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Introduction

Gallbladder cancer (GBC) is a highly aggressive malignancy with dismal prognosis. GBC
is characterized by marked geographic predilection. GBC has distinct morphological
types that pose unique challenges in diagnosis and differentiation from benign lesions.
There are no specific clinical or serological markers of GBC. Imaging plays a key role not
only in diagnosis and staging but also in prognostication. Ultrasound (US) is the initial
test of choice that allows risk stratification in wall thickening and polypoidal type of
gallbladder lesions. US findings guide further investigations and management. Com-
puted tomography (CT) is the test of choice for staging GBC as it allows comprehensive
evaluation of the gallbladder lesion, liver involvement, lymph nodes, peritoneum, and
other distant sites for potential metastases. Magnetic resonance imaging (MRI) and
magnetic resonance cholangiopancreatography allow better delineation of the biliary
system involvement. Contrast-enhanced US and advanced MRI techniques including
diffusion-weighted imaging and dynamic contrast-enhanced MRI are used as problem-
solving tools in cases where distinction from benign lesion is challenging at US and CT.
Positron emission tomography is also used in selected cases for accurate staging of the
disease. In this review, we provide an up-to-date insight into the role of imaging in
diagnosis, staging, and prognostication of GBC.

survival rate of less than 5% in stage Il or IV tumors.? There

Gallbladder carcinoma (GBC) is the most common biliary  are several histological subtypes, with 90% of the cases being
tract malignancy, with a distinct geographic and demo-  epithelial origin adenocarcinoma.>* GBC typically arises as a
graphic distribution.! It carries a dismal prognosis when  mucosal lesion, involving a part or the entire wall of the
diagnosed at an advanced stage, with a reported 5-year  gallbladder (GB). There is a tendency for early invasion and
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rapid pathological progression due to the lack of muscularis
mucosa and submucosa in the GB wall.> This is especially
seen along the adjacent hepatic surface, where the connec-
tive tissue of the GB is continuous with the interlobular
connective tissue of the liver.

Clinical presentation is often vague with nonspecific signs
and symptoms, contributing to an unresectable disease
status at the time of initial diagnosis.® Imaging plays an
essential role in the management of GBC. However, it may be
challenging to detect early GBC due to nonspecific imaging
features that may overlap with other benign GB lesions.”-3
Furthermore, appropriate interpretation of the imaging
findings is essential for accurate staging, thus guiding the
overall surgical extent and management plan. Recent
advancements in various imaging techniques have broad-
ened the horizon of the role of preoperative imaging in
patients with GBC. Additionally, with the advent of radio-
mics, radiogenomics, and artificial intelligence (AI) in the
field of medical imaging, breakthrough advances have taken
place in the application of imaging for not only detecting the
GBC but also for molecular characterization, prognostication,
and predicting the overall course of the disease.”'? This
article reviews the updated role of imaging in the diagnosis,
staging, and prognostication of the GBC.

Morphological Types of Gallbladder
Carcinoma

Traditionally, three morphological subtypes of GBC have
been identified: mass-replacing GB, wall thickening, and
intraluminal polypoid type of GBC, of which mass-replacing
GB is the most common subtype (=~Figs. 1-3)8 Recently, a
fourth morphological pattern, a combined type of GBC, with
imaging features of both mass-type and thickening-type GBC
(~Fig. 4), has been described."" The morphological type of
GBC has diagnostic implications as well as dictates the
pattern of spread and overall prognosis of the patient.
Mass-replacing the normal GB lumen, or the GB fossa,
accounts for 40 to 70% of all GBC cases.® Compared to other
forms of GBC, these tumors are typically easier to recognize
and exhibit early invasion of neighboring tissue.'? On trans-
abdominal ultrasound (US), they present as a large hetero-

geneous, ill-marginated masses, with or without internal
vascularity, with normal GB not separately visualized. Asso-
ciated gallstones, tumoral or wall calcifications, and liver,
biliary, and vascular involvement may be seen. Additionally,
discrete liver metastasis, omental, and peritoneal disease can
be visualized. On computed tomography (CT), they typically
appear as poorly marginated hypodense masses with het-
erogeneous enhancement and areas of necrosis in larger
tumors.®1213 Up to 40% of the lesions show hypervascular
foci of enhancement equal to or greater than that of the liver.
On magnetic resonance imaging (MRI), they usually show
heterogeneous high signal intensity on T2-weighted (W)
images, and low to isointense signal intensity on T1-W
images with diffusion restriction and heterogeneous en-
hancement.? %1413 There may be delayed retention of con-
trast in the areas of fibrosis. Moreover, cross-sectional
imaging clearly defines the disease’s distant and locoregional
spread.

Wall thickening is a nonspecific manifestation of various
local GB pathologies as well as systemic diseases. Accurate
characterization of GB wall thickening is often challenging,
especially in subacute to chronic clinical presentations.'®
Twenty to 30% of all GBC cases manifest as wall thickening
on imaging.® They are often misdiagnosed as benign lesions,
present at a later stage, and have a higher propensity for
perineural invasion and involvement of porta hepatis.

Focal, asymmetric mural thickening, with loss of integrity
of the mucosa and a loss of layered appearance typically
favors a malignant over a benign cause of GB wall thicken-
ing.'>'® Lack of intramural features (echogenic foci or intra-
mural nodules) and an indistinct interface with adjacent liver
parenchyma are also more commonly encountered with
GBC. This is in contrast to benign thickening, which typically
has a preserved layered appearance and distinct interface
with the liver. A useful sign, “cervix-sign,” has been described
in association with malignant GB wall thickening involving
the neck region, which is a potentially challenging area to
evaluate.!”” On CT, malignant wall thickening is typically
irregular and asymmetric, with an indistinct interface with
the adjacent liver parenchyma.'>'® Various types of en-
hancement patterns have been described in the literature
for the characterization of GB wall thickening. Kim et al

Fig. 1 Mass-forming type of gallbladder cancer. Grayscale ultrasound (A), axial (B) and coronal (C) T2-weighted magnetic resonance imaging,
and axial computed tomography (D) images showing the mass-forming type of gallbladder cancer (asterisk) replacing the normal gallbladder,

infiltrating into the adjacent liver and biliary radicles.
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Fig. 2 Axial T2-weighted (A) and postcontrast T1-weighted (B) images of a 54-year-old male with IgG4 cholecystitis showing focal mural
thickening involving the gallbladder fundus with preserved mural stratification (arrows, A, B). Axial T2-weighted (C) and postcontrast
T1-weighted (D) images of a 50-year-old lady with gallbladder carcinoma showing single-layered heterogeneous enhancement of focal

thickening involving the fundus of the gallbladder (arrows).

Fig. 3 A 45-year-old female with malignant polypoidal gallbladder
lesion (biopsy-proven adenocarcinoma of the gallbladder). Grayscale
ultrasound image shows the echogenic polypoidal lesion within

the gallbladder lumen (A). Axial contrast-enhanced computed
tomography image shows heterogeneous contrast enhancement of
the polypoidal lesion (B). Note the lesion is confined within the
gallbladder lumen (arrow, C).

identified five patterns of mural enhancement in diffuse wall
thickening. Two-layered patterns with strong enhancement
of the thick inner layer and weak enhancement of the outer
layer and single-layered pattern with a heterogeneously

enhancing wall favored malignant GB wall thickening.'”
Corwin et al described six different enhancement patterns
in focal GB wall thickening, with enhancement of the entire
focal fundal thickening and heterogeneous enhancement of
the focal fundal wall thickening without discrete cystic
spaces, suggesting malignant cases.?% This is in contrast to
benign causes of GB wall thickening, which typically show a
continuous mucosal line and intramural features (cysts
and/or nodules) with a preserved interface with the liver.

On MRI, malignant GB wall thickening shows heteroge-
neous T2-W hyperintense/T1-W hypointense to isointense
signal intensity with nodular thickening and loss of layered
appearance.2 Furthermore, the presence of patchy, inhomo-
geneous, intense diffusion restriction favors malignant wall
thickening and typically has lower apparent diffusion coeffi-
cient (ADC) values. The presence of T1-W hyperintensity
within the wall of GB, or lumen, and the “T2 necklace sign”
favored benign GB wall thickening.?' As with mass-forming
GBC, the presence of extramural invasion and biliary and
vascular involvement is characteristically seen in malignant
GB wall thickening.?

While the vast majority of GB polyps are benign, the
intraluminal polypoid type of GBC constitutes an important
morphological subtype of GBC as they are usually well-
differentiated and often incidentally detected, thus carrying
a better prognosis. They account for 15 to 25% of all the cases
of GBC.2 Malignant GB polyps tend to be larger (> 1cm) and
more heterogeneous as compared to the benign
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Fig. 4 A 42-year-old with combined type of gallbladder cancer. Sagittal (A) and coronal (B) reformatted contrast-enhanced computed
tomography images show the asymmetrical mural thickening involving the body and neck of gallbladder with a peripherally enhancing mass in
contiguity with the thickening extending into the adjacent liver parenchyma. Note the necrotic periportal lymph nodes (arrow, C) and replaced
right hepatic artery encased within the mass (D). Depiction of the exact locoregional extent including the vascular anatomy is crucial for surgical
planning and staging of the disease which is well depicted with contrast-enhanced computed tomography and its multiplanar capabilities.

counterparts.zz'23 Sessile morphology with a nodular surface
is another sinister feature.'?' In contrast to intraluminal
tumefactive sludge, they typically do not change in position
and show internal vascularity on color Doppler US. While US
suffices in most cases of GB polyps, cross-sectional imaging
may be helpful in equivocal cases. Similar morphological
features, along with hyperenhancement, have been de-
scribed on CT and MRI, favoring malignant over benign GB
polyps. Additionally, cross-sectional imaging more readily
depicts the extraluminal spread in cases of malignant
polyps.212:15

The fourth pattern, combined type, shows imaging fea-
tures of both the thickening type and the mass-replacing
GBC, posing a unique diagnostic dilemma. Although the
morphological features are similar to mass-replacing GBC,
it characteristically grows exophytically into the liver paren-
chyma rather than replacing the GB. If the GB wall thickening
is missed, this lesion may be misdiagnosed as a primary or
metastaticliver lesion. A greater chance of liver metastases in
combined-type GBC has been described in comparison to
other morphological types.11

Gallbladder Carcinoma Spread

GBC disseminates via multiple pathways. Direct invasion
into adjacent organs is the most common mode. Predomi-
nantly, the liver (65%) is involved by direct invasion, followed
by the large bowel and the small bowel (15%).'? Lymphatic
vessels serve as conduits for tumor cell migration, facilitating
metastasis to regional and distant lymph nodes. Lymphatic
invasion occurs frequently (35-75%), especially through the
pericholecystic lymphatics and follows distinct drainage

routes including the cholecysto-retropancreatic, chole-
cysto-celiac, and cholecysto-mesenteric pathways, ultimate-
ly converging at the retroperitoneal lymph nodes.®?* Liver
metastases can also occur through lymphatic (along Glisso-
nian pedicles) or hematogenous (via the cystic vein into the
liver parenchyma) routes. High prevalence of perineural
invasion can be attributed to the rich autonomic innervation
of the GB and biliary tract. This mode of spread is frequent
with high-grade GBC which contributes to challenges in
achieving curative resections and heightens the risk of early
recurrence.’

Distant metastases in GBC are mostly via hematogenous
spread, which predominantly afflict the liver, peritoneum,
and lungs (2,7,24). Uncommon metastatic sites including the
ovaries, bone, brain, vertebra, cheek, and heart, have been
documented.?>-30

Understanding these diverse mechanisms of spread is
crucial for elucidating the intricate pathophysiology of GBC
and informing clinical management strategies.

Imaging Techniques

Ultrasound

US is the initial imaging technique for the evaluation of
patients with suspected GB pathologies.>’ Some of the key
benefits of the US include easy availability, cost-effective-
ness, lack of ionizing radiation, and the real-time dynamic
nature. US findings guide further investigations. The
reported sensitivity and accuracy in the diagnosis of locally
advanced GBC are 85 and 80%, respectively.>? However, the
sensitivity of the US for the detection of GB lesions is
governed by several patient-related and technical factors.
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GB-RADS score | Risk category (probability Lexicon descriptors Management
of malignancy)

0 Inadequate evaluation dueto | Morbid obesity Repeat ultrasound in selected
technical or patient factorsor | Wall-echo-shadow complex cases. Consider multiphasic
gallbladder-related factors Porcelain gallbladder contrast-enhanced CT/MRI after
(N/A) Gas in the gallbladder lumen multidisciplinary discussion

1 Normal Adequate gallbladder distension No additional imaging or follow-up

Wall thickness < 3 mm
2 Benign (< 2%) Symmetric circumferential thick- No additional imaging or follow-up
ening with or without intramural needed
changes or focal thickening with
intramural changes
Layered appearance
3 Equivocal (2-50%) Circumferential thickening Consider multiphasic contrast-
without layered appearance enhanced CT/MRI after
Focal thickening without intramu- multidisciplinary discussion
ral features (cysts or echogenic
foci) or layered appearance
Distinct interface with liver
4 Malignancy is likely (50-90%) | Circumferential or focal thickening | Multiphasic contrast-enhanced
without layered appearance and CT/MRI
with loss of interface with liver

5 Malignancy is highly likely Same as GB-RADS 4 with definite Multiphasic contrast-enhanced
(>90%) extramural invasion as suggested CT/MRI

by one of the following:

Biliary or vascular involvement by
direct extension of mural thicken-
ing

Liver mass in contiguity with the
mural thickening

Abbreviations: CT, computed tomography; GB-RADS, gallbladder reporting and data system; MRI, magnetic resonance imaging; N/A, not applicable.

Note: Modified from Gupta et al.3*

In fact, a few studies report poor sensitivity of the US even
for advanced disease.'® This is particularly true for the
wall-thickening type of GBC, which is often challenging to
diagnose.>> A new stratification system, the GB reporting
and data system (GB-RADS), has been formulated for risk
stratification of GB wall thickening on US, with the intent
to increase the accuracy of detection of malignant lesions
(~Table 1 and ~Fig. 5).3* A single-center multireader
validation study for assessing the performance of
GB-RADS has shown promising results; however, further
larger multicenter studies are needed for testing its accu-
racy for wider clinical utilization.>® Few other studies have
evaluated the diagnostic performance of GB-RADS com-
bined with other advanced US techniques. Wang et al
combined color Doppler with GB-RADS for GBC detection.
They reported that the sensitivity and accuracy of
GB-RADS was 82.5 and 83.8% while that of GB-RADS
combined with color Doppler was 96.2 and 95.2%, respec-
tively.3® Boccatonda et al also proposed that the diagnostic
performance of contrast-enhanced US (CEUS) combined
with GB-RADS may be better than GB-RADS alone.>’ Zhu
et al compared GB-RADS with multiparametric high frame
rate CEUS for characterization of GB wall thickening and
reported better accuracy of high frame rate CEUS in
comparison to GB-RADS.>8

GB polyps are commonly seen on US. Most polyps are
benign. However, distinguishing benign and malignant polyp
is critical. Although the US remains the primary investigative
modality for evaluating polypoidal lesions of GB, it has a
higher false-positive rate, leading to unnecessary cholecys-
tectomies. A systematic review by Martin et al which includ-
ed 14 studies with a total of 1,259 patients with polyps,
reported a false positive rate of 85.1% for the diagnosis of true
GB polyps when compared with pathological findings, al-
though their results may be biased by relative lack of the size
criteria and homogeneity of the included studies.3® Pickering
et al also reported a low positive predictive rate of only 4.5%
for detecting neoplastic GB polyps.*® Similar studies by Li
et al*! and Metman et al*? found false positive rates of 72.5
and 95.4%, respectively.

Despite these shortcomings of the US, it is still the
preferred imaging modality for detection and risk stratifica-
tion of GB polyps.?2?3 In a recent expert consensus confer-
ence, the Society of Radiologists in Ultrasound provided
recommendations for the management of incidentally
detected GB polyps at US.?> On the basis of their morphologic
features and size, GB polyps are stratified into three catego-
ries. The morphological features that characterize extremely
low-risk polyps include a pedunculated polyp with a “ball-
on-the-wall” configuration or thin stalk. Low-risk polyps are
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Fig. 5 Transabdominal ultrasound images showing various categories of gallbladder reporting and data system (GB-RADS). (A) GB-RADS 0-Wall
echo-shadow complex (asterisk) limiting adequate evaluation of the gallbladder wall. (B) GB-RADS 2-Symmetric circumferential mural thickening with
layered appearance and cholelithiasis suggestive of typically benign thickening. (C) GB-RADS 2-Typical benign gallbladder wall thickening with intramural
echogenic foci (arrow). (D) GB-RADS 3-Focal thickening without intramural features or layered appearance and preserved interface with liver (white arrow).
(E) GB-RADS 4-Asymmetric circumferential mural thickening without layered appearance and with loss of interface with liver (white arrow). (F and G)
GB-RADS 5-Asymmetric circumferential mural thickening without layered appearance, loss of interface with liver, and associated liver mass contiguous with
mural thickening (asterisk). Note the biliary involvement by the mass (G, arrow).

pedunculated with a thick or wide stalk or have a sessile
configuration and intermediate-risk polyps have focal wall
thickening adjacent to the polyp. The management and
follow-up recommendations for each category are based
on the premise that most malignant polyps are larger and
grow faster than most nonmalignant polyps.

In comparison to conventional US, high-resolution US has
a higher diagnostic accuracy for differentiating benign and
malignant GB wall thickening, GB polyps, and assessing the
depth of invasion.'®*3 Detailed evaluation of the GB wall
features is crucial for accurate risk stratification, which is
achievable with high-resolution US and using advanced
techniques like harmonic imaging. A systematic review by
Rana et al highlights the importance of detailed evaluation of
the GB wall for risk stratification in a nonacute setting.16
They found presence of echogenic foci, lack of wall disrup-
tion, and hypoechoic nodules as features favoring benign
thickening with a sensitivity of 89, 77, and 66%, respectively,
and specificity of 86, 51, and 80%, respectively. Focal thick-
ening and indistinct interface with liver had a sensitivity of
75 and 55%, respectively, and specificity of 64 and 69%,
respectively, for the diagnosis of malignant wall thickening.

Color Doppler Ultrasound

Numerous studies have assessed the value of color Doppler in
differentiating benign and malignant GB lesions.*~*® Hay-
akawa et al reported a mean peak flow velocity of 49.4 +12.6
cm/s in patients with GBC versus the control nonneoplastic
group, in which the mean peak flow velocity varied between

11.5+2.6 and 28.6+4.6cm/s*’ Li et al demonstrated a
higher mean blood flow velocity of 35.8 +7.67 cm/s in GBC
versus benign lesions.*® Pradhan et al also found an improved
detection rate of GBC with the addition of color Doppler to
US.* Lower resistive index and higher peak systolic velocity
in malignant GB polyps in comparison to benign GB polyps
have been reported.*® Although, the detection of color flow
within the lesion supports GBC, its absence does not exclude
it. Moreover, accurate quantification of color flow may be
technically challenging.>®

Shear Wave Elastography

Limited number of studies have evaluated the role of shear
wave elastography (SWE) in differentiating between benign
and malignant GB wall thickening (~Fig. 6).>' 3 Soundarar-
ajanetalreported a shear wave velocity of34.99 + 17.77 kPain
an abnormal area of GB in GBC, while velocity was
18.27 +8.12 kPa in an uninvolved region of GB.>? These values
were significantly higher as compared to those of the benign
group (12.27 +4.13 kPa) and the control group (10.52 4+3.75
kPa). Kapoor et al reported a sensitivity of 100% and a
specificity of 91.3% for diagnosing GBC at the cutoff elastog-
raphy value of 2.7 m/s.>3 Despite promising results in these
studies, the precise clinical utility and technical feasibility of
SWE for evaluating GBC is yet to be fully explored.

Contrast-Enhanced Ultrasound
There has been a growing interest in CEUS for the diagnosis and
characterization of GB lesions. A systematic review and meta-
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Fig.6 Transabdominalultrasound grayscaleimage (A) of a 56-year-old female with malignant gallbladder wall thickening involving the body and
neck region (arrow). There were significantly elevated elastography values in the involved wall (43.85-43.98 kPa) (B, C) as compared to

the uninvolved wall (6.78 kPa) (D).

analysis by Cheng et al found CEUS as a promising tool for
differentiating benign and malignant GB lesions (pooled sensi-
tivity and specificity of 0.81).>* Comparing CEUS to conventional
US, Zhang et al°> and Numata et al*® found significantly higher
sensitivity, specificity, and diagnostic accuracy for distinguish-
ing various GB pathologies. Dong et al reported the association
of several CEUS features like arterial-phase irregular intrale-
sional vascularity, late-phase hypoenhancement, destruction of
the GB wall, and infiltration of the adjacent liver with GBC.>’
Boddapati et al found disruption of GB wall, intralesional non-
enhancing areas, liver involvement, and arterial phase hyper-
enhancement to be significantly associated with malignant
lesions.”® Similar CEUS features supporting GBC over benign
diseases were reported by a number of other studies, including a
meta-analysis by Wang et al.>~®'

Several studies have reported the promising role of CEUS
in identification of malignant GB wall thickening.%>~%° Focal
thickening, discontinuity of outer and inner layers, increased
vascularity, branched or linear intralesional vessels, early
washout time of 40 second or less, and inhomogeneous and
early hypoenhancement favor malignant GB wall thickening.
In a study by Yuan et al, CEUS was found superior to the
conventional US for differentiation of GBC from xanthogra-
nulomatous cholecystitis (XGC). The continuous inner wall,
hypoenhancement time of more than 80.5 seconds, diffuse
GB wall thickening and enhancement, and intramural hypo-
echoic nodules were the pointers toward nonmalignant wall

thickening.®® Tang et al also reported better demonstration
of intact GB wall and nonenhancing “Rokitansky-Aschoff
sinuses” for diagnosing adenomyomatosis with CEUS.%*

CEUS is also a problem-solving tool for differentiation of
sludge from soft tissue by demonstration of perfusion within the
soft tissue. In the presence of calculi, the enhancing soft tissue
may be better appreciated as compared to conventional Us.%

Promising findings have also been found in studies assess-
ing the utility of CEUS in GB polyp characterization.®’ "' Ina
study of 93 patients, the presence of CEUS imaging findings
such as irregular vessel patterns and perfusion defects
yielded 94% sensitivity and 93% specificity for diagnosing
malignant GB polyps.®” Similar results were shown by Miwa
et al, who used dilated irregular vessels and heterogeneous
enhancement within the polyp as diagnostic criteria for
malignant GB polyps.”°

Computed Tomography

Contrast-enhanced computed tomography (CECT) is current-
ly the workhorse for the evaluation of patients with sus-
pected GBC. With its multiplanar reconstruction ability and
various postprocessing techniques, CT allows precise and
comprehensive anatomical delineation, accurate tumor and
future liver remnant volume computation, and vascular map
generation, which are crucial for surgical planning.13 It has
an accuracy of 83.9, 85, and 100% in determining the local
extent, predicting resectability, and determining the hepatic
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Fig. 7 Multiplanar reformatted contrast-enhanced computed tomography image of a 56-year-old male with malignant gallbladder wall
thickening. Sagittal (A) and axial (B) images show the ill-marginated hypoenhancing mural thickening involving the neck of the gallbladder
infiltrating into the adjacent liver parenchyma causing biliary radicals cutoff with resultant intrahepatic biliary radical dilatation. Axial (C) and
coronal (D) images show the extent of the disease with periportal lymphadenopathy (arrowhead, C) and omental nodules (arrow, D).

and vascular invasion, respectively.'>7273 The optimal CT
protocol involves multiphase acquisition in the arterial and
portal venous phases. In cases of suspected gastric or duo-
denal obstruction due to local spread, one may administer
positive oral contrast. While US is still superior in depicting
subtle mucosal irregularities and gallstones, CT provides
more accurate assessment of the depth of invasion and
depiction of the entire tumor burden (~Fig. 7).50-627475

The accuracy of CT may also vary depending on the stage
and type of tumor. According to Kim et al, the overall
accuracy of CT for staging GBC was 71%; it was 79% for T1
and T2 tumors, 46% for T3 tumors, and 73% for T4 tumors.
Furthermore, they reported a lower overall accuracy for
staging wall-thickening types of GBC in comparison to
mass-forming and polypoidal types of GBC.”> A study by
Kalra et al reported similar results.'> While dual-energy CT
(DECT) has been extensively studied to evaluate gallstones,
limited studies report its role in the evaluation of GBC
(=~Fig. 8). Pruthi et al found that lower KeV data sets and
iodine maps performed better for characterizing GB wall
thickening, with malignant GB thickening being associated
with increased iodine uptake.”® Another recent prospective
study reported DECT to be useful in a subset of patients with
GB wall thickening to differentiate XGC from GBC.”’

Magnetic Resonance Imaging

MRI is being increasingly used for the evaluation of suspected
GBC and as a problem-solving tool.? Owing to its higher soft
tissue contrast resolution and better ability to depict biliary
anatomy, it facilitates more accurate delineation of early-stage
GBC and the disease extent assessment. Magnetic resonance
cholangiopancreatography (MRCP), diffusion-weighted imag-
ing (DWI), and post-gadolinium dynamic contrast-enhanced
imaging (DCE-MRI) are included in the MRI protocol, besides
routine T1-W and T2-W sequences.?

MRI has a better sensitivity in comparison to CT for detect-
ing adjacent hepatic invasion (reported sensitivity of 85.7-
100%) and nodal metastasis (reported sensitivity of
92%; =Fig. 9).>7% Kim et al, in their study on 86 patients
with proven GBC, reported an accuracy of 84% for MRI com-

prising MRCP and DCE sequences.” The sensitivity of MRI with
MRCP was shown to be 100% for hepatic invasion and 92% for
nodal involvement in another retrospective study by Schwartz
et al.® The use of DWI can be potentially helpful in differenti-
ating GBC from benign polyps.88? Yoshioka et al found
considerably lower ADC levels in the GBC than adenomas.?>
Kim et al reported a lower mean ADC value of
146+045x10> mm?/s in the GBC group versus
2.16+0.56 x 10~ mm?/s in the cholecystitis group.®* Kita-
zume et al demonstrated better specificity and accuracy when
combining DWI with suspicious morphological features for
differentiating benign and malignant GB lesion on MRL& DWI
also adds to the detection of liver, peritoneal, and lymph nodal
metastasis.>3%-8" Recent studies have also reported the value
of ADC in predicting tumor differentiation and prognosis after
surgery.8%87 MRI has also been found superior to CT in the
characterization of GB wall thickening. A study by Kalage et al
reported superior performance of MRI over CT in the charac-
terization of wall thickening. At MRI, heterogeneous enhance-
ment, indistinct interface with liver, and diffusion restriction
were significantly associated with malignancy, while the
intramural cysts favored a benign lesion.?®

With DCE-MRY, the lesion can be characterized better and
the liver parenchyma can be assessed for tumor infiltration
and metastatic disease.” Heterogeneous single-layered en-
hancement patterns and two-layered enhancement patterns
with thick inner layers favor malignant thickening
(~Fig. 5).%° Studies by Takashima et al and Kalage et al
reported a steeper time intensity curve in GBC.8%%0 Yoshi-
mitsu et al studied the role of DCE in differentiating GB
polyps. They reported that malignant GB polyps tend to
demonstrate early, prolonged enhancement without wash-
out on MR, compared to benign polyps.°’

In a recent work by Kalage et al, utility of multiparametric
MRI for characterizing GB wall thickening was evaluated. They
used quantitative sequences (DCE-MRI, intravoxel incoherent
motion [I[VIM], and diffusion tensor imaging [DTI]) in addition to
conventional MRI sequences (that included DWI). Compared to
conventional MRI, multiparametric MRI had a better sensitivity
for detecting malignancy in GB wall thickening. Between the
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Fig.8 Dual-energy computed tomography for malignant gallbladder mass. Axial images (A, B) show the heterogeneously enhancing gallbladder
mass with increased iodine update. The discrete liver lesions were less conspicuous on higher energy (140 keV) image as compared to lower

energy (80 keV) image which has a higher contrast resolution.

benign and malignant groups, there were significant differences
inthe quantitative MRI parameters (time-to-peak enhancement
in DCE-MRI, mean diffusivity in DT, and perfusion fraction in
IVIM). Despite these advantages, multiparametric MRI could not
differentiate XGC from GBC.%

Positron Emission Tomography

Although CT is still the most often used diagnostic method for
evaluating GBC, few have shown that F-18 fluorodeoxyglucose
(FDG)-positron emission tomography (PET) is a helpful imag-
ing modality for GBC.”>=° For the diagnosis of GBC, a meta-
analysis revealed sensitivity of 87% and a specificity of 78% of
FDG-PET.?? Parida et al reported a pooled sensitivity of 96, 95,
and 75% for nodal disease, metastatic disease, and local disease
extent, respectively.’> However, its usefulness may be limited
because benign GB diseases may also exhibit FDG uptake.
Pericleous et al demonstrated that GBC could not be reliably
confirmed by FDG-PET CT.?? Currently, it is still less frequently
utilized for primary GBC diagnosis and more frequently for
staging, assessing treatment response, and identifying tumor
recurrence and occult metastases.

Staging

GBC staging has evolved through the adoption of the American
Joint Committee on Cancer (AJCC) system, now employing the

8th edition since January 1,2018.%° It utilizes the TNM staging
system which assesses the three primary factors: the extent of
tumor spread based on tumor size (T), lymph node involve-
ment (N), and distant metastasis (M; =Table 2).

Tumor invasion depth (T) remains pivotal in determining
suitable surgical approaches for potentially resectable tumors.
Notably, the 8th edition introduces a refined classification of T2
tumors (confined to the GB wall), distinguishing betweenT2a and
T2b based on peritoneal and hepatic side involvement, respec
tively.”® This approach acknowledges differing tumor behaviors
and prognostic implications. Studies have underscored distinct
rates of vascular and neural invasion and nodal metastases
between T2a and T2b tumors, advocating for potential adjuvant
therapies in T2b tumors owing to their heightened metastatic
potential.”” In the AJCC 8th edition, lymph nodes >10 mm along
the hepatoduodenal ligament are categorized as N1 or N2 based
on the number of involved nodes. Number rather than location of
the positive nodes emerges as a prognostic determinant.*®

Role of Imaging in GBC Staging

Endoscopic Ultrasound

Endoscopic US (EUS) allows precise T staging as it demon-
strates the layered structure of the GB wall. EUS is also useful
for N staging of GBC specifically for assessment of celiac and
aortocaval nodes.?®~ 10"
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Fig. 9 Magnetic resonance cholangiopancreatography (MRCP) depiction of detailed biliary involvement in gallbladder cancer. Axial (A) and
coronal (B) computed tomography images show the asymmetric mural thickening of the gallbladder with infiltration into the adjacent liver
parenchyma (arrow, A) and periportal lymphadenopathy (arrow, B) causing biliary cutoff, just below the primary confluence. Corresponding
MRCP image (C) shows the exact site and extent of biliary involvement which is important for surgical and biliary intervention planning.
T2-weighted coronal image (D) of another patient shows a malignant gallbladder mass (arrow) showing diffusion restriction (E [diffusion-
weighted imaging [DWI] 800], F [apparent diffusion coefficient [ADC]), involving the bile duct, just below the primary confluence which is well
depicted by the MRCP image (G).

Table 2 8th AJCC staging definitions for GBC

Stage Definition

T1 Tumor invades lamina propria or muscular layer

T2a Tumor invades perimuscular connective tissue on the peritoneal side, without involvement of the serosa
(visceral peritoneum)

T2b Tumor invades perimuscular connective tissue on the hepatic side, with no extension into the liver

T3 Tumor perforates serosa (visceral peritoneum) and/or directly invades the liver and/or one other adjacent
organ or structure

T4 Tumor invades main portal vein or hepatic artery or invades two or more extrahepatic organs or structures

NO No regional lymph node metastasis

N1 Metastases to 1-3 regional lymph nodes

N2 Metastases to >4 regional lymph nodes

MO No distant metastasis

M1 Distant metastasis

Abbreviations: AJCC, American Joint Committee on Cancer; GBC, gallbladder cancer.
Note: Modified from Amin et al.®

Multidetector Computed Tomography

CECT is the imaging modality of choice for staging and
preoperative planning. In addition, CT allows assessment  Discrimination of T1 and T2 is challenging on CT. In a study
of anatomical variations of vessels and future liver remnant. by Kim et al for accuracy of CT in local staging of GBC,

-T staging
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presence of pericholecystic fat stranding was considered as
T3 and obvious hepatic mass in GB fossa was considered as
T4.”3 They found an accuracy of over 70% for detection of T1/
T2 and T4 tumors on CT; however, the accuracy was only 46%
for T3 tumors. Poor accuracy for local staging of T3 disease
was attributed to the inability of CT to identify minimal
pericholecystic extension, local inflammatory changes, and
volume averaging artifacts. A study conducted by Kim et al
showed CT accuracy of 83.9% in preoperative T staging of
GBC.”? Vascular involvement is considered when there is
tumor vessel contact > 180 degrees, irregular outline, nar-
rowing of caliber, or tumor on both sides of the vessel.'%?

-N and M staging

The lymph nodes and peritoneal involvement are frequently
underestimated on CT compared to surgical detection. Ohtani
etalreported alower sensitivity of 36 and 47%, respectively, for
N1 and N2 nodal involvement detection on CT compared to
pathological findings.'?? CT also has shown low sensitivity in
identification of peritoneal/omental disease (85-93%).'03

Magnetic Resonance Imaging

MRI has frequently been utilized in GBC staging because of
its excellent soft tissue resolution and clear depiction of
biliary tree.?

-T staging

High-resolution T2W and DWI have higher accuracy in local
staging.'® Eaton et al demonstrated that MRI had 100%
sensitivity and 70% specificity in detecting subcentimetric
lesions.'® In a retrospective study, a combination of MRI,
MRCP, and DCE-MRI sequences had an accuracy of 84% for
determining the T stage. Overstaging was due to the presence
of concurrent inflammation or when a mass shows papillary
features due to their exaggerated enhancement on the
dynamic phase. Kim et al found 100% sensitivity and 90%
specificity for bile duct and vascular invasion.'% In another
retrospective study by Schwartz et al, it demonstrated
conventional MRI with MRCP achieved a sensitivity of
100% for liver invasion which has better accuracy if invasion
was greater than 2 cm.%°

-N and M staging

Metastatic lymph nodes appear hyperintense on T2W, and
high b-value DWI. Studies have shown improved sensitivity
of DWI with ADC in the detection of liver, regional nodal, and
distant metastases.'?’

The accuracy, sensitivity, and specificity for the N staging
were 77.9, 78.4, and 77.6%, respectively, in a study by Kim et
al.”® Schwartz et al showed a higher (92%) sensitivity for
nodal staging.®° In a meta-analysis, the pooled sensitivity of
MRI for detecting lymph node metastasis was 75%.'?

Positron Emission Tomography-Computed Tomography
PET-CT is superior in assessing primary tumor, nodal spread,
as well as distant metastasis in comparison to CT. PET-CT has

Role of Imaging in Gallbladder Cancer Rana et al.

no added value in the T staging of disease; however, it has
shown to have higher positive predictive value and accuracy
in the detection of regional lymph nodes and distant metas-
tasis as compared to multidetector CT, thereby predicting
resectability.?~%°

Role of Imaging in Prognostication of
Gallbladder Cancer

GBC has a poor outcome with an overall 5-year survival rate
of < 5%, which, however, can be improved to 75% if detected
early and if stage-adjusted treatment strategies are used.'%8
Accurate assessment of the local extent of disease is pivotal in
determining optimal management strategy. Surgical treat-
ment of GBC depends on the tumor extent and hence
prognosis depends on the T stage of the disease. Imaging is
crucial in preoperative differentiation of T1 from T2 disease
and T2 lesions from advanced disease.”? T1a lesions diag-
nosed incidentally on cholecystectomy do not need further
surgery. T1b and T2 lesions without nodal metastasis are
recommended for radical cholecystectomy with en-bloc
resection of adjacent liver. T3 and T4 disease do not benefit
from primary surgical resection and require chemotherapy
or external beam radiotherapy.?*'9? A study by Wright et al
showed up to 40% chances of local recurrence of disease
when simple cholecystectomy was performed for T2 dis-
ease.''®The impact of imaging on local staging and detection
of lymph node and distant metastases has already been
discussed in the previous section on staging.”"110 Apart
from conventional imaging, radiomics may improve the
prediction of lymph nodal metastasis.!"12

Tumor-related imaging features that may suggest prog-
nosis are discussed below. A study by Choi et al showed no
significant relationship of tumor size with RO/R1/R2 resec-
tion.’> However, imaging features such as morphology,
involvement of hepatic wall of GB, liver invasion, duodenal
invasion, and involvement of hepatic artery, portal vein,
biliary tree, regional lymph node, and omentum were asso-
ciated with high probability of positive resection margins, of
which, hepatic artery invasion had highest specificity of
positive margins.''® A study by Shindoh et al showed that
T2 tumors involving the hepatic wall (T2b) had higher rates
of nodal, perineural, and vascular invasion as compared to T2
tumors involving the peritoneal wall (T2a).°” Hence, adju-
vant therapy is needed for T2b tumors along with resec-
tion."'* Similar studies have also shown higher survival and
lower recurrence rates in T2a disease as compared to T2b
disease.'’>'1® A study by Shirai et al showed that the number
of involved lymph nodes predicted the surgical outcomes
better as compared to the location of lymph nodes.'"” A
study by Higuchi et al showed that poor clinical outcomes
were associated with stage 3/4 disease without distant
metastasis, if liver invasion was > 5mm or invasion of the
left margin or the entire hepatoduodenal ligament, or > 4
metastatic lymph nodes."'® Nomograms for prediction of
prognosis after surgery have been developed by Xu et al based
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on the TNM stage.''® A recent radiomics-based study using the
classification and regression tree analysis has shown that
patients with tumors larger than 5cm had poor prognosis,
though tumor size is not a criterion in the present AJCC 8th
edition. This study also showed that preoperative biliary
drainage was also a marker of poor outcome.'?? An externally
validated model developed by de Savornin Lohman et al has
shown good discrimination capacity with calibration for pre-
diction of survival in GBC and has shown to outperform the
AJCC staging system.'%” Zhang et al constructed a normograph
model to predict cancer-specific survival rates in patients with
liver metastasis in GBC.'?' CT-based deeplearning (DL) models
constructed by Yin et al and Liu et al, have also shown good
prediction of survival outcomes in GBC.'?%'23Krishnaraju et al
have shown that FDG-PET improved prognostication of resid-
ual and metastatic disease in incidentally detected GBC and the
strategy of management changed in 10% of patients following
FDG-PET as compared to a CECT.'?*

Studies have also proven improvement in the rates of
RO resection following neoadjuvant chemotherapy in

cases of locally advanced GBC.'?>""37 Imaging following
neoadjuvant chemotherapy is crucial in deciding resect-
ability and comparison of sequential imaging is manda-
tory. No specific response assessment criteria are
available for GBC and Modified Response Evaluation
Criteria in Solid Tumors criteria is commonly used, how-
ever, may be difficult with wall-thickening type of GBC.
No set guidelines are available on the recommended
imaging modality or frequency of interval imaging fol-
lowing neoadjuvant chemotherapy.'*

Imaging also helps in postoperative surveillance of
GBC as up to 50% of the tumors recur within 2 years of
surgery. The National Comprehensive Cancer Network
guidelines recommend close follow-up with imaging
every 3 to 6 months up to 5 years and yearly imaging
thereafter.? It is important to differentiate recurrent
tumor from postoperative changes. Invasion of fat be-
tween vessels, vascular encasement, and bowel infiltra-
tion suggest recurrence rather than postoperative
changes.”’2

Table 3 Al radiomics and radiological imaging-based deep learning in GBC

Author (year) Imaging Aim Al algorithm Performance
technique
Gupta et al3* (2023) | Us Differentiating XGC and GBC | DL (GBCNet-convolutional neural | 0.744-0.751, p=0.514
network [CNN] and RadFormer,
transformer)
Wang et al'® (2023) | US Risk stratification of GB DL (XGBoost-based US radiomics | 0.995 (p<0.011)
masses model)
Gupta et al'® (2023) | US GBC detection DL (CNN) GBCNet (MS-SoP) 0.887 (95% Cl, 0.844-0.930)
Basu et al'3® (2023) us GBC detection DL (Transformer) RadFormer 0.971
Xiang et al'37 (2024) | CECT GBC detection DL (ResNet50) 0.857 (95% Cl: 0.773-0.942) to
0.864 (95% Cl: 0.814-0.915)
Yin et al'38 (2023) CECT GB lesion characterization DL (CNN) 0.71 (95% Cl 0.58-0.88
“emphasis on studying the 0.81(95% C10.71-0.92; p=0.09)*
adjacent liver parenchyma
while evaluation for GBC
Fujita et al'39 (2022) | CECT Differentiating XGC and GBC | DL (ResNet 50) 0.9998 (95% Cl: 0.9997-1.0000,
p<0.0001) to 0.9985 (95% Cl:
0.9981-0.9990, p < 0.0001)
Zhang et al'? (2024) | CECT Differentiating XGC and GBC | DL (Resnet-18 with Fourier 0.92-1
transformation
(FCovResnet18)
Zhou et al'¥! (2024) CECT Prediction of serosal involve- ML (best-logistic regression), DL | f-CNN 0.916, Logistic regression
ment in GBC (-CNN) 0.944
Liu et al'?3 (2020) CECT Predicting the overall survival | ML (LASSO and random forest) | 0.73-0.79
of
GBC
Liu et al'*? (2021) CECT Predicting lymph node me- ML (LASSO/Random Forest) 0.810 (95% Cl, 0.645-0.993) to
tastasis in 0.851 (95% Cl, 0.741-0.908)
GBC
Yin et al'43 (2023) CECT GB lesion characterization ML (LASSO, ridge regression, and | 0.81 (95% Cl: 0.72-0.91)
XG Boosting)
Meng et al'#4 (2023) | CECT Postoperative survival in GBC | ML+ DL - Logistic regression, 0.871
DenseNet 121

Abbreviations: Al, artificial intelligence; Cl, confidence interval; CECT, contrast-enhanced computed tomography; GB, gallbladder; GBC, gallbladder

cancer; US, ultrasound; XGC, xanthogranulomatous cholecystitis.
?Adding information from adjacent liver parenchyma.
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Artificial Intelligence, Radiomics, and
Radiogenomics

Al has enormously influenced medical practice in many
spheres. DL, a subset of Al, is now the state-of-the-art Al
technique in the medical domain, automatically learning
feature representations from sample images using neural
networks.”'" The capabilities of DL-based models range
from risk stratification and detection to phenotypic and
genotypic characterization, guiding treatment, and outcome
prediction. Radiomics is the process of extracting useful
quantitative information from radiological images, which
can yield information about tumor biology to guide “preci-
sion medicine” for each individual patient. It involves the
extraction of a large number of parameters from the images,
which can provide information with myriad applications in
the disease process, including detection, characterization,
prognostication, guiding therapy, assessment of treatment
response, and risk of recurrence. Further, the correlation of
imaging phenotypic data with genotype expression is called
radiogenomics, which can generate clinically useful infor-
mation, acting as a substitute for genetic testing and playing
a crucial role in individual patient management in the era of
precision medicine.® 10133

Numerous studies have been undertaken to evaluate the
role of Al in various domains of GBC.'0:123.134-144 _taple 3
summarizes the various machine learning and DL-based
studies in the evaluation of GBC, including its application
in radiomics and radiogenomics. While the existing studies
are based on a small number of patients and are yet to be
validated on a larger scale for clinical utilization, they seem to
have the potential to significantly impact the overall man-
agement of the disease in the future.

In conclusion, imaging in GBC has significantly evolved
and is no longer restricted only to diagnosis and staging.
With recent insights into the disease pathogenesis and
advances in technology, imaging plays a critical role in risk
stratification and prognostication of patients with GBC.
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