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The biomedical review article is the trendy issue at the moment leading to the huge
amount of health information generated rapidly. In this research, we propose a new
automatic extractive text summarization technique based on graph representation
generated from the Unified Medical Language System (UMLS). We combined the
graph building rules with a distance function between text documents, called Word
Mover’s Distance. To prioritize the core sentences, we extracted the summary using
various graph-based methods. We compared our results with other text
summarization software using 5 datasets. Each dataset contains 400 biological review
papers as a corpus randomly sampled from PubMed Central (PMC). Our approach
outperformed up to 22 percent with the baseline comparators in terms of Recall-
Oriented Understudy for Gisting Evaluation (ROUGE) scores. Furthermore, we
compared various graph-based methods: PageRank, Degree Centrality, Closeness
Centrality and Betweenness Centrality. The results showed that the Closeness
Centrality got the best performance score for all experiments. This approach could

be applied to other domains depending on selected ontology.

Field of Study:  Computer Science Student's Signature .......ccoecevvieennen

Academic Year: 2018 Advisor's Signature ..o



AnRNssuUsznne

< J

WeninusatuiidnsagaelaniunnueyATLivete131sd A3 A9A13 IB1ANa

o1sdfiUTnvAneiing deinuldaaznailinimg Widwinw asvaou ufly Widuuzih
mamIde wavatvayuaurilinsideluadeddiieaninded Srmirdmensuveunsean
919156 A3, AaAm Anna 1 o il
YDUVBUNTLANNTIUNTABUINGITNUS 589M1aN519136 A5, MIRY Lailaed  pesen
fnemansanse fg. fiswa 1iiga warTEIMAnTIaN3E A3, Waans AusTngal finganda
el nsaseuuasuilvineninug Faduusloviedidiansimunanuised
YovoUNTTAMMUDINIEYNYINY AlFUszAvEUsramivliianud auausaian

UszgnaldliAnusslevidluyn 9 sy

a1 a

VNeign YaNTIVVBUNTEAN ANNe ALY wazasauaTidmSumMATlania1gs sauis
vavaUNTEAMEUAuTy Y luagnu fidauiousinau Juil sulswwasiinsane Nneelv
Aasla Aeesuildlinisatvayuiasaoeyisdoluniueng 9 wasviudu q Nllana el a
A& da ! va a s o Jo @ ! vy a
1 Pdweliinerdnusatuiidnsagaslulanies

v &

£ 1% [ ) 1 a & a a ¢ o & < ' v
aavined 2rmnunisladuegneden LUEJVT'{LUTV]EJ']UW‘L!ﬁQ‘U‘UU'E\]%L‘U‘Llﬂﬁgiﬂsﬁul,m%l@u

9

v 1 & v
19 hlunnndae

YANT BuNUIANITY



R

UNARGDATIVVI oo A
UNARYDATEVIING eoorooierseeeeesseeeess s sesss s 3
AN TTUUTEN oo g
BNTU oo 2
ATTURURNIT N ettt Y
BT TUEYTUA I oeeeeeeeeeeeeeeseeesesssess s ses s b
T IR T DO 1
1.1, TUMAZADUENTUTOITIEI 1o 1
1.2, FOQUIBENF 1o e 2
1.3, YBULYANTTATUIIU oot 2
1.6 U TUTANNINIZIETU oo 2
15, DI UYLttt ettt s oo 2
1.6, WASTUANUWANNGTUITY oot 3
UNT 2 NOUARAEITUITOTABITOG oo 4
2.1. ﬂﬂiaqﬂiﬂﬂaﬁuﬁﬁﬁm (Text Summarization %58 Document Summarization)......... 4
2.1 00 FAQUIERIF e 4

2.1.2. QAATIHAULD 1 4

2.1.3. TBMTATULRAVIAVAGY oo 4

2.2. DOULNILAD (ONTOLOGY)......oeeeoeeeeeeeeee oo 5
2.2.1. AURUNBUOIDDUIILAD oo 5

GUETY

2.2.2. AYINIUTTEVEDDULTIEAT oo 6



2.3. MIANUEIAYIABITN1TN19NTIN (Network Measures) .............coooveeveeeveceeeeneeeee. 6
2.3 1 LWALTIA (PAGERANK) ..o 6
2.3.2. AAILTUAUENATN (Degree Centrality).........rrrmerrioerrsoerrreerninns 8
2.3.3. A1ANUINATA (CLoSENESS CENLIALLY) w.ovvveeeeeeeeeeeeeeeeeeee oo 9
2.3.4. AIAUNAI (BEtWeenNess CENtrality)... ... 10

2.4, Sxe¥RIMSIAAeUTIveIr (Word Mover’s Distance : WMD) .......ccccoeeievevereenne. 11

2.5. UNANUSYIAY (Review Paper 30 Literature Review Paper) ... 15

2.6. FUAOLAUNAIITUIUA (PUDMED) ..oos e 15

2.7. Unified Medical Language System (UMLS)........ccoooiiiveeeieeeeeeee e 16

2.8, MITIAUTEANBAIN oo 18

2.9, AU UTI A ITOU. oot 20

UNTL 3 AITOBAMUUBAZIOIUY 1o ooeooeoesee st s s eessees s ees s sees s 25

3L A IINTTHUDIITNNT oo oeeeeseseseseseseses e e e e ee e ee e eee e ees e e eee e ees e eeese 25

3.2, MITUATHUTVDUR cooieeivvrirsssssssissssssssssssssssssssss s heessses e sssessssses s sessessssseee e 26

3.3, ANTIOTHNODULTILAD oo e 29

3.8, MITATULIADIUEIALY oo 29
3.4.1. MIAUNIADULLUADINDDUITILAD ..o 29
3.4.2. ANSAIUITZHEINITAROUTVOIRITENINUTEIEA oo 31
3.8.3. NTATNATIUAUUTIAVIL oo 31
3.4.4. N1IAAADNUTELIRT IR o oooovooeeeeeeeeeeee oo 34

UNT! B ATTNAROIRAZRANTINRAGDY oo 36

4.1, dn NI oL LAz AS O OTHIUNITNABO e 36

4.1.1. PEURNADSTIFIUNNTIINITAABD oo 36

812, ANTEUUIUTINITH oo 36



0.1.3. FoyAMIFUNVINADY oo 37

0.2, AVTVAQDIANURUUT .o ee e s s ees e ee s ee s ees e ees e eesseee s ees e eeseeeeseeeseees oo 40
4.3, AITNARBIDATINTTUDA TN oot s e s eee e es e e e e s eeeeseeeeesees 41
4.4. N15NRADUUTIUTI S UNATBINUIRATIEWGAUD oo 42
4.5. N15NAADNUT VT UNARUSIUITOTUAEITOL e 43
4.6. MIVAADUUIBUTIBUIEN SN TR M AN AYVEIUTEIEA oo 56
UNT 5 ATUNBNITITY e 59
5.1 ATUNANITITY coorrrvveveceeennsssimasiss e ssssstsases s 59
5.2, WUANINITULUDUIRR 1. s seessee s eeeeee s sesseeees e eesseees s ees s ees e eeesen 60
AVVABUIN.erreneeeeeereeeeroe Bl A Bk o i et e vereraresereresseraseseresoserasserasseerasees 61
AIARUIN N. AIDENVBYAIIN UMLS MELALNESAUIUS ..vveeevereeivvccereresesenniceneneesseenn 62
AANLAN . UNAN TV TEIUNISNOROL oo 66
AIARWIN A, UNAUUSTAUTIAIUAITNARDS 8.5 oo 67
UTTOUNUNTU e eesessmmmeeeee s s111211 8RR 74



UV MR

2
AU
Qll L) = [ A o w aa 1

M5 2.1 wansiTeuiisun1sAadennundAglaeisn1sNnTINENS &) 11
A5 2.2 AFUIIUITETIGITOL v 23
M1597 3.1 eg19UseleadAyNgNidentagBNITNINTINAN G e 35
P3N 4.1 T198888AVIYAUNAUUTAAUNLTIUNITNARDY oo 38
AITNT 4.2 HANITVAADIIATALUITILANNZELBITZIE ISR U ST sUsE oA ... 40

AN5199 4.3 HanN1sNAandlgonsIdIuRLANE1lUNISgaUNAMUNUUSEANS AluN1SEaANU

AN5197 4.8 AN15UDILUAATLY LU ITNIRRDY. oo 42
A15799 4.5 nan1siTeuiisununasnuauslaely 400 unanudsiamiAenulsAuiSe. 43
AN 4.6 HaNSUSeULsUIT N sIUELeUWITeNeata gl 1 uney........... 50

A15799 4.7 nan1silTeuiisunuleiiietaalesld 400 unauUsvialinedulsauzise

A15197 4.8 wan1suUSeuisuEIdenneItelasly 400 unenuUsviEdeIfy

1SRN MY e B WAANN I MU WIINEGNAS 53

AN197 4.9 HansiUSeusuwIdenelTeaagly 400 unanuUsAlnenulsaEila

B ETARBALED v veoeeeeeoeeee e e e e e e e e e e e e e e e s e e e s e e e e e s e e 53

157991 4.10 nan1sSeufisuniTeiineitedesld 400 unanuUIRmLAITUlsAQIUA

s
-
al
2
Lo
=b.
R
Al
—
>
o))
>
-
=
(il
anb
™
c
=p
™
c
Lo
-
=
oD
™
=b.
b
™
o)
e
©
Lo
=
>
™
—23
Qe
~
o
S
c
=
)
)
]
¥°
(el
anb
e
=
Za
b
™
)
e
c
A
aN
>
L)E
=

A15799 4.12 wan1siSeuiieuisnisnansnlaely 400 unanuUsiriineadulsauziss 56

AN51997 4.13 wan1siUseueudIsnisnans Wlaely 400 unanuUsiFdRenulsAL U



&y

AN5199 4.14 wanisiuSeuieudsnismans wlaeld 400 unanuUsviEdliiedulsailaLay

VIDALTIDN .o 57
M1399 4.15 wan1siseuiieuisniamansmiegld 400 unauUsvimliAeatulsagiun 57

AN 4.16 HansUSeuLeUISn1sans Wlaely 400 unanuUsviFElnenulsAoIu... 58



GURITGTRTHIY

v
SUT 2.1 degnamaifienleamti i ukagnsAUMAUIANTIT 7
U7 2.2 198719051 UNTANLIAIATBITUGUENEN 9
U7 2.3 $1981an 51U TANLIAIAIBAAETA 10
SUT 2.4 $79813n 51U TANLIUAIATBIEEYNIATI o 11
U7l 2.5 dhegnanmsdugalunsdnastezinamsiedeudivesinsdldaudviniu.... 12
U7l 2.6 fhegnamsdugilunsfnaszesiamsiadeuiivesinsdldaudlsivindu. 14
SUTL 2.7 TOUILUDY UMLS ..o 17
gﬂ‘ﬁ 2.8 Ontology-sentence tree UDIIUIDY [25].....crveoveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee . 21
U 3.1 AAWTIUBTITNNT 1o 25
SUT 3.2 FURBUNITITONTOYA. ..o 26
SUT 3.3 fetnalwdEndi8uueavesunAm MUSHAURINRUNA e 27
sU7l 3.4 dhetnamavesnsuvadlndunaraniienluyinnisasulan @@y ... 28
5UT 3.5 é]’aasm%umaumsﬁwmmaxmm%’aaﬂa ........................................................................ 28
5UT 3.6 AnadenloadoyaeaulnladAumMFomITAUM 30
SUl 3.7 dhegsiunsumasuisyianoeulnladuoudasUstlon ..o 30
SUT 3.8 $0813AN3E0EMINTIARBUYDIFNVBSUTELIOAUARLE ..o 31
U7l 3.9 Fanesdilumsdaaulaaradudonseninasslon o 32
U7 3.10 fhegraduTonfignainsd 3 unmasTium. . .o 33
SUT 311 FABENATIIUNUUTIIIIE 1o 34
$UT 4.1 el ToMUB FHUTURBURTS - 37
5UT 4.2 nsvluansseasBonyaunanuUIvimildlunTaand o 39



TUN 4.8 UNARBBAURTU oo a4
U7 4.5 wanawanisagulanuddnlagld Auto-abstract ... a6
5UT 4.6 uanssan1sagUlannad W alagld TextRank ..o a7
U7l 4.7 uansanisagUlanrmddnlasld itemset Summarizer ... 49
U7t 4.8 uanswansagulanuddnlngld PageRank WMD.........ooocooooo 49

g“d‘ﬁ 4.9 WENINTINWNUUNAIY Importance of antiresorptive therapies for patients with

bone metastases from solid tumors TAEABMTIUWAUS ..o 51
SU 4.10 wunmndesesrammanessIoTiA ot 5 yadoya. 55
U N1 NOUIYNTUTBYAVOT MRCONSO oo 62
SUT 1.2 §20619905891NIHE MRCONSO.RRF ... 63
SUT 1.3 NOUNNTUTYAVOT MRDEF .o 64
SUT 1.8 §10819701aINIHNE MRDEF.RRF .o 64
U 1.5 NOUNNTUTBYAVO MRSTY oo 65
SUT 1.6 H0E19T0LADININE MRSTY.RRF .o 65

JUN A1 UNAUUTAAURIDENTIINAROU 1ot 74



1.1. MuuazanudAgyvasdaymn
UNANNUSYIAL (Review Paper) 1uunanuiis1usinunaiuise (Research Paper)

Aa & [ o o = =~ =
nany 9 ‘UVIF"I']']@J‘V]&I'U?SLﬂVlGU@QLUE]W']E)éJjLUﬂ'@NLQEJ'Jﬂu LLa%iWSﬂqu@@ﬂﬂqlu@ﬂiﬂmﬂ@ﬂ%u@ 4

e

MauansruAnuYeIilio Jisudufnuauideinasisuanmsinyiunanudssiani

P ! 1 A v Y A ad ' a v < A ! v
L'WEN?EJG]E]ﬂ’]iLﬁ@ﬂ‘VT’J“UE]‘Vii@ﬁ]ﬁﬂ’]i(ﬂalﬂ I@EJU‘I/lﬂ’J’]iJ'J"i]EILUNUV]@'J']NVINQQ’]EWI@@?YJWME

3

ANAR senan1sAuny diulngasinuiuaivvesdoyainsizidudanlanniside
yanaiegluuininsidedingeuiessliiuyuniiuietiaie lnavauiwnauiivae

anuLLUWUNGULEY fie feuilunagdeuanizanan

¥

P Ao cXey a2 ~ o v & a a
L HBDI91NUNANUUTN AU ELGZjﬂ’]‘U’]V]L‘UU“V]’]{]ﬂ’]i Nﬂ’ﬁisﬁ?‘n WW%UQQLL@%ﬂ’ﬁLiHULiHQ

2V

Y 9 =3 v oy v v gy Yy ] - v
ludnuwaizianizdy forudedulssinulilanseuduivldanuindeglunisenuieldile

[
a I~

eazdenvesunAINty 9 Wweiiluimsisisels JyviAegeuldatunsadaienladn

o

Usglealatnendfey Mluanuiudniigideuuneniudenisiiaue 1A15e1uLasdaTz

Y

=°

1A NIZDLNTINUUNAMULANIEAIY TITAIENARANIEN AT ANYUZRNIZH 9 ;:Ja"m

D.

