¢ = <M
6 2 2% R(EFM) 05 jan., 52(1)
Fudan Univ J Med Sci

E T MRI {iE & 2 7 71 0 BT ¢ Be & 43 <
% i B 51 2 &

BEH A B LB AFYU pEE"

CAR AR MR R BEBERCSTRE  BEBC 2100095 vt [ Rk HE AR K2 8 45 — BE B (2008 S BEBE ) AR B8 230001)

[FHEZ] B# %A 97 50 MRIAE 4 0 BT 240 i 98 (hepatocellular carcinoma, HCC) AH 3¢ 3 5% i B I fH . A 3%
81 e 44 43 B 399 1] HCC J8 35 167 1 I PR A1 MRT TR, 7 A7 &8 5 S #E4T MR- 43 Ko 38 sk A, JF B U7 MRIK: A5 5
6> F B S B PR E o AR I SO 2 WA U SR 43 D e O AR IR N ST AL o e BR B AL R T A R 6 43
Y2 (n=279) MR UELE (n=120) o F| FH 50 PR 28 1 22 (K] 2232 45 1] U9 43~ A7 7 6 5 HC.C A 56 0 I3 11 4% &, 2 57 T30
il S R 323 TAEF#AE (receiver operating characteristic , ROC) il 4 A% AS [F) 455 78 () 700 2% 76 , R A Delong ki
55 BN TR A AL AUCE , B8 $F fie M RE A AL 57 100 HCC M AR S L Kl . SR SRR ZHBIF 5
7, LT EAE <240 g/dL i G 2K B >>100 ng/mL iR EAR =5 em T ER KR AS 96 PN 5 Ak 3h Dk A1 Sl k4 i ge
0 25 JFF 5% Jo 58 Al 2 T 4 B 98 A 56 e T 2 ST S S PR 3R I R - AR Y T M e e A L IR AR X 43 BE AUC 35
0.843, B i 4E 1k 0.854, £ K HE MRIAE 5 4 57 51 26 B W 201 R 12 Wi 3 i 6 > A B HCC AH 6 %% it , B A &
LRI RIG TR S B L

[X#im] MHaiER(HCC); BAB; MRIMER; LKA

[FE4S%ES] R735.7,R445.2 [xEkiRRaL] A doi: 10.3969/].is5n.1672-8467.2025.01.002

Development of a nomogram for predicting cachexia in
hepatocellular carcinoma based on MRI features

LI Xin-xiang', LIU Bing’, JIANG Yang', ZHAO Yu-fei', PENG Xin-gui'”
('Department of Radiology , Zhongda Hospital, Southeast University , Nanjing 210009, Jiangsu Province, China;
*Department of Radiology , the First Affiliated Hospital (Anhui Provincial Hospital) , University of Science and
Technology of China , Hefei 230001 , Anhui Province, China)

[ Abstract] Objective To investigate the value of pre-treatment MRI features in predicting cachexia in
hepatocellular carcinoma (HCC). Methods A retrospective analysis was conducted on 399 patients with
hepatocellular carcinoma, recording their pre-treatment clinical and MRI data. All patients underwent MRI
plain and enhanced scan, and their weight was followed up 6 months after the MRI examination. According
to the diagnostic criteria for cachexia, patients were divided into cachexia group and non-cachexia group.
They were randomly divided into the training set (2=279) and the validation set (2=120). Univariable and
multivariable logistic regression analyses were used to screen variables associated with cachexia in
hepatocellular carcinoma and to establish a predictive model. The receiver operating characteristic (ROC)
curve was used to evaluate the predictive performance of different models. The Del.ong test was used to

compare the AUC values of different models, and the best-performing model was used to establish a
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predictive nomogram for cachexia in hepatocellular carcinoma. Results Multivariable logistic regression
analysis showed that serum albumin <C40 g/dL, serum alpha-fetoprotein =100 ng/mL, tumor diameter >
5 cm, portal vein tumor thrombus, intratumoral arterial enhancement, and arterial phase peritumoral
enhancement were independent predictors of cachexia in hepatocellular carcinoma. The clinical-imaging
model showed the best predictive performance, with an AUC of 0.843 in the training set and 0.854 in the
validation set. Conclusion The nomogram based on MRI features can predict cachexia in hepatocellular
carcinoma 6 months earlier than clinical diagnosis, which has important clinical guidance significance.

