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The Role of Imaging Methods in Differentiating Uterine
Leiomyosarcoma from Leiomyoma: A Review Article

Abstract

Background: Uterine leiomyomas are the most common benign tumors in women,
while leiomyosarcomas are rare tumors, accounting for only 3 to 7% of all uterine
malignancies. Due to the significant overlap in clinical presentation and imaging fea-
tures between these two tumors, distinguishing them can be challenging. This study
aims to review the role of various imaging modalities in differentiating these two
entities and to propose strategies for improving diagnostic accuracy.

Methods: This review was conducted through a systematic search of reputable data-
bases, including PubMed and Google Scholar. Relevant articles discussing imaging
characteristics of uterine leiomyomas and leiomyosarcomas, particularly focusing
on ultrasound, MRI, and PET-CT, were identified and analyzed. Inclusion criteria
encompassed studies that specifically described the imaging features of these two
lesions and reported diagnostic accuracy.

Results: Ultrasound, as the first-line imaging modality, has limitations in differen-
tiating between leiomyomas and leiomyosarcomas. Leiomyomas typically present
as well-defined, hypoechoic masses with posterior acoustic shadowing, whereas
leiomyosarcomas appear as heterogeneous masses with irregular margins and cen-
tral necrosis. MRI offers superior tissue characterization, with leiomyomas gener-
ally showing low, uniform T2 signal intensity, while leiomyosarcomas demonstrate
heterogeneous T2 signal with areas of necrosis and hemorrhage. Diffusion-weighted
imaging (DWI) and apparent diffusion coefficient (ADC) mapping were identified as
effective tools, with ADC values below 0/905 x 10~ mm?/s being suggestive of leio-
myosarcoma. PET-CT demonstrated higher FDG uptake in leiomyosarcomas com-
pared to leiomyomas.

Conclusion: Advanced imaging techniques, such as DWI, ADC, and PET-CT, along
with a careful assessment of morphological features, can significantly improve the
differentiation between uterine leiomyomas and leiomyosarcomas. However, final
confirmation of diagnosis requires histopathological evaluation.

Keywords: MRI , Leiomyoma , Leiomyosarcoma

Copyright 2025, Journal of Medical Council of Iran.
This work is licensed under a Creative Commons Attribution—-NonCommercial 4.0 International License.

Mahrouz Malek, Sara Parviz*

Department of Radiology, Medical Imaging
Center, Advanced Diagnostic and Interven-
tional Radiology Research Center (ADIR),
Tehran University of Medical Sciences,
Imam Khomeini Hospital, Tehran, Iran

* Corresponding Author

Department of Radiology, Medical Imaging
Center, Advanced Diagnostic and Interven-
tional Radiology Research Center (ADIR),
Tehran University of Medical Sciences,
Imam Khomeini Hospital, Tehran, Iran
Email: srparviz@gmail.com

Received: Jun 27 2024
Accepted: May 11 2025

Citation to this article

Malek M, Parviz S. The Role of Imaging
Methods in Differentiating Uterine Leiomyo-
sarcoma from Leiomyoma: a Review Arti-
cle. J Med Counc. 2025;43(2):6-15.

Journal of Medical Council
Vol.43, No.2, 2025



https://jmciri.ir/admin_emailer.php?mod=send_form&sid=1&slc_lang=fa&em=srparviz-ATSIGN--GMMAAIL-.com&a_ordnum=3318

#5192 hlw «Slo jo g0

WS Glpeal S «sielgasl 6g)S
raxsls aiSpiny (5jelgusl) wliib=s jSie
lres L,S.uu).: gle o&ils «sladslso g

Ul «lied (> plol liw)lay

oo 63iumngs (LS *
wligd=i jSpo (Sibjy  Gulaupgai jSpe
wsladslsn g (passid adduiny (sj9lgasl)
plol gliulasy «wlgd Kibjy pole olSiils

Ul «wbed wsine>
1 Sg Sl (Sl
srparviz@gmail.com

1ol /ole/0V :udlyys 2oyl
1EolE/o P /P b dg 2ol

Journal of Medical Council of Iran, Volume 43, Issue 2, 2025 .
https://doi.org/10.22034/43.2.1 JECELE dldo

>3 P95 slwamogd G S 30 (5510 9 93903 G (g y S
S5.9.50 o 30 a0 g

LRV
lap g8 slogrogd 45 Jl 53 it (1] )3 b 093 (sloyga g (0 Sl (o) (slopgngd] 1m0
@dlas cpl G .l 551 il gl 518l 05 95 cpl (g ppgal g b calis
Syt syl Dl g 59095 93 (pl Rl 3 )b ppgal e slraidlie GiE () p
Jols yitne SleMbl (claolSol 53 Silosunr sminn b (5y950 adlllaa ol 1,5 (g,
5 posogd ()0 ppeal g She b iy <Ylis .5 pbxl Google Scholar ¢ PubMed
Jold 39)9 (sloylins iad Julo g (o) PET-CT 9 MRI ¢ Bl S g5 03294 «pgS lwgungd

Wdg 3Dy dmls 93 pl (el b She Chuogi 4 aS dg  Slalllas

e plbcadgioe b yse55 9 cul Gl )3 b)) Ly sl Olsis @ (S gigm 1AL
2 s Jod cbhals 5 asuie 2905 b ¢STeud (slaody Cyan 4 el parogd sl
s i | il 2505 (555 0 3,55 15 b g oo apsS ogeasd S o
b pore 15 gl 553 3929 3)l90 53 Mimd oo LS 1) (Sligen 9 59,5 (2P L ey
33,5 o0 JSudio Anls 93 (3138 g 0ad (g 56 o

