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Introduction: Predicting patient survival rates following
radical prostatectomy remains an area of clinical interest.
We compared the ability of standard clinical Gleason
scores and alternative ‘weighted’ Gleason scores to predict
pathology, margin status and recurrence in prostate cancer.
Materials and methods: Patients who underwent
robotic radical prostatectomy performed by a single
surgeon between Jan 2007 - Dec 2008 were included.
Tumor at the inked margin in pathologic samples was
considered a positive margin. Recurrence was defined as
PSA > 0.2 or the institution of salvage therapy. Standard
pathologic Gleason scores were recorded. The proportion
of tumor in each core was used to calculate ‘weighted” and
‘rounded weighted * Gleason scores. The ability of each
Gleason score to predict pathology, margin status and
recurrence were statistically compared.

Results: Of 433 cases, 281 with uniform Gleason 6
cores were excluded. One hundred and fifty-two cases
had Gleason scores > 7, of which complete data were
unavailable for three patients. In the final cohort of 149
cases, 72 (48.3%) patients had uniformly scored biopsies,
while 77 (51.7%) had biopsies with non-uniform Gleason
scores. The positive margin rate and recurrence free rates
were 30.2% and 77.2%, respectively.

Analyses of the entire patient cohort, and patients with
non-uniform cores, found no significant difference
between the predictive capacities of each scoring system.
The alternative algorithms were not shown to be better
predictors of pathologic Gleason score, margin status or
recurrence.

Conclusions: Using the highest standard Gleason score
of all cores to define a preoperative Gleason score remains
an appropriate clinical practice.
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Introduction

The Gleason scoring system was developed at the
Minneapolis Veterans Affairs Hospital in the 1960s
to clinically grade prostatic carcinoma in biopsies
and prostatectomy specimens.'? In 2005, the
International Society of Urological Pathology endorsed
a modified Gleason algorithm that has continued to
be the standard scoring system in prostate pathology.’
Gleason scores are frequently used to predict biological
cancer behavior, assess patient prognosis, and guide
the selection of the most appropriate treatment option.
As such, the reliability of Gleason scoring in predicting
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the disease status of prostate pathology specimens is
critical in reducing the incidence of both under and
over treatment, and predicting a patient’s prognosis.

Patients who present with prostate cancer are
typically risk-stratified utilizing a combination of
Gleason score on diagnostic biopsy, serum prostate-
specific antigen (PSA) levels, and digital rectal
examination. The accuracy and reliability of clinical
Gleason scoring in predicting patient survival rates
following radical prostatectomy remains an area of
clinical interest. In patients with organ-confined
disease, some studies have shown with multivariable
analyses that pathologic Gleason score is the only
useful prognostic factor for disease recurrence.*
Discrepancies between clinical Gleason scores after
biopsy and pathologic Gleason scores following
radical prostatectomy have provided impetus to
determine preoperative indices that account for these
scoring disparities, with the goal of helping to better
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select patient treatment. Digital rectal examination
findings, PSA, as well as the number of total biopsy
and positive biopsy cores have each been viewed as
potential predictive factors.>”

In the present study, we derived two alternate
derivatives of the standard Gleason score: (i) a weighted
Gleason score and (ii) a rounded weighted Gleason score.
In these algorithms, the percent tumor involvement for
each core was used to weight the Gleason score of each
individual core to derive a weighted Gleason score.
We subsequently statistically compared the ability of
the standard Gleason scoring system with both of the
alternate Gleason scores to predict pathology, margin
status and biochemical recurrence.

Materials and methods

We performed a retrospective review of our prospectively
maintained Institutional Review Board (IRB)-approved
radical prostatectomy database to identify consecutive
robotic-assisted laparoscopic radical prostatectomies
(RALRP) performed by a single surgeon between
January 1, 2007 and December 31, 2008.

We subsequently identified cases with biopsy cores
uniformly scored as Gleason 6. The remaining cases
scored Gleason > 7 formed the study cohort. Clinical
data for these patients were extracted from our prostate
database, inpatient hospital electronic medical records,
and outpatient electronic/paper physician-recorded
medical charts.

