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[Abstract] Objective  To investigate the correlation between the combined assessment of

preoperative 5-factor modified frailty index (mFI-5) and Naples prognostic score (NPS) with overall survival in
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patients with unresectable hepatocellular carcinoma (uHCC) following interventional therapy. Methods
A retrospective cohort study enrolled 292 patients with uHCC who underwent interventional therapy at the
Department of Hepatobiliary Pancreatic Surgery of the Second Affiliated Hospital in Army Medical University
from October 2017 to December 2021. Patients were stratified into high-risk and low-risk groups based on
mFI-5 (=1), NPS (=3), and CONUT (=4) scores. Propensity score matching (PSM) was performed to balance
baseline characteristics (post-matching n=186). The primary endpoint was overall survival (0S), analyzed
using Kaplan-Meier curves with log-rank tests. The predictive performance of combined indicators was
evaluated by receiver operating characteristic (ROC) curves, and prognostic factors were assessed via Cox
regression analysis. Results  After PSM, baseline characteristics (including age, tumor markers, and
treatment-related parameters) showed no significant differences between the two groups. Survival analysis
demonstrated a 2. 252-fold higher risk of death in the mFI-5 plus NPS high-risk group (95%CI:1. 60~3. 18,
P<0.001). The combination of mFI-5 and NPS scores yielded an area under curve (AUC) of 0. 718 for
predicting 3-year overall survival, significantly outperforming either index alone (P=0.007). Multivariable
Cox regression analysis identified that dual positivity for mFI-5 and NPS (HR=1. 46; 95%CI: 1. 01~2. 11, P=
0. 044), portal vein tumor thrombosis (HR=1. 49; 95%CI: 1. 03~2. 16, P=0. 035), tumor diameter >5 cm (HR=
2.01;95%CI:1.27~3. 17, P=0. 003), Barcelona clinic liver cancer (BCLC) stage C disease (HR=2. 05; 95%CI:
1.37~3. 07, P<0.001) were independent predictors of poor prognosis. Postoperative combination targeted
therapy and immunotherapy was associated with significantly reduced mortality risk (HR=0. 57; 95%CI: 0. 39~
0. 81, P=0.002). Conclusion

overall survival in patients with unresectable hepatocellular carcinoma (uHCC) undergoing locoregional

The combination of mFI-5 and NPS scores is significantly associated with

http ://aammt. tmmu. edu. cn

therapy, providing a validated tool for clinical risk stratification and personalized treatment planning.
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&1 PSMETEEEZLABF (%), x2s]
Table 1 Baseline characteristics of patients before PSM[ (%) ,x+s ]

Before PSM
Variables
Total(n=292) mlIF-5=0(n=192) mlIF-5=1(n=100) X’ P
Agelyears 55. 14+10. 68 51.74+9. 16 61.67+10. 40 -8.05 <0. 001
Gender 0.05 0. 815
Female 39(13.36) 25(13.02) 14(14.00)
Male 253(86. 64) 167(86.98) 86(86.00)
BMI/(kg/m”) 23.38+3. 10 23.35+3. 18 23. 44+2. 96 -0.24 0.810
Maximum tumor diameter/cm 6. 16+2. 50 6.12+2.52 6.24+2.48 -0.38 0. 705
Serum creatinine/( wmol/L) 71.43+17. 06 69.52+13. 27 75.12+22.27 -2.68 0.008
ALT/(U/L) 60. 84+43. 95 61. 62+38. 43 59.34+53. 14 0.42 0.675
AST/(U/L) 72.35+52.91 78. 34+56. 66 60. 84+42. 80 2.71 0. 007
Albumin/(g/L.) 40. 86+4. 73 41.28+4.78 40. 06+4. 54 2.10 0.037
Total bilirubin/( pmol/L) 23.02+19. 58 22.45+12.91 24.11+28.35 -0. 69 0. 492
Hemoglobin/(g/L) 138.57+19.73 140. 09+19. 42 135. 68+20. 09 1.82 0.070
Platelet/(x10%L) 178. 49+93. 50 182. 74+94. 54 170. 3691. 39 1.07 0. 284
Prothrombin time/s 12.53+1. 26 12. 62+1. 28 12.35+1. 20 1.73 0. 085
NPS score 18.92 <0. 001
<3 142(48. 63) 111(57.81) 31(31.00)
=3 150(51. 37) 81(42.19) 69(69.00)
CONUT score 9.42 0. 002
<4 184(63.01) 133(69.27) 51(51.00)
=4 108(36.99) 59(30.73) 49(49.00)
Child-Pugh B 0.07 0.786
No 259(88.70) 171(89. 06) 88(88.00)
Yes 33(11.30) 21(10.94) 12(12.00)
Cirrhosis 0. 00 0. 989
No 140(47.95) 92(47.92) 48(48.00)
Yes 152(52.05) 100(52. 08) 52(52.00)
AFP>400 ng/ml. 9.71 0. 002
No 150(51.37) 86(44.79) 64(64.00)
Yes 142(48. 63) 106(55.21) 36(36.00)
BCLC Stage C 3.19 0.074
No 160(54.79) 98(51.04) 62(62.00)
Yes 132(45.21) 94(48.96) 38(38.00)
Extrahepatic metastasis 3.20 0.074
No 157(53.77) 96(50. 00) 61(61.00)
Yes 135(46.23) 96(50. 00) 39(39.00)
PVTT 5.77 0.016
No 192(65.75) 117(60. 94) 75(75.00)
Yes 100(34.25) 75(39. 06) 25(25.00)
Targeted-immunotherapy combination 2.70 0. 100
No 104(35. 62) 62(32.29) 42(42.00)

