Online Submissions: wjg.wjgnet.com
www.wjgnet.com
wjg@wjgnet.com

World | Gastroenterol 2007 August 7; 13(29): 3962-3966
World Journal of Gastroenterology ISSN 1007-9327
© 2007 WJG. All rights reserved.

RAPID COMMUNICATION

Utility of endoscopic ultrasound, cytology and fluid
carcinoembryonic antigen and CA 19-9 levels in pancreatic

cystic lesions

Abdulrahman M Aljebreen, Joseph Romagnuolo, Rafael Perini, Francis Sutherland

Abdulrahman M Aljebreen, Division of Gastroenterology,
Department of Medicine, King Saud University, Riyadh, Saudi
Arabia

Joseph Romagnuolo, Medical University of South Carolina,
Digestive Disease Center, Charleston, South Carolina, United States
Rafael Perini, Division of Gastroenterology, University of
Calgary, Calgary, Alberta, Canada

Francis Sutherland, Department of General Surgery, University
of Calgary, Calgary, Alberta, Canada

Supported by funds from the Alberta Heritage Foundation of
Medical Research

Correspondence to: Dr. Joseph Romagnuolo, Director of
Clinical Research, Medical University of South Carolina (MUSC),
Digestive Disease Center, 96 Jonathon Lucas St, CSB #210, PO
Box 250 327 Charleston, SC 29425

United States. romagnuo@musc.edu

Telephone: +1-843-792990 Fax: +1-843-7928395

Received: 2007-03-17 Accepted: 2007-04-11

Abstract

AIM: To assess the diagnostic accuracy of endoscopic
ultrasound (EUS), fluid tumor markers and cytology in
distinguishing benign from (pre)malignant pancreatic
cystic lesions.

METHODS: 46 consecutive patients, referred to a
gastroenterologist and surgeon for a symptomatic or
incidental pancreatic cyst, were reviewed. EUS, cytology,
and carcinoembryonic antigen (CEA) and carbohydrate
antigen (CA 19-9) levels were compared with the final
diagnosis, based on surgical pathology and/or imaging
follow-up of at least 12 mo. Cysts were classified as
benign (pseudocyst, serous cystadenoma) or malignant/
pre-malignant (mucinous cystic neoplasm). Receiver-
operator characteristics (ROC) curve analysis was
performed.

RESULTS: The mean age was 56 years; 29% were male
and median cyst diameter was 3 cm. Final outcome was
obtained in 41 (89%) patients. Twenty-three (56%) of
these 41 had surgical pathology. Twenty-three (56%)
had benign lesions and 18 (44%) had malignant/pre-
malignant lesions. Sensitivity, specificity and positive
and negative predictive value of EUS alone to distinguish
benign from malignant/premalignant pancreatic cystic
lesions were 50%, 56%, 36% and 54% and for cytology
were 71%, 96%, 92% and 85%, respectively. The
corresponding values for the ROC-derived ideal cutoffs
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were 75%, 90%, 75%, 90% for CA 19-9 (> 37 U/mL)
and 70%, 85%, 79% and 78% for CEA (> 3.1 ng/mL).
Subgroup analysis of those with surgical pathology
yielded almost identical performance and cutoffs.

CONCLUSION: Cytology and cyst fluid tumor marker
analysis is a very useful tool in distinguishing benign
from (pre)malignant pancreatic cystic lesions.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Most pancreatic cysts are either inflammatory or neoplastic
and pseudocysts account for the majority of pancreatic
cystic lesions'. “Simple” or congenital pancreatic cysts, in
contrast with those in the liver and kidney, are rare. Other
types of pancreatic cysts may be broadly classified as
benign or pre-malignant and malignant cystic neoplasms.
The former include serous cystadenomas, lymphangioma,
cystic teratoma, hemangioma, or paraganglioma. Malignant
cysts include mucinous cystic neoplasms (mucinous
cystadenoma or cystadenocarcinoma)®”. Since some
of these lesions may harbor occult malignancy or may
develop into malignancy, differentiation between benign
(serous), malignant/premalignant, and inflammatory
(pseudocysts) cystic lesions is important™. Unfortunately,
there are yet no reliable clinical or radiological criteria that
allow accurate differentiation among the different types of
pancreatic cystic lesions.

