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Abstract
Background—To examine factors that affect accuracy and reliability of prostate cancer grade
we compared Gleason scores documented in pathology reports and those assigned by urologic
pathologists in a population-based study.

Methods—A stratified random sample of 318 prostate cancer cases diagnosed was selected to
ensure representation of whites and African-Americans and to include facilities of various types.
The slides borrowed from reporting facilities were scanned and the resulting digital images were
re-reviewed by two urologic pathologists. If the two urologic pathologists disagreed, a third
urologic pathologist was asked to help arrive at a final “gold standard” result. The agreements
between reviewers and between the pathology reports and the “gold standard” were examined by
calculating kappa statistics. The determinants of discordance in Gleason scores were evaluated
using multivariate models with results expressed as odds ratios (OR) and 95% confidence intervals
(CI).

Results—The kappa values (95% CI) reflecting agreement between the pathology reports and
the “gold standard,” were 0.61 (95% CI: 0.54, 0.68) for biopsies, and 0.37 (0.23, 0.51) for
prostatectomies. Sixty three percent of discordant biopsies and 72% of discordant prostatectomies
showed only minimal differences. Using free standing laboratories as reference, the likelihood of
discordance between pathology reports and expert-assigned biopsy Gleason scores was
particularly elevated for small community hospitals (OR=2.98; 95% CI: 1.73, 5.14).
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Conclusions—The level of agreement between pathology reports and expert review depends on
the type of diagnosing facility, but may also depend on the level of expertise and specialization of
individual pathologists.
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BACKGROUND
The Gleason grade of prostate cancer is a predictor of tumor aggressiveness that plays an
important role in determining patient treatment and prognosis (1). The Gleason grading
system was developed in the 1960s based on histopathological data from multiple prostate-
cancer biopsies and resections (2). Based on the architectural features of the cancer cells,
five histologic patterns of decreasing differentiation were developed with a pattern of 1
representing the most differentiation and 5 representing the least differentiation (3). Because
prostate adenocarcinoma is a multifocal disease with substantial histologic variability across
foci, the most prevalent and second most prevalent patterns were added to obtain the
Gleason score (range = 2 to 10). This score is often referred to as the combined Gleason
grade. When a tumor included only one pattern, that pattern is counted twice. Thus, for a
tumor with a single pattern of 3, the Gleason score is written as 3 + 3 = 6 (4). As indicated in
the recent recommendations issued by the College of American Pathologists (5), in needle
biopsy specimens where more than 2 patterns are present, and the highest pattern is neither
the predominant nor the secondary pattern, the predominant and highest pattern should be
chosen to arrive at a score (e.g., 75%, pattern 3; 20%–25%, pattern 4; <5%, pattern 5 is
scored as 3 + 5 = 8).

As there is often no clear-cut distinction between Gleason patterns, the grading can be
subjective and may depend on the training and experience of the pathologist evaluating the
specimen (6,7). For these reasons, several previous studies have sought to examine and
quantify the inter-observer agreement among pathologists (8–19). It is important to point
out, however, that previous studies usually conducted their assessments of inter-observer
agreement in controlled experimental conditions using pre-selected slides on a relatively
limited number of cases. By contrast, data on the accuracy and reliability of Gleason scores
in the general patient population are lacking.

Additional motivation to evaluate accuracy and reliability of Gleason score was provided by
the changes in Gleason grading methods that were codified in the 2005 publication of the
International Society of Urological Pathology (ISUP) Consensus Conference on Gleason
Grading of Prostatic Carcinoma (20). The publication of this consensus document completed
several years of concerted efforts by leading urologic pathology experts to update practicing
general pathologists on the new style of Gleason grading (4,9,21).

In view of these data gaps, the present study seeks to compare Gleason patterns and scores
documented in the pathology reports and those assigned by expert review using a large
sample of prostate cancer cases reported to the Metro Atlanta and Rural Georgia
Surveillance Epidemiology and End Results (SEER) registry between 2004 and 2005. We
sought to achieve this goal by answering the following specific research questions. 1) What
are the frequency and the extent of disagreement between Gleason scores reported at
diagnosis and those assigned by the expert review? 2) Is there disagreement between experts
re-evaluating the original diagnostic slides? 3) Does disagreement between diagnostic and
expert-assigned Gleason scores differ by type of specimen? 4) Using expert review as a gold
standard, what patient-, disease-, and facility-related characteristics are associated with
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misclassification of the Gleason scores documented in the pathology reports? 5) What is the
accuracy of Gleason scores recorded in the SEER database?

MATERIALS AND METHODS
The eligibility criteria included: ICD-O code C61.9 (prostate), residence in the metropolitan
Atlanta or rural Georgia SEER 15-county catchment area, diagnosis from January 1, 2004
through December 31, 2005; invasive disease (behavior code 3), and availability of both the
slides and the pathology report for review. A stratified random sample of 325 eligible
patients was selected for scanning and review of pathology slides with oversampling to
allow for missing data and/or specimens and to arrive at a final sample size of about 300.
The purpose of stratification was to include equal numbers of whites and African
Americans. We also oversampled cases from smaller facilities such as rural community
hospitals to ensure their representation in the study.

Facilities that established the diagnosis for the study cases were contacted and asked to
provide biopsy and prostatectomy slides along with the corresponding pathology reports.
Each slide was de-identified and scanned using the ScanScope digital microscopy by
Aperio®.

Two urologic pathologists performed the re-review of the biopsies and prostatectomy
specimens and assigned their own Gleason scores using the 2005 ISUP consensus
recommendations (20). In assigning Gleason scores the urologic pathologists used images
for the index (largest) tumor and not the entire case. As one of the study objectives was to
assess the accuracy of Gleason scores reported to SEER, the expert review did not assess the
tertiary patterns because cancer registries only collect information on primary and secondary
tumors.

The use of digital microscopy enabled the two pathologists to read the images and assign
Gleason scores from their offices. It is important to emphasize that previous studies have
demonstrated excellent agreement between prostate pathology reviews that use glass slides
and those that use digital images.(6,22) When the two pathologists assigned exactly the
same primary and secondary Gleason pattern the results was considered the “gold standard.”
If, however, the two urologic pathologists disagreed on either pattern, a third urologic
pathologist (also a person with extensive post-training experience) was asked to review each
case in question, and assign his own Gleason score (without knowing the other two
reviewers’ scores), which then served as a “tie-breaker.” In a few instances when all three
urologic pathologists disagreed, the third reviewer was unmasked with respect to the other
two reviewers’ scores, and was asked to reconcile the three opinions to arrive at a final “gold
standard” combined Gleason grade.

All pathology reports were abstracted using a data collection instrument developed for the
purposes of this study. As a result, each biopsy or prostatectomy (sometimes pertaining to
the same patient) had four Gleason score evaluations: one documented in the original
pathology report, two assigned by the experts, and the final “gold standard” score using, if
necessary, the third reviewer. Additional information on each case included demographic
variables such as race, age, and residence; disease characteristics such as stage and prostate
specific antigen (PSA) level; facility-related data such as type, size and university affiliation;
and sample type (prostatectomy or biopsy).

The Gleason scores reported at diagnosis were compared to those assigned by the final
expert review and the agreement between two sets of results for each case was examined by
performing weighted kappa calculations where a kappa of 0.0 means that the agreement is
no better than that expected by chance alone, and kappa values of 1.00 and −1.00 indicate
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perfect agreement or perfect disagreement, respectively. By convention, a kappa between
0.81 and 1.00 is interpreted as indicating excellent agreement. Values of <0.20, 0.21–0.40,
0.41–0.60, and 0.61–0.80 are interpreted as showing poor, fair, moderate, and good
agreement, respectively.(23) We also used the same methods to evaluate the agreement
between the two urologic pathologists and between biopsy- and prostatectomy-derived
results for those patients that had both sets of slides and pathology reports. Each kappa
statistic was reported along with the corresponding 95% confidence interval (CI). The
agreement was examined for three types of measures: two Gleason’s patterns, total Gleason
score and a dichotomous outcome of Gleason score ≥8 versus ≤7. The Gleason’s patterns
were ranked in ascending order based on a total score followed by the primary pattern. For
example, 3+4=7 was followed by 4+3=7, followed by 3+5=8, followed by 4+4=8, followed
by 5+3=8, and so on.

The associations between misclassification of Gleason scores and various patient-, disease-,
and facility-related characteristics were examined using multivariate generalized estimating
equation (GEE) models for binary data with a logit link function.(24) The GEE modeling
approach allowed us to obtain adjusted odds ratios (OR) while accounting for clustering of
observations (because of the same reporting characteristics) within each facility. The
independent variables for each model included facility type, patient’s age, race and area-
based measure of socioeconomic status (SES), and disease stage and serum PSA level as
recorded in the SEER data. The facilities that submitted slides and pathology reports
represented four categories: freestanding laboratories, university-affiliated hospitals, large
community hospitals and small community hospitals. Age was dichotomized: ≥65 years old
versus ≤64 years old. All patient addresses were geocoded to the level of census tract and
then assigned an area-based measure of SES dichotomized as high versus low based on the
percent of individuals in the census tract living below the poverty level.(25) High SES area
was defined as including less than 10% of population below poverty level. Stage was
categorized as localized versus regional/distant, and serum PSA level was dichotomized as
<10 ng/ml versus ≥10 ng/ml. The analyses were carried out using SPSS statistical software
(LEAD Technologies, Inc., Chicago, IL), and (for kappa calculations) Computer Programs
for Epidemiologic Analyses v. 4.0 (Authors: Abramson, JH and Gahlinger, PM; available at
http://sagebrushpress.com)

RESULTS
A total of 1905 slides, pertaining to 268 biopsies and 120 prostatectomies obtained from 318
patients, were retrieved and scanned. For four biopsies the corresponding pathology reports
was were not found. As shown in Table 1, 50% of all men that provided biopsy specimens
were over the age of 65 years, while prostatectomy specimens tended to come from younger
patients. Because our study sample was stratified on race, the numbers of specimens from
white and African American patients were roughly equal. A greater proportion of all patients
in the study resided in higher SES census tracts (less than 10% of the population living
below poverty). Over 80% of all cases were diagnosed with localized disease, and more than
half had a PSA of less than 10 ng/ml. With respect to the original diagnosis facility,
approximately 35% of biopsy specimens were from freestanding laboratories, 27% from
university hospitals, 21% from large community hospitals, and 17% from small community
hospitals. University hospitals, large community hospitals, and small community hospitals
provided 33%, 49% and 18% of prostatectomy specimens, respectively.

The frequency and magnitude of disagreement between two urologic pathologists are
summarized in Table 2. Complete agreement was found in 144 (54%) of 268 biopsies and
76 (63%) of 120 prostatectomies. Most of the disagreements were by one point (category)
with only 12% of all biopsy scores and 10% of all prostatectomy scores showing a
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discrepancy of two categories or more. Among biopsy scores, the kappa values (95% CIs)
were 0.59 (0.52, 0.66) for both Gleason patterns, 0.56 (0.48, 0.63) for the total Gleason
score and 0.57 (0.47, 0.66) for the Gleason score of ≤7 versus ≥8. The corresponding results
among prostatectomy grades were 0.53 (0.39, 0.67), 0.57 (0.44, 0.70) and 0.61 (0.47, 0.75)
for Gleason patterns, Gleason score and Gleason score of ≤7 versus ≥8, respectively (Table
2). The tie-breaker reviewer agreed more often (in almost 60% of cases) with Reviewer I (an
experienced urologic pathologist) than with Reviewer II (urologic pathology fellow)

When the results of the original pathology reports were compared to the “gold standard”
(final expert review), the kappa statistics reflecting agreement in the two Gleason patterns
were 0.61 (95% CI: 0.54, 0.68) for biopsies, and 0.37 (0.23, 0.51) for prostatectomies (Table
3). The corresponding biopsy- and prostatectomy-derived kappa values were 0.60 (0.53,
0.67) and 0.38 (0.26, 0.51) for the total Gleason score, and 0.58 (0.48, 0.67) and 0.43 (0.28,
0.58) for the Gleason score dichotomized at 8. Compared to the “gold standard” the
pathology reports tended to over-estimate the Gleason grade. Among biopsy results,
complete agreement was seen in 56% of cases, under-grading occurred in 31% of cases and
over-grading occurred in 13% of cases. The percentages for complete agreement, under-,
and over-grading among prostatectomy specimens were 52%, 36%, and 12%, respectively.
Among those specimens that showed any disagreement, 63% of biopsies and 72% of
prostatectomies were discordant by only one category.

When we examined the agreement between biopsy and prostatectomy results, we found that
pathology reports had kappa values ranging between 0.35 and 0.53, whereas the kappa
statistics for urologic pathology reviews ranged from 0.35 to 0.47 (Table 4). Complete
agreement between biopsy and prostatectomy results was observed in 66% of pathology
reports and 51% of expert assigned reviews. Among pathology reports the over- and under-
estimated biopsy Gleason scores were found in 15% and 19% of cases, respectively.
Similarly, the proportions of over- and under-estimated results among expert-assigned
biopsy scores were 20% and 29%, respectively.

Multivariable GEE analyses that examined the association between Gleason pattern
misclassification (comparing pathology reports to “gold standard”) and facility-, disease- or
patient-related characteristics are presented in Tables 5 and 6. The results are shown
separately for any disagreement in Gleason patterns and for disagreement by two or more
categories (using the ranking of Gleason patterns as presented in Table 3). The probability of
misclassification of the biopsy grade was higher in older patients with an OR of 2.06 (95%
CI: 1.45, 2.92) for any discordance and 2.84 (95% CI 1.27, 6.35) for discordance of at least
categories. Patients with more regional or distant disease were significantly more likely to
have misclassified Gleason pattern compared to those with localized tumors with ORs of
2.78 (95% CI: 1.54, 5.02) for any misclassification, and 3.92 (95% CI: 1.47, 10.41) for
misclassification by two or more categories. Using freestanding laboratories as the reference
category, the ORs for any discordance between pathology reports and expert-assigned
Gleason patterns were significantly elevated for university hospitals (OR=1.70; 95% CI
1.16, 2.48), large community hospitals (OR=2.08; 95% CI: 1.37, 3.16) and particularly small
community hospitals (OR=2.98; 95% CI: 1.73, 5.14). The results for discordance by more
than one category were attenuated and not statistically significant. Area-based SES, race and
PSA level did not demonstrate a significant association with disagreement in the biopsy-
derived Gleason grades (Table 5).

The corresponding GEE models using misclassification in the prostatectomy-derived
Gleason score as the dependent variable demonstrated no association with age, race, SES, or
disease stage. Higher PSA levels were related to higher probability of disagreement between
pathology report and expert review, but the difference was statistically significant only when
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the outcome was defined as “any discordance.” In the analyses for disagreement by two or
more categories the OR was significantly elevated for small community hospitals (OR=3.61;
95% CI: 1.14, 11.47) compared to university hospitals (Table 6).

DISCUSSION
The data presented here indicate that most Gleason grades fall into a fairly narrow range
(total scores of 6 and 7). A substantially smaller proportion of the specimens had a total
Gleason score of 8 or higher. Only one biopsy and two prostatectomies were accompanied
by pathology reports indicating a Gleason score of less than 6, and none of those was judged
to be below 6 according to the “gold standard’ review.

The inter-observer kappa estimates in this study were consistent with those reported for
urologic pathologists, and higher than those found among general pathologists in other
studies.(8–19) We found only weak-to-moderate agreement between biopsy-and
prostatectomy derived Gleason scores; an observation that is also in concurrence with earlier
studies.(26–34) As expected based on previous reviews,(35,36) examination of biopsies in
our study tended to under-estimate the prostate cancer grade; although the extent of
underestimation was greater in the expert reviews compared to pathology reports. The
finding that disagreement between biopsy- and prostatectomy-derived Gleason scores was
more pronounced in the expert assessment compared to the original pathology reports is not
surprising. The pathologists performing the original prostatectomy evaluations were most
likely aware of the biopsy-derived Gleason scores, whereas the expert review was carried
out blindly. The disagreement between original pathology and expert “gold standard review”
was also modest.

One of the stated objectives of this study was to examine the patient-, disease- and facility-
related characteristics that may predict misclassification of the Gleason score at diagnosis. In
the analyses of biopsy specimens we found that the most important patient- and disease-
related predictors of discordance between the original pathology report and the expert re-
review results were patient age and disease stage. While older patients (≥65 years of age) in
general were more likely to have discordant Gleason scores, among misclassified biopsies,
the proportion of under-graded specimens was higher among younger (78%) than among
(64%) older men. The difference in the frequency of under-graded biopsy specimens
between the localized and advanced prostate cancer cases (66% versus 70%) was less
pronounced. Another important finding that warrants further discussion is the better
performance (at least with respect to agreement with expert review) of freestanding
laboratories. One reason for this observation may be the use of more than one signing
pathologist in each case at freestanding laboratories. In these situations the final diagnostic
report reflects the diagnostic consensus of two pathologists, and may be more likely to
eliminate any outlier opinions. It is also possible that freestanding laboratories are staffed
with pathologists that are more likely to be specialized in a particular area.

A noteworthy feature of this study is that it examined prostate cancer cases that were
diagnosed right around the time the ISUP was making its push for updating the Gleason
scoring recommendations. It is important to emphasize that although ISUP published the
consensus report in 2005, efforts to introduce the new recommendations into routine
pathology practice had been on-going for a number of years. Urologic pathology experts
(including two co-authors of the current paper) were part of a rather widespread campaign
that used local, national and international conferences to update practicing general
pathologists on the new style of Gleason grading. The success of these efforts is evidenced
in studies reporting that concordance between practicing pathologists and experts improved
over time (37,38). It is reasonable to assume that the new recommendations were adopted by
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practicing pathologists at different times and varied by facility. This variable degree of
awareness of the new recommendations is another likely explanation for the observation that
the agreement between experts and diagnosing pathologists differed greatly by type of
facility.

In contrast to our biopsy analyses, there were few significant determinants of discordance in
Gleason scores assigned to prostatectomy specimens. It does appear that small community
hospitals are more likely to misclassify the Gleason score by two or more categories, but this
finding was not consistent across the analyses. There appears to be a consensus that
prostatectomy-derived grade is a more accurate predictor of disease recurrence and
prognosis than the grade assigned during the biopsy evaluation.(36,39) On the other hand,
from the patient care point of view the grade of a biopsy specimen is more important
because it serves as the basis for critical initial prostate cancer treatment decisions.(40)

There was little evidence that race or SES was associated with a discernable increase or
decrease in the agreement between pathology reports and expert reviews. Although these
results indicate lack of appreciable sociodemographic disparity, one needs to keep in mind
the limitations of our analyses, such as reliance on area-based as opposed to individual
measures of SES and lack of information regarding health insurance. In general, the
interpretation of our results requires understanding of the strengths and limitations of the
registry-based (in this case SEER-based) data. As previously noted elsewhere, the large
sample size enables SEER-based studies to have sufficient power of detecting relatively
moderate associations and permits a variety of stratified and multivariate analyses.(41) The
population-based, as opposed to institution-based, selection of cases increases the external
validity and generalizability of findings. While institutional studies often have more detailed
information about each patient, those studies usually are confined to major referral centers
and may not be representative of the cases treated in the community (42).

CONCLUSIONS
In summary, we found that a substantial proportion of biopsy and prostatectomy specimens
have different Gleason scores assigned at diagnosis compared to those assigned by expert
review; however the magnitude of disagreement is rather modest. The highest level of
disagreement was present in small community hospitals. This finding requires confirmation
and, if confirmed, further exploration. Our study also demonstrates the feasibility of linking
registry data with digitized pathology slides, and perhaps other clinical images.
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