Jugisusunsegeunldldegluavtuusfionisniuaissuisedi o19vzddliaunsasu
Tildensyegnagnsenassansale
Tulagduilimalulagiinnuirminliunn wysdaunsaasiessvuneuiinesii
o a Ao & Ya X VY a P a P ¢
nseyindwing q NliiduldlaliiaetuliasdeganizegadimsianangAnssumiiouuysd
WU sogudansaduindowesl sauluineednaenesld seuudldeIvIylie1vuenIs
wistwnudnseauiugiauseauisndlan viugudanunsaldneuiuuyudlalaedilanaen
n1sflawazldneulnenaneundunild sauludedvrediudiluauninliunainsadila

o @ N fa ¢ v v Y] Y v I3
m?@ﬂ@iWNH@UWNWLSU"I"L‘ULLazimma'UﬂaUuqlﬂgﬂqﬂgﬂm@QmiﬁﬂigL@u

[y

Wesnnyniulgaulsuiuniguaiugunimsesnieiuuindu unainuUsiaminig

o v

%’Jﬂ']ﬁLLWWEﬁ]Qﬂ']ﬁQL Jun aﬂﬂﬁl MidnaumAgINselnsoaniluuleayiu Aeaw

¢ -

A @ oA Y 1w NS v T =1 D3 o = o
figedudednd ndugsisdisuiioglusuiuagdsruiluitaulalunisinuauam

[

miglnaratenul ganidslianuaulanifwuissuvasulannuddydnludfianunaiy

Y

Usvimdlugnudanisunnd iedrsanarifeuldlunisiiaudilanazuaiszain

UnANImaNTY ieldaiunsaidnladei B;I:L JUUNAINUABDINISU AU lAelEITN1TN



ADNNLNDS harldunauUSHALlunNITHAILILALNAAOUSEUULLINTunAnd oLy

dudsenau damabianunsaldlinausslesdlunisianavesssuulad wazaiunsatnisnisn

Ialumegeanlianansaldiuunauussandu 9 Avanuanglalueuiandnaie

1.2. Inguszasa

A o aa o w a v ca Yo v A
L‘W@W@Ju’]'ﬂﬁﬂ']5a§ﬂlﬂﬂﬂquaqﬂ€y‘ﬂqﬂUVlﬂ'J']ﬂJﬂﬁVlﬂUVléﬂsﬁuqLsU'ﬁg‘U‘U NBDYIYAMNLIAN

geuldlunsianudilasazsulannuddyngleuunainudesnisiauslaegig

gnsias Tngldeaulnladuagiznismensu

1.3. YaULUANITANLLUIU

1)

Hunisasdlanudidguuuainainunanuusiainisdanisunnddiuiu 400
UNALTILA 5 YA
anunsoagUlanuddganunauyivimildasiasatdamany

AMINAEDULAZ AL UUAZILUT UL USHATUN1Tanswnmd TneasiSeudiou

a

AUASTUANURLALITNINSUNEUBNBUNTIN

1.4. Yszleninaininazlasu

1)

Hsn1snanunseagUansedfganunanuuiinilawasUssenaldlatiuveuies

o

(%
Y

mmimmaauimiagﬁlﬁaﬂiﬁz’f mwmmU‘%ﬂ?fﬂﬁﬁLﬁummiﬁ’ﬂﬂuaﬂmLa‘wwﬂu
anuinisunmng liannsaannarluniseuunany wasinlalaegagneies as
Useiiu

Preligldanunsodlaunenuifidenluuiumann

fyerviwrsunninaibigaulaaunsaildauldn

https://github.com/coshiang/SumOnGraph

1.5. 35115AHUIIUIY

1)

Anwimnusuagngufiingives

LY

- AnwdnwazrasunanuUsvimdnasihwatlaaud Ay
- ANYINUIIENAANEARINUNLAULALYINLINDU

= ax v =
- Anwisnnsldeuseulnlal

- Anwmgunsm


https://github.com/coshiang/SumOnGraph

- AnwnunutenuwuUANEeEY (Word Embedding)
- Anwimsmmenuedslagszesiisnisiadouiivesd (Word Mover’s
Distance)
- AnwiEmsiauarUssdiuna sufideyaiiaziamageu
2) 99NLUULINAALAZNNTIALaEUTEIEIUNS
3)  WRILITZUUANULUIAARAN
4) vegaularUIziiung
5) ANUWKNAIUNIIYINNT
6) ponuUULIIANETLATTUUTIsEUUIATY
7) aguran1snaaoaziavinaIne g

8) ADULALLNEWNTINGITNUS

1.6. NAMUANUWIINGIUITY
dunilwosinordnuslésunsianiuazinauslunuussginnsseduuiunea
Chuleepohn Yongkiatpanich and Duangdao Wichadakul, "Extractive Text

Summarization using Ontology and Graph-based Method" Iuiﬂmmmiﬂizﬂgu%’lmi
UIUIY1A The IEEE 4™ International Conference on Computer and Communication

Systems (ICCCS2019), February 23-25, 2019, Singapore, p. 105-110.



una 2

= av dd v
VIi]‘H{]LLﬂgﬁ']U'JQE’JVlLﬂEJ??JEN

2.1. Mm3sagulandudAsy (Text Summarization %38 Document Summarization)

(% =) o w

nsasUlaruddgrienisagaszdAy Wulssinvmilaveansvimiestoa

o

(Text Mining) Wun1sanminueiluenaisiiduas nsedu wadsiileomadfasudiu

[

TapudrAgaiunsaesuielalunainvateguuuy windnlunisasisdaninudfsgy

4

vauenasuulsenaulusie Tnguseasd (Intent) 3nAuaula (Focus) LaguauLun

(Coverage) [1]

2.1.1. Taguszasa

Trguszasnfensesuiefenmsuitanudfgluldgaudalasiai [1]

[

1) TamudAneuutwie (Indicative) %ﬁsﬁamaLﬁmwaﬁ%ﬁﬂﬁﬁémvﬁﬂaﬂﬁsLéﬁu

v Y

v o
(% a

wdnvesenasatuliiy 1nsuth BeeleTuusdy 9 Aenfuiilseamanuauonans
ImEJﬁ’JIULLaﬂf\]m’mﬁ’]ﬁgy‘dizmwuﬂm}zisiﬂumﬂma'mémﬁawamLaﬂmiaﬁ’u
I~
LA
2) lapnudAgyuuulvideya (Informative) Wumilousunuvasenasatutdiy asiivu
Toyasgay Laawmﬂm T,msﬂ,wmummﬂuﬂamﬂﬁmmamammmLLamLL fgume

) Tamnuddnyuuuyssdiue (Evaluative) anduaguidiomlneyusosesd o

2.1.2. yanuauly
apuadlanuetsweusvestoyaniaulaonvvzunuudeyaaly (Generic) #3e

14 PN Y o ! 1 = o ¥ Y] déj 1
TayannseiuA1ve (Query) agnslaagranils lamnudAyuuudeyamluiiiugiueguy

o w

TamnudAgranvselaanudrguesendans TuvuilanudAywuuteyansiivmvegn

(%
U

aianinisedagangdaiualaggidesnislanudiayii

[

2.1.3. Fnsagdlannuddny

<

msasulannuddgyaunsanuslaidu 2 wuundn ¢ fe

1) 38MsaguuuunImsIn (Abstraction) LUun1sas1eusslealndduunduunasy

L4

Wiguiailouduidasuvesuyed Fewadddnisinsiznaainauatumendnnismia



A191AERS (Semantic) 1aaldi8n15m19n191555u%1@ (Natural language
techniques) [2]

2) 3Bmsaguuvvainanduativ (Extraction) lunissiusandszleaidrfgain
unauduatuinasaduunagy wilsududugedidglaglduinndudoniiy
fnagldisnisasulamnudrdglaeldgiuainus (Knowledge-based) wagnisagy

TaanudAglagleisnismieads [3]

Adelulagtudilng @ a.e. 2017) WuiEMsagUsuvainanduatumse

HadnsANIazienIIsMsasULuua Tz lidssassUselonaginies (4]

2.2. 9aulnlad (Ontology)
ooulvladidunisununuilegldlnuaiiiouansnouieysuiofuny (Concept) lu

[

NNSUSTENELALITLAULTDULNDLAAIAINUAUNUS 58131999 taenalulasaas19vas

[y

saulnladaregluguvedlasaiiauuulianudu (Hierarchical Data Structure) [3]
2.2.1. aAnunugveesulnlad
paulvladfelaseasnevesnudwuIANAngIUsTTENEANIeg1adivaulnlaY
JasesegludiutunisangnennudINuSHaL
1) powUANIaRILNU (Concept, Class) nungfisnautgUnlurauiunuesniui 3
I3 @ va a v a A =3 ‘:4' a = P
ansailueslsflamfeltudignadnis wasiianunsasiuieseasieals 1
spulvlagvesdnd asugudnazanunsaluldva wun un gl wie omnsaily Wusy
2) Auauydd (Properties, Slots, Roles, Function) vungfiennaudfaig o Meivasiv
¢ o a & 1 a LY} £ I %
mougUdLiethuldlunisesunereuaUdiy dvesatin sianvesguv Wuduy
3) Anuduius (Relation) vanefsnisuansanuduiussenitmeusualuguiuusiig q
U AuduTusSwuuasutuAslursuwURgos (Subclass of 138 is-a hierarchy)
Ae AmuduRusSuuuniauaudansatenennuautivesrawaUdulludinauds
an U Dog is-a (an) Animal Fsesueliinatiududaislanieanuduiuswuudy
drunilsves (Part-of) Aeanuduiusfnuieisnisiludiulseneu Wy Tail part-of
a U1 < 1 = LY
Dog 5u1elain vadudrunilsvesaiiy
4) pysnzgnisudamuduiusniowani@en (Axiom) nuednsinglunisasng

ANUFuRUssErinemaulgUAiuAauleUd nionsuUddunuandfielyla



AuvN1efignies 1Wu Dog E Animal agwuteia Vx Dog(x) —
Animal (x) Ssefureldigiumndndudng

5) AAs (Instance) vaneisAasinserasifsmunauninglilueeulnladizos
tu 9 Wisuldtusdwiiane 1wy Mdnviianzvesesulvladatiy asdsenouly

f8 UKL Fug Wudu

saulnladgnldlunatsaivivn 1 eoulnlagen soulnladiy eeulnlagna

[
a a Y =

F3nen waveoulnladvesdu \Uudu seulnladilugiuaiuingnadrstulaefilawmun
June wazdanudAglunivesnsidugudnanivesniug Fanunsagnldausiuiuld uas
91nnsfiesulnladausaldausiuiuladu Miliddenluwsvesnisiindvunlelnl wazds

aunsaiinAursatUasulUasesaUsznaunng 9 lalunienas [5]

2.2.2. pwilldusseeesulnlad

awiliusssrsesulnladlutiagtiuiivarsniu wu nmwudndiduuea (Extensible
Markup Language : XML) ﬁ’@um%uimaﬂdm W3C %a@l%aﬂmmﬁmum wiin (Tag)
Lenn30ad (Attributes) uarlassaretoyaduedld udsuuuuveantwliiiesnasronts
dlaanumnsvestoyaldnssiu uazsrndenisdum nszduegiunsldeue sudas
yaaa seuldfinsiauninsgiunwiienisusssisdeya Ae awiensdien (Resource
Description Framework : RDF) L‘ﬂ‘LlLL‘U‘Uﬁ?ﬂa@ﬂ%@%aUuﬁug’m“ﬂ@ﬂﬂi’lw ugt nwnitlalannsn
feunsasrseeulnlatld Wufssaiugiudmiunwiswesulnladivingy anwensh

WLed (Resource Description Framework for Services : RDFS) Junwfifinaanuaunse

[%
Y

Tun1susseedeyaunTuidu ussenenand wazusseIenIsauvenvesratald iUus uviail
n15Usseedeyalviinnuvuieundutuenaneddn1¥1e13a (Ontology Web Language :
= = Y a a v A4 o A o g vy =
OWL) Badun1¥1M5995UN15UTI8BInsINe vliadeyaniefusTinanvilideyaiunu
fA31unu1euInT0 wazaduayuded1inu190819989 RDFS WaEA1¥191348L04

(OWL-S) Fadunwiussengeeulnladiiaduayuaiuaunsavesiveesia (5]

2.3. nM1351ANNEAYLAEAEN15119n319 (Network Measures)
2.3.1. aussA (PageRank)
WMaLsIA (PageRank: PR) [6] 1TuASnmsfildlunisdnarsuanudrAguesmdiivain

a (J b4 [ v a A [y Id A 1 [ !
niiia (Google) ImgAruinanuiniuvaty q wihiweulesiuduiaiedie n15ineIng



¥
(Y LY S a

naruAdAylnialaivualidaws 0 89 10 Bsiargarinlng Anaunseivie PR 9

v Y

v

Bagaviniiu wazlumslildsunisdnaduifninnngia
& @ v =t v v v a = a ¥ ¢ ! =
wauseiluladeniddunisinduduresniialagigiialaldinaussiidudiunis
dwsuinimiivusiagnthianudAgunniesiiiedda uin1sll PR a1 Aluldnuneainui
Yo o s 1 v & da 6 o Ja A o A 2 o w ' &
glpduduandminiund PR aauely vadinszddidadedy 9 1ludiinauainsaiy
e WU NSEdusan (Trust Rank) [7] Ansdeadesveadiemiuaau dWudu

o w

Fn139E160U PR WAZAITAIUINAT PR U830LA38Y1INITAIUINIINEULTONVRY

)

Y & A o A Y] Yy & & . o = ¢ Yy oA a I3
WAUdUNWeN G IuTY (Inbound Link) Tngazanilsdsnanmvendudeuiunduy

o v =~ = @ Y & da & Y ) a Y = U & o 8 v i
A&y ﬂ'ﬁ/ﬂﬂllfﬂiLﬂj@u@aﬂi}ﬂu’]uuwmLua'ﬁ'ﬂ,ﬂaLﬂENﬂUﬁiaﬂaqﬁlﬂaﬂﬂUﬂﬁ]gwqiﬂﬂq PR

¥

d
= Y & Ao p L Yy 2 O & P %
Ejﬂ‘U‘u BALAIVINURUWIUNNINTIVDUNINIUAT PR E:JN MHWL?UUUﬂ%ﬂﬂm PR QQIUW’JEJ

[%
v

aunsilalunisAunman PR Dussi
PR(v)
PR = _

VEBy

Iy B, Wudsvewmtinivii@endnund u lnefl v {Quandnveaudn way L(v)

(2.3.1)

A o v oA Ql'
ADITUIULHULTDUNDDNIN V

A B
0.4 0.2 0.2
0.2
0.2
0.4 C
0.4
N——

'
Y 1

= d‘ Y & o 1 s
EU‘VI 2.1 Mg NS lgIRUILIULAZNNTATLIIALNALTIA

(1’7im: gﬂ‘ﬁ 3 U949 [6])

[%
a1

91n3UN 2.1 Waisunsmiuin wiasninivaziian PR ISUAUIAUAILREET

- ' A o P 2 v & a o Aa o Yy oA A v ~ P
1ASBYIY LHBAUIMLANATY MIWIU A §1A1 PR gavia q ITuiududeniiidiuie sy
Weallesinminiu A Iniduidl PR ge mdviu O) Wweuleswn dauntiiu C el PR

g9 inelduududoudinnuin Wesiue PR vedwiasidudentiuivinliden PR u1n



wazdmiiutiu q fideusessnly (Outbound Link) Fmiiuaudusiwauliun Aasyin
T PR fidseanlutiulignuiseantuun sndregrasundniv C fdudeueaniduien
¥ilwanansadadn PR Tdfunisu A v sreanutidu A Atidudoussnly 2 1du
ilisosUsan PR saniuaesdiuliiundniv B uas C agufie n1sAuanml PR 9zfaq
Aideda 3 Aasedl

1) Swuduiidonlyadan

2) @1 PR 91nmtSuiidonToadan

3) Snnududenlosiioonainminiuiideudain

LARINSAIUIMA PR vossanumiiulawad

PR(C)\ 0.4

PR(A) =\~ o)1 0.4 (2.3.2)
PR(A) 0.4
PR(B) = T )= 2 0.2 (2.3.3)
PR(A)\ [PR(B)\ 04 0.2
PR(C)= m + TB) = 7+T=04 (2.3.4)

2.3.2. enuduaudnans (Degree Centrality)

Aenudugudnans [8] azFesdfumiuddgainduiududenveusarlnun Bs
Tnupduisaududensnn Bedodrfidinnudugudnarsunn nualadidiaudu
audnanann vnefadnisdenlesiulvueduluedorismnn ihilvuaiivsslowiann uasd
2yIoNaNIN

[

gnslunsiunandudsd
D.(v;) = d; (2.3.5)

lng d; Ao uUTBLEUTNURIlNUA V;



vy V| Vs

U7 2.2 fegnnsmlumsannnmanuiugudnas

(‘1‘7im: gﬂﬁ 3.1 999 [8])

N3UN 2.2 e v denanaudugudnaraiiu 8 vasiilnundu o daraudu
¢ W P v P 5 a ] & a
Audna1aiiu 1 Jsasdlainluesevieillnue vy darenudugudnansnniign
Tunslkuuiienia mmmﬁﬂmmﬂ'wmmLﬁu@uéﬂmqlﬁﬁ@Lé’ul,%uﬁ%ﬁmaz%

90N mugnUszasrfideInsnse lnadudenddnldganudunienluaietie dudeoy

Foonnluuanidaiarsantdaanuaiunsalunisnszateanuduiusivlvundy 9 v3e

91NN TUNAUTDUTINUATIAE I TeIA UL RURAT 9

2.3.3. a1Aulnadin (Closeness Centrality)

Aalndda [8] 1unsiaanusimsdlumsidenanluusiifasanluivundu q
iﬂié’fﬁlﬂmﬁmmﬁumaﬁﬁguﬁq@ (Shortest Paths) ﬁi#ﬂumﬂﬁumqmﬂiuuwﬁqiﬂé’fq‘vqm
Tnuafmdslueiotis dmnluuslasidimulnddaunn ssmneddinsdeulostuegieh

deftulnuedy 9 Tunswl dnasdssendldlunismiueraiiensyagynansiiinaunseigly

Y
a

aniidunian

[

o [ &
anslun1sAuandunsl

Y

N
Cc(vi) = Z—d (2.3.6)
]

e d;j e Suwuduwdenainluun v; ldsluua v; Tagsuasuynlvualy
LATOULMETEYENNTAUNER

N Aoanuulnuavianualuiasatie
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Y 1

JUN 2.3 fregnansinlunisAnadinnulngde

(fa: gﬂﬁ 3.5 U949 [8])

1N3UN 2.3 nun v, dAmnulnddnannian nsizaAseeen1uaigseningvum

v, Wéwnlnuamaeduinan

2.3.4. AAUNA13 (Betweenness Centrality)

(%
[y

ArAuNans [8] lunisinduauszesnnsduiian (Shortest Paths) 51313gvadlviug
o 9 Tunsmirulnueinasuisududun s nduiganmuaszinaodlnun Insuansli

