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1 | INTRODUCTION

Gallbladder pathologies are common and frequently in-
volve evaluation with radiographic imaging. Although im-
aging often reveals benign findings such as cholelithiasis,
occasionally imaging studies demonstrate abnormalities
that are suspicious for malignancy and must be further
evaluated. Gallbladder cancer (GBC) is rare worldwide;
however, it remains the most common type of biliary tract
cancer and the sixth most common gastrointestinal ma-
lignancy." It has an incidence of 1 per 100,000 persons
per year in the United States.” GBC is usually asymp-
tomatic in early stages. It is frequently discovered inci-
dentally through imaging obtained for other indications

Gallbladder cancer is a rare but potentially fatal disease. It is often asymptomatic
in early stages and is frequently found incidentally or during the workup for be-
nign biliary disease. We present two patients who each had suspicious gallblad-
der imaging findings and highlight their differences on radiologic and pathologic
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or diagnosed during pathologic examination following
routine cholecystectomy performed for presumed benign
gallbladder disease. Five-year survival is approximately
10%."* The spread of gallbladder cancer can include
local invasion, regional metastasis to lymph nodes, dis-
tant metastases, and vascular encasement and invasion.!
Prognosis of GBC is best estimated following pathologic
examination, which determines tumor size, grade, depth
of invasion, involvement of liver parenchyma, perineu-
ral invasion, lymphovascular invasion, and metastasis to
lymph nodes and distant sites."

Suspicious findings for possible early GBC may
present on diagnostic gallbladder imaging or discov-
ered incidentally. We present two patients who each
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had suspicious gallbladder imaging findings and dis-
cuss their differences in management, pathology, and
follow-up.

2 | CASE PRESENTATIONS

2.1 | Casel

A 78-year-old woman was admitted to the hospital with
recurrent, intermittent, epigastric pain radiating to the
chest and back. There were no clear exacerbating or al-
leviating factors, and she was otherwise asymptomatic.
The patient had a history of mild aortic stenosis, gas-
troesophageal reflux, hyperlipidemia, and peptic ulcers.
The patient's surgical history included Nissen fundopli-
cation, and a total abdominal hysterectomy for benign
disease. Her medications included low-dose aspirin,
acetaminophen, calcium, ferrous sulfate, ranitidine,
and simvastatin. The patient has a five pack-year his-
tory of smoking but quit 35years prior to presentation.
The patient does not drink alcohol or use illicit drugs.
The patient's family history includes a sister and a niece
with breast cancer.

The patient was afebrile and hemodynamically stable.
Physical examination revealed no abdominal tenderness.
Laboratory evaluation demonstrated a white blood cell
count of 11.0x10°/L (reference range: 4.0-11x10°/L),
hemoglobin of 7.4mmol/L (reference range: 7.26-
9.74mmol/L), platelets of 303x10°/L (reference range:
150-450 % 10°/L), total bilirubin of 6.84 pmol/L (reference
range: 3.42-22.23pmol/L), alanine aminotransferase of
91 U/L (reference range 0-50 U/L), aspartate aminotrans-
ferase of 195U/L (reference range: 0-45U/L), and alka-
line phosphatase of 109 (reference range: 40-140U/L)
(Table 1). Two-dimensional echocardiogram documented
an aortic valve area of 1.5 cm?® and a mean aortic gradi-
ent of 31mmHg. Computed tomography (CT) of the
chest, abdomen, and pelvis revealed intrahepatic and

TABLE 1 Laboratory evaluation

Reference Case
Lab value range Casel 2
Hemoglobin (mmol/L) 7.26-9.74 7.4 6.95
White cells (x10°/L) 4-11 11 4.5
Platelets (x10°/L) 150-450 303 125
Total bilirubin (umol/L) 3.42-22.23 6.84 27.36
Alkaline phosphatase 40-150 109 91

(U/L)

ALT (U/L) 0-50 91 71
AST (U/L) 0-45 195 26

extrahepatic biliary dilatation; the common bile duct mea-
sured 2.4 cm. A right upper quadrant ultrasound demon-
strated intrahepatic and extrahepatic biliary dilatation,
multiple gallstones, and focal, irregular wall thickening
without pericholecystic fluid (Figure 1A). Magnetic res-
onance cholangiopancreatography (MRCP) demonstrated
a prominent gallbladder with multiple gallstones, diffuse
intrahepatic and extrahepatic biliary duct dilatation, and
multiple stones in the proximal and distal common bile
duct (Figure 1B,C).