2ol . ud sl anls 93 opl pled 1 S50 slaylpl lgicds 35 ADC s DWI (sla il
by L PET-CT «puizmad .Cuwl poS lwgrosd a5 4 +/2+0x) > mm?/s j xS ADC
35 Wnpgsage) & Camas 6 5YL FDG G lapgS lusguage) 45

Wi 390 |y oS slwgmegd 5 poregd s Nlgi e ( S5ods8y00 S Shg 35> S L
sl S5l (y p Mol et ol b el cal b

55 bogzess) powesd (MRI) (ueblito uiligs) 520905 15" B 5g

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

S U5 lo jLw udg u — ale sdzo  Copyright 2025, Journal of Medical Council of Iran.
F—10: 1ol Yliuwli—P o jlosis—e16 ygo


https://jmciri.ir/admin_emailer.php?mod=send_form&sid=1&slc_lang=fa&em=srparviz-ATSIGN--GMMAAIL-.com&a_ordnum=3318

N olen slp oy sasoly K5 oo @ (o535 0357 G sl
2 Sl slsss g jlulie lidl iy uild als dler
DOANR) wib @l o 5o (olow 4 iy Jolye

sl pppa Soletus 5 38 @b ()p nlple
5 oslizel U olyen «Sopall e MRI ofgd cilise
Slg5 oo (oo 5150k 5 (Sghan Sish p e Slapi Nl
g Mk Jbyiege slrodg Copde Gilwdingg » e 6
odly yods ) (gl bl 5 o3 S sla jimgds Aiojls
(V+.¥)) sl (g yrguas

B5 P

5 pasds sl @b ppgal S5 gl (BSgsw 0jgyel
el o) poS sl b g posegd (b5

ol g Jlamghl (il5 g 93y b oS sl e (B1S gige
(Ye=VY) 93,5 plosl Ju Sl

Fosls pose (3158l (LUl 81 (3l Sgigw 3)lge ST )5 425
oximd 3158l gla Sy (B p Jl cnl b eddloe pgS Lo geosd
Slodds dleiuig 50

o v dgd> (glyld 0355 (B S eigw 0 el ool poesd
g el g odg D5 cald d Jad clale gl a8 il
AVVYY) 245 000 b g s

M (dlin o1 Gl (19 lodgs pgS lugmogd Jlie 5
(V1) 298 0> 0 3 555 0 59,55 plaiel (g5 Mg oo oS
395 JyusS 4 025 g 092 platel Cl LogS L 3900 (ieen
0es 350533 b g Sl wd ot Slals 5)lge )3 42 )5 0>
Db 03 (635 0 59,55 9 (Kedl (Sl oS | Conl

e by ale (5T aidls om0l pgyed Hbld (SIS gigu
(VF) sl 03,5 abola 1T oS ol

Vb Cuoglio b 39y g 039 yhagee wlde pose (55l8 (pizren
(YY) 295 o3 005 )] p3 Jgiwbs (elanl U ¢ ansls (RI>-/¥)
691;9)9.«» FLERTIN u‘..u.\.) &9 J)‘S.o.m 9 ;bsl S5 Jb O..).I b
oA 3)lge el ) poSylugsegd Sl 1) 02 poresd Slgi e
powegd 9095 Jos il I8 (BS ggw asedd 13 (22 )3 )
‘uio.mb W)}g‘ ‘.Q‘j Lg‘.mddb wlm‘ 2Oy IR C)Jm ~>)
VOIs £ YEIY g Sl les 4 o Sle @ jl e ple
StsS 90l 335 9 poyd Sl bawgio jhad Glyie 4 yio e
w8)5 5l 53 jglesS yl Ol Jleinl dlyy (layline ) linel
Ll

Bl Pow 35 0 0350 5l o gy 9399 9 1aS (6,503 adlllas
R s lwgrasd 3)90 0335 g 1Sy 9 4385 5118 2Lyl 5590

3292 1ybw 9 Slo jg 80

o

EVRY-N

(o) Sopgasd ohod o2y B Jbeges (lajgey
4 390 3pgly 9 At (U 53 Jlyiegee slaodgs (i
(VY) Sgb oo Hoise apgsagd I (o5 & (Sudly i ) 0
oMe cely sl Sas Lol iz Codle a0y LAl apguos)
s9bre gl jlid (S 2)3 o) (bt Sy ke
S sl ygegs (o) slapaS il (Jlio 53 (V) 2590 559)LL L
S Sy Wb Jox oo obj 3 el g (F) wadee
oAl gloj 3 pgS lwgrasd 4 Mo plhlan (g (e
(85) cunl yidio b Jlo ¥ 290>

5l bapoSylogmegd dagi b Siglgil slaglis g2y L
Lpseoss) arlive s Challss (s)loppgal (25 > 5 b
)0 By g padis )3 ;3G 4 Sl 4L ] )
OoRlB ) et gladshe (1o jlad pidyge b (ogiSages
slygess o Joo Gl 355 B8l egpcnl 51 (VA) wa
WSl 5 S e ) pogadar (Jlyesse w5 o>
(3) 2> Sl el yoal (229 Sloyd )

Sl e Il 98T syl pgad slagby) Cépin L
Sl (slaadlie .l o yiwd ;D bodgs ol b b))
2 38 oyl Jgese MRI 5 5L1s (oSl il (315 g iile
P EF 3955 2lg sy 5 TV o JiSwcns (JuiSes
00 a8 SaS SeSliie sodgs bl 4 iilgs .o MRI
&S Sloj opods it olacodgie sl by, cpl Ll
w530 Ol Ly 4 b )b S e sl Sy ody
(V) e G215 i mieis

