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Summary

Pancreatic cancer is the 10™ most common
malignancy and the 4 largest cancer killer in
adults. Surgery offers the only chance of
curing these patients. Complete surgical
resection is associated with a 5-year survival
rate of between 20 and 30%.

The challenge is how to best select those
patients for curative surgery.

Early studies demonstrated excellent
sensitivity of EUS in detecting pancreatic
tumors in comparison to CT. Similarly, EUS
showed an 85-94 % accuracy rate for T
staging and 70-80 % accuracy rate for N
staging. Later studies report on substantially
less TN staging accuracy for EUS. Possible
explanations and the problem of vascular
involvement assessment by EUS will be
provided. Considering the role of EUS in M
staging and a comparison between EUS, MRI,
and positron emission tomography, scanning
will be presented.

A diagnostic algorithm for the evaluation of
patients with a suspected pancreatic mass will
be offered, stressing the pivotal role of EUS.

Introduction

Pancreatic cancer is the 10™ most common
malignancy and has a dismal prognosis, for
which reason surgical resection is the only
chance for cure.

The patient with suspected pancreatic
malignancy poses several challenges. First,

identification of a pancreatic lesion (tumor
detection) is necessary. Second, accurate
preoperative tumor staging is imperative for
the optimal selection of patients for curative
surgery.

Since its introduction in the 1980s,
endoscopic ultrasound (EUS) rapidly proved
to be the most sensitive and accurate tool for
pancreatic tumor detection and staging.

In recent years, we witnessed a rapid
improvement in the sensitivity and accuracy
of the radiological and nuclear imaging
techniques: multidetector, multiphasic CT
with pancreatic protocols, magnetic resonance
imaging (MRI) and positron emission
tomography (PET) scans.

In this presentation, the performance of the
various imaging modalities in the detection
and staging of pancreatic cancer will be
examined. A flow diagram for the evaluation
of the patient with suspected pancreatic
lesions will be used to conclude.

EUS
Detection

Numerous early publications indicated that
EUS is highly sensitive for the detection of
pancreatic tumors with rates higher than 90%
[1,2,3].

There was no difference between the accuracy
of the radial and the linear array instruments
in the assessment of pancreatic neoplasms [4].
The advantage of EUS over classical CT was
especially evident for lesions less than 3 cm
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in size: sensitivity of EUS 99%, CT 55% [1].
This advantage of EUS continued when
compared to helical CT for lesions up to 1.5
cm: EUS 100 %, CT 67% [5].

In a recent review of the literature by Hunt
and Faigel [6], EUS had a clearly superior
rate in the detection of pancreatic tumors:
EUS 97%, helical CT 73%. A newly
published retrospective study [7] evaluated
the sensitivity and specificity of multiphasic
thin slice helical CT in the detection of
cancers 2 cm or smaller at pathological
examination. The sensitivity was 97% and
specificity 100%.

Staging

Staging is based on the TNM classification. T
stage reflects tumor characteristics and
invasion into neighboring structures. N stage
assesses regional lymph node involvement
and M stage assesses metastatic spread. A T4
lesion usually means vascular involvement,
namely portal vein, splenomesenteric
confluence, superior mesenteric vein and/or
artery, splenic vein and/or artery, hepatic
artery or celiac trunk [8].

Assessing vascular involvement is a difficult
and problematic issue because it was defined
differently in the various studies.

The most specific criteria were formulated by
Snady ef al. [9] and Brugge et al. [10]: 1) loss
of interface between the tumor and the vessel
wall; 2) a tumor within the vessel lumen; 3)
collateral circulation; 4) an irregular vessel
wall. The specificity of these criteria is 85-
100% with an accuracy of 55-94%.

It is accepted that EUS is most accurate for
diagnosing portal venous and splenic venous
involvement with an accuracy up to 90% [1,
10]. EUS is less accurate in visualizing
superior mesenteric vein/artery invasion.

A tumor size greater than 3 cm hinders
accurate vascular invasion assessment. In
earlier reports, T stage accuracy varied
between 74-94% and N stage accuracy
between 74-80% [11, 12, 13, 14]. In several
recently published studies, a significantly
lower performance of EUS in TN staging was

observed: T stage 64-73% and N stage 56-
69% [15, 16, 17].

There are several possible explanations for
these differences. Most of the earlier studies
were based on small sample size (40 patients
or less), and most patients underwent surgery.
In recent studies, only a minority of patients
went to surgery, the rest being excluded
because of advanced disease on initial
imaging studies. Finally, there were the
problems of large tumor size and the criteria
used for vascular involvement.

