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ABSTRACT Objective: To identify the biomedical frontiers by combining quantitative analysis with qualitative analysis. Methods:
This study adopted multi-dimension identification methods, from three aspects as follows: anaysis of the key areas of typica national
medical science and technology strategic planning, tracking biomedical frontier dynamics and expert review, bibliometrics of biomedical
pubilcations and patents. Then, those meeting at least two dimensions were finally defined as biomedical frontiers, based on the identifing
results of the three dimensions. Results: A total of 34 biomedical frontiers were identified, including precision medicine, tumor immunity,
targeted therapy, medicd artificial intelligence, medical robots, etc. Conclusion: The identification of the biomedica frontiers by the mul-
ti-dimensional comprehensive methods could provide decision support for the development and layout of biomedical frontiers, and also
provide direction and guidance for biomedical innovation.
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Table1 Identification of the biomedica frontiers based on analysis of the key areas of typical national medica science and technol ogy strategic planning

[E % Country T4, Frontiers
%HE UsA (1)NIH RoadMap

AR AR ) F R A 4% Building Blocks, Biologica Pathways, and Networks;
AT SRRV T 1A% Molecular Libraries and Imaging;

LR M2 Structural Biology s
A WE B AR AR )2 Biocinformatics and Computational Biology;

<YK BE 2 Nanomedicine;

< Nt Y431 The Human Microbiome Project ;
>FMKER ZH 4 Epigenomics;

(2)NIH FEBy Gk

<>4D #%/]MA& 4D Nucleome;

<REAE Big Datato Knowledge;
RS BRI A %% Bioinformatics and Computational Biology;
<>Bridging Interventional Development Gaps (BriDGSs);
TR A ) eF AR AR 2% Building Blocks, Biologica Pathways and Networks;
<>FMIE HI4H % Epigenomics;
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=% Country V45, Frontiers

a4 RNA 545 Extracellular RNACommunication;
OHLE 5% Genotype-Tissue Expression (GTEX);
4TI Global Health;
WL Glycoscience;
<> P23 Hedth Economics;
< N4 H Human Microbiome Project ;
<> B 24 0 5 2 A 1 lumi nating the Druggabl e Genome;
L R /N B B Knockout Mouse Phenotyping;
$FT L AN AT R 25 A 83 12 Library of Integrated Network-Based Cellular Signatures (LINCS);
HREH 2 Metabolomics;
AFICPERAF T4 Molecular Libraries and Imaging;
YK EE 2% Nanomedicine;
<>NIH FAE E22 e NIH Center for Regenerative Medicine (NIH CRM) ;
O HEIAEHE AR (5 B &40 PROMIS: Patient-Reported Outcomes Measurement Information System;
<7 AR5 Protein Capture Reagents;
A7 9Bk 2 Science of Behavior Change;
A4 Single Cell Andlysis;
<>Stimulating Peripheral Activity to Relieve Conditions (SPARC)
HETHIE b 245 0 A= He T AR Bioelectroni cs Technology Based on Peripheral Nerve Regulation;
R M2 Structural Biology s
EEMEBORIFSE Undiagnosed Diseases
BXBEZR 5 L E 0 P AR 55 4 vl 4 R R 3R
Health and Life Sciences Development Topics on the Web of Buropean Commission Official Website
ub 5 Allergies and asthmag
H 1A Biotechnology
AEYL Infectious diseases;
< f% T A% Genetic Engineering;
OFEPH 2H 2% Genomics;
R 5% %1k Hedlth and Aging;
e Hedth and Poverty ;
S BERIE TR Health and Special Needs;
STEHH Maor lliness;
<>BE2:F5T Medica Ressarch;
A F A Molecular Biology ;
<A ZRl4 Neuroscience

<>AFETIAE Public Health;