9

I a a

iwdlnuafifiansaniu Ianuddglunisweunengudu q egiels BariAunansgeded
auddglunswensedunguduunaulume dngnuszandldlunismyaindunein

o < o &
anstunsawlnusail

Bewy =y o) 237

o
S#Vi#t 5t
oy Og FeduIuvBAduNINdugananaintuun s ldilvun ¢

9

0 (V;) Aodnunuvsadunisidungaainivue s ldilnun t Tasrulwun

q

%

nnsmlugud 3 iue v, Wulnueddiadunasniign wszdugadenszning

NANVDILNUA V3, Uy, Vs MUMUA V4

Y o w

M1319% 2.1 wanansidentvueddsy 3 drduusnannnsinluguin 4 Iagldisnisms

o

N3R489 Ao s Aruduaudnans Arulnddn wagAAunans
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DS 0—a [ @

gﬂﬁ 2.4 spgransilumsiuindinuddgnansm

(fi37: U7 3.6 vo4 [8)

a ™ = v A o w aa !
M3 2.1 wan1siieuliisunsandenlnuadAglaeisn1meansawes o

38013 DUAU 1 DUAU 2 JUAU 3
-3

LNLSIN Vg Ve v,
1 <
A1AULUU

V2 %30 U V2 W30 U Va, Ve, Vr, Vg, U
@u&'inmq 3 6 3 6 4, Us, V7, Vg, Vg
1 va o ™
ﬂ"lﬂ’)’]iﬂﬂﬁ‘l]ﬂ Vg V3 vise Uy V5 %58 U3
ANAUNANY Ve v, Vg

'
(Y (- [y

nN5UTsUL g UnUIIAIANINATASUAIAUNANNTa1s Ul nUR AR R AN TU

o

wsgldszeenaiqunanumiANLdAd ATl @auANaLsIATiaUwANe19aINITaY

NWﬂVlﬁﬂ bWINY Luulﬂwmﬁwmsmﬂwaau 9 %aﬂmummnmwLaumamaﬂwumm NG

NN

2.4. s3pzviaNsABauiivasAl (Word Mover’s Distance : WMD)
S2E¥RIINITIAAoUTIveIAT [9] L“flumiﬂﬁzqﬂﬁﬂﬁﬁauisuaam%ﬂumiﬁmﬁm
SyyrYans oA lgnesEInelselealuunaulag 819899 ARANASVBINTTHIAT (Word
Embedding) t2u msfﬂmmuummmaﬂ (Word2Vec) [10] Fudulumadildadranisileei
Wwilagusennia Wunsunudusazaiiedlugunuuraainmes (vector) 183
3%'miﬁ1mmssazmqmsl,ﬂ?{auﬁsuaaﬁwﬁaz‘l,%ﬂ']w'ﬁwwml,wqﬂﬁm (Euclidean

distance) [11] seninannwesvasdn wayldgaslunsiuinme
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n
i,j=1

g Tyjc(i,)) Aesvuznsmaiadoufivesuming (flow matrix) sewinedn i
Y99 Sy NUAT J 189 S,
LN A A A ° i )
2 Tije (i, )) forasiuszoynmamsindouiivosmnmszning Sy iu S,
Y T;i fanasiuveanisindeuiioanain { azliawinnu d; Fsaruule
9InaunIseolull
Ci
di=sn
j=1"]
oy C¢; Aedwuasanen @ Usingludselen

(2.4.2)

Yj=1 ¢ Aedruumimunludsylen

nsAwIne d vewsazalulseleaunutminvesselea weldlunisdudenlvd

NASINVDIUINTNYIAUANAY LA aUAUNISIARDUS18A T NULILNUAAIAIUY A2

pd)}

1%
Y

AnudAglunsainyszloafidesnisinsgezdianuiuaindu WesnimdnAduazunmil

dl gj 1 o
NOBDNUUNINULEND
A
Bangkok kindness
Sentence 1 O\. (i Sentence 2
Thailand
’ The
Tha‘lland smiles -
is o
famous Bangkok
for A
its famous is
smiles e
kindness
best

»
>

word2vec embedded

dl U ! U I o o 1 d‘ dl o a o o ! L
E‘U‘V] 2.5 $19819N1STUAAT MUINITATUIMS LELUNNISARDUNVDIAINTUIUIUAWA AU

Y

(Tlan: 'gﬂﬁ 1 ¥99 [9])

dl o ! a o I o dl o 1 ! dl dl
ﬁ]’]ﬂgU‘VI 2.5 WAAIAIDEILLIANNAALUNITIUAAILNDATUIANTLEEWIINISIAR DU

Y
o 1 [J

JeMINAYee 2 Usvleanldnwiuawiiu avduaynaninnwesindiungalaemssesni

Y 9

wuugadanilssenisleglidrfunazunaszezisiiliduszezrinisiadouiisyn i1
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%aﬂ@:ﬂﬁﬂﬁlﬂﬁﬁa S1 ="Thailand is famous for its smiles" wag S, = "The best of Bangkok
is their kindness" BaFeuifleuudazdluusslonlagliauladitlidfny wu Avgn (stop
word) Useleavsanaiiaziie 3 dwiniuie Thailand, famous, smiles AU best, Bangkok,
kindness muEdy Fonfusnanuseloausnundusaisio Thailand’ uazdudilneiden

(%
Y

o aa = A a v A o w A A o i, R
AEsEeEnINsIAdeunvesunIndlesignaindfinareslstleniidedfan1in ‘Bangkok
& A o 1 P N S , = o Yy a  a A o 1, y
ndudenmseluanUssleanunilsfed1dn ‘famous’ TFlndfesgnfar1dn ‘best’ 101
Usgleafiaes iseluaunsunndAudiisiussesinemng duassesiianisindeuiives

mUszdlselengil
aa Ay ) oo ° W Y oo aa ] = o
nsanuszloanaeen1sinszuziidruiualuiuindu azfesliaRdiauinninuilean
Bnsfedian d vesdazAitulseleaunudminvesusglonwazdudalviinasiuves
,01 % [ o a 1 o < 4 & Lo aa Yo o &V v
Wmdnuihduaiay Teglidnludesdendaninnmesindiunaails
laggui 2.6 uanaiieg aNsALINATEEEiIavesInUsylen Sy Audselea S,
Ao “The President greets the press in Chicago” Way “Obama speaks in Illinois” Liadn
A1flidfyeantszlen S; az1ude 4 A1 (President, greets, press Wag Chicago) way
Uszloa S, azindewiies 3 ALItUUAD (Obama, speaks waz Illinois) N15ARBUNUDY S,
W Sy e d vieumtneesuaazailu S, As 0.25 wazumin d’ wesdlu S, Ae
0.33 ¥u1EAINIIATILARIUTIEDN3IN Sy azeenlumetnin 0.33 wazA1dn S; AzAas
Weetniin 0.25 feagauaanIsiafeuil fAegun 2.6 (n)
ug.’/ (% 1o 1o I 4 P 1o aa 6% Yo o = [ o o
PnduIugaleglidndudesdenganiinnnesindiungamioutunsaldnuiud
I v @Y LY 1 ‘gu 1o 1 ¢ , ¢ ) 2 y & ¢ 5 ¢ . )
WnAuAla INAIBYNUIUAAIIN ‘Obama’ NU ‘greets’, ‘speaks’ NU ‘press’ way ‘Illinois

flu ‘Chicago’ ann1stdoudedvinliuntnuesyia 3 A1wes S, azinde 0.083 alanslu

Ul 2.6 () azuiiudn ‘President” alignanlauunud (deliignifnd) waz 3 Aves S, &4

€aN

A o [~3 4 :,I o [ o aw = qoj v W ¢ . y Ao 1Y a =
maaaagmﬂuaa INUUNMNTTIVAATNYIWGRUINUNNU President LL@%LLV]‘L!‘VIﬂuI@WEJ@] N

(%
v [y I

auandunounsTugluNsAFeun fegURt 2.6 (A)

q

De



A
OB mm lllinois
1@ *
President I:’I RIERS @
Sentence 1 Chicago Sentence 2
The —

President greets @ Obama
greets the speaks in
press in lllinois.

Chicago.
[ ]
speaks
word2vec embedded ”
(n) A d vesisaeslszlen
A
ObamF 1 lllinois
e
y President Bl press -
Sentence 1 Chicago Sentence 2
The
President Obama
greets the speaks in
press in lllinois.
Chicago.
2]
speaksi]
word2vec embedded 4
(¥) BUNTIUA
1 lllinois
|
Sentence 1 Chicago Sentence 2
The
President Obama
greets the speaks in
press in lllinois.
Chicago.
speaks[]

word2vec embedded
(R) Fugnn13IuA

= U 1 L 1 o o ! d‘ dl o a o o ! ! U
E‘U‘VI 2.6 G]’]i’]EJ'Nﬂ’]i‘UU@ﬂ’]sL‘Lm’]iﬂ’TLl’Jﬁui%‘EJ5‘1/1’15]ﬂ’ﬁLﬂﬁ@u%‘ﬂ@ﬂﬂqﬂimﬁﬂ‘H’JUFﬂﬂﬂJL‘VHﬂ‘L!

(Tlan: 'gﬂﬁ 2 999 [9])
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2.5. UnAMUUSTAY (Review Paper %39 Literature Review Paper)

[y

A v & A Ao = = aw a Ao
UVANUTIAL A UNAMUNINITTIUTINLAZITIUIRSUATENANY 9 $IUITEALIN
1 1 1 d" Y - = vy 1Yo 1
ow wareglundulomlndifesiu Inelinslideyaundeulurainraiewuy wu asuna
a = a dy Y v < b2 o a a 6 =l =
DALDEY AANY BAUIIY TwuIN ITBlauawuy WUAY warinazin1simsiziilsauiiau

funauidedy o ndludagdu [12]

v o a

ANUdAYesUNAUUSTIAdAeY IEISuduAn v LA a1 sEegn v nies

! A v 9 awv aa A ' =1
@']UL‘W@A‘L‘V]ﬁ']lI']iﬂﬁu‘Vi']NaﬂTU'J"UEJV]ilﬂfJ']llLQ‘W']%iuGU@‘ULGUG]VIWUL@Q?{UIQWE]ITJ UBNIINU

% 1 b4

AV su A ¢ o v Aa o & L) I3
'U‘VW’]’J']@JUTV]ﬁuSﬂuﬂigiasﬂuaqﬁﬁilN@’]umllﬂ:]r]lliv\l‘Uﬁqu@ULLa IW'ULL?{@QIWL“UQQ?\!@LL%Q

Y <9 Y

e

Woou vesIBmmeassiaeiiin Weliduussiiuiidulymiesshluldlunsihidedely
16 [13]
p9AUsYNEUIBIUNANLUSAE RasiolUl

1) Foi3os (Title)

2) unAnYD (Abstract)

3) uni (Introduction)

a) Fuiloidos (Content)

5) un3a1sad (Discussion)

6) NPANIIUUTENIA (Acknowledgment)

7) 18nNa1991994 (References)

2.6. Judayaunainuddeduian (PubMed)

@

Auwe (Public MEDLINE : PubMed) tuip3asiiadumgrudoyasiniedausonld

Y

Toyavng uteyaiualay (MEDLINE) BeUsenaumeunasnads undnge wazunauaty

< a s S s

LANYIINYIFAN LA TILIVAEAT [14]
waladfegudeyaiinsaunguNTasaIvITIneImans (Life Sciences) 9143uNT

5,200 315815 31NUIENAANN 9 1971 80 Useina Invinlneveayaunnduisifesiy

(National Library of Medicine: NLM) #sfiainfudrunilsvasiuin

=

adensunzdduiunuudumesiin Insldgrudeyamaladlusluuudnauuiay

a A ¥ IS

aa = fa & 1 o w a =~ & v
‘?J@Iﬁ@ll"?]ﬂLN@I@UN@ﬂUmSWLﬂ‘U@@ YRUANNTLLUHUITNIUNTNATU (Indexed) 1WanN15duAUY

Y 9

a

1AgdN1SANNUARIFNATAIUAN Nb

9

a 1

38n9LU% (Medical Subject Headings: MeSH) #39

WATDIWINITUNNE
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souniled aa. 1997 Msfguiaeniiu (@fesesszsunsuidaned) ldusznali
weladugudeyanFuudumesidn Tunguvesgrudeya NLM Tnelidoinduiauazideya
funnninmnlavif 1lesen
1) insgidouunanunsans Afaldiiunszuiumsliiiieanmiondiualad
(pre-MEDLINE)
2) \fwssdouunanuiieglunsasandinermaniuiiidonnieadestuanuniy
WURENE 1ol a15eans Wusuy
3) Wwszdeuunanunsas angiudeyaleasiunlai (OLAMEDLINE) wiedeyaiin
Tuts¥ a.a. 1948-1965 (lalatiFud a.a. 1966)
1) ATBUARNUNANLNNTANTANUNTIINEEaniau 9 Alienansinnsatuidlg

LideAldiewndumn wildladveeglugiuteyamnlatinneu

n1sAnLaenIsatsidngIudeyaiunlaliinenssuNIsATIABUAMAINAD
AMYNITUNITANLADNITIUNTIY (Literature Selection Technical Review Committee:
LSTRO) v@4 NLM Fafingunaudidnlaani1sans peer-reviewed Nfnaaunds woliunladl

ATOUARNINTANTANVITIINYINENTLaEdIRYAansIAog19ATUaIY [15, 16]

2.7. Unified Medical Language System (UMLS)

gLauwaaLed (Unified Medical Language System: UMLS a1niiluagldsiaga UMLS

o/ (3

Tuingrdnusaduil) [17] Duadedanugavesidniiiduszuu sausaudninisinuign

nsunndlilaentiganunaayaunngwiagifiosiu &9 UMLS duddrdnidnuiuuinnid

A0981UT0 FundulINNINALALAUEUA 21NUINNTT 60 WAVDIAIANTINITINITEANEG

(Families of biomedical vocabularies) wagdnUssuNUAUADIATUANUAUNUSTENIN9ADU
P2 &

WUALRA1UL

o o‘d‘d v

ANENN ALl uASIgLaULDaLRAUANTYasE (31nTlUuagly UMLS Metathesaurus Tu

Y

1% '
U faa

Fneninudatull) Faduadufumanifidanumunglndidestulszneudielawusiig 9 wu
WDuTUlo unnlalud (NCBI taxonomy) 8useulnlad (Gene Ontology) L (Medical Subject
Headings : MeSH) 1adiu (Online Mendelian Inheritance in Man : OMIM) k&g Digital

Anatomist Symbolic Knowledge Base @fﬁgﬂﬁ 2.7
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Clinical
repositories

Genetic
knowledge bases

Other SNOMED
subdomains
Biomedical
literature
NCBI
Taxonomy
Model
organisms
Genome
Anatomy annotations

UM 2.7 Tatuuwes UMLS

(Ta: gﬂ‘ﬁ' 1 999 [17])

UMLS Metathesaurus ﬁLﬁ‘Us[,u;J‘ULL‘U‘U Rich Release Format (RRF) [18] 91U

11NN 20 d Faansawlaaduansnlugiudeyals lnsaunsoudslndnudnuasdoya

Ml 4 ngu desialuil

1)

2)

¥

ToyaneuiaUs JeiFunaouisus wasiiunvesreulwUs 1wy AsulwUd [C0260515] T8
;3N Family history of cancer 91nwaseu NCludu Inseglulid MRCONSO.RRF
Toyanuaudf 1wy aeulwld [C0260515] Taunuiefeilulsyifnisinuives
fUheuzifsiduneanisaneiden 1Wunsuleuduia [T033] o Finding LHusdu
Usznauselnddsd MRSAT.RRF, MRDEF.RRF, MRSTY.RRF WAz MRHIST.RRF
ToyanNUFUNUS Wy AR UA [C0260515] Family history of cancer §AudwUS
funouaUs [C0027651] Al Neoplasms \Jugu Usznausaelndsail MRREL.RRF,
MRCXT.RRF, MRHIER.RRF, MRMAP.RRF lag MRSMAP.RRF

¥ J

foyailiieateaiu Metathesaurus 1y lildLudeyamdrdanmves Twd tonans
fuvs uazreulwUd UsgiinisiasundasvesneusUdly Metathesaurus Lugy
Iﬂﬂﬂi%ﬂ@ﬂﬁﬁ&llﬂéﬁﬂﬁ MRFILES.RRF, MRCOLS.RRF, MRDOC.RRF, MRRANK.RRF,
MRSAB.RRF, AMBIGLUL.RRF, AMBIGSUI.RRF, CHANGE/MERGEDCUI.RRF,
CHANGE/MERGEDLUL.RRF, CHANGE/DELETEDCUI.RRF, CHANGE/DELETEDLUI.RRF,

CHANGE/DELETEDSUI.RRF &g MRCUI.RRF
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Tudnerinusaduillddoyasin 2 drundnfediudeyansuisudanntg
MRCONSO.RRF wazdiutoyanmuauyfainlng MRDEF.RRF way MRSTY.RRF (faeg19daya

voana 3 Wildeglunianuan n.)