Endoscopic retrograde cholangiopancreatography
was performed on hospital day four. Choledocholithiasis
and extrahepatic dilatation were confirmed and sphinc-
terotomy with stone removal was performed. The pa-
tient recovered well and was discharged on hospital day
five. The patient decline cholecystectomy at the time
of hospitalization; however, as the patient's imaging
findings were suspicious for possible early gallbladder
cancer, outpatient laparoscopic cholecystectomy was
performed. The patient's post-operative course was
uncomplicated.

Pathologic examination revealed invasive adeno-
carcinoma of the gallbladder arising from an intra-
cholecystic papillary neoplasm with high-grade
dysplasia (Figure 2). The papillary neoplasm and gall-
bladder cancer were restricted to the peritoneal side of
the gallbladder. The tumor measured 6.1 cm in its great-
est dimension with a few scattered foci of malignant
glands and approached 2mm of the peritoneal serosal
margin. Tumor was not present at the hepatic bed mar-
gin. The cystic duct margin was negative for both dys-
plasia and invasive carcinoma. Three lymph nodes were
negative for metastatic adenocarcinoma. There was a
single focus of tumor suspicious for lymphovascular
invasion. There was also evidence of acute and chronic
cholecystitis. The final diagnosis was moderately differ-
entiated gallbladder adenocarcinoma, American Joint
Committee on Cancer pathologic stage T2aNOMx and
clinical stage II (Table 2).

Endoscopic ultrasound imaging (EUS) was completed
for staging and showed no evidence of nodal disease.
Surveillance CT scans and serum tumor markers, includ-
ing cancer embryonic antigen (CEA) and CA 19-9 levels,
have all been negative for recurrence at 21 months follow-
ing cholecystectomy.

In summary, the patient underwent an RO resection
of a pT2aNO0 gallbladder cancer with simple cholecys-
tectomy and sampling of three portal lymph nodes.
The patient was considered to be at high risk for can-
cer recurrence and a candidate for re-operative sur-
gery. However, because of her advanced age, multiple
medical comorbidities, negative EUS examination,
negative lymph nodes, and the fact that her tumor was
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FIGURE 1 Radiographic imaging of
Case 1. (A) Transabdominal ultrasound
from Case 1 demonstrating intrahepatic
and extrahepatic biliary dilatation,
multiple gallstones, and focal, irregular
wall thickening without pericholecystic
fluid. (B, C) Magnetic resonance
cholangiopancreatography from Case

1 that demonstrates a prominent
gallbladder and diffuse intrahepatic and
extrahepatic biliary ductal dilatation

FIGURE 2 Microscopic imaging of Case 1. Malignant glands
invading the muscular layer of the gallbladder (H&E stain, 20x)

restricted to the peritoneal side of the gallbladder, no
additional surgical resection was performed. After con-
sideration of risks and benefits, the patient and her sur-
gical oncologist selected close surveillance with serum
tumor markers and serial CT scans as an alternative
to chemotherarpy. Surveillance studies have been per-
formed every 3 months for the first year, every 6 months
for the second year, followed by annual surveillance
studies. Proceeding without adjuvant chemotherapy is
supported by the findings from several clinical trials in-
cluding BCAT, PRODIGE 12, and BILCAP.*® Surgical
intervention in the future might be considered in the
event of local-regional recurrence.
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(A) TRANS PANCREAS |

2.2 | Case?2

An 82-year-old man presented to an emergency depart-
ment for evaluation after a fall. CT scan of the abdomen
demonstrated T8 fracture and incidentally demonstrated
gallstones and focal gallbladder wall thickening. The
patient's medical history included atrial fibrillation,
coronary artery disease, low-grade prostate cancer, and
pulmonary hypertension. His surgical history included
appendectomy, inguinal herniorrhaphy, coronary artery
bypass graft, and prostatectomy. His family history was
significant for gastric cancer in his mother. The patient
was a former smoker.

