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=Abstract=
Purpose: To determine the accuracy of texture analysis-based computer aided diagnosis
to differentiate clear cell type renal cell cancer (less than 4 cm) from the renal cyst and
angiomyolipoma on contrast-enhanced multi-detector computed tomography (MDCT) images.
Materials and Methods: In this retrospective study, pathologically proven cases of 10 clear cell
type renal cell cancers, radiologically proven cases of 10 renal cysts and ten angiomyolipomas
were included. For tumor segmentation, interactive graph cuts were adjusted, and texture
features were extracted from these segmented tumors. Mean, standard deviation, skewness,
kurtosis, and entropy were calculated for texture analysis. For comparison of texture analysis
parameters, Kruskal-Wallis test and Dunn’s procedure as a second step were performed. For
diagnostic performance evaluation between benign pathology and renal cell cancer, ROC
analysis was performed.
Results: There was statistically significant difference in all measured textual parameters among
three kinds of small renal mass (P-value < 0.05). The area under the receiver operating curve
(AUC) was 0.85-1.00 to differentiate malignancy from benign pathology in this study population.
Conclusion: Texture analysis based computer aided diagnosis may be helpful to differentiate
small renal masses (lower than 4 cm) objectively and quantitatively.
Key Words: Computed tomography (CT); Small Renal Mass (SRM); Renal cell carcinoma
(RCC); Texture analysis; Computer-aided diagnosis (CAD)
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N E
XS (renal cell cancer)& MAANA OHAZ E3t
JgEFoR FT BEF Ao ths FEHAE 71
go wjet 1 WiErt Z27teta ok (1), AEFH Y
o] MY AL i, BEEZY, ASTAIAT A
= 50| 71 E5hm Awt o] 4e] AAeto] 9435] vt
A%l Tt v H 27

8}3] (American Urological
Association; AUA)o| wh2H A7FQte] 85%7F F570]
™M 4 cm W] 7|2 YERETHAL Sttt (2). FuiZ] 7ol
4 cm PRl FFS A2 A FYF (Small renal mass;
SRM) 2 &2 Aojst=t] YAFE J7HA TFet Hel o
HEade 2 (3). A2 A% %Y 20~40%7F F
For HAEI Q17| o] FEdel gt 5o
T4 AAE g7 dstel & F
Zpzloltt (4). AT NFZTLY +& A FAAAR

&3] o]85+ 253AL (ultrasonography; US)Y 7
FE 9= YA (computed tomography; CT) A4
2 22 A% 4] EAT S ETF HolA| oL, FA
F5 3F RAAA =3 0 Agtg o & o] Fo] 77| WE
o & A Ao B2 ofgRo] W& (5, 6).

T AR E Aot AFEH B FGEA, A
71 o] Wrdol Qo] Gt SJAte] Al
ol Al Hlojup AFAoly AT NS AEstal itk

A =go] E 5 Jom NG oM E T
79 ddol] 23S & & AT LA Ut} (8-13).

2 dAFoA= 4 cm nwre] B2 NG FEo o
A& HastdE#E Y (multi-detector computed
tomography; MDCT) ¥/ ©]&sto] tiF4Ql oA
Z%Ql EYAME AAEY (renal cell cancer clear cell
type) &t FAZTLEY] HES ARt AFEE (renal