2.8. M3InUszAnSnw
ROUGE (Recall Oriented Understudy for Gisting Evaluation) [19] \uunnifafily
i a o w v A (4 ] =l I (Y
ieUszdliunansasulannudrfyununsdnduainuyed Inednanisasanidseudieuiu
S Y a | = = a 'z ¢ A
unasuniluninggueeds wu Wisumeunanisagulnensuiinesiulaeuyed v3ens
aguanszuunilaiudnsyuunilanfieruindedondn nasinisusziliutduazilunistu
IIUIUATATIIY 19U YAA n A1 (n-gram) F19UUB9AT (word sequence) ATBIAANY (word
. I3 v 1% o Y a dy vy a @ & A a a o o A
pairs) {udu Dn5IiULINI§ILNBINtTeBwInAtaTTsuLTuiiUTEaVEA NN Aaind
ROUGE 143l 2 uuufa A1aduusiug (Precision) lu ROUGE agnunefisunasuitasnetiuun
aunsaasuldnssduunaguunsgiunindesiiiels wazAiAusean (Recall) asnuneis
unazuiasaunnduaseunguunagluinsgiuiniesiissla Tng ROUGE wiseandu
waneUsenn Wdenldeumnuwmingay 1wy
1) ROUGE-N fusmainafinsstutiuge 5 gaay n A15zninauinsgiudisdaas
unaguifeansnagey dnlvgaely 1 wag 2 f
2) ROUGE-L Img L 141310 (LCS: Longest Common Subsequence) agtunsidanan
n 210 n-gram wuudRlulH laetunannduiumnasiuseiiewnniign

3) ROUGE-W 11917 (WLCS: Weighted Longest Common Subsequence) Auaalag

'
¥ o A U

Tiaznuumiinsinuuasguseds wavarldazuuufuiuiisuuminsstu
derloann 9

4) ROUGE-S fruiaianndafinsafuwuuaduluwnsy (skip-bigram) FENINNUINTFIY
dr9Banarunaguiideosnisnaasy dnvazmilounisiugdlinsulagiuady
fwis LuUselen ABCD aglaluwnsu AB, AC, AD, BC, BD way CD

5) ROUGE-SU 1¥uiBnns#ilasuann ROUGE-S Auanaindriinssfunuuaduluunsy
$aufugfunsu (unigram) Aefinstudifediingafusenitainsgiudnsdauas
unagdiidesniamaaey wunsauindluluwnsuduiifios 1 Afinsefu fagld

AZLUUANAINITNBUNLNNzD oI lunsatuae
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ASUIANAINULUUEIILALANAINNTLANYDY ROUGE @unsaunlasaunissaluil [20]

b lappi t
number_of _overlapping_sets (2.8.1)

recision = :
b ROUGE ™ total_sets_in_generated_standard

317

b lappi t
number_of _overlapping_sets (2.8.2)

recall = .
ROUGE ™ total_sets_in_gold_summary

lns  number_of_overlapping_sets fo S1urugndfingefuszning
Umagﬂﬁa%qsﬁumﬁuuwagﬂmmgm
total_sets_in_generated_summary fo ﬁaﬁwuau@mﬁwﬁqwm
yoaunagUTasnedumn
total_sets_in_gold_standard #s s1uiugadiienuavesunasy

URTZU

f1sauiieg19lun1sAWINAT ROUGE se1ineUselemunnsgiu (unaguunnsgiu)
uazUselonfidosnisiana (Unagufiadistuan) duiolud Ussloaumsgiufio “the cat was
found under the table” uwarUszloafidiaanisiUSoufisu “the cat is on the table” lng
ABINISMIAIAIULNUEILALAIAIUTEANVEY ROUGE-2 9lagnmgnag 2 A1 YAR1v0s
ﬂiziﬂﬂmmg’lu = [the cat, cat was, was found, found under, under the, the table] way
ﬁqmﬁwaﬂﬂiﬂaﬂﬁéfaqmsm%wL‘ﬁsm Ynag 2 A1 = [the cat, cat is, is on, on the, the
table] ifledugnduasusayUszlonfinseiunagAnumenanuuiuguazaausyanlag

[V

Tdaun1si 2.8.6 way 2.8.7 azlanisAuindlaeadl

2
precisiongoyce—2 = T = 0.4 (2.8.3)
ez
TecallROUGE_Z ES g B 033 (284)
agslsnnudsfidr A gnlunisuszifiunavesnisasllanudrdgrenisidenld
1115511481984 (Gold standard / Reference standard) filduanilaanudrfAgyuasunainy

'
o w I L%

] dl' Y oA = U [ v o YU v
Wy 9 welildSsuiisuiulaanudAgiidunadnsainssuvaglaaudify waglddiin

LARAINAANSDBNUT LNBUIUDNTNUILANE A TNUBITE UL
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aue"d‘ v

2.9. UINNYIT4
av a a v v a a s Y dy 1 aw A o o w
NuiTeifgtesivineinusadull 1Wusnuidenviinisagdlaanudidgain
unaulumuee 9 fae3snsagukuvaninanduaty (Extraction) wilaufuvianan uave
T93gn1siuananeiu laeiininisldooulnlad 1935n19meada Teasn1smisnsnnuaznis
Usz1nan 15550115 aneideiiieadesiamuetaiunsasvinsagulaaudagladu
3 Jumauvan ¢ [4] Usznaumiy
1) A1sUNUTDAIN (Intermediate representation) ABN1TLUAIAITAYST AN
A ¥ b4 [ d‘ o ¥
w38 Yoy eglusuianunsadiuiale
2) ANTATUINAIAINNE A YRILAaEUTEleA (Sentence score) ADNITATUIUAN
AMNEIReUIUanIUsEleAtY 9 amnsadeieindevssunanuiulasiiesla

3) msdenUselemasy (Summary sentences selection) Aen1siaenUsylenniinanis

AalavInliaudAgyeaanun k Ussleaanynuselenresunadnuiy

Tugrnsuduvesnisasulannudidguuudalud@ Luhn H. P. [21] Tadaue
TUsunsu auto-abstract ieidenUsyleafidrrgunduundnge Tneldisnsiiavuuulsylen
nARTeInBATEIEN15adR

sewneaulnladgniunldiunisasulannudfyludiuvenisuianinteaniiuin

& a A ° v oA = Y ~ oy v o g v Ay v
Judsanunsadwiale iesniinisuansiunuuasiiduiouanuduius nadnsnlaay

gnuandganituguluuns I paulnlatNin1sldiusg1aunsvatsAoisariin (WordNet)

=

[22] Fuduesulnladmluliamzinizaweuvanauile Tuvan UMLS Wuesulnladnd
YOULIAANUTNEITUNITUNNE

Ping Chen wazay [23] as19szuvasulannudifyunainunieanisunng Al

v
° Y < o v

ARt (Original keyword) a1nunAuauatunlgiduA1AuaIl (Query-based) way

£%
o ¥ =

ihAtunvegaulageoulnlad UMLS Tulaadfgyiineiadesuindu (Expand keyword)

<

o
o Y v a

waglignsliaziuunnazUszloalnadinusin AnssnuAdAyauay Tiagiuy 1 61959
[y o o d' d' v v & d'd d' [ [y I

AuArdAy e el 0.5 avwuulazdonUssloaniinziuuiiniign k dusuuwsnundu
Taruddny wWudedru A Kogilavani uagaag [24] Inwmmunssuunbigldleudduaiudy
U wazldoaulnladuvtisveeanusautiulinits@utasdunianisunnduinduine sz e

Tuaulugrueanuslanseunquay
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a |

yanand saulnladdanidenlylunisduasenineuseloaluuneainy 1ae Lei Li way

Y Y

Az [25] adnszuvagllannuddgunannuieddeitl Jelewdued (Ontology-enriched

Multi-Document Summarization : OMS) ¥in1skUsunadulsslondas 9 wa13ug

(Mapping) wrazUszloartniu ssulnlad lnsaulaivsuseloannuauduiusluseulnlad

v '
o w (Y o v & a a

WINUY 3NNTUTINTINEI9UTULAENINTUIINAINUDVIUTELEA DNAIANTIANINT U

Usgleafiieadesmedudiuiuuin drdwitufazedsedutuas Wenuduneudl agld
Ontology-sentence tree NuansANUTaNlesasarUstluniuurazAdnvesoaulnlad
Ingazdidnvauzluduldeasulnladunvziivszlonsing 9 Wousdsie figuil 2.8 uasiinis

AndenUselenmnasuanszauuuasarandudiuam k Usglen

(Tann: 'gﬂﬁ 1 w99 [25])

Saifal Zahir uazang [26] asuunanuinly Tagldasnnsnisnslnelilnue

Aa o Y

(Vertex) unuuszloannuselealuunainy asiaduey (Edge) sevinelseleaniddinssd

T ndnvewdudoudusiuiuNuilsuvesrisassusylon aldlunisasrwunsng

Y v

A13195 (Symmetric matrix) s¥n31eaUsEleatudninveLduldon LAIAIUINNATIY

v A

LINLADILALLSHIAIAUNATINUINUNALA 910 TUUINIAAL AN USLIgARINAITA LU

[y

(Threshold) Wieai1eunasy AuuanA19velstnuizay o Asldldnisiarinuaaiy

YY)

\Wayu (Cosine Similarity) laaulaninuduiusateludselon wsizenaagiinliiinainy

v vYa

Tdeulunauaiy lnsazaulaanizdndrdgy 9 nlegluunIndauuinsiviniu vinliisd
UsEANSANNR LULIYDIAUTIALS?

Milad Moradi wag Ay [27, 28] AWaU19aWiwISLNNLAINTTI1 [temset

'
=

summarizer WeagUUNANUNITINITUNNG Ingldunanuaniuuaiazeoulvlad UMLS

o

digvinsdugdndidu UMLS auldmeueuiuudy wasiieniazliaulaneugddniiniig
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& o s A . . . . .
Wunalu 9 AoulwUd Ae functional concept, quantitative concept, qualitative concept,
spatial concept, temporal concept, language, idea or concept, intellectual product uag
mental process wazlaltngaAauduius (Association Rules) LU111928 NOUNILYIINIT
Fuundaninu (Classification) TusazUszleamsidunilduunasuniely lagfiansanain
PuursuwUAvetlseluatiu q AuaeurUdvesrd1Aty @ Muhidin Mohamed uagauy
[29] agUunanuililaeiiunisitasisidrluysslea (Parsing) WUU Semantic Role
Labelling (SRL) @atdun1suseuian1unsssued (Natural Language Processing: NLP) WUt
-d! ¥ 1 Y1 goj C% a 4 d' o 1
niadrunvaslunislaruinidnesslssloalagiarsananuiineesarlulsslon
UTE57U NITUNAN LAZNTINTDY LazmAmueaiesenielselea Tuduneunisidendszlea
a3y azadnsauanleeldaanuadienlauiain SRL Wulwinuagldnawsadlunismd
ANEAYeIUsElun Rada Mihalcea wag Paul Tarau [30] latiaus TextRank @adinasla
walssnlunsUsziliumuddyueslssleamiuiulalinannisaiteansnlagazainidultou
syminansUszleatnmnilmnssiuegstiosntlsanvuly
dmsumsasUlannudifgyainvans o unauty Rada Mihalcea wagAaug [31] v
nsagUusaruNAIUoN kAIABEUINNTINAY UWAIAIANUAIEBNATIALMNUAATALUI
Y a1 1 ' A 1 A 1 ) £ a [y [y [ v a
OUAIANNARIENINNTIANTALUG FzRRINTUTRAREINY AzguTIuiuTutonufed

[
Y

71N

—

[

n1sinUseansnmnisazdlannudfay Insladiavatawuy 1wy Arauwsiugn
(Precision) A1A11L52aN (Recall) A1IRUTEANSAN (F-measure) wag ROUGE wagidanld

A & 1% a ' = Yy [y ' [ = ¥
unasumluninggiueneds wu dnstiteanuainundedennduuinsgiu dnsldunasy
Tamnudrdyiuywdidudnsgrinieldiluuinsgiu wseldszuvagulanudAgdu 9 wu

MEAD [32] sna3neunaguuasinuiiisufiussuuvessiies

v a A

Nuddeingitesarunsaagundeuiuuuianidiauslaglaninannis 431

UseAnEnmuazaInggIue198alanm1sei 2.2
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o o

. . A0 NINTFIU
MUY wanNg L .
Uszansnw 91994
Auto-abstract | 19735n15m9a@n@ Aoldenyseleaananug | - -
[21] S LNGE
Ping Chen [23] | TdmarAediluunanuduatunImad Precision, UNANED
a Y a P v )
WNevpainaIneaulnlad warlinzuuy Recall AU
UseloAmudnuauadAyAufLLaza) unasy
o v o a 9
dngyitneades
A. Kogilavani | Sufddgandlduazldosulnladiuwiie | Precision, ayUlag
[24] Yenpauiruiuliunisnisumgun | Recall Uy
JunazlirzuuulsgloanudnuuaAdfgy
AaLANLazAEAYNNEITD
OMS [25] #3719 Ontology-sentence tree lngdue F-Score w81 | asUlag
Uselganiueaulnlad Inainutulang ROUGE-N, Uy
A15U1NANUDVRIUSELEA warLaen ROUGE-L,
Uszloannasuanseiuuuasas ROUGE-S,
ROUGE-SU
Saifal Zahir asnanslagliluunwnuuselon @519&u | Precision, ayUloy
[26] Wausernalseloandminsany wmtn | Recall, Uy
% o < o o Al = 6’5
oAU TUTIUNINATLNLDUYBINERY | F-Score ¥B9
Uselem Lavas NS NoaNuIng 5¥%I9R | ROUGE-N
Usglganutnnunueduoy kaaA1ule
NASININMBSLATARLEDN UL AR UNASIY
Wwtdngalusin
ltemset TenganuduiusuasnsiwuntaaIudl | ROUGE-N, | undngs
summarizer | uwiazUszloamsilunisluunasuniold ROUGE-SU
[27, 28] TagRsUIMNTIUIUABUUAYRIUSEaA

o w

U 9 AursuUAreIAdAty TnsaoultUs

wianduluanaeulnlad
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[

. . ekly UINTFIU
1YY WaNAS o .
Useansnn | 91989
Muhidin afansauanlagldranuadnefilan Precision, ayUloy
Mohamed 91nN15911 Semantic Role Labelling (SRL) | Recall, :i,J‘LgHET
[29] Fuduinveadudouuarldimouseslunis | F-Score w3
Lﬁaﬂﬂsdaﬂﬁﬁ’]ﬁiy ROUGE-N,
ROUGE-L,
ROUGE-SU
TextRank [30] | adunsmlagazaniduilenssinses ROUGE-N asUlogy
Uselondwnniidnsstuegiationniledniy uywe
Uldwavinanseantunisidendsylen
WwIAAT asnansmisiufveaulnladuarnism Precision, UNANED
Uaue STuLeTEMINIAYedLazUsslealaewns | Recall,
avlvununulsslon wazadradudeulns | F-Score 209
ANAUSnTd LY IR UATInS I ULAE ROUGE-N,
SruzeTEined wazdenluundady ROUGE-L

<

mwnulsyleandAgluunasd lneld

o

aa U
I/NITNNATINANN
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Wendinusibinnsasulannuddguuuaialagldisnisninsmisiuivesulnlad
LaEN1IMIEEEYeTEIIemveasiasyloanyussgndunainnisiad lunsiauiinisunu

unANluzusuuns v Tnsusasivuadudunulsslen uwasairndudouusasinunlng

ANUIUDNIIAIUVIAD UL URNATIAULAZ TZEE U952 1I19A Laztdan luuadadudiuny

[ <

UsgloaiidAgduunagy lagldi8nsmansinene q fe wwaused Aarudugudnas f

o

aruilnddn uazandunans luunil 3 dazuansninsiuvesisnig wasdunaunisvhaumdn
suaﬁ%msagﬂiammﬁwﬁaﬁﬁﬂLauaﬁu
3.1. AMWIINVRIITINT
amNtesIEmsfioidefesmatiauei wsulinsruiunsieuuisoonidy 3

o w [

dauman A Mawseudeya nMsnsedesulylad wavnisasularmiudfey fagun 3.1

v Y

Pre-processing Preparing Ontology

Review papers

—

Data cleaning and
Pre-processing

UMLS Ontology

Summarization Task
4 4
Map each word in sentences with ontology

v

Convert sentences to vectors and
calculate Word Mover's Distance

v

Construct document similarity graph by
sentence concept and distance

v

Rank distance and generate the summary

v

Summaries

JUT 3.1 AMSINYRITINS
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3.2. Manseudaya
Tudunounnndsuteyalddeyaunarumsdinudinsuwmdandumn osan
Ingnfinuiidosnismaasstvunauuivaivindy Jeldunanuiidsiavesunaiiy
(article-type) U ‘review-article” wagidonlitoyadumzlsamg q lasdaandelrainesi

FAulwddeannsaamiivanléann fip/frp.ncbinlm.nih.cov/pub/prc/oa_bulk/

Pre-processing procedure

Review paper in XML format

Identify structure (Title, Author information, Abstract, Introduction,
Pre-processing Conclusion, Reference etc.)

v

Extract abstract as a gold standard

e S "

