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The incidence of intrahepatic cholangiocarcinoma (ICC) has been increasing in recent
years and now represents the second most common primary hepatic cancer in the
United States. The prognosis is dismal without surgical resection. In patients ineligible
to receive curative treatments, locoregional therapies represent a diverse array of
techniques that can stabilize or reverse tumor progression to improve overall survival
and reduce tumor-related symptoms. Transarterial chemoembolization (TACE) and
transarterial radioembolization (TARE) have been demonstrated to be efficacious
methods for this patient population. Deciding between these two options is challen-
ging. This article reviews the differences in patient selection, preprocedural evaluation,
financial considerations and availability, quality of life, and rates of complications and

radiology overall survival.

Objectives: Upon completion of this article, the reader will
be able to discuss how to determine the most appropriate
therapy, TACE or TARE, in patients with intrahepatic cho-
langiocarcinoma who are no longer candidates for curative
treatment.

Accreditation: This activity has been planned and im-
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licies of the Accreditation Council for Continuing Medical
Education (ACCME) through the joint providership of Tufts
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provide continuing medical education for physicians.

Credit: Tufts University School of Medicine designates
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PRA Category 1 Credit™. Physicians should claim only the
credit commensurate with the extent of their participationin
the activity.

Intrahepatic cholangiocarcinoma (ICC) is a rare but devastat-
ing disease. Owing to the underlying clinical latency and
advanced stage at diagnosis, it has an exceedingly poor prog-
nosis. The only curative option is ablation or surgical resection,
but only 15 to 30% of ICCs are resectable.' ICC has a particularly
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grim prognosis when unresectable; if treatment is not pursued,
patients have a median overall survival (OS) of 3 months.*

ICC is a gland-forming neoplasm that has been associated
with two different precursor lesions—either a microscopic
papillary or flat dysplastic epithelium, or a macroscopic
papillary growth (biliary intraductal papillary neoplasm)
that is closely related to the well-known pancreatic intra-
ductal papillary mucinous neoplasm (IPMN).>® There are
three imaging phenotypes: mass forming type (most com-
mon, characterized by a definite round-shaped mass), peri-
ductal infiltration type (identified by longitudinal growth
along the bile duct), and intraductal growth type (prolifer-
ates toward the lumen of the bile duct).”"'® The most
common presenting symptoms are abdominal pain (38%),
jaundice secondary to biliary obstruction (28%), and in-
creased LFTs (11%), but many times these malignancies are
incidentally discovered on imaging.2

When ICC demonstrates classical imaging findings on
ultrasound, computed tomography (CT), or magnetic reso-
nance (MR), it can be relatively easy to diagnose. However, it
often mimics a host of malignant and benign conditions, and
even these “classical” findings are associated with an array of
pitfalls." Positron emission tomography (PET) is also used in
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the evaluation and staging of ICC, possessing equal sensitiv-
ity and higher specificity when compared with CT for eva-
luation of lymph node involvement.®'213

Screening is uncommon as most cholangiocarcinomas
occur de novo without any identifiable risk factors, and
providers do not have a high level of suspicion for these
patients.'* Known risk factors include any processes that
induce chronic inflammation or cholestasis in the biliary
duct. These include primary sclerosing cholangitis, liver
fluke infection (Clonorchis sinensis or Opisthorchis viverrini),
congenital fibropolycystic liver disease, hepatolithiasis, and
thorotrast exposure.'”> One population-based case—control
study has described other risk factors associated with cho-
langiocarcinomas, including alcoholic liver disease, diabetes,
chronic pancreatitis, and nonspecific cirrhosis. Delving
further, it also identified conditions specific to ICC, such as
hepatitis C virus (HCV), obesity, smoking, and nonalcoholic
liver disease—all of which are associated with HCV.'® As the
rates of the HCV and ICC have been increasing in tandem in
the United States, these commonalities could offer a harmo-
nious explanation.'” Indeed, it has been suggested that these
malignancies may have a common origin due to carcinogen-
esis of progenitor cells in the liver.'®

From 1975 to 1999, there was a 165% increase in the age-
adjusted incidence rates of ICC. Among people older than 65
years, there was a fivefold increase in Asians compared with
a threefold increase in older whites.'® It is the second most
common primary hepatic cancer, representing 19.2% of all
cases in the United States, and 3% of all gastrointestinal
malignancies worldwide.'>-2%-%!

