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The aim of this retrospective study is to evaluate the diagnostic
yields of combining fine needle aspiration (FNA) with brushing
cytology (BC) in clinical work-up of pancreatic ductal adenocar-
cinoma.

The study included a total of 97 patients who underwent both
FNA and BC along with histologic/clinical follow-up (F/U).
Cytologic diagnoses were categorized as negative for neoplasm
(NEG), atypical/favor neoplasm (AN), and suspicious or positive
for neoplasm (POS). Based on the cytologic diagnoses, the
cohort was divided as follows: 23 had concordant FNA and BC
diagnoses of POS/AN, all were neoplasms on F/U; 34 had dis-
concordant (POS/AN vs. NEG) FNA and BC diagnoses, all but
2 were neoplasms on F/U; The remaining 40 were NEG on both
FNA and BC, F/U revealed that 10 were neoplasms and 30
were chronic pancreatitis. Overall, FNA rendered more true
positive diagnoses than BC. However, BC but not FNA detected
neoplasms in 10 patients. Most of the neoplasms identified on F/
U were ductal adenocarcinoma (59 of 65). Diagnostic sensitiv-
ity, specificity, positive predictive value, negative predictive
value and accuracy were 69.2, 93.8, 95.7, 60, and 77.3% for
FNA alone, 50.8, 100, 100, 50.0, and 67.0% for BC alone, and
84.6, 100, 100, 76.2, and 89.7% for combining FNA with BC. In
conclusion, both EUS-guided FNA and BC are valuable modal-
ities in the preoperative diagnosis of pancreatic ductal adeno-
carcinoma. When used in combination, the two modalities
complement each other and achieve better diagnostic yield in
pancreatic ductal adenocarcinoma than either FNA or BC alone.
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Both brushing cytology (BC) and EUS-guided fine needle

aspiration (FNA) have been widely recognized as a well-

established modality for diagnosing pancreatiobiliary neo-

plasms. Several large studies showed modest sensitivity

of BC, ranging from 44 to 55%.1–4 A considerable varia-

tion in diagnostic yield of EUS-guided FNA has been

documented in several studies from different institutions5–10

and one multicenter retrospective study.11 In this regard,

many factors played a role such as size, location and

characteristics (i.e., well vs. ill-defined, solid vs. cystic)

of neoplasms as well as other technical matters involved.

Between 1996 and 2006, the number of EUS-guided FNA

performed in our institution increased dramatically (42–

155/year) and diagnostic sensitivity and accuracy (unpub-

lished) were compatible with that reported by other

groups. To our knowledge, there was limited data regard-

ing combination of both FNA and BC for diagnosing pan-

creatic neoplasms. The aim of this study was to evaluate

the diagnostic efficacy of combining EUS-guided FNA

with BC in clinical work-up of pancreatic neoplasms, par-

ticularly pancreatic ductal adenocarcinoma.

Materials and Methods

This was a retrospective study approved by the Institu-

tional Review Board at the University of Michigan.

Patients who underwent both EUS-guided FNA and BC

during their clinical work-up for suspected pancreatic neo-

plasms in our institution were included in this study. The

cases were retrieved through a search of the departmental

database in the period of 1996–2006. The data including
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age and gender of patients, size and location of lesions,

numbers of EUS-guided FNA and BC performed on indi-

vidual patients, methods of sample preparation and cyto-

logic diagnoses were collected. Multiple samples obtained

from one patient were treated as one case in this study.

For EUS-guided FNA, eight gastrointestinists with similar

experience performed the procedures and the total number

of passes ranged between 4 and 10. Two direct smears

were made from each pass and the needle was then rinsed

in Cytolyt1 solution (Cytyc Corporation, Marlborough,

MA) for a ThinPrep1 and/or cell block. One smear was

air-dried, stained with Diff-Quik stain and then evaluated

immediately for specimen adequacy. A preliminary diag-

nosis was rendered when possible. The other smear was

quickly fixed with SprayfixTM and stained with Papanico-

laou stain. For BC, two direct smears were made, quickly

fixed with SprayfixTM and stained with Papanicolaou

stain. In some cases, the brushes were submitted in Cyto-

lyt1 solution (Cytyc Corporation, Marlborough, MA) and

a ThinPrep1 slide was then prepared.

