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The Development Trends of Natural Antitumor Agents

Based on Patent Analysis and Social Network Analysis
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Abstract: [Purpose ] To discuss the situation and development trends of natural antitumor agents
by patent analysis. [Methods] This paper retrieved patents of natural antitumor agents in the
Thomson Innovation database,and discussed the development trends from the quantities of patent
applications, life circle,country/region distributions,technical fields,network density,degree cen-
trality and other aspects by the method of patentometrics and social network analysis. [ Result]
There were 57 728 patent applications,being in a steady increasing period ; patent applications were
concentrated in the United States and China;Shanghai Bode Gene Development Co Lid and Roche
were the two patent assignees with the most patent applications,21 227 and 18 172 respectively;
technical fields were mainly concentrated in antitumor activity and preparation ;research topics fo-
cused on fourteen aspects,such as tumor-related gene cloning and expression and the features and
functions of their encoding protein, mechanism and effects of cell growth factor and their inhibitors
on cancer cell. [Conclusion] Through the patent analysis of natural antitumor agents, this paper
could reveal the current situation and development trends,and also provide a reference for tumor
research and drug discovery.
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Note:Due to the time lag from application to publication,the patent applications in 2014 and 2015 did not represent the final trend,just as references.

Figure 1 The annual distribution of patent applications of natural antitumor agents
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Table 1 The top 30 patent assignees of natural antitumor agents

No. PA Records Country No. PA Records Country
1 BODE GENE 1172 CN 16 MERCK & CO. 248 Us
2 ROCHE 872 CH 17 INST NAT SANTE RECH MED (INSERM) 245 FR
3 BIOWINDOW GENE 612 CN 18 KYOWA HAKKO KIRIN 204 JpP
4 INCYTE 466 US 19 AMGEN 190 Us
5 UNIV CALIFORNIA 421 US 20 CHUGAI PHARMACEUTICAL 186 JP
6 US DEPARTMENT OF HEALTH & 372 US 21 UNIV ZHEJIANG 180 CN

HUMAN SERVICES
7 UNIV FUDAN 336 CN 22 LUDWIGCANCER RESEARCH 176 Us
8 HUMAN GENOME SCIENCES INC 324 US 23 DANA FARBER CANCER INSTITUTE 172 US
9 MONDOBIOTECH LAB AG 310 LI 24 ONCO THERAPY SCIENCE (OTS) 171 JP
10 TAKEDA 306 JP 25 SIS PHARMACEUTICALS 153 US
11 UNIV TEXAS 287 US 26 UNIV TOKYO 148 JP
12 GSK 284 UK 27 UNIV PENNSYLVANIA 138 US
13 NOVARTIS AG 284 CH 28 YEDA RES & DEV 136 IIIL,
14 UNIV JOHNS HOPKINS 267 US 29 CHIRON CORP 134 Us
15 CENTRE NAT RECH SCIENT (CNRS) 250 FR 30 GEN HOSPITAL CORP 133 Us
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Figure 4 The network of the top 15 IPCs of natural antitumor agents
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Table 2 The top 15 IPCs of natural antitumor agents

No. IPC Meaning Records
A61K  Preparations for medical ,dental , or toilet purposes 49632
A61P  Therapeutic activity of chemical compounds or medicinal preparations 43895

3 CI2N Micro-organisms or enzymes ; compositions thereof ; propagating, preserving, or maintaining micro-organisms; 20601
mutation or genetic engineering; culture media
CO7K  Peptides 20397
5 GOIN Investigating or analysing materials by determining their chemical or physical properties 8410
C12Q  Measuring or testing processes involving enzymes or micro-organisms ; compositions or test papers therefor; 6920
processes of preparing such compositions ; condition-responsive control in microbiological or enzymological
processes

7 CI12P  Fermentation or enzyme-using processes to synthesise a desired chemical compound or composition or to 6407
separate optical isomers from a racemic mixture
8 CO7H Sugars;derivatives thereof ; nucleosides ; nucleotides ;nucleic acids 4455
C12R  Indexing scheme associated with subclasses - see cross reference ipc C12C To - see cross reference ipc 2559
C12Q or - see cross reference ipc ¢12s,relating to micro-organisms

10  A23L  Foods,foodstuffs, or non-alcoholic beverages,not covered by subclasses - see cross reference ipc A23B to - 2328
see cross reference ipc A23];their preparation or treatment,E.G. Cooking,modification of nutritive
qualities, physical treatment ; preservation of foods or foodstuffs,in general

11 CO7D  Heterocyclic compounds 1661

12 CO8B  Polysaccharides;derivatives thereof 916

13 AO1K  Animal husbandry;care of birds,fishes,insects;fishing;rearing or breeding animals, not otherwise provided 838
for;new breeds of animals

14 CO07C  Acyclic or carbocyclic compounds 530

15 A61Q Specific use of cosmetics or similar toilet preparations;section A—human necessities ; health; life-saving ; 511

amusement ;medical or veterinary science ; hygiene

WE RIS S TR A DA AR B4 T Table 3 The degree centrality of the top 15 IPCs of
DL A7 56 IPC % R AR5 2 (L op o M AR natural antitumor agents
ﬁ T E% , %:2 A i Lk ﬁ ﬂ(?}ﬁ bﬁ BAR #I BA ﬁ . KHE ﬁ: No. IPC Degree NrmDegree Share
e AEL RS0 AR A, 0, COTH 7 1 5 it HE ; ﬁi ﬁgf‘;‘ :ijgj gg;;
5 8 o R PO P TR 117, COTH Ak T 3 CI2N 11.003 78.988 0.074
2 %% % Al TPC SR g AR X AR (Figure 4) 4 CO7K 10.802 77.545 0.073
323 MR 7 C12P 10.649 76.447 0.072

o I g o 5 GOIN 10.409 74.724 0.070
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EF‘ E/‘J/E\:’fﬂ-f;ﬁi 'Eu\' Eﬁﬁ% E]/‘J %ﬁ uﬁjj . Note :No. was the ranking of patent applications in the top 15 IPCs.
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Table 4 The results of structural holes of the top 15
IPCs of natural antitumor agents

No. 11¥C Eff size Efficiency Constrain  Hierarchy
1 A61K  15.000 3911 0.261 0.249
2 A61P  15.000 3914 0.261 0.249
3 CI12N  15.000 3.877 0.258 0.252
4 CO7K  15.000 3.882 0.259 0.252
5 GOIN  15.000 3.896 0.260 0.253
6 C12Q  15.000 3.907 0.260 0.254
7 C12P  15.000 3.896 0.260 0.253
8 CO7H  15.000 4.096 0.273 0.257
9 CI12R  15.000 3.949 0.263 0.253

10 A23L  15.000 4.350 0.290 0.253

11 CO7D  15.000 4.307 0.287 0.252

12 CO8B  15.000 4.415 0.294 0.253

13 AOIK  15.000 3.971 0.265 0.254

14 C07C  15.000 4.329 0.289 0.253

15 A61Q  15.000 4.337 0.289 0.253

Note : Only bold values meant low constrains,and both bold and italic
values meant high constrains.

BRI  He T RIS &5 2R, 455 Ll HR AT
SEVETIAT , 0 B B AR AT A A, e A LA 3
14 ~BIF5E T3 (Table 5) , 5 e fifJe A1 G 1 56 ] 5
B2 ik S L 48 1 B ARAE S5 D REDE Y . AR K
DRl B HLAZ (A 0] b g 240 B 1) 52w B2 AL T 5 . R AR
VUM 25 P2 O B AR ST . — AL R A i L 5E
AR AU BT 5T . R IR TR Ik ) et &
BRI R I PR R WY A 2 K2 A
TP 0 1 o5 S BT IS | bR A G 1 58 T e
PO ) 28 B G RUNRAALBESE . RIR B E 24
A5 P B0 B CRGRIAT 9 . B SR B i1 1 FH %
HRRYUI R IE PEOT I | K IRGUII IR 28 14 o e L 25 AL
IS | e PR 3 % 78 S 0 oG e £ TR 1) 52 W) 2 AL
I FT iR A G A B A R PR P T 9T RO 3 40 2y
AGAEMIRIR ST R R RL AT, 14 AR5 R K
PR B SR N 08 2 BETE BT TS SN 2 A A
AT T, B2 B R AR A A2 G T RIS FAL

5 IhEEiITiR

3 X R AR TR 25 19 L A o b, BATAT LAAS
HEL R LA

MEJER-HF , T ILAFKIRGUIIE 245 (4 % A1)
WAL T —A O RRRE 1 A BRI, L R A H i
YEFFTE AT 4000 1 B8 KK LA I KR W

648

EFFLEREAR 7000 42240, W GV & W ARLE 37
TR

MEFRZTE A, 2 ] b E R H AR & R HE
FETT 3 A7, 378378 40 5 T At [ 5, 78 TSR B i 988 245 43
B R BR, HLAS BRI ST

FEARSR T, KRB 2 1 F 7% 3
U9 5 e R 24 ) 3R B (R O

MBIFGE EBE, RARBUIIE 259 K e i) 2k
ik YT SETHEIT | e N A A AN DT
R AR ik J8 24 0358 (A5 56 T A 52 7 1)

ARSCLA T B0 JE v R AR 988 25 4 R R o3 b
X4, SR R o A R AL 2 I 2 43 87 45 5 1 A
5 2 A B X R SRPU IR 24 64T 4 o b, A Bh T
TR RIRPUINIRE 25 (1 Bk R S 3, Ry 24 4 S Sk A
FANGBRPERTE I BF A . AR 5EE FH R4 0 B
FEIT VR LS BRI e A TG, 1B T 40 S
K TR EH 2T & TAETR I K& R T 1), % A 4R
T = 25 Wi S UG FE PR oy, 1 e R
2Rl R R KSR v 4 T

SEHk

[1]  Zhang T,Chen J,Jia XF. Identification of the key fields
and their key technical points of oncology by patent analy-
sis[J]. PLoS One,2015,10(11):e143573.