JUESSB ()3 p gyl 5ed pliy (Sloaidllie il slo L 53
pordsdl 3,5 J) o Seeltd slauills Jols MRI L
(DWI) JgSge jLisl (bl (59 ()13 2 2925 (DCE-MRI)
et bes losgs 518l > (MRS) gSwg yiSewl MR 4
SHYL cdy Gl Gldlae > g Wlodds 48)S I8 4 pusy
S mudglio lie 3 ©gld5 » 35505 b 5 FDG L PET
Sl JoSe Sl S plgisas ety g et b sleodg o
DENY) ol 0 4535 15 15 e

Oloyd )3 o2 lednS sbashy, Sl edlitul (1938l55, 45y 4 4255 L
oly 5l (oS s b S gSuwg LY (cogiSages dlox | dapgosd)
Fsr9re odgi cpl Jos jl 8 318l 5 385 olelis (JWjly
ey 0395 Cuwydl loyd oS s Ll odds (6,500 loj 2

[



9209 jl @2 PgS ;Lwgaogd (515 2 juguas 3l sl

9> pgS lwgsagd 5 poragd (oo Cglis pareits T pglai )
eyl plis il dnily S 3lsen (e Aile o 93y aS | el
OA) 8l alad 5108l SV lgs o s a0 TV (uilSeo
quanti- (gl ol )b | pdisee (S o pasds <y ()58l gy
Ty sae ¢ yogy ! 43 Ll S salzwl Ty mapping ile tative
Dous oo (£S5 03Nl padiine yob 4y Ll s relaxation time
wb s Sbpseesd | 5V Ygons lopsS Lugaagd 5> T¥ map
ol il e 9095 5 (oo Clled g Ol iz 45 1
(VAXS)

0395 b lews SY g9y » ol)Ken 9 Bhosale lawg (gladllas
morphologic (gbaaidl | Sy edlatwl a8 oy LS ( Jb yiogue
LAl Cdy Llgs o enhancement pattern cuwl S ¢ Ty j3
(PF) 225 yil38l ZAD B 1y pos Logensy)

03lw MRI > cquan g pids

{ONN) glglS sloaSed Loguas ccpile (653 (clap oSJI
dnwgi Jbytagee Cluls 38l caa MRI polai (Al )
sl gloodly 5l odlatwl b wlaiusles s ;o1 oyl Lilasaly
g 0db Lasis |y s sl (TY 9 Ty contrast-enhanced)
e &S Wilodly ol ldllas W5 pmess |y ey Jlois
L slecuiglgdly 5l pYL oo b Joleo (B> deep learning
(FYOEV) 25505 oS loguaged j] posessd SUS& 53 4125

JUuissls MRI
9 m > posesd O pled )3 0hg A (o) laodg (Bl

(b)

poS )l D90 S5 (s 9 yiogil Slog il oSyl 3)90 il
SlEpow > adlae cpl > b (Bl adls ples ptegl
btos (Real dipnsjoST b dol (sloodgs )50 4y o> poS sl
05 00l (5 ST St i g 0 ypmal VoSl b

{¥)

(conventional) sl MRI

Tr-weighted: Jols (glol (sl pwilSis b S MRI (6)byspgun
posid 905 53,35 5l oy uilSuw o Ty-weighted. T\ fat-suppressed
D) Jbyiegee (sloodsi pwyn )3 S B (59 B )
Ol Hiuled ;o oUlg o YU (8L cunlyus” s 4 audlie oyl
laaisl o5 (o3)lge )3 gl gy lpe & ey il
ok JiSew b (laodg ©)got Yoens b jhes (slapgaosd
b ol S (ol Wad o 0000 TY il > c8lgiss o
‘_}51 S99 Ll 8l Jf>|.> ol LY r‘,f 9 U)MS <YL 6'9.'{.7!1: )‘\
5y b do U1y ed iy Jloisl Ty yolad j3 oS slos
& Sajlhgen il dlge 3 S wiud ylegre & Cuws
(OA) 295 0000 TV JUSw i3l angls 58750 33 Gl (Koo

Tr JiSew b gy (olbody Ygaso bapgS lugragd ¢ Jlio 5
59559) VU s S b 5550 (2155 b 2l 5 il b VU
‘\19‘*’“’ Rodgs oyl D9 Ak Liquefactive necrosis (.8 o5
Oy 3929 g_él)lol sl & oales 5l Lg.\mb.és o5 4 Cowl sl
S ezl (31 )lsbo el lapgS )lugiogd )3 dopgnogd S
(\;4\/\) .)9.\»@; odalie Jw Jl}).uﬁ?.uﬁ uBlJ 9 4.».9) O

I iy JuSmw b 0393 (@) TP JUjlw jglad 53 g atils 8LSgigu 53 jUgSwlg s (0) 0395 A4S byt (sjuie b allw 00 @ils .| JSib
1) 394 (50 0393 0395 53 j9 4S5 ,>Igi 9 jgyie enhancement cuwlyiiS (b) @25 jl S2y jglial 3 .39 o 6333 (jgrin 9 iogio



3292 1ybw 9 Slo jg 80

cuwl 035 eél (b) ADC pglas 43 oS o3gs UL JUKuw hls (5o 6395 () (1jgeans pglas js o JSb s oaub 63ls (L jlows 60 bguyo P JSid

Cysody TV fat-suppressed la wilKw DCE-MRI s
Cunl JST (ol g Nigd oo 4nd portddpdS 32)5 5l e Jlpw
byl 4 ST pl 235 0 ey lo (wle! s enhancement
WS (o0 a8 0395 (S pr90 S h35E 9 g0

JL).w}uo L;l.taoby' 2 WMLQHI dl.m9§”