Cytologic diagnoses were divided into the following

three categories: negative for neoplasm (NEG) including

benign and reactive atypia, atypical/favor neoplasm (AN),

and suspicious or positive for neoplasm (POS). Represen-

tative examples of AN and POS are shown in Figures 1

and 2, respectively. For the purpose of data analysis, AN

was considered a positive diagnosis.

Follow-up (F/U) information was available for all indi-

viduals; including surgical biopsy/excision diagnoses, as

well as radiological imaging and/or clinical course/out-

come when histopathological examination was not avail-

able. The maximum period of F/U is 9 years. Using the

cytologic and histologic diagnoses, as well as the F/U

radiologic and clinical data, the diagnostic sensitivity,

specificity, positive predictive values (PPV), negative pre-

dictive values (NPV) and accuracy were calculated. The

diagnostic parameters for combined FNA with BC were

compared with that for FNA or BC alone.

Results

A total of 97 patients who underwent simultaneous or

consecutive FNA and BC were reviewed in this study.

There were 55 men and 42 women with an average age

of 62 (36–82) years old. Radiologic imaging detected a

discrete mass in 72 patients among whom 64 had a mass

in the head of the pancreas and the remaining eight had a

pancreatic body/tail mass. The masses measured from 0.6

to 7.4 cm, among which 64 were solid and eight were

cystic. Imaging studies revealed pancreatiobillary duct di-

lation without definitive evidence of mass lesions in 25

patients. Both procedures were performed once in 69

patients and twice in five patients. Twenty-three patients

underwent more than one BC or FNA. NO serious com-

plications such as pancreatitis, bacteremia, perforation,

hemorrhage, or bile peritonitis were documented in our

data system. The diagnosis of NEG was upgraded to AN

on repeating FNA (one patient) or BC (six patients). As

shown in Table I, cytological evaluation of BC and/or

FNA identified 42 cases as POS including 38 ductal

adenocarcinomas, two endocrine tumors, one mucin-pro-

ducing tumor, and one metastatic renal cell carcinoma; 15

cases as AN including 14 ductal adenocarcinoma and one

mucin-producing tumor; and 40 cases as NEG with

benign/reactive changes. F/U with histopathology was

Fig. 1. Example of AN diagnosed on BC. This is the only cluster of
atypical cells which show nuclear enlargement with high nuclear/cyto-
plasmic ratio, irregular nuclear membranes, coarse chromatin and promi-
nent nucleoli (Papanicolaou stain, 3400). [Color figure can be viewed in
the online issue, which is available at www.interscience.wiley.com.]

Fig. 2. Example of POS on EUS-guided FNA. A group of atypical cells
showing a ‘‘drunken honeycomb’’ appearance with loss of cellular polar-
ity and crowding. Nuclear enlargement with high nuclear/cytoplasmic ra-
tio and vesicular nuclei with irregular nuclear membranes. Prominent
nucleoli are easily appreciated (Papanicolaou stain, 3400). [Color figure
can be viewed in the online issue, which is available at www.interscience.
wiley.com.]
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available in 44 patients. Combined information on clinical

course/outcome and radiological imaging were collected

in F/U of the remaining 53 patients. F/U confirmed the

cytological diagnoses for the POS cases. Thirteen of 15

patients with cytologic diagnoses of AN proved having

ductal adenocarcinoma (12 patients) and intraductal papil-

lary mucinous neoplasms (IPMN, one patient) and the

remaining two patients having chronic pancreatitis (false-

positive) on surgical F/U. F/U also revealed that 10 of 40

patients diagnosed as NEG by both BC and FNA had a

neoplasm (false-negative), including nine ductal adenocar-

cinomas and one serous cystadenoma. Cytologic re-review

revealed that the two false-positive diagnoses and 10

false-negative diagnoses were made due to over interpre-

tation of reactive atypia in chronic pancreatitis and sam-

pling error, respectively.

