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Development of a literature-based case discovery and case matching system
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There are ~7,000 rare genetic diseases, and it is estimated that ~4% of newborns suffer from them. Recently, NGS-based

diagnostic tests have been used to improve the diagnostic rate and early diagnosis for rare disease patients. In order to use the

NGS-based diagnostic tests more effectively, physicians and researchers have shared and utilized case records. In particular,

over 1 million case reports in PubMed play an important role in the investigation of rare diseases, and can be retrieved by using

PubMed. However, there are many synonyms and many terms that are semantically related to each other in titles and abstracts,

we need to correspond to them to efficiently search for case reports. To address the need for sharing case reports and searching

for them, we developed a case matching system using multiple ontologies and evaluated it with ClinVar records.

1. [FL®HIC

1.1 HVKEEBEBOEREFHRE

T DR BITF LZ 6,000-7,000 7£1EL[Orphanet 2017], Z®
ZATB IR B THY, BrAEIROK 4%I1375 D IR BICREAL
T\ 5[Mutarelli 2014]. H7E, \_ZH%%ﬁ/}r%O)E’/\Lﬁi—WJ:iS
FORH OB W AGEIC > TV, FlxiE, A RBRED
BT AETERB W RO N ERE STV D [Sawyer 2016] *
7o, NI F ARG E A DR B O P TIEELEHN TS 8
DORBDBFIZONVTRWR AR ELTAER, 19 25%1%
Wi OKETIT 52D 30 FEEL, 19 40%I 3O W
3[EE > TV = [EURORDIS 2007]. 2D X572 RO T, UréE
TiX, NIH ORZEiE BT 07T A[UDP]SCE SLAF 48 B 7 1k
A H A= FEAE TR BH FE A% D R 2 W R BB A =<7 F 7' [IRUD]
IZRBWT, MR B A 12 Exome FENT /2 & OBGERIR A DS
1Tt BRI E E> T B[Sawyer 2016]. £7- Laurel HiX
BIRTERBORBAEDND 4 » H RO AL R & 5%
GEHIRAEZ ERL, Ok E, —#Ho B! ’ﬂbf?)lﬁ’riﬁ
S, RIICZEIARAOWZZ L TR TR &8 IR C
%tk%&ibﬂ \Z[Laurel 2015].

UL, BARFIREOWEAICE, SESEAMENTEET
5. FlzIE, BEFHREICIIEEB T AVRE, &2TrY—
LA, &7 ) DREREDFIET DN, BHrRE @ 5720
IIZEBRF ORERCIFREICE LR AL BIRTALERDH S
[Leslie 2014]. ¥£7=, BiR D Laurel HI, MATRE R OMER 2%
L7- Ao defii 23 T&Jof_(%%ﬁﬁiﬁz 5, i H#:912)
EHAELTWER, B RDDEICIIZ0 A kE SIS
VERHS.

INED R EE RIS D7 DICBEAFRE B NG A S Qns.

T B AR AR A ORI I, R ETHHRE DIEROR
REANELLT B EEAFIE BN RodiuT, FRSER CTHE A S
FEERIRENRSEZICRD. T2, MEMROMRICH, B

WG R S, TR AT AR T AT AT R
BT —HRXR=RrH—, FRRFRFRE Bkl
FRBF IR, AT 1 VI A MR,
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F O FEIR R BRI DEEFIE B OB Wk R 12 E
2725, LaL, A REIEb b LIEFIED D221, 2
FANREAAEGI 2R T 2L, BEEEG 04 23 EFRAY
7R AT 72 o TV S [Philippakis 2015].

1.2 BRFER D EERE

fﬁf SO Fe 3 S T8 CE B 2 6k 8595 [l Bl 8k g 7
WCHESIERIRTR Y AT L RS BAR SR 1), £E5
@@ﬁﬁﬁlfﬁ?éﬁ?ﬁ%%&bt Human Phenotype Ontology
(HPO) [Sebastian 2017]% AV T AT AR O H LA H D
HITVER, HFHIN TRWIFHRLZL, TIbE—TiICHK
FTHIEITHEL.

