[ Downloaded from jhbmi.ir on 2026-07-04 ]

S G 5 s Kl 5] Al
Ky Kl gl Ao S o

199 19-19 o sl o jlad i 50

St (531 — was Thw! i 3 0L b 4 3 (b g 43 Wino (3! ylowd s (o
Ve TPV

YM)? dilxy ‘*r)% Olewy lo yoosme c‘@bﬁ Rl

WY/ o gy @ WWAVA/D o C8b o0

o Jgbo J S s 03 5 dngi ) olos ilie Gl ol 3 ) 5 olye sl oSy (hol it ) (o 10
ol 5l Gan il loyd BB e 03y el @z g ST Lol (s OL.,T Oy 05 paods Wil 4y 90 o L S 0
2bbe (59802 2,595 b phlew sla Shg (bl ) by s Glilows clis 018" ey At Jae Lo dlllas
pb3jl (ilwaigs wys5l s ANFIS Liubei (g6 uae glinl piuw wysS 1 og,)l8 = inogs adlas oyl 5 3 0g,
ool ool eyl anly puime 0305 olSSL 1 cadlllae oyl p3 i oolitol 4y by aMie ylylows £ s i sl PSO @l
dUa} )..\> 9 s (oo «dd L;lm)Lu )] d.)LQ(w“) d;s) u.JlJ))‘ dl): A ealaiwl KJ)AT Js)a..)?J ol%isls SEER u.‘)‘l.g(v (’*3‘..0 9
W 0ol Glaypo 15k

do gy ol 4 i PSO 02,68 L ANFIS (gilssins b9y 659 osimolis adlllas (] 53 osslcuss & (oo bt 1l

5 logs <y (sl ZAUVE oSy <yl ZAUA+ ol oo bagio b dy) ol adkiee oylons el ity (slil,
9 SEER 031y dcgemme 59y p oz & slp Aa7./55

L3 )8 sy 4y Gl pus 4 Mo lilows 56y oy 5> PSO 02,6501 L ANFIS 00 (giloaige Joo 3l ool 16 S doi
oelple il odgy Uad e (pyieS g Cdd oro pyiin b duwslie 3j50 s e ple 4 Cans (ol e
D90 gy Wy (Smsbey 40> Ao (2] 65,8

SLO.: C).s @y ) qu).w ¢ LO.’ Ls».a.’u».u ‘dslfo.)].) :lbbj‘, -XLJS

ey 5l s a3 g Aded (636~ ze el el o3limal by Ol e Ol el (o ilom ) iy 5 L pbemms )5 Ole) coidlpl cule (8L sle
XAV ¥4 iy S 5 Dl

Ol ) cOlgieol ¢ grdhal 305T o8l (o sloo ol 5 3alS ki 03,5 ¢ gl (e )] alid)IS (5 il )

Ol ) el ¢ ol 33T ol&tils aS jln doml g ¢ 5 gunalS” pniga 03,5 ¢ybokul ¥

Ol cOlgins! ol 55T ol LT 53 ol ¢ 5 apalS cvkign 03,5 bskeul ¥

25900 Loy dme 1 gt 0y 5

48 oo ol Dl S15T o313 ¢ m i i 51 sk o33 Olokon cpebne 1ok 0S5 cOlgiosl 2 g0 38T

o Email: mr.ramezanpoor@gmail.com FAOYFAYL0A 1 pled o ledse


http://jhbmi.ir/article-1-449-en.html

[ Downloaded from jhbmi.ir on 2026-07-04 ]

Ol)Sed g owls

4 ol ol jlows sy Syl

(Bdlahe dged So K luen obol a3l YL K sue
sloosly plue (ogad 4 jre g o S (] 45 Wgd
0] 2 pdy e plol ilise
laddon nobn Olss b ool ) ohKes 5 YU
SsSs l odit ] Ly Jshod sloy, ooy J5Sse
sas &b o Gl oul 3 s Ll egan oac
sl e Sl SRy x5k ln ) askis (gl
Sy ladobuw 18y L (eiyl 43) Cumdy o
sl )lews 030 515,59 !yl ol ookl bagye
o1 o3l ol 2yl g (oo sliiel Ca Yo A 5 0]
5]
Solan (ot Ol b gk > oer s Murty
Oy Gt lp g ol 2 sl @l ) Glb
WS i le anaib lapn oSl ooliul b @)
RBF (Radial Basis Function) L, 4l el uac
by jf g (Sl a0l YV Ll > Ll i ploxl
5 03B 3 Jd s pglaer Sy OV L Laosls
ol 5 aaids (slaty oSl 5l oslitl b Jloiga o
ot Sl (SR VI g 455e3 85 5 (g (len
odlaiwldyg0 (loodld ds gosre (Cunl 48 )F Cjao )y by
O=lenl 53 Wiyl olSisly (glaosly dasgazes jl dalllas oyl )
«l— UCI(University of California at Irvine)
oy aMie lilon g 4y Glojw slagmile (55530
IV] ol 435 90 B S5,
ez ooy oL g5 (imbn & 0hSen 5 Wang
o=l iy any by w aMie jlen Voo slaodly
9 xS el S 3 03liwsljge (Slaitpails igi
5 oaliwl L otelccumnas guls ool s 4 S5
L ol el €800 b g 7Y (gl gae a5 0 il
JA] el 7 AR

it 4] 0 (dRgR 3 35S g (el e
L ol doe jlan 4 ol adie (il yos Job
plool 5l Gaia ol plodl ¢ gglSeoly sl SusT ;1 aalanl
ohbew sl (liee 12 (22 Jos @l @) adllas ()]
I3 2l Jos cod a8 sl ) baygegs Al
sl (b S @85l Glegk cpl > dg 4B)S
Sl )il S8 4 Joo jlam 4 plb o 4N ol

