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ABSTRACT

Cholangiocarcinoma is a malignancy that arises from biliary epithelium and is associated with a poor prognosis. Accurate preopera-
tive diagnosis and staging of cholangiocarcinoma continues to remain difficult. Endoscopic retrograde cholangiopancreatography
(ERCP) is the most commonly performed procedure for cholangiocarcinoma and can provide a tissue diagnosis through brush
cytology of the bile duct. However, the sensitivity of biliary brush cytology to diagnose cholangiocatcinoma may be as low as 30%.
Endoscopic ultrasound (EUS) is a diagnostic modality which may overcome the limitations of other imaging and biopsy techniques
in this setting. EUS can complement the role of ERCP and provide a tissue diagnosis through fine needle aspiration (FNA) and
staging through ultrasound imaging. There is currently a paucity of data about the exact role of EUS for the diagnosis of cholan-
giocarcinoma in patients with indeterminate extrahepatic biliary strictures. Although multiple studies have shown that EUS is more
accurate than ERCP and radiologic imaging for identifying a biliary mass and diagnosing cholangiocarcinoma, the sensitivities are
variable. More importantly, the incidence of false negative results is not negligible, though the specificity is close to 100%. There is
also controversy regarding the role of EUS-FNA, since even though this may increase diagnosis, it can also lead to tumor seeding.
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management identified morbidity rate of 30%-70%."" It is
therefore imperative to select the optimal surgical candidates,
in whom the benefits of intervention would outweigh the
risks.

Currently, endoscopic retrograde cholangiopan-
creatography (ERCP) is the modality of choice for
evaluating biliary strictures for malignancy. However, even

INTRODUCTION

Cholangiocarcinoma is a neoplasm derived from the bile
duct epithelium of the intrahepatic and extrahepatic biliary
tree. Although this type of malignancy is relatively rare, its
prognosis without medical or surgical intervention is very
poor with a 3-year mortality rate of greater than 95%." The

poor prognosis in part can be attributed to the advanced
stage of the disease at time of diagnosis.

However, even the more advanced stages of cholangio-
carcinoma have been shown to have improved outcomes
with surgical intervention. Tumor resection has been
associated with a 5-year overall survival of 21%-63%, while
liver transplantation for hilar cholangiocarcinoma had an
even better survival of 54%-82% at 5 years.”” Surgical
interventions carry with them a relatively high rate of
complications. Studies looking at various forms of operative
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the combination of biopsy and brush cytology done via
ERCP frequently fails to diagnose a biliary tract malignancy.
Although the specificity is close to 100%, the sensitivity of
brush cytology and biopsy is only 48%-55%.">"

Given the relatively low sensitivity and diagnostic
accuracy of ERCP-based techniques to diagnose
cholangiocarcinoma, new diagnostic modalities have
emerged, in particular endoscopic ultrasound (EUS). This
review will discuss the utility of EUS in differentiating
cholangiocarcinoma from benign biliary strictures. It will
also address the role of EUS-FNA in identifying nodal
disease and how this information can be used for better
selecting patients who would be good surgical candidates.
The limitations and risks associated with this technique atre
also highlighted.
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Figure 1. Endoscopic ultrasound view of a hypoechoic biliary lesion
1.2 cm in diameter (cholangiocarcinoma). There is no invasion of the
portal vein (PV).

ROLE OF ENDOSCOPIC ULTRASOUND IN
DIAGNOSING CHOLANGIOCARCINOMA

Although ERCP remains the first line modality for
evaluating biliary strictures for malignancy, in recent years,
EUS has emerged as a potential alternative. In EUS, the
echoendoscope is advanced into the duodenum, where it
can be manipulated to visualize the biliary tract both in the
cross-sectional and longitudinal views. If a mass is present, it
usually appears hypoechoic or, less frequently, heterogenous
(Fig. 1). Motreover, EUS allows for the identification of hilar,
celiac axis, and para-aortic lymph nodes, which can facilitate
the staging of cholangiocarcinoma (Fig. 2). Once a target
of interest is identified, fine needle aspiration (FNA) can be
performed to obtain cytology (Fig, 3).

