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BACKGROUND & AIMS: Despite the widespread use of endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA)
to sample pancreatic lesions and the standardization of pancreaticobiliary cytopathologic
nomenclature, there are few data on inter-observer agreement among cytopathologists evalu-
ating pancreatic cytologic specimens obtained by EUS-FNA. We developed a scoring system to
assess agreement among cytopathologists in overall diagnosis and quantitative and qualitative
parameters, and evaluated factors associated with agreement.

METHODS: We performed a prospective study to validate results from our pilot study that demonstrated
moderate to substantial inter-observer agreement among cytopathologists for the final cytologic
diagnosis. In the first phase, 3 cytopathologists refined criteria for assessment of quantity and
qualitymeasures. During phase2, EUS-FNA specimensof solid pancreatic lesions from46patients
were evaluated by 11 cytopathologists at 5 tertiary care centers using a standardized scoring tool.
Individual quantitative and qualitative measures were scored and an overall cytologic diagnosis
was determined. Clinical and EUS parameters were assessed as predictors of unanimous agree-
ment. Inter-observer agreement (IOA) was calculated usingmulti-rater kappa (k) statistics and a
logistic regression model was created to identify factors associated with unanimous agreement.

RESULTS: The IOA in final diagnoses, based on cytologic analysis, was moderate (k [ 0.56; 95% CI, 0.43–
0.70). Kappa values did not increase when categories of suspicious for malignancy, malignant,
and neoplasm were combined. IOA was slight to moderate for individual quantitative (k[ .007;
95% CI, –0.03 to –0.04) and qualitative parameters (k [ 0.5; 95% CI, 0.47–0.53). Jaundice was
the only factor associated with agreement among all cytopathologists on multivariate analysis
(odds ratio for unanimous agreement, 5.3; 95% CI, 1.1–26.89).

CONCLUSIONS: There is a suboptimal level of agreement among cytopathologists in diagnosis of malignancy
based on analysis of EUS-FNA specimens obtained from solid pancreatic masses. Strategies are
needed to refine the cytologic criteria for diagnosis of malignancy and improve tissue acqui-
sition techniques to improve diagnostic reproducibility among cytopathologists.

aAuthors share joint authorship and contributed equally to this
manuscript.

Abbreviations used in this paper: CI, confidence interval; EUS, endoscopic
ultrasound; FNA, fine-needle aspiration; IHC, immunohistochemical.
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Pancreatic cancerQ8 continues to be the fourth lead-
ing cause of cancer-related deaths in the United

States with a persistent rise in incidence noted based
on the most recent American Cancer Society
estimates.1–3 In 2017, an estimated 53,670 people will
be diagnosed and more than 43,000 are expected to
die of pancreatic cancer.1 By 2030 the incidence of
pancreatic cancer is projected to increase by 55%.3

Despite extensive multidisciplinary efforts in diagnostic
and therapeutic modalities to improve disease survival,
mortality rates from pancreatic cancer remain high
with 5-year survival rates of 7%.4–6

Endoscopic ultrasound (EUS) and EUS-guided fine-
needle aspiration (EUS-FNA) have become the standard
modality for the diagnosis and staging of pancreatic
cancer.7,8 EUS is the most sensitive imaging modality for
the detection of pancreatic masses and is particularly
useful when results of other cross-sectional imaging
modalities are inconclusive.9,10 Several studies have
demonstrated a high sensitivity and specificity of EUS-
FNA for diagnosing this disease and the technique is
associated with an outstanding safety profile.11 In a
recent meta-analysis EUS-FNA was shown to have a
pooled sensitivity of 85% (95% confidence interval [CI],
84%–86%) and pooled specificity of 98% (95% CI, 97%–
99%) for diagnosing solid pancreatic neoplasms.12 The
overall morbidity associated with EUS is <1% with the
risk of adverse events being comparable with that of
diagnostic endoscopy.13,14

Despite the widespread use of EUS-FNA in diagnosing
solid pancreatic neoplasms and the standardized
nomenclature for pancreaticobiliary cytology established
by the Papanicolaou Society of Cytopathology15

(Supplementary Table 1), the interobserver agreement
among cytopathologists evaluating the acquired tissue
specimen remains to be thoroughly assessed.16,17 In a
pilot study, we showed that the interobserver agreement
among cytopathologists for solid pancreatic EUS-FNA
specimens was moderate (k ¼ 0.45; 95% CI, 0.4–0.49)
for the final cytologic diagnosis with minimal improve-
ment when suspicious and malignant diagnoses were
combined (k ¼ 0.54; 95% CI, 0.49–0.6).15,18 Interob-
server agreement was evaluated through the use of a
novel standardized scoring tool to assess individual EUS-
FNA slides and final cytologic diagnosis based on pre-
defined quantity and quality measures. In this study, the
final clinical diagnosis of malignancy was found to be the
strongest predictor of agreement (odds ratio, 3.99; 95%
CI, 1.52–10.49).18

Interobserver agreement among pathologists, how-
ever, has been more rigorously assessed in other areas of
gastroenterology including inflammatory bowel disease,
colorectal polyps, and Barrett’s esophagus.19–22 In
Barrett’s esophagus, multiple studies have demonstrated
the significant variability among pathologists in

diagnosing dysplasia.23–25 Based on these results,
guidelines and recent quality indicator documents
recommend that the diagnosis of Barrett’s esophagus
with dysplasia of any grade should be confirmed by an
expert pathologist.22,26,27

Similarly, an accurate and reproducible diagnosis is
critical for the appropriate and timely management of
patients with solid pancreatic lesions. With this back-
ground, the primary aim of this multicenter validation
study was to assess interobserver variability among
cytopathologists in evaluating EUS-FNA specimens of
solid pancreatic lesions for both overall cytologic diag-
nosis and individual quantitative and qualitative
specimen-associated parameters using a novel stan-
dardized scoring system. The secondary aim was to
evaluate clinical and EUS parameters as predictors of
agreement among cytopathologists.

Methods

Study Design

This study included cytopathologists at 5 tertiary care
referral centers in the United States. Approval for the
study was obtained from the Institutional Review Board
and Human Research Protection office at the University
of Colorado Anschutz Medical Center.

Standardized Cytology Scoring Tool

This study was conducted in 2 phases. During phase 1
of the study, a consensus meeting was held with 3
experienced pathologists (with subspecialty board cer-
tification in cytopathology) at the University of Colorado.
During this meeting, the criteria for assessment of
quantity and quality measures were refined using a
previously described and validated scoring tool
(Table 1).18 This tool was used to assess each pass for
the quantity of nucleated and diagnostic cells present
and for quality measures that could limit the cytologic
diagnosis, such as obscuring blood, gastrointestinal
contaminant, and preparation and staining artifacts
(Supplementary Figure 1).18,28–30 Diagnostic categories
were assigned for each pass and for the overall case and
included the following categories: insufficient for diag-
nosis, benign, atypical, suspicious for malignancy/
neoplasm, neoplasm, and malignant (Figure 1). Cells of
pancreatic origin (acinar, ductal, islet cells) were defined
as diagnostic cells, and included both benign and ma-
lignant cells. Cells from peripheral blood or gastrointes-
tinal contaminant were not considered as diagnostic
cells. The quality measure for obscuring blood referred
to the presence or absence of blood clot from within the
FNA needle that entrapped and obscured diagnostic cells.
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