Endoscopic ultrasound (EUS) is rapidly becoming
the imaging modality of choice for a variety of pancreatic
lesions; however the role of the endosonographic features
alone is controversial and EUS alone may not be sufficiently
reliable in differentiating between serous and mucinous




Aljebreen AM et a/. EUS, cytology, and tumor markers in pancreatic cysts 3963

lesions™. Analysis of the cyst fluid for CEA, CA 19-9
and cytology may help in differentiating pancreatic cystic
lesions”"". However, data to support the role of cytology
and tumor markers of the cystic fluid in differentiating
benign from premalignant and malignant pancreatic cystic
lesions is still limited.

The aim of this analysis was to assess the diagnostic
accuracy of BUS without fine needle aspiration (FNA), as
well as fluid tumor markers and cytology in differentiating
inflammatory cyst and cysts of low malignant potential
from malignant and premalignant pancreatic cystic lesions.

MATERIALS AND METHODS
Subjects

The clinic charts of 46 consecutive patients with pancreatic
cystic lesions referred to a gastroenterologist (JR) and
pancreatic surgeon (FS) from February 1999 to April 2003
were reviewed. The results of EUS, fluid cytology, and
fluid CEA and CA 19-9 levels were compared with the final
diagnosis. Based on surgical histopathology and/or imaging
follow-up of at least 12 mo, cysts were classified as benign
(pseudocysts, serous cystadenoma) versus malignant or pre-
malignant (mucinous cystadenoma, intraductal papillary

mucinous neoplasms, solid-pseudopapillary tumors, and
cystadenocarcinomas). Demographics and symptoms were
recorded. History of acute or chronic pancreatitis was also
recorded in addition to other risk factors of pancreatic
disease (e.g alcohol).

Patients who did not undergo resection (because
of patient preference or due to comorbidities) but had
significant changes (increase in size more than lem or
development of an associated solid mass) of their primary
cystic lesion on follow-up imaging of at least 12 mo'”,
and patients who had a surgical pathological specimen
indicating a malignant or mucinous tumor were defined
as having a “malignant/pre-malignant” lesion; otherwise,
the lesion was considered to be a benign pancreatic cystic
lesion (pseudocyst or serous cystadenoma).

Imaging

The EUS and CT radiologists were effectively blinded to
the fluid analysis as this data is not available to either when
these tests are being performed in routine practice. The
following data regarding the description of the pancreatic
cystic lesions were abstracted from EUS and CT reports:
size, location and number of the cysts, wall thickness
(< 3 mm or = 3 mm), septation (presence and thickness
of the septae), presence or absence of solid component
and presence or absence of chronic pancreatitis. Cyst sizes
(largest dimension, including all cystic compartments if
present). According to endosonographic features alone, all
pancreatic cystic lesions were classified as either benign or
malignant/premalignant by EUS (prior to knowledge of
FNA results). The lesion was considered suspicious of being
malignant or premalignant if one or more of the following
criteria were met: wall thickness of 3 mm or greater, thick
septae (> 2 mm), macrocystic (> 2 cm) component(s), or
presence of a solid adjacent or intracystic mass or nodule.
The presence of chronic pancreatitis was felt to favor a
pseudocyst unless one or more of the above criteria were

met. A microcystic pattern and the presence of a stellate
scar or central calcification were considered suggestive of a
serous cystadenoma. The finding of mobile echogenic debri
was considered compatible with a pseudocyst.

