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Liver resection (LR) is the only recommended effective curative treatment for patients with 
intrahepatic cholangiocarcinoma (ICC), but the prognosis of patients with ICC is still poor even after 
curative resection. Recently, many researchers focused on the therapeutic value of LT for patients 
with ICC. This study aimed to identify the role of liver transplantation in patients with ICC by internally 
comparing with LR in ICC and externally comparing with LT in HCC. We obtained patient data from 
SEER database. Propensity score methods were applied to control confounders. Survival outcome 
was estimated using Kaplan–Meier survival curves and compared using the log-rank test. A total of 
2538 patients with ICC after surgery and 5048 patients with HCC after LT between 2000 and 2019 were 
included in this study. The prognosis of patients with ICC after LT were better than patients with ICC 
after LR in both unmatched (HR 0.65, P = 0.002) and matched cohorts (HR 0.62, P = 0.009). The 5-year 
OS rate after LT could be improved to 61.7% in patients with local advanced ICC after neoadjuvant 
chemotherapy. In conclusion, our study demonstrated that the prognosis of patients with ICC after 
LT was better than patients with ICC after LR, but was still worse than patients with HCC after LT. LT 
with neoadjuvant chemotherapy should be considered as a treatment option for patients with locally 
advanced ICC, but more prospective multicenter clinical trials are needed to further confirm these 
results.

Intrahepatic cholangiocarcinoma (ICC) is the second most common liver cancer after hepatocellular carcinoma 
(HCC) with an increasing trend in both global incidence and mortality rate1–3. ICC arises from the epithelial 
layer of the second-degree biliary tract and has a high degree of malignancy4,5. Liver resection (LR) is the only 
effective curative treatment option for ICC6. However, even after curative resection, the prognosis of ICC in 
patients remains poor, with a 5-year overall survival (OS) rate of only 20–35%7.

Liver transplantation (LT), a standard treatment for early-stage HCC, can be used to treat the tumor as well as 
resolve underlying liver diseases, and it has shown the highest therapeutic value among all treatments available 
for HCC8,9. The 1-year and 5-year OS rates in patients with HCC after LT exceed 85% and 70%, respectively, in 
most centers10. Historically, LT has not been recommended for patients with ICC because of improper patient 
selection and lack of neoadjuvant therapy. However, at present, LT outcomes in patients with ICC have signifi-
cantly improved due to proper patient selection and application of neoadjuvant therapies11,12.

Although the Milan criteria have been used to select patients with HCC to undergo LT worldwide13,14, to the 
best of our knowledge, a consensus for performing LT in patients with ICC has not yet been reached. However, 
two potential selection criteria have been identified: ①very early stage tumor (single tumor, tumor size ≤ 2 cm) 
with cirrhosis; and ②locally advanced tumor with neoadjuvant chemotherapy11,15.Therefore, this study aimed 
to identify the role of LT in patients with ICC by an internal comparison with the role of LR in patients with ICC 
and an external comparison with the role of LT in patients with HCC.
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Materials and methods
Ethics statement.  We analyzed data from the Surveillance, Epidemiology, and End Results (SEER) data-
base, after signing a data agreement (11,187-Nov2021); moreover, our study was exempted from ethical review. 
This article does not include data obtained from human participants by any of the authors.

Study population.  We obtained patient data from the SEER Research Plus Data, 17 Registries, Nov 2021 
Sub (2000–2019) incidence database, using SEER*Stat version 8.4.0. A total of 2538 patients with ICC after 
curative surgery and 5048 patients with HCC after LT were included in this study. The following variables were 
used in the analysis: patient age, sex, race, marital status, American Joint Committee on Cancer (AJCC) stage, 
tumor size, tumor grade, surgical approach, radiotherapy(Y/N), chemotherapy (Y/N), fibrosis score, months of 
survival, and OS status.

Statistical analysis.  The baseline characteristics of patients with ICC after LR and LT were compared using 
the Kruskal–Wallis test and χ2 test performed for continuous and categorical variables, respectively. To control 
the possible effects of the measured confounders, propensity score methods were applied. The propensity score 
was calculated using a multivariate logistic regression model, that included patient age, sex, race, marital status, 
AJCC stage, tumor size, tumor grade, radiotherapy(Y/N), chemotherapy (Y/N) and fibrosis score. Balanced 
cohorts were created using the one-to-one nearest-neighbor propensity score matching (PSM) method16. Sur-
vival was estimated using Kaplan–Meier survival curves and compared using a log-rank test.

All statistical analyses were performed using SPSS (version 24.0; SPSS, Chicago, IL, USA) and R software 
(version 4.1.2; http://​www.r-​proje​ct.​org/). Statistical significance was set at p < 0.05.

Results
Patient and Tumor characteristics.  A total of 2538 patients with ICC who underwent curative surgery 
and 5048 patients with HCC who underwent LT were enrolled in this study. Among the 2538 patients with 
ICC, most (95.5%) underwent LR, and only 113 (4.5%) underwent LT. Patients with ICC in the LT cohort were 
younger (57 vs. 65; p < 0.001) and had a male predilection (66.4% vs. 48.9%; p < 0.001) as compared to those in 
the LR cohort. The tumor characteristics also differed between the patients in LR and LT cohorts. Patients with 
an early AJCC stage, small tumor size, well-differentiated tumor grade and cirrhosis were more likely to undergo 
LT (p < 0.01). After PSM, no significant differences were observed between the patients in LR and LT cohorts. 
The baseline characteristics of the unmatched and matched cohorts are shown in Table 1.

Overall survival comparation between LR and LT in the ICC patients.  In the unmatched cohorts, 
patients who underwent LT had significantly longer survival than those who underwent LR [median OS: 23 vs. 
21 months; hazard ratio (HR): 0.65 (0.50–0.85, p = 0.002)] (Fig. 1A, Table 2). Similar outcomes were observed 
in patients undergoing LT and LR in the matched cohorts [median OS: 23 vs. 18 months; HR: 0.62 (0.43–0.89, 
p = 0.009)] (Fig. 1B, Table 2). The 5-year OS rates in patients undergoing LT and LR were 52.8% and 29.9% in the 
matched cohorts, respectively.

Overall survival analysis by different selection criteria in the ICC patients receiving LT.  As pre-
viously mentioned, two potential selection criteria were identified for patients with ICC undergoing LT. Herein, 
we defined criteria 1 as: very early stage tumor (tumor size ≤ 2 cm) + cirrhosis; and criteria 2 as: locally advanced 
tumor (AJCC stage I and II) + chemotherapy. After selection, 10 patients with ICC undergoing LT met the cri-
teria 1 and 31 patients with ICC undergoing LT met the criteria 2. Survival analyses were performed for the dif-
ferent patient subgroups. The 5-year OS rate for patients undergoing LT who met selection criteria 1 and 2 were 
43.8% and 61.7%, respectively (Table 3). The survival outcome in patients within selection criteria 1 or 2 was 
significantly better than patients beyond both selection criteria (p = 0.01) (Fig. 2A). Furthermore, we also applied 
Milan criteria (single tumor ≤ 5 cm or 3 tumors all ≤ 3 cm with no angioinvasion or extrahepatic involvement) to 
select ICC patients who underwent LT. After selection, 47 patients with ICC within Milan criteria underwent LT 
and 5-year OS rate of them was 56.4%. 66 patients with ICC beyond Milan criteria underwent LT and 5-year OS 
rate of them was 50.1% (Table 4). No significant difference in survival outcome was observed between patients 
within or beyond Milan criteria (p = 0.68) (Fig. 2B).

Survival analysis in patients with HCC or ICC undergoing LT.  We further analyzed the survival 
outcomes of patients with ICC undergoing LT compared with those in patients with HCC. In the unmatched 
cohorts, patients with ICC undergoing LT had significantly shorter survival than those with HCC [median OS: 
23 vs. 69 months; HR: 2.14 (1.64–2.80, p < 0.001)]. The 5-year OS rates in patients with ICC and patients with 
HCC undergoing LT were 52.8% and 74.9%, respectively (Fig.  3A, Supplementary table  1). In the matched 
cohorts, patients with ICC undergoing LT also had significantly worse survival outcomes than those with HCC 
[median OS: 23 vs. 57 months; HR: 1.52 (1.03–2.22, p < 0.05)] (Fig. 3B, Table 5).

Discussion
Currently, LR is the only widely accepted curative treatment for ICC. However, the 5-year OS rate in patients 
with ICC after LR has been reported to be 20–40%17–19. This was verified in our study, in which the 5-year OS 
rates in patients with ICC after LR were 33.3% and 29.9% in unmatched and matched cohorts, respectively. The 
5-year OS rate in patients with ICC after LT was 52.8%, which was significantly higher than that in patients with 
ICC following LR (HR = 0.62, p = 0.009). The results of our study are encouraging because it is generally accepted 
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in the transplant community that a 5-year OS rate of at least 50–60% is required for a transplant indication to 
be considered acceptable20.

In the recent years, the two potential selection criteria defined for patients with ICC undergoing LT are as 
follows: ①very early stage tumor (single tumor, tumor size ≤ 2 cm) with cirrhosis; and ②locally advanced tumor 
with neoadjuvant chemotherapy11,15. Our study analyzed the survival outcomes of the selected patients with ICC 
after LT based on these two criteria. We found that the 5-year OS rate after LT improved to 61.7% in patients 
with locally advanced ICC after neoadjuvant chemotherapy. However, a 5-year OS rate of 43.8% was observed 
in patients with very early stage ICC with cirrhosis. This unsatisfactory result could be owing to the relatively 
small sample size (only 10 patients with ICC had tumor size ≤ 2 cm and cirrhosis).

Table 1.   Demographic and tumor characteristics of patients with ICC by surgery before and after propensity 
score matching, SEER, 2000–2019. IQR interquartile range, W White, B Black, AI American Indian/Alaska 
Native, API Asian or Pacific Islander.

Variable
Total
(n = 2538)

Unmatched cohort Propensity score-matched cohort

Liver resection (n = 2425)
Liver transplantation 
(n = 113) P value Liver resection (n = 113)

Liver transplantation 
(n = 113) P value

Age [Median (IQR)] 65 (56–72) 65 (56–72) 57 (50–63)  < 0.001 58 (48–66) 57 (50–63) 0.891

Sex [n (%)]  < 0.001 1.000

 Male 1260 (49.6%) 1185 (48.9%) 75 (66.4%) 74 (65.5%) 75 (66.4%)

 Female 1278 (50.4%) 1240 (51.1%) 38 (33.6%) 39 (34.5%) 38 (33.6%)

Race [n (%)] 0.041 0.577

 W 1998 (78.7%) 1897 (78.2%) 101 (89.4%) 103 (91.2%) 101 (89.4%)

 B 167 (6.58%) 162 (6.68%) 5 (4.42%) 7 (6.19%) 5 (4.42%)

 API 345 (13.6%) 339 (14.0%) 6 (5.31%) 3 (2.65%) 6 (5.31%)

 AI 20 (0.79%) 19 (0.78%) 1 (0.88%) 0 (0.00%) 1 (0.88%)

 Unknown 8 (0.32%) 8 (0.33%) 0 (0.00%) 0 (0.00%) 0 (0.00%)

Marital status [n (%)] 0.547 0.560

 Married 1596 (62.9%) 1527 (63.0%) 69 (61.1%) 61 (54.0%) 69 (61.1%)

 Single 849 (33.5%) 811 (33.4%) 38 (33.6%) 45 (39.8%) 38 (33.6%)

 Unknown 93 (3.66%) 87 (3.59%) 6 (5.31%) 7 (6.19%) 6 (5.31%)

AJCC stage [n (%)] 0.001 0.982

 I 830 (32.7%) 787 (32.5%) 43 (38.1%) 43 (38.1%) 43 (38.1%)

 II 418 (16.5%) 395 (16.3%) 23 (20.4%) 24 (21.2%) 23 (20.4%)

 III 647 (25.5%) 631 (26.0%) 16 (14.2%) 13 (11.5%) 16 (14.2%)

 IV 305 (12.0%) 299 (12.3%) 6 (5.31%) 27 (23.9%) 6 (5.31%)

 Unknown 338 (13.3%) 313 (12.9%) 25 (22.1%) 6 (5.31%) 25 (22.1%)

Tumor size [n (%)]  < 0.001 0.912

 0–2 cm 226 (8.90%) 199 (8.21%) 27 (23.9%) 25 (22.1%) 27 (23.9%)

 2–5 cm 862 (34.0%) 822 (33.9%) 40 (35.4%) 43 (38.1%) 40 (35.4%)

  > 5 cm 1055 (41.6%) 1048 (43.2%) 7 (6.19%) 5 (4.42%) 7 (6.19%)

 Unknown 395 (15.6%) 356 (14.7%) 39 (34.5%) 40 (35.4%) 39 (34.5%)

Grade [n (%)]  < 0.001 0.540

 I 255 (10.0%) 240 (9.90%) 15 (13.3%) 10 (8.85%) 15 (13.3%)

 II 1111 (43.8%) 1076 (44.4%) 35 (31.0%) 30 (26.5%) 35 (31.0%)

 III 670 (26.4%) 650 (26.8%) 20 (17.7%) 26 (23.0%) 20 (17.7%)

 IV 26 (1.02%) 25 (1.03%) 1 (0.88%) 3 (2.65%) 1 (0.88%)

 Unknown 476 (18.8%) 434 (17.9%) 42 (37.2%) 44 (38.9%) 42 (37.2%)

Radiation [n (%)] 0.005 0.269

 No 2121 (83.6%) 2038 (84.0%) 83 (73.5%) 91 (80.5%) 83 (73.5%)

 Yes 417 (16.4%) 387 (16.0%) 30 (26.5%) 22 (19.5%) 30 (26.5%)

Chemotherapy [n (%)] 0.210 1.000

 No 1303 (51.3%) 1252 (51.6%) 51 (45.1%) 50 (44.2%) 51 (45.1%)

 Yes 1235 (48.7%) 1173 (48.4%) 62 (54.9%) 63 (55.8%) 62 (54.9%)

Fibrosis [n (%)]  < 0.001 0.498

 Normal 354 (13.9%) 345 (14.2%) 9 (7.96%) 8 (7.08%) 9 (7.96%)

 Cirrhosis 112 (4.41%) 82 (3.38%) 30 (26.5%) 23 (20.4%) 30 (26.5%)

 Unknown 2072 (81.6%) 1998 (82.4%) 74 (65.5%) 82 (72.6%) 74 (65.5%)
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Regardless of the underlying disease, the goal of LT is to provide liver recipients with the maximum possible 
benefit from the limited donor liver source10,21. Thus, only the survival superiority of LT over LR or a 5-year OS 
rate of 61.7% did not justify LT indication in patients with ICC. Our study further analyzed the survival outcomes 
in patients with ICC undergoing LT compared to those in patients with HCC. However, the prognosis of ICC in 
patients after LT was worse than that of HCC in patients (HR: 2.14, p < 0.001).

Notably, the OS in the selected patients with ICC who underwent LT has significantly improved in some 
centers. Sapisochin et al. reported that patients with cirrhosis and very early-stage ICC (single tumor ≤ 2 cm) 
had good survival outcomes after LT (1-year OS: 93%, 3-year OS rate: 84% and 5-year OS rate: 65%)22. Lunsford 
et al. further reported that patients with locally advanced ICC who showed pre-transplant disease stability after 
neoadjuvant therapy benefited from LT. The 1-year, 3-year and 5-year OS rates were 100%, 83.3% and 83.3% 
respectively, although it should be noted that the sample size of this study was very small (6 patients with ICC 
after LT)23. These findings indicate the promising prospects of LT in selected patients with ICC.

Figure 1.   Overall survival of patients with ICC undergoing liver resection and liver transplantation in the (A) 
unmatched (B) matched cohorts.

Table 2.   OS of patients with ICC by surgery before and after propensity score matching. OS Overall survival, 
HR Hazard ratio.

Unmatched cohort Propensity score-matched cohort

Liver resection (n = 2425) Liver transplantation (n = 113) Liver resection (n = 113)
Liver transplantation 
(n = 113)

1-y OS 77.7% 82.4% 71.9% 82.4%

3-y OS 47.3% 60.3% 42.1% 60.3%

5-y OS 33.3% 52.8% 29.9% 52.8%

Median OS (months) 21 (9–44) 23 (12–69) 18 (9–39) 23 (12–69)

HR (95% CI) Ref 0.65 (0.50–0.85, P = 0.002) Ref 0.62 (0.43–0.89, P = 0.009)

Table 3.   OS of patients with ICC undergoing liver transplantation by different selection criteria. Selection 
criteria 1: very early stage tumor (tumor size ≤ 2 cm) + cirrhosis, Selection criteria 2: locally advanced tumor 
(AJCC stage I and II) + neoadjuvant chemotherapy.

Liver transplantation (n = 113)

Beyond both selection criteria 
(n = 74) Selection criteria 1 (n = 10) Selection criteria 2 (n = 31)

Within selection criteria 
1 or 2 (n = 39)

1-y OS 77.1% 90.0% 93.3% 92.1%

3-y OS 55.6% 65.6% 67.4% 68.5%

5-y OS 49.1% 43.8% 61.7% 59.4%

Median OS (months) 20 (8–66) 40 (18–55) 31(18–75) 31 (16–75)
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Conclusion
In conclusion, our study analyzed the survival outcomes in patients with ICC undergoing LT compared to those 
in patients with ICC after LR and in patients with HCC after LT. Our results demonstrated that patients with 
ICC after LT had a better prognosis than those after LR and the 5-year OS rate after LT was improved to 61.7% 
in patients with local advanced ICC after neoadjuvant chemotherapy. However, the prognosis of ICC in patients 
after LT was worse than that of HCC in patients after LT, which questioned the justification of performing LT in 
patients with ICC. LT with neoadjuvant chemotherapy should be considered as a treatment option for patients 
with locally advanced ICC; however, more prospective multicenter clinical trials are needed to confirm these 
results.

Figure 2.   Overall survival of patients with ICC undergoing liver transplantation by selection criteria 1 and 2 
(A) or Milan criteria (B).

Table 4.   OS of patients with ICC undergoing liver transplantation by Milan criteria. Milan criteria: single 
tumor ≤ 5 cm or 3 tumors all ≤ 3 cm with no angioinvasion or extrahepatic involvement.

Liver transplantation (n = 113)

Within Milan criteria (n = 47) Beyond Milan criteria (n = 66)

1-y OS 84.8% 80.6%

3-y OS 64.2% 57.3%

5-y OS 56.4% 50.1%

Median OS (months) 27 (15–68) 22 (12–68.5)

Figure 3.   Overall survival of patients with HCC or ICC undergoing liver transplantation in the (A) unmatched 
(B) matched cohorts.
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Data availability
Informed patient consent was not required for data obtained from SEER, as cancer is a publicly reportable disease 
in every state in the USA. The datasets generated and analyzed during the current study are available in SEER 
database. [https://​seer.​cancer.​gov/].

Received: 17 January 2023; Accepted: 29 June 2023

References
	 1.	 Shaib, Y. H., Davila, J. A., McGlynn, K. & El-Serag, H. B. Rising incidence of intrahepatic cholangiocarcinoma in the United States: 

A true increase?. J. Hepatol. 40, 472–477. https://​doi.​org/​10.​1016/j.​jhep.​2003.​11.​030 (2004).
	 2.	 Razumilava, N. & Gores, G. J. Cholangiocarcinoma. Lancet 383, 2168–2179. https://​doi.​org/​10.​1016/​s0140-​6736(13)​61903-0 (2014).

Table 5.   Demographic and tumor characteristics of patients with patients with HCC or ICC undergoing liver 
transplantation before and after propensity score matching. IQR interquartile range, W White, B Black, AI 
American Indian/Alaska Native, API Asian or Pacific Islander.

Variable
Total
(n = 5161)

Unmatched cohort Propensity score-matched cohort

HCC (n = 5048)
ICC
(n = 113) P value HCC (n = 2425)

ICC
(n = 113) P value

Age [Median (IQR)] 58 (52–63) 58 (52–63) 57 (50–63) 0.890 59 (52–64) 57 (50–63) 0.246

Sex [n (%)] 0.013 1.000

 Male 3953 (76.6%) 3878 (76.8%) 75 (66.4%) 76 (67.3%) 75 (66.4%)

 Female 1208 (23.4%) 1170 (23.2%) 38 (33.6%) 37 (32.7%) 38 (33.6%)

Race [n (%)] 0.066 0.912

 W 4056 (78.6%) 3955 (78.3%) 101 (89.4%) 103 (91.2%) 101 (89.4%)

 B 397 (7.69%) 392 (7.77%) 5 (4.42%) 3 (2.65%) 5 (4.42%)

 API 625 (12.1%) 619 (12.3%) 6 (5.31%) 6 (5.31%) 6 (5.31%)

 AI 45 (0.87%) 44 (0.87%) 1 (0.88%) 1 (0.88%) 1 (0.88%)

 Unknown 38 (0.74%) 38 (0.75%) 0 (0.00%) 0 (0.00%) 0 (0.00%)

Marital status [n (%)] 0.445 0.582

 Married 3371 (65.3%) 3302 (65.4%) 69 (61.1%) 67 (59.3%) 69 (61.1%)

 Single 1592 (30.8%) 1554 (30.8%) 38 (33.6%) 36 (31.9%) 38 (33.6%)

 Unknown 198 (3.84%) 192 (3.80%) 6 (5.31%) 10 (8.85%) 6 (5.31%)

Tumor size [n (%)]  < 0.001 0.863

 0–2 cm 1529 (29.6%) 1502 (29.8%) 27 (23.9%) 31 (27.4%) 27 (23.9%)

 2–5 cm 2361 (45.7%) 2321 (46.0%) 40 (35.4%) 42 (37.2%) 40 (35.4%)

  > 5 cm 388 (7.52%) 381 (7.55%) 7 (6.19%) 6 (5.31%) 7 (6.19%)

 Unknown 883 (17.1%) 844 (16.7%) 39 (34.5%) 34 (30.1%) 39 (34.5%)

Grade [n (%)] 0.001 0.776

 I 1170 (22.7%) 1155 (22.9%) 15 (13.3%) 19 (16.8%) 15 (13.3%)

 II 1758 (34.1%) 1723 (34.1%) 35 (31.0%) 30 (26.5%) 35 (31.0%)

 III 389 (7.54%) 369 (7.31%) 20 (17.7%) 18 (15.9%) 20 (17.7%)

 IV 54 (1.05%) 53 (1.05%) 1 (0.88%) 0 (0.00%) 1 (0.88%)

 Unknown 1790 (34.7%) 1748 (34.6%) 42 (37.2%) 46 (40.7%) 42 (37.2%)

Radiation [n (%)] 0.032 1.000

 No 4878 (94.5%) 4795 (95.0%) 83 (73.5%) 82 (72.6%) 83 (73.5%)

 Yes 283 (5.48%) 253 (5.01%) 30 (26.5%) 31 (27.4%) 30 (26.5%)

Chemotherapy [n (%)] 0.210 0.687

 No 2864 (55.5%) 2813 (55.7%) 51 (45.1%) 47 (41.6%) 51 (45.1%)

 Yes 2297 (44.5%) 2235 (44.3%) 62 (54.9%) 66 (58.4%) 62 (54.9%)

AFP [n (%)]  < 0.001 0.817

 Normal 1400 (27.1%) 1373 (27.2%) 27 (23.9%) 31 (27.4%) 27 (23.9%)

 Elevated 1972 (38.2%) 1950 (38.6%) 22 (19.5%) 22 (19.5%) 22 (19.5%)

 Unknown 1789 (34.7%) 1725 (34.2%) 64 (56.6%) 60 (53.1%) 64 (56.6%)

Fibrosis [n (%)] 0.142 0.914

 Normal 242 (4.69%) 233 (4.62%) 9 (7.96%) 10 (8.85%) 9 (7.96%)

 Cirrhosis 1663 (32.2%) 1633 (32.3%) 30 (26.5%) 32 (28.3%) 30 (26.5%)

 Unknown 3256 (63.1%) 3182 (63.0%) 74 (65.5%) 71 (62.8%) 74 (65.5%)

https://seer.cancer.gov/
https://doi.org/10.1016/j.jhep.2003.11.030
https://doi.org/10.1016/s0140-6736(13)61903-0


7

Vol.:(0123456789)

Scientific Reports |        (2023) 13:10630  | https://doi.org/10.1038/s41598-023-37896-2

www.nature.com/scientificreports/

	 3.	 Fitzmaurice, C. et al. The Global burden of cancer 2013. JAMA Oncol. 1, 505–527. https://​doi.​org/​10.​1001/​jamao​ncol.​2015.​0735 
(2015).

	 4.	 Aljiffry, M. et al. Evidence-based approach to cholangiocarcinoma: A systematic review of the current literature. J. Am. Coll. Surg. 
208, 134–147. https://​doi.​org/​10.​1016/j.​jamco​llsurg.​2008.​09.​007 (2009).

	 5.	 Najran, P. et al. Update on treatment options for advanced bile duct tumours: Radioembolisation for advanced cholangiocarcinoma. 
Curr. Oncol. Rep. 19, 50. https://​doi.​org/​10.​1007/​s11912-​017-​0603-8 (2017).

	 6.	 Everhart, J. E. & Ruhl, C. E. Burden of digestive diseases in the United States part III: Liver, biliary tract, and pancreas. Gastroen-
terology 136, 1134–1144. https://​doi.​org/​10.​1053/j.​gastro.​2009.​02.​038 (2009).

	 7.	 Mavros, M. N., Economopoulos, K. P., Alexiou, V. G. & Pawlik, T. M. Treatment and prognosis for patients with intrahepatic 
cholangiocarcinoma: Systematic review and meta-analysis. JAMA Surg. 149, 565–574. https://​doi.​org/​10.​1001/​jamas​urg.​2013.​
5137 (2014).

	 8.	 de Lope, C. R., Tremosini, S., Forner, A., Reig, M. & Bruix, J. Management of HCC. J. Hepatol. 56(Suppl 1), S75-87. https://​doi.​
org/​10.​1016/​s0168-​8278(12)​60009-9 (2012).

	 9.	 Forner, A., Llovet, J. M. & Bruix, J. Hepatocellular carcinoma. Lancet 379, 1245–1255. https://​doi.​org/​10.​1016/​s0140-​6736(11)​
61347-0 (2012).

	10.	 Clavien, P. A. et al. Recommendations for liver transplantation for hepatocellular carcinoma: An international consensus confer-
ence report. Lancet Oncol. 13, e11-22. https://​doi.​org/​10.​1016/​s1470-​2045(11)​70175-9 (2012).

	11.	 Sapisochin, G., Ivanics, T. & Heimbach, J. Liver transplantation for intrahepatic cholangiocarcinoma: Ready for prime time?. 
Hepatology 75, 455–472. https://​doi.​org/​10.​1002/​hep.​32258 (2022).

	12.	 Sun, D., Lv, G. & Dong, J. Liver transplantation for intrahepatic cholangiocarcinoma: What are new insights and what should we 
follow?. Front. Oncol. https://​doi.​org/​10.​3389/​fonc.​2021.​841694 (2022).

	13.	 Mazzaferro, V. et al. Liver transplantation for the treatment of small hepatocellular carcinomas in patients with cirrhosis. N. Engl. 
J. Med. 334, 693–699. https://​doi.​org/​10.​1056/​nejm1​99603​14334​1104 (1996).

	14.	 Mazzaferro, V. et al. Milan criteria in liver transplantation for hepatocellular carcinoma: An evidence-based analysis of 15 years 
of experience. Liver Transpl. 17(Suppl 2), S44-57. https://​doi.​org/​10.​1002/​lt.​22365 (2011).

	15.	 McMillan, R. R. et al. Survival following liver transplantation for locally advanced, unresectable intrahepatic cholangiocarcinoma. 
Am. J. Transplant. 22, 823–832. https://​doi.​org/​10.​1111/​ajt.​16906 (2022).

	16.	 Austin, P. C. The use of propensity score methods with survival or time-to-event outcomes: Reporting measures of effect similar 
to those used in randomized experiments. Stat. Med. 33, 1242–1258. https://​doi.​org/​10.​1002/​sim.​5984 (2014).

	17.	 Patel, T. Increasing incidence and mortality of primary intrahepatic cholangiocarcinoma in the United States. Hepatology 33, 
1353–1357. https://​doi.​org/​10.​1053/​jhep.​2001.​25087 (2001).

	18.	 Tan, J. C., Coburn, N. G., Baxter, N. N., Kiss, A. & Law, C. H. Surgical management of intrahepatic cholangiocarcinoma–a 
population-based study. Ann. Surg. Oncol. 15, 600–608. https://​doi.​org/​10.​1245/​s10434-​007-​9627-x (2008).

	19.	 Hyder, O. et al. A nomogram to predict long-term survival after resection for intrahepatic cholangiocarcinoma: An Eastern and 
Western experience. JAMA Surg. 149, 432–438. https://​doi.​org/​10.​1001/​jamas​urg.​2013.​5168 (2014).

	20.	 Prakash, G. S. et al. Is liver transplantation a viable option for the treatment of intrahepatic cholangiocarcinoma?. J. Surg. Oncol. 
124, 906–907. https://​doi.​org/​10.​1002/​jso.​26573 (2021).

	21.	 Razumilava, N. & Gores, G. J. Liver transplantation for intrahepatic cholangiocarcinoma–Authors’ reply. Lancet (London, England) 
384, 1182–1183. https://​doi.​org/​10.​1016/​s0140-​6736(14)​61717-7 (2014).

	22.	 Sapisochin, G. et al. Liver transplantation for “very early” intrahepatic cholangiocarcinoma: International retrospective study 
supporting a prospective assessment. Hepatology 64, 1178–1188. https://​doi.​org/​10.​1002/​hep.​28744 (2016).

	23.	 Lunsford, K. E. et al. Liver transplantation for locally advanced intrahepatic cholangiocarcinoma treated with neoadjuvant therapy: 
A prospective case-series. Lancet Gastroenterol. Hepatol. 3, 337–348. https://​doi.​org/​10.​1016/​s2468-​1253(18)​30045-1 (2018).

Acknowledgements
We thank the staff at the SEER database. This study was supported by the Key R&D Project of Shaanxi Prov-
ince (No. 2020GXLH-Z-001), the Scientific Development Funding of the First Affiliated Hospital of Xi’an Jiao-
tong University (No. 2022QN-17) and the Natural Science Basic Research Program of Shaanxi Province (No. 
2023-JC-QN-0879).

Author contributions
L.K.: conceptualization. H.G.B. and S.W.L.: data curation. Z.Y.C. and Y.J.W.: formal analysis. L.Y.: supervision. 
L.K.: writing—original draft. All authors contributed to the article and approved the submitted version.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​023-​37896-2.

Correspondence and requests for materials should be addressed to K.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1001/jamaoncol.2015.0735
https://doi.org/10.1016/j.jamcollsurg.2008.09.007
https://doi.org/10.1007/s11912-017-0603-8
https://doi.org/10.1053/j.gastro.2009.02.038
https://doi.org/10.1001/jamasurg.2013.5137
https://doi.org/10.1001/jamasurg.2013.5137
https://doi.org/10.1016/s0168-8278(12)60009-9
https://doi.org/10.1016/s0168-8278(12)60009-9
https://doi.org/10.1016/s0140-6736(11)61347-0
https://doi.org/10.1016/s0140-6736(11)61347-0
https://doi.org/10.1016/s1470-2045(11)70175-9
https://doi.org/10.1002/hep.32258
https://doi.org/10.3389/fonc.2021.841694
https://doi.org/10.1056/nejm199603143341104
https://doi.org/10.1002/lt.22365
https://doi.org/10.1111/ajt.16906
https://doi.org/10.1002/sim.5984
https://doi.org/10.1053/jhep.2001.25087
https://doi.org/10.1245/s10434-007-9627-x
https://doi.org/10.1001/jamasurg.2013.5168
https://doi.org/10.1002/jso.26573
https://doi.org/10.1016/s0140-6736(14)61717-7
https://doi.org/10.1002/hep.28744
https://doi.org/10.1016/s2468-1253(18)30045-1
https://doi.org/10.1038/s41598-023-37896-2
https://doi.org/10.1038/s41598-023-37896-2
www.nature.com/reprints


8

Vol:.(1234567890)

Scientific Reports |        (2023) 13:10630  | https://doi.org/10.1038/s41598-023-37896-2

www.nature.com/scientificreports/

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

http://creativecommons.org/licenses/by/4.0/

	Liver transplantation for intrahepatic cholangiocarcinoma: a propensity score-matched analysis
	Materials and methods
	Ethics statement. 
	Study population. 
	Statistical analysis. 

	Results
	Patient and Tumor characteristics. 
	Overall survival comparation between LR and LT in the ICC patients. 
	Overall survival analysis by different selection criteria in the ICC patients receiving LT. 
	Survival analysis in patients with HCC or ICC undergoing LT. 

	Discussion
	Conclusion
	References
	Acknowledgements