— 5T, EF A O FEEL TELDSRAIN TODIES
AT 100 J7 LA _EFFEL, PubMed 2 i L C—TCANICHER
T HIENTED. FIEBIEREHIIE BN HE M IZHY
Rel A D BB A IE I A 1, B ORR Ik, #Hiiz
IR DB 72 E DI RN, ZOEEMEDRHRESN
T %[Carey 2010].

L22L, PubMed PR RETDHAANL T T AT ZMIIE
BN ZLEENDTD, DIEORBENHEL. EoE %
B BEFR SRV HFE N R AFIEL, | %‘0){“47( “JRREAVIH
L DREGIHAE 2 BRI R T D72, AFEO B
BIRMEZ B LIRS LB L0 5.

1.3 XBT—RITBIGEFBERR AT LOBEE
PubMed |2 & ENDIEGIME ARG, FFRIHITHISL,
DO B BRA IR 3R 03 W Re e [ U7 — 2T S SE B IR 3R T A
T ERERELUIZ(X 1), FHEVEFIRE R FIEEL T, B
i =2 H0sFEERR AL, £z, HPO DA% VD F
1%, LEICEENDHFELZDOMELB BT TITI T
% Bag-of-Words & JHW /= F1E, HFEO AL O SUNRIGHO =
REOEREFZE LTI ML TS Distributed Memory
Model of Paragraph Vectors(LAR#, PV-DM &EFE5)E - FiE
&, BRI S ORI EA LT, MEBREL T 5
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B 1. MEBER G T — Z IR SIEBIRAB S AT L) LN SCRT — 2L SIEBIRR IR AT L OBLE

72912, ClinVarp[ClinVar 2017]2>H I8 x4 B L9k BN i@
FHREGIE By M ESL, TR T — 2By MAER LZ.

2 BETIHELUE SR E R R FIBEIZOVWTIR N, 3 ETIE
ClinVar % AW i i i 5 — & 2 b VERk & 5Tt 54 5
95, LT 4 HTHRORAE THLNI -T2 5 B OFREEIC
DTS,

BLUEPIRERRFEDEE

2.1 TIIRF IR L7202 JEBIHE DRGSOV TR,
2.2 TIHHBVEGIHREZRR T OBICHIN 27 /T —ar
DR G FEDWTIR RS, 2.3 T, BEOFELUEG @S #R
FEIZOWTIHE D,

2.1 PubMed ZRU\-EBIHR & D BTG

PubMed[PubMed 2017]% FI\ N CHiE Bl 3 15 2 B A% 9~ 51214,
JE GBI 12 B0 Y Thv7="Case Reports”# 7 #FH3 5. 2D
271X, PubMed DFRGIERRE BV — T NV EOE R E %4
Wikt Bt L CTREN TEID Y TTWD. T2, CHkZ A LT case
report”F7- 1 case reports” & e SCHRHFEFIHE &L CHUS T
%. LLT @ PubMed 7 =V % W T, SEFIEREY A MBS L.

e "case reports"[Publication Type] OR "case reports"[ti] OR

"case report"[ti]
REROFER, K9 180 T3 EDIEFIHRE DVAM AL, ZHHD
AN B L QT 7 AT M PubMed 23 HEARLTE.
22 AobOP—FAWT/T—avftE
(1) BHRMBICAWN A FOD—

Frhav—i%, HIRA OB E S LD THY,
is-a % part-of 72& THERR O BIRANE LS4, B FTHIE R
TRIESN TS, A by —DRE&IZIE, ENoERILT
DI DTV PHTENTEY, HDTFAMIEENLEH
by —oBEE) 2T 2RI 352803 TED.

