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Abstract
Background

Curative treatment is the primary goal for hepatocellular carcinoma; however, recurrence or residual
disease often necessitates subsequent therapy. A short interval between initial and subsequent
treatments may reflect limited treatment durability, contribute to hepatic functional deterioration, and
adversely affect prognosis. This study aimed to evaluate survival outcomes according to the initial
treatment modality and investigate the association between the first-to-second treatment interval and
overall survival (OS).

Methods

A total of 10,742 patients from the Korean Primary Liver Cancer Registry were analyzed. Survival
outcomes according to initial treatment were assessed in 9,156 patients, and treatment interval analysis
was performed in 3,874 patients, with patients stratified according to tumor stage and Child—Pugh class.
OS was analyzed, and multivariate Cox regression was used to evaluate treatment interval as an
independent prognostic factor.

Results

Across most Barcelona Clinic Liver Cancer stages and Child—Pugh class subgroups, surgical resection
and local ablative therapies were associated with superior OS compared to locoregional and systemic
therapies. Treatment intervals differed significantly according to initial treatment modality, with curative
or near-curative treatments showing longer intervals than non-curative approaches, consistently
observed across all tumor stages. A longer first-to-second treatment interval was independently
associated with improved OS (hazard ratio, 0.981; p<0.001).

Conclusions

First-to-second treatment interval was independently associated with survival in hepatocellular
carcinoma patients and varied according to the initial treatment modality. These findings suggest that
selecting curative-intent treatment as the initial strategy may prolong treatment intervals and may be
associated with improved clinical outcomes.

Background

Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related mortality worldwide, with an
estimated 5-year overall survival (OS) of 18% [1, 2]. Curative treatments, including liver transplantation
(LT), surgical resection, and radiofrequency ablation (RFA), are feasible in only approximately one-third of
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patients with HCC. The remaining patients typically present with advanced disease, impaired hepatic
function, or poor performance status [2, 3]. These patients are commonly treated with non-curative
modalities, such as transarterial chemoembolization (TACE), radiotherapy, or systemic therapies,
including molecular-targeted agents and immunotherapy [4].

Tumor stage is the primary determinant of initial treatment selection, with hepatic function serving as a
critical additional factor. The Barcelona Clinic Liver Cancer (BCLC) staging system, the most widely used
framework, incorporates both tumor burden and hepatic function. Within this system, patients with
Child—Pugh class (CPC) C are classified as BCLC stage D regardless of tumor characteristics. BCLC
stages A through C include patients with CPC—-A and CPC-B, although recommended treatment
strategies may differ between these groups [5]. In contrast, the modified Union for International Cancer
Control (mUICC) staging system, commonly used in South Korea and Japan, is based solely on tumor
characteristics and does not incorporate hepatic function. As a result, studies evaluating initial treatment
selection and prognosis using both tumor stage and hepatic functional status remain limited [6].

The management of recurrent or residual disease is a distinct consideration beyond the initial treatment
decision. Despite curative-intent therapy, approximately 70% of patients with HCC develop recurrence
within 5 years [2, 4]. These recurrences frequently require additional interventions for residual or
recurrent disease. Previous studies report a median of three treatment sessions, with approximately
27.3% of patients undergoing six or more sessions, underscoring the frequent need for repeated
treatment [7].

Although repeated interventions may reduce tumor burden, they often contribute to progressive hepatic
injury and functional decline [8-10]. Given that approximately 80% of patients with HCC have underlying
cirrhosis [5], the liver's capacity for regeneration following treatment-related injury is limited [11, 12].
Consequently, cumulative hepatic dysfunction during treatment constrains therapeutic options and is
associated with poorer prognosis.

Accordingly, this study aimed to evaluate patient outcomes according to initial treatment modality,
stratified by tumor stage and hepatic functional status, using nationwide cohort data from the Korean
Primary Liver Cancer Registry (KPLCR). We also examined the interval between the first and second
treatments and assessed its independent association with patient survival.

Methods
Study population

We retrospectively analyzed data extracted from the KPLCR, a nationally representative database

comprising approximately 15% of newly diagnosed primary liver cancer cases in South Korea, through

stratified random sampling by geographic region and hospital type, selected from the Korea Central

Cancer Registry. We included patients registered between 2008 and 2015, and the initial dataset

included 10,742 patients with diagnoses of primary liver malignancy. HCC was diagnosed through
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histology or based on characteristic imaging findings (arterial phase hyperenhancement with portal or
delayed phase washout) using contrast-enhanced computed tomography or magnetic resonance
imaging.

