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Abstract

Hilar cholangiocarcinoma (HC) is a rare and highly aggressive biliary tract neoplasm. As such,
data driving management of this disease is generally not based on prospective clinical trial data
but rather consists of retrospective experiences and limited level 1 data. Surgical resection offers
the best chance of long-term survival, but local and distant recurrence are common. Herein, we
present landmark articles that form the basis of preoperative, operative and adjuvant strategies in
HC.

INTRODUCTION

Hilar cholangiocarcinoma (HC) is a biliary tract neoplasm involving the proximal
extrahepatic bile ducts. It comprises 50-70% of all biliary tract neoplasms but remains a
rare disease, with approximately 7,000 cases diagnosed annually in North America.12 The
management of HC is particularly challenging given its aggressive nature and complex
anatomical relationships, which have important management implications. Complete
resection is the most effective therapy; however, only a small fraction of patients is eligible
for resection at presentation. While the liver is the most common site of metastatic disease,
HC has a propensity for axial extension along the bile duct wall and radial invasion into
adjacent tissues, both of which play a role in determining resectability (i.e. achieving an
RO resection). Resected HC has a 5-year disease-specific survival of approximately 40%,
and recurrence after resection is common (75% of patients).34 Resection alone is thus

far from perfect, and further improvements in outcome will require a multidisciplinary
treatment approach; more effective therapies and treatment strategies are sorely needed. In
this Landmark Series review, we discuss seminal reports that shape the management of HC,
including randomized controlled clinical trials that have guided preoperative management
and adjuvant therapy.
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MANAGEMENT PRINCIPLES

Pre-treatment biliary drainage

Most patients present with jaundice, and the degree of hyperbilirubinemia is typically

higher than that seen with benign obstructing gallstone disease. Other common disease
manifestations include abdominal pain, weight loss, anorexia, and pruritis.> Initial evaluation
should begin with high-quality cross-sectional imaging, either liver angiogram protocol
computed tomography (CT) or magnetic resonance imaging (MRI)/magnetic resonance
cholangiopancreatography, before biliary decompression is performed. In most cases, both
modalities are appropriate, since they provide complementary information.

Nearly all patients will require biliary decompression before starting treatment. Adequate
biliary drainage is particularly important prior to resection, given that extended partial
hepatectomy is often necessary, and a healthy liver remnant is required - preoperative
biliary drainage (PBD) to decompress a jaundiced liver remnant decreases the risk of post-
resection morbidity and mortality by fostering postoperative liver regeneration. However,
cholangitis related to biliary drainage procedures and related infections are an important
source of perioperative morbidity. Positive intra-operative bile cultures correlate closely
with preoperative biliary stents and are associated with increased infectious complications.
Misplacement of biliary drains and ill-advised procedures are major contributing factors in
this regard; accurate placement of biliary drains and stents is, therefore, critical to avoid
debilitating infectious sequelae which can preclude curative resection.

Biliary drainage can be achieved through endoscopic and percutaneous approaches.
Selective biliary drainage should be used to optimize outcomes; however, the indications
for and the best approach to biliary drainage are widely debated.5-% Cholangitic patients,
jaundiced patients requiring systemic chemotherapy, patients with hyperbilirubinemia-
induced malnutrition, hepatic insufficiency, and jaundiced patients undergoing portal vein
embolization (PVE) require immediate biliary decompression. Outside of these indications,
however, many have proposed routine PBD prior to resection, with a goal of obtaining

a baseline bilirubin below 2-3 mg/dL.”-9 The rationale for this approach is that routine
drainage allows for normalization of hepatic function and thus reduces operative morbidity
and mortality.

In an attempt to analyze the impact of future liver remnant (FLR) and PBD on postoperative
liver failure and mortality, Kennedy and colleagues identified 60 patients at Memorial

Sloan Kettering Cancer Center (MSKCC) who underwent hepatic resection from 1997-2007,
where PBD of the FLR was used selectively.10 Patients with HC undergoing liver resection
with a FLR <30% of total liver volume had an increased risk of postoperative hepatic
insufficiency and mortality that was strongly associated with a lack of preoperative biliary
drainage of the FLR. By contrast, of the patients with FLR =30%, none experienced hepatic
insufficiency, and PBD did not improve perioperative outcomes.10 In fact, the mortality

rate in patients with an FLR exceeding 30% who had PBD was 9% compared to 0% for
those that did not have preoperative PBD. The data suggests that PBD in patients with

large FLR (=30% in this study) is associated with worse outcomes, likely due to increased
stent-related, post-operative infective complications. By contrast, the benefit of PBD in
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patients with small FLR (<30%) appeared to outweigh the infection risk and resulted in
improved outcomes.10 A larger combined analysis from MSKCC and the Academic Medical
Center in Amsterdam showed similar results. In this study, pre-resection cholangitis, seen
only in patients subjected to biliary drainage, was a powerful predictor of post-resection
mortality. In patients with a small FLR, defined as <50%, PBD did appear to reduce the risk
of postoperative liver failure and mortality compared to non-drained patients'! By contrast,
the benefit of PBD was not seen in patients with a FLR > 50% (mortality = 12%) compared
to no PBD (mortality = 0%).11 Taken together, the data would suggest that a liver with

a large FLR is healthy enough to support a resection without the need for PBD; in such
patients, the added benefit of biliary decompression is not realized and only exposes the
patient to the risks associated with biliary stents. On the other hand, PBD is needed in
patients with small FLR in order to improve its regenerative capacity.

Many studies have attempted to identify a cut-off serum total bilirubin level above which
decompression should be mandatory; but to date, such a value has eluded definition and
likely does not exist as an absolute number appropriate for all clinical situations. Indeed,
given the number of variables that contribute to perioperative outcome after resection

of hilar cholangiocarcinoma, it is very unlikely that a single cut off level would be
universally applicable.12 In a recent study of 90 patients from the University of Hong
Kong, preoperative serum bilirubin <75umol/L (4.4mg/dL) was associated with lower blood
loss, transfusion rates and perioperative mortality.13 However, this study is limited by a
small sample size, with only 8 patients in the high bilirubin group, and lack of validation.
Furthermore, this study, like most others of its kind, does not consider the degree of FLR
hypertrophy, which likely would allow a higher bilirubin level. At present, therefore, in the
absence of clear guidelines, preoperative biliary decompression is likely performed more
than is necessary, particularly in the presence of significant FLR hypertrophy. Of course,
the decision to proceed with biliary drainage requires mature clinical judgment and must
take into account other considerations, including co-existing medical conditions, patient
nutrition, the overall fitness of the patient for major surgery, and the likelihood that the
procedure would have a positive impact.

There are three approaches to PBD: percutaneous biliary drainage (PTBD), endoscopic
biliary drainage (EBD), and endoscopic nasobiliary drainage (ENBD). PTBD has several
advantages, including precise anatomic placement of catheters and improved delineation of
tumor involvement of the biliary tree. Both factors are critical when planning a resection,
given the importance of adequate drainage of the future liver remnant when PBD is
indicated. Endoscopic approaches are more appealing since they avoid external drains but
suffer from a higher incidence of stent misplacement, which may lead to the need for
additional procedures. In one study, endoscopic stenting was associated with increased time
to adequate biliary drainage, and half of patients undergoing PBD via endoscopic methods
will ultimately require PTBD.14 This results in delays to resection in potentially curable
patients. Another reported drawback for PTBD is tract seeding with malignant cells, but this
is rare and generally associated with systemic recurrence.1®

In an effort to address this issue, Coelen and colleagues performed a multicenter,
randomized controlled trial at four academic centers in the Netherlands evaluating PTBD
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versus EBD in patients with potentially resectable HC requiring major liver resection and
PBD.14 The primary endpoint was the rate of severe complications between randomization
and surgery in the intention-to-treat population. From 2013-2016, 54 patients (of a planned
106) were randomized to either EBD or PTBD. The study was prematurely closed due

to increased mortality in the PTBD versus the EBD group (41% vs. 11%, relative risk
[RR] 3.67, 95% CI 1.15-11.7, p=0.03). Of 11 deaths in the PTBD cohort, 8 patients died
after laparotomy, while 3 died before surgery. The causes of death included liver failure,
bile leak complications, cholangitis, and disease progression. There was no difference in
the preoperative mortality rate in patients who had PTBD alone (n=3/26), EBD alone
(n=0/11), or crossed over to PTBD from EBD (n=0/16) (p=0.2). A direct link to the

biliary drainage procedure as the cause of death could not be clearly made. Limitations

of this study include enrollment of patients who had undergone previous drainage attempts,
crossover treatment, and insufficient sample size. Although this was the first prospective
trial evaluating PBD approaches in potentially resectable HC, termination of the study at
50% of its intended accrual may have led to significant type | error and warrants cautious
interpretation and implementation of its findings. Of note, the overall complication rate
was similar between the two groups (63% vs. 67%). The primary outcome (the rate of
serious preoperative complications) was similar between both groups. Moreover, 56% of
patients in the EBD group required PTBD, as opposed to 4% of PTBD patients requiring
EBD. Further prospective studies are warranted to address the optimal method of PBD in
this patient population. In high volume centers with an experienced multidisciplinary team,
PTBD remains a viable approach in patients with resectable HC.

Surgical Resection

Goals of Operation—The goals of surgery for HC are to achieve complete resection of
the tumor (RO) while leaving behind a well-perfused liver remnant of adequate size with
good venous and biliary drainage. To accomplish this, one must remove the extrahepatic
biliary apparatus en bloc with the involved liver, which should include the caudate lobe in
most cases, porta hepatis lymphadenectomy and vascular resection and reconstruction in
selected patients (see below).

Historically, resection for HC has been associated with excessive morbidity and mortality.
The reasons for this are multifactorial but largely result from postoperative infections arising
in the setting of a major sacrifice of hepatic parenchyma. In this setting, the future liver
remnant (FLR) is dysfunctional due to prolonged biliary obstruction, and the added insult
of complications related to infected bile, impairs postoperative regeneration. Over the years,
it has become clear that optimization of the FLR can improve post-operative outcome. This
has included not only biliary decompression to improve function but also preoperative portal
vein embolization (PVE) to increase parenchymal volume.

Volumetric analysis of the FLR is a key component to preoperative evaluation and
determining risk for postoperative hepatic insufficiency. PVE is utilized in cases where

the FLR is expected to be small and insufficient thereby decreasing the morbidity of

hepatic resection. HC patients commonly require neoadjuvant chemotherapy or present with
significant cholestasis, both of which can impair liver function and regeneration.3 As such,
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it is our practice to perform PVE in HC patients with a FLR of less than 40%. Hypertrophy
is assessed 3-4 weeks after PVE for both FLR volume and kinetic growth rate (KGR). A
meta-analysis of 1088 patients from 37 studies showed PVE to be both safe and effective

in inducing liver hypertrophy.18 Abulkhir et al reported an overall morbidity rate of 2.2%
for PVE without any mortality and percentage increase from 8-27%.16 In an analysis from
MSKCC of patients undergoing major hepatectomy after PVE, no patient with a KGR
greater than 2.66% experienced postoperative liver insufiiciency.1? Patients who fail to reach
this threshold can still be considered for surgery, however are at increased risk of surgical
complications.

Associating liver partition and portal vein embolization for staged hepatectomy (ALPPS)

is a two-stage hepatectomy combined with in-situ splitting of the liver and concomitant
portal ligation during the first stage that could facilitate more rapid hypertrophy of the future
liver remnant (FLR) than with conventional portal vein embolization (PVE). It is associated
with a 60% to 80% increase in the original FLR volume over 7 to 10 days, but with high
morbidity and mortality (80% and 12%, respectively).18-20 ALPPS for HC is rare. Concerns
regarding the use of ALPPS for HC include bacteria in bile inducing infective complications
such as bacteremia or intra-abdominal abscesses after the ALPPS procedure resulting in
high morbidity and mortality. The international ALPPS registry reported a 90 day-mortality
rate of 27% for ALPPS in HC patients.18 A matched case—control study compared outcomes
of HC patients resected with ALPPS from the international ALPPS registry with a cohort
from Amsterdam Medical Center and Memorial Sloan Kettering Cancer Center.2! Twenty-
nine ALPPs patients from the international ALPPS registry were matched to 29 standard
resection patients based on future liver remnant volume. The mortality rate in the ALPPS
group was twice as high as that among patients with a similar liver volume who did not
undergo ALPPS (48% vs 24%).21 Median survival was just 6 months in the ALPPS group
compared with 29 months in the matched control group.?! A modified ALPPS approach for
PHC has been suggested where partial parenchymal transection is performed in combination
with PVE instead of portal vein ligation/transection.1® This theoretically limits morbidity

in the first stage by avoiding hilar dissection, however, these variations have not been
convincingly tested in HC.

Distant metastatic disease precludes resection, and while surgical therapy may still be
feasible in the face of regional nodal disease (N1), survival outcomes are dramatically
reduced. It should be noted that transplantation is contraindicated in both settings. The liver
is the most common site of HC metastasis, but lymph node and lung metastases are also

not uncommon. Determining resectability involves evaluating the local extent of disease and
assessing ductal involvement, hepatic atrophy, and vascular involvement. Resection is the
most effective therapy for patients with resectable tumors.

Up to half of HC patients explored with curative intent may have unresectable disease.??

In order to decrease the frequency of non-curative laparotomies, staging laparoscopy has
been suggested.2324 Weber and colleagues evaluated the utility of staging laparoscopy in
56 patients with potentially resectable HC.23 The overall yield of laparoscopy in this cohort
was 25%; however, this increased to 36% in patients with T2/T3 tumors. Overall, 42% of
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patients were deemed unresectable and thus avoided an unnecessary laparotomy, suggesting
utility of staging laparoscopy in patients with locally advanced, potentially resectable HC.

Results of Resection—Reports on outcomes after surgical resection of HC are limited

to single-center and a few multicenter case series accumulated over many years.22:25-27
Long-term survival is possible in well-selected patients; however, HC resection comes with
significant morbidity/mortality, and most patients recur after curative resection.* Complete
(RO) resection of HC is associated with 5-year survival rates of 25-40%.22:25.26 Qver time,
refinements in surgical techniques and perioperative management have led to decreased rates
of morbidity, higher resectability rates, and improved overall survival (Table 1).26:28 |n a
single-center review of 574 consecutive cases from a center in Asia, morbidity decreased to
43% from 2005-2010, and mortality decreased from 11.1% before 1990 to 1.4% in the last 5
years.26

Nearly 25% of resected patients have a component of papillary carcinoma, which is an
important determinant of survival after resection of HC.22 In an analysis of 106 resected
patients at MSKCC, 23.6% of resected tumors contained papillary components, and disease-
specific survival after resection of papillary tumors was 55.7 months compared to 33.5
months after resection of nodular-sclerosing lesions (p=0.01).22 Papillary phenotype was an
independent predictor of survival, and this benefit was more pronounced for less invasive
tumors.22

Vascular Resection—The world’s first hepatectomy with portal vein resection for HC
was performed by Dr. Kajitani from the Cancer Institute Hospital on August 6, 1965.29
Portal vein resection may be necessary in select cases to achieve negative surgical margins
and has been utilized to broaden eligibility for surgical resection in HC. Neuhaus and
colleagues advocate for a “no-touch” technique approach to resection of right-sided lesions,
which includes a hilar en bloc resection and resection of the portal vein bifurcation with
reconstruction.30:31 Their experience showed a 5-year survival rate of 58% with this
approach versus 29% for conventional hepatectomy and bile duct resection (p=0.02).31

On multivariable analysis, the no-touch technique was an independent prognostic factor
for long-term survival, but this technique was also associated with significant morbidity
and mortality. The 90-day mortality after hilar en bloc resection was 12.4%. The liver
insufficiency rate was 30% in the “no-touch” technique cohort versus 16% in the
conventional hepatectomy cohort (p=0.07). Moreover, this technique cannot be applied to
left-sided resections since the right hepatic artery has to be dissected in close vicinity to
the hepatic duct, and en bloc resection requires combined portal vein and arterial resection.
The morbidity associated with combined arterial and venous resection is prohibitive. Taken
together, the “no-touch” technique is an aggressive surgical approach associated with
significant morbidity that is best applied to a very select population. Selective portal vein
resection in cases of direct tumor involvement is recommended.

Although portal vein resection for HC resection is considered safe and reasonable

in select patients at high volume centers, arterial resections remain controversial. In

1983, Tsuzuki and colleagues reported two successful cases of left hepatectomy with
simultaneous resection of the portal vein and hepatic artery.32 Both patients died of recurrent
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disease within 18 months of resection. Since this initial report, multiple groups have
published small, single institution studies which have demonstrated significant morbidity
with this approach and questionable clinical benefit.33:34 Nagino and colleagues reported
50 consecutive cases of patients who underwent simultaneous arterial and portal vein
resection.3* Significant morbidity (54%) was seen, including a 10% reexploration rate,

and 7% of patients experienced postoperative liver insufficiency. In a more recent series,
Mizuno and colleagues evaluated the safety and outcomes of vascular resection in a series
of 1055 consecutive HC patients from 2001-2018, including 303 cases of vascular resection,
of which 100 combined portal vein and hepatic artery reconstruction.33 Although morbidity
rates were similar in HC resection with and without vascular resection (48% vs. 50%,
p=0.72), perioperative mortality was significantly higher in the vascular resection group
(3.6% vs. 1.2%, p=0.04).33

Combined venous and arterial resection are controversial and very rarely feasible or
indicated. Long-term benefits of this approach remain equivocal and likely limited.
Moreover, morbidity and mortality rates are significant. If used, this approach should be
applied sparingly to highly select patients in very experienced centers. At the authors’
institution (MSKCC), concomitant portal vein and arterial involvement of the FLR requiring
reconstruction precludes resection, and non-operative or transplantation approaches are
considered.

Resection Margin Status—Long-term survival after resection of HC can be achieved
and has improved over recent years?2:25.26 in large measure due to increase use of en bloc
partial hepatectomy, which has increased the rate of RO resections. This point is illustrated
in a series of 269 patients accumulated over a 20-year interval demonstrating a progressive
increase in the proportion of patients subjected to partial hepatectomy, with a corresponding
increase in the incidence of negative histological margins and in survival.3° In a study

from MSKCC reporting results of 106 consecutive HC resections, median survival was 43
months in patients who underwent an RO resection compared to 24 months in those with an
R1 resection (p=0.0003)22; concomitant hepatic resection was an independent predictor of
achieving an RO resection and of long-term survival.22

Frozen section analysis of the duct margin during operation may be helpful, but caution
must be used when interpreting the results. An analysis of experience with intraoperative
frozen sections found that frozen section analysis of the proximal bile duct margin

was misleading in 9% of patients.36 In addition, the benefits of extending the resection
with a positive frozen section result were questionable.36 By contrast, in an analysis of

53 patients who underwent additional margin resection (bile duct resection in 44 and
pancreatoduodenectomy in 9), RO resection was achieved in 30 patients (57%).37 The 44
patients with additional bile duct resection had a 5-year overall survival rate of 31%, while
all 21 patients without additional resection after a frozen section positive distal bile duct
margin died within 5 years. Multivariable analysis showed reresection of the margin as an
independent prognostic factors for survival (bile duct reresection vs. no additional resection:
hazard ratio [HR] 0.32, 0.17 to 0.60; pancreatoduodenectomy vs. no additional resection:
HR 0.08, 0.02 to 0.29).37
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Although ductal margin status resected HC has been extensively studied, assessment of
radial margin (RM) has received less attention but has been increasingly recognized

as an important prognostic factor. In a large single-center retrospective cohort analysis,
478 consecutive patients who underwent resection of HC between 2001 and 2014 were
reviewed.38 Eight-five (18%) patients had positive surgical margins (R1 resection) — 37
(43%) were RM positive, 33 (39%) had positive ductal margins, and 15 (18%) had both
margins positive. The RM positivity rate in the hepatoduodenal ligament was higher in
left-sided hepatectomy versus right-sided hepatectomy (8.7% vs. 3.6%, p=0.03), probably
related to involvement of the right hepatic artery. Survival of patients with positive RM was
worse than that of RO patients (median survival 2.1 vs. 4.9 years, p<0.001) and similar to
that of patients with positive ductal margin.3® Multivariate analysis identified positive RM
as an independent prognostic factor of survival. This study identified a positive RM as the
most common cause of R1 resection, with similar negative effects on overall survival as a
positive distal bile duct margin. Resected HC specimens are complex, and communication
with the pathologist before the specimen is processed will help ensure accuracy of margin
assessment.

Lymphadenectomy—The extent of lymphadenectomy has been an area of controversy.
Some surgeons advocate for extended nodal dissection, as some studies have demonstrated
measurable 5-year actuarial survival in the presence of metastatic disease to distant nodal
basins (i.e., paraaortic).3%40 However, an analysis of studies specifically reporting 5-year
survival in patients would suggest that any nodal involvement is a powerful adverse

factor and that very few patients benefit from such an aggressive approach.3® Thus, while

a complete porta hepatis lymphadenectomy should be routinely performed as part of a
complete resection, it must be recognized that this is a staging procedure with no therapeutic
benefit, and extended lymph node dissection is never indicated.

As is the case for other tumors, the clinical implication of a negative lymph node on
histopathologic analysis is likely dependent on the total number of lymph nodes sampled.
In a prior study investigating this issue, it was found that 7 lymph nodes seemed to be the
target sampling number in order to accurately stage HC.#! This must be weighed against
the reality that in most series, the median number of nodes sampled from a porta hepatis
lymphadenectomy is usually around 3.

Liver Transplantation in Hilar Cholangiocarcinoma

Outcomes from reports of orthotopic liver transplantation for unresectable HC were initially
prohibitive and did not justify its use.#2-4> The Cincinnati Transplant Tumor Registry
reported a 28% 5-year survival rate, with a 51% tumor recurrence rate, most recurring

in the first 2 years after transplantation.** Klempnauer and colleagues reported 4 long-term
survivors out of 32 patients who underwent transplantation for HC.43 Comparable results
were reported by Iwatsuki and colleagues.*? As a result of these early experiences, liver
transplantation for HC was initially contraindicated.

Over the last 15 years, however, data have emerged suggesting good results with
transplantation in highly selected patients with low volume unresectable disease when
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combined with an intensive pre-transplant treatment regimen.#647 HC transplant protocols
include specific entry criteria, as well as preoperative chemotherapy and radiation protocols
to better select patients. Transplant is contraindicated in patients with tumors >3 cm, positive
nodal or metastatic disease, previous resection attempt or transperitoneal biopsy, history of
prior malignancy, and previous therapy that precludes completing neoadjuvant therapy.#8:49
Eligible patients should have either a positive endoluminal biopsy, a mass lesion at the site
of biliary stricture, or CA19-9 >100.48 Approximately 30-40% of patients will drop out
pretransplant.59:51

The Mayo HC transplant protocol for HC is the most widely adopted and consists of
neoadjuvant chemotherapy, radiation, and operative assessment of regional lymph nodes and
distant metastases prior to transplant.>2 In 2008, the Mayo group reported on all patients
enrolled in their HC liver transplant protocol since 1993.53 One-hundred forty-eight patients
enrolled in the protocol, of which 90 patients completed neoadjuvant therapy and subsequent
liver transplantation, while 39 were removed from the protocol due to disease progression or
death. The overall 5-year survival rate for the entire cohort was 55%, including a 71% 5-year
overall survival rate in the cohort achieving orthotopic liver transplant.>3

The US Extrahepatic Biliary Malignancy Consortium, a collaboration of 10 academic
institutions in the United States, recently reported a retrospective review of 304 patients
with suspected HC (234 resections, 70 in a transplant protocol).?! Transplant was associated
with significantly improved overall survival compared to resection (5- year overall survival
64% vs. 18%, p<0.001). Subgroup analysis of patients who were node negative and whose
tumors were <3 cm again showed improved survival in patients who underwent transplant
versus resection. By contrast, the Mayo group evaluated patients with de novo HC treated
by their liver transplant protocol (n=90) versus liver resection (n=124).50 They found no
difference in overall survival after adjusting for age, lymph node status, and tumor size,
and thus concluded that patients with clearly resectable de novo HC should be treated with
resection.>0

The lack of randomized, prospective data to evaluate resection versus transplant in
resectable patients precludes a definitive conclusion. Liver transplantation for highly
selected unresectable HC and HC in the setting of primary sclerosing cholangitis using
standardized protocols, which include both radiation and systemic chemotherapy, is the
standard of care.l However, resection remains the standard approach when RO resection

is feasible, given limited organ availability as well as acceptable long term outcomes in
node negative, margin negative resected patients. The TRANSPHIL study (NCT02232932)
is a prospective, randomized multicenter study comparing liver transplantation with liver
and bile duct resection in potentially resectable HC without evidence of primary sclerosing
cholangitis. This study will be the first prospective randomized evaluation of transplant
versus resection in resectable HC patients. The primary outcome is overall survival with a
planned enrollment of 60 patients.
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ADJUVANT THERAPY

Patterns of Recurrence

Recurrence after resection of HC is common (60-76% of resected patients)#28:54.55 and
remains as high as 50% at 10 years after resection.®* In a multi-institutional analysis of 306
consecutive patients with resected HC, 76% of patients recurred after resection.* Over 25%
of patients recurred after 5 years of recurrence-free survival. Moreover, node positive disease
precluded recurrence-free survival beyond 7 years.

Although resection is the only modality to afford long-term survival benefit, high recurrence
rates suggest that effective adjuvant therapy would improve outcomes, as is the case with
other cancers. Despite a propensity for locoregional recurrence, distant metastases are more
common than locoregional recurrence after RO resection of HC, and therapeutic strategies
evaluating systemic therapy are important.>®

Unfortunately, the results of clinical trials evaluating adjuvant therapy for HC have been
mixed. Until recently, the only phase 11 trial investigating adjuvant chemotherapy in HC
was published in 2002 by Takada and colleagues.®’ Between 1986 and 1992, 508 patients
with resected bile duct tumors (n=139), gallbladder cancers (n=140), pancreatic cancers
(n=173), and ampullary tumors (n=56) were randomized to surgery alone versus mitomycin
C (6 mg/m? 1V at the time of surgery) and 5-fluorouracil (310 mg/m? 1V) in 2 courses of
treatments for 5 consecutive days during postoperative weeks 1 and 3, followed by 5-FU
(100 mg/m? orally) daily from postoperative week 5 until disease recurrence.>” The primary
endpoint was overall survival, with a plan to analyze per protocol for each disease separately
(e.g., carcinoma of the pancreas, gallbladder, bile duct, or ampulla of Vater). Despite a
significant improvement in disease-free survival for patients with gallbladder cancer treated
with adjuvant therapy vs. observation, no significant differences in overall or disease-free
survival were observed for bile duct tumors.

PRODIGE 12-Accord 18 Trial

Based on the findings of the Advanced Biliary Tract Cancer (ABC)-02 trial, gemcitabine and
cisplatin are considered the standard of care for unresectable locally advanced and metastatic
biliary tract cancers; however, this had never been studied in a randomized fashion in

the adjuvant setting.>® The PRODIGE 12-Accord 18 trial was a multicenter randomized
controlled trial in France that enrolled patients with RO/R1 resected biliary tract cancers,
including gallbladder cancer, intrahepatic cholangiocarcinoma, HC, and distal bile duct
cholangiocarcinoma (Table 2). Between 2004 and 2009, 196 patients were randomized to
gemcitabine (1000 mg/m? on day 1) and oxaliplatin (85 mg/m? on day 2 of 2 week cycles)
(GEMOX) or standard surveillance.5® The primary endpoint was relapse-free survival, and
the study was designed to detect a 12 month difference in relapse-free survival with 80%
power. Quality of life was an additional primary endpoint, and overall survival and disease-
free survival were secondary endpoints.

Among the 196 randomized patients, 155 were evaluable for the primary endpoint. The
results showed no difference in relapse-free survival (HR 0.88, 95% CI 0.62-1.25, p=0.48).
Global health-related quality of life scores at 12 months were not different, and there was
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no difference in overall survival between the arms (HR 1.08, 95% CI 0.7-1.7, p=0.74). Of
note, this study enrolled a low percentage of patients with high-risk disease who could
theoretically derive more benefit from adjuvant therapies (e.g., lymph node metastases, 37%
of the cohort). Moreover, only 15 HC patients were included in this study (GEMOX n=10,
observation n = 5) therefore, the applicability of these findings to HC and tumors with

high risk of recurrence (i.e., locally advanced disease and/or positive lymph nodes) remains
unanswered.

The BILCAP trial was a phase |1l multi-institutional clinical trial in the United Kingdom
investigating adjuvant capecitabine (1250 mg/m? twice a day on days 1-14 of 3 week

cycle for 8 cycles) versus observation alone after RO/R1 resection of biliary tract cancer.50
The primary objective of the study was to determine whether adjuvant chemotherapy with
capecitabine has any effect on length of survival compared to observation in patients who
have undergone macroscopically complete surgical resection of biliary tract cancer. The
study population included HC (29%), gallbladder cancer (18%), distal cholangiocarcinoma
(35%), and intrahepatic cholangiocarcinoma (19%). The primary endpoint was overall
survival, and the study was designed to detect an effect size of HR 0.71.

Of 447 randomized patients between 2006 and 2014, 430 were evaluable for the primary
endpoint by intention-to-treat analysis. Over 50% of patients had an R1 resection, and

38% of patients had node positive disease. There was no significant difference in overall
survival by intention-to-treat analysis (HR 0.81, 95% CI 0.63-1.04, p=0.097). However, a
per protocol analysis which excluded 17 patients who could not receive at least one cycle

of chemotherapy or could not be randomized, showed a statistically significant improvement
in overall survival (median OS 53 mo vs 36 mo, HR 0.75, 95% CI 0.58-0.97, p=0.03) and
recurrence free survival (HR 0.70, 95% CI 0.54-0.92, p=0.009) in the capecitabine arm.
Despite a negative finding by intention-to-treat analysis, the benefit seen with per protocol
analysis and the 9% improvement in OS in the BILCAP trial has prompted the adoption of 6
months of adjuvant capecitabine chemotherapy after HC resection.!

Bile Duct Cancer Adjuvant Trial

The Bile Duct Cancer Adjuvant Trial (BCAT) was a phase I11 randomized controlled trial
in Japan evaluating adjuvant gemcitabine (1000 mg/m? administered on days 1, 8, and 15
ever 4 weeks for 6 cycles) versus observation in patients with distal or HC who underwent
macroscopically curative resection and were enrolled in the study within 10 weeks of
surgery (Figure 1A).55 The primary endpoint was overall survival, and secondary endpoints
included relapse-free survival and toxicity.

Between 2007 and 2011, 225 patients were randomized (117 gemcitabine, 108 observation),
including 102 patients with HC (51 patients in each arm). There was no significant
difference in overall survival (median overall survival 62.3 months GEM vs. 63.8 months
observation, HR 1.01, 95% CI 0.7-1.45) (Figure 1B). There was no difference in relapse-free
survival and no differences when patients were stratified by lymph node status, margin
status, or tumor location (hilar vs. distal) (Figure 1C). The median relapse-free survival in
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the HC cohort was 22.3 months with gemcitabine versus 30.8 months in the observation
group (p=0.5). The location of first relapse was most commonly the liver in both groups
(25% vs. 28%), followed by local recurrence (14% vs. 17%) and then peritoneum and
abdominal lymph nodes. Given these findings, adjuvant gemcitabine monotherapy cannot be
recommended after RO/R1 resection of HC.

Adjuvant Chemoradiation

Although distant recurrence in HC is commonly seen, patterns of recurrence suggest

a higher likelihood of locoregional recurrence in HC compared to other biliary tract
neoplasms.14:56.62 This has important implications for adjuvant therapy strategies and
provides rationale for adjuvant therapy targeting locoregional disease. Analyses of such
adjuvant strategies in HC have consisted of small, single-center reports. Two separate reports
from Johns Hopkins suggest no benefit for adjuvant external beam or intraluminal radiation
therapy.63:64 In contrast, other series have suggested that radiation may improve overall
survival, particularly in patients with histologically positive hepatic duct margins.65-68
Importantly, however, none of these studies were randomized and most consist of a small,
heterogeneous group of patients.

SWOG S0809

The SWOG S0809 trial was a phase 11 study of adjuvant gemcitabine (1,000 mg/m? IV

on days 1 and 8) and capecitabine (1,500 mg/m?2 per day on days 1 to 14) every 21 days
followed by concurrent capecitabine (1,330 mg/m? per day) and radiotherapy in resected
RO/R1 stage pT2-4 or node positive extrahepatic cholangiocarcinoma and gallbladder
carcinoma patients. Radiotherapy consisted of 45 Gy to regional lymphatics and 54-59.4
Gy to the tumor bed.%9 A total of 79 patients were enrolled, including 38 HC patients. The
primary endpoint was 2-year overall survival after RO/R1 resection, and results would be
considered promising if the 95% CI for the 2-year overall survival estimate was >45%, and
RO and R1 2-year overall survival estimates were >65% and 45%, respectively.

Median follow-up at the time of publication was 35 months. The 2-year overall survival rate
for the entire cohort was 65% (95% CI, 53% to 74%; 67% and 60% in RO and R1 patients,
respectively). Median overall survival was 35 months, with no significant difference between
those with an RO versus R1 resection (Figure 2). Patterns of recurrence were analyzed,

and there were no differences between disease subsite or within the HC cohort. Isolated
local relapse versus distant relapse versus concomitant local and distant relapse were evenly
distributed in HC patients who recurred (n=13).

This phase 11 trial met its stated goals and represents the highest level of evidence
evaluating adjuvant chemoradiotherapy in HC. However, it lacked a comparison arm, and
therefore results may be a function of the therapy or related to factors inherent in the
patient population studied. At the present time, there are no data to support the routine

use of adjuvant radiation therapy; however, patients with extrahepatic cholangiocarcinoma
and positive resection margins may be offered chemoradiation.®! Data supporting specific
effective protocols for this approach are limited and additional studies are needed to
understand the true benefit of this adjuvant approach in HC.
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Future Directions

There are several ongoing randomized studies to further address the question of the

best adjuvant chemotherapy regimen for HC.70.71 The ACTICCA-1 trial is a multicenter,
prospective, randomized, controlled phase Il trial comparing adjuvant doublet gemcitabine
and cisplatin to standard of care after curative resection of biliary tract cancer
(NCT02548195).71 Patients with RO/R1 resected intrahepatic cholangiocarcinoma, HC,
distal cholangiocarcinoma, or gallbladder cancer are eligible, and the primary endpoint is
2-year disease-free survival, with a target enrollment of 271 patients. Observation alone was
the comparator arm through the initial phase of enrollment but was switched to capecitabine
as it evolved as the new standard of care based on the BILCAP trial results.

A phase 1l study in Asia (NCT03079427) is currently randomizing patients with lymph node
positive resected extrahepatic cholangiocarcinoma (perihilar or distal cholangiocarcinoma)
to either adjuvant capecitabine (1,250 mg/m? Day 1-14 every 3 weeks) or adjuvant doublet
gemcitabine (1,000 mg/m?) plus cisplatin (25 mg/m? day 1, 8 every 3 weeks). The primary
endpoint is 2-year disease-free survival and is estimated to be complete in 2023, with a
planned sample size of 100 patients.

Finally, the Adjuvant S-1 for Cholangiocarcinoma Trial (ASCOT) is a multicenter trial

in Japan randomizing patients with resected biliary tract cancer to adjuvant S-1 versus
observation (UMIN000011688). The primary endpoint is overall survival, and accrual began
in 2013, with a planned sample size of 440 patients.”® These ongoing studies and others
evaluating the utility of radiation therapy in HC and adjuvant systemic therapy strategies
will provide much-needed level 1 evidence to establish the role of systemic and locoregional
adjuvant therapies in HC.

Finally, genomics, immunobiology and targeted approaches represent exciting opportunities
and therapeutic potential. The genomic and immunologic landscape of HC has demonstrated
potential areas of exploration. For example, Lowery and colleagues demonstrated a high
frequency of KRAS, TP53 or SMAD4 mutations in their single institution HC cohort.”2
From an immunotherapy standpoint, high density tumor-associated macrophages have been
associated with worse overall survival after HC resection’® and mismatch repair deficiency
is seen in 5% of HC.2.74 Taken together, a better understanding of the genomic, epigenetic
immunologic and molecular heterogeneity of this disease may lead to personalized
therapeutic approaches.

CONCLUSION

Hilar cholangiocarcinoma is a highly invasive, rare disease. Most patients with unresectable
HC die within 6-12 months of diagnosis, usually from liver failure or infectious
complications secondary to biliary obstruction. Unfortunately, due to the rarity of these
tumors and their frequently advanced stage at presentation, randomized prospective trials
are rare. However, several ongoing randomized studies will help address some of the gaps
in HC management. Future studies aimed at understanding the role for novel treatment
modalities, such as targeted therapy and immunotherapy, are needed to continue to improve
management of HC.
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Figure 2:
SWOG S0809 survival plots. Overall survival of the entire cohort (A) and stratified by

resection margin (B) of extrahepatic bile duct cancer and gallbladder cancer patients who
receive adjuvant chemotherapy and radiation.
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Literature review of perioperative and long-term outcomes of hilar cholangiocarcinoma resection

Table 1:

Study Resections Morbidity (%) Mortality (%) Survival (5-yr)
Nakeeb et a/ (1996)7° 109 47 4 11
Klempnauer er al (1997)43 151 NR 10 28
Neuhaus et a/ (1999)3° 80 55 8 22
Launois et al (2000)7 131 NR 17 NR
Lee et al (2000)77 128 64 10 35
Gerhards er a/ (2000)78 112 65 17 NR
Nishio et a/ (2005)7° 301 NR 7.6 22
Jarnagin er al (2005)%2 106 50 75 40
Igami et af (2010)8° 298 43 2 42
Unno et al (2010)8 125 49 8 35
Matsuo et al (2012)% 157 59 7 32
Nagino et a/ (2013) 574 57 4.7 33
Wiggers et a/ (2016)11 287 NR 14 NR
Komaya et al (2018)28 402 NR NR 437

NR, not reported;

Ann Surg Oncol. Author manuscript; available in PMC 2022 July 11.

Page 21



Page 22

Soares and Jarnagin

aJ1] Jo Aujenb parejal yieay JOOMH [eAIAINs a8y asdejal S4Y ‘1aoued Jappe|qiied Dgo ‘ewourdsedolbuejoyd Jejiy DH ‘ewourdseaolbuejoys aiedayenul DH| fjodo3oid Jad dd ‘1eati 01 uonuaul | ||

uonelpes pue

GZ=099 aulgeydaded JusLINU0D
%09 SO JA Z uonossal Ty TY 104 %S¥ Z ‘04 86=0H  Aq pamoj|o} suIqendades
9.9 :SO JA Z uondesal 0y syuow Gg 10} %592 SO Jedk-z €1=0d + aulgqenowsh Jueanlpy 2102-8002 2 aseyd wue ajbuis 59608090MS
96'0=d 'S¥'T '0L°0 1D %56 20T =OH UOIIBAISSAO SNSIaA e
‘TO'T YH ‘syluow g'€9 SA €29 :SO UEIPaN syjuow 62 [EAIAINS [[BI8AQ €¢1=0d aulgenowab ueanlpy TT02-200z  @seyd paziwopuey 5104
957=0d
6.=099
€0°0=d ‘sypuow 9¢ SA £G SO UBIPBIA :dd 82T=0H UOITBAIBSGO SNSIBA €
7°0=d ‘7'9€ SA T'TG SO UBIPaN :1 11 syjluow 09 [BAIAINS [[BISAQ ¥8=0HI aulqeoades JueAnlpy ¥102-9002  8seyd paziwopuey 09dVI71I4
95=0d
8y'0=d ‘syuow 7'z all| 10 8e=0ao UOIBAIBSO
SA 8'TE :TOOYH U1 UOITRIOLIBISP 03 8wl Aupenb parejal yieaH 9T=DH snsian unejdifexo + € 6s8T-AH0IIV
87°0=d 'sypuow G'8T SA ¥°0€ :S4Y UBIPBN syluow . [eAIAINS 9814 asde|ay 96=0HI auigenowsb ueAnlpy ¥T02-600c  @seyd paziwopuey /2T-391A0dd
dn mojjo4 [en.ooy
awooIN0 ueipa N julodpue Arewild  uolre|ndod sired UOIJUBAJBIU | joareq ubsaQ Apnis

Author Manuscript

‘¢ dlgeL

Author Manuscript

Author Manuscript

ewioulasedolbuejoy) JejiH ui speril Adesay] ueanlpy aanosdsold

Author Manuscript

Ann Surg Oncol. Author manuscript; available in PMC 2022 July 11.



	Abstract
	INTRODUCTION
	MANAGEMENT PRINCIPLES
	Pre-treatment biliary drainage
	Surgical Resection
	Goals of Operation
	Results of Resection
	Vascular Resection
	Resection Margin Status
	Lymphadenectomy

	Liver Transplantation in Hilar Cholangiocarcinoma

	ADJUVANT THERAPY
	Patterns of Recurrence
	PRODIGE 12-Accord 18 Trial
	BILCAP Trial
	Bile Duct Cancer Adjuvant Trial
	Adjuvant Chemoradiation
	SWOG S0809
	Future Directions

	CONCLUSION
	References
	Figure 1:
	Figure 2:
	Table 1:
	Table 2:

