
Frontiers in Oncology | www.frontiersin.org

Edited by:
Jiang Chen,

Zhejiang University, China

Reviewed by:
Seogsong Jeong,

Seoul National University, South Korea

*Correspondence:
Guoyue Lv

lvgy@jlu.edu.cn
Jiahong Dong

dongjiahong@mail.tsinghua.edu.cn

Specialty section:
This article was submitted to

Gastrointestinal Cancers: Hepato
Pancreatic Biliary Cancers,

a section of the journal
Frontiers in Oncology

Received: 22 December 2021
Accepted: 29 December 2021
Published: 21 January 2022

Citation:
Sun D, Lv G and Dong J (2022) Liver

Transplantation for Intrahepatic
Cholangiocarcinoma: What Are New

Insights and What Should We Follow?
Front. Oncol. 11:841694.

doi: 10.3389/fonc.2021.841694

MINI REVIEW
published: 21 January 2022

doi: 10.3389/fonc.2021.841694
Liver Transplantation for Intrahepatic
Cholangiocarcinoma: What Are
New Insights and What Should
We Follow?
Dawei Sun1, Guoyue Lv1* and Jiahong Dong1,2*

1 Department of Hepatobiliary and Pancreatic Surgery, The First Hospital of Jilin University, Changchun, China,
2 Hepato-Pancreato-Biliary Center, Beijing Tsinghua Changgung Hospital, Tsinghua University, Beijing, China

Intrahepatic cholangiocarcinoma (iCCA) is a complex malignancy carrying poor prognosis.
Liver transplantation (LT) was historically contraindicated for iCCA, due to poor outcomes
after LT. However, an increasing number of studies have challenged this premise,
because LT alone or combined with neoadjuvant chemotherapy has achieved relatively
satisfactory transplant outcomes in well selected iCCA cases. This current review based
on existing clinical researches, evinced that LT might serve as a viable option in iCCA
cases as follows: ① unresectable tumor restricted to 2 cm, along with context of chronic
liver diseases; and ② unresectable tumor locally advanced within the liver (without
extrahepatic metastasis or vascular invasion) but responses to tumor down-staging
treatments (namely, systemic neoadjuvant therapy and/or locoregional therapy). On the
contrary, it is recommended as contraindications in iCCA cases as follows: ① patients with
tumor progression while waiting for a transplant (increase of diameter, macrovascular
invasion, new nodules, escalation of carbohydrate antigen 19-9, or extrahepatic spread);
② patients with iCCA recurrence. Conclusively, tumor burden, tumor biology, and
response to down-staging strategies should be taken into consideration before LT.
Whereas, the concept of “locally advanced stage” remains to be defined in the future,
especially the optimized combination of “maximum size of largest lesion”, “number of
lesions”, with/without “tumor differentiation”, just like the Milan criteria which is widely used
for hepatocellular carcinoma. Given the scarcity of donor organ, and also the debate
about LT in iCCA, accurate consensus about LT for iCCA patients is still
urgently warranted.

Keywords: intrahepatic cholangiocarcinoma (iCCA), liver transplantation (LT), transplant outcome, tumor burden,
tumor biology, pretransplant bridging
INTRODUCTION

Intrahepatic cholangiocarcinoma (iCCA), a fatal malignancy, arises from the intrahepatic bile ducts
proximal to the second-order division (1). As reported in GLOBOCAN Cancer Statistics 2020, iCCA
accounts for 10–15% of primary liver cancer cases, withmore than 90,567 new cases and 83,018 deaths
that occurred in 2020 worldwide (2). Unluckily, iCCA is usually tough to diagnose and treat because of
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its disease complexity, and its incidence rate is increasing steadily
(3–5). Even worse, many cases are diagnosed in advanced stages,
because this disease is usually asymptomatic in its early stage (3).
Although surgical resection offers the best possibility of cure for
patients with localized stage, it does not achieve satisfactory
outcomes due to high postoperative recurrence rate (6, 7).
Consequently, the prognosis of iCCA patients is usually dismal,
with a 5-year survival rate after resection ranging from 25 to
40% (5).

Notably, for iCCA cases in context of advanced cirrhosis, liver
transplantation (LT) possesses the advantages of achievingnegative
oncologic margin, eliminating intrahepatic micrometastases, and
also solving the underlying liver disease. However, the presence of
iCCA was once considered as a contraindication of LT because of
dismal transplant outcomes, with 1- and 3-year overall survival
(OS) rates of only 19.4–38% and 4.9–10%, respectively (8, 9).
However, increasing number of studies have challenged this
conservative recognition, due to significantly improved transplant
outcomes that have been achieved for iCCA patients (1-, 3-year OS
rates of 83.3–100% and 47.91–83.3%, respectively) (10, 11). The
possible reasons accounting for previously dismal prognosis, might
be due to inappropriate patient selection and neoadjuvant
therapeutic absence (5).

To our knowledge, the consensus used for LT in iCCA cases
has not been reached yet. Therefore, we conducted this current
review according to available pieces of literature, aiming at
providing better evidence for clinical work. Herein, this review
mainly focuses on transplant outcomes (actuarial survival and
tumor recurrence), tumor burden (diameter and number), tumor
biology (tumor differentiation and vascular invasion), and
pretransplant bridging (neoadjuvant therapy and pre-
transplant locoregional therapy) exclusively for iCCA, rather
than other biliary malignancies.
TRANSPLANT OUTCOMES

Using the keywords “liver transplantation” and “intrahepatic
cholangiocarcinoma” in the database of Pubmed, we manually
selected clinical articles which investigated LT in iCCA cases
(8, 9, 12–17). During this process, our main interests were
survival outcomes, including OS and/or recurrence-free
survival (RFS). Here, we summarized the study characteristics
and the transplant outcomes in Table 1. According to the
timeline, we categorized the outcomes of LT in iCCA into
three phases. The first stage ranging from 1988 to 2001, had
prognostic outcomes that were extremely poor, probably due to
undefined patient selection, and also the absence of effective
pretransplant treatment modalities (8, 9, 12). The second stage
ranging from 2011 to 2016, had prognostic outcomes that
improved gradually, due to the relatively defined patient
selection (“very early stage” and/or “locally advanced stage”),
and also locoregional therapy involvement (10, 13–16). The third
stage ranging from 2018 to 2021, had LT achieved the most
favorable outcomes despite iCCA cases of advanced stages, due
to the application of neoadjuvant chemotherapy (11, 17).
Admittedly, potential confounding factors, namely, tumor
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burden, tumor biology, and pretransplant bridging, should
have affected the transplant outcomes. Therefore, we analyze
these three factors one by one after this part.
TUMOR BURDEN

As reported, tumor burden, namely, tumor size and number, are
known factors correlated with outcomes in iCCA patients
receiving surgery (7, 18, 19). Similarly, tumor burden is also
tightly associated with post-LT outcomes for iCCA patients.
Here, we emphasized this correlation by timeline.

In 2011, the retrospective single-center study enrolling 20 iCCA
cases fromChina, revealed thatmultiple lesions (n≥2) significantly
correlated with poor OS [risk ratio (RR) = 10.695, p = 0.026 via
univariate analysis; RR = 24.150, p = 0.024, via multivariate
analysis] and poor RFS (RR = 11.524, p = 0.022 via univariate
analysis; RR = 9.118, p = 0.047, via multivariate analysis), when
compared with single lesion (13). In 2014, the retrospective
multicenter cohort study enrolling 29 iCCA cases from Spain,
demonstrated that iCCA patients restricted to single tumor
≤2 cm (very early stage) acquired better 1-, 3-, 5-year actuarial
survival rates, when compared with those involving single tumor
>2 cm or multinodular tumors (advanced stage) (100%, 73%, 73%
vs. 71%, 43%, 34%, respectively) (15). Meanwhile, this study also
showed that iCCA patients in “very early stage” group presented
lower 5-year recurrence rate when compared to those in “advanced
stage” group (0% vs. 36.4%, p = 0.02), and the hazard ratio (HR) for
tumor recurrence increased with the increasing of tumor size
dividing line. In 2016, the international retrospective study of 48
iCCA cases further evinced that patients in “very early stage” group
(15 cases) gained better prognosis when compared with those in
“advanced stage” group (33 cases), with the condition that no
significant differences existed in preoperative characteristics
between groups, in terms of 1-, 3-, and 5-year actuarial
survival rates (93%, 84%, 65% vs. 79%, 50%, 45%; p = 0.02) and
1-, 3-, and 5-year cumulative recurrence rates (7%, 18%, 18% vs.
30%,47%,61%;p=0.02) (10). In2021, it is suggested that only iCCA
cases in the setting of liver cirrhosis, with early stage (single tumor
≤2 cm without vascular invasion) would be acceptable for LT,
according to consensus statement and recommendation by the
Spanish Society of LT (20). The latest research in 2021, one meta-
analysis based on 18 studies enrolling 355 cases and a registry study
of 385 cases, demonstrated iCCA patients with “advanced stage”
exhibiting an inferior pooled post-transplant 5-year RFS rate (34%,
95%CI:23–46%), when compared with patients with “very early
stage” (67%, 95%CI:47–86%) (21). Importantly, this meta-analysis
included some different studies, whichwere based on other types of
biliary malignancies, namely, combined hepatocellular-
cholangiocarcinoma (cHCC-CCA) alone or mixed with iCCA. For
these types of biliary malignancies, they possess relatively different
prognosis from iCCA due to their biological features.
TUMOR BIOLOGY

Tumor biology is closely correlated with cancer progression.
Thus, it needs to be cautious when choosing LT for aggressive
January 2022 | Volume 11 | Article 841694
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iCCA cases. Here, we also delineated by timeline in terms of
tumor differentiation and vascular invasion as following.

As one characteristic of tumor aggressiveness, tumor
differentiation was reported to be associated with transplant
outcomes in iCCA. In 2016, Takahashi et al. from the USA
Frontiers in Oncology | www.frontiersin.org 3
performed a retrospective study enrolling 13 iCCA cases, among
which 4 cases were diagnosed as well-differentiated and 9 cases
were diagnosed as moderately-differentiated. After following
more than 3 years, no recurrence occurred in the group with
well-differentiated tumor, but 7 cases (78%) suffered from tumor
TABLE 1 | Characteristics of identified clinical studies investigating LT in iCCA cases.

1st Author
[Ref.]

Year Country No. of
cases

Pathological features (No. of cases) Pretransplant
treatments (No. of cases)

Actuarial
survival
(OS rate)

Tumor
recurrence
(RFS rate)

Follow-
up time
(months)

O’Grady
et al. (8)

1988 UK 13 Not available Not available 38.4% for
1 year

10% for 3
year

0% for 5
year

Not available Not
available

Pichlmayr
et al. (9)

1997 Germany 24 Not available Not available 19.4% for
1 year

4.9% for 3
year

0% for 5
year

Not available Not
available

Shimoda
et al. (12)

2001 USA 16 pTNM stage I/II/III/IV (2/2/3/9), >2 lesions (12), vascular
invasion (3), lymph node metastasis (2)

Not available 62% for 1
year

39% for 3
year

70% for 1
year
35% for 3
year

Not
available

Hu et al.
(13)

2011 China 20 pTNM stage I/II/III (4/4/12), ≥2 lesions (11),
macrovascular invasion (12), microvascular invasion
(16), lymph node metastasis (9), poor differentiation (11)

Neoadjuvant therapy:
without definite scheme or
patient distribution

84.2% for
1 year

32.7% for
3 year

21.8% for
5 year

55.6% for 1
year
28.8% for 3
year
18.8% for 5
year

Median
15.0 (2–
96)

Vallin et al.
(14)

2013 France 4 Advanced stage (4), vascular invasion (1) Not available 75%% for
1 year

75% for 3
year

75%% for 1
year
75%for 3
year

8-52

Sapisochin
et al. (15)

2014 Spain 29 Advanced stage (21), macrovascular invasion (2),
microvascular invasion (3)

Locoregional therapy:
TACE (8), RFA (3), PEI (2)

79% for 1
year

61% for 3
year

45% for 5
year

89% for 1
year
71% for 3
year
71% for 5
year

Median
36.4
(1.8–
117.8)

Takahashi
et al. (16)

2016 USA 13 Tumor size ranging from 1.0 to 3.3 cm in diameter,
vascular invasion (1), poor differentiation (0), lymph
node metastasis (1)

Locoregional therapy:
TACE (4), RFA (1)

Not
available

67% for 1
year
42% for 3
year

Median
18.8

Sapisochin
et al. (10)

2016 International
cooperation

48 Advanced stage (33), macrovascular invasion (2),
microvascular invasion (11), poor differentiation (6)

Locoregional therapy:
TACE (12), ablation (8),
TACE +ablation (3)

83.3% for
1 year

47.9% for
3 year

31.3% for
5 year

75% for 1
year
41.7% for 3
year
27.1% for 5
year

Median
57.3
(23.4–
104.5)

Lunsford
et al. (11)

2018 USA 6 Advanced stage (6), macrovascular invasion (0),
microvascular invasion (2), lymph node metastasis (2),
poor differentiation (3)

Neoadjuvant
chemotherapy: platinum-
based therapy and
gemcitabine (6)

100% for
1 year

83.3% for
3 year

83.3% for
5 year

50% for 1
year
50% for 3
year
50% for 5
year

Median
36 (29–
51)

McMillan
et al. (17)

2021 USA 18 Advanced stage (18), lymphovascular invasion (6) Neoadjuvant
chemotherapy: cisplatin/
gemcitabine (18)

100% for
1 year

71% for 3
year

57% for 5
year

70% for 1
year
52% for 3
year

Median
26
Janua
ry 2022 | Vo
lume 11 | Artic
“Advanced stage”, single lesion >2 cm or multiple lesions; TACE, transarterial chemoembolization; RFA, radiofrequency ablation; PEI, percutaneous ethanol injection.
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recurrence in the moderately-differentiated group (median RFS
of 13.0 months, and with the 1- and 3-year RFS rates of 56 and
22%, respectively) (16). In 2016, the international retrospective
study performed by Sapisochin et al. further revealed that poor
tumor differentiation significantly correlated with tumor
recurrence not only via univariate analysis (HR = 3.8, 95%
CI:1.3–11.2, p = 0.01) but also via multivariate analysis (HR =
6.1, 95%CI:1.9–20.2, p =0.003) (10).

Being another characteristic indicating tumor aggressiveness,
vascular invasion was also reported to be associated with transplant
outcomes in iCCA. In 2013, Valli et al. retrospectively analyzed 4
iCCA cases, with the follow-up interval ranging from 8 to 52
months, and they found that tumor relapse was found in 100% of
cases with vascular invasion (1/1) compared with 0% of those
without vascular invasion (0/3) (14). In 2016, the international
retrospective study conducted by Sapisochin et al., also emphasized
thatmicrovascular invasionwas significantly correlatedwith tumor
recurrence not only via univariate analysis (HR = 3.5, 95%CI:1.4–
8.5, p = 0.006) but also via multivariate analysis (HR = 4.7, 95%
CI:1.6–13.8, p = 0.005) (10).

Similarly, the 2021 consensus statement and recommendation
by the Spanish Society of LT suggested that it is motivated to
exclude it from the waiting list, in case of tumor progression
(increase of diameter ≥2 cm, vascular invasion, new nodules,
obvious escalation of carbohydrate antigen 19-9, or extrahepatic
spread). Moreover, it also raised that retransplantation was
contraindicated for recurrent iCCA cases in this consensus
statement and recommendation (20).
PRETRANSPLANT BRIDGING

As modalities of pretransplant bridging, neoadjuvant therapy
and pre-transplant locoregional therapy contribute to tumor
downstaging. However, only few studies investigated the role
of downstaging therapy exclusively in iCCA patients. On the
contrary, most of the studies were based on patients diagnosed
with combined cHCC-CCA alone or mixed with iCCA.

Neoadjuvant therapy gradually becomes promising for iCCA
treatment, due to its critical role of controlling disease progression,
and also the possibility of converting unresectable cases to LT. In
2011, Hong et al. collected 38 cholangiocarcinoma cases (namely,
intrahepatic and hilar cases) receiving LT, and their results firstly
expounded that neoadjuvant and adjuvant therapies after LT
resulted in a better 5-year OS rate compared with adjuvant
therapy only or no therapy (47, 33, and 20%, respectively; p =
0.03) (22). In details, the neoadjuvant therapy protocol consisted
of transarterial chemoembolization (TACE) or stereotactic
radiotherapy, along with chemotherapy (capecitabine or 5-
fluorouracil based regimen). In 2018, one prospective case-series
including 6 unresectable iCCA patients with locally advanced
stage (maximum tumor size of largest lesion ≥3.5 cm, cumulative
tumor diameter ranging from 8.1 to 17.9 cm, number of lesions
ranging from 2 to 10; without extrahepatic metastasis or vascular
invasion) were treated with neoadjuvant therapy (gemcitabine-
based regimen, and also radiotherapy) while awaiting LT,
subsequently demonstrated satisfied transplant outcomes, with
Frontiers in Oncology | www.frontiersin.org 4
the 1-, 3-, and 5-year OS rates of 100, 83.3, and 83.3%, and also
50% RFS rate at 1, 3, and 5 years (11). In 2021, another study
assessed the transplant outcomes in 18 unresectable iCCA cases
with locally-advanced stage (cumulative tumor diameter ranging
from 8.1 to 17.9 cm, number of lesions ranging from 1 to 10), who
received neoadjuvant therapy (gemcitabine-based regimen) and
exhibited disease control for six months before LT (17). This
contemporary study showed that these selected iCCA patients
receiving LT had relatively satisfied 1-, 3-, 5-year OS rates of 100,
71, and 57%, and also relatively satisfied 1- and 3-year RFS rates of
70 and 52%.

Meanwhile, pretransplant loco-regional therapy also plays a
vital role for HCC and cHCC-CCA, since significantly improved
transplant outcomes have been achieved for responders (23, 24).
More specifically, Antwi et al. investigated the role of pre-
transplant loco-regional therapy in 19 cHCC-CCA patients,
and their results demonstrated that cHCC-CCA responders
acquired superior 3-year OS rate (92% vs. 23%, p = 0.03), but
identical RFS rate (log rank p = 0.6452), when compared with
those non-responders (24). However, it still needs to be testified
whether pre-transplant loco-regional therapy will also generate
comparative effect when used in iCCA patients.
DISCUSSION

Up until now, the consensus used for LT in iCCA (or cHCC-CCA)
patients has not been reached yet, but theMilan criteria widely used
for LT inHCChas guided clinical work for decades.During the past
decades, transplant surgeons have continuously managed to
optimize two objectives about iCCA—tackling more cases of this
extremely troublesome disease of unresectable stage (also termed as
quantity), and also trying to gain relatively satisfactory transplant
outcomes of patients (also termed as quality).

According to our literature review results, the transplant
outcomes were relatively satisfied in iCCA cases of “very early
stage” (10, 15), and also in iCCA cases of “advanced stage”
response to pretransplant treatments (namely, neoadjuvant
chemotherapy and/or locoregional therapy) (11, 17). But, it
portended relatively poor outcomes in cases with vascular
invasion, poor tumor differentiation, or “advanced stage”
without pretransplant treatments (10, 14–16, 21). Indeed,
many other researchers also have tried to exploit this issue
based on patients with cHCC-iCCA or cHCC-iCCA along with
iCCA, except for those insights exclusively for iCCA as
mentioned before, since the number of iCCA cases conducted
in each individual transplant center is relatively limited.

Herein, some emerging insights regarding LT in cHCC-iCCAor
cHCC-iCCA along with iCCA, are also listed by timeline. In 2015,
Facciuto et al. collected 32 patients (either iCCA or cHCC-CCA)
receiving LT, and their results showed that cHCC-iCCA or iCCA
patients restricted to the Milan criteria achieved comparable
prognosis when compared with matched HCC patients in control
group (64 cases), in terms of 5-year OS rate (78% vs. 79%, p = 0.61)
but slightly high recurrence rate (10% vs. 5%, p = 0.6). Whereas,
patients outside of the Milan criteria acquired inferior transplant
prognosis when compared with patients within Milan, in terms of
January 2022 | Volume 11 | Article 841694
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5-year OS rate (48% vs. 78%, p = 0.1) and 5-year DFS rate (32% vs.
78%, p = 0.04) (25). In 2018, Lee et al. compared the transplant
outcomes between iCCA/cHCC-CCA patients with early stage
(diameter restricted to 2 cm) (12 cases) and HCC patients within
the Milan criteria (319 cases), and their results also showed that
those early staged iCCA/cHCC-CCA patients gained comparative
1- and 5-year survival rates with those matched HCC patients
(63.6%, 63.6% vs. 90.0%, 70.3%, respectively; P-value for log-rank of
0.25), but iCCA/cHCC-CCA patients suffered from significantly
higher cumulative recurrence risk (33.3% vs. 11%, P-value for log-
rank of 0.01) (26). In 2020, De Martin et al. conducted a
contemporary study enrolling 75 iCCA/cHCC-CCA patients
(with diameter restricted to 5 cm) with median follow up of 25
(0–151)months, amongwhich 49 cases received LT and 26 patients
received liver resection (27). First, this study demonstrated that LT
achieved better prognostic outcomes when compared to liver
resection, in terms of improved 1-, 3-, and 5-year RFS rates (87%,
79%, 75%vs. 69%, 45%, 36%; respectively, p = 0.004) but identical 1-,
3-, and 5-year OS rates (90%, 76%, 67% vs. 92%, 59%, 40%;
respectively, p = 0.165). Second, this study revealed that patients
with tumor diameter ≤2 cm shared comparable transplant
outcomes with patients with larger tumor size (ranging from 2 to
5cm), in termsof1-, 3-, and5-yearOSrates (92%,87%,69%vs. 87%,
65%, 65%; respectively, p = 0.4) and also comparable DFS rates
(p-value for log-rank of 0.43). Third, multivariate analysis of this
study evinced that it was tumor differentiation rather than tumor
diameter that correlated with transplant outcomes. Accordingly,
the authors of this study recommended LT for patients with
unresectable iCCA/cHCC-CCA due to cirrhosis, under the
criteria of tumor diameter less than 5 cm. Generally, this study is
well-designed and meaningful, which not only challenges the
conservative conception that iCCA was not suitable for LT, but
also extends the tumor diameter from ‘restricted to 2 cm’ to
‘restricted to 5 cm’ for LT in iCCA/cHCC-CCA. Collectively,
patient selection strategy (“within Milan criteria” or “restricted to
5 cm”) is significantly correlatedwith transplant outcomes in iCCA/
cHCC-CCA based on these three emerging studies.

Based on the acquired evidence above, tumor burden, tumor
biology, and pretransplant bridging modality should be taken
into primary consideration when assessing transplant strategy in
iCCA cases. LT might serve as a viable option in cases as follows:
(I) unresectable tumor restricted to 2 cm, whilst arisen in context
of chronic liver diseases; (II) unresectable tumor locally advanced
Frontiers in Oncology | www.frontiersin.org 5
within the liver (single lesion more than 2 cm, or number of
lesions ≥2; without extrahepatic metastasis or macrovascular
invasion), but responses to tumor down-staging modality
(namely, systemic neoadjuvant therapy and/or loco-regional
therapy). The items are summarized as above, which were
consistent with the insights raised by other researchers (5, 20,
28, 29). Here, the optimized combination of “maximum size of
single lesion” with/without “number of lesions” remained
undefined, when compared with the Milan criteria.
Neoadjuvant therapy includes gemcitabine based treatment,
and locoregional treatment includes radiotherapy, TACE, and
radiofrequency ablation (RFA). On the contrary, it is
recommended as contraindication of LT in cases as follows: (I)
patients suffering from tumor progression (increase of diameter,
macrovascular invasion, new nodules, escalation of carbohydrate
antigen 19-9, or extrahepatic spread) while waiting for a
transplant; (II) patients diagnosed as recurrent iCCA (20). In
order to present these above items more clearly, we summarize
these items in Table 2.

When compared with conservative conception or “very early
stage” selection standard, these well-selected protocols are expected
to make more iCCA cases benefit from LT. Then, strategies to
identify the locally advanced status of iCCA are extremely
important, too. This correct diagnosis should depend on
comprehensive imaging techniques, since there are limitations
and advantages of imaging modalities used for iCCA diagnosis
(30). For instance, magnetic resonance imaging (MRI) mainly
showed the primary mass with enhanced assessment, computer
tomography (CT) possessed the superiority of vascular invasion
detection, and [18F]-fluorodeoxyglucose-positron emission
tomography (18-FDG) PET contributes to accurate tumor staging
by detecting metastasis reliably (namely, regional lymph node and
distant metastasis) (1). However, sometimes iCCA is difficult to
diagnose before LT despite using above imaging modalities. In this
case, pretransplant biopsy remains the mainstay, because this
approach contributes to definitive diagnosis. Especially for highly
suspected iCCA cases with unresectable tumor, pretransplant
biopsy is warranted. When iCCA is diagnosed definitively,
pretransplant bridging treatment should be arranged next. But, if
pretransplant biopsy is not feasible, favorable biology was referred
when tumor lesion responses well to systemic neoadjuvant
chemotherapy or/and locoregional therapy. Finally, LT is
recommended as a viable modality for those responders.
TABLE 2 | Summarized new insights of LT for iCCA cases according to literature review.

Indications

I Patients with unresectable tumor restricted to 2 cm, whilst arisen in context of chronic liver diseases (10, 15, 20, 29).
II Patients with unresectable tumor locally advanced within the liver (single lesion more than 2 cm, or number of lesions ≥2), without extrahepatic metastasis or

macrovascular invasion, but with responses to tumor downstaging (namely, systemic neoadjuvant therapy and/or loco-regional therapy) (5, 11, 17, 29). Whereas, the
optimized combination of “maximum size of single lesion” with/without “number of lesions” remained undefined.

Contraindications

I Patients suffering from tumor progression waiting for a transplant (increase of diameter, vascular invasion, new nodules, escalation of carbohydrate antigen 19-9, or
extrahepatic spread) (17, 20).

II Patients diagnosed with recurrent iCCA (20).
January 2022 | Volume 11 | Article 841694
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Probably, under these protocols, the therapeutic role of LT in iCCA
cases will be optimized in the near future.

Briefly, LT can achieve relatively satisfactory outcomes for
“very early stage” iCCA cases (with single lesion ≤2 cm), and the
transplant indication is also expected to expand to “locally
advanced stage” iCCA cases (without extrahepatic metastasis or
macrovascular invasion) but responses well to neoadjuvant
chemotherapy. However, the concept of “locally advanced”
remains to be defined in the future, especially the combination
of “maximum size of largest lesion”, “number of lesions”, with/
without “tumor differentiation”. These narrative results above are
generated from literature review, and therefore, further precise
consensus based on prospective, large-scaled, and well-designed
study is still warranted, in order to better guide the management
of LT in iCCA patients.
CONCLUSIONS

In summary, LT alone or combined with neoadjuvant
chemotherapy, can achieve relatively satisfactory outcomes in
Frontiers in Oncology | www.frontiersin.org 6
well selected iCCA patients. Importantly, tumor burden alone is
not the determinant of transplant outcomes in iCCA patients,
whereas, tumor burden, along with tumor biology, and response
to pretransplant down-staging strategy should be taken into
consideration before assessing LT in iCCA patients. Given the
scarcity of donor organ, and also the debate about LT in iCCA,
consensus for LT for iCCA patients is still urgently warranted.
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Bilbao I, Colmenero J. Expanding Indications of Liver Transplantation in
Spain: Consensus Statement and Recommendations by the Spanish Society of
Liver Transplantation. Transplantation (2021) 105(3):602–07. doi: 10.1097/
tp.0000000000003281
January 2022 | Volume 11 | Article 841694

https://doi.org/10.1038/s41572-021-00300-2
https://doi.org/10.1038/s41572-021-00300-2
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.jhep.2014.01.021
https://doi.org/10.1016/j.jhep.2014.01.021
https://doi.org/10.1007/s00268-019-04966-4
https://doi.org/10.1016/j.jhep.2019.11.020
https://doi.org/10.1245/s10434-009-0631-1
https://doi.org/10.1001/jamasurg.2020.1973
https://doi.org/10.1097/00000658-198804000-00002
https://doi.org/10.1634/theoncologist.2-3-164
https://doi.org/10.1002/hep.28744
https://doi.org/10.1016/s2468-1253(18)30045-1
https://doi.org/10.1053/jlts.2001.29419
https://doi.org/10.5754/hge10704
https://doi.org/10.1111/ctr.12108
https://doi.org/10.1111/ctr.12108
https://doi.org/10.1111/ajt.12591
https://doi.org/10.12659/aot.895936
https://doi.org/10.1111/ajt.16906
https://doi.org/10.1111/ajt.16906
https://doi.org/10.3389/fonc.2021.776863
https://doi.org/10.1016/j.surg.2019.06.005
https://doi.org/10.1097/tp.0000000000003281
https://doi.org/10.1097/tp.0000000000003281
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Sun et al. Liver Transplantation for Intrahepatic Cholangiocarcinoma
21. Ziogas IA, Giannis D, Economopoulos KP, Hayat MH, Montenovo MI,
Matsuoka LK, et a l . L iver Transplantat ion for Intrahepat ic
Cholangiocarcinoma: A Meta-Analysis and Meta-Regression of Survival
Rates. Transplantation (2021) 105(10):2263–71. doi: 10.1097/tp.
0000000000003539

22. Hong JC, Jones CM, Duffy JP, Petrowsky H, Farmer DG, French S, et al.
Comparative Analysis of Resection and Liver Transplantation for Intrahepatic
and Hilar Cholangiocarcinoma: A 24-Year Experience in a Single Center. Arch
Surg (2011) 146(6):683–9. doi: 10.1001/archsurg.2011.116

23. DiNorcia J, Florman SS, Haydel B, Tabrizian P, Ruiz RM, Klintmalm GB, et al.
Pathologic Response to Pretransplant Locoregional Therapy Is Predictive of
Patient Outcome After Liver Transplantation for Hepatocellular Carcinoma:
Analysis From the US Multicenter HCC Transplant Consortium. Ann Surg
(2020) 271(4):616–24. doi: 10.1097/sla.0000000000003253

24. Antwi SO, Habboush YY, Chase LA, Lee DD, Patel T. Response to Loco-
Regional Therapy Predicts Outcomes After Liver Transplantation for
Combined Hepatocellular-Cholangiocarcinoma. Ann Hepatol (2018) 17
(6):969–79. doi: 10.5604/01.3001.0012.7197

25. Facciuto ME, Singh MK, Lubezky N, Selim MA, Robinson D, Kim-Schluger L,
et al. Tumors With Intrahepatic Bile Duct Differentiation in Cirrhosis:
Implications on Outcomes After Liver Transplantation. Transplantation
(2015) 99(1):151–7. doi: 10.1097/tp.0000000000000286

26. Lee DD, Croome KP, Musto KR, Melendez J, Tranesh G, Nakhleh R, et al.
Liver Transplantation for Intrahepatic Cholangiocarcinoma. Liver Transpl
(2018) 24(5):634–44. doi: 10.1002/lt.25052

27. De Martin E, Rayar M, Golse N, Dupeux M, Gelli M, Gnemmi V, et al.
Analysis of Liver Resection Versus Liver Transplantation on Outcome of
Small Intrahepatic Cholangiocarcinoma and Combined Hepatocellular-
Frontiers in Oncology | www.frontiersin.org 7
Cholangiocarcinoma in the Setting of Cirrhosis. Liver Transpl (2020) 26
(6):785–98. doi: 10.1002/lt.25737

28. Panayotova GG, Guarrera JV, Lunsford KE. Should We Reevaluate Liver
Transplantation as an Alternative to Resection for the Treatment of Intrahepatic
Cholangiocarcinoma? Liver Transpl (2020) 26(6):748–50. doi: 10.1002/lt.25780

29. Sapisochin G, Ivanics T, Heimbach J. Liver Transplantation for Intrahepatic
Cholangiocarcinoma: Ready for Prime Time?Hepatology (2021). doi: 10.1002/
hep.32258

30. Joo I, Lee JM, Yoon JH. Imaging Diagnosis of Intrahepatic and Perihilar
Cholangiocarcinoma: Recent Advances and Challenges. Radiology (2018) 288
(1):7–13. doi: 10.1148/radiol.2018171187

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Sun, Lv and Dong. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
January 2022 | Volume 11 | Article 841694

https://doi.org/10.1097/tp.0000000000003539
https://doi.org/10.1097/tp.0000000000003539
https://doi.org/10.1001/archsurg.2011.116
https://doi.org/10.1097/sla.0000000000003253
https://doi.org/10.5604/01.3001.0012.7197
https://doi.org/10.1097/tp.0000000000000286
https://doi.org/10.1002/lt.25052
https://doi.org/10.1002/lt.25737
https://doi.org/10.1002/lt.25780
https://doi.org/10.1002/hep.32258
https://doi.org/10.1002/hep.32258
https://doi.org/10.1148/radiol.2018171187
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Liver Transplantation for Intrahepatic Cholangiocarcinoma: What Are New Insights and What Should We Follow?
	Introduction
	Transplant Outcomes
	Tumor Burden
	Tumor Biology
	Pretransplant Bridging
	Discussion
	Conclusions
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