cyst) ¥ @FHZALE (angiomyolipoma)& ZEstE=
o] Qlo] A=A A7 B 7|9el AFH B8 J4E

7t CHA
20139 % 1298 201595 79714 [**+*] B¢
A AASHEEY S g

of
eSS 2o AEE, B

O Oy ~

P S| B A o] FolH
198 644d s A4t
st =349 (SOMATOM Sensation 64, Siemens
Healthcare, Forchheim, Germany; LightSpeed VCT,
GE Healthcare, Milwaukee, WI, USA; GE Discovery
CT 750 HD, GE Healthcare, Milwaukee, WI,
USA; Ingenuity CT, Philips Healthcare, Best, The
Netherlands) S AFEstE A 9FL 12831d th=74& A
AbslckZ2<9) (SOMATOM Definition Flash, Siemens
Healthcare, Forchheim, Germany)< AH&3}%l3l 21
2 2563Y T HE HAASIEGEEY (Revolution CT,
GE Healthcare, Milwaukee, WI, USA)S Ar&3}4iT.
%/3™ (axial plane) §7e F7 (slice thickness)+=
1.0~3.0 mm 92 A= (resolution)S 0.66 x 0.66
mm oA 0.77 x 0.77 mm It} BE JF 2PA =
Q oAt 0% YHe A5 ) % o}
& AN 94 BN 7V $A Dold 29 F 9%
N LRI ECRETE R CE

9 3 mlo] £E2 A FALEHe] 1002014 1202 Ake]
of At EE HiAEEY 42 & 7189 9=
345 A (Picture Archiving and Communication
System; PACS) (GE Medical Systems, Milwaukee,
Wisconsin, USA) 0.2 &5 o] BA o) AbgE 9]t

o B4

5T Y FAS Al 4 oM TLY £E L
AAEAS aPsit. T¢Y 292 424 ag= A
(interactive graph cuts) 7| 7]5t] HizlE RS E3)
TY T vAAE 55T (14). GBI 5T F
& 2 npAago) the F (mean), FFHA} (standard

_]6_



HiA
k)

a

rek

Q| : MYBLo| AETILS 2IEt M

—

At

njo
4o
O

deviation), H|tHH & (skewness), H % (kurtosis) ¥ ol
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SA =4

BE A7 BN 95 (Hd, 28, HUAE, HE,
EZu))o] st FH} ZFAUAE e BAAY
IBM SPSS 20.0 software (IBM, Armonk, NY, USA)
o] &3ttt AN 2, A, dHIAYZANAY
ZHEAN O FES H|wdl7] 95t Kruskal-Wallis 24

72 o) o BA

oY o oX X do rr £
d

913l Dunn’s procedureE ©o]-&3t¥th 3} FAd 9
Hol| i3t AT5& dotE 7] 98] ROC (Receiver

operating characteristic) 24 #4& AL F
YAZ AN ZA NgGFE7e] vjuet EYAEZ Al
A ZSa BHZAHZS] v A2 Yo Rgstit)
ROC 34 BA2 MedCalc Software, version 12.1.4.0
(MedCalc Software, Mariakerke, Belgium)& ©]&
St MITE, Bolx, FAASE, 9445 E, AUC
(Area under curve)E AASIATE AUCTE 0.80]4 L
good accuracy 2 T3 0.90]3Y W excellent
accuracyZ H39ith P-valuexs 0.05 ©]3tY wf &
AR ou|7} Q= ASE FHF oW ALSHA
P-value”} 0.017 o]&td W FAZAQ Ju|7t = AL
iR ciisg

<
2

22 AGZTEY B0 T AT TR EA4S
(Table 1)o] A AIsFATE (Fig. 1)ollA AZA-EA oM 7+ &
&o g7k sl 2B £ E Hof 24910 AR
Aol g A FF, BHTAEE B FHAIE AA|EST
P Het, 2EHAL HUAE, e 9 JEZHS] 4
A EE= (Fig. 2)ol AAIsHAT

ZF A7 AAEA o) g HaiEHS BE §
oA BAACE fYtt Fdt FES AZITE
121.41 £ 2.89 (H# + 2}, SBHIAHLZE 12923 +
9.33, EHA|Z ANZLY 18117 + 432082 EHAZ A
MZgte] & T 1500 Hls) SAH SR FsiA 4
7} =94t} (P-value < 0.001). E&HA 52 AGTE
26.06 + 1.70, @ITAHF 34.68 + 2.27, EHAE AlA|
39t 3271 + 25702 AAGEo] IR HE |5

