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Objectives: In recent years, there has been an increased need for a way to extract desired information from multiple medical literatures at once. This
study was conducted to confirm the usefulness of unstructured data analysis using previously published medical literatures to search for new indica-
tions. Methods: The new indications were searched through text mining, network analysis, and topic modeling analysis using 5,057 articles of atorvas-
tatin, a treatment for hyperlipidemia, from 1990 to 2017. Results: The extracted keywords was 273. In the frequency of text mining and network analy-
sis, the existing indications of atorvastatin were extracted in top level. The novel indications by Term Frequency-Inverse Document Frequency (TF-IDF)
were atrial fibrillation, heart failure, breast cancer, rheumatoid arthritis, combined hyperlipidemia, arrhythmias, multiple sclerosis, non-alcoholic fatty
liver disease, contrast-induced acute kidney injury and prostate cancer. Conclusions: Unstructured data analysis for discovering new indications from

massive medical literature is expected to be used in drug repositioning industries.
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£ 3 2 A (Hydroxy-meth-
ylglutaryl Loenzyme A, HMG- COA)@r%J_ 4 A A S = olEH}AEF
El(Atorvastatin; Lipitor™, Pfizer, Inc., New York, USA)2] o|&H=R4 &
£ 0] 85I=t HMG-CoA Sl 2 AAA| Al - oF=HRAEFE
o] FUE HIZEsto H AlAIA S 2 ol AE AL 3] 20080l =
s 2RO B2k o] H % o] 3 27|71 AF-g-of )] =gt 0]
7] wszo]tHs-10].

N RS

20184 6 13 AAE-S HY =(PubMed)E o]&3}o] W=a)el
(Medline)ol = OF=RIAENE At =55 F+E 03Tk of=H kA
E}FE1 9] MeSH (medical subject headings) -8-0]+= “Atorvastatin Calci-
um”o|i 1990de]] EAE|Qlo B 2 AM7]|7HLS 1990 1Y 1212 E
20179 12 319714] Al Rt =5 5 250| o8 7He
Tk 17t A= AlRkeRlck 25 HA AL “(Atorvastatin Calei-
um [MeSH Terms] OR Atorvastatin Calcium [All field] OR Atorvastatin
[All field] OR Lipitor [All field] OR Liptonorm [All field]) AND has Ab-
stract [text] AND (“1990/01/01” [PDat] : “2017/12/31” [PDat]) AND Hu-
mans [Mesh]"0]3lt}. 0] 5 F610] 5,059HS| AF250] 2%,
01%75_’-: U A(excel) TR WSRO 2F0] b 2HE A efs}
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Table 1. Number and percentage of articles on atorvastatin by year

