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Introduction
!

Pancreatic cancer is currently the fourth leading
cause of cancer-related deaths in both men and
women in the United States with an estimated
40,560 deaths annually [1]. Between 2010 and
2030, this disease is projected to be amongst can-
cers with the highest increases in incidence with
an estimated increase of 55% [2]. Despite vast ef-
forts to stem this disease, mortality rates have re-
mained fairly unchanged with 5-year survival
rates increasing from 3.1% to only 6.9% over the
past three decades [3, 4].

With the advent and increased availability of
endoscopic ultrasound (EUS), our ability to detect
and diagnose pancreatic cancer has greatly im-
proved. This has largely been driven by the high
sensitivity and specificity (>90%) of EUS in de-
tecting small pancreatic lesions (<2cm), its cap-
ability of tissue acquisition by fine needle aspira-
tion (FNA), and the excellent safety profile of this
modality [5–10]. EUS-FNA has also been shown
to have a high sensitivity and specificity in the di-
agnosis of solid pancreatic neoplasms, reported to
be 85% (95% confidence interval [CI], 84–86%)
and 98% (95%CI, 97–99%) respectively in a recent
meta-analysis [11–13].
Despite the superior performance characteristics
of EUS-FNA in the diagnosis of solid malignant
neoplasms, interobserver agreement amongst cy-

* Results of this study were presented in part at Digestive
Disease Week 2015, Washington, DC, USA.
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Background and aims: Endoscopic ultrasound
with fine needle aspiration (EUS-FNA) has be-
come the standard of care in the evaluation of so-
lid pancreatic lesions. Limited data exist on inter-
observer agreement (IOA) among cytopatholo-
gists in assessing solid pancreatic EUS-FNA speci-
mens. This study aimed to evaluate IOA among
cytopathologists in assessing EUS-FNA cytology
specimens of solid pancreatic lesions using a no-
vel standardized scoring system and to assess in-
dividual clinical and cytologic predictors of IOA.
Methods: Consecutive patients who underwent
EUS-FNA of solid pancreatic lesions at a tertiary
care referral center were included. EUS-FNA
slides were evaluated by four blinded cytopathol-
ogists using a standardized scoring system that
assessed final cytologic diagnosis and quantita-
tive (number of nucleated/diagnostic cells) and
qualitative (bloodiness, inflammation/necrosis,
contamination, artifact) cytologic parameters. Fi-
nal clinical diagnosis was based on final cytology,
surgical pathology, or 1-year clinical follow-up.
IOA was calculated using multi-rater kappa (κ)
statistics. Bivariate analyses were performed

comparing cases with and without uniform
agreement among the cytopathologists followed
by logistic regression with backward elimination
to model likelihood of uniform agreement.
Results: Ninety-nine patients were included (49%
males, mean age 64 years, mean lesion size 26
mm). IOA for final diagnosis was moderate (κ=
0.45, 95% confidence interval (CI) 0.4–0.49) with
minimal improvement when combining suspi-
cious and malignant diagnoses (κ=0.54, 95%CI
0.49–0.6). The weighted kappa value for overall
diagnosis was 0.65 (95%CI 0.54–0.76). IOA was
slight to fair (κ=0.04–0.32) for individual cytolo-
gic parameters. A final clinical diagnosis of malig-
nancy was the most significant predictor of
agreement [OR 3.99 (CI 1.52–10.49)].
Conclusions: Interobserver agreement among cy-
topathologists for pancreatic EUS-FNA specimens
is moderate-substantial for the final cytologic di-
agnosis. The final clinical diagnosis of malignancy
was the strongest predictor of agreement. These
results have significant implications for patient
management and need to be validated in future
trials.
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topathologists in the evaluation of FNA samples of these lesions
has yet to be extensively and rigorously evaluated. Currently
available data are limited to the evaluation of pancreatic neu-
roendocrine tumors and the histologic grading of pancreatic can-
cer on fine needle biopsy samples [14,15]. Although standard-
ized nomenclature for pancreaticobiliary cytology has recently
been published by the Papanicolaou Society of Cytopathology
[16], there currently exist no standardized criteria for the evalua-
tion of EUS-FNA sample adequacy that incorporates various fac-
tors that can impact the overall diagnostic impression. Such fac-
tors include the presence of gastrointestinal contaminants and
amount of blood or non-diagnostic cells that may obscure visua-
lization of diagnostic tissue [17–19].
An accurate diagnosis of solid pancreatic lesions is essential to
the appropriate and timely administration of therapy. Failure to
achieve an accurate diagnosis can lead to patient anxiety, a delay
in treatment or inappropriate treatment with potentially poor
clinical outcomes. Interobserver variability amongst pathologists
in evaluating pathology specimens has been extensively studied
in other areas including Barrett’s esophagus. Studies identifying
poor interobserver reproducibility in diagnosing the degree of
dysplasia and early malignancy in this disease process have led
to themodification of current guidelines, which now require con-
firmation of the pathologic diagnosis by an expert pathologist
[20–22]. Identifying such variability in the assessment of EUS-
FNA samples can have similar implications on the handling of
these specimens and ultimately impact patient care.
The primary aim of this study was to assess interobserver agree-
ment among cytopathologists in evaluating EUS-FNA cytology
specimens of solid pancreatic lesions for overall diagnosis and in-
dividual specimen-related quantitative and qualitative param-
eters by utilizing a novel standardized scoring system. The sec-
ondary aim was to evaluate the individual clinical and cytologic
parameters impacting interobserver agreement.