O)ygo dluad (355035 K g pranal €853 ¢ pae 4S5
iy Sl ol s oolpiai slo e b)) gl b,

EVRUT)
3y ol dmasule a8 el (g)lan (50 ) by
Sl o=l ST el 4y slacdly ) ol onis J S
oo jtuslie 2ol 50 Mg e (Joho 1) 095l
slel o Ly Bl szl 4 5 48 iy 358 &
PL do Xigd oo 9y ) 5l & bl ST dpy
Cl jlas s pblogi)l8 )y (alil byl
ooy wyy olby Lol glgl 56,8 0 ot oady,
e ppld Aias So o e Jobo 9 Sos8 Joho )
Wbl oo il (S 9 (jg Rl (S bl g by Jalid

Y]

Sy sroald oSl 900 3 6 8l jelaioay (olSedls

slapi ) s 5l odlewl U byl o s iy 35 g 03D
it S9LSoals I Ba 39y 00 ) 4 0lS sy
L a8 ol oo & (s il 5 Sibi oy 59 0255
bl y 5 03505 i |y ladely jlew cleMbl 1 oolal
MasSion adlbs 4 g o dine; oyl ) 8,5 paonas ]
ey gl gl Goghn Cap o5 05 o)Ll ()Sen 4
Dy il a7 ool 5 nges ealaiwl yluidy Hbop pile
sy b ooy (gilubir 5 (it () o ol
Obee ol (ul5 8l g Sy A (595 2 1) 395 5550
Mo 1 (S I o148 (g5l sla WS slrosl
9 8299 Conld (s e 3 2L pie naWdS
ez o ol Clswl YU cowlas lime picrod
e sl &8 Wil o andls lise il b oaiSlas
V] 00,55 gauawdS wydd (550 blE

ass clsg Sz glpia ) odlisl b o San o WiN
So Sygeds bl Glise ol g Wbl &jged o)
By gyl dnd WSl eslawl Ly ety LS ol
15 0 plos] i sy Sllas (5 S o

K-) aluca 5S35 -K Jse 51 Tung 4 Karhan
by slis —w i > KNN(Nearest Neighbor
Aol (im0l 2 09y ol I bl 538" ool 4
K ailon 5,3 sae S5 b oS cunl Gilises (sladiges o
S , Sl ad oyl 8wy pdyee |y S Luer dlu s
B Cote 15 diged ()] il Cute Biged G Kobuen
FUB 295 «ybgy ol e | (So Sl g 398 0 4385
K e a5 5y5m3 395 0 cuel a5 il o lmodly 550!

S Oygo ol 3 )3 9 (Bl ©jgod iges AL oS

Yy Journal of Health and Biomedical Informatics 2020; 7(1): 19-29


https://fa.wikipedia.org/wiki/%D8%B1%D8%B4%D8%AF_%DB%8C%D8%A7%D8%AE%D8%AA%D9%87
https://fa.wikipedia.org/wiki/%D8%B1%D8%B4%D8%AF_%DB%8C%D8%A7%D8%AE%D8%AA%D9%87
https://fa.wikipedia.org/wiki/%D8%B1%D8%B4%D8%AF_%DB%8C%D8%A7%D8%AE%D8%AA%D9%87
https://fa.wikipedia.org/wiki/%D8%A8%D8%A7%D9%81%D8%AA_\(%D8%B2%DB%8C%D8%B3%D8%AA%E2%80%8C%D8%B4%D9%86%D8%A7%D8%B3%DB%8C\)
https://fa.wikipedia.org/wiki/%D8%B4%D8%B4
https://fa.wikipedia.org/wiki/%D8%B4%D8%B4
https://fa.wikipedia.org/wiki/%D9%85%D8%AA%D8%A7%D8%B3%D8%AA%D8%A7%D8%B2
https://fa.wikipedia.org/wiki/%D9%85%D8%AA%D8%A7%D8%B3%D8%AA%D8%A7%D8%B2
https://fa.wikipedia.org/wiki/%DA%A9%D8%A7%D8%B1%D8%B3%DB%8C%D9%86%D9%88%D9%85%D8%A7
https://fa.wikipedia.org/wiki/%DA%A9%D8%A7%D8%B1%D8%B3%DB%8C%D9%86%D9%88%D9%85%D8%A7
https://fa.wikipedia.org/wiki/%D8%A8%D8%A7%D9%81%D8%AA_%D9%BE%D9%88%D8%B4%D8%B4%DB%8C
https://fa.wikipedia.org/wiki/%D8%A8%D8%A7%D9%81%D8%AA_%D9%BE%D9%88%D8%B4%D8%B4%DB%8C
https://fa.wikipedia.org/wiki/%D8%A8%D8%A7%D9%81%D8%AA_%D9%BE%D9%88%D8%B4%D8%B4%DB%8C
https://fa.wikipedia.org/wiki/%D9%86%D8%B4%D8%A7%D9%86%D9%87_%D8%A8%DB%8C%D9%85%D8%A7%D8%B1%DB%8C
https://fa.wikipedia.org/wiki/%D9%86%D8%B4%D8%A7%D9%86%D9%87_%D8%A8%DB%8C%D9%85%D8%A7%D8%B1%DB%8C
https://fa.wikipedia.org/wiki/%D8%AE%D9%84%D8%B7_%D8%AE%D9%88%D9%86%DB%8C
https://fa.wikipedia.org/wiki/%D8%AE%D9%84%D8%B7_%D8%AE%D9%88%D9%86%DB%8C
http://jhbmi.ir/article-1-449-en.html