Review papers

Data cleaning and Collect context for summarization
Pre-processing ¢
Tokenize sentences > Tokenize words
v
Remove stop words € Remove duplicate words
Generate word stems

o
v

JUN 3.2 Tumsunsinieudeya

mﬂgﬂﬁ 3.2 LLamﬁinjumaumim‘%au%ayjawé’amﬂlﬁlwgﬁﬂﬁﬁmLLaa 1 lvlase 1
UNAIY (ﬁaashﬂugﬂﬁ 3.3) ImsSmWﬂmmﬂaawmmﬁa&ﬂugﬂLLUUIWéL%ﬂ%LSmLaaW
Hutermuiisnessssun antavhnsiadenuamedudiidudonansiufuieldly
nsagu wazdauenduundngeliifuinassuiidafieldlunsiona iWemildundulsiv
N9ANNaEeIATeYa WU WUsUTElen Wi audiigniu aurlilddy wazmsindny
Tne WordNet Lemmatizer [33] itohdnitlduniulugumasueddanesulvladiiiolild

AUALNENNINGVY
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<!DOCTYPE article PUBLIC "-//NLM//DTD JATS (Z39.96) Journal Archiving and Interchange DTD
v1.0 20120330//EN" "JATS-archivearticlel.dtd">

<article xmlns:xlink="http://www.w3.0rg/1999/xlink" xmlns:mml="http://www.w3.0rg/1998/
Math/MathML" article-type="review-article"><?properties open_access?><front><journal-
meta><journal-id journal-id-type="nlm-ta">Cancer Manag Res</journal-id><journal-id
journal-id-type="iso-abbrev">Cancer Manag Res</journal-id><journal-title-group><journal-
title>Cancer Management and Research</journal-title></journal-title-group><issn pub-
type="epub">1179-1322</issn><publisher><publisher-name>Dove Medical Press</publisher-
name></publisher></journal-meta><article-meta><article-id pub-id-type="pmid">23049278</
article-id><article-id pub-id-type="pmc">3459591</article-id><article-id pub-id-
type="doi">10.2147/CMAR.S33983</article-id><article-id pub-id-type="publisher-
id">cmar-4-287</article-id><article-categories><subj—group subj-group-
type="heading"><subject>Review</subject></subj-group></article-categories><title-
group><article-title>Importance of antiresorptive therapies for patients with bone
metastases from solid tumors</article-title></title-group><contrib-group><contrib contrib-
type="author"><name><surname>Talreja</surname><given—names>Draupadi B</given-names></
name><xref ref-type="corresp" rid="cl-cmar-4-287"/></contrib><aff id="afl-
cmar—4-287">Department of Medicine, David Geffen School of Medicine at UCLA and Northridge
Hospital Medical Center, Northridge, CA, USA</aff></contrib-group><author-notes><corresp
id="cl-cmar-4-287">Correspondence: Draupadi Talreja, Northridge Hospital Medical Center,
18433 Roscoe Boulevard, Suite 202, Northridge, CA 91325, USA, Tel +1 818 349 1262, Fax +1
818 349 7529, Email <email>drduru@yahoo.com</email></corresp></author-notes><pub-date pub-
type="collection"><year>2012</year></pub-date><pub-date pub-type="epub"><day>11l</
day><month>9</month><year>2012</year></pub-date><volume>4</volume><fpage>287</
fpage><lpage>297</1lpage><permissions><copyright-statement>&#x000a9; 2012 Talreja,
publisher and licensee Dove Medical Press Ltd.</copyright-statement><copyright-year>2012</
copyright-year><license><license-p>This is an Open Access article which permits
unrestricted noncommercial use, provided the original work is properly cited.</license-
p></license></permissions><abstract><p>Patients with bone metastases are at risk of
skeletal-related events such as pathologic fractures, spinal cord compression, the need
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SUN 3.3 dregliddndidutoavasunanuusieriannsuiun
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ntnddndidunealugun 3.3 Weniunisulasunanulmdudeninudidnys
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Junnmsgrusdaezdomnuludiuvsaiomfiazdunldlunisasulomnuddeyigui 3.4

Y

(M) wag (V) MUAIAU

Patients with bone metastases are at risk of skeletal-related events such as pathologic
fractures, spinal cord compression, the need for orthopedic surgery to bone, and
palliative radiotherapy for severe bone pain.Antiresorptive therapies have demonstrated
efficacy for reducing the risk of skeletal-related events and ameliorating bone
pain.Despite the well documented clinical benefits of antiresorptive therapies, patient
benefits can be limited or compromised by nonadherence with scheduled therapy.Potential
reasons for poor compliance include lack of understanding of how antiresorptive therapies
work, neglecting the importance of bone health in maintaining quality of life, and being
unaware of the potentially debilitating effects of skeletal-related events caused by bone
metastases.Indeed, patients may stop therapy after bone pain subsides or discontinue due
to generally mild and usually manageable adverse events, leaving them at an increased risk
of developing skeletal-related events.In addition, the cost of antiresorptive therapy can
be a concern for many patients with cancer.Medical care for patients with cancer requires
a coordinated effort between primary care physicians and oncologists.Patients’ medical
care teams can be leveraged to help educate them about the importance of adherence to
antiresorptive therapy when cancer has metastasized to bone.Because primary care
physicians generally have more contact with their patients than oncologists, they are in a
unique position to understand patient perceptions and habits that may lead to
noncompliance and to help educate patients about the benefits and risks of various
antiresorptive therapies in the advanced cancer setting.Therefore, primary care physicians
need to be aware of various mechanistic and clinical considerations regarding
antiresorptive treatment options.

(n) TornuludruvesunAngaduatiu
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Antiresorptive therapies are important for maintaining bone health in patients with cancer
metastatic to bone. Bone metastases can have a markedly negative impact on skeletal health
by disrupting normal bone metabolism and weakening the skeleton. Consequently, patients
with bone metastases are at risk of skeletal-related events such as pathologic fractures,
spinal cord compression, the need for orthopedic surgery to bone, and palliative
radiotherapy for severe bone pain.1 Moreover, pathologic fractures in particular are
associated with decreased survival.2,3 Fortunately, antiresorptive therapies have
demonstrated efficacy for reducing the risk of skeletal-related events and ameliorating
bone pain. Despite the well documented clinical benefits of antiresorptive therapies,
patients may often limit the benefits they derive by not adhering to the planned treatment
schedule. There are several potential causes of poor compliance. For example, many
patients focus on primary anticancer therapy and may fail to realize the importance of
bone health in maintaining quality of life. These patients have limited awareness of the
frequency and potentially debilitating effects of skeletal-related events caused by bone
metastases. Typically, this patient group may not realize the extent to which skeletal
health may deteriorate and may not be driven to educate themselves about the mechanisms of
action of antiresorptive therapies. This could potentially lead to patients stopping
therapy after bone pain subsides, leaving them at an increased risk of developing
skeletal-related events. Additionally, unpleasant, but usually manageable, adverse events
can cause patients to discontinue therapy. For example, the acute-phase response (APR)
associated with some antiresorptive therapies can cause flu-like symptoms. Although these
symptoms can often be managed with prophylactic acetaminophen, without appropriate advice,
they may discourage patients from continuing therapy. Finally, the cost of therapy can be
a major concern for many patients with cancer. The medical care team can play an important
role in educating the patient regarding the importance of antiresorptive therapy when
cancer has metastasized to bone. Medical care for patients with cancer requires
coordinated effort between primary care physicians and oncologists. Patients usually have
frequent contact with their primary care physicians, especially once their disease
stabilizes. Therefore, primary care physicians are in a unique position to help educate
their patients and should be educated on issues related to the mechanisms of action,
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Antiresorptive therapies are important for maintaining bone health in patients with cancer metastatic to bone.

Tokenize words

A

'Antiresorptive’, 'therapies', 'are’, 'important', 'for', 'maintaining’, 'bone’, 'health’, 'in’, 'patients’, 'with', 'cancer’,
'metastatic’, 'to', 'bone’

Remove duplicate words

'Antiresorptive’, 'therapies', 'are’, 'important', 'for', 'maintaining’, 'bone’, 'health’, 'in’, 'patients’, 'with', ‘cancer’,
'metastatic’, 'to’, 't}(e’

l Remove stop words

'Antiresorptive’, 'therapies', '}é', 'important’, '{2€, 'maintaining’, 'bone’, 'health’, N, 'patients’, 'vbl(’, ‘cancer’,
'metastatic‘,)%

Generate word stems

A

'antiresorptive', 'therapy', 'important’, 'maintaining’, '‘bone’, 'health’, 'patient’, ‘cancer’, 'metastatic'

JUT 3.5 fregatunaunsviatazeIntoya



29

diniasadudunsuniseseudeyailudl azldmvesudazUszleaiiounld dAumaeu

wusaneaulnladluaisusaly

3.3. NsMsgNeaulnlad

[ |

Ingrdnusatuiltesulnlad UMLS 118594 2017AB Tun153uAmausgUnnied

Y

v ¥

A1swnngainlwd MRCONSO.RRF, MRDEF.RRF kay MRSTY.RRF ﬁlé’ﬂummu%ga

<3

¥
5] a 1

MongoDB tiaauazaIntunisiday Tnglddeyaanaedusing q full (1gaziBunveud
avaedulLanslun1AKIn n.)

| & v

1) MRCONSO.RRF ulwéfifiudeyanouieus Joisonnoumys uazfisnvesnauisus
Tunsvnaesiilidoyaneduisiavesnousus (CUI) uagniwwesioldonaouisud
(LAT)

2) MRDEF RRF LHuliéfifudoyaniumuevosusiasaeues Tunsvaaosilideya
AosulsiavrasmauEUA (CUN wagauvevasnauUs (DEF)

3) MRSTY.RRF iihlwdfiAudoyaussinmuesusazaoued 1idoyanedutistavesaoy
lUsl (CUI) wazUseunnuasnaueyd (STY)
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MRCONSO
cul —
LAT
cul
MRDEF PK | AUl
cul cul
PK | ATUI
DEF
DEF MRSTY
cul «—
STY
PK | ATUI

[

JUN 3.6 AnudeulestoyasaulnladiuAfisenisaum

moegraspeuslinnuluwsazlsyloaaziluanuduiusiuunimangy (one-to-
many relationship) fenfleuszloaagarunsadilanatonouaud unazUsylonasiiunou
o w (3

UAnlaunillagligniu WethmdnivesUseleailsantunsunswiesudeyalusui 3.5

WAumeeuURIngaulnladaunsaLanslafsgun 3.7

Check type
Check duplicate
anti tive' AN 4
SRiEsapTE CUI = C0039798, 3CY = A2.1.4
'therapy' s
CUI = C0087111, STY =B1.3.1.3
‘important' C0087111
CUI = C0262950, STY = A1.2.3.1
'maintaining’ = C0262950
CUI = C0018684, M: A2.1.4
'bone’ 7 N C0030705
, , CUI = C0030705, STY = A2.9.5
health C0006826
‘patient' /CUI = 00006826,\STYj B2.2.1.2.1.2
| . CUI = C0036525, 9(: A21.4 ‘
cancer % Sentence 1
. CUI = C1522484, 9{: A2.1.4 ‘
7 N
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WMD S1 S2 S3 sS4 S5
S1
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Algorithm 1: Validating the connection between sentences
function has_edge(u,v){

Input: sentence u and v
Output: determination of matching sentence u and v in boolean

cu_list = find_ontology_concepts(u)
cv_list = find_ontology_concepts(v)

if number_of intersection(cu_list,cv_list) > half of cu_list then
return True;

elseif wmd(u,v) < threshold then
return True;

else
return False;

endif

|
=
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Sentence 1 (S1)

Sentence 2 (S2)

C0087111
C0262950
C0030705
C0006826

C0030705
C1321605
C0087111
C0262950

C1690432
C0030705
C0262950
C0027627
C2939420
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C0029445 C0022359
C0441471 C1524003
C0030705 C0006826
C0087111 C3887704
C0040808 C0392920
C3665472 C0014122
C0012544 C1690432
C0936012 C1177229
C0001128 C0262950
C0027627 C2939420
C0750484

Sentence 5 (S5)

C0947630
C0262950
C0027627
C2939420

Sentence 3 (S3)

Matching concepts

------ WMD Sentence 4 (S4)
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Tun1sindulaas1uduanssninauszlontuy @ uniaunaInnIsSNaNTUIANSE Yy

N19N15AFBUNVDIA5E 119U oAl uA1TawUe (Threshold) n1snaasssaluiazleis

akseAtunsagy 400 unanulsauzise lnglddnsinisdeliivdedesas 10 9ndominy

NINUA UagNAaodlUAITALUIRIG 9 Aaus 1.0 Fuluiieadradudenlunnazuselon Tnguiy

ANUAKUITUATIAY 0.5 TANALA8LATE938 ROUGE iavAUseansnnwasainuseaning

WisuiguunazunasstuiuunAngevasunainuiy 9 lag ROUGE-1 ABNISAIUIANAT

nsafiulugn 9 geay 1 A15eninawInsgIusBilasunasuNfen smagey ey ROUGE-

L fen1sidendn L lagdnludfaind uiumnnsaiuselilodnfignainvisunaing nanis

NARDILAAINIRNTIN 4.2 Uag3Un 4.3

= | = ' 44' = i
AT 4.2 NANISNAABIMIANTARUITIALNEENYDISEUEINSIAd U TEIeUsE LA

ANAIULIULT AAIUTZAN AUszANSA N
ANYALLUY (Precision) (Recall) (F-Score)

ROUGE-1 | ROUGE-L | ROUGE-1 | ROUGE-L | ROUGE-1 | ROUGE-L
1.0 0.1474 0.1357 0.5050 0.4618 0.2281 0.2097
1.5 0.1472 0.1354 0.5000 0.4570 0.2275 0.2089
2.0 0.1496 0.1381 0.4820 0.4426 0.2283 0.2105
2.5 0.1628 0.1499 0.5028 0.4612 0.2460 0.2262
3.0 0.1887 0.1735 0.4678 0.4292 0.2689 0.2471
3.5 0.1818 0.1677 0.4298 0.3951 0.2555 0.2355
4.0 0.1953 0.1806 0.4418 0.4068 0.2709 0.2501
4.5 0.2097 0.1945 0.4770 0.4409 0.2914 0.2699
5.0 0.2090 0.1934 0.4761 0.4391 0.2905 0.2686
5.5 0.2108 0.1952 0.4769 0.4401 0.2924 0.2705
6.0 0.2110 0.1954 0.4766 0.4402 0.2925 0.2707
6.5 0.2109 0.1953 0.4763 0.4399 0.2923 0.2705
7.0 0.2108 0.1952 0.4762 0.4398 0.2922 0.2704
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EXPERIMENTALTHRESHOLD FOR VALIDATING
CONNECTIONS
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GH] ROUGE-1 | ROUGE-L | ROUGE-1 | ROUGE-L | ROUGE-1 | ROUGE-L
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20 0.1407 0.1322 0.5760 0.5409 0.2261 0.2125
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1. Patients with bone metastases are at risk of skeletal-related events such as pathologic
fractures, spinal cord compression, the need for orthopedic surgery to bone, and
palliative radiotherapy for severe bone pain.

2. Antiresorptive therapies have demonstrated efficacy for reducing the risk of skeletal-
related events and ameliorating bone pain.

3. Despite the well documented clinical benefits of antiresorptive therapies, patient
benefits can be limited or compromised by nonadherence with scheduled therapy.

4. Potential reasons for poor compliance include lack of understanding of how
antiresorptive therapies work, neglecting the importance of bone health in
maintaining quality of life, and being unaware of the potentially debilitating effects of
skeletal-related events caused by bone metastases. Indeed, patients may stop therapy
after bone pain subsides or discontinue due to generally mild and usually manageable
adverse events, leaving them at an increased risk of developing skeletal-related
events.

5. Inaddition, the cost of antiresorptive therapy can be a concern for many patients with
cancer.

6. Medical care for patients with cancer requires a coordinated effort between primary
care physicians and oncologists.

7. Patients medical care teams can be leveraged to help educate them about the
importance of adherence to antiresorptive therapy when cancer has metastasized to
bone.

8. Because primary care physicians generally have more contact with their patients than
oncologists, they are in a unique position to understand patient perceptions and habits
that may lead to noncompliance and to help educate patients about the benefits and
risks of various antiresorptive therapies in the advanced cancer setting.

9. Therefore, primary care physicians need to be aware of various mechanistic and
clinical considerations regarding antiresorptive treatment options.
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Bone metastases cause an imbalance in the activity of osteoclasts (bone-resorbing
cells) and osteoblasts (bone-forming cells), thereby weakening the skeleton and
resulting in a vicious cycle of bone destruction and tumor growth facilitated by
growth factors released during osteolysis.13 Therapies that inhibit osteoclast activity
are used to prevent bone loss and delay skeletal-related events in patients with bone
metastases from advanced cancer.

Furthermore, in murine models, RANKL mRNA and protein have been detected
throughout development, suggesting multiple other potential functions of the
protein.61 Serum steady-state levels of denosumab are reached around 6 months after
120 mg dosing every 4 weeks, and the mean serum elimination half-life is 28 days.12
Denosumab clearance is proportional to body weight, with steady-state exposure
higher in lower weight individuals compared with higher weight individuals.12
Although denosumab remains in serum for several weeks, studies suggest that regular
dosing is required to maintain its antiresorptive effects.30,62,63 Indeed, studies in
patients with osteoporosis showed that the bone turnover marker levels increased
above baseline levels within 36 months after discontinuation.62,63 Furthermore,
denosumab discontinuation was associated with decreased bone mineral density at the
lumbar spine (6.6%) and total hip (5.3%) within 12 months of receiving the final
dose.63 These studies suggest that stopping denosumab therapy may be associated
with a rebound effect, leading to subsequent decrease in bone mineral
density.30,62,63 It is important for clinicians to understand these issues when
prescribing denosumab so that they can stress the importance of remaining on
therapy.

