
UCSF
UC San Francisco Previously Published Works

Title
Gleason pattern 5 is associated with an increased risk for metastasis following androgen 
deprivation therapy and radiation: An analysis of RTOG 9202 and 9902

Permalink
https://escholarship.org/uc/item/0ss732pr

Authors
Hamstra, Daniel A
Pugh, Stephanie L
Lepor, Herbert
et al.

Publication Date
2019-12-01

DOI
10.1016/j.radonc.2019.08.020
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/0ss732pr
https://escholarship.org/uc/item/0ss732pr#author
https://escholarship.org
http://www.cdlib.org/


Gleason Pattern 5 Is Associated with an Increased Risk for 
Metastasis Following Androgen Deprivation Therapy and 
Radiation: An Analysis of RTOG 9202 and 9902.

Daniel A Hamstra, MD, PhDa, Stephanie L Pugh, PhDb, Herbert Lepor, MDc, Seth A 
Rosenthal, MDd, Kenneth J Pienta, MDe, Leonard Gomella, MDf, Christopher Peters, MDg, 
David Paul D’Souza, MDh, Kenneth L Zeitzer, MD, FACROi, Christopher U Jones, MDd, 
William A. Hall, MDj, Eric Horwitz, MDk, Thomas M Pisansky, MDl, Luis Souhami, MDm, Alan 
C Hartford, MD, PhD, FACRn, Michael Dominello, MDo, Felix Feng, MDp, Howard M Sandler, 
MDq

aWilliam Beaumont Oakland University Medical School, The Department of Radiation Oncology, 
Beaumont Health –Dearborn, 18101 Oakwood Boulevard, Dearborn, MI 48124 US

bNRG Oncology Statistics and Data Management Center, 1818 Market Street, Suite 1720, 
Philadelphia, PA 19103 US

cNew York University, 224 East 41st St., New York NY 10017 US

dSutter General Hospital, Radiation Oncology Center, Two Medical Plaza Drive, Suite 180, 
Roseville, CA 95661 US, & Radiation Oncology Center, 2825 Capital Avenue, Sacramenta, CA 
95816 US

eJohns Hopkins University/Sidney Kimmel Cancer Center, 600 North Wolf Street, Marburg 
Building Room 121, Baltimore, MD US

fThomas Jefferson University Hospital, 1025 Walnut Street, College Building Suite 100, 
Philadelphia, PA 19107 US

gNortheast Radiation Oncology Center, 110 Meade Street, Dunmore, PA 18512 US

hLondon Regional Cancer Program, 790 Commissioners Road East, London Health Sciences 
Centre, London, ON N6P 0A6 CA

iAlbert Einstein Medical Center, Department of Radiation Oncology, 5501 Old York Road, Ground 
Levy, Philadelphia, PA 19141 US

jƵablocki VA Medical Center-Wood, 5000 West National Avenue, Milwaukee, WI 53295 US

kFox Chase Cancer Center, 333 Cottman Avenue, Philadelphia, PA 19111 US

Corresponding Author: Daniel A. Hamstra, MD, William Beaumont Oakland University Medical School, The Department of 
Radiation Oncology, Beaumont Health -Dearborn, 18101 Oakwood Boulevard, Dearborn, MI 48124 US, 
Daniel.Hamstra@beaumont.org, Phone: (313) 593-7335. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

Clinical Trial Registration: NRG/RTOG 9202: & NRG/RTOG 9902: 

HHS Public Access
Author manuscript
Radiother Oncol. Author manuscript; available in PMC 2020 December 01.