Year 1990 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
n 1 4 9 20 41 47 29 129 158 238 255 334
% 0.02 0.08 0.18 0.40 0.81 0.93 1.96 255 3.12 4.70 5.04 6.60
Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
n 317 303 359 313 338 347 317 300 323 304 284 217
% 6.27 5.99 7.10 6.20 6.68 6.86 6.27 593 6.39 6.01 5.62 4.29
CHo] 7SS 08t HIAE Ojol'd Table 2. Top 10 keywords by centrality analysis and TF-IDF degree
—%—%% 7]—?:]___% %‘ 7]%9’] Z]%ZOS ] ‘]E HHX]]S}*E O}E‘H]—‘/—\‘ No Keywords by Score Keywords by Score
E]—%_O,] }‘HET?: ;‘Q?]_Hg 7]_%]5 %]__]'4% -,—‘]0]'0% T;]—O—] 7]"6';(] ]]:\':]-L% O]_g__s degree Centrallty closeness Centrallty
. 1 Diabetes mellitus 0.346 Diabetes mellitus 0438
EIAE nloydS A3k 7}+5A] 7% (Term Frequenc
° Fol'd= Alsairt whol 714 71 quency” 2 QD 0306 Dyslipidemia 0423
inverse Document Frequency, TF-IDF)& to] 2] theerlteo] o]E3} F- 3 Dyslipidemia 0286 CVD 0423
QA F71E BYslal BA S A &) el dolE uiAsle] & 4 Atherosclerosis 0.285 CAD 0416
- _ 5  Hypertension 0.265 Atherosclerosis 0.409
AdolE 2= A= AE S AAo) = ") 13].
geols FEobiu EAES] HAk=E 2 _0} delssl we - o ap 0265 Hypertension 0403
A OFEHIAEFEIO] 28 A-G-Fo|HA T S WIS A 7 Myocardial infarction ~ 0.225 Hypercholesterolemia 0.384
2 IZYAHEYEZ oA AE 23} 2 Q W Aol AP 8 MACE 0.224 Myocardial infarction 0373
_ 9 ACS 0.204 MACE 0357
7} 73k theof| A 2] TF- 2 3Ll o] 52 AQJsl
2ok TS, e el A} TEIDE g5 SHelsiolan of 55 Al9fsh] 10  Metabolicsyndrome  0.183 Hyperlipidemia 0.352
13 TF-IDF 25 Aekge 118 o] 83191t Keywords by
No betwePtentrality Score Keyword by TF-IDF Score
of z47 1 Atherosclerosis 0.109 Atrial fibrillation 42
A7 24 2 CAD 0.103 Heart failure 38
3 Dyslipidemia 0.095 Breast cancer 37
ARXESO| AUttM EM 2l HIAE Ofo|Y Aot 4 Diabetes mellitus 0.067 Rheumatoid arthritis 37
% 50577112] OFEHEAE}E] 9L =B 22 E 0 19901 TS A 5 CVD 0.062 Combined hyperlipidemia 36
6  Depression 0.056 Arrhythmias 35
Z}o ER=! IEV/ISARIE 1 o|Alo] vFE [¢]
202 20051358 20155714 wid 3009 o)l 5o 2017 7  Hypertension 0.050 Multiple sclerosis 31
Helli= 2173H0] B aLE|lth(Table 1). 25504 =55 273702] A4 8  Hypertriglyceridemia  0.030 NAFLD 30
719 EE 2 2 2,008 233t D (Diabetes mellitus)2 Z3H3}o] 9 (KD 0.028 Contrast-induced AKI 27
10  Alzheimer Disease 0.028 Prostate cancer 27

23 1l AR 10921 AH 7|19 EER2 = Ad T AgH(Cardiovascular
disease), T4} WA ZHCoronary artery disease), 54 JAsH S5
T(Acute coronary syndrome), I ZH AHESE S
emia), =] & %(Stroke), A7 A5 (Myocardial infarction), 0|22 E

% (Dyslipidemia), 247 3}5-(Atherosclerosis), 118 (Hypertension)©]

(Hypercholesterol-

ST 49/ 509121 USSR TAE HENT 2 Zit

79 7SS F FANE 491 50910l 7Y EER P Ve
=1 B4 A3k Wt 009 (49 0-Deliek 719 7] B 4
WAL 2342 & 7197 2370e) 719 =9t A R 719
2] it AR 2362 719 =5 0] 248ARe] AZElo] 9I9ick 7]
Y 719 FAEE BHES st Y2 gL LIAZ Blsglo

=

H SAIEE gHEol 7 W2 0-0.05 77t B A ghef Rlert A

ACS, Acute Coronary Syndrome; AKI, Acute Kidney Injury; CAD, Coronary
artery disease; CKD, Chronic Kidney Disease; CVD, Cardiovascular disease;
MACE, Major adverse cardiac events; NAFLD, Non-alcoholic fatty liver dis-
ease; TF-IDF, Term Frequency-Inverse Document Frequency.
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S}9I72 THotS 918t ARE AN E BEA 27 e
03333019100 o Mg}l YENIE SATER HRA 17
o) 59115 0.2 ERHITE ol 5 2] o) 719 So] 23t

3191182 % S7olgichFigure 1) 713 2 18-S 1749 7194
2 248 7§ 172 ohmehieee] Fa 283
SRS EEE PEYAYES B

=20
hyperlipidemia), 7} &

H
emia), AFE 2, A7hEe]
-5
=

T
Aol AEEF 11

IR E=,

s 1A EZ(Combined
ok 31218 5+ (Familial combined hyperlipid-
T (Autoimmune myositis), 4155t
A=A A7 (Non-alcoholic fatty liver dis-

ease), H|TH(Obesity), F A (Pancreatitis) X Fr}E] A ¥ H(Rheuma-
toid arthritis) & & TLAE|ACE & HA = 107]19] 7|HEEE tAE 1

