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Purpose: Hepatocellular carcinoma (HCC) remains a major cause of cancer-related mortality worldwide and is particularly prevalent
in Taiwan. While curative treatments offer favorable outcomes for early-stage HCC, prognostic factors change and option medical
strategy remain uncertain in long term survival early-stage HCC.

Patients and Methods: This retrospective study analyzed 1144 patients with BCLC stage 0 or A HCC from a cancer registry
(2011-2020) followed through 2023. Prognostic factors were evaluated using Cox regression. Subgroup analyses were performed on
patients who survived over five years, and further stratified into 5-10 years and >10 years survival groups to assess treatment outcomes
and tumor-free status (TFS).

Results: Age >65, Child-Pugh B, and non-curative treatment were consistent poor prognostic factors; HBV-related HCC was
associated with improved survival. Among patients surviving >10 years, higher TFS rates and lower stage progression were observed
compared to those surviving 5—10 years. Curative treatment significantly increased the likelihood of achieving TFS (p = 0.044).
Conclusion: Long-term survival in early-stage HCC is influenced by age, liver function, viral etiology, and treatment strategy.
Curative treatments significantly improve outcomes, and maintaining curative treatment options is crucial for patients who experience
recurrence while still in the early stage of HCC.

Keywords: long-term survival, prognostic factors, early-stage HCC, treatment strategy

Introduction

Hepatocellular carcinoma (HCC) is commonly diagnosed cancer and the leading cause of cancer related-death
worldwide." It is the second cause of cancer-related death and the fourth most common newly diagnosed cancer in
Taiwan.” Despite advances in various treatment modalities, HCC remains a disease that requires close clinical attention.
In early-stage HCC, curative treatment is often achievable, and complete tumor eradication can lead to favorable long-
term outcomes. Therefore, clinical decision-making and treatment strategies for patients with early-stage HCC must be
approached with particular care and precision.

Previous studies have extensively explored the prognostic factors associated with HCC, as well as survival and
recurrence outcomes related to initial treatment modalities.> > However, most prognostic factor analyses have focused on
survival within five years of diagnosis.® Given the increasing availability and efficacy of therapeutic options, many early-
stage HCC patients now survive beyond five years. Nevertheless, limited research has investigated long-term prognostic

factors (survival beyond five years) and the evolution of treatment strategies in these long-term survivors. Therefore, this
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study was designed to investigate the prognostic factors and therapeutic strategies associated with long-term survival in
patients with early-stage HCC.

This study aims to focused on the following key questions: (1) Do the prognostic factors for early-stage HCC change
in patients who survive more than five years, and which of these factors are associated with long-term survival? (2) What
are the curative treatment and stage progression rates among early-stage HCC patients who achieve long-term survival?
(3) What clinical characteristics and treatment strategies are associated with higher tumor-free status and favorable long-
term outcomes?

Materials and Methods

Population and Data Collection
This retrospective study was conducted using data from the cancer registry of a regional hospital, including patients
diagnosed with hepatocellular carcinoma (HCC) between January 2011 and December 2020, with follow-up extending
through December 2023. The registry provided comprehensive baseline information, including patient sex, age, tumor
stage, viral etiology, liver function reserve (Child-Pugh classification), date and stage at diagnosis, and tumor marker
levels. Additional clinical data such as initial treatment type, time to recurrence, subsequent treatments, and date of death
or last follow-up were obtained through detailed manual review of individual medical records. Among the 1144 patients
included, 22 (1.9%) had missing Child-Pugh scores. These cases were retained in the overall analysis due to complete-
ness of other key variables but were excluded from subgroup analyses where liver function classification was essential.
Patients were excluded if they had received any prior HCC-related treatment before the recorded diagnosis, had an
uncertain disease stage, were diagnosed with advanced-stage HCC (BCLC stage B, C, or D), or had incomplete treatment
records due to referral to other institutions. Following the application of these criteria, only patients with early-stage HCC
(BCLC stage 0 or A) and complete treatment and follow-up data were included in the analysis. Curative treatments were
defined as surgical resection, liver transplantation, or tumor ablation, while non-curative treatments encompassed all
other therapeutic modalities. Tumor-free survival (TFS) was defined as the state in which no viable tumor was detected
by dynamic contrast-enhanced imaging (CT or MRI) for at least 6 months following the last treatment session. Patients
who remained within the early-stage classification, achieved complete tumor elimination, and experienced no recurrence
within up to three treatment sessions were classified as having achieved TFS.

Study Design

The study was conducted in two parts. The first part aimed to identify prognostic factors associated with overall survival,
with additional focus on factors specifically predictive of survival beyond five years. Seven key variables were selected
based on existing literature: age, sex, viral etiology (hepatitis B or C), tumor burden (tumor number), liver function
reserve (Child-Pugh classification), serum tumor marker (AFP level), and initial treatment modality. A subgroup analysis
was conducted on patients who survived more than five years, applying the same evaluation framework to further explore
characteristics associated with long-term survival.

