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NLeNeLIIANTIMES (CT-defined sarcopenia) waganuduiusiunadnsrawdnlugUlsusseldlug wazninsndn
(CRO) Sruau 170 518 AlFFunsindaiilsanetuadeiyd sewiuned . 2563-2567 Uszifiu CT-defined sarcopenia lngn
ﬁ%ﬁu%aﬂﬁﬂmLﬂj‘yaiﬂiﬂ'ﬁlﬁx‘lﬁ'ﬁ:ﬂﬁuﬂixaﬂﬁu%ﬁ%@’)‘ﬁ@ﬁ 3 (L3 SMI) 91n19LeNneL58 ApUNADI NOUKIFAAI8TS semi-
automated segmentation (\NauiINady <38.89 cmz/m2 lumewny way <33.28 cmz/m?2 lunemde) nadwdfiuseidiu léun
AMzwnsNgoununuel Clavien-Dindo szeziiatuaulsaneiuia (LOS) 8031135590830 (OS) wazszeziiaiuasnalsa (DFS)
Tnediasesin1ssondinde restricted mean survival time (RMST) 7 60 1iou

wamsAnw U fihefongade 66.6 + 10.5 T uazfevar 52.4 WumAve wuayYes CT-defined sarcopenia
Yovay 324 lawmsindienuuileassAumien (intra-rater ICC = 0.986) ngufiil CT-defined sarcopenia figmmmsiAnamzunsndou
SEAU 22 Wag =3 aanineg 1l ded1dsy (OR2.53,95% C11.26-5.08; p = 0.008 way OR2.22,95% Cl1.10-4.48;
p = 0.024 muF L) dusseriaueulsmenualiusnd sy eengy (11.1 + 59 Wieuiu 107 + 66 31 p = 0.710) liwueausngng
919 EdAYUDI RMST dm5U OS (AMIUUANANN +4.68 HoY; p = 0.208) Waz DFS (A1uuansing -0.31 Wew; p = 0.945) Aviinaniy
Lﬂuﬁmﬂiﬁu@wﬁmé’h@mﬁLLMﬂGiNﬁ’uasmﬁﬁ’aﬁﬁﬁyiwdwﬂ&jm (19.6 + 3.1 Wiguiu 239 + 4.6 kg/m?; p < 0.001)
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L3 Skeletal Muscle Index on Preoperative Computed Tomography and Its Association
with Clinical Outcomes in Patients with Colorectal Cancer

Sarin Visase, M.D., Dip. Thai Board of Diagnostic Radiology”

Abstract

This retrospective prognostic study evaluated the prevalence of CT-defined sarcopenia and its association
with postoperative outcomes in 170 colorectal cancer (CRC) patients undergoing surgical resection at Singburi Hospital
during 2020-2024. Sarcopenia was assessed using the L3 skeletal muscle index (L3 SMI), which was measured from
preoperative CT images using semi-automated segmentation. Sex-specific thresholds were applied: <38.89 cm2/m?2 for
males and <33.28 cm?/m?2 for females. Outcomes included postoperative complications graded by the Clavien-Dindo
classification, length of hospital stay (LOS), overall survival (OS), and disease-free survival (DFS). Survival was analyzed
using the restricted mean survival time (RMST) at 60 months.

The results showed that the mean age was 66.6 + 10.5 years, and 52.4% of patients were male. CT-defined
sarcopenia was identified in 32.4% of the patients, with excellent intra-rater reliability (ICC = 0.984). Sarcopenic
patients had significantly higher rates of Clavien-Dindo grade =2 (OR 2.53, 95% Cl 1.26-5.08; p = 0.008) and grade >3
(OR 2.22,95% Cl 1.10-4.48; p = 0.024) complications. LOS and RMST for OS and DFS did not differ significantly between
groups. BMI was the only baseline variable that differed significantly (19.6 + 3.1 vs. 23.9 + 4.6 kg/m2, p < 0.001).

In conclusion, CT-defined sarcopenia affects approximately one-third of Thai CRC patients and is associated
with increased postoperative morbidity. L3 SMI measurement derived from routinely acquired preoperative CT may
provide supplementary information for surgical risk assessment when considered alongside other clinical factors.

Further validation is required before routine clinical use.