On examination, the patient was afebrile with normal
vital signs. Physical examination was significant for mild
focal tenderness on palpation of the spine. Abdominal
examination was unremarkable. Laboratory evaluation
included white blood cell count of 4.5x10°/L (reference
range: 4.0-11.0x10°/L), hemoglobin of 6.95mmol/L
(reference range: 8.25-10.98 mmol/L), platelet count of
125x10°/L (reference range: 150-450x 10°/L), direct bil-
irubin of 8.55pmol/L (reference range 0-3.42pmol/L),
total bilirubin of 27.36 pmol/L (reference range: 3.42-
22.23pumol/L), alanine transaminase of 15 U/L (reference
range: 0-70U/L), aspartate aminotransferase of 22U/L
(reference range: 0-45U/L), and alkaline phosphatase
of 181U/L (reference range: 40-150U/L) (Table 1). A
right upper quadrant ultrasound revealed wall thicken-
ing of the gallbladder fundus and one small gallstone
(Figure 3A). The patient's CT of the chest, abdomen, and
pelvis demonstrated multiple gallstones and focal wall
thickening of the gallbladder fundus (Figure 3B). The
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TABLE 2 Suspicious radiologic findings of benign versus possible early gallbladder cancer

Gallbladder pathology

Hyperplastic,
inflammatory, fibrous,
granulomatous polyps

Transabdominal US or
EUS?

Low echogenicity

Cholesterol polyps Highly echogenic punctate
foci

Adenoma Solid echogenicity Multiple
microcystic spaces

Adenomyomatosis Cystic anechoic foci and
comet enhancements

Xanthogranulomatous Combination of

inflammation hyperechoic and

hypoechoic intramural
signals

Gallbladder carcinoma Heterogenous, irregular

echogenicity

CT

Small, rounded intraluminal lesions®

Hounsfield unit similar to bile?®

Small enhancing polypoid lesion,
homogenous texture

Gallbladder wall thickening
Rokitansky-Aschoff sinuses®

Intact mucosal lining associated
with diffuse wall thickening and
pericholecystic fat stranding’

Discontinuous mucosa with irregular
masses and wall thickening with
or without hepatic involvement’

MRCP?

Homogenously low T1 and T2
signals Homogenous T1
postcontrast enhancement

Homogenously low T1 and T2
signals

Homogenous T1 postcontrast
enhancement

Focal intramural T1 and T2
signals with late postcontrast
homogenous enhancement

Diffuse gallbladder wall thickening
with contrast enhancement
and with or without intramural
abscesses

Protruding mass or wall thickening
that is hyperintense on T2- but
not T1-weighted signals

FIGURE 3 Radiographic imaging of Case 2. (A) Abdominal ultrasound demonstrating wall thickening of the gallbladder fundus.
(B) Coronal and (C) sagittal CT images of chest, abdomen, and pelvis of Case 2, demonstrating multiple small gallstones and focal wall

thickening of the gallbladder fundus

patient was referred to general surgery clinic following
hospital discharge.

Clinic evaluation included both general surgery and
surgical oncology evaluations. Although the imaging
findings were suspicious for possible early gallbladder
cancer, simple cholecystectomy with a frozen section di-
agnosis was considered the best option for this patient.
A conventional laparoscopic cholecystectomy was per-
formed. Intraoperatively, the patient had mild fibrosis
of the liver and multiple bile duct hamartomas present
along the surface of the liver. The gallbladder was sent
for frozen section, and pathologic examination demon-
strated a 1.2X0.8x0.6 cm yellow-tan mass within
the submucosa of the gallbladder fundus (Figure 4).

The gallbladder had a wall thickness ranging from
0.2-0.4 cm. Histologic examination demonstrated an
adenomyomatosis, an intramural abscess, xanthogran-
ulomatous inflammation, and chronic cholecystitis
(Figure 5). Pathologic examination was negative for ma-
lignancy and dysplasia.