B i, ZLOIEGIRFE Y AT L THAZI TS HPO Ofi
{2, NCBO BioPortal[BioPortal 2017[IZ & &SI TV % 540 14
(201743 HRER) DAY EEA L by — D PSR 724
Bt ar—EFIHALIE(EE ).

2.

Frhay—4 M2 JHEER
Human Phenotype ErDOERHIUORF TS 11.877
Ontology (HPO) G4 ’
Orphanet Rare Disease ~ ErDOAARBAIZETHH 2910
Ontology (ORDO) ES ’
Human Disease

e EA BT D T 9,342
Ontology (DOID) iR "
AR Ched BLER) TIEMEZR
SNOMED CT . 320,338
I FELE
Foundational Model of N -
oundational Model o ORI B 104,258
Anatomy (FMA)
Mammalian Phenotype  MFLIEOR BTN T 5 M 11.856

Ontology (MP) FhtE

#£1. FHmHicHWEA Y —

(2) AorOC—ZRAWERBESRTLA

Frbuy—& MO R o 27 I EAAE T D08,
FTA TP A X478 O HCTlE NCBO Annotator[BioPortal
2017], MetaMap[Taboada 2014], ConceptMapper[Groza 2015]
NESFIHENTRY, Fofhx (GATIA T ARET —F X
— A& % —)i% PubDictionaries[PubDictionaries 2017]Z B J& L
TS, ZORPBIEFIRE RS AT KRRy AT Lk
BRI D701, AUERH L1 hh RS B A e U 7= 1
HORS FE ORI IE, A v by —IZID bz Fala & T 0
B, AR TENDAGEAHM LI BT — 2R NE L2 5.
LRIt G ET B4 MY —DH T, HPO OARIEMT —5 3
ARSI TWBHPO gold standard)[Groza 2015]. #ZC, HPO
gold standard(228 DT T ANV BTN EHWT, £ AT
LOIPRFE L, G2 - B -F EA L7z,

# 212 HPO gold standard % FH\ 72 5L BRIRE ] D LG SR 27~
F (= BHEE  Intel(R) Xeon(R) CPU E5-2697E@2.6GHz, 64G
of RAM, CentOS release 7.3, BT/ ITFA—F: 5 74 /L}).



AT LA ALBRIRF[#] (sec)
PubDictionaries 554.6
MetaMap 351.0
NCBO Annotator 206.0
ConceptMapper 4.3

2. 1EHAhH S 2T A ORI RE B

7% 3 |2 HPO gold standard &V \oii &3, FBLE, FED
ekl R R (FEATNRTA—F T T L)

TAT LA HEFR BIHE F{H
PubDictionaries 0.47 0.54 0.50
MetaMap 0.51 0.61 0.56
NCBO Annotator 0.54 0.47 0.51
ConceptMapper 0.52 0.51 0.52

3. WAL S AT L0 G R FFELER-F E

WA, B, FELZEBELZMAER, B4 313 NCBO
Annotator 23 b R<, FELEIB LD F fHIE MetaMap 23 5H &
Tpofe. LLZRBGMLEREIX, ConceptMapper &% Oftilod
VAT AEORICKERENRDHY, 2 F B B 23 E
NCBO Annotator &H#EL THH 50 EDOENDHS. FHHRL F
EREHE MetaMap 28 L7845, 1 DDA by —%
T 100 BHEOT 7T AR 7 NpbiE @it 320108 17.8
HZE3 5729, EHMTIEZV (ConceptMapper (347 0.2 H).
ZO7=, F AN 2 F B, B A %A #7
ConceptMapper #£: L, BIEFIHREDHEK 1 DA Iy —%
MoTEREZREL, £hbaT /7 —rareL TS LT.