BkS EU

<% % Rare Disease
H A =31(2006~2010 )5 E A (2011~2015 )Pk 1Rl v A ArBhE A 1R
Life Science Basic Plan of the Third Period (2006~2010) and Fourth Period (2011~2015) in Japan
PR TR ik Disease Prevention;
SEESFE B ok FRiEIL ARk Electronic, Standardi zation and Databasei zation of Medical information;
HRETE Preventive Vaccines;

B3 JAPAN

<IN PRS- 5 FZE 28 5 R Prevention and Delay Techniques of Cognitive Disorders;
e B2 Wi R High Precision Early Diagnosis Technology;
<> P4 B PR R UL | = T A% v 45 i 1% 2 AR Endoscopic Imaging Technol ogy such as Visua Observation, Three-Di-
mensional Mapping;

PDF L "pdfFactory Pro™ i FH AL www. fineprint.cn



http://www.fineprint.cn

IREYESSHE  biomed. cnjournals.com  Progress in Modern Biomedicine Vol19 NO.2 JAN.2019 - 373 -

E % Country A YT 4TisY, Frontiers

<AL BB AR |1 PS B A MR A R 2R 20, s A Rl 2 SRR 5T Explore New Medicines
Through Animal Disease Moddl s, |ps Disease Cell Models, Etc., and Strengthen Basic Research In Life Sciences;
OHEFEZTR . 2L R S 5567 7 N & Promote Research and Devel opment Of Therapeutic Methods such as
Nucleic Acid and Drug Delivery Systems;
OBEIFHUTEE . B% 15 B AL BIZE 4 R Medical Radiation Equipment, Image Information Processing and other Tech-
nologies;
< FiAEE 244 AR Regenerative Medicine;
AETEBRBIILES N B NGBS i A YT B S B IR Medicd Assistance and Care Technology such as
Lifeaid robots, elderly assisted mobile devices.
X IR W 0 R UK R P A4S 98 9 B9 B2 97 5 = Medical treatments to Reduce Mental and Physical Pain for
Patients with Advanced Cancer;
A E 2% Trandlational Medicine;
ERARIBITREAE YT AR New Technologies for Target Treatment of Cancer
<> TR T YL RN % VE AL YL 1 H AR Overcoming Emerging and Secondary Infectious Diseases;
AT RETE Y AR rE SR B eEE th A v ] Application of Biological Function in Materia Production and Environ-
mental |mprovement
(1) ERS¥FMERBE+ = TAEMIWSIE The Twelfth Five-Year Plan Outline of the National Economic and
Social Development
>HE S 254 New Drug Discovery;
LRGN BRI 28 25 R AB YL A Prevention of Mg or Infectious Diseases such as AIDS and Viral Hepatitis
Q)ERPRIIPIE S HAR R BN ST (2006-2020 )National Medium and Long-term Development Planning Outline
of Science and Technology (2006-2020)
HAR R IR Target Discovery;
MBI 25 5 FiR T4 AR Computer Aided Drug Design(CADD) ;
<HEHF235 5 T Gene Expression and Regulation;
SR TR Protein Engineering;
ST fEHE AR Stem Cells;
STl AEH A New Industrial Biotechnology ;
TRESE 2 2% Functional Genomics;
<-FWiH %% Epigenetics;
<> R G Sysems Biology( A= 4115 B 2% Bioinformatics, 31334 #)~# Computational Biology ) ;
<M= Brain Science;
< SR 2H 2 Transcriptomics;
<>2R 11151412 Proteomics;
HRH 2% Metabolomics;
OEERHE Y Structural Biology ;
YK EE 2% Nanomedicine;
OBFAEY R Digita Medical Technology;
OAMAALEE ST Personalized Medicine;
<>#H £ T #2 Tissue Engineering;
(3)E&PHEE“+—F" R B The Twelfth Five-Year Development Plan of Medical Science and Technology
HYE I # R Biomedica Materids;
HBm254iR Y7 Targeted Drug Therapy ;
¥k PEsT Digital Medical Technology( #3155 Mobile Health S £ 7 Telemedicine);
<4227 H R Momics Techniques( 3[4 Genome % 541 Transcriptome, 2k [ fi 21l Proteome. {140
Metabolome, Wi 1% 4H Epigenome. £ 5L K40 Structural Genome) ;
<SRG YF A Systems Biology Technology (B 2415 & 2% Medical Informatics, 4 ) H.2# Bioinformatics Fli144:
H 2B A Computationa Biology ) ;

thE CHINA
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[E % Country TV 4hE, Frontiers