Anticoagulation with apixaban was resumed on post-
operative day one. The patient re-presented on post-
operative day six with contact dermatitis and a 3.9 cm
subcutaneous hematoma confirmed by CT scan. Apixaban
was held for 4 days, the hematoma resolved without surgi-
cal intervention, and triamcinolone cream was applied to
the rash with rapid improvement. The patient reported no
other complications.
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FIGURE 4 Gross specimen of Case
2. Post-fixation gross cholecystectomy
specimen

FIGURE 5 Microscopic imaging

of Case 2. H&E-stained sections
demonstrating adenomyomatosis of

the gallbladder with benign glands and
associated smooth muscle bundle at 2x
magnification (A) and 4x magnification
(B). Also seen within the same specimen,
an intramural abscess at 4x magnification
(C) and associated xanthogranulomatous
inflammation with foamy histiocytes and
multinucleated giant cells surrounding
inspissated bile (D) shown at 20x
magnification

3 | DISCUSSION

Suspicious findings for possible GBC may be identified
by diagnostic imaging, as in Case 1, or discovered in-
cidentally, as in Case 2. It is critical to fully evaluate all
abnormal imaging findings of the gallbladder that are sus-
picious for malignancy (Table 3). Our two patients illus-
trate both the benign and malignant pathologies related
to suspicious radiologic findings: the patient in Case 1 was
ultimately diagnosed with invasive adenocarcinomatosis
of the gallbladder, and the patient in Case 2 was diagnosed
with a benign adenomyoma and xanthogranulomatous
inflammation. We discuss the evaluation of patients with
suspicious imaging findings and the surgical management
of early gallbladder cancer.

31 |
imaging findings

Evaluation of suspicious

Suspicious imaging gallbladder lesions are often first iden-
tified by transabdominal ultrasound, which can determine
the dimensions and characterize the morphology of abnor-
mal findings. Gallbladder wall abnormalities are classified
as either (1) protuberant or (2) diffuse or focal wall thick-
ening. Gallbladder polyps, which are protuberant lesions,
are detected in up to 7% of healthy subjects.” Gallbladder
polyps <5mm are not likely to represent gallbladder car-
cinoma. Patients with gallbladder polyps >10mm should
be referred to a surgeon. Patients with gallbladder polyps
between 6 and 10 mm should be monitored with surveil-
lance ultrasound every 6-12months. When gallbladder
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TABLE 3 Early gallbladder cancer staging

AJCC Stage

stage® grouping Description

0 Tis Malignancy confined to epithelium

1 Tla Lamina propria invaded by malignant cells

1 T1b Tumor cells present in but not through the muscularis
propria

IIA T2a Perimuscular mass present on the peritoneal side of
the gallbladder

1IB T2b Perimuscular mass present on the hepatic side of the

gallbladder

polyps of any size are identified in patients with primary
sclerosing cholangitis (PSC), cholecystectomy should be
performed due to high risk of malignancy for patients
with PSC. All symptomatic gallbladder polyps should also
be removed by cholecystectomy.” Certain sonographic
findings support a benign diagnosis for polyps <10 mm in
dimension. Cholesterol polyps have a thin attachment to
the wall, are highly echogenic, and often have punctate
foci representing cholesterolosis. Gallbladder adenomas
often contain multiple hypoechoic microcystic spaces.®

Suspicious findings that involve gallbladder wall
thickening include adenomyomatosis, xanthogranu-
lomatous inflammation, and gallbladder adenocarci-
noma.® Adenomyomatosis is relatively common and has
a typical appearance of cystic anechoic foci through-
out the gallbladder with comet-like enhancement.”®
Xanthogranulomatous inflammation is typically charac-
terized by a diffusely thickened gallbladder wall but can be
difficult to distinguish from early gallbladder carcinoma.’
Gallbladder carcinoma often demonstrates heterogenous
focal wall thickening, irregular echogenicity, and thinning
of the outer layer of the gallbladder wall.® Loss of tissue
planes and involvement of the liver and extrahepatic bili-
ary ducts are features of advanced gallbladder cancer.

If there is significant preoperative concern for gallblad-
der cancer based on ultrasound findings, we suggest ob-
taining a multi-phase, thin slice liver protocol CT of the
abdomen and pelvis, which can assess the vascular rela-
tionship of the mass and gallbladder for resectability. CT
also can evaluate for distant disease, peritoneal disease,
and nodal disease. If there is concern for ductal or hilar
biliary involvement, the addition of MRCP is helpful.

In summary, concerning radiographic findings include
focal wall thickening and polypoid lesions >10mm. The
malignant potential for suspicious radiologic findings
is increased in older patients with a large gallstone bur-
den.” Magnetic resonance imaging may identify lymph
node involvement in patients with suspicious gallblad-
der ultrasound findings. Patients with suspicious lesions
confined to the gallbladder and without clear lymph node

Surgical intervention®

Laparoscopic cholecystectomy

Laparoscopic cholecystectomy

Radical cholecystectomy or re-resection (unclear
survival benefits)!11318-20

Radical cholecystectomy or re-resection (unclear
survival benefits)'8 2032

Radical cholecystectomy or re-resection'® 2%

involvement should be assessed for either simple or radical
cholecystectomy. Although not recommended by National
Comprehensive Cancer Network guidelines, patients with
advanced disease and prominent, indeterminate, or suspi-
cious lymph nodes can be evaluated with EUS for tissue
acquisition and lymph node staging assessment. Multiple
retrospective studies have shown that lymph node-positive
biliary tract cancers, including gallbladder cancer, have
poor prognosis despite radical resection.'

3.2 | Management of gallbladder cancer
We discuss the surgical management of GBC based on
four distinct scenarios: (1) incidentally discovered malig-
nancy following cholecystectomy, (2) low to intermedi-
ate suspicion for GBC based on preoperative imaging or
intraoperative findings, (3) incidental intraoperative dis-
covering of a concerning gallbladder appearance, and (4)
imaging findings with an obvious gallbladder mass that
are highly concerning for malignancy.

In patients with incidentally discovered malignancy
following cholecystectomy, scenario 1, treatment is mul-
timodal and depends on the stage and suitability of the
patient for a particular therapy. For early-stage tumors
with local or limited regional disease, RO surgical resec-
tion is the only curative option. T1a tumors are adequately
treated with simple cholecystectomy alone in most cases.
Patients with T1b disease should undergo a radical chole-
cystectomy that includes partial hepatectomy of segments
4b/5 and an en bloc portal lymphadenectomy. Patients
who are poor surgical candidates or who have advanced
or widespread disease may be treated chemotherapy with
or without radiotherapy.

Several studies demonstrate a survival benefit for pa-
tients who undergo an extended cholecystectomy.'"?
Radical resection has also been proven to be beneficial
for patients with T1b/T2 cancer with significant improve-
ment in cancer-specific survival.'*> Lymph node dissection
and pathologic evaluation are important components of
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radical resection. Retrospective studies have shown that
lymph node dissection is associated with significant im-
provement in median overall survival.'*!3

In patients with incidentally diagnosed T1b, T2, or
T3 gallbladder cancer, re-resection is associated with im-
proved median survival and is recommended unless con-
traindicated by advanced disease or if the patient is a poor
surgical candidate.'®'” Some recent studies suggest that
simple cholecystectomy may be adequate for T1b gallblad-
der adenocarcinoma, with no significant survival benefit
between a simple cholecystectomy and extended chole-
cystectomy, and limited survival advantage of re-resection
in patients with T1b and T2 disease.'®%° Additionally,
patients with hepatic-sided T2 (T2b) GBC have worse
outcomes than those with peritoneal-sided GBC (T2a);
however, it is currently unclear if liver resection can im-
prove outcomes of patients with hepatic-sided GBC."
Re-resection without a clear survival benefit potentially
exposes patients to unnecessary surgical risk.

Following appropriate surgical intervention, patients
may elect for adjuvant chemotherapy, which has poten-
tial survival benefits; chemotherapy regimens include
combinations of cisplatin, gemcitabine, mitomycin C, and
5-fluoruracil.?** In contrast, several randomized con-
trolled trials, including the BILCAP trial, demonstrated
no benefit of adjuvant chemotherapy, including the agents
of gemcitabine alone,’ gemcitabine and oxaliplatin,” and
capecitabine.* Adjuvant chemoradiation is also an option
for some patients with GBC. A systematic review of sev-
eral randomized controlled trials and retrospective studies
supports the use of chemoradiation in patients with GBC
and microscopically positive surgical resection margin523;
one study also supports its use in patients with GBC re-
gardless of margin status.”* There is some evidence to
support a role for neoadjuvant therapy; however, a recent
systematic review found insufficient data for routine use
of neoadjuvant chemotherapy or chemoradiotherapy in
the treatment of advanced GBC?, highlighting the need
for additional research. Pembrolizumab, a monoclonal an-
tibody against PD-1, is under investigation for use in pa-
tients with advanced biliary tract cancers in combination
with capecitabine and oxaliplatin (NCT03111732).

The creation of novel targeted therapies may be pos-
sible as future research aimed to generate an enhanced
understanding of the molecular pathogenesis of GBC.
Additionally, prevention and early surgical intervention of
cholelithiasis and cholecystitis may reduce rates of GBC.
Populations at high risk for this lethal malignancy, includ-
ing indigenous populations in North and South America.
Such patients often have limited access to medical care and
present a specific challenge to prevention. Continued re-
search is warranted to understand the pathogenesis of this
disease and to identify optimal interventions for patients
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with various clinical and pathologic stages to guide oper-
ative decisions and to increase survival for this potentially
lethal malignancy.

When there is a low to intermediate suspicion for GBC
based on imaging findings, scenario 2, patients should
undergo a simple cholecystectomy. Further management
will depend upon the final pathology, as described below.

Management for patients with an incidental intraoper-
ative discovery concerning gallbladder cancer, scenario 3,
such as a gallbladder mass, nodularity, or marked asym-
metry, will depend on the experience of the surgeon. In
some cases, the operation should be stopped, and the pa-
tient should be referred to an appropriate specialist. For
surgeons with appropriate experience, diagnostic lapa-
roscopy should be used to assess for and biopsy all liver
lesions and/or peritoneal changes suspicious for possible
metastases. If there are no signs of metastatic disease
and the gallbladder is clearly resectable, the surgeon can
proceed with cholecystectomy, removal of the cystic ar-
tery lymph node, and intraoperative frozen sections for
diagnosis. Caution must be exercised to not rupture the
gallbladder.

Patients who present with imaging findings of obvious
gallbladder masses that are highly concerning for malig-
nancy, scenario 4, should be referred to an appropriate
surgical specialist and staged prior to treatment. If there
is no metastatic disease and the mass is resectable, the
patient can proceed with definitive resection. A recent
meta-analysis demonstrates a trend towards laparoscopic
treatment of gallbladder cancer, especially when there is
low suspicion for locally advanced disease based on pre-
operative imaging, supported by increased survival rates
with similar rates of recurrence.*®

4 | CONCLUSIONS

Gallbladder cancer is a rare but potentially lethal malig-
nancy. Gallbladder cancer is asymptomatic in its early
stages and often diagnosed incidentally. Abnormalities
suspicious for gallbladder cancer, whether found inci-
dentally or by imaging obtained for diagnostic purposes,
should prompt a full evaluation with consideration for
surgical intervention when appropriate. For patients
with gallbladder cancer, surgical intervention is associ-
ated with improved survival and involves simple versus
extended cholecystectomy. Re-resection following sim-
ple cholecystectomy, which includes partial hepatectomy
and regional lymphadenectomy, is recommended for pa-
tients with T1a disease or greater; however, the survival
benefit for an operation for T1b and T2a lesions is likely
to be minimal. As demonstrated in Case 1, patients who
are poor surgical candidates can be managed with close
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surveillance with or without adjuvant therapy. The deci-
sion to pursue re-resection and adjuvant chemotherapy
or radiotherapy should be based on pathological stage of
the tumor as well as specific patient characteristics, such
as age and comorbidities, which determine the patient's
operative and post-operative risks.
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