MRI feature;
* This work was supported by the General Program of National Natural Science Foundation of China (82272064) and High-level

[Key words] hepatocellular carcinoma (HCC); cachexia; nomogram

Hospital Paring Assistance Construction Program of Zhongda Hospital affiliated to Southeast University , Jiangsu Province (zdlyg08).
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1 651 patients performed with MRI scans
without treatment between May 2015 and
June 2021

!
Exclusion criteria:
(a) Incomplete medical records (n=1 064)
(b) HCC with co-found diseases (n=162)
(c) Suboptimal image quality (#=15)
(d) Patients with significant weight change
30 days before MRI scans (n=11)

l Random division (7: 3) |
[
Training set (n=279) Validation set (n=120)

» Cachexia (n=122) * Cachexia (n=61)
+ Non-cachexia (7=157) + Non-cachexia (n=59)
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The flowchart used in selection of the patients

Fig 1
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Tab 1 Baseline clinical and MRI features of the training set and the validation set  [M(P,,,P,,) orn(%)]

Clinical characteristics

Age (y)

Sex (males: females)

BMI (kg/m*)

Aspartate transaminase (IU/L)

Alanine transaminase (1U/L)

Albumin (g/L)
Bilirubin (mg/dL)

a-fetoprotein (ng/mL)
MRI features

Tumor size (cm)

Multifocality

Blood products in mass

Intralesional fat
Tumor capsule
Complete

Imcomplete

55.0 (49.0,65.0)
24435
23.4 (21.5,25.7)
44.0 (30.0,61.0)
38.0 (26.0,58.0)
39.9 (36.6,42.8)
17.3 (12.5,23.9)
73.0 (10.1,536.4)

4.9 (3.3,8.3)
120 (43.0)
106 (38.0)

46 (16.5)

110 (39.4)
122 (43.7)

54.0 (49.0,64.0) 0.40 Z=-0.85
90:30 <0.01 =955
23.7 (21.8,25.6) 0.23 Z=-1.21
46.0 (31.0,62.8) 0.62 Z=-0.50
37.0 (26.0,55.4) 0.63 7=-0.48
39.5 (36.2,42.9) 0.32 Z=-1.00
17.2 (12.6,23.9) 0.98 Z==0.02
116.5 (16.5,838.7) 0.14 Z=-1.48
5.1(2.8,9.2) 0.97 Z=-0.04
51 (42.5) 0.93 2°=0.01
45 (37.5) 0.93 2°=0.01
15 (12.5) 0.36 2=1.03
0.91 2=0.20

48 (40.0)

50 (41.7)
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(g% 1)

None 47 (16.8)
Hepatic capsular retraction 123 (44.1)
Tll-defined tumor margin 162 (58.1)
Nodule-in-nodule 60 (21.5)
Mosaic architecture 141 (50.5)
Portal vein tumor thrombus 68 (24.4)
Intratumoral artery 136 (48.7)
Nonrim arterial phase hyperenhancement 211 (75.6)
Arterial phase peritumoral enhancement 131 (47.0)
Nonperipherial washout 262 (93.9)
Extrahepatic metastasis 33 (11.8)
Restricted diffusion 215 (77.1)

22 (18.3)

51 (42.5) 0.77 2=0.09
69 (57.5) 0.92 2=0.01
34 (28.3) 0.14 r=2.12
66 (55.0) 0.41 21=0.67
32 (26.7) 0.63 21=0.24
64 (53.3) 0.40 2=0.71
95 (79.2) 0.44 2=0.59
53 (44.2) 0.61 21=0.26
114 (95.0) 0.67 2=0.67
11 (9.2) 0.44 2=0.61
85 (70.8) 0.21 =174

BREMZEREZERFAS>MHESFHAR
BEERREXNETE SRR RMZHERZHN
H 4 B & 8L, I F 8 H <40 g/L (OR: 3.51;
95%CI: 1.90~6.49; P<<0.01)  AFP>>100 ng/mL
(OR: 2.54; 95% CI: 1.40~4.61; P<<0.01) W@ &
% >5 cm (OR: 2.14; 95% CI: 1.07~4.26; P=

x2 BREZEMEEFKIEERES NIRRT

0.03) ] ¥ Bk #2 (OR:2.55; 95%CI: 1.24~5.26;
P=0.01) J& N #E AL 3k (OR: 2.23; 95%CI: 1.10~
4.52; P=0.03) F 3 Jjk 1 Jifr 98 301 2% JH- 52 5t 5 Ak (OR
2.58; 95%CI:1.34~4.98; P<C0.01) J2 T 40 ifg 98 #H
KGR TR A R ST fE R R (R 2) .
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Tab 2 Univariable and multivariable analyses screen variables associated with cachexia in HCC

Albumin<C40 g/L 2.65 (1.62—4.31)

Aspartate transaminase>45 [U/L 1.61 (1.00-2.60)
a-fetoprotein>100 ng/mL 3.42 (2.08-5.61)
Tumor size=>5 cm 6.12 (3.63-10.35)

Multifocality 1.87 (1.16-3.03)

Hepatic capsular retraction 1.83 (1.13-2.96)
Tll-defined tumor margin 2.24 (1.37-3.67)
Portal vein tumor thrombus 5.92 (3.19-10.98)

Intratumoral artery 5.88 (3.49-9.90)

Arterial phase peritumoral enhancement 5.95 (3.53-10.01)

Extrahepatic metastasis 2.92 (1.36-6.29)

<0.01 3.51 (1.90-6.49) <0.01
<0.05 0.70 (0.38—1.32) 0.27
<0.01 2.54 (1.40—-4.61) <0.01
<20.01 2.14 (1.07-4.26) 0.03

