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(Abstract]  The paper introduces the concept and implementation method of Literature Based Discovery (LBD), elaborates the re-
search situation and key issues related to LBD from four aspects of data acquisition, concept extraction, relationship mining and result e-
valuation, analyzes the application situation of LBD in biomedical field and the existing problems of LBD researches, and puts forward
some suggestions and prospects.

(Keywords]) Literature Based Discovery (LBD) ; latent relationship discovery; text mining

Jrik, TR A S SRS R A, A

SCAEERRIIE LBD 3 I TEL . 3 W7ok L A

BE AT A S B0, 45t R LBD BF55 4772 10 1)
B M RS R, MIESCHR SR R ORI AL,

BRI, {0 PubMed B4 i v i1 SCHlk Bt E

it 3000 51, BHBFA AR SCERIEF TR SR 2 LBD #ER

HOREREH T HORE R RII RS 5wy

Rh s B, AW 2 S 5 SO o A kB 3 56

e, SERCHEAT 1540 A T B A A AT M 1 B 22 1986 475 [ LI af KA PR 22 AT Swanson D R

JET SCHR A9 13 % BU ( Literature Based Discovery, TEMF S B e R 29 AT AT & B 20 AN AETE S | 3

1 5

[l

N R Lh v, AT TS p Y [2]
LBD) R FEA Mt B ey R RO I R BRI R 22
IERAIIHTIR Swanson D RS H v FR £33 4E 11 £

(WFSEE) 2020 -12-10 AR TEZ 1 00 R R, R RS 38 1% it
(MEBRN) BB, WLBotA, ARIBC1E,; @il 2 SRR A o IS SRR i A BT S
1E5 . e, Wt, BRI, Bk 2 I M B B SC BRI R 1 7 1 PR M Literature

- 33 .



EFERFRGE 2021 F5H42 B0 4

JOURNAL OF MEDICAL INFORMATICS 2021,Vol.42,No. 10

Based Discovery" [4] , FEEWNSHE IR “AER S
BRI A B o AAF R K %0 LBD MR 5 & A
PSR R PO 51 306 R M AERR SCSCIR AR A2 i e 25
Kz, A" Literature Based Discovery"  ##if
HYESCR BRI T SRR IR AL

2.2 ABC #&#Y

Swanson D R ¥ SCHRER & ¢ RIS B9 5 EE S N
ABC BRI 3t it H AT B H ULAY LBD A5, Hig
AR W AB Z Al E B, BC Z WA H
Bk, ARa AC Z AN A B k. ABC 5
RGBS 1, DS A U,
A ARTE B RS C; 2 45, SHIE A
T & C Z ] CHE [ b2 75 ABC A0 SLRl
R T A2 ABC BERL, TR ABC A5
FF P BB AR, FiAR ARE S A O S 7
SCHFERRBUEAE “A -B - C”7 CECRE . MG
2 ABC BRI AT, DS A FiilE4 C
ORI S U SC R AR P 5 A7 A ] B G I o A A
B, ABC BRI LBD B 5% 45 4ok 5 3 UL #) <2 B3 4
(BRI kb . B nAEFF k=l ABC #iilrhid £
A B i vk H PR & C g k7,
PNL) 1P R=R ey i I kb5 8

2.3 Hfth LBD LM AE

S yE A ABC SR e [ A &by 2 5 f
BrLHE . SIABTEFE AP LBD Si8lEts. 1
4l Weeber M. Klein H il Aronson A R 2" i F 45—
X1 E &40 (Unified Medical Language System,
UMLS) ARGEARRE SCHR b iy B3] A SRR &, it
U SCHR =l B 2 A e in) S BT STk, DA fifp ke
T Pt S IRl R BUR ;. Wilkowski B Fiszman M
Fil Miller C M %51 4" Jj& ABC A5, (ff FRIE e 251X
B ABC BALH—rh A HEE B, % A 1 C it — RS
B S EGER, ( LBD J7 ik RERSIZ M ) B A 2%
{H] SRS

3 LBD #F5 Ay #E ia)&

3.1 HIRIREX

3.1.1  XWBAER  ETIE SR E (W
PubMed) | ZE5 R SCRREE & (40 Web of Sci-
ence) LIR—SEO0TF (5 B4, Hob & ok
BRI, TAEMRE . BYFidsR. Mihir
WUARA FIHR UL 1345, Wk 1,

F1 EHBIEIR
SCHRZE R B I KR N7 FH 458K FRFECHK
W iE 3¢ PubMed/Medline ' R Yetisgen — Yildiz M Fl Pratt W''0)
P3| Ay e Jha K, Xun G #l Wang Y 21
Ay YRR Swanson D R il Smalheiser N R['2
EIE-S AW BEE Seki K I Mostafa J''3]
AR 47 YR Cameron D, Kavuluru R #l Rindflesch T C Z£[14)
PRl EMGISCRR YRS Workman T E, Fiszman M I Rindflesch T C Zg[*!
Eottabd YR Lindsay R K 1 Gordon M plie]
SCI T JKEEFE AR Kostoff R N, Solka J L Fl Rushenberg R L %17
SCI/SSCI PRl G SCRR YR Kostoff R NM8!
FRfs, BT CER P S544  Itipanuvat V., Fujita K il Sakata 1 2501
Elsevier Science Direct 43 YR Vicente J M2
WOS INSPEC %t#s e E A BN LAY g (2]
TAEs 911 R A3 Bifi Jha K 1 Jin W 22!
EEIric % [N iglate - Y EE Hanauer D A, Saeed M F1 Zheng K (23]
LT EITic R - e R Malhotra A, Guendel M F{l Rajput A M %[24]
25 Ve WebMD 298 H W Rastegar M il Prasad R[]
AR - bR LURSEM s AT R

©34 .