[ Downloaded from jhbmi.ir on 2026-07-04 ]

Jg‘ D)Lo.«.s ﬁrgf.é.é 0,93 dyaa )LQ;}

S 3 Comnd § 9 CeoVlaw Silo y9di] dloxs

|y oyl gl gl ol S L 31 75V g ool
@385 )18 ladse Lasl o a8 SleMbl gluo y )by
odly glaaLs o Jede (5)3 ke I SEERGs (slas ),
DIV] sl 2)58 5 Beeees ot g Sho WA s>
a3 ol gt | (ool gy gl ) U5

) fnbul L:Z’D')bd” 2 L;)’ﬂ ul?b..:] 9 L)")"))“L)“"" 41>)o
Llodis0 D b s Culy (6348 p3lae Ciygody pld slaodly

aldes goad gluwhs b xdge yolwl ,uyas
Wy glrosly Bis)osly (gileSy Jolis Laodls o315y i
l_mui $9) oald J)J_u 9 oald w.&sl_f c(kowf 9 Lzu).cb
=S S Knime 1580 o5 51 osls (o35 5 i caas
.A_;.J)f o3lastwl ! 595 o3l> 0j9> Q).\éﬂ LsLm)l)’é‘ I3
Olidl 0 555 e sla She olswl cas bl o [VY]
5 S (538 ibly Sh & ala Sy 5 ordanle
il byl Mg o Jae Blysal g MBS sl el
SAd gl oy Wodly coles )0 5 Bgd o Bl il ylg
2 aS olaol & i) il cunl Gjle odly (il oy
o=l aS ey eyl 8l aely () A ab S
IV] g oo ploal (V) alaly 5l oolazwl b clles

x —min(x
,_ (=)

max(x) — min(x)

OreS 9395 Jloy b oS sl (g5lake (358 kil 5 a5
)5 oo o 1y ke it g dsgane ol )3 ke
(Adaptive Neuro-Fuzzy Inference _g;lwaugs
(Particle Swarm 4,31 4 System) ANFIS
Optimization) PSO

35 e Sy lgisdy nkd )6 glil e
e S5 e gl spbebs b ookl
oyl oolial b gy bigal bl L & ogias
$39)9 S ysie o (orwlio byl Klg5 oo (o890l Cilisee
CL‘“‘“" VW) )I wS); odlawl 1Y ‘J.:l.o.: .)l?v‘ u.>9)> 9
S W8 Glpl plysa (sghas (as Sub g sl
dSerg0 e glaodly l eolatwl b ol o jie bl

93 40 S (St (2L ZAVIYD 85 b pueuas By
L] sy [ o5l
xSl iS5l dladlas o Ken 5 Lynch
Surveillance) ob KL 4 ol cos
«!» SEER (Epidemiology and End Results
Op Sy Aol ) loje aMie phlen sanail
oS Cusl lagmile (gpSmeal S lad
by osle GBM (Gradient Boosting Machine)
vy 9 SVM(Support Vector Machine) L
sl e e Caa S eolaiwl aBus LSy
oy 42> Jold by cpl 3 ead eslitul sla Sy
A 53 s9eg gl ol g dls o (g iz 5095 0]l
BBx (oS 5 gy o plosl SUSS oy e D9 o0 438,
Root Mean Square) ai, (Ske mye los L
Vo/yY RMSE i L GBM 4 Vo/-0 RMSE (Error
Gl a3l VOIAY L ol RMSE Jliie SVM 4 o34
stwly 3 Slops slagbsy bl (iron (nl 2l S
Cullie car pY S pSmeal 5 Ghlow Sl il
D] cwl s

o8l gLy (it gl el Jae S5 sipbo 5 sl
NN, o, cuia jlas 150l sleiius ) o 4Mie
Mark of Bayse, TAN Bayse, Quest, C&R ,
.A53,8 osliwl C5, Chaid NN Dyna Mic , Ouick
SEER culys 5l agin ol ) sadeslatul claodly
b ohbes ple 0355 laedls (oolociy (09,0 45 ()5laex
Y alwg 4 o g (Jlw 99 (Jlo S5 cole A —olof 3l any
e85 L GO s Sl ey ol o 452008 ot Sy
doy AF/AAF iy L olo i oS (gly o> AV/AY
So S Gl o AF/AY CBd b gl A WS (4l