Published in final edited form as:
Radiother Oncol. 2019 December ; 141: 137–143. doi:10.1016/j.radonc.2019.08.020.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



lMayo Clinic, 200 First Street Southwest, Rochester, MN 55905 US

mMcGill University, Cedars Cancer Centre Glen Site, 1001 Decarie Boulevard, Health Center D 
S11620, Montreal, QC H4A 3J1 CA

nDartmouth-Hitchcock Medical Center/Norris Cotton Cancer Center, Radiation Oncology, One 
Medical Center Drive, Lebanon, HN 03756 US

oWayne State University/Karmanos Cancer Institute, Gershenson Radiation Oncology Center, 
4100 John. R Street Detroit, MI 48201 US

pUniversity of California San Francisco, 1825 Fourth Street, M2260, San Francisco, CA 94158 US

qCedars-Sinai Medical Center, Department of Radiation Oncology, 8700 Beverly boulevard, 
AC1022, Los Angeles, CA 90048 US

Abstract

Background/Purpose—Stratification of Gleason score (GS) into three categories (2-6, 7, and 

8-10) may not fully utilize its prognostic discrimination, with Gleason Pattern 5 (GP5) previously 

identified as an independent adverse factor.

Materials/Methods—Patients treated on RTOG 9202 (n = 1292) or RTOG 9902 (n = 378) were 

pooled and assessed for association of GS and GP5 on biochemical failure (BF), local failure (LF), 

distant metastasis (DM), and overall survival (OS). Fine and Gray’s regression and cumulative 

incidence methods were used for univariate and multivariate analyses.

Results—With median follow-up of 9.4 years, patients with GS 8-10 with GP5 had worse 

outcome than GS 4+4 for DM on both RTOG9202 (p=0.038) and RTOG9902 (p<0.001) with a 

trend toward worse OS (p=0.059 and p=0.089, respectively), but without differences in BF or LF. 

At 10-years DM was higher by 11% (RTOG 9202) and 18% (RTOG 9902) with GP5 compared to 

GS 4+4. On multivariate analysis restricted to long-term androgen deprivation therapy the 

presence of GP5 substantially increased distant metastasis (HR=0.43, 95%CI: 0.24-0.76, 

p=0.0039) with a trend toward worse OS (HR:0.74, 95% CI:0.54-1.0, p=0.052) without 

association with LF (HR:0.55, 95%CI:0.28-1.09, p=0.085) or BF (HR:1.15, 95%CI:0.84-1.59, 

p=0.39). We did not observed substantial differences between Gleason 3+5, 5+3, or Gleason 9-10.

Conclusions—These results validate GP5 as an independent prognostic factor which is strongest 

for DM. As a result GP5 should be considered when stratifying patients with GS 8 and may be a 

patient population in which to evaluate newly approved systemic therapies or additional local 

treatments.

Keywords
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Background

Introduction

The Gleason score (GS) is key for counseling men about treatment, clinical trial enrollment, 

and comparison of treatment modalities.[1] However, growing evidence has suggested that 

Hamstra et al. Page 2

Radiother Oncol. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the commonly utilized method of categorizing the GS into 3-groups (2-6, 7, 8-10) [2] over-

simplifies stratification leading to heterogeneity, particularly in the Gleason 8-10 sub-group.

[3–6] A 2014 consensus statement by the International Society of Urologic Pathologists 

(IUSP) adopted a modified grade grouping which considers Gleason 8-10 as two separate 

entities Gleason 8 and Gleason 9-10.[7] However, previous analyses are limited by 

differences in treatment which may have been influenced by the Gleason score and as such 

may limit the conclusions about the impact of Gleason score where grade potentially 

confounded treatment.

Therefore, we conducted a secondary analysis of two multi-institutional phase 3 trials 

performed in the 1990s with external beam radiation therapy (RT) for higher risk prostate 

cancers: NRG Oncology Radiation Therapy Oncology Group (RTOG) 9202 and RTOG 

9902[8, 9].

