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Introduction

Major hepatobiliary cancers include hepatocellular carcinoma
(HCC), gallbladder carcinoma, and cholangiocarcinoma (CCA).
There are multiple guidelines and recommendations for the
imaging evaluation of these cancers. This article reviews and
summarizes principles and recommendations of imaging in
hepatobiliary cancers. The cross-sectional imaging protocol is
similar among these lesions and is discussed at first followed
by the separate discussion of each cancer. Authors have
reviewed existing international and Indian guidelines includ-
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Major hepatobiliary cancers include hepatocellular carcinoma, gallbladder carcinoma,
and cholangiocarcinoma. There are multiple guidelines and recommendations for the
imaging evaluation of these cancers. This article reviews and summarizes principles
and recommendations of imaging in hepatobiliary cancers. The cross-sectional imag-
ing protocol is similar among these lesions and is discussed at first followed by the
separate discussion of each cancer.

ing but not limited to National Comprehensive Cancer Net-
work (NCCN), American Society of Clinical Oncology (ASCO),
American College of Radiology (ACR), Indian Council for Medi-
cal Research (ICMR), and Indian College of Radiology and
Imaging (ICRI). Imaging recommendations that are unequivo-
cally mentioned in the majority of guidelines are included in
this article. In the presence of conflicting or absent recom-
mendations, authors have reviewed the existing literature,
achieved a consensus regarding the issue in question, and,
based on current evidence and their experience, provided
recommendations following a short discussion.
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Imaging Recommendations for Diagnosis, Staging, and Management of Hepatic and Biliary Tract Cancer

Imaging Protocol in Hepatobiliary Cancer

Ultrasound of Whole Abdomen

Ultrasound of the upper abdomen is the modality of choice
for screening of at-risk patients for liver cancer. Ultrasound
does not have any role in diagnosis of liver lesions except as a
guide to biopsy and other interventional procedures.

Computed Tomography Scan of the Whole Abdomen
with Contrast

1. Noncontrast phase: For identification of fat, iron, calcifica-
tion, blood products, and iodized oil (after chemoemboli-
zation). Necessary for generation of subtraction images.

2. Early arterial phase (15-20seconds, for all cases): Iden-
tified by complete enhancement of aorta and hepatic
arteries and no or minimal enhancement of portal vein.
This is important for arterial anatomy that is essential for
surgical planning.

3. Late arterial phase (35-40seconds, for suspected hepa-
tocellular cancers): Identified by complete enhancement
of hepatic arteries and streaky partial enhancement of
portal vein. Early arterial enhancement of HCC is best
visualized in this phase.

4. Portal venous phase (75-90 seconds): Identified by com-
plete enhancement of portal vein and partial enhance-
ment of hepatic veins. Some enhancement of hepatic
veins is essential for surgical planning and volumetry.

5.Delayed phase (120-300seconds): Only necessary for
hepatic venous anatomy and to rule out suspected
hemangioma.

6. Contrast dose: A total of 1.8 to 2 mL/kg of 300 to 350 mg
iodine/mL contrast through antecubital vein with a flow
rate of at least 3mL/s (Optimal contrast flow rate is
crucial for arterial phase images. One may consider lower
flow rate if the disease is already metastatic and infor-
mation regarding vascular anatomy and vascular involve-
ment is not critical).

7.Coverage of the whole abdomen from diaphragm to
symphysis pubis is recommended to screen for peritone-
al metastasis.

8. Slice thickness: 2/3 mm, slice interval: 0 mm.

9. Neutral oral contrast with 350 to 500 mL of water imme-
diately to 15 minutes before computed tomography (CT)
(optional). Positive oral contrast is discouraged.

10. Multiplanar reformat in coronal and sagittal is critical
(thickness: 2 mm, interval: 0 mm).

Multiphasic Magnetic Resonance Imaging with
Contrast

Itis used as a problem solving tool in biliary tract cancers and
can be used as a primary diagnostic modality in suspected
HCC or intrahepatic cholangiocarcinoma (IHCC).

1. Minimum required sequences:
a. Axial and coronal T2-weighted.
b. Axial diffusion-weighted imaging.
c. Axial T1-weighted in and opposed phase images: for
intralesional fat.
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d. Axial and coronal T1-weighted (VIBE/LAVA) precon-
trast, multiphasic arterial, portal venous, and delayed
phase. In magnetic resonance imaging (MRI), multiple
arterial phases are acquired in tandem. The timing of
the rest of the phases is similar to that of CT. It is very
important to generate subtraction images from post-
contrast images to look for residual enhancement in
treated liver nodules.

e. Thin-slab and thick-slab magnetic resonance cholangi-
ography (MRCP) (HASTE/SSFSE/RARE) and three-di-
mensional MRCP (for biliary tract tumors).

f. If gadobenate dimeglumine is used as an intravenous
contrast, then a hepatobiliary phase taken at 45 to
90 minutes is useful.

g. Technical requirements:

i. High field strength magnet (> 1.5 Tesla).

ii. Phased array multichannel torso coil.

iii. Contrast: Both extracellular contrast agent (e.g.,
gadovist, gadobutrol, gadoterate, etc.) or hepato-
biliary contrast agent (gadobenate dimeglumine)
are acceptable. Contrast dose 0.1 mmol/kg.

Hepatocellular Carcinoma

Risk Factors and Etiopathogenesis

Cirrhosis of the liver is the single most important risk factor
for HCC. In India, 70 to 97% of patients with HCC at the time of
diagnosis had underlying cirrhosis of the liver." Other im-
portant risk factors are chronic hepatitis B and C infection,
alcoholic liver disease, and nonalcoholic fatty liver disease.?
In India, hepatitis B virus (HBV), particularly genotype D is
most commonly implicated in chronic hepatitis-related
Hce3

Epidemiology, Clinical Presentation in India and
Global

Worldwide, HCC accounts for 90% of cancers of the liver. It is
the third leading cause of cancer-related death annually and
constitutes the fifth most common cancer globally.* In India,
age-adjusted incidence rate of liver cancer 0.7 to 7.5 in men
and 0.2 to 2.2 in women per 100,000 population per year,1
Based on a prospective observational study from North India,
the annual incidence rate of HCC in cirrhotic patients is 1.6%.”
The incidence of liver cancer in India is increasing.® The age
standardized mortality rate is reported to be 6.8/100,000
population in men and 5.1/100,000 population in women.’
The incidence of liver cancer increased with increasing age,
with a median age at presentation of 40 to 70 years. It is four
times more common in men.

Imaging Referral Guidelines
The imaging referral algorithm for HCC in at-risk patients is
demonstrated in =Fig. 1.

Clinical|Diagnostic Workup Excluding Imaging
Along with estimation of functional status of the patient and
staging of the tumor, the following workup is recommended:
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At risk of HCC
Ultrasound + AFP
every 6 months

Nodule> 10 mm

Repeat USG +
AFP 3-6 months

Nodule< 10 mm

Chart 2 US-LIRADS category

+/- AFP positive
Multiphasic
CT/MRI
Definitely HCC High likelihood of
(LIRADS 5) HCC (LIRADS 3/4)

Staging CT TAP MDT +/- Biopsy
Bone scan, if symptomatic

Fig. 1 Imaging referral algorithm in hepatocellular carcinoma (HCC)
in at-risk patients. Modified from National Comprehensive Cancer
Network (NCCN) guidelines.

 Serology for HBV and hepatitis C virus (HCV) (hepatitis B
surface antigen [HBsAg], immunoglobulin G [IgG]/total-
HBc, anti-HBs, anti-HCV). If HBsAg is positive, then hepatitis
B e-antigen, anti-HBe antibody, and HBV-deoxyribonucleic
acid levels are estimated. If anti-HCV is positive, then HCV
genotype and HCV-ribonucleic acid levels are estimated.

« Liver function test (LFT), for assessment liver functional
reserve (Child-Pugh score or Model for End-Stage Liver
Disease score) and surgical planning.

» Assessment of portal hypertension (upper gastrointesti-
nal endoscopy for varices and hepatic venous pressure
gradient measurement).

 Chest CT, with or without contrast.

» Bone scan in presence of bone symptoms.

* Positron emission tomography (PET)-CT is not recommended.

Imaging Guidelines

Screening

ICMR has recommended surveillance with a 6-monthly ultra-
sound examination of the liver by an experienced radiologist.
Doppler ultrasound may be added for better detection of new
thrombus in hepatic or portal vein. Candidates for surveillance
include those with Child A and B cirrhosis of any etiology and
Child C patients on the waiting list for a liver transplantation.
Non-cirrhotic patients with chronic hepatitis B (males > 40
years and females > 50 years), chronic HBV infection of any age
with family history of HCC, or chronic HCV with advanced
fibrosis are candidates for surveillance® (ICMR 2019). Although

Chart 1 Ultrasound visualization score—US-LIRADS

Category Description Recommendation
US-LIRADS 1, | No or benign Routine
No nodule negative observation follow-up

US-LIRADS 2, | Observation<10mm | Ultrasound
subthreshold at 3 mo
US-LIRADS 3, | Observation >10mm | Multiphasic

positive or new thrombus CT or MRI

in a vein

Abbreviations: CT, computed tomography; MRI, magnetic resonance
imaging; US-LIRADS, Ultrasound Liver Reporting and Data System.

ICMR does not recommend serum alpha-fetoprotein (AFP) as a
screening method, addition of serum AFP has been shown to
increase sensitivity of HCC detection in at-risk patients and
NCCN has recently recommended addition of AFP in their 2021
guidelines.>'? ACR recommends use of a standard Ultrasound
Liver Reporting and Data System (US-LIRADS) for the reporting
of surveillance ultrasound examination. Quality or adequacy of
the diagnostic ultrasound examination can be reported with a
visualization score (Chart 1). If an observation of size > 10 mm
is visualized on ultrasound, further evaluation with multi-
phasic CT or MRI is warranted. Final ultrasound can be
reported with an US-LIRADS score (Chart 2)."

Diagnosis (Including Interventions)

Noninvasive characterization of a liver nodule can lead to a
definitive diagnosis of HCC if the patient is considered to
have high risk of HCC, that is, cirrhosis, chronic hepatitis B
infection, and current/prior HCC. For nodules < 1 cm in size,
further characterization by imaging or biopsy is of limited
value and follow-up at 3 to 6 monthly intervals for 2 years is
recommended.

For nodules > 1 cm, multiphase CT (with iodinated con-
trast) or multiphase MRI with gadolinium-based contrast are
investigations of choice. Use of hepatocyte-specific gadolini-
um-based agents (gadobenate dimeglumine) is not manda-
tory but may have additional value. Liver Imaging Reporting
and Data System and American Association for the Study of
Liver Diseases have adopted imaging criteria for diagnosis of
HCC. In a nodule that shows non-rim arterial phase hyper-
enhancement, presence of at least one major feature in
nodules > 2 cm and presence of two or more major features
in nodules measuring 1 to 1.9cm is diagnostic of HCC in a

Score Description

Explanation

A No or minimal limitation. No limitation to
sensitivity of detecting small nodules.

Nearly the entire liver is visible with homogeneous echotexture

B Moderately limited sensitivity to detect small Moderately echogenic liver when a part of liver
nodules or diaphragm is not visible

C Severely limited sensitivity to detect liver Severely heterogeneous liver with ultrasound attenuation
nodules and > 50% liver or diaphragm is not visible

Abbreviation: US-LIRADS, Ultrasound Liver Reporting and Data System.
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patient with high risk of HCC. Major features include wash-
out in delayed phase, presence of enhancing capsule, and
threshold growth.'2'3 Specific criteria is described for major
venous invasion by the tumor.

Calculation of liver remnant by CT volumetry is necessary
in surgically resectable cases.

Tissue diagnosis is reserved for following situations:

 High suspicion of malignancy but the lesions does not
meet imaging criteria for HCC.

» Lesion meets criteria for HCC but the patient is not
considered high risk for HCC.

» Lesion meets criteria for HCC but the patient has cardiac

cirrhosis, congenital hepatic fibrosis, or cirrhosis due to

vascular disorders such as Budd-Chiari syndrome.

Elevated CA19-9 or carcinoembryonic antigen (CEA) rais-

ing suspicion of IHCC.

Tissue diagnosis should be obtained by ultrasonography
(USG) or CT-guided needle core biopsy. Multidisciplinary
discussion is recommended before biopsy in patients who
are candidates for hepatic resection, liver transplant (LT), or
curative ablative therapy.'®

Staging

The Barcelona Clinic Liver Cancer (BCLC) staging system is
most widely used. It takes into account tumor number, size,
liver function, and patients’ performance status. BCLC also
recommends a treatment strategy (~Fig. 2).

Chatterjee et al.

Management—Role of Interventional Radiology

Role of interventional radiology (IR) is increased in the 2022
update of the BCLC recommendations. In BCLC 0, ablation is
the treatment of choice. Resection should be considered only
when ablation is not feasible. Transarterial chemoemboliza-
tion (TACE) and transarterial radioembolization (TARE) can
also be considered. TARE is to be used in single lesions that
are less than 8 cm.'* In BCLC-A with single lesions, resection
is favored in tumors up to 2 cm in size. For larger lesions,
TARE can be considered in case the remnant liver is small. In
multiple lesions with increased portal pressure or high
bilirubin, ablation is recommended. For patients with >3
lesions, TACE and TARE may be indicated. In LT candidates
with > 6 months waiting time, ablation, TACE, or TARE can be
used for bridging. BCLC-B patients with preserved portal flow
and well-defined lesions TACE is recommended. Some cases
of BCLC-B can still be considered for LT if they meet local
practice guidelines. Some advanced cases of stage B may be
downstaged to become eligible for LT through TACE or TARE
and systemic therapies.'”

Response Assessment

For follow-up of locoregional and systemic therapy in HCC,
modified Response Evaluation Criteria in Solid Tumors (mRE-
CIST) is recommended over RECIST 1.1 guidelines in early
and intermediate cases. In advanced cases, both methods can
be used.'® mRECIST takes into account the concept of “via-
ble” tumor. After locoregional and systemic therapy in HCC,

HCC

1 )

Early stage (A)

* Single, or <3 nodules each <3 cm
* Preserved liver function®, PS 0

Very early stage (0)

Single <2 cm
* Preserved liver function®, PS 0

function and
physical status

Based on tumor burden, liver [

* Multinodular
* Preserved liver funclion®, PS 0

Intermediate stage (B) Advanced stage (C) ] Terminal stage (D)
.

] [ Portal invasion and/or extrahepatic sprea = Any tumor burden

* Preserved liver function, PS 1-2 » End stage liver function, PS JJ

Refined by AFP, ALBI score,
Child-Pugh, MELD

SR (

\

Potential candidate
for fiver

Single

each 3 cm

transplantation criteria

<3 nodules, [

Extended
liver transplant

(size, AFP}

al fiow, bilobar liver
selective access involvement

Well defined Diffuse, infiltrative,
nodules, preserved extensive

Portal pressure,
bilirubin

ves\/

Normal Increased’

To decide individualized No
treatment approach

Contraindications
LT

Yes' No
—— (!

( Patient characterization j ( Prognosls)

1* Treatment option ][ Ablation ][ Resec(ionJ[Ablation]( Transplant J( TACE ][

Systemic treatment }[ BSC J

Expected survival >5 years
!
gl Not feasivle or fakure
ﬁ Treatment stage migration
E primes lower priority
o options due to non-iiver
% related clinical profile TACE
.g Radioembolization (only for singie lesion s8 cm)
§ (Age, comorbidities, patient
= values and availabdity)
o *Except for thase with tumor burden accoptadia for transplant
“Rasaction may be consigarsd for single parpheral HOT with
& ) adequate remnant fver volime

o

>2.5 years >2 years
Successful 1% Line =
downstaging 8
If not feasible ib or L or Dur
2*Line Regorafenib
Not (2o0afenib-tolarant) 2
feasible - Post sorafenib { Cabozantinib gﬂ =
A Ramucirumab 2
failure (AER 2400 ngm) X
- Post atezolizumab-bevacizumab Clinical _ 3
- Post du b trials 2
- Post lenvatinib or Durvalumab I ;
3 Line =3 be considared
Cabozantinib 23 - bt they have not
2 bean proved

Fig. 2 Barcelona Clinic Liver Cancer (BCLC) staging system and treatment strategy.
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many lesions do not show tumor shrinkage but show necro-
sis which is defined by loss of enhancement. mRECIST
advocates measurement of enhancing or “viable” tumors
only. Furthermore, enlargement of portal nodes and
ascites/pleural effusion can also be a part of the chronic liver
disease process and adjustments are made in this criteria to
prevent overdiagnosis of disease progression.
mRECIST:

* Selection and measurement of target lesions:

o Typical intrahepatic target lesion: > 1 cm, intratumoral
arterial phase enhancement.

o Atypical intrahepatic target lesion: > 1cm, no arterial
phase enhancement.

o Extrahepatic target lesion, non-nodal: > 1cm longest
axis.

o Extrahepatic target lesion, nodal: > 2 cm short axis if
portal node, 1.5 cm short axis for nodes elsewhere.

o Target lesions should be suitable for accurate and repeat
measurement. Total number of target lesions should not
exceed five with no more than two lesions per organ.

o For hepatic targets, the longest diameter of the viable
(arterially enhancing) tumor is measured. For extrahe-
patic non-nodal targets, the longest diameter is mea-
sured and for nodal lesions, the short axis diameter is
measured.

» For baseline assessment sum of diameters of all target
lesions are measured. The disease status on follow-up
images is assessed using criteria similar to RECIST 1.1
(=Table 1). Follow-up is usually done at 6 to 8 weeks
intervals.

» For immunotherapy, mRECIST criteria can be applied with
a longer follow-up interval of 8 to 12 weeks since immu-
nomodulating agents take longer to show tumor response.

Follow-Up

Resected lesions or post-LT cases should undergo multi-
phasic CT/MRI of upper abdomen, chest CT, and complete
abdominopelvic CT/MRI every 3 to 6 months for 2 years and
every 6 to 12 months thereafter along with serum AFP
measurement.

Principles of Management

Imaging not only helps in local and metastatic staging of HCC,
it also provides crucial information regarding the status of
underlying liver disease. Presence of bland thrombus in the
portal or superior mesenteric vein significantly alters surgi-
cal or local treatment decision. Presence of ascites and large

Table 1 mRECIST criteria

Chatterjee et al.

portosystemic shunt indicate hepatic decompensation and
potentially high portal venous pressure. IR helps in direct
measurement of portal venous pressure as well.

LT is indicated in BCLC 0, A, and some cases of B stage
provided transplant is feasible. In stage B with multiple
lesions TACE can be considered. For other cases of stage B
and all cases of stage C are considered for systemic chemo-
therapy. ASCO recommends atezolizumab and bevacizumab
combination as a first-line therapy after esophageal varices
are managed.'” Sorafenib and lenvatinib is recommended as
a second-line therapy. Stereotactic body radiotherapy is a
treatment option in liver-limited disease with one to three
lesions in cases with Child A or B cirrhosis that are unresect-
able. It can be used as an alternative to local ablative
therapies or when these treatments have failed.'®

Gallbladder Carcinoma

The most common histopathology of gallbladder cancer
(GBC) is adenocarcinoma. The following discusses adenocar-
cinoma of gallbladder.

Risk Factors and Etiopathogenesis

Risk factors of GBC include gallstone, chronic inflammation,
gallbladder polyp, primary sclerosing cholangitis, and
obesity.?

Epidemiology, Clinical Presentation in India and
Global

GBC is the only digestive cancer with a higher incidence in
women. Women have two to six times higher risk of devel-
oping GBC than men.2 It is more common in South American
countries such as Chile and Bolivia and Asian countries such
as Nepal and Bangladesh. In India, GBC is most common in
North and Eastern India in the Gangetic plains and relatively
less common in Western and Southern states. Incidence of
GBC can be as high as 8.8 to 17.1/million population in
Northern India. Age of presentation in Indian patients is
earlier than that of Western population and it is usually in the
5th to 6th decade.?’

Twenty-seven to 41% of patients of all GBC are incidentally
detected during or after routine cholecystectomy (postop
biopsy) for gallstone-related or benign gallbladder disease.?
This category is named incidental GBC (IGBC). Rest of the
cancers can present with nonspecific abdominal symptoms
such as dyspepsia and abdominal pain and a mass is detected
at initial imaging. Advanced diseases can present with
obstructive jaundice or ascites.

Complete response

No intraluminal arterial enhancement in all hepatic typical target and disappearance of atypical
hepatic target and all extrahepatic target lesions

Partial response

> 30% reduction in sum of diameters of all viable (arterially enhancing) target lesions

Stable disease

Not classifiable as partial response or progressive disease

Progressive disease

> 20% increase in sum of diameters of all viable (arterially enhancing) target lesions

Abbreviation: mRECIST, modified Response Evaluation Criteria in Solid Tumors.
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Imaging Referral Guidelines

Diagnosis of GBC is initially made by ultrasound as a gall-
bladder fossa mass or biliary obstruction. For assessment of
operability and follow-up, CT or MRI or both are performed.
Multiphasic contrast imaging is essential. For staging con-
trast-enhanced CT thorax is necessary. PET-CT has limited
sensitivity in the detection of occult metastatic local or
peritoneal metastatic disease when compared with surgical
or laparoscopy ﬁndings.23 PET-CT may have some role in
detecting occult metastases in retroperitoneal nodes and
liver in locally advanced GBC; however, data on predictive
value in comparison to diagnostic laparoscopy is limited. In
IGCB, PET-CT has similar positive predictive value compared
with CT in the determination of resectability (HPB
2008;10:439). Therefore, the ICRI and NCCN do not recom-
mend PET-CT for the staging of GBC and current authors
concur.

Image-guided biopsy or fine-needle aspiration cytology
(FNAC) are not performed in operable lesions to avoid tract
dissemination. However, image-guided FNAC/biopsy is usu-
ally needed before any chemotherapy radiation in unresect-
able tumors.

Clinical|Diagnostic Workup Excluding Imaging

» LFT.

» Consider serum CEA, CA 19-9.

* Staging laparoscopy in operable lesions to rule out peri-
toneal metastases.

Imaging Guidelines

» USG is the initial modality of choice to image a suspected
case of GBC. Once there is a mass detected, multiphasic CT
is needed for initial staging and operability assessment.

» Multiphasic CT abdomen is the principal modality in the
initial staging, preoperative planning, and follow-up of
GBC.

Table 2 TNM staging of gallbladder carcinoma—A|CC 8th edition

Chatterjee et al.

* MRIwith contrast and MRCP sequence is performed when
knowledge of detailed biliary anatomy and nature and
level of biliary obstruction is important in the
management.
Preoperative staging of GCB (~Table 2) needs delineation
of local mass, nodal involvement, and distant metastases
(see reporting format).
* Nodal disease: Nodes larger than 1cm in short-axis
dimension are considered abnormal. Round shape, het-
erogeneous enhancement, and irregular margin of nodes
are also suspicious features.
Regional nodes (definitely regional; N1/N2 as per the
American Joint Committee on Cancer [AJCC]/TNM guide-
line): Cystic duct, pericholedochal, retroportal (posterior
to portal vein up to uncinate process of pancreas), liver
hilar, and common hepatic artery nodes.
Watershed nodes (controversially regional as per the
Japanese Society of Biliary Surgery): Posterior-superior
pancreaticoduodenal (located in the posterior and supe-
rior portion of pancreatoduodenal groove) and right side
of celiac artery nodes.
» Metastatic nodes (definitely nonregional): Left side of
celiac or superior mesenteric artery, para-aortic, inter-
oaortocaval, and retrocaval nodes.

Detection of involved nonregional and watershed nodes is
critical in imaging as they are missed in routine cancer
surgery or staging laparoscopy.

Principles of Management

After initial staging in patients who are incidentally diag-
nosed with GBC at surgery and found to have resectable
disease with no metastases, a completion cholecystectomy
with en bloc liver resection, lymphadenectomy with/with-
out bile duct resection is recommended. Unfortunately, 40 to
76% of patients of IGBC are found to have residual disease on
surgical reexploration. Most symptomatic patients present

Category Subcategory Description
T Tis Carcinoma in situ
T1 Tla Limited to lamina propria
T1b Invasion of muscular layer
T2 T2a Invasion of perimuscular connective tissue on peritoneal side
T2b Invasion of perimuscular connective tissue on liver side
T3 Perforates serosa and/or invades liver and/or one other adjacent
[stomach, duodenum, colon, pancreas, omentum, extrahepatic bile ducts
T4 Invades main portal vein or hepatic artery or two or more extrahepatic organs
N NO No regional node metastases
N1 Metastasis in 1-3 regional nodes
N2 Metastasis in > 4 regional nodes
M MO No distant metastases
M1 Distant metastases

Abbreviation: AJCC, American Joint Committee on Cancer.
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with inoperable and/or metastatic disease, principally in the
liver. In such situations, palliative chemotherapy is the only
option. In other cases, imaging helps to demarcate GBC into
resectable and nonresectable cancers, which decides further
treatment such as upfront surgery or neoadjuvant chemo-
therapy followed by surgery. In case of borderline resectable
lesions, neoadjuvant chemotherapy followed by surgery is
offered. In operable candidates, the surgery may vary from
radical cholecystectomy to right or extended right hepatec-
tomy. Prior to hepatectomy percutaneous transhepatic bili-
ary drainage (PTBD) and portal vein embolization may be
required.

Cholangiocarcinoma

Introduction
CCAs are usually adenocarcinomas arising from biliary epi-
thelium. CCAs are characterized by slow growth, local inva-
sion, and intense desmoplastic reaction. Metastases are not
common. Combined hepatocellular-CCA (also called bipheno-
typic primary liver cancer) is a distinct type of CCA with
histologic features of both cancers.?*

Based on its location it is classified into IHCC and extra-
hepatic CCA (ECCA). ECCA is much more common, account-
ing for approximately 90% of the CCA.?

1. Intrahepatic: Tumors that arise peripheral to the second-
ary bifurcation of the left or right hepatic duct are
considered IHCC.

2. Extrahepatic:

a. Perihilar CCA (pCCA): Tumors that arise anywhere from
the bifurcation of right and left common hepatic duct
(CHD) up to the insertion of the cystic duct are called
pCCA. When the tumor involves the CHD bifurcation,
they are called Klatskin tumors.

b. Distal CCA (dCCA): Cancers arising between cystic duct
insertion and the ampulla, but not including the
ampulla.

Risk factors and Etiopathogenesis
About 90% patients diagnosed with CCA do not have any
identifiable risk factors, but commonly recognized risk fac-
tors are primary sclerosing cholangitis, hepatolithiasis, liver
fluke infestation, choledochal cyst, and abnormal pancrea-
ticobiliary junction.?®

There are two precursors to CCA: intraductal papillary
mucinous neoplasm of the bile duct (IPN-B) and biliary
intraepithelial neoplasia (BilIN).?” BilIN is not visible on
imaging.?® IPN-B appears as solitary or multiple papillary
lesions within the bile duct lumen and produces a
variable degree of mucin.

Epidemiology, Clinical Presentation in India and
Global

CCA is the second most common cancer of the hepatobiliary
system worldwide after HCC. It is slightly more common in
men, usually diagnosed within 50 to n70 years of age.
Patients with ECCA present with painless progressive jaun-
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dice, which may be associated with abdominal pain and
weight loss. IHCC presents with a liver mass and jaundice is
uncommon.

Imaging Referral Guidelines

1. Multiphasic CT or MRI is recommended for evaluation of
local disease. CT or MR is especially critical in the evalua-
tion of vascular invasion.

2. MRCP is preferred over endoscopic or percutaneous chol-
angiography for evaluation of biliary anatomy and level of
obstruction.

3. CT thorax with or without contrast is necessary for
evaluation of lung metastases.

4. 18-Fluorodeoxyglucose-PET may be considered in the
evaluation of nodal staging, distant metastases, and cases
with suspected relapse.?? It has no role in the diagnosis of
the primary tumor.

5. Biopsy: In case of suspected IHCC, percutaneous biopsy is
indicated. In case of ECCA and some cases of IHCC in non-
cirrhotic patients, who are candidates for surgery, biopsy
may be not necessary if the index of suspicion is high.
Biopsy is indicated in all other cases of ECCA. Biopsy and
biliary drainage should be performed after all imaging
necessary for staging are done as these can interfere with
imaging appearance of the tumor.

Clinical|Diagnostic Workup Excluding Imaging

» CEA and CA 19-9.

» AFP, in case of IHCC if HCC is considered in differentials.
* LFT.

* Viral serology.

+ Serum IgG4, to rule out possible autoimmune cholangitis.' 0
» Endoscopic ultrasound, in cases of ECCA.

Imaging guidelines

Screening

Patients with primary sclerosing cholangitis are recom-
mended to undergo CCA surveillance with MRI/MRCP or
ultrasound and serum CA 19-9 level every 6 to 12 months.>°
Screening recommendation for IHCC is the same as that of
HCC.

Diagnosis

Intrahepatic Cholangiocarcinoma

Mass-forming IHCC appears as an irregular but well-defined
mass, often associated with upstream peripheral biliary
dilatation. It can invade the portal vein and adjacent liver
forming satellite nodules. The typical multiphasic CT/MRI
finding of IHCC is a well-defined mass that shows irregular
continuous rim-like enhancement in the hepatic arterial
phase with gradual centripetal enhancement on portal ve-
nous and delayed phases.>! Additionally, MRI with gadoben-
ate agent shows peripheral hypointensity with contrast
retention at the center in the hepatobiliary phase. Other
characteristic findings include rim-like diffusion restriction
and overlying liver capsular retraction.3?
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Table 3 TNM staging of intrahepatic cholangiocarcinoma—A|JCC 8th edition

Category Subcategory Description
T Tis Carcinoma in situ
T Tla Solitary tumor without vascular invasion, size <5cm
T1b Solitary tumor without vascular invasion, size >5cm
T2 Solitary tumor with vascular invasion or multiple tumors
T3 Tumor perforating visceral peritoneum
T4 Tumor invading local extrahepatic structures
N NO No regional node metastases
N1 Regional node metastases
M MO No distant metastases
M1 Distant metastases

Abbreviation: AJCC, American Joint Committee on Cancer.

Extrahepatic Cholangiocarcinoma

ECCA are often not seen on ultrasound but can be identified
by presence of biliary dilatation. Klatskin tumor presents as
focal hypoechoic mass at liver hilum with nonunion of right
and left hepatic ducts. Distal cancers present as dilatation of
common bile ducts (CBDs). CT shows the extent of ductal
obstruction and vascular involvement by the tumor. CT has
moderate diagnostic value in nodal staging. MRCP is pre-
ferred for demonstration of the bile duct anatomy. Both CT
and MRI show an ill-defined mass and/or long segment
asymmetric irregular wall thickening of bile duct. Progres-
sive enhancement in delayed phases is characteristic.

Staging

The AJCC 8th edition recommended different staging strate-
gies for ICCA, pCCA, and dCCA. The staging for ICCA and dCCA
isgiven in =~Tables 3 and 4, respectively. The Memorial Sloan-
Kettering Cancer Center classification for pCCA is discussed
in =Table 5 as it takes into consideration vascular invasion,
extension of biliary involvement, and degree of liver lobar
atrophy which are surgically relevant information.

After resectability of pCCA is established liver volumetry
is sometimes necessary to calculate the functional liver
residue (FLR) after resection.

Management
Role of IR in biliary malignancy:

Biliary Procedures

Therapeutic access to the biliary system is mainly limited
to endoscopic or percutaneous biliary procedures. Many
percutaneous transhepatic biliary interventions are applica-
ble for the diagnosis and treatment of biliary system pathol-
ogies. The fundamental procedures are:

» Percutaneous transhepatic cholangiography.
* Internal/external biliary drainage.

* Biliary stenting.

» Endobiliary biopsy techniques.

* Intraluminal brachytherapy.

PTBD is an image-guided therapeutic procedure where
bile duct is cannulated followed by external or internal/
external catheter drainage of bile. PTBD is usually reserved

Table 4 TNM staging of distal cholangiocarcinoma—A]CC 8th edition

Category Subcategory Description
T Tis Carcinoma in situ/high-grade dysplasia
T1 Tumor invades bile duct wall with a depth of <5mm
T2 Tumor invades bile duct wall with a depth of 5-12 mm
T3 Tumor invades bile duct wall with a depth of >12mm
T4 Tumor involves celiac axis, superior mesenteric or common hepatic artery
N NO No regional node metastases
N1 Metastasis in 1-3 regional nodes
N2 Metastasis in > 4 regional nodes
M MO No distant metastases
M1 Distant metastases

Abbreviation: AJCC, American Joint Committee on Cancer.
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Table 5 MSKCC classification of perihilar cholangiocarcinoma
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Classification Biliary involvement

Portal vein invasion Liver lobe atrophy

T1 Hilum =+ unilateral second order bile ducts No No
T2 Hilum =+ unilateral second order bile ducts Ipsilateral Ipsilateral
T3 Hilum =+ bilateral second order bile ducts Any Any

Hilum 4 unilateral second order bile ducts

Contralateral Any

Hilum % unilateral second order bile ducts

Any Contralateral

Hilum =+ unilateral second order bile ducts

Bilateral Any

Abbreviation: MSKCC, Memorial Sloan-Kettering Cancer Center.

for when endoscopic intervention fails or if there is high
intrahepatic obstruction.?

Biliary stenting usually follows percutaneous transhepatic
biliary drainage. Plastic stents and self-expandable metal
stents are available options, but selection varies on reinter-
vention risk and life expectancy. Self-expanding metal stents
are more commonly used malignant strictures.

Percutaneous transhepatic endobiliary biopsy can be per-
formed with varying techniques that include exfoliative
cytology of bile aspirates, intraluminal brush biopsy, and
intraluminal forceps biopsy. They are generally reserved
when endoscopic access is failed or unsuccessful. Endobili-
ary biopsy techniques are more successful in establishing a
diagnosis of malignancy in small biliary tumors limited to
CBD or periductal infiltrating CCA which are difficult for
percutaneous access. Forceps biopsy has the highest sensi-
tivity among all sampling techniques.34-3®

Intraluminal brachytherapy is a percutaneous palliative
intervention that involves catheter-mediated delivery of
radiation to malignant biliary strictures. Intraluminal
brachytherapy can improve obstructive jaundice, stent pa-
tency, and increase patient survival.>’

Portal Vein Embolization

Portal vein embolization (PVE) of the segments to be
resected may benefit patients who undergo aggressive liver
resection so that the residual liver may hypertrophy before
surgery.>®

Follow-Up
For patients undergoing chemotherapy or in postoperative
period, surveillance imaging with multiphasic CT/MRI
is recommended after treatment for every 3 to
6 months for the first 2 years and every 6 to 12 months
for 5 years.

Follow-up imaging after biliary procedures is necessary
for evaluation of stent function. A functioning stent
usually shows reduction or resolution of biliary
dilatation and pneumobilia of the drained portion of the
liver. Common causes of stent blockage are tumor ingrowth
and sludge.

Following PVE, a repeat volumetry is necessary to docu-
ment hypertrophy of the contralateral liver and calculate
FLR.

Summary of Recommendations

1. Ultrasound is a screening tool in hepatobiliary malignan-
cy which includes screening for hepatocellular cancer in
high-risk patients.

2. Multiphasic CT is the primary imaging modality for initial
staging and preoperative evaluation of hepatobiliary
malignancy.

3. MRIis used for problem solving; especially in the diagno-
sis of liver nodules and delineation of biliary anatomy.

4. Bone scan is recommended in suspected/diagnosed cases
of HCC with bone symptoms. PET-CT scan has limited
application in CCA.

5. For follow-up of treated hepatocellular cancer, measure-
ment of viable lesions as per mRECIST criteria is
recommended.

6. Volumetry is essential before liver resection in HCC and
CCA.
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