EAHoR $o8iA 427k ¥UTh (P-value = O,

o

12).
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Texture Features (1=mean, 2=min, 3=max, 4=std, 5=skewness, 6=kurtosis, 7=entropy)

Fig. 2. £IFSE (1~10), F2AZX|LZS (11~20), MM|ZR (21~30)2| ZZZA &= H|w. 20| M2 MELS, dH2ZAYS L FY

=1 o™

o =
NIE AN|ZS Bao| B, BRTR, MY, HE 2 AERT|o| $X|2ECS 20iFED ok

[

T 352 AAEE 077 £ 019, EHIALF 7HO) vluet EPAE AN ZAT FH/IAEFH] H

0.07 + 0.25, EA|Z AANZS -0.85 £ 0.160% A & ro 23t FYME ANZSI 357t
350 EHAE AN v FAHOE F5tA 9] ROC 4 EAXoA= B G5 vt = 5ol A
27} =4t} (P-value < 0.001). A& g2 AFIGZE AUCZo] Z+2F 1.003 0.99% excellent accuracyE B
, BHRIALE 371 £0.34, FYANZ AAE ek YA FEE| thaiA & fair accuracyd B L

6.21  0.70
% 4.60 £ 04102 A GFo] FHITAGZ Wsl & v FEIT cut-offd, WHE, Kok, FHASE, S0
AA oz §ol5tA £x7F =Yt} (P-value = 0.003). Al =% AUCZH2 (Table 3)o] AT FGAEZ AlA|

9 FEL AFEE 6.43 £ 0.85, FHIAE 6.84 U FHIAWELS ROC J4 BMNE F# &

= =2 v

=

0.09, FREAIE AAZY 673 £ 0.0902 AFdE]  HI HHA & FFoA AUCH ] 22 0.959 0.85% 2
A LET AN ZG] vl BAZFCE Fo31A 4+ 7 excellent accuracy®} good accuracyE ETH U
7} Wk} (P-value = 0.006) (Table 2). A B Eo| tisjA = poor accuracyS H g oH =7
oPdT YA Aol tiTt Adss dot7] fJste]  cut-offgl, MAE, Bolk, FHUSE, S4N5E, AUC
¢ ROC A £A42 BPAE AN 2} NFgEE g2 (Table 4)of A8k
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= o o O=2 - = — [ =20 OO0 oo =0 — o = o
nE U A= st & g HojRt E4o MYHE AnE F4H
t} (Fig. 3).

HEA AFEROE o] 2ojd 7t AY Lol 2+ 1 ROC EAMoNE BFa v =7t SYAZ AAE
Frbol AEA F2o| M2 SHH Aol HR o] THE F 1EF 1Y 4 = SHHY AuRH
O A ES Fo FEAUA FEOIA By 3 5 FROZE AAHJUT o] FEF0]A 0.85 — 1.000] °|=
g HoEQ v Lot Ao Hlay =2 4 © B2 £X9 AUCHS E=d], & AFoA = v
Ag Holr JERZIFL Y $AF Holer ol A H B GHLAE Kol A9 Huste] B3
FdEol tE 1T (WY H HZALF)ol v 7] wiZol olek Zo] && £ <] AUC Fhol U AL
3 2PSH AastdEE Y FAoNM ddsH $2 2 FRYE vE dEE SO dist EMolAT I4
& (attenuation)& Hol= EAS Wyt Ao w |48 ostat QALY FHA YAEN P& AFHo|aL
St @HIANE S B e RO vy @ FHOoR FHAY £ YL, APY 2 AHE €S ¢ 9
< $AE BRI F2UAe JERD FHo|M v S5 HAET = FolA ou] ol & 4 Qlrt.