Table II illustrates correlation between FNA and BC.

Based on diagnoses of FNA and BC, the cohort of 97

patients was divided as follows: Twenty-three patients

had concordant FNA and BC diagnoses of POS/AN.

Thirty-four patients had disconcordant (POS/AN vs.

NEG) FNA and BC diagnoses. Forty patients had nega-

tive diagnoses on both FNA and BC.

Overall, F/U confirmed the neoplasm in 65 patients and

non-neoplastic conditions in 32 patients. FNA identified

more positive cases (37) than BC (15). However, BC

detected four POS and six AN cases whereas FNA gave

false-negative results. Diagnostic sensitivity, specificity,

PPV, NPV and accuracy for combination of FNA and

BC, as well as for FNA or BC alone are shown in

Table III.

Discussion

The United States is among the countries with consider-

able mortality due to malignant neoplasms of the pancreas

which accounts for nearly 30,000 cancer-related deaths

each year. In spite of the implementation of different

modalities,12 prompt diagnosis of pancreatic neoplasms

remain a significant challenge for the radiologist, gastro-

enterologist and pathologist alike. In our institution, EUS-

guided FNA and/or brush cytology through ERCP are

major approaches for establishing a preoperative patho-

logic diagnosis of pancreatic neoplasms. For each of the

97 patients included in the current study, both EUS-

guided FNA and BC were methods of choice for the cyto-

logical evaluation of suspected pancreatic neoplasms. To

our knowledge, there was limited data regarding combina-

tion of both FNA and BC for diagnosing pancreatic neo-

plasms. Although a relatively small scale investigation,

the current study is the first and largest comparative study

in which all cases included underwent both FNA and BC

and F/U was performed.

The current study differs from previous studies in that

cytologic samples suspicious and positive for neoplasm

were grouped together into the POS category. This was

performed based on the results from previous studies that

demonstrated that a suspicious cytologic diagnosis is

more likely to indicate the presence rather than absence

of the neoplasm.4,5,8,13,14 Likewise, F/U of all the suspi-

cious cases in the current study confirmed the presence

of neoplasm which supports the rationality of the catego-

rization.

Table I. Distribution of Diagnostic Categories and F/U Results

Category
Cytologic diagnosis

(total number)
FNA/BC
diagnosis

F/U
diagnosis

F/U by surgery/
clinical outcome

POS Adenocarcinoma (38) 33/14 Adenocarcinoma 19/19
Endocrine tumor (2) 2/0 Endocrine tumor 2/0
Mucin-producing tumor (1) 1/1 IPMN 1/0
Metastatic renal cell carcinoma (1) 1/0 Metastatic renal cell carcinoma 0/1

AN Adecarcinoma (14) 9/9 Adenocarcinoma 10/2
Chronic pancreatitis 2/0

Mucin-producing tumor (1) 0/1 IPMN 1/0
NEG Benign or reactive (40) 40/40 Adenocarcinoma 8/1

Serous cystadenoma 1/0
Chronic pancreatitis 0/30

Table II. Correlation Between FNA and BC

BC diagnosis

POS AN NEG Total

FNA diagnosis POS 10 8 19 37
AN 1 4 5 10

NEG 4 6 40 50
Total 15 18 64 97

Table III. Diagnostic Efficiency of Combining FNA with BC versus
FNA or BC Alone

(%) FNA BC
FNA and

BC

Sensitivity 69.2 50.8 84.6
Specificity 93.8 100 100
PPV 95.7 100 100
NPV 60.0 50.0 76.2
Accuracy 77.3 67.0 89.7
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F/U of a total of 15 patients in the AN group (13 by

histology, two by clinical data) confirmed a neoplasm in

13 cases. The remaining two cases were diagnosed by

FNA and F/U revealed chronic pancreatitis. This finding

is consistent with previous observation by others that the

category of atypia had a higher positive predictive

value.1,5,14 On the other hand, another study showed that

clinical F/U of atypical cytologic diagnoses revealed

malignancy in less than half of the cases.4,8 The inconsis-

tency may result from the variations in diagnostic thresh-

olds and level of stringency in applying the diagnostic cri-

teria during the cytologic evaluation of the lesions. We

agreed with other investigators that correlation between

cytologic features and clinical/radiologic findings also

play an important role during the cytologic evaluation of

such lesions.

