[ Downloaded from jhbmi.com on 2026-01-30 ]

L 5 Ceodw Sl ) aleo
Ky Kila gl i Sy

199 A= IAS o 53 o lact i 05

=)

4 Wio S 1 o slows (sB0d1S g 556 s 31 0oliiw! by (sl sl g Jhwlio (i g
ol (U

i‘;!}gb o> x> ‘*”'6337 Lo e “Gﬁ“é LY 5})7

a4/)/¥ dlae i pdy e ANV e cél o e

2 g oy 3l (36 S po e inre S S et glopladl o iy gl p 5528 iy oy Sliskie o
S (o S8 philow (S5 S dgut 9 Slod Ubgy C it Il A gl Sy 53 Slislie iyl 980 oo (U
Satse ooy 0aSimgfy iy olopw Sliios S50 5l Gl hiles 29250 slaodls asgazme S 3l adlle ) o iby,
Sl (o) (6316 — (ot (saalss pliitol s § 53S0 S ( os (636 glitts] i ils adllae .1 odlizl « 5
2l 8 eolatwl 3y50 1y adgl ol ye 1ol oyl o jliwlie o i

oo ganadss wyeSl (e () 3B - ras (Rl gl g edliil b gt gl et
Jae ot slad g datne ol pw 00Singhy ) iy ooy Glidos (S50 ) Glaase sl cusd 4 56 ST
ol 48,5 IS5 (08 4 (e e (nl 45 31 QLS el (b))

sl )0 G5 4 SaS (el L Jlprend wheps o glgis 4 dlgie ot (Saion ples O 1 S A
235 1,8 oolaiwl 5550 (yloyd

uas ol gLl i (98 gw (SEU (456 gl mium o Sles (656 gzl miuwms Glwlie ¢l olb pw (Bojlg S
(ometil) 538 -

LY 3&2—.6 g_f"].'.‘ Q‘)Lﬂ»:) 6Ua)‘i 9 5)12 61.%J.LA )‘ oslazwl Lv Ut-mf_ uUaj.u )l:.wt’.a LF":'J:‘Tl U.:A‘Aw =) 33, (S Jlﬂb 6“"‘ ALaj:lF LS‘:JT g}j)T G..as &M :él?}"
WAV-R DV ¥R S5y S5 5 LoDl S5y 55 dlires Ol Ol s

Olt 33 als 35 als gato o515 ¢ Bl p ke 0aSCails (3o HILT— (63,1l (Bl iyl gl )1S7 )

Ol 008 A sl atnn 018555 (Dt Ol o i 38 ¢l (sla 255 OS5l ¢ STy Gl 5l (253 05,8 ¢ Ky eSCle il (61,87 ¥

Ol Ol 018 (K oo ol ¢ 3lome 0SCis (K55 SN CDlw 3, Slusbind o Ky &Sl 5 (51,57 ¥

Olat 33 Lo 035 als mro o815 ¢ ol p ke 0aSCiils Ll (53,1087 (ool 5155 F

55T Lo e 1 ghue Ok g5

(6 jlrme 0tSCE1 ¥ S AL g3 T o 08550 UL 5ylS Slsk Ol g :,_,a)eT

o Email: aratashi@sina.tums.ac.ir VEYrse et gled o lode


https://jhbmi.com/article-1-446-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

Ol Ko g zmaad lod

Oy b g jLirlio (6518 (ol

Jos (b asets by by e St |
oged 4 o (035 5 b Ghie corle b 4 WS e
TN & SN pgle il gl opd (bl
o3k 355 ots) JeSS o ol 5l 5wy 1) )6 slate
90kl ple )3 (g )S) S 4 plgicee o ol 5l il
@ e ggloaly (sba s, jl (o plgis 4 a5 38 o Lal Jlos ]
Sysio 4 by slodod 3 gy ladp)ls
Pl il Bhie &5 cwl oy olaghy) dex 5l (A
ol 0351 Casd 4y R )5 @l g ABpdy 255 (90
9 &yie Cnglis b &S Ggm)S) Jidod (e lidos )
koMo LB ol oad pbxl 555U sloasliy; )
o) 53 04Ty Lo JS & @l ol el 0035 Jol>
(Silwdde [N ] Wlosds Job pa (SSh ek
B9y 3 S ORIFIL bsslen (L)l g Jub g 45
Sl 4 dlly Glojloie OBS5 dlen
ol 45 gd oo (Sbjy S S ol ) sbaygliie
IN=WY] Wlokss S shb (56 glate 51 oslizl b lay]
ol logas Sy Jlas > 36 shate 5l oalinal
bl g cul a5 ©ppo e oS 4 Gl
Jgene (b )5l (s 4 s jgoe ALl lapaseis
g Olawe Il 3 gl by pasuis lp
Cod oad Bl g layedS slagbiles
[ANYAYAY]

