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Background: Intrahepatic cholangiocarcinoma (iCCA) is usually a fatal malignancy with rising incidence globally.
Surgical resection currently remains the only curative treatment. However, as only a minority of iCCA is
amenable to resection, new therapeutic modalities are needed. Our aims were to systematically review and
perform a meta-analysis on the existing literature regarding the use of ablative therapies for iCCA and to assess
their efficacy as a treatment modality by calculating pooled survival results and investigate associations between
prognostic factors and survival. Methods: A comprehensive search of the PubMed database for relevant articles
was performed. Studies assessing survival in patients with iCCA undergoing ablation were included. Data
were extracted on patient, tumour and treatment characteristics and survival. Random effects meta-analysis
was used to pool the data. Galbraith plots were used to investigate heterogeneity; bubble plots were formulated
using regression-based meta-analysis. Results: A total of 10 studies were included in the final analysis, yielding an
aggregate of 206 patients (69.5%males, median age: 51.2–72.5) and 320 tumours. Of all patients, 70.4%were recur-
rent cases of iCCA, and 29.6% were cases of primary iCCA. The median overall survival ranged from 8.7 to 52.4
months. Pooled 1-, 3- and 5-year survival rates were 76% (95% confidence interval: 68–83%), 33% (21–44%) and
16% (7–26%), respectively. No significant association was found between the median age, number of tumours
or median tumour size and 1-year survival. Conclusions: Ablative therapies display promising potential as treat-
ment modalities for iCCA. However, further research is necessary to validate these findings. ( J CLIN EXP HEPA-

TOL 2019;9:740–748)
Cholangiocarcinoma (CCA) is the most common
biliary tract malignancy, and the subtype intrahe-
patic cholangiocarcinoma (iCCA) is the second

commonest primary hepatic malignancy, accounting for
10–20% of all primary liver cancers globally.1 CCA is classi-
fied by its anatomical origin (Figure 1) as iCCA, perihilar
CCA (pCCA) or extrahepatic CCA.2 The incidence of
CCA varies considerably worldwide, with the age-standar-
dised incidence in Northeast Thailand (80 per 100,000) be-
ing significantly higher than in the United States and
United Kingdom (1–2 per 100,000).3 iCCA is the least com-
mon variant of CCA, representing 10–20% of all CCA diag-
noses, but studies have globally reported increased rates of
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iCCA in the last few decades.1,4–6 For example, in the
United States, incidence rates rose 165% (0.32–0.85 per
100,000) between the 1970s and 1990s4,7,8 The reason for
this worldwide increase is currently unclear, and the vast
majority of patients diagnosed with iCCA present with
advanced disease without an identifiable aetiology.6 Mor-
tality rates of iCCA also display similar trends, with
a European Union study reporting both male and female
mortality rates increased (0.79–1.1 and 0.55–0.75 per
100,000, respectively) between 2002 and 2007.9

There are a number of treatment modalities for iCCA,
but curative methods are limited to surgical resection
(Figure 2).8 As iCCA develops, the option of curative treat-
ment diminishes, and supportive therapies become stan-
dard practice. Outside the curative option, iCCA has a
high mortality rate, with only 5–10% of patients with unre-
sectable disease alive 5 years after initial diagnosis.1 The
outcome of surgical resection depends largely on success-
fully dissected negative surgical margins. Resectability
rates are generally between 19% and 74%.10 Survival rates
depend on both lymph node status and R0 resection.
Studies have shown that after an R0 resection, the 5-year
survival was 23–42%, which is a marked improvement
compared with the 5-year survival of 0% after an R+ resec-
tion.11–13 Similar trends are found with lymph node status;
5-year survivals in patients with N1 status after resection
r B.V. This is an open access article under the CC BY-NC-ND license (http://
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Figure 1 Illustration of the anatomy of the biliary tree and the different origins of the three types of CCA. CCA: cholangiocarcinoma. Source; Khan SA.
Epidemiology of Cholangiocarcinoma. [Lecture] Khon Kaen University. 25–27th April 2016.

JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

C
h
o
la
n
g
io
ca

rc
in
o
m
a

are 0–9% but can be as high as 43% in N0 graded dis-
ease.13,14

Liver transplantation (LT) is a topic of controversy in
iCCA management. For pCCA, LT is viable, with clear
data surrounding selection criteria, neoadjuvant therapy
and long-term outcomes.15 Despite this, LT for iCCA is
Figure 2 The suggested guidelines for the management of iCCA, published
diofrequency ablation; TACE: transarterial chemoembolization; TNM: tumor, n
of intrahepatic cholangiocarcinoma8.

Journal of Clinical and Experimental Hepatology | November–December 2019
contraindicated by the International Liver Cancer Associa-
tion (ILCA) owing to a paucity of strong published evi-
dence.8 Without a clearly defined role of LT in iCCA, the
mainstay of treatment for unresectable iCCA remains
chemotherapy, with combination gemcitabine and
cisplatin.16 Even with this combination, the 6-month
by Bridgewater et al.8 iCCA: intrahepatic cholangiocarcinoma; RFA: ra-
ode, metastasis. Source: Guidelines for the diagnosis andmanagement
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Figure 3 Flowdiagramdepicting the selectionprocess of the reviewedstudies. iCCA: intrahepatic cholangiocarcinoma;RFA: radiofrequency ablation.
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progressive-free survival has been reported to be at 57.1%,
and the median overall survival (OS) is poor, at around
11.7 months.17

Although resection is potentially curative, less than 30%
of patients with iCCA are candidates for resection.10,18–20

Even after resection with curative intent, studies have
reported disappointing 5-year survivals of 23–42%11–13

and recurrence rates as high as 60–65%.10 Using data
from the five largest studies21–25 in their meta-analysis,
Mavros et al26 found that the median OS ranged from
only 18–33 months after resection, despite negative surgi-
cal margins. There are numerous contraindications for
resection in patients with iCCA, including extrahepatic dis-
ease, macroscopic vascular invasion, diffuse bilobar
involvement and significant comorbidities precluding ma-
jor surgery. The opportunity for repeated resection is
diminished in patients owing to comorbidities or poor
functional hepatic reserve.

Given the current treatment limitations, there is a need
for novel therapies that can treat the primary cancer or the
recurrent disease after intervention. Local regional thera-
pies, such as ablation (radiofrequency ablation [RFA] or
microwave ablation [MWA]) and transarterial chemoem-
bolization, were previously only considered for use in the
palliative setting. Recently, several studies have shown
promise with improving OS and slowing tumour progres-
sion.27–36

The aims of this study were to (a) conduct a systematic
review of the published literature on ablative therapies for
iCCA; (b) perform a meta-analysis of this literature to
investigate the potential for these therapies to be used as
a treatment option, rather than a palliative one, by pooling
the survival data in the literature for wholly representative
and accurate 1-year, 3-year and 5-year survival rates; and (c)
investigate the effects of patient and tumour-related fac-
tors on survival after ablative therapies for iCCA.
742 © 2019 Indian National Association for Study of the Liver. Published by
METHODS

Study Selection
Electronic systematic searches were performed in the
PubMed database with the search strings ‘cholangiocarci-
noma’, ‘biliary cancer’, ‘bile duct cancer’ and ‘ablation’ for
studies published in any language. In addition, the refer-
ences of the initially selected studies were analysed to
potentially select further studies.

Only studies investigating ablative therapies in humans
with iCCA, specifically, were included. Studies with a sam-
ple size of more than five and with investigation of survival
outcomes after ablation were included. Studies which used
RFA, MWA or both were all included. Single-case reports,
reviews, letters, conference proceedings and letters were
excluded. Studies that incorporated mixed types of CCA
and combination therapies of ablation alongside resection
were also excluded (Figure 3).