Approximately 15%27% of patients with advanced cancer receiving nitrogen-
containing bisphosphonate therapy have reported APR-related adverse events.4,5,9
An integrated analysis of the three Phase 111 clinical trials for treating bone metastases
in patients with advanced cancer shows that APR-related adverse events were
reported less frequently with denosumab compared with zoledronic acid (9% versus
20%, respectively).65 It should be noted that APR-related adverse events are often
easily managed,69 and prophylactic use of acetaminophen or diphenhydramine before
the first bisphosphonate dose can reduce the incidence and severity of these events.70
Furthermore, APR-related adverse events are usually mild and reversible.71 These
events either do not manifest in subsequent cycles of nitrogen-containing
bisphosphonate therapy or are of reduced severity.

Osteonecrosis of the jaw is an uncommon but potentially serious adverse event of
complex etiology, generally affecting 1%2% of patients with advanced cancer
receiving complex treatment regimens including chemotherapy and antiresorptive
therapy (ie, nitrogen-containing bisphosphonates and denosumab).4,5,9,65 A
combined analysis of the three Phase 111 trials comparing denosumab with zoledronic
acid in patients with bone metastases confirms these rates of osteonecrosis of the jaw
and showed that, as of October 2010, osteonecrosis of the jaw resolved in 36% of
patients (40% for denosumab versus 30% for zoledronic acid).72 In contrast with the
metastatic setting, the risk of osteonecrosis of the jaw with antiresorptive therapy
(zoledronic acid or denosumab) in the adjuvant setting is extremely rare.48,73,74 The
infrequent dosing schedule for zoledronic acid or denosumab might be one factor
contributing to the exceptionally low event rate for osteonecrosis of the jaw in this
setting.
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Despite the potential seriousness of this adverse event in the metastatic setting, the
risk of developing osteonecrosis of the jaw can be minimized by preventive dental
care before initiating bisphosphonate therapy.75 The primary care physician can play
a critical role in educating the patient on the importance of preventive dental care in
this setting.

Dose adjustment guidelines for nitrogen-containing bisphosphonates are available for
patients with renal impairment (Table 4).11,26,69,8688 Monitoring renal function
with denosumab is not required.12 However, the rate of renal adverse events was
similar for zoledronic acid compared with denosumab in patients with castration-
resistant prostate cancer.4 Moreover, an integrated analysis of the trials comparing
zoledronic acid with denosumab for the treatment of bone metastasis also showed
similar rates of renal adverse events (12% versus 9%, respectively).65 It should also
be noted that patients with renal impairment who receive denosumab are at increased
risk of developing hypocalcemia, a potentially serious complication.

Recently, NNT analyses were performed using skeletal-related event data from two
Phase 111 clinical trials comparing denosumab with zoledronic acid for treating bone
metastases in patients with castration-resistant prostate cancer or other solid tumors
(excluding breast cancer).89 These analyses determined the NNT required to avoid a
single skeletal-related event during continuous, long-term denosumab therapy in
patients with castration-resistant prostate cancer or other solid tumors.

Such analyses utilizing a literature-based Markov model of denosumab compared
with zoledronic acid were based on data from 27 months of therapy in Phase I11
clinical trials in patients with bone metastases from castration-resistant prostate
cancer or breast cancer.

However, a third analysis using a literature-based lifetime Markov model showed
smaller values for the increase costs per QALY gained with denosumab ($78,915 for
breast cancer, $49,405 for castration-resistant prostate cancer, and $67,931 for non-
small-cell lung cancer).92 The increased cost per QALY gained with denosumab
compared with zoledronic acid in this analysis is within what is considered good
medical value in the US.

5U7N 4.5 uanswanisasulaanudfglaely Auto-abstract
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Bone metastases cause an imbalance in the activity of osteoclasts (bone-resorbing
cells) and osteoblasts (bone-forming cells), thereby weakening the skeleton and
resulting in a vicious cycle of bone destruction and tumor growth facilitated by
growth factors released during osteolysis.13 Therapies that inhibit osteoclast activity
are used to prevent bone loss and delay skeletal-related events in patients with bone
metastases from advanced cancer.

Serum steady-state levels of denosumab are reached around 6 months after 120 mg
dosing every 4 weeks, and the mean serum elimination half-life is 28 days.12
Denosumab clearance is proportional to body weight, with steady-state exposure
higher in lower weight individuals compared with higher weight individuals.12
Although denosumab remains in serum for several weeks, studies suggest that regular
dosing is required to maintain its antiresorptive effects.30,62,63 Indeed, studies in
patients with osteoporosis showed that the bone turnover marker levels increased
above baseline levels within 36 months after discontinuation.62,63 Furthermore,
denosumab discontinuation was associated with decreased bone mineral density at the
lumbar spine (6.6%) and total hip (5.3%) within 12 months of receiving the final
dose.63 These studies suggest that stopping denosumab therapy may be associated
with a rebound effect, leading to subsequent decrease in bone mineral
density.30,62,63 It is important for clinicians to understand these issues when
prescribing denosumab so that they can stress the importance of remaining on
therapy.




a7

Approximately 15%27% of patients with advanced cancer receiving nitrogen-
containing bisphosphonate therapy have reported APR-related adverse events.4,5,9
An integrated analysis of the three Phase 111 clinical trials for treating bone metastases
in patients with advanced cancer shows that APR-related adverse events were
reported less frequently with denosumab compared with zoledronic acid (9% versus
20%, respectively).65.

Osteonecrosis of the jaw is an uncommon but potentially serious adverse event of
complex etiology, generally affecting 1%2% of patients with advanced cancer
receiving complex treatment regimens including chemotherapy and antiresorptive
therapy (ie, nitrogen-containing bisphosphonates and denosumab).4,5,9,65 A
combined analysis of the three Phase Il trials comparing denosumab with zoledronic
acid in patients with bone metastases confirms these rates of osteonecrosis of the jaw
and showed that, as of October 2010, osteonecrosis of the jaw resolved in 36% of
patients (40% for denosumab versus 30% for zoledronic acid).72 In contrast with the
metastatic setting, the risk of osteonecrosis of the jaw with antiresorptive therapy
(zoledronic acid or denosumab) in the adjuvant setting is extremely rare.48,73,74 The
infrequent dosing schedule for zoledronic acid or denosumab might be one factor
contributing to the exceptionally low event rate for osteonecrosis of the jaw in this
setting.

Despite the potential seriousness of this adverse event in the metastatic setting, the
risk of developing osteonecrosis of the jaw can be minimized by preventive dental
care before initiating bisphosphonate therapy.75 The primary care physician can play
a critical role in educating the patient on the importance of preventive dental care in
this setting.

Dose adjustment guidelines for nitrogen-containing bisphosphonates are available for
patients with renal impairment (Table 4).11,26,69,8688 Monitoring renal function
with denosumab is not required.12 However, the rate of renal adverse events was
similar for zoledronic acid compared with denosumab in patients with castration-
resistant prostate cancer.4 Moreover, an integrated analysis of the trials comparing
zoledronic acid with denosumab for the treatment of bone metastasis also showed
similar rates of renal adverse events (12% versus 9%, respectively).65 It should also
be noted that patients with renal impairment who receive denosumab are at increased
risk of developing hypocalcemia, a potentially serious complication.

Recently, NNT analyses were performed using skeletal-related event data from two
Phase 111 clinical trials comparing denosumab with zoledronic acid for treating bone
metastases in patients with castration-resistant prostate cancer or other solid tumors
(excluding breast cancer).89 These analyses determined the NNT required to avoid a
single skeletal-related event during continuous, long-term denosumab therapy in
patients with castration-resistant prostate cancer or other solid tumors.

Such analyses utilizing a literature-based Markov model of denosumab compared
with zoledronic acid were based on data from 27 months of therapy in Phase 111
clinical trials in patients with bone metastases from castration-resistant prostate
cancer or breast cancer.

However, a third analysis using a literature-based lifetime Markov model showed
smaller values for the increase costs per QALY gained with denosumab ($78,915 for
breast cancer, $49,405 for castration-resistant prostate cancer, and $67,931 for non-
small-cell lung cancer).92 The increased cost per QALY gained with denosumab
compared with zoledronic acid in this analysis is within what is considered good
medical value in the US.
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Therefore, primary care physicians are in a unique position to help educate their
patients and should be educated on issues related to the mechanisms of action, costs,
benefits, and safety considerations associated with antiresorptive therapy options
(particularly denosumab and zoledronic acid, which have the broadest indications
across several tumor types for patients with bone metastases).11,12 The purpose of
this review is to bring the importance of bone health in patients with cancer to the
forefront for physicians.

Approximately 15%27% of patients with advanced cancer receiving nitrogen-
containing bisphosphonate therapy have reported APR-related adverse events.4,5,9
An integrated analysis of the three Phase 111 clinical trials for treating bone metastases
in patients with advanced cancer shows that APR-related adverse events were
reported less frequently with denosumab compared with zoledronic acid (9% versus
20%, respectively).65

Osteonecrosis of the jaw is an uncommon but potentially serious adverse event of
complex etiology, generally affecting 1%2% of patients with advanced cancer
receiving complex treatment regimens including chemotherapy and antiresorptive
therapy (ie, nitrogen-containing bisphosphonates and denosumab).4,5,9,65 A
combined analysis of the three Phase 111 trials comparing denosumab with zoledronic
acid in patients with bone metastases confirms these rates of osteonecrosis of the jaw
and showed that, as of October 2010, osteonecrosis of the jaw resolved in 36% of
patients (40% for denosumab versus 30% for zoledronic acid).72 In contrast with the
metastatic setting, the risk of osteonecrosis of the jaw with antiresorptive therapy
(zoledronic acid or denosumab) in the adjuvant setting is extremely rare.48,73,74 The
infrequent dosing schedule for zoledronic acid or denosumab might be one factor
contributing to the exceptionally low event rate for osteonecrosis of the jaw in this
setting.

Dose adjustment guidelines for nitrogen-containing bisphosphonates are available for
patients with renal impairment (Table 4).11,26,69,8688 Monitoring renal function
with denosumab is not required.12 However, the rate of renal adverse events was
similar for zoledronic acid compared with denosumab in patients with castration-
resistant prostate cancer.4 Moreover, an integrated analysis of the trials comparing
zoledronic acid with denosumab for the treatment of bone metastasis also showed
similar rates of renal adverse events (12% versus 9%, respectively).65 It should also
be noted that patients with renal impairment who receive denosumab are at increased
risk of developing hypocalcemia, a potentially serious complication.

Recently, NNT analyses were performed using skeletal-related event data from two
Phase 111 clinical trials comparing denosumab with zoledronic acid for treating bone
metastases in patients with castration-resistant prostate cancer or other solid tumors
(excluding breast cancer).89 These analyses determined the NNT required to avoid a
single skeletal-related event during continuous, long-term denosumab therapy in
patients with castration-resistant prostate cancer or other solid tumors.

For patients with castration-resistant prostate cancer, 22 patients would need to be
treated with denosumab for 41 months to prevent any skeletal-related event versus
zoledronic acid.89 Similarly, in patients with other solid tumors, 21 patients would
need to be treated with denosumab for 34 months to prevent any one skeletal-related
event compared with zoledronic acid.89 Furthermore, the NNT required to prevent
radiation to bone, fractures, or surgery to bone was notably high for patients with
castration-resistant prostate cancer (37, 163, and 317, respectively) or other solid
tumors (36, 56, and 167, respectively).89 These analyses show that the potential
incremental benefit of denosumab compared with zoledronic acid for preventing any
one skeletal-related event would be realized only after 2122 patients received long-
term (3441 months) denosumab therapy.
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7. Indeed, these marginal benefits need to be considered in conjunction with the safety
profiles and costs of denosumab and zoledronic acid when choosing an antiresorptive
therapy for patients with metastatic bone disease from advanced cancer.

8. Such analyses utilizing a literature-based Markov model of denosumab compared
with zoledronic acid were based on data from 27 months of therapy in Phase 111
clinical trials in patients with bone metastases from castration-resistant prostate
cancer or breast cancer.

9. Clinical data indicate that the antiresorptive therapies, zoledronic acid and
denosumab, are generally well tolerated in patients with bone metastases from
advanced cancer.

JUN 4.7 uansmanisagulanudfalesly itemset Summarizer

1. For example, many patients focus on primary anticancer therapy and may fail to
realize the importance of bone health in maintaining quality of life.

2. These patients have limited awareness of the frequency and potentially debilitating
effects of skeletal-related events caused by bone metastases.

3. Typically, this patient group may not realize the extent to which skeletal health may
deteriorate and may not be driven to educate themselves about the mechanisms of
action of antiresorptive therapies.

4. This could potentially lead to patients stopping therapy after bone pain subsides,
leaving them at an increased risk of developing skeletal-related events.

5. Additionally, unpleasant, but usually manageable, adverse events can cause patients
to discontinue therapy.

6. For example, the acute-phase response (APR) associated with some antiresorptive
therapies can cause flu-like symptoms.

7. Although these symptoms can often be managed with prophylactic acetaminophen,

without appropriate advice, they may discourage patients from continuing therapy.

Finally, the cost of therapy can be a major concern for many patients with cancer.

9. Therefore, primary care physicians are in a unique position to help educate their
patients and should be educated on issues related to the mechanisms of action, costs,
benefits, and safety considerations associated with antiresorptive therapy options
(particularly denosumab and zoledronic acid, which have the broadest indications
across several tumor types for patients with bone metastases).11,12 The purpose of
this review is to bring the importance of bone health in patients with cancer to the
forefront for physicians.
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ATAIULLIUEN AAUITAN AUsERNS NN
Tuna (Precision) (Recall) (F-Score)
ROUGE-1 | ROUGE-L | ROUGE-1 | ROUGE-L | ROUGE-1 | ROUGE-L
Auto- 0.1349 0.1245 0.6195 0.5705 0.2216 0.2044
abstract
TextRank 0.1299 0.1192 0.6077 0.5564 0.2141 0.1964
[temset 0.1885 0.1333 0.4345 0.3098 0.2630 0.1864
Summarizer
PageRank 0.1877 0.1756 0.4345 0.4054 0.2622 0.2450
WMD

a

INHANTNAGDAURTENUI1 Auto-abstract derAnuseaniiasnigaluyn o yateya

gLy
nA#eU ltemset Summarizer 9giATAILLILELarAUsEANE N mATanlunslFaz LY
LY ROUGE-1 Lilesanldddrdgidudadonislunisdmdenusslonasd Tudiuves
PageRank WMD agilianuusiuguazaseansnmangalunislviazuuuuuy ROUGE-L
Famunem1udn PageRank WMD donuszleaiidmnsetusiluusslealuundndosuaduls
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4.6. nsnaaaulTeuLiguIENMIINenTIiNemANFIAYvaIUsElen

nnnaassluiden 4.2 - 4.5 lalgisiaussnlunisandenusyloadiney Tuns

neaestilmeasdldiznismiensmau o lumsdadendsylemasd lasldadnudainiu 4.5

wazdnsnsdudamdudesas 10 Tdumsgudsdeainunanges uagldnamdeainnisasy

400 uvAaAeIiulsanesa Tsaunmnu lsaiilauazvaenidon lsaglivi wazlsadu lay

PIAIAIULLUET A1ANNTEANLALA1UTLANSAINDIN ROUGE-1 way ROUGE-L 1Tus

1ANaFINNS197 4.12 — 4.16 AUAINU

(%
v Ao

U3IN

A15799 4.12 wan1siSeuiisuisnisnanslasly 400 unauUsvimiiAefulsaNziS

- AMAULLUEN AIANTTAN AIZANSAN
5015
(Precision) (Recall) (F-Score)
n19n5N
ROUGE-1 | ROUGE-L | ROUGE-1 | ROUGE-L | ROUGE-1 | ROUGE-L
LNALSIA 0.1838 0.1705 0.4143 0.3834 0.2546 0.2361
AAIL Y
. 0.1993 0.1843 0.4319 0.3980 0.2728 0.2519
AUINANS
ANAINY
o— 0.1958 0.1813 0.4816 0.4438 0.2784 0.2574
Tha%a
ﬂ'ﬁuﬂmq 0.1975 0.1822 0.4198 0.3864 0.2686 0.2477