ESERYRE 2021 5542 S5 10 5

JOURNAL OF MEDICAL INFORMATICS 2021, Vol.42,No. 10

W3 LBD EEAZMATS, T T HAEIEE N E
B ZRIETFIE S LBD fF5E B AR W I R A0,
RN S “ 250 - o™ “ B - ™ 2
Y- AR FRAZ . AU R Z 4 A
USSR I BR A I, A0 Kostoff R N Solka J L.
il Rushenberg R L 2" K 20K LS8 3L, H5)
SCHR A AIIEAS . BAR AL LA R BLRE B /K i b AR
ROPETESCHE ;W AR A R 4 IEE (1) INSPEC
VER IR IR A TR0 R G 0B FE G HAZ 3, T iR )
AT RERE A Ry B MR 55 B AR S R B bR G
B o PRITIC R SCZ A 52 K f 2 1 SCHR 2R 1,
HATEREEAGE . LRERR. HE. EIEid
FELTAAMEE, BAREMAME . Shang
N DB 7 BT 30 S 45 A B 16 SO G I 25 s A
AR . ST B P I - BT 0 s rh oA I A G
AN ROV RS, B S RS98I S 2 48
AT BIFAL 259 A R 0 #15 B . Hanauer D A |
Saeed M FI Zheng K 45 38t 7776 T PR S J7 0 7%
IM7E Medline 3055 H k2K 19595 =2 0] HL A G I 1 11
B, gt im IR Y70 sk 5 Medline 30 5% H1 1 [F
PRI 43255 (International Classification of Disease
VO, 1ICD -9) MFLISCHR, HI-RIRE N RHOC R
EATHEY, X S EEE IR R, FE
LBD #5532 20 B DA B SR I8 5 Ak 38 45 2 R i
e, TAEME . AU . Wk PEie S S R SCER
B A LBD 5% 4, & —n ., R A E B
OB A RAR B B A N BE IR, A
Hh TR XU 1) 3 42 4 IXURS: [B] Y DG 5 Tha K
0 Jin W22 35 F 0 SCAR 45 i A R 45 4 5 [
911 ZE ARG I 75% WA 1%,

3.1.2 ETXwWAWBRERE 242 WnITe
BAE KR - &, 0 SemMedDB ¥ 4% 5 fl MRCOC
(MEDLINE Co - occurrences ) , HARAEIRIE LA N
2%, T PRA T DA SCHR Hh Al 3B P ARE A SR R S ik 2
] R G 2R o o P2 BRI 05 I 5 78 DR 1) R i B S A A
SHMFERLZHE T, AT EAIZIRR S R
W FE . SemMedDB i ¢ R BRI, LRAFM PubMed
SCHRAR AR 478 2 b AR A B &) . |1 T SemMedDB
W TS G S 1 =R TE T UMLS fr5]
K&, f#i15 SemMedDB GBS IR HERS ZUAF it A 7] R
TR XK T}E‘[zg] o Hristovski D, Kastrin A FI Dinevskr D
A A SemMedDB 17 A P B 2 M I ST
SERR AT B BB 2548, 8] Neodj £7 i B 4544
FHZIREAEOCHE . MRCOC I & Medline ¥4V & &
AAILELE B, B BESE N BN MRCOC S B %
FRIUHR: — s SCHR b iy 32 ) L B{E B Spiro A
Fernandez G J fll Yanover C*' {# F§ MRCOC it £ 2%
/i #  (Medical Subject Headings, MeSH) ¢/
Tl B RS 4k R0 A 7 9 UR A E (Side Effect Re-
source, SIDER) FH 25 FIAS R s by & Tk e Xof it
&5 BIE PG R BT .

3.2 METHEMXAMBESRT

3.2.1 MEH ORI AU, K AR
URER F A& LA B B 2 T 15 22 LBD W5 T
A 2L, RZBEA DTS2 A A R TE S
Ak BT LA IRCSCAR v Ay AR 2 R U] 5 68 e E T
AR FGE— 3 A IS AN TRl o &0 73 B T
Haf VT MO O S e s, Wk 2.

®2 BSHEMRTIA
A 1E ST
MeSH FAT KRB SR UER I T XA Z B2 KR Huang W, Nakamori Y il Wang S Y 23]
UMLS T YU MeSH J& T i L5 Hu X H, Li G R fl Yoo I Z5[%]
MetaMap FAFPSCA H ) UMLS # & ljaz A Z. Song M I Lee D 134
SemRep ARG ARE F A TH, TSR BB Cairelli M J, Fiszman M #I Zhang H 21

1B SR
Stanford Parser

GloVe

FAREF LB TH, T XSO AT RT3 704
R TH, TR A RS R 5 ) i

Yang HT, JuJ H n Wong Y T%'%J

Patrick M T Raja K F1 Miller K 25137

- 35 .



EFERFRGE 2021 F5H42 B0 4

JOURNAL OF MEDICAL INFORMATICS 2021,Vol.42,No. 10

g2

Stanford CoreNLP
{7RES
LingPipe
ABNER
SIS RN
Entrez Gene Database
e
Therapeutic Target Database
PRI 5 gt
Kyoto Encyclopedia of Genes and Ge- T HURIE R AH &L

nomes

Gene Ontology

FIRTE S AR P TR, T S0 Hh 3] 3 T AR Al 4k

BREF IR, T4 AUl
O TLEW SO B TR, T ASCAS H il S 1

FEDIRAER, TG 1 A SCAS A U0 2 [ 19 i 44 A3

LA PO 25 A, T T I i 4

SEREAR, T AR ) RE

Song M, Heo G E il Ding Y %!

