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Purpose: In prostate cancer biopsy Gleason score predicts stage and helps deter-
mine active surveillance suitability. Evidence suggests that small incremental
differences in the quantitative percent of Gleason pattern 4 on biopsy stratify
disease extent, biochemical failure following surgery and eligibility for active
surveillance. We explored the overall quantitative percent of Gleason pattern 4
levels and adverse outcomes in patients with low and intermediate risk prostate
cancer to whom active surveillance may be offered under expanded criteria.

Materials and Methods: We analyzed the records of patients with biopsy Glea-
son score 6 (3 þ 3) or 7 (3 þ 4) who underwent radical prostatectomy from
January 2008 to August 2015. Age, prostate specific antigen, Gleason score,
quantitative percent of Gleason pattern 4, overall percent positive cores (percent
of prostate cancer) and clinical stage were explored as predictors of nonorgan
confined disease and time to failure after radical prostatectomy.

Results: In 1,255 patients biopsy Gleason score 7 (3 þ 4) was associated with T3
or greater disease at radical prostatectomy in 35.0% compared with Gleason
score 6 (3 þ 3) in 19.0% (p <0.001). On multivariate analysis for each quanti-
tative percent of Gleason pattern 4 increase there were 2% higher odds of T3 or
greater disease (OR 1.02, 95% CI 1.01e1.04, p <0.001). When stratified, patients
with Gleason score 7 (3 þ 4) only approximated the pT3 rates of Gleason score 6
(3 þ 3) when prostate specific antigen was less than 8 ng/ml and the percent of
prostate cancer was less than 15%. In those cases the quantitative percent of
Gleason pattern 4 had less effect. Time to failure after radical prostatectomy was
worse in Gleason score 7 (3 þ 4) than 6 (3 þ 3) cases.

Conclusions: The quantitative percent of Gleason pattern 4 helps predict
advanced disease and Gleason score 7 (3 þ 4) is associated with worse outcomes.
However, the impact of the quantitative percent of Gleason pattern 4 on adverse
pathological and clinical outcomes is best used in combination with prostate
specific antigen, age and disease volume since each has a greater impact on
predicting nonorgan confined disease. The calculated absolute risk of T3 or
greater can be used in shared decision making on prostate cancer treatment by
patients and clinicians.
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Abbreviations

and Acronyms

%Gl4 ¼ quantitative percent of
Gleason pattern 4

AS ¼ active surveillance

ASCO ¼ American Society of
Clinical Oncology

EPE ¼ extraprostatic extension

GS ¼ Gleason score

ISUP ¼ International Society of
Urological Pathology

MRI ¼ magnetic resonance
imaging

PCa ¼ prostate cancer

PSA ¼ prostate specific antigen

RP ¼ radical prostatectomy
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IN PCa the overall GS predicts adverse pathology
findings at RP, biochemical recurrence after treat-
ment and PCa specific mortality.1e3 GS is also an
important determinant of eligibility for AS.4 Among
patients with GS 7 those with primary pattern 4
(GS 7 [4 þ 3]) fare significantly worse than those
with primary pattern 3 (GS 7 [3 þ 4)]).5e8 Higher
amounts of pattern 4 carry a higher failure rate.9

However, whether the exact %Gl4 on preoperative
biopsy offers any additional clinical usefulness is
uncertain.

Data are emerging that address the added benefit
of quantifying %Gl4 on biopsy.10,11 In a study from
Germany in 12,000 men after RP the %Gl4 of RP
specimens predicted PSA recurrence free-survival
and %Gl4 on biopsy predicted up-staging on the
RP specimen.10 Another study from the University
of Michigan identified %Gl4 as a predictor of
adverse pathology findings on RP and biochemical
recurrence after RP in patients with GS 6-8 on
prostate biopsy.11 The group suggested that GS 7
(3 þ 4) PCa with %Gl4 less than 20% carries a low
risk of adverse outcomes and, thus, patients could
be considered for AS. Supporting that approach,
ASCO proposed offering AS to select patients with
low volume GS 7 (3 þ 4) PCa.12

Increasing the pool of patients eligible for AS and
avoiding morbidity from radical interventions is
appealing but controversial. There is evidence that
the presence of any Gleason pattern 4 on biopsy
predicts progression in patients on AS.13 In the
Toronto AS cohort with its long followup metastasis
developed in 14 of 211 men (6.6%) with intermediate
risk PCa vs only 16 of 769 (2%) with low risk disease
at a median followup of 6.3 years.14

In the current study we explored outcomes in
patients who underwent RP and who may have been
candidates for extended AS according to ASCO
guidelines. Our objective was to determine the
relative importance of %Gl4 on biopsy for predicting
more advanced disease. Quantifying the risk of
adverse pathology findings at RP and failure after
RP in this cohort would help infuse real world data
into treatment decision making between patients
and clinicians.

MATERIALS AND METHODS
Institutional research ethics board approval was obtained
for this study. We sought to identify cases that may have
been eligible for extended criteria AS. Therefore, data
were collected on all patients who underwent RP at Uni-
versity Health Network in Toronto, Ontario, Canada, for
biopsy confirmed GS 6 or GS 7 (3 þ 4) prostate cancer.
Genitourinary pathologists at University Health Network
began reporting data on the overall %Gl4 in 2008. As
such, cases from January 2008 to August 2015 were
included in study. Patients without %Gl4 data were

excluded from analysis, as were patients receiving neo-
adjuvant therapy (radiotherapy or androgen deprivation
therapy) or with clinical stage T3-T4 disease. Only the
immediate pre-RP biopsy was analyzed.

Gleason grades and scores were assigned using criteria
described in the 2005 ISUP modified Gleason system and
the further modifications made at the 2014 ISUP
Consensus Conference on Gleason Grading.5,15 The %Gl4
reflects a global percent of all adenocarcinoma present in
a given set of biopsies.

The study primary end point was T3 or greater disease
on the RP specimen, defined as EPE, seminal vesicle in-
vasion or bladder neck invasion. Univariate and multi-
variate logistic regression analysis was done to evaluate
the association between %Gl4 on the pre-RP biopsy and
adverse RP pathology results. Other covariates included
were age, preoperative PSA, percent of positive biopsy
cores, prostate volume, clinical stage and GS 7 (3 þ 4) vs
GS 6. We considered %Gl4 as a continuous variable (0% to
49%) and as a categorical variable. Analysis was per-
formed in the entire cohort and stratified between GS 6
and GS 7 (3 þ 4) PCa. On multivariate analysis clinical
stage and prostate volume were omitted as predictors
because of the high amount of missing data. On stratified
analysis age, the percent of positive cores and PSA were
categorized by median or tertile. The omnibus likelihood
ratio and the Hosmer-Lemeshow goodness of fit test were
used to determine the overall data to model fit.

As a secondary end point we also examined rates of
post-RP failure, defined as time to biochemical recurrence
(2 consecutive postoperative serum PSA levels greater
than 0.2 ng/ml), adjuvant/salvage radiotherapy or adju-
vant/salvage hormonal therapy. Time to event analysis
was performed using Kaplan-Meier survival analysis.
HRs were calculated using Cox proportional hazard
modeling. Statistical significance was considered at
2-sided p <0.05. Statistical analysis was performed with
SPSS�, version 22.0 and SAS�, version 9.4.

RESULTS
A total of 1,410 patients with GS 6 or GS 7 (3 þ 4)
PCa on biopsy were treated with RP. Of these pa-
tients 155 were excluded from study due to missing
data on %Gl4 in 135 and due to receipt of neo-
adjuvant therapy in 21. Thus, 1,255 patients were
included in analysis (table 1).

The adverse pathology rate in the cohort was
28.6% with a 26.9%, 3.1% and 3.7% rate of EPE,
bladder neck invasion and seminal vesicle invasion,
respectively. Patients with GS 6 PCa were younger,
had lower PSA and were less likely to have palpable
disease than those with GS 7 (3 þ 4) (p <0.05). GS
7 (3 þ 4) on biopsy was associated with a higher rate
of T3 or greater at RP compared to GS 6 (35.0% vs
19.0%, p <0.001). When %Gl4 was divided into 5
strata, T3 or greater was more common in patients
with higher %Gl4 on biopsy (p ¼ 0.015, fig. 1).

Higher %Gl4 on biopsy conferred greater odds of
T3 or greater at RP when considered as a
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