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5.1 Challenges and
opportunities of life sciences
development

The global “capital winter” poses
significant challenges to the innovation
in life sciences. The biomedical sector
worldwide has in recent years been facing
liquidity challenges and a cold market

for investment and financing, which
severely impacted the development of
life sciences. Following the impact of
“black swan" events like the COVID-19
pandemic, global biotechnology and
platform companies have gone through a
downward trend in financing since 2021,
as the number of biotech IPOs remained
persistently low. Although 2024 signals
recovery in total venture capital, the
phenomenon of “wealth gap” is becoming
more pronounced as capital has been
increasingly concentrated in popular
fields and clinical-stage projects. Patience
among investors is generally lacking, and
it severely hinders foundational research
and original innovation in life sciences.

In such cold capital market, numerous
biotech startups had to use measures like
layoffs and equity concessions to survive,
which weakened the overall innovation
and entrepreneurial vitality of the
biomedical industry’®.

The unique security-sensitive nature
of life sciences limits the further
deepening of international scientific
and technological cooperation. The
collaboration in the biomedical field
among countries has been getting closer
due to the acceleration of globalization,
but it is still difficult in many aspects to
break through regional barriers. On one
hand, frontier research in life sciences
often involves human genetic resources
such as embryonic stem cells and the
human genome, which are closely tied
to national biosafety, public health,
and personal privacy. When it comes to
openness and international cooperation,
these resources are often constrained
by national policies and regulations,
which severely limits the advancement
of international clinical research and
scientific collaboration. On the other
hand, there are significant differences in
intellectual property laws, enforcement
approaches, regulatory policies,
review standards, and market access

requirements in the field of life sciences
across countries. Multinational companies
face complex compliance challenges in
expanding international business, which
can lead to delays in market entry and
additional costs, therefore increasing
operational risks and uncertainties. From
the perspective of emerging countries or
regions like China, the development of
life science hubs continues to encounter
many bottlenecks and challenges in
areas such as cross-border operations,
R&D investment, process workflows,
specialized services, and integration
among companies within the industry.

Breakthroughs in frontier life
sciences technologies have introduced
new ethical challenges. While ethical
debates over cloning technology and
embryonic stem cell research continue,
advances in next-generation technologies
like gene editing, organoid research, and
synthetic biology bring additional ethical
challenges. If gene editing technology
in DNA design is left unbound, it could
cause issues such as genetic superiority
and discrimination, leading to ethical
challenges. Advances in synthetic
biology grant us the power to create
entirely new biological entities, thus
raising numerous questions around the
definition of life, biosafety, and bioethics.
Organoid research, particularly those with
brain organoids, could have profound
implications for understanding the origins
of consciousness. Ultimately, the potential
for life sciences to extend human
lifespan — even to the point of achieving
immortality — may provoke complex
discussions and decisions on related
issues such as population and human
reproduction.

Innovation in life sciences offers
broad application and development
potential across other fields.

Following the advances in synthetic
biology, biomanufacturing, and other
biotechnologies, life sciences are
emerging as a foundational discipline that
will shape future industrial development.
Biomanufacturing, one of the most
promising technologies for sustainable
development in human society, features
characteristics like product design ability,
renewable raw materials, and green,
low-carbon processes. It has extensive

(5]

applications in critical industries such as
energy, chemicals, materials, food, and
agriculture. For example, advances in
biofuel technology could reduce or even
replace the reliance of the energy industry
on non-renewable fossil fuels. Artificially
synthesized proteins may transform
production methods in planting and
animal husbandry, significantly impacting
the food industry. Bio-based materials
can be widely used in packaging,

textiles, environmental protection, and
industrial manufacturing. Novel “bio plus
“ production modes — such as bio plus
chemicals, bio plus energy, and bio plus
light industry — will continue to emerge in
the future, driving revolutionary changes
in industrial production methods.

5.2 Future of life sciences
innovation

A review of recent breakthroughs

in life sciences reveals a continuous
stream of foundational research and
interdisciplinary innovation, indicating
that key areas are entering a turning point
and peak period of innovative growth.

1. Deep learning for protein
design: The field of protein engineering
is undergoing a paradigm shift, while
deep learning algorithms in artificial
intelligence significantly enhance the
ability to design functional proteins.
These interdisciplinary technologies not
only accelerate the development of new
enzymes and therapeutic proteins, but
also lay a solid foundation for innovative
applications in drug delivery and vaccine
development. Large language models,
which treat protein sequences as
language structures, play a crucial role
in uncovering the mysteries of protein
structure. They speed up the process of
creating stable, efficient, and applicable
synthetic proteins?2.

2. 3D printing of nanomaterials: 3D
printing is advancing into the realm of
microscale materials, making it possible
to manufacture small-scale functional
materials that are especially suitable
for pharmaceutical and medical device
R&D in life sciences. After overcoming
the limitations of traditional techniques
in speed, material compatibility, and
cost, nanoscale 3D printing enables
more sophisticated applications in
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nanomaterial-based diagnostics and
robotics. It signals the arrival of a

new era for life sciences powered by
advancements in material sciences?.