Song M, Heo G E 1 Ding Y 1!
Zhou E . Hui N fl Shu M [

Kim Y H, Beak S H f1 Charidimou A
%[401

Yang HT, JuJ H l Wong Y T 23]

Kim Y H, Beak S H f Charidimou A
%[40]

Seki K Fil Mostafa J (4!

3.2.2 MeSH, UMLS 5 MetaMap XEHWEE
Gl LBD W58 e I ROME SRR #m TR, Hi 38
[H H & 2 E 45 4F ( National Library of Medicine,
NLM) Jik, LITHT TG A Py B 2 G s A
NS, Horh MeSH 2 M T-45 5| PubMed SCHK
M AUTR £, RERLE . ME — Hh SR AE AR W BE A i
MeSH 4 5= 8 3] 42 HE HC i J 26 31 2H 21 Ui R 23 284K
F, P T ROAITEZ 53 2 A 2 e B B0 DU R
FHiE, Huang W, Nakamori Y ] Wang S Y %[32] |
FH MeSH Xof SUA i A= W B 2 i e AT dn g |, Jd it
FEFA TR 1% A 7 MeSH BEIR 7328 R 48 Y ol
HREE K 7 AR T RE I BT R 5. UMLS 4 35 R 42 |
BSR4 A — R 50 T HE™ . MetaMap
i UMLS ) THZ —, ARG SCA i A= ) 5 2
WEATFF ] UMLS 3 5 16 R i#47455]. SemRep J2&
NLM A& 1) — T UMLS (1 B 816 5 403 T A,
AT LA A g 1 2 SO rpofil O 38 G R, R
“FiE - EIE - =R oo, i UMLS Ak
RiTIRG] . AWBEEm AR PEE (A Biomedic-
al Named Entity Recognizer, ABNER) Z—/4&HT
AR A U i 44 RO TR, AT SO R oA
KRIEEN  E A AN T ABNER A RA LG
RS R, WA — s H 5 MeSH
UMLS 4 HA AU R RerY T HACA A

3.2.3 H 3 EE  Enwez FEFEHEE. KEGG

KO . TTD 08 % 3 PR A 55 2 Kl P vl
.36 -

AR B RO A= 9 B 2 SOR R g Bl & Herp En-
trez S 3§ HE W) E SN B B, IRAFA IR .
H IR & FR AT 5 88 . KEGG 2 R 4840 & K Th fig
FRPE, AR R ME B S e B D e A B i
K, DRAFFTA T 584 I e 1% 35 PR 20 R 0 ik PR 2 e
HHEEIEE™ . Kim Y H. Beak S H f1 Charidimou
A SO (i T Entrez 5 RBCHR A 18 iy 44 AR 1 5
BAMBOCA LR, [FEF T KEGG %4 P2 37 B
5B IR EIEERAE WA 48 ARAEAH SCHY BT A BE BT, RAOX
X PRI AH G I T TE A& N O R EAT4Z 4. TTD
Hoi R O AR P R IR AR L )
PRI A S DS R RS R AR AT 25 W) 15 1Y
BeHifE . Yang H T, Ju J H Al Wong Y T 2515 fi
TTD %8s PEAR 5 i 44 AUl 7 B LA SCAS R A 2
Yy, R SRR o e DA (A AT A A AT G TR Y
HRPE, Moy Ihfe. diMis sy AWt AR 3 A
BRSSPI HEAT R . Seki K Hl Mostafa J**' ZERIF 5T
A5 P e PR AR (R 1 8] S B 38 12 A JOCBE 18] T g LA A
e 5 RT3 5 g 114 T 1Y 285

3.2.4 HMtWWTE BRERILMETTH TR
AW R 2 U SCAS () C AN BT PR AN, BTN B
i Stanford Parser, Stanford CoreNLP . LingPipe .
GloVe SEJC40 8 R i) T 2. #E47 5C R, iy 3
Fi B AT T R SO T i A6 R I RE Sl
GloVe T LUK & e Ak Ry im 4 S ) 6, (Tt AR
LS Z A TR SR AR o



ESERYRE 2021 5542 S5 10 5

JOURNAL OF MEDICAL INFORMATICS 2021, Vol.42,No. 10

3.3 XREE5IZHE

3.3.1 #Eik  LBD %O AE 5502 A SCHR R 508 &
SRHRIF O 18 A (B B iy ORI, SEIIAT: 55
R RE RS2 &, PR ITERE & T
MEET AL T SO R W28 BN 7~ BT S
3.3.2 ETwFEAN T E  LBD HFWEHRIT
2, SRS HIEEEES A LIRS B 2T AR
R o 2y A A XA, AR X SCHER
BRI SR SRR A R S A A A
FEA 0 O AT HE Y o 1996 4 Gordon M D Al
Lindsay R K" [f] ABC B{EGE S8 B, C &
AR AR AR SR bRl e v RE R TR A B ATH
Pt C ik ttiok, Ml Swanson D R 7E 1986
AEMEBL, SCELLBD it R — B L B ST
Huang W, Nakamori Y I Wang S Y 2§00 &1
7378 58 7 T A JG I DG IBER I 42 0 7 vk T 1
LBD, ffifICR LR . BAEE R L A58 55,
i 5 Medline o5 BB IOC R