Methods
!

Study setting
This study was conducted at a tertiary care referral center. Ap-
proval for the study was obtained from the Institutional Review
Board and Human Research Protection Office at the University of
Colorado Anschutz Medical Center.

Study population
Consecutive patients who underwent EUS-FNA of solid pancreat-
ic lesions from August 2011 to August 2012 were identified and
included in the study. Patient demographics (age, sex), clinical
history of acute or chronic pancreatitis, and presenting symp-
toms (weight loss, jaundice) were collected by chart review. EUS
reports were also reviewed to extract data with regard to lesion
size, location, echogenicity, and sampling technique (including
needle gauge and number of passes). All procedures were per-
formed by experienced endosonographers, each having per-
formed >500 cases. The final cytologic and clinical diagnoses
were also recorded. Patients were considered to have a final clin-
ical diagnosis of malignancy based on a final cytologic diagnosis
of malignancy or surgical pathology revealing malignancy. Be-
nign disease was based on a final cytologic read of no evidence
of malignancy and at least 1 year of clinical follow-up during
which the patient was not subsequently diagnosed with a pan-
creatic malignancy. Patients who did not undergo surgical resec-
tion or had less than 1 year of clinical follow-up were excluded
from the study.

EUS-FNA sampling
EUS-FNA samples were obtained using a 19-, 22–or 25-guage
EUS-FNA needle (Echotip Ultra HD endoscopic ultrasound nee-
dle, Cook Medical, Winston Salem, NC, or Expect endoscopic ul-
trasound needle, Boston Scientific, Natick, MA, USA). Needle size
selection was based on the preference of the endosonographer.
All slides were prepared by an experienced cytotechnologist. Tis-
sue samples were flushed out of the needle onto a glass slide
using a 10mL air-filled syringe with the remaining tissue rinsed
with normal saline into 10% buffered formalin for cell block prep-
aration. Typically, two or three slides (one alcohol-fixed Papani-
colaou-stained slide and one or two air-dried slides stained with
modified Giemsa stain (DiffQuik)) were made for each needle
pass. A cytopathologist was present on-site during each EUS pro-
cedure and evaluated air-dried Giemsa stained slide samples to
assess whether the pancreatic tissue sample obtained was ade-
quate for cytologic evaluation. Tissue samples were then further
processed within the pathology department before definitive cy-
tologic evaluation.

Scoring tool
All EUS-FNA slides included in the study were de-identified and
evaluated by four blinded cytopathologists (three experienced
Board Certified cytopathologists, one cytopathology fellow)

Table 1 Standardized scoring tool to assess individual EUS-FNA slides* and final cytologic diagnosis based on predefined quantity and quality measures.