Keywords: CT-defined sarcopenia, L3 skeletal muscle index, Colorectal cancer, Postoperative complications, Computed tomography
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uziSsaldIvn)uagynnsmin (colorectal cancer; CRO) Wu
uzis iflguAmsaigadusuiuil 3 vesssmelve Geway 10.3)
ward uualyud udwis eeq eluwene uaznd duyas
U wa. 2543-2555 lngmsindimdunssmdnlugUsenilena
WENIA WANTIININTOUVA I FRE P sHansEyUs oA AN IN
vosrve msszyPadudeanouindn Aanunsandsuuady
(modifiable risk factors) FslansehAnyronsiamIguase

Amzanand il evfes (sarcopenia) wuldSesaz 12-60
hm U128 CRC wazd’ uwuﬁﬂumsmmumaaiuwnu A a,mu
flunnses waznsdenuruiiafeiianas Sufiuaudes
HanTsmsndound windn sveznmmuelsmenaTieTIIY
warnadnsn1ssendinfiugas’>
on Sarcopenia in Older People 2 (EWGSOP2) dn1sivue
e mAtasenmd Tnedersudiutanand e Al wse
voindniie uavaussanmmeme’ luvasiieniu nmsddade
G’hsmﬁi’ﬂﬁ’saﬁmaﬂé’mLﬁaiﬂiqiwﬁisﬁums@ﬂé’wé’qLm
So7i 3 (L3 skeletal muscle index; L3 SMI) 21na1nseneLse
Aaufames (CT) u3eiisenin CT-defined sarcopenia tu
lasumseeususgraunsnarslunuidesiuuzisainen’
wazdidelduouluneuod idesaingdvae CRC A5y
MsTa CT Fowipadunnsgiuegud Fsliviunslasused
reAlginy

ogslsfinu deyaifvatumnugnues CT-defined
sarcopenia WagANUANTUS UNaaNSasiialugUie CRC

European Working Group

Inedadiogegednin Jemsiinisfnwuiudy ieaduayu
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1. ileUszidiun L3 SMI wazaugnves CT-defined
sarcopenia 34814uN1NA L3 SMI TuglUhe CRC

2.1t aUszLfiuAduduwus se 319 CT-defined
sarcopenia 9 4914uUn9nA1 L3 SMI funadwsnieadiin
Toun AsUNINgoundIlIfn szugIatusulsIneIuIa
(length of hospital stay; LOS) 9m51n1550A% 36 (overall
survival; OS) wavseeznanUaanlsa (disease-free survival; DFS)
NIDULUIAANITINY

FaulsBaszveinisAnwidedt L3 SMI §3inanain
LONYLITADNNANDIABUNITHIFNAI8TD semi-automated
segmentation wazwiuldTruungvaeidung i i
uazladl CT-defined sarcopenia mumm%@méf@ﬁﬁmuﬂ

MudsmuUsznaumeNadnsnenain 4 Usznis laun
AU ULTIVOINNILUNING DUNG A T28EIIR WY
T59ne1U1a N1950ATIAlATIN LazszuziiatUaoalsn
drusuusmufionainaseanuduiussening CT-defined
sarcopenia funadnsnsndiin uasfidoyalunisdnui
I#un 01 we dafinanie Tsasumuddsalngess szele
funiailosen WATIZTAUAIINTULSIVDUTAA ULLE 1919
ANY1FINGN uana Nt FnsHFALarALTINNMININIY
‘Ua\‘léﬂwmu ECOG performance status praduduusniu
fddny uilifidoyadoundsiinsudnufisme dmsuiin
Anszilunsinui

anifgumdnvemsanniiie Fthe CRC i1 CT-defined
sarcopenia feuMIHIFAeiinadnsIIRdInudinsHfei
uginn LﬁaLU‘%SJULﬁauﬁ’usgﬂaaﬁhiﬁﬂnzﬁaﬂﬁﬂ Fanmil 1

L3 SMI

Dependent variables
Complication grading, LOS, OS, and DFS

Confounding variables

Age, sex, BMI, comorbidities, pathological staging, tumor location, and histologic grade
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(total population sampling) Felailagudieg1miaruIn
ynaseg s Tnsdudutoyaanszuudaiu uasdeans
MMMV LUUA A (Picture Archiving and Communication
System; PACS) wagiauszidoudiannsetindveslsameuna
(Electronic Medical Records; EMRs) Ineilinauaianidn tawn
(1) 0y 218 Y () lsumsifaderindu CRC anmamane 3ven
(3) lasu miw'1&1’@%’ﬂmﬁ'kawmma§ﬁﬁq§ wag (4) daw
preoperative CT ﬁﬂiamqué’u L3 a1elu 30 Funaunns
Hdauazinausidneen laun (1) fiheidedinteuniaszning
M ein (2) InsunmsHisnuuUszAulszredaglifinsdanau
uzifseen (3) Tuzifevindusamduuzifeugugd (second
primary malignancy) (4) lasunsanguas sendvidnneu
Msn52a CT 719zl a0 L3 SMI uag (5) Toyanvsafou
Talasugou