P4 & $AE Holtd o)k FRIAMFo AW 2 HEHoE JHoRE Adg mi Us B
5 A 59 B4 AR AER o vl det 22 NS £y Aol o)EetA "ot AT o= 3
g Bol: B0 WGT AN Btk FPAZ A Ho|m Ao 02 A & 4 9 W] FA 9
AIEGE Faat AERo|N HAH £ $AF Bel 7] g 277 24 & 4 ol Qirk. o] HES B
FAAHYHE FEAA = Hw A FE £AE Hol=  stal ATH JAEARE T £ JAF 7] Y8 A
B o= BPAE AN ESro] 2PFHo] Ao HFA  HE P BAL TiFoR AL e, 1 F sh
7h AR ol AARAL B4 (pixel)ZHe] BAL T

HS AFststal 99 EAS HoE 5 o, A4

Table 1. 917rsto] Qlube £4 of §etoR AA7 BbeH JUEE ZF ¥ 4 Ut
GaeE  mEcHEs  LAEe (7). AZEH o] oJstgelo] HEEWA G A7AA,

(l+==10) (l+==10) (l£==10) Hxa W 7 S Chors Qololq AMA dF =9

Ltol (M) 62(32-79)  52(36-79)  54(35-71) T L v e e e BETs, T o=

A () 46 119 o H7hshee] Ego] Hrkn HIEI gl (8-10, 12,

ZQO| K| (cm)  27(1.8-4.0) 20(0.7-4.0) 2.4(1.3-4.0) 13,16—20), ©] & AFEYE d9oM s E 7o K s
Table 2. Z} 20j (2 EAEM =2l H|

AELE (F14=10) HEIX|LE (FH=10) A= (14==10) P-value

g 121.41 + 2.89° 129.23+9.33° 181.17 £ 4.32° < 0.001

EZHER} 26.06 = 1.70° 34.68 £2.27° 32,71+ 257® 0.036

H|CHE = 0.77+0.19° 0.07 + 0.25® -0.85+0.16° < 0.001

E=1 6.21+0.70° 371+0.34° 4.60 + 0.41° 0.01

QlE 21| 6.43 +0.85° 6.84 + 0.09° 6.73 £ 0.09® 0.015
ab: Z-2 2XH= Dunne| IHHS 0|835101 Al&list AlSZH & slig 22t SHE = 2|05t XI0|7t ¢SS AlAKE (P-value > 0.017)

Table 3. MEE 1} MM 0] CHSH HZEMO| FITHS
HCiz) oizte Eo|l= YMoIS= =paVES AUC* P-value

U 133.64 100 100 100 100 1.00 < 0.001

EZHA} 2518 90 70 75 875 0.73 0.067

HICHA = -0.24 90 100 100 90.9 0.99 <0.001

M 4.22 50 90 83.3 64.3 0.73 0.051

QIE 21| 6.55 80 80 80 80 0.79 0.011

*0.90 - 1.00 = excellent; 0.80 - 0.90 = good; 0.70 - 0.80 = fair; 0.60 - 0.70 = poor; 0.50 - 0.60 = fail
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Eet s S0|= FYUISE YU AUC* P-value
gz 156.90 100 20 90.9 100 0.95 <0.001
EEWi 36.60 80 60 66.7 75 0.60 0.482
H|CHE = -0.07 100 70 76.9 100 0.85 <0.001
He 3.27 90 50 64.3 833 0.69 0.136
AEZI| 6.90 90 50 64.3 833 0.60 0.470

*0.90 - 1.00 = excellent; 0.80 - 0.90 = good; 0.70 - 0.80 = fair; 0.60 - 0.70 = poor; 0.50 - 0.60 = fail

Fig. 3. 1710 E LH CHEXQI MELE, HRZX|HE, FHMZ MMEe| B3| AEIdE2| CHESH0IM T 133.64, EEHA} 22.75,
HICHEIE 0.89, Mk 4.74, AE 21| 6.3622 SHE(QID (T2 3A), FAUZX|LE2| CHES|0lM= Bt 128.15, &AL 32.55, HICHE
£ 032 ML 327 AERL| 6,962 2 SHE|UCH (O 3B), EHA|Z AMAMZo| Ci EEF3|0|M = T 188.49, EFMAL 40.87 H|CHE!
& -157 M& 585 AERI| 69022 EHE|QC(TE! 30).

