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Introduction Cytologic screening for urothelial carcinoma is fraught with low sensitivity, a high indeter-
minate rate, and until recently, poor standardization of terminology. The Johns Hopkins Hospital John K.
Frost Cytopathology Laboratory has recently developed and published a template for reporting urine cyto-
pathology; herein, we evaluate its interobserver reproducibility.
Materials and methods Two sets of 100 cases each were deidentified; each set was reviewed by 5 of 10
observers in a randomized order at the direction of computerized data collection software that tracked obser-
vation time as well as observer classification of the atypiadno atypia, atypia (AUC-US), or atypia sugges-
tive of high-grade urothelial carcinoma (AUC-H). Specific morphologic features were also recorded. Cases
were grouped into low-, intermediate-, and high-agreement based on the number of observers who made the
assessment. The findings were correlated against clinical outcomes.
Results High agreement among observers about the presence or absence of high-grade features was
possible in approximately two-thirds of indeterminate urine cases. Time and order did not factor significantly
into observer propensity for identifying atypical features or favoring either AUC-US or AUC-H, and cases
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with high agreement about the presence of high-grade features were more likely to have a malignant follow-
up. Furthermore, AUC-H diagnoses based on 2 or more high-grade features had a significantly higher ma-
lignancy risk than AUC-US diagnoses did.
Conclusions AUC-H is a valid diagnostic category with specific, reproducibly identified features that
portend a higher risk of malignancy than the findings of AUC-US.
� 2014 American Society of Cytopathology. Published by Elsevier Inc. All rights reserved.

Introduction

Urothelial carcinoma (UC) is a slowly growing and
evolving neoplastic process with outcomes that range from
total spontaneous regression to metastasis and death. UC
also demonstrates considerable field effect, so extended
involvement of the urogenital tract can occur even after
radical resection of the original tumor. As such, patients
with UC must be screened repeatedly over the remainder of
their lives, and this makes bladder cancer the most expen-
sive malignancy on a per-person basis.1 The screening is
itself problematic because it involves exfoliated urothelial
cytology, a method fraught with low sensitivity and a high
indeterminate rate. To complicate matters, the terminology
for the diagnostic categories has not been standardized, so
interinstitutional and interdisciplinary communications are
frequently suboptimal. Therefore, as a first step to improve
the surveillance and management of patients with UC,
the Johns Hopkins Hospital John K. Frost Cytopathology
Laboratory has recently developed and published a template
for reporting urine cytopathology.2-4

In the process of developing our template for urinary
cytology, we reviewed 1246 morphologically indeterminate
urine specimens and tracked specific features that were
clearly associated with biopsy-proven malignancy.3 These
features include nuclear hyperchromasia, irregular nuclear
borders, high nuclear to cytoplasmic (NC) ratio, and ani-
sonucleosis. When these features were present, they war-
ranted the upgrade of the diagnosis from atypical urothelial
cells of undetermined significance (AUC-US) to a higher-
risk category, atypical urothelial cells, cannot rule out
high grade urothelial carcinoma (AUC-H). However, the
reproducibility of these criteria has not been demonstrated in
a blinded randomized review, an exercise that is certainly
important for several reasons. First, the strength or weakness
of interobserver reproducibility (IOR) essentially defines the
ultimate limits on any system involving subjective judg-
ment. Second, to avoid the bias of a single observer, areas
that are known to have low IOR should be considered for
peer review. Finally, indeterminate categories with a high
IOR are easier to correlate with clinical risk than indeter-
minate categories without IOR. As such, IOR forms the
basis for determining the usefulness of ancillary testing in
the diagnostic process. Without IOR, the pretest probability
of indeterminate diagnoses is so broad that useful ancillary
tests may not be applied correctly.

The Johns Hopkins template espouses 3 key tenets. First,
the true strength of urinary cytopathology is the accurate and

reliable detection of high-grade neoplasms in a noninvasive
or minimally invasive manner. Second, urinary cytopathology
is incapable of detecting low-grade lesions reliably, and
neither this nor any template should attempt to obscure that
fact. Finally, urinary cytopathology is a morphological dis-
cipline, so indeterminate diagnoses are unavoidable. These 3
guiding principles lead to a template that is centered on high-
grade neoplasms or the suspicion thereof; low-grade neo-
plasms are less emphasized. Before the template is globally
accepted, straightforward criteria for each category must be
established and IOR tested. In this study, we demonstrate a
proof of principle IOR study for the Johns Hopkins template
for urinary cytology.

Materials and methods

Cytological processing and case selection

This study was approved by the institutional review board.
The data and slide set cases diagnosed as AUC-US that
had been amassed for the previously reported template at
Johns Hopkins Hospital were queried to select 2 sets of 100
cases each (set A and set B) with statistically equivalent
demographic characteristics and disease prevalence rates.
All cases were single slides of voided urine processed using
the SurePath (Becton, Dickinson, and Company) concen-
tration technique and stained with the Papanicolaou stain.
The random sampling was done using the statistical pro-
gramming language R (http://cran.r-project.org) with itera-
tive P value testing to ensure that sets A and B represented a
similar sampling of the AUC-US category in terms of age,
sex, race, clinical indication, and follow-up. The clinical
indication was determined by a review of the clinical and
pathological specimen history to determine a history of high-
grade UC or low-grade UC, or the absence of both and the
presence of hematuria. Follow-up was determined at 1 year
from the specimen collection. The clinically benign category
was assigned to indicate that �1 grossly unremarkable
cystoscopy was performed within the year following the
specimen collection. If there was neither cystoscopy nor a
tissue diagnosis, the institutional pathology data system,
which integrates the social security death index, was queried.
Cases missing follow-up cystoscopy, a tissue diagnosis, or
death were placed into the “no follow-up” category. Two
cases in set A and 4 cases in set B were ultimately excluded
due to technical malfunctions during observer data acquisi-
tion. The demographic and clinical features of the final sets,
consisting of 98 and 96 cases, respectively, are detailed in
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