AW BB RS /M- & Converged Analysis Platform of Biomedical Data;

Sk FE2EH A Nanomedicine( 45k [ 22471 % Nano Medical Materials, 2544 i) £ 1% 1 44 5k # {A& Nano Carriers for
Targeted Drug Delivery . 4k 4: 9% - Nano Biologica Device 44 Ki2 iz 7 Nano Diagnostic Reagents);
T2 P A R 22 AR Stem Cells and Regenerative Medicine;
<4H 4T Tissue Engineering;
<M= Brain Science;

HENSYTH AR New Technology for Diagnosis and Treatment( 43247 Molecular Diagnosis. %3512 i Immunodi-
agnosis, 41412 Imaging Diagnosis; 3 [F1AY7 Gene Therapy . 41l iiAy7 Cell Therapy i 813457 Minimally Invasive
Treament A& A / /~ AJG¥7 Implantation/Interventional Treatment) ;

AMEARIZI PR AR Individualized Diagnosis and Treatment ;

HBFAEYTH AR Digita Medical Technology;

G (R BE2Y )i2yr A Diagnosis and Treatment Technology of Chinese Medicine (Ethnic Medicine) ;
<>k Chinese Medicine Modernization;

HrEt & New Drug Discovery;

CE SRR R A 5 S AT AL RIB A B 5Y Mechani sms and Prevention Studies on Diseases Caused
by Nutritional Problems, Obesity, Lifestyle, etc. ;

PR RFSY. Disease Prevention;

AU R I B IR DR i 250008 45 E S PR Y T T 24 AF 5 Epidemiological Studies on Key
Diseases such as Cardiovascular Disease, Maignant Tumors, Metabolic Disease and Mental disorders;
OIRIEAL 75 Yy it B 5 W A4 I R Health Hazards Monitoring and On-Site Detection Technology of
Environmental Chemical Pollutants;
as MK TG YL 32 A Evaluation Techniques of Air and Water Pollution;
SEAFASERHEHE S Y52 Impact Of Climate Change On Health Hazards;

A 2 22 4 PR R 0 7 AR 7k On-Site Testing and High-Throughput Detection Methods for Food and
Drug Safety;

BAE GRETEEYI T FRY P R SO 8 R A I R Inspection Techniques For Occupational Hazards
such as Dugt, Radioactive Substances, Poisons, and Physica Factors;

EFR B OB RN AT O A S N R 5 A T R B IR it 75 Comprehensive Interventions and
New Control Measures for High-Risk Factors such as Nutrition, Environment, Psychology, Lifestyle and Behavior
(4) B4V R R “+—F "3 The Twelfth Five-Year Plan of Health Care Development
LR AR B PR A 258 AL Y9i% B4 Prevention and Control of Major Communicable Diseases such as Aids and
Vira Hepatitis;

HE R 2544 New Drug Discovery;
> H NG M IR 95 16 1 EE R S T AR 9] B 5 4558 AR A1) Technological Innovation of Prevention and Control for Major
Chronic Diseases and Mg or Public Hedth Issues;

REAR B 2EIF 5% 53 R HE) v A Research and Technology Promotion of Translational Medicine;
fEEREEE Health Promotion

32 ETAEYEFMANESEFHITRIIRAER

%2 BT EFURBFIRGINEYEARHLRNEGUS
Table2 Identification of the biomedica frontiers based on biomedical frontier dynamics and expert review