(type IIT curve) agl b 5 &y Coouslys] :lap oS lwgrogd —
(S R S e Gl g gl )Y gSlygs Jdoa

o> (sl yg05 40 YL Kitrans (rate of contrast influx) -
U)liS ik peS il 4o 55 :Kep (rate of contrast washout) -
Lol 0045

» Ktrans jlide o5 ol ol o) Ken g Tamai lewg slasllas
5l oolaiwl g Cunlaparosd 5l YL (o) ize jobods LapsS ) lugrosd
(F+) s il 78 s BTy ageds €85 Wlgi o b jluno ]
SoSiio b iga TY JUSiw a5 (63)ls0 53 1o (amolSl
Ored S SeS 3,8l 4 Wl o DCE I oolaiwl il
e (Jboy yogee b (ywlouws dhae wile) 31 x5 0 il oolatuwl

MR Spectroscopy (MRS) .Y
amls o (BL 3D cedglio )y 4 MR Spectroscopy
o> pasets d)lge ,3 JaSe 3l lgieds ol 5l g 3l e

D9 g0 00!
acdlio o Sig
2 el (Jobo Ggnlyidyn olise Sbles {(Cho) (gS S —

ol 9 ol sl gy ol 03 4,5 54 o5 p55 g
DWI (Diffusion-Weighted Imaging). ADC (Ap- _Joli 059>
parent Diffusion Coefficient) DCE-MRI (Dynamic Con-

Ll oo MR spectroscopy , trast-Enhanced MRI

ADC (Gauisds § (DWI) (y59u830 U (6,19 39 33 905 .
D50 (g S8l 3 Ol slo JsSUge &8 o DWI uilSs
oo ke oS (Jshwim (sLad 9 YL an,Yslo b wluls
o palle ©yo & g 03,8 dgaome |y (J3ge 08 > ey

Lgd o ol ADC map > i yislanla s DWI o

ADC (gl)ls Ysare bpsS logsesd o5 Slooly lis clalllas
oS GRlB 1 b5l & s bpgesd 4 cuns Somb
Sl g ile s g sblis sls 5 sk
o) 0395 V20 59y p dllde pl oty bawg &S gladllas
Olgeds +/A-0x) - > mm?/s jl S ADC value i plxl
3935 Caolaidl g Cds b pdds 0395 31,8l )3 She (claslisl
(VF) ol 0 3 yne /20

poS lwsmsd 10 ADC 1Ske wixie Oldllae (> pioen
On mOb legesd 5 V=) x )T MMYS oy
(YAXQ) cal o0 )35 VY=YV x V-7 mm?/s

S as)ke dae ol 5wy L3yl llas o

Slge & pomgd 3 Sjlgen b jed uileyiy -
L @lad 3lge cpl )3 298 DWI )3 Q3 (486 sy s
ow SAISL (3550 sihgen L) Th le 105 (sl sl
ol (5950

Cuto DWI Casl (ySas 35 ygml idanel 51 gy b (Kol ) =
g o false-positive Jlas! yisli8l el &S w4

[



P90 jl @2 0gS ) Lwgaog (5,15 32 juguai Gl 8l

b)

True Cases

B M
Predicted Cases

iz 9 Jhtow jousS 3929 9 DWI js GG piuwy (TP JUSw jlimo duw Gull  (paudisd 098l cyguo 4y (@) ssleiiuy Jao P S
(1) ol pus Jigs i 43 B g puds e 4 M (g 43 oS (b) hlé g gumuo (arsuis 3lge Jgaz

"y u)Lc) ‘_)09.@543 ) ob)f JJ.\..) > dl}boba:f d\)_,_g] »
il polasld 855 | MRI (slaecdl,

PET ;3 JU flogso (50355 Slgilio )13, .

L aad o s lawgio U (o5 FDG Gla Yoo apgrosd —
Sl b o (Kol o8 (il s wiile ol 390 55 (Jlo
(TA) 8L a3y 55V o 251550

SUV- il38l L as 35 b FDG (YL Cds el bap oS ) loguogd —
ol yois 6355 13 Kol pamdgslio 9 max (Standard Uptake Value
ol

» SUVmax e a5 ob ol o,Kes 9 Ho (sadllas
lapgagd S YL (sfsban gty LapsS Lugeasd
P gl zeo o g (YUY ply 0 YIVAVA )
heterogeneous) laG 5 SNenl ©joods poS loguesd
(¥+) 298 0 01 (patchy uptake

Hollow Ball Sign : o8 5w omad 5,55 .Y
2 CEIFDG goos dapsS lugeagd 0594 (s slayge95
Hollow Ball” ;jlsisay oS ccanl ] 3550 3l jids 0395 (g0l ym
2 aes 5l aasteo Oldllas p> cuodle (pl g o il “Sign
G5 39,0 b g A edalie o,Sen ¢ TsujiKawa  gadlllas

]

5 gm oaaLio 4l S S dnpsS lugensd

SF e eSS @bl ) Cunl (Swe s0lSY g ) S -
D9b 03 iy slb g0

p glaodgs ;> YL Cho/Cr cuws oS Slodly lis clalllas
05 ol > bl )l (6)lline Cglds od 55 4 S
WBls ol (x59) S 53 jein MRS (9 (S5
(FFY) cul

JUSGE MRI j3 Squan (wgd i .F
DCE-MRI s DWL ADC (sboosls jl osliul L sgas 5o
deep Jio o)) ¢ Jin Lawg glasdllas j> .08 sbol wlels
és b cusly Ktrans curve 3 ADC map uS',5 L learning

(PET) (952 592 JawS (1,5 9009
S olgieas FDG (Fluorodeoxyglucose) wbs, L PET/CT
P I pedglie bl sl $5PST 3 sudS sl
il st b Jgess (sln Jobo 39500 551ed lncdl
Jlogs 8l & s 5L FDG 0l e oSlaio .l
JoSo 31 & 1) PET (Shy ool 5w st Slals 5