3.3.3 ETFTEXXZWMEH T HABEEIN
T T ECSCAS Hh g T4 T S A R R A [A]
()RR I G M 28 18] o 1% 5 i i (o FH &1 07 T
FPETUAR KREE . UG ER1E, Hu Z Y| Zeng
R Q 1 Qin X C %" i | SemMedDB 3k U5 5 £ 3
FE T 200 45 45 SR A R DT AR AR AR 2 ) Y G R
LS HAR “F -8 -7 LRME, T
RN 247 1 0 265 vh A7 W (B V8 (E G IBK . Vlietstra
W J. Zielman R 1 Van Dongen R M 258 ¥ 4 3 52
IS Z RIS R ML f5, dat i ug Bt S sk
7T ABOR BRI Y S S B IR U AR B H
. Wilkowski B, Fiszman M 1 Miller C M 25" 7
AR A2 I 286 v 3 2 W B A A N 2 S S &R A
O BE R S R B AR HE T,k h HEA
20 HERARAE R LBD 2521

3.3.4 M#EFAHFRE¥AMXITE BHTHE
S T Bl R TR R s, Lt
FHOCHIF 98 i R AE T A Z IA) BE 42 B F L R
Kastrin A, Rindflesch T C F1 Hristovski D" {5 5 4
I SFEAR B OCHR A AT REPE TR o F 52K S

B A G R s R 25 [, il 4R | Jaccard A
L& . Adamic /Adar, {f:4c4E3: ( Preferential At-
tachment) SEFEBRAT A &1 s Z AVAH L, 1
AUE . MBI I BBRURSE bR 8 bR F0
M RTEARARZ T BREK . Zhao D Wang J Al
Sang S %0 (i FHEK A2 HE P44 3 (Path Ranking Algo-
rithm) K5 SCHR R 258 - $E AR - BT BRAREE 1L
RHE ] i UG AR 2 R 25 1 2k, T30 H Typher-
b AT F b . Parick M T, Raja K
Fil Miller K 257 (i FR il i A ACHE Sk e 0 B2
e dE e i, DL IO A O B R 1 SUE R
FEflt BRI RO AL, T AT e R TR
25y, BARNL AR 5~ BB R B Ok R AZ A U5k,
{BAER) AR Ak BT SR B AT e Tl AL B L 1
KR ML G T

3.4 HRITMH

3.4.1 MR —/E LBD RGeS T i
P2 JE TN 51 75 206 F 2 75 5B M STk & BB
FOCHK . H RO T 25 R T AR 0 ik A
BEOAKR., BEYI 3ETF PR F L T
BRIl 4 Fir,
3.4.2 EHEAKIN FH LBD ZRIPAEH H
2, — Mot B Swanson D R K& T E A R G E
Stagl . B S SLR A K IR ES LBD RS RE S, %
VA 7 22 BRI B, (BN RREAT HbPF Al LBD R 40 4E
HAth )R8 EryRI, Al e A LBD R4 HAEH T2
PR RS A S Z A R R .
3.4.3 mEW A E  ZIRKIE G E R AR T
T B 20 Z Fef SCER R 2 P2, (A LBD REE7E T
I 20 i A 2 1 SCHR TP A2 4 QIR T T I 20 J5 A 3k
() SCHR N W LR OGO Z B S B E . #3288 iy
B Rk T B Z1 5 i ik 5% Uk 55 W UE B LBD R 48
B
3.4.4 ETELWIFMA T RO AW
LBD & A GO A5 A I s iE M S2 B8, 77
BRSO R B, ok SO I R R A C R SR
B UEAE A O S DR s Z [ I O &R, L& 3.
Seki K Al Mostafa J "' {ifi FF 2 R G I 504 o b i 2
- 37 .



EFERFRGE 2021 F5H42 B0 4

JOURNAL OF MEDICAL INFORMATICS 2021,Vol.42,No. 10

HICRANE R AR UE (Golden Standard) Al H i £
H AR CE, Shang N, Xu H £ Rindflesch T C

25V (i Y SIDER %540 4 4k B H Rl 28 85 3iE 52 149 25 4
FARR RN KZ .,

&3 TWAT LBD AW EFTIHELKIREE

IR fai o

Rk

Comparative Toxicogenomics Database
Genetic Association Database
Therapeutic Target Database

Side Effect Resource 2

frfif “ kN - A - 2507 RARIEE

Frfitt FRTCBORAERY. PO - 25" R AR
FEREEGY) — B — PO 22 0] 0 K R A B 2

P HRTE R 259 - AR K&

Rastegar M, Elayavilli R K # Li D 2552
Seki K #il Mostafa J [*]
Zhao D, Wang J #l Sang S 2= [50]

Shang N, Xu H #1 Rindflesch T C (5]

3.4.5 HETLRMIFFETE K LBD RELMAL
ORI, ZITEF M RR, GEVF
fii LBD R G BUTHOCHRARE S o (HZ A LIS
S T] D) R 35 0 T 2 S i AL O i B HL S BUA

B

4 LBD EAMEFTEHIH
4.1 EYEEXRBIZE

FEAZ AR, RS A BV AZ .
25 R PUE RGNS TER 2T 1 ok B2, AR L T AR 25
R LBD A AW % 4>, Swanson D R
I FHAEAH 56 SCHR A 3B 7 TR 25 ik AR 22 ) Y B
R RE, Wi LBD 7E259) & BLAY 5 0 H o
& LBD 3% A0 T 2 8 BOR B T LBD 2}
Yk A5 H . U Sang S| Yang Z il Wang L g
M\ PubMed Hrfili B ¢ 2 438 PR 35 I F BT T AL a8 o
SIHEAL, RS R R TE 25 . 2T )
A R USSP HE Sl TR T et v 258 T
HAh g iGs7 i22iak, RIS 4 f A . Rastegar M|
Elayavilli R K 1 LT D 255 $52 44 357 i) LBD 5 e 25 5
HER 5 v I 6 ] T 25 0 145 A T F 58 b, Spiro
A . Fernandez G J il Yanover C"*" 3 Sciik Py 24t i)
83 B ST 25 W) AN B R

4.2 Hit KB EYEFHEE KEKIZHE

LBD i 1] I 424 AT 2 P AN 2L ) B 2 W =2 1l
)% &, 4N Zhou E, Hui N 1 Shu M 25 @ 14 45
i PubMed 3£ SCHi§ B2 H miRNA 5L IJE pS3 JEHZ
[F] 1 2 BT 3 425 4 5 DTS FE G 2R 5 Caairelli ML

.38 .