3. Super-duper resolution: Innovative
technologies like MINSTED and DNA-
PAINT now enable observation of
biological processes at molecular
and atomic levels, which opens new
perspectives for understanding
complex biological systems and disease
mechanisms. MINSTED in particular, is an
advanced super-resolution fluorescence
microscopy technique based on STED?'.

4. Brain-computer interfaces:

The Brain-Computer Interface (BCI)
technology is transforming the lives who
have lost mobility or speech abilities by
enabling integrated communication and
control through accurate recognition

of brain signals. The development of

BCl technology not only enhances the
quality of life for people with functional
impairments, but also opens pathways
for broader applications, including the
treatment of cognitive disorders, mental
health issues, and thought-based control
systems?4,

5. Synthetic biology: Synthetic biology
has been transforming our methods of
production and may profoundly influence
our dietary patterns, fuel generation, and
the creation of specialized medications.
Scientists are currently using yeast as a
chassis cell to engineer the production
of soy leghemoglobin, adding it to
plant-based burgers and making them
“indistinguishable” from the real ones?.
Following the continued growth of
the global population, more microbial
communities will replace sugar-based
raw materials in the coming years and
even decades. At the same time, more
biochemically synthesized products
will replace traditionally chemically
synthesized ones, fully leveraging the
green, low-carbon, environmentally
friendly, and renewable characteristics of
bio-based materials?.

6. Cellular gene therapy: The cellular
gene therapy has gained significant
attention in recent years, providing new
treatment and improvement options
for many difficult diseases. However,
its high cost limits its accessibility to
broader audiences. Recently, scientists
have proposed the use of on-demand
manufacturing technologies, enabling this
new therapy to be produced and applied
right by the patient. This approach holds
promise for breaking through the price
barrier and ensuring that the benefits of
these advanced treatments may be more
equally accessible to all?”.

5.3 Summary

As cutting-edge technologies continue
to break through, life sciences have
been rapidly advancing into unknown
territories in basic research and
expanding into other fields in industrial
technology, driving the new wave of
scientific and industrial revolutions. On
one hand, life sciences are increasingly
integrating with other disciplines and
emerging technologies. As new fields
such as Al-driven drug development,
synthetic biology, brain-computer
interfaces, and gene editing constantly
emerge, they push life sciences into
extremely microscopic domains to
explore the origins of life. On the other
hand, the innovations in life sciences
are spilling over into other sectors,
accelerating innovation in agriculture,
food, energy, chemicals, materials, and
other vital industries, which offer hope
to achieve a green, sustainable future
for human society. However, the ethical
challenges and imbalances arising

from the development of life science
technologies turned out to be more
obvious, asking for urgent attention from
governments and research institutions
worldwide. It is essential to establish an
orderly regulatory framework to guide
the development of life sciences in ways
that benefit human well-being.
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Chapter 6 Conclusions

This report provides an in-depth analysis of
the driving factors, characteristics, models,
and trends in the development of global
life sciences industry clusters by examining
them as a whole and exploring major case
studies in depth. While the development
of global life sciences industry clusters
presents vast opportunities, it faces
numerous challenges as well.

Since life sciences entered the modern
molecular and cellular biology era, a
multipolar structure has been established
in global life science hubs after nearly
a century of development. Developed
countries like the United States, the United
Kingdom, Switzerland, France, and Japan
hold a clear advantage in life sciences
innovation, positioning themselves
as centers of modern life sciences
development. Meanwhile life science hubs
in Asian countries, such as Singapore and
China, are rising rapidly, turning into new
growth poles in the industry. Life sciences
research continues to delve into highly
microscopic scales, extreme conditions,
and highly interdisciplinary domains.
Therefore, its emphasis on intensive
research, high capital investment, long
cycles, high costs, and significant risks has
been more pronounced, demanding dense
concentrations of innovation resources.
This will likely intensify the polarization of
life sciences cluster development.

Data analysis results based on
the utilized database also indicate
that foundational research output,
international scientific cooperation,
and commercialization of research
achievements in the global life sciences
field predominantly occur in large cities of
developed countries, such as the United
States, the United Kingdom, France, and
Switzerland, as well as in Asian hotspot
regions like Beijing, Shanghai, and Suzhou
of China. The United States maintains a
clear advantage in life sciences innovation,
supported by a long-standing foundation
in the field that has cultivated numerous

top talents, institutions, universities,

and companies. Emerging life science
hubs in Beijing, Shanghai, and Suzhou

are experiencing rapid growth in the
application and commercialization of
scientific achievements; however, they
still lag behind the United States and
Europe in basic research and international
collaboration.