By g Jlw 9 oS (glys a0 WFINY Céo b g Jlo
N9 w680 i i Jlo g Y8 (1 AYINY

099
SEER osls dcgome jl (63, 8— oy ddlllas oyl
5 el g Ml slmodls SEER pols Jls )3 s oolil
Sl Copmer o (oiine (Lo KL o 5l 1) oy
055> Do so Jold |y G pol Caman 51 7Y Ly s a5 WS o
SN o ol pal- oLa 31 51 7vs SEER i g

Journal of Health and Biomedical Informatics 2020; 7(1): 19-29 Yy


http://jhbmi.ir/article-1-449-en.html

[ Downloaded from jhbmi.ir on 2026-07-04 ]

g3

Ol)Sed g owls

4 ol ol jlows sy Syl

0315 4e gazes JJ‘-’;’,J“:&
—>  E—
83959 aosls
Gy s o1 Sl
—
(smE 3
f)bb’

= S

aag b el s
1 ANFIS gjladae s I

g':‘il)in L ANFIS Silwag

élﬁjinbli L 4:}}‘ 6&))‘.&546 Cama .>\>q“

528 (55 il gt

&
~

5l Ol s 208 S50 5 amlons
ANFIS Ju Faons

S oy 5 s Oljn (p 2aS b 5 O3 e

el

1

033 (g Som &y D)3 LS

4

bb s
aal- 0Ll

S iy W9y (IS @ lagld ) IS

o=l S dwle Y ol wugas mlg gl el )l
LIPSO 5,555, I ANFIS (gjluains jolaioa; Limg};
oiblS g Las ol s jolaedy Cunlio Gun 2l 5l oolal
V8] 0 ekl Siomn

FIS (5518 il g (o]l pglateas Izl 5
4 Waosls 39,9 4 b5 aJgl (FUzzy Inference Systems)
Os0ke € ganadss (o) jledlitul b & canl (556 slate
&y90 LS ol FCM(Fuzzy Clustring -Mean)
it S 9 Sl e agl FIS (] o8 285 sals
o3l y5 &y9os PSO jlaingg winygSl 3l of
HRN] EWIRVPES

bl 2B o8 i polhe Ly oole jobay ANFIS
plLa > Jloj (Sauzms dlea | (s3b; Mo Lol Sl oo
ool 4o ole by uae &S (Saon 9 3)b |yl
Cyoody 4V ;o 13 35 550 (sla 990 D oY oliss
O (S8 (a4 5D (Byb b e il ol
Y s wogae Bl g1y 29290 Coll sl el)l (e
Sl dSl—{"-’b )» d}LM’J-“ d‘)-.‘ |) w"%)ﬁijl C)i‘ O]ﬁsu“
1) wisS ol ol o dgmte pslatedy culpli V0] 5,8
«ogae alys et sl 1y polie o iy 045 g0y

Yy Journal of Health and Biomedical Informatics 2020; 7(1): 19-29



http://jhbmi.ir/article-1-449-en.html

[ Downloaded from jhbmi.ir on 2026-07-04 ]

Jg‘ D)Lo.«.s ﬁrgf.é.é 0,93 dyaa )LQ;}

S 3 Comnd § 9 CeoVlaw Silo y9di] dloxs

Lo LSS sse adls (bl byd bl 5o by sy b &
loyiehl il asls S1g oy Telo) 5 a8 slas
s oy golg) ol dinge syl olul »
a2 ANFIS (o g cogae ol a2z g Loyl
cloosls s |yl 5jgel (claodld gy, p ol (giloJse
PV (Blal Sygody Gimghy cnl 03l dsgacme )3 d9290
s glaodls ZY e g o Hlael ZVe g ijgal (claosls
odlawl (K-Fold) 4 Y-K' g, 5| oww,liel s edlazul
LS o Cu e |y laodly iigel 090 a5 canl (gl &S Wi
ol 3 5 W9 3l asgeome s Koy (ot sl (slaols
@l K1y omjlasl gl (S0 )L s cdsgareo s
aon 501 ), S5 L K lgy ol gy 00 S 40 30!
ool il (gl LS g iigel (sl LSS ol
cloosly [VA] as a8 3 L 5 Ve plp K jlade 169 0
2 9038 3y oxbdinge ANFIS & (63909 olgisas (5590l
ool (Jae CBd wwyp ybriodss Cad slrodly culyd
e 31 ol s o) cslmpbne o wlil 2503

O o ol &S Ab dle Bly polde g odd i
Slleodly aS plas asgi b ooy [Lis ¥ g ¥ Jolis o
p3Y lajome (olos us 48,5 SEER skl ooly o550
als o B GllasMe 5 w5 48 )3 adllas oyl ploul caps

3,5 culey olpl oy

@w

o WA Jold (gallS o g I (slasgooe adllas (pl 53
2y oy el (i 3 2l 56 & S g Atiogey
iy by 5 ookl b () Jgia) Slond Ll s
iyl (ile 0a5 ole dlas 5 (39)9 (Shg VA o LS|
Yoo A=YV la Lo o SEER osls oL i laosls i
oisle 0155 03 .39 395, VWWESY Jolis a5 05,5 (¢ 9les
VISE 5 il 0as) @ &S 39 ole VY (g oo
A ealy oyl