Extraction of Data
Data were extracted from each study regarding patient,
tumour and treatment characteristics, as well as survival
outcomes. Patient characteristics, where available, included
age, gender and the presence of comorbidities, such as
cirrhosis, hepatitis B and hepatitis C. Tumour characteris-
tics included the number of tumours, their size(s) and
whether they were primary or recurrent cases. Treatment
characteristics were the method of ablation performed;
RFA or MWA. Finally, survival outcomes included
recurrence-free survival (RFS), progression-free survival
(PFS), OS and 1-year, 3-year and 5-year survivals.

Data Analysis and Statistical Methods
Percentages and total numbers were used to report categor-
ical variables, such as gender, and median values and
Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).



Table 1 Summary of the Clinical, Pathological and Survival Data of the Patients in Each Study.

Article (country) No. of
patients (M/F)

Median
age (years)

Primary
cases

Cirrhosis/
HBV/HCV

No. of
tumours

Tumour
size (cm)

RFA/
MWA

OS
(months)

1/3/
5-year

survival (%)

Xu et al27 (CN) 18 (13/5) 60 8/18 – 25 2.80a 12/6 8.7 36.3/30.3/30.3

Fu et al28 (CN) 17 (9/8) 54.5 7/17 5/–/– 26 4.40b 17/0 33.9 84.6/43.3/28.9

Kim et al29 (KR) 20 61 0/20 –/6/1 29 1.50b 20/0 19.5 70.0/21/–

Yu et al30 (CN) 15 (11/4) 60 15/15 –/5/1 24 3.20a 0/15 10.0 60.0/–/–

Haidu et al31 (AT) 17 (12/5) 62 8/17 – 26 4.20c 17/0 52.4 82.2/64.7/47.1

Zhang et al32 (CN) 77 (58/19) 51.2 0/77 22/–/– 133 – –
d 21.3 69.8/20.5/–

Kim et al33 (KR) 13 (10/3) 13/13 – 17 2.50c 13/0 27.4 85.0/51.0/15.0

Giorgio et al34 (IT) 10 (5/5) 70 9/10 –/1/3 12 3.00 10/0 19.5c 100/83.3/83.3

Fu et al35 (CN) 12 0/12 –/2/– 19 3.20b 12/0 30.0 87.5/37.5/–

Butros et al36 (USA) 7 (3/4) 65 1/7 – 9 2.30c 7/0 35.0e 100/60.0/20.0

AT: Austria; CN: China; IT: Italy; KR: Korea; USA: United States of America; HBV: hepatitis B virus; HCV: hepatitis C virus; RFA: radiofrequency ablation;
MWA: microwave ablation; OS: overall survival.
aMean tumour size: typically values indicated as median values unless otherwise indicated.
bValue indicative of the mean/median of largest tumour sizes of patients.
cData not provided ad numerum in the study but calculated using available data.
dNumber unspecified.
eExcludes one patient lost to follow-up.
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ranges were used for reporting the continuous variables
from the studies. The meta-analysis was performed using
Stata version 13 (TX, 2013). For pooling 1-year, 3-year
and 5-year survivals, random effects meta-analysis was
used. Forest plots were created to display the survival re-
sults from the studies. Statistical heterogeneity between
studies was assessed using Galbraith plots and I2, with a
P value of P < 0.05 indicating statistically significant het-
erogeneity. Finally, bubble plots, created using
regression-based meta-analysis, were used to look at the
relationship between certain factors such as median age
and number of tumours against 1-year survival. Statistical
significance was set at P < 0.05.
RESULTS

A total of 163 articles were identified from the initial search
of the PubMed database. Nine were removed owing to the
unavailability of the full text. From the remaining set of
154, 138 articles were excluded mainly as they were either
single-case reports or reviews of current therapeutic re-
gimes for iCCA. Of the 16 remaining studies, three were
excluded as they reported findings on mixed series of
CCA, two were excluded owing to lack of survival data,
and one was excluded as it investigated a combined regime
of both resection and ablation. The result was a final set of
10 studies, which contained information suitable for a
meta-analysis. The majority of these studies originated
from Eastern Asia, five from China and two from South
Korea. Three studies were based in Europe, two in Italy
Journal of Clinical and Experimental Hepatology | November–December 2019
and one in Austria, with the remaining study from the
United States. A resulting aggregate data set of 206 pa-
tients with 320 tumours was further analysed. A subgroup
analysis was not performed as there were no categorical
variables.