Score

1 2 3

Quantitative measures

No. nucleated cells/slide Few: < 25 cells Moderate: 25 –500 cells Numerous: > 500 cells

No. diagnostic cells/slide Few: < 25 cells Moderate: 25–500 cells Numerous: > 500 cells

Qualitative measures

Blood Absent or non-obscuring Mild obscuring ( < 25% lesional cells
affected)

Extensive obscuring ( > 25% lesional
cells affected)

Inflammation and necrosis Absent or non-obscuring Mild obscuring ( < 25% lesional cells
affected)

Extensive obscuring ( > 25% lesional
cells affected)

Gastrointestinal contaminant Minimal/none 5–25% of nucleated cells > 25% of nucleated cells

Preparation/staining
Artifacts

None Minimal artifact ( < 25% lesional cells
affected)

Extensive artifact ( > 25% lesional
cells affected)

* Typically, one alcohol-fixed Papanicolaou-stained slide and one air-dried modified Giemsa-stained slide were made for each pass.
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using a previously described modified scoring system that had
been reviewed, modified, and standardized amongst the cytopa-
thologists (●" Table1) [17–19]. This scoring tool required the cy-
topathologists to broadly quantify both the number of nucleated
cells (i. e. inflammatory cells, gastrointestinal contaminant as
well as cells from the targeted lesion) and the number of diagnos-
tic cells on each slide. Diagnostic cells were defined as cells of
pancreatic origin (acinar, ductal, or islet cells) that would allow
for a cytologic diagnosis. Cells with significant cytologic atypia
or frank features of malignancy would be considered diagnostic
(suggestive of malignancy) as would clusters of acinar cells with
increased interstitial fibrosis (suggestive of chronic pancreatitis).
The amount of blood referred specifically to clots that had formed
within the biopsy needle and entrapped nucleated cells. Prepara-
tion and staining artifacts included overstained or understained
slides, very thick smears, and bubbles under the coverslip.
The reviewing cytopathologists were blinded to all clinical infor-
mation including tumor size, location within the pancreas, pa-
tient symptoms, radiologic findings, and type of mucosa (gastric
or duodenal) that was traversed to obtain the FNA sample. The
scoring system assessed specimen-related quantitative factors
(number of nucleated cells and number of diagnostic cells per
slide) and qualitative factors (amount of blood, inflammation
and necrosis, gastrointestinal contamination, and quality of
preparation/staining). All EUS-FNA slides from all sampling pas-
ses of each lesion were reviewed by all cytopathologists and
each slide was individually scored on a scale of 1–3 for each of
the abovementioned quantitative and qualitative parameters
using the described scoring system. Additionally, for every case,
an overall score was provided for each graded parameter (typi-
cally the most common score given to the individual slides) and
for the final cytologic diagnosis. The “overall” cytologic diagnosis
was the most definitive diagnosis reached after reviewing all
slides and a diagnosis of malignancy was recorded even if only a
single slide from the total case had been scored as malignant. The
evaluation of cell block specimens was left to the discretion of the
cytopathologists. The cell block material (histology) was not
graded in the manner of the aspirate slides as the purpose of
this study was to evaluate for cytologic features. Final cytologic
diagnoses were categorized as: insufficient, benign, atypical, sus-
picious for malignancy, or malignant. Neoplasms such as neu-
roendocrine tumors and solid-pseudopapillary neoplasms were
categorized as malignant for the purposes of this study. The final
clinical diagnosis was then defined as benign or malignant based
on the abovementioned clinical data.

Statistical analysis
Collected data were incorporated into a datasheet using Micro-
soft Excel for Windows 2007 (Microsoft Corp, Redmond, WA,
USA) and then coded for analysis. The statistical analysis was per-
formed by a senior outcomes researcher (M.H.). Values for mean,
median, range, and standard deviation were calculated using Mi-
crosoft Excel forWindows. Interobserver variability was calculat-
ed using multi-rater kappa (κ) statistics with a 95% confidence
interval (CI). Landis and Koch definitions were used to evaluate
the strength of rater agreement and were categorized as: slight
(0–0.20); fair (0.21–0.40); moderate (0.41–0.60); substantial
(0.61–0.80); almost perfect (0.81–1.00) [23]. For agreement on
the overall diagnosis, weighted kappa values were computed
that used weights (i. e. Cicchetti-Allison weights) to quantify the
relative difference between ordinal categories. Bivariate analyses
were also performed to compare cases with andwithout uniform

