ovarian cancer (2.85%) and esophageal cancer (2.51%)
have relative lower ratios of metabolism-related projects
(Figure 2D). When the subjects of these proposals/projects
are analyzed, projects (proposals) on metastasis accounted
for the most of all cancer metabolism projects (propos-
als), followed by immunotherapy, which increased sig-
nificantly in recent years (Figure 2E and F). During the
same period, the composition of research fields funded
by the NIH was rather different, with liver cancer- (5,606
projects), breast cancer- (4,495 projects), and lung cancer-
related projects (3,469 projects) accounting for approxi-
mately 49% of all awarded cancer metabolism projects
(Figure 2G). In comparison with the case of NSFC, the
ratio of NIH-supported metabolism-related projects rela-
tive to all cancer projects was strikingly higher (5.00%-
30.00%, respectively), with liver cancer (29.60%), thy-
roid cancer (20.50%), and renal cancer (19.00%) being
the leading cancer types, while cervical cancer (5.63%),
esophageal cancer (9.48%), and melanoma (10.33%) have
the lowest proportion of metabolism-related projects
(Figure 2H).

Over the past ten years, 134 out of 2,828 (4.7%) regis-
tered research institutions in China have been funded by
the NSFC in the field of cancer metabolism. Most of these
institutions are distributed in the mega cities of China.
For instance, Shanghai, Guangzhou and Beijing share over
46.2% of the total funding awarded for cancer metabolism
by the NSFC (Figure 2I and J). Despite that NSFC has
approved 42 cancer metabolism projects of “Fund of Less
Developed Regions” (Figure 1G) to promote the scientific
research of these areas, the unbalanced R&D ability across
the state is still an issue that needs to be concerned by the
national funding organizations.



ANCER
4_|_ COMMUNICATIONS

EDITORIAL

(E

Liver Cancer
1%

Breast Cancer

Prostate
Cancer

Gastric
cancer
5%

Pancreatic
cancer
6%

Breast
Cancer
12%

Lung Cancer
1%

N

o

o
d

——Microenvironment

——Immunotherapy

% —-Metastasis —-Chemotherapy
3 ——Radiotherapy —Diagnosis
5150 ' —-stem cell ——-microbiome
s
3
w® 100
L
a
&
5 50
o]
2
0
N O X 0 0 A RO DN
NAXRF R R N0 NP9
SES S S S S S S S

Liver cancer
20%

Pancreatic
cancer

(B) 14000 -Kletatlbolism related - 9.00%
mRes 0,
12000 7.49% 1B s, b BO0%
[
0 {5
2 L 7.00% <
210000 g
o L 6.00% o
g 8000* L 5.00% ©
® % 9 =
£ 6000 i A’3 ¥ 4.329%4.00% 5
s 3.66% L 3.00% 2
5 4000 =
z 2.00% 2
TS
0 1l 0.00% 8
¢ 8 &SP 2S P S ¢4
fofi@g;ﬁ c?foé\é‘odi 6({’;@: (; 4, 90‘\0"' \@o"«
L O SO0 PP DS K
(D) ¢"¥VIF Foled c%%”&@&ﬁ&‘{:o‘@
< < &

3500 | mmMetabolism == Rest—Ratio r 9.00%
3000 heEs [ 8.00% o
501 L 7.00% &
2500 o o
2 5(54% 5.40% 531% 3% 6.00% ©
52000 4.87% °
5 {49 4%28% [ 5:00% ~
) £
8 1500 3.89%, . fo, 4.35% 4.00% &
€ 3.631 2:86% L 3.00% 2
<1000 2 89S 3:26% or e
s 2.51% - 2.00% =
5
°
3
(1

N 0( o 0& a\ k
SIS LIS ST
& SO ¢ ~>°\M°°’ q,O(\"\“o‘
S & @ AN
& VPP Q@é}‘?‘& 00 @\foé ,@(‘
35  ——Microenvironment —-—Immunotherapy
—~Metastasis Chemotherapy
» 30 [ —Radiotherapy —-Diagnosis
325 —~Stem cell ——microbiome
o
o
<20
[0}
215
i
.10
2
5
0
QS N O O > 0 o0 A 2 9 O N
NI BN\ BN I A NN, S )
2 B8 S S S S S S
Year
) 40000 - 35.00% o
mm Metabolism == Rest—~—Ratjo c
35000 29.59% L 30.00% g
7} ©
#£30000 L 25.00% 5
925000 20.55% =
S 18-99% L 20.00% £
820000 44.35% 5 5
2 1469 13.43% 5% 19\g746-08%1 5 0005 S
E15000 y g
. L 10.00%
10000 9.46% |
5000 ‘ [ 500% 3
[i4
0 0.00%
2 &
S