Patient Characteristics
Table 1 illustrates both the clinical and pathological char-
acteristics of the patients analysed, as well as their survival
outcomes. There was a predominance of men, 121 males
(69.5%) compared with 53 females (30.5%), in the studies
that provided such data. The median ages of the patients
ranged from 51.2 to 72.5 years. Six studies provided data
for the presence of comorbidities, resulting in a combined
pool of 151 patients. Of these patients, 14 were coinfected
with hepatitis B virus, five were coinfected with hepatitis C
virus and 27 were diagnosed with cirrhosis.

Tumour Characteristics
The number of tumours per patient in the data set ranged
from 1 to 17. The vast majority of patients were single-
tumour cases (64.4%). Not all studies provided data on me-
dian tumour sizes, and some studies only specified the size
of the largest tumour per patient, which limited the true
range for the median tumour size. Where possible, we
calculated this using the patient data provided. Otherwise,
mean tumour size data were used (Table 1), which ranged
from 1.50 to 4.40 cm. All studies supplied data on whether
patients were primary or recurrent cases of iCCA. In total,
| Vol. 9 | No. 6 | 740–748 743



Table 2 Summary of the Variable Survival Data of the Studies.

Study Recurrence-
free survival
(months)

Progression-
free survival
(months)

Event-free
survival
(months)

Disease-free
survival (months)

Xu et al27 (CN) 4.0 – – –

Fu et al28 (CN) 17.0 – – –

Kim et al29 (KR) – 32.2 – –

Haidu et al31 (AT) – – – 24.3b

Zhang et al32 (CN) – – – 6.8

Kim et al33 (KR) – 39.8a 6.1 –

Giorgio et al34 (IT) – 14.0c – –

Fu et al35 (CN) 21.0 – 13.0 –

Butros et al36 (USA) – 36.3 21.8 –

AT: Austria; CN: China; IT: Italy; KR: Korea; USA: United States of America.
aMean value calculation: values are medians unless otherwise stated.
bResult from the original study, not the updated data set.
cData not provided ad numerum in the study but calculated using available data.
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there were 61 patients with primary iCCA (29.6%) and 145
with recurrent iCCA (70.4%).

Treatment Characteristics
Information regarding the treatment methods (RFA or
MWA) and the survival statistics can also be seen in
Table 1. This analysis included studies that used both
RFA and MWA techniques. Nine of the ten studies, total-
ling 129 patients, provided exact numbers for how many
patients underwent each method. Overall, RFA was a
more commonly practiced technique, used for 108 of 129
patients (83.7%), with MWA being used in the remaining
21 of 129 patients (16.3%). Almost all procedures were per-
formed percutaneously via a form of radiographic guid-
ance. In total, only four patients underwent open RFA in
the data set, two from each of the studies carried out by
Fu et al,28,35 and there were no cases of endoscopic RFA.
Of the 200 patients for whom such data were provided,
182 underwent ablation with ultrasound (US) guidance
(91%), 17 with computed tomography (CT) guidance
(8.5%) and 1 with both US + CT (0.5%).

Clinical Outcomes
The median follow-up period ranged from 8.7 to 29.9
months among the nine studies that provided the data.
The median OS ranged from 8.7 to 52.4 months, which
included the additional data provided by Haidu et al.31