All EUS procedures were performed with conscious
sedation with a radial scanning echoendoscope (GFU-130,
Olympus America, Inc., Melville, NY or GF-3060, Pentax).
FNA was performed using a linear array echoendoscope
(EG-3630U Pentax Medical Co, Montvale, NJ) and a 22
gauge, 8 cm needle (Echotip, Wilson-Cook Medical, Inc.,
Winston-Salem, NC). Cyst aspiration was accomplished
by 1 needle pass in almost all cases. Antibiotics were
routinely administered prophylactically (oral ciprofloxacin
or levafloxacin for 3-5 d, starting one day before the
procedure). When FNA was performed, the largest cyst
component was targeted. To reduce the risk of infection,
an attempt was made to completely drain all contaminated
components. The wall of the cyst was not specifically
biopsied/aspirated unless there was wall thickening or an
adjacent mass. All EUS procedures were done by the same
gastroenterologist (JR) with the assistance of an advanced
endoscopy fellow (AA, RP).

Pancreatic cyst fluid analysis

All cytology specimens were collected in Cytolyte (Cytyc
Corporation, Boxborough, MA), and spun down in
the cytology lab. The median volume of the cyst fluid
aspirated was 3 mL. If the volume of the aspirate was
small (< 1 mL), the fluid was sent only for cytological
evaluation alone, otherwise, CEA, CA19-9, and cytology
were requested. Aspirated cystic fluid was sent to lab in a
10 mL syringe. Cytologic material was expressed onto a
frosted glass slide immersed in 95% cthanol.

Cytology was considered positive (malignant or pre-
malignant) if the cytological evaluation showed features of
a mucinous cystadenoma (e.g. mucin) or if malignant cells
were identified.

Statistical analysis

Test performances of EUS, cytology, CEA, and CA 19-9
fluid levels in predicting the final diagnosis were analyzed
with two-by-two contingency tables. Sensitivity, specificity,
positive and negative predictive values and the diagnostic
accuracy with their 95% binomial confidence intervals were
calculated. Chi-square univariate analysis was performed
to compare the frequency of various factors between the
benign or inflammatory and the malignant or premalignant
groups. The Wilcoxon rank-sum test (Mann-Whitney)
was used to compare continuous variables (e.g. the tumor
marker levels) among these two groups. Receiver-operator
characteristic (ROC) curves were constructed to determine
the optimal cutoff values of CEA and CA 19-9 levels in
predicting the final diagnosis of a pancreatic cystic lesion.
An ROC curve displaying the false positive rate on the
x-axis (1-specificity) and the true positive rate on the y-axis
(sensitivity) for varying test thresholds was constructed”,
The ideal cut-off values for the CEA and CA 19-9 were
chosen by determining the cutoff closest to an ideal test (the
upper left corner of the graph)''?. Quantitative ROC curve
analysis included calculation of areas under each curve

(AUC) with 95% confidence intervals (MedCalc, v.7.3.0).
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RESULTS

Patient and cyst characteristics

Final diagnosis was obtained in 41 (89%) of these 46
patients, 23 of whom (56%) had surgical pathology.
Twenty-three (56%) patients had benign lesions and 18
(44%) had malignant/premalignant lesions (Table 1). The
mean (SD) age of the patients was 56.2 (18) years; 71%
were female. Sixty-three percent of patients (7 = 26) had
abdominal pain, 22% had a previous history of acute
pancreatitis, and 20% had features of chronic pancreatitis
on imaging; 24% of patients were asymptomatic (incidental
cyst). Median cyst diameter was 3 (range: 0.5-15) cm, with
68% measuring under 5 cm in diameter. The cyst was
located in the head or uncinate in 39% of cases.

Eight (35%) of 23 patients with benign lesions underwent
surgical resection because of their symptoms and/or because
of suspicious features of imaging, cytology and/or cyst
tumor markers. Four (22%) of 18 patients with growth
on imaging follow-up did not undergo surgery because of
high operative risk, refusal of surgery or metastases. Final
diagnosis included mucinous cystadenoma (7 = 8), mucinous
cystadenocatcinoma (7 = 6), serous cystadenoma (7 = 15),
pseudocyst (# = 7), solid pseudopapillary tumors (# = 2) and
others (7 = 3).