EDITORIAL

ANCER
COMMUNICATIONS

s

4 | PERSPECTIVES

The past decade has witnessed a dramatic improvement
in the diagnosis and treatment of malignant tumors. Inci-
dence and mortality rates of certain types of cancer (such
as some infection-related cancers) have steadily declined.
Meanwhile, the prevalence of metabolism-related can-
cer (such as cancer of the digestive system, e.g., colon
cancer and pancreatic cancer) rise drastically, especially
in the emerging economies such as China, at least in
part attributable to a transition to less healthy lifestyles.
Progress on the metabolic deregulation of cancer provides
the possibilities of targeting crucial biochemical pathways
and improving the prognosis of multiple malignancies.
The Warburg effect of cancer cells is clinically exploited
to detect increased uptake of the radiolabeled glucose ana-
logue 8F-fluoro-2-deoxy-D-glucose by tumors compared
with normal tissues, which is currently widely used for
cancer diagnosis and monitoring [13]. In addition, both
dietary and pharmacologic therapeutics that target aber-
rant metabolism are also considered for cancer treatment.
Dietary interventions such as short-term fasting and keto-
genic diets, which usually induce the reduction of glycemia
and insulinemia while rising of ketones, are considered
helpful in limiting the adverse effects of chemotherapy
and tumor proliferation [14]. Recently, investigation of
gut microbiota suggests its essential role in regulating the
antitumor effect of chemotherapy [15] and immunother-
apy [16]. Other metabolism-targeting pharmacologic ther-
apies including metformin, aspirin, and drugs that target
specific metabolic pathways are proved to have promis-
ing prevention and preclinical effects on cancer. On the
other hand, there is now an appreciation of how the
metabolic constraints imposed by the tumor microenvi-
ronment [17], targeting the metabolism of stroma cells,
especially the immune cells within the cancer microen-
vironment, may also contribute to improving the efficacy
of the current immunotherapy [18, 19]. However, despite
that isocitrate dehydrogenase 1 (IDH1) inhibitor ivosidenib
and isocitrate dehydrogenase 2 (IDH2) inhibitor enasi-
denib were approved by the U.S. Food and Drug Admin-
istration (FDA) for treatment of relapsed/refractory acute

myeloid leukemia patients with IDH1 and IDH2 muta-
tions, respectively, most novel metabolism-targeting drugs
are still at preclinical studies and clinical trials [14, 20].
Finding and focusing on the approaches to improve more
selective effects are still challenging.

Cancer research, including metabolism-related
research, in China has achieved remarkable progress
in the current century, although the total amount and
the proportion of NFSC projects funded for metabolism
cancer are still less than the proportion of NIH funded
projects. As demonstrated in the current paper, both
grants and publications from China that related to cancer
metabolism have become 229 of the world, including more
studies meriting publication in elite journals. Continuous
government investment in fundamental research is defi-
nitely the major driving force behind this rapid growth.
However, high-level translational medicine in this field
research is still limiting. Funding institutions including
NSFC might need to shift their policies, mainly about
(i) increasing financial aid, especially the development
of multi-source support, to narrow the gap between the
increasing contribution of metabolism to cancer epidemi-
ology and limited funding inputs; (ii) encouraging projects
with an emphasis on translational innovations; and (iii)
increasing the scientific funding expenditure and support
rate for relatively less developed areas.

In general, the prevalence and thus burden of can-
cer are still heavy both in China and globally, regard-
less of the research progressions in recent years, among
which metabolism-associated cancers have emerged as
a major threat to health and quality of life. Analysis
regarding the hot areas of cancer metabolism indicates a
slight difference between publications and grants. Accord-
ing to the latest achievements reflected by the publi-
cations especially in the elite journals, some subfields
in cancer metabolism, which include tumor metabolite
sensing and signaling, tumor metabolism and epigenet-
ics, metabolic reprogramming in tumor microenvironment
remodeling, metabolic vulnerabilities in cancer, and tar-
geting immunometabolism for cancer therapy, reflect the
cutting-edge of cancer metabolism research and necessar-
ily draw more attention from funding agencies.

FIGURE 2

Funding profiles of funded NSFC and NIH projects in the field of cancer metabolism (2010-2021).(A-H) Statistics of different

cancer types of applicated (A and B) and funded cancer metabolism projects by NSFC (C and D) and NIH (G and H) in 2010-2021 are plotted,
metabolism related grants are marked with blue while the rest projects are marked with orange. Statistics for research direction classifications
of applicated proposals (E) and funded NSFC projects (F) in the field of cancer metabolism. All funded projects were manually checked and
classified as listed research directions. If a project involves more than one research direction, all of them were counted. (I and J) Institutional

distribution of NSFC funded cancer metabolism projects, by provinces in China. Classification by cancer types of those grants that were

collected by searching project titles with keywords ‘indicated cancer’ and ‘metabolism’ on NSFC information system

(https://isisn.nsfc.gov.cn/egrantweb/) and NIH Project Reporter system (https://projectreporter.nih.gov/reporter.cfm/). If a project involves

more than one cancer types, all of them were counted
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