» Radiomics a5 ols LS jlaw YV (g9) 5 VoY) Jlo
Gyl j3 72 s b &l Ty-weighted MRI 5 DWI 4,
(FF) 23L %0 poS ) lugeosd 5 ponesdd

Sl g pile (650530 (S Y

Random Forest. Support Vector Machine yla  olbaes ;X!
ly adllas pais > Neural Networks o (SVM). XGBoost
PET/ ¢ MRI ckodly jl oslaiwl b oy slrodg (ganadb
g Liu lwg (gladlas o (Jlo laisas ailonds odlawl CT
ADC Ktrans Ji&uws SleMbl oS 5 ¥V J o o) Ken
2 FAFIY B Jae cds ils3l el Radiomics sby Sy g
(FD) 52 p5 s ppmnsd 3l

PET/CT ;> Sguan ign .Y
o )y |, FDG s clasS)| Wlgi e PET/CT. AT 43
QP 9 Conwg O gy Jold Jlow opl WS Jlow gt
il Seal GlagSll Jdod e 5 FDG lacdgplie
OhSer g Wang lawgs (glasdllas .l (hollow ball sign Lile)
Radio- 3 SJglie (slaodly cuS 5 as oy Lis YoVY Jlw o

Dl 7285 B 1) S lugron) (arseds Comlus Nlg oo mics
(FF) s

PET g MRI pondS )3 (ygawlogi] ¥

» silwosly Sl ol > (egias Sea blie Sl (S
) Sfite 3blie 093 gty silge botse
03,5 gl |y Ktrans/Kep g ADC (gla yiol )b 03,8 o loliis
SIS osile 553k sladas bl 1 1y miy Jleisl 5
WS

LCydga0 g b Wl .0

b siglgaly )3 Al 03505 (gilwodly crgs JB (sblse 3925 L
g ydg) 2l

o Jho ojgal (sl ggite 9 S5 slacumtns 4 5l —

iz Sy 5 (5535007 Gl JSTgy (55lopls -
“black box” (slawis yoSl yowds )> (5,195 —

S

Eager S
&35 ¢ Radiomics | odletwl b ofsgds  Souas ion

J2932 1w 9 Slo jg 580

(7Y) sl s yo wiids (s yg9095

MRI U PET/CT _pandeid 3 Slos duns o .Y

S Ah Lasuine o) Ken 9 Nakagawa Lawgs saiplool 5JUlke 5
&b 5,8 (glews Stage o jbuvlie yawis ) PETICT 45 Sl
Cd o)y adgl Cluls 31,8l > DCE g DWI L MRI Lol 3l
2SS 3 Clgisdr it PET (cplply ans oo Ui 65V
(YQ) 29 o0 odlawl staging (gl b aswinl 3)lse

PET ;> oS 5 B sl ¥

wiile Sdgilio (slypadld oS 5

SUVmax -

(MTV) j3055 a2 Sl -

Total lesion glycolysis (TLG) -

2 byl el ey (li8l 1) PET pawscis )8 Wlg 0
4 Gl (2bj)l 3 g Mten 5VL (g )blas yobods by slaodgs
Wl 0,8 55 ey

PET/CT ;> Souao (wod (il .0

FDG 55 SUV (gla yiol)ly 3l ookl b cpuile (65500 (sl o
LAl Cawlws Sldiwilys (Radiomics) 8L sla Sis g
OSed g Wang Lawgs oS glaslllae )3 020 390001y poS logrosd
&9 5 29098 £ SUVMaX jl okl b (085 (e o plos
15 hyme poS il 3l posagd 5l > AAY cds | FDG sy
(YY)

©95 shwgnosd) 9 Eamesd) (Bl 5E1 45 (Eguan (pigh (W
&)

b g s Jtegee (slaodgs (318l ()lgds 4 xgi L
bl osliiul ¢ Ligan (gl (S S b (63l90 13 0594
2 deSe il Glysar ML) (dle 355k 5 (Al) (soae
Slag39lgisS sl by Jb )3 Cas puody (S5 (51020 ge
Ra-) el oo (gaiailo (glaet sl 1 oolil L AL 5y e
sbeodly wilgs o (Deep Learning) sees (55330 o (diomics
52 olagy slagSl 5 45 o gl 233 U1y ) 58 5 s
Aoled glysenl 1y 31,5 gguw g MRIPET pglas

MRI ,> Radiomics Jul>o .Y

pobas | 8L sl She oS zlysxiwl slixe 4 Radiomics
clw glp b Sy opl il eslaiwl g PET L MRI sile (S5

@SRy o) lredg 350 5> Canl ity slaJle
»olai > entropy ¢ heterogeneity. kurtosis. skewness Al

[



P92094 jl @2 P9S jlwgsog (5,1 2 juguad 1 sl

SaS ggamme 0 aBl pl ax )3 (VANR) Slodd oy amsls
i le plopen Sl b Ui 3)lse b Sligyen bl cilosiss
Dgd g0 byl 4y Bro (SSI

JLasSl igy SO olgicds FDG L PET/CT cday (gl yo o
2yS o0 A odlil )50 ygeq Slgplie Cllabd gy sl
%ol g b Qo b Ygans oS slugregd diile by slaodys
Gl b Slapge o5 (Jbb > Wigd e patide FDG
hollow (¢s51 YL SUVmMax sile ola jasls .05yl (650wl
e anlo @ 4 Wilg oo Seal pudglio 5 ball sign
Wle Jaslps o a8 cuily asgr Wb o Jb ol b (YY) acil
Cosl (800 FDG 0o ot 93 y9098 S50 (g5 b Sl
(VYA 85 g 1y s 5 1y el 3 55 4