AN197 4.13 wansiUSeuieudIsn1smans Wlaely 400 unenudsyiFinenulsauI I

- ATANLL3IUEN ANMNTTAN AIZANSAN
N3
(Precision) (Recall) (F-Score)
n19ns
ROUGE-1 | ROUGE-L | ROUGE-1 | ROUGE-L | ROUGE-1 | ROUGE-L
WAL TR 0.1959 0.1831 0.4041 0.3770 0.2638 0.2465
Aaadu 0.2152 0.2020 0.4828 0.4521 0.2978 0.2793
AUENAN
AR 0.2151 0.2021 0.4851 0.4549 0.2980 0.2799
g
Afunans 0.2151 0.2018 0.4832 0.4526 0.2976 0.2790
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AN5199 4.14 wan1siUSeuisudsnismans wlaely 400 unanuUsrdinetulsamlanay

naenLFen
- AMAULLUEN AIMNTTAN AlsERNSA W
N3
(Precision) (Recall) (F-Score)
NN
ROUGE-1 | ROUGE-L | ROUGE-1 | ROUGE-L | ROUGE-1 | ROUGE-L
LWALLTIA 0.1686 0.1580 0.3867 0.3616 0.2348 0.2199
A 0.1945 0.1828 0.4704 0.4422 0.2752 0.2587
AUENAN
AR 0.1951 0.1834 0.4736 0.4454 0.2764 0.2598
Inadn
Adiunans 0.1941 0.1825 0.4690 0.4409 0.2746 0.2581

M15799 4.15 nan1sleuliguisnsmiansmilaglyd 400 unanuuTimiingtulsagiun

- AR UEN AIAINTLEN AlsERNSAN
/13
(Precision) (Recall) (F-Score)
n19ns
ROUGE-1 | ROUGE-L | ROUGE-1 | ROUGE-L | ROUGE-1 | ROUGE-L
WAL TR 0.1734 0.1618 0.3833 0.3564 0.2388 0.2226
A 0.1982 0.1858 0.4570 0.4273 0.2765 0.2590
AUgNAa
AR 0.1973 0.1849 0.4652 0.4350 0.2770 0.2595
Inage
Adunans 0.1961 0.1839 0.4520 0.4223 0.2735 0.2562
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AN5199 4.16 Wan1siUSeuisuIsn1snans Wlagly 400 unanuUsviEiiAgdulsADIUY

- AAULLUEN AIAINTEEN AlsERNS AN
5015
(Precision) (Recall) (F-Score)
n19n5N
ROUGE-1 | ROUGE-L | ROUGE-1 | ROUGE-L | ROUGE-1 | ROUGE-L
LNALLSIN 0.1877 0.1756 0.4345 0.4054 0.2622 0.2450

Aaadu 0.1974 0.1848 0.4989 0.4663 0.2828 0.2647

AUGNAN

AAIY 0.1976 0.1849 0.5017 0.4688 0.2835 0.2652
Tha%a
ﬁﬂﬁuﬂawq 0.1972 0.1846 0.4966 0.4641 0.2823 0.2642

NNHANITNAABINUINITNITAMLABNINUANEAANNTIN A8 TE3TN1sI1AIAINY

o

[y

Ind¥naziiaanusednuazAlsednsamangalunnyndeya diur1aukdug1azasy
aduiuszninedsnismearanudugudnaisivaaiulnddalaedasuuuneiuliiu

0.001 39D9IW9NULBEUN



Ui 5

#3UNan15AY

5.1. #3UNaN5IY

lunddetiladiauadsnisaslannudfyainunanusuvainlagldesulnladvag
Bnsnensil legldesulnlad UMLS Fulueeulnladianieniadinsunnd wazlideya

I3 a o 4 ::4' [ @ Ly =
UNANUIUUTEANUNANUUI VA NgAULSANZLST 15AWIIU LsAiilawasiaanaan 15a
Q3 wazlsndau agreay 400 unanulunisnageudsnisiduaue Iagldazuuuain
ROUGE-1 wag ROUGE-L tJud13im nan1snaaasnuinnisunuunainuidunsin wazly
BsnansanamUsyleanianudifglusvvedvualunsvdudmwaiuinniinig
BENUsLlEANITNUIUABULIUANSINUBUINATLNEIE19AET LNS1EITN1TNIINs Wazaula

¢ a A v v M v Ao w a o | a
AouUdanUseleafinertosne luldaulanmedssleanmaiinnsanediiesogaien

d‘ Ql a aa d‘ o 1 24 ;24 o 1

dlaSeuiiguTsnisndnaueludiuresnisldnisuszendldnisilesdmndaglunism
ANUAANENUYDIUTLIAAIEANITLELMINISHATOUNTENINIA LAY 8 TUNTAS 19N T W LN U
vnAukarldiwanssnlunisuiuseloandiAgi Auauldeiitieateshs Auto-abstract,
TextRank Wag ItemSet Summarizer Wu313sNNaueild1utglinan 1sasuianuwsiugn
wazUseAnSamiiudugeanosay 22 Tudiuresd1nnuseanvionuaATaUAqUantaea
WWoea1nisnisilranudfydudssleanineusuinssiuooulnlad UMLS detunini

Usglepfiddgyasawslinupauidinseulnladhaslignidenundudimiwesunagy

vaa o = = % A [
ﬂ’ﬁﬁ/l(ﬂaEJ\?SLGU’]ﬁﬂ’ﬁ‘VI’]ﬂ’J’WlIﬁ’]ﬂEyJ‘VlNﬂiTW%a’]EJ 9 LUULILUTEULNEUNUY AD LWALLIIN

'
1o LY

Armuugudnats A1Aulnada uazAIAuNae kanseassiuunauUIvimiluiiug,
nsunndraigalddfuazuunmilonsu Finsmaanuduguinaisdanuudugiann
fian ssaaAo ArAailndTn ArAunans wazmaussd mudsu Tudruvesdinusyan
warAUszAvBa Mty Aaulnddn fnadwiiiafian sosasnfe Aaudugudnas A
FUNANY WATNALSIH AUadU wandliiiuiuselonfiinewauddfyeesilomady
Uszleadrdguinauuuianvesdianudugudnats wazUsyloafidaeulsudiisatos
Usglondu  wesfAinafuussansamlumsdmienuszloragunamnanuesdinnslnddn
\WuLAE I

Mnmsneaesiaaninuy meldesulnladsiuiunmssiunssssiensiedoud

sz tulsiazUszloaiionnns Layldisn1sn1ansavang q TunisniniiudAgves



60

Tnun Idnanisvnassiia msziinisl43sn1snsnsiungrslunisdmdenyszlondisl
muddyivrauanfusunuecssloaiomn wenaninsidnoueddanoeulnlad
waznsilammidutledeiildlunisasradudoussninduualunsmimunzaulaeiiaig
wluguasAUseansamdiintudesay 26 annisaaedduaglildnsilei Wudendiiu
Frunuvesmnuduiuisyninassloatuinananuadiendsturesiidie lalldnnsvene
AeUURIRNA ST seehafien

Brsiviauetanunsailulssgndldtuesulnladdu 4 WWlaeudleisiusunsaly
drurasnsinsetuosulnladiiiomasuUs

Tuspmesuasnisiawalagld ROUGE 1 ilunisganizfitnsstuvesundngodsld
Hunasgiudeduasunagufiainetum uiunasuilinaadeduaniuazaulanous s

Ya3AmeFe1sluauaze Ul uunAngavin kil sezuuulugiuil

5.2. wua9Igluauinn

1) lnsilernlussrulseloalasluwma Universal Sentence Encoder [43] iiefuan
AANuAAevaIlsElen

2) Wieruddyfuvihiivesdiluusslen (Part of Speech) vedusiazUseloaluunain

W AL AINseT Aasswng Aeadnyt W Jusiy



AWIANTAUAUIINY 1A Y
CHuLALoNGKORN UNIVERSITY



ANANUIN N.

A7981998a31n UMLS Metathesaurus

MRCONSO.RRF

1) Wﬁ]umﬂim%}aga (Data Dictionary)

Col.
CUI
LAT
TS
LUI
STT
SUI
ISPREF
AUI
SAUI
SCUI
SDUI
SAB

TTY

CODE

STR
SRL
SUPPRESS

CVF

Description

Unique identifier for concept

Language of term

Term status

Unique identifier for term

String type

Unique identifier for string

Atom status - preferred (Y) or not (N) for this string within this concept
Unique identifier for atom - variable length field, 8 or 9 characters
Source asserted atom identifier [optional]

Source asserted concept identifier [optional]

Source asserted descriptor identifier [optional]

Abbreviated source name (SAB). Maximum field length is 20 alphanumeric characters. Two source abbreviations are assigned:

® Root Source Abbreviation (RSAB) — short form, no version information, for example, AI/RHEUM, 1993, has an RSAB of
"AIR"

Versioned Source Abbreviation (VSAB) — includes version information, for example, AI/RHEUM, 1993, has an VSAB of
"AIR93"

Official source names, RSABs, and VSABs are included on the UMLS Source Vocabulary Documentation page.

Abbreviation for term type in source vocabulary, for example PN (Metathesaurus Preferred Name) or CD (Clinical Drug). Possible
values are listed on the Abbreviz e

Most useful source asserted identifier (if the source vocabulary has more than one identifier), or a Metathesaurus-generated source
entry identifier (if the source vocabulary has none)

String
Source restriction level

Suppressible flag. Values = O, E, Y, or N

O: All obsolete content, whether they are obsolesced by the source or by NLM. These will include all atoms having obsolete TTYs,
and other atoms becoming obsolete that have not acquired an obsolete TTY (e.g. RxNorm SCDs no longer associated with current
drugs, LNC atoms derived from obsolete LNC concepts).

E: Non-obsolete content marked suppressible by an editor. These do not have a suppressible SAB/TTY combination.

Y: Non-obsolete content deemed suppressible during inversion. These can be determined by a specific SAB/TTY combination
explicitly listed in MRRANK.

N: None of the above

Default suppressibility as determined by NLM (i.e., no changes at the Suppressibility tab in MetamorphoSys) should be used by
most users, but may not be suitable in some specialized applications. See the MetamorphoSys Help page for information on how to
change the SAB/TTY suppressibility to suit your requirements. NLM strongly recommends that users not alter editor-assigned
suppressibility, and MetamorphoSys cannot be used for this purpose.

Content View Flag. Bit field used to flag rows included in Content View. This field is a varchar field to maximize the number of
bits available for use.

Uﬁl n.1 WR]UWUﬂ‘iﬁJ‘UEJEJa%EJQ MRCONSO

(F11: @1579% 1 970 [18])
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CO000096|ENGIS|L6330137|PF|S7236350|Y|A12080357||M0023168|D015056|MSH|
DEV|DO15056|MIBX|0]Y]|
COO00096|ENG|S|L6516881|PF|S7597847|Y|A12072979||M0023168|D015056|MSH|
DSV|D015056/ISOBUTYLMETHYLXANTHINE 03 01[0Y|
CO000096|ENG|S|L6518944|PF|S7599126|Y|A12091179||M0023168|D015056|MSH|
DSV|D015056|METHYLISOBUTYLXANTHINE 01 030]Y||
COO00096|ENG|S|L7681185|PF|S8875656|Y|A17900516|INO000166987||NDFRT|FN|
N0000166987|1-Methyl-3-isobutylxanthine [Chemical/Ingredient]|O|N||
C0000097|ENG|P|LO000097|PF|S0007641|N|A17924856|[NO000167234|[NDFRT|PT|
N0000167234|1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine|0|N|256)|

U7 n.2 foehatoyannnliid MRCONSO.RRF
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MRDEF.RRF

1) wauynsudeya (Data Dictionary)

Col.
CUI
AUI
ATUI
SATUI
SAB

DEF
SUPPRESS

CVF

Description

Unique identifier for concept

Unique identifier for atom - variable length field, 8 or 9 characters
Unique identifier for attribute

Source asserted attribute identifier [optional-present if it exists]
Abbreviated source name (SAB) of the source of the definition

Maximum field length is 20 alphanumeric characters. Two source abbreviations are assigned:

® Root Source Abbreviation (RSAB) — short form, no version information, for example, AI/RHEUM, 1993, has an RSAB of
YAIR"

® Versioned Source Abbreviation (VSAB) — includes version information, for example, AI/RHEUM, 1993, has an VSAB of
"AIR93"

Official source names, RSABs, and VSABs are included on the UMLS Source Vocabulary Documentation page.

Definition

Suppressible flag. Values = O, E, Y, or N. Reflects the suppressible status of the attribute; not yet in use. See also SUPPRESS in
MRCONSO.RRF, MRREL.RRF, and MRSAT.RRF.

Content View Flag. Bit field used to flag rows included in Content View. This field is a varchar field to maximize the number of
bits available for use.

JUN n.3 Wauynsuveyaves MRDEF

('1'71'm: mawﬁl 3 911 [18])

2) fegretayaanlila

C0596642|A1194760|AT51219283||CSP|halogenated unsaturated aliphatic
hydrocarbon.|N||

C0596643|A1194761|AT51224854||CSP|halogenated compound with an alkyl
group attached to an amine nitrogen.|N||
C0596644|A1194762|AT51219069||CSPJamino acid containing a halogen.|N||
C0596645|A1194765|AT51220091||CSP|halogenated benzene compound.|N||
C0596646|A1184584|AT32352346||CSP|general term for organic compounds

containing fluorine, chlorine, bromine, or iodine.|N||

Y 1 v

gﬂﬁ n.4 segtoyaainlid MRDEF.RRF
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MRSTY.RRF

1) wauynsudeya (Data Dictionary)

Col.
Cul
TUI
STN
STY

Description

Unique identifier of concept
Unique identifier of Semantic Type
Semantic Type tree number

Semantic Type. The valid values are defined in the Semantic Network.

ATUI Unique identifier for attribute

CVF

Content View Flag. Bit field used to flag rows included in Content View. This field is a varchar field to maximize the number of bits
available for use.

'
=

JUN n.5 wauunsudeyaves MRSTY

('1'71'm: mswﬁl 7 970 [18])

2) fegretayaanla

C0000935|T034|A2.2.1|Laboratory or Test Result|AT08297566|256]
C0000936|T042|B2.2.1.1.2|Organ or Tissue Function|AT43834423|256|
C0000937|T097|A2.9.1|Professional or Occupational Group|AT08653906|256|
C0000938|T057|B1.3|Occupational Activity|AT17564820|256|
C0000939|T081]A2.1.3|Quantitative Concept|AT17594607|256|
C0000940|T081]A2.1.3|Quantitative Concept|AT17594868]||
C0000941|T064|B1.3.3|Governmental or Regulatory Activity|AT17672146|256]

% [

U7 n.6 Meehadoyaainlwd MRSTY.RRF
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Talreja D. B. (2012). Importance of antiresorptive therapies for patients with
bone metastases from solid tumors. Cancer management and research, 4, 287-297.
doi:10.2147/CMAR.S33983

UNANAUATY : https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3459591

1. Antiresorptive therapies are important for maintaining bone health in patients with
cancer metastatic to bone.

2. Bone metastases can have a markedly negative impact on skeletal health by
disrupting normal bone metabolism and weakening the skeleton.

3. Consequently, patients with bone metastases are at risk of skeletal-related events such
as pathologic fractures, spinal cord compression, the need for orthopedic surgery to
bone, and palliative radiotherapy for severe bone pain.1 Moreover, pathologic
fractures in particular are associated with decreased survival.2,3 Fortunately,
antiresorptive therapies have demonstrated efficacy for reducing the risk of skeletal-
related events and ameliorating bone pain.410

4. Despite the well documented clinical benefits of antiresorptive therapies, patients
may often limit the benefits they derive by not adhering to the planned treatment
schedule.

5. There are several potential causes of poor compliance.

6. For example, many patients focus on primary anticancer therapy and may fail to
realize the importance of bone health in maintaining quality of life.

7. These patients have limited awareness of the frequency and potentially debilitating
effects of skeletal-related events caused by bone metastases.

8. Typically, this patient group may not realize the extent to which skeletal health may
deteriorate and may not be driven to educate themselves about the mechanisms of
action of antiresorptive therapies.

9. This could potentially lead to patients stopping therapy after bone pain subsides,
leaving them at an increased risk of developing skeletal-related events.

10. Additionally, unpleasant, but usually manageable, adverse events can cause patients
to discontinue therapy.

11. For example, the acute-phase response (APR) associated with some antiresorptive
therapies can cause flu-like symptoms.

12. Although these symptoms can often be managed with prophylactic acetaminophen,
without appropriate advice, they may discourage patients from continuing therapy.

13. Finally, the cost of therapy can be a major concern for many patients with cancer.

14. The medical care team can play an important role in educating the patient regarding
the importance of antiresorptive therapy when cancer has metastasized to bone.

15. Medical care for patients with cancer requires coordinated effort between primary
care physicians and oncologists.

16. Patients usually have frequent contact with their primary care physicians, especially
once their disease stabilizes.
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Therefore, primary care physicians are in a unique position to help educate their
patients and should be educated on issues related to the mechanisms of action, costs,
benefits, and safety considerations associated with antiresorptive therapy options
(particularly denosumab and zoledronic acid, which have the broadest indications
across several tumor types for patients with bone metastases).11,12 The purpose of
this review is to bring the importance of bone health in patients with cancer to the
forefront for physicians.

Articles indexed on PubMed during the last 5 years were searched using the search
terms zoledronic acid and denosumab in combination with bone metastases, cancer,
cost, and compliance.

Important studies were identified from the literature search, and were limited to bone
metastasis studies.

Publications or presentations regarding postmenopausal osteoporosis, aromatase-
inhibitor induced bone loss, or cancer therapy-induced bone loss were not included.
Older relevant studies were also included.

