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Abstract
Background  Liver transplantation (LT) has been considered a potential curative treatment for patients with very early intra-
hepatic cholangiocarcinoma (ICC) and cirrhosis, yet the survival benefit of LT has not been well defined. This study aimed 
to compare the long-term survival outcomes of patients who underwent LT with that of individuals who received resection 
and non-curative intent treatment (non-CIT).
Methods  Patients who underwent LT, hepatectomy, and non-CIT between 2004 and 2018 were included in the National 
Cancer Database. Survival benefits of LT over resection and non-CIT were analyzed relative to overall survival (OS).
Results  Among 863 patients, 54 (6.3%) underwent LT, while 342 (39.6%) underwent surgical resection, and 467 (54.1%) 
received non-CIT, respectively. While the rates of non-CIT increased over time, the percentages of LT remained consistent 
during the study period. LT patients had similar 5-year OS to individuals who  underwent resection (referent, resection: LT, 
HR 0.95, 95%CI 0.84–1.58, p=0.84). In contrast, 5-year OS was better among patients who underwent  LT versus individu-
als who had non-CIT after controlling other variables using propensity score overlapping weighting (5-year OS, LT 57.1% 
vs. LR 25.8%, p<0.001).
Conclusions  The outcomes of very early ICC patients who underwent LT were similar to individuals who underwent 
hepatectomy, but  better than patients treated with non-CIT. LT should be may be a consideration as a  treatment option for 
patients with early stage ICC who are unsuitable candidates for resection.

Keywords  Intrahepatic cholangiocarcinoma · Liver transplantation · Liver resection · Non-curative-intent treatment · 
National Cancer Database

Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most 
common primary liver cancer, representing approximately 
10–20% of all primary hepatic malignancies.1 The inci-
dence of ICC continues to rise with increasing rates reported 
worldwide across both Eastern and Western countries.2 The 
increased incidence is in part due to the improved recogni-
tion of characteristic radiologic features and wider imple-
mentation of liver cancer surveillance among high-risk 
populations, which have led to increased detection of early-
stage ICC.3–5 For patients with early-stage disease, liver 
resection is the primary curative-intent treatment option; in 
fact, around 70% of patients with resectable ICC undergo a 
liver resection with an R0 margin.6 Nonetheless, a subset of 
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ICC patients is considered “unresectable” due to impaired 
liver function and underlying cirrhosis.5 While liver resec-
tion remains the standard of care, it may be challenging in 
the context of cirrhotic patients as maintaining a sufficient 
amount of remnant liver volume becomes necessary to avoid 
post-operative liver failure.7, 8 Given these obstacles, there 
has been increasing attention towards liver transplantation 
(LT) as a viable treatment option for ICC.9, 10

LT has been considered a contraindication for ICC due 
to initial poor survival outcomes after transplantation.11, 12 
Sapisochin et al. reported that patients with “very early” ICC 
(single tumor and ≤ 2cm) and cirrhosis had 5-year overall 
survival (OS) of 65% and should be considered possible 
candidates for LT.9 Other pooled analyses of ICC patients 
undergoing LT noted a 5-year OS among patients with very 
early ICC of 71%, which was comparable to the currently 
accepted threshold of 75% 5-year OS for hepatocellular car-
cinoma.13, 14 Several other studies have suggested that long-
term survival outcomes after LT may be comparable to that 
of resection among patients with ICC, especially individuals 
with early-stage ICC.15–17

Notwithstanding these data, few studies have investigated 
survival difference among patients undergoing LT versus 
hepatectomy for ICC. In particular, there is little information 
on the survival benefit among ICC patients who undergo LT 
versus other treatments such as resection and non-curative 
intent treatment (non-CIT). Therefore, the objective of the 
current study was to investigate the clinical characteristics 
and survival differences of patients with very early ICC 
patients receiving different treatment modalities. In particu-
lar, we sought to compare the long-term survival outcomes 
of patients who underwent LT with patients who underwent 
hepatic resection. Moreover, we assessed the survival benefit 
of LT versus non-curative intent treatment using propensity 
score overlapped weighting.

Methods

Data Source and Patient Selection

Patients with very early ICC undergoing LT, surgical resec-
tion, or non-curative intent treatment (i.e., chemotherapy, 
radiotherapy, palliative care, others) between 2004 and 
2018 were identified from the National Cancer Data Base 
(NCDB). The NCDB is a comprehensive clinical oncology 
database that encompasses over 34 million records of indi-
vidual cancer patients. Data from more than 1500 Commis-
sion on Cancer (CoC) accredited facilities throughout the 
USA are included. The NCDB effectively captures infor-
mation on over 70% of all newly diagnosed cancer cases 
across the country at an institutional level. The NCDB 2019 
Participant Use File (PUF) was utilized to identify very early 

ICC patients using the relevant International Classification 
of Diseases for Oncology, third edition (ICD-O-3) histology 
code 8160. Patients with single tumors of ≤ 2cm in size were 
included.9 Patients who had multiple tumors, metastatic dis-
eases, missing information on tumor size and tumor stage 
based on the American Joint Committee on Cancer 6th or 
7th edition,18 and lack of follow-up data were excluded. The 
Ohio State University Institutional Review Board approved 
this study.

Variables and Outcomes

Variables of interest included age, gender, race, the Charl-
son-Deyo comorbidity score (i.e., 0 vs. 1 vs. 2 or more), 
year of diagnosis (i.e., 2004–2009 vs. 2010–2018), median 
income, insurance status, attainment of higher education, 
hospital location (i.e., non-metropolitan vs. metropolitan), 
hospital type (i.e., non-academic vs. academic), and fibrosis 
(i.e., Ishak score 1–4 vs. 5–6). Patients were categorized into 
three groups: LT, liver resection, and non-CIT, which was 
defined as chemotherapy, radiotherapy, palliative care, or 
other treatments. Time periods between 2010 and 2018 were 
referred to as the era of modern chemotherapeutics.15, 19 The 
primary outcome was overall survival (OS), defined as the 
time interval between the date of surgery or intervention to 
the date of death from any cause or last follow-up.

Statistical Analysis

Descriptive statistics were reported as medians (interquar-
tile ranges (IQRs)) for continuous variables, while categori-
cal variables were presented as frequencies (%). To com-
pare continuous variables, the Mann-Whitney U test was 
employed, whereas categorical variables were assessed 
using the chi-square test or Fisher’s exact test, depending 
on appropriateness. The trend of LT, resection, and non-
CIT cases for very early ICC patients was assessed by the 
Mantel-Haenszel trend test. Survival probabilities were esti-
mated utilizing Kaplan-Meier curves and compared using 
the log-rank test. The Cox regression model was employed 
to evaluate the association between relevant clinicopatho-
logic factors and overall survival (OS). Hazard ratios (HRs) 
and their corresponding 95% confidence intervals (CIs) were 
reported for variables found to be statistically significant. 
Hazard rates were estimated using the local regression-
smoothing method. Aalen’s linear hazards models were 
employed to examine the hypothesis that LT may exert 
distinct effects on the hazard function across different time 
intervals.20 When the time-varying coefficient of a covariate 
in Aalen’s model remains constant, the plot of the cumula-
tive hazard ratio versus time appears as a straight line. An 
elevated hazard of death is indicated by an increased slope, 
while a reduced hazard is reflected by a decreased slope in 
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the cumulative regression coefficient line. For ease of inter-
pretation, results from the Aalen’s linear hazard models were 
represented by a plot of the cumulative hazard ratio against 
time from surgery. Additionally, 5-year conditional survival 
(CS) estimates were analyzed, considering the age groups 
(i.e., <60 years old vs. ≥60 years old) to examine the long-
term survival advantages of LT compared with resection. 
CS estimates are used to assess the likelihood of patients 
surviving for a specific number of additional years, based 
on the duration of time they have already survived after the 
surgical procedure.21 Specifically, the 5-year CS refers to the 
conditional probability of surviving 5+t years, given that the 
patient is still alive t years after the surgery.21

To address the substantial imbalance between LT and 
non-CIT groups, a propensity score weighting using over-
lapped weights was performed to adjust the imbalances 
between the two groups regarding demographic informa-
tion including social- and tumor-related factors, as well as 
background liver condition.22 An overlap weight propensity 
score for treatment allocation was estimated from a multi-
variate model containing the patient’s age, gender, year of 
diagnosis, race, median income, insurance status, education 
levels, facility location and types, Charlson-Deyo comorbid-
ity score, and fibrosis. Results from the comparison between 
covariate subgroups were reported as standardized mean 
differences (SMDs). SMDs lower than 0.1 indicated very 
small differences between means, whereas values between 
0.1 and 0.3, between 0.3 and 0.5, and greater than 0.5 indi-
cated small, moderate, and large differences, respectively.23 
A sensitivity analysis was conducted to identify patients who 
received treatment during the period of modern chemother-
apies, in order to capture the impact of advancements in 
systemic chemotherapy. All statistical tests were conducted 
as two-sided, and a p-value of less than 0.05 was consid-
ered statistically significant. All statistical analyses were 
performed using R version 4.2.0 (R Project for Statistical 
Computing, Vienna, Austria).

Results

Patients’ Demographics

A total of 863 patients were identified for inclusion in the 
study. The median age was 67.0 years (IQR, 60.0–75.0) and 
365 (42.3%) patients were female. Among the patients, 54 
(6.3%) underwent LT, while 342 (39.6%) underwent surgi-
cal resection, and 467 (54.1%) received non-CIT. The vast 
majority of patients (n=683, 79.1%) were treated during 
2010 to 2018. Most patients resided in metropolitan areas 
(n=683, 79.1%) and were treated at academic institutions 
(532, n=61.6%). Among patients with an available fibrosis 
score (n=121, 14.0%), only a small subset of patients had 

fibrosis of the liver (n=50, 5.8%). Approximately 10% of 
patients had poor or undifferentiated histological differentia-
tion (n=109, 12.6%) (Table 1).

Table 1   Baseline characteristics of patients

Characteristics All population n=863

Treatment modalities
  Liver transplantation 54 (6.3)
  Liver resection 342 (39.6)
  Non-curative intent treatment 467 (54.1)
Age, y, median (IQR) 67.0 [60.0, 75.0]
Gender, female, n (%) 365 (42.3)
Race, n (%)
  White 736 (85.3)
  Black 61 (7.1)
  Other 66 (7.6)
Year of diagnosis, n (%)
  2004–2009 180 (20.9)
  2010–2018 683 (79.1)
Median income, n (%)
  <48 000$ 272 (31.5)
  ≥48 000$ 485 (56.2)
  Unknown 106 (12.3)
No High School Degree, n (%)
  <10.8% 440 (51.0)
  >10.9% 315 (36.5)
  Unknown 108 (12.5)
Insurance status, n (%)
  Other, unknown, un-insured 60 (7.0)
  Private/managed plan 301 (34.9)
  Medicaid/Medicare 502 (58.2)
Hospital location, n (%)
  Non-metropolitan 123 (14.3)
  Metropolitan 683 (79.1)
  Unknown 57 (6.6)
Hospital type, n (%)
  Non-academic 306 (35.5)
  Academic 532 (61.6)
  Unknown 25 ( 2.9)
Charlson-Deyo comorbidity score, n (%)
  0 562 (65.1)
  1 184 (21.3)
  2 or more 117 (13.6)
Fibrosis, n (%)
  No 71 (8.2)
  Yes 50 (5.8)
  Unknown 742 (86.0)
Grade, n (%)
  Well/moderately differentiated 356 (41.3)
  Poorly/undifferentiated 109 (12.6)
  Unknown 398 (46.1)
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Chronological Trend for LT, Resection, and Non‑CIT

Figure 1 illustrates the trend over time in the proportion of 
LT, resection, and non-CIT for patients with very early ICC. 
Notably, the percentage of patients undergoing resection 
for very early ICC exhibited a slight but significant decline 
throughout the study period, decreasing from 62.5% in 2004 
to 28.9% in 2018 (Mantel-Haenszel test of trend p<0.01). 
Conversely, the proportion of patients receiving non-CIT 
steadily increased over time, more than doubling from 31.3% 
in 2004 to 66.7% in 2018 (Mantel-Haenszel test of trend 
p<0.01). In contrast, the percentage of LT remained rela-
tively stable at around 5–7% throughout the study period 
(Mantel-Haenszel test of trend p=0.71).

Survival Benefits of LT and Surgical Resection

Compared with patients who underwent liver resection, indi-
viduals who had LT were more likely to be younger (LT, 
61.0 years, IQR 54.0–64.0 vs. resection, 65.0 years, IQR 
59.0–72.0), male (LT, n=14, 25.9% vs. resection, n=143, 
41.8%) and treated at an academic hospital (LT, n=48, 
88.9% vs. resection, n=244, 71.3%). In addition, patients 
who underwent LT had an increased likelihood of having an 
advanced Charlson-Deyo comorbidity score (≥2: LT, n=18, 
33.3% vs. resection, n=40, 11.7%) and fibrosis of the liver 
(LT, n=15, 27.8% vs. resection, n=15, 4.4%) (all p<0.05) 
(Supplementary Table 1).

With a median follow-up of 35.6 months (IQR 19.2-
65.7 months), LT patients had similar 5-year OS to indi-
viduals who underwent resection (5-year OS, LT 60.5% vs. 

resection 53.9%; 10-year OS, LT 53.9% vs. resection 33.1%; 
p=0.25) (Fig. 2). On multivariable Cox regression analy-
sis, LT was not associated with worse OS compared with 
hepatic resection (referent, resection: LT, HR 1.06, 95%CI 
0.63–1.79, p=0.82) (Table 2). To further examine the time-
varying effect of LT versus resection on survival, Aalen’s 
linear hazard models were utilized. While not statistically 
significant, LT patients exhibited a higher risk of mortality 
versus individuals who underwent resection for approxi-
mately 36 months following surgery (Fig. 3a).

CS estimates were analyzed relative to LT versus hepa-
tectomy with stratification according to age. Notably, among 
patients under the age of 60 (n=27), the 5-year CS following 
LT was higher than that observed after resection during the 
initial 0 to 5 years after surgery. In contrast, the 5-year CS 
for patients aged 60 or older who underwent LT (n=29) was 
initially comparable to that of LT patients under 60 years 
old for up to 3 years after surgery, yet beyond that point, CS 
declined and fell below the 5-year CS of patients aged 60 or 
older who underwent resection (Fig. 3b).

Survival Benefits of LT and Non‑CIT

To compare the survival advantages among patients who 
underwent LT, and individuals who were unable to undergo 
curative intent resection, patients aged ≤ 70 years old who 
had LT versus non-CIT were analyzed, as elderly patients 
aged >70 years old are normally not considered candidates 
for LT. The total number of elderly patients undergoing LT 
and non-CIT was 49 and 219, respectively. Before adjust-
ment, there were several clinicodemographic imbalances 

Fig. 1   Time trends in liver 
transplantation, resection, and 
non-curative intent treatment 
for very early intrahepatic 
cholangiocarcinoma. LT, liver 
transplant; LR, liver resec-
tion; nCIT, non-curative intent 
treatment
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between the two groups including gender, income level, 
insurance status, hospital location, and hospital type, as 
well as Charlson-Deyo comorbidity score and the level of 
fibrosis. After adjustment, all measured variables were bal-
anced (all SMDs <0.001) (Table 3). In the propensity score 
overlapped weighting-adjusted cohort, 5-year OS was better 
among patients who had LT versus non-CIT (5-year OS, LT 
54.8% vs. LR 27.9%, p=0.005) (Fig. 4). A sensitivity analy-
sis of patients between 2010 and 2018 demonstrated similar 
results with LT patients having a more favorable OS versus 
patients in the non-CIT cohort (5-year OS, LT 52.8% vs. LR 
21.9%, p<0.001) (Supplementary Figure 1).

Discussion

With advances in chemotherapy, surgical techniques, and 
immunological therapies, there has been an extension of 
oncologic indications for liver transplantation in recent 
years.24 Though relatively well established for perihilar 
CCA, the role of LT for ICC remains controversial.25 Ini-
tial reports on the survival outcomes of LT for ICC were 
poor, however, with a reported 2-year OS of only 30%.26 
More recently, there has been renewed interest in LT for 
ICC based on revised, more limited selection criteria.27, 28 
The current study was important because it demonstrated an 
upward trend in the utilization of non-CIT for patients with 
very early ICC, while the use of LT remained constant over 
the study period. Although there was no overall difference 
in OS among patients who underwent LT versus resection 
in the overall cohort, among patients under the age of 60, 
the 5-year CS following LT was higher than that observed 
after resection during the initial 0 to 5 years after surgery. In 

addition, LT was associated with a survival advantage over 
non-CIT after controlling confounding factors. This finding 
was further supported by sensitivity analysis, which spe-
cifically examined patients treated with more recent chemo-
therapeutic regimens.

With growing interest in transplant oncology over the 
last decade, there is renewed interest in comparing long-
term outcomes of LT versus surgical resection. Hong et al. 
published initial data over a decade ago that suggested LT 
combined with neoadjuvant and adjuvant systemic therapy 
could provide reasonable long-term outcomes compared 
with hepatectomy for patients with early ICC.29 More 
recently, other reports have noted similar median survival 
times following LT versus resection for ICC in the setting 
of the modern era with systemic chemotherapeutic agents.15 
Specifically, using propensity score matching, Hue et al. 
reported a median survival of 36.1 months for patients 
undergoing LT versus 33.6 months among individuals who 
underwent hepatic resection.15 Most previous studies evalu-
ated survival differences for all ICC patients and failed to 
stratify patients with “very early” ICC. In the current study, 
we specifically analyzed only patients with very early ICC 
defined as a single tumor and ≤ 2cm. Of note, utilization 
of LT for very early ICC was associated with comparable 
overall long-term outcomes versus hepatectomy. In particu-
lar, 5-year OS following LT for very early ICC was 60.5%, 
which was similar to the 5-year OS of 53.9% among patients 
who underwent hepatic resection (Fig. 2). While these find-
ings suggest that LT should not prioritized as a treatment 
option for all patients with ICC, certain subsets of individu-
als with very early HCC may benefit from LT. For example, 
among patients under the age of 60, 5-year CS following LT 
was higher than after resection during the initial 0 to 5 years 

Fig. 2   Kaplan-Meier curves 
relative to treatment modali-
ties for very early intrahepatic 
cholangiocarcinoma. Non-CIT, 
non-curative intent treatment
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after surgery (Fig. 3b). As such, patient age at the time of LT 
may be one factor to consider when considering LT versus 
resection, although further validation is warranted.

Patients with very early ICC who have cirrhosis or other 
contraindications to resection are often only considered 
for alternative non-CIT options such as chemotherapy or 

Table 2   Multivariable Cox 
regression analysis for 
overall survival among liver 
transplantation and resection 
patients

Bold font signifies p<0.05

Univariable Multivariable

Characteristics HR [95%CI] p-value HR [95%CI] p-value

Treatment modalities
  Liver resection Ref Ref
  Liver transplant 0.76 [0.48, 1.22] 0.33 1.06 [0.63, 1.79] 0.82
Age, y 1.01 [0.99, 1.03] 0.16 1.02 [1.00, 1.04] 0.07
Gender, female 0.69 [0.51, 0.94] 0.02 0.74 [0.54, 1.03] 0.07
Race
  White Ref
  Black 0.64 [0.33, 1.25] 0.19 0.59 [0.29, 1.22] 0.16
  Other 0.90 [0.52, 1.55] 0.69 1.09 [0.61, 1.95] 0.77
Year of diagnosis, 2010–2018 0.86 [0.63, 1.19] 0.37 0.84 [0.59, 1.19] 0.32
Median income
  <48 000$ Ref
  ≥48 000$ 0.72 [0.53, 0.99] 0.047 0.65 [0.43, 0.99] 0.045
  Unknown 0.53 [0.31, 0.91] 0.02 0.50 [0.26, 0.96] 0.04
No high school degree
  <10.8% Ref
  >10.9% 1.07 [0.79, 1.47] 0.65 0.99 [0.66, 1.51] 0.98
Insurance status
  Other, unknown, uninsured Ref
  Private/managed plan 0.76 [0.42, 1.37] 0.36 0.91 [0.50, 1.67] 0.77
  Medicaid/Medicare 0.78 [0.43, 1.39] 0.40 0.81 [0.43, 1.50] 0.50
Hospital location
  Non-metropolitan Ref
  Metropolitan 0.73 [0.48, 1.12] 0.16 0.86 [0.54, 1.35] 0.51
  Unknown 0.74 [0.41, 1.35] 0.33 0.87 [0.47, 1.63] 0.67
Hospital type
  Non-academic Ref
  Academic 0.68 [0.49, 0.95] 0.001 0.71 [0.50, 1.01] 0.06
Charlson comorbidity index
  0 Ref
  1 1.50 [1.07, 2.12] 0.02 1.46 [1.01, 2.11] 0.04
  2 or more 0.71 [0.43, 1.18] 0.19 0.86 [0.50, 1.48] 0.59
Fibrosis
  No Ref
  Yes 0.53 [0.23, 1.21] 0.13 0.53 [0.22, 1.32] 0.17
  Unknown 1.11 [0.69, 1.77] 0.67 0.98 [0.60, 1.60] 0.93
Stage
  1 Ref
  2 1.75 [1.26, 2.43] <0.001 1.94 [1.38, 2.73] <0.001
  3 2.86 [1.83, 4.40] <0.001 2.39 [1.49, 3.86] <0.001
Grade
  Well/moderately differentiated Ref
  Poorly/undifferentiated 1.51 [1.01, 2.24] 0.04 1.35 [0.89, 2.05] 0.16
  Unknown 1.26 [0.84, 1.88] 0.26 1.51 [0.97, 2.33] 0.07
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radiotherapy.30 To date, there has been a dearth of litera-
ture examining the differences in outcomes among patients 
who underwent LT versus non-CIT. In the current study, 
we noted a survival benefit among patients undergoing LT 
versus individuals who were treated with non-CIT, after pro-
pensity score matching to control for competing variables 
between the two groups (Fig. 4). Of note, the improvement 
in outcomes among patients undergoing LT persisted in the 
era of modern chemotherapies (2010–2018). In this sense, 
the survival advantage associated with LT versus non-CIT 
suggests that clinicians should consider LT in determining 
the optimal course of treatment for patients with early ICC 
who are not candidates for resection. While there have been 

marked advancements in non-surgical treatment options for 
ICC, these treatments are not curative in nature.31 As such, 
findings from the current study suggest that LT may be a 
viable treatment option for patients who are not suitable 
candidates for surgical resection. LT is, however, a highly 
specialized procedure that requires substantial human and 
medical resources.32 Furthermore, socioeconomic dispari-
ties pose challenges to the widespread implementation of 
LT.33,  34 Overcoming these barriers is essential to expand the 
utilization of LT for early-stage ICC, as well as to determine 
the optimal LT protocol for patients with very early ICC.10

Treatment of early ICC is particularly important 
as there is an increasing proportion of patients being 

Fig. 3   a Aalen’s linear hazards 
plot comparing the overall 
survival of patients treated with 
liver transplantation and those 
undergoing surgical resection 
of very early intrahepatic chol-
angiocarcinoma. b Conditional 
survival relative to treatment 
options and age. LT, liver trans-
plant; LR, liver resection
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Table 3   Patient demographic between liver transplantation and non-curative intent treatment patients who were aged ≤ 70 years old before and 
after propensity score overlap weighting

LT, liver transplantation; non-CIT, non-curative intent treatment; SMD, standard mean difference; bold font signifies SMD>0.10

Characteristics Before weighting After weighting

LTn=49 nCITn=219 SMD LTn=49 Sum of 
weights 22.1

nCIT 
n=219
Sum of weights 22.1

SMD

Age, y, median (IQR) 60.0 [53.0, 64.0] 61.0 [55.0, 65.0] 0.09 60.0 [53.0, 64.0] 61.0 [55.0, 64.0] <0.001
Gender, female, n (%) 13 (26.5) 84 (38.4) 0.26 6.1 (27.8) 6.1 (27.8) <0.001
Race, n (%)
  White 41 (83.7) 183 (83.6) 0.14 18.3 (82.8) 18.3 (82.8) <0.001
  Black 6 (12.2) 21 (9.6) 3.0 (13.4) 3.0 (13.4)
  Other 2 (4.1) 15 (6.8) 0.9 (3.9) 0.9 (3.9)
Year of diagnosis, n (%)
  2004–2009 11 (22.4) 43 (19.6) 0.07 3.3 (19.6) 3.3 (19.6) <0.001
  2010–2018 38 (77.6) 176 (80.4) 17.8 (80.4) 17.8 (80.4)
Median income, n (%)
  <48 000$ 13 (26.5) 75 (34.2) 0.17 6.7 (30.2) 6.7 (30.2) <0.001
  ≥48 000$ 29 (59.2) 115 (52.5) 11.6 (52.6) 11.6 (52.6)
  Unknown 7 (14.3) 29 (13.2) 3.8 (17.2) 3.8 (17.2)
No high school degree, n (%)
  <10.8% 22 (44.9) 107 (48.9) 0.08 9.5 (43.0) 9.5 (43.0) <0.001
  >10.9% 20 (40.8) 82 (37.4) 8.8 (39.8) 8.8 (39.8)
  Unknown 7 (14.3) 30 (13.7) 3.8 (17.2) 3.8 (17.2)
Insurance status, n (%)
  Other, unknown, un-insured 1 (2.0) 21 (9.6) 0.33 0.8 (3.4) 0.8 (3.4) <0.001
  Private/managed plan 27 (55.1) 110 (50.2) 12.5 (56.7) 12.5 (56.7)
  Medicaid/Medicare 21 (42.9) 88 (40.2) 8.8 (39.9) 8.8 (39.9)
Hospital location, n (%)
  Non-metropolitan 5 (10.2) 38 (17.4) 0.30 2.2 (10.1) 2.2 (10.1) <0.001
  Metropolitan 38 (77.6) 169 (77.2) 16.8 (75.8) 16.8 (75.8)
  Unknown 6 (12.2) 12 (5.5) 3.1 (14.1) 3.1 (14.1)
Hospital type, n (%)
  Non-academic 5 (10.2) 82 (37.4) 0.82 3.0 (13.7) 3.0 (13.7) <0.001
  Academic 44 (89.8) 124 (56.6) 19.1 (86.3) 19.1 (86.3)
  Unknown 0 (0.0) 13 (5.9) 0.0 (0.0) 0.0 (0.0)
Charlson-Deyo comorbidity index, n (%)
  0 22 (44.9) 146 (66.7) 0.61 11.2 (50.6) 11.2 (50.6) <0.001
  1 9 (18.4) 47 (21.5) 4.8 (21.5) 4.8 (21.5)
  2 or more 18 (36.7) 26 (11.9) 6.2 (27.9) 6.2 (27.9)
Stage
  1 39 (79.6) 105 (47.9) 0.82 16.2 (73.3) 16.2 (73.3) <0.001
  2 10 (20.4) 77 (35.2) 5.9 (26.7) 5.9 (26.7)
  3 0 (0.0) 37 (16.9) 0.0 (0.0) 0.0 (0.0)
Fibrosis, n (%)
  No 1 (2.0) 16 (7.3) 0.69 0.7 (3.3) 0.7 (3.3) <0.001
  Yes 15 (30.6) 14 (6.4) 4.3 (19.3) 4.3 (19.3)
  Unknown 33 (67.3) 189 (86.3) 17.1 (77.3) 17.1 (77.3)
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diagnosed with early-stage disease.16 In fact, Lee et al. 
demonstrated that the proportion of patients with ICC 
≤ 3 cm has increased to 10% in 2018.16 The observed 
increase in early-stage ICC detection can be attributed to 
the broader adoption of liver cancer surveillance among 
patients with cirrhosis or chronic hepatitis infection, as 
well as advancements in imaging techniques for ICC diag-
nosis.35 Additionally, policy changes that have enhanced 
access to healthcare may contribute to the early detection 
of ICC.3 Interestingly, despite an increase in the propor-
tion of patients diagnosed with early-stage ICC, there 
was a decrease in the number of patients undergoing liver 
resection, while the percentage of patients receiving non-
CIT increased (Fig. 1). The criteria of resectability for 
non-metastatic ICC should be based on background liver 
condition and the extent of liver resection, since the rem-
nant liver function has a profound role in postoperative 
management.36 Hence, our findings may be explained, in 
part, by an increase in patients with impaired liver func-
tion who were unable to undergo resection. Another pos-
sibility may be related to social determinants of health as 
socioeconomic and environmental factors have been asso-
ciated with disparities in receipt of LT.37 Interestingly, the 
proportion of LT was stable around 5–7%, which may be 
related to LT not being an established standard of care for 
resectable ICC.38, 5, 39 Data from the current study suggest 
that clinicians should consider LT more often as a poten-
tial treatment option for appropriately selected patients 
with early ICC. As 5-year survival following LT for early-
stage ICC did not reach the 75% “benchmark,” prioritizing 
LT for ICC over other nonmalignant diseases might not be 
advisable.27 Measures to expand the liver donor pool, such 
as donor after cardiac death, living liver transplantation, 

and xenotransplantation, may hold potential in expanding 
the indications for liver transplantation in cases involving 
malignancies in the future.40, 41

Several limitations should be considered when interpret-
ing the results. As the NCDB did not include information 
on the waiting list for LT, analyses on waitlist mortality and 
morbidity could not be performed. Furthermore, the com-
parison between LT and hepatic resection was not conducted 
in an intention-to-treat manner, resulting in a possible selec-
tion bias for LT patients.42 In addition, selection bias and 
residual confounding may have affected the patient selec-
tion of each treatment option due to the retrospective nature 
of the study. To mitigate this, propensity score overlapped 
weight analyses were utilized to minimize residual bias and 
confounding. The NCDB also did not provide information 
on the reasons why patients did not undergo resection or LT. 
Furthermore, the NCDB did not provide detailed informa-
tion on the preoperative diagnosis or the utilization of portal 
lymphadenectomy. Potential coding errors related to data 
input and coding of population-based registry data may have 
also impacted the results; however, this effect was likely not 
to have biased the results in a particular direction.

In conclusion, very early ICC patients who had LT had 
comparable outcomes to individuals who underwent hepa-
tectomy, yet a markedly better prognosis than individuals 
treated with non-CIT. LT should be carefully considered a 
potential treatment for patients with very early ICC who 
are not suitable candidates for resection. Surgeons should 
evaluate each patient’s individual circumstances and deter-
mine whether LT may be a viable and appropriate treatment 
option. Data on patients undergoing LT for ICC should be 
monitored in prospective protocol-driven registries to better 
define selection criteria and long-term outcomes.

Fig. 4   Kaplan-Meier curve for 
liver transplantation and non-
curative intent treatment groups 
after propensity score over-
lapped weighting adjustment
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