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Abstract

Background and Purpose: Whether liver fibrosis is associated with hepatocellular carcinoma
(HCC) affects patients’ survival after liver transplantation (LT) remains controversial. Using the
US National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) database, we
explored whether the severity of liver fibrosis affected the overall survival (0S) after LT in pa-
tients with HCC. Methods: A total of 1536 HCC patients from the SEER database between 2004 and
2016 were enrolled. Propensity score matching was performed on patients with liver fibrosis. We
then used Kaplan-Meier and Cox proportional hazards regression models to compare the effects
of fibrosis and other clinicopathological characteristics on survival outcomes. We simultaneously
established a nomogram based on multivariate analysis and then calibrated, tested, and pre-
dicted its accuracy. Results: The proportion of patients with a high fibrosis score (5~6 points,
89.2%) was greater than that of patients with a low fibrosis score (0~4 points, 10.8%). The fibro-
sis score was an independent prognostic factor for OS by a multivariate Cox proportional hazards
model (hazard ratio [HR] 1.461, 95% confidence interval [CI] 1.191~1.792, P < 0.001) and was
associated with a higher survival outcome than other tumor characteristics. Age at diagnosis, fi-
brosis score, gender, ethnicity, American Joint Cancer Committee tumor-node-metastasis stage,
tumor size, case grade, and alpha-fetoprotein level were included in the multivariate analysis. A
nomogram combining these factors predicted HCC patients’ prognoses (C-index 0.601, 95% CI
0.569~0.632). Conclusion: Increased fibrosis was an independent risk factor for survival in pa-
tients with HCC after LT, as analyzed by prognostic nomograms that included fibrosis scores and
other risk factors.
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Figure 1. Flowchart for screening post-liver transplant patients with HCC in the SEER database
& 1. SEER B EEh it i AT 348 /5 HCC BEMIRIZE

2. FRIANTTA
2.1 IEFRFER

B A SEER-18 regs #F 7T 4 (https://seer.cancer.gov/), FAIXF 2004 4% 2016 (a2 My HCC
()RR AT T BB B 434 [ B e 8 22996 702536 3 ik, ICD-0-3): HCC (8170/3), JEAS 24 (C22.0)]
HF SEER HH /& 2 FF 18 LA S AR UK 722 (BT (6, DRI L B o 17 A B R 155 [F) R 2 TR . AR AL
B A SRR IE 5y NWiSE, 400k FO-4 (fRAS 0, JE& )R F5-6 (RAD 1, HJFLF4ELEiiFaEil), A
J P PN 2H B B AEAE I E — XS L. % H IR SR L (AFP) K402 3 40, 43 Al B/ = (RS 10).
F 1/ 1 8 BLE IF 3 30 P (RS 20) 5045 AR ZE BB KNI 4325, T 90% K 8 < 1em, #sy
J93 4 <1cm (5% 0-991). >1 cm (fRHY 992-996) B ANTEHE . A /r M ik 1 1536 Bl 7F & s bt i
B (A 1),
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2.2. MNFREFHEBRIRE

ASCRHHEBRAR MR : (1) 4E88 <18 %, (1) £F4ELIT0 80, () JEEFUIBR R4 (1IV) 2004
SEURTHIC I EE .

2.3. MEIEHIR

FeAITM SEER %t FErh 2L T Ao B UAERS . PRI, AIJCC TNM 8. ZF4ikiEsr. AFP /K.
JiEE R/ R A A A A BR(H ) S B R R I 2140 B ) i

24. GiitFEAE

ASCARYE AR B AR B AT A B 2 DE R (PSMY), - DU Sk /b i 8 0 45 6 T 7 - e (b P52~ FO-4 1
F5-6 WM ZH SR s it MRS, 4RI APl BWiEm . AP 4ELPPor(FS) TR . H G & 1 (AFP)
TP IR RN o i B 7843 VUAS, 88 A TR AR EAT 101 d5eils R VTS (FE v 546 7] 9143 logit ¥ 0.02 Axifk
ZEVUE ) S BRA T AR HE 4 (SPSS v19.0; 1BM Corp., Armonk, NY, USA)%H SEER ¥4 #1745 it 4>
Bro HELLAR R DIFIME S ARAEZ (SDYERF R, JHEIERINT t RS T b . 14y 838 & ELECR R
J5 8% Fisher ¥5aA 5047 204« Kaplan-Meier 72245 B A A7 i 28 (log-rank #6:56) . i3 245 & 73 #1(Cox Lh4
KA i — Pk e AR oy M rh R e AR E R &= . R )5, FHZZE S EEE R AT
(http://www.R-project.org; rms #44%; R Foundation for Statistical Computing, Vienna, China) 7 #) & 1 J5 )
L. B, AT AR KR I FATTEAT T — B B (C-index) FIASHE RN L o Giit 7 B EMEWE N P
<0.05,

Table 1. The baseline characteristics of post-liver transplant patients with HCC of both types of fibrosis scores

= 1. AWMLY HCC T HEE B H MELHHE

Before PSM After PSM

Variables
FO0~4 (n =166) F5~6 (n =1370) P value FO~4 (n = 164) F5~6 (n = 164) P value

Age at diagnosis (mean + SD) 57.70 £ 7.28 57.89 + 6.87 0.745 57.66+731 59.44+6.20 0.024

Sex, n 0.451 1.000
Male 134 (80.7%) 1,071 (78.2%) 132 (80.5%) 133 (81.1%)
Female 32 (19.3%) 299 (21.8%) 32 (19.5%) 31 (18.9%)

Race (White, Black, Other) 0.005 0.349
White 112 (67.5%) 1071 (78.6%) 111 (67.7%) 117 (71.3%)
Black 19 (11.4%) 111 (8.1%) 19 (11.6%) 17 (10.4%)
Other 35(21.1%) 180 (13.2%) 34 (20.7%) 30 (18.3%)

AJCCT, 7thed., n 0.360 0.421
T1~T2 74 (44.6%) 691 (50.4%) 72 (43.9%) 83 (50.6%)

T3~T4 4 (2.4%) 31 (2.3%) 4 (2.4%) 4 (2.4%)

Unclear 88 (53.0%) 648 (47.3%) 88 (53.7%) 77 (47.0%)
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Continued

AJCCN, 7thed., n
NO
N1
Unclear
AJCC M, Tthed., n
MO
M1
Unclear
AFP, n
Positive/elevated
Negative
Unclear
Tumor size, n
<l cm
>1cm
Unclear
Grade, n
Well differentiated; Grade |
Moderately differentiated; Grade 11
Poorly differentiated; Grade 111
Undifferentiated; anaplastic; Grade 1V
Unknown
Lymph involvement, n
No
Yes
Unclear
Distant metastasis, n
No
Yes

Unclear

73 (44.0%)
1 (0.6%)

92 (55.4%)

78 (47.0%)
0 (0.0%)

88 (53.0%)

90 (54.2%)
44 (26.5%)

32 (19.3%)

154 (92.8%)
1 (0.6%)

11 (6.6%)

51 (30.7%)

52 (31.3%)
15 (9.0%)
1 (0.6%)

47 (28.3%)

151 (91.0%)
1 (0.6%)

14 (8.4%)

155 (93.4%)
0 (0.0%)

11 (6.6%)

718 (52.4%)
4 (0.3%)

648 (47.3%)

718 (52.4%)
6 (0.4%)

646 (47.2%)

668 (48.8%)
464 (33.9%)

238 (17.4%)

1267 (92.5%)
2 (0.1%)

101 (7.4%)

332 (24.2%)

526 (38.4%)

100 (7.3%)
6 (0.4%)

406 (29.6%)

1266 (92.4%)
9 (0.7%)

95 (6.9%)

1271 (92.8%)
8 (0.6%)

91 (6.6%)

0.065

0.268

0.163

0.366

0.264

0.775

0.614

73 (44.5%)
1 (0.6%)

90 (54.9%)

76 (46.3%)
0 (0.0%)

88 (53.7%)

89 (54.3%)
44 (26.8%)

31 (18.9%)

152 (92.7%)
1 (0.6%)

11 (6.7%)

50 (30.5%)

51 (31.1%)
15 (9.1%)
1 (0.6%)

47 (28.7%)

151 (92.1%)
1 (0.6%)

12 (7.3%)

154 (93.9%)
0 (0.0%)

10 (6.1%)

0.101
84 (51.2%)
1 (0.6%)
79 (48.2%)
0.135
87 (53.0%)
0 (0.0%)
77 (47.0%)
0.057
78 (47.6%)
61 (37.2%)
25 (15.2%)
1.000
152 (92.7%)
1 (0.6%)
11 (6.7%)
0.377
42 (25.6%)
69 (42.1%)
14 (8.5%)
1 (0.6%)
38 (23.2%)
0.808
150 (91.5%)
1(0.6%)

13 (7.9%)

152 (92.7%)
1 (0.6%)

11 (6.7%)

PSM, Propensity Score Matching; AJCC, American Joint Cancer Committee; AFP, Alpha-Fetoprotein.
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Figure 2. Survival analysis curves for patients with two fibrosis scores before (a) and after (b) PSM, reflecting different
prognoses. PSM, propensity score matching.
2. PSM Hi(a)F0 PSM [ (b) T4 (LT BE W EF STk

3. R
3.1. ARFRPEXRIEFR

M SEER Hidi e Hhfifiisk t 2004 4% 2016 4E[Hi2Wr N HCC HAFEBATEMARAER STt 1536 8 E . b
VilalRE 0~155 (A, 53) 1 H. LF4EfbiFor N FO~4 A1 F5~6 FIPANAL, i %5yl 166 4111 1370 (1]
1)o MR HILT AL 25 T R N HLA B 15 (78.2% vis. 67.49%), 177 9 2L PO HLAhs A B P R A, RN B35
ZRP ¥ > 005 & 1). NIEFWEOAFREE ML 4Ell B3 K22 R IIBER, BAVEH PSM Jrikik
1T L:1 BCXH(FO~4, 164; F5~6, 164). FE4k4h R iEIR, WAV EE P RE, LRFEZERPH >005; #1).

3.2. AHEWKIHRS HCC BEMBHERBTRBEMEX

ULEC T, FO~4 (vs. F5~6) 145 B 1) BB 1 £ .3 4 F1 5 4E OS (4351 N 93.5%+82.1%F11 63.6%vs. 91.8%.
72.4%F1 57.1%) . £F- 44k 53T F2 235 R T BA 55 5 22 (P = 0.002) (4] 2(a)), "z OS BH &5 F#{%(69 Lk 82 AN H,
P=0.002). 1:1PSM J5, 14, 34EH1 5 4 B OS FANAAE 73 B (FO~4 735l 9 93.4%. 81.8%7F/ 64.6%vs.
F5~6 7%l 4 91.3%. 71.8%7 56.0%). fEixitidizddr, Hfi OS FFR[EMK(66 vs. 82 41~ H, P =0.053), M
WAL A AR A B0 3 1 R 3 T 5 35 B 22 (P = 0.053) (] 2(b))-

DU AT & A & Cox [BIH M (In3E 2. 2 3 FoR), ¥4 P < 0.5 1E NGRS, R HHLF 4k
{IFFREAL (P = 0.003) 2 Wi4E#% > 60 %/ (P < 0.001). 147 (P = 0.002) . T3~4 43 #(P = 0.302) N1 (P = 0.187).
Jit9RE K /NP = 0.159). Fii (black P = 0.064; other P = 0.016). AFP (Negative P = 0.496). 7% ¥ 2% %) 2 (Grade
| P =0.051; Grade 111 P = 0.133)5 OS #H 5 I 41 N 248 & Cox [BIA 43 # o FRATR DM SA LT A A/ R AL (HR:
1.461, 95% Cl: 1.191~1.792; P < 0.001) [18]. 2 Wi4E#k: > 60 % (HR: 1.383; 95% Cl: 1.220~1.567; P < 0.001).
Race Other (HR: 0.834, 95% CI: 0.702~0.989; P = 0.037). T3-4 4> #i(HR: 0.520; 95% Cl: 0.328~0.825; P =
0.005) /2 AL T 238 i A Ak S XU TR 38 (¢ 4 FIToR)

3.3. iR\ E R K AR IE

BATI UG 51 GIN Cox ZAF 843 T IR &, TRINAE A7 1811 C Fa 204 31 0.601 (95% Cl: 0.569~0.632)
(¥ 3(a)). BlJE, FATHWLHE] T 145, 3 4/ 5 G AEAAHERR AR HERI(14] 3(b)). PRIk, FRATTIR 1 26 P 6] 2 (R
FFAFAEARRE . ISWraEds . E5). AFh. AJCC T 4r#1. AJCC N 731, Pathological Grade. fififgi K /NFil
AFP /KF)IHEA T HCC J8 3 RS R G AR A7 23R A 1 ARG T SE I 5325
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Table 2. Univariate analysis of prognostic factors for OS

F=2.0S EEENBETENHT

Before PSM After PSM
Variables All Survival tim_e P All Survival tim_e
patients (mo?ggos/l n(;f;j AN value patients (mo?g;%rrglc;lan value
Group 0.002 0.053
FO~4 166 82 (67.731~96.269) 164 82 (66.397~97.603)
F5~6 1370 69 (65.284~72.716) 164 66 (57.970~74.030)
Age <0.001 0.044
<60 973 79 (74.673~83.327) 196 82 (64.906~99.094)
>60 563 56 (49.586~62.414) 132 61 (50.962~71.038)
Sex 0.002 0.364
Male 1205 72 (67.500~76.500) 265 78 (64.530-91.470)
Female 331 60 (52.152~67.848) 63 68 (58.857-77.143)
AJCCT, 7thed. <0.001 <0.001
T1~T2 765 46 (43.166~48.834) 155 47 (41.926~52.074)
T3~T4 35 54 (44.367~63.633) 8 60 (47.118~72.882)
Unclear 736 (107.18(1;(1)12.814) <0001 165 (109.5035222.500) <0.001
AJCC N, 7thed.
NO 791 46 (43.331~48.669) 157 /
N1 5 / 2 /
Unclear. 740 110 (107.180~112.820) <0.001 169 / <0.001
AJCC M, 7th ed
MO 796 46 (43.290~48.710) 163 48 (43.079~52.921)
M1 6 46 (7.079~84.921) 0 /
Unclear 734 (107.18%212.813) 165 (109.50(%%?22.500)
Grade, n 0.006 0.031
Well differentiated; Grade | 383 72 (64.428~79.572) 92 /
Moderately differentiated; Grade 11 578 68 (62.454~73.546) 120 /
Poorly differentiated; Grade 111 115 91 (76.867~105.133) 29 /
Undifferentiated; anaplastic; Grade IV 7 57 2 /
Unknown 453 66 (60.917~71.083) 85 /
AFP 0.086 0.138
Positive/elevated 758 70 (66.041~73.959) 167 70 (59.038~80.962)
Negative 508 67 (60.709~73.291) 105 71 (58.040~83.960)
Unclear 270 81 (64.346~97.654) 56 90 (60.854~119.146)
Tumor size <0.001 <0.001
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Continued
<l cm 1421 74 (70.434~77.566) 304 79 (66.871~91.129)
>1cm 3 / 2 /
Unclear 112 / 22 /
Race (White, Black, Other) 0.005 0.007
White 1183 70 (65.701~74.299) 228 69 (59.566~78.434)
Black 130 56 (44.243~67.757) 36 64 (38.543~89.457)
Other 215 80 (67.866~92.134) 64 (98.3201~11021.680)
Lymph involvement, n <0.001 <0.001
No 1417 74 (70.393~77.607) 301 /
Yes 10 79 (35.880~122.120) 2 /
Unclear 109 7 (5.967~8.033) 25 /
Distant metastasis, n <0.001
No 1426 74 (70.424~77.576) 306 / <0.001
Yes 8 71 (18.836~123.164) 1 /
Unclear 102 7 (5.998~8.002) 21 /

OS, overall survival; PSM, propensity score matching; ClI, confidence interval; AJCC, American Joint Cancer Committee;
AFP, alpha-feto-protein

Table 3. Univariate analysis of factors predictive of patients’ OS
3. BEOSTMEENRETE S

Variables Before PSM After PSM

HR (95% CI) P value HR (95% CI) P value

Group, F5~6 (vs. FO~4) 1.340(1.104~1.626) 0.003 1.284(0.993~1.660) 0.057

Age at diagnosis, >60 (vs. <60) 1.433 (1.270~1.617)  <0.001  1.302 (1.004~1.689)  0.047
Sex, female (vs. male) 1.247 (1.083~1.437) 0.002 1.153 (0.844~1.574) 0.371
AJCCT, 7thed., T3~4 (vs. T1(12) 0.791 (0.507~1.235) 0.302 0.777 (0.318~1.901) 0.581
AJCC N, 7th ed., N1 (vs. NO) 0.393 (0.098~1.574) 0.187 / 0.951

AJCC M, 7th ed., M1 (vs. MO) 0.965 (0.310~3.000) 0.950 / /

Tumor size, >1 cm (vs. <1 cm) 0.442 (0.142~1.377) 0.159 0.377 (0.093~1.533) 0.173
Race Black(vs. White) 1.224 (0.988~1.515)  0.064  0.912 (0.582~1.428)  0.686

Race Other(vs. White) 0.817 (0.692~0.964) 0.016 0.593 (0.424~0.829) 0.002

AFP, Negative (vs. Positive/elevated) 1.046 (0.920~1.190) 0.493 0.976 (0.734~1.298) 0.868

Grade, Moderately differentiated; Grade Il
(vs. Well differentiated; Grade I)

Grade, Poorly differentiated; Grade 111
(vs. Well differentiated; Grade I)

Grade, Undifferentiated; anaplastic; Grade IV

1.159 (0.999~1.344) 0.051 1.422 (1.037~1.951) 0.029

0.819 (0.632~1.062) 0.133 0.731 (0.452~1.180) 0.199

(vs. Well differentiated; Grade I) 0.754 (0.242~2.352) 0.627 / 0.952
Lymph involvement, Yes (vs. No ) 0.714 (0.267~1.906) 0.501 / 0.954
Distant metastasis, Yes (vs. No ) 1.166 (0.436~3.113) 0.760 1.000 (0.143~6.998) 1.000

OS, overall survival; PSM, propensity score matching; HR, hazard ratio; CI, confidence interval; AJCC, American Joint
Cancer Committee; AFP, alpha-fetoprotein.
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Table 4. Multivariate analysis of factors predictive of patients” OS
4. BEOSTUNERNEZSTENH

Variables HR (95% CI) P value
Fibrosis Score, F5~6 (vs. FO~4) 1.461 (1.191~1.792) <0.001
Age at diagnosis, >60 (vs. <60) 1.383 (1.220~1.567) <0.001
Race Black(vs. White) 0.883 (0.703~1.110) 0.288
Race Other(vs. White) 0.834 (0.702~0.989) 0.037
Sex, female (vs. male) 1.141 (0.988~1.317) 0.073
AJCC T, 7thed., T3~4 (vs. T1~2) 0.520 (0.328~0.825) 0.005
AJCC N, 7thed., N1 (vs. NO) 0.447 (0.111~1.799) 0.257
Tumor size, >1 cm (vs. <1 cm) 0.742 (0.236~2.332) 0.609
AFP, Negative (vs. Positive/elevated) 1.072 (0.940~1.222) 0.299
Grade, Moderately differentiated; Grade 11 (vs. Well differentiated; Grade 1) 0.988 (0.850~1.150) 0.881
Grade, Poorly differentiated; Grade 111 (vs. Well differentiated; Grade 1) 0.896 (0.686~1.170) 0.421
Grade, Undifferentiated; anaplastic; Grade I\VV(vs. Well differentiated; Grade I) 1.022(0.323~3.233) 0.970

HR, hazard ratio; CI, confidence interval; AJCC, American Joint Cancer Committee; AFP, alpha-fetoprotein.
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Figure 3. Post-liver transplant patients with HCC survival nomogram (a) and calibration curves (b)
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