The patient characteristics (demographics, presentation,
and history of acute or chronic pancreatitis) and imaging
features did not differ significantly between the two groups,
except that the malignant/premalignant group was slightly
younger and had slightly bigger cysts (Table 1).

Diagnostic accuracy of EUS and fluid analysis

Twenty-six patients underwent EUS. Thirty-three percent
were under 2 cm in diameter, 17% had calcifications or
a central scar, 50% had at least one septation, 17% had
a thick septum or wall and 25% had 4 or more EUS
criteria for chronic pancreatitis. Sensitivity, specificity and
positive and negative predictive values of EUS (without
fluid analysis) to distinguish benign from malignant/
premalignant pancreatic cystic lesions were 50%), 56%,
36% and 69%. These are summarized in Table 2.

The mean CA 19-9 level was 16.8 U/mL for benign
lesions, and 3624 U/mL for premalignant/malignant
ones (P = 0.055). For CEA, the mean was 1.3 ng/mL for
benign lesions, and 64 U/mL for premalignant/malignant
ones (P = 0.02). Using quantitative ROC curve analysis,
37 U/mL was found to be the ideal cut-off (i.e. best
balance of sensitivity and specificity) for CA 19-9 and 3.1
ng/mL was best for CEA (Figure 1A and B).

A cyst fluid CA 19-9 over 37 U/mL had 75%
sensitivity, 90% specificity and 82% diagnostic accuracy,
whereas CEA over 3.1 ng/mL had 70% sensitivity, 85%
specificity and 78% diagnostic accuracy. Very high levels
of CEA (> 100 ng/mL) were never seen in benign
lesions (100% specific; 100% positive predictive value),
but were seen in only 33% of malignant/premalignant
ones (67% sensitivity). Interestingly, the two patients with
solid pseudopapillary epithelial neoplasms, with positive
cytology, had low tumor cyst marker levels (CEA levels
were 0.5 and < 0.5 ng/ml,, and the CA19-9 levels were
1 and 10 U/mlL, respectively). The subgroup of patients
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Table 1 Patient and cyst characteristics 7 (%)

Entire Malignant/ P
group Benign pre-malignant values'

(n=41) (n=23) (@ =18)

Age (mean, yr) 56 62 51 0.03
Male 12 (29) 5(22) 7 (39) 0.4
Symptoms

Abdominal pain 26 (63) 12 (52) 13 (72) 0.3

Other symptoms 5(12) 4(17) 2 (11) 0.9

Asymptomatic 10 (24) 7 (30) 3(17) 0.6
Pancreatitis

Previous acute pancreatitis 9 (22) 7 (30) 2 (11) 0.3

Chronic pancreatitis 8 (20) 5(22) 3(17) 0.9
Cyst diameter

<lcm 3(7) 3 (13) 0 (0) 0.3

1-1.9 cm 7 (17) 5(22) 2(11) 0.6

2.0-5cm 18 (44) 9(39) 8 (44) 0.9

>5cm 13 (32) 5(22) 8 (44) 0.2
Mean (cm) 3.0 3.4 5.6 0.006
Location

Head 13 (32) 9(39) 4(22) 0.4

Uncinate 3(7) 1(4) 2(11) 0.8

Body 14 (34) 7 (30) 7 (39) 0.8

Tail 11 (27) 5(22) 5(28) 0.9
Investigations

Surgery 23 (56) 8 (35) 14 (78) 0.02

Cytology 41 (100) 23 (100) 17 (94) 0.8

CEA 23 (56) 12 (52) 11 (61) 0.8

CA19-9 22 (54) 10 (44) 12 (67) 0.2

EUS 26 (63) 13 (57) 9(39) 0.4

'Comparison between benign and malignant/premalignant columns.

(7 = 41) who had surgical pathology had comparable
results, with accuracies of 89% and 77% for CA19-9 and
CEA, respectively.