o] Qlojgtth. Raman 52 FYAIE AAZS G544 A o2 At & HAZ BE o] ¥ AT vt
MEYL SAYTENES, AFES, ol 47149 A% Go& 3R ¢koh7] W o] o] F&atA Es 471 9
Zgo st 20704 & 80719 AAtst ©E: & I th SHAT AR EFoIY I IAALF] IS AA A A
S O E st AFolA, ATEAS o] &3t Aol 2+ FAH AHES HAE U 4 2AHUCEE A5
ZF IS 91%, 100%, 89%, 100%, E°l% 97%, 98%, of mje- Hojup YR AY/gEo] ¥hE dA =
99%, 100%= ¥ £ & BAota Busiqnt (21). IAHEY Aol 2d01de] FHAAE 27171 AA
Hodgdon 52 AN Z 849, AW/ 2] 2L AT 7 ¢3S IAsta AFUgo s ZAAI, o] Fe &
ALE 169 HRGSZE AASGHESEHY F4S Y &S AYSA G Ao] BFstng ERTAEF] 9§
o2 o A7 B AFoA 23] whel 83%0A 91%7F AW GTOE ATLE WA AR, st tlol el
A o2& AL (accuracy)E HIITh (22). Yan 55 A st A5HIME A gydth= Folth. AT B A=
AZota A Bol AL /A ELE S ges AZREAMS o] &3t Ze A Zoko| gk ZEATe] 7}
St Ao A o9}t HlSet AItE Kot (23) S Bl & AFEA, 5 AT 7|EE AA

AT At AA, T AT (retrospective 3t AFolX = 5B 2o Ao g Yttt vl
study) 2 thEZQ 3z} & A¥ste] EA381%7] W& A, vxts 28 23t AAES A nx e dFS
of Aekso] = o] Uetd 7} Qe otk & KA godthe Fojrt. o] gk AT 7| &5 A e
olof thet A At (prospective study)7t 2L & A o]F AP M= BiAts B& Aapr} njx &= d&FS 2F
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dlof & Aoz Azttt a3, CT BHO T (slice
thickness)= ZHEA ] S07t= FHLY SR8 &40
o EAA ] JFS nXBE, 11 ge XA 7= Ao
dastt}, o] oM = AstE o FEE sto]
FAE xA71A] 2ttt 18 1-3 mmZE 389
AE 53 S E AHFOEN QAHE 43} stlnt. ot
Ao 2 AFT /o] 30 R H A A2 49 Agt

He 28 AL F T o B ATNIES A

=

lo

eto] F&A7} o] ZojAof & Ao}, B AFE
9 AN 9F B JAl tiE RS o) 83l
4cm WIRHY] ZrS A% Foko] thsh THEATS] s
HoiZith Lo}, AHE £ JRA 0 ot 2w
o)1 B ke N 5% o A8 WYL A=
W =SS E 4 9 Aol
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:}_E:

S & dFoME 4 cm HTY] 22 A T tEsHE AAAEESE Y (multi-detector computed
tomography; MDCT) @4&-& o|83ato] t34Q G5 FYAZ AAMZS (renal cell cancer clear
cell type)It FHEFS] R ES FAeH= AAEF (renal cyst) I ELZAHF (angiomyolipoma)S 7+
Halke o o] AFA A7 B 7R AFE B8 4R 284S A5t S

CH&b o 2 o4 28 = AAGE, @URIAYE, FYAMEZ AAES S-S 742 109
2 et £ 309S A SR et 74 FAdolA FEH T= A (interactive graph cuts) 7]
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