The second part of the study focused on long-term survivors, comparing patients who survived beyond ten years with
those who survived between five and ten years. Patients who were still alive at the last follow-up but had not yet reached
ten years of survival were excluded from this comparison. Baseline characteristics and treatment courses were compared
between these two subgroups. In addition, treatment outcomes were analyzed by assessing tumor-free status and stage
progression rates. Stage progression was defined as advancement to BCLC stage B or C or D. The proportion of curative
treatments relative to total treatment sessions was also examined, particularly in patients who achieved tumor-free status,
to evaluate whether curative interventions were associated with better long-term outcomes.

Statistical Analysis

Descriptive statistics, including means with standard deviations and percentages, were used to summarize patient
demographics and clinical characteristics. Categorical variables were compared using chi-square tests, with or without
Yates’ correction, or Fisher’s exact test as appropriate. Survival analyses were performed using the Kaplan—-Meier
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method and Cox proportional hazards regression models. Statistical significance was defined as a two-tailed p-value of
less than 0.05. All statistical analyses were conducted using R version 4.2.3 (R Foundation for Statistical Computing).
This study was approved by the Institutional Review Board of Chang Gung Memorial Hospital, Chiayi Branch (IRB
number: 202500300B0). Informed consent was waived due to the retrospective design. All data were anonymized prior

to analysis to ensure patient confidentiality.

Results

Between 2011 and 2020, a total of 3170 patients with hepatocellular carcinoma (HCC) were registered in the cancer
registry and followed up until December 2023. Patients were excluded if they had undergone prior treatment, had an
unknown disease stage, were classified as BCLC stage B or later, no available treatment records, or were transferred to
other institutions. Ultimately, 1144 patients with early-stage HCC (BCLC 0 or A) were included in the analysis. These
patients were categorized into three groups based on survival duration: less than 5 years, 5 to 10 years, and more than 10
years (shown in Figure 1). The median survival of the entire cohort was 81.8 months. Specifically, patients with BCLC

Total registration HCC new patients
from 2011 to 2020, n =3170

Exclusion (1), n =407
* Treatment experienced, 7 = 390

v

* Undefined tumor stage, n =17

Available BCLC stage, n =2763

Exclusion (2), n = 1452
* Stage B, n =589
» Stage C, n =687
» Stage D, n =176

A4
BCLC stage 0, n =309
BCLC stage A, n =1002

Exclusion (3), n =167
* No treatment, 7 =151

* Transfer to hospital, # =16

[ l

Survived or Observed for 5-10 years Survived for more
observed for <5 censor, n =309 than 10 years, 1 =123
years, 1 = 525 mortality, n = 187

Figure | Patient selection flowchart.

Notes: From 3170 registered hepatocellular carcinoma (HCC) cases (2011-2020), exclusions were made based on prior treatment, undefined staging, and advanced BCLC
stages. A total of |144 early-stage HCC patients (BCLC stage 0 and A) were included for analysis, with subgroup classifications by survival duration.

Abbreviations: HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver Cancer.
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stage 0 (n = 260) had a median survival of 17.9 months, while those with stage A (n = 884) had a median survival of 76.2
months (p = 0.0012) (shown in Figure 2).

In univariate analysis, the following were identified as poor prognostic factors: age >65 years, presence of multiple
tumors, non-viral etiology, Child-Pugh class B, AFP > 20 ng/mL, and non-curative initial treatment, with hazard ratios
(HRs) of 1.54, 1.43, 2.48, 1.85, 1.44, and 2.21, respectively. In contrast, patients with HBV-related HCC who received
curative treatment had a significantly lower risk of mortality (HR = 0.44). In multivariate analysis, the variable “multiple
tumors” was no longer statistically significant (Table 1) Focusing on the subgroup of 619 patients who survived more
than 5 years, both univariate and multivariate analyses showed age >65 years, Child-Pugh class B and non-curative
treatment were poor prognostic factors, while HBV-related HCC was good prognostic factors (Table 2).

Summarizing findings in Tables 1 and 2, findings were as follows. 1. After multiple adjustment, “multiple tumors” was no
more significant. 2. Limited patients with longer survival, effect of “AFP >400” disappeared. 3. Comparing to Table 1,
proportions of poor prognostic factors decreased in Table 2, ic “Age > 65 years” from 52.4% to 46.4% (11.5% decrease), “non-
hepatitis B” from 74.2% to 69.8% (5.9% decrease), “Child-Pugh Class B” from 5.6% to 3.1% (44.6% decrease) and “non-
curative treatment” from 13.2% to 8.7% (34.1% decrease). 4. “Child-Pugh B” affected small proportion of patients, but with
highest HR, highest proportion decrease. 5. “Age > 65 years” and “hepatitis B-related” involved large proportion and with
stationary effects. 6. The only modifiable factor “initial treatment” plays significant role of both analyses.