3ol gl Cunes dlsyo pl )3 1ol Canron Sl ! (I
S8 Cugas mlgidlus olwl 0y o ol g ul dales
Oygody lyd ol g o oy b Shg dliss wlwl g
SloaY ol g cogae oly ol a8 siun olaal)]
@lde (Blal Gy ol 45 MSb e (amas 4SS
Sl 4l (5luwsjl o Jgl s po ol o g A5 winlgs
g o poul ANFIS (glayiol )b a5 adgl 23,l0ds

Sl as dog bl )d CurBge § G pw dawle (o
9 99bie b)) i (Sl o T 0)3 jm gl wrdolon]
Oie 355 ol (5 ystg (S5l n Jhdie & (Sy90
09)5 S5 hde Cusge iy D9 plilA) )3 Cunse
09)5 | yae o Cumdge (pye (SHjlp ST 095 o0 Ly
Ped e B (Cunex S Cumdgo oy sl [
Gaa ol bl 1 Sudjl e @l dwle (g
b S1m 2815 5 Jaa Yl €53 o 013
ol el sis shb Jae slbs ole s ANFIS
ool o Ll Cmen bl el g b wals o
&L sxas i (V) adaly s aaled sl )10 slaws
D] ol (S5531

Y bl

Fittnes=a(Accuracy) + f(ABS((n— 5)/n)

Accuracy b a8 s 3 Ve ply g ol B, a ypolie
s8ly polie 5 i bawgd ol sy ol (g duolie
ol Guoln 2 PR Sk S 9 Sk S5 Nl
Sho 0Bl s ped don 9 Bl o gl dler

Al oo
Gate ol 5 10,3 4wk Cromw ) O, &S & (5
g A dled sl Cures 5y 0y «lyd podjl b )6

S35 iy 0yd & ol dngly S b S lyd ol bl

3 0D Crow Ay C () 5D Cannl (Sen LD inlgs

Journal of Health and Biomedical Informatics 2020; 7(1): 19-29 Y¥


http://jhbmi.ir/article-1-449-en.html

[ Downloaded from jhbmi.ir on 2026-07-04 ]

OS2 g (owls a5 ol pw ol jlow sl s oy

0315 degozme 43 dawi a3l yige s Si1g9:) Joua

&y & 79 &l o Sl D
.3‘
8o O \
& 4> Y
$die b Glpgn Jig ¥
& >l pldl pas Jds ¥
&de adol dlass I
e 9005 03] T 5
& ol sae (6,5, N \
& 5590 sleplil 4 jgegr L] M A
g oz ool sl By ol 4 d25 b 4y llojws g8y i Sy olesd A
& M gN T ol p— 9005 alsye al> 4o y.
&de i baaly Jleysgiy slew L Sleydgiy AN
e Loy 53 9005 Joro bl culo Y
8de 2553 golad sas sl CS (5lad sue A\
s Solew sl (e vasdi )b W
g 8,8 )18 leyd ot o (asudd jlam &S Sl S cod o, \0
EENE wy ol jl e Sy Js VP
@ @) gloyw Sye > v
g ooy (99 o b ey 2o A
& Gl 035 pasais Gloj il Hlew a57 plaole dlas G obo; ‘2

Olslow il 0053 olo 1903 395 logai

8000
7000
6000
5000
4000
3000
2000
1000
0
Y OF 8 Y. YT VF A YY YE YF K. FFFAF. FY S FA 0. AY OF QA $Y FF $F FA V. VY
olo YY—+ 23L 3 (yailo 0 2o 397 :Y UG
Bl ool saims s Hlre Blyul gt (a8l lude g 2L 3590 (g ol LY
Oyt Ml oo (Bly 9 0dd Sty Ve 05 ole (y Jlme B9y W e Gl Sy 4 odleidn () Jles! jl an
bags 0dd g i bl 0155 sle (ke pimed (uSke Y Jgis 0 RMSE (g0 b lis ¥ Jads 5 (ool

Yo Journal of Health and Biomedical Informatics 2020; 7(1): 19-29


http://jhbmi.ir/article-1-449-en.html

[ Downloaded from jhbmi.ir on 2026-07-04 ]

Jg‘ b)w sfgf.é.é 0,92 Ayas )Léfj

S5 S j 9 oDl S lo il oo

Sl (g 9ANFIS (2955 i ¥ Jouo

L)l s ylre
Wy (el e By s Ol o (Kb yia N U
ARVANY FIEYYVY o/-voy ANFIS
YYIVY ¥I¥ADS F/EAYD ANFIS+PSO

iiwd Shhlan dlogd (S 5> iloadcgd b wlassle o5
Jlw 90 425 L g wilesile 0asy Jlw 90 U Jlw S oS
Ul § oS s Sl dllogsy (S )5 loadicsgs

(Y Jode) wloabcngd Jlo zuy b ilosile o5y Jw ey

S 60‘)LA¢.£ O.&Slo 045 J‘w O‘M&i é:)y pie & 4>9; L
Jlo Ol bl hlew (onleidn hsy F38> (b))
Az g dlawgd clwSy cla oM ay il oi;
Jlo S s Jhlow dlecSy (WS > w60 ganadb