The rise of life science hubs such as
Boston, Seattle, Beijing, Shanghai, and
other regions demonstrates that the
robust development of these clusters not
only requires support from highly skilled
scientific talent, research institutions,
universities, and tech companies, but a
well-established life sciences innovation
ecosystem as well. This ecosystem
includes service support from specialized
platforms, clustering of dedicated science
parks, supportive services for technology
and industry policies, major scientific
infrastructure, and the empowerment
of large-scale venture capital. A life
sciences cluster can gradually accumulate
competitive advantages with sustained
growth of these conditions. This creates
a significant challenge for emerging
countries aiming to develop and catch up
in life sciences.

The new era brings new opportunities,
and the latest wave of scientific and
industrial revolutions offers emerging
countries a crucial chance to narrow
the gap. Represented by Beijing's
Zhongguancun Life Science Park, China's
life science hubs have been advancing
from foundational building and framework
establishment to another phase of strong
functionality. By creating an innovation
ecosystem that tightly integrates policy,
platforms, research, technology, and
industry, life science hubs in China are
set to make substantial contributions to
the development of next-generation life
sciences technologies, such as Al-driven
drug discovery, synthetic biology, brain-
computer interfaces, and gene editing.
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Appendix 1

Data source

Appendix

Dimensions database: The Dimensions database is a comprehensive
scientific information resource, encompassing real-time-updated
sources of over 140 million publication records, 32 million datasets,
7.4 million research funding records, 160 million patent records,
900,000 clinical trial records, and 2.1 million policy document
records. By flexibly integrating and linking various types of data,

the Dimensions database effectively aids research institutions

and scientists in conducting multidimensional research analysis.
Researchers can perform studies on research themes, strengths in
specific fields, research performance comparisons, and collaboration
networks based on publications and citation analysis, while factoring
in dimensions such as institutions, countries or regions, cities,

and time. This enables them to map the trajectory of scientific
development and provides comprehensive, objective, and robust
scientific data support.

The Lens: A patent search platform that integrates academic and
patent knowledge as a public resource, providing information

for science and technology-driven problem-solving. The platform
consolidates global patent and academic publication data. It offers
comprehensive patent information and academic outcome analysis
support for researchers, businesses, and policymakers with advanced
search and analysis tools.

Nature Index: Compiled by the Springer Nature Group, this database
measures high-level global scientific achievements by monitoring
145 high-quality journals in natural and health sciences. The journal
selection is fully independent of the Nature Portfolio and is guided
by recommendations from an independent expert panel, with input
from a large-scale global survey of researchers to ensure a fair and
consistent selection of top-tier journals. The Nature Index provides
an objective metric for evaluating high-quality research output and
collaboration worldwide, and it is one of the most authoritative and
widely recognized indicators for assessing high-quality research at
institutions and in regions.

Adislnsight database: The global drug R&D pipeline information
monitoring database provides real-time information on drug R&D,
disease treatment, and investment decisions. It helps researchers and
investors understand the progress of drug development, identify the
most promising research areas, assess potential R&D opportunities,
and focus on the most promising development pathways.
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Appendix 2

Data name
and method
of analysis
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Life science hubs: The clusters selected in this report are studied and
analyzed based on the metropolitan areas or major cities as their
geographic boundary.

Active researchers: Researchers who have published at least one
paper in a selected field within a selected time period.

Compound Annual Growth Rate (CAGR): The compound annual
growth rate of the number of published papers, the number of
scientists, or the frequency of paper citations over the selected
period.

The field of life sciences: Based on the Dimensions database’s FOR
classification, it includes biomedical and clinical sciences, biological
sciences, health sciences, psychology, environmental sciences and
agricultural, veterinary, and food sciences. If a paper belongs to
multiple disciplines, it will be only counted once.

Nature Index data: The paper data included in the Nature Index
database for the most recent natural year. Researchers included in
the Nature Index refer to those who have at least one paper indexed
by Nature Index within the selected time period and field.

Total citation frequency of paper in patents, policies, and clinical
trials: This refers to the total number of times a paper is cited in
patents, policies, and clinical trials. Each citation will be counted in the
statistics.

Frontier direction research activity: The activity is normalized based
on the paper data for each frontier direction, and it is calculated as
follows: The number of papers (Xi) in a particular frontier direction
for the cluster is compared with the maximum value in the entire
comparison cluster group, and then converted into a percentage
form. The calculation formula is as follows:

Xi
——— x100
max X; *

1<j<n

Frontier direction research activity score =

Note: The geographic boundaries for frontier direction research may
slightly differ from those of other data sets.