2.3 BUEFBERRFIE

B ORI A LIS, BIEFIHE LOBPEEZHE TS
FIEZOWTLL IR RS, & F L, FEEUE O RIECRER
WEDY AN 1T 5.
(1) HPO ZUM=F i (LI, HPO-Sim &FF5)

12DOF vy —% WIS R R Rk <Rgs S
WTCNBD, ZDOHTH Gene Ontology[GeneOntology 2017]%
KRR SN L EF H FIETH D simGIC[Pesquita
200711%, TAT VA AD 45 B TILSH SN TV 5 [Buske
2015]. ZOFiLElE, TOREMED Information Content (IC) %
HELTE(RK 2). Ziug, X1 THEIWAHE c BLOZ
O TR (is-a BAGR) M —  SAHIZ HHBL B 8H E (annote) &,
EREE O HBUHE (annon Z TLIZEH RSN DHMER P(o) 2RI
T5.

P(e) =1 (1)
IC(c) = —logP(c) ?2)

X 3 T, simGIC IZLDIER] P LIEBIERE O OIFELLE Sim(P,Q)
ZEET 5. Concepts(P)IIER] PIZEIV Y THNI- 2 TOMES
c EENDLORTO Efi&(s-a BR) Dy R T.

Slm(P Q) _ ZceConcepts(P)nConcepts(Q) 1C(c) (3)
’ ZceConcepts(P)UConcepts(Q) 1¢(c)

(2) BHEALOD—FRWNE=FEURE, Multi-Sim EFEA)

Al # 1 TRLEEBDOA P —2WTT /T —a
YEMEL, ENLETOT /T —varEfAnTX 4 [#D
2008 CHMUEZFFELTZ. R(P,O)IX, n HDOA I aY—%H
WG OIER] P LIEFIERE O DBIELRD. Simy(P,O)IT i
FEHOA MY —|ZLo THEEHENTZ P& Q D simGIC IZX
DELLETHD. wild i B HOA b — (K DHEPE ~D &
HET. A E, FMA & MP OFE A% 0.1 &L, TOfhE 02 &
L7-.

R(P' Q) = ?21 w; * Slml(P' Q) (4)

(3) Bag-of-Words ZRL \=F % (LLBE, BoW-Sim &IEAY)
Bag-of-Words & H\W\2354A, SEFIHE A CHEBLL - HiGE
Bwe vel, BIEFIHEL VIRITTONIMVTERBT S, ~Ik
NDFEFOMIE, %4+ HHEED TF-IDF[Zhang 2011]&L
7o JER) P LIEFERE Q OMEEEE, R ENDONIL D=
YA SERIEEL T 5.
(4) Doc2Vec Z#FL\f-Fi% (LIFE, Doc2Vec-Sim &R AY)
Mikolov HIZ LD 3 HEERBL (N V) 2452 FiE PV-
DM %4221, Doc2Vec BV a— /L L TEDFRELEEL-
[Mikolov 2014]. ZOFEIL, EEDORIDILEIZ ID 5L,
ZD ID PBAERSNDLEAZ VL, CEITE 4D BFED
DARRINDHFERI M ARSI MVZEICELE T 5. 3% E
U7 SCRGE e 3 2 HLEE) IS B RE A IERR IS T HIT&E 2401,
Za—F Ry NI =22 W TEBH O L ELEEZEEL,
I HFE R ML E LRI MV ESD . SIE GRS & %
BT —HLL, BREPREDRIMLEED. EF] P EAEF#H
QOB FNENDTILOaY A AFLEE TS,

3. FBUEHIFREREFEDO M

ClinVar # W CGEIE A R LR BB LB T HEFIHRE 7
ML, FHEH T — 2y B L. Z0ORHMEi AT —4
Ty HWT, BEVERIHR SRR TFIEORBEL gL 7.