(L) Wosls WS’ puand ¥ Jgun

0313 3380 s W S
ol 055 Jlo G jlaws 393 VY (gglue by 555 514 olo 31 Aoy oM

ol 03)5 igd Jls S g5 slows 393 0le VYl 5 Sa oS 5la ole S
ol 0355 Jlos 93 jlows 350 Y (golune b 55,5 56 olo )31 Alogy NS

Cal 03)5 gd Jls 93 15 Jlows 34 0l V¥ 51 55657 414y olo |31
ol 035 Jo g Hlows 39 £+ (golune by 3555 5l olo 31 Aoz WM

sl 03,8 cgh s gy ) Jlowt Gt ol o 5l 5SS Slis ole 3]

Coro g &8 (gl alio )50 (slabg) ol &) s sglSoal> g )3 S5 i ygSll dix b (ol (Bg) @l

iy P9y 48 odalidio ¥ Jod )3 o5 yoblen i

97 (8 it

&3 ewlent o2 3951 U (55150315 o ysRUN iy 45 gl o ¥ Jgu

s o 3590 (5L )9 il Gybre NS Al
ANFIS+PSO ANFIS NavieBayes Random Forest Logistic J48
aa/A- av/fa AN A0/70 /) ay/vy LN
Q0/aY ay/s AVIY ar/yy av/fs o av/a Slssib Al <l
aa/sy ay/ve AY/¥Y Ao/va YARY  AVIYS Cono
av/o0 a¥/y ay/vs AV /YA av/as 4+ /¥0 F- lse
Qa/v¥ aravY Asfsy a /vy P/FA AN/ céd
av/\ ar/Vy A-/Aq ar/-y ANy AV/E Sle5b Aoy <l
SYVANY av/os INTAN INV/a) YA/OY  YYA¥ Cono
QALY a¥/fs AY A/ A AY F- lxe
Qa/ss /A% -/ ASIYA AY/Y s céd
ag/-y Q. /vy YAA MEIVD YA/NA AY Sle5b Wz, <l
aa,1) 4. /0 AY/A As[oN AY/-Y ¥ Covo
av,of SRAL ASIY AV ¥ AY F- e

Journal of Health and Biomedical Informatics 2020; 7(1): 19-29 \id


http://jhbmi.ir/article-1-449-en.html

[ Downloaded from jhbmi.ir on 2026-07-04 ]

Je‘ D)LM;) 6”& 5)93 “‘”ﬂﬂ )L%

S 3 S § 9 Sl Soilo 59851 alomo

JARA il Sy WS sl 3 SEER osly ac oo
03l ol L Sl as b sl oy plaw b (oolpiuiny
O Jodz 50 4 cwl 0305 dunlie Llod,S" solawl s
Ovgy A odalie Jedn ol o amdlis b edly ol
GV By gy auslio dyg0 gy 93 4 Comd (gdlgiuiy
PSO 4 ANFIS g, 93 cS 5 5l oalisl o s 45" 59,

2,8 0Ll plgices lojen ©)pe &

S5 4ol g SO
L ANFIS (glusaingy (oisil ay y2b taghy gl
4y by hlew sl i in 5 PSO s 1 enlisul

5 P sloodly 3955 5l ey (o3leindiy (09))3 -1 o)L
(S hy Sl g 0> (iluJleys (i p e Slles plx]
S0 g0 b gilwangs PSO ou,, S L ANFIS
9 4 sl ool b (w9 43,5 SBl 555
O > S psbods A (aall 0algh g 05 WIS
o PSO a5 S L ANFIS _sS5nl cois el

alio G g, wlw b (o3ldnluy (pig) CB duglie I Joun

031> (gaisalb WIS (VY] solemw 5 5L [V+] 0!, o Lynch $Pkebat 99,
Jo S as/a) av/fy aa/A-
b g as/¥Y /av /vy
Jlo av/\Y /A aa/ss

bl g ohlew <l gloj LRll g olow 5 65 gle el
Epose (nl 9,5 o Sty gycnlil 035 Sleyd sla b,
33,5 oo dlgidiy e DS )8 e oanl ldlas 4
Sl golSoals (laSiSS plw b sl Sl S s
oor Bl @D g 20,8 odlatl (it s b
oj9=> )3 L g iy gy VL ChG g L 25
O ygmody yudls 5850 gl (g)l58le 5 dn g ( S}

D)5 oo duogs (60,5 sladoli

ol dalllas ploul )3 a8 suslul olad | dbwg ps
Al e Jos a4y S10,08 5 S5 ainges (g, Sen

&Blo yo,la
8l o)ls S mp g ol adllas pbdl 5
ojlocs b as) ol S aobbl Juols dlie ol sl

ol alil ol il coles b a8 cawl VALY AR5 L F
Sl 045 Pl"’] 45)1,30 »\9

A wywd ple y ol adllas (D derg0 ccudgi
o pie (b jladbie ol 2 hlen (ABly slaosls
alge JSie b 1) al 6)glans (Jlumus & ygots cleMb)
Oy aadpsba dacudgioe cpl @) g0 ) 45 28