No. HTYF AT, Frontiers
FEH A MR G A Genomics and Systems Biology (2 Lt %4 = L7 R GEAF 5T Main Regulatory Systems of Performance
1 Genetics. f 2R A1 3 4 Metabolomes and M etagenomics, il B HEHEIA 41 Intestina Bacterial Genomes, 2 4825 #2437
FEH A New Measurement Techniques of Systems Biology )
2 FEIK 40w Genome Editing
5 T2 A2l 4 T #2 Stem Cellsand Tissue Engineering(i55 5 4ii it & H& #2411 Inducing Stem Cells and Their Regulatory
Mechanisms, 3D $TE[l 14121 T2 3D Printing and Tissue Engineering. 4= ¥ &%) Fii Biomedical Applications)
4 TG E R A sh iR AR Molecular Imaging and Mobile Hedth
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5 KE AR Big DataHealth

6 Jiha S 28947 Tumor |mmunotherapy

7 ez A T4tk Medical Artificid Intelligence

8 75 [ R 42 Proteomics

9 Bz 41 New Drug Discovery

10 H 258 S fl Ecological Environment and Hedth

11 I Ui EE 2 Precision Medicine

12 Ak =2 Trand ationa Medicine

13 il Brain Science

14 7 HL%e A Medical Robots

15 {4~ DNA 745 A Low-Cost DNA Sequencing

16 YK E 2 H5E Nanomedicine

17 BEY7(E B A Medicd Information

18 TSR (R AL YR OB PRI B R 26V ) 91297 H R Diagnosis and Treatment of Key Diseases (Tumor,
Infectious Disease, Cardiovascular Disease, Diabetes, Alzheimer’ s Disease)

19 118412+ Computational Biology

20 Y4 7 Targeted Therapy

2 24 HZEM)2E 9 Synthetic Biology

2 BRI Glycoscience

23 4D #% /M4 4D Nucleome

24 RSN ZREFA InVitro Fertilization

25 RAEWFFE Inflammation

26 T4E EE22 15T Reproductive Medicine

27 NEREBFST Obesity

28 7 % H YR 5E New Infectious Disease

29 JEPEPE I HFST MalariaVaccine

30 FEEY HL P MISE Cancer Diffusion Gene

31 Ak 255 625 % B i AR FE Chemical Fluorescent Drugs Assisting Brain Cancer Surgery

32 425 5T Parkinson'S Disease

33 £ % PETEALAERE 5T Multiple Sclerosis

34 TRTEF % 1 1 ARG 15T Oral Medication for Hepatitis C

35 AR L ABFSE Non-Invasive Angiography

36 BES7 5 B ALTTSE Medical Information

3 AL ST TS Personalized Medicine

38 B FEWIFE Nutrition Research

39 kAL FfERE Aging and Health

33 ETAMEHTEN X it E. EFTESTHIRRER

%3 ETREBREMZITEXZSTHNEYEARHLRIIGTUE
Table 3 Identification of the biomedical frontiers based on bibliometrics of biomedical pubilcations and patents

d asZifation No. A Y45tk Frontiers
1 AW RAY ik S5 ¥ 9E Crystal Structure of Biological Macromolecules
2 TU0fI 5 S B 4 fL 5T Stem Cell Induction and Differentiation
EREN 5 HINL 38 S5 (GGE P ARNN S | R i IRYT PEBUA AT 5T )HIND Influenza Virus
Basic Medicine (Genotype Determination, V accine Prevention, Therapeutic Antibodies, Epidemiological Studies)
4 HIV BEIGIFFT CRER L2549 )HIV Prevention (Vaccines, Drugs)
5 A S ZERF 5T Cellular Immune
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NP F#F5Y Human Genome Sequencing
FMig 25T Epigenetics
FHIAI 5T Gene Therapy
Tl it 25 ML BT Mechanism of Microbia Resistance
10 75 [ R 4% Proteomics