31 FHERT 2ty MER

ClinVar 13, ERIZBWTEBERR S T ERERBBER)
EOBBRMEERVIRS T — S _X—2THY, T—H% FTP +A1h
(ftp://ftp.ncbi.nlm.nih.gov/pub/clinvar/xml/) 7> & HifF T 5. 4
[@], ClinVarFullRelease 2016-10.xml.gz & H5L, 205,738 {FD
R AR KB a— N A, VPLa—RERES)ZHHL
Jo. BRI VP La—RIZRET D720, HIHM (R
)T Orphanet ~DV 71385 57,857 IRIKVIAF, IHIZ,
Clinical Significance 73”Pathogenic” %7213 Likely pathogenic”
Th5 36,667 FITRVIAATL. & VPLa—RIZi, £O#EET
IR EF BRI RB)OFERIT THLMMILBMDTHI TN,
ZIT, 2 UL EOFEBIEHE BHEDIT BTV S 806 1D VP
La—RERELT.

% VP La—ROEFIHE Y MIOWT, 1 D& 7TJELT
TOMASELUEGI#RE L ERL, 2,011 4017 o VEFIHE—
FELUEGI RS 1Oy MEBASL, FHMER T —#2yheLiz.

3.2 FHEAA A LEHMEIER

FFET, 7Y OIEFHRE LIE B R & OMRELE A5
BL, BEEORIETREFHRE DY AN ERAGL, 7T EXfIT
PR 2 BEEVE Bl DAL 2 3R ¥b 7. FEBUAE Bl i s S A
THHEE, ROEWIRMZZ3R AT 5. X AL Oy ho%K
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2% 2,011 fERKIZED LB G % RecallX LEFEL, FTFIED
RecallX ZH#BIL 72 (3K 4). ZTDORER, Recalll0 & Recall20 Tl
Doc2Vec-Sim 2 ich i WEIA L7220, ZOMIE Multi-Sim 23
HEWEIG LTz

T Recall Recall Recall Recall Recall

10 20 50 100 1000

9.1% 12.6% 17.9% 21.8% 37.9%

HPO-Si

184 (254)  (360)  (439)  (763)
Multi-Sim 24.9% 33.4% 45.0% 51.7% 71.5%
(501)  (671)  (904)  (1,039) (1,437)

BoW-Sim 13.9% 19.3% 26.7% 32.6% 55.6%
(280)  (389)  (537)  (656)  (1,118)

Doc2Vec- 28.1% 34.1% 42.0% 47.3% 66.5%
Sim (566)  (686)  (844)  (952)  (1,337)

£ 4. FUE B H S SR F1ED RecallX g

4. BnYIC

Doc2Vec-Sim |37 TN L THHI L& RITRELIZTIETH
5. oL, T LLZZUNLELIRL T, 2—F R —U—
FEANTHHEELHD. 72 RF—T—RDEHA TH Multi-
Sim (L@ A FHETHY, DA 1T Doc2Vec-Sim Z R &,
Recall10 & Recall20 (2350 v Multi-Sim 235 h W EIA L7225,
F7=, BEFOIEFIR R S AT LMIFELEFIR TR I HPO DFH%
FWTWBR, £TD RecallX (28T Multi-Sim OE|A A3
HPO-Sim & H TR 2~3 %5 15<, HPO LIS DA by — 31
PUEBIRFRIZE N THHIEERIBL TS, BT, FEPICE
RERIZHWGIS Bag-of-Words X° Doc2Vec ZFLAIAA T F
BREHELTH, —#& T Multi-Sim @ RecallX OFEIE& )
@<, FrhaY—a2 MW HE TR~ ORI B L OE RA IR 3R
NHELVEGIRRBRICE N THAZ LB LTZ. 4 %1% Multi-
Sim ZALIIAATEIEBIRE R RS AT L%, EEROREIRIFE
SR ZWBREOZKHTE ALz,

DL, ET REHESFET D, 7/ 7 —varkft 54
DAY —EATEIZ 6 DERLIZD, s A EEIZE
T HAL Y — XS AFEL, RFIEICREZRA by —
FHECERIRTEHEEZBZDNENDS. £z, HLELH
T DBEOBEABLEOMEEEI Y T, XA Xkl
DT NAVALEANT, R EAEREBRTHILERHD.

5. HiEF

AWFZ21E MEXT BHFE 22150002 DBI%ZZ T 7-H D T .
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