The 1-year, 3-year and 5-year survivals ranged from 36.3–
100%, 20.5–83.3% and 15.0–83.3%, respectively. There
was disparity among the studies concerning methods
of measuring progressive and developmental survival,
with three providing data on RFS, four on PFS, two
on disease-free survival and three on event-free
survival (Table 2).
744 © 2019 Indian National Association for Study of the Liver. Published by
From the initial tests for heterogeneity, high degrees of
heterogeneity were apparent in 1-year survival (I2 = 79.64%,
P < 0.0001), 3-year survival (I2 = 79.51%, P < 0.0001) and 5-
year survival (I2 = 82.25%, P < 0.0001). Galbraith plots were
used to discern the most heterogeneous studies, which
were removed (Supplementary data). This left six studies
for 1-year survival (I2 = 10.0%, P = 0.352) and 3-year survival
(I2 = 43.8%, P = 0.113) and four studies for 5-year survival
(I2 = 1.8%, P = 0.383) for the calculation of the pooled sur-
vival rates (Figure 4). The final pooled survival rates were
76% (95% confidence interval [CI]: 68–83%), 33% (95% CI:
21–44%) and 16% (95% CI: 7–26%) for 1-year, 3-year and
5-year survival, respectively. Publication bias would have
been assessed using funnel plots, but there were too few
studies.

Prognostic Factors
Of the 10 studies, statistical tests were performed in only
three studies to compare associations with reduced
OS.26,32,35 Univariate analysis was performed in these
three studies, with Zhang et al32 also incorporating multi-
variate analysis. Two of the studies27,32 analysed
associations between various factors and OS, as well as
RFS, whereas the remaining study35 focused solely on the
associations with OS. All three studies reported conflicting
results. Xu et al27 found that only the source of the tumour,
either primary or recurrent, was significant in affecting OS,
with recurrent cases significantly associated with poorer
OS. Gender and the number of tumour nodules were
both insignificant in reducing OS. In addition, they found
that the patient source and number of nodules were both
significant in affecting RFS, with gender being insignifi-
cant. Fu et al35 reported that the only significant factor in
affecting OS was tumour grade, with a poorer grade
Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Figure 4 Forest plots showing the final pooled proportions of the (A) 1-year (P = 0.352), (B) 3-year (P = 0.113) and (C) 5-year survival rates (P = 0.383).
CI: confidence interval; OS, overall survival.
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associated with a worse prognosis. Age, tumour size and
number of tumours were found to be insignificant. Finally,
Zhang et al32 found that both increased tumour number
and reduction of time to recurrence after initial resection
were significantly associated with poorer survival. Age,
gender and tumour size were not found to be significant.

Three factors were analysed to assess their potential
prognostic associations with 1-year survival: median pa-
tient age, median number of tumours and average tumour
size. Owing to the heterogeneity of the original 10 studies,
the six studies remaining after removal of the most hetero-
geneous studies were again used. Bubble plots exhibiting
the results of the regression-based meta-analysis are dis-
played in Figure 5. Although trends were apparent, no sta-
tistically significant association was found for either
median age (P = 0.713), number of tumours (P = 0.177)
or median tumour size (P = 0.897).
DISCUSSION

Although iCCA prevalence is relatively low, it carries a
dismal prognosis, and its global incidence is rising. Owing
to its relative rarity in most parts of the world, few institu-
tions have experience with the disease, and even fewer cen-
Journal of Clinical and Experimental Hepatology | November–December 2019
tres will have extensive experience with ablative therapies in
the context of iCCA. Thus, there is a scarcity of data inves-
tigating iCCA, more so in studying the benefit of ablative
therapies for iCCA. Data that do exist comprise small
studies from single institutions. The small sample sizes
limit their reliability and create difficulty in establishing as-
sociations between prognostic factors and survival, which
may explain the heterogeneity exhibited by the studies in
this meta-analysis.

Nonetheless, these studies show promise in the poten-
tial of ablative therapies to potentially extend survival in
patients with iCCA. The 5-year median survival from the
studies ranged between 15% and 83.3%, which is higher
than that of surgical resection (21–35%), as reported in
the meta-analysis by Mavros et al.26 In addition, Zhang
et al32 found no significant difference between resection
and ablation in OS in patients with iCCA. Although the re-
ports from the literature suggest that ablation may be a
suitable primary treatment option alongside resection,
our data determined that more research is required.
Although the range for the 5-year median survivals was
high, the pooled calculation was lower at 16% (95% CI:
7–26%). It is important to note that while the survival value
is lower than the 5-year survival of the resection meta-
| Vol. 9 | No. 6 | 740–748 745
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Figure 5 Bubble plots showing associations between 1-year survival (y-axis) against median age (A), number of tumours (B) and median tumour size
(C). OS, overall survival.
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analysis,26 74% of the resections had margin-negative his-
tology (R0).