During this study period, a total of 123 patients with early HCC lived for more than 10 years and 187 patients died
within 5 to 10 years. Patient characteristics about age, gender, hepatitis, AFP, child score, and BCLC stage were
demonstrated in Table 3. In survival more than 10 years group, the patient had younger ages, and more hepatitis
B carriers compared with survival 5-10 years group.

Comparing to Table 2, proportions of poor prognostic factors decreased in patients survived for than 10 years, “Age
> 65 years” from 46.4% to 33.3% (28.2% decrease), “non-hepatitis B” from 69.8% to 65.0% (6.9% decrease), and

Median survival

1.00- — Total n= 1144 81.8 months
' ——— BCLCstage0 n= 260 107.9 months
BCLC stage A n= 884 76.2  months

0.751

. log-rank test p=0.0012
W* e n ol s .

Overall survival
[ —
o
| e
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0 12 24 36 48 60 72 84 96 108 120 132 144 156
Follow-up (month)

Number of Patients

Total 1144 1069 955 842 744 619 470 359 248 180 123 84 42 9
LCstage 0 260 245 230 211 188 152 108 83 59 50 34 18 8 1
JLCstage A 884 824 725 631 556 467 362 276 189 130 89 66 34 8

o o

Figure 2 Kaplan—Meier survival curves of early-stage HCC patients stratified by BCLC stage 0 (n = 260) and stage A (n = 884), indicating the overall survival differences
between the two groups.
Abbreviations: HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver Cancer.
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Table 1 Characters and Biomarkers on Patients Initially Diagnosed with Early-Stage Hepatocellular
Carcinoma in Cancer Registry at Regional Hospital from 2011-2020. Total | 144 Patients

Variables No. Patients (%) Univariate Analysis Multivariate Analysis
HR (95% C.1.) p-value HR (95% C.l.) p-value
Age, years
<65 545 (47.6%) Reference Reference
>65 599 (52.4%) 1.54(1.32,1.81) <0.001 1.49(1.27,1.76) <0.001
Gender
Male 792 (69.2%) 0.92(0.78,1.09) 0.352
Female 352 (30.8%) Reference
Tumor number
Single 824(72.0%) Reference <0.001
Multiple 320(28.0%) 1.43(1.21,1.69)
Hepatitis
HBsAg (+) 295 (25.8%) 0.44(0.33,0.59) <0.001 0.50(0.37,0.68) <0.001
Anti-HCV (+) 621 (54.3%) 0.77(0.60,0.99) 0.039 0.72(0.55,0.94) 0.014
Both 118 (10.3%) 0.71(0.51,0.99) 0.045 0.66(0.47,0.93) 0.017
Neither 110 (9.6%) Reference
Child—Pugh grade
A 1058 (92.5%) Reference Reference
B 64 (5.6%) 2.48(1.87,3.28) <0.001 2.38(1.79,3.16) <0.001
NA 22(1.9%) - -
AFP (ng/mL)
<20 626 (54.7%) Reference Reference
20-400 376 (32.9%) 1.26(1.06,1.49) 0.008 1.27(1.07,1.51) 0.008
>400 142 (12.4%) 1.44(1.14,1.82) 0.002 1.44(1.13,1.84) 0.003
Initial treatment
Curative 993 (86.8%) Reference Reference
Non-curative 151 (13.2%) 2.21(1.82,2.68) <0.001 2.02(1.64,2.48) <0.001

Notes: Using stepwise Cox regression. Both: HBsAg (+) and Anti-HCV (+), Neither: non-B non-C hepatitis.

Table 2 Characters and Biomarkers on Patients Initially Diagnosed with Early-Stage
Hepatocellular Carcinoma in Cancer Registry at Regional Hospital from 2011-2020 with
Survival Over 5 Years. Total 619 Patients

Variables No. Patients (%) | Univariate Analysis Multivariate Analysis
HR (95% C.l.) | p-value | HR (95% C.l.) | p-value
Age, years
<65 332 (53.6%) Reference Reference
>65 287 (46.4%) 1.62(1.23,2.13) <0.001 1.48(1.11,1.96) 0.007
Gender
Male 438 (70.8%) 0.81(0.61,1.09) 0.158
Female 181 (29.2%) Reference
Tumor number
Single 459(74.2%) Reference
Multiple 160(25.8%) 1.27(0.94,1.73) 0.124
Hepatitis
HBsAg (+) 187 (30.2%) 0.34(0.20,0.58) <0.001 0.39(0.23,0.67) <0.001
Anti-HCV (+) 322 (52.0%) 0.71(0.45,1.18) 0.138 0.70(0.43,1.17) 0.132
Both 64 (10.3%) 0.74(0.42,1.31) 0.308 0.69(0.38,1.24) 0.211
Neither 46 (7.4%) Reference Reference

(Continued)
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Table 2 (Continued).