g

nnsdudunuUaeidosiu 202 519 fidaglis
wnaaidnd viegnanesn 32 118 laud lalasunisdudu
nM53fady CRC Manedanen 3 518 lasunisdemalisnm
fanunerunadu 1 918 Sszeeineseninansngia CT fu
MINW AL 30 T 13 578 TasUnsH IR aLuuUsEAUUsEADS
TnglaifimsdnneuumSaosn 6 918 TS umsaneuas w3 awrd v
Aoun13ms7 CT A TR L3 SMI 6 518 wazaw CT § artifact
wliianansoda L3 sMIl 3 510 Fawderfdaefithaniinsesi
gavnedwIu 170 578

wsnafiefildlunsise

n15UsgLdu CT-defined sarcopenia vinlagduAunin
preoperative CT LUIAAUINADUAAANTAUIIA (axial pre-
contrast image) ‘ﬁlizfﬁlu L3 A314%U1 slice 3.0 mm 310
J¥UU PACS Uavautoyaszuminy Mnduiaiuiividaves
ﬂé’ﬂmﬁdm\‘liw (L3 skeletal muscle cross-sectional area; L3
CSA) %dﬂizﬂavﬁ’wﬂﬁﬂm'ﬁl@ psoas major, erector spinae,
quadratus lumborum, transversus abdominis, intemal obliques,
exteral obliques WLa¢ rectus abdominis wgﬂaaaﬁl 13 1neqs
semi-automated segmentation Aa8lUswATU 3D Slicer (version
5.8.1) iVl attenuation threshold SE119 -29 14 +150 HU
wazUSurauLAnd L eslae Ssdunmd fuaniAn L3 SM
TneusuAn L3 CSA (am?) smufndseesuasdaugs (m?) fanmd 2

AW 2 TurpunTIA L3 SMI (1) 1w CT 7Aseiu L3 (1) MWHWAIRIN segmentation $1e attenuation threshold (A) nMwnanuiile

TAsesrandaannusurauadlaneSedunmg Wadnan L3 CSA

n193119dy CT-defined sarcopenia lagldinaugini
Wang uagang’ laun L3 SMI <38.89 cm2z/m? luinAeney
waz <33.28 cm?/m? luweangs nadonldinusiainand
W 999NN UsEaInsv1dunsTunniduald dadu
UsznsiusunmeaniiniiuguazesAusenausenglndifes
fulsgnsineuniigalunisfinenddagiu wenanilds
& ' o A v £ DX = P o
Juengadafivmuiduanigluddie CRC Jeaonndasiu
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UszansiiAned 1 8991nn0157AMUY semi-automated
segmentation 846043 MsasedeULas S UL va AN e
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TAsuNIsSNYIRLET, 5EAU 3 LASUNITSAYILAENISHIAR
nsdeinded vIeTIETINTNY, T¥AU 4 A1ITUNINTOUTULSS
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fudsisusinadiiinsuanuaauudndviauslusy
Anade + dudenuunnsgiu fMuUsiTnIsuLanuasuuLY
dausluguadsegiunses 95% confidence interval
(95% CI) uagduusiBanguinauslugudniuiasiosay
n3USe Ui usEninanguly Independent-Samples T-test
%30 Mann-Whitney U test @usudauusideusuna wayla
Chi-square test 30 Fisher's exact test dmiuduusdengu

AsisavesnisTaan L3 CSA € Tnegusuiiiunuien
(intra-rater reliability) Usztiun e intraclass correlation
coefficient (ICC) Taeld two-way mixed-effects model
nelAlnaue absolute agreement wagAmunly ICC > 0.75
Lﬁu&’aﬂqsﬁdwmﬁmﬁmmmL%ﬁ@luaxé’uga