[2]  Yu DQ. Natural products and innovative drug discoveryl|J].
Chinese Journal of Natural Medicine,2005,3(6):321. [ T
PO, R 5 R W51 & [J]. IR R K2
#,2005,3(6):321.]

[3]  Yu DQ. Prospect in the study of creating new drugs from
Chinese herbal medicine[J]. Acta Academiae Medicinae
Sinicae,2002,24(4):335-338. [ T-fl 8. JEE KR =Y)
B 25 W BF 5T (0], 1 ER 2 RL 2 B 2F 4, 2002 ,24(4)
335-338.]

[4]  Fang QC. Chemical Research in natural medicine [M].
Beijing: China Union Medical University Press,2006. [J7
AR KA WAL T M]. db 5t . o E By A LK A
AL, 2006.]

[S]  Zhang T,An JL,Cao M],et al. Identification of medical
key technology frontiers by patent analysis [J].Progress in
Modern Biomedicine,2015,15(32):6371-6376. 5k & , %
WO S T LR AT B IR A B R
VAT A0 8k A A AR (D], AR AR 4 R 2E 0 2015, 15
(32):6371-6376.]

¥ @i 2017 % % 26 £ % 8 M China Cancer,2017,Vol.26No 8



Table 5 The subjects in the field of natural antitumor agents

No. Research subjects Words(Records)
1 Tumor-related gene cloning and expression and the  comprising(14272), protein(9483), encoding(229), expression(4029),
features and functions of their encoding protein nucleic  (3490),molecule (2921),sequences (2509), genes (593),
transcription(544)
2 Mechanism and effects of cell growth factor and their  cell (8364),cancer (7071),receptor (4090),factor (3884), growth
inhibitors on cancer cell (3617), kinase(1350), cytotoxic(756) , tyrosine(530)
3 Extraction and isolation of natural antitumor agents extract (4443),water (3237), ethanol (1507),solvent] (295),mixture
(1279),pH (951),crushing (859),column (660),chromatography (645),
heating (625), gel (544),resin (534),filtrate (518), supernatant (487),
phase(456), pressure(456) , crude(400)
4 The antitumor research of nitric oxide synthase  gene (4178),compound (2889),recombinant (1992),target(1599),
antisense oligonuleotide function (1075),antisense (822),oligonucleotide (819),nucleotides
(786),mRNA(543),cDNA(498),N0s(430),siRNA(415)
5 Design and synthesis of natural antitumor peptides peptide (4251),residue (1553),salts (1161),formula(1145), group
(939),bond (508), linker (478), covalently (469) , alkyl (465) , synthetic
419)
6 Development of therapeutic virus vaccine against  polypeptide (6897), tumor (4451), treatment (3047) , virus (1547),
tumors system(1184),vaccine(770), disorder(741)
7  Preparation of recombinant peptides and their antitumor  binds (2680), polynucleotide (2370), antagonist (1878) , recombination
research (1356),coding (1246),action (922),antibodies (757), polypeptide-
human(589)
8  Preparation of the monoclonal antibodies against tumors  antibody (5623),binding (3931),fragment (3627),antigen (2885),
and analysis of their antigen recognition epitope specific (2462),domain (2110), monoclonal (1498), epitope (817),
regions(487), line(482)
9  Active ingredients and their formulations of natural  active (4060),ingredient (1679),compounds (1013),structure (778),
antitumor agents derivatives(751), injection(738) , oral (634) , formulation(618) , capsule
(597), tablet(473)
10 Anti-tumor  activities  of  polynucleotides  with  effect (1919),ligand (1183),enzyme (786), polynucleotides (591),
immunoregulatory effects antigen-binding  (539),immunological (506),immunogenic (499),
antitumor(497), cytokine(410)
11 The immune response mechanism of natural antitumor  immune (1326),response (1169),anticancer (1040),inducing (968),
agents natural(869) , immunoglobulin(664) , interleukin(495) , activating
(437), pathway(420)
12 The association and function between genetic variants  region(2253),chain(1977), variable (1024) , promoter (752) , apoptosis
and tumors (692),signal(509) , activation(506) , complementarity(429)
13 Regulation of gene expression related to tumors inhibitor (2350) , carrier (1679) , variant (1109) , proteins (967),
polypeptides (552) , agonist (494) , mutant (486) , delivery (476),
melastasis (456) , plasmid (434)
14 Long-circulation drug delivery system in tumor therapy derivative(1493), complex(1325), combination(1100), polysaccharide
(921), polymer(888), conjugate(864), bind(611)
covalently(469)
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