Appendix 3

Data

Research/Preclinical

Clinical

Appendix

Figure 1
Global drug R&D trend

Regulatory Marketed

2004 2716 1277 67 133
2005 2954 1377 70 137
2006 3198 1521 84 141
2007 3469 1717 80 158
2008 3654 1884 84 170
2009 3838 2023 85 176
2010 4058 2214 82 189
2011 4299 2438 97 208
2012 4463 2591 111 234
2013 4726 2807 m 264
2014 5017 3050 116 292
2015 5381 3346 131 348
2016 6364 3748 158 377
2017 6942 4153 174 417
2018 7659 4583 207 452
2019 8680 5007 226 491
2020 9938 5492 280 524
2021 11558 6098 287 563
2022 13173 6875 314 614
2023 14831 7586 349 646
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Appendix Appendix

Table 2

Percentage of scientists publishing papers in
biological sciences and health sciences tracked
by the Nature Index

Number of scientists publishing papers in biological

M B G B R T sciences and health sciences tracked by the Nature Index

No. Innovation hub 2019 2020 2021 2022 2023 CAGR 2019 2020 2021 2022 2023 CAGR 2019 2020 2021 2022 2023
1 Bay Area Innovative Health Hub 66461 72422 73981 76579 78739 4.33% 5269 6398 6321 8139 6994 7.34% 7.93% 8.83% 8.54% 10.63% 8.88%
2 Seattle New Health Hub 23259 24993 26294 26564 28427 5.14% 1724 1824 1974 2795 2492 9.65% 7.41% 7.30% 7.51% 10.52% 8.77%
3 Houston Medical Hub 26767 27982 27915 29079 30582 3.39% 1830 2032 2243 2931 2738 10.60% 6.84% 7.26% 8.04% 10.08% 8.95%
4 Boston Medical Hub 78670 83766 87581 88390 93688 4.46% 6964 7944 8151 10890 10386 10.51% 8.85% 9.48% 9.31% 12.32% 11.09%
5 Beijing Zhongguancun Life Science Park 279185 308395 350479 402466 432884 11.59% 4286 5055 5274 6485 6771 12.11% 1.54% 1.64% 1.50% 1.61% 1.56%
6 Shanghai Zhangjiang Science City 109549 123327 142116 160163 171129 11.80% 2553 2762 3287 4788 4549 15.54% 2.33% 2.24% 2.31% 2.99% 2.66%
7 Suzhou Industrial Park 13378 14916 18126 20742 23268 14.84% 174 213 150 333 263 10.88% 1.30% 1.43% 0.83% 1.61% 1.13%
8 Life Science Hub in San Diego 21424 22693 23502 23701 23669 2.52% 2621 2616 2664 3003 2637 0.15% 12.23% 11.53% 11.34% 12.67% 11.14%
9 New York Life Science Hub 116786 127812 131504 132156 139047 4.46% 7225 8325 8587 11781 10884 10.79% 6.19% 6.51% 6.53% 8.91% 7.83%
10 Washington Bio-health Hub 88704 94132 97480 97177 101595 3.45% 5408 6203 6396 8657 7656 9.08% 6.10% 6.59% 6.56% 8.91% 7.54%
1" Los Angeles Life Science Hub 41220 44459 46694 46574 48110 3.94% 2234 2222 2425 3219 3021 7.84% 5.42% 5.00% 5.19% 6.91% 6.28%
12 Pennsylvania Life Science Hub 38710 41568 42678 42942 45916 4.36% 2056 2351 2518 3515 3306 12.61% 5.31% 5.66% 5.90% 8.19% 7.20%
13 London Life Science Hub 72213 79145 84508 80489 83958 3.84% 3250 4161 4380 6256 6319 18.08% 4.50% 5.26% 5.18% 7.77% 7.53%
14 lle-de-France Health Sciences Hub 72037 74935 76823 75725 74925 0.99% 3061 3334 3436 5049 4411 9.56% 4.25% 4.45% 4.47% 6.67% 5.89%
15 Rotterdam Biopharmaceutical Hub 7144 7255 8065 8058 8112 3.23% 293 308 455 788 746 26.32% 4.10% 4.25% 5.64% 9.78% 9.20%
16 Milan Life science Hub 25457 28350 30023 31425 32687 6.45% 653 787 922 1368 1455 22.18% 2.57% 2.78% 3.07% 4.35% 4.45%
17 Geneva Healthcare Hub 19875 20970 21672 22355 24253 5.10% 1265 1271 1519 1789 1635 6.62% 6.36% 6.06% 7.01% 8.00% 6.74%
18 Brussels Public Health Technology Hub 9359 10013 10656 10634 11217 4.63% 216 313 233 506 388 15.77% 2.31% 3.13% 2.19% 4.76% 3.46%
19 Singapore Biopharmaceutical Hub 26804 29813 30849 30975 32832 5.20% 1092 1199 1174 1532 1232 3.06% 4.07% 4.02% 3.81% 4.95% 3.75%
20 Tokyo-Kobe Medical Industry Hub 174149 168825 172956 185452 189161 2.09% 3397 4162 4180 5309 4669 8.28% 1.95% 2.47% 2.42% 2.86% 2.47%
21 Seoul Life and Healthcare Hub 84823 86534 90946 95233 100259 4.27% 1211 1309 1171 2150 2258 16.85% 1.43% 1.51% 1.29% 2.26% 2.25%
22 Guwahati Biotechnology Park 32865 40896 50070 53892 58343 15.43% 171 147 353 374 256 10.61% 0.52% 0.36% 0.71% 0.69% 0.44%
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Appendix Appendix