oy pogad 4y Gl 3 jlilis Chenl 4 295 L
L3 5 ollen csle o Pl 355 aseds Coglyl g ol
36 g9 5l e &S (o g9 ol loosls cunle 4 a2y
sl i U wsely dasp adlas pl o) Kiagh siis
—ras (b gl e gldie 5 5 56 glinl
Adaptive Neuro - Fuzzy Inference ) (_..sl) ;6
] pis S bl 5 395 4571, ANFIS (System
2500 Ol 4 bgye sloody (gl cigd o 2 (556
@ by cpl b jop (Gnphn Car Gl Glo b
Obyw 350 slrodld 31 edlanl b Liwly pl )5 .65,5 )
2 e Saghe sdde olpl  edl oGl S iy
Siwlie dmitn ly jlwlie bS50 ghlen gbaosly
Ly bgtul b) jiwbe (o 53 ghlew » gl Glojw
ks cpl & cwl ol g (28 Slonds &l (el ol
i o8y Lo slp ) e @l

dodlo
2 o2l gl gl npls 5l (S Gl by
D1y ol 5l ey Ve dgas &S canl s ol 3 oL;
o] (5555 Gl slel g sl Mipe S35 Cilie slpo
rels by ol D] e 15 8t cos |,
Olie ol sl )3 el Sl (b5 gle 5> (o
OLS odly ) g Ay gy dg) N9y (Sslew Egud
o Jlod 3 g Jlo m U phlen Gl Glie 45 Sm5 00
plod [Y] Cusl 039 dopd Ar g M sy @ ¢l
Al g wb b Jold g Wi Sl baygegs
2915 o Syl (rnbo et ) o) e i it sl jseg
sods 5l o) pdiged dlo b b5 5l (A po addl e
Shcad a8l Gl by Gl jlad (Gl w095
oo Sbjw g 039 Siod> b Sbygegs N> Sib
5 by gy cnl plamdg) pasuis Lol g e
Oloyd il liolio b g daome dge diilo oyl (od (15 )les
cle Gy ooy jllie [F] 2pie YU 1) selcgddse
i o 4y g by 136 (o o9 S 50 o 5]
O @ g ol > gl glope Slile pasls
Oy ol o ey Jl 6Nt 55l sl 09ed e
Aalgs oS low (SNj CaleS gm0 9 Solow S Ly
oolol 2 Gl Gl jlislie pageis il Jl 3 08
Splil ngo daplil oo @ oyl b el
Soppgas sloshy) «Soigdnly (slaalyl @b ol
CSLd [0-V] 3,5 (o Cogo y9e9 (s sl
Pl Sy olbyw g pasuis Gl by,
51 oozl 48 wimd o Lt o1 plool lllae Al Caanl
@ bl daw mpin  Sgas e sl
3 Lol A] ol 36l)8 5 ddo Hlwo bis b ogas
Wl panss gldie) )3 (egad & w)p £9
sl () g sloosls Jlow g cald )3 oyl (S
Sl ol 3l & cwl By hie o5 5B e
bl & Wilg o &S wdige sbaylpl copie
Q& g e ol WS K8 odh IS5 degesne
Shlesr cohlen CleMbl Lol sladegans )3 ¢ Jlo g
i b Solow jl Jgere oS S &5 S (0 2 lliS )
P Lol asgerme J55by 53 5 M o0 JLd | (g)lew

Journal of Health and Biomedical Informatics 2020; 7(2): 181-189 VAY


https://jhbmi.com/article-1-446-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

Q92 D)Lo.vs cfg.'@.é 0,93 dyas ‘JMU

S5 S j 9 Ceodhw Sl gl dloro

(R e o gl a e S g8 gl i 2 o1
pisle de b aibo dylse pluw 3 g 0 48§ jlas 10 e
sba bas glrodly (S il gl Koo aldlbs
Algorithm  (EM) jI o)ls—5 o 55 4ao sL_nool>
o=l 3 4S5, S ealawl Maximization Expectation
Ol 5 e 98 p3Y (S blod jl laosly 4 as g b aslllas
a2y by (o295 9 699)9 Lot Sl Sy ol
oMl b g paasie (S )l g () pole slacusdly
e (olod WAD Chy yo Cygie @l osjB (lsd ]
e 4y Cogae gly ol jledlatul b (55l s 5 (300
2 il yolde (gilugils gl S Joas (5L
caps W) wsews Matlab 138l 5 5 bawg cglice (slaog,S
b o o yoSl 4y oald 3959

