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Purpose: The importance of primary Gleason grade among men with Gleason
score 7 disease has been well-defined. However, this dichotomization may over-
simplify the continuous spectrum of absolute percent Gleason grade 4 disease
(G4%). In this study we report the prognostic value of G4% in cancer related
outcomes of men undergoing radical prostatectomy.

Materials and Methods: Patients who underwent radical prostatectomy for
clinically localized Gleason 6-8 prostate cancer from 2005 to 2013 were included
in the study. G4% was determined as biopsy tumor length containing Gleason
pattern 4/total tumor length, which performed better than alternative quantifi-
cations of pattern 4 involvement. G4% was correlated with time to biochemical
recurrence and presence of adverse radical prostatectomy pathology, defined as
primary Gleason 4 or pT3 or greater, by multivariable Cox and logistic
regressions.

Results: Of 1,691 patients 517 (30.6%) had adverse pathological features and
86 (5.6%) experienced biochemical recurrence. On multivariable analyses G4%
was a significant predictor of adverse pathology (OR 1.04, 95% CI 1.03e1.05) and
time to biochemical recurrence (HR 1.02, CI 1.01e1.03). G4% was also a signif-
icant independent predictor of adverse pathology in subsets of patients with

Accepted for publication February 3, 2016.
No direct or indirect commercial incentive associated with publishing this article.
The corresponding author certifies that, when applicable, a statement(s) has been included in the manuscript documenting institutional

review board, ethics committee or ethical review board study approval; principles of Helsinki Declaration were followed in lieu of formal ethics
committee approval; institutional animal care and use committee approval; all human subjects provided written informed consent with gua-
rantees of confidentiality; IRB approved protocol number; animal approved project number.

Supported by a Department of Defense Physician Research Training Award (W81XWH-14-1-0287) (TMM), Prostate Cancer Foundation Young
Investigator Award (DES, RM, TMM) and by the A. Alfred Taubman Medical Research Institute (SAT, FYF, TMM).

* Financial interest and/or other relationship with MDxHealth and Myriad Genetics.
† Financial interest and/or other relationship with the National Cancer Institute and Blue Cross Blue Shield of Michigan.
‡ Financial interest and/or other relationship with Urology�.
§ Correspondence: Department of Pathology, University of Michigan Health System, Room 2G332 UH, 1500 E. Medical Center Drive, Ann

Arbor, Michigan 48109 (telephone: 734-647-9125; FAX: 734-763-4095; e-mail: mrohit@med.umich.edu).

See Editorial on page 303.

For another article on a related topic see page 562.

Abbreviations

and Acronyms

ADT ¼ androgen deprivation
therapy

BCR ¼ biochemical recurrence

G4% ¼ percent Gleason pattern 4
involvement

PSA ¼ prostate specific antigen

RP ¼ radical prostatectomy
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Gleason score 7 (OR 1.05, 95% CI 1.03e1.06), 3þ4 (OR 1.06, 95% CI 1.04e1.08) and 4þ3 cancer (OR 1.05, 95%
CI 1.03e1.06). We found a significantly increased risk of adverse pathology at potentially meaningful G4%
thresholds (1% to 10% vs 20% to 30%).

Conclusions: The incremental percentage of Gleason grade 4 disease in biopsy specimens is an important
predictor of adverse pathology and biochemical recurrence across the entire range of G4% disease. Accounting
for G4% can improve risk assessment even among those patients with Gleason 3þ4 or 4þ3 cancer and may
help inform patient counseling.
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NUMEROUS studies during the last 40 years have
demonstrated that prostate biopsy Gleason score is
strongly associated with adverse pathological out-
comes at radical prostatectomy, subsequent pros-
tate specific antigen recurrence and disease specific
mortality.1e3 One of the most important modifica-
tions of the Gleason scoring system occurred in
2005, when recommendations confirmed that
limited secondary patterns of a lower grade tumor
(less than 5%) should be ignored in the setting of a
high grade cancer. Conversely, a low volume of
higher grade tumor (less than 5%) in the setting of
an otherwise low grade cancer should be reported in
light of its potential clinical relevance and impact on
long-term outcomes.4

These scoring guidelines reflect the concept that
increasing amounts of high grade disease appear to
drive clinical outcomes. Multiple studies have
demonstrated heterogeneity within Gleason 7 tu-
mors with Gleason score 4þ3 tumors portending
significantly worse outcomes than Gleason 3þ4
tumors.5e7 As a result, a new grade grouping sys-
tem was proposed in 2013 and was recently
endorsed by the International Society of Urological
Pathology (ISUP).8,9 In the new 5-grade grouping
system, Gleason score 3þ4 and 4þ3 tumors are
assigned grade groups 2 and 3, conveying their
distinct prognostic differences.10

The continued focus on improving the Gleason
grading system speaks to the importance of opti-
mizing risk stratification at the time of diagnosis.
An increasing number of tools are available for
risk stratification, including clinical nomograms,11

molecular biomarkers12,13 and multiparametric
magnetic resonance imaging.14 While these appear
to add potentially relevant data, the majority of
treatment decisions are still made without these
additional markers. In the current study we deter-
mined the relevance of G4% as an existing but
potentially underused predictor of key cancer
related outcomes in men with prostate cancer. We
hypothesized that an increase in the proportion
of Gleason pattern 4 in prostate needle biopsy spec-
imens would be closely associated with adverse pa-
thology at RP and biochemical recurrence after RP.

MATERIALS AND METHODS
Under an institutional review board approved protocol we
performed a retrospective review of the medical records of
2,203 consecutive patients who underwent RP as the
primary treatment for clinically localized prostatic
adenocarcinoma between September 2005 (corresponding
to the modification of the Gleason scoring guidelines) and
2013. All patients were assigned a biopsy Gleason score
and corresponding percent of each Gleason pattern in
each biopsy core during routine pathological evaluation
performed by board certified anatomical pathologists. The
majority of cases were signed out by pathologists with
subspecialty training in genitourinary pathology.

Given our aim to focus on biopsy characteristics that
would be clinically meaningful for patients who may be
candidates for active surveillance, patients with a preop-
erative PSA greater than 20 ng/ml and clinical stage
T3-T4 disease were excluded from analysis. Patients with
Gleason scores 6-8 were included in our data set to pro-
vide the extremes of G4% for comparative purposes.
Patients with biopsy Gleason scores 3þ5¼8, 5þ3¼8, 9-10
and those who had received any treatments before pros-
tatectomy (hormonal therapy or radiation) were also
excluded from the study. Patients who underwent RP
more than 1 year from the last biopsy were excluded to
avoid undetected disease progression,15 leaving 1,990
patients.

For patients with multiple biopsies the data from the
last biopsy before RP were used. Complete clinical and
pathological data were available from 1,691 patients and
this constituted the final study cohort. Preoperative PSAs
were obtained for all patients and postoperative followup
included routine PSA monitoring approximately every 3
to 6 months. Clinical, pathological and outcome data
were collected prospectively, and were supplemented
by medical record review. Prostatectomy specimens were
submitted per institutional protocol as described
previously.16

Gleason pattern 4 involvement was quantified using
the 2 distinct approaches of overall Gleason pattern 4%
and maximum Gleason pattern 4% (see supplementary
figure, http://jurology.com/). Overall Gleason pattern 4%
proved to have better performance characteristics for the
prediction of the primary outcome (supplementary table 1,
http://jurology.com/) and, thus, was used for all subse-
quent analyses (see supplementary Materials and
Methods, http://jurology.com/). Overall G4% was calcu-
lated as Gleason pattern 4 tissue summed across all cores
(mm)/total positive tumor tissue summed across all cores
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