Materials and Methods

Patient, Treatment, Follow-up

Eligible patients from RTOG 9202 and RTOG 9902 were analyzed[8, 9]. For RTOG 9202 

patients had locally advanced prostate cancer (T2c-T4), and prostate-specific antigen (PSA) 

<150 ng/mL. All received external-beam RT to the whole pelvis (WP) followed by a boost to 

the prostate to a total dose of 67.5-70 Gy using fractions of 1.8-2.0 Gy. Patients were 

randomly assigned to receive short-term androgen deprivation therapy (STAD) for 4 months 

starting 2 months prior to RT or to the same with an additional 2 years of ADT (LTAD). For 

RTOG 9902 patients had localized prostate cancer without metastasis with either PSA 

20-100 ng/mL and GS >= 7 (any T-stage) or clinical T-stage >=T2 and GS >= 8 

(PSA<=100). All patients received WPRT followed by a boost to the prostate to a total dose 

of 70.2 Gy. Patients were randomly assigned to receive 24-months ADT or to these same 

with four cycles of Paclitaxel, Estramustine, and Etoposide starting 28 days after completion 

of RT.

Study Endpoints

Although not initially part of the planned protocols biochemical failure (BF) was defined 

here by the Phoenix definition: Nadir + 2 ng/mL, clinical progression (including metastasis), 

or initiation of salvage ADT [10]. Overall survival (OS) was defined as death by any cause. 

Local failure (LF) was defined as: tumor recurrence (positive re-biopsy at least 2 years after 

study entry) or by tumor re-growth by at least 50% or tumor never cleared by digital rectal 

exam. Distant metastasis (DM) was defined as the documentation of clinical evidence of 

lymph nodal, osseous or visceral spread. All event times were measured from the date of 

randomization.

Statistical Methods

The Chi-square test for categorical variables, and an ANOVA F-test for continuous variables 

was used to compare pretreatment.t characteristics across GS group while the Kaplan-Meier 

method [11] and log-rank test was used to estimate the rates for OS[12]. The cumulative 

incidence method [13] was used to estimate time to BF, LF, DM, and disease-specific 
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survival (DSS) with Gray’s test utilized to compare the cumulative incidence rates over time 

between GS groups. [14] Death without an event was a competing risk for BF, LF, and DM 

while death from other causes was a competing risk for DSS. Multivariate analysis utilized 

Cox proportional hazard regression analyses[15] for OS and Fine and Gray’s regression 

analysis[16] for LF and DM. The following covariates were considered for the combined 

data of RTOG 9202 and 9902: Age (continuous), GS (2-6 (Reference Level [RL]),7,8 

(without GP5),and 8-10 (with GP5)), PSA (continuous and dichotomized as ≤ 30 ng/mL 

(RL) vs. > 30 ng/mL), clinical stage (T1/T2 (RL) vs. > T3/4), comorbid illness (none (RL) 

vs. any), and Study (RTOG 9202 (RL) vs. RTOG 9902). All statistical comparisons were 

two-sided and a p-value<0.05 was statistically significant. All analyses were conducted 

using SAS ® Version 9.4 of the SAS System for Windows.

Results

Patient Characteristics

A total of 1670 patients are included in this analysis: RTOG 9202 ((77.4%) and RTOG 9902 

(22.6%)). Median follow-up was 9.4-years (Range:0.04-22.0). There have been 1161 deaths 

of which 1021 (88%) were on RTOG 9202 and 140 (12%) were on RTOG 9902. On RTOG 

9202 prostate cancer death increased with increasing Gleason grade: 12.6% (66/524) of 

Gleason 2-6 patients, 19.2% (86/449) for Gleason 7, 20.8% (21/101) for Gleason 8 (without 

GP5), and 34.9% (76/218) for Gleason 8-10 (with GP5). Cause of death was not ascertained 

on RTOG 9902.

Demographics are provided for the combined analysis (Table 1,Supplemental Tables 1–2). 