EUS appears to play an important role in evaluating
biliary strictures and diagnosing cholangiocarcinoma.
Mohamadnejad e7 a/. conducted an observational study
that compared EUS to ERCP and radiologic imaging in
the diagnosis and preoperative evaluation of extrahepatic
biliary tumors. The study found that detection of a biliary
cancer was superior by EUS (94%) when compared with
computed tomography (CT, 30%) or magnetic resonance
imaging/ magnetic resonance cholangiopancreatography
(MRI/MRCP, 42%); this difference was found to be of a
statistical significance. In this study, the overall sensitivity of
EUS-FNA to diagnose cholangiocarcinoma was found to be
73%, with a sensitivity of 81% for distal tumors and 59% for
proximal lesions. In the same population, ERCP with brush
cytology had only a 25% and 28% sensitivity in proximal and
distal tumors, respectively.15 The difference in EUS-FNA
sensitivities between distal and proximal biliary tumors can
be attributed to the degradation of EUS quality with distance
resulting in less accurate targets for needle aspiration. Multiple
other studies have shown similar results, documenting an EUS-
FNA sensitivity of 60%-89% for detecting cholangiocarcinoma
among patient cohorts with negative ERCP brush cytology and
showing better diagnostic accuracy than alternative imaging
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Figure 2. Endoscopic ultrasound view of a hypoechoic homogenous
malignant appearing lymph node (LN) at the hilum of the liver.

Figure 3. Endoscopic ultrasound view of a hypoechoic bile duct lesion
undergoing aspiration via a 22-G needle (N). There is a plastic biliary
stent (S) traversing the lesion.

modalities (Tab. 1).>'*"* However, not all the literature is in
agreement about the superiority of EUS over ERCP for
assessment of malignant biliary strictures. Rosch ef a/. found
that in the assessment of biliary strictures, EUS was more
sensitive in the diagnosis of pancreatic tumors, but ERCP
was a better diagnostic modality for cholangiocarcinoma.lg
Therefore, the optimal diagnostic approach may be to
combine both EUS and ERCP for the diagnosis of
extrahepatic cholangiocarcinoma.

It is also important to note that the negative predictive
values of EUS-FNA in most of the studies were relatively
low, ranging from 29% to 67%.5'"*" The relatively low
negative predictive value of EUS-FNA underscores the fact
that false negatives do occur and in the setting of significant
clinical evidence concerning for malignancy, more aggressive
diagnostic techniques, including exploratory surgery, should
be employed. On the other hand, the positive predictive
value of EUS-FNA was found to be 100% in almost every
study.s’m18 As a result, patients with benign diseases or
alternative diagnoses atre far less likely to be misdiagnosed
as having a biliary malignancy and are therefore spared
inappropriate procedures or treatments.” This is an
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Table 1. Accuracy of EUS-FNA in diagnosing cholangiocarcinoma
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Study design  Cohortsize Sensitivity — Specificity NPV PPV Nef;::{sg]i}icp detjcetriljri\ﬁ;}irté;j ﬁ;sls/ Us
Fritscher-Ravens Prospective 44 89% 100% 67% 100%  Yes -
Eloubeidi Prospective 28 86% 100% 57% 100%  Yes 33%
Mohamdnejad ~ Prospective 81 53% 97% - e No 30/42%
Ohshima Retrospective 22 100% 100% 100% 100%  Yes 36%
DeWitt Retrospective 24 77 % 100% 29% 100%  Yes 33/50%/33%

EUS-FNA: endoscopic ultrasound-guided fine needle aspiration; CT: computed tomography; MRI: magnetic resonance imaging; US:
ultrasonography; ERCP: endoscopic retrograde cholangiopancreatography; NPV: negative predictive value; PPV: positive predictive value.