With regard to the patients who had a positive diagno-

sis on both EUS-guided FNA and BC, the following sit-

uations might be encountered: (1) Both procedures were

performed within 24–48 hours, preliminary interpretation

was atypical/favor neoplasm or suspicious for neoplasm

and a definitive diagnosis of positive for neoplasm was

rendered later on final evaluation. (2) BC is routinely per-

formed at the time of ERCP. If ERCP was the first test

performed and a EUS-guided FNA performed 24-hour

later, the result of BC would not be available prior to the

EUS being performed.

EUS-guided FNA and/or BC were repeated under the

circumstances that a neoplasm is highly suspected clini-

cally and/or radiologically and initial samples failed to

confirm the clinical/radiological findings. Additional BC

upgraded the diagnosis from NEG to AN in about 1/3 of

the patients who underwent multiple procedures. A simi-

lar finding has been observed by others.1 However, both

FNA and BC failed to detect a neoplasm in 10 patients in

whom further F/U confirmed nine adenocarcinomas and

one serous cystadenoma. Similar to the previous studies,2

sampling error was a key contributor to the false-negative

results in the current study as second review of those

cases confirmed original negative diagnoses.

Among the 65 patients with a pancreatic tumor con-

firmed by histology or radiologic imaging and/or clinical

outcome, FNA and BC rendered a fairly straightforward

diagnosis of neoplasm in 37 and 15 patients, respectively.

FNA and BC generated a diagnosis of favoring neoplasm

in about an equal number of patients. The vast majority

of the tumors (59/65) detected by FNA or BC are pancre-

atic ductal adenocarcinoma. It appears that FNA is superior

to BC in identifying ductal adenocarcinoma, endocrine and

metastatic tumors although the latter two conditions were

composed of few cases. It is worth noting that BC

detected nine ductal adenocarcinomas and one mucin-pro-

ducing tumor (four POS and six AN cases) whereas FNA

gave false-negative results due to sampling error.

The current study demonstrates that BC and EUS-

guided FNA are almost equally specific for the diagnosis

of neoplasms, particularly ductal adenocarcinoma

although the latter had better diagnostic sensitivity and

accuracy. The combination of EUS-guided FNA and BC

did provide a superior diagnostic sensitivity and accuracy

than the use of either one of the methods alone whereas

specificity is not adversely affected. In spite of the

improvement in NPV, it remains relatively low. Thus, the

possibilities of ductal adenocarcinoma cannot be excluded

based on a negative cytologic diagnosis and the diagnosis

must be interpreted in conjunction with radiologic imag-

ing and clinical data in such an instance.

Although the current study involved less numbers of

patients compared to the previous studies,1–4 BC alone

achieved a compatible sensitivity, specificity, PPV, NPV,

and accuracy in diagnosing ductal adenocarcinoma. The

diagnostic sensitivity and accuracy of EUS-guided FNA

were slightly better than that reported by Wittmann

et al.15 and lower than that published by others.5,7–10,14

The difference may relate to the patient populations en-

rolled in the individual studies, size and location of the

lesions and technical matters involved consequently in the

procedures. Of the 65 patients with neoplasm, more than

50% of them had a mass less than 3 cm. In this regard, a

significant change in diagnostic accuracy (84–69%) has

been documented in FNA diagnosing pancreatic lesions

�3 cm versus those <3 cm.16

In summary, both EUS-guided FNA and BC are valua-

ble modalities in the preoperative diagnosis of pancreatic

neoplasms, particularly ductal adenocarcinoma. When

used in combination, the two modalities complement each

other and achieve better diagnostic yield in pancreatic

lesions than either FNA or BC alone. A negative cyto-

logic diagnosis does not exclude the possibility of ductal

adenocarcinoma and the diagnosis must be interpreted in

conjunction with radiological and clinical findings.
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