Assessment of EUS for diagnosing,
staging, and determining resectability
of pancreatic cancer: a review
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Pancreatic cancer has a dismal prognosis, but
surgery offers a potential for cure in a minority of
patients with localized disease. An in-depth review
by Gudjonsson! of 4100 patients with pancreatic
tumor resection found a 5-year survival rate of 3.5%.
More recent studies have found improved 5- and 7-
year survival rates of 19% and 11%, respectively, in
highly selected surgical patients.2 This may be due
to several factors, including improved surgical tech-
nique, the use of adjuvant chemoradiation, earlier
diagnosis, and more extensive preoperative staging.

Improved preoperative staging theoretically ben-
efits patient selection for surgery. EUS has been one
of the most sensitive tests for detecting pancreatic
masses, and it is an accurate modality for the eval-
uation and staging of pancreatic cancer (Fig. 1). In
most reports, T-stage accuracy varies from 78% to
94% and N-stage accuracy ranges from 64% to
82%.3-8 A recent retrospective review by Ahmad et
al.9 found lower T- and N-staging accuracies of 69%
and 54%, respectively. A majority of tumors in this
study were of advanced T-stage (T3 or T4), and these
investigators hypothesize that peritumoral inflam-
mation and large tumor size may affect US attenu-
ation and thus, T- and N-staging accuracy. This is
supported by previous studies, which indicate that
EUS is more effective in detecting vascular involve-
ment in tumors less than 3 cm in size.10:11 In their
study, Ahmad et al.9 fail to define the number of
patients excluded because of the discovery by EUS
of significant vascular invasion or metastatic dis-
ease, precluding surgery. Factoring this additional
cohort of patients into the denominator of T- and N-
staging would have improved their accuracy rates.

Sensitivity for detecting vascular invasion and
predicting surgical resectability has been greater
than 90% in some studies.3412 Vessels typically
invaded by cancer in the head of the pancreas are
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Figure 1. EUS image of carcinoma of the head of the pan-
creas invading the common bile duct and portal vein.

the portal vein and splenoportal confluence, superi-
or mesenteric vein, and splenic vein; and the superi-
or mesenteric artery, splenic artery, hepatic artery,
and celiac axis. Generally, it may be difficult to visu-
alize invasion of the superior mesenteric artery and
vein with EUS, but portal vein and splenic vein
invasion are well seen.12.13 A study by Brugge et
al.14 confirmed the inadequacy of EUS in the deter-
mination of superior mesenteric vein involvement
but found EUS to be superior to angiography in
determining portal and splenic vein invasion with
tumor, with accuracy ranging from 77% to 85%,
depending on criteria for involvement. In a prospec-
tive study of 38 patients with pancreatic neoplasm
by Snady et al.,15 all 21 patients exhibiting either
peripancreatic collaterals, loss of vessel interface, or
tumor within the lumen of a major peripancreatic
vessel had confirmed vascular invasion at surgery,
and the absence of these features in the remaining
17 patients was associated with absence of vascular
invasion at surgery.

A potential fault of EUS is that accuracy in pre-
dicting vascular invasion may be falsely elevated
because endosonographers have access to previous
image studies, such as standard or helical CT, mag-
netic resonance imaging (MRI) or magnetic reso-
nance cholangiopancreatography, or angiography.
Thus, there may already be suspicion of vascular
invasion because of examination bias introduced by
availability of other information. This has been
studied by review of EUS videotapes of cancers of
the pancreatic head.13 In this study by Résch et al.,
EUS videotapes of pancreatic head cancers staged
from 1991-95 were retrospectively reviewed in 1997
with regard to vascular invasion. Sensitivity and
specificity of EUS in the diagnosis of venous inva-
sion were 62% and 79%, respectively. These values
were much lower than those of previous studies,
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Table 1. EUS versus standard CT for pancreatic
cancer
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Table 2. Helical CT versus EUS for pancreatic
cancer

EUS CT Reference Non-GI GI
Detection 94%-100% 69%-85% (3,4,12)*, (17) Legmann et al. (n = 30)22 CT = EUS Tierney et al. EUS >CT
T-stage accuracy 82% 30%-45% 3)*%, (A7) (n=51)23
N-stage accuracy 64%-72% 50%-55% 3)*, (7 Midwinter et al. (n = 48)21 CT = EUS Mertz et al. EUS >CT
Vascular invasion 92%-95% 62%-75% (3,4,12)* (n = 35)24

*Comparisons are statistically significant.