agreement followed by logistic regression with backward elimi-
nation to model the likelihood of uniform agreement. Indepen-
dent predictors of unanimous agreement that were evaluated
using bivariate analysis included patient demographics, clinical
parameters, EUS findings, and cytologic parameters. Test statis-
tics with P <0.05 were considered significant. SAS version 9.4
(SAS Institute, Cary, NC, United States) was used for data analysis.
Assuming an overall κ of 0.8 amongst four cytopathologists, a
prevalence of malignancy of 0.6, and a lower limit of 95%CI≥0.7,
a sample size of at least 72 cases was required.

Results
!

A total of 99 patients who underwent EUS-FNA for further evalu-
ation of solid pancreatic lesions were identified. Patient charac-
teristics are presented in●" Table2. The mean patient age was
64 years (SD 13) and 49% of patients were males. The median le-
sion size on EUS was 26mm with the distribution of lesion loca-
tion being: 56% head/uncinate, 8% neck, 21% body, and 15% tail.
A 22-gauge needle was used for EUS-FNA in 78% of the cases. The
median number of passes performed during EUSwas 3 (range 1–
8). At the time of presentation, 44% of patients had experienced
weight loss and 28% had developed jaundice. Amongst these pa-
tients, 16% had developed a recent episode of acute pancreatitis
and 7% had a known clinical diagnosis of chronic pancreatitis.
The final cytologic diagnosis was that of malignancy in 60% of
cases, suspicious for malignancy in 4%, atypical in 5%, benign in
28%, and inadequate in 3%. All patients who had a final cytologic

Table 2 Patient demographics, clinical parameters, EUS findings and final
cytologic diagnosis.

Patient demographics (n=99)

Age, mean (SD), years 64 (13)

Gender, male, n (%) 48 (48.5)

EUS parameters

Lesion size, median (range), mm 26 (4–53)

Lesion location, n (%)

Head/uncinate 55 (56)

Neck 8 (8)

Body 21 (21)

Tail 15 (15)

Lesion echogenicity, n (%)

Hypoechoic 77 (78)

Hyperechoic 1 (1)

Isoechoic 2 (2)

Mixed 11 (11)

Anechoic 8 (8)

Chronic pancreatitis, yes, n (%) 10 (10)

Needle gauge, median (range) 22 (19–25)

Needle passes, median (range) 3 (1–8)

Clinical parameters

Weight loss, yes, n (%) 44 (44)

Jaundice, yes, n (%) 28 (28)

Acute pancreatitis, yes, n (%) 16 (16)

Chronic pancreatitis, yes, n (%) 7 (7)

Final cytologic diagnosis

Inadequate 3 (3)

Benign 28 (28)

Atypical cells 5 (5)

Suspicious for malignancy 4 (4)

Malignant 59 (60)
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diagnosis of “inadequate” had a benign final clinical diagnosis. Of
the five patients who had a final cytologic diagnosis of “atypical
cells”, two patients had a final clinical diagnosis of intraductal
papillary mucinous neoplasia (IPMN), one patient was found to
have adenocarcinoma, and two patients had a benign final clini-
cal diagnosis. All four patients with a final cytologic diagnosis of
“suspicious for malignancy” were found to have malignant dis-
ease as their final clinical diagnosis. Of the 99 patients in this
study, 24 patients ultimately underwent surgical resection. Three
(12.5%) of the patients who had surgery were found to have be-
nign disease and 21 (87.5%) were found to have malignancy on
surgical pathology.

Interobserver agreement
Evaluation of interobserver agreement among the cytopatholo-
gists for the overall cytologic diagnosis revealed only moderate
agreement with κ=0.45 (95%CI 0.40–0.49). Interobserver agree-
ment for each of the individual parameters of the standardized
tool was also assessed (●" Table3). Only slight overall agreement
among cytopathologists was found for several qualitative param-
eters including amount of blood, amount of gastrointestinal con-
taminant, and overall quality of slide preparationwith κ values of
0.14 (95%CI 0.08–0.20), 0.14 (95%CI 0.08–0.20), and 0.04 (95%
CI–0.04 to 0.11), respectively. There was fair agreement over the
degree of inflammatory and/or necrotic tissue seen on each slide
with κ=0.21 (95%CI 0.14–0.28). Fair agreement was also noted
for quantitative parameters including number of nucleated cells
and number of diagnostic cells per slide with κ values of 0.31
(95%CI 0.24–0.37) and 0.32 (95%CI 0.26–0.37), respectively.

Subgroup analysis
Weighted kappa statistics resulted in an improvement in interob-
server agreement [κ=0.65 (95%CI 0.49–0.60), standard error
0.05]. In addition, only marginal improvement in interobserver
agreement was found in a subanalysis that combined the categor-
ies of suspicious for malignancy and malignant [κ=0.54 (95%CI
0.49–0.60)] in evaluating overall cytologic diagnosis (●" Table3).
Therewasno significant change inκ values for final cytologic diag-
nosis and individual quantitative and qualitative measures in an

analysis thatexcluded individual cytopathologists (●" Table4). Ad-
ditionally, an assessment of interobserver agreement for each of
the parameters during the evaluation of individual slides revealed
poor to fair agreement among the cytopathologists (κ=–0.04 to
0.58) (data not shown).

Predictors of agreement
Amongst the 99 patients evaluated, there was unanimous agree-
ment among all cytopathologists with regard to the final cytolo-
gic diagnosis in 48 patients. Patients with unanimous agreement
were found to be more likely to present with jaundice (P=0.001),
have a larger lesion size (P=0.04), a greater number of nucleated
and diagnostic cells per slide (P<0.001), and a lower amount of
gastrointestinal contamination (P=0.03) on EUS-FNA samples.
Additionally, patients with the final cytologic (P=0.02) and final
clinical (P=0.003) diagnosis of malignancy were more likely to
have unanimous agreement among all cytopathologists (●" Ta-
ble5). On multivariable analysis, the only predictor for uniform
agreement among cytopathologists was a final clinical diagnosis
of malignancy [OR 3.99 (CI 1.52–10.49)]. When the accuracy of
the individual cytopathologists was calculated using the final
clinical diagnosis as the gold standard and excluding specimens
that were deemed inadequate, the accuracy of the four cytopa-
thologists was: 94.1%, 92.6%, 90.3%, and 90.8%.

Discussion
!

In recent years, EUS-FNA has come to play a key role in the diag-
nosis and staging of pancreatic cancer due to its accuracy in loca-
lizing these lesions and safety profile for acquiring tissue samples
[3,24,25]. Despite the broad utilization of this technique, data re-
garding to interobserver agreement among cytopathologists
evaluating EUS-FNA samples of solid pancreatic lesions remain
very limited. This lies in stark contrast to the extensive literature
evaluating interobserver agreement among pathologists in other
gastrointestinal diseases such as Barrett’s esophagus, colon
polyps, and inflammatory bowel disease [26–32]. In this study,
we evaluated interobserver agreement among cytopathologists

Table 3 Interobserver agree-
ment with strength of agreement
among cytopathologists– overall
kappa values for individual quan-
tity and quality measures and final
cytologic diagnosis.

Parameter Kappa

(95%CI)

Standard Error Strength of agreement

Final cytologic diagnosis

Overall diagnosis 0.45
(0.40–0.49)

0.02 Moderate

Overall diagnosis combining suspicious
and malignant

0.54
(0.49–0.60)

0.03 Moderate

Quantity measures

Number of nucleated cells/slide 0.31
(0.24–0.37)

0.03 Fair

Number of diagnostic cells/slide 0.32
(0.26–0.37)

0.03 Fair

Quality measures

Amount of blood 0.14
(0.08–0.20)

0.03 Slight

Degree of inflammation/necrosis 0.21
(0.14–0.28)

0.04 Fair

Amount of gastrointestinal contaminants 0.14
(0.08–0.20)

0.03 Slight

Quality of slide preparation/staining 0.04
(–0.04 to 0.11)