Relevant presentations at large oncology congresses (eg, ASCO and ECCO/ESMO)
during the last 5 years were included.

However, smaller congresses and abstracts for congress presentations not readily
available online were not included.

Major limitations to these literature search methods are that some congress activity
may have been missed and that relevant articles may not have been identified during
the literature search.

Bone remodeling occurs through the coordinated activity of bone formation and bone
resorption.

Bone metastases cause an imbalance in the activity of osteoclasts (bone-resorbing
cells) and osteoblasts (bone-forming cells), thereby weakening the skeleton and
resulting in a vicious cycle of bone destruction and tumor growth facilitated by
growth factors released during osteolysis.13 Therapies that inhibit osteoclast activity
are used to prevent bone loss and delay skeletal-related events in patients with bone
metastases from advanced cancer.

Antiresorptive therapies (ie, bisphosphonates and denosumab) are indicated for
treating bone lesions and are effective for delaying onset of skeletal-related events
(Table 1),47,9,10,1425 and ameliorating bone pain.410 Bisphosphonates are a well
established treatment option for maintaining bone health in patients with cancer and
are a standard supplemental therapy for patients with advanced cancer.

In the metastatic setting, the nitrogen-containing bisphosphonates, pamidronate and
zoledronic acid, are approved for treating bone metastases from breast cancer.11,26
However, zoledronic acid (4 mg intravenously every 3 to 4 weeks) is the only
bisphosphonate indicated for reducing the risk of skeletal-related events in patients
with bone metastases from other solid tumors.

Furthermore, zoledronic acid has a well established safety profile and a wealth of
real-world data documenting tolerability and efficacy.

Denosumab (120 mg subcutaneously every month) is a newer antiresorptive agent
indicated for preventing skeletal-related events in patients with bone metastases from
solid tumors but is not indicated for patients with multiple myeloma or hypercalcemia
of malignancy.12.

All bisphosphonates accumulate in the mineral portion of the bone matrix and are
released during bone resorption.

The relative efficacy of bisphosphonates to delay the onset and reduce the risk of
potentially debilitating skeletal-related events depends primarily on their chemical
structure.
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Non-nitrogen- containing bisphosphonates, such as clodronate, are metabolized by
osteoclasts into nonhydrolyzable cytotoxic ATP analogs.

In contrast, nitrogen-containing bisphosphonates inhibit the mevalonate pathway after
internalization by osteoclasts.27 Notably, zoledronic acid was the most potent
bisphosphonate tested in preclinical model systems, with the greatest antiresorptive
activity.28,29

All bisphosphonates are rapidly removed from the circulation by skeletal deposition
or by renal filtration, after which they are excreted nonmetabolized within a few
hours.

The rate of bone turnover in a patient determines the proportion of bisphosphonates
that becomes bound to the skeleton or is filtered through the kidneys.30 Patients with
higher rates of bone turnover (eg, patients with metastatic bone disease or receiving
therapies that increase bone turnover) retain more of the initial bisphosphonate dose
within the skeleton compared with patients with lower rates of bone turnover (eg,
healthy individuals).

Furthermore, once bound to the skeleton, bisphosphonates are released during active
bone remodeling, at which time they inhibit osteoclast function and viability.27,30
Therefore, bisphosphonates avidly bind the mineralized bone matrix and inhibit bone
destruction in patients with bone metastases.

Originally considered supportive care, the role of nitrogen-containing
bisphosphonates in therapy is evolving because of the growing body of evidence
demonstrating their potential anticancer activity.

Preclinical evidence supports the anticancer activity of bisphosphonates.3133
Furthermore, numerous clinical studies examining the potential anticancer activity of
bisphosphonates have been completed (Table 2),24,3455 and several of them show
that zoledronic acid influences the prevalence and persistence of disseminated tumor
cells in bone.

Indeed, one possible mechanism of nitrogen-containing bisphosphonate anticancer
activity may be through rendering the bone marrow microenvironment less suitable
for the growth of tumor cells.

Some bisphosphonates may also target some steps involved in the metastatic process,
including tumor cell growth, migration, adhesion to extracellular matrix,
extravasation into distant tissues, angiogenesis, and avoidance of immune
surveillance.

Furthermore, nitrogen-containing bisphosphonates have demonstrated synergistic
anticancer activity when used in combination with anticancer agents in the preclinical
setting, and clinical studies to explore this effect further are ongoing.

Knowledge and understanding of the potential anticancer effects of bisphosphonates
could influence a patients preference for one antiresorptive therapy over another.
Denosumab is a new antiresorptive therapeutic option for patients with bone
metastases from solid tumors, but not for patients with multiple myeloma.12 It is a
fully human monoclonal antibody that specifically targets the receptor activator of
nuclear factor kappa B ligand (RANKL), a key modulator of osteoclast-mediated
bone resorption.

Notably, in head-to-head clinical trials, denosumab was found to be superior to
zoledronic acid for delaying skeletal-related events in patients with bone metastases
from breast or prostate cancer and non-inferior to zoledronic acid for delaying SREs
in patients with bone metastases from other solid tumors.4,5,9 Denosumab is not
incorporated into the mineralized bone matrix and does not selectively target
bone.56,57 Because RANKL is expressed systemically, blocking RANKL with
denosumab may interfere with RANKL-mediated pathways outside of bone.
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Indeed, in addition to osteoclasts, RANKL is also expressed by cells of the immune
system (eg, T cells, B cells, and dendritic cells), vascular endothelial cells, heart,
brain, kidney, skeletal muscle, and skin.5860 Functions of RANKL in these cells
include regulation of vascular integrity, lymph node organization, T cell and dendritic
cell communication, and dendritic cell survival.

Furthermore, in murine models, RANKL mRNA and protein have been detected
throughout development, suggesting multiple other potential functions of the
protein.61.

Serum steady-state levels of denosumab are reached around 6 months after 120 mg
dosing every 4 weeks, and the mean serum elimination half-life is 28 days.12
Denosumab clearance is proportional to body weight, with steady-state exposure
higher in lower weight individuals compared with higher weight individuals.12
Although denosumab remains in serum for several weeks, studies suggest that regular
dosing is required to maintain its antiresorptive effects.30,62,63 Indeed, studies in
patients with osteoporosis showed that the bone turnover marker levels increased
above baseline levels within 36 months after discontinuation.62,63 Furthermore,
denosumab discontinuation was associated with decreased bone mineral density at the
lumbar spine (6.6%) and total hip (5.3%) within 12 months of receiving the final
dose.63 These studies suggest that stopping denosumab therapy may be associated
with a rebound effect, leading to subsequent decrease in bone mineral
density.30,62,63 It is important for clinicians to understand these issues when
prescribing denosumab so that they can stress the importance of remaining on
therapy.

In addition, the rebound effect is of particular relevance in a real world setting as
patients with advanced cancer are likely to experience events that may warrant
discontinuation of therapy, thereby increasing their risk of skeletal-related events.
Denosumab is newly approved in the US for use in patients with bone metastases
from solid tumors.

Although a 2-year open-label extension of the skeletal-related events study in patients
with breast cancer confirmed the safety profile of denosumab established in the
primary study,64 it has not been reported how the efficacy and safety of denosumab
therapy in clinical trials will translate to longterm use in clinical practice.

No clinical anticancer effects of denosumab have been reported; however, a Phase 11
study in patients with nonmetastatic castration-resistant prostate cancer showed that it
significantly increased bone metastasis-free survival by a median of 4.2 months
versus placebo (hazard ratio = 0.85; P =0.028).

Despite this statistically significant finding, denosumab had no effect on overall
disease progression (HR = 0.90; P = 0.13) or survival (HR = 1.01; P = 0.91).
Moreover, this study reported a higher incidence of osteonecrosis of the jaw with
denosumab compared with other denosumab trials in patients with advanced cancer
(5% versus 2%).65,66 Ongoing anticancer trials with denosumab include ABCSG-18
(n = 3400) and D-CARE (n = 4500), both in patients with breast cancer.67,68.
Acute-phase responses have been reported in patients receiving antiresorptive therapy
and consist of flu-like symptoms including fever, chills, flushing, bone pain and/or
arthralgias, and myalgias.

Approximately 15%27% of patients with advanced cancer receiving nitrogen-
containing bisphosphonate therapy have reported APR-related adverse events.4,5,9
An integrated analysis of the three Phase 11 clinical trials for treating bone metastases
in patients with advanced cancer shows that APR-related adverse events were
reported less frequently with denosumab compared with zoledronic acid (9% versus
20%, respectively).65.
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It should be noted that APR-related adverse events are often easily managed,69 and
prophylactic use of acetaminophen or diphenhydramine before the first
bisphosphonate dose can reduce the incidence and severity of these events.70
Furthermore, APR-related adverse events are usually mild and reversible.71 These
events either do not manifest in subsequent cycles of nitrogen-containing
bisphosphonate therapy or are of reduced severity.

Therefore, APR-related adverse events need not be a contraindication to the long-
term use of bisphosphonate therapy.

The primary care physician must be aware of how to manage APR-related adverse
events and should communicate this information to patients with cancer.
Osteonecrosis of the jaw is an uncommon but potentially serious adverse event of
complex etiology, generally affecting 1%2% of patients with advanced cancer
receiving complex treatment regimens including chemotherapy and antiresorptive
therapy (ie, nitrogen-containing bisphosphonates and denosumab).4,5,9,65 A
combined analysis of the three Phase Il trials comparing denosumab with zoledronic
acid in patients with bone metastases confirms these rates of osteonecrosis of the jaw
and showed that, as of October 2010, osteonecrosis of the jaw resolved in 36% of
patients (40% for denosumab versus 30% for zoledronic acid).72 In contrast with the
metastatic setting, the risk of osteonecrosis of the jaw with antiresorptive therapy
(zoledronic acid or denosumab) in the adjuvant setting is extremely rare.48,73,74 The
infrequent dosing schedule for zoledronic acid or denosumab might be one factor
contributing to the exceptionally low event rate for osteonecrosis of the jaw in this
setting.

Despite the potential seriousness of this adverse event in the metastatic setting, the
risk of developing osteonecrosis of the jaw can be minimized by preventive dental
care before initiating bisphosphonate therapy.75 The primary care physician can play
a critical role in educating the patient on the importance of preventive dental care in
this setting.

Furthermore, conservative management often leads to resolution of osteonecrosis of
the jaw76 (Table 3).77 Although not specifically examined with denosumab, these
preventive techniques also would likely be useful for minimizing the risk of
osteonecrosis of the jaw in patients receiving denosumab.

The incidence of renal impairment is high in elderly patients (ie, age 65 years) even
in the absence of comorbidities.7881 Renal impairment is also common among
patients with cancer.

82 Moreover, this patient population often has pre- existing comorbidities or other
risk factors that increase the risk of renal impairment.

For example, patient age, pre-existing kidney disease, chronic comorbidities such as
diabetes, hypertension, and cardiac insufficiency, and some long-term medications all
increase the risk of renal impairment.

83 Thus, monitoring renal function in patients with cancer is crucial for safe
administration of anticancer agents and antiresorptive therapies, which can be
nephrotoxic.84,85 Primary care providers can play a critical role in managing
comorbidities and multiple medications.

For patients receiving nitrogen-containing bisphosphonates, monitoring renal
function (ie, serum creatinine assessment before each dose) is required because
nitrogen-containing bisphosphonates not bound to the skeleton are cleared by renal
filtration.




72

68.

69.

70.

71.

72.
73.

74.

75.

76.

77.

78.

79.

80.

Dose adjustment guidelines for nitrogen-containing bisphosphonates are available for
patients with renal impairment (Table 4).11,26,69,8688 Monitoring renal function
with denosumab is not required.12 However, the rate of renal adverse events was
similar for zoledronic acid compared with denosumab in patients with castration-
resistant prostate cancer.4 Moreover, an integrated analysis of the trials comparing
zoledronic acid with denosumab for the treatment of bone metastasis also showed
similar rates of renal adverse events (12% versus 9%, respectively).65 It should also
be noted that patients with renal impairment who receive denosumab are at increased
risk of developing hypocalcemia, a potentially serious complication.

Indeed, 10% of patients receiving denosumab experienced hypocalcemia compared
with 5% of patients receiving zoledronic acid.65 Therefore, it is prudent to assess
renal function regularly in patients with cancer receiving antiresorptive therapy.
When determining the optimal choice of antiresorptive therapy for an individual
patient, the safety profiles of antiresorptive therapies need to be considered within the
context of individual clinical situations and preferences.

Other tools that can be useful for evaluating the risk/benefit ratios of a therapy are
number-needed-to-treat (NNT) and cost/benefit analyses.

The NNT is a measure used to compare the relative efficacies of two therapies.

It represents the number of patients who need to be treated with an agent to avoid one
additional event.

In addition to NNT analyses, cost/benefit analyses can help evaluate the cost-
effectiveness of a therapy given the known efficacy and safety profiles.

The NNT analysis can be used to make sense of numerical results from clinical trials,
and is useful in evaluating the real-world clinical benefit of one agent relative to
another.

Recently, NNT analyses were performed using skeletal-related event data from two
Phase 111 clinical trials comparing denosumab with zoledronic acid for treating bone
metastases in patients with castration-resistant prostate cancer or other solid tumors
(excluding breast cancer).89 These analyses determined the NNT required to avoid a
single skeletal-related event during continuous, long-term denosumab therapy in
patients with castration-resistant prostate cancer or other solid tumors.

For patients with castration-resistant prostate cancer, 22 patients would need to be
treated with denosumab for 41 months to prevent any skeletal-related event versus
zoledronic acid.89 Similarly, in patients with other solid tumors, 21 patients would
need to be treated with denosumab for 34 months to prevent any one skeletal-related
event compared with zoledronic acid.89 Furthermore, the NNT required to prevent
radiation to bone, fractures, or surgery to bone was notably high for patients with
castration-resistant prostate cancer (37, 163, and 317, respectively) or other solid
tumors (36, 56, and 167, respectively).89 These analyses show that the potential
incremental benefit of denosumab compared with zoledronic acid for preventing any
one skeletal-related event would be realized only after 2122 patients received long-
term (3441 months) denosumab therapy.

Moreover, the higher NNTs for more debilitating and costly skeletal-related events
(eg, fracture, surgery to bone) suggest a low incremental benefit with denosumab
compared with zoledronic acid.

Indeed, these marginal benefits need to be considered in conjunction with the safety
profiles and costs of denosumab and zoledronic acid when choosing an antiresorptive
therapy for patients with metastatic bone disease from advanced cancer.

In addition to the safety and efficacy of antiresorptive therapies, cost also must be
taken into consideration, because drug costs will influence the out-of-pocket expenses
incurred by patients.
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Cost/benefit analyses can be useful for evaluating the cost, efficacy, and safety
considerations of a therapy.

Such analyses utilizing a literature-based Markov model of denosumab compared
with zoledronic acid were based on data from 27 months of therapy in Phase 11l
clinical trials in patients with bone metastases from castration-resistant prostate
cancer or breast cancer.

These analyses show that denosumab is not cost-effective compared with zoledronic
acid.90,91 Indeed, the cost per quality-adjusted life-year (QALY) for patients with
breast cancer is approximately $697,000,91 and the cost per QALY for patients with
castration-resistant prostate cancer is approximately $1.25 million.90 Both of these
figures are far above what is considered a good medical value in the US (ie, $50,000
to $100,000 per QALY).90,91 In both analyses, the high cost per QALY with
denosumab is due to higher drug acquisition costs, combined with the limited
improvement in prevention of skeletal-related events with denosumab versus
zoledronic acid.

These high costs per QALY for denosumab suggest that the cost/benefit ratio of
denosumab may be prohibitive for many patients.

However, a third analysis using a literature-based lifetime Markov model showed
smaller values for the increase costs per QALY gained with denosumab ($78,915 for
breast cancer, $49,405 for castration-resistant prostate cancer, and $67,931 for non-
small-cell lung cancer).92 The increased cost per QALY gained with denosumab
compared with zoledronic acid in this analysis is within what is considered good
medical value in the US.

Overall, the cost-effectiveness of denosumab remains open to interpretation at this
time, and may influence treatment decisions differently in each geographic
area/practice setting.

Clinical data indicate that the antiresorptive therapies, zoledronic acid and
denosumab, are generally well tolerated in patients with bone metastases from
advanced cancer.

It should be noted that bisphosphonates are a well established treatment option with a
long history of clinical use in this patient population and have a well characterized
and manageable safety profile.

Denosumab is a newly approved antiresorptive therapy option for patients with bone
metastases from solid tumors.

Although the long-term safety profile of denosumab in clinical practice remains to be
determined, it provides an alternative antiresorptive therapy option for this patient
population.

However, cost/benefit analyses do not favor denosumab over zoledronic acid for
treating bone metastases from solid tumors.

Patient compliance with antiresorptive therapy is critical for maintaining bone health
and quality of life.

Understanding the benefits of antiresorptive therapies and the risks associated with
skeletal-related events may improve patient compliance.

Because primary care physicians generally have more contact with their patients than
oncologists, they are in an excellent position to monitor compliance and help educate
patients on the benefits and risks of various antiresorptive therapies.

Therefore, primary care physicians need to be aware of the risks and benefits of
various antiresorptive therapy options for patients with advanced cancer.
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