0.01 1.26 (0.68-2.32) 0.46

0.01 0.73 (0.37-1.42) 0.35
<0.01 0.96 (0.48-1.92) 0.91
<0.01 2.55 (1.24-5.26) 0.01
<0.01 2.23 (1.10-4.52) 0.03
<0.01 2.58 (1.34-4.98) <0.01
<0.01 1.62 (0.61-4.28) 0.34

M EEERARERRIEENEIME
IE ROC #1453 ZE YN ZREE o | I RASE RS 52 AR A5
LI AR - 52 4% B R (1 AUC 5 R 0.712,0.792 il
0.843(FR 3 FIE 2) . TEFIESE T, I RAL AL 5 AR
TN PR - 52 12 58 1 AUC {5 N 0.749.0.772 Fil
0.854, DeLong & % [t A48 1, 76 P9 A B4 4 v, I
IR -5 A5 55 7 55 16 DRASE TR (I K - 52 A8 RS 70 5 5% A5 A
RAUC LA St % 3 X (P <<0.05) . TERE
WM B vh R A A B bR 3 52 R A 1 000K,

Y G5 8 R UE AR o 11 PR -5 15005 28 000 JET 40 s A
IR Jo e A X 5 S s ke A AR, B — BRSO
KA IR 22 0.03, 3L 0( &1 3) o £ LA, I
PRS2 AR A Y A I G5 4 F G IR 4R rp v e X e e, ik
I PR - 52 AR A AL 7 9 e BT (18] 4) o 4 46 T il
JFF 400 0 s A S 9 S5 04 s 4] AL 1T 5 A 6 X A
151 45 7R A WF 52 BT 7 8 1) MIRTAIE 5 F1 52 36 %8 418 b 2
S WY B £ TR AR B0 AR N A OGS O i b R T
(ELioE
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Tab 3 The performance of the 3 models predicting cachexia in HCC in the training set and internal/external validation set

Clinical model 0.918 0.420 0.712 (0.654-0.770) <<0.01*
Training set Imaging model 0.631 0.866 0.792 (0.737-0.846) <0.01"

Clinical-imaging model 0.762 0.796 0.843 (0.797-0.889)

Clinical model 0.705 0.695 0.749 (0.665-0.833) <<0.01*
Validation set Imaging model 0.803 0.627 0.772 ( 0.690—-0.854) <0.01"

Clinical-imaging model 0.738 0.831 0.854 (0.788-0.920)

* Clinical model vs. clinical-imaging model. * Imaging model vs. clinical-imaging model.

A o B
Training set Validation set
1.0 1.0
0.8 ” 0.8
206} £ 06
o~ e
o 041 2 0.4
| _,./'/..
02 F ——Clinical model (AUC:0.712) 0.2 —— Clinical model (AUC:0.749)
/_/" Imaging model (AUC:0.792) —— Imaging model (AUC:0.772)
i —— Clinical-imaging model (AUC:0.843) — Clinical-imaging model (AUC:0.854)
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity
2 ERE(A) LGRS (B) IR KRR (R G AR R AR IR -5 R B ROC 43 4

Fig2 ROC analysis of clinical model, imaging model, and clinical-imaging model in the training set (A) and validation set (B)
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Fig 3 Calibration curve of the clinical-imaging model predicting cachexia in hepatocellular carcinoma in the training

set and validation set
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Fig4 Nomogram constructed based on the clinical-imaging model
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The patient underwent surgical resection after MRI scanning. Diagnosed with cachexia after a 5-month follow-up, the serum albumin of this
patient was 38.3 g/1. and a-fetoprotein was 1 210 ng/mL. A 6.0 cm mass was observed in the right lobe of the liver, showing moderate high signal
on T2-weighted image (A), low signal on T1-weighted image with fat suppression (B), peritumoral enhancement on the arterial phase (C, white
arrow) , and the tumor appeared as a low signal on the delayed phase (D). E: The total score of the nomogram for this case was 100+74+61+0+0+

75.5=310.5, corresponding to a predicted probability of 74 % for cachexia.
5 16152% B HCCH#HXEFR MRIE
Fig5 MRI of a 52-year-old man with hepatocellular carcinoma associated cachexia
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Pre-contrast Arterial phase Portal venous phase
E
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The patient underwent transarterial chemoembolization after MRI scanning. Diagnosed with cachexia after a 2-month follow-up, his serum
albumin was 53.1 g/L and «-fetoprotein was 379.3 ng/mL. A 7.7 cm mass was observed in the right lobe of the liver, showing moderate high
signal on T2-weighted image (A) , low signal on pre-contrast T1-weighted image (B) , intratumoral artery on the arterial phase (C) , blue
arrow) , and portal vein tumor thrombus on the portal venous phase (D, white arrow). E: The total score of the nomogram for this case was 0+74+
61+74+63.5+0=272.5, corresponding to a predicted probability of 64 % for cachexia.
6 14135% B4 HCC 8% %% R MRI &
Fig 6 MRI of a 35-year-old man with HCC associated cachexia
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