In conclusion, although EUS is not meant to
be an appropriate tool for assessing M stage
because of its limited penetration, it can
detect small liver metastases and ascites not
visualized by other imaging modalities [18,
19].

EUS guided fine needle aspiration (FNA)

EUS guided FNA has been established as a
sensitive, specific and safe tool for acquiring
a histological diagnosis in pancreatic tumors:
sensitivity  75-90%, specificity 94-100%,
complication rate about 1% [20, 21, 22, 23].

A distinct advantage of EUS guided FNA
over US/CT guided FNA is that the first is
performed at the initial examination and it is
possible to biopsy lesions not detected by CT.
A shorter needle trajectory and the use of
smaller needles might reduce the danger of
tumor seeding.

The main debate in EUS guided FNA
concentrates on proper patient selection. It is
generally accepted that patients with
unresectable tumors should have FNA as a
prerequisite for oncological treatment.

Many experts (especially surgeons) argue that
FNA is not necessary for resectable tumors.
On the other hand, not all pancreatic tumors
are adenocarcinomas. Lymphomas, islet cell
tumors, metastases and other rare tumors may
require a different management approach.
Cost effective analyses also favor the use of
EUS guided FNA in the diagnostic algorithm
[24].

There is also the benefit of performing celiac
plexus neurolysis in the same session in
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Suspicion of
pancreatic cancer

Multiphasic helical CT with pancreatic protocol

No tumor Resectable Non-resectable
detected
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Follow up Surgery Neoadjuvant therapy
2m EUS

Figure 1. Evaluation of suspected pancreatic mass
lesion.

patients having advanced disease with severe
pain.

Last but not least, an important consideration
should be the patient’s desire (and his
physician’s as well) to positively diagnose
cancer before embarking on radical surgery.
EUS guided biopsy of all pancreatic lesions
has been the accepted policy at our institution
for several years and it seems that the
community is close to a consensus on this
issue.

EUS, CT, MRI

Older studies have indicated that CT and MRI
perform equally in assessing the resectability
of pancreatic cancer [25]. In a recent
comparative study, MRI had a 96% accuracy
versus 81% of helical CT in predicting
resectability of pancreatic cancer [26].
Contrast enhanced MRI was found to be as
accurate as contrast enhanced helical CT in
the detection and staging of pancreatic cancer.
MRI was more sensitive in the detection of
small liver metastases [27].

Initially, EUS was found to be superior to
MRI for the detection and staging of
pancreatic tumors. In a recent publication,
EUS had a positive predictive value (PPV) of
69 % versus 77% for MRI. In evaluating
resectability, when both EUS and MRI agreed
on resectability, PPV was 89% and the
negative predictive values (NPV: prediction
of unresectability) was 76% [28].

EUS was more accurate than helical CT and
MRI in assessing the T stage of ampullary
tumors (EUS 78%, CT 24%, MRI 46%) with
no difference in N stage [29]. The main
limitations of CT and MRI are that they both
are also operator dependent tests and both
have low sensitivity for the detection of small
liver metastases (MRI is better than CT).

PET

EUS and PET were found to be more
sensitive in the detection of pancreatic cancer
than CT (EUS 93%, PET 87%, CT 53%). The
main advantage of PET is in the detection of
metastatic disease and clarifying uncertain CT
findings in the liver [30].

Conclusions

1. Advances in CT/MRI/PET improved their
locoregional staging performance relative to
EUS;

2. The main role of these modalities is in the
detection of distant metastases;

3. EUS can detect tumors not imaged by other
modalities;

4. EUS can clarify locoregional spread when
CT/MR are equivocal;

5. M staging detects liver metastases and
ascites;

6. Improved N staging with EUS guided
FNA;

7. EUS guided celiac plexus neurolysis.

In summary, the combination of superior
detection, good staging, tissue diagnosis and
potential therapy makes EUS guided FNA a
cost-effective modality.

An outline of the approach to the patient with
suspected pancreatic neoplasm is presented in
Figure 1.

Keywords Diagnostic Imaging; Endosono-
graphy; Pancreatic Neoplasms

Correspondence
Erwin Santo
Department of Gastroenterology and Liver

JOP. Journal of the Pancreas — http://www joplink.net — Vol. 5, No. 4 — July 2004. [ISSN 1590-8577] 255



JOP. J Pancreas (Online) 2004; 5(4):253-257.