No difference was found for age or performance status based upon Gleason score. Mean 

PSA was 30.1 ng/mL (Range: 0.12-250) and was higher for those with GS 7 (35.6 (Standard 

deviation [STD]:25.8) than those with GS 2-6, 8 with No GP5, and 8-10 (with GP5) (26.6 

STD:17.5, 28.2 STD:17.0, 27.6 STD:18.0, respectively; p<0.0001, Clinical tumor stage was 

T1-T2 in 51% and T3 in 46% with 3.5% of men with T4 disease and did differ by GS 

(p<0.001). GP 5 (either primary or secondary) was found in 22% (363/1670) men overall 

which was 17% (218/1292) for RTOG 9202 and 38% (145/378) for RTOG 9902. Combined 

pre-treatment characteristics are also provided based upon Gleason 4-4 (n=209), Gleason 

3+5 (n=65), Gleason 5+3 (n=28), and Gleason 9-10, (n=270) (Supplemental Table 3) where 

there were no differences in any demographic features between these sub-groupings.

Clinical End-Points as a Function of Gleason Score - Bivariate Analysis

On RTOG 9202, higher GS associated with increased biochemical recurrence (p<0.0001, 

Figure 1A, Table 2); however, there was no difference between GS 8 (without GP5) vs. GS 

8-10 (with GP5) with 10-year rates of BF 59.3% and 58.0%, respectively (HR:1.05, 95% 

Confidence Interval [CI]:0.78-1.43, p=0.73). Similarly, LF (Supplemental Figure 1A) was 

higher with GS 8-10 (25.1% without GP5 and 22.7% with GP5) compared to GS 2-6 

(14.5%) or GS 7 (15.6%, p=0.01), but not based upon GP 5 (p=0.66). Unlike BF and LF, 

however, DM was greater both with increasing GS (p<0.0001) and with the presence of GP5 

with 10-year rates of metastasis of 11.5%, 15.7%, 25.8%, and 37.0% for those with GS 2-6, 

7, 8 (No GP5), and 8-10 (GP5), respectively (Figure 1C, Table 2). The absence of GP5 
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reduced the risk of DM in those with GS 8 prostate cancer by more than 30% (p=0.038, HR:

0.64, 95%CI:0.41-0.98). On RTOG 9202, OS was associated with GS (p=0.0001) with 10-yr 

survival of 57.8%, 54.2%, 49.3%, and 34.6% as a function of increasing GS (2-6, 7, 8 (No 

GP5), 8-10 (GP5)), respectively, with the difference between those with and without GP5 

approaching but not significant (p=0.059, HR:0.78, 95%CI:0.60-1.01; Figure 1E, Table 2). 

In addition, when broken down within Gleason 8-10 (4+4, 3+5, 5+3, or 9-10) there was no 

difference in any clinical end-point within those with GP5 (3+5, 5+3 or 9-10) (supplemental 

Tables 4–7). At 10-years DM was 25.4% (4+4), 36.8% (3+5), 35.3% (5+3), and 37.2% 

(Gleason 9-10) which was only statistically different for Gleason 4+4 (p<0.05) which 

paralleled OS at 10-years which was 49.3% (4+4), 36.1% (3+5), 41.2% (5+3), and 33.9% 

(Gleason 9-10) with only Gleason 4+4 being statistically different (p<0.05).

For RTOG 9902 GS 2-6 patients were not enrolled, and there was no difference in BF 

(p<0.76) or LF (p<0.29) as a function of GS (Figure 1B, Table 3). However, DM was 

strongly associated with GS (p=0.0002) with 10-yr DM rates of 8.4%, 4.7%, and 23.8% for 

GG 7, 8 (No GP5), and 8-10 (GP5), and a lack of GP5 was favorable (p=0.001, HR:0.26, 

95% CI:0.12-0.58; Figure 1D, Table 3). Overall survival was not substantially worse based 

upon GS with 10-year OS of 69.5%, 65.3%, and 54.4% for GS 7, 8 (No GP5), and 8-10 

(GP5), these rates were not different either overall (p=0.18) or in the subset analysis of GP5 

(p=0.089)(Figure 1F, Table 3). In addition, when broken down within Gleason 8-10 there 

was no difference in any clinical end-point within those with GP5 (3+5, 5+3 or 9-10) except 