Dygl Cawd 4 Sl hlew (6l oyt gl
PSO 4,55 L ANFIS (gjluains 4 wallas oyl g
SEER »,lsliwl 030> acgasme g9y o (2hlS g A5 assls
8518 bl 390 ) oy aMie Glilew 4 by
Sl el gy ST pl db ol sdelcwnnay gl
Coplas 4o dogi b &S plgs oo culple fowldy o
Sars 2905 9 ol Gl s L dadly 5 (Sdp ple
dape Copde sliwly ;3 5 Coduw plls > Laaste Sl
Sl oS Gloa s allyl day 53 (oolpguiny Logy @ilio
2 oly s o slow S39) pardi b Glyie 9 S e
L 0,8 oS g0l LialS 1) dop Caio 5 i ylow ¢ jlows

LS gy |y gl (SNL i pes Hlon
SIS 55 5505 68l 1,5 glapts oSN a5 5] ookt L
Sy (plwolid s pl Bl g 5 oo (oaleidiy v 55N
Jelse ol Jlos b g 00 ohlasy glis o S 5l (sla 5o

Yy Journal of Health and Biomedical Informatics 2020; 7(1): 1-9


http://jhbmi.ir/article-1-449-en.html

[ Downloaded from jhbmi.ir on 2026-07-04 ]

Jg‘ D)Lo.«.:? ﬁfg.'«'.é.é 0,93 dyaa )LQ;}

S 3 Comnd § 9 CeoVlaw Silo y9di] dloxs

References

1. Levy A, Hendriks LE, Berghmans T, Faivre-Finn C,
GiajLevra M, GiajLevra N, et al. EORTC Lung Cancer
Group Survey on the Definition of NSCLC
Synchronous Oligometastatic Disease. Eur J Cancer
2019;122:109-14. doi: 10.1016/j.ejca.2019.09.012.

2. Fathi-hajiabadi F, Farzi S. Prediction of lung cancer
in Kermanshah province based on artificial neural
network, 1st National Conference of New Outlook on
Electrical and Computer Engineering; 2017 Mar 19-
20; Kermanshah: Islamic Azad University Kermanshah
Branch; 2017. [In Persian]

3. Aliferis CF, Tsamardinos |, Massion PP, Statnikov
AR, Fananapazir N, Hardin DP. Machine Learning
Models for Classification of Lung Cancer and
Selection of Genomic Markers Using Array Gene
Expression Data. American Association for Artificial
Intelligence; 2003.

4. Win SL, Htike ZZ, Yusof F, Noorbatcha IA. Gene
expression mining for predicting survivability of
patients in early stages of lung cancer. International
Journal on Bioinformatics & Biosciences 2014;4(2): 1-
9. doi:10.5121/ijbb.2014.4201

5. Karhan Z, Tun¢ T. Lung Cancer Detection and
Classification with Classification Algorithms. 10SR
Journal of Computer Engineering (IOSR-JCE)
2016;18(6):71-7.

6. Yu D, Zhou M, Yang F, Dong D, Gevaert O, Liu Z,
et al. Convolutional neural networks for predicting
molecular profiles of non-small cell lung cancer. 14th
International Symposium on Biomedical Imaging;
2017 Apr 18-21; (Melbourne, VIC, Australia: IEEE;
2017. p. 69-572. doi: 10.1109/1SB1.2017.7950585

7. Murty NR, Babu MP. A Critical Study of
Classification Algorithms for LungCancer Disease
Detection and Diagnosis. International Journal of
Computational Intelligence Research 2017;13(5):1041-
8.

8. Wang Z, Feng F, Zhou X, Duan L, Wang J, Wu Y,
et al. Development of diagnostic model of lung cancer
based on multiple tumor markers and data mining.
Oncotarget. 2017;8(55):94793-804. doi:
10.18632/oncotarget.21935.

9. Mirabbasi SE, Barzegarinejad A. Predicting Survival
Cancer Patients After Surgery Using Data Mining
Techniques. National Conference on Knowledge and
Technology of Engineering Sciences of Iran; 2017 Mar
10; Tehran: Farzanegan Institute of Higher Education;
2017. [In Persian]

10. Lynch CM, Abdollahi B, Fuqua JD, Alexandra R,
Bartholomai JA, Balgemann RN, et al. Prediction of
lung cancer patient survival via supervised machine

learning classification techniques. Int J Med Inform
2018; 108: 1-8. doi: 10.1016/j.ijmedinf.2017.09.013
11. Banay M, Sajedi H. Predicting Survival of Patients
with Lung Cancer Using Classification Algorithms in
Data Mining. 2nd National Conference on Computer
Science and Information Technology, Najafabad:
Islamic Azad University Najafabad Branch; 2015. [In
Persian]

12. SEER Research Data Record Description Cases
Diagnosed in 1973-2014 [cited 2017 May 20].
Available from: https://seer.cancer.gov/data-
software/documentation/seerstat/nov2016/TextData.Fil
eDescription.pdf

13. Dormishi A, Ataei M, Khaloo-Kakaie R, Mikaeil
R, Shaffiee-Haghshenas S. Performance evaluation of
gang saw using hybrid ANFIS-DE and hybrid ANFIS-
PSO algorithms. Journal of Mining and Environment
2019; 10(2):543-57. doi:
10.22044/JME.2018.6750.1496