Miller C M I Fiszman M 2% JF 3L F1E X Medline
() LBD W5, & BRALIHEAE 8 70 HAE I 3 2 N AE T
T E AR A ; Hristovski D, Peterlin B F1 Dzeroski
UL FIIT &1 LBD R G & B0 3R R AR ) W 7E
Hog A

5 LBD #RiE@ES5EINL
5.1 HiEkiFExE—

AP SCHRESCHR 142 1 58 38 D R SR B e AR AR
farfg. (HZ2%0 LBD BE5E T 6 SCHRE B3 Ry BR T
FHIFESC, XE& A, A S BRSO SZ AR D
MICHRTE H R, 2 RIECCA XX — [,
RAMFTEN G~ TR B SR 5 AL B 4
RFE TR, A I AR 2SR TR W SCARE
[IENGIRIEYSE iV IESPS SS ot Wi R

5.2 RZEGUSRERAR

] [ R 1 2 P A3 1 T A A ) R 2 USSR R
BEALTEABURIZEA B SR 5 A0 BT H m] DUAE B 52
N G pRSCAS AR 2 A 5 2R il B Rt 1 X 28 g
JRRE T H AR S HF 2 LBD 32 1 T Ay e 2
T T B R X L AR R 2 HUE T
SCRMIHESC, HABIRF . SR ST IR Bk = F D
1o R RUIRI R, PRI 7 A S U AL IR R 1 O
ST,

5.3 HBFENMFERE

FTREEOTFESCR H 8T B 2 F ] 1707 2
PROGIRBE i 5 424 IR AL, (HL 4% T7 3 3 77 A [ A sk



ESERYRE 2021 5542 S5 10 5

JOURNAL OF MEDICAL INFORMATICS 2021, Vol.42,No. 10

B AN iR 3L B Jr vk R B Z )7 356
F FETUE SRR PGS 7 vk 2R AU 3R 25 58
AR SIE UG R TG T IR 2R
R G PRAEA TN S EL SN f) ¥R A O AR T A R
KA PRIMOR R B 58 7 BB 45 B A 7 ik 9 221l
B, TERUHINE AR A C A J7 L8R s i A At 43
S CUNRHERPERE | IR )) SO R, TRERRH
BT LBD oy al GEE

5.4 THEXBIRE

Xf LBD REEHUMES R AP O R 2 BT & LBD
RGRCR . HEA 4 Bl WP 7k, (HI977 e Gt
b A CALBIEATE RBEES LBD KRG
XHRRE A TERE s B TR KMV T2 TR E
WL ELRA R 5 I TRI D) 7 PPAG A7 A PPl 25
AN AT A Tl SCHR R A B4R B 2 —
Smalheiser N R I\ J1 % A 25 BCHE 1R A HE 52 49 2 i
e LBD A ] B e

6 REEWEZFIE LBD HRRE
6.1 IaARfmGIHIEBEXEKIZE

FERANDRE, A ERSFELIT AT
20 1, B BESFHU 2 KD SR R C A K
T4 (Electronic Medical Records, EMR) %{#&.
EMR B8l BA7 R AR A AN 52 i 2 DL 4 HLOCAR
Al R E O S SR S AR L PR A AR A E
TR FRACHE b S5 ARl EOR O 12 S A B
EMR X | o M (B 20030 508 15 6] LBD A
KITIEIATIRAE SRR o

6.2 FEMREREBAEXEKIZHE

JB WA Ry R 455 g O A e P 2 R,
SEAE K I R AR DR B2 22 2 B 36 ] v = i
AR E, H AT E o ER R b R 2
FREMR S W R 2527 1E F RS ((Traditional
Chinese Medicine Language System, TCMLS) {©L#)H
FUBL, QA 2R FH 2 3% & 42 H Hi I G 09 B 22 18]
B S UMLS 4 T HLG 3 T A Wy 5 2 45 S

TE3CHY LBD B FE R fetE AR, AR T LRI AT v B 43
SRAHSC IS TR, . 1 LBD AHSETT EA 2 i o R di
FE b TR AR SRR

6.3 LBD HEEEHNMXIATEHIFAR

TR BA A R I IR R O R X
X — [ ] LAZ 0 B A 258 v e i D8O 1 H
TARBIRGTT o B4R EE A 42 8 9 7E 259
FRZESL, LBD tal jl e 25 A B, REAS A ]
O CRAZ IR T AE 25 ), Uk s o, ROk
HAETRAE 25 K B AP T e A4 AR I

S 3k

1 National Library of Medicine. PubMed [ EB/OL]. [2020
—11-17]. hutps: //pubmed. nchi. nlm. nih. gov.

2 Swanson D R. Fish Oil, Raynauds Syndrome, and Undis-
covered Public Knowledge [ J].
Medicine, 1986, 30 (1): 7 —18.

3 B, 31l . Don R. Swanson PSR A B I7 s
WRHER [T WRE=R, 2003, 22 (3) : 259 -266.

4 MR, KT, o, PSR AR I 5005t
s [J]. SIS 5508, 2013, 36 (8): 121 - 127.

5 Swanson D R, Smalheiser N R. An Interactive System for Find-

Perspectives in Biology

ing Complementary Literatures: a stimulus to scientific discov-
ery [J]. Artifical Intelligence, 1997, 91 (2) . 183 -203.

6 Weeber M, Klein H, Lolkje T W de Jong — van den Berg, et
al. Using Concepts in Literature — based Discovery: simula-
ting Swanson$ Raynaud — fish oil and migraine — magnesium
discoveries [J]. Journal of the American Society for Infor-
mation Science and Technology, 2001, 52 (7) ; 548 —557.

7 Thilakaratne M, Falkner K, Atapattu T. A Systematic Re-
view on Literature — based Discovery Workflow [ J]. Peerj
Computer Science, 2019, 52 (6): 1 -34.

8 Weeber M, Klein H, Aronson A R, et al. Text —based Dis-
covery in Biomedicine: the architecture of the DAD — system
[EB/OL]. [2020 =11 —=17]. https: //www. ncbi. nlm. ni-
h. gov/pme/ articles/PMC2243779/ pdf/ procamiasymp 00003
-0938. pdf.

9  Wilkowski B, Fiszman M, Miller C M, et al. Graph — based
Methods for Discovery Browsing with Semantic Predications
[EB/OL]. [2020 — 11 = 17]. http: //europepmc. org/back-

-390 .



S g gt
EFERFRE

2021 F5E 42 #5510 HA

JOURNAL OF MEDICAL INFORMATICS 2021,Vol.42,No. 10

11

12

13

14

15

16

17

18

19

20

end/ ptpmerender. fegi? accid = PMC3243228&blobtype = pdf.
Yetisgen — Yildiz M, Pratt W. Using Statistical and Knowl-
edge — based Approaches for Literature — based Discovery
[J]. Journal of Biomedical Informatics, 2006, 39 (6):
600 -611.

Jha K, Xun G, Wang Y, et al. Concepts — Bridges: uncov-
ering conceptual bridges based on biomedical concept evolu-
tion [C]. London: Proceedings of the 24th ACM SIGKDD
International Conference on Knowledge Discovery & AMP,
2018 1599 - 1607.

Swanson D R, Smalheiser N R. Implicit Text Linkages between
Medline Records: using Arrowsmith as an aid to scientific dis-
covery [J]. Library Trends, 1999, 48 (1) 48 -59.

Seki K, Mostafa J. Discovering Implicit Associations among
Critical Biological Entities [ J]. International Journal of Da-
ta Mining and Bioinformatics, 2009, 3 (2) . 105 - 123.
Cameron D, Kavuluru R, Rindflesch T C, et al. Context —
driven Automatic Subgraph Creation for Literature — based
Discovery [ J]. Journal of Biomedical Informatics, 2015
(54): 141 -157.

Workman T E, Fiszman M, Rindflesch T C, et al. Framing
Serendipitous Information — seeking Behavior for Facilitating
Literature — based Discovery: a proposed model [J]. Jour-
nal of the Association for Information Science and Technolo-
gy, 2014, 65 (3). 501 -512.

Lindsay R K, Gordon M D. Literature — based Discovery by
Lexical Statistics [J]. Journal of the American Society for
Information Science, 1999, 50 (7). 574 —587.

Kostoff R N, Solka J L, Rushenberg R L, et al. Literature
— related Discovery (LRD) ; water purification [J]. Tech-
nological Forecasting and Social Change, 2008, 75 (2):
256 -275.

Kostoff R N. Literature — related Discovery: common factors
for Parkinsons disease and Crohn’s disease [J]. Sciento-
metrics, 2014, 100 (3): 623 -657.

Ittipanuvat V, Fujita K, Sakata I, et al. Finding Linkage
between Technology and Social Issue: a literature based dis-

Journal of Engineering and Technolo-

160 —184.

covery approach [J].
gy Management, 2014 (32) .

Vicente ] M. The Contribution of Syntactic — semantic Ap-

proach to the Search for Complementary Literatures for Sci-
2014,

entific or Technical Discovery [J]. Scientometrics,

100 (3): 659 -673.

< 40 -

22

23

24

25

26

27

28

29

30

31

32

HEAS, AR . ARMSESTIR IR R BT R AR B
TEROETE R BB M (] SR 5 50k, 2008,
31 (4):569 -572.

Jha K, Jin W. Mining Hidden Knowledge from the Countert-
errorism Dataset Using Graph — based Approach [ M ].
Cham ; Springer International Publishing, 2016 310 —317.
Hanauer D A, Saeed M, Zheng K, et al. Applying
MetaMap to Medline for Identifying Novel Associations in a

Journal of

2014, 21

Large Clinical Dataset; a feasibility analysis [J].
the American Medical Informatics Association,
(5):925-937.
Malhotra A, Guendel M, Rajput A M, et al. Knowledge Re-
trieval from PubMed Abstracts and Electronic Medical Re-
cords with the Multiple Sclerosis Ontology [J]. Plos One,
2015, 10 (2): e0116718.
Rastegar M, Prasad R. Toward a Complete Database of Drug
Repurposing Candidates Extracted from Social Media, Bio-
medical Literature, and Genetic Data [ EB/OL]. [2020 -
1 -17]. //ieeexplore. ieee. org/stamp/stamp. jsp?
tp = &arnumber =7349746.
X ik, FEak. T R
W —— BT A w7 R 2 B ORI [T ], 1
ek, 2014, 33 (3) . 165 -170.
s, A, B RS RS HREORTEZ A RO
B (). sPEZS, 2014, 25 (46) : 4381 -4384.