BF was higher in those with Gleason 5+3 (HR:2.3 (95%CI:1.4-4.1), p=0.002) when 

compared to those with Gleason 9-10. In addition, although DM did not differ by sub-groups 

within Gleason 8-10 the lack of differences may be due to small sample sizes with DM at 

10-years of 4.7% (4+4), 13.3% (3+5), 10% (5+3), and 26.2% (Gleason 9-10) which was 

only statistically different for Gleason 4+4 (p=0.04) vs. Gleason 9-10 (supplemental Tables 

4–7).

Impact of Gleason Pattern 5 on RT plus Long-term ADT

Given that LTAD has become the standard of care when added to RT in men with GS 8-10 

prostate cancer an exploratory analysis was performed specifically looking at the impact of 

GP5 in those with GS 8-10 prostate cancers treated with LTAD. When pooling the 

experimental arm from RTOG 9202 (excluding those treated with STAD) with the standard 

arm of 9902 (excluding those treated with LTAD plus chemotherapy) there were a total of 

279 men with GS 8-10 treated with LTAD on these two trials. In this group the presence of 

GP5 as compared to no GP5 had borderline association with OS (Fig 2A, 10-yr: 63.5% 

(95%CI:53.0-72.2) vs. 47.7% (95%CI:39.8-52.8); HR:0.74 (95% CI:0.54-1.0), p=0.052) and 

was associated with higher DM (Fig 2B, 10-yr: 10.7% (95%CI:5.6-17.6) vs. 29.1% (95%CI:

23.1-36.2), HR=0.43 (95%CI: 0.24-0.76), p=0.0039). The presence of GP5 resulted in 

numerically higher but not statistically different rates of LF (Fig 2C, 10-yr: 10.5% (95%CI:

5.6-17.4) vs. 17.3% (95%CI:12.0-23.4); HR:0.55 (95%CI:0.28-1.09), p=0.085) with no 

difference in BF (Fig 2D, 10-yr: 55.2%, (95%CI:45.0-64.3) vs. 50.8% (95%CI:42.9-58.2); 

HR:1.15, 95%CI:0.84-1.59, p=0.39).
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Clinical End-Points as a Function of Gleason Score - Multivariate Analysis

Finally, a pooled multivariate analysis was performed of both RTOG 9202 and RTOG 9902 

as a function of the presence or absence of GP 5 (Table 4). After controlling for clinical 

variables those without GP5 had significantly lower BF (p=0.0038, HR: 0.78 (95%CI:

0.66-0.92)), DM (p<0.0001, HR:0.38 (95%CI:0.30-0.48)), and all-cause mortality 

(p<0.0001, HR:0.73 (95% CI:0.63-0.85)). Younger age (p<0.0001), higher PSA (p<0.0001), 

and higher T-stage (p=0.0056) were all associated with an increased risk for BF, while 

comorbid illness (p=0.8) and study (p=0.54) were not. For DM, in addition to GP5 younger 

age (p<0.0001), higher PSA (p=0.015), higher T-stage (p<0.0001), and treatment on RTOG 

9202 (p<0.0001) were each associated with increased DM while comorbid illness had no 

impact (p=0.19). Adverse risk factors for OS included older age (p<0.0001), pre-existing co-

morbid illness (p=0.033), more advanced T-stage (p=0.018), and treatment on RTOG 9202 

(p=0.01), but not PSA level (p=0.67).