4SS )3 (098 62509) Oy (Egan hgh Sl and
St yoS jloslitul ol oad Joso 3)ly (Sbjy pglad jods
(oSl ylas) 38 8L sla S5 zl el 4|y Radiomics
Cuwl diwsly PET g MRI y0las I (skewness entropy
(YY) a8 cosls (Sl paseis p 1) bcwnjglpdly Ul
Random yla cpuile (65500 (slae ;o] (gousio Glalllas )
Deep Neural Net-) suas was sdSis 4 Forest SVM
dgds U B> cardlie win slaodly jl edlatwl b wlauslys (works
(PA) 35550 Cowd &1 poS Lo g pomond oy 23l 55 42035
ADC) (3 Skse (Morphologic) (s,lisls slaosly oSy
Shmogi Ry (Shas hep g (SUVMaX) Sglie (Kitrans
Wilgi oo oS am3 o ) aidliodiz (oS 5 (pasils Sl Nl
ol 2 225 S0 A BB g ) (Al (65 ey 12,18
Slo)lBle 5 ganag dacuniglandl) momo sl Cuenl o
Sl 5 ez Sy Sl (Sl g PACS 3 Al it
ol Gl s e ol ot ylael

4 dlasly o2 ot 215 paeds &8 05 ATl (Jo ol b
San coplply ol uggn b (Al o K3l oo
Sl pards (b LRk Ll g)bpngal Lol
bis (sl e Sl lp S meal iloaie L
Sl padd D)lge 5 sla is138] 5 i ieS D)lae 43 o>

S 25 4o

S 6 g 4t 5 3e55 (DWL DCE) Jlisils MRI L)
oS Jobou 5 ST L pgS logeasd 5 posesd o 31581 sl
il go Cuiomiled] gla gwe g ADC

9 &Jy'.m cled =y dl)‘.’ J.QS\A U9) u‘%"‘“ PET/CT .Y
Do o duogl (¢ lews Stage

Deep ¢ Radiomics (slawis ol o594 ¢ Souas ion .Y
a3 yil38l 1y (8l dl By (¢S i jsbdy Wilgi o Learning

]

povasd O B8l 5> g8 JoSo )l plgisdr Wi oo <ptle
MRI )5 (abab e (gloaidly L 5)lse 53 0594 poS loguosd 5
Jasl ( Stz AL gojo> 5> yuba Cpday b 29, )54 PET L
(MRI+PET+Clinical Data) auliois> oS 5 (sl e d9) o0

OBl S b al) (Sl (6 S peenal g paskds <>
(FF=FF) wis

&:

e slopgS lugeasd g w95 Sparegd o (3455 31
sl 0392 02y (63 g )3 (ewlal lagtlle I (S5 o)lgen
OBl sl wi i wld 035 Sy pasesd Al o€ de
b Olas Sy Bodg cnl plee ) wtins slapgS)lo 292
sl il e 53 g Gl p e )3 U dlex jlecsia b
Srarons Pl by (blie )3 asl ails olyon 41 o
o sl (28 BB 5)lse b Ll e 35w oS pore S
sly ol ppgal 385 slayy (samwgs gy (nl Sl 9 ol o
(£3008) ol Jls)8 5 Gl cosal jlanls g4 93 cnl (3l
Al cpeped 3 IRl Gl (Bl gge s p8
sor Slp & cwl dadlie ol CLE carleiyd
Sryas s SRy (Jb onl b dgdoe odlitul coxy slaodys
sSe b ook SLgen « Sl Slals 13 054 (S g
5 phateli D94 cdisifo i (35 0 59,55 Wilo (ool )15
L $095 013 pgS lugragd )3 il oo (JSI> 4 )Y gSusly (2ol 33]
J 0o i3> slapgse ) Cusl (e (2o SRy o (J ]
S Ko B 5 1l 3l S sigm coplliy (VFYDNY) g jalls
318l (B gy Clgis 4 &5 g 485 L5 > adgl (6, 0bye
DWI 4 Ty sl pwilSuw jl odlatwl b ojsg & MRI ¢ybo oyl 52
2 S oo ol pgS logragd Sl posegd GBI ) e BB
sl Sy Jl coleh g oml JiKew 2929 TY by ow)p
JUSew b glaodgs ¢ Jlie ) sl Jgone sapgsagd (slS
2l (pazeial 3545 g 5,5 ol deiioym Vb b ol
(lbaiss ;5 ADC oyl ke (uzmed Ngd il SeSito
oo slad (il 5 Y an)Volo (onmslis oo)joisd
Gl poS lwgoad Aile il Oluls dasuine & cwl
J S ADC ks (o, an ¢ Malek sadlbs olul
ol Ll sy Yo ey < Lo «/A0x) -7 mm?/s

18) ol 035 b yma s
Cioiley] Ysane bpsS lossosd 55 DCE-MRI _uilses 3
9 YU (s pdudets (gonimdlis a5 W)y algl washout ¢ x
Vsans bpgso 45 sl o 55 ol il Jlogi et iy ¥ gSls
Ale (SiiS oS Loy 8 (glo oyl 5yl 009 iy 5 AST Ciomilydl
€9 90 e Bl gl calisee cldllas j> 50 Kep g Ktrans



2 3 50 g sogpope slasly 5 Sl sl
abdy iy Sy ppgal aBl 34l (b Sluls )
Sloan] (soims Gher p ke el glagh )l L

25wl wald hlen ¢ly Foe!

3292 1w 9 Slo jg 80

bl anlgs ca2lodyd 65y 5 oo S 0kl )3 g

Soilgligtunn o)y Coled 2 g ol slrodly ctliany
b

&lo

-

1. Pavone D, Clemenza S, Sorbi F, Fambrini M, Petraglia F. Epi-
demiology and risk factors of uterine fibroids. Best practice & re-
search Clinical obstetrics & gynaecology. 2018;46:3-11.

2. Parker WH. Etiology, symptomatology, and diagnosis of uterine
myomas. Fertil Steril. 2007;87(4):725-36.

3. Kaganov H, Ades A, Fraser DS. Preoperative Magnetic Res-
onance Imaging Diagnostic Features of Uterine Leiomyosarco-
mas: A Systematic Review. Int J Technol Assess Health Care.
2018;34(2):172-9.

4. LakhmanY, Veeraraghavan H, Chaim J, Feier D, Goldman DA,
Moskowitz CS, et al. Differentiation of Uterine Leiomyosarcoma
from Atypical Leiomyoma: Diagnostic Accuracy of Qualitative MR
Imaging Features and Feasibility of Texture Analysis. Eur Radiol.
2017;27(7):2903-15.

5. Wu TI, Yen TC, Lai CH. Clinical presentation and diagnosis of
uterine sarcoma, including imaging. Best Pract Res Clin Obstet
Gynaecol. 2011;25(6):681-9.

6. Santos P, Cunha TM. Uterine sarcomas: clinical presentation
and MRI features. Diagn Interv Radiol. 2015;21(1):4-9.

7. D’Angelo E, Prat J. Uterine sarcomas: a review. Gynecol On-
col. 2010;116(1):131-9.

8. Bogani G, Cliby WA, Aletti GD. Impact of morcellation on sur-
vival outcomes of patients with unexpected uterine leiomyosar-
coma: a systematic review and meta-analysis. Gynecol Oncol.
2015;137(1):167-72.

9. Chen |, Lisonkova S, Joseph KS, Williams C, Yong P, Allaire C.
Laparoscopic Versus Abdominal Myomectomy in British Colum-
bia. Journal of Minimally Invasive Gynecology. 2013;20(6):S94.

10. Chen |, Firth B, Hopkins L, Bougie O, Xie RH, Singh S. Clini-
cal Characteristics Differentiating Uterine Sarcoma and Fibroids.
JSLS. 2018;22(1):e2017.

11. Tanos V, Berry KE. Benign and malignant pathology of the
uterus. Best Pract Res Clin Obstet Gynaecol. 2018;46:12-30.

12. Pietzner K, Buttmann-Schweiger N, Sehouli J, Kraywinkel
K. Incidence Patterns and Survival of Gynecological Sarcoma in
Germany: Analysis of Population-Based Cancer Registry Data on
1066 Women. Int J Gynecol Cancer. 2018;28(1):134-38.

13. Nordal RR, Thoresen SO. Uterine sarcomas in Norway
1956-1992: incidence, survival and mortality. Eur J Cancer.
1997;33(6):907-11.

14. DeMulder D, Ascher SM. Uterine Leiomyosarcoma: Can MRI
Differentiate Leiomyosarcoma From Benign Leiomyoma Before
Treatment? AJR Am J Roentgenol. 2018;211(6):1405-1415.

15. Chiumente M, De Rosa M, Messori A, Proli EM. Burden of
uterine fibroids in Italy: epidemiology, treatment outcomes, and
consumption of health care resources in more than 5,000 women.
Clinicoecon Outcomes Res. 2017;9:525-535.

16. Malek M, Tabibian E, Rahimi Dehgolan M, Rahmani M,
Akhavan S, Sheikh Hasani S, et al. A Diagnostic Algorithm us-
ing Multi-parametric MRI to Differentiate Benign from Malig-
nant Myometrial Tumors: Machine-Learning Method. Sci Rep.
2020;10(1):7404.

17. Tamai K, Koyama T, Saga T, Morisawa N, Fujimoto K, Mikami
Y, et al. The utility of diffusion-weighted MR imaging for differ-
entiating uterine sarcomas from benign leiomyomas. Eur Radiol.
2008;18(4):723-30.

18. Malek M, Rahmani M, Seyyed Ebrahimi SM, Tabibian E, Ali-
doosti A, Rahimifar P, et al. Investigating the diagnostic value of
quantitative parameters based on T2-weighted and contrast-en-
hanced MRI with psoas muscle and outer myometrium as internal
references for differentiating uterine sarcomas from leiomyomas
at 3T MRI. Cancer Imaging. 2019;19(1):20.

19. Malek M, Gity M, Alidoosti A, Oghabian Z, Rahimifar P, Seyed
Ebrahimi SM, et al. A machine learning approach for distinguish-
ing uterine sarcoma from leiomyomas based on perfusion weight-
ed MRI parameters. Eur J Radiol. 2019;110:203-211.

20. Wilde S, Scott-Barrett S. Radiological appearances of uterine
fibroids. Indian J Radiol Imaging. 2009;19(3):222-31.

21. Wozniak A, Wozniak S. Ultrasonography of uterine leiomyo-
mas. Prz Menopauzalny. 2017;16(4):113-117.

22. Frank ML, Schafer SD, Mdllers M, Falkenberg MK, Braun J,
Méllmann U, et al. Importance of Transvaginal Elastography in
the Diagnosis of Uterine Fibroids and Adenomyosis. Ultraschall
Med. 2016;37(4):373-8.

23. Gaetke-Udager K, McLean K, Sciallis AP, Alves T, Maturen
KE, Mervak BM, et al. Diagnostic Accuracy of Ultrasound, Con-
trast-enhanced CT, and Conventional MR for Differentiating Leio-
myoma From Leiomyosarcoma. Acad Radiol. 2016;23(10):1290-
7.

