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Abbreviations
and Acronyms
ADT ¼ androgen deprivation
therapy
BCR ¼ biochemical recurrence
EPE ¼ extraprostatic extension
GG ¼ Grade Group
GS ¼ Gleason score
ISUP ¼ International Society of
Urological Pathology
MUSIC ¼ Michigan Urological
Surgery Improvement
Collaborative
N1 ¼ positive lymph nodes
PCa ¼ prostate cancer
PSA ¼ prostate specific antigen
RP ¼ radical prostatectomy
RT ¼ radiation therapy
SVI ¼ seminal vesical invasion

Purpose: The GG (Grade Group) system was introduced in 2013. Data from
academic centers suggest that GG better distinguishes between prostate cancer risk groups than the Gleason score (GS) risk groups. We compared the
performance of the 2 systems to predict pathological/recurrence outcomes
using data from the MUSIC (Michigan Urological Surgery Improvement
Collaborative).
Materials and Methods: Patients who underwent biopsy and radical prostatectomy in the MUSIC from March 2012 to June 2017 were classified according to
GG and GS. Outcomes included the presence or absence of extraprostatic
extension, seminal vesical invasion, positive lymph nodes, positive surgical
margins and time to cancer recurrence (defined as postoperative prostate specific
antigen 0.2 ng/ml or greater). Logistic and Cox regression models were used to
compare the difference in outcomes.
Results: A total of 8,052 patients were identified. When controlling for patient
characteristics, significantly higher risks of extraprostatic extension, seminal vesical invasion and positive lymph nodes were observed for biopsy GG 3
vs 2 and for GG 5 vs 4 (p <0.001). Biopsy GGs 3, 4 and 5 also showed shorter
time to biochemical recurrence than GGs 2, 3 and 4, respectively (p <0.001).
GGs 3, 4 and 5 at radical prostatectomy were each associated with a greater
probability of recurrence compared to the next lower GG (p <0.001). GG (vs
GS) had better predictive power for extraprostatic extension, seminal vesical
invasion, positive lymph nodes and biochemical recurrence.
Conclusions: GG at biopsy and radical prostatectomy allows for better discrimination of recurrence-free survival between individual risk groups than GS risk
groups with GGs 2, 3, 4 and 5 each incrementally associated with increased risk.
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SINCE its inception during the 1960s, the GS system has been the most widely accepted grading
tool in the evaluation of PCa.1,2 The GS system has
undergone numerous revisions to reduce confusion
among patients and more accurately distinguish
certain intermediate score tumors.3e5 Most
recently the GG system, based on the traditional
GS system, was introduced. This newer system
was not only validated but also endorsed by the
ISUP after single institutional and multiinstitutional validation studies showed its value.
Along with its goal to more accurately distinguish
differences between respective GS risk groups, it
also aims to help in reducing patient anxiety and
overtreatment of low grade PCa.6e10
In each grading system the grade is determined
by needle core biopsy in patients with suspected
PCa or by analysis of a RP specimen. The GS
evaluates the predominant and the second most
prevalent architectural patterns, which are each
then assigned a score of 1 to 5. A score of 1 is given
for most differentiated patterns and a score of 5 is
given for the least differentiated patterns. The
final GS is defined as the sum of the 2 most
common grade patterns, eg 3 þ 3 ¼ 6, 3 þ 4 ¼ 7,
etc. Patterns 1 and 2 are rarely, if ever, used in
current practice due to the more recent evolution
of pathological grading principles, such that there
are almost no current diagnoses of GS less than 6.
The GS system was historically grouped using a
3-tier system (Gleason 6 or less vs 7 vs 8-10). The
new GG system assigns 1 of 5 groups based on the
core with the worst grade, including Gleason 3 þ 3
(GG 1) vs 3 þ 4 (GG 2) vs 4 þ 3 (GG 3) vs 8 (GG 4)
vs 9-10 (GG 5). Additionally, the 3-tier GS system
has been an integral part of risk stratification in
the NCCNÒ (National Comprehensive Cancer
NetworkÒ) and D’Amico classifications (see
Appendix).11e13 Data from academic centers suggest that GG better distinguishes between risk
groups than GS risk groups but it is unclear
whether these findings can be generalized to
community practices.5,14e16
We investigated whether data prospectively
collected in the MUSIC registry provides validation
of the new GG system and what differences are
observed for each GG group.

MATERIALS AND METHODS
Michigan Urological Surgery Improvement
Collaborative
The MUSIC registry is a statewide, physician led quality
improvement consortium. Patient data are entered prospectively by trained medical record data abstractors at

respective sites throughout Michigan. Participating
practices represent a broad spectrum of academic and
community practices, including approximately 90% of the
urologists in Michigan. Each MUSIC practice obtained an
exemption or approval for collaborative participation from
a local institutional review board.

Study Population
For the purpose of this study we included all the patients
who underwent needle core biopsy and subsequent RP.
Patients were excluded if they received neoadjuvant therapy prior to surgery, received adjuvant therapy (eg RT,
ADT) after RP, underwent other definitive PCa treatment
(eg RT, ADT or chemotherapy) instead of RP or were surveilled without definitive therapy of PCa. Adjuvant therapy
was defined as RT or ADT administered within 1 year after
RP with all post nadir PSA levels less than 0.1 ng/ml.
Preoperative PSA levels were obtained in all patients and
postoperative followup included PSA monitoring. For BCR
postoperative PSA draws more than 30 days after surgery
were considered. Patients without recorded PSA 30 days
after surgery were excluded from study.

Exposure Variable
Patients were classified into 5 GG risk groups labeled GG
1 to 5 based on preoperative biopsy or surgical GG,
including GGs 1, 2, 3, 4 and 5, and into low, intermediate
and high GS risk groups, including GSs 6, 7 and 8-10.

Outcomes
Primary outcomes of interest included the presence/
absence of EPE, SVI, N1 and positive surgical margins. The secondary outcome was time to BCR after
surgery, which was defined as postoperative PSA 0.2
ng/ml or greater.13,17 An additional analysis of time to
BCR or to the initiation of adjuvant therapy was also
performed to address potential biases from excluding
these patients.

Statistical Analysis
Clinical characteristics of patients were compared by GG
and GS groups using the chi-square test for categorical
variables and the Wilcoxon rank sum test for continuous
measures. The rate of each adverse pathology finding
and recurrence was summarized by the 2 grouping systems and Kaplan-Meier curves were used to illustrate
time to BCR following treatment. Multivariable logistic
regression models for adverse pathology and Cox
regression models for time to recurrence were constructed to compare the difference in outcomes between 2
adjacent grade groups (ie GG 2 vs 1, GG 3 vs 2, etc), with
the Bonferroni correction used to adjust for multiple
comparisons. Covariates accounted for during the analysis included patient age, race, preoperative PSA, clinical T stage and the Charlson comorbidity index. All
analyses were done using SASÒ, version 9.4 with statistical significance considered at p ¼ 0.05.
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Table 1 shows the BCR rate after RP summarized by biopsy GG and GS groups. During the
followup of this study 7.2%, 12.6% and 37.4% of
patients in the biopsy GS low, intermediate and
high groups, respectively, experienced recurrence
after RP (p <0.001). Across biopsy GG groups
7.2%, 9.1%, 20.9%, 31.0% and 49.0% of patients
had GGs 1, 2, 3, 4 and 5 recurrence, respectively
(p <0.001). Figure 1 shows the Kaplan-Meier
curve of time to recurrence after RP. When controlling for patient characteristics, all adjacent
GG groups except GGs 1 and 2 showed a significant difference in the risk of recurrence (HR 2.06
for GG 3 vs 2, 1.53 for GG 4 vs 3 and 1.69 for GG 5
vs 4, table 2).
A similar pattern was observed for BCR when the
evaluation was based on surgical GG and GS groups.
Significant variation in the rate of recurrence was
seen across GS and GG groups (table 1). On multivariable analysis each GG group showed a higher
risk of recurrence compared to its adjacent lower GG
group except GG 2 (table 2). Similar results were
seen when the initiation of adjuvant therapy was
considered along with BCR as a composite end point
(supplementary table 4, http://jurology.com/). Significant differences in the risk of adjuvant therapy or
BCR were seen in each GG group on these analyses,
including biopsy GG 2 vs 1 (HR 1.37, p ¼ 0.006) and
surgical GG 2 vs 1 (HR 1.46, p ¼ 0.012).
To compare GG with GS for the prediction of
pathological and oncologic outcomes we examined
c-statistics in univariable and multivariable analyses
adjusted for age, race, preoperative PSA, clinical T
stage and comorbidity. Biopsy GG alone improved
prediction compared to GS alone on univariable and

RESULTS
We identified 8,052 men who underwent biopsy and
RP in a MUSIC practice between March 2012 and
June 2017. Median followup after RP was 19.6
months. Of the 8,052 patients included in our analysis 3,980 (49%) were treated at academic centers
and 4,072 (51%) were treated at private practices.
Median PSA was 5.8 ng/ml and age was 63.2 years in
the entire cohort (supplementary table 1, http://
jurology.com/). According to the classic GS system
1,879 patients (23.3%) were at low risk (GS 6), 4,847
(60.2%) were at intermediate risk (GS 7) and 1,326
(16.5%) were at high risk (GS 8 or greater). Supplementary table 1 (http://jurology.com/) lists patient
characteristics according to GG and GS.
RP pathological outcomes according to biopsy GG
and GS were examined. Significant variations in the
rate of adverse pathology findings after RP (EPE,
SVI, N1 and positive surgical margins) were observed
across GG and GS risk groups (supplementary table
2, http://jurology.com/). For example, the rate of N1
was 0.3%, 2.7% and 12.4% in the GS low, intermediate and high risk groups, respectively (p <0.001). It
was 0.3%, 1.7%, 5.1%, 7.7% and 20.2% for GGs 1, 2, 3,
4 and 5, respectively (p <0.001). On multivariable
analysis significant differences were observed in the
odds of most pathological outcomes when comparing
adjacent GG groups. For example, GG 3 compared to
GG 2 had significantly higher odds of EPE (OR 1.78),
SVI (OR 2.32), N1 (OR 2.41) and predominant
pattern 4/5 disease (OR 5.85) (supplementary table 3,
http://jurology.com/). Similarly GG 5 compared to GG
4 was associated with a higher risk of EPE (OR 2.22),
SVI (OR 2.45) and N1 (OR 2.59), and predominant
pattern 4/5 disease (OR 2.95).

Table 1. Biochemical recurrence rate by biopsy and surgical GS/GG group
Group

No. Pts

Median Mos Post-RP Followup (IQR)

p Value

No. Recurrence (%)

p Value

Biopsy
GS:
6
7
8-10
GG:
1
2
3
4
5
GS:
6
7
8-10
GG:
1
2
3
4
5

1,801
4,526
1,152

20.0 (10.4e32.7)
19.3 (10.3e32.3)
20.1 (10.1e32.4)

0.61

129 (7.2)
570 (12.6)
431 (37.4)

<0.001

1,801
3,185
1,341
742
410

20.0
19.5
18.8
20.4
19.4

0.90

129
290
280
230
201

(7.2)
(9.1)
(20.9)
(31.0)
(49.0)

<0.001

1,188
5,405
886

21.3 (11.2e33.3)
19.2 (10.2e32.4)
19.3 (10.4e32.2)

0.030

72 (6.1)
655 (12.1)
403 (45.5)

<0.001

1,188
3,841
1,564
387
499

21.3
19.2
19.4
19.3
19.3

0.097

72
308
347
138
265

<0.001

(10.4e32.7)
(10.3e32.3)
(10.3e32.2)
(10.3e32.1)
(9.8e33.2)

(11.2e33.3)
(10.2e32.5)
(10.2e31.9)
(10.4e30.7)
(10.4e34.0)

Surgical

(6.1)
(8.0)
(22.2)
(35.7)
(53.1)
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Figure 1. Kaplan-Meier curve of biochemical recurrence stratified by biopsy GS (A) and GG (B) groups

multivariable analyses (supplementary table 5,
http://jurology.com/).

DISCUSSION
Data on diverse community and academic based
MUSIC cohorts confirm better discrimination of
pathological outcomes at RP with the GG system
compared with GS biopsy risk groups. In addition, we
found that biopsy GG and RP GG improved the prediction of biochemical recurrence compared with biopsy GS and surgical GS. Our study also revealed
that biopsy and surgical GG 1 and 2 are more similar
than dissimilar with respect to BCR after RP, a
finding which to our knowledge has not been published previously but is consistent with the concept of
a lesser risk for relapse associated with smaller
amounts of Gleason pattern 4 cancer. The current
study provides several additional justifications for
using the 5-tier GG system for PCa risk classification.
Heterogeneity is substantial in GS risk groups.
Prior data from academic centers indicate that the
Table 2. Cox regression adjusted HR of biochemical recurrence
of adjacent biopsy and surgical GG group adjusted for age,
race, preoperative PSA, clinical T stage and comorbidity
Grade Group
Biopsy:
2 vs 1
3 vs 2
4 vs 3
5 vs 4
Surgery:
2 vs 1
3 vs 2
4 vs 3
5 vs 4

HR

p
Value*

1.20
2.06
1.53
1.69

0.398
<0.001
<0.001
<0.001

1.17
2.70
1.72
1.65

0.996
<0.001
<0.001
<0.001

* Adjusted for multiple comparisons by Bonferroni correction.

GG system appears to provide prognostic differences between each of the 5 groups.16 For all practical purposes the lowest GS on needle biopsy is 6,
which is associated with an extremely favorable
prognosis. This feature is difficult for patients to
understand (6 of 10 is the best).
To recalibrate, GS 6 cancers are GG 1, which is
more indicative of the favorable prognosis. In addition, the GS 7 group is separated into GGs 2 and 3,
which portend significantly different prognoses
(figs. 1 and 2). The nearly overlapping curves of GG
1 and 2 show that these 2 groups performed at the
same level with respect to BCR, indicating that the
2 groups not only benefit from treatment but more
importantly do equally well following RP. Given this
finding, our study may suggest that certain patients
with GG 2 at biopsy may benefit from nonsurgical
treatment such as surveillance or radiation, similar
to those with GG 1 disease. Moreover, GS 8 cancers
fare appreciably better than GS 9-10 disease and,
thus, they become a separate grade group.6 A
groundbreaking article by Epstein et al in 2016
validated the GG system in 20,845 men after RP.5
However, the performance of GG in a population
based cohort representing academic and community
practices has been unknown until the present.
Gleason score 7 tumors have been shown to be
significantly heterogeneous in biological behavior and
in oncologic outcome.18 While prior studies had
divergent findings, the majority demonstrated worse
pathological stage and BCR rates in men with GS 4 þ
3 compared with GS 3 þ 4 cancers in surgery and
biopsy series.18e20 We observed a similar relationship
with significant differences between GGs 2 and 3 with
respect to BCR, EPE, SVI and N1 status.
Spratt et al examined the impact on biochemical
recurrence-free survival in 3,694 men and noted
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Figure 2. Kaplan-Meier curve of biochemical recurrence stratified by surgical GS (A) and GG (B) groups

significant differences in patients with GG 2 vs 3
disease at biopsy (89.2% vs 73.1% at 5 years, p
<0.001) and at RP (93.0% vs 74.0% at 5 years, p
<0.001).16 We found similar differences in biochemical recurrence-free survival in patients with GG 2 vs
3 at biopsy (89% vs 79% at 3 years, p <0.001) and at
RP (90% vs 74% at 3 years, p <0.001). We also found
statistically different outcomes with respect to prognosis for the highest risk tumors, GGs 4 and 5.
Pierorazio et al also reported that GS 9-10 cancers
carry almost twice the risk of progression compared
with GS 8 cancer.6 Our study confirms differences in
3-year biochemical recurrence-free survival in patients with GG 4 PCa (63% and 56% for biopsy and
RP) and GG 5 PCa (46% and 43% for biopsy and RP).
A particular strength of our work is the inclusion
of biopsies and RP performed at a consortium of
urology practices across Michigan, overcoming some
of the limitations of prior single institution academic studies.5,16 Furthermore, respective biopsies
and RP in all of these cases were not performed at
the same institution and/or graded at the same

laboratory, which is another strength as it reflects
real world practice. The represented patients and
cancers are, therefore, likely more representative of
the general population of the United States.
Limitations of this study include the relatively
short followup with respect to disease-free survival
and the few metastatic events or cancer specific mortalities in the cohort. Pathological processing and
evaluation of prostate biopsy and prostatectomy tissue
varied across the state. However, this bias must be
weighed against the value of greater generalizability
by using data from a diverse group of practices.

CONCLUSIONS
The new GG system allows for better discrimination
between individual groups than GS using biopsy
tissue and RP specimens, specifically because of the
separation of GS 3 þ 4 (GG 2) from GS 4 þ 3 (GG 3)
and GS 8 (GG 4) from GS 9-10 (GG 5). Data prospectively collected in the MUSIC registry demonstrate a stepwise increased risk of high risk features
at prostatectomy with each biopsy GG tier.

APPENDIX
Prostate Cancer Risk Groups
D'Amico criteria11,12
Low risk
Intermediate risk
High risk
NCCN Guidelines13
Very low risk
Low risk
Intermediate risk
High risk
Very high risk

PSA less than 10.0 and Gleason 6 or less and/or cT1-2a
PSA greater than 10 and less than 20.0 ng/ml and/or Gleason 7
and/or cT2b
PSA greater than 20.0 ng/ml and/or Gleason 8-10 and/or cT2c-3a
PSA
PSA
PSA
PSA
PSA

less than 10.0 ng/ml and Gleason 6 or less and/or cT1c.
less than 10.0 ng/ml and Gleason 6 or less and/or cT1-2a
10 to 20.0 ng/ml or Gleason 7 or cT2b or cT2c
greater than 20.0 ng/ml or Gleason 8-10 or cT3a
greater than 20.0 ng/ml or primary Gleason 5 or cT3b-T4a
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EDITORIAL COMMENT
Since its introduction in 1961 (reference 1 in article),
the GS system for prostate cancer has remained in
wide use with only minor updates in the 1970s and in
2005.1 Despite its ubiquity GS is not without issue.
From the patient perspective GS can be confusing
and distressing. For physicians predicting the oncologic risk associated with each GS group can be a
similarly inscrutable task. The ISUP GG system,
introduced by Pierorazio et al in 2013 (reference 6 in
article), organizes GS into 5 simple predictive groups.
This study demonstrates the improved prognostic
value of GG over GS risk groups and argues that the
former more accurately characterizes tumors.
Although the findings of this study are not novel
(GG has been independently validated at a number
of academic centers (references 5 and 7 in article), it

does offer greater generalizability than previously
available. This large cohort samples patients
treated at community and academic centers at close
to a 50:50 ratio and it includes biopsy and radical
prostatectomy specimens analyzed in the most upto-date GS era (prior studies included specimens
scored before the 2005 revision). Although the
strength of inertia is in favor of the GS nomenclature, this study offers further evidence that the GG
system is valid, predictive and applicable across a
diverse range of practices.
Molly E. DeWitt-Foy and Robert Abouassaly
Department of Urology
Cleveland Clinic
Cleveland, Ohio
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