0.04 Slight

Based on Landis and Koch definitions, strength of rater agreement was categorized as: 0–0.2, slight; 0.21–0.4, fair; 0.41–0.6, moderate;
0.61–0.8, substantial; 0.81–1, almost perfect.
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in the assessment of EUS-FNA samples of solid pancreatic lesions
utilizing a novel standardized scoring system. Quantitative and
qualitative sample characteristics in addition to clinical param-
eters were also evaluated for their impact on interobserver
agreement.
Results of this study show that the interobserver agreement
amongst cytopathologists was moderate (κ=0.45) for the final
cytologic diagnosis. Therewasmarginal improvement in the level
of agreement (κ=0.54) when both suspicious and malignant ca-
tegories were grouped together and further improvement in the
level of agreement using weighted kappa statistics (κ=0.65). This
may partially be driven by the fact that the cytopathologists were
blinded to patient clinical information. These findings have sig-
nificant clinical implications, however, as the final cytologic diag-
nosis ultimately directs patient management. A diagnosis of ma-
lignancy would potentially prompt both surgical and oncological
consultationwhereas a non-malignant diagnosis will likely result
in patient observation or repeat sampling if considerable clinical
suspicion for an underlying malignancy persists.
Several factors that were significantly associatedwith unanimous
agreement amongst cytopathologists were also identified. These
included a clinical presentation of jaundice, lesion size, number
of diagnostic and nucleated cells per slide, and degree of gastro-
intestinal contamination. The final cytologic and clinical diagno-
ses were also found to be significantly associated with improved
agreement. The highest level of agreement amongst all param-
eters of the standardized scoring toolwas the number of diagnos-
tic cells per slide (κ=0.32). Overall, there appeared to be better
agreement on quantitative measures in comparison to the quali-
tative measures of the tool. This is potentially due to the greater
degree of objectivity that can be applied in assessing and report-
ing quantitative parameters. It is reassuring to note that the sin-
gle most significant predictor on multivariate analysis for unani-
mous agreement among cytopathologists was the final clinical
diagnosis of malignancy.
As shown in recently published studies and studies currently still
in press, the cytologic interpretation of aspirates from solid pan-
creatic lesions is fraught with difficulties including poorly sam-

pled lesions due to technical factors such as the accessibility of
the lesion, the endosonographer’s skill and expertise in procur-
ing adequately cellular and representative samples, the availabil-
ity of on-site cytopathology evaluation and skill in preparing op-
timal smears, all of which may influence the cellularity of the le-
sion or the quality of the cytologic preparation [33–37]. Cases
with low cellularity or poor technical quality of the cytologic pre-
parations are more likely to receive less accurate diagnoses (i.e.
diagnoses short of negative or positive, or indeterminate diagno-
ses) than cases of adequate cellularity and good quality. The sec-
ond category of factors that may impact the rate of indeterminate
diagnosis are lesion-related variables, such as very well-differen-
tiated tumors with very little cytologic atypia, tumors showing
extensive desmoplasia, necrosis, and cystic change, all of which
may impact the cellularity of the specimen. Additionally, lesions
occurring in the setting of pancreatitis can pose diagnostic chal-
lenges.
In this study, a 22 G needle was used for tissue acquisition in the
majority of cases (77.7%) with the second most frequently used
needle being 25 G (20.2%). This is in concordance with current
practices where a 22 G needle is preferred amongst endosono-
graphers for the sampling of pancreatic masses [33]. There is
however, a trend towards increasing use of the 25 G needle for
FNAwhich has been supported by a large meta-analysis showing
increased sensitivity and comparable specificity of the 25 G nee-
dle in diagnosing malignancy in the pancreas [33,38,39].
At the present time, data on interobserver agreement of EUS-FNA
samples of pancreatic lesions remain scant. In a recent study by
Larghi et al. [15], EUS-guided fine needle biopsy samples from
patients who had undergone surgical resection of pancreatic
adenocarcinoma were evaluated by four experienced patholo-
gists for tumor grade. The total interobserver agreement among
the pathologists was found to be fair (κ=0.27; 95%CI 0.14–0.38)
in that study with kappa values for tumor grade ranging from
0.09 to 0.41. Interobserver agreement for the Ki-67 labeling index
in pancreatic neuroendocrine tumors has also been evaluated in
a study by Weyand et al. [14]. EUS-FNA samples and their cor-
responding surgically resected specimens were assessed for tu-

Table 4 Interobserver agreement with strength of agreement among cytopathologists– overall kappa values for individual quantity and quality measures and
final cytologic diagnosis with the exclusion of individual cytopathologists (CyP).

Parameter Kappa (95%CI)

Overall Excluding CyP1 Excluding CyP2 Excluding CyP3 Excluding CyP4

Quantity measures

Number of nucleated cells/slide 0.31
(0.24–0.37)

0.25
(0.16–0.34)

0.48
(0.38–0.57)

0.23
(0.15–0.32)

0.25
(0.16–0.34)

Number of diagnostic cells/slide 0.32
(0.26–0.37)

0.27
(0.19–0.35)

0.34
(0.26–0.42)

0.38
(0.3–0.46)

0.26
(0.18–0.34)

Quality measures

Amount of blood 0.14
(0.08–0.20)

0.12
(0.03–0.21)

0.16
(0.08–0.25)

0.13
(0.05–0.21)

0.09
(0.01–0.17)

Degree of inflammation/necrosis 0.21
(0.14–0.28)

0.13
(0.03–0.23)

0.3
(0.2–0.39)

0.21
(0.12–0.31)

0.14
(0.05–0.24)

Amount of gastrointestinal
contaminants

0.14
(0.08–0.20)

0.02
(–0.07–0.11)

0.08
(–0.01–0.16)

0.25
(0.17–0.34)

0.15
(0.05–0.24)

Quality of slide preparation/staining 0.04
(–0.04–0.11)

0.02
(–0.09–0.13)

0.02
(–0.09–0.13)

0.05
(–0.06–0.16)

0
(–0.11–0.11)

Final cytology diagnosis

Overall diagnosis 0.45
(0.40–0.49)

0.47
(0.4–0.54)

0.42
(0.35–0.49)

0.5
(0.43–0.56)

0.39
(0.32–0.45)

Overall diagnosis combining
suspicious and malignant

0.54
(0.49–0.60)

0.53
(0.45–0.61)

0.55
(0.47–0.62)

0.58
(0.51–0.66)

0.51
(0.44–0.59)
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mor grade using the WHO grading system. Very good interobser-
ver agreement was found between the two cytopathologists
evaluating both EUS-FNA samples and surgical specimens. Com-
parison of tumor grade obtained from surgical specimens with
that from EUS-FNA samples, however, revealed discrepancies in
tumor grading with cytology found to more likely underestimate
the tumor grade. Moreover, in an earlier study by Larghi et al.
[40], preoperative EUS-FNA sampling of pancreatic neuroendo-
crine tumors was found to be safe and highly accurate in diagnos-
ing pancreatic neuroendocrine tumors and determining Ki-67
proliferation indices. That study, however, was limited by a small
sample size with only 12 patients eventually undergoing surgery
[40].
There are several limitations in this study that are worth men-
tioning. The use of cell block was not consistent amongst all cyto-
pathologists and was left to their discretion in individual cases.
This is reflective of the use of cell block in our practice. The pur-
pose of this studywas to assess interobserver agreement with re-
gard to cytologic features. Additionally, all cytopathologists were
blinded to clinical data when evaluating the FNA specimens. Al-
though clinical information is usually presented in the setting of
on-site cytopathology evaluation, and helps guide the cytopa-

thologist’s evaluation of specimens, these datawere not available
to them in our study. The impact of this on the study results,
however, is limited given that all four cytopathologists who par-
ticipated in the study did not have access to the clinical data. The
true impact of clinical data provided to the cytopathologists (tu-
mor size, location within the pancreas, patient symptoms, and
radiologic findings) on interobserver agreement needs to be ad-
dressed in future studies. Given the standardized nature of slide
preparation at our institution, this study was unable to assess for
a correlation between the number of slides prepared per pass
and interobserver agreement. Finally, data with regard to the
EUS approach in tissue acquisition (i. e. transduodenal vs. trans-
gastric) were not collected. Wewere therefore unable to evaluate
the impact of the sampling approach on the specimen quality and
accuracy of diagnosis. This would be worth evaluating in future
studies.
Evaluating interobserver agreement among cytopathologists
reading EUS-FNA samples of pancreatic lesions can similarly
have significant implications on patient care and management,
particularly when evaluating for underlying malignancy. Fur-
thermore, standardization in the evaluation of specimen quality
and determining predictors of agreement can help reduce varia-

Table 5 Demographic, EUS and
clinical parameters associated
with IOV for EUS-FNA samples with
no uniform and uniform agree-
ment between cytopathologists.

No uniform agreement (n=51) Uniform agreement (n=48) P value

Demographics

Age, median (range), y 63 (55–73) 66.5 (56.5–74) 0.41

Gender, male, n (%) 27 (52.9) 21 (43.8) 0.36

EUS parameters

Lesion size, median (range), mm 23 (14,31) 30 (19,34) 0.04

Location, n (%)

Head/uncinate 26 (51.0) 29 (60.4) 0.11

Neck 5 (9.8) 3 (6.3)

Body 15 (29.4) 6 (12.5)

Tail 5 (9.8) 10 (20.8)

Echogenicity, hypoechoic, n (%) 34 (66.7) 43 (89.6) 0.07

Chronic pancreatitis, yes, n (%) 5 (9.8) 5 (10.4) 0.92

Needle gauge, median (range) 22 (22–22) 22 (22–25) 0.13

Needle passes, median (range) 4 (2–5) 3 (2–5.5) 0.60

Clinical parameters

Weight loss, yes 19 (37.3) 25 (52.1) 0.27

Jaundice, yes 7 (13.7) 21 (43.8) 0.001

Acute pancreatitis, yes 9 (17.6) 7 (14.6) 0.52

Chronic pancreatitis, yes 3 (5.9) 4 (8.3) 0.70

Cytologic parameters1

No. 2 (2–2.5) 3 (2.5–3) < 0.001

No. of diagnostic cells, median (range) 1.5 (1–2) 2.5 (2–3) < 0.001

Blood, median (range) 2 (1–2) 1.5 (1–2) 0.34

Inflammation/necrosis, median
(range)

1 (1–1.5) 1 (1–1.5) 0.53

Gastrointestinal contaminants,
median (range)

1.5 (1–2) 1 (1–1.5) 0.002

Preparation/staining, median (range) 1 (1–1) 1 (1–1) 0.42

Final cytology read

Inadequate, n (%) 2 (3.9) 1 (2.1) 0.02

Benign, n (%) 21 (41.2) 7 (14.6)

Atypical, n (%) 3 (5.9) 2 (4.2)

Suspicious, n (%) 3 (5.9) 1 (2.1)

Malignant, n (%) 22 (43.1) 37 (77.1)

Final diagnosis2

Benign, n (%) 24 (47.1) 9 (18.8) 0.003

Malignant, n (%) 27 (52.9) 39 (81.3)

1 Median scores of all four cytopathologists were used for individual quantity and quality measures.
2 Final diagnosis was based on final cytologic diagnosis, surgical pathology or clinical follow-up of at least 1 year.
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bility and provide uniformity in the reporting on these samples.
In this study, we evaluated interobserver agreement among cyto-
pathologists in the assessment of EUS-FNA samples of solid pan-
creatic lesions utilizing a standardized scoring system. Based on
these data, interobserver agreement remains modest at best
when assessing the overall cytologic diagnosis. While certain
parameters with regard to specimen adequacy appear to affect
agreement (number of nucleated and diagnostic cells per slide
and the amount of gastrointestinal contamination), the final clin-
ical diagnosis of malignancy was the only predictor associated
with unanimous agreement among all cytopathologists. Enhanc-
ing tissue acquisition techniques to improve the yield of diagnos-
tic cells while decreasing gastrointestinal contamination is likely
to improve interobserver agreement. Formal training of cytopa-
thologists on the utilization of a standardized tool for assessing
specimen adequacy and diagnostic criteria may also contribute
to better outcomes. Large multicenter studies are required to va-
lidate the proposed scoring tool and the results of this study.
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