Table 3. Summary of studies comparing EUS to helical CT for pancreatic cancer

Detection Accuracy for resectability Sensitivity for vascular invasion

Series EUS CT EUS CT EUS CT
Legmann et al.22 27/27 25/27 20/22 19/22 6/7 77
Midwinter et al.2! 33/34 26/34 25/30 23/30 13/16 9/16
Tierney et al.23 30/31 25/31 16/16 10/16
Mertz et al.24 29/31 16/31 16/16 13/16 6/6 3/6

Total 97% 73% 91% 83% 91% 64%

p Value* <0.001 0.02 <0.001

*Fisher exact test.

including studies from the same group, which have
reported sensitivity ranging from 88% to 100% and
specificity from 78% to 97%.4812 Previous studies,
however, included cancers in all areas of the pan-
creas. The study by Résch et al.13 only included can-
cers of the pancreatic head, a more difficult area to
stage. Unlike real-time examination, videotapes are
of lower quality and may be artificial, potentially
missing some important sequences of staging.
Differences may exist between examiners’ interpre-
tations of the videotapes. Also, the videotapes were
created during the early stages of the investigators’
experience with EUS staging of pancreatic cancer,
although it is noted that each examiner performed
more than 300 pancreatic cases.

EUS VERSUS HELICAL CT

Helical CT is an advance in CT technology that
allows for more rapid acquisition of CT images. In
standard CT, the x-ray source rotates around the
patient to obtain a transverse image while the
patient holds his or her breath. The x-ray source
then needs to “unwind” to reset for the next image,
which is taken during another breath hold. In heli-
cal CT there is continuous activation and spinning
of the x-ray source and continuous movement of the
tabletop. Conventional CT, then, obtains images in a
start-stop manner, whereas with helical CT there is
continuous data acquisition.16 The limited capabili-
ties of conventional CT have been compared with
EUS in predicting vascular invasion, and EUS has
proven to be more accurate3412,17 (Table 1).

With helical CT, thinner slices can be obtained in
a single breath hold through reconstruction of over-
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lapping sections, thus avoiding potential gaps in
imaging. The rapid image acquisition allows scan-
ning during different phases of contrast injection to
selectively opacify arteries, veins, or the portal
venous system. Helical CT therefore provides consis-
tently higher levels of circulating contrast material,
allowing more accurate assessment of the splanchnic
vessels.18 Computer algorithms that allow 3-dimen-
sional reconstruction are also possible (such as for
virtual colonoscopy). Helical CT angiography has
been described and may be better than axial helical
CT imaging for detecting vascular invasion.19

Initial studies reported in radiologic publications
found helical CT to have an extremely high detec-
tion rate for pancreatic tumors (97%) and to be accu-
rate in predicting unresectability (91%) and vascu-
lar invasion (88%).20 This suggested that helical CT
was at least as accurate as EUS for the detection
and locoregional staging of pancreatic cancer.

There have been 4 studies comparing EUS with
helical CT for pancreatic cancer. Two of these
appeared in non-gastroenterology publications, and
2 are in Gastrointestinal Endoscopy (Table 2).21-24
Non-GI publications found helical CT and EUS to be
roughly equivalent (although Midwinter et al.21
found a higher detection rate for small tumors with
EUS); and the 2 other studies found EUS to be supe-
rior for tumor detection and staging.23.24 The dis-
crepancies in findings in these studies may have
several causes. Commonly, patients are referred for
EUS because no tumor is seen on CT, whereas radi-
ologic studies may rely on CT databases to identify
patients for inclusion. Surgery should be used as the
reference standard. Although surgery is the most
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Figure 2. Staging and treatment algorithm for pancreatic
cancer.

accurate standard, relying on surgery may result in
a skewed population that has had extensive diag-
nostic testing before arriving in the operating room.
Experience with EUS and fine needle aspiration
(FNA) technique is also important. Helical CT
should be performed with optimal protocols and
reconstructions, and specialists should interpret
these studies. For example, there may have been a
lower accuracy of helical CT in the study of Tierney
et al. because of the section thickness of 5 mm in the
study compared with conventional 3.2-mm thick
slices in other studies.21-23 Finally, there is the issue
of bias: authors will be biased in favor of their own
procedure. In the studies of Legmann et al.22 and
Midwinter et al.,2! patients with helical CT evidence
of distant metastatic disease were included, a clear
bias in favor of helical CT.21.22 Analyzing and com-
bining the data may help put these results in per-
spective. Because half of these studies are non-GI
and half are GI, this type of analysis may negate
some of the effects of bias. The analysis shown in
Table 3 demonstrates that EUS remains the most
sensitive test for detecting small tumors in the pan-
creas. For determining whether the tumor is
resectable, helical CT has good accuracy (83%)
although EUS is somewhat better (91%). The
improved accuracy of EUS is due to its greater sen-
sitivity for detecting vascular invasion of the portal
venous system.