Yes 188(64.38) 130(67.71) 58(58.00)
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Table 2 Baseline characteristics of patients after PSM[n(%) ,x+s |

After PSM
Variables
Total(n=186) mlIF-5=0(n=102) mlF-5=1(n=84) th’ P
Age years 55. 68+8. 52 55.26+8. 81 56.11x8.23 -0. 68 0. 496
Gender 0.34 0.557
Female 25(13. 44) 15(14.71) 10(11.90)
Male 161(86. 56) 87(85.29) 74(88.10)
BMI/(kg/m”) 23.59+3. 11 23.28+2. 62 23.91+3. 52 -1.40 0. 164
Maximum tumor diameter/cm 6.19+2. 50 6. 06+2. 54 6.33+2.47 -0.72 0.471
Serum creatinine/( wmol/L) 69. 62+12. 90 68. 74+12. 94 70. 52+12. 87 -0.94 0. 350
ALT/(U/L) 62. 44+47. 85 58. 56+38. 20 66. 40+55. 96 -1.12 0. 265
AST/(U/L) 70. 43+54. 34 69. 39+58. 11 71. 49+50. 50 -0.26 0.793
Albumin/(g/L) 40.51+4.79 41.28+4. 89 39. 72+4. 57 2.25 0.026
Total bilirubin/( pmol/L) 24. 12423. 69 26.12+31. 88 22.09+9. 66 1.16 0. 247
Hemoglobin/(g/L) 137.76+19. 21 138. 81x18. 05 136. 68+20. 38 0.75 0. 452
Platelet/(x10%L) 178.96=93. 77 170. 65+86. 60 187. 46x100. 33 -1.22 0.223
Prothrombin time/s 12.50+1. 22 12.38+1. 24 12.63+1. 18 -1.39 0. 167
NPS score 24.91 <0.001
<3 91(48.92) 63(67.02) 28(30. 43)
=3 95(51.08) 31(32.98) 64(69. 57)
CONUT score 4.49 0.034
<4 123(66. 13) 69(73. 40) 54(58.70)
=4 63(33.87) 25(26. 60) 38(41.30)
Child-Pugh B 0.62 0.431
No 160(86. 02) 79(84. 04) 81(88.04)
Yes 26(13.98) 15(15.96) 11(11.96)
Cirrhosis 0. 54 0. 462
No 92(49. 46) 49(52.13) 43(46.74)
Yes 94(50. 54) 45(47.87) 49(53.26)
AFP>400 ng/mlL 0.10 0.756
No 103(55.38) 51(54.26) 52(56.52)
Yes 83(44.62) 43(45.74) 40(43.48)
BCLC Stage C 3.09 0.079
No 107(57.53) 60(63.83) 47(51.09)
Yes 79(42.47) 34(36.17) 45(48.91)
Extrahepatic metastasis 0. 81 0.369
No 131(70. 43) 69(73. 40) 62(67.39)
Yes 55(29.57) 25(26. 60) 30(32.61)
PVTT 0.52 0. 470
No 120(64. 52) 63(67.02) 57(61.96)
Yes 66(35. 48) 31(32.98) 35(38.04)
Targeted-immunotherapy combination 0.32 0.570
No 67(36.02) 32(34.04) 35(38.04)

Yes 119(63.98) 62(65.96) 57(61.96)
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A : Comparison of survival curves between high mFI-5 and low mFI-5 groups; B: Comparison of survival curves between high NPS

and low NPS groups; C: Comparison of survival curves between high CONUT and low CONUT groups ; D : Comparison of survival

curves between dual-positive (mFI-5 + CONUT) and non-dual-positive groups; E: Comparison of survival curves between dual-

positive(mFI-5 + NPS) and non-dual-positive groups
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Figure 1 Overall survival curves after PSM stratified by frailty and nutritional scoring systems in patients with HCC
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Figure 2 ROC curves for scoring systems predicting 3-year

overall survival after locoregional therapy in HCC
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Table 3 Univariate and multivariate analyses of prognostic factors in patients after PSM

Univariate Analysis

Multivariate Analysis

Variables
B SE  Z P HR(95%CI) B SE Z P HR(95%CI)
Gender(Male/Female ) 0.14 0.25 0.56 0.575 1.15(0.70~1.90)
Age>60 years(yes/no) -0.20 0.20 -1.00 0.317 0.82(0.55~1.21)
Cirrhosis ( present/absent ) -0.04 0.18 -0.22 0.823 0.96(0.68~1.36)
Portal vein tumor thrombus (present/absent) 0.79 0.18 4.43 <0.001 2.21(1.56~3.15) 0.40 0.19 2.10 0.035 1.49(1.03~2.16)
Tumor diameter(>5 ¢cm) 1.01 0.22 4.48 <0.001 2.74(1.76~4.26) 0.70 0.23 2.99 0.003 2.01(1.27~3.17)
Tumor number(multiple/single ) 0.26 0.18 1.47 0.141 1.30(0.92~1.85)
Extrahepatic metastasis(present/absent) 1.12 0.19 5.96 <0.001 3.05(2.11~4.40) 0.62 0.21 2.96 0.003 1.86(1.23~2.80)
ALT>40 U/L(yes/no) 0.09 0.19 0.49 0.623 1.10(0.76~1.57)
AST>40 U/L(yes/no) 0.35 0.21 1.67 0.095 1.42(0.94~2.13)
ALB<35 g/L(yes/no) 0.10 0.27 0.37 0.711 1.10(0.65~1.86)
TB>34 pmol/L(yes/no) -0.04 0.28 -0.16 0.874 0.96(0.56~1.64)
HB>120 g/L(yes/no) 0.38 0.26 1.46 0.143 1.46(0.88~2.44)
PLT>150x10°/L(yes/no) 0.16 0.18 0.87 0.386 1.17(0.82~1.67)
PT>14. 5 s(yes/no) -0.11 0.35 -0.32 0.746 0.89(0.45~1.77)
AFP>400 ng/mL(yes/no) 0.55 0.18 3.11 0.002 1.74(1.23~2.46) 0.40 0.19 2.14 0.033 1.49(1.03~2.14)
Child-Pugh classification(B/A) 0.06 0.25 0.26 0.794 1.07(0.66~1.73)
BCLC stage(C/B) 1.21 0.19 6.49 <0.001 3.34(2.32~4.81) 0.72 0.21 3.48 <0.001 2.05(1.37~3.07)
Targeted-immunotherapy combination(yes/no) —0.45 0.18 -2.49 0.013 0.64(0.45~0.91) -0.57 0.18 -3.09 0.002 0.57(0.39~0.81)
mFI-5+NPS dual-positive(yes/no) 0.62 0.18 3.40 <0.001 1.86(1.30~2.67) 0.38 0.19 2.01 0.044 1.46(1.01~2.11)
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Variables nl% 0 1
No. of events / NO. of total

ALL patients 186(100.00) 78/122 52/64
Gender

Female 25(13.44) 11/16 7/9

Male 161 (86.56) 67/106 45/55
Portal vein tumor thrombus

Absent 120 (64.52) 41/79  30/41

Present 66 (35.48) 37/43  22/23
Age

<60 years 129 (69.35) 55/84  40/45

> 60 years 57 (30.65) 23/38 12/19
Tumor diameter

<5cm 63 (33.87) 18/45 8/18

>5cm 123 (66.13) 60/77  44/46
Multiple tumors

No 97 (52.15) 44/66  22/31

Yes 89 (47.85) 34/56  30/33
Extrahepatic metastasis

No 131 (70.43) 51/92  28/39

Yes 55(29.57) 27/30  24/25
AFP

<400 ng/mL 103 (65.38) 34/65  30/38

> 400 ng/mL 83 (44.62) 44/57  22/26
BCLC stage C

No 107 (57.53) 33/74  24/33

Yes 79 (42.47) 45/48  28/31
Targeted-immunotherapy
combination

No 67 (36.02) 32/43  19/24

Yes 119 (63.98) 46/79  33/40

HR(95%ClI) P P for interaction
1.86 (1.30~2.67) —— <0.001
0.749
1.54 (0.58~4.07) —————— 0.384
1.90 (1.29~2.79) ——— 0.001
0.035
2.50 (1.53~4.10) ' > <0.001
1.14 (0.67~1.95) —— 0.628
0.716
1.77 (1.17~2.67) ———— 0.007
2.08 (0.98~4.42) ——— 0.058
0.545
1.87 (0.79~4.40) > 0.154
1.61 (1.08~2.40) ———— 0.019
0.786
1.83 (1.09~3.09) ' - 0.023
1.86 (1.12~3.09) — 0.017
0.261
1.91 (1.20~3.07) —— 0.007
1.22 (0.70~2.15) —t——— 0.483
0.235
2.49 (1.50~4.12) —— <0.001
1.43 (0.85~2.40) ——— 0.183
0.014
2.74 (1.59~4.74) —— <0.001
1.09 (0.68~1.76) e 0.717
0.840
1.47 (0.82~2.64) e 0.195
2.08 (1.32~3.28) ——— 0.002
0 1 2
Better Worse

B3 mFI-58& NPS 45 BRI 28 55 47 FR 4R B

Figure 3 Forest plot of subgroup analysis for the prognostic value of the mFI-5 combined NPS score
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