Table 3
Number of Proportion Number of Proportion Number of Proportion Number of Proportion Number of Proportion
Eapers ] of papers in Bapers 0] of papersin Bapers ] of papersin Eapers ] of papersin Eapers in of papers in
iological biological iological biological iological biological iological biological iological biological
sciences sciences C sciences sciences sciences sciences sciences sciences sciences
Total number of papers in all fields (FOR first-level classification) el o e e e e e e
tracked by among tracked by among tracked by among tracked by among tracked by among
Nature Index | total papers Nature Index total papers Nature Index total papers Nature Index total papers Nature Index total papers
tracked by the tracked by the tracked by the tracked by the tracked by the
Nature Index Nature Index Nature Index Nature Index Nature Index
CAGR
No. Hub 2019 2020 2021 2022 2023 2019 2019 2020 2020 2021 2021 2022 2022 2023 2023
(2019~2023)
1 Bay Area Innovative Health Hub 54088 60615 61278 60137 60286 2.75% 1731 3.20% 1872 3.09% 1805 2.95% 2588 4.30% 2333 3.87%
2 Seattle New Health Hub 21116 23614 23992 23516 23575 2.79% 609 2.88% 617 2.61% 690 2.88% 1057 4.49% 996 4.22%
3 Houston Medical Hub 22813 25306 25158 25519 25791 3.11% 539 2.36% 606 2.39% 591 2.35% 899 3.52% 917 3.56%
4 Boston Medical Hub 68780 77965 78864 76468 77795 3.13% 2153 3.13% 2275 2.92% 2266 2.87% 3415 4.47% 3245 4.17%
5 Beijing Zhongguancun Life Science Park 164985 183198 206264 235536 240966 9.93% 1114 0.68% 1267 0.69% 1417 0.69% 1735 0.74% 1865 0.77%
6 Shanghai Zhangjiang Science City 64469 74258 85177 95050 95973 10.46% 665 1.03% 718 0.97% 864 1.01% 1138 1.20% 1144 1.19%
7 Suzhou Industrial Park 8387 9517 11306 13387 14223 14.12% 70 0.83% 69 0.73% 66 0.58% 104 0.78% 929 0.70%
8 Life Science Hub in San Diego 18290 20381 20591 19641 19247 1.28% 901 4.93% 847 4.16% 873 4.24% 1015 5.17% 884 4.59%
9 New York Life Science Hub 97423 109264 110906 108560 110688 3.24% 2434 2.50% 2589 2.37% 2713 2.45% 3849 3.55% 3511 3.17%
10  Washington Bio-health Hub 75268 83353 83682 80620 80304 1.63% 1844 2.45% 2018 2.42% 1953 2.33% 2880 3.57% 2618 3.26%
1" Los Angeles Life Science Hub 37126 41529 42720 41744 41927 3.09% 755 2.03% 831 2.00% 842 1.97% 1383 3.31% 1223 2.92%
12  Pennsylvania Life Science Hub 33553 38005 38529 37462 37942 3.12% 746 2.22% 737 1.94% 789 2.05% 1258 3.36% 1138 3.00%
13  London Life Science Hub 69169 78133 83706 77252 76920 2.69% 1105 1.60% 1247 1.60% 1330 1.59% 2169 2.81% 1982 2.58%
14  lle-de-France Health Sciences Hub 52052 56389 57034 54136 53658 0.76% 928 1.78% 967 1.71% 963 1.69% 1373 2.54% 1299 2.42%
15  Rotterdam Biopharmaceutical Hub 7497 7981 8388 8420 8241 2.39% 131 1.75% 118 1.48% 144 1.72% 327 3.88% 317 3.85%
16 Milan Life science Hub 24481 29870 31303 31402 32102 7.01% 178 0.73% 220 0.74% 260 0.83% 465 1.48% 491 1.53%
17 Geneva Healthcare Hub 17879 19938 20614 20304 20643 3.66% 469 2.62% 498 2.50% 549 2.66% 704 3.47% 625 3.03%
18 Brussels Public Health Technology Hub 8777 10002 10566 10335 10706 5.09% 98 1.12% 134 1.34% 115 1.09% 217 2.10% 202 1.89%
19  Singapore Biopharmaceutical Hub 23337 26443 27252 27313 28040 4.70% 295 1.26% 317 1.20% 324 1.19% 460 1.68% 423 1.51%
20 Tokyo-Kobe Medical Industry Hub 106243 112678 117009 113715 112552 1.45% 1088 1.02% 1250 1.11% 1266 1.08% 1602 1.41% 1485 1.32%
21  Seoul Life and Healthcare Hub 58925 62881 65885 66187 66968 3.25% 304 0.52% 345 0.55% 326 0.49% 582 0.88% 582 0.87%
22 Guwahati Biotechnology Park 25109 33856 41690 44448 47298 17.15% 52 0.21% 39 0.12% 67 0.16% 110 0.25% 92 0.19%
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Table 3

