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Abstract

Intrahepatic and peri-hilar cholangiocarcinoma are life threatening disease with poor
outcomes despite optimal treatment currently available (5-year overall survival following
resection 20-35%, and <10% cured at 10-years post resection). The insidious onset makes
diagnosis difficult, the majority do not have a resection option and the high recurrence rate
post-resection suggests that occult metastatic disease is frequently present. Advances in
perioperative management, such as ipsilateral portal vein (and hepatic vein) embolisation
methods to increase the future liver remnant volume, genomic profiling, and (neo)adjuvant
therapies demonstrate great potential in improving outcomes. However multiple areas of
controversy exist. Surgical resection rate and outcomes vary between centres with no global
consensus on how ‘resectable’ disease is defined — molecular profiling and genomic analysis
could potentially identify patients unlikely to benefit from resection or likely to benefit from
targeted therapies. FDG-PET scanning has also improved the ability to detect metastatic
disease preoperatively and avoid futile resection. However tumours frequently invade major
vasculo-biliary structures, with resection and reconstruction associated with significant
morbidity and mortality even in specialist centres. Liver transplantation has been investigated
for very selected patients for the last decade and yet the selection algorithm, surgical
approach and both value of both neoadjuvant and adjuvant therapies remain to be clarified.
In this review, we discuss the contemporary management of intrahepatic and peri-hilar

cholangiocarcinoma.



Introduction

Cholangiocarcinoma arises from the biliary epithelial cells, and is associated with a poor
prognosis due to late presentation. Anatomically, it is categorised as intrahepatic (iCCA),
peri-hilar (pCCA) or distal cholangiocarcinoma (dCCA)'. ICC arises from within the
intrahepatic bile ducts, pCCA arises in between the second order ducts and the insertion of
the cystic duct into the common hepatic duct, and dCCA arises from the common bile duct,
below the cystic duct insertion. The three anatomical subtypes demonstrate distinct clinico-
pathological features, and require tailored approaches to optimise outcome?. A detailed
discussion of dCCA is beyond the scope of this review, which will focus on iCCA and pCCA
for which liver resection (with a tumour-free margin) is the only established curative-intent

treatment.

However the majority of patients developing cholangiocarcinoma will present with locally
advanced or metastatic disease and will be ineligible for liver resection or transplantation®. Of
those who do undergo resection, 5-year and 10-year survival rates of 20-35%*!° and <10%'!-

13 have been reported, respectively.

Current challenges relate to managing biliary obstruction (and/or sepsis) at the time of
presentation and ensuring accurate staging prior to surgical intervention. These factors
determine whether a patient will proceed safely to curative-intent surgery.

However no standard consensus exists regarding the best drainage strategy or staging
protocol. Similarly, the definition of ‘resectable’ disease has not been established, with a wide

variation between centres globally'. More extensive resections involving arterial

7,15-21 8, 22-25

reconstructions and/or extended lymphadenectomy were initially thought to
provide better disease control. However such radical surgeries are controversial given the
high morbidity and mortality associated with complex surgery and the resulting morbidity,
impact on quality of life and the high recurrence rates. Liver transplantation has also been
investigated as a curative-intent option, often in single centres outside of the oversight of a
clinical trial, resulting in delay and uncertainty in establishing its role as a therapeutic
option'® 14 26-28 Expanding the indications for transplantation requires careful consideration
and improved evaluation as increased demand for liver grafts for treating cancer will result in

longer waiting times for those with end stage liver disease.



We discuss the diagnosis, staging, surgical management and (neo)adjuvant treatment of iCCA
and pCCA, identify the limitations of the current approach and suggest strategies to improve
long term outcome. We conclude by addressing areas where future research efforts should be

focused and specifically discuss the role of liver transplantation.

Classification and pathology

pCCA and dCCA are considered ‘extra-hepatic’, and account for up to 80% cases, whereas
iCCA accounts for the remainder®’; pCCA can be usefully subcategorised by the Bismuth-
Corlette system based on the precise location of the tumour (figure 1). All three subtypes of
cholangiocarcinoma are associated with distinct risk factors, pathology, presentation, and
management. Previous misclassification of pCCA into the intrahepatic group (as pCCA was
not formally categorised in previous disease classifications®) may account for a proportion of

the observed increase but does not explain the overall increase in the total number of cases.

Pathologically there are distinct macroscopic features differentiating iCCA from pCCA. The
majority of intrahepatic lesions demonstrate a ‘mass-forming’ phenotype, with a large
defined, firm polypoid mass which may be accompanied by multiple satellite lesions*’.
Macroscopically pCCA is characterised by a ‘periductal infiltrating’ lesion in approximately
80% of patients®!, spreading along the extrahepatic bile ducts and causing a stricture with
proximal dilatation®?. The remaining 20% pCCA patients demonstrate an intraductal growth,
which typically presents early with a small polypoid tumour causing proximal obstruction®?,
and is associated with a better prognosis compared to periductal infiltrating lesions. In iCCA,

lesions can be ‘mass-forming’ (characterised by an intraparenchymal mass which may be

accompanied by associated satellite nodules), periductal infiltrating or intraductal growths.

Mass forming lesions are observed in 65% patients, whereas a ‘mixed-type’ of mass-forming
with periductal infiltrating tumours are observed in 25%; the remaining 10% of patients have
either intraductal growths or periductal infiltrating tumours>!. There are no histological or
immunohistological features which would be a contra-indication to surgery in resectable
disease however there are well-established features associated with a poor prognosis
including a poorly differentiated tumour, the presence of satellite nodules (1ICCA), vascular
invasion and perineural invasion (particularly for pCCA)*!. Furthermore, molecular
subtyping of cholangiocarcinoma has great potential in identifying patients likely to respond

to particular treatment strategies and aid prognostication**. The MOSCATO-01 trial was an



umbrella trial investigating the use of high throughput genomics to identify druggable targets

in ‘hard to treat’ solid organ cancers and match patients to a targeted therapy>>>".

Diagnosis and staging

Early diagnosis of pCCA and iCCA continues to prove challenging. Early iCCA may be
completely asymptomatic, whereas pCCA usually presents with obstructive jaundice.
Elevated liver enzymes may be the only sign of a liver pathology in some patients. Symptoms
of early-stage disease are non-specific (vague abdominal pain, anorexia, weight loss); in
1CCA jaundice often occurs late in the disease process with the onset of large duct
obstruction. In such circumstances, the disease is usually beyond curative resection due to
invasion of local structures and/or development of metastases. Abdominal imaging may
reveal a large mass (in iCCA) and/or biliary dilatation (particularly in pCCA) when
symptoms are investigated. Correlation with tumour markers may aid in forming the
diagnosis, with CA 19-9 particularly associated with pancreato-biliary malignancy. However
approximately 10% patients lack Lewis blood group antigen and cannot synthesise CA 19-
938, and multiple other conditions can result in an elevated serum level (biliary obstruction
independent of cause, pancreatitis, cirrhosis, hepatocellular carcinoma, pancreatic ductal

adenocarcinoma), limiting its specificity to cholangiocarcinoma.

When detected incidentally on imaging, the tumour may be at an early-stage when curative-
intent resection may be feasible. An Italian survey of 41 different centres managing patients
with cholangiocarcinoma reported that 28% patients with iCCA had an incidental
asymptomatic presentation®. It is plausible that such patients could have a higher cure rate
due to earlier stage disease potentially being resected prior to local invasion and/or the
development of metastases. However the authors did not compare survival in this group with
patients presenting symptomatically, and to our knowledge no studies have been published

comparing these two groups of patients.

Diagnosis is usually suggested using a combination of computerised tomography (CT)
scanning, MRI/MRCP, positron-emission tomography (PET) scanning, and/or
histopathological (or cytological) assessment. CT chest, abdomen and pelvis is mandatory to
ensure accurate staging prior to commencing any treatment. Diagnostic imaging studies

should be performed prior to any biliary intervention*” as the subsequent inflammatory



changes may mask the underlying pathology and disease stage, making both the diagnosis

and optimal treatment plan uncertain.

Following identification of a liver mass suggestive of cholangiocarcinoma (and before any
biliary intervention*’), a high-quality quadruple phase contrast-enhanced CT*! scan is the
imaging modality of choice and can demonstrate features indicative of cholangiocarcinoma,
and exclude other benign or malignant liver lesions*?. This also provides key information for
determining resectability through delineating anatomical relationships to local vascular
structures. Diagnostic features observed on CT are early arterial-phase enhancement with
progressive central filling*. Delayed phase images will also show enhancement of iCCA
compared with surrounding liver parenchyma. Contrast-enhanced CT can accurately
delineate portal vein and hepatic arterial involvement, however MRI has a higher sensitivity
for detecting smaller lesions**, provides sharper soft tissue contrast and enables more

4547

accurate assessment of tumour spread along the bile ducts®™™’, aiding decisions surrounding

resectability.

48,49 and its

While CT and MRI can provide detailed information on tumour morphology
relationship to critical structures, they are inadequate for assessing lymph node
involvement*’. A retrospective study of 146 patients with ‘biliary cancer’ (iCCA, pCCA,
dCCA and gallbladder carcinoma) who underwent curative-intent resection with
lymphadenectomy found that there was no correlation between CT findings and histological

confirmed lymph node involvement

. Despite this, radiological findings have been found to
correlate with histopathology in patients with iCCA*3. King et al reported that radiological

findings could predict tumour grade and stage with fair accuracy.

PET scanning is recommended primarily for assessment of lymph node involvement and the
presence of distant metastases rather than diagnosis of the primary tumour by the British
Society of Gastroenterology, the European Association for Study of the Liver, and the
Japanese Society of Hepato-Biliary-Pancreatic Surgery*>>!:2. In a recent meta-analysis
investigating the role of PET-scanning, the authors found that at least 15% patients with
biliary tract cancers had their management modified by the PET-scan®® (mostly through
upward stage migration). The reported specificity for lymph node metastasis was very high at
97%, with a 95% specificity for distant metastasis. The presence of either lymph node or

distant metastasis is likely to indicate systemic treatment, therefore accurate assessment is



essential for optimising management. A false negative for lymph node or distant metastasis
could lead to a patient undergoing ‘futile’ surgery due to the presence of metastatic disease,

whereas a false positive could preclude patients with resectable disease from undergoing

surgery.

The role of biopsy in the management of a resectable iCCA is controversial®*

. Biopsy
introduces a risk of cancer seeding outside the liver, potentially converting a potentially
curative surgery into disease palliation.. Furthermore, given the resection specimen will
undergo full histopathological assessment, the value of a preoperative biopsy is questionable.
Biopsy is considered essential if patients with iCCA or pCCA are being enrolled in transplant

trials or evaluations or if the cancer is borderline for a curative resection (anticipated R1

resection) and neoadjuvant chemotherapy is being proposed.

While iCCA is often accessible for percutaneous biopsy, peri-hilar lesions are more difficult
to access given their deep location and proximity to important vasculobiliary structures. For
peri-hilar lesions endoscopic ultrasound-guided biopsy or fine-needle aspiration for cytology
can be used for obtaining a tissue diagnosis. However preoperative biopsy for peri-hilar
lesions is associated with a low sensitivity (high false-negative rate). Endoscopic retrograde
cholangiopancreatography (ERCP) and percutaneous transhepatic cholangiography (PTC)
offer direct visualisation of the bile ducts, and allow for brushings to be taken easily at the
time of the procedure. Brushings are associated with a specificity approaching 100%,

however sensitivity is relatively poor ranging from 20-60%>-%.

Recently cholangioscopy-guided biopsy has been possible at the time of ERCP and may
improve diagnosis and local staging of pCCA>%-!. Cholangioscopy allows for assessment and
biopsy of intraductal lesions, and may detect radiologically occult disease that could affect
management (presence of ‘skip’ lesions or bilateral disease). Two meta-analyses reported that
digital single-operator cholangioscopy has a very high diagnostic performance in detecting
malignant biliary strictures®> ®. However, both reports were based on data from non-
randomised trials (Kulpatcharapoing et al included one randomised control trial®*) and
demonstrated significant heterogeneity between included studies, limiting the validity of the
conclusions. However in the randomised study by Gerges et al®*, the sensitivity of

visualisation (95.5% vs 66.7%) and overall accuracy (87.1% vs. 65.5%) for accurately



diagnosing indeterminate biliary strictures were significantly higher in patients undergoing

cholangioscopy-guided biopsy compared to standard ERCP alone.

The use of staging laparoscopy in the workup of patients for liver resection varies
considerably across centres®> %, However exploratory laparotomy without resection should
be avoided where possible due to the morbidity and significant risk of delaying (or
preventing) palliative chemotherapy®’. Routine staging laparoscopy is not universal*>>!,
given the increased sensitivity of modern CT (especially when combined with PET-CT) in
detecting peritoneal disease. Currently, UK and European guidelines support a selective
approach for staging laparoscopy in patients with risk factors for peritoneal disease (high CA
19-9, major vascular invasion, lymphadenopathy, large tumour, multifocal disease)**°!.

Detection rates for peritoneal disease in all comers vary from 10-17% 6 66-68-72,

Management of biliary obstruction

The role of biliary drainage, and the optimum method of drainage, is anothere contentious
issue. Most patients with pCCA will present with obstructive jaundice and have a high risk of
developing cholangitis secondary to the biliary obstruction. Drainage of patients with acute
cholangitis is essential due to the high risk of mortality. Endoscopic biliary drainage (EBD),
endonasobiliary drainage (ENBD), and PTC can each be used to relieve biliary obstruction.
Morbidity associated with drainage procedures (such as bleeding, pancreatitis, and
cholangitis) may decondition patients and delay curative-intent surgery due to a prolonged
recovery phase. The approach to preoperative biliary drainage can significantly impact
resectability, and should not be performed until a clear treatment plan has been proposed and

ratified.

It has long been debated whether preoperative EBD or PTC is the optimum method of
draining the FLR?. The evidence was previously conflicting and limited to retrospective

series’>80

with a significant risk of selection bias. The only recent randomised control trial
performed comparing the two techniques enrolled 54 patients from 4 Dutch centres, but was
prematurely closed due to a higher all-cause mortality rate in the PTC group (41% vs 11%)%!.
Observed morbidity rates were similar in both groups, however the small sample size
significantly confounds this observation. ENBD has been practiced in East Asian centres
(particularly Japan), and has been specifically associated with a lower risk of cholangitis and

longer patency (defined as absence of jaundice)’ > *. However ENBD may be poorly



tolerated by patients and the loss of bile may lead to electrolyte and fluid imbalances (unless
oral recycling is practiced) requiring further intervention. Therefore while consensus exists
regarding the need for preoperative biliary drainage in obstructed patients, the method

remains uncertain.

In the absence of cholangitis some centres will resect patients with biliary obstruction,
however the Japanese Society of Hepato-Biliary-Pancreatic Surgery guidelines recommend
biliary drainage in all patients with pCCA (regardless of whether they are obstructed)®? due to
the morbidity associated with surgery in jaundiced patients’®. In operable pCCA, preoperative
biliary drainage is unilateral and performed only in the future liver remnant (FLR). Bilateral
drainage is usually confined to those with sepsis or failed resolution of jaundice with
unilateral drainage but should raise the possibility of significant parenchymal liver injury.
Unilateral drainage has been shown to lead to compensatory liver hypertrophy of the FLR
with atrophy of the obstructed segment®*-3
failure (PHLF).

, reducing the risk of post-hepatectomy liver

Future liver remnant

The risk of mortality after liver resection for CCA is dependent on the volume and quality of
the remnant liver. Inadequate future liver remnant volume (FLRV) risks the development of
post-hepatectomy liver failure (PHLF) which is associated with a high mortality risk (52-
68%°7%).

Methods to increase the FLRV have allowed more extensive resection for pCCA, where an
extended hepatectomy is usually required. The minimum recommended FLRV as a
percentage of total liver volume for liver resection to reduce the risk of PHLF is 20% with
normal liver parenchyma , 30% for patients post -chemotherapy and 40% for patients who
have Childs-Pugh A cirrhosis, respectively’’. Given the presence of biliary obstruction +/-
sepsis at presentation most surgeons would consider augmentation for FLRV of <30% and
some <40%. The change in FLR following augmentation techniques is also an important
metric, and can predict PHLF as it indicates the regenerative capacity of the patient’s liver®!.
Multiple retrospective studies have demonstrated the utility of PVE prior to extended

hepatectomy®**’

, where portal blood flow to the tumour-bearing lobe is interrupted to induce
hypertrophy of the FLR. Other methods to increase the FLR include PVE with hepatic vein

embolisation (PVE-HVE)?® and associating liver partition and portal vein ligation for staged



hepatectomy (ALPPS)”. The advantage of PVE (and PVE-HVE) is that it is associated with
a relatively low morbidity risk and can induce the required hypertrophy within 4 to 6 weeks
post-embolisation. ALPPS requires a two-stage hepatectomy (with liver transection and
portal vein ligation being performed in the first stage followed by resection in the second
stage), with liver hypertrophy occurring during the intervening period (usually 7-10 days).
Although rapid hypertrophy is achieved, ALPPS in cholangiocarcinoma is associated with a
very high morbidity and mortality risk, with one multicentre series observing 48% mortality
in pCCA within 90-days in high volume centres'®. The role of ALPPS in pCCA is yet to be
established, but could be a rescue intervention for patients who at time of surgery are
considered to have inadequate volume or quality of liver parenchyma to complete an

extended resection.

PVE-HVE simultaneously occludes both the inflow and outflow of the liver tissue to be
resected; the embolisation of the hepatic veins results in complete venous deprivation of the
liver to induce greater hypertrophy than with PVE alone®®. In the context of pCCA, this
would most commonly be embolisation of the right portal vein and the right and middle
hepatic veins to facilitate an extended right hepatectomy. A multicentre retrospective study
compared patients undergoing liver resection who had PVE-HVE with patients who had PVE
alone'’!, and found that PVE-HVE resulted in increased liver hypertrophy with lower
morbidity (26% vs 34%) and 90-day mortality (3% vs. 16%) however neither reached
statistical significance. In this series, 30 patients (15%) had pCCA and 28 patients (14%) had
1CCA demonstrating feasibility in these groups. Further prospective investigation of PVE-
HVE in cholangiocarcinoma is warranted to expand the evidence base and identify relevant
predictors of outcome for both pCCA and iCCA. The DRAGON-1 trial is an ongoing
prospective single-arm trial assessing the safety and feasibility of PVE-HVE in patients with
borderline resectable colorectal liver metastases'%%. Although not specific to
cholangiocarcinoma, the results will be very relevant and may characterise the risk profile of

PVE-HVE prior to liver resection.

Liver resection

The aim of liver resection (for both pCCA and iCCA) is to cure the patient of cancer with
minimal perioperative and recurrence risk, achieved through a complete RO resection with an
adequate FLRV for postoperative recovery and survival*>. The approach to resection has

evolved over time, with centres performing more radical resections facilitated through



perioperative techniques to increase the FLR™> 77> %0 97- 101,103 "Eor cholangiocarcinoma a
surgery approach is considered if:
1) complete macroscopic removal of tumour tissue can be achieved,
2) enough FLR is retained to prevent PHLF, and
3) vascular and/or biliary continuity to the liver remnant is maintained or can be
reconstructed.

15-20,95,104,105 " sich as the inferior vena cava and

Tumours invading major vascular structures
portal vein, are more frequently considered for resection in specialist centres, whilst

previously considered a contra-indication.

The associated morbidity and mortality risk highlights the need for careful preoperative
assessment and multi-disciplinary management aimed at prehabilitation to avoid futile
surgery in patients who may otherwise benefit from palliative chemotherapy or
immunotherapy. The reported 5-year survival rate following resection for pCCA and iCCA is
15-40%, with the majority of patients developing disease recurrence even after an RO

resection'%®

. Currently adjuvant chemotherapy with capecitabine is recommended for all
patients with cholangiocarcinoma following resection to reduce recurrence risk, based on the
results of the BILCAP study!"’. So far, no neoadjuvant treatments for patients with resectable
disease have demonstrated efficacy in phase 3 trials*>. However patients who demonstrate
sufficient reduction in disease burden following palliative intent may warrant re-considering

for curative-intent liver resection.

Currently there is no way to prospectively identify subsets of patients likely to undergo
successful disease downstaging, however advances in molecular profiling and analysis of
circulating tumour cells may aid understanding of tumour biology and genotypes associated
with particular clinico-pathological features'®®. Genomic biomarkers may help identification
of patients likely to respond to systemic therapy. For example, a phase 2 single-arm trial
evaluated the efficacy and safety of Pemigainib (a fibroblast growth factor receptor [FGFR]
inhibitor) in cholangicarcinoma patients with or without FGFR fusions or rearrangements
reported a 35% objective response rate in patients with FGFR alterations, whereas patients
without FGFR fusions/rearrangements did not respond.'”. A combined approach of
biomarker analysis (serum, bile, tissue''’) and radiological assessment could improve

prognostication and treatment-related decisions in patients with cholangiocarcinoma.



Analysis of biobanked samples of patients who are enrolled in prospective trials could

identify predictors of treatment response.

Lymphadenectomy

Lymphadenectomy is performed to remove the regional lymphatic drainage of the cancer in
the hope of increasing the chance of cure. It is currently recommended for intrahepatic and
peri-hilar disease to facilitate cure but also improve disease staging and guide adjuvant

3,51, 108, 111, 112

strategies>*. While lymph node metastasis is a poor prognostic factor , there is

currently no proof that the lymphadenectomy improves oncological outcome?®* 2% 113: 114,

A regional lymphadenectomy involves excision of hepatoduodenal ligament nodes (station
12); right-sided lesions also require excision of nodes behind the pancreatic head (station 14)
whereas left-sided lesions require excision of common hepatic artery lymph nodes (station 8)
and nodes around the left gastric artery (station 7). An ‘extended’ lymphadenectomy does not
have a standardised anatomical definition, but may involve a regional lymphadenectomy plus
excision of para-aortic nodes (station 16) and/or nodes around the coeliac axis (station 9). As
a minimum, it is recommended that at least 6 regional lymph nodes are sampled for

histopathological analysis to ensure adequate staging post-resection''”.

Delineating the impact of lymphadenectomy on oncological outcome is not straightforward.
A meta-analysis of 1377 patients from 13 studies reported that there was no difference in
survival, but greater morbidity, in patients undergoing lymphadenectomy compared to non-
lymphadenectomy patients''®. However, the studies included in the meta-analysis were all
retrospective and demonstrated significant heterogeneity, significantly confounding the

analysis.

A recent retrospective study of 706 patients undergoing curative-intent resection for clinically
node-negative iCCA investigated whether adequate lymphadenectomy (defined as excision of
>6 regional lymph nodes) impacted survival. The study concluded that adequate
lymphadenectomy was associated with improved survival compared to an ‘inadequate’
lymphadenectomy (median overall survival 28 vs 23 months)?. Patients with microscopic
nodal disease on histology had a better outcome with a radical lymphadenectomy rather than
a limited lymphadenectomy. The presence of microscopic disease will only be apparent on

histopathological examination of the resection specimen (although biomarkers may suggest



that lymph node disease is present!!”). This finding supports a radical rather than limited
lymphadenectomy but in the absence of randomised trials the effect of lymphadenectomy on

survival remains unproven.

Patients who were node-positive following an inadequate lymphadenectomy may have had
more advanced disease beyond the regional lymph nodes, particularly when considering that
only 18% patients who had an inadequate lymphadenectomy were node-positive compared to
40% in the adequate lymphadenectomy group. Furthermore an inadequate lymphadenectomy
will likely lead to a false-negative nodal staging which could impact on the approach to
adjuvant therapy. Therefore an adequate regional lymphadenectomy of at least 6 lymph nodes

should be attempted to improve staging.

The overall evidence to support an extended lymphadenectomy is controversial.

t118—121

Several series have claimed a survival benefi , particularly when patients have node-

negative disease in the extended field lymph nodes. However in these studies!!®: 12!

, patients
with node-negative disease undergoing an extended lymphadenectomy are compared with
patients with node positive disease, therefore the 'improved’ survival could be due to the
disease status of the lymph nodes rather than the extent of lymphadenectomy. Where an
extended lymphadenectomy has been compared with a standard lymphadenectomy and
improved survival reported, patients in the standard group may have had inadequately staged
disease extending beyond the standard nodal group. In the absence of a high-quality
randomised control trial, no definitive conclusions can be made regarding the extent of
lymphadenectomy.

A lymphadenectomy is a procedure with well recognised complications and morbidity'??,
including devascularisation of the bile ducts, major vascular injury, and chylous ascites,

especially in patients with cirrhosis!??

. Although 5-year survival rates in patients undergoing
extended lymphadenectomy are reported in selected series to range from 26%-49%'1%12! a
propensity-score matched analysis failed to demonstrate superiority of extended
lymphadenectomy?®® suggesting that previous series are likely to be confounded by significant
selection bias. No randomised evidence is currently available for iCCA or pCCA. However
the Regional lymphadenectomy vs. extended lymphadenectomy for hilar cholangiocarcinoma
(RELAY-HC) trial'** is ongoing and should provide high quality evidence on whether

extended lymphadenectomy improves survival for patients with pCCA.



Liver resection for peri-hilar cholangiocarcinoma

The proximity of tumours to critical vasculo-biliary structures presents a challenge in the
management of pCCA . Critical structures require reconstruction following resection. The
resection of pCCA requires careful evaluation of either an extended right or extended left
liver resection. Optimal resection is based on the likely achievement of a clear resection
margin whilst optimising residual liver volume. The left hepatic duct has a longer
extrahepatic course compared to the right, and is typically easier to reconstruct into a Roux-

en-Y hepaticojejunostomy.

However biliary reconstruction following right hemihepatectomy is technically easier due to
the wider diameter and longer course of the left hepatic duct. The precise type of resection in
pCCA depends on the location of the tumour, however generally an extended right hemi-
hepatectomy is performed for Bismuth-Corlette I1la and IV tumours, and an extended left
hemi-hepatectomy is performed for Bismuth-Corlette I1Ib tumours. Previously bile duct
excisions were performed for type I and II lesions, however pCCA often has longitudinal
spread along the hepatic ducts resulting in a high incidence of positive surgical resection
margin, therefore an extended right hemi-hepatectomy is typically performed for such
tumours®® 31329 However in patients with limited FLR in the left lateral section, an
extended left hemihepatectomy with resection and reconstruction of the right hepatic artery
may be preferable '%°, and can be performed with similar morbidity rates to an extended right

hemihepatectomy.

Caudate lobe resection

The caudate lobe lymphatics drain into the hilar nodes of both the left and right hepatic ducts,
which may explain a pCCA involving the caudate lobe. En bloc caudate lobe resection in
pCCA has never been explored in a randomised study, possibly due to concern regarding the
morbidity and impact on FLR. Negative resection margins are known to improve surgical
outcomes* 2% > 126 therefore the risk of trying to achieve an RO margin has to be balanced
against the increased risk of morbidity and mortality. Multiple retrospective series have

4,95, 103, 127-130, with a

reported outcomes of patients undergoing en bloc caudate lobectomy
recent meta-analysis'®!' finding that en bloc caudate lobectomy was associated with

significantly better survival (hazard ratio 0.45, 95% confidence interval 0.38 to 0.55) and
likelihood of negative margins (hazard ratio 3.88, 96% confidence interval 2.18 to 6.90),

without increasing morbidity and mortality compared to patients who did not undergo



caudate lobectomy. Despite significant heterogeneity between studies and the risk selection
bias in published series, en bloc caudate lobectomy is recommended to improve outcomes

following resection for pCCA through achieving a negative resection margin.

Vascular resection

Major vascular involvement is commonly observed in pCCA, with such patients requiring en
bloc vascular resection and reconstruction to achieve a curative-intent resection with negative
margins. However, such procedures are technically demanding and can be associated with a
significant risk of morbidity and mortality necessitating careful preoperative assessment and
patient selection. Whether routine en bloc portal vein resection is necessary is controversial
(termed ‘hilar en bloc resection!*?). The initial series published in 1999 reported that portal
vein resection improved long-term survival in patients who underwent RO resection. The
rationale behind this approach was to perform a ‘no touch’ resection where the peritumoural
planes are not violated to prevent microscopic residual disease at the resection margin.
However this analysis was restricted to 14 patients who had RO resections, and excluded
postoperative deaths. Subsequent series have demonstrated significant morbidity and 90-day
mortality (12-25%) with routine portal vein resection!33-13% therefore currently the evidence
favours portal vein resection only in cases where the tumour involves and cannot be

mobilised from the portal vein'®.

Whether contralateral arterial involvement necessitating resection and reconstruction is a
contraindication to curative-intent resection is currently contested. Multiple series have been
published with varying results'> 17-21: 125, 137-141 ' A]] series report outcomes in highly selected
patients and are inadequately powered to offer evidence in favour of or against arterial
resection. However the outcome of CCA resection with involvement of the hepatic artery is
influenced by the performance status prior to surgery and the experience of the surgical
centre!”-21:125: 138 'This patient group would have a median survival of 3-6 months with

palliative therapy!®®

. Hepatic artery resection should be considered on a case-by-case basis in
fit patients with arterial contact or invasion, and performed only in centres with significant

experience.

Systemic chemotherapy
Patients with resected pCCA and iCCA have a high risk of cancer recurrence necessitating

investigation of adjuvant therapies'®®. Systemic and locoregional therapies in the



neoadjuvant!4?1* and adjuvant setting'’”- '* have been explored, with increasing evidence in
favour of adjuvant chemotherapy. However associated improvements in survival are modest,

possibly related to the strong desmoplastic phenotype of CCA promoting chemotherapeutic

146 42,51
2

resistance *°. Molecular profiling may help stratify patients into treatment pathways
however clinical trials are currently lacking and associated with specific challenges in their
design and execution. The majority of randomised trials have investigated therapies for
‘biliary tract cancers’ with no grouping by anatomical location and have included patients
with gallbladder cancers, iCCA, pCCA and dCCA in the same trial) significantly confounding

the interpretation of results.

Neoadjuvant therapy

An objective radiological response to neoadjuvant therapy has been postulated to be a useful
surrogate for tumour biology with a favourable response indicating less aggressive disease.
However there have been no randomised studies comparing neoadjuvant therapy with upfront
resection in patients with resectable CCA. Similarly there are no RCTs of downstaging with
locally advanced and borderline resectable disease. Neoadjuvant therapy in patients with
locally advanced disease may lead to successful downstaging, and facilitate liver resection
with clear margins to improve outcome for patients with advanced disease. A meta-analysis
of 1880 patients with CCA found that patients who underwent downstaging therapy followed
by resection had superior survival compared to patients who did not'4’. However the study
included retrospective cohort studies and case-control series, with significant selection bias

and was therefore low-quality evidence of the benefit of downstaging.

Currently routine neoadjuvant therapy in patients with upfront resectable disease is not
recommended*?. A propensity-score matched analysis compared 299 patients who received
neoadjuvant chemotherapy with 700 patients who received adjuvant chemotherapy for ICCA,
and reported superior survival in the neoadjuvant group (40.3 months versus 32.8 months)'.
However a multi-centre study reported no difference in survival when comparing neoadjuvant
chemotherapy with upfront resection!#’. Patients in the neoadjuvant group who experience
disease progression may have benefitted from upfront resection, posing an ethical challenge
in not resecting such patients immediately. Therefore well-constructed prospective multi-
centre randomised trials are required to determine the role of neoadjuvant therapy in

resectable disease.



Adjuvant therapy for cholangiocarcinoma

Adjuvant therapy may improve outcomes for patients with resected pCCA and/or iCCA. The
BCAT trial*' randomised 225 patients with resected extrahepatic bile duct cancer (pCCA and
dCCA) to adjuvant gemcitabine or observation, and reported no significant difference in
survival. Similar negative findings were also reported in the PRODIGE 12-ACCORD 18-
UNICANCER GI trial'*° comparing adjuvant gemcitabine and oxaliplatin with surveillance.
However the BILCAP trial'®’ compared adjuvant capecitabine therapy with observation in
patients with resected biliary tract cancers (including dCCA and gallbladder cancer), and
reported significantly better median overall survival in the capecitabine group on per protocol
analysis (51.1 months versus 36.4 months). The authors concluded that adjuvant capecitabine
should be considered standard of care, and adjuvant capecitabine is recommended in the UK
following resection*?. However there are multiple limitations to this trial, particularly with
heterogeneity as it included patients with undergoing hemihepatectomy and
pancreatoduodenectomy together. Future prospective studies should stratify by anatomical

site and include placebo controls.

Immunotherapy
Immune-checkpoint inhibitors have recently demonstrated efficacy in improving oncological
outcomes in patients with hepatocellular carcinoma in the adjuvant'®! and advanced

settings'>?

. Recently a South Korean phase 2 randomised control trial of 128 patients with
advanced biliary tract cancer reported an objective response rate of 72% in patients treated
with durvalumab (a PD-1 inhibitor) with gemcitabine and cisplatin chemotherapy'**. At
present, there are no published trials reporting on (neo)adjuvant immunotherapy in patients
with resectable iCCA or pCCA. However the results of two phase 2 studies of neoadjuvant
immunotherapy (NCT04308174 and NCT04506281) eagerly anticipated to assess whether
immunotherapy improves outcomes in patients with resectable disease when delivered in the

neoadjuvant setting.

Liver transplantation
Peri-hilar cholangiocarcinoma
Liver transplantation is a potential treatment for patients with unresectable CCA, either due to

disease burden or associated cirrhosis, that is confined to the liver. Initial experience with

pCCA was disappointing due to the high recurrence rate and low post-transplant survival'**

154-136 in comparison to transplantation for other disease processes. However the general



outcome was still superior to the survival following palliative chemotherapy. The reported 5-
year survival rates of 20-40% were significantly worse than those for hepatocellular
carcinoma within Milan criteria'®’, suggesting that refinement in patient selection may lead to
improved outcomes. Seehofer reported 6 out 16 patients with CCA alive and recurrence free
at 10 years post-transplantation'>*, with 5 out of the 6 having negative lymph nodes on

histopathology, suggesting that long-term survival may be achievable in selected patients.

The Mayo Clinic combined neoadjuvant chemoradiotherapy and liver transplantation, and
reported 5-year survival of 82%, exceeding patients who underwent resection at the same
institution (5-year survival 21%)!>®. The protocol involved external beam radiotherapy with
S5-fluorouracil for chemosensitisation, followed by brachytherapy. Patients were listed if they
had unresectable pCCA or pCCA with background primary sclerosing cholangitis and a
solitary tumour less than 3cm in diameter. However the authors did not provide a definition
for nonresectable disease, and patients enrolled in the transplant protocol may not be
equivalent to the historical resection cohort introducing significant bias in the study. A
subsequent multicentre series involving 12 US centres reported 5-year recurrence-free
survival rate of 65% based on the Mayo Clinic protocol with 49% (60 patients) dying pre-
transplant, highlighting the high waiting list mortality for such patients. Living organ
donation may provide an alternative source of suitable liver grafts for selected patients.
Because live donor transplant can proceed rapidly the risk of CCA progression and death

during the waiting period for transplant is reduced.

It remains unclear what proportion of patients who underwent transplantation had #ruly
unresectable disease with a solitary 3cm tumour'’, particularly in the context of excellent
reported outcomes following extended hepatectomy®- °294: 103, 134. 160 (with vascular resection
if required). A retrospective series of 17 patients who underwent resection for a solitary 3cm
peri-hilar tumour (similar to the transplant cohort) reported a 5-year overall survival rate of
82%, compared with 23% in resected patients with later stage tumours. This data questions
the relevance of transplantation for pPCCA'®!. The French TRANSPHIL trial (NCT02232932)
is an ongoing randomised control trial comparing neoadjuvant chemoradiotherapy and liver
transplantation with liver resection for pCCA, and may potentially indicate which treatment

strategy is superior.



The importance of neoadjuvant therapy in patients with pCCA undergoing transplantation is
unclear. An analysis of the European Liver Transplant Registry examined 28 patients who
underwent liver transplantation and were within the Mayo Clinic protocol listing criteria but
did not receive neoadjuvant therapy. The authors reported a 5-year overall survival rate of
59%, suggesting that patient selection may be more important than neoadjuvant therapy.
However in the Mayo series, 16 out of 38 patients who were transplanted demonstrated a
complete pathological response on explant histopathology'>®, which is likely an indicator of
effective neoadjuvant therapy but tissue confirmation was not obtained in all cases. A recent
meta-analysis of 428 patients with pCCA undergoing liver transplantation identified better
pooled survival in patients who completed neoadjuvant therapy?®. Interpretation of this data is
limited by significant heterogeneity between studies and imbalanced comparator groups. The
International Liver Transplant Society Consensus'®? and the British Society of
Gastroenterology guidelines** currently recommend neoadjuvant therapy in patients with

unresectable early-stage pCCA undergoing liver transplantation.

Intrahepatic cholangiocarcinoma

Initial experiences with transplantation for iCCA were with patients misdiagnosed as having
hepatocellular carcinoma pre-transplant, and subsequent explant pathology demonstrating
1CCA. Patients with very early iICCA (<2cm) and cirrhosis who underwent transplantation
had good outcomes, with 65% 5-year survival in one retrospective multicentre series based
on explant pathology in 29 patients initially thought to have hepatocellular carcinoma and
cirrhosis'®. A further series of 48 patients with iCCA diagnosed on explant also reported a 5-
year survival rate of 65% in patients with very early iCCA. This sharply contrasts with the 5-
year survival rate of less than 25% in an earlier series reporting outcomes following
transplantation for unresectable iCCA'®*, Unfortunately the proportion of patients with very
early iCCA and cirrhosis is very small, and prospective identification of patients likely to

benefit from transplantation is challenging.

Liver transplantation for non-cirrhotic patients with unresectable iCCA has been reported in a
prospective series'®. Patients were treated with neoadjuvant chemotherapy, with 12 out of 21
patients demonstrating a sustained response to chemotherapy which was the criteria to list for
transplantation. Six of the twelve patients received a liver graft, with 3 patients developing
recurrence and 3-year survival reported at 80%. Neoadjuvant therapy and observation may

aid selection of patients with favourable tumour biology, however non-cirrhotic patients who



are successfully converted to resectable pose a unique challenge. Such patients could feasibly
undergo resection'®® which could be explored in a randomised study. Liver transplantation
may offer better chance of cure given the greater likelihood of achieving a negative margin.
Alternatively, a non-cirrhotic patient with resectable iCCA is likely to have a longer waiting
time, risking disease progression and waiting list dropout. Such patients may also benefit

from living donation if available.

Current guidelines recommend that patients with iCCA <2cm diameter with cirrhosis may
benefit from upfront transplantation, whereas iCCA in a non-cirrhotic liver may be
considered for transplantation if the disease remains stable following neoadjuvant therapy.
Both indications are currently experimental, and prospective data is eagerly awaited to

validate these approaches.

Future challenges

iCCA and pCCA remain devastating diseases with poor outcomes for the majority of patients.
Multiple advances in recent years have improved our understanding of disease biology and
perioperative management of patients to facilitate curative-intent liver resection. Close
collaboration between hepatobiliary surgeons, radiologists, oncologists, and endoscopists is
essential to optimise the outcomes. The modest impact of chemotherapy on improving long-
term outcome demonstrates that surgical excision (and possibly transplantation in selected
patients) remains the cornerstone of curative treatment, and future advances should focus on
developing effective adjuvant and neoadjuvant therapies. Well-designed prospective
randomised trials need to replace guidance and dogma based on poor quality retrospective

cohorts.



Figure legend

Figure 1 - Bismuth-Corlette system for classifying peri-hilar cholangiocarcinoma. Type I —
distal to the confluence of the hepatic ducts; type II — at the confluence of the hepatic ducts;
type Illa — at the confluence of the hepatic ducts extending into the right hepatic duct; type
IIIb — at the confluence of the hepatic ducts extending into the left hepatic duct; type IV —
involving both the right and left ductal systems.
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Figure 1 — Bismuth-Corlette system for classifying peri-hilar cholangiocarcinoma. Type I —
distal to the confluence of the hepatic ducts; type II — at the confluence of the hepatic ducts;
type Illa — at the confluence of the hepatic ducts extending into the right hepatic duct; type
IIIb — at the confluence of the hepatic ducts extending into the left hepatic duct; type IV —
involving both the right and left ductal systems.
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