B 152 VT AT BYSHAT A2HNF Y BYEY

(Nephrotic syndrome), H|-

=z35
o T

EAEE AP F A B

5
A5 St (Atherosclerotic plaque), &% (Stroke) W YT
4 3]& 22 H(Transient ischemic attack) 5 A& E3 sk} A E 7

gl

=
YEER B A AARE 549 191E 2 THE TF 160

(Angina pectoris), =

:

S

i : I H H i : : H
Atrial fibrifiztion Breast cancer Hepatocellular Carcinoma Prostate cancer SEI(J;SS*S
-------- G3 Go pivs
P o« i 00 A $ 0 ! a0
- L, Pol d
Abdominal Aortic Aneurysm N ) .-t;: “ olycystic éYg{? syndrome I
a1 L eart Failure ) foe
Erectile! dysfunction liver dysfunction
G4 10
: th
Multiple Sclerosis myopathy oo

—_— .
Y Ulcerative®Calitis
-~ R N

: L]
New-onset diabftes mellitus

Non-alcoholic Fatfy) [
‘ .
® ~<X

HyperipiEiig,

PN

L

Pancreatitis [ Yoo

Nephrotic syndrome

,/ Hyperd’uo\ke. ‘tilarolem' = :
/ ! s
S e
[ ] Familial combined hyperlipidemia

Combined hyperlipidemia

G17

(Zontrast—inducs.-iiar_l..n:\ﬂs.kj.clmay_injL.u:\,"..JE

' .
]

Peripheral aiterial disease

|

ansient J5chamic Attack

o!
Systemic Ly u1Er;ythematosu5

C Kidne ; Disease " L
A)wm" Y o .A’ﬁevmentia

Depressiol !

......... I.l.lmeime:.[)isease. e

511 =13

Figure 1. Whole network with Top 50 keywords by appearance. Frequency and a link value of 0.05 or higher. The higher score of degree centrality of key-
words, the bigger size of node. The top 10 keywords of degree centrality of keywords were expressed as yellow node.
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2 138 Fiery, A= WSt e (New onset diabetes mellitus), TF A3}= Folsh| QIst YA B Ao A= A gt Ast 7|9 e s
HEA] 745} 5(Multiple sclerosis) 2 H%FA i34 (Ulcerative colitis)-©- 2 0|50 RS =410 7 o] Z3lo] ¢E iz}l o| AR AE =
2= A ol WAk o 1) ZIRIEE AR E 129 05 14 SAMASHS TRt S o] et oSk Eo] dso] 91 3
2, 08 120t ofErlaEele) Bag s9sel YRGS BIENET} Lol OB RAES et A)9EER e 1
(Rhabdomyolysis), 2E}FE] 5 T (Statin-induced myopathy), 58  F2HE O E2H YEQA B4 §o5to] oF=9) 7|29] &3-Sk -2}
(Myalgia) 2 2572} (Muscle weakness) © 2 FAJ=|Ql o1, TI5F 14oli= & 7|9ES0] AF2Fo|A FQ 719EUS gele 4= gt
SAZshET BRlEl U Bl A0 B EO FACarotidin- AR 18 TS glatel TRIDFS o] 83 333 24 719)
tima-media thickness), ZA14] ZHFA] EEi(Sys‘[emic lupus erythema- =52 AR Als, AFA, £, Gkl Fote]l A 3, B9} 11
tosus) &2 HJ=| Tk Y A= & iﬁ} |94, 9-&Z(Depression), 2|0 FF, TP 73S B1YLESA] AT, 29A T AlE A|
Dementi) 4% 15 133 AT 24 S B4 Ao o] 7|95 ofErlacel 185 ojng gkelal] 9is)
22AHContrast induced acute kldney injury) .2 F-A4% 155 110]tk o] Al AGL2=-8 2SI

A A2 Aol M HAale] Ao 2. oflaee

MES H2Z E4S 93t TF-DFE 018

ofmnfaehEle] A|Rg 2185 B $iato] TF-IDF AeHy 118
A8 AT} 273702] 7|19 B 25678 ZHAE|QIT) 0] & TF-IDE
gk (degree)2] Y 109191 719 =52 AW A5 (Atrial fibrilla-
tion), A1 Z(Heart failure), -39 (Breast cancer), SFHFE] A THE Y, B
3 1A E S FAM(Arrhythmias), TP A 3F5(Multiple sclerosis),
HIFEA] A7 EA, Z29A] 53 Al Al R A1 (Prostate cancer) 0]

TH(Table 2).
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