ATLE N UG 52971 W CT-defined sarcopenia AUMMIZINSNE o1
MAIHFAII891USIE 0dds ratio (OR) wag 95% Cl Aigase
NNAATNTZAU >2 tag >3 Al Clavien-Dindo Nadws
PIUMTTOATINUTZLUAWIEID Kaplan-Meier LagtUSauiigy
A 18 log-rank test vl e991nnunIsaida proportional
hazards assumption @uiudianls CT-defined sarcopenia
wag histologic grade TunuuaIass OS (Schoenfeld
re5|duals p < 0.05) Ui”ﬂaUﬂULauIm Kaplan-Meier U84
maaaﬂammsmﬂu 3414 RMST 1 60 1euuag bootstrap
Cl Husad Tndmsusia OS uay DFS unu hazard ratio 91
JUasszeedl 4 grenuainmsiese
DFS anuiienu msatasiziaulugfaelusunsy IBM SPSS
Statistics waz3LAT129 RMST way bootstrap Cl ALHGUN1T
18 Python (lifelines library) AMuuatydAyngaifluy
doanadi p < 0.05

. 7-8
Cox regression

NANIIANE

JUhe 170 sefidunamigniianiese fo1geds
66.6 + 10.5 T iAwefovay 52.4 waraAdiiinanisiade
225 + 4.6 kg/m? Tspswdinuesiian Aemnuduladings
($oway 588) srzvedlsniinusniignfeszesil 3 Fevas 35.3)
somanfoseri 2 Govay 34.1) suminiloseni wuUosTian
A9 rectum waz sigmoid colon (Foag 25.3 1AU) uaz
spiuANTULTRLTadLEITIMgane B I inuanniign
fi® moderately differentiated adenocarcinoma (5oeag 81.8)
uasionSeuisudnunesiiugusswinangy wuhdiinane
Wuduusifendiunnansfusgreivedday (19.6 = 3.1
Wiguivu 23.9 + 4.6 kg/m?; p < 0.001) dusudssuiaan
Tinuauuansnsegnafitudfay fmnsei 1
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dvKus

Auds &jﬂ’wﬁ.‘ﬂ‘wuﬁ Sarcopenia No Sarcopenia p-value
(n=170) (n=55) (n=115)
18 (¥), mean + SD (min-max) 66.6 + 10.5 (41-89) 68.8 = 11.2 (41-89) 65.5 + 10.1 (41-89) 0.053"
LAY, T (%) 89 (52.4%) 26 (47.3%) 63 (54.8%) 0.4511
BMI (kg/m?), mean + SD (min-max)  22.5 + 4.6 (13.2-39.7) 19.6 + 3.1 (13.3-28.1) 239 + 4.6 (13.2-39.7) <0.001
Szezva4lsA, WY (%) 0.307°
sveuil 1 13 (7.6%) 3 (5.5%) 10 (8.7%)
sveedl 2 58 (34.1%) 24 (43.6%) 34 (29.6%)
sveuil 3 60 (35.3%) 16 (29.1%) 44 (38.3%)
szeuil 4 36 (21.2%) 11 (20.0%) 25 (21.7%)
TsAs2%, S0 (%)
WU 42 (24.7%) 13 (23.6%) 29 (25.2%) 0.823"
Asuladings 100 (58.8%) 34 (61.8%) 66 (57.4%) 0.583"
amzluiuludenas 64 (37.6%) 24 (43.6%) 40 (34.8%) 0.265"
Tselnidete 6 (3.5%) 2 (3.6%) 4 (3.5%) 1.000°
T5ALnA 9 (5.3%) 4 (7.3%) 5 (4.3%) 0.473°
Lspsiaugnuunt 11 (6.5%) 4.(7.3%) 7 (6.1%) 0.749°
Tsaiala 9 (5.3%) 5 (9.1%) 4 (3.5%) 0.151°
TsAraondonauad 3 (1.8%) 1(1.8%) 2 (1.7%) 1.000°
Tspdu 9 24 (14.1%) 10 (18.2%) 14 (12.2%) 0.293

GT']LmﬁwaeLﬁaaan, U (%)
Rectum
Rectosigmoid junction
Sigmoid colon
Descending colon
Splenic flexure
Transverse colon
Hepatic flexure
Ascending colon
Cecum
Crossing site

Histologic grading, 911421 (%)
Well differentiated
Moderately differentiated
Poorly differentiated
Not otherwise specified
Joyalinsuiiu

43 (25.3%)
31 (18.2%)
43 (25.3%)
16 (9.4%)
3 (1.8%)
7(4.1%)
6 (3.5%)
11 (6.5%)
5(2.9%)
5(2.9%)

20 (11.8%)

139 (81.8%)

5(2.9%)
1(0.6%)
5(2.9%)

12 (21.8%)
9 (16.4%)
16 (29.1%)
6 (10.9%)
1(1.8%)
2 (3.6%)
1(1.8%)
3 (5.5%)
2(3.6%)
3 (5.4%)

7(12.7%)
44 (80.0%)
1(1.8%)
1(1.8%)
2 (3.6%)

