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Introduction

The growing number of treatment options for intrahepatic 
cholangiocarcinoma

Cholangiocarcinoma is a disease with high mortality 
rates largely owing to its infiltrative nature, propensity 
for advanced disease presentation, and resistance to 
chemotherapy. Indeed, only 12% of all patients have 
localized disease at presentation, and of these patients with 
localized disease, less than 40% undergo cancer-directed 
surgery (1). This leaves a large proportion of patients 
with liver-confined, localized disease with several options 
for liver-directed therapies, usually after undergoing 
initial systemic chemotherapy. These options include 
transarterial chemoembolization (TACE), hepatic arterial 
infusion (HAI), percutaneous ablation [e.g., radiofrequency 

ablation (RFA)], external beam radiation therapy (EBRT), 
and radioembolization (RE). As yet, there has been no 
randomized clinical trial to compare these various treatment 
options for intrahepatic cholangiocarcinoma. Here, 
we review the most updated results of these treatment 
modalities for patients with unresectable disease and discuss 
the potential roles for each in the era of personalized 
medicine.

The importance of local control

A notab l e  f e a tu re  o f  unre sec t ab l e  in t r ahepa t i c 
cholangiocarcinoma is that the majority of patients die of 
tumor-related liver failure (2); while extrahepatic distant 
metastasis is prevalent, it is not as frequently the cause of 
death as the intrahepatic disease. Inadequate control of the 

Management of unresectable intrahepatic cholangiocarcinoma: 
how do we decide among the various liver-directed treatments?

Eugene J. Koay1, Bruno C. Odisio2, Milind Javle3, Jean-Nicolas Vauthey4, Christopher H. Crane5

1Department of Radiation Oncology, 2Department of Interventional Radiology, 3Department of GI Medical Oncology, 4Department of Surgical 

Oncology, The University of Texas MD Anderson Cancer Center, Houston, TX, USA; 5Department of Radiation Oncology, Memorial Sloan 

Kettering Cancer Center, New York, NY, USA

Contributions: (I) Conception and design: All authors; (II) Administrative support: EJ Koay, CH Crane; (III) Provision of study materials or patients: 

All authors; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; 

(VII) Final approval of manuscript: All authors.

Correspondence to: Christopher H. Crane, MD. Department of Radiation Oncology, Memorial Sloan Kettering Cancer Center, New York, NY, USA. 

Email: cranec1@mskcc.org.

Abstract: Intrahepatic cholangiocarcinoma often causes death due to obstruction of the biliary system or 
interruption of the vascular supply of the liver. This fact emphasizes the critical need for local tumor control 
in this disease. Successful local tumor control has traditionally been achievable through surgical resection for 
the small proportion of patients with operable tumors. Technological advances in radiation oncology and in 
interventional radiology have enabled the delivery of ablative radiation doses or other cytotoxic therapies for 
tumors in the liver. In some cases, this has translated into substantial prolongation of life for patients with 
this disease, but the indications for these different treatment options are still the subject of ongoing debate. 
Here, we review the technological advances and clinical studies that are changing the way intrahepatic 
cholangiocarcinoma is managed, and discuss ways to achieve individualized treatment of patients.

Keywords: Radiation; cholangiocarcinoma; personalized medicine; Y90 

Submitted Nov 13, 2016. Accepted for publication Dec 21, 2016.

doi: 10.21037/hbsn.2017.01.16

View this article at: http://dx.doi.org/10.21037/hbsn.2017.01.16

Review Article on Intrahepatic Cholangiocarcinoma



106 Koay et al. Liver-directed therapies for cholangiocarcinoma

© HepatoBiliary Surgery and Nutrition. All rights reserved. HepatoBiliary Surg Nutr 2017;6(2):105-116hbsn.amegroups.com

primary tumor and satellite lesions can lead to parenchymal 
loss and liver failure due to vascular compromise (portal 
venous or hepatic vein obstruction) or biliary obstruction 
(potentially leading to sepsis) (3). Our review of patients 
with unresectable intrahepatic cholangiocarcinoma who 
received radiotherapy at MD Anderson Cancer Center 
from 2002 to 2014 revealed that a bioequivalent dose less 
than 80.5 Gy BED led to poor tumor control. Tumor 
progression led to tumor-related liver failure in 89% of 
the patients whose cause of death could be determined. In 
these patients, half of them died from tumor-related biliary 
obstruction and the rest died of vascular compromise or a 
combination of both. These results strongly emphasize the 
need to develop effective liver-directed therapies to achieve 
local control in patients with unresectable disease. We have 
seen similar results in a larger cohort of patients with liver-
confined intrahepatic cholangiocarcinoma treated at our 
institution. In this study, we noted improvements over time 
with resection and radiotherapy, likely owing to technical 
improvements in these treatments. On multivariable 
analysis, receipt of local therapy (with resection or definitive 
radiotherapy) was the sole predictor of death without liver 
failure (3).

Overview of liver-directed therapy options

Surgical resection represents the gold standard for liver-
directed therapy, but is an option for only a small proportion 
of patients. For the small subset of patients with small, 
inoperable, and peripheral tumors, percutaneous image-
guided ablative options like RFA and microwave ablation 
are convenient and cost effective (4,5). These achieve 
high rates of local tumor control and prolong survival for 
inoperable patients (6). Additional options include arterial 
embolization with yttrium-90 (90Y) (7-9) and transarterial 
chemoembolization (10,11). Although cholangiocarcinoma 
is generally regarded as a hypovascular tumor in which 
transarterial delivery may be suboptimal, these options have 
been studied for a wide variety of patients and in various 
clinical scenarios. In limited series, TACE and 90Y may be 
useful options in patients for whom surgical resection may 
be considered if an adequate response is achieved. These 
therapies are also useful as a bridging therapy for transplant, 
or as definitive therapy in properly selected patients.

Radiation therapy is another treatment option for 
patients with intrahepatic cholangiocarcinoma and can be 
delivered in any region of the liver effectively. The radiation 
can be administered either with brachytherapy techniques 

or external beam radiation. Some specialized centers have 
practiced interstitial brachytherapy for liver tumors for over 
a decade (12-15), showing that one year local control rates 
above 90% can be achieved with this approach. However, 
Longer-term reports of interstitial brachytherapy are not 
available.

Our previous work has described how external beam 
radiation may be a reliable and effective option for centrally 
located tumors near hilar structures and for tumors near or 
involving the main portal vein or inferior vena cava (2,16). 
Tumors in these locations are often not ideal for resection 
or percutaneous ablation but are at a high risk of causing 
liver failure related to vascular or biliary compromise. We 
will discuss these points in more detail in sections dedicated 
to each liver-directed therapy.

Endpoints for liver-directed therapies

In the absence of randomized data, we are left with historical 
comparisons of various liver-directed therapies, making 
it difficult to truly ascertain which may be best in a given 
scenario. Patient selection and baseline characteristics are 
important factors to consider in performing retrospective 
or post-hoc analyses. Another critical consideration in 
these comparisons is the endpoint measurement for each 
study. Given that intrahepatic cholangiocarcinoma can 
directly cause liver failure in patients if the primary disease 
or satellite lesions are not controlled, local control of the 
primary tumor and intrahepatic control are arguably the 
most relevant endpoint measurements for liver-directed 
therapies. 

While many experts may acknowledge that these 
endpoints are important, there is still considerable 
heterogeneity in the quality of endpoint measurements in 
the literature pertinent to intrahepatic cholangiocarcinoma. 
For example, the traditional endpoint for external beam 
radiation therapy is local control (i.e., did the tumor 
progress locally or not after radiation therapy?). We have 
assessed this based on expert radiographic assessment 
including assessment of tumor growth by RECIST criteria 
but also consideration of whether there are clinical signs 
of local progression (2). Local control is an actuarial 
measurement, allowing investigators to know the expected 
duration of effect.

For other liver-directed therapies such as TACE, RFA, 
and radioembolization, it is common to report outcomes 
in terms of various radiographic response criteria that are 
available, including Response Evaluation Criteria in Solid 
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Tumors (RECIST) and European Association for the 
Study of Liver (EASL) criteria (Figure 1). These response 
criteria were mostly developed and applied to HCC (17-19). 
Retrospective evaluation of modified RECIST (mRECIST) 
have been performed with intra-arterial therapies for 
intrahepatic cholangiocarcinoma (20,21). These liver-
directed therapies are also often reported in terms of overall 
survival. The endpoint measurements of radiographic 
response and overall survival would be most useful if they 
have a clear relevance to the effectiveness of the liver-
directed therapy (i.e., is there a direct relationship between 
therapeutic efficacy with radiographic response and does 
this translate into prolonged overall survival?). Further, 
the response criteria of RECIST, mRECIST, and EASL 
still require prospective validation in the specific contexts 
of TACE, RFA, or radioembolization for intrahepatic 
cholangiocarcinoma. Currently, the largest reports of 

outcomes after these liver-directed therapies report 
response in more than one measurement or in different 
methods from each other. 

RECIST criteria, which are still reported in modern 
series as primary endpoint measurements, are particularly 
fraught with problems for l iver tumors.  In 2001, 
the European Association for the Study of the Liver 
conference (22) concluded that RECIST criteria were not 
optimal for measuring response to liver-directed therapies. 
For example, the RECIST criteria failed to identify all 
of the complete responses in two prospective cohorts, 
meaning that the efficacy of treatment would not have been 
appreciated (23). The EASL criteria were developed as a 
result of these important studies, but these criteria face 
challenges for cholangiocarcinoma, especially when the 
tumors are hypovascular. In one study, 28% of patients with 
intrahepatic cholangiocarcinoma treated with TACE could 

Figure 1 Response criteria for liver cancer treatments. The gray area represents the visualized tumor and the white area represents 
enhancing portions of the tumor. *, note that qEASL measurements are based on enhancement relative to normal tissue enhancement in the 
liver.
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not be assessed for response by EASL or modified RECIST 
due to enhancement patterns (24).

The key problem with response criteria as surrogate 
endpoints is that they fail  to provide an actuarial 
measurement. Although a patient may achieve a partial 
response by RECIST or EASL criteria, the important 
question is how much time the tumor is controlled, and 
if such control leads to extended overall survival. Going 
forward, as the clinical evaluations of ablative external 
beam radiotherapy and other liver-directed therapies 
proceed, radiographic response criteria should be uniformly 
employed and subjected to rigorous standards (25) to 
ensure that the measurements are reliable, reproducible, 
and strongly correlated with clinical outcomes. Until these 
radiographic criteria meet the proper standards as validated 
surrogate endpoints for each liver-directed treatment, 
we encourage investigators to systematically follow their 
patients who receive liver-directed therapies and measure 
local control and intrahepatic control as endpoints.

Liver-directed therapies

General considerations in personalizing liver-directed 
therapy

The critical point to consider in personalizing therapy for a 
patient is the therapeutic ratio: what is the expected benefit 
compared to the risks? Factors that influence the answer to 
this question include the patient’s general medical condition 
and comorbidities (especially in regards to underlying liver 
function), the patient’s treatment history, the size of the 
tumor, the vascularity of the tumor, and the location of the 
tumor (particularly in relation to bile ducts, blood vessels, 
bowel, diaphragm, chest wall, and gall bladder). Finally, the 
clinical evidence should also factor into decision-making. 
There is substantial heterogeneity in the use of different 
liver-directed therapies and generally low-level evidence to 
support their use in any given situation. Since randomized 
data that directly compare different liver-directed therapies 
are not available, we focus on each liver-directed treatment 
to help create a general rubric for personalized therapy.

Transarterial chemoembolization (TACE)

Among liver-direct therapies, TACE has been used with 
a high level of success with hepatocellular carcinoma 
(HCC) for various indications. Investigations of TACE for 
intrahepatic cholangiocarcinoma has been of great interest 

for the past decade, but few prospective studies have been 
performed. Most studies are retrospective, single institution 
reports. One prospective study of 26 patients (23 with 
intrahepatic cholangiocarcinoma and 3 with gallbladder 
cancer) using chemoembolization with irinotecan-eluting 
beads was conducted by Kuhlmann et al. showing a median 
progression free survival (PFS) of 3.9 months and overall 
survival (OS) of 11.7 months. By comparison, a historical 
cohort of 10 patients who received TACE with mitomycin 
C had PFS of 1.8 months and OS of 5.7 months, and 
another historical cohort of 31 patients who received 
gemcitabine and oxaliplatin had PFS of 6.2 months and OS 
of 11.0 months (11).

Retrospective studies of TACE have reported a range of 
survival times for limited numbers of patients, including an 
OS of 12.3 months with cisplatin (n=50) (26), 13 months 
with doxorubicin microspheres (n=11) (27), 21.1 months 
with mitomycin C (n=15) (28), 23 months with cisplatin, 
doxorubicin, and mitomycin C (n=17) (29), 30 months 
(n=9) (30), 15 months with cisplatin, doxorubicin, and 
mitomycin C (n=62) (31), and 13 months with variable 
regimens including mitomycin-C, gemcitabine, and cisplatin 
(n=115) (32). These studies examined a diverse group of 
patients in terms of patient and tumor characteristics, 
likely accounting for the wide range of outcomes that were 
reported. The selection of patients for TACE, in general, 
may depend on patient performance status, baseline liver 
function, presence of constitutional symptoms (weight loss, 
malaise, loss of appetite), vascularity of the tumor, absence 
of portal vein tumor thrombus, absence of extrahepatic 
disease, and size of the tumor (33).

Hepatic arterial infusion (HAI)

HAI has been studied mostly in colorectal liver metastases 
with more limited data being available for intrahepatic 
cholangiocarcinoma (34-37). The reported median survival 
times with HAI for intrahepatic cholangiocarcinoma 
range from 12.5 (35) to 31.1 months (37). Two modern 
studies were performed by Kemeny and associates. The 
first included patients with unresectable intrahepatic 
cholangiocarcinoma or hepatocellular carcinoma who 
received HAI with floxuridine (FUDR)/dexamethasone 
(median survival of 29.5 months, n=26 intrahepatic 
cholangiocarcinoma and 8 HCC) (36), and the second 
involved similar patients  who received HAI with 
intravenous bevacizumab (median survival of 31.1 months, 
n=18 intrahepatic cholangiocarcinoma and 4 HCC) (37). 
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The trial with bevacizumab was stopped early due to biliary 
toxicity requiring stents in 13.6% of patients. Generally, 
selection of patients for this procedure requires good 
baseline liver function, blood counts, performance status, 
as most other liver-directed therapies. The procedure is 
generally not done for patients with portal hypertension or 
portal inflow occlusion.

Percutaneous ablation

RFA and microwave ablation achieve tumor kill largely 
through thermal effects on the cancer cells. These 
treatments have been an effective modality for small 
liver tumors, including hepatocellular carcinoma and 
liver metastases. The use of RFA for intrahepatic 
cholangiocarcinoma has been studied only in retrospective 
series. One of the largest series reviewed the outcomes 
of 13 patients with 17 intrahepatic cholangiocarcinoma 
tumors treated with RFA at a single institution. The local 
progression free survival was 32.2 months. Most of the 
tumors were small, with 10 of the treated tumors having 
a diameter less than 3 cm, five of the tumors measuring 
between 3 and 5 cm, and two measuring larger than 5 cm. 
Treatment failure occurred in the two largest tumors. The 
median overall survival of these patients was 38.5 months, 
the 3-year survival rate was 51%, and the 5-year survival 
rate was 15% (38). A retrospective study of sonography-
guided microwave ablation included 15 patients with a 
mean tumor size of 3.2 cm (range, 1.3–9.9 cm) (39). The 
24 month survival rate was 60% in this study. Two patients 
developed liver abscess, and one had needle seeding. 
Another retrospective study included 18 patients with 25 
intrahepatic cholangiocarcinoma tumors who underwent 
either RFA or microwave ablation. The 36 month survival 
rate was 30.3% (40).

A recent systematic review on the use of RFA for the 
treatment of unresectable intrahepatic cholangiocarcinoma 
identified seven observational studies comprising  
84 patients (6). Pooled 1-, 3-, and 5-year survival rates were 
82% (95% CI, 72–90%), 47% (95% CI, 28–65%), and 24% 
% (95% CI, 11–40%), respectively. Major complications 
occurred in 5 patients, including one death from liver 
abscess and subsequent sepsis. 

A  new ab la t ion  t echn ique  ca l l ed  i r rever s ib le 
electroporation (IRE) can also achieve high rates of local 
tumor control, including for lesions near large vessels and 
bile ducts. This is due to a different mechanism of cell kill 
that does not rely on thermal damage. IRE uses electrical 

fields to cause permanent nanopores in the cell membranes 
of cells that leads to apoptosis. It does not seem to cause 
damage to adjacent bile ducts or vessels (41). The use of 
IRE with cholangiocarcinoma has been limited, and large 
series remain to be seen. 

The complications with percutaneous treatments are 
minimal in well-selected patients. Caution with thermal 
treatments (RFA and microwave ablation) must be taken to 
avoid tumors near a segmental bile duct, however. This can 
result in bile leak, which can be life-threatening. It is also 
important to understand that nearby vessels may act as a 
heat sink for RFA and microwave ablation, limiting efficacy.

The general indications to use these percutaneous RFA 
and microwave ablation are for patients with tumors less 
than 4 to 5 cm that are not near a segmental bile duct, liver 
surface, or major vessel. IRE does not seem to have the 
same limitations as RFA and microwave ablation in regards 
to proximity to bile ducts or vessels, but is limited by tumor 
size. The literature indicates that attempted percutaneous 
ablation of larger HCC tumors results in a higher failure 
rate (42). 

Radioembolization (RE)

Among the liver-directed therapies, yttrium-90 (90Y) 
microspheres have received the most attention. In a group 
of 60 patients who were prospectively followed after 
RE, the median survival was 15.6 months for patients 
with peripheral tumors and 6.1 months for those with an 
infiltrative morphology (43). For 5 patients in this study, 
the disease was converted to resectable status, and an R0 
resection was achieved. A pooled analysis of 12 studies found 
a median weighted overall survival of 15.5 months after 90Y  
treatment (9). Partial response was seen in 28% of patients, 
and 54% of patients achieve stable disease at 3 months. 

One limitation of RE is the delivery of sufficient 
microspheres to achieve complete ablation of the 
tumor. This therapy is also challenged by the lack of a 
validated method to measure the dose of radiation that 
is delivered to the tumor. For example, Bremsstrahlung 
imaging methods have been developed to address the  
dosimetry (44), but remains to be fully utilized in clinical 
practice. Other methods have been developed also, and each 
has uncertainties (45). Currently, the method of prescription 
for 90Y is with an amount of radiation activity. This method 
fails to determine how much radiation dose is given to the 
tumor in an individual patient. In external radiation treatments, 
evidence suggests a dose-response relationship (2), and one 
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can expect that with internal radiation treatment with 90Y 
for intrahepatic cholangiocarcinoma a similar relationship 
exists. This relationship is likely dependent on the arterial 
supply of the tumor. Indeed, for hepatocellular carcinoma, 
which is typically dependent on an arterial supply, dose-
response relationships have been reported (46,47). 
Development of a method to measure the dose delivered 
to the tumor a priori would help in the proper selection of 
patients for this treatment modality. 

Brachytherapy

Small single institutional series have been conducted to 
show that primary and metastatic liver cancers can be safely 
treated with interstitial brachytherapy. One report for 
HCC included large liver tumors (mean size of 7.1 cm), 
and achieved a local control rate of 93% at one year (14). 
Reports of this technique with metastatic lesions have also 
been published (12,13,15). To date, there are no dedicated 
studies describing the efficacy of this technique specifically 
for intrahepatic cholangiocarcinoma. Among the liver-
directed therapies, this form of treatment is perhaps one 
of the most technically challenging, as it not only requires 
some degree of hands-on skill, but also appropriate facilities 
and technical support to perform.

External beam radiation

Decades of clinical research and technological advancement 
has shown that ablation of tumors in organs with parallel 
functional units, such as lung and liver, can be done safely. 
A series of studies in the 1980s, 1990s and 2000s developed 
the techniques, dose constraints, and clinical indications for 
delivery of stereotactic body radiation therapy (SBRT, also 
called stereotactic ablative body radiotherapy or SABR). 
Traditional SBRT achieves excellent results for small liver 
tumors (<5 cm). However, the vast majority of physicians 
interpret SBRT as meaning doses of radiation (4 to 20 Gy)  
that may not be ablative, but are delivered within about 1 
week (i.e., in 3 to 6 fractions). Adherence to this approach 
has limited the effectiveness of SBRT for large liver tumors 
(>7 cm) owing to the need to reduce doses to meet organ 
constraints. With chemotherapy alone, the prognosis for 
patients who present with large liver tumors is poor, with 
median survival times of 12 months or less, and most 
such patients die from tumor-related liver failure. We 

have presented a comprehensive solution that achieves 
stereotactic ablative body radiation (SABR) doses for 
patients with large liver tumors by using a combination 
of classical, modern, and novel concepts of radiotherapy: 
fractionation, dose painting, motion management, image 
guidance, and simultaneous integrated protection (16). 

These concepts were partly pioneered with proton 
therapy in Japan for HCC. Protons have allowed large 
tumors to be treated to higher doses per fraction. The 
reports of experiences with hypofractionated regimens 
(16–25 fractions) that go to ablative doses (BED ~100 Gy) 
for large tumors are similar to those after surgical resection, 
with 5-year local tumor control rates of 90% and overall 
survival (OS) rates of 50% among some patients (48-50). 
These studies generally selected patients with relatively 
small, isolated tumors with well-compensated cirrhosis. 

Building on these successes in Japan, we began patterning 
our treatment of patients with liver tumors using a 
fractionated approach to high doses in 2007. A retrospective 
dose response analysis of patients given definitive radiation 
therapy for inoperable intrahepatic cholangiocarcinoma in 
2002–2014 at MD Anderson was recently published (2), 
and it identified 79 consecutive patients, most of whom had 
large tumors [median diameter 7.9 cm (range, 2.2–17 cm)]. 
Seventy patients (89%) had received systemic chemotherapy 
before radiation, which was given to doses of 35–100 Gy 
(median 58.05 Gy), for a median BED of 80.5 Gy (range, 
43.75–180 Gy). At a median follow-up time of 33 months 
(range, 11–93 months), the median OS time after diagnosis 
was 30 months and the 3-year OS rate was 44%. Radiation 
dose was the single most important prognostic factor; 
higher doses correlated with improved local control and 
OS. The 3-year OS rate for those receiving BED >80.5 was 
73% versus 38% for those receiving lower doses (P=0.017), 
and the 3-year local control rate was significantly higher 
(78%) after a BED >80.5 Gy than after lower doses (45%, 
P=0.04). As a continuous variable, BED also significantly 
influenced local control (P=0.0097) and OS (P=0.0045). 
No significant treatment-related toxicity was noted. These 
results suggest that a BED >80.5 Gy seems to be ablative 
for large intrahepatic cholangiocarcinomas, with long-term 
survival rates that compare favorably to resection. Achieving 
these results requires meticulous attention to motion 
management and image guidance using conformal radiation 
techniques such as intensity modulated radiation therapy 
and proton therapy.
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A path forward

Choosing among the different liver-directed therapies

In the absence of randomized studies that directly compare 
the various options for liver-directed treatments, we 
propose a clinical algorithm that provides a path forward 
until such studies are available or until the weight of 
clinical evidence steers the field in the right direction 
(Figure 2). This algorithm takes clinical and tumor factors 
into consideration. Importantly, the algorithm points to 
multiple options that may be well suited for an individual, 
and the ultimate decision should involve multi-disciplinary 
discussion. 

For example, in patients with small (<4 cm), peripherally 
located, enhancing tumors, percutaneous ablation is a 
reasonable option, since such tumors would be unlikely 
to be near major blood vessels and medium to large bile 

ducts. TACE, RE, and radiotherapy may all be reasonable 
considerations in larger (>4 cm) peripherally located, 
enhancing tumors. These tumors would be expected to 
have dependence on an arterial blood supply so that intra-
arterial therapeutic delivery would be adequate, and would 
likely be away from critical organs that would be sensitive 
to radiation. Factors that may influence the final decision 
may include the patient’s co-morbid conditions and prior 
treatment history.

On the other end of the spectrum, patients with large, 
central, hypovascular tumors that are adjacent to major 
blood vessels would likely be best treated with external 
beam radiation. These tumors would unlikely respond 
to trans-arterial therapies, and RFA would have limited 
efficacy due to the size of the tumor, heat sink effect of the 
blood vessels, and risk of bile duct injury. For patients with 
small central tumors, percutaneous ablation with IRE is 

Figure 2 Clinical decision-making for liver-directed therapies.

Anatomically favorable* and hypovascular**
- EBRT
- Percutaneous ablation***

Anatomically favorable* and hypervascular
- EBRT
- Percutaneous ablation
- 90Y
- TACE

Anatomically unfavorable and hypovascular
- EBRT

Anatomically unfavorable and hypervascular
- EBRT
- 90Y
- TACE

*Favorable would include tumors away from
critical structures (common bile duct, majority 
of normal liver, stomach, duodenum, large bowel, 
kidneys) AND large vessels

Unfavorable would include tumors close to critical 
structures OR large vessels

For example, a hypoenhancing 
tumor in right liver

For example, a hyperenhancing 
tumor in right liver

For example, a hypoenhancing 
tumor in central liver

For example, a hyperenhancing 
tumor in central liver

**Vascularity of the tumor may be assessed 
using diagnostic imaging and/or arteriogram

***Percutaneous ablation (e.g., RFA, microwave ablation, or IRE) 
is generally limited to lesions that are small (<4 cm)

All cases should be reviewed in a multi-disciplinary 
manner to determine if other options may be available
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also a consideration, including for tumors adjacent to large 
vessels and bile ducts. Our approach of using fractionated 
radiation to ablative doses is generally well tolerated in 
these locations with no major complications (16).

Defining target volumes for liver-directed therapies

One technical aspect that may improve outcomes with all 
liver-directed therapies is the definition of the tumor volume. 
The delineation of tumor boundaries for intrahepatic 
cholangiocarcinoma may be a major limiting factor for all 
liver-directed treatment options because missing any part 
of the tumor with a cytotoxic or ablative therapy would 
be expected to lead to a local failure. Sensitive and specific 
diagnostic imaging tests to identify the boundaries of disease 
remain elusive for intrahepatic cholangiocarcinoma. To 
address this limitation, it will be critical to use radiological/
pathological correlation studies to understand the true 
burden of disease for patients whose treatment can only be 
guided by radiological studies. It is also crucial to consider 
the patterns of spread for these tumors.

On microscopic examination, 90% of cholangiocarcinomas 
are adenocarcinomas with glandular structures mixed with 
fibrous stroma (51). These tumors preferentially spread 
between hepatic plates and track along the bile ducts (52). 
Perineural invasion is seen in about 81% of the patients (53). 
On imaging, intrahepatic cholangiocarcinoma appears as 
a hypodense mass with irregular rolled in margins. On 
contrast enhanced images, the masses may show irregular 
peripheral enhancement (54). Due to the abundant fibrous 
stroma, IHCC tumors typically show higher enhancement 
in the portal venous and delayed images (55). The 
development of advanced MRI and molecular imaging 
agents may help oncologists better define tumor volumes on 
imaging (55-57). 

Quantitative response criteria

As previously discussed in Section I, the response criteria to 
liver-directed therapies represents a major limiting factor 
in the comparison of the various options. An objective and 
reproducible method that represents a surrogate to local 
control and overall survival is needed. Several solutions have 
emerged in recent years.

Geschwind and associates have published as series of 
papers that describe how tumor viability can be gauged 
based on how the degree of enhancement in the tumor 

changes with cytotoxic treatments (called quantitative EASL 
or qEASL) (58,59). In primary and secondary lesions of 
the liver, the measurement of normalized enhancement in 
the tumor serves as a quantitative readout of response to 
therapy that associates with overall survival. This group has 
described the application of criteria to stratify patients by 
converting 2D response criteria into 3D response criteria 
(58,59). Proper prospective validation of these quantitative 
approaches for each liver-directed treatment could help to 
address the lingering issue for oncology with regard to which 
liver-directed therapy is indicated in certain clinical scenarios.

Molecular oncology and combined liver-directed therapies

The biological heterogeneity of the disease is perhaps the 
most important driver of the variety of presentations and 
treatment outcomes for patients. Recent studies show that 
the disease is molecularly diverse with several subclasses 
of patients, including those with increased signaling in 
EGFR and HER2 pathways, as well as patients with 
actionable mutations in IDH1, FGFR2, and BRAF (60,61). 
These different types of cholangiocarcinoma have distinct 
prognoses, and the development of non-invasive or minimally 
invasive methods to characterize the disease are needed. This 
is relevant not only to the development of new and more 
efficacious systemic therapies for the disease, but also to the 
selection of liver-directed therapies or how they are delivered. 
First, some cholangiocarcinomas that may be associated 
with more indolent courses or liver-confined patterns of 
failure may be better suited to early aggressive liver-directed 
therapies, whereas tumors with a greater propensity for 
distant metastatic spread may not. Additionally, tumors with 
genetic susceptibility to DNA damage repair may benefit 
from radiotherapy and/or targeting DNA repair pathways. 
Similarly, a molecular understanding of the disease could 
aid the development of combinations of liver-directed and 
systemic therapies, concurrently or sequentially. There 
are currently no published randomized trials that compare 
local therapies against systemic therapies. The ongoing 
NRG-GI001 trial will attempt to investigate this question, 
as it randomizes patients to either systemic chemotherapy 
followed by hypofractionated radiotherapy or systemic 
chemotherapy alone. 

Finally, innovative combinations of liver-directed therapies 
may be warranted. For example, TACE and external beam 
radiotherapy have been used with success in HCC. One may 
also conceive combining RE with external beam radiotherapy, 
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such as in tumors that are near critical organs that can be 
damaged by radiotherapy but have limited arterial supply. 
Complete coverage of the tumor with ablative radiation doses 
may be achieved in such a situation with the combination of 
internal and external radiotherapy.

Summary

Progress is being made for patients with intrahepatic 
cholangiocarcinoma as multiple liver-directed therapies 
are being reported to achieve long-term survival. In our 
institution, we have seen a steady improvement in survival 
outcomes for patients with liver-confined disease, likely 
owing to improved surgical and radiotherapy techniques (3). 
However, further progress is severely hampered by the 
lack of a concerted effort to appropriately evaluate these 
therapies in terms of their indications and efficacy. In 
particular, prospective trials with rigorous selection criteria, 
response metrics, and actuarial outcome measurements 
of local control and overall survival are needed. Ideally, 
these studies would be randomized trials that directly 
compare liver-directed treatments, but this may be 
challenging for various reasons, including patient resistance 
to randomization, physician bias, and lack of expertise in 
particular centers. Innovative trial designs and testing of 
combinations of liver-directed therapies are also needed, 
especially in the context of molecular oncology. 
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