Shang N. Integrating Domain Knowledge to Improve Signal

https

RE AT ) SCAR R & B

7 M 450

Detection from Electronic Health Records for Pharmacovigi-
lance [ D].

Center, 2014.
Kilicoglu H, Shin D, Fiszman M,

Houston: University of Texas Health Science

et al. SemMedDB: a
PubMed - scale repository of biomedical semantic predica-
tions [J]. Bioinformatics, 2012, 28 (23): 3158 -3160.
Hristovski D, Kastrin A, Dinevskr D, et al. Constructing a
Graph Database for Semantic Literature — based Discovery
[J]. Stud Health Technol Inform, 2015 (216): 1094.
Spiro A, Fernandez G J, Yanover C. Inferring New Rela-
tions between Medical Entities Using Literature Curated
Term Co — occurrences [ J]. JAMIA open, 2019, 2 (3):
378 —385.

Huang W, Nakamori Y, Wang SY, et al. Fuzzy Predicting
New Association Rules from Current Scientific Literature
[EB/OL]. [2020-11-17].

https : ieee.

jsp? tp = &arnumber = 1336325.

//ieeexplore.

org/stamp/ stamp.



S g A gt
EFERERT

2021 5542 5510 HA

JOURNAL OF MEDICAL INFORMATICS 2021, Vol.42,No. 10

33

34

35

36

37

38

39

40

41

42

43

Hu X H, Li G R, Yoo I, et al. A Semantic — based Ap-
proach for Mining Undiscovered Public Knowledge from Bio-
medical Literature [ C]. Beijing: 2005 IEEE International
Conference on Granular Computing, 2005, 22 -27.

Ljaz A Z, Song M, Lee D. MKEM: a multi - level knowledge
emergence model for mining undiscovered public knowledge
[J]. Bme Bioinformatics, 2010, 11 (3): 7 —18.

Cairelli M J, Fiszman M, Zhang H, et al. Networks of Neu-
roinjury Semantic Predications to Identify Biomarkers for
Mild Traumatic Brain Injury [J]. Journal of Biomedical Se-
mantics, 2015, 6 (1): 1-14.

Yang HT, JuJ H, Wong Y T, et al. Literature — based
Discovery of New Candidates for Drug Repurposing [ J].
Briefings in Bioinformatics, 2017, 18 (3) . 488 —497.
Patrick M T, Raja K, Miller K, et al. Drug Repurposing
Prediction for Immune — mediated Cutaneous Diseases using
a Word — embedding — based Machine Learning Approach
[J]. Journal of Investigative Dermatology, 2019, 139 (3) .
683 - 691.

Song M, Heo G E, Ding Y. SemPathFinder: semantic path
analysis for discovering publicly unknown knowledge [J].
Journal of Informetrics, 2015, 9 (4) . 686 —703.

Zhou E, Hui N, Shu M, et al. Systematic Analysis of the
p53 — related MicroRNAs in Breast Cancer Revealing Their
Essential Roles in the Cell Cycle [ J]. Oncology Letters,
2015, 10 (6) . 3488 —3494.

Kim Y H, Beak S H, Charidimou A, et al. Discovering
New Genes in the Pathways of Common Sporadic Neurode-
generative Diseases; a bioinformatics approach [ J]. Journal
of Alzheimers Disease, 2016, 51 (1) 293 -312.

Seki K, Mostafa J. Literature — based Discovery by an En-
hanced Information Retrieval Model [ C]. Sendai; Proceed-
ings of the 10th International Conference on Discovery Sci-
ence, 2007 ; 185 - 196.

Campbell K E, Oliver D E, Shortliffe E H. The Unified Med-
ical Language System: toward a collaborative approach for sol-
ving terminologic problems [J]. Journal of the American
Medical Informatics Association, 1998, 5 (1). 12 -16.
Rindflesch T C, Fiszman M. The Interaction of Domain
Knowledge and Linguistic Structure in Natural Language Pro-
cessing: interpreting hypernymic propositions in biomedical
text [ J]. Journal of Biomedical Informatics, 2004, 36
(6) . 462 -477.

44

45

46

47

48

49

50

51

52

53

Kanehisa M, Goto S. KEGG: Kyoto encyclopedia of genes
and genomes [ J]. Nucleic Acids Research, 2000, 28
(1):27-30.

Thaicharoen S, Altman T, Gardiner K, et al. Discovering
Relational Knowledge from Two Disjoint Sets of Literatures
Using Inductive Logic Programming [ C]. Nashville; 2009
IEEE Symposium on Computational Intelligence and Data
Mining, 2009 283 -290.

Gordon M D, Lindsay R K. Toward Discovery Support Sys-
tems: a replication, re — examination, and extension of
Swansons work on literature — based discovery of a connec-
tion between Raynauds and fish oil [J]. Journal of the A-
merican Society for Information Science, 1996, 47 (2).
116 - 128.

HuZ Y, Zeng R Q, Qin X C, et al. A Method of Biomedic-
al Knowledge Discovery by Literature Mining Based on SPO
Predications: a case study of induced pluripotent stem cells
[M]. Cham; Springer, 2018 383 —393.

Vlietstra W J, Zielman R, Van Dongen R M, et al. Auto-
mated Extraction of Potential Migraine Biomarkers Using a
Semantic Graph [ J]. Journal of Biomedical Informatics,
2017, 71 (3): 178 - 189.

Kastrin A, Rindflesch T C, Hristovski D. Link Prediction
on a Network of Co — occurring MeSH Terms : towards litera-
ture — based discovery [J]. Methods of Information in Med-
icine, 2016, 55 (4): 340 -346.