31 (27.0%)
22 (19.1%)
27 (23.5%)
10 (8.7%)

0.812°
13 (11.3%)
95 (82.6%)
4 (3.5%)
0 (0%)
3 (2.6%)

*Independent—SampLe T test, *Chi—square test, *Mann-Whitney U test, SFisher's exact test

ns¥adn L3 CSA 6 Tnefussidunudeniirnuniioags
(intra-rater ICC = 0.984) i1 L3 SMI 124 ﬂﬁuaaﬁﬂwﬁgwml,vhﬁu
39.8 + 8.8 cm?/m? ﬂﬁju‘ﬁﬁ CT-defined sarcopenia 3¢ L3 SMI
Andneg aiTedR ey (30.7 + 4.1 Wisuu 44.1 £ 7.0 cn?/m?;

B6

p < 0.001) AUYNVDY CT-defined sarcopenia fofovay 324
(55/170) Tnganugnlutnay1esosas 29.2 wagtnAngs

Sovay 358 Fihiumnasiustditisdney (p = 0359) AwNTIN 2
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M19199 2 AUYNYBIN1IE CT-defined sarcopenia

Q'

fans ;ﬁﬂaaﬁy'wuﬂ Sarcopenia No Sarcopenia Adnn p-value
L3 SMI (cm%/m2), mean + SD 39.8 + 8.8 (18.4-74.5) 30.7 + 4.1 (18.4-38.7) 44.1 + 7.0 (33.5-74.5) 162 <0.001"
(min-max)
ANNYN, 11U (%) 170 55 (32.4%) 115 (67.6%) 0.841 0.359"
Kitd] 89 26 (29.2%) 63 (70.8%)
VN 81 29 (35.8%) 52 (64.2%)

"Mann-Whitney U test, 'Chi-square test

Wl o915 1IEULNING QUNE IH T AR UL A9
Clavien-Dindo wuanluniwsau (szau 1-5) launnaneiy
onalifeddnysinsengy (p = 0071) eglsfisnuidleliasen
AaRamenain wuinguiil CT-defined sarcopenia f1§ns1
MSAAITIINING BUTEAU 22 Warsvay =3 ganinet wiltiedAsy

($owae 72.7 Wieuiu 51.3; OR 2,53, 95% Cl 1.26-5.08; p = 0.008
uArSeray 382 Weuiu 21.7; OR 222, 95% CI 1.10-4.48; p = 0.024
AINANA U) & IUTTHELIAINITUDULTINGIUIE WUIN
Tluansniusemeaeangu (11.1 + 59 Wisudu 10.7 + 6.6 3y
p = 0.710) fa9137471 3

a v YY) ~ = Al Aa ' .
M990 3 V’T)’]N?ULL?QGUENﬂ'TlgLL‘WﬁﬂsﬂauMaﬁmqmﬂLLagﬂqiLU‘iﬂULWEJUiSW'J'NQU'JEJV]@JLLangNNﬂW'Jg CT-defined sarcopenia

fianus é’ﬂ'}&lﬁ%wum Sarcopenia No Sarcopenia OR (95% CI)  @Aldad  p-value

A1TUNINLBUANULNUA, 311U (%) - 0.071"

JE6U 1 71 (41.8%) 15 (27.3%) 56 (48.7%)

3¥AU 2 53 (31.2%) 19 (34.5%) 34 (29.6%)

J¥AU 3 2 (1.2%) 1(1.8%) 1(0.9%)

S¥AU 4 36 (21.2%) 17 (30.9%) 19 (16.5%)

3¥AU 5 8 (4.7%) 3 (5.5%) 5 (4.3%)
Aazumsndaussaudfgy (sehu 22) 99 (58.2%) 40 (72.7%) 59 (51.3%) 2.53(1.26-5.08)  7.021  0.008"
AMTUNINGOUTLAUTUUSY (520U 23) 6 (27.1%) 21 (38.2%) 25 (21.7%) 2.22(1.10-4.48) 5097  0.024"
szazauaUlsanenung (), 10.8 + 6.3 (1- 11.1 £59(3-39) 10.7 + 6.6 (1-39) - - 0.710%
mean + SD (min-max) 39)

“Fisher’s exact test, 'Chi-square test, ¥independent-Sample T test

Al LTRsIE AR AT AINATE YT AT
28.0 WU (95% Cl 22.0-33.0) wazlinuaNLANAIeTEwINg
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Kaplan-Meier Survival Analysis: Sar ia vs Non-sar
in Colorectal Cancer Patients
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