(S35 Uil g J1o 39 slagieysS) gy ool
Takagi - )g5gw S (5506 gl ) piumw g Slies
—auks Ji_o (Sugeno fuzzy inference system
Lol adgl (5L gl wiu b ((uadl) 556~ (snas
ks Jao 9 (36 e (nSle (g AdgS D9y 4 0
Lol adgl (6518 glisi] g b (uadl) 556~ (pas
L dbgrye (sadS (ids b o odals (saaded (hg) 4 o
Sias clnJds > .00 sl Matlab ljsle 5 51 ool
45 29 5l glitl S (aelgd degorme 4 955w (S
SIS5 L 5 adgl o33 oISl o b sl agezme oyl
B3 4B g (61,55 aslgd Bl Iy LAD (g 05
» b B )l ine (15l plie 4 0acB WA (2L
AWV I Y
(sLnodls ey L5 (merl) (6515 — (game S Jao
9L o pae Sloml g ool bjgel el s 5 bje]
Olose 40 a5 (395 0313 dcgeme 1N g 4 3,8ee b))l
o a8 H 15 55 el (35l Sl B 5 (93959 )l
V5 (Lo 00 &) bgype leMbI) jlaws OV (gl gun yilo
(Sl e 5yl B (e Sl yie Jol) (gt
slag)y By s pac b g Bpas (gl sl b il
Olimay ooy dy Ml pasels ablo «)lo)l 5 (g it
9 Sy ddoyo g Gl oy Dl (Solpl adle
Moy Olgis 42 a5 (293 03> dsgerme gy (9095 Wby )33
ol o a8 a5 )3 il (gl il d 3 (295
o5 Vg (Hlow DA 4y baypo GleMbl) Jlaw OV gl
C P e 4 g (gl b ol ()low als ye olt)

99
iy Slcsjlon SilS 5l odls ooy Somogy (el 5
Laoaly ol loads cdl o B sy deine 0uSing}
[ ).o_.o GL:_M) uL_w ULE).»; LY MMA ARANY L;Lma:b JAL»
WA Lo J) &8 t1i35 o o (sl (Sis VY sl 5 sl
P s Jolee asasg L asog o L;)Jé‘g yway b
015y ol by 5 L g o sliaskio g iy oy
by s M 3 Lyl 15l 4 ola e b b S
L g wlosds (asuiie join (liwy Gl yw jlilie 35 5 (liny
WHO0,5 Bl dgnge (sl pusie cp jl (B 281 ol yuaie
O SBS Ry (o (il i glade (oloT )
au Mol Solgls dilw (ol ol 4 Mol pass
4 (42)5) ygeg5 My 038 g Sy dls o g iy b
o (ginl) ooy ol A yo 9 (53909 lapiio Gloie
2V dsin) B 4S5 )0 (298 pite S Gleis
pis b g Bpae ()lo)l uils b iy glapiie L bL3)|
L ol by 4 Ml (Solgls aiblos 5 Gl ol
Cogmas il by oladis i Job cilie mls ()
S Bloys slmodld ga Jdd g L pustio (gl gliiio
laodly go 345 jui 5 Ldgy y b aly JK 4 U a8 ey
ol Cagmde gl e 50 48 b Gl o read ol
oele ceslie Glaca,i L) G g jao jlie b jite
aSbol 5logs low ya )0 yuiie yo sl 35290 (claodls
01 Stiwlis )l Jlag o)l 3 45" Jole plgie 4 ) ol
L5 02 aLSOL yol 5o Wodly ol jluws (SauieS & 5o
C—Bb FRRSWATY oola_l J_alﬂ )Lo.») AR L>9.3)A OleMb
B Lel iadg ez i 95 s odly pl [ Sen
pie s gy me by g (Sl oy aiile byl (ol puie
o8 ol gy datae (gyI0b 5l 6wy (lagyld B yas
OMS E L g slew 5l B cleMbl cél o pas & byye
FSe glpe 4l (Sl oo 2le o 5 bajusite (pdm
YL as asgi b dmodly (gjlwodlel 5 3515 i (slajls