We undertook a power analysis to determine the
sample size needed for comparison of the correlations
of the standard and alternative calculations of clinical
Gleason with surgical margins, recurrence and
pathologic Gleason. This was conducted using data
from patients who underwent a robotic prostatectomy at
our clinical center over a period of 11 years (a total of 2006
patients). A total of 1050 patients with clinical Gleason
> 7 were selected (Gleason 6 patients were excluded
since uniform cores are unaffected by our alternative
Gleason calculations and would not be included in the
analysis). After calculating the correlations of standard
clinical Gleason with pathological Gleason, margins and
recurrence, we determined the sample size needed to
detect different effect sizes. For biochemical recurrence,
the most clinically relevant outcome measure in our
study, the correlation with standard Gleason was
approximately 0.15. The power calculation determined
that 629 patients would be needed to achieve 80%
power (p = 0.05) for an effect size of doubling of r to
0.30. Notably, the power analysis also illustrated that
thousands of patients would be required to resolve
smaller differences.
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Given the resource-intensive nature of retrieving
the detailed information required to calculate our
alternative Gleason algorithms (Gleason score for each
core and % core involvement), we decided to initially
obtain patient data on a subset of patients, enabling
an analysis to be performed to test our hypotheses
and obtain data for parameter estimates for any future
power calculations. A total of 433 patients underwent
robotic prostatectomy by a single surgeon between
January 1,2007 and December 31, 2008. One hundred
and fifty-two patients with Gleason > 7 disease were
selected. 3 patients had incomplete data and 72 had
uniform cores. The remaining 77 patients had non-
uniform cores.

We utilized data during a 2 year period from
patients for whom we also had long term (5 years)
follow up information. We believe that this provided
a patient cohort that is representative of the patient
population treated at our clinical center.

Demographic information, clinical staging,
pathological findings, operative details, and
prostate-specific antigen (PSA) values were recorded
prospectively. Surgical margin status was determined
by pathologic evaluation of biopsy specimens
immediately following RALRP. All specimens were
whole-mounted and step-sectioned at 3 mm intervals
with the apex and base being additionally cross-
sectioned at right angles. Positive surgical margin was
defined by the existence of cancer cells at the inked
resection margin in the final specimen. Postoperative
PSA values were obtained at 1, 3, 6,9, 12, 18, and 24
months, and annually thereafter. Recurrence was
defined as PSA > 0.2 ng/mL. Patients receiving salvage
therapy were also considered to have recurred at the
time of treatment and included in our analysis.

While the number of biopsy cores has steadily
increased at our institution over the past 10 years
(in line with national trends), it was not until 2009
that 12 core TRUS biopsies became standard practice
at our institution. During the study period (2007-
2008), it was our standard practice to acquire 10 core
biopsies. Furthermore, while all patients included
in the study had their biopsy results analyzed by
Hartford Hospital pathologists, not all patients had
their biopsy procedure at our institute. As such, in
some patients either more or less than 10 core biopsies
were obtained. The median number of biopsy cores
was 10. A total of 127 (85.2%) patients underwent
10 - > 12 core biopsies.

In evaluating preoperative biopsy results, the
percent tumor involvement for each core was used
to weigh each individual core’s Gleason toward
a weighted Gleason score. The algorithm used to
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calculate the standard, weighted and rounded-
weighted Gleason sum scores is illustrated in Figure 1a.
A similar process was used to calculate corresponding
values for the Gleason ‘major” score, Figure 1b. The
standard, weighted, and rounded weighted clinical
Gleason scores were correlated with pathologic
Gleason score, positive margin rates, and recurrence
rates using Spearman, point by serial, or Cramer’s V
correlation as appropriate for each respective level of
data. Statistical significance was accepted to be p <0.05.
Statistical analyses were performed using SPSS v21.0
statistical software (SPSS, Inc., Chicago, IL, USA).

Gleason ‘Sum’ Proportion of cancer
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[6] x [oa] [18 ]
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Figure 1. Algorithms used to calculate ‘weighted’
and ‘rounded weighted” A) Gleason sum score and
B) Gleason ‘major’ score.
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Results

Atotal of 433 consecutive RALRPs performed by a single
surgeon between January 1,2007 and December 31,2008
were identified and initially selected for inclusion. Of
these 433 consecutive cases, 281 (64.9%) were uniformly
scored as Gleason 6 and were excluded from analysis. Of
the 152 remaining cases with clinical Gleason scores > 7,
3 cases had incomplete data and were omitted from the
study. Assuch, a total of 149 cases with Gleason scores > 7
formed the final study cohort. A total of 6 (4%) of patients
included in the study initially underwent a period of
active surveillance prior to surgery. The median time
that the patients were under active surveillance was 18.8
(IQR: 13.9-30.5) months. In this analysis, the biopsy just
prior to surgery was utilized. The median time between
biopsy and surgery was 4.3 (IQR: 3.3-5.0) months.

Of the 149 cases, 72 (48.3%) had uniform Gleason
scores across all biopsy cores. In contrast, 77/149
(51.7%) of cases had non-uniform Gleason scores
within individual biopsy cores. A total of 45/149
(30.2%) patients had positive margins, while 115/149
(77.2%) of patients were recurrence-free.

The median age and body mass index (BMI) of
the 149 patients included in the study cohort were 61
(IQR: 56-65) years and 27.5 (IQR: 25.3-30.7) kg/m?,
respectively. Median patient follow up time was 60
(IQR: 53-64) months. At diagnosis, the majority of
patients (59.1%) had PSA levels of between 4 ng/mL-
10 ng/mL. At 5 years follow up, the majority of
patients (81.2%) had PSA levels of < 0.2 ng/mL. Final
pathology demonstrated the majority of patients
(59.1%) were AJCC pathologic stage T2. Patient
demographics are presented in Table 1.