Diseases

Tel Aviv Sourasky Medical Center

6 Weizman st.

Tel Aviv

Israel

Phone: +972-3.697.4969

Fax: +972-3.697.4622

E-mail address: erwin@tasmc.health.gov.il

References

1. Rosch T, Lorenz R, Braig C, Feuerbach S, Siewert
JR, Schusdziarra V, Classen M. Endoscopic ultrasound
in pancreatic tumor diagnosis. Gastrointest Endosc
1991; 37:347-52. [PMID 2070987]

2. Snady H, Cooperman A, Siegel J. Endoscopic
ultrasonography compared with computed tomography
with ERCP in patients with obstructive jaundice or
small peri-pancreatic mass. Gastrointest Endosc 1992;
38:27-34. [PMID 1612375]

3. Muller MF, Meyenberger C, Bertschinger P,
Schaer R, Marincek B. Pancreatic tumors: evaluation
with endoscopic US, CT, and MR imaging. Radiology
1994; 190:745-51. [PMID 8115622]

4. Gress F, Savides T, Cummings O, Sherman S,
Lehman G, Zaidi S, Hawes R. Radial scanning and
linear array endosonography for staging pancreatic
cancer: a prospective randomized comparison.
Gastrointest Endosc  1997; 45:138-42. [PMID
9040998]

5. Legmann P, Vignaux O, Dousset B, Baraza AlJ,
Palazzo L, Dumontier I, et al. Pancreatic tumors:
comparison of dual-phase helical CT and endoscopic
sonography. AJR Am J Roentgenol 1998; 170:1315-
22. [PMID 9574609]

6. Hunt GC, Faigel DO. Assessment of EUS for
diagnosing, staging, and determining resectability of
pancreatic cancer: a review. Gastrointest Endosc 2002;
55:232-7. [PMID 11818928]

7. Bronstein YL, Loyer EM, Kaur H, Choi H, David
C, DuBrow RA, et al. Detection of small pancreatic
tumors with multiphasic helical CT. AJR Am J
Roentgenol 2004; 182:619-23. [PMID 14975959]

8. Fleming ID, Cooper JS, Murphy GP, Sullivan BO,
Sobin LH, Yarbro JW, et al. American Joint
Committee on Cancer: AJCC Cancer Staging Manual.
5th ed. Philadelphia, PA, USA: Lippincott-Raven,
1997.

9. Snady H, Bruckner H, Siegel J, Cooperman A,
Neff R, Kiefer L. Endoscopic ultrasonographic criteria
of wvascular invasion by potentially resectable
pancreatic tumors. Gastrointest Endosc 1994; 40:326-
33. [PMID 8056236]

10. Brugge WR, Lee MJ, Kelsey PB, Schapiro RH,
Warshaw AL. The use of EUS to diagnose malignant
portal venous system invasion by pancreatic cancer.
Gastrointest Endosc 1996; 43:561-7. [PMID 8781933]

11. Nakaizumi A, Uehara H, lishi H, Tatsuta M,
Kitamura T, Kuroda C, et al. Endoscopic
ultrasonography in diagnosis and staging of pancreatic
cancer. Dig Dis Sci 1995; 40:696-700. [PMID
7895567]

12. Tio TL, Tytgat GN, Cikot RJ, Houthoff HJ, Sars
PR. Ampullopancreatic carcinoma: preoperative TNM
classification with endosonography. Radiology 1990;
175:455-61. [PMID 2183284]

13. Grimm H, Maydeo A, Soehendra N. Endoluminal
ultrasound for the diagnosis and staging of pancreatic
cancer. Baillieres Clin Gastroenterol 1990; 4:869-87.
[PMID 2078789]

14. Rosch T, Braig C, Gain T, Feuerbach S, Siewert
JR, Schusdziarra V, Classen M. Staging of pancreatic
and  ampullary  carcinoma by  endoscopic
ultrasonography. Comparison with conventional
sonography, computed tomography, and angiography.
Gastroenterology 1992; 102:188-99. [PMID 1727753]

15. Buscail L, Pages P, Berthelemy P, Fourtanier G,
Frexinos J, Escourrou J. Role of EUS in the
management of pancreatic and ampullary carcinoma: a
prospective study assessing resectability and prognosis.
Gastrointest Endosc  1999;  50:34-40. [PMID
10385719]

16. Ahmad NA, Lewis JD, Ginsberg GG, Rosato EF,
Morris JB, Kochman ML. EUS in preoperative staging
of pancreatic cancer. Gastrointest Endosc 2000;
52:463-83. [PMID 11023561]

17. Akahoshi K, Chijiiwa Y, Nakano I, Nawata H,
Ogawa Y, Tanaka M.,et al. Diagnosis and staging
pancreatic cancer by endoscopic ultrasound. Br J
Radiol 1998; 71:492-6. [PMID 9691893]

18. Prasad P, Schmulewitz N, Patel A, Varadarajulu S,
Wildi SM, Roberts S, et al. Detection of occult liver
metastases during EUS for staging of malignancies.
Gastrointest Endosc  2004;  59:49-53. [PMID
14722547]

19. Nguyen PT, Chang KJ. EUS in the detection of
ascites and EUS guided paracentesis. Gastrointest
Endosc 2001; 54:336-9. [PMID 11522974

20. Giovannini M, Seitz JF, Monges G, Perrier H,
Rabbia I. Fine-needle aspiration cytology guided by
endoscopic ultrasonography: results in 141 patients.
Endoscopy 1995; 27:171-7. [PMID 7601050]

21. Palazzo L, Roseau G, Gayet B, Vilgrain V,
Belghiti J, Fekete F, Paolaggi JA. Endoscopic
ultrasonography in the diagnosis and staging of
pancreatic adenocarcinoma. Results of a prospective

JOP. Journal of the Pancreas — http://www joplink.net — Vol. 5, No. 4 — July 2004. [ISSN 1590-8577] 256



JOP. J Pancreas (Online) 2004; 5(4):253-257.

study with comparison to ultrasonography and CT
scan. Endoscopy 1993; 25:143-50. [PMID 8491130]

22. Harewood GC, Wiersema MJ. Endosonography-
guided fine needle aspiration biopsy in the evaluation
of pancreatic masses. Am J Gastroenterol 2002;
97:1386-91. [PMID 12094855]

23. Williams DB, Sahai AV, Aabakken L, Penman ID,
van Velse A, Webb J, et al. Endoscopic ultrasound
guided fine needle aspiration biopsy: a large single
centre experience. Gut 1999; 44:720-6. [PMID
10205212]

24. Chang KJ, Nguyen P, Erickson RA, Durbin TE,
Katz KD. The clinical utility of endoscopic ultrasound-
guided fine-needle aspiration in the diagnosis and
staging of pancreatic carcinoma. Gastrointest Endosc

1997; 45:387-94. [PMID 9165320]

25. Megibow AJ, Zhou XH, Rotterdam H, Francis IR,
Zerhouni EA, Balfe DM, et al. Pancreatic
adenocarcinoma: CT versus MR imaging in the
evaluation of resectability--report of the Radiology
Diagnostic  Oncology Group. Radiology 1995;
195:327-32. [PMID 7724748]

26. Sheridan MB, Ward J, Guthrie JA, Spencer JA,
Craven CM, Wilson D, et al. Dynamic contrast-
enhanced MR imaging and dual-phase helical CT in
the preoperative assessment of suspected pancreatic

cancer: a comparative study with receiver operating
characteristic analysis. AJR Am J Roentgenol 1999;
173:583-90. [PMID 10470884]

27. Schima W, Fugger R, Schober E, Oecttl C, Wamser
P, Grabenwoger F, et al. Diagnosis and staging of
pancreatic cancer: comparison of mangafodipir
trisodium-enhanced MR imaging and contrast-
enhanced helical hydro-CT. AJR Am j Roentgenol
2002; 179:717-24. [PMID 12185052]

28. Ahmad NA, Lewis JD, Siegelman ES, Rosato EF,
Ginsberg GG, Kochman ML. Role of endoscopic
ultrasound and magnetic resonance imaging in the
preoperative staging of pancreatic adenocarcinoma.
Am J Gastroenterol 2000; 95:1926-31. [PMID
10950037]

29. Cannon ME, Carpenter SL, Elta GH, Nostrant TT,
Kochman ML, Ginsberg GG, et al. EUS compared with
CT, magnetic resonance imaging, and angiography and
the influence of biliary stenting on staging accuracy of
ampullary neoplasms. Gastrointest Endosc 1999;
50:27-33. [PMID 10385718]

30. Mertz HR, Sechopoulos P, Delbeke D, Leach SD.
EUS, PET, and CT scanning for evaluation of
pancreatic adenocarcinoma. Gastrointest Endosc 2000;
52:367-71. [PMID 10968852]

JOP. Journal of the Pancreas — http://www joplink.net — Vol. 5, No. 4 — July 2004. [ISSN 1590-8577] 257