IAY Journal of Health and Biomedical Informatics 2020; 7(2): 181-189


https://jhbmi.com/article-1-446-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

Ol Ko g zmaad lod

by b g jLiwlio (6518 (o o

2 S)len pageis G (Cedw b S o) Wlosily bl
g 3l isly Jlw olows 5l iw gl 5l duops YY/OY casd S
B Jle YA LYY cwojl o ohlew l ooy ¥/-F ks

5 3o D AV/EY oy VoIV (Sdly (o puiite jd 5laisld
(093395 (Sl i 33 e A Ghlew Sl ao 2 PNV
hls ohlow aslandls J13 (o) 0> (Kl 9 o3le (Kl
P BT gV A (0)5) jee5 by )18 g Cop oy
lyolaces p YU o d VWA LY 08 hlew ole oy
VoS ohlew g o Y0 LY )8 lhlews 0 Jols
6olow als po oy S 1y (gam ilye duo 3 V4/YY L
b oslaiul 3590 byl claosls a5 Shilew (guiwl) b
Jols an ang L oS 2509 ¥ o YC YD YA Jolis b 5
Lol ¥ o ¥/0 1% & polie oy 5 o g guls A0
2 ohlew jl oo 0V/+0 0l guiwl dlgl polis 3501
YYIXY /Y gl als po 30 bl 5l do ) AIYA & pecisl
2 ohlew 5o VENA o Y10 gl 3 lhlews 51 doys

Sl 8 Y gl

o] Cond a0l 1348 398 9 (6395 (slaodld s o
Ogaw Vg slaw ¥Y il s plo Jolds s a8 S s )
05 iRl bl g Jol8 slaodls jleolainl b LU FYQ
O 886 Gllow )3 (o gy iy jloged ) (Kl oy
lodls degemo I S 5 Ly opl 55 el Cans 4 Kby
Wi 0 ¥eoF Lol abges S g 00l VoYV Jolis alsl
odlawl 390 (2K dlga deize oS g}l odh 8l
53 odlaiul 3590 claodls I (oolaws a5 slool 5l aib 3 )3
=gy L)—" L ool p un.a)] Cawd yd u,w.n)l w)yoi
S e calo I 2980 Couine (B (b))
335 33 g8 b bl 35 9 9590 (S 5 s
.)L’>ul L;me Um)l_: 9 L;")'S db))‘ LS])“ Matlab

A oolal d)l,oi le.mua_&u )’\ 04ud

@lﬁ
9 05 Olibew o=l (ol (lilow D990 (sloodly & 4 g L
A lya9s Sloyd dwgn b odg (loyd co g Wdg JUuS 5

95> 98999 SR 1) Jod>

o £ e 3L JUESRNT:
&9 A=A Sy oy
&9 A=v¥ Solow LABS
82939 ) oL sl b ozl
S99 V- S I 6 iy lgyls Bpan pis b g Bpuae
%99 = Ot (sl yoo 4 Ml gz diolo
5%959 V= Sl by 4 Mol Solgls bl
$29)9 Y- (42)5) s9o5 A8y ©)a8 5 sy Als po
29> ¥-- (sl) Ol o (5 5lons Al po

— —ino a8l gl o ol D e
2 il ghs adgs 559 (5B SThe (WSke (sauades
el sdal o J_:L’B FY 9 ) dl_m)'byw' 9\” JsJ._>

SLSE g (oo 656 gl slagiame () p sl
Sl pSilee aidy, Lasls jl ool 5 b Juo 5l dlols
el Cewd 40 ¥ Jgds &0 4o b (RMSE) Ls

Journal of Health and Biomedical Informatics 2020; 7(2): 181-189 VAL


https://jhbmi.com/article-1-446-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

Q92 D)Lo.vs cfg.'@.é 0,93 dyas ‘JMU

$S 9w S 9 (Flaeo (55 gliw! ggiumw 51 Jols LS Y Jgi

STD RMSE Jao ol
<[Y0F AATYY <[PV AQFY A I
<[\ YSAM < [YARYVIVAY $S 5w SBL

il (o aigd 5 9 (551 3510 il (Gaig (o (il (S mimas 3 bl LG Y Jgun

S5 S j 9 Ceodhw Sl gl dloro

GRaadgd 1 (o il e ] &ilol pas L
cals FCM
ARV - /YYYYA il sleedsBRSME
<IYEOND < IYFAYVY s clesly RSME
<[¥VASA AR U9el sleodls STD
NAYZNE - I¥FAS Cad gosls STD