© 00 N o

1 SRR AT S 1452 (AR50 S B 5F. Receptors and Channel Related to Cancer
2 TRIFATTITSE Hepatitis C Trestment
3 53578 25428 (ABF5T Transporter Drug Carriers
4 itk Zim 25 Kot L #F5E Antibiotic Resistance and Allergy Mechanisms
5 IS ) A Z AL BF 25 Neural Mechanism Of Drug Dependence
YU 25498 Antitumor Drugs( 442K 7 Nano Formulations, 4 [ 244J) Targeted Drugs, J4/f
Iﬁ# #3157 Kinase Inhibitors)
7 2 BB IRIRHIIT Type 2 Diabetes
8 PUMARAERT ST Antidepressant
9 PUEZI I Antimalarial Drug
10 TR SRF= 45T Marine Natural Products
1 NI RHIEYFFSE Cognitive Treatment
12 25403h S35 Pharmacokinetics
1 WIZBATHEBR M5 Neurodegenerative Disease
2 B /R 25 I BRAE 5T Alzheimer'S Disease
3 M2 TP 5E Neural Plasticity
4 K > ZURERIFST Schizophrenia
5 I A 588 B9 Nerve Regeneration and Repair
6 P 5% Epilepsy
7 iRi Bk 1 BF 5% Cerebral Ischemia
8 P BT ST Glioma
9 M 4x AT ST Parkinson'S Diseas
10 £ RVERALAERST Multiple Sclerosis
1 FERHIFT Pain
KRB 12 Bk SRR PN IR AR L IFST. Comparative Study on Arterial Stent and Endarterectomy
Clinical medicine 13 ¥ 55 TR B9t Laparoscopic Surgery
14 PE FATRFSY Organ Transplantation
15 JithJga fr 28 VA7 BIFFE Tumor |mmunotherapy
16 JihJga 4 [ VA TP BFFE Tumor Targeted Therapy
17 JiRs 3B 2 Wi 5T Tumor Early Diagnosis
18 iR 1 5 248 5F. Tumor Precision Medicine
19 JifIRE 4 25 12 Wi F5E Tumor Immune Diagnosis
20 JihJa AT BF5E Tumor Epidemiology
21 Jih g 2 38 4 2249 7T Tumor Epigenetics
22 Jiisgs e P2 RS Tumor Gene Therapy
23 Jifg R % 2 Wit 5% Tumor Imaging Diagnosis
24 Jifrsa 4 495 1.2 Tumor Bioinformatics
1 TSI AR A5 ABFSE Harm of Pollutants to Human Health
2 faREA s 7 2\H5T Hedthy Lifestyle
AL JHIE o G L A I A5 T RIS AL Y M (A T 2 5T Epidemi ol ogi cal
Public Health 3 Studies on Major Chronic non-Communicable Diseases such as Cancer, Cardiovascular Diseases,
Diabetes, and Obesity
4 SHTRAL L3 B 5 B AR 5T Prevention and Control of New Infectious Diseases
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FKIREGY FIRAZ5H) K B2 (5 FIR K BUBR 2259 2R 25254 )Natural
Products, Heterocycles, Steroids (Adrena Corticoids, Progestogens)

HUMRZS BUBR S (BUANRZS BUREZY) PR JRYT BRI JRy7 05 1 5t hets JE
JE 4254 Anti-Tumor Drugs, Anti-Infective Drugs (Anti-Bacteria Drugs, Anti-Fungal Drugs),
Anti-Inflammatory Drugs, Drugs for Skin Diseases, Drugs for Wounds, Ulcers, Burns, Scarsand

