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1  |  INTRODUC TION

According to the national registration in Japan, reported by the 
Japanese Liver Transplantation Society, 14 cholangiocellular carci-
noma (CCC) were performed in Japan from 1992 to the end of 2019 
because of out-of-pocket health insurance coverage and relative 
contraindication.1 However, in recent years, relatively good prog-
noses in patients receiving liver transplantation (LT) for hilar CCC 
(hCCC) have been reported after intensive pretransplant chemora-
diotherapy and by carefully selecting cases using deceased donor 

livers.2-4 In general, it is not easy to distribute deceased donor or-
gans to patients in Japan, where the number of brain-dead donors 
is significantly limited compared to other countries. As a result, 
living-donor LT is often the only option, despite not being covered by 
health insurance. Intrahepatic CCC (IHCCC) had been considered a 
contraindication for LT because of poorer outcomes. However, with 
recent advances in chemotherapy, an indication for LT for IHCCC is 
becoming an important topic, but no definitive results have yet been 
shown. This paper introduces updated results and progress of LT for 
CCC stratified by intrahepatic and hilar methods.
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Abstract
Liver transplantation (LT) for non-hepatocellular carcinoma is still a debatable indica-
tion. Recently, hilar cholangiocellular carcinoma (hCCC) has attracted interest as a 
new indication for LT, but LT in this case should be carefully considered. Based on the 
recent meta-analysis for intrahepatic CCC (IHCCC) and our results from incidental 
IHCCC transplanted for other diseases such as primary sclerosing cholangitis, the in-
dication for LT for IHCCC should be limited to a single tumor less than 2 cm. For hCCC, 
with pre-transplant chemoradiotherapy and careful selection criteria, long-term sur-
vival after LT could be attained. In order to improve the results of LT for intrahe-
patic and hCCC, further studies are required on the ingenuity of immunosuppressive 
therapy combined with chemotherapy, and optimal treatment methods to prevent 
recurrence, as well as initial case selection.
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2  |  LT FOR INTR AHEPATIC 
CHOL ANGIOCELL AR C ARCINOMA (IHCCC)

2.1  |  Indications and results of LT for IHCCC

Intrahepatic CCC is on the rise, accounting for 6.4% of primary liver 
cancer in Japan.5 Surgical treatment is the only curative treatment, 
but there are many unresectable cases, and LT has been attempted 
since the 1980s for such cases.6 However, due to the high recur-
rence rate and poor prognosis, LT is not indicated or IHCCC in many 
institutions. However, in recent years, better results have been re-
ported than earlier due to the selection of cases.

Intrahepatic CCC that can be the target of LT falls into three 
categories: (1) those that can be resected (primary resectable); (2) 
those that are complicated by liver cirrhosis and cannot be resected 
due to liver dysfunction (unresectable due to poor liver functional 
reserve); and (3) those in which the tumor can be resected only by 
total hepatectomy due to tumor progression (far advanced). Table 1 
summarizes the recent reports of LT for IHCCC.

2.1.1  |  Primary resectable IHCCC

The advantages of performing LT for primary resectable cases are to 
secure a surgical margin and remove occult lesions in the liver. A re-
cent study comparing the results of LT and hepatectomy by propen-
sity score matching using the American National Cancer database 
showed no difference in survival rate between the hepatectomy 
group and the LT group even when the backgrounds are matched.7 
The overall results are poor because there are various T stages 
(tumor sizes) and N stages (degree of lymph node spread). In addi-
tion, immunosuppressive therapy needs to be administered after LT, 
which could increase the incidence of tumor recurrence.8 Therefore, 
currently, hepatectomy is the best choice for resectable cases.

2.1.2  |  Unresectable IHCCC due to poor 
liver function

Next, we consider IHCCC associated with cirrhosis. A multicenter 
study in Spain reported in 2014 examined the prognosis of 29 pa-
tients with cirrhosis, including cases of accidental IHCCC that were 
first diagnosed with resected liver at the time of LT.9 When grouped 
according to tumor diameter and number, LT results tended to be 
better for early IHCCC of 2 cm or less than for those without this 
characteristic. In addition, there was no recurrence after LT in the 
early IHCCC (2 cm or less) group. Risks for recurrence were tumor 
diameter, lymph-vascular invasion, and degree of differentiation. 
Based on these results, the findings of the international multicenter 
joint research study by the same group was reported in 2016.10 In 
that study of 48 patients with cirrhosis, LT results were significantly 
better for single IHCCC of 2 cm or less, and the 5-year overall sur-
vival (OS) was 65%. The recurrence rate was only 18%, compared to 

61% for those with advanced IHCCC. In multivariate analysis, lymph-
vascular invasion and degree of differentiation were seen as risk fac-
tors. The meta-analysis published last year contained 66% cases of 
cirrhosis. The 5-year OS was 71%, and the 5-year recurrence-free 
survival (RFS) rate was 67% for single-shot tumors of 2 cm or less.11 
About 70% of the 5-year OS with HCC in Japan are comparable.5

A Phase 2 study is currently underway to assess whether the 
prognosis after LT for single IHCCC of 2 cm or less associated with 
cirrhosis is really good. The indications are for 1) patients with liver 
cirrhosis who cannot be resected due to decreased liver function, 
2) patients who have been shown to have IHCCC by liver biopsy, 
3) a single tumor of size 2 cm or less, and 4) have neither vascular 
invasion nor intrahepatic lesion on the image.12 The upper limit of 
tumor markers was also set to 100 ng/mL for CA19-9. The primary 
outcome was the 5-year OS, and the results after a few years are 
awaited. Based on the above information, patients with IHCCC asso-
ciated with decompensated cirrhosis may have an indication for LT 
when appropriate tumor conditions are set.

2.1.3  |  Unresectable IHCCC because of far 
advanced tumor

Finally, we discuss LT for unresectable IHCCC. Unresectable IHCCC 
includes at least 5 cm in diameter (locally advanced cancers), bilobed 
multiple tumors, hilar extension, involvement of a major branch of 
the portal vein or hepatic artery or adjacent organs other than the 
gall bladder. Lymph node metastases are excluded because they 
are extrahepatic lesions. Multidisciplinary approaches, including 
chemotherapy, have been reported for multiple or locally advanced 
cancers, as in the case of hepatectomy. A study including hilar 
cholangiocarcinoma was reported by the UCLA group published in 
2011.13 One-year RFS was approximately 70% after LT (n = 25) and 
60% after hepatectomy (n = 12), while 5-year RFS was around 40% 
after LT and 10% after hepatectomy without statistical significance. 
For LT patients, neo-adjuvant and adjuvant chemotherapy were 
given for 36% and 28% of LT patients, respectively, while adjuvant 
chemotherapy was only given in 42% of hepatectomy patents. The 
usefulness of LT for advanced IHCCC was not shown even with ad-
ditional chemotherapy.

Previously, unresectable IHCCC was treated with preoperative 
chemotherapy or a combination of chemoradiotherapy and adjuvant 
therapy during the perioperative period.13 The group treated before 
and after LT had the best prognosis. Tumor recurrence in the chemo-
treated group was 28%. From the report of the Mayo group in 2019, 
LT had been performed in nine cases for advanced IHCCC, including 
six cases with multiple tumors, and three cases recurred after LT.14 
Eighty-three per cent of LT patients attained 5-year OS.

However, preoperative chemotherapy for IHCCC is still contro-
versial, and reports on preoperative/perioperative chemotherapy 
are limited. Thus far, there is no fixed regimen or treatment period. 
The International Liver Transplantation Society (ILTS) consensus 
conference issued a recommendation in 2020, but the effectiveness 
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of preoperative chemotherapy was only a conditional recommen-
dation.15 Thus, there is no established LT and adjuvant therapy for 
unresectable IHCCC cases at this moment, but recently developed 
selective fibroblast growth factor receptor 2 inhibitor could play a 
potential role for adjuvant or recurrent IHCCC following LT.16

3  |  LT FOR INCIDENTAL INTR AHEPATIC 
CHOL ANGIOCELL AR C ARCINOMA ( Table 1)

Incidental IHCCC in the explanted liver has been reported due to 
the difficulty of obtaining an accurate diagnosis in cirrhotic livers on 
preoperative imaging. Previously, we conducted a nationwide sur-
vey to analyze the incidence of incidental IHCCC and outcomes after 
LT in Japan.8

Forty-five of 64 institutions (70%) responded to our initial sur-
vey. Between January 2001 and December 2015, 6627 LTs were 
performed, with 19 cases (0.3%) of incidental IHCCC reported from 
12 LT centers. Six cases were diagnosed as HCC preoperatively. The 
1-, 3-, and 5-year RFS rates were 79%, 45%, and 45%, respectively. 
Tumor recurrence after LT was found in 10 patients (53%). The 1-, 
3-, and 5-year OS rates were 79%, 63%, and 46%, respectively. 
According to the gross tumor type, the 5-year RFS rate in patients 
with the periductal infiltrating tumor type was only 25%, which was 
worse than those for the intraductal growth tumor type (67%) and 
the mass-forming tumor type (57%). All periductal infiltrating type 
cases recurred as extrahepatic lesions. The 1-, 3-, and 5-year RFS 
rates were worse in patients with positive microvascular invasion 
compared with patients without microvascular invasion (93%, 46%, 
and 46% vs 25%, 25%, and 0%, respectively). The pattern of post-LT 
incidental IHCCC recurrence presents as extrahepatic in most cases. 
IHCCC with LT is associated with a high risk of recurrence and poor 
prognosis, even these tumors are detected incidentally in the ex-
planted liver.

4  |  LT FOR HIL AR CHOL ANGIOCELLUL AR 
C ARCINOMA (hCCC)

Complete resection is the only treatment for hCCC. Since the 1970s, 
Japanese liver surgeons have introduced extensive hepatectomy 
using portal vein embolization, combined resection of blood ves-
sels,17 which has dramatically improved the prognoses. The Nagoya 
University group, a world famous leading center for resection, re-
ported recently that the OS of patients who underwent resection 
for hCCC without combined vascular resection was a median of 
61  months.18 However, if the tumor was unresectable, the 5-year 
survival rate remained less than 10% or a median OS of 10 months.18

In the 1990s, the Mayo Clinic established a protocol for LT after 
chemoradiotherapy for unresectable hCCC and reported good long-
term prognoses.19 Based on those results, LT has been the usual in-
dication for unresectable hCCC in the United States since 2010.20,21 
Criteria for LT include unresectable hCCC due to extensive local 
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progression, insufficient residual liver volume, concern about post-
operative liver and tumor diameter of 3 cm or less, no intrahepatic/
extrahepatic metastasis, and it is imperative that preoperative treat-
ment be given. Results from 12 US centers, including the Mayo 
Clinic, were reported in 2012, with a 5-year RFS rate of 65% for 
214 patients who underwent LT after preoperative treatment for 
unresectable hilar CCC.22 Furthermore, the expansion of LT indica-
tions for resectable lesions has been discussed in Europe and the 
United States,23-25 and randomized controlled trials are underway 
in France. In February 2019, the first international consensus con-
ference on transplant oncology (a concept that develops treatment 
and research for intractable and advanced cancers through the fu-
sion of oncology and transplant medicine) was held in Rotterdam, 
the Netherlands. LT after preoperative chemoradiotherapy for unre-
sectable hCCC was designated as a "moderate recommendation."26 
Updated results are summarized in Table 2. In Japan, Professor Taizo 
Hibi (Kumamoto University) has made considerable contribution to 
the discussion while representing Japan.

A previous report indicated that LT is more effective and 
achieved better survival and less recurrence than surgical resec-
tion, and that the indications for LT and neoadjuvant treatment 
(chemotherapy +  local radiation therapy) should be advocated for 
in resectable hCCC patients. According to these favorable find-
ings, physicians have advocated for this viewpoint for patients with 
hCCC-associated primary sclerosing cholangitis (PSC) and have per-
formed LT on such patients at many transplant centers.27,28

Liver transplantation in combination with neoadjuvant treatment 
can attain outcomes similar to surgical resection for unresectable 
early-stage hCCC patients arising in the setting of PSC.29,30 Recently, 
programmed cell death protein-1 inhibitors have also been noted as 
a promising therapeutic option for treatment of CCC.31 In addition, 
chimeric antigen receptor T cells, oncolytic viruses, cancer vaccines, 
and bispecific antibodies show a remarkable ability to achieve satis-
factory results.

It has been shown that longer time elapsing between neo-
adjuvant therapy and LT results in reduced local recurrence.32,33 
Selection of patients with prolonged intervals and better oncologic 
biography, who are less susceptible to their disease progression fol-
lowing neoadjuvant treatment with chemo-radiotherapy, are less 
prone to develop recurrence post-LT. However, radiation-induced 
fibrosis and longer intervals can significantly complicate the staging 
and transplant operations. Living donor LT (LDLT) may solve these 
problems by removing the need to wait for a deceased donor and 
help physicians provide optimal timing of LT. Recent findings based 
on clinical study demonstrated that LDLT and deceased donor LT 
(DDLT) outcomes for hCCC-associated PSC are similar. In addition, 
LDLT for occult de novo hCCC shows a recurrence tendency and 
slightly worse OS compared to DDLT.8

5  |  CONCLUSIONS

We have introduced the current state of LT for intra and hilar CCC.34 
At present, it is realistic to discuss the expansion of LT indications 

for patients with decompensated cirrhosis who have single IHCCC of 
2 cm or less localized in the liver, and the results of prospective stud-
ies are awaited.35 The long-term outcome of LT for IHCCC should 
be comparable to LT for HCC, in the face of the current shortage of 
deceased donations worldwide.36,37 Realistically, all of the factors 
related to the poor prognosis (size of the tumor, vascular/lymph in-
vasion, differentiation of the tumor) were all obtained from the liver 
sample after LT, so that it would be difficult to establish definite 
preoperative guidelines, not like HCC. This is especially true in the 
case of LDLT, which poses a risk to healthy donors. Going forward, 
further studies are thus called for concerning case selection criteria, 
selection of immunosuppressive therapy, and combined use with ad-
juvant therapy.38-40
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