We determined correlation coefficients for standard
clinical Gleason score, weighted clinical Gleason
score, and rounded weighted clinical Gleason score
with pathologic Gleason score, positive margins,
and biochemical recurrence. This was performed
independently in all patients (uniform and non-uniform
cores) and patients with non-uniform cores.

Comparison of Gleason scoring using non-
uniform cores

Analyses were performed on the 77 patients with
non-uniform cores. For both the Gleason sum and
major scores, there was no significant difference in
the ability of the standard Gleason, weighted Gleason
or rounded-weighted Gleason scoring algorithms to
predict pathology, margin status or recurrence, Table 2.
However, there was a tendency for the standard
Gleason score (both the sum and major scores) to better
predict pathology, margin status and biochemical
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TABLE 1. Patient demographics and surgical outcomes

Number of patients 149

Cases (n; %)

Uniform cores 72 (48.3)
Non-uniform cores 77 (51.7)
Patient age (yrs) (median; range) 61 (56-65)

BMI (kg/m?) (median; IQR) 27.5 (25.3-30.7)
Follow up time: (mos) (median; IQR) 60 (53-64)
PSA (ng/mL) (n; %)

Diagnostic
1-4 39 (26.1)
> 4-10 88 (59.1)
> 10-20 15 (10.1)
> 20 6 (4)
Unknown 1(0.7)
Most recent
<0.2 121 (81.2)
02-<1 17 (11.4)
>1 9 (6)
Unknown 2 (1.3)
Gleason score (n; %)
Clinical
7 121 (81.2)
8 23 (15.4)
9 5(3.4)
Pathologic
6 7 (4.7)
7 116 (77.9)
8 11 (7.4)
9 15 (10.1)
AJCC pathologic stage (n; %)
T2 88 (59.1)
T3 59 (39.7)
Margins (n; %)
Negative 104 (69.8)
Positive 45 (30.2)
Biochemical recurrence (n; %)
No 115 (77.2)
Yes 34 (22.8)

BMI = body mass index; IQR = interquartile range
PSA = prostate-specific antigen

recurrence compared to the other two alternative
Gleason scoring algorithms.

Comparison of Gleason scoring using all cores

(uniform and non-uniform cores)
We compared the ability of each of the scoring
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algorithms to predict final pathology using data
from the complete cohort of patients (i.e. patients
with uniform or non-uniform cores). While not
statistically significant, there was a tendency for the
standard Gleason score (sum) to be a better predictor
of pathology compared to the weighted and rounded-
weighted Gleason scores (correlation coefficient =
0.553; p =0.54 and 0.62, respectively; Table 3. However,
there was no significant difference between the ability
of each of the scoring algorithms to predict final
pathology, Table 3. A similar qualitative outcome
was observed for both predicting margin status and
biochemical recurrence, Table 3.

Similarly, the major component of the standard
Gleason score tended to be the best predictor of
pathology, margins and biochemical recurrence.
However, there was no significant difference between
major component of the standard Gleason score and the
major component of either the weighted and rounded-
weighted Gleason scores to predict pathology, margin
status or recurrence, Table 3.

Discussion

The Gleason scoring system is widely accepted and
utilized as the standardized test to risk stratify prostate
cancer. Both diagnostic and pathologic Gleason scores
correlate with biochemical free prostate cancer survival
rates.® However, significant discrepancies between
diagnostic and post-radical prostatectomy Gleason scores
illustrate the need to understand other preoperative
features that can aid in the more accurate staging of
prostate cancer at an early stage in the clinical process.
Inaccuracies in determining diagnostic Gleason scores
can resultin the inappropriate surveillance of biologically
aggressive tumors, over-treatment of indolent tumors,
and in general, the utilization of treatment paradigms
not ideal for a particular cancer grade.’

Elevated positive surgical margin rates, increased
capsular, seminal vesicle, and lymphatic invasion, poor
cancer-specific survival and higher rates of biochemical
recurrence have all been reported for patients whose
clinical Gleason score is lower than the Gleason score
obtained from prostate pathology samples following
radical prostatectomy.'®? Rates of Gleason score
upgrading from biopsy Gleason score 6 have been cited
to be as high as 50% following radical prostatectomy.