Sensitivity, specificity and diagnostic accuracy for
cytology to distinguish benign from malignant/premalignant
pancreatic cystic lesions were 71%, 96% and 85%,
respectively (Table 2). Cytology specimens were acellular
in 9 patients, one of which had debris consistent with a
pseudocyst. Six (67%) of these 9 turned out to be benign
lesions, and of the other three, two were positive for mucin;
none were malignant. Eleven specimens were called “non-
malignant, hypocellular.” Nine (82%) turned out to be
benign lesions, and 1 of the other 2 was positive for mucin;
none were malignant. Again the subgroup that had surgical
pathology had very comparable cytology accuracy (83%).

Complications from cyst aspiration

Of the 41 patients who underwent FNA, two had
complications (4.8%): one had minor self-limited intracystic
bleeding (no pain, no significant hemoglobin drop, no
transfusion, kept overnight for observation) and another
one had severe pancreatitis that resolved with supportive
therapy. There was no documented infection, leaks, or
perforation.

DISCUSSION

With improved and more frequent imaging, incidental
pancreatic cysts are increasingly recognized, and in
contrast to other organs, the majority of incidental non-
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Table 2 Diagnostic performance of EUS, cytology, CEA and CA 19-9 fluid levels in identifying premalignant of malignant cystic lesions

mean 95% CI (%)

EUS alone Cytology CEA > 3.1 ng/mL' CA 19-9 > 37 U/mL'
Sensitivity 50 (16-84) 71 (49-92) 70 (42-98) 75 (33-75)
Specificity 56 (30-80) 96 (87-99) 85 (65-99) 90 (71-99)
Negative predictive value 69 (39-91) 82 (62-94) 79 (57-99) 75 (43-95)
Positive predictive value 36 (11-69) 92 (64-99.8) 78 (51-99) 90 (56-99.8)
Accuracy 54 (34-74) 85 (74-96) 78 (61-95) 82 (66-98)
Area under curve 0.53 (0.32-0.74) 0.83 (0.68-0.93) 0.78 (0.54-0.93) 0.8 (0.57-0.94)

'Optimal cut-offs for CEA and CA 19-9 as determined by receiver-operator characteristic (ROC) curve analysis.
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Figure 1 A receiver operator characteristic (ROC) curve of fluid CEA or CA 19-9
with respect to diagnosing malignant/premalignant pancreatic cystic neoplasms. A:
CEA > 3.1 ng/mL had a 70% sensitivity and 85% specificity; B: CA 19-9 > 37 U/mL
had a 75% sensitivity and 90% specificity.

inflammatory pancreatic cysts are neoplastic. Predicting
the pathology and prognosis of these cysts is difficult
because of tremendous overlap in imaging features, but
is very important, as benign low-malignant potential
lesions (serous cystadenomas) and inflammatory cysts
(pseudocysts) do not generally require resection in
asymptomatic or minimally symptomatic individuals. EUS
is the ideal tool for the evaluation of cystic lesions of the
pancreas because of its ability to image these lesions with
high resolution (due to close proximity, high ultrasound
frequency), and its ability to easily and safely sample the
fluid from these lesions during the same session'”!

Almost all previous studies restrict the patient cohort to
those patients with surgical pathology. While ensuring the
accuracy of the gold standard, that design can result in a
considerably biased selection of lesions and patients (larger
lesions, younger patients fit for surgery, and probably

more concerning cyst features on imaging). Our series of
patients was consecutive, and the final diagnosis was made
based on the surgical specimen in those operated on (almost
half of our cohort), and included one year of radiological
and clinical follow-up in those followed conservatively.

One limitation of our design is that the natural history
of a mucinous cystadenoma is not well known. Small benign
mucinous lesions grow slowly and develop malignancy at
a very low rate!"”. Tt is possible that one year of follow-up
is insufficient; however it is unlikely that frankly malignant
or high-grade dysplastic lesions would be missed with this
approach. Other series have used follow-up of 12-31 mo,
in those who did not undergo resection' """, to confirm
their benign status. In support of our design, our findings
regarding test performance and ideal cutoffs were neatly
identical in those with and without surgical pathology.

In our series, the sensitivity and specificity of cytology
and mucin staining to distinguish benign from malignant/
premalignant pancreatic cystic lesions were 71% and 96%,
respectively, with a negative predictive value of 82% and
a diagnostic accuracy of 85%. Although, the specificity in
other studies is comparable to that in our seties, there is
lower agreement in the literature regarding sensitivity for
specimens obtained under CT or ultrasound (range 49%
to 98%)""2!, usually because of variable frequency of
specimens reported as hypocellular or acellular. Pinto e a/*
and Brandwein ¢ a/” both reported lower sensitivities than
ours (50%-65%)"". Tn a retrospective study of 34 patients,
Sedlack e# al'", found that fluid cytology had a sensitivity
of only 27% with a specificity of 100%. This study had
few cytology specimens (#z = 18) and only included those
patients undergoing surgical resection'. In keeping with
our results, a recent prospective study™ of 67 patients
who were all surgical candidates and referred for surgical
resection, cytology had a sensitivity of 97% and specificity
of 100% in predicting whether a lesion needed surgery.
Recently, Brugge ¢ a/”” reported the results of a multi-
center trial of fluid analysis in 109 patients that had surgery
(33% of initial cohort). The accuracy of cytology was 59%
(64/109) in differentiating between mucinous and non-
mucinous cystic lesions™. It is not clear whether a positive
mucin stain and/or a hypocellular or acellular specimen
were classified as positive or negative in that study.

One practical limitation for small cysts is the lack of
sufficient fluid to perform both cytology and tumor marker
analysis. We, in cooperation with our cytology department,
found that sending a tumor marker requisition to the
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cytology lab, accompanying the low-volume fluid specimen,
can help. The cytology technicians can spin down a cellular
pellet for cytologic interpretation; the supernatant can then
be sent directly for tumor marker measurement from the
cytology lab.

While we and others*! have shown very promising
results with cyst fluid tumor marker analysis, others have
shown poorer performance, reporting accuracies as low
as 27%""*. CEA sensitivity has generally been found to
be very good in most studies, albeit with some variability
in the optimal cut-off value. CA 19-9 has generally
been found to be less specific. Similarly, Hammel ¢# a/”
showed that CA 19-9 levels had a 75% sensitivity with a
90% specificity for distinguishing mucinous tumors from
other cystic lesions, however the cutoff he used was very
different (> 50000 U/mL). We agree with Frossard ez a/*",
who showed that CA 19-9 > 50000 U/mL had a sensitivity
of only 15%, that this high threshold for CA19-9 is
likely reasonable for detecting malignancy but would be
insensitive for premalignant lesions.

With respect to the accuracy of EUS without FNA, our
results are in keeping with Brugge ez al” who showed that
the accuracy of CEA (88/111, 79%) was significantly greater
than the accuracy of EUS morphology alone (57/112, 51%)
in differentiating between mucinous and non-mucinous
cystic lesions. Song ez al”, showed that pseudocysts exhibited
echogenic debris and parenchymal changes more often than
cystic tumors did (29% u5 6% and 65% vs 4%, respectively),
but these features were neither specific not sensitive. Mural
nodules were also insensitive but moderately specific in
that study (56% in cystic neoplasms »s 12% in pseudocysts.
Differentiating cystic neoplasms (of any type) from
pseudocysts is arguably an easier task.

In conclusion, tumor marker analysis of cyst fluid was
found to be a safe and useful adjunct in distinguishing
inflammatory and low-malignant potential benign neoplasms
from malignant or premalignant pancreatic cystic lesions,
and appears similar in performance to cytology. Although
fluid CEA is likely most reliable, CA19-9 also appears to
have very good performance. Cytology has reasonable
diagnostic performance when acellular and hypocellular
specimens without mucin are considered “benign” and
mucin positivity is considered to be “suspicious” for a
premalignant or malignant process, but its performance
is considerably lower when specimens without adequate
cellularity are treated as non-diagnostic.
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