Othes
251 R AR (g I3 I B {4 ) New Drug Formulati ons (Sustained and Controlled Rel ease
Preparations, Liposomes)
WA 25 2 B3 T5E New Drug Delivery System( 22 jiz #4425 Transderma Delivery)
EEyFHLes A\ Medical Robots
HiAJATTH A Implantation Therapy
fAEY7 Minimally Invasive Treatment
[E22 A T4 6E Medical Artificia Intelligence
BETT 2B 1540 B AR Dataand Image Processing of Medical Devices
AR HAR——X I AALWTZ 3 (X-CT) 1E s+ & 4247 15 (PET )New Imaging
10 Diagnostic Techniques -X Ray Computed Tomography (X-CT), Positron Emission Computed

BERFR
Technical Development

© 00 N o o »

Tomography (PET)
HRNS WA FE A R R (MR A )1 Application of New Diagnostic Reagentsin
Magnetic Resonance Imaging (MRI)

11

34 GZEZANUEIRANER

x4 EYEHRIEANETIBESIRAER
Table 4 Identification of the biomedical frontiers based on three dimensions

YkpE— Dimension 4 — Dimension 4 — Dimension

No. RV 453, Frontiers e o o
1 Hifi 2% Precision Medicine N N N
2 il Brain Science N N N
3 F4i A4 TF Stem Cells and Tissue Engineering v + N
4 F Wi 52 Epigenetics N N J
5 #y>k BE=£ Nanomedicine N N J
6 HE[H4H 2% Genomics N N N
7 7 1 Fi 4% Proteomics N N N
8 R0 2 Metabolomics N N N
° {#E 42 Microbiomics N N J
10 Wil Glycoscience N N
1 4D #% /M 4D Nucleome N N
» oA Wi 25 K LI A28 Microbial Resistance and Allergic J J

Mechanisms

13 Sk 442 Structural Biology N N N
14 H Y% .24 Bioinformatics N N J
15 i 2 Regenerative Medicine N N N
16 PEY7HLAS A Medical Robots v N
17 a4y Targeted Therapy N N N
18 HEPH A7 Gene Therapy N N J
19 JiivEd 383697 Tumor Immunotherapy N N N
20 250141 New Drug Discovery N N N
21 A A2 Synthetic Biology N N N
2 B2 A T4 6 Medical Artificial Intelligence N N
23 AL W AR New Imaging Diagnostic Techniques N N N
24 [ 2% B #r 4k F- 4 Digita Platfform of Medical Information N N N
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% 357 Mobile Health N N
26 P24 Medical Big Data v S

27 WMAETF A Minimally Invasive Treatment ~ N N
28 i & ALY New Infectious Diseases N N N
29 R85 Y SHELHE 4R Impact of Environmental Pollution on Health N N N
0 fHE/E I )7 5k Hedlthy Lifestyle N N N
3 RN MEARAE Y VE PR Y A T <4 BF5% Epidemiological Studieson J v J

Magjor Chronic non-Communicable Diseases

32 itk 5 1#RE Hedth and Aging \ v N
ES T IR 5T Rare Disease N N N
34 AL 2% Trandational Medicine N N N

4 NEERE

FEEROR R S 2T ORI F 2 )y, EA 21 ik L)

ok, & EERIR T AP R R SR AR, BREE R B A

Joe S A5 BRAB K- BT 1, A= W B2 24 7 ) i e 2 S92 it BB 4K

B JEE M I TR AR A A I KRR R B A R A

TR B AR AR R 2R 1 B e 2l B2 “E R R A S i

BT o AE YR 2RI R K e B R A 0 1 AR IR 24 A Je

0% R SR I T B M AR, Dfr A ) I 2R A4

F18 ] o 4 g SR R 22 00 R AR A B L AR 2 — o
R SRS K R A= Wy 1 2 LRI 5T, o 0Tl ol 2

F A s T b, AR G ] ) LA R R R R 2 i R R A A A

TR K SRR , e B2 H AT DU A S Dy f s o s G

ek, TRV AR BIRT 5B, e F LR P

WIS B EEORBETEI T, A B S SRS BEIFAT A SO
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