Zhao D, Wang J, Sang S, et al. Relation Path Feature Em-
bedding Based Convolutional Neural Network Method for
Drug Discovery [J]. Bmc Medical Informatics and Decision
Making, 2019, 19 (S2). 59.

Shang N, Xu H, Rindflesch T C, et al. Identifying Plausi-
ble Adverse Drug Reactions Using Knowledge Extracted from
the Literature [J]. Journal of Biomedical Informatics, 2014
(52): 293 -310.

Rastegar M, Elayavilli R K, Li D, et al. Assessing the
Need of Discourse — level Analysis in Identifying Evidence of
Drug — disease Relations in Scientific Literature [ J]. Stud-
ies in Health Technology and Informatics, 2015, 216 (1):
539 -543.

Sang S, Yang Z, Wang L, et al. SemaTyP: a knowledge
graph based literature mining method for drug discovery

[J]. Bmec Bioinformatics, 2018, 19 (1) 193.

(¥ 47 1)
<41 -



EFERFRE

2021 5542 5510 HA

JOURNAL OF MEDICAL INFORMATICS 2021, Vol.42,No. 10

10 2%, £3%, WRE, & . AEBBGE RS L% 22 R FERFEA NP [J]. FEBHE AL
PHME R RGEW R LB AT [T]. hE e R, wi, 2019 (17): 34 -35.

2014 (2): 150 -153. 23 CHOUHE, WREL, FZ&. ETHRBAmNBIY G

UL AR . B RTTE HTR B 25 0 1 55 53 AT R o S0 I RGN UM EDIE [J]. hESEEAE, 2016, 32
gt bz AR5 [D]. EIK: EREFRKRY, (24): 1903 - 1905.

2017. 24 BN, T, 7, A T Y R B

12 BHEML . S BEARIA NAIRA LU —5E T4 Eu%ébﬂﬁ%ﬂ’ﬂ)ﬁi{ﬁ%iﬁﬁ [J]. TR
AP (D] B BT TR, 2011. A, 2015, 38 (2): 158 —161.

13 B9 . BETHAREZERY LEZ BRI HE LR 25 KR, MRS, BRI . BT WIFLFI RFID $OAR 18 e 4o
SRR [D]. HPK. HPKERIRY:, 2016. SDA fESE B HF L 2E BT MR [J]. MR

14 XUEN1, Fh2. SaaS FMUIRSS T 36 B8 S Hr 2l 52 %%, 2019, 25 (2): 182 -184.

HERFSE [J]. (FRPRREHER, 2012 (1) 26 -32. 26 WAELL, BoRsm, HTE, & RS E RS

15 W& PRIEY TR R BB P R [J]. i mo G ek [T, hEBFEY, 2016, 11 (4):
PREEZ SOk Fi, 2019, 6 (54): 179 10 - 12.

16 Bk, JHah, 277, EHN MOOC 452 50 K R BT 27 BT, MMk, REZ . B RREWOR I R gt 5 N
[J]. HEHHF, 2016 (4): 63 -67. [J]. E%é%sﬂ&, i, 2018, 39 (9)- 32 - 36.

17 XK, B, F&E, % PEES/N M 550k 28, TOAE, WEETE, . AR EEET S
g (1] ek, 2019, 34 (11): 995 -998. E’J*@@Lﬁm (1] ??%TFIE,\A &, 2016, 22 (23):

18 JiF}, AR . N AR E8 e 31U 1 B BIF 5 94 -95.

JE [T]. frReageak, 2020, 35 (3): 94-97 29 ZRLLH], WM. ETEEARGERRF B RYRTE

19 kB . KPR G RRFERRHE I —HF 31 MR RN [J]. B4R, 2018 (14): 29 -33.
AT RE AR [J]. FERRE LR, 2019 (2): 30 HWFE. BREARERPEGE LRGN AR [J]. B&B
36 -37. sefEE2uck 2019, 40 (11); 13 -18.

20 EBREL, Mgt BERERPRSERET (1] % 31 ehs, WREBEEE, TIOUHE, & FRerAE R RGEN
552, 2019 (5): 88 -97. A oagiReh A (1] hEEZ S, 2020,

21 ™R BAefbiE R RME B R E (J]. A 17 (16): 167 - 170.
b5 geiNEE, 2018 (6): 155 —157.

( 4255 41 10)

54 Rastegar M, Elayavilli R K, LID, et al. A New Method for 56 Hristovski D, Peterlin B, Dzeroski S. Literature Based Dis-
Prioritizing Drug Repositioning Candidates Extracted by Lit- covery Support System and Its Application to Disease Gene I-
erature — based Discovery [ EB/OL]. [2020 - 11 — 17]. dentification [M]. Berlin: Springer, 2007 307 —326.
https: //ieeexplore. ieee. org/stamp/stamp. jsp? tp = &arnu 57 Smalheiser N R. Literature — based Discovery: beyond the
mber =7359766. ABCs [J]. Journal of the American Society for Information

55 Cairelli M J, Miller C M, Fiszman M, et al. Semantic Science and Technology, 2012, 63 (2); 218 —224.
MEDLINE for Discovery Browsing: using semantic predica- 58 BifE, BE, WAE, & ST R TFRIIIGRE T R
tions and the literature — based discovery paradigm to eluci- PR S (1], REUR, 2017, 3 (5) . 83 -98.
date a mechanism for the obesity paradox [J]. AMIA An- 59 B{Zs#¢, JRH%, #lE, 4. WPEEZ2EE S RGITEMIKR W
nual Symposium Proceedings, 2013 (6): 164 —173. W gdsr [J]. PERFEES, 2012, 7 (10): 13 -16.

.47 -