The number of papers in the field of life sciences Proportion of papers in the field of life sciences

No. Hub 2019 2020 2021 2022 2023 CAGR 2019 2020 2021 2022 2023 CAGR (2019~2023)
(2019~2023)
1 Bay Area Innovative Health Hub 32532 37621 37884 37811 37701 3.76% 60.15% 62.07% 61.82% 62.87% 62.54% 0.98%
2 Seattle New Health Hub 15101 17303 17291 17058 16947 2.93% 71.51% 73.27% 72.07% 72.54% 71.89% 0.13%
3 Houston Medical Hub 17464 19775 19692 20029 20276 3.80% 76.55% 78.14% 78.27% 78.49% 78.62% 0.67%
4 Boston Medical Hub 47797 55690 56143 54735 55141 3.64% 69.49% 71.43% 71.19% 71.58% 70.88% 0.50%
5 Beijing Zhongguancun Life Science Park 52740 64956 72075 78908 74165 8.90% 31.97% 35.46% 34.94% 33.50% 30.78% -0.94%
6 Shanghai Zhangjiang Science City 24333 30596 34038 37124 35120 9.61% 37.74% 41.20% 39.96% 39.06% 36.59% -0.77%
7 Suzhou Industrial Park 3417 4235 4833 5499 5554 12.91% 40.74% 44.50% 42.75% 41.08% 39.05% -1.05%
8 Life Science Hub in San Diego 12565 14425 14242 13593 13214 1.27% 68.70% 70.78% 69.17% 69.21% 68.65% -0.02%
9 New York Life Science Hub 66879 77384 77880 76698 78159 3.97% 68.65% 70.82% 70.22% 70.65% 70.61% 0.71%
10  Washington Bio-health Hub 50152 56683 56993 54851 54264 1.99% 66.63% 68.00% 68.11% 68.04% 67.57% 0.35%
11 Los Angeles Life Science Hub 21982 25741 26508 26092 26527 4.81% 59.21% 61.98% 62.05% 62.50% 63.27% 1.67%
12  Pennsylvania Life Science Hub 24893 28749 28897 28313 28713 3.63% 74.19% 75.65% 75.00% 75.58% 75.68% 0.50%
13 London Life Science Hub 45133 52102 56107 50853 49749 2.46% 65.25% 66.68% 67.03% 65.83% 64.68% -0.22%
14  lle-de-France Health Sciences Hub 27475 30682 30536 29123 28293 0.74% 52.78% 54.41% 53.54% 53.80% 52.73% -0.03%
15 Rotterdam Biopharmaceutical Hub 6276 6659 7025 7027 6915 2.45% 83.71% 83.44% 83.75% 83.46% 83.91% 0.06%
16  Milan Life science Hub 15772 20475 21262 20909 20913 7.31% 64.43% 68.55% 67.92% 66.58% 65.15% 0.28%
17  Geneva Healthcare Hub 10001 11588 12203 12008 11800 4.22% 55.94% 58.12% 59.20% 59.14% 57.16% 0.54%
18  Brussels Public Health Technology Hub 5173 6174 6438 6400 6490 5.83% 58.94% 61.73% 60.93% 61.93% 60.62% 0.71%
19  Singapore Biopharmaceutical Hub 9018 11138 11417 10911 10722 4.42% 38.64% 42.12% 41.89% 39.95% 38.24% -0.26%
20 Tokyo-Kobe Medical Industry Hub 49849 56009 59719 57257 55205 2.58% 46.92% 49.71% 51.04% 50.35% 49.05% 1.12%
21  Seoul Life and Healthcare Hub 30088 32166 32955 32857 32394 1.86% 51.06% 51.15% 50.02% 49.64% 48.37% -1.34%
22  Guwahati Biotechnology Park 12058 17381 20600 21503 22728 17.17% 48.02% 51.34% 49.41% 48.38% 48.05% 0.02%
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Table 3

Number of internationally co-authored papers in biological sciences and health

Proportion of internationally co-authored papers in biological sciences
sciences tracked by Nature Index