14. Esfe MH. Thermal Conductivity Modeling of
Agueous CuO Nanofluids by Adaptive Neuro-Fuzzy
Inference System (ANFIS) Using Experimental Data.
Periodica Polytechnica Chemical Engineering 2018;
62(2): 202-8. doi.org/10.3311/PPch.9670

15. Gholami A, Bonakdari H, Ebtehaj I, Gharabaghi B,
Khodashenas SR, Talesh SH, et al. A methodological
approach of predicting threshold channel bank profile
by multi-objective evolutionary optimization of
ANFIS, Engineering Geology, 2018: 298-309.
doi.org/10.1016/j.engge0.2018.03.030

16. Kadir T, Gleeson F. Lung cancer prediction using
machine learning and advanced imaging techniques.
Transl Lung Cancer Res 2018;7(3):304-12.
d0i:10.21037/tlcr.2018.05.15

17. Karaboga D, Kaya E. Adaptive network based
fuzzy inference system (ANFIS) training approaches: a
comprehensive survey. Artificial Intelligence Review
2018;52(4):1-31. doi: 10.1007/s10462-017-9610-2
18.Jiang L, Huang W, Liu J, Harris K, Yarmus L,
Shao W, Chen H, et al. Endosonography With Lymph
Node Sampling for Restaging the Mediastinum in
Lung Cancer: A Systematic Review and Pooled Data
Analysis. J Thorac Cardiovasc Surg.
2020;159(3):1099-108.€5. doi:
10.1016/j.jtcvs.2019.07.095.

19. Ahmadi M, Ramezanpour M, Khorsand R.
Diagnosis of Liver Disorders Using a Combination of
Adaptive NeuronFuzzy Inference System and Particle
Swarm Optimization Algorithm. Health Inf Manage
2019;  16(3):  115-21.  [In  Persian]  doi:
10.22122/him.v16i3.3886

Journal of Health and Biomedical Informatics 2020; 7(1): 19-29 YA


http://jhbmi.ir/article-1-449-en.html

[ Downloaded from jhbmi.ir on 2026-07-04 ]

Journal of Health and Biomedical Informatics
Original Article Medical Informatics Research Center
2020; 7(1): 19-29

Predicting Survival of Patients with Lung Cancer Using Improved Adaptive
Neuro-Fuzzy Inference System

Abbasi Ommolbanin?, Ramezanpour Mohammadreza®*, Khorsand Reihaneh?

¢ Received: 27 Oct, 2019 * Accepted: 23 Feb, 2020

Introduction: Lung cancer is the main cause of mortality in both genders worldwide. This
disease is caused by the uncontrollable growth and development of cells in both or one of
the lungs. Although the early diagnosis of this cancer is not an easy task, the earlier it is
diagnosed, the higher will be the chance of treating. The objective of this study was to
develop an optimized prediction model of the survival of patients with lung cancer based on
patients’ characteristics through data mining approach.

Method: In this applied-descriptive study, the Adaptive Neuro-Fuzzy Inference System
(ANFIS) algorithm and the Particle Swarm Optimization (PSO) algorithm were applied to
predict the survival rate of patients with lung cancer. The Surveillance, Epidemiology and
End-Results (SEER) database of Louisville University, USA was also utilized. The
evaluation of this proposed model was conducted based on certain criteria including
accuracy, precision, error and root-mean-square error.

Results: The obtained finding indicate the outperformance of ANFIS through PSO
algorithm vs. its counterparts in this context with a 99.80 accuracy for one-year survival,
99.74% for two-years and 99.66% for five-years on SEER dataset.

Conclusion: Applying ANFIS through PSO in predicting the survival of patients with lung
cancer is a strong measure. Compared with other models, this newly proposed model was
of the highest accuracy and precision and of the lowest error rate. Therefore, it is suggested
to apply this model for predicting survival of patient.

Keywords: Data Mining, Survival Prediction, Lung Cancer, Survival Rate

« Citation: Abbasi O, Ramezanpour MR, Khorsand R. Predicting Survival of Patients with Lung Cancer Using Improved Adaptive
Neuro-Fuzzy Inference System. Journal of Health and Biomedical Informatics 2020; 7(1): 19-29. [In Persian]

1. M.Sc. Student in Computer Engineering, Department of Computer Engineering, Mobarakeh Branch, Islamic Azad University,
Isfahan, Iran
2. Assistant Professor, Department of Computer Engineering, Mobarakeh Branch, Islamic Azad University, Isfahan, Iran

3. Assistant Professor, Department of Computer Engineering, Dolatabad Branch, Islamic Azad University, Isfahan, Iran
*Corresponding Author: Mohammadreza Ramezanpour

Address: Mobarakeh Branch, Islamic Azad University, Shahid Nasouhi Blvd, Ferdowsi Square, Moallem Blvd, Mobarakeh, Isfahan
* Tel: 031-52492058 * Email: mr.ramezanpoor@gmail.com


mailto:mr.ramezanpoor@gmail.com
http://jhbmi.ir/article-1-449-en.html
http://www.tcpdf.org