Of these, 9,156 patients were included in Analysis 1 (initial treatment comparison cohort) after excluding
those with (1) combined HCC and cholangiocarcinoma, other hepatic malignancies, or uncertain
pathological diagnosis; (2) insufficient information regarding the modality or date of the initial treatment;
(3) missing or incomplete data regarding mUICC, BCLC stage, or CPC; and (4) insufficient survival data
(Fig. 1). For Analysis 2 (treatment interval cohort), additional exclusions were applied to patients who (1)
received supportive care as the initial treatment, (2) received supportive care as the second treatment or
had insufficient data regarding the second treatment, or (3) had insufficient information on the treatment
interval. Consequently, 3,874 patients were included in Analysis 2.

This study was reviewed and approved by the Institutional Review Board of Chungnam National
University Hospital (CNUH IRB: 2020-04-028) and was conducted in accordance with the Declaration of
Helsinki. Informed consent was waived by the ethics committee due to the retrospective nature of the
study.

Data collection and definitions

Using the KPLCR dataset, data on age, sex, presence of diabetes mellitus and hypertension, body mass
index, smoking status, alcohol intake, suspected etiology of HCC, performance status, Child—Pugh score,
and model for end-stage liver disease score were collected. Laboratory data included platelet count,
serum albumin, sodium, total bilirubin, creatinine, international normalized ratio, alpha-fetoprotein (AFP),
and protein levels induced by vitamin K absence or antagonist-1l (PIVKA-II). Tumor characteristics were
assessed using dynamic computed tomography or magnetic resonance imaging, and both the mUICC
and BCLC staging systems were used for tumor staging.

Treatment classification and interval definition

Treatments were categorized into five modalities: (1) Surgical therapy: surgical resection and LT; (2)
Local ablative therapy: RFA, percutaneous ethanol injection, microwave ablation, and other focal ablative
techniques; (3) Locoregional therapy: TACE, transarterial chemoinfusion, transarterial radioembolization,
and external beam radiotherapy; (4) Systemic therapy: Tyrosine kinase inhibitors (sorafenib, lenvatinib),
immunotherapy agents, and combination regimens; and (5) Supportive care.

Study design

Analysis 1 stratified patients with HCC by tumor stage, defined using the BCLC and mUICC staging
systems, and further stratified by CPC. Patients were initially categorized into 12 groups based on the
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combination of mUICC stage and CPC. The combined BCLC stage and CPC stratification yielded eight
groups, as all CPC-C patients were classified as BCLC stage D. OS, defined as the interval from HCC
diagnosis to death from any cause or the last follow-up (censored), was subsequently compared
according to the initial treatment. Analysis 2 investigated the differences in treatment intervals
according to the initial treatment modality and assessed their impact on OS.

Statistical analysis

Categorical variables are presented as frequencies and percentages, whereas continuous variables are
summarized as means with standard deviations or medians with interquartile ranges. OS was estimated
using the Kaplan—Meier method, and survival differences were compared using the log-rank test. Cox
proportional hazards regression analysis was performed to evaluate the effect of the treatment interval
between the first and second treatments on patient survival. Variables with a p-value < 0.1 in univariate
analysis were subsequently entered into the multivariate analysis using the backward stepwise method,
with p < 0.05 retained in the final models. Hazard ratios (HR) and 95% confidence intervals (Cl) were
determined. All statistical analyses were performed using IBM SPSS (version 29.0; IBM Corp., Armonk,
NY).

Results

Baseline characteristics

A total of 9,156 patients were included in Analysis 1, and 3,874 patients were included in Analysis 2.
Their baseline characteristics are summarized in Table 1. The mean age of the patients in Analysis 1 was
60 years, and 79.2% were male. The most common etiology of HCC was hepatitis B virus infection
(63.4%), followed by alcohol consumption (32.7%) and hepatitis C virus infection (12.9%). CPC-A, CPC-
B, and CPC-C were observed in 72.8%, 22.1%, and 5.1% of patients, respectively. BCLC stages 0, A, B, C,
and D accounted for 6.9%, 39.6%, 11.4%, 35.6%, and 6.4% of patients, respectively, whereas those with
mUICC stages |, Il, lll, IVA, and IVB accounted for 14.9%, 37.1%, 25.4%, 12.0%, and 10.6%, respectively.
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Table 1

Baseline characteristics.

Characteristics
Age (year)

Mean + SD
Median (IQR)

Sex, male

DM

HTN

BMI, median (IQR)
HBsAg positive
HCV Ab positive
Alcohol intake
Smoking
Child—Pugh class, A/B/C

MELD score, median (IQR)

Ascites, present

Hepatic encephalopathy history, present

ECOG, 0/1/2/3/4

Tumor number, 1/2-3/4<

Tumor maximum diameter, <2 cm/2 cm

to 5cm/5 cms

Vessel invasion, present

Analysis 1 (n =9,156)
60.0+11.4
59.0 (52.0-68.0)

7249 (79.2%)

2223 (24.5%), missing 79
2949 (32.5%), missing 86
23.6 (21.6-25.8)

5648 (63.4%), missing 247
1110 (12.9%), missing 538
2944 (32.7%), missing 156
4128 (45.5%), missing 80

6666 (72.8%)/2024
(22.1%)/466 (5.1%)

8.0 (7.0-11.0), missing
362

2201 (24.2%), missing 53
201 (2.2%), missing 30

5242 (76.3%)/1189
17.3%)/265 (3.9%)/106
1.5%)/66 (1.0%), missing

2288

5586 (61.0%)/1632
(17.8%)/1937 (21.2%),
missing 1

2399 (26.2%)/3281
(35.9%)/3468 (37.9%),
missing 8

2340 (25.6%)

Analysis 2 (n = 3,874)
59.4+10.8
59.0 (52.0-68.0)

3096 (79.9%)

947 (24.5%), missing 11
1273 (33.0%), missing 15
23.8 (21.8-25.9)

2504 (66.3%), missing 95
503 (13.7%), missing 215
1259 (32.9%), missing 49
1859 (48.1%), missing 8

3187 (82.3%)/627
(16.2%)/60 (1.5%)

8.0 (7.0-10.0), missing
130

622 (16.1%), missing 22
50 (1.3%), missing 10
2528 (82.1%)/482

15.7%)/60 (1.9%)/5
0.2%)/4 (0.1%), missing
795

2299 (59.3%)/901
(23.3%)/674 (17.4%)

1028 (26.5%)/1557
(40.2%)/1289 (33.3%)

802 (20.7%)

Abbreviations: AFP, alpha-fetoprotein; Ab, antibody; BCLC, Barcelona Clinic Liver Cancer; BD, bile duct;
BMI, body mass index; DM, diabetes mellitus; ECOG, Eastern Cooperative Oncology Group
performance status; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; HTN, hypertension;
INR, international normalized ratio; IQR, interquartile range; LN, lymph node; MELD, Model for End-
stage Liver Disease; mUICC, modified Union for International Cancer Control; PIVKA-II, protein
induced by vitamin K absence-Il; PT, prothrombin time; SD, standard deviation.
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Characteristics
BD invasion, present
LN metastasis, present

Distant metastasis, present

mUICC, stage I/1I/11I/IV-A/IV-B

BCLC stage 0/A/B/C/D

AFP, ng/mL

Mean + SD

Median (IQR)

PIVKA-II, mAU/mL

Mean + SD

Median (IQR)

Albumin, mean * SD, g/dL

Total bilirubin, mean + SD, mg/dL

PT, INR, mean + SD

Platelet count, mean + SD, x103/pL

First treatment, Surgical therapy/Local
ablative therapy/Locoregional
therapy/Systemic therapy/Supportive

care

Second treatment, Surgical
therapy/Local ablative

therapy/Locoregional therapy/Systemic

therapy

Analysis 1 (n=9,156)
225 (2.5%)

700 (7.6%)

973 (10.6%)

1362 (14.9%)/3393
37.1%)/2328

25.4%)/1100 (12.0%)/973
10.6%

629 (6.9%)/3630
39.6%)/1046
11.4%)/3267 (35.6%)/590
6.4%)

13181.3 +103889.2
28.2 (5.1-554.5)

4671.3 +18629.9
129.0 (28.0-1757.0)

3.7+0.7
1.7+3.0

1.2+0.8

156.6 + 88.8

1817 (19.8%)/1038

51 1.3%)/4167 (45.5%)/490
5.4%)/1644 (18.0%)

248 (2.7%)/665
7.3%)/2688 (29.4%)/306
3.3%)/432 (4.7%), missing

4817

Analysis 2 (n = 3,874)

77 (2.0%)

200 (5.2%)

262 (6.8%)

530 (13.7%)/1521
39.3%;/1178
30.4%)/383 (9.9%)/262
6.8%)

260 (6.7%)/1655
42.7%3/583
15.0%)/1308 (33.8%)/68
1.8%)

10614.1 +102954.1

26.5 (5.7-387.9)

3839.5 + 12323.6
129.5 (29.0-1569.3)

3.8+0.6
1.2+1.8
1.1+0.2
149.3+80.8
614 (15.8%)/441

11.4%;/2661
68.7%)/158 (4.1%)

246 (6.4%)/661
17.1 %3/2661
68.7%)/306 (7.9%)

Abbreviations: AFP, alpha-fetoprotein; Ab, antibody; BCLC, Barcelona Clinic Liver Cancer; BD, bile duct;
BMI, body mass index; DM, diabetes mellitus; ECOG, Eastern Cooperative Oncology Group
performance status; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; HTN, hypertension;
INR, international normalized ratio; IQR, interquartile range; LN, lymph node; MELD, Model for End-
stage Liver Disease; mUICC, modified Union for International Cancer Control; PIVKA-II, protein

induced by vitamin K absence-ll; PT, prothrombin time; SD, standard deviation.

Age and sex demographics of the patients in Analysis 2 were similar to those in Analysis 1. Analysis 2
included a higher proportion of patients with CPC—A and a lower proportion with CPC-C as well as
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relatively more patients with BCLC stage B and mUICC stage Ill, reflecting the exclusion of supportive
care patients.

Initial and second treatment patterns

Locoregional therapy (45.5%) was the most frequently administered initial treatment, followed by surgery
(19.8%), local ablative therapy (11.3%), supportive care (18%), and systemic therapy (5.4%) (Table 1). The
most common secondary treatments were locoregional therapy (62.4%, 51.0%, and 74.2%), local ablative
therapy (21.2%, 42.6%, and 12.9%), and surgical treatment (5.9%, 5.4%, and 6.9%) in patients who initially
received surgical, local ablative, and locoregional therapies, respectively (Supplementary Table 1).

Cumulative survival rates based on initial treatment in
groups classified by BCLC stage and CPC

In CPC-A, surgical therapy was associated with the highest survival rates in BCLC stages 0 and A,
followed by local ablative and locoregional therapies (Fig. 2a, 2b). However, in BCLC stages B and C, no
significant survival differences were observed between surgical and local ablative therapies.
Locoregional therapy showed lower survival rates than surgical therapy and local ablative therapy in
BCLC stages B and C, but demonstrated better survival rates than supportive care or systemic therapy in
CPC-A patients (Fig. 2d, 2f). In CPC-B, the survival patterns in BCLC stages A and C showed that
surgical therapy yielded the most favorable outcomes, followed by local ablative and locoregional
therapies. However, no significant differences were observed in BCLC stage B (Fig. 2c, 2e, 29).
Locoregional therapy was associated with better survival than systemic or supportive therapies in
patients with BCLC stages B and C (Fig. 2e, g). For BCLC stage D, patients who underwent any treatment
demonstrated improved survival compared with those who received supportive care alone (Fig. 2h).

Cumulative survival rates based on initial treatment in
groups classified by mUICC stage and CPC

In CPC—-A, surgical therapy was associated with better survival than local ablation therapy in patients
with mUICC stages | and Il. In stages IlI-1V, there was no significant difference in survival between the
two treatments in CPC—A. Locoregional therapy was associated with worse survival than surgical or
local ablative therapy, but better survival than supportive care or systemic therapy (Fig. 3a, 3d, 3g, 3j). For
CPC-B, survival after surgical therapy was similar to that after local ablation or locoregional therapy in
patients with mUICC stage I. In stages Il and lll, surgical therapy was associated with better survival than
local ablation or locoregional therapy (Fig. 3b, 3¢, 3h). In mUICC stage IV, surgical therapy was
associated with better survival than locoregional therapy, whereas no difference was found when
compared with local ablation therapy (Fig. 3k). In CPC-C, no significant differences in survival were
observed between surgical therapy, local ablation therapy, and locoregional therapy, except for mUICC
stage Il (Fig. 3¢, f, i, I).
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Treatment interval

Across all BCLC stages and Child—Pugh classes, treatment intervals varied consistently according to the
type of initial therapy (Table 2). Curative-intent treatments, including resection, LT, and local ablative
therapy, are associated with substantially longer treatment intervals than non-curative approaches.
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Table 2
Treatment Interval according to initial treatment in groups classified by BCLC stage and CPC.

Group (n,
%)

BCLC 0 &
CPC-A
(260,
6.7%)

BCLC A &
CPC-A
(1,416,
36.6%)

BCLC A &
CPC-B
(239,
6.2%)

First treatment

(n, %)

Resection, LT
(27,10.4%)

Local ablative
therapy (94,
36.2%)

Locoregional

therapy (n =139,

53.5%)

Systemic

therapy (0, 0%)

Resection, LT
(340, 24.0%)

Local ablative
therapy (235,
16.6%)

Locoregional
therapy (833,
58.8%)

Systemic
therapy (8,
0.6%)

Resection, LT
(16, 6.7%)

Local ablative
therapy (45,
18.8%)

Locoregional
therapy (176,
73.6%)

Systemic
therapy (2,

Treatment
interval,
months,
median (IQR)

14.01 (4.96-
22.00)

13.02 (4.04-
23.01)

NA

10.52 (4.94-
20.01)

10.98 (4.01-
21.01)

2.93 (1.02-
7.99)

0 (0-0.74)

6.51 (3.00-
13.50)

0 (0-2.39)

Group (n,
%)

BCLC B &
CPC CPC-
B (73,
1.9%)

BCLC C &
CPC CPC-
A (997,
25.7%)

BCLC C &
CPC-B
(311,
8.0%)

First treatment

(n, %)

Resection, LT
(3,4.1%)

Local ablative
therapy (1,
1.4%)

Locoregional
therapy (69,
94.5%)

Systemic

therapy (0, 0%)

Resection, LT
(129, 12.9%)

Local ablative
therapy (37,
3.7%)

Locoregional
therapy (725,
72.7%)

Systemic
therapy (106,
10.6%)

Resection, LT
(20, 6.4%)

Local ablative
therapy (8,
2.6%)

Locoregional
therapy (246,
79.1%)

Systemic
therapy (37,

Treatment
interval,
months,
median (IQR)

1.02 (NA)

7.07 (NA)

2.01 (1.02-

5.98 (1.02-
17.54)

1.02 (0.99-
2.04)

0.99 (0-1.96)

.03 (1.00-

(

— U
N— _\

18.54 (4.98-
22.50)

1.02 (0.98-
2.04)

0 (0-1.02)

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; CPC, Child—Pugh class; LT, liver transplantation;
IQR, interquartile range; SD, standard deviation.
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Group (n,
%)

BCLC B &

Overall (n
= 3,874)

First treatment

(n, %)

0.8%)

Resection, LT
(76, 14.9%)

Local ablative
therapy (11,
2.2%)

Locoregional
therapy (420,
82.4%)

Systemic
therapy (3,
0.6%)

Resection, LT
(614, 15.8%)

Local ablative
therapy (441,
11.4%)

Locoregional

therapy (2,661,

68.7%)

Systemic
therapy (158,
4.1%)

Treatment
interval,
months,
median (IQR)

7.02 (2.01-
16.01)

1.02 (NA)

8.98 (3.03-
17.04)

10.98 (3.03-
20.98)

2.01 (1.02-
4.04)

0.99 (0-1.02)

Group (n,
%)

BCLCD &
CPC-A-C
(68, 1.8%)

First treatment
(n, %)

11.9%)

Resection, LT
(3,4.4%)

Local ablative
therapy (10,
14.7%)

Locoregional
therapy (53,
77.9%)

Systemic
therapy (2,
2.9%)

Treatment
interval,
months,
median (IQR)

1.02 (NA)

3.95 (0-16.00)

2.01 (1.02-
3.52)

1.51 (NA)

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; CPC, Child—Pugh class; LT, liver transplantation;
IQR, interquartile range; SD, standard deviation.

In early stage disease (BCLC 0—A with CPC-A), patients who underwent resection or local ablation
demonstrated the longest intervals to subsequent treatment (median, approximately 10-14 months),
whereas those who received locoregional therapy showed markedly shorter intervals (median,
approximately 3 months). This pattern persisted in intermediate-stage disease (BCLC B with CPC-A),
with curative treatments maintaining longer intervals than locoregional therapies. In advanced-stage
disease (BCLC stage C with CPC—A), the overall treatment intervals were shorter across all modalities;
however, the relative differences remained consistent. Patients treated with resection or ablation had
longer intervals (median, approximately 4—6 months) than those who received locoregional
(approximately 1-2 months) or systemic therapy (approximately 0-2 months). A similar trend was
observed in the patients with impaired liver function (CPC-B), although the absolute intervals were

generally shorter. In the overall cohort, median treatment intervals were longest for local ablative therapy
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(10.98 months) and resection/LT (8.98 months), followed by locoregional therapy (2.01 months) and
systemic therapy (0.99 months). Collectively, these findings demonstrate that initial curative or near-
curative treatments are associated with prolonged treatment intervals across disease stages, whereas
non-curative approaches are linked to a rapid need for subsequent therapy.

Factors associated with patient survival

In the univariate analysis, multiple clinical, tumor-related, and treatment variables were significantly
associated with OS, including demographic factors, liver function, tumor burden, and treatment-related
variables (Table 3). In multivariate analysis, the treatment interval emerged as an independent predictor
of OS (HR 0.981, 95% C1 0.975-0.986; p < 0.001), demonstrating that a longer first-to-second treatment
interval was significantly associated with better survival (Table 3). Several well-established prognostic
factors reflecting tumor burden and disease extent—such as larger tumor size, a greater number of
tumors, vascular invasion, lymph node involvement, distant metastasis, and an AFP level = 200 ng/mL—
were independently associated with worse OS. Indicators of impaired liver function, including ascites
and lower serum albumin levels, were also significant predictors of poor 0OS. Treatment modality
remained an independent determinant of survival. Compared to surgical therapy, locoregional therapy
was associated with inferior outcomes in both initial- and second-line settings, whereas systemic
therapy showed the highest risk of mortality in second-line treatment.
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Table 3
Treatment interval as independent factors of overall survival.

Variables Univariate analysis Multivariate analysis
HR 95% ClI p-value HR 95% ClI p-value
Age (years) 1.004 1.001- 0.017 1.010 1.006- <0.001
1.008 1.014
Sex, male 1.160 1.055- 0.002
1.275
DM 0.970 0.890- 0.497
1.058
HTN 1.044 0.965- 0.285
1.130
BMI, vs. Normal (18.5 < < 23) Ref - <0.001 Ref - 0.013
Underweight (< 18.5) 1.292 1.045- 0.018 1.327 1.061- 0.013
1.598 1.659
Obesity (23<) 0.831 0.768- <0.001 0.957 0.880- 0.309
0.900 1.041
Smoking 1.185 1.100- <0.001
1.277
HBV infection 0.870 0.804- <0.001
0.941
HCV infection 1.108 0.995- 0.060
1.234
Alcohol 1.232 1.138- <0.001
1.333
Hepatic encephalopathy 1.409 1.031- 0.031
history, present 1.925
Ascites, present 2.104 1.914- <0.001 1.466 1.310- <0.001
2.314 1.641
Tumor maximum size, <2 cm Ref - <0.001 Ref - <0.001
VS.
2cmto S5cm 1.313 1.188- <0.001 1.145 1.021- 0.020
1.452 1.284
5cms 3.034 2.746- <0.001 1.701 1.493- <0.001
3.353 1.938

Abbreviations: AFP, alpha-fetoprotein; BMI, body mass index; Cl, confidence interval; DM, diabetes
mellitus; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard ratio; HTN, hypertension; INR,
international normalized ratio; PT, prothrombin time.
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Variables

Tumor number, single vs.

2-3

3<

Vascular invasion, present
Bile duct invasion, present
Lymph node metastasis,
present

Distant metastasis, present
AFP, 200 ng/mLs

Albumin

Total bilirubin

PT, INR

Creatinine

Platelet

Initial treatment, Surgical
therapy vs.

Local ablative therapy

Locoregional therapy

Systemic therapy

Univariate analysis

HR
Ref
1.241

2.644

3.087

1.493

3.427

5.380

1.784

0.634

1.044

1.164

1.021

1.002

Ref

0.858

1.769

4.892

95% CI

1.132-
1.360

2.402-
2.910

2.831-
3.367

1.158-
1.925

2.947-
3.984

4.712-
6.142

1.648-
1.930

0.598-
0.672

1.027-
1.062

1.052-
1.289

0.971-
1.073

1.001-
1.002

0.728-
1.012

1.579-
1.982

4.017-
5.957

p-value
<0.001
<0.001

<0.001

<0.001

0.002

<0.001

<0.001

<0.001

<0.001

<0.001

0.003

0.412

<0.001

<0.001

0.068

<0.001

<0.001

Multivariate analysis

HR
Ref
1.143

1.449

1.544

1.364

2.391

1.175

0.744

1.018

Ref

1.154

1.269

1.068

95% CI

1.032-
1.265

1.295-
1.620

1.388-
1.719

1.132-
1.645

2.027-
2.820

1.072-
1.289

0.692-
0.799

0.999-
1.037

0.955-
1.394

1.112-
1.447

0.844-
1.353

p-value
<0.001
0.010

<0.001

<0.001

0.001

<0.001

<0.001

<0.001

0.058

0.002

0.137

<0.001

0.583

Abbreviations: AFP, alpha-fetoprotein; BMI, body mass index; Cl, confidence interval; DM, diabetes
mellitus; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard ratio; HTN, hypertension; INR,

international normalized ratio; PT, prothrombin time.
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Variables

Univariate analysis

Multivariate analysis

HR 95% ClI p-value HR 95% ClI p-value
Second treatment, Surgical Ref - <0.001 Ref - <0.001
therapy vs.
Local ablative therapy 1.269 1.015- 0.036 1.455 1.143- 0.002
1.585 1.852
Locoregional therapy 2.817 2.303- <0.001 2.273 1.828- <0.001
3.444 2.827
Systemic therapy 6.238 4.956- <0.001 3.398 2.623- <0.001
7.852 4.402
Interval between first and 0.963 0.958- <0.001 0.981 0.975- <0.001
second treatment, months 0.968 0.986

Abbreviations: AFP, alpha-fetoprotein; BMI, body mass index; Cl, confidence interval; DM, diabetes
mellitus; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard ratio; HTN, hypertension; INR,
international normalized ratio; PT, prothrombin time.

Discussion

HCC frequently recurs even after curative treatment and often requires multiple subsequent treatments
[7, 13]. These repeated treatments may adversely affect the non-tumorous liver parenchyma, leading to
deterioration of hepatic function, limiting subsequent treatment options, and ultimately affecting OS.
Here, a longer interval between the first and second treatments was independently associated with
improved OS, irrespective of the tumor stage, baseline liver function, and treatment modality.
Furthermore, this interval varied according to the initial treatment approach, with curative modalities
such as surgical resection and local ablative therapy demonstrating longer intervals than locoregional or
systemic therapies. Taken together, these findings suggest that the first-to-second treatment interval
may reflect the early treatment course after initial therapy and provide clinically meaningful prognostic
information in patients with HCC.

Several mechanisms may explain the association between the shorter interval from the first to the
second treatment and poorer survival. A second treatment is usually required when the initial treatment
fails to achieve durable tumor control or when recurrent or progressive disease becomes clinically
evident. Incomplete response and early recurrence after curative treatment are associated with worse
survival, likely reflecting more aggressive tumor biology [13—17]. Similarly, in advanced HCC, a shorter
time-to-progression or progression-free survival is closely associated with worse OS [18]. Another
possible explanation is that repeated treatment may contribute to the deterioration of hepatic function
[9]. Unlike many other solid tumors, the prognosis of HCC is determined by tumor progression and the
preservation of hepatic function, particularly because most patients have underlying chronic liver
disease or cirrhosis. Consistent with this finding, TACE-based studies have shown that shorter
retreatment intervals are associated with poor survival outcomes [19]. This consideration may be even
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more relevant in the current systemic treatment era, in which immunotherapy-based regimens can
achieve durable responses and prolonged survival in a subset of patients with unresectable HCC [8, 20—
22]. In this context, a shorter interval between the first and second treatments may reflect several
overlapping aspects of the clinical course, including limited durability of the initial treatment, more
aggressive tumor biology, and impaired hepatic functional reserve. These considerations may
collectively explain the independent association between the treatment interval and OS.

The first-to-second treatment interval patterns according to treatment modality in our study are also
noteworthy. Local ablative therapy had the longest overall median interval, followed by surgical
treatment, whereas locoregional and systemic therapies were associated with substantially shorter
treatment intervals. This pattern was consistently observed across BCLC stage and CPC subgroups, with
treatment intervals progressively shortening as the disease stage advanced. These findings are
consistent with prior longitudinal studies demonstrating that curative treatments such as resection and
RFA are associated with longer treatment intervals than TACE and that treatment intervals decrease with
increasing tumor stage [7]. This pattern suggests that treatment modalities that achieve a more durable
initial disease control are associated with longer intervals before retreatment. This aligns with the
superior local tumor control achieved with surgical resection and ablative therapies in patients with
localized HCC [23, 24]. Simultaneously, these interval differences should not be overinterpreted as direct
treatment effects because treatment allocation in this registry was inherently influenced by baseline
tumor stage, hepatic function, and other clinical factors.

Stratified survival analyses yielded several clinically relevant results. Within the same BCLC or mUICC
stage, patients with CPC—-B were more likely to receive non-curative treatment, and local ablative therapy
was more commonly used than resection, likely reflecting concerns regarding limited hepatic reserve.
Nevertheless, in some strata, particularly BCLC stage A with CPC-B, surgical resection was associated
with better survival than other modalities. This observation is consistent with accumulating evidence
that carefully selected patients with impaired but still acceptable liver function may derive benefit from
resection [25, 26]. Conversely, the favorable outcomes of surgery or local ablation in some advanced-
stage strata should be interpreted with caution. In these subgroups, the observed differences likely
reflected the selection of biologically favorable or technically amenable patients.

Our study had some limitations. First, the KPLCR registry does not provide information on indications for
second-line treatment. This limits causal interpretation because a shorter treatment interval may reflect
heterogeneous clinical scenarios, including incomplete initial response, local recurrence, or intrahepatic
metastasis. Accordingly, the treatment interval should be interpreted as a composite clinical marker
rather than as a direct surrogate for tumor recurrence. Second, the dynamic changes in hepatic function
during the treatment interval were not captured. Therefore, the impact of interval duration and treatment
modality on longitudinal hepatic function deterioration could not be directly assessed. Third, because
this was a retrospective observational study, the possibility of residual confounding and selection biases
cannot be excluded, particularly in subgroup analyses with relatively small sample sizes. Finally, the
cohort was derived from registry data collected between 2008 and 2015, which may limit the
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generalizability of our findings to current clinical practice. Contemporary systemic therapies, including
atezolizumab plus bevacizumab and other immunotherapy-based regimens, were not included in this
dataset.

Despite these limitations, our findings are clinically meaningful. While this study did not establish a
causal relationship between a prolonged first-to-second treatment interval and improved survival, it
highlights that this interval reflects an important integrative aspect of HCC management that is not fully
captured by conventional prognostic factors such as tumor stage or baseline liver function. In particular,
the treatment interval appears to encompass both tumor biology and the effectiveness of the initial
therapeutic strategy, thereby providing additional prognostic insights beyond established clinical
parameters. From a clinical perspective, these findings support the importance of selecting initial
treatment modalities that achieve durable disease control, as this may translate into longer treatment
intervals and, ultimately, more favorable outcomes. Further large-scale prospective studies are warranted
to validate these observations, clarify the causal relationship between treatment interval and survival,
and determine how this parameter can be incorporated into clinical decision-making in the era of
evolving therapeutic options.

Conclusion

In this nationwide cohort study of patients with hepatocellular carcinoma, a longer interval between the
first and second treatments was independently associated with better overall survival after adjustment
for tumor burden, hepatic function, and treatment-related factors. The treatment interval varied
according to the initial treatment modality, with surgical resection and local ablative therapy generally
associated with longer intervals than locoregional or systemic therapies. These findings suggest that the
first-to-second treatment interval may serve as a clinically meaningful marker of the treatment course in
patients with hepatocellular carcinoma.
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Total of 10,742 patients registered in the KPLCR
between 2008 to 2015

101 patients with hepatic malignancy
other than HCC

195 patients with insufficient first-line
treatment data

1,289 patients with insufficient TNM stage,
BCLC stage, or Child—Pugh score

1 patient with insufficient survival data

A

Analysis 1: Survival analysis of five treatment groups
by tumor stage and CPC (n = 9,156)

1,644 patients with supportive care as
first-line treatment

3,413 and 212 patients with insufficient
data and supportive care for second-line
treatment, respectively

13 patients with insufficient treatment
interval data

Analysis 2: Analysis of treatment interval between first
treatment and second treatment (n= 3,874)

Figure 1

Flow Diagram of the Study Population.
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Figure 2

Kaplan—Meier overall survival curves by initial treatment modality, stratified by BCLC stage and CPC.
Panels are arranged by BCLC stage and CPC as follows: stage 0 (a), stage A (b, c), stage B (d, e), stage C
(f, g), and stage D (h), with CPC subgroups shown where applicable. In CPC-A, surgical treatment
showed the most favorable survival in BCLC stages 0 and A (a, b). In BCLC stages B and C (d, f), survival
differences between surgical and local ablative therapy were not observed, although both were
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associated with better survival than locoregional or systemic therapy. In CPC-B, a similar pattern was
observed in BCLC stages A and C (c, g), whereas no significant difference was observed in stage B (e). In
BCLC stage D (h), curative treatment was associated with better survival than supportive care alone.
Overall survival was estimated using the Kaplan—Meier method and compared using the log-rank test.
BCLC, Barcelona Clinic Liver Cancer; CPC, Child—Pugh class. *p < 0.05, tp < 0.01, £p < 0.001).
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Kaplan—Meier overall survival curves by initial treatment modality, stratified by mUICC stage and CPC.
Panels are arranged by mUICC stage and CPC as follows: stage | (a—c), stage Il (d-f), stage Il (g—i), and
stage IV (j—I), with CPC-A, CPC-B, and CPC-C shown in each stage, respectively. In CPC-A, surgical
treatment was associated with better survival than local ablative therapy in mUICC stages | and Il (a, d),
but not in stages Ill and IV (g, j). In CPC-B, surgical treatment was associated with better survival than
local ablative or locoregional therapy in stages Il and Ill (e, h), but not in stage | (b); in stage IV (k), it was
associated with better survival than locoregional therapy only. In CPC-C (c, f, i, I), survival differences
among active treatment modalities were not consistent across stages, except for stage Il (f). Overall
survival was estimated using the Kaplan—Meier method and compared using the log-rank test. mUICC,
modified Union for International Cancer Control; CPC, Child—Pugh class. *p < 0.05, tp < 0.01, p < 0.001).
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