Table 2. Impact of EUS on clinical management of cholangiocarcinoma

Treatment plan Benign pathology not Metastatic disease Surgery performed based on ~ Diagnosis other
altered by EUS requiring surgery contraindicating surgery ~ malignant findings on EUS than CCA
Fritscher-Ravens 19/44 (43%) 3/19 (15%) 2/19 (10%) 10/19 (52%) 4/19 (21%)
Eloubeidi 22/28 (79%) 4/22 (18%) 10/22 (45%) 8/22(36%)
Ohshima 6/22 (27%) 2/6 (3%) e 4/6 (66%)
DeWitt 9/24 (37.5%) 1/9 (11%) 3/9 (33%) 3/9 (33%) 2/9 (22%)

EUS: endoscopic ultrasound; CCA: cholangiocarcinoma.

important advantage of EUS-FNA over other diagnostic
modalities, given the fact that with alternative modes of
diagnosis, including radiologic imaging and ERCP, the rate of
unnecessary surgical intervention for benign biliary lesions
has been shown to be as high as 15%-25%.2"*

IMPACT OF ENDOSCOPIC ULTRASOUND
ON CLINICAL MANAGEMENT OF
CHOLANGIOCARCINOMA

When evaluating patients with cholangiocarcinoma, one of
the main goals is determining those who are candidates for
tumor resection or liver transplantation. In general, vascular
infiltration, lymph node invasion and distant metastases are
all contraindications to surgical intervention. Determination
of tumor resectability usually requires exploratory surgery,
but ideally, this determination should be made with a less
interventional approach, such as imaging or endoscopy.
Multiple studies have also established that EUS is superior
to alternative imaging modalities that included CT, MRI,
abdominal ultrasound, and angiography in detecting tumor
vascular invasion and determining resectability status in
patients with cholangiocarcinoma.™” Fritscher-Ravens et a/.
demonstrated that EUS correctly identified unresectable
diseases in 83% of patients who were confirmed to have
loco-regional metastases by exploratory surgery.'” Similarly,
Mohamadnejad found that EUS was more accurate than
CT scan in determining the unresectability status (53% us.
33% respectively) as confirmed by exploratory surgery.”” In
the same study, EUS also correctly diagnosed 97% patients
with resectable cholangiocarcinoma. It should be noted that

Mohamadnejad’s study found that both EUS and CT scan are
limited in their ability to predict unresectability of the cancer.

Determination of lymph node involvement is
another important criterion for treatment planning in
cholangiocarcinoma. In particular, nodal disease needs
to be taken into account when selecting candidates for
liver transplantation, a surgical option for patients with
cholangiocarcinoma who atre otherwise deemed unresectable
due to anatomic location or local invasion. Studies from
various centers have shown worse outcomes among
transplanted patients found to have lymph node metastases
and this is generally considered a contraindication to liver
transplanatation.%%

Previously, patients had undergone laparotomies or
laparoscopies with lymphadenectomy in order to assess for
nodal diseases. EUS characteristics of malignant lymph nodes
include a larger size (>1 cm), round shape, well-defined
margins, and a hypoechoic homogenous appeamnce.z7 No
single feature independently predicts malignant invasion.
When all four of the above features are present in the same
lymph node, the accuracy for predicting malignant invasion
may be as high as 80%. However, Bhutani ¢ a/ have shown
that all four features of malignant involvement were present
in only one-fourth of malignant lymph nodes.”

EUS with FNA of the suspicious lymph nodes may
provide a less invasive alternative to obtain a diagnosis for
nodal involvement. Gleeson e7 al. compared the accuracy
of EUS in detecting malignant lymph nodes and compared
them to CT, MRI and laparotomy in a cohort of 47
patients with cholangiocarcinoma being evaluated for liver
transplant.” In the study, EUS visualized all suspicious lymph
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nodes, unlike CT and MRI, which failed to identify the
presence of nodes in 26% of cases. Of note, although some
studies have correlated certain features of nodal morphology
and echogenicity being predictive of a node being malignant,
this study did not find any such association.””* In terms of
diagnostic accuracy, cytology from the EUS-FNA detected
metastatic disease in the nodes of 8 of 47 individuals, thus
sparing 38% of the cohort from a more invasive diagnostic
laparotomy. Of the patients who ultimately did undergo
surgical staging, EUS-FNA was found to have missed
metastatic nodal involvement in 2 patients, demonstrating
an overall sensitivity of 80%. Conversely, Mohamadnejad
et al. found that EUS-FNA correctly detected lymph
node metastases in only 9% of the patients as compared
to 18% identified by CT/MRI, though the specificity of
EUS remained high at 95%. It should be noted that in
Mohamadnejad’s study, EUS-FNA of benign appearing
lymph nodes was not performed which may have contributed
to the very low detection of nodal metastasis.”” It is well
documented that there is significant inter-observer variability
in predicating malignant lymphadenopathy when using EUS
characteristics alone and when EUS-FNA of nodes is not
performed; diagnostic accuracy to detect cancer will decrease.