459 JoB B B gls y dit 13)55 5 (S Cunel>

Wyl alesdy s
G Wl o sliwbie Sl a8 sl 5l s lo a5 yeblen
auly Sl Jas! 4 aS wib jlow Jb wad cwuldg »
asyle ol go8g Jleisl jl oMbl g oLl 10 )1 of yors
0B )3 5 oy 0je ) (Slas pS el 4 Sl
ales S8 oY glacudlie g 6 i sy p3Y el
[P IR XV PRV YR VR V4] Py S COVESN) | IO Y R T KV
ot gladae 2l oje p> a5 cudly Hlai o L
a2y Jio Colus 9 (Sho sl 9 o 4wl (SS5
olyoS Wlgiee 2l 4 a5l (S (58,5 a5 )3 15 909
o O e yiel)l Hlade 4y bl 0gMe il oulS
i g Jde 3 el cpl ds il ol ds g
bl 4 Hlow 2,8 o> Cunl ol b Jlws (S5 050>
S o Bloe 5 85 3980 48,5 5 5 ol
35 xSl g e ol i Jo 5> Al 42l
BB 1y o ol lgiee Can cnl 5l g Conl (ooF Lo jlake
SoS & cadllas pl 50 ond dlpii (gl yig) iy Joud
o551 = ;51 (sl | (slasgazes (e (558 (gl
y ganain Jos g 03905 (p25Slg 1y o 3)90 G (558
9 St ol S G518 ol B e bl i oy
L ooy ol bwy lmcj JoE R L LS T e}
Ao il &lg 50 313 3gmg 0dd jgel (Kb amastie

S 5 4 g Sy
3 555 S o line sla sty J o3zl b adlan )
9 4yl (53 gliinl whuw (gl Oglite JliSlo 93 b i
oAtz ghy clivy las )l SGS 53 39290 slaodls j
2 bl Swiie cas o le KD M deixe
et A o) (¥ 5115) ady) slagsal b ol e
D) G (daxi0 Sl I by by Lo pKnds;
ol b (ol Jlad Jalge a5 Shilow )90 53 ciged sl
gl oy p L Olgise 810 jliabie b S5 ol jlas
bl gl odga e (58,5, L5 )0 g Lol Jleisl
Slos loyd ogud (it Sl (sl p3Y Slaged sl
9 @l Joa (owpp b e85 a5 )3 luslie jl 6 pSok>
ol 48 1l aste 4S5 ol e Sl IS sl 6
Oy A 0ad sloml adgl (L8 gl phes b el
2w do Cad (60 9 538 B 558 ST (e
O ygmo o Al il j3 amd o &3l oolpiiiy sl Jue
P B 595 e s 035 38 LIS & Sl (g 9 58095
Ladiges plod (homion b ji 5lai 3)90 (il 3929 pae )90
5l ool b ons aidlo (ol a2 o &1l Ll oy yieo
5 Shoe sladie )03 )13 pod asye )5 (aalS i oS
=3 2515 5158 e Colye 3 i 4 8 95 g (ST
8l il olgan a5 18l ol Slgse o 93 oyl cinds
) i ollest 4 bigye slaosls 5 (S a3 055

Ao Journal of Health and Biomedical Informatics 2020; 7(2): 181-189


https://jhbmi.com/article-1-446-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

OlyKod g mamad olod

by b g jLiwlio (6518 (o o

= (5500l lapivm Lol (Shg 90 (gl onis &3l
Ol A8 a3l e cuslin prends il g YU slazel b3
S 9 Vgare 45 golSorly alie (glapi sl L s

O] ol colsy LB caigs oo ol

25 55 58 ol oLl S 0 4 Sl Lo
S oS g (g9l el a8 Job )0 aS dgus a3 3
Cbl g By plas plalre 4 dog b (gilodingg w2 yoS)
S8 35T i lae (e sl D95 0 Ak €y

Train Data
45
Target

4 Output [
SH) b

3 ol
25 1 1 1 1 1

0 100 200 300 400 500 600

RMSE = 0.27728

Error: mean = -6.164e-07, std = 0.27755

60

40

20

0 200 400

600

ui(&},.oi wodld (1 FCM i o il gl (piglod 1Y S5

Test Data
45 T T T
Target
4 Output
o< At Attt bl B M’I“l'
N I“'h'dflr"“ll' T T Y S |
25 1 1 1 1 1 1 1 1
1] 50 100 150 200 250 300 350 400 450
RMSE = 0.34874 Error: mean = 0.011049, std = 0.348596
2 80
1 60
0 40
-1 20
-2 0
u] 200 400 600 -2 -1 u] 1 2

Cund o3> 515 FCM o (o [yl gl pis e :Y UG

Journal of Health and Biomedical Informatics 2020; 7(2): 181-189 A1


https://jhbmi.com/article-1-446-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

Q92 D)Lo.vs cfg.'@.é 0,93 dyas ‘JMU

S5 S j 9 Ceodhw Sl gl dloro

Lol 645 o3l el jde as b S

5 s 0 poliine pdlde g g canlllas (slacydgizes
alox 3l pgye slagiyy b gl (Slisle o a3l o 01ieS
CJL..» P Gl u_i‘o.n )_;.olb- 4o 3D 04 {:l_’>u‘ P9y
4 dag b ool 3y90 sladegonn ¢ By 5l il iS5k
2 Glp cuwl (S a8 Wilosds ay i Syl S5 s
oL Cudgl e 5 35008 b 0)lgen &S pl & angi b Laiiils
2R3 g et 9)019) Gl ooy 4 barpe Jol5 (slaosly
3 b elyb olaws 51 g Wodld zg5 dlaas Wb o)lgen S oyl
S s a piae a0l ) ool bl ke 4l
|) el 4l o Yiein! S5 w2258 35 9 yiel )l o292
i (S Oladlas y Loyl 5l ool 45 anisy sgu0
9 g0

Logas g Ghagh cnl 3 0wl slaas Sl (S )oboa
Ol 3B STy (ke ganades ) 2 (e ]
Qi by 4 Mise 3181 )3 Slinbio £589 (st 12
Ji_m u.»l 4 Dged oaliiwl (Y G- QSL“ZE“-“*"‘) d.:J?‘ J>|)A 2
2 oblesn 4 bope (slaodlsy (58,5 Jlai 13 bl oS
o=l = edleiniin sl Jio (asid (pl )0 g0 (asuine
s Jelse g bl b g jlistio b 155 olilen & ol
o 1y Jlen! il wilazsly )8 glals o 4 > alie
3l Jde y gl slmosly g cleMbl as adgl Jolyo o) lows
ey Jie (e S e (e ey sl 00D
ool Slsiddy s Sy Olgis 4 Slgi oo oloidy
99 > Sy el > by 4 S8 sl (b 605
..))5 )l)ﬂ O.)Lé:»)‘ .))9.0 ul)l.oa.) uLO).)

&8l 2,
sl 3959 (adlie SlaT AeSzun adlas pl )

References

1. Hortobagyi GN, de la Garza Salazar J, Pritchard K,
Amadori D, Haidinger R, Hudis CA, et al. The global
breast cancer burden: variations in epidemiology and
survival. Clin Breast Cancer 2005;6(5):391-401.
doi: 10.3816/cbc.2005.n.043

il oolatul b oyl yus (sla o i D590 ) o ploul Cldllas
Tez adllae cjliwkio dw yiw 5D A Sylite (558 H5ig0
aslllas g LS9y (o e slply sl CL"‘"“"“"I 51 eslazwl [VF]
Slply b gl 5l eslil [VY] o, Ken § Girometti
e 3 Lol oS (o) selabgn ol Sl o
(s ooy & Mo Glilaw sl [VA] ol 5en s Nagata
A YL Jo-8 S8 (S eéoide 656 glistel pias
s Dehnavi sls adlbe alin (gladlas > coul
L Joslo = sl sl S lo 51 onlal b [VA] )], e
oiloil 1y (b (ooloindny s e ol Cuidge
a3l o @ 4 g b yusie wlis pae s 4 a5 Wlodges
2 D)l Dy asdllas 93 ol o dnlie Sl ol
paseis dilen by glbyw 1503 nhe sleoje
s L gls Glllae )3 i g 08 ecslow %95
yiiug 48 Gl 0l 48 )5 0500 el b (656 (slapin
a1y wdige sloojon (sl Jo s sl b
sla sl b ol adles uls awlis ) Jslas
ol (5 a0

A cgaze jl odliiwl ay a5 o polbs ddllas cugd bl
Ohlew (=8ly (slmosldy 5, S o)Ll ljlows ABly (sbaodls
JB oyl pudlSuis g ilo dgg0 (slaodld 4y Canns
Lalols s B)b 5l aius Cusbly 4 3505 4 idloxsl
AL Lo =S momad )3 o3kl sl gyt (lseb]
00 g aladl Wi o (6305 Cou )50 (ladsgeme
Wged (YL ol b osly | rol> degammo 3955 dalllas oyl
Sladlas pl > piomen Dy 0 YU ) ddllas )y a8 ol
&S ly obyw Glawasis wanass ol s 9 YO

2. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer
statistics, 2002. CA Cancer J Clin 2005;55(2):74-108.
doi: 10.3322/canjclin.55.2.74

3. Jemal A, Bray F, Center MM, Ferlay J, Ward E,
Forman D. Global cancer statistics. CA Cancer J Clin
2011;61(2):69-90. doi: 10.3322/caac.20107

4. National Breast Cancer Foundation. Early Detection
[cited 2019 Jun 2]. National Breast Cancer Foundation,

YAY Journal of Health and Biomedical Informatics 2020; 7(2): 181-189


https://doi.org/10.3816/cbc.2005.n.043
https://doi.org/10.3322/canjclin.55.2.74
https://doi.org/10.3322/caac.20107
https://jhbmi.com/article-1-446-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

Ol Ko g zmaad lod

by b g jLiwlio (6518 (o o

Inc. 2012. Available from:
https://mww.nationalbreastcancer.org/early-detection-
of-breast-cancer/

5. Scully OJ, Bay BH, Yip G, Yu Y. Breast cancer
metastasis. Cancer Genomics Proteomics
2012;9(5):311-20.

6. Lacroix M. Significance, detection and markers of
disseminated breast cancer cells. Endocr Relat Cancer
2006;13(4):1033-67. doi: 10.1677/ERC-06-0001

7. Sun YF, Yang XR, Zhou J, Qiu SJ, Fan J, Xu Y.
Circulating tumor cells: advances in detection
methods, biological issues, and clinical relevance. J
Cancer Res Clin  Oncol 2011;137(8):1151-73.
doi: 10.1007/s00432-011-0988-y

8. Castanho MJ, Hernandes F, De Ré AM, Rautenberg
S, Billis A. Fuzzy expert system for predicting
pathological stage of prostate cancer. Expert Systems
with Applications 2013; 40(2): 466-70.
https://doi.org/10.1016/j.eswa.2012.07.046

9. Bakker DP, Busscher HJ, van Zanten J, de Vries J,
Klijnstra JW, van der Mei HC. Multiple linear
regression analysis of bacterial deposition to
polyurethane coatings after conditioning film formation
in the marine environment. Microbiology (Reading)
2004;150(Pt 6):1779-84. doi: 10.1099/mic.0.26983-0
10. Ying H, Lin F, MacArthur RD, Cohn JA, Barth-
Jones DC, Ye H, et al. A self-learning fuzzy discrete
event system for HIV/AIDS treatment regimen
selection. IEEE Transactions on Systems, Man, and
Cybernetics, Part B (Cybernetics) 2007; 37(4): 966-79.
doi: 10.1109/TSMCB.2007.895360

11. Barro S, Marin R. Fuzzy Logic in Medicine.
eBook. Springer Science & Business Media; 2013.

12. LaBrunda M, LaBrunda A. Fuzzy logic in
medicine. In: Khosrow-Pour M, editor. Breakthrough
Discoveries in Information Technology Research:
Advancing Trends: Advancing Trends. IGI Global;
2009. p. 218-24. doi: 10.4018/978-1-60566-966-3

13. Shleeg AA, Ellabib IM. Comparison of Mamdani
and Sugeno fuzzy interference systems for the breast
cancer risk. International Journal of Computer and
Information Engineering 2013; 7(10): 387-91.

14. Saleh AA, Barakat SE, Awad AA. A fuzzy decision
support system for management of breast cancer.
International Journal of Advanced Computer Science
and Applications 2011; 2(3): 34-40.

doi: 10.14569/IJACSA.2011.020307

15. Einipour A, Abbasi Dezfouli M, Yektaie MH.
Breast cancer detection using fuzzy classification
system based on Ant-community algorithm. 2nd Iran
Data Mining Conference; 2008 Nov 11-12; Tehran:
Amirkabir University of Technology, Gita Data Mining
Research Institute; 2008. [In Persian]

16. Tez M. Fuzzy Logic Can Improve Decision
Making in  Thyroid Cancer. Ann  Surg
2010;252(4):706-7.

doi: 10.1097/SLA.0b013e3181f47aed

17. Girometti R, Fabris F, Sgarro A, Zanella G, Pullini
S, Cereser L, et al. Differentiating Small (< 1 cm)
Focal Liver Lesions as Metastases or Cysts by means
of Computed Tomography: A Case-Study to Illustrate a
Fuzzy Logic-Based Method to Assess the Impact of
Diagnostic Confidence on Radiological Diagnosis.
Comput Math Methods Med 2014;2014:587976.
doi: 10.1155/2014/587976

18. Nagata T, Schmelzeisen R, Mattern D, Schwarzer
G, Ohishi M. Application of fuzzy inference to
European patients to predict cervical lymph node
metastasis in carcinoma of the tongue. International
Journal of Oral and Maxillofacial Surgery 2005; 34(2):
138-42. https://doi.org/10.1016/j.ijom.2004.03.012

19. Dehnavi AM, Sehhati MR, Rabbani H. Hybrid
method for prediction of metastasis in breast cancer
patients using gene expression signals. J Med Signals
Sens 2013; 3(2): 79-86.

20. Hosseini R, Khezri R, Mazinani M. A fuzzy rule-
based expert system for the prognosis of the risk of
development of the breast cancer. International Journal
of Engineering 2014; 27(10): 1557-64.

21. Alipoor M, Haddadnia J. An Accurate Intelligent
Breast Cancer Diagnosis System. Iranian Journal of
Breast Diseases 2009; 2(2): 33-40. [In Persian]

22. Mahdavi H. Detection of Breast Cancer Progress
Using Adaptive Nero Fuzzy Inference System and Data
Mining Techniques. Journal of Computer and Robotics
2013; 6(2): 23-8.

23. Atashi A, Nazeri N, Abbasi E, Dorri S, Alijani Z
M. Breast cancer risk assessment using adaptive neuro-
fuzzy inference system (ANFIS) and subtractive
clustering algorithm. Multidiscip Cancer Investig 2017;
1(2): 20-6. doi: 10.21859/mci-01029

Journal of Health and Biomedical Informatics 2020; 7(2): 181-189 YAA


https://www.nationalbreastcancer.org/early-detection-of-breast-cancer/
https://www.nationalbreastcancer.org/early-detection-of-breast-cancer/
https://doi.org/10.1677/erc-06-0001
https://doi.org/10.1007/s00432-011-0988-y
https://doi.org/10.1016/j.eswa.2012.07.046
https://doi.org/10.1099/mic.0.26983-0
https://doi.org/10.1109/TSMCB.2007.895360
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.4018%2F978-1-60566-966-3
https://dx.doi.org/10.14569/IJACSA.2011.020307
https://doi.org/10.1097/sla.0b013e3181f47aed
https://doi.org/10.1155/2014/587976
https://doi.org/10.1016/j.ijom.2004.03.012
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.21859%2Fmci-01029
https://jhbmi.com/article-1-446-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

Journal of Health and Biomedical Informatics
[ Original Article ] Medical Informatics Research Center
2020; 7(2): 181-189

Prediction of Breast Cancer Metastasis Using Fuzzy Models based on Data from
Iranian Breast Cancer Patients

HomaieFasih Arezou', Atashi Alireza>*", Ahsani Tehrani Hojjat*

* Received: 18 Oct 2019 * Accepted: 18 Apr 2020

Introduction: The metastasis of breast cancer, the spread of cancer to different body parts, is
considered as one of the most important factors responsible for the majority of deaths caused by
breast cancer in women. Diagnosing the breast cancer metastasis at the earliest stages helps to choose
the best treatment and improve the quality of life for patients.

Method: In the present fundamental research, the dataset of Iranian patients available at Breast
Cancer Research Center of Motamed Cancer Institute in Tehran was utilized. This study used
Mamdani fuzzy inference system, Takagi-Sugeno fuzzy inference system and adaptive neuro-fuzzy
inference system (ANFIS) to predict breast cancer metastasis at early stages.

Results: The best prediction error was obtained using adaptive neuro-fuzzy inference system based
on fuzzy c-means approach. The opinion of the experts at Breast Cancer Research Center of
Motamed Cancer Institute and the prediction error of the assessed model indicated that this
prediction system is well-formed.

Conclusion: The optimal proposed prediction system can be used as a clinical decision support
system to assist medical practitioners in the healthcare practice.
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Inference System, Adaptive Neuro-Fuzzy Inference System
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