and health sciences tracked by the Nature Index

No. Hub 2019 2020 2021 2022 2023 CAGR 2019 2020 2021 2022 2023 CAGR (2019~2023)
(2019~2023)
1 Bay Area Innovative Health Hub 896 971 966 1357 1298 9.71% 51.76% 51.87% 53.52% 52.43% 55.64% 1.82%
2 Seattle New Health Hub 344 342 406 572 530 11.41% 56.49% 55.43% 58.84% 54.12% 53.21% -1.48%
3 Houston Medical Hub 314 357 320 481 518 13.33% 58.26% 58.91% 54.15% 53.50% 56.49% -0.77%
4 Boston Medical Hub 1164 1304 1340 1898 1896 12.97% 54.06% 57.32% 59.14% 55.58% 58.43% 1.96%
5 Beijing Zhongguancun Life Science Park 679 742 786 863 920 7.89% 60.95% 58.56% 55.47% 49.74% 49.33% -5.15%
6 Shanghai Zhangjiang Science City 430 464 514 582 566 711% 64.66% 64.62% 59.49% 51.14% 49.48% -6.47%
7 Suzhou Industrial Park 52 49 40 57 54 0.95% 74.29% 71.01% 60.61% 54.81% 54.55% -7.43%
8 Life Science Hub in San Diego 532 487 501 567 507 -1.20% 59.05% 57.50% 57.39% 55.86% 57.35% -0.72%
9 New York Life Science Hub 1303 1459 1536 2142 1969 10.87% 53.53% 56.35% 56.62% 55.65% 56.08% 1.17%
10  Washington Bio-health Hub 944 1096 1080 1491 1346 9.27% 51.19% 54.31% 55.30% 51.77% 51.41% 0.11%
1" Los Angeles Life Science Hub 422 489 484 751 693 13.20% 55.89% 58.84% 57.48% 54.30% 56.66% 0.34%
12  Pennsylvania Life Science Hub 382 398 41 643 573 10.67% 51.21% 54.00% 52.09% 51.11% 50.35% -0.42%
13 London Life Science Hub 926 1041 1116 1789 1663 15.76% 83.80% 83.48% 83.91% 82.48% 83.91% 0.03%
14  lle-de-France Health Sciences Hub 760 785 790 1081 1038 8.11% 81.90% 81.18% 82.04% 78.73% 79.91% -0.61%
15 Rotterdam Biopharmaceutical Hub 120 98 119 273 247 19.78% 91.60% 83.05% 82.64% 83.49% 77.92% -3.96%
16 Milan Life science Hub 158 192 229 397 412 27.07% 88.76% 87.27% 88.08% 85.38% 83.91% -1.40%
17  Geneva Healthcare Hub 377 400 478 591 528 8.79% 80.38% 80.32% 87.07% 83.95% 84.48% 1.25%
18  Brussels Public Health Technology Hub 88 125 107 201 179 19.42% 89.80% 93.28% 93.04% 92.63% 88.61% -0.33%
19  Singapore Biopharmaceutical Hub 252 281 285 406 391 11.61% 85.42% 88.64% 87.96% 88.26% 92.43% 1.99%
20 Tokyo-Kobe Medical Industry Hub 674 756 771 967 861 6.31% 61.95% 60.48% 60.90% 60.36% 57.98% -1.64%
21  Seoul Life and Healthcare Hub 202 240 228 378 361 15.62% 66.45% 69.57% 69.94% 64.95% 62.03% -1.71%
22  Guwahati Biotechnology Park 37 26 38 75 69 16.86% 71.15% 66.67% 56.72% 68.18% 75.00% 1.32%
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Table 4

Number of patents Total citations from patents, policy reports and

clinical trials (2019-2023) Total citations of clinical trials in papers

Number Total citations
No. Hub 2019 2020 2021 2022 2023 CAGR(%) rompaes ot paepatents,  Averagecitation || 2019 2020 2021 2022 2023 CAGR(%)
subject area) and clinical trials

1 Bay Area Innovative Health Hub 37992 37239 35443 32980 35280 -1.83% 303137 39698 0.131 482 470 443 398 388 -5.28%
2 Seattle New Health Hub 9744 9160 7985 6814 6904 -8.25% 118463 17826 0.150 249 275 240 240 259 0.99%
3 Houston Medical Hub 4413 3587 3645 3214 3078 -8.61% 126921 10108 0.080 402 419 347 380 386 -1.01%
4 Boston Medical Hub 9653 9715 9330 8484 8951 -1.87% 388038 52666 0.136 553 552 524 456 430 -6.10%
5 Beijing Zhongguancun Life Science Park 89821 108945 132995 142786 134205 10.56% 1040123 63303 0.061 136 181 174 185 190 8.72%
6 Shanghai Zhangjiang Science City 16376 19579 25239 24206 21511 7.06% 417710 25247 0.060 100 131 105 143 183 16.31%
7 Suzhou Industrial Park 2578 3049 371 3539 3341 6.70% 57116 3280 0.057 12 13 23 20 27 22.47%
8 Life Science Hub in San Diego 9153 8445 8439 7746 10864 4.38% 100118 11983 0.120 192 188 170 130 154 -5.36%
9 New York Life Science Hub 29268 29401 28320 22832 23127 -5.72% 550489 54822 0.100 1048 1059 1010 861 865 -4.68%
10  Washington Bio-health Hub 5084 4913 4722 4420 4442 -3.32% 412869 50674 0.123 709 723 666 623 594 -4.33%
11 Los Angeles Life Science Hub 2393 2477 2542 2552 2949 5.36% 209818 17700 0.084 483 495 466 427 470 -0.68%
12 Pennsylvania Life Science Hub 4102 3807 3752 3631 3769 -2.09% 190033 15592 0.082 348 399 331 299 281 -5.21%
13 London Life Science Hub 3613 3541 3286 2893 2880 -5.51% 393019 47899 0.122 330 354 283 321 291 -3.10%
14  lle-de-France Health Sciences Hub 16977 16714 16611 14548 14307 -4.19% 292564 21412 0.073 273 333 304 284 256 -1.59%
15 Rotterdam Biopharmaceutical Hub 305 259 137 14548 126 -19.83% 41377 4370 0.106 55 56 44 49 45 -4.89%
16  Milan Life science Hub 1019 1105 1118 1058 1183 3.80% 151811 11092 0.073 153 195 173 164 173 3.12%
17  Geneva Healthcare Hub 1821 1962 2013 1991 2168 4.46% 102646 17034 0.166 50 47 42 61 39 -6.02%
18  Brussels Public Health Technology Hub 473 437 114 361 352 -7.12% 51842 5055 0.098 107 127 109 98 88 -4.77%
19  Singapore Biopharmaceutical Hub 1750 1471 1377 1408 1558 -2.86% 134215 11732 0.087 45 61 47 39 34 -6.77%
20 Tokyo-Kobe Medical Industry Hub 166382 162428 157361 162863 160225 -0.94% 680478 22314 0.033 234 258 220 220 219 -1.64%
21  Seoul Life and Healthcare Hub 37209 37148 37750 36556 41509 2.77% 327471 20784 0.063 180 187 185 154 179 -0.14%
22 Guwahati Biotechnology Park 621 879 1207 1083 1793 30.35% 196374 7065 0.036 20 27 21 15 15 -6.94%
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Table 5

Number of papers in life sciences frontier areas (2019-2023) Research activity score in life sciences frontier areas (2019-2023)

e A, phenomics  Computationsl  Gene and cell S g Gl
1 Bay Area Innovative Health Hub 513 25,335 225 1,351 4,330 12 24 20 30 34
2 Seattle New Health Hub 597 20,889 192 1,043 3,858 14 20 17 23 31
3 Houston Medical Hub 482 28,567 197 1,254 6,275 11 27 18 28 50
4 Boston Medical Hub 2347 78,824 674 4,187 11,691 53 74 61 92 93
5 Beijing Zhongguancun Life Science Park 4408 106,231 1,106 4,172 12,638 100 100 100 92 100
6 Shanghai Zhangjiang Science City 2142 59,501 543 2,398 10,133 49 56 49 53 80
7 Suzhou Industrial Park 199 9,720 33 306 2,155 5 9 3 7 17
8 Life Science Hub in San Diego 662 22,093 252 841 2,606 15 21 23 18 21
9 New York Life Science Hub 815 62,991 506 3,192 9,538 18 59 46 70 75
10  Washington Bio-health Hub 740 47,080 403 2,183 5,757 17 44 36 48 46
11 Los Angeles Life Science Hub 442 32,729 201 1,514 4,473 10 31 18 33 35
12 Pennsylvania Life Science Hub 385 34,656 384 1,446 6,259 9 33 35 32 50
13 London Life Science Hub 1591 79,755 701 4,555 10,239 36 75 63 100 81
14 lle-de-France Health Sciences Hub 940 39,005 466 1,565 5,949 21 37 42 34 47
15  Rotterdam Biopharmaceutical Hub 44 9,985 100 501 1,306 1 9 9 1 10
16  Milan Life science Hub 247 29,703 162 1,587 5,000 6 28 15 35 40
17  Geneva Healthcare Hub 446 17,295 150 896 1,873 10 16 14 20 15
18  Brussels Public Health Technology Hub 143 9,234 49 509 1,240 3 9 4 11 10
19  singapore Biopharmaceutical Hub 826 19,158 159 1,479 2,877 19 18 14 32 23
20  Tokyo-Kobe Medical Industry Hub 1,343 64,685 384 2,312 8,005 30 61 35 51 63
21  SeoulLife and Healthcare Hub 788 47,411 196 2,265 5,382 18 45 18 50 43
22 Guwahati Biotechnology Park 662 20,906 422 1,387 2,461 15 20 38 30 19
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Table 6

Global number of papers (2014-2023)

2018

10211

493940

2487

3639

52583

CAGR(%)
2014-2023

12.51%

6.51%

18.71%

50.76%

No. ::?ennt(i::;fields of life 2014
1 Synthetic biology 5942

2 Brain science 381021
3 Phenomics 1074

4 Computational biology 1075

5 Gene and cell therapy 39463
No. z:?en:(i::;fields of life 2019

1 Synthetic biology 11141

2 Brain science 521654

3 Phenomics 2616

4 Computational biology 6849

5 Gene and cell therapy 49933

7.76%
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