Opverall, EUS-FNA appears to have an impact on clinical
decision-making for patients with cholangiocarcinoma in
as much as 79% of the time (Tab. 2).*""* By identifying
invasive or metastatic disease, EUS spares patients with
unresectable tumors more invasive staging procedures and by
confirming benign disease, EUS precludes healthy patients
from undergoing unnecessary surgical resections. However,
the data currently available is fairly limited and inconsistent,
with some studies demonstrating an excellent accuracy for
EUS, while others showing only marginal results. EUS should
definitely play a role in staging cholangiocarcinoma; however,
it is unclear whether the sensitivity of the approach is good
enough to eliminate more invasive alternatives to confirm the
diagnosis and overall staging.

INTRADUCTAL ULTRASONOGRAPHY

Intraductal ultrasonography (IDUS) is an alternative method
for evaluating indeterminate biliary strictures. The technique
involves performing an ERCP to canulate the biliary tract
followed by advancing a high frequency ultrasound probe
over a guide wire through the duodenoscope and into the
biliary tract. Once this is accomplished, the ultrasound probe
can generate high resolution images of the bile duct wall and
evaluate for any evidence of malignancy. In a normal biliary
system, the ultrasound distinguishes three layers: an inner
hyperechoic layer of the bile duct mucosa, middle hypoechoic
layer of fibromuscular tissue, and the outer hyperechoic layer
of the subserosal adipose tissue. If IDUS demonstrates a
hypoechoic mass with irregular borders or a mass showing
disruption in the bile wall structure is identified, suspicion for
a malignancy is high.”"*

Studies have found that IDUS is more accurate than EUS

Volume 2 Issue 2

Strongin A, et al. EUS for Extrahepatic Cholangiocarcinoma

in identifying malignant biliary strictures. The high frequency
of the ultrasound probes allows for a better accuracy in
evaluating local tumor invasion and longitudinal extension.
Menzel et al found that IDUS exceeded EUS in terms
of accuracy (IDUS, 89%; EUS, 75%), sensitivity (IDUS,
91%; EUS, 75%), and T-staging (IDUS, 77%; EUS, 54%)
for the diagnosis and staging for cholangiocarcinoma. The
accuracy rate for lymph node staging using IDUS (60%)
was comparable with that of EUS (62.5%).”" Other trials
conversely show IDUS to be inferior to conventional EUS
for malignant lymph node detection.”

IDUS is rarely performed now due to several
disadvantages. One limitation of the high frequency IDUS
probe is a decrease in depth of penetration. As a result, IDUS
fails to evaluate tumor extension beyond the hepatoduodenal
ligament nor is it able to assess distant metastases or regional
lymph node involvement.”” * Additionally, these probes are
fragile and expensive.

RISK OF TUMOR SEEDING WITH EUS-FNA

One of the most concerning complications of FNA is
the risk of tumor seeding along the needle tract. Several
studies have evaluated this risk among patients undergoing
percutaneous needle aspiration for abdominal malignancies
and found it to range from 1/1,000-1/33,000.”*” A meta-
analysis conducted by Silva e a/. reported an even higher
tumor seeding rate of 2.7% among patients who underwent
percutaneous needle aspiration during evaluation for
hepatocellular carcinoma.” In turn, Heimbach e¢f 4/, conducted
a retrospective study comparing the frequency of peritoneal
metastases between patients who did or did not undergo
FNA as part of staging for hilar cholangiocarcinoma.37 The
results found that 83% patients with cholangiocarcinoma and
underwent an EUS-FNA had peritoneal metastases at the
time of operative restaging, as compared to 8% of patients
who did not undergo FNA. In light of this data, the study’s
conclusion was that cholangiocarcinoma patients who are
liver transplant candidates should not undergo EUS-FNA
as this may increase the risk of metastases due to tumor
seeding, and therefore eliminate them as candidates for a
potentially curative surgery.