Variables No. Patients (%) | Univariate Analysis Multivariate Analysis
HR (95% C.l.) | p-value | HR (95% C.1.) | p-value
Child-Pugh grade
A 585 (94.5%) Reference
B 19 (3.1%) 2.07(1.09,3.92) 0.025 2.03(1.07,3.85) 0.031
NA 15(2.4%) - -
AFP (ng/mL)
<20 354 (57.2%) Reference
20-400 198 (32.0%) 0.95(0.70,1.29) 0.755
>400 67 (10.8%) 1.11(0.72,1.72) 0.628
Initial treatment
Curative 565 (91.3%) Reference Reference
Non-curative 54 (8.7%) 1.73(1.19,2.51) <0.001 1.68(1.14,2.47) 0.009

Notes: Using stepwise Cox regression.
Abbreviations: AFP: Alpha-fetoprotein; NBNC: non-B non-C hepatitis; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

Table 3 Characters and Biomarkers on Patients Initially Diagnosed with Early-Stage
Hepatocellular Carcinoma in Survival Over 10 Years Group and Survival 5-10 Years
Group

Variables Survived for 5 to Survived or Observation P value
10 Years (n=187) Period >10 Years or
Longer (n=123)
Age (year; mean+SD) 66.91£9.5 60.7£10.6
<65, n (%) 85(45.5%) 82(66.7%) <0.001
>65, n (%) 102(54.5%) 41(33.3%) <0.001
Gender
Male, n (%) 126(67.4%) 87(70.7) 0.619
Female, n (%) 61(32.6%) 36(29.3) 0.619
Tumor numbers
Single, n (%) 136(72.7%) 99(80.5%) 0.154
Multiple, n (%) 51(27.3%) 24(19.5%) 0.154
Hepatitis
HBsAg (+), n (%) 38(20.3%) 43(35.0%) 0.006
Anti-HCV (+), n (%) 106(56.7%) 58(47.2%) 0.126
Both, n (%) 23(12.3%) 16(13.0%) 0.993
Neither, n (%) 20(10.7%) 6(4.8%) 0.110
Child-Pugh grade
A, n (%) 175(93.6%) 114(92.7%) 0.819
B, n (%) 8(4.3%) 2(1.6%) 0.325
NA 4(2.1%) 7(5.7%) 0.121
AFP
<20, n (%) 108 (57.8%) 70 (56.9%) 0.976
20400, n (%) 57(30.4%) 40(32.5%) 0.8
>400, n (%) 22(11.8%) 13(10.6%) 0.887
First treatment
Curative, n (%) 162 (86.6%) 107 (87%) 0.927
Non-curative, n (%) 25 (13.4%) 16(13%) 0.927

Abbreviations: AFP, Alpha-fetoprotein; Non-B, non-C (NBNC) hepatitis; HBV, Hepatitis B virus; HCV, Hepatitis
C virus.
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“Child-Pugh Class B” from 3.1% to 1.6% (48.4% decrease) while “non-curative treatment” increased from 8.7% to
13.0% (49.4% increase).

Treatment results of not only initial treatment session but also the 2nd and 3rd treatment sessions were shown in
Figure 3. In the group of 123 patients who survived for more than 10 years, a treatment flowchart (shown in Figure 3)
was created based on the number of treatments and recurrence status. In the initial treatment, 52 (42.3%) out of 123
patients achieved tumor-free status (TFS). The 71 recurrent cases, but 2 with stage progression, underwent 2nd treatment,
and 35 (35/69=50.7%) achieved TFS. The 34 patients experienced the 2nd recurrence, but one with stage progression,
underwent the 3rd treatment, and 13 (13/33=39.4%) achieved TFS. In the 123 patients, 100 (81.3%) achieved TFS within
3 sessions of treatment. The TFS rate per treatment sessions was 44.4% (100 TFS/ 225 sessions).

Early stage HCC Patients who survived for 10 years or longer (n=123)

| Recurrence after Initial treatment

Prompt|treatment and re-treatment Early|detection of occurrence and recurrence |

No (n=52) Yes (n=69) Yes with stage progression (SP) (n=2)

42.3% (52/123) ‘ Recurrence after 2nd treatment

l |
X

50.7% (35/69) | Recurrence after 3rd treatment

' CED =B ) £

No (n=13)
39.4% (13/33)

No (n=100)

44.4%(100/225)

Early stage HCC Patients who survived for 5- 10 years (n=187)

| Recurrence after Initial treatment
Prompt treatment and re-treatment Early detectipn of occurrence and recurrence |

No (n=61) Yes (n=99) Yes with stage progression (SP) (n=27)

32.6(61/187) ' Recurrence after 2nd treatment

[
o= i
24.2% (24/99) Recurrence after 3rd treatment
v I oo Y

29.6% (16/54)

No (n=101)

29.7%(101/340)

Figure 3 Treatment outcomes of patients who survived >10 years and survived 5-10 years across their first three treatments.
Note: Outcomes include tumor-free status, recurrence within early-stage HCC (BCLC 0 or A), and progression beyond BCLC stage B.
Abbreviations: HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver Cancer.
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In the group of 187 patients who survived for 5-10 years group, a treatment flowchart (shown in Figure 3) was
created based on the number of treatments and recurrence status. In the initial treatment, 61 (32.6%) out of 187 patients
achieved tumor-free status. The 126 recurrent cases, but 27 with stage progression, underwent 2nd treatment, and 24 (24/
99=24.2%) achieved TFS. Seventy-five patients experienced the 2nd recurrence, but 21 with stage progression, under-
went the 3rd treatment, and 16 (16/54=29.6%) achieved TFS. In the 187 patients, 101 (54%) achieved TFS within 3
sessions of treatment. The TFS rate per treatment sessions was 29.7% (101 TFS/ 340 sessions).

Compared survival over 10 years group with survival 5-10 years group related to their first 3 sessions of treatment
(Table 4). After 1st treatment, 52 patients (42.3%) achieved TFS in survival over 10 years group, and 61 patients (32.6%)
achieved TFS in survival 5-10 years group. There was no statistical significance (P=0.084). After the 2nd treatment,
70.7% of patients in survival over 10 years compared with 45.5% of patients in survival 5-10 years achieved TFS with
statistical significance (P<0.001). One hundred patients (81.3%) in survival over 10 years group achieved, and 101
patients (54%) in survival 5-10 years had TFS. There was statistical significance (P<0.001).

In cumulating stage progression, after the first three sessions treatment, only 5 patients (4.1%) in the >10-year group
experienced stage progression compared to 58 patients (31%) in the 5-10-year group (p < 0.001). Similar significant
differences were observed after the first and second treatment sessions.

In total, there were 225 treatment sessions in the >10-year survival group and 340 sessions in the 5—-10-year group, all
within early-stage disease. (Table 5). In initial treatment, 107 curative treatment sessions (87%) in survival over 10 years
compared to 156 curative treatment sessions (83.4%) in survival 5-10 years were no statistical significance (P=0.391). In
2nd treatment, curative treatment ratios were 71% (49/69) compared to 61.6% (61/99) with no statistical significance.
(P=0.207) There was statistical significance (P=0.092) in 3rd treatment and total first sessions treatment. (P=0.041).
Compared curative treatment ratios in the first three treatments, gradually decreased curative treatment ratio was found in
two groups (P of trends 0.002 and <0.001).

In survival over 10 years group, there were 100 patients with TFS in total 225 first three sessions treatment. A total of
101 patients achieved TFS in total 340 first three sessions treatment in survival 5-10 years group. Compared to the
tumor-free status ratio, patients in survival over 10 years group had better ratio (44.4% vs 29.7%) with statistical
significance (P<0.001). In the >10-year group, 85 patients achieved TFS with 178 curative sessions, and 15 achieved TFS
with 47 non-curative sessions. Curative treatments were significantly associated with better TFS rates (p = 0.044).

Table 4 Patients with Early-Stage Liver Cancer Who Received the First
Three Treatments and Stage Progression Status During Follow-Up Period
Were Divided into Two Groups: Over 10 Years and Survival 5-10 Years

Survival Survival p value
>10 Years 5-10 Years
Total patients (No.) 123 187
n (%) n (%)
Cumulating Tumor free status
After I* treatment 52 (42.3%) 61 (32.6%) 0.084
After 2™ treatment 87 (70.7%) 85 (45.5%) <0.001
After 3™ treatment 100 (81.3%) 101 (54.0%) <0.001
Cumulating stage progression
After I* treatment 2 (1.6%) 27 (14.4%) <0.001
After 2™ treatment 3 (2.4%) 48 (25.7%) <0.001
After 3™ treatment 5 (4.1%) 58(31.0%) <0.001

Notes: Tumor free status: defined as tumor-free status after 3 or less treatments till the end
of observation. Stage progression: stage progression beyond BCCL B.
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Table 5 Patients with Early-Stage Liver Cancer Who Received the First Three
Treatments Based on Tumor Free Status and Treatment Types, the Patients Were

Divided into Two Groups: Over 10 Years and Survival 5-10 Years

Survival >10 Years | Survival 5-10 Years | p value

Total first three treatment times | 225 340

Underwent curative treatment 1781225 (79.1%) 243/340 (71.4%) 0.041
I* treatment 107/123 (87.0%) 156/187 (83.4%) 0.391
2" treatment 49/69 (71.0%) 61/99 (61.6%) 0.207
3" treatment 22/33 (66.7%) 26/54 (48.1%) 0.092
p for trends 0.002 < 0.001

Achieve tumor free status 100/225 (44.4%) 101/340 (29.7%) <0.001
Curative 85/178 (47.8%) 78/243 (32.1%) <0.001
Non-curative 15/47 (31.9%) 23/97 (23.7%) 0.295
p value 0.044 0.110

Notes: Tumor free status: defined as tumor-free status after 3 or less treatments till the end of observation.
Curative treatment included operation and tumor ablation. Noncurative treatment included other treatment.

Discussion

A review of previous literature review reveals that many studies have focused on whether initial treatment influences
long-term prognosis in patients with hepatocellular carcinoma,”® or have investigated which patient characteristics are
best suited for specific initial treatment modalities.'®'" Additionally, prognostic factor analyses frequently identify
variables such as liver function reserve, BCLC stage, and tumor biomarkers, though these are largely non-modifiable
factors. Therefore, there is growing interest in identifying modifiable factors that could guide adjustments in therapeutic
strategies.'” Notably, few studies have explored the role of serial treatment strategies in early-stage HCC. Therefore, our
study focuses on the prognostic factors change and serial treatment strategies in long term survival early-stage HCC
patients. Patients with early HCC in this study was 1144 number. Two hundred and sixty patients in BCLC 0 with five-
year survival rate of 9.0 years, and 884 patients in BCLC A with five-year survival rate of 6.4 years, which met the
international standard.'® Although our study population was relatively limited in size, the sample was significant to
enable detailed, case-by-case chart reviews, allowing for delicate clinical insights.

In Table 1, based on published references,'* it examined the interplay among multiple prognostic variables, revealing that not
all traditionally poor prognostic factors remain significant in long-term survivors. Through these analyses, we gained insight into
the relative importance of each variable and were thus able to streamline our selection process, focusing on the most clinically
relevant predictors for inclusion in further modeling and interpretation. These prognostic factors included age, viral etiology, liver
function reserve (Child-Pugh classification), biomarker (AFP), and tumor numbers. The results are consistent with previous
studies.'>!'® This study added treatment which represented whether receiving curative treatment. This prognostic factor is
amodifiable prognostic factor different from the others. In overall early-stage patients, age >65 years, multiple tumors, non-HBV
etiology, Child-Pugh class B, AFP >400 ng/mL, and non-curative treatment were all associated with poorer survival outcomes.
However, in multivariate analysis, multiple tumors did not remain a significant factor, and it possibly indicated that effective
treatment strategies can overcome the prognostic impact of limited tumor multiplicity. When analysis was limited to patients who
survived more than five years (Table 2), both univariate and multivariate analyses showed that multiple tumors and AFP >400 ng/
mL were no longer significant prognostic factors. It is also possible that patients with an initial AFP >400 ng/mL who survived
beyond five years had favorable treatment responses, thereby mitigating the adverse prognostic effect typically associated with
elevated AFP levels. To further explore the impact of these variables, we analyzed the changes in patient proportions and hazard
ratios (HRs) for each factor before and after the five-year mark. Prognostic factors associated with both a high patient proportion
and a high hazard ratio warrant greater clinical attention. Among poor prognostic factors in this study, in Table 1, the most
prevalent were non-HBV hepatitis (74.2%), age >65 years (52.4%), multiple tumors (28.0%), non-curative treatment (13.2%),
AFP > 400 ng/mL (12.4%), and Child-Pugh class B (5.6%). Among these, non-HBYV etiology, Child-Pugh B, and non-curative
treatment had HRs >2, indicated higher risk. Non-HBV hepatitis was both high prevalent and associated with high risk. Age >65
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years and multiple tumors were prevalent but had relatively lower risk. Child-Pugh B and non-curative treatment were less
frequent but had high risk. AFP > 400 ng/mL was neither prevalent nor strongly predictive of poor outcome in the long term.
Because the 5-year survival rates for BCLC stage 0 and A exceed 50%,'” we conducted an analysis and comparison of prognostic
factors among patients who were in the early stages and survived more than five years.

As shown in Tables 2 and 6, among patients who survived more than five years, the proportions of several established
risk factors declined across all categories.

In patients who survived beyond five years, the prevalence of several poor prognostic factors decreased across all
categories, with the most notable reductions observed in Child-Pugh B (—44.6%) and non-curative treatment (—34.1%).
Although modest declines were also noted in AFP > 400 ng/mL, multiple tumors, and advanced age, age >65 years and
non-HBYV etiology remained relatively common, suggesting their sustained impact on long-term prognosis.

In patients who survived beyond 10 years, the prevalence of several poor prognostic factors also decreased across all
categories. However, the rate of initial non-curative treatment did not decrease as expected. Since treatment modality is

Table 6 The Significant Prognostic Factors Were Summarized by the Proportions of Patients from
Tables |1-3, Categorized into Three Groups: the Overall Patient, Those Who Survived More Than
Five Years, and Those Who Survived More Than Ten Years

Variables Overall (%) Survival Over Survival Over P for Trends in Poor
5 Years 10 Years Prognostic Factor
Age, years
<65 545 (47.6%) 332 (53.6%) 82(66.7%) <0.001
>65 599 (52.4%) 287 (46.4%) 41(33.3%)
Decreased % 6% 13.1%

Tumor number

Single 824(72.0%) 459(74.2%) 99(80.5%) 0.049
Multiple 320(28.0%) 160(25.8%) 24(19.5%)
Decreased % 2.2% 6.3%

Hepatitis
HBsAg (+) 295 (25.8%) 187 (30.2%) 43(35.0%) 0.007
Non-hepatitis B 849 (74.2%) 432 (69.8%) 80(65.0%)
Decreased % 4.4% 4.8%

Child—Pugh grade

A 1058 (92.5%) 585 (94.5%) 114(92.7%) 0.004
B 64 (5.6%) 19 (3.1%) 2(1.6%)

Decreased % 2.5% 1.5%

NA 22(1.9%) 15(2.4%) 7(5.7%)

AFP (ng/mL)

<20 626 (54.7%) 354 (57.2%) 70 (56.9%)

20-400 376 (32.9%) 198 (32.0%) 40(32.5%) 0.306
>400 142 (12.4%) 67 (10.8%) 13(10.6%)

Decreased % 1.6% 0.2%

Initial treatment

Curative 993 (86.8%) 565 (91.3%) 107 (87%) 0.074
Non-curative 151 (13.2%) 54 (8.7%) 16(13%)
Decreased % 4.5% —4.3%

2902 https: Journal of Hepatocellular Carcinoma 2025:12



Pan et al

a modifiable factor, not only the initial therapy but also the choice and effectiveness of subsequent treatments can
continue to influence survival outcomes.

Each variable is discussed in detail below:

Specifically, age >65 years decreased by 6% (a relative reduction of 11.5%). Age >65 years is inherently non-
modifiable. Its adverse effect on long-term survival persisted in the extended follow-up cohort and may even become
more pronounced due to age-related comorbidities and functional decline.

Non-HBV etiology by 4.4% (5.9% reduction), and it also remained a significant poor prognostic factor. Although antiviral
therapy for HBV is now widely available in Taiwan and has improved outcomes for these patients, those with non-HBV-related
liver disease—such as alcohol-related liver disease or non-alcoholic fatty liver disease (NAFLD)—often lack disease-modifying
therapies. Once such conditions progress to hepatic fibrosis, the associated poor prognosis becomes difficult to reverse.

Multiple tumors decreased by 2.2% (7.9% reduction) and AFP >400 ng/mL decreased by 1.6% (14.6% reduction). These
two prognostic factors appeared to lose their prognostic relevance in the long-term survivor subgroup. In early-stage HCC,
tumor multiplicity typically remains within three nodules and can be effectively managed through appropriate curative
treatment strategies. Likewise, although AFP >400 ng/mL was a significant prognostic marker in the overall cohort, it became
non-significant after five years. It was indicated that some patients with high AFP levels can still achieve curative outcomes.
Therefore, in patients who survive beyond five years, baseline high AFP level may not be a reliable predictor of long-term
survival. Notably, only 1.6% of the long-term survivors had baseline AFP levels exceeding 400 ng/mL.

Child-Pugh class B decreased by 2.5% (44.6% reduction), and it was the indicator of impaired liver function. It
remained a strong predictor of poor prognosis despite its low initial prevalence (5.6%). Its proportion further decreased
among long-term survivors, suggesting that patients with decompensated liver function were less likely to achieve
extended survival, either due to disease progression or limited treatment tolerance. Patients with Child-Pugh class B may
have the potential for improvement following treatment, although the likelihood is relatively low. Since liver function can
deteriorate following HCC treatment, the variable needs close monitoring in therapeutic planning.

Among all variables, non-curative treatment was the only modifiable prognostic factor. It was consistently associated
with worse outcomes in both the overall cohort and the long-term survivor group. Although only 13.2% of patients
initially received non-curative treatment, the notable reduction in its prevalence among those surviving beyond five years
underscores its substantial impact on survival. Initial treatment alone is insufficient to fully reflect the impact of
therapeutic intervention or prediction in long term survival patient, but subsequent treatments can still influence survival
outcomes. These findings highlight a critical area for clinical improvement, emphasizing the importance of prioritizing
curative strategies whenever feasible in early-stage HCC.

Age over 65, Child-Pugh class B liver function, and non-curative treatment remained consistent adverse prognostic factors in
both the overall and long-term survival analyses, suggesting that these variables have a stable impact on long-term outcomes.

Therefore, in the focus of long-term prognosis for early-stage hepatocellular carcinoma, curative treatment should be
a priority, and careful monitoring of liver function is essential when evaluating treatment strategies to avoid progression
to Child-Pugh class B. Additionally, patients with hepatitis B virus (HBV) infection were found to have relatively better
outcomes, likely reflecting the benefits of early antiviral intervention and widespread access to treatment.

As shown in Table 3, patients who survived over ten years were generally younger and had a higher prevalence of
hepatitis B virus (HBV) infection compared to those who survived for 5-10 years. These characteristics suggest that this
subgroup may have benefited from earlier detection of HBV carrier status, leading to more aggressive interventions,
regular monitoring, and early screening.

In >10-year survival group, analysis revealed a significant association between curative treatment and the achieve-
ment of tumor-free status (TFS) within the first three treatment sessions. Specifically, 81.3% of patients in the >10-year
survival group achieved TFS, significantly higher than the 54% observed in the survival for 5-10-year survival group.
Initiation of curative treatment within three sessions led to a 27.3% increase in the 10-year tumor-free survival rate.
Regarding stage progression, the 5—10-year survival group had a significantly higher incidence of progression compared
to the >10-year survival group. This may be explained by the relatively lower curative treatment rates in the first three
sessions among patients in the 5—10-year survival group. These findings suggest that achieving a higher TFS rate and
lower stage progression rate are indicated to prolonged survival.
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Among patients who achieved TFS within three sessions, the >10-year survival group consistently showed a slightly
higher proportion of curative treatment in each session, the differences were not statistically significant. However, the
total number of curative treatments over the first three sessions remained higher in the >10-year survival group,
indicating that sustained application of curative strategies across treatment sessions—rather than relying on any single
treatment—may be critical for achieving long-term survival.

Furthermore, both groups exhibited a decreasing trend in the use of curative treatments with each successive
treatment session (p for trend 0.002 and <0.001), suggesting challenges in maintaining curative options over time.

In the >10-year survival group, 44.4% achieved tumor-free status (TFS), which was significantly higher than the
29.7% observed in the 5—10-year survival group. In the >10-year survival group, the cumulative TFS was predominantly
achieved within the first two treatment sessions, with the third session contributing only an additional ~10%, suggesting
that the success of treatment during the initial two sessions may be more critical for achieving long-term tumor control.

Moreover, within the >10-year group, curative treatments were more effective than non-curative treatments in
achieving TFS, with rates of 47.8% versus 31.9%, respectively (p = 0.041). These findings highlight the importance
of consistently selecting curative treatment strategies, even in the setting of repeated recurrences in early-stage HCC, as
such approaches significantly increase the likelihood of achieving and sustaining tumor-free status.

This study has several limitations. First, it was a retrospective, single-center analysis, which may introduce selection
bias and limit the generalizability of the findings. Second, although all cases were carefully reviewed, a proportion of
patients with incomplete follow-up data were excluded, which may also affect the results. Third, as our data were
collected from 2011 to 2020, the potential era bias should be acknowledged because novel systemic therapies such as
immune checkpoint inhibitors were not yet widely implemented during this period, and the outcomes observed may not
fully reflect those under current treatment paradigms.

Conclusion

The survival outcomes of the study population were generally consistent with those expected for early-stage hepatocellular
carcinoma (HCC). However, our findings indicate that the prognostic factors associated with long-term survival differ in part
from those influencing overall survival, particularly in variables that can be modified through clinical intervention. Analysis of
subgroup proportions and hazard ratios revealed that younger age and HBV-related HCC were consistently associated with
favorable prognosis in both short- and long-term contexts. In contrast, Child-Pugh class B remained a strong negative
prognostic factor, albeit with low prevalence. Notably, the initial presence of multiple tumors (1 vs 2-3 nodules) and elevated
AFP (>400 ng/mL) appeared to lose prognostic significance in long-term survivors, suggesting that effective treatment may
change their adverse impact. In the prognostic factor of curative treatment, this study selected two clinical course indicators for
treatment evaluation analysis: achievement of tumor-free status (TFS) within three treatment sessions and the occurrence of
stage progression during those sessions. Both indicators showed significant differences between the comparison groups.
Furthermore, in patients without stage progression, the use of curative treatments—whether as initial or subsequent interven-
tions—was consistently associated with better outcomes.

These findings suggest that, in addition to baseline patient characteristics that are non-modifiable at the time of
diagnosis, several modifiable factors—including the choice of treatment modality, therapeutic efficacy, and early
detection of recurrence—play a critical role in determining long-term prognosis. These are areas in which clinical
decision-making and treatment strategies can meaningfully influence patient outcomes.
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