A suggested algorithm for the evaluation and
treatment of patients suspected to have pancreatic
cancer is shown in Figure 2. A similar algorithm has
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been prospectively assessed and found to be accu-
rate in predicting cancer stage and to correlate well
with prognosis.25

EUS VERSUS OTHER IMAGING TECHNIQUES

When EUS has been directly compared with
angiography in defining vascular involvement in
pancreatic adenocarcinoma, EUS was found to be
significantly more sensitive.14.26 In a retrospective
comparison of MRI versus EUS in staging and
determination of resectability of pancreatic cancer,
neither imaging modality when used alone was suf-
ficient for determining resectable from unresectable
tumors, but when both tests agreed on resectability,
nearly all patients (89%) were found to have
resectable tumors on surgical exploration.27
However, a small prospective study found EUS to be
numerically superior to MRI for the detection and
tumor staging of pancreatic neoplasms, but roughly
equivalent for assessment of lymph nodes.17 Two
academic institutions evaluated EUS, helical CT,
MRI, and selective angiography for evaluation of
ampullary neoplasms. EUS was more accurate than
CT and MRI in the assessment of T-stage, but EUS
T-staging accuracy decreased from 84% to 72% in
the presence of a transpapillary endobiliary stent.28
EUS and helical CT have also been compared with
positron emission tomography (PET) for sensitivity
in the detection of pancreatic cancer.2¢ EUS and
PET were shown to be more sensitive than helical
CT in identifying pancreatic cancer as a primary
tumor, though an additional value of PET is the
identification of unresectable or metastatic disease.
PET scanning clarifies equivocal CT abnormalities
seen in the liver.

Whether helical CT, MRI, angiography, PET, or
EUS staging procedures ultimately lead to
improved disease-free survival remains unknown.
Future trials should address this issue.22

EUS-GUIDED FNA

FNA of the pancreas can be performed under
either CT or EUS guidance. The advantage of EUS
is that FNA is generally performed during the same
staging procedure. In contrast, CT-guided FNA is
invariably performed as a second CT procedure.
EUS-FNA can also be performed for small tumors
not visible on CT. EUS-FNA is about 75% to 80%
sensitive for the diagnosis of pancreatic cancer and
carries a small risk of pancreatitis.29-31 For patients
with clear evidence of unresectable disease on heli-
cal CT, CT-guided FNA will usually be performed,
depending on local expertise and availability.

The major issue in EUS-FNA is the selection of
appropriate patients for the procedure. Most experts
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agree that patients with unresectable disease
should undergo FNA.32 The FNA provides the nec-
essary tissue diagnosis before initiating chemother-
apy or radiotherapy. It has been argued that FNA is
not necessary for the diagnosis of resectable disease
because this would not change management; that is,
patients were going to have surgery in any case. Yet,

FNA may change management even if resectable

disease appears to be present.

One situation in which FNA might have an
impact would be if it effectively ruled out cancer.
With a sensitivity of 80%, a modality that misses
of cancers should not be used to rule out carcinoma.
But in some instances, a negative FNA will reduce
the likelihood of cancer to a low enough level that a
choice might be made not to perform surgery. For
example, if the risks of surgery were greater than
the probability of a patient having resectable dis-
ease, then surgery should not be performed.

So what is this break-even point: the point at
which the benefits outweigh the risks of surgery?
The mortality associated with the Whipple proce-
dure is approximately 5% and major complications
occur in another 5% to 10%. Of the patients in whom
the tumor is fully resected, fewer than half will be
rewarded with a long disease-free survival.
Therefore, at least a 25% to 30% chance that our
patient has resectable cancer is necessary (5% mor-
tality plus 5%-10% major morbidity multiplied by 2).

To determine whether EUS-FNA will reduce
the probability of cancer to less than 25% requires
the use of Bayes’ theorem (Fig. 3). Consider two
examples:

e The first is a patient with painless jaundice, a
“double duct” sign, and an obvious mass on imag-
ing. The estimated pretest probability that the
patient has cancer would be nearly 90%. If FNA
is performed (sensitivity = 80%, specificity =
100%) and is negative, the patient still has a 64%
probability of having cancer. Cancer is not ruled
out, and surgery should be performed.