It is important to note that percutaneous needle
aspiration may carry a greater risk of tumor seeding
when compared to EUS-FNA. Micames ¢/ /. conducted
a retrospective study that found a significant difference in
the incidence of peritoneal carcinomatosis in patients with
pancreatic adenocarcinoma after needle aspiration by the
two approaches (2.2% in the EUS group »s5. 16.3% in the
percutaneous group).”

In summary, several case reports have described tumor
seeding from EUS-FNA and it is definitely a phenomenon
that needs to be taken into account when deciding among
diagnostic approaches.” "' Unfortunately, there are only a
handful of retrospective and no prospective studies that have
looked at tumor seeding or its effect on disease outcomes.
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Therefore, no definitive rule exists about when EUS-FNA is
appropriate and when it is contraindicated. However, tumor
seeding is something that all clinicians should take into
consideration when deciding on a diagnostic modality for
cholangiocarcinoma.

LIMITATIONS OF ENDOSCOPIC ULTRASOUND

There are several confounding factors that can affect the
accuracy of EUS in detecting cholangiocarcinoma. Primary
sclerosing cholangitis (PSC), a rare condition in only 2%-9%
of study populations, is associated with multiple strictures
and benign lymphadenopathy. Thus, accuracy of EUS
performed for evaluation of an indeterminate biliary stricture
can be impeded for diagnosing a malignancy in the setting of
PSC, B30

Another possible confounder for the diagnosis of
cholangiocarcinoma is the presence of biliary stents at the
time of EUS evaluation. The presence of a stent at the
time of the EUS appears to decrease the EUS sensitivity in
detecting malignant lesions.™>*

This can be explained by acoustic shadowing from the
stent which then creates artifact and decreases the EUS
probe’s ability to accurately evaluate the bile ducts or any
surrounding masses. Additionally, the presence of the stent
can physically interfere with the FNA, as it limits the portion
of the duct that can be used for needle aspiration.

CONCLUSIONS

Cholangiocarcinoma is a rare, difficult to treat neoplasm
with poor survival outcomes. In part, its poor prognosis is
due to its advanced stage at the time of diagnosis. Improved
outcomes can only be achieved with better diagnostic
modalities that can diagnose this disease at an earlier stage. In
recent years, EUS has emerged as a new tool for evaluating
the hepato-biliary tract and obtaining cytology by means
of FNA. Although multiple studies have shown that EUS
is more accurate than ERCP and radiologic imaging for
identifying a biliary mass and diagnosing cholangiocarcinoma,
the sensitivities are variable. More importantly, the incidence
of false negative results is not negligible, though the
specificity is close to 100%. Therefore, EUS-FNA can be
considered a reliable tool for confirming malignancy, but
negative cytology is not sufficient to fully rule out a diagnosis
of cholangiocarcinoma in the presence of clinical suspicion.
EUS also plays a role in determining the presence of
metastatic and locally invasive disease, which is essential
for treatment planning. Vascular invasion and distant
metastases are contraindications to resection, whereas locally
advanced disease without lymph node involvement makes
patients potential candidates for liver transplantation. EUS-
FNA appears to have a very high specificity, but a variable
sensitivity in staging cholangiocarcinoma. The benefit of
minimizing the need for more invasive diagnostic approaches
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also has to be weighed against the risk of tumor seeding
associated with needle aspiration. In this setting, if a patient
is a candidate for resection or liver transplantation, it may be
beneficial to bypass EUS-FNA and go straight to surgical
staging in order to limit the chance of disseminating the
tumor, which would disqualify the patient from potentially
curative treatment.

Overall, the available data on the role of EUS to diagnose
and stage cholangiocarcinoma is limited by the small size of
the cohorts and the lack of randomized, controlled trials.
As EUS becomes more frequently utilized in the work up
of biliary strictures and the staging of cholangiocarcinoma,
a higher volume of data will likely become available to
better assess the utility of this modality in diagnosing
cholangiocarcinoma and evaluating tumor resectability.
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