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Abstract: Intrahepatic cholangiocarcinoma (ICC) is an aggressive primary hepatic malig-
nancy. Unfortunately, despite advancements in diagnosis, staging and management, mortality
is high. Surgery remains the only curative treatment, but many patients present with
advanced, unresectable disease. For patients able to undergo surgical resection, overall
survival is improved, but remains low, with high rates of disease recurrence. Minimally
invasive surgery (MIS), including laparoscopic and robotic approaches, are increasingly used
in surgical resection for ICC. These approaches variably demonstrate faster recovery times,
less blood loss, decreased postoperative pain and fewer postoperative complications, with
adequate oncologic resections. This review examines patient selection and special considera-
tions for MIS for ICC. Patient selection is critical and includes evaluation of a patient’s
anatomic and oncologic resectability, as well as comorbidities.
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Introduction

Intrahepatic cholangiocarcinoma (ICC) is an aggressive primary hepatic malignancy
arising from the bile duct epithelium proximal to the development of the secondary
biliary branches. Behind hepatocellular carcinoma (HCC), ICC is the second most
common primary liver malignancy, representing 10—-15% of cases.' Incidence of ICC
has continued to increase worldwide. Though several risk factors have been identi-
fied, including chronic liver disease, biliary disorders, and parasitic infection, the
cause of this increase has not been elucidated.”” Unfortunately, despite recent
advancements in diagnosis, staging, and management of ICC, mortality remains
high, with a 5-year overall survival (OS) rate of less than 10%.* Though surgery
remains the only curative treatment, over 70% of tumors are unresectable by the time
of diagnosis because most patients remain asymptomatic until they develop locally
advanced or late-stage disease.” Important considerations for surgical eligibility
include physiologic, anatomic and oncologic resectability — including the ability to
achieve negative surgical margins, perform an adequate lymphadenectomy and leave
sufficient hepatic function after resection.” 5-year OS is improved in patients able to
undergo surgical resection, but remains just 20-35%. Furthermore, disease recurs in
up to 75% of patients, demonstrating the need for improved neoadjuvant and adjuvant

. . . 4.6—
therapies to improve long-term oncologic outcomes.**®
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Minimally invasive surgery (MIS), including laparo-
scopic (LLR) and robotic liver resection (RLR), is increas-
ingly used for resection of liver lesions, including benign
conditions, HCC, colorectal liver metastasis, and cc.’?
However, MIS is less commonly used than open liver
resection (OLR) in the treatment of ICC.'® MIS
approaches demonstrate decreased estimated blood loss
(EBL), faster recovery times, decreased postoperative
pain, and fewer postoperative complications than open
approaches to liver resection, while demonstrating no dif-
ference in short-term morbidity or mortality or in long-
term OS."'""!'7 Few studies assess RLR for ICC.'®'? In
this review, we examine patient selection and special con-
siderations for MIS in the treatment of ICC.

Patient Selection

Preoperative Evaluation

Diagnosis

Diagnosing ICC remains a challenge because patients are
often asymptomatic. The most common presenting symp-
tom of ICC is jaundice, although this occurs in only 10—
15% of cases.”® Other symptoms are nonspecific and
include abdominal pain, weight loss, weakness, and
malaise. In up to 25% of cases, ICC is diagnosed as an
incidental finding on imaging.”® Workup for suspected
ICC can be directed by the National Comprehensive
Cancer Network (NCCN) guidelines, which recommend
history and physical exam, imaging, laboratory tests, eso-
phagogastroduodenoscopy (EGD), colonoscopy, and sur-
gical consultation with a multidisciplinary team.*' Imaging
should consist of multiphasic abdominopelvic computed
tomography (CT) or magnetic resonance imaging (MRI)
with intravenous (IV) contrast and chest CT with or with-
out contrast. Laboratory tests include liver function tests
(LFTs), viral hepatitis serologies, and assessment of tumor
markers, such as carcinoembryonic antigen (CEA), cancer
antigen 19-9 (Ca 19-9), and alpha-fetoprotein (AFP).
According to the NCCN, a preoperative biopsy is not
required for patients with suspected malignancy on ima-
ging before resection with curative intent. In practice, ICC
can be difficult to distinguish from other adenocarcinomas,
and workup for other primary malignancies can be pursued
in cases where the diagnosis is uncertain. For ICC patients
being evaluated for surgical resection, the NCCN recom-
mends considering staging laparoscopy to assess for multi-
focal hepatic disecase and distant lymph node tumor
metastases, as these are contraindications to resection.

Imaging

The most common presenting symptom of ICC is jaun-
dice, which is often initially evaluated by US. US is useful
in excluding benign etiologies of obstructive jaundice and
can differentiate ICC from HCC when contrast agents are
added. Defining features of ICC on contrast-enhanced
(CE) US include irregular peripheral rim-like enhancement
in arterial phase as well as faster arterial hyperenhance-
ment and contrast washout in ICC than HCC.*

Multiphase CE-CT is the standard imaging modality
for diagnosis, staging, and prognostic evaluation of ICC.*
Like CE-US, CE-CT can distinguish ICC from HCC
through differences in appearance on arterial, venous,
and delayed contrast phases. ICC often displays peripheral
rim-like enhancement with central hypovascularity during
arterial and venous phases with progressive incomplete
centripetal enhancement on CE-CT.**** This reflects the
morphologic distribution of malignant cells at the periph-
ery of the tumor, and may have prognostic value because
central hypovascularity is associated with increased lym-
phatic and biliary invasion.”**> Further, ICC demonstrates
enhancement of fibrous stroma in the delayed phase,
a distinctive feature of cholangiocarcinoma.?® In contrast,
HCC tends to display early arterial enhancement with
washout in the portal or delayed phases.** CT is also
useful for anatomic evaluation of the tumor and nearby
structures for resection planning.*?

MRI is increasingly used for diagnosis and staging of
ICC due to its superior ability to detect biliary tumor
spread and lymph node involvement in comparison to
CT.?> MRI for workup of ICC should include T1- and T2-
weighted images, diffusion-weighted imaging (DWI), tri-
phasic CE sequences and T2-weighted magnetic resonance
cholangiopancreatography (MRCP) to noninvasively
assess the biliary tree.”> Mass-forming ICC displays low-
intensity T1 signal, high-intensity T2 signal, and a “target
appearance” of peripheral rim enhancement and progres-
sive centripetal enhancement on DWI>* DWI can also
help identify malignant biliary strictures, an essential step
in diagnosing periductal-infiltrating ICC.** In general, CE-
MRI features of ICC are similar to those on CE-CT and are
again helpful in differentiating ICC from HCC, which
demonstrates arterial hyperenhancement, venous capsular
enhancement, and intralesional fat.>*

ICC occurs in three macroscopic growth patterns:
and intraductal-

mass-forming, periductal-infiltrating,

growth.”> The mass-forming type is most common and
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presents as an unencapsulated, tan liver mass. In contrast,
the periductal-infiltrating type can cause biliary strictures
and the
intraluminally.® These subtypes vary in appearance on

or fibrosis, intraductal-growth type grows
imaging and impact the sensitivity and specificity of dif-
ferent imaging tests, including ultrasound (US), CT, MR,
and positron emission tomography (PET).

PET-CT is a valuable tool in identifying ICC, with
a sensitivity and specificity of over 90%, compared to
60% for diagnosing extrahepatic cholangiocarcinoma. It
has also demonstrated improved detection of nodal metas-
tases over CT and MRI, resulting in changes in clinical
management in up to 30% of patients, and therefore may
be considered as an additional modality in preoperative
assessment of ICC.?

Preoperative Evaluation

Preoperative evaluation of surgical candidates may initi-
ally include consultation with anesthesia and medicine
services, such as cardiology and hepatology, for assess-
ment of hepatic function, cardiovascular disease, and pul-
monary status.>® Hepatic function is defined in terms of
the future liver remnant (FLR), which constitutes the per-
centage of intact hepatic arterial, portal venous, hepatic
venous and biliary flow after resection. The typical recom-
mendation is that adequate FLR is >20% in individuals
with normal liver function and up to 50% in those with
severe preexisting liver disease.”® However, if expected
FLR is insufficient, induction of liver hypertrophy to
increase FLR with portal vein embolization, liver venous
deprivation, or associated liver partition and portal vein
ligation (ALPPS) can be considered.* Cardiovascular sta-
tus should also be assessed preoperatively for patients
undergoing noncardiac surgeries. Cardiovascular func-
tional status is defined by metabolic equivalents (METs)
based on activities of daily living. Asymptomatic patients
with low surgical risk or >4 METs may proceed with
surgery without further cardiac testing. For those with
poor functional capacity of <4 METs, the American
College of Cardiology recommends evaluation with stress
echocardiography.?’ Cardiac stressors specific to LLR
should

changes

also be considered, including hemodynamic

due to abdominal insufflation, reverse
Trendelenburg positioning, and intraoperative vascular
occlusion, especially in patients with underlying cardio-
vascular disease.”® Pulmonary complications are reduced

in LLR relative to OLR; therefore, standard evaluation

relative to the patient’s underlying pulmonary status is
sufficient.”®

Multidisciplinary Care Discussion

It is essential to consider a multidisciplinary (MD)
approach to care for the management of patients with
ICC, which may include surgical oncology, medical oncol-
ogy, radiation oncology, transplant surgery, hepatology,
radiology, and pathology. While studies examining ICC
outcomes with MD care are limited, research has shown
that MD liver tumor boards effectively diagnose and stage
HCC. Furthermore, patients receiving MD care have more
individualized treatment strategies.”’ For example, Lau
et al conducted a study at Veterans Affairs medical centers
in Texas that showed an increase in referrals, surgical
procedures, and use of perioperative chemotherapy after
the establishment of a MD hepatopancreaticobiliary surgi-
cal program.*® This study also demonstrated a decrease in
postoperative complications, 90-day mortality, and length
of hospital stay.’® Additionally, Salami et al found that
establishing a MD virtual tumor board led to an increase in
the number of HCC patients receiving a MD evaluation,
which occurred at faster rates and with a decreased travel
burden for patients.’’ Given these improvements to
patients’ care process and treatment strategies, MD eva-
luation should be employed when possible in the manage-
ment of ICC.

Indications for Surgery

Surgical resection of ICC is indicated when microscopi-
cally (RO) negative margins can be safely achieved.”'
Evaluation for surgical resectability takes into account
physiologic, anatomic, and oncologic factors. Physiologic
resectability considers a patient’s comorbidities and func-
tional status to determine their ability to tolerate a major
operative procedure and is assessed with a thorough pre-

operative evaluation.?

Anatomic resectability requires
removal of the diseased liver segments while maintaining
sufficient FLR, which can in part be determined by pre-
operative liver volumetry.*® Oncologic resectability
requires consideration of multiple factors, including the
degree of liver involvement, presence of lymph node or
vascular involvement, levels of tumor markers, and
response to prior therapies. ICC staging is an essential
first step to determine the extent of tumor spread.’>>?
Staging can be performed with recommendations from
the 8th edition of the American Joint Committee on

Cancer/International Union against Cancer (AJCC/UICC)

Hepatic Medicine: Evidence and Research 2021:13

139

Dove:


https://www.dovepress.com
https://www.dovepress.com

Owen and Beal

Dove

consensus statement. This system has been validated in its
prognostic value for OS. According to NCCN and AJCC/
UICC guidelines, surgical resection is generally contra-
indicated in the presence of multifocal liver disease or
extrahepatic involvement because these factors indicate
metastasis.”'**>> Similarly, lymph node metastasis to the
porta hepatis and involvement beyond the regional lymph
nodes or evidence of microvascular invasion generally
make a tumor inoperable. However, resection may be
considered in select cases by experienced surgeons.?'**
In patients with high-risk for occult metastasis, including
those with elevated Ca 19-9 levels, suspected microvas-
cular invasion, or signs of peritoneal disease, a staging
laparoscopy should be considered. Up to 36% of these
otherwise surgical candidates have unresectable disease
on staging laparoscopy.’” Of patients ultimately eligible
for surgical resection, recurrence is common, especially
among those with a large primary tumor size >5 cm, multi-
ple lesions, cirrhosis, and lymph node or vascular
involvement.®>? In patients with intrahepatic recurrence,
a subset up to 25% may be considered for repeat liver
resection, which has demonstrated improved OS compared
to other approaches, such as ablation, intra-arterial therapy,

or supportive care. Chemotherapy has also shown
improved OS compared to supportive care after
recurrence.”*

Minimally Invasive Surgery

MIS Liver Resection

MIS, encompassing both LLR and RLR, has recently
gained traction as a surgical approach to treating various
liver diseases, including benign and malignant conditions.
LLR is indicated for the management of benign liver
tumors when symptomatic, at risk for rupture, or in the
case of diagnostic uncertainty. Use of LLR has also
expanded to include management of malignant liver
tumors, especially HCC, ICC, and colorectal liver metas-
tases. The laparoscopic approach requires similar consid-
erations as OLR, such as the ability to tolerate surgery,
especially from a cardiopulmonary perspective, and the
determination of FLR.” In the early days of LLR, the
Louisville Statement, published in 2008, guided providers
in selecting appropriate patients for MIS resection includ-
ing those with tumor size < 5 cm and located in segments
2-6.%° More recently surgeons at experienced centers have
demonstrated the safety and feasibility of laparoscopic

right hepatectomy.®”>°

Studies have consistently shown that LLR provides the
following advantages compared to OLR: decreased blood
loss, lower rate of transfusions, shorter hospital stay,
decreased postoperative pain and fewer postoperative
complications.**** Further, in the setting of malignancy,
specifically colorectal metastases and ICC, LLR has
blood

improved short-term outcomes, and similar long-term
R 9-1041

demonstrated decreased intra-operative loss,
oncologic outcomes compared to OL

Similar to LLR, RLR is indicated for surgical manage-
ment of various benign and malignant hepatic tumors.**
Additionally, benefits of RLR include surgeon comfort,
decreased blood loss, shorter hospital stay, and improved
short-term outcomes compared to OLR or hand-assisted
techniques. Unlike LLR, RLR is not technically limited by
tumors in the posterosuperior position. Limitations of RLR
include technical complexity, increased difficulty control-
ling bleeding, longer operative times, and higher surgical
costs than LLR.***

MIS Liver Resection for ICC

Surgical resection of ICC typically involves liver resection
and lymphadenectomy (LAD). In contrast, perihilar cho-
langiocarcinoma (PCC) often requires lobectomy with bile
duct resection, LAD, and Roux-en-Y hepaticojejunostomy,
and distal cholangiocarcinoma (DCC) requires pancreati-
coduodenectomy (Whipple procedure).** With MIS
approaches gaining traction in liver resections, there has
been increased interest in using LLR for surgical manage-
ment of ICC, though data assessing this approach is still
relatively limited. Even more limited data exists for RLR.

Early studies of LLR for ICC demonstrated decreased
EBL, decreased Pringle maneuver time, and no differences
in perioperative transfusions, OT, perioperative morbidity,
perioperative mortality, RES or OS (Table 1)."'"'* Most
studies also demonstrate no difference in rate of lympha-
denectomy or number of lymph nodes harvested between
LLR or OLR, however one early study did demonstrate an
increase in rate of lymphadenectomy in OLR."''?
Importantly, in a study of patients with large (=5 cm) or
multiple (>2) ICC, Zhu et al demonstrated that after pro-
pensity score matching (PSM), LLR resulted in longer
operating room time (OT), and Pringle maneuver time,
but that there was no difference in EBL, LOS, grade III/
IV complication rate, DFS or OS." In a further study, Wei
et al compared patients undergoing LLR for large (=5 cm)
or multiple (>2) ICCs (N=12), patients who underwent
LLR for small solitary ICCs (N=18), and patients who
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- improved in OLR; *Equal length of hospital stay, but significantly decreased time to functional recovery in LLR group.

Notes: +: improved in LLR, =: no difference between OLR and LLR;

Abbreviations: OLR, open liver resection; LLR, laparoscopic liver resection; EBL, estimated blood loss; OT, operative time; LOS, length of stay; LAD, lymphadenectomy; DFS, disease-free survival; RFS, recurrence-free survival; OS,

overall survival.

underwent LLR for large or multiple ICCs (N=20) noting
that perioperative and long-term outcomes were similar
between all three groups of patients. The authors con-
cluded that LLR for large or multiple ICCs is feasible
and safe and maintains oncologic effectiveness.*’

Among the more recently published single center stu-
dies, results are more variable, but have started to show
improvements in EBL, LOS, perioperative morbidity
including blood transfusions in LLR, with no differences
in oncologic outcomes such as RO resection, rate of lym-
phadenectomy and DFS/RFS or OS (Table 1).'*'® One
demonstrated lower EBL, fewer intraoperative and post-
operative transfusions, shorter LOS, and reduced perio-
perative morbidity in LLR compared to OLR with no
difference in OT, Pringle maneuver time, perioperative
mortality, RO resection rate, rate of lymphadenectomy,
DFS or 0S."* A second demonstrated an improvement in
EBL and LOS with LLR, with no difference in periopera-
tive morbidity or mortality or long-term RFS/DFS or
0S." A third demonstrated an improvement in LOS and
perioperative morbidity with no change in OT, RO resec-
tion rate or rate of lymphadenectomy, but did not report
long-term outcomes such as RFS/DFS or OS.'

Evidence regarding RLR for intrahepatic cholangiocar-
cinoma is very limited.

Conclusion

Minimally invasive surgery is safe and feasible for resec-
tion of ICC. It has been demonstrated that LLR demon-
strates faster recovery time, decreased blood loss,
decreased postoperative pain and fewer postoperative
complications, with adequate oncologic resections includ-
ing lymphadenectomy and rates of RO resection in patients
with ICC in small studies. In the future, the increased use
of LLR for resection of ICC will allow for confirmation of
these important benefits, and further elucidation of any
additional detriment. Prospective and randomized studies
could be considered. Importantly, patient selection is cri-
tical including assessment of patient comorbidities, ana-
tomic and oncologic resectability. More investigation into
RLR of ICC is needed.

Abbreviations

ICC, intrahepatic cholangiocarcinoma; HCC, hepatocellu-
lar carcinoma; OS, overall survival; MIS, minimally inva-
sive surgery; LLR, laparoscopic liver resection, RLR,
robotic liver resection; OLR, open liver resection; EBL,
estimated blood loss; NCCN, National Comprehensive
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Cancer Network; EGD, esophagogastroduodenoscopy; CT,
computed tomography; MRI, magnetic resonance imaging;
1V, intravenous; LFTs, liver function tests; CEA, carci-
noembryonic antigen; Ca 19-9, cancer antigen 19-9; AFP,
alpha-fetoprotein; US, ultrasound; PET, positron emission
CE,
weighted imaging; MRCP, magnetic resonance cholangio-

tomography; contrast-enhanced; DWI, diffusion
pancreatography; FLR, future liver remnant; MET, meta-
bolic equivalents; MD, multidisciplinary; AJCC/UICC,
American Joint Committee on Cancer/International
Union against Cancer; LAD, lymphadenectomy; PCC,
perihilar cholangiocarcinoma; DCC, distal cholangiocarci-

noma; LOS, length of stay; OT, operating room time.
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