The majority of this ballooning in the incidence rate
occurred after 1985, which closely tracks the increase in
hepatic transplantation that occurred between 1982 and
1997. It has been suggested that the rigorous preoperative
evaluation has led to an increase in incidentally identified
tumors.2? However, Khan et al have demonstrated that this
rise is not associated with increased detection of early-stage
disease, as the rate has not leveled off as would be expected if
due primarily to improved diagnostics. The heterogeneity of
this increase, affecting different genders, ethnic groups, and
even geographic regions, lends credence to the argument
that this phenomenon is legitimate.'” Furthermore, the
increased incidence is not due to the more recent reclassi-
fication of Klatskin tumors to prevent ICD cross referencing
with ICC. Even after exclusion of misclassification of Klatskin
tumors, the rate is still increasing.”> One partial explanation
could be improvement in immunohistochemical diagnosis,
with more tumors being identified as cholangiocarcinoma
rather than adenocarcinoma of unknown primary.

To supplement the imaging findings and clinical history,
the initial evaluation should also include biochemical tests,
namely, CEA, CA 19-9, and AFP, with CA19-9 being the most
informative.* A CA 19-9 of greater than 100 U/mL was
associated with a diagnostic sensitivity of 53%, and a level
higher than 129 U/mL is 79% sensitive and 98% specific.’
Patients with unresectable cholangiocarcinoma had much
higher levels of CA 19-9 compared with those with resect-
able disease, with a mean of 15,653 and 344, respectively.?
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Once the diagnosis is made, the staging of the tumor
becomes critical as the treatment algorithm diverges widely
based on this information. Although there are several
proposed staging systems, the seventh and most recent
edition of AJCC appears to be the most discerning in regard
to OS and prognosis. Tumor size is not a factor; the essential
components are tumor number, vascular invasion, and
metastases, all aspects that have been shown to directly
correlate with 05.26-28

Curative Therapies

Resection

For patients with ICC, surgical resection remains the only
true curative option. Very few patients are eligible for resec-
tion upon presentation. The general philosophy regarding
surgery entails selecting patients who have solitary lesions
that with resection would leave behind a minimum of two
contiguous liver segments with adequate perfusion, and
venous and biliary drainage. There is some latitude with
these criteria and certain patients with multifocal tumors in
close proximity or with limited metastases to the porta
hepatic lymph nodes can also be considered.” This translates
into the following exclusion criteria: multifocal hepatic dis-
ease (generally), lymph nodes metastases beyond the porta
hepatitis, and distant metastases.>’

Even in carefully selected patients, the literature is mixed
regarding the efficacy and OS. A review by Ohtsuka et al
found a median OS of 25.5 months, while Endo et al reported
a disease-specific survival of 36 months, although OSs as low
as 12.8 months have been reported.>3%3" In that same study
by Endo et al, it was found that 62% of patients recurred at a
median interval of 26 months, compared with another study
by Weber et al where 61% of patients recurred at 12.4
months.? In practical terms, surgery changes the 5-year
survival rate from roughly 10% to 20-40%.3? Factors asso-
ciated with decreased OS are older age, a larger or poorly
differentiated tumor, multiple tumors, liver capsule or vas-
cular invasion, positive resection margin, and CA 19-9 level
higher than 1,000 U/mL.>2830

Fortunately, it appears that the results from surgery are
trending in a positive direction. One study of the SEER
database showed that 5-year survival from 1973 to 1992
was 16.5% and increased to 23% from 1993 to 2002.33

Transplantation
Transplantation for ICC has fallen out of favor in recent years
due to poor long-term survival.>* Although the literature is
mixed, one study reported a dismal median survival time of
5 months (compared with 12.8 months for resection) and a
1-year survival rate of 13.9%.3" Even after transplantation,
recurrence is fairly common and occurs in as many as 54% of
patients.3>:36

De Vreede et al demonstrated promising results in highly
selected patients with early-stage disease who had received
aggressive preoperative chemoradiation—external beam, bra-
chytherapy, and bolus fluorouracil (FU) followed by contin-
uous hepatic arterial infusion with FU until transplantation.’
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Radiation

Despite early studies showing the benefits of external beam
radiotherapy, its use remains contentious.>®4% As conven-
tional doses of radiation were too low for disease control and
targeting was less refined, it was difficult to selectively target
the malignancy and spare the surrounding parenchyma at
the necessary doses. However, recent advances in technique
have allowed for substantially increased doses with im-
proved accuracy.

In one recent retrospective analysis, patients were defini-
tively treated with intensity-modulated radiation therapy
resulting in an OS of 30 months, with total radiation dose
being the best predictor of outcome—well within the range of
survival seen for surgical resection. Of note and potentially
confounding these results, this was a patient population
receiving numerous therapies, with 89% previously complet-
ing a chemotherapy regimen.*’

Noncurative Therapies

Chemotherapy
As most patients present with advanced stage disease and
are not candidates for surgical therapy, the majority of
patients will receive systemic chemotherapy to prolong
life. Other than surgery, chemotherapy is the only category
1 therapy in the NCCN guidelines for ICC, despite the mar-
ginal benefits that are derived from this option and the fact
that many of the trials evaluating chemotherapy have
heterogeneous populations of biliary tract cancers, with
some even including pancreatic malignancies.29

A recent meta-analysis of large randomized clinical trials
of mixed patients—extra- and intrahepatic cholangiocarci-
noma, gallbladder, and ampullary—showed that combina-
tion cisplatin and gemcitabine improved median OS to 11.6
months compared with 8 months with gemcitabine
alone.*>* This outcome is in comparison to the natural
course of the disease with a median survival of 3 months.

Locoregional Therapy

In clinical situations that preclude resection or definitive
radiation, locoregional therapies can be employed to halt
disease progression and prolong life, or as a bridge to curative
treatments (e.g., downstaging unresectable tumors).*6~48 In
these patients, the major cause of mortality is related to local
progression to liver failure or biliary complications—an
assertion supported by the similar survival of patients
with extrahepatic metastases.”®4? The use of these thera-
pies, alone or in combination, has been shown to improve
0S.°0 There is a wide array of techniques that can be utilized
for this strategy, all with varying advantages and disadvan-
tages. Determining the ideal procedure for a given clinical
scenario has become an active area of research and is the
primary objective of this discussion.

Ablation

There is growing body of literature detailing the efficacy of
thermal ablation in attaining local control of ICC (~Fig. 1).
One retrospective study of patients ineligible for surgery
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demonstrated a median OS of 33 months and a 5-year
survival of 29%.>' A prospective study comparing repeat
resection to thermal ablation in recurrent ICC showed no
difference in OS between the two groups when performed in
tumors less than 3 cm.”? Another prospective study showed
an OS after ablation of recurrent disease to be 30.3% at 5
years, and 62.5% when treating primary disease.>> Ablation is
listed with surgery in the NCCN guidelines for resectable ICC.

Arterial-Based Therapies
There is a substantial body of research validating the use of
transarterial therapies in patients with a host of unresect-
able hepatic malignancies, both primary and secondary, for
the purposes of locoregional control.>*-®* Owing to the
rarity of ICC, the majority of studies investigating arterial-
based therapies are small retrospective analyses that lack
the power to generate definitive recommendations.
Although these studies are promising, the NCCN guidelines
still consider locoregional techniques in ICC to be Category
2B.29.32,65-78

For the purposes of this discussion, both bland emboliza-
tion and hepatic artery infusion (a continuous infusion of
chemotherapy through the hepatic artery via a surgically
implanted device) will only be elaborated upon indirectly.
The focus will be choosing between chemoembolization and
radioembolization.

Transarterial Chemoembolization

Compared with symptomatic management, conventional
lipiodol-based chemoembolization (cTACE) has been de-
monstrated to improve survival from a median of 3.3 to
12.2 months.®® Surprisingly, Scheuermann et al found there
was no survival difference between surgical patients with
positive resection margins (11 months) or lymph node-
positive disease (9 months) and patients with unresectable
disease receiving cTACE or DEB-TACE (11 months).”?

There is significant variability in the literature regarding
the efficacy of TACE, which is a consequence of small
retrospective studies representing the preponderance of
published data. In a relatively large U.S. multicenter series,
62 patients receiving the most common chemoemboliza-
tion regimen of mitomycin C, doxorubicin, and cisplatin had
a median OS of 15 months from the initiation of cTACE and
20 months from the initial diagnosis, with a median time to
progression of 8 months. When systemic chemotherapy
was added to cTACE, median OS increased to 28 months.?®
Ten percent had partial response and 66% showed disease
stability based on RECIST criteria. These results are in stark
contrast to the study by Kuhlmann et al which demon-
strated an OS of 5.7 months and a progression-free survival
(PFS) of only 1.8 months with single-agent cTACE; this study
also reported an OS of 11.7 months and PFS of 3.9 months
for DEB-TACE.”

A meta-analysis of chemotherapy-based transarterial
therapies was recently performed by Ray et al.2° This group
found a weighted cumulative median OS from date of diag-
nosis to be 15.7 months, and 13.4 from the first TACE
treatment. Despite the limitations of this study, which was
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Fig. 1 Long-term control of intrahepatic cholangiocarcinoma (ICC) with serial ablation. (a) Initial presentation with 3-cm ICC, treated with
radiofrequency ablation in 2010. (b) Marginal recurrence in 2013 treated with microwave ablation. (c) Superior marginal recurrence (thin arrow)
above ablation cavity with “ghost” of original lesion (thick arrow). (d) Re-treatment with microwave ablation. (e) Latest imaging in 2016 shows
avascular ablation cavity and no new lesions.
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challenged by nonuniform reporting of data and studies
using a wide variety of chemotherapies and sometimes not
even an embolic agent, these results serve as a reasonable
benchmark for the efficacy and safety of TACE in the absence
of randomized controlled trials (~Fig. 2).

Radioembolization

The primary indication for radioembolization with yttrium-
90 microspheres is for unresectable ICC who have a life
expectancy of greater than 3 months.®! There are also data
now supporting its use for downstaging unresectable ICC to
allow for secondary resection, an indication previously
validated for patients with HCC.48.77:82

Numerous studies have demonstrated that radioemboli-
zation can be used effectively in carefully selected patients
with ICC.”4~77 Factors portending a worse prognosis in these
patients are multifocal, infiltrative, or bilobar disease.””#3 As
with TACE, the literature is varied in regard to tumor
response and OS due to the majority of data being derived
from small retrospective/prospective cohort studies. None-
theless, the results are promising.

A study by Hoffmann et al demonstrated an OS from first
treatment of 22 months in patients who previously received
multiple therapies (surgery, radiation, chemotherapy, pre-
viously locoregional techniques) with a time from diagnosis
to RE of 21.2 months. Using the RECIST criteria, 36.4% had a
partial response and 51.5% had stable disease.”> This is
contrasted with the study by Rafi et al which showed a
median survival from first treatment of 11.5 months and a
poorer tumor response (11% with a partial response and 68%
with disease stability).8* However, the patients selected for
this study were chemorefractory and presumably had more
treatment-resistant disease.

To combat the heterogeneity of these smaller studies, a
systematic review was performed by Al-Adra et al and
revealed an overall weighted medial survival of 15.5 months,
with a partial response and stable disease rates of 28 and
54%, respectively.8> Again, despite the limitations of this
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study, it serves as a reasonable barometer for the impact
of Y-90 therapy on OS and tumor response.

Chemoembolization versus Radioembolization

The similar rates of OS and tumor response argue against a
clinically significant difference between TARE and TACE for
ICC. Multiple groups have conducted reviews of the current
studies and a similar conclusion has been drawn: that deter-
mining the most efficacious methods amongst Y-90 and TACE
is not possible based on the available data.*>3386 Even with
systematic reviews and pooled analyses to increase power, the
primary studies are too heterogeneous to discern a genuine
difference. One systematic review by Yang et al showed a
median OS of 12.5 months for RE and 13 months for TACE.?3
Another by Boehm et al revealed a survival of 12.4 months for
cTACE, 12.3 months for DEB-TACE, and 13.9 months for Y-90—a
complete or partial tumor response was seen in 17.3% of cTACE
and 27.4% of Y90 cases.2® Furthermore, rates of adverse events
are not substantially different between the two techniques,
with only a statistically insignificant trend suggesting that
TACE may incur more toxicities of Grade 3 or greater.*> A team
from Johannes Gutenberg University Mainz in Germany is
conducting a randomized clinical trial comparing DEB-TACE
and radioembolization with SIR—Spheres.87 The study is cur-
rently recruiting patients, and the primary outcome measure
will be PFS.

Until arandomized control trial is performed, the decision
about which technique to use will be determined by patient-
specific factors. Prior biliary intervention such as bilioenteric
anastomosis, stent, or sphincterotomy is a relative contra-
indication to TACE because of the risk of liver abscess.
Infectious complications after TARE are rare in this setting,
making it the preferred technique.®® Another relevant issue
is the short-term toxicity of TACE from postembolization
syndrome. Patients who are frail or caretakers for a family
member, or who are employed full-time may prefer TARE to
minimize disruptive side effects and preserve short-term
quality of life. Conversely, some patients are not comfortable

Fig. 2 Chemoembolization of intrahepatic cholangiocarcinoma (ICC). (a) CT 1 month after transarterial chemoembolization shows dense
lipiodol retention in a 7.7-cm ICC. (b) MRI at 30-month follow-up shows no residual enhancement and a 50% reduction in tumor diameter.
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Fig. 3 Dosimetry images for external beam radiotherapy and transarterial radioembolization (TARE). The two sets of images were reviewed at
matched levels to determine if radioembolization would be safe. (a) Dosimetry plot for prior hilar radiation field. (b) Image from TARE simulation
using intra-arterial Tc-99m macro-aggregated albumin for a caudate lobe recurrence.

with the longer time to treatment and 3-month delay in
response assessment inherent to TARE, and are willing to
endure the toxicity of TACE to have treatment and assess-
ment of response more promptly. Severity of postemboliza-
tion syndrome must be considered when concurrent
systemic chemotherapy is planned. Not all patients can
tolerate the combined side effects of TACE and gemcita-
bine/cisplatin, requiring sequencing of therapy and good
communication with the medical oncologist. The synergy
between these chemotherapeutics and radiation makes
combination with TARE appealing, although any benefit
from the combination has not been evaluated prospectively.

Some ICC patients will have been treated previously with
hepatic SBRT or EBRT to the hilum or portal fields. While
TACE can be performed safely in this circumstance, TARE
must be planned very carefully to avoid radiation toxicity to
the liver. It is critical to line up the fusion images from the Tc-
99m-MAA-SPECT TARE simulation with the dosimetry plot
from the prior radiation therapy to be sure that the Y90
activity does not overlap the previously radiated liver vo-
lume (~Fig. 3).

Accessibility and the ability to properly utilize these
resources may be a deciding factor in which therapy to
choose. Since its inception in the early 1980s, TACE has
become a commonly used and widely available treatment
modality.®° TARE, however, is a more recently validated
technique, is more technically challenging, and demands a
significant commitment from a multidisciplinary team that
includes radiation oncology, nuclear medicine, medical phy-
sics, hepatology, medical oncology, and radiation safety.3' As
such, its availability outside of large academic centers is
limited. This larger team and more involved preprocedural
planning also results in a higher financial cost for TARE,
roughly two times the cost of TACE.*
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