¢ The second is an alcoholic patient with abdominal
pain and a poorly defined, possibly inflammatory
mass in the pancreas. Estimating the pretest
probability at 50% with a negative FNA, the
chance that he has cancer is only 17%. In this
case with “resectable” disease, the risks of
surgery may outweigh the benefits. Therefore, if
there is doubt as to the diagnosis of cancer
(pretest probability <70%) a negative FNA may
effectively “rule out” the need for surgery; that is,
the risks of surgery may outweigh the benefits
(Fig. 3). Future studies should focus on clinical
and endosonographic features predictive of a high
pretest probability for cancer.
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Figure 3. Bayes’ theorem: negative EUS-FNA. Assuming
EUS-guided FNA has a sensitivity of 80% and specificity of
100% for pancreatic cancer, the post-test probability of a
negative EUS-FNA is plotted against the pretest probability
of cancer. For pretest probabilities less than 67% (shaded
area) the risks of surgery may outweigh the benefits because
of the low (<25%) post-test probability of cancer.

The establishment of a histologic diagnosis before
surgery can also alter management. Not all pancre-
atic cancers are adenocarcinomas and some types
(Iymphomas, small cell carcinomas) are treated non-
surgically. Islet cell tumors and papillary cancers
are slow growing and have better prognoses than
pancreatic adenocarcinoma. They can be successful-
ly removed with organ-preserving resections, partic-
ularly islet cell tumors.33 Even if these slow-growing
tumors are found to be incompletely resectable, our
preference is to debulk these tumors for palliation
and possible survival benefits. Altering the surgical
approach in this manner requires that the
histopathology be known before surgery, because
frozen sections may not be reliable for determining
tissue type (especially islet cell tumors, which
require special stains). Even with the best preoper-
ative staging, an adenocarcinoma may be found at
surgery to be unresectable, in which case a surgical
biopsy will be needed (tru-cut needle). Because sur-
gical biopsy itself is only about 80% sensitive for
pancreatic masses, a preoperative tissue diagnosis
would be desirable.34

Finally, patients (and their doctors) simply want
to know whether they have cancer. To properly coun-
sel patients as to treatment options, such as exten-
sive and potentially morbid surgical resections, hav-
ing a biopsy confirmation of cancer is ideal.
EUS-FNA will provide a tissue diagnosis in most
patients.30 For these reasons, FNA should be strong-
ly considered in the majority of patients referred for
EUS of pancreatic masses.

Cost analyses of EUS in determining unre-
sectable disease have been analyzed. A decision
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model found that performing EUS in all patients,
followed by laparoscopy in those felt to have
resectable tumors, reduced the number of unneces-
sary surgical explorations by 61% compared with
laparoscopy alone. This combination of tests result-
ed in the lowest cost per surgical resection
($37,600).35 In another cost-analysis study compar-
ing EUS-FNA versus CT-guided FNA versus
surgery in management of nonmetastatic adenocar-
cinoma of the head of the pancreas, EUS-FNA was
the least costly strategy, assuming detection of non-
peritumoral lymph nodes at a rate greater than
4%.3% Detection of metastatic lymph nodes will
avoid unnecessary surgery, estimated in this study
to be 16 unnecessary surgeries per 100 patients
evaluated with EUS-FNA. Unsuspected mediastinal
metastases are found on EUS in up to 7% of patients
and can be sampled by means of EUS-FNA.37

SUMMARY

EUS is a highly sensitive test for detecting small
pancreatic masses and is accurate in determining
vascular invasion of the portal venous system, a
major determinant of resectability. Helical CT is an
advance over standard CT in its ability to detect and
stage pancreatic cancer and should be performed
before EUS to rule out metastatic and obviously
unresectable cancer. EUS should be performed when
no unresectable disease is found or if a tumor is not
visualized, although suspected. PET scanning may
be a useful adjunct to detect occult metastatic dis-
ease, and MRI or angiography may be used to con-
firm vascular invasion in selected patients. EUS
staging and FNA can be performed in a single pro-
cedure, unlike CT and CT-FNA, which require sepa-
rate procedures. EUS-FNA should be considered in
the majority of patients undergoing EUS to estab-
lish the diagnosis of cancer, determine histologic
type, confirm lymph node histology, guide therapy,
and assist with counseling of patients and referring
physicians.
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