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Purpose: Hepatitis B virus infection is one of the most common risk factors leading to the development of intrahepatic cholangio-
carcinoma (ICC). This study aims to determine the impact of antiviral treatment (AVT) on the survival outcomes of ICC patients with
hepatitis B virus infection.

Patients and Methods: This retrospective study included ICC patients who had HBV infection and underwent hepatectomy from
May 2009 to June 2023 at a single medical center. Patients’ baseline characteristics were analyzed, and the 14-year follow-up data
were investigated using Kaplan-Meier curves and multivariable Cox proportional hazards regression models. The propensity score
matching method was performed to balance the baseline differences between the AVT group and the non-AVT group.

Results: A total of 229 patients were finally enrolled in the analysis. In the total cohort, 81 patients were classified into the AVT group
and 148 patients into the non-AVT group. Kaplan-Meier curves showed that the AVT group exhibited prolonged overall survival and
recurrence-free survival compared to the non-AVT group. Cox proportional hazards regression models revealed that AVT was an
independent prognostic factor for both overall survival (HR 0.453, 95% CI: 0.280—0.732) and recurrence-free survival (HR 0.659, 95%
CI: 0.436-0.997). A 1:1 nearest-neighbor matching algorithm was adopted, and 64 pairs of AVT and non-AVT patients were included
in the propensity score matching cohort. Multivariable survival analyses confirmed AVT as a significant predictor for a favorable
overall survival (HR 0.277, 95% CI: 0.147-0.519), but no statistical significance for recurrence-free survival was observed between
the AVT group and the non-AVT group after propensity score matching.

Conclusion: We analyzed the long-term follow-up data for ICC patients with hepatitis B virus infection who underwent hepatectomy.
Notably, AVT exhibited a beneficial impact on overall survival for these postoperative ICC patients. However, our findings indicated
no statistically significant effect of AVT on recurrence-free survival.
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Introduction
Intrahepatic cholangiocarcinoma (ICC) is the second most common type of primary liver cancer and contributes 10%—
15% of the world's total liver cancer burden.' ICC remains a fatal malignancy, and most patients are diagnosed late in the
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disease state. Surgical resection represents the only potential curative therapeutic option, but only 20%-30% of ICC
patients present with resectable disease.” Even after surgical resection, the survival outcomes are still dismal.®

The last two decades have witnessed a rapid increase of 120% in the incidence of ICC globally.* Consistently, ICC-
related mortality exhibits an upward trend in most countries.’ The precise reasons for this recent increase are not yet fully
understood but may be associated with established predisposing factors. ICC usually arises in the setting of chronic
inflammation and the resultant cholangiocyte injury. Hepatitis B virus (HBV) infection has been established as a risk
factor for the development of ICC.® The linkage between HBV infection and the development of ICC has been confirmed
by abundant epidemiological data, with an odds ratio of approximately 4.5.” Antiviral treatment (AVT) has been
suggested to decrease the incidence of HBV-infected ICC.*° However, the impact of AVT on the survival outcomes of
HBV-infected ICC patients remains largely underexplored.

Propensity score matching (PSM) stands out as a commonly used and well-established strategy to reduce confounding
biases in observational studies.'® The propensity score represents the probability that a subject will receive the treatment,
given their baseline covariates. PSM offers a practical approach to providing consistent estimators of causal effects.''
Multivariable Cox regression analysis is a powerful tool that is frequently used in studies of clinical outcomes. As
reported in previous studies, PSM could first balance patient characteristics between different groups, followed by Cox
regression to analyze survival differences.'* '

Using 14-year follow-up data from our center, this study performed PSM to balance the potential bias. We analyzed the
survival data and aimed to evaluate the effects of AVT on the long-term survival outcomes of ICC patients with HBV infection.

Materials and Methods

Patients

Data for consecutive ICC patients who had HBV infection and underwent hepatectomy between May 2009 and
June 2023 at the First Affiliated Hospital of Nanjing Medical University were collected. The diagnosis of ICC was
histologically confirmed by two independent pathologists. The definition of HBV infection required that the patients were
positive for HBV surface antigen (HBsAg) or HBV core antibody (HBcAb) as previously described.’

Exclusion criteria were: (1) received preoperative anticancer treatment, including chemotherapy, targeted therapy,
immunotherapy, TACE, radiotherapy, ablation; (2) incomplete clinicopathological characteristics; (3) hepatitis C virus
infection; (4) lost to follow-up within 90 days after surgery.

The study received approval from the Ethics Committees of the First Affiliated Hospital of Nanjing Medical
University (No. 2024-SRFA-893). Due to the retrospective nature of this study and without any specific intervention,
the informed consent has been agreed to be waived. This study strictly kept the patients’ information confidential. The
present study complied with the Declaration of Helsinki.

Data Collection

Clinicopathological characteristics of the enrolled patients were thoroughly documented, including gender, age, HBsAg,
HBeAg, HBV DNA load, smoke, alcohol, hypertension, diabetes, platelet (PLT), albumin (ALB), alanine aminotransfer-
ase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (AKP), y-glutamyltransferase (GGT), total bilirubin
(TBIL), direct bilirubin (DBIL), prothrombin time (PT), activated partial thromboplastin time (APTT), fibrinogen, CA19-
9, ascites, cirrhosis, tumor encapsulation, tumor size, tumor number, satellite nodules, major hepatectomy, intraoperative
blood transfusion, postoperative complications, tumor differentiation, microvascular invasion (MVI), neural invasion,
T stage, N stage, TNM stage, AVT. Albumin-bilirubin grade (ALBI) was assessed with ALB and TBIL as previously
reported.'> Major hepatectomy was defined as the removal of three or more Couinaud’s segments.'®!” Patients who
received any of the nucleos(t)ide analogues, including entecavir, adefovir, lamivudine, telbivudine, tenofovir disoproxil
fumarate (TDF), and tenofovir alafenamide (TAF), tenofovir amibufenamide (TMF), were classified into the AVT group.
Patient follow-up was carried out regularly to record the overall survival (OS) and recurrence-free survival (RFS).
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Statistical Analysis
Statistical analysis was performed with R software (version 4.3.1; R Foundation for Statistical Computing, Vienna, Austria)
and IBM SPSS software (version 27; IBM Corp., Armonk, NY, USA). Categorical variables were summarized using
frequency counts with percentages and compared using Fisher’s exact test or chi-squared test as appropriate. PSM was
performed to balance the baseline differences between two groups as previously reported.'®!'” We included all baseline
confounders in the PSM to reduce the imbalance in the AVT and non-AVT groups. A propensity score was calculated for
each patient using a logistic regression model based on the following variables: gender, age, HBsAg, HBeAg, HBV DNA
load, smoke, alcohol, hypertension, diabetes, PLT, albumin, ALT, AST, AKP, GGT, TBIL, DBIL, ALBI, PT, APTT,
fibrinogen, CA19-9, ascites, cirrhosis, tumor encapsulation, tumor size, tumor number, satellite nodules, major hepatectomy,
intraoperative blood transfusion, postoperative complications, tumor differentiation, MVI, neural invasion, T stage, N stage,
TNM stage. A 1:1 nearest-neighbor matching algorithm with a caliper width of 0.2 without replacement was adopted.
Survival outcomes between the two groups were examined using the Kaplan-Meier curves and compared with
the Log rank test. Only the statistically significant variables from the Log rank test were included in the
multivariable Cox regression model. Cox proportional hazards regression models were adopted to determine the
independent prognostic predictors and calculate their hazard ratios (HRs) and 95% confidence intervals (Cls). We
checked the proportionality assumption using Schoenfeld residuals. In certain cases, the assumption was violated,
we therefore interpreted the HRs as weighted averages of the time-varying HRs over the entire follow-up period,
as previously reported.’’?? A two-tailed P < 0.05 was considered statistically significant.

Results

Baseline Characteristics

A total of 229 patients were finally included in this study. The flow diagram of patient enrollment is shown in Figure 1.
Among the enrolled patients, there were 81 (35.4%) patients in the AVT group and 148 (64.6%) patients in the non-AVT
group. Parameters including gender, age, HBeAg, HBV DNA load, smoke, alcohol, hypertension, diabetes, albumin,
ALT, AST, AKP, TBIL, DBIL, ALBI, PT, APTT, CA19-9, ascites, tumor encapsulation, tumor number, satellite nodules,
intraoperative blood transfusion, postoperative complications, tumor differentiation, MVI, T stage, and N stage were
comparable between the AVT group and the non-AVT group (all P > 0.05). With regard to several characteristics
including HBsAg, PLT, GGT, fibrinogen, cirrhosis, tumor size, major hepatectomy, neural invasion, and TNM stage,
significant differences between the AVT group and the non-AVT group were detected. The clinicopathological features of
the total cohort are demonstrated in Table 1.

Survival Analysis in the Total Cohort

In the total cohort, the median follow-up time for OS was 38.34 months (95% CI: 24.93—51.75 months). The median OS
for the AVT group was not reached, while the median OS for the non-AVT group was 19.06 months (95% CI:
12.70-25.42 months).

Median follow-up time for RFS was 27.43 months (95% CI: 16.88-37.98 months). Median RFS for the AVT group
and the non-AVT group was 21.36 months (95% CI: 0—61.71 months) and 11.56 months (95% CI: 6.51-16.61 months),
respectively.

The Kaplan-Meier curves of OS and RFS in the two groups are shown in Supplementary Figure 1. AVT was
associated with a favorable OS (P < 0.0001) and RFS (P = 0.023). As demonstrated in Supplementary Table 1, AVT
remained as an independent predictor for OS (HR 0.453, 95% CI: 0.280-0.732, P < 0.001) in the multivariable regression
analysis. AVT was associated with a prolonged RFS for ICC patients in the multivariable regression analysis (HR 0.659,
95% CI: 0.436-0.997, P = 0.048).

Survival Analysis in the PSM Cohort
After balancing with PSM, none of the clinicopathological characteristics showed a statistical difference (Table 2). The
balanced data after PSM is shown in a distribution figure (Figure 2). A total of 128 patients were included as the PSM
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302 ICC patients with HBV infection

Excluded (n = 73):
1. received preoperative anticancer treatment
2. incomplete clinicopathological characteristics
3. hepatitis C virus infection
4. lost to follow-up within 90 days after surgery

229 ICC patients with HBV infection were included in the study

The total cohort The PSM cohort

|
| | 148 patients did not receive 81 patients received } : 148 patients did not receive 81 patients received :
| antiviral treatment antiviral treatment | antiviral treatment antiviral treatment |
| (non-AVT group) (AVT group) } | (non-AVT group) (AVT group) |
: ‘ ' |
| | | '_F_ o el T 1 |
| | or Propensny Score Matching | |
| ‘ | | (ratio 1:1) | |
: ‘ ' |
| ‘ ' |
| | | Matched non-AVT group Matched AVT group |
| } : (n=164) (n=64) :
: ‘ ' |
| ‘ ' |
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| ‘ : |

Included in the univariate and multivariate sunival analyses

Figure | Flow diagram of this study.
Abbreviations: ICC, Intrahepatic cholangiocarcinoma; HBYV, Hepatitis B virus; AVT, Antiviral treatment; PSM, Propensity score matching.

cohort. The median follow-up time for OS and RFS was 42.22 months (95% CI: 30.14—54.30 months) and 36.70 months
(95% CI: 25.42-47.99 months), respectively. Median OS and RFS for the AVT group were not reached, while the median
OS and RFS for the non-AVT group were 22.93 months (95% CI: 15.57-30.30 months) and 33.02 months (95% CI:
1.48—-64.57 months), respectively.

Table | Baseline Characteristics by AVT in the Total Cohort

Variables Non-AVT (n = 148) | AVT (n = 81) | P-Value | SMD

Gender Male 91 (61.5%) 51 (63.0%) 0.938 0.03
Female 57 (38.5%) 30 (37.0%)

Age <60 years 75 (50.7%) 51 (63.0%) 0.099 0.25
260 years 73 (49.3%) 30 (37.0%)

HBsAg Negative 38 (25.7%) 6 (7.4%) 0.001 0.507
Positive 110 (74.3%) 75 (92.6%)

HBeAg Negative 139 (93.9%) 77 (95.1%) 0.953 0.050
Positive 9 (6.1%) 4 (4.9%)

HBYV DNA load <2000 IU/mL 140 (94.6%) 74 (91.4%) 0.505 0.127
22000 IU/mL 8 (5.4%) 7 (8.6%)

Smoke No 119 (80.4%) 68 (84.0%) 0.628 0.093
Yes 29 (19.6%) 13 (16.0%)

(Continued)
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Table | (Continued).

Variables Non-AVT (n = 148) | AVT (n = 81) | P-Value | SMD

Alcohol No 127 (85.8%) 74 (91.4%) 0.310 0.175
Yes 21 (14.2%) 7 (8.6%)

Hypertension No 85 (57.4%) 51 (63.0%) 0.500 0.113
Yes 63 (42.6%) 30 (37.0%)

Diabetes No 132 (89.2%) 72 (88.9%) 1.000 0.010
Yes 16 (10.8%) 9 (11.1%)

PLT <125x10%/L 30 (20.3%) 27 (33.3%) 0.043 0.298
2125%10%/L 118 (79.7%) 54 (66.7%)

ALB <40 g/L 71 (48.0%) 34 (42.0%) 0.464 0.121
240 g/L 77 (52.0%) 47 (58.0%)

ALT <50 U/L 126 (85.1%) 71 (87.7%) 0.744 0.074
250 U/L 22 (14.9%) 10 (12.3%)

AST <40 U/L 114 (77.0%) 69 (85.2%) 0.193 0.210
240 U/L 34 (23.0%) 12 (14.8%)

AKP <120 U/L 85 (57.4%) 55 (67.9%) 0.158 0.218
=120 U/L 63 (42.6%) 26 (32.1%)

GGT <60 U/L 68 (45.9%) 49 (60.5%) 0.049 0.295
260 U/L 80 (54.1%) 32 (39.5%)

TBIL <19 pumol/L 122 (82.4%) 70 (86.4%) 0.551 0.110
=19 pumol/L 26 (17.6%) I (13.6%)

DBIL <6.8 pmol/L 121 (81.8%) 65 (80.2%) 0918 0.038
26.8 pmol/L 27 (18.2%) 16 (19.8%)

ALBI [ 89 (60.1%) 55 (67.9%) 0.494 0.166
2 56 (37.8%) 25 (30.9%)
3 3 (2.0%) I (1.2%)

PT <l4s 142 (95.9%) 75 (92.6%) 0.436 0.145
=14s 6 (4.1%) 6 (7.4%)

APTT <31.3s 132 (89.2%) 74 (91.4%) 0.770 0.073
231.3s 16 (10.8%) 7 (8.6%)

Fibrinogen >2 g/l 137 (92.6%) 66 (81.5%) 0.021 0.334
<2glL 11 (7.4%) I5 (18.5%)

CAI9-9 <200 U/mL 125 (84.5%) 74 (91.4%) 0.202 0.213
2200 U/mL 23 (15.5%) 7 (8.6%)

Ascites No 126 (85.1%) 71 (87.7%) 0.744 0.074
Yes 22 (14.9%) 10 (12.3%)

Cirrhosis No 89 (60.1%) 35 (43.2%) 0.020 0.344
Yes 59 (39.9%) 46 (56.8%)

Tumor encapsulation Complete 134 (90.5%) 74 (91.4%) 1.000 0.028
Incomplete 14 (9.5%) 7 (8.6%)

Tumor size <5cm 64 (43.2%) 48 (59.3%) 0.029 0.325
>5 cm 84 (56.8%) 33 (40.7%)

Tumor number Single 102 (68.9%) 59 (72.8%) 0.639 0.086
Multiple 46 (31.1%) 22 (27.2%)

Satellite nodules No 122 (82.4%) 66 (81.5%) 1.000 0.025
Yes 26 (17.6%) I5 (18.5%)

Major hepatectomy No 104 (70.3%) 68 (84.0%) 0.033 0.330
Yes 44 (29.7%) 13 (16.0%)

Intraoperative transfusion No 99 (66.9%) 61 (75.3%) 0.239 0.186
Yes 49 (33.1%) 20 (24.7%)

(Continued)
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Table | (Continued).

Variables Non-AVT (n = 148) | AVT (n = 81) | P-Value | SMD

Postoperative complications | No 89 (60.1%) 57 (70.4%) 0.162 0.216
Yes 59 (39.9%) 24 (29.6%)

Tumor differentiation Well&Moderate | 60 (40.5%) 34 (42.0%) 0.944 0.029
Poor 88 (59.5%) 47 (58.0%)

MVI No 115 (77.7%) 63 (77.8%) 1.000 0.002
Yes 33 (22.3%) 18 (22.2%)

Neural invasion No 123 (83.1%) 76 (93.8%) 0.036 0.340
Yes 25 (16.9%) 5 (6.2%)

T stage TI 62 (41.9%) 43 (53.1%) 0.235 0.294
T2 48 (32.4%) 26 (32.1%)
T3 19 (12.8%) 6 (7.4%)
T4 19 (12.8%) 6 (7.4%)

N stage NO 110 (74.3%) 67 (82.7%) 0.199 0.205
NI 38 (25.7%) 14 (17.3%)

TNM stage -l 82 (55.4%) 61 (75.3%) 0.005 0.428
-1V 66 (44.6%) 20 (24.7%)

Notes: Bolding indicates a statistically significant result (P < 0.05).

Abbreviations: AVT, Antiviral treatment; SMD, Standardized mean difference; HBsAg, HBV surface antigen; HBcAb, HBV core
antibody; HBYV, Hepatitis B virus; PLT, Platelet; ALB, Albumin; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; AKP,
Alkaline phosphatase; GGT, y-glutamyltransferase; TBIL, Total bilirubin; DBIL, Direct bilirubin; ALBI, Albumin-bilirubin grade; PT,
Prothrombin time; APTT, Activated partial thromboplastin time; MVI, Microvascular invasion.

Table 2 Baseline Characteristics by AVT in the PSM Cohort

Variables Non-AVT (n = 64) AVT (n = 64) P-Value SMD

Gender Male 37 (57.8%) 40 (62.5%) 0.718 0.096
Female 27 (42.2%) 24 (37.5%)

Age <60 years 37 (57.8%) 40 (62.5%) 0.718 0.096
260 years 27 (42.2%) 24 (37.5%)

HBsAg Negative 7 (10.9%) 6 (9.4%) 1.000 0.052
Positive 57 (89.1%) 58 (90.6%)

HBeAg Negative 60 (93.8%) 62 (96.9%) 0.676 0.148
Positive 4 (6.2%) 2 (3.1%)

HBV DNA load <2000 IU/mL 59 (92.2%) 60 (93.8%) 1.000 0.061
22000 IU/mL 5 (7.8%) 4 (6.2%)

Smoke No 54 (84.4%) 52 (81.2%) 0.815 0.083
Yes 10 (15.6%) 12 (18.8%)

Alcohol No 59 (92.2%) 57 (89.1%) 0.762 0.107
Yes 5 (7.8%) 7 (10.9%)

Hypertension No 38 (59.4%) 38 (59.4%) 1.000 <0.001
Yes 26 (40.6%) 26 (40.6%)

Diabetes No 57 (89.1%) 57 (89.1%) 1.000 <0.001
Yes 7 (10.9%) 7 (10.9%)

PLT <125x10°/L 19 (29.7%) 18 (28.1%) 1.000 0.034
2125x10°/L 45 (70.3%) 46 (71.9%)

ALB <40 g/L 31 (48.4%) 27 (42.2%) 0.594 0.126
240 g/L 33 (51.6%) 37 (57.8%)

ALT <50 U/L 57 (89.1%) 56 (87.5%) 1.000 0.049
250 U/L 7 (10.9%) 8 (12.5%)

AST <40 U/L 52 (81.2%) 53 (82.8%) 1.000 0.041
240 U/L 12 (18.8%) 11 (17.2%)

(Continued)
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Table 2 (Continued).

Variables Non-AVT (n = 64) AVT (n = 64) P-Value SMD

AKP <120 U/L 40 (62.5%) 44 (68.8%) 0.577 0.132
=120 U/L 24 (37.5%) 20 (31.2%)

GGT <60 U/L 39 (60.9%) 34 (53.1%) 0.475 0.158
260 U/L 25 (39.1%) 30 (46.9%)

TBIL <19 pmol/L 59 (92.2%) 56 (87.5%) 0.558 0.156
219 umol/L 5 (7.8%) 8 (12.5%)

DBIL <6.8 umol/L 58 (90.6%) 56 (87.5%) 0.777 0.100
26.8 umol/L 6 (9.4%) 8 (12.5%)

ALBI | 39 (60.9%) 42 (65.6%) 0.482 0.215
2 25 (39.1%) 21 (32.8%)
3 0 (0.0%) 1 (1.6%)

PT <l4s 60 (93.8%) 59 (92.2%) 1.000 0.061
2|4s 4 (6.2%) 5 (7.8%)

APTT <31.3s 58 (90.6%) 57 (89.1%) 1.000 0.052
231.3s 6 (9.4%) 7 (10.9%)

Fibrinogen >2 g/l 56 (87.5%) 55 (85.9%) 1.000 0.046
<2glL 8 (12.5%) 9 (14.1%)

CAI9-9 <200 U/mL 59 (92.2%) 58 (90.6%) 1.000 0.056
2200 U/mL 5 (7.8%) 6 (9.4%)

Ascites No 58 (90.6%) 54 (84.4%) 0.423 0.190
Yes 6 (9.4%) 10 (15.6%)

Cirrhosis No 28 (43.8%) 31 (48.4%) 0.723 0.094
Yes 36 (56.2%) 33 (51.6%)

Tumor encapsulation Complete 60 (93.8%) 58 (90.6%) 0.742 0.117
Incomplete 4 (6.2%) 6 (9.4%)

Tumor size <5cm 35 (54.7%) 35 (54.7%) 1.000 <0.001
>5cm 29 (45.3%) 29 (45.3%)

Tumor number Single 44 (68.8%) 45 (70.3%) 1.000 0.034
Multiple 20 (31.2%) 19 (29.7%)

Satellite nodules No 54 (84.4%) 51 (79.7%) 0.645 0.122
Yes 10 (15.6%) 13 (20.3%)

Major hepatectomy No 53 (82.8%) 51 (79.7%) 0.821 0.080
Yes 11 (17.2%) 13 (20.3%)

Intraoperative transfusion No 44 (68.8%) 45 (70.3%) 1.000 0.034
Yes 20 (31.2%) 19 (29.7%)

Postoperative complications No 40 (62.5%) 41 (64.1%) 1.000 0.032
Yes 24 (37.5%) 23 (35.9%)

Tumor differentiation Well&Moderate 24 (37.5%) 27 (42.2%) 0.718 0.096
Poor 40 (62.5%) 37 (57.8%)

MVI No 52 (81.2%) 49 (76.6%) 0.665 0.115
Yes 12 (18.8%) 15 (23.4%)

Neural invasion No 60 (93.8%) 59 (92.2%) 1.000 0.061
Yes 4 (6.2%) 5 (7.8%)

T stage TI 33 (51.6%) 32 (50.0%) 0.838 0.163
T2 17 (26.6%) 21 (32.8%)
T3 7 (10.9%) 5 (7.8%)
T4 7 (10.9%) 6 (9.4%)

N stage NO 49 (76.6%) 51 (79.7%) 0.831 0.076
NI 15 (23.4%) 13 (20.3%)

TNM stage -l 43 (67.2%) 45 (70.3%) 0.849 0.067
Ni-1v 21 (32.8%) 19 (29.7%)

Abbreviations: AVT, Antiviral treatment; PSM, Propensity score matching; SMD, Standardized mean difference; HBsAg, HBV surface
antigen; HBcAb, HBV core antibody; HBV, Hepatitis B virus; PLT, Platelet; ALB, Albumin; ALT, Alanine aminotransferase; AST,
Aspartate aminotransferase; AKP, Alkaline phosphatase; GGT, y-glutamyltransferase; TBIL, Total bilirubin; DBIL, Direct bilirubin;
ALBI, Albumin-bilirubin grade; PT, Prothrombin time; APTT, Activated partial thromboplastin time; MVI, Microvascular invasion.
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Figure 2 Distribution of propensity scores of the antiviral treatment group and the non- antiviral treatment group before and after propensity score matching.

As illustrated in Figure 3A, Kaplan-Meier analysis revealed that patients in the AVT group were associated with
better OS than those in the non-AVT group (P < 0.001). Multivariable analysis further confirmed that AVT was
a significant predictor for a favorable OS (HR 0.277, 95% CI: 0.147-0.519, P < 0.001; Table 3). However, neither
Kaplan-Meier curves nor multivariable Cox analysis indicated a statistical significance of RFS between the AVT group

and the non-AVT group in the PSM cohort (Figure 3B and Table 3).

Discussion

ICC is a heterogeneous disease with different molecular signatures, and consequently, different patient outcomes.’

Multiple risk factors have been identified for ICC, such as choledochal cysts, biliary stones, cirrhosis, viral hepatitis, and
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Figure 3 Kaplan-Meier curves of overall survival (A) and recurrence-free survival (B) between the AVT group and the non-AVT group in the propensity score matching

cohort.
Abbreviation: AVT, Antiviral treatment.
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Table 3 Survival Analyses in the PSM Cohort

Variables Overall Survival Recurrence-Free Survival
Kaplan-Meier Analysis Multivariable Cox Regression Model Kaplan-Meier Analysis Multivariable Cox Regression Model
Log-Rank P-Value HR 95% ClI P-Value Log-Rank P-Value HR 95% ClI P-Value
Gender 5.359 0.021 8.570 0.003 NI
Male
Female 0.502 0.262-0.962 0.038
Age 0.119 0.730 6.441 0.011
<60 years
260 years 0.399 0.214-0.745 0.004
HBsAg 2.492 0.114 0.632 0.427
Negative
Positive
HBeAg 0.295 0.587 0.420 0.517
Negative
Positive
HBV DNA load 0.214 0.643 0.650 0.420
<2000 IU/mL
22000 1U/mL
Smoke 3.869 0.049 NI 4.498 0.034 NI
No
Yes
Alcohol 0.569 0.450 0.727 0.394
No
Yes
Hypertension 6.857 0.009 NI 4.391 0.036 NI
No
Yes
Diabetes 0.893 0.345 3.364 0.067
No
Yes
PLT 0.023 0.880 0.095 0.758
<125%107/L
2125%10%/L
(Continued)
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Table 3 (Continued).

Variables Overall Survival Recurrence-Free Survival
Kaplan-Meier Analysis Multivariable Cox Regression Model Kaplan-Meier Analysis Multivariable Cox Regression Model
Log-Rank P-Value HR 95% ClI P-Value Log-Rank P-Value HR 95% ClI P-Value
ALB 8.479 0.004 NI 0.521 0.470
<40 g/L
240 g/L
ALT 0.135 0.713 1.942 0.163
<50 U/L
250 U/L
AST 2.608 0.106 0.402 0.526
<40 U/L
240 U/L
AKP 9.012 0.003 NI 6.886 0.009 NI
<120 U/L
=120 U/L
GGT 1.007 0316 4.672 0.031 NI
<60 U/L
260 U/L
TBIL 0.184 0.668 0.433 0.510
<19 pumol/L
219 pmol/L
DBIL 0.005 0.946 3.018 0.082
<6.8 umol/L
26.8 umol/L
ALBI 10.149 0.006 NI 4.972 0.083
[
2
3
PT 4.706 0.030 NI 1.802 0.179
<l4s
2|4s
APTT 1.106 0.293 0.920 0.338
<31.3s
231.3s
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Fibrinogen 0.325 0.568 0.355 0.551
>2 g/l
<2glL
CAI19-9 1.404 0.236 0.436 0.509
<200 U/mL
2200 U/mL
Ascites 0.283 0.595 0.392 0.531
No
Yes
Cirrhosis I.110 0.292 0.849 0.357
No
Yes
Tumor encapsulation 0.027 0.869 0.558 0.455
Complete
Incomplete
Tumor size 8.738 0.003 NI 6.704 0.010 NI
<5 cm
>5cm
Tumor number 15.381 <0.001 NI 11.567 <0.001 NI
Single
Multiple
Satellite nodules 5.823 0.016 NI 6.636 0.010 NI
No
Yes
Major hepatectomy 1.689 0.194 1.785 0.182
No
Yes
Intraoperative transfusion 5.298 0.021 NI 7.849 0.005 NI
No
Yes
Postoperative complications 18.513 <0.001 18.938 <0.001
No
Yes 4.154 2.276-7.581 <0.001 3.370 1.912-5.941 <0.001
Tumor differentiation 8.661 0.003 NI 2277 0.131
(Continued)
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Table 3 (Continued).

Variables Overall Survival Recurrence-Free Survival
Kaplan-Meier Analysis Multivariable Cox Regression Model Kaplan-Meier Analysis Multivariable Cox Regression Model
Log-Rank P-Value HR 95% ClI P-Value Log-Rank P-Value HR 95% ClI P-Value
Well&Moderate
Poor
MVI 3.051 0.081 8816 0.003 NI
No
Yes
Neural invasion 16.102 <0.001 0.004 0.948
No
Yes 5.512 1.959-15.507 0.001
T stage 51.148 <0.001 41.683 <0.001
Tl
T2 NI NI
T3 0.259 0.083-0.807 0.020 NI
T4 NI 4.724 1.522-14.667 0.007
N stage 37.035 <0.001 9.297 0.002 NI
NO
NI
TNM stage 58.675 <0.001 19.169 <0.001
-l
v 10.122 4.146-24.708 <0.001 2.603 1.095-6.189 0.030
AVT 11.991 <0.001 0.797 0.372
No
Yes 0.277 0.147-0.519 <0.001

Notes: Bold font indicates a statistically significant result (P < 0.05).
Abbreviations: PSM, Propensity score matching; HR, Hazard ratio; Cl, confidence interval; HBsAg, HBV surface antigen; HBcAb, HBV core antibody; HBV, Hepatitis B virus; PLT, Platelet; ALB, Albumin; ALT, Alanine aminotransferase;
AST, Aspartate aminotransferase; AKP, Alkaline phosphatase; GGT, y-glutamyltransferase; TBIL, Total bilirubin; DBIL, Direct bilirubin; ALBI, Albumin-bilirubin grade; PT, Prothrombin time; APTT, Activated partial thromboplastin time;
MVI, Microvascular invasion; AVT, Antiviral treatment; NI, Not included.
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parasitic infections.** Although it has been established that HBV infection confers an increased risk of ICC, especially in

Eastern countries,z‘"25

the survival impact of HBV infection remains controversial. On one hand, HBV-infected ICC has
shorter disease-free survival than the ICC patients without HBV infection, while the OS exhibits no significant difference
between the two groups.?® On the other hand, HBV-positive ICC has a better OS than HBV-negative ICC because HBV
infection could activate innate and acquired immune responses and enhance the antitumor activity.”” These results reflect
the complexity of HBV in ICC pathogenesis and prognosis. Given that AVT could suppress HBV replication and alleviate
liver damage, we determined to further elucidate the role of AVT in HBV-infected ICC prognosis, providing clues for
improving survival of HBV-infected ICC patients.

In this study, we investigated the 14-year follow-up data for ICC patients who underwent surgical treatment in our
center. The potential bias of baseline variables between AVT and non-AVT groups was controlled by the PSM method. In
the total cohort, the AVT group consisted of 81 patients and the non-AVT group comprised 148 patients. After PSM, 64
paired ICC patients were included in the subsequent analyses.

Kaplan-Meier curves with Log rank test and Cox proportional hazards regression models were adopted to evaluate the
effects of AVT on the survival outcomes for ICC patients with HBV infection. Kaplan-Meier Log rank testing showed
significant disparity in OS between the AVT group and the non-AVT group in the total cohort (P < 0.0001) and the PSM
cohort (P <0.001). As revealed by multivariable Cox proportional hazards regression models, AVT could reduce the OS of
ICC patients in the total cohort (HR 0.453, 95% CI: 0.280-0.732, P <0.001) as well as the PSM cohort (HR 0.277, 95% CI:
0.147-0.519, P < 0.001). Similarly, one retrospective study showed that AVT provides a significant benefit to ICC patients
compared to patients with high HBV DNA load who are left untreated (5-year OS rate: 43% vs 20.5%, P < 0.001).’

Intriguingly, AVT improved RFS in the total cohort (Kaplan-Meier Log rank testing: P = 0.023; multivariable Cox
regression model: HR 0.659, 95% CI: 0.436—0.997, P = 0.048), while no statistical significance was detected after PSM (P >
0.05). One previous study suggested that AVT is associated with a lower 5-year recurrence compared to ICC patients with
high HBV DNA load (70.5% vs 86.5%, P < 0.001).° In the present study, we performed PSM to balance the potential
confounding variables and our results showed that AVT could lead to a prolonged OS but have little effect on RFS.
Subgroup analyses stratified by HBV DNA load yielded no statistical differences in RFS between the AVT group and the
non-AVT group both in the total cohort (HBV DNA load <2000 IU/mL: HR 0.67, 95% CI: 0.45-1.00, P = 0.052; HBV
DNA load > 2000 IU/mL: HR 0.36, 95% CI: 0.06-2.06, P = 0.253) and the PSM cohort (HBV DNA load <2000 IU/mL:
HR 0.79, 95% CI: 0.47-1.35, P = 0.389; HBV DNA load > 2000 IU/mL: HR 0.91, 95% CI: 0.06-15.10, P = 0.949).

HBYV infection is prevalent in ICC patients in high hepatitis B endemic areas. Proteomic and single-cell transcriptomic
data indicates that HBV-associated ICC is characterized with decreased cell-cell junction and increased epithelial-
mesenchymal transition.”® HBV-related ICC may originate from hepatocytes, contributing to the similar clinical features
of HBV-related ICC and HBV-related hepatocellular carcinoma (HCC).?® Therefore, studies on HBV-infected HCC
might provide a clue to the association between AVT and RFS in HBV-infected ICC. A nationwide study showed that the
recurrence rate in postoperative HCC patients is similar between the AVT group and the non-AVT group, which is further
confirmed by the subsequent subgroup analyses.”’ These data prompted us to hypothesize that the non-significant effect
of AVT on RFS in HBV-infected ICC patients may result from the similar process of carcinogenesis between HBV-
infected ICC and HBV-infected HCC. However, another study revealed that AVT is associated with decreased 6-month,
1-year, and 2-year HCC recurrence when compared with the non-AVT group.*® Nonetheless, more large-scale studies are
needed to clarify the effects of AVT on RFS for HBV-infected ICC patients.

There are still several limitations in this study. First, the study was restrained by its retrospective nature. Second, the data from
our single medical center was relatively limited, and multi-center data is needed to decrease the potential selection bias. Third,
other potential confounding variables which might have prognostic roles were not included and adjusted. More thorough
approaches to mitigating confounding variables are needed in future studies. Fourth, given the potential for a high number of
determinant covariables compared to the sample size, the event-per-covariate in the multivariable Cox regression model of our
study was relatively stretched. However, previous studies indicate that the rule of one covariate per ten events in Cox regression

might be safely relaxed but might also be interpreted with caution.*'

Therapeutics and Clinical Risk Management 2025:21 https: 881



Chen et al

Conclusion

In the present study, we retrospectively analyzed the 14-year follow-up data on HBV-infected ICC patients. After
balancing the confounding factors using the PSM method, we demonstrated that AVT independently predicted
a favorable OS but it had no statistically significant effect on RFS in ICC patients who underwent hepatectomy. More
large-scale studies exploring subgroup variations or determining residual confounding will be valuable to further clarify
the role of AVT in RFS.
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ICC, Intrahepatic cholangiocarcinoma; HBYV, Hepatitis B virus; AVT, Antiviral treatment; PSM, Propensity score
matching; HBsAg, HBV surface antigen; HBcAb, HBV core antibody; PLT, Platelet; ALB, Albumin; ALT, Alanine
aminotransferase; AST, Aspartate aminotransferase; AKP, Alkaline phosphatase; GGT, y-glutamyltransferase; TBIL,
Total bilirubin; DBIL, Direct bilirubin; PT, Prothrombin time; APTT, Activated partial thromboplastin time; MVI,
Microvascular invasion; ALBI, Albumin-bilirubin grade; TDF, Tenofovir disoproxil fumarate; TAF, Tenofovir alafena-
mide; TMF, Tenofovir amibufenamide; OS, Overall survival; RFS, Recurrence-free survival, HR, Hazard ratio; CI,
Confidence interval; HCC, Hepatocellular carcinoma; NI, Not included.
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