24. Freytag D, Gunther V, Maass N, Alkatout I. Uterine Fibroids
and Infertility. Diagnostics (Basel). 2021;11(8):1455.

25. Ludovisi M, Moro F, Pasciuto T, Di Noi S, Giunchi S, Savelli
L, et al. Imaging in gynecological disease (15): clinical and ultra-
sound characteristics of uterine sarcoma. Ultrasound Obstet Gy-
necol. 2019;54(5):676-687.

26. Ferrari M, Travaini LL, Ciardo D, Garibaldi C, Gilardi L,
Glynne-Jones R, et al. Interim 18FDG PET/CT during radiochem-
otherapy in the management of pelvic malignancies: A systematic
review. Crit Rev Oncol Hematol. 2017;113:28-42.

27. Carvalho KC, Cunha IW, Rocha RM, Ayala FR, Cajaiba MM,
Begnami MD, et al. GLUT1 expression in malignant tumors and
its use as an immunodiagnostic marker. Clinics. 2011;66(6):965-
72.

28. Tsukada H, Muramatsu T, Miyazawa M, lida T, Ikeda M, Shi-
da M, et al. Long Term Prognostic Implications of Expression
of Glucose Transporter-1 and Hexokinase Il in Patients with
Stage | Uterine Leiomyosarcoma. Acta Histochem Cytochem.
2012;45(2):147-54.

29. Nakagawa M, Nakaura T, Namimoto T, lyama Y, Kidoh M,
Hirata K, et al. A multiparametric MRI-based machine learning
to distinguish between uterine sarcoma and benign leiomyoma:
comparison with 18F-FDG PET/CT. Clin Radiol. 2019;74(2):167.
e1-167.e7.

30. Ho KC, Dean Fang YH, Lin G, Ueng SH, Wu TI, Lai CH, et al.
Presurgical Identification of Uterine Smooth Muscle Malignancies

[



9209 jl @2 PgS Lwgaogd (515 2 juguas 3l sl

through the Characteristic FDG Uptake Pattern on PET Scans.
Contrast Media Mol Imaging. 2018;2018:7890241.

31. Tsujikawa T, Yamamoto M, Shono K, Yamada S, Tsuyoshi H,
Kiyono Y, et al. Assessment of intratumor heterogeneity in mes-
enchymal uterine tumor by an 18F-FDG PET/CT texture analysis.
Ann Nucl Med. 2017;31(10):752-757.

32. Wojtowicz K, Géra T, Guzik P, Harpula M, Chechlinski P,
Wolak E, et al. Uterine Myomas and Sarcomas - Clinical and Ul-
trasound Characteristics and Differential Diagnosis Using Pulsed
and Color Doppler Techniques. J Ultrason. 2022;22(89):100-8.

33. Bhosale P, et al. Differentiating uterine sarcomas from leio-
myomas with multiparametric MRI and correlation with pathologic
findings. Eur Radiol. 2021;31(4):2530-2541.

34. Liang X, et al. Artificial Intelligence in Ultrasound Imaging of
Uterine Tumors: A Review. Front Oncol. 2022;12:896754.

35. Zhang Y, et al. Deep learning—based automatic classification
of uterine fibroids and sarcomas on ultrasound images. J Ultra-
sound Med. 2023;42(1):13-22.

36. Takeuchi M, et al. Differentiation of uterine sarcomas from be-
nign leiomyomas using quantitative T2 mapping. J Magn Reson
Imaging. 2020;52(5):1468—1475.

37. Peng Y, et al. Deep learning—based MRI classification of
uterine fibroids and sarcomas. Radiology: Artificial Intelligence.
2022;4(3):e210238.

38. Lin G, et al. Usefulness of diffusion-weighted MRI in differen-
tiation of uterine sarcomas from benign leiomyomas. Eur Radiol.
2015;25(9):2461-2469.

39. Sato K, et al. Uterine sarcomas: differentiation from be-

o

nign leiomyomas using diffusion-weighted imaging. Eur Radiol.
2018;28(3):1464—1471.

40. Tamai K, et al. The utility of dynamic contrast-enhanced MR
imaging for differentiating uterine sarcomas from benign leiomyo-
mas. Eur Radiol. 2017;27(10):4200—4209.

41. Pinho MC, et al. MR spectroscopy in pelvic tumors: Applica-
tions and limitations. Clin Radiol. 2020;75(7):490-500.

42. Jin L, et al. Deep learning-based multiparametric MRI for
differentiation of uterine sarcomas and leiomyomas. Radiology:
Artificial Intelligence. 2022;4(2):e210165.

43. Wang Y, et al. Machine learning-based differentiation of uter-
ine sarcomas using 18F-FDG PET/CT radiomics. Eur Radiol.
2023;33(2):938-949.

44. Zhou Y, et al. “MRI-based radiomics for distinguishing uterine
leiomyosarcoma from leiomyoma.” Radiology. 2021;300(1):125—
134.

45. Liu X, et al. “Multiparametric MRI and machine learning in differ-
ential diagnosis of uterine tumors.” Eur Radiol. 2023;33(1):59-71.

46. Wang Y, et al. “PET/CT radiomics with Al models to differ-
entiate uterine leiomyosarcoma.” Eur J Nucl Med Mol Imaging.
2023;50(4):965-976.

47. Chiappa C, Malek M, et al. Machine learning applied to con-
trast enhanced CT radiomics for discrimination between leiomyo-
sarcoma and leiomyoma. Cancers (Basel). 2023;16(8):1570.
doi:10.3390/cancers16081570.

48. Matsuo T, et al. Development of deep neural network mod-
els for preoperative MR based diagnosis of uterine sarcoma. Sci
Rep. 2022;12:19612. doi:10.1038/s41598 022 23064 5.