Over the years, we have frequently questioned
the dilemma of placing patients with predominantly
Gleason 6 scores and a minority of Gleason 7 in the
same prognostic category as patients with high volume,
pure Gleason 7 disease. Our patients have justifiably
questioned if their prognosis is more likely to be driven
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TABLE 2. Statistical correlations in patients with non-uniform cores comparing the ability of standard clinical
Gleason scores, ‘weighted’ scores and ‘rounded weighted’ scores in predicting final pathology, margins status
and biochemical recurrence. (median follow up time = 59 months; n = 77)

Component  Clinical Standard Weighted

of Gleason index Gleason Gleason

score

Sum Pathology 0.620° 0.470*
Margin 0.136* 0.1685
Recurrence 0.206* 0.1008

Major Pathology 0.419¢ 0.408*
Margin 0.221* 0.1718
Recurrence 0.177* 0.1008

Correlation coefficient

Rounded p (standard p (standard
weighted versus versus rounded
Gleason weighted) weighted)
0.499* 0.19 0.28

0.172* 0.84 0.82

0.186* 0.50 0.90

0.379* 0.94 0.77

0.159* 0.75 0.69

0.125% 0.62 0.67

Statistical tests used: 'Spearman’s Rho; *Cramers V; SPoint-by-serial

by the Gleason 6 or Gleason 7 score. The paradox
is equally relevant when considering patients with
non-uniform Gleason 7 and 8 scores. To address this
issue, we attempted to evaluate whether a weighted
or rounded-weighted Gleason scoring system may
offer advantages by better predicting positive margin
rates and biochemical recurrence when compared
to the current, standard Gleason scoring system. As
shown in Figure 1, the proportion of cancer in each
core was used to calculate a weighted Gleason score.
We felt this would incorporate the known prognostic
impact of Gleason score with the often-cited prognostic
impact of number of positive cores and maximum core
volume.*"*!* However, our data suggest no significant
differences between standard, weighted, and rounded-
weighted clinical Gleason scores in the ability to predict

both margin status and recurrence in patients with
discordant Gleason scores on diagnostic biopsy, Table 2.
Although not statistically significant, the standard
clinical Gleason score had the highest correlation out of
the three Gleason scoring methods that we assessed. As
such, our data support the continued use of the current
convention of using the highest Gleason score of all
cores to determine clinical staging.

Univariate and multivariate analyses have shown
an association between positive surgical margins and
disease-specific survival.’>'® Similarly, biochemical
recurrence correlates with disease-specific survival "8
Therefore, we believe that positive margin rates and
5 year biochemical free survival rates are appropriate
endpoints with which to measure a weighted Gleason
score.

TABLE 3. Statistical correlations in patients with uniform and non-uniform cores, comparing the ability of
standard clinical Gleason scores, “‘weighted’scores and ‘rounded weighted’scores in predicting final pathology,
margins status and biochemical recurrence. (Gleason > 7; median follow up time = 60 months; n = 149)

Correlation coefficient

Component  Clinical Standard Weighted Rounded p (standard p (standard
of Gleason index Gleason Gleason weighted versus versus rounded
score Gleason weighted) weighted)
Sum Pathology 0.553f 0.501 0.511* 0.54 0.62
Margin 0.122* 0.0918 0.110* 0.79 0.92
Recurrence 0.165* 0.0938 0.141% 0.53 0.83
Major Pathology 0.424" 0.419* 0.406" 0.96 0.85
Margin 0.162* 0.0378 0.115* 0.28 0.68
Recurrence 0.146* 0.0938 0.108* 0.65 0.74
Statistical tests used: *Spearman’s Rho; *Cramers V; SPoint-by-serial
© The Canadian Journal of Urology™; 22(2); April 2015 7713
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A limitation to our weighted Gleason algorithm is
thatit gives equal weight to diagnostic Gleason 3+4 and
4+3 disease. The same is true for Gleason 5+4 versus
4+5 disease. It has been clearly demonstrated that
Gleason 4+3 disease is associated with a significantly
worse prognosis than Gleason 3+4 disease.*' In fact,
there is increasing evidence the proportion of Gleason 4
and Gleason 5 disease is a better indicator of pathologic
behavior than standard Gleason score.* We addressed
this concern running analyses utilizing just the major
Gleason score. An additional limitation is that while
we have the percentage of cancer of each core for a
certain Gleason grade (e.g. 3+4=7 or 4+5=9), the exact
percent of the major and minor score was not available
for most biopsies and therefore not analyzed.

Based on our observed differences in correlation
between standard and weighted Gleason scoring
system (which actually favor standard scoring) we
calculate that > 10,000 patients would be necessary
to reject the null hypothesis that there is no difference
between these Gleason scoring systems. Nonetheless,
despite the use of a relatively small cohort of
patients, we believe that our data provide meaningful
information to support the conclusion that these
alternative Gleason algorithms do not provide a
significant advantage over the standard Gleason
scoring algorithm.

Conclusions

The standard Gleason score remains the most effective
and preferred method for grading prostate cancer. In
the future, biomarker assays may be of added benefit
in guiding diagnosis and treatment.” U
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