Percutaneous ablation is minimally invasive, has a low
risk of complications and does not require hospital admis-
sion. It is cheaper and quicker to perform than
resection and reduces hospital admission.37 As with resec-
tion, ablative therapies are highly operator dependent38

and have a few documented complications, which include
the following: destruction of tissue; thermal injury causing
injuries to the diaphragm and bowel and biliary perfora-
tion; haemorrhage; infection; seeding of tumour and
incomplete ablation.39 Various methods already exist for
performing ablation, such as percutaneous, endoscopic
and open surgery, and it may be possible that survival rates
improve as new techniques and technologies emerge. There
are two main methods of performing ablation in the
context of iCCA, RFA and MWA. There are potential ad-
vantages of MWA over RFA: faster heat generation over a
larger volume during heating, less susceptibility to heat
sinks and no ground pads,40 which suggests MWA may
746 © 2019 Indian National Association for Study of the Liver. Published by
be a more effective technique for tumour ablation. Xu
et al27 included a mixed cohort with 12 patients treated
with RFA and six with MWA. The median OS of the RFA
cohort was 8 months, compared with the median OS of
the MWA cohort being 13.5. Despite this, further testing
with univariate analysis showed the difference was not sta-
tistically significant. However, both cohort sizes were
small, and further research is required to ascertain any dif-
ference in the efficacy between these two methods. With
growing attention in the field, it is possible that MWA
may be used in more studies to assess its role in the treat-
ment of iCCA.

The current ILCA guidelines8 affirm the role of ablative
therapies as secondary treatment options in patients for
whom resection is not viable. Despite the fact that around
70% of patients have unresectable disease, there is still a
paucity of data in investigating the role of ablative therapy.
Ablative therapy has the potential to be used in a variety of
treatment stages: as a primary treatment option, as adju-
vant therapy to surgery, as an alternative therapy in disease
Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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recurrence after resection and in its current palliative role
in unresectable disease.

We present the largest study of its kind that incorpo-
rates both a systematic review and meta-analysis on abla-
tive therapies for iCCA. This study presents a reliable
pooled estimate for the 1-year, 3-year and 5-year survival
present in the literature. A similar meta-analysis conducted
by Han et al41 included patients treated solely with RFA
and thus had a significantly smaller sample size of 87 pa-
tients. In addition, this is the first study to assess associa-
tions between prognostic factors and survival in the
setting of ablation in patients with iCCA.

The limitations of the study include discordancy in
reporting of the results, that is, some articles expressing
results as mean values and others, as median values.
Data on patient characteristics, comorbidities, tumour
size, location and time gap between primary treatment
and ablation for recurrence were inconsistent or
missing in the studies. There was a high degree of het-
erogeneity among the initial set of studies, resulting in
the removal of studies before the statistical analyses.
The high degree of heterogeneity may be due to the in-
clusion of various stages of disease, including recurrent
disease, patients with inoperable disease due to comor-
bidities or low chance of survival and primary cases. In
addition, the studies reviewed reflect a variety of clinical
settings, including Europe, the United States and Asia,
which may impact treatment choices. The authors sug-
gest the addition of key characteristic information
mentioned previously for future studies that are con-
ducted in this field.

Prognosis remains poor for patients with iCCA, with
less than 5% surviving for five years when untreated and
as little as 23% surviving for five years when undergoing
resection with curative intent. Our study suggests that
ablative therapies might prolong survival in patients with
iCCA. Although ablation appears promising, further inves-
tigation is warranted, including more data with consistent
reporting of findings and further information on MWA
particularly.
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