Additional analyses were performed to more fully ascertain the prognostic significant of 

higher Gleason grade. First, in a pooled multivariate analysis Gleason. score was broken-up 

to assess potential differences between Gleason 4+4, 3+5, 5+3, or Gleason 9-10. These 

results mirrored those seen in the individual trials where compared to Gleason 9-10 there 

was reduce risk of all-cause mortality with Gleason 4+4 (HR:0.75 (95%CI:0.59-0.95, 

p=0.015) but not with either Gleason 3+5 (p=0.97) or Gleason 5+3 (p=0.21)(Supplemental 

Table 12). Similarly distant metastasis was lower with Gleason 4+4 (HR:0.49 (95%CI:

0.33-0.72), p=0.003) but not with Gleason 3+5 (p=0.36) or Gleason 5+3 (p=0.38)

(Supplemental Table 13). However, there was no difference in BF between any of the 

pathologic sub-groups contained within Gleason 8-10 (Supplemental Table 14). Finally, 

given the discordance between BF and DM, BF was further assessed based upon the PSA 

rise portion of the Phoenix definition with clinical failure (local or distant) or initiation of 

ADT considered competing events. Of 332 BF events in 572 men with Gleason 8-10 a rise 

in PSA alone was the cause in 88% (292/332) and there was no difference in BF by rising 

PSA within the Gleason 8-10 sub-groupings (Supplemental Table 15, all p>0.10).

Discussion

More than 50-years ago Donald Gleason proposed the eponymous grading system for 

prostate cancer which bears his name. [1] He identified 5 histologic patterns (from most well 

differentiated (Gleason Pattern 1) to least differentiated (GP 5)) and noted that when 

combined with stage this system was prognostic for overall survival. It is notable that Dr. 

Gleason suggested the use of this system in a continuous fashion without grouping. Over the 

years this system was largely adopted and different risk stratification schemes were later 

developed that incorporated the GS to facilitate comparisons between studies or treatment 

modalities. For ease of use most of these systems have historically grouped GS into 2-6 

(low-risk), 7 (intermediate-risk), and 8-10 (high-risk) with other factors such as T-stage, 

PSA, and the volume of cancer often included. [2]

Studies suggested that this 3-tiered grouping does not capture the full stratification potential 

of the GS. Johns Hopkins noted after radical prostatectomy those with GS 9-10 where more 

than 2.8 fold more likely to have biochemical recurrence than those with GS of 8 [17, 18]. 
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Sabolch et al studied men treated with dose-escalated EBRT and found substantially worse 

clinical outcome in those with GS 8-10 prostate cancer who had either primary or secondary 

GP5 with the 5-year prostate cancer mortality of 9% (+/−4%) in those with GS 8 prostate 

cancer (without GP5) compared to 36% (+/−7%) in those with GS 8-10 with GP5 

(p<0.0001, HR:3.6 (95%CI:2.0-6.5)).[3] Population based data using the Surveillance 

Epidemiology and End Results (SEER) Program data also noted increasing prostate cancer 

specific mortality with increasing GS (2-6, 3+4, 4+3, 4+4, 8 with GP5, 9-10) both for 

patients treated with RT [19] and even in men with metastatic disease.[20] The finding in 

patients with metastasis at diagnosis is intriguing as it may suggest a shorter time to castrate 

resistance in those with GP5. Mahal et al also suggested that Gleason 5+3=8 should be 

considered differently from Gleason 3+5 with those with Gleason 5+3 having twice the risk 

of death from prostate cancer from Gleason 4+4 or 3+5 (p<0.001, HR:2.2 (95%CI:2.0-2.4)),

[21] a finding mirrored by others.[22] These and similar reports led to the new ISUP Grade 

Grouping for Prostate Cancer that uses a 5 compartment model (Grade groups 1 through 5) 

instead of the more commonly utilized 3 compartment groupings [7]; although Grade Group 

4 includes all Gleason 8 prostate cancers regardless of GP5. Notably we were not able to 

adopt the ISUP grade grouping approach (as primary and secondary GP was not always 

recorded for GS 7 prostate cancer) and looked at the presence of GP 5 (primary or 

secondary) as the primary variable of interest. Upon further analysis we were also not able to 

identify substantial differences between Gleason 3+5 or 5+3 as compared to Gleason 9-10 

while Gleason 4+4 had lower rates of DM and all-cause mortality when compared to either 

any GP5 or explicitly to Gleason 9-10. Although exploratory and limited by sample size 

these results are suggestive that the presence of GP5 alone should be considered a significant 

risk factor and as such not all Gleason 8 scores (ISUP grade group 4) should be considered 

the same.

The pooled analysis of both studies also indicated that for high-risk prostate cancer a lack of 

GP5 led to decreased BF (HR: 0.78 (95%CI:0.66-0.92)), distant metastasis (HR:0.38 

(95%CI:0.30-0.48)), and overall mortality (HR:0.73 (95%CI:0.63-0.85)) compared to those 

with GP with the greatest impact on distant metastasis. When BF was evaluated only as 

rising PSA (excluding local and distance failure as well as starting ADT prior to meeting the 

nadir+2 definition) there was no difference in BF between any of the sub-categories of 

Gleason 8-10 while Gleason 4+4 did have lower rates of DM and all-cause mortality 

compared to the groups including GP5. This would also be consistent with the finding that 

not all BF events bear equal weight and that some biochemical recurrences, such as earlier 

events, those happening coincident with metastasis, or with shorter PSA doubling time, may 

be associated with greater clinical risk.[23] The recent validation of DM as a surrogate for 

overall survival lends further impact to the adverse weight of GP5. [24].

The results of this analysis must also be interpreted in light of newer agents such as 

Docetaxel, Abiraterone, and Enzalutamide now playing a role in prostate cancer 

management. [25] Further, a recent meta-analysis of trials involving RT and ADT suggested 

that in those with GS 9-10 prostate cancer had greatest benefit from life-long ADT while in 

GS 8 prostate cancer the optimal duration might be long-term (but not lifelong) ADT.[26] In 

addition to systemic treatments, local control may still play a part even in those with the 

highest GS. The ASCENDE-RT trial recently demonstrated that permanent prostate implant 
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with 125I added to external RT in addition to 12-months of ADT was shown to significantly 

decrease the risk of biochemical failure compared to dose-escalated RT plus ADT but 

without a significant difference in DM or OS.[27] However, additional retrospective or 

population based analyses have noted that the greatest benefit of adding a brachytherapy 

boost might be in those with Gleason 9-10 disease, perhaps as a means to prevent local 

recurrence which later leads to DM[28–30].

Finally, newer means to assess clinical risk based upon transcriptional or whole genomic 

profiles have also been developed.[31] These demonstrated added prognostic significance 

even when including GS. However, most have not independently evaluated GP 5 or GS 9-10 

separate from GS 8. Therefore, it remains to be seen how much of these biologic differences 

might be captured with the more continuous use of GS as presented here or in the ISUP 

grade grouping scheme.

CONCLUSION

Given the potential impact of GP5 on the both risk-stratification and treatment it is 

paramount that design and analysis of future studies should be undertaken accounting for 

differences in clinical outcome (particularly DM and OS) between those with GS 8-10 

prostate cancer without or without GP 5. Notably, for example, in those with high-risk 

prostate cancer without GP 5 treated as part of RTOG 9902 had a <10% risk of DM at 10-

years which was >20% in those with GP pattern 5.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Gleason pattern 5 increased the risk of distant metastases compared to 

Gleason 8 (4+4).

• This may impact treatment decisions and risk stratification.

• Gleason 8-10 should not be utilized as a homogenous group given differences 

based upon GP5.
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Figure 1: 
Outcomes by study. Biochemical failure and distant metastasis plots are cumulative 

incidence estimator. Overall survival plot is Kaplan-Meier estimator.
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Figure 2: 
Outcomes for men with GS 8-10 who received the current standard of care, the experimental 

arm from RTOG 9202 (excluding those treated with STAD) with the standard arm of 9902 

(excluding those treated with LTAD plus chemotherapy). Overall survival plot is Kaplan-

Meier estimator. Biochemical failure, local failure, and distant metastasis plