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Abstract
Introduction: Liver transplantation (LT) offers a curative option for early-stage 
hepatocellular carcinoma (HCC). However, its role in intrahepatic cholangiocarcinoma 
(ICC) remains controversial, with limited comparative evidence on long-term 
outcomes, especially for early-stage disease.
Objective: To assess long-term survival outcomes and identify prognostic risk factors 
among patients with HCC and ICC who have undergone LT.
Methods: The Surveillance, Epidemiology, and End Results database (2004–2015) 
was used to identify patients with American Joint Committee on Cancer 6th edition 
stage I HCC or ICC who underwent LT. The primary endpoints were cancer-specific 
survival (CSS) and overall survival (OS). Kaplan–Meier analysis, log-rank tests, and 
Cox proportional hazards regression were used for survival comparison analyses, 
and random subsampling and bootstrap resampling were performed to assess the 
robustness of the results.
Results: Among 944 eligible patients, 925 had HCC, and 19 had ICC. The five-year 
OS and CSS rates were significantly higher for HCC patients (OS: 95.1%; CSS: 97.7%) 
compared to ICC patients (OS: 82.3%; CSS: 82.3%) (p < 0.001). Multivariate Cox 
analysis for HCC identified age and marital status as independent risk factors for 
OS, and tumor size for CSS. For ICC, given the limited sample size, only descriptive 
analysis and univariate comparisons were performed. Tumor size showed a potential 
association with OS in exploratory analysis, but these findings require validation in 
larger cohorts.
Conclusion: LT provides excellent long-term survival for patients with early-stage 
HCC. In contrast, outcomes for early-stage ICC patients after LT are significantly 
inferior, with an approximate 15% absolute difference at five years. Prognostic 
factors differ between the two histological types, underscoring the need for distinct 
LT selection criteria and management strategies. Given the small ICC sample size and 
inherent database limitations, these findings underscore the urgent need for larger 
multicenter studies that incorporate comprehensive clinical and molecular profiling 
to identify ICC subpopulations that may benefit from LT.
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1. Introduction
Primary liver cancer ranks as the sixth most common 
malignant tumor globally and the fourth leading cause 
of cancer-related deaths. Its incidence continues to 
rise, posing a severe challenge to public health systems 
worldwide.1 Hepatocellular carcinoma (HCC) and 
intrahepatic cholangiocarcinoma (ICC) constitute the 
predominant subtypes, accounting for approximately 
75% and 15% of all cases, respectively.2 Hepatic resection 
remains the preferred treatment for early-stage primary 
liver cancer, particularly in patients with localized tumors 
and adequate liver reserve.3-5 However, its feasibility is 
often limited by the severity of underlying liver disease, 
insufficient residual liver volume post-surgery, and the 
failure to address the underlying liver pathology at its root.6 
Therefore, for patients with early-stage primary liver cancer 
complicated by chronic liver diseases such as cirrhosis, 
liver transplantation (LT) demonstrates irreplaceable 
value—it not only achieves negative oncological margins 
and eradicates intrahepatic micrometastases but also 
completely resolves the underlying liver disease.7-9

However, the applicability of LT in ICC treatment 
remains highly controversial. Most studies suggest that 
ICC is more invasive and prone to early micrometastasis, 
often rendering it unsuitable for LT.10-12 While transplant 
oncology concepts have expanded indications for LT, its 
efficacy for early-stage ICC patients remains unclear.13,14

Current studies comparing LT outcomes between HCC 
and ICC are predominantly single-center retrospective or 
small-sample analyses, yielding limited evidence. There 
is a particular lack of large-scale, long-term comparative 
studies focusing on early-stage (American Joint 
Committee on Cancer [AJCC] stage I) patients, hindering 
our understanding of the true efficacy of LT for primary 
liver cancers at early tumor stages.

This study offers several distinct contributions to the 
existing literature. First, by strictly limiting inclusion 
to AJCC 6th edition stage I patients, we eliminate stage-
related confounding factors that have plagued previous 
comparative studies, providing the first population-based 
“head-to-head” comparison of LT outcomes for very early-
stage HCC and ICC. Second, beyond simply comparing 
survival outcomes, we systematically investigate and 
contrast the prognostic factor profiles between the two 
histological types, revealing fundamental differences in 
what determines post-transplant survival. Third, leveraging 
the Surveillance, Epidemiology, and End Results (SEER) 
database’s population-level coverage, this real-world study 
complements findings from highly selected clinical trials 
and single-center series, offering generalizable evidence for 
clinical decision-making. The National Cancer Institute’s 

SEER database, covering approximately 28% of the United 
States population, provides an ideal platform for this large-
scale, long-term real-world investigation.

Using cancer-specific survival (CSS) and overall 
survival (OS) as primary endpoints, this study aims to 
evaluate long-term survival outcomes and prognostic risk 
factors in HCC and ICC patients who underwent LT and 
met the AJCC 6th edition stage I criteria, thereby informing 
clinical practice and highlighting future research priorities.

2. Methods
2.1. Patient selection

Based on the United States’ SEER database, patients 
diagnosed with HCC and ICC between 2004 and 2015 
were identified. ICC was defined by primary site code 
C22.1 and ICD-O-3 histology code 8160/3, while HCC was 
defined by C22.0 with an ICD-O-3 code 8170/3. The study 
included patients who underwent LT (surgery of primary 
site = 61). Data collected included age, race, marital status, 
tumor size, receipt of chemotherapy and radiotherapy, 
number of lymph nodes removed, and survival outcomes.

2.1.1. American Joint Committee on Cancer staging 
consistency

To ensure accurate stage classification, we utilized the 
AJCC 6th edition-specific staging field (SEER variable 
“AJCC6”) rather than derived stage variables. This approach 
maintained consistency across the entire study period 
(2004–2015), regardless of the concurrent availability of 
later edition staging data.

2.1.2. Liver transplantation selection criteria

It should be noted that the SEER database does not record 
critical clinical parameters such as the model for end-stage 
liver disease score, the presence of portal hypertension, 
detailed liver function status, or performance status. 
Consequently, we cannot definitively ascertain whether 
patients in this cohort strictly adhered to classic criteria 
such as the Milan criteria. Instead, this study captured 
the real-world clinical practice of LT for AJCC stage I 
liver cancers, representing patients deemed suitable for 
transplantation based on contemporary clinical judgment.

2.1.3. Exclusion criteria

We excluded patients younger than 18 years and those 
with missing data for any of the following variables: 
race, marital status, tumor size, chemotherapy status, 
radiotherapy status, number of lymph nodes examined, or 
survival status. Since the SEER database provides publicly 
accessible anonymized data, no institutional review board 
approval or explicit consent was required.
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2.2. Statistical analysis

The primary endpoints were CSS and OS. CSS was defined 
as the time (in months) from HCC or ICC diagnosis to 
death caused by HCC or ICC; patients who died from 
other causes or were lost to follow-up were censored at 
the time of last follow-up or death. OS was defined as the 
time (in months) from diagnosis to death from any cause, 
with patients lost to follow-up censored at the time of last 
follow-up.

2.2.1. Data description and intergroup comparisons

Normality of quantitative data was assessed using 
the Kolmogorov–Smirnov test. Normally distributed 
quantitative data were expressed as mean ± standard 
deviation, while skewed quantitative data were presented 
as median and interquartile range (IQR). Intergroup 
comparisons were performed using the Mann–Whitney 
U test. Categorical data were expressed as frequency and 
percentage, with intergroup comparisons performed using 
the chi-square (χ2) test or Fisher’s exact test.

2.2.2. Survival analysis and prognostic factor 
evaluation

Continuous variables were dichotomized using X-tile 
3.6.1 to determine optimal cutoff points. For the HCC 
group, univariate Cox proportional hazards regression 
models were used to analyze the relationship between each 
variable and CSS or OS. For each variable, the hazard ratio 
and its 95% confidence interval were calculated, and the 
corresponding two‑sided p‑value was reported. Variables 
showing statistical significance (p < 0.05) in univariate 
analysis were included in multivariate Cox proportional 
hazards regression models to identify independent 
prognostic factors. For the ICC group, given the extremely 
small sample size (n = 19), only descriptive analyses and 
univariate comparisons (Kaplan–Meier with log-rank 
test) were performed; multivariate Cox regression was 
not conducted due to the risk of unstable estimates and 
overfitting. X-tile-derived cutoffs for ICC were used only 
for exploratory descriptive purposes and require validation 
in larger cohorts. All analyses were performed using 
Statistical Package for Social Sciences 22.0.

2.2.3. Handling of sample size imbalance

To assess the robustness of survival comparisons between 
the heavily imbalanced groups (925 HCC vs. 19 ICC), we 
conducted two sensitivity analyses: 

(i)	 Random subsampling: We randomly selected 19 
HCC patients (matched for age and tumor size where 
possible) and repeated survival comparisons across 
1,000 iterations.

(ii)	 Bootstrap resampling: We performed 1,000 bootstrap 
resamples of the ICC group to estimate the stability of 
five-year CSS estimates. These analyses confirmed that 
the observed survival differences were unlikely to be 
artifacts of sample size imbalance.

Survival curves were plotted using the Kaplan–
Meier method, and intergroup survival differences were 
compared using the log-rank test. All hypothesis tests were 
two-sided with a significance level of α = 0.05. Statistical 
analyses were performed using the Statistical Package for 
Social Sciences 22.0 and R 4.5.1 software.

3. Results
3.1. Patient characteristics

A total of 944 patients were included, comprising 925 in the 
HCC group and 19 in the ICC group. The Kolmogorov–
Smirnov test indicated that tumor size and age in both 
groups did not follow a normal distribution (p < 0.05). 
The median tumor size was 22 mm (IQR: 15–32 mm) in 
the HCC group and 20 mm (IQR: 15–35 mm) in the ICC 
group; median age was 57 years (IQR: 53–62 years) in the 
HCC group and 60 years (IQR: 53–64 years) in the ICC 
group. No statistically significant differences were observed 
between groups in baseline characteristics (Table 1).

3.2. Survival analysis

The one-, three-, and five-year OS rates for patients with 
HCC undergoing LT were 99.7%, 97.9%, and 95.1%, 
respectively, with corresponding CSS rates of 99.2%, 
99.1%, and 97.7%. In contrast, among patients with ICC 
who underwent LT, the one-year, three-year, and five-year 
OS rates were 97.8%, 94.7%, and 82.3%, respectively, while 
the CSS rates were 97.8%, 94.7%, and 82.3%, respectively. 
Comparisons revealed that both OS and CSS rates were 
significantly lower in ICC patients than in HCC patients 
(log-rank p < 0.001 for both) (Table 2, Figures 1 and  2).

3.3. Sensitivity analysis

To assess whether the observed survival differences 
were robust to the extreme sample size imbalance, we 
performed random subsampling (selecting 19 HCC 
patients, repeated 1,000 times). In all 1,000 iterations, 
HCC patients demonstrated significantly better survival 
than ICC patients (log-rank p < 0.05 in 100% of iterations). 
Bootstrap resampling of the ICC group (1,000 iterations) 
estimated the five-year CSS at 81.5% (95% confidence 
interval: 72.1–90.5%), which remains significantly lower 
than the HCC estimate of 97.7% (95% confidence interval: 
96.8–98.6%), with non-overlapping confidence intervals. 
These analyses support the robustness of the primary 
finding.
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Table 1. Baseline characteristics of hepatocellular carcinoma and intrahepatic cholangiocarcinoma patients

Variable Hepatocellular carcinoma (n = 925) Intrahepatic cholangiocarcinoma (n = 19) p-value

Age (years) 0.334

Median 57 60

Interquartile range 53–62 53–64

Sex 0.312

Male 680 (73.5%) 12 (63.1%)

Female 245 (26.5%) 7 (36.9%)

Race 0.725

White 744 (80.4%) 16 (84.2%)

Black 85 (9.2%) 2 (10.5%)

Other 96 (10.4%) 1 (5.3%)

Tumor size (mm) 0.864

Median 22 20

Interquartile range 15–32 15–35

Marital status 0.929

Married 624 (67.5%) 13 (68.4%)

Unmarried 301 (32.5%) 6 (31.6%)

Chemotherapy 0.545

Done 281 (30.4%) 7 (36.8%)

None 644 (69.6%) 12 (63.2%)

Radiation 1.000

Done 15 (1.6%) 0 (0%)

None 910 (98.4%) 19 (100%)

Number of lymph nodes examined 0.682

None 665 (71.9%) 12 (63.1%)

1–3 233 (25.2%) 6 (31.6%)

≥4 27 (2.9%) 1 (5.3%)

Note: Data presented as n (%), unless stated otherwise. 

Table 2. Survival outcomes of patients with hepatocellular carcinoma and intrahepatic cholangiocarcinoma

Outcome Hepatocellular carcinoma (n = 925) Intrahepatic cholangiocarcinoma (n = 19) p-value

Overall survival <0.001

One-year 99.7% 97.8%

Three-year 97.9% 94.7%

Five-year 95.1% 82.3%

Cancer-specific survival <0.001

One-year 99.2% 97.8%

Three-year 99.1% 94.7%

Five-year 97.7% 82.3%

https://doi.org/10.36922/EJMO026100114
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Figure 1. Kaplan–Meier curves for cancer-specific survival (CSS) in hepatocellular carcinoma (HCC; n = 925) and intrahepatic cholangiocarcinoma (ICC; 
n = 19) patients after liver transplantation (log-rank p < 0.001).
Note: Time is displayed in months, and tick marks were automatically generated based on the distribution of follow-up durations. For reference, 12, 36, 
and 60 months correspond to 1-, 3-, and 5-year intervals, respectively.

Figure 2. Kaplan–Meier curves for overall survival (OS) in hepatocellular carcinoma (HCC; n = 925) and intrahepatic cholangiocarcinoma (ICC; n = 19) 
patients after liver transplantation (log-rank p < 0.001).
Note: Time is displayed in months, and tick marks were automatically generated based on the distribution of follow-up durations. For reference, 12, 36, 
and 60 months correspond to 1-, 3-, and 5-year intervals, respectively.
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3.4. Univariate and multivariate analysis of 
hepatocellular carcinoma

Among 925 HCC patients who underwent LT, the optimal 
cutoff values for continuous variables were determined 
using X-tile software and converted into binary variables: 
age was stratified at 63 years for OS analysis (Figure 3) 
and at 64 years for CSS analysis (Figure 4); tumor size 
was stratified at 43 mm for both OS and CSS analyses 
(Figures 5 and 6). In univariate Cox regression analysis, 
age and marital status were significant predictors of 
OS. Multivariate analysis further confirmed both as 
independent risk factors for OS (Table 3). Regarding 
CSS, univariate analysis indicated that tumor size and age 
were associated with CSS, whereas multivariate analysis 
identified tumor size as an independent risk factor (Table 
4).

3.5. Analysis of intrahepatic cholangiocarcinoma 
patients

Among 19 patients with ICC who underwent LT, the 
continuous variables age and tumor size were converted 
into categorical variables using optimal cutoff points 
determined by X-tile software for exploratory descriptive 
purposes: age was categorized at 60 years for OS analysis 
(Figure 7) and at 47 years for CSS analysis (Figure 8); tumor 
size was categorized at 29 mm for OS analysis (Figure 
9) and at 13 mm for CSS analysis (Figure 10). Given the 
extremely small sample size (n = 19), multivariate Cox 
regression was not performed due to the risk of overfitting 

Figure 3. X-tile plot identifying the optimal age cutoff for overall survival in hepatocellular carcinoma patients (cutoff: 63 years). (A) Two-group cut-point 
analysis (high vs. low) based on maximal log-rank χ2 statistics. (B) Three-group cut-point analysis (high, intermediate, and low) based on maximal log-
rank χ2 statistics. (C) Age distribution. (D) Association between age and survival. (E) Kaplan–Meier curves stratified by selected cutoff(s).

and unstable estimates. Univariate analysis using Kaplan–
Meier methods with log-rank tests suggested that tumor 
size (cutoff 29 mm) was associated with OS (log-rank p 
= 0.037; Table 5). No statistically significant factors were 
identified for CSS (Table 6). Given that these findings are 
exploratory and hypothesis-generating, they should be 
interpreted with extreme caution and require validation in 
larger, independent cohorts.

4. Discussion
This study, based on the SEER database, compared long-
term survival outcomes and risk factors following LT 
in patients with stage I HCC and ICC according to the 
6th edition of the AJCC staging system. Results revealed 
distinct characteristics between HCC and ICC: ICC 
patients had significantly lower five-year OS and CSS 
than HCC patients. Significant differences in prognostic 
risk factors were also observed between the two groups. 
Findings support the critical importance of considering 
tumor histological type in developing LT strategies and 
assessing prognosis for early-stage primary liver cancer.

4.1. Survival outcomes and biological 
aggressiveness

Survival analysis revealed that the five-year OS and CSS 
rates in the ICC group were both 82.3%, significantly lower 
than those in the HCC group (OS: 95.1%; CSS: 97.7%). 
The magnitude of this difference—approximately 15 
percentage points at five years—is substantial. Importantly, 
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Figure 4. X-tile plot identifying the optimal age cutoff for cancer-specific survival in hepatocellular carcinoma patients (cutoff: 64 years). (A) Two-group 
cut-point analysis (high vs. low) based on maximal log-rank χ2 statistics. (B) Three-group cut-point analysis (high, intermediate, and low) based on 
maximal log-rank χ2 statistics. (C) Age distribution. (D) Association between age and survival. (E) Kaplan–Meier curves stratified by selected cutoff(s).

Figure 5. X-tile plot identifying the optimal tumor size cutoff for overall survival in hepatocellular carcinoma patients (cutoff: 43 mm). (A) Two-group 
cut-point analysis (high vs. low) based on maximal log-rank χ2 statistics. (B) Three-group cut-point analysis (high, intermediate, and low) based on 
maximal log-rank χ2 statistics. (C) Tumor size distribution. (D) Association between tumor size and survival. (E) Kaplan–Meier curves stratified by 
selected cutoff(s).
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Figure 6. X-tile plot identifying the optimal tumor size cutoff for cancer-specific survival in hepatocellular carcinoma patients (cutoff: 43 mm). (A) Two-
group cut-point analysis (high vs. low) based on maximal log-rank χ2 statistics. (B) Three-group cut-point analysis (high, intermediate, and low) based 
on maximal log-rank χ2 statistics. (C) Tumor size distribution. (D) Association between tumor size and survival. (E) Kaplan–Meier curves stratified by 
selected cutoff(s).

Figure 7. X-tile plot identifying the optimal age cutoff for overall survival in intrahepatic cholangiocarcinoma patients stratified by age (cutoff: 60 years; 
log-rank p = 0.889). (A) Two-group cut-point analysis (high vs. low) based on maximal log-rank χ2 statistics. (B) Three-group cut-point analysis (high, 
intermediate, and low) based on maximal log-rank χ2 statistics. (C) Age distribution. (D) Association between age and survival. (E) Kaplan–Meier curves 
stratified by selected cutoff(s).
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Table 3. Univariate and multivariate analyses for overall survival in hepatocellular carcinoma patients

Variable factors Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value

Age

≥63 years Ref Ref

<63 years 0.559 (0.452–0.691) 0.001 0.557 (0.451–0.689) 0.001

Sex

Female Ref

Male 0.948 (0.785–1.185) 0.639

Race

Other Ref

White 1.161 (0.826–1.631) 0.391

Black 1.510 (0.967–2.356) 0.070

Marital status

Unmarried Ref Ref

Married 0.799 (0.652–0.980) 0.032 1.260 (1.027–1.545) 0.027

Chemotherapy

None Ref

Done 3.079 (0.923–10.273) 0.067

Radiation

None Ref

Done 1.161 (0.576–2.337) 0.677

Tumor size

≥43 mm Ref

<43 mm 0.793 (0.587–1.072) 0.132

Number of lymph nodes

≥4 Ref

None 1.147 (0.628–2.095) 0.655

1–3 1.218 (0.654–2.267) 0.534

Abbreviations: CI: Confidence interval; HR: Hazard ratio.

if selection bias exists, it would likely favor the ICC group, 
as patients with ICC are typically subjected to more 
rigorous preoperative evaluation and are often required 
to meet stricter criteria for LT candidacy given the 
controversial nature of this indication.15 Thus, the observed 
survival difference likely represents a conservative estimate 
of the true biological disparity between these two tumor 
types. This finding aligns with most literature reports, 
potentially attributable to ICC’s more aggressive biological 
behavior—such as higher tendencies for lymph node 
metastasis, nerve invasion, and vascular invasion—which 
substantially increases postoperative recurrence risk.16-

18 Even after rigorous selection, long-term oncological 
outcomes for ICC remain unfavorable, perpetuating 

ongoing debate regarding the indications and efficacy of LT 
in ICC treatment.19,20 The excellent outcomes observed in 
HCC patients (five-year OS 95.1%) confirm the established 
role of LT as a highly effective curative therapy for early-
stage HCC when performed within appropriate selection 
criteria.

4.2. Heterogeneity in prognostic factors

Cox regression analysis further revealed heterogeneity in 
prognostic factors between the two patient groups. Among 
HCC patients, age and marital status were independent 
risk factors for OS, while tumor size was an independent 
risk factor for CSS. Age and marital status primarily 
influence long-term survival by affecting patients’ overall 
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Table 4. Univariate and multivariate analyses for cancer-specific survival in hepatocellular carcinoma patients

Variable factors
Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value

Age

≥64 years Ref Ref

<64 years 0.639 (0.432–0.944) 0.025 0.681 (0.459–1.010) 0.056

Sex

Female Ref

Male 0.712 (0.500–1.015) 0.060

Race

Other Ref

White 0.710 (0.441–1.145) 0.161

Black 0.931 (0.470–1.846) 0.838

Marital status

Unmarried Ref

Married 0.755 (0.536–1.062) 0.107

Chemotherapy

None Ref

Done 1.269 (0.897–1.795) 0.178

Radiation

None Ref

Done 1.252 (0.399–3.930) 0.700

Tumor size

≥43 mm Ref Ref

<43 mm 0.484 (0.316–0.740) 0.001 1.970 (1.283–3.025) 0.002

Number of lymph nodes

≥4 Ref

None 0.868 (0.353–2.131) 0.757

1–3 0.945 (0.371–2.404) 0.905

Abbreviations: CI: Confidence interval; HR: Hazard ratio.

health management and support systems: advanced age is 
a strong predictor of multiple non-tumor-related deaths, 
and elderly patients face higher risks of postoperative 
complications and slower recovery.21-23 Marital status, as 
a key indicator of social support, correlates with better 
treatment adherence, psychological well-being, and 
caregiving, thereby reducing mortality from non-cancer-
specific causes.24-26 

Tumor size directly reflects tumor burden and malignant 
potential, serving as a core biological determinant of 
recurrence and cancer-specific mortality.27,28 However, in 
ICC patients, only tumor size showed a potential association 

with OS in univariate analysis, and no significant risk 
factors for CSS were identified. Given the small sample size, 
these findings should be considered hypothesis-generating 
rather than definitive. This observation may suggest a 
fundamental difference in ICC biology. The inherent high 
invasiveness of ICC may result in a uniformly elevated and 
relatively homogeneous risk of postoperative recurrence, 
such that conventional clinical-pathological variables 
struggle to further differentiate cancer-specific mortality 
risk. This suggests that prognosis in ICC may depend more 
on deeper biological contexts such as molecular subtypes 
and microenvironmental characteristics.29-32

https://doi.org/10.36922/EJMO026100114
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Figure 8. X-tile plot identifying the optimal age cutoff for cancer-specific survival in intrahepatic cholangiocarcinoma patients stratified by age (cutoff: 
47 years; log-rank p = 0.078). (A) Two-group cut-point analysis (high vs. low) based on maximal log-rank χ2 statistics. (B) Three-group cut-point analysis 
(high, intermediate, and low) based on maximal log-rank χ2 statistics. (C) Age distribution. (D) Association between age and survival. (E) Kaplan–Meier 
curves stratified by selected cutoff(s).

Figure 9. X-tile plot identifying the optimal tumor size cutoff for overall survival in intrahepatic cholangiocarcinoma patients stratified by tumor size 
(cutoff: 29 mm; log-rank p = 0.037). (A) Two-group cut-point analysis (high vs. low) based on maximal log-rank χ2 statistics. (B) Three-group cut-point 
analysis (high, intermediate, and low) based on maximal log-rank χ2 statistics. (C) Tumor size distribution. (D) Association between tumor size and 
survival. (E) Kaplan–Meier curves stratified by selected cutoff(s).
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4.3. Clinical implications and recommendations

Based on the study findings, we propose the following 
clinical recommendations. For HCC patients, given the 
excellent post-transplant outcomes, the priority should 
shift toward optimizing patient selection and perioperative 
management. Specifically, elderly patients (≥63 years) 
and unmarried patients merit enhanced postoperative 
surveillance and comprehensive supportive care, as they 
face higher risks of non-cancer-specific mortality. For 
patients with tumors ≥43 mm, closer oncological follow-up 
is warranted given their increased risk of cancer-specific 
mortality.

For ICC patients, the current evidence suggests that 
LT for ICC, even at stage I, yields significantly inferior 
outcomes compared to HCC. Therefore, extreme caution 
is warranted when considering LT as a treatment option 
for ICC. Preoperative evaluation should be particularly 
rigorous, with careful assessment of tumor size and 
exclusion of extrahepatic disease. Given the limited 
efficacy under current selection paradigms, LT for ICC 
should ideally be confined to prospective clinical trials or 
to highly selected cases in which no alternative curative 
options exist.

4.4. Future research directions

The findings of this study highlight several critical 

directions for future research. First, the establishment 
of multicenter ICC LT cohorts is urgently needed. The 
small number of ICC cases identified in this large national 
database (19 cases over 12 years) underscores the rarity 
of this practice and the necessity of collaborative efforts 
to generate adequately powered datasets. International 
consortia pooling data from multiple transplant centers 
could achieve sufficient sample sizes for meaningful 
multivariable analyses and subgroup identification.

Second, incorporating molecular and genomic 
biomarkers is essential for identifying ICC subpopulations 
that may benefit from LT. Recent advances in ICC 
molecular subtyping have revealed distinct subtypes 
with different prognoses and treatment responses.29,30 
For instance, the proliferative subtype, characterized 
by oncogenic pathways such as KRAS, BRAF, and MET 
mutations, may exhibit more aggressive behavior, whereas 
the inflammatory subtype with active immune infiltration 
may show different treatment responses.31 Future studies 
should integrate these molecular classifiers into transplant 
selection criteria, moving beyond traditional clinical-
pathological variables.

Third, the role of neoadjuvant and adjuvant therapies 
in ICC patients undergoing LT warrants investigation. As 
transplant oncology concepts evolve, strategies such as 

Figure 10. X-tile plot identifying the optimal tumor size cutoff for cancer-specific survival in intrahepatic cholangiocarcinoma patients stratified by tumor 
size (cutoff: 13 mm; log-rank p = 0.483). (A) Two-group cut-point analysis (high vs. low) based on maximal log-rank χ2 statistics. (B) Three-group cut-
point analysis (high, intermediate, and low) based on maximal log-rank χ2 statistics. (C) Tumor size distribution. (D) Association between tumor size and 
survival. (E) Kaplan–Meier curves stratified by selected cutoff(s).
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Table 5. Univariate analysis for overall survival in intrahepatic cholangiocarcinoma patients

Variable factors Hazard ratio (95% confidence interval) p-value

Age

≥60 years Ref

<60 years 1.088 (0.331–3.576) 0.889

Sex

Female Ref

Male 1.108 (0.324–3.789) 0.871

Race

Other Ref

White 0.342 (0.040–2.933) 0.328

Black 0.975 (0.084–11.343) 0.984

Marital status

Unmarried Ref

Married 1.315 (0.348–4.970) 0.686

Chemotherapy

None Ref

Done 0.901 (0.724–1.122) 0.353

Radiation

None Ref

Done - -

Tumor size

≥29 mm Ref

<29 mm 0.265 (0.076–0.922) 0.037

Number of lymph nodes

≥4 Ref

None 21,017.908 (0.000–4.599E + 153) 0.955

1–3 47,289.001 (0.000–1.035E + 154) 0.951

Note: Multivariate analysis was not performed due to the extremely small sample size (n = 19).

neoadjuvant chemotherapy or locoregional therapy may 
help select biologically favorable tumors and improve post-
transplant outcomes.13,14 The impact of these approaches 
on ICC patients specifically requires a dedicated study.

4.5. Limitations

This study has several limitations that should be 
acknowledged. First, as a retrospective analysis of the 
SEER database, it is subject to inherent selection bias. We 
attempted to minimize this by applying strict inclusion 
criteria, but unmeasured confounding factors may persist. 
Specifically, the SEER database lacks critical variables that 
determine transplant eligibility, including performance 
status (Eastern Cooperative Oncology Group), model 
for end-stage liver disease score, portal hypertension 
status, and whether patients met Milan or University 

of California, San Francisco criteria. The direction of 
potential bias is important to consider: if ICC patients were 
more rigorously selected than HCC patients (as is typical 
in clinical practice), any bias would likely overestimate ICC 
outcomes relative to HCC, making our finding of inferior 
ICC outcomes more conservative.

Second, the sample size in the ICC group is extremely 
small (n = 19). While this accurately reflects the real-world 
rarity of LT for ICC, it severely limits the statistical power 
and precision of our analyses. As a result, we refrained 
from performing multivariate Cox regression for the ICC 
group, and the univariate findings should be interpreted 
as hypothesis-generating rather than definitive. The 
substantial imbalance between groups (925 vs. 19) further 
complicates direct comparison, though our sensitivity 
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Table 6. Univariate analysis for cancer-specific survival in intrahepatic cholangiocarcinoma patients

Variable factors Hazard ratio (95% confidence interval) p-value

Age

≥47 years Ref

<47 years 8.662 (0.785–95.550) 0.078

Sex

Female Ref

Male 1.029 (0.246–4.311) 0.968

Race

Other Ref

White 0.376 (0.044–3.200) 0.371

Black 0.631 (0.039–10.342) 0.747

Marital status

Unmarried Ref

Married 1.391 (0.281–6.899) 0.686

Chemotherapy

None Ref

Done 3.629 (0.858–15.356) 0.080

Radiation

None Ref

Done — —

Tumor size

≥13 mm Ref

<13 mm 0.040 (0.001–323.602) 0.483

Number of lymph nodes

≥4 Ref

None 7,306.582 (0.000–5.596E + 116) 0.947

1–3 15,039.791 (0.000–1.152E + 117) 0.942

Note: Multivariate analysis was not performed due to the extremely small sample size (n = 19). HR estimates were unstable due to sparse events and 
should not be interpreted. 

analyses (random subsampling and bootstrap resampling) 
suggest the observed survival differences are robust.

Third, and most importantly, the SEER database lacks 
several critical clinical and pathological variables that are 
known to influence post-LT outcomes. Table 7 summarizes 
the potential impact of these missing variables.

The absence of these variables means we cannot 
fully account for their confounding effects, particularly 
in explaining the poorer outcomes observed in ICC 
patients. However, it is noteworthy that ICC patients in 
this cohort likely represent a highly selected subset (given 
the controversy surrounding LT for ICC), which would 
bias toward better outcomes in this group. Despite this 
potential bias favoring ICC, we still observed significantly 

inferior survival, reinforcing the conclusion that biological 
differences between these tumor types are substantial.

Fourth, the study period (2004–2015) may not fully 
reflect contemporary advances in transplant oncology, 
including newer immunosuppressive strategies, improved 
perioperative care, and evolving patient selection practices.

Despite these limitations, the study provides valuable 
real-world evidence on the comparative outcomes of LT for 
early-stage HCC and ICC, highlighting critical differences 
that should inform clinical decision-making and future 
research priorities. The consistency of our findings with 
external literature, coupled with sensitivity analyses 
demonstrating robustness, supports the validity of the 
primary conclusions despite inherent database constraints.
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5. Conclusion
In summary, LT offers excellent long-term survival for 
patients with early-stage HCC, with five-year survival 
rates exceeding 95%. Age, marital status, and tumor size 
serve as important prognostic factors in this population. 
In contrast, the therapeutic value of LT for early-stage 
ICC remains limited, with significantly inferior outcomes 
and no identifiable independent prognostic factors based 
on conventional clinical variables. The magnitude of the 
survival difference (∼15% at five years) and its consistency 
across sensitivity analyses support the conclusion that 
this reflects genuine biological differences rather than 
an artifact of sample imbalance or selection bias. These 
findings underscore the need for distinct selection criteria 
and management strategies for the two histological 
types. The limited utility of LT for ICC under current 
selection paradigms emphasizes the urgent need for larger 
multicenter studies incorporating comprehensive clinical, 
pathological, and molecular profiling to identify the 
specific ICC subpopulations that may derive benefit from 
this treatment modality. Until such evidence emerges, LT 
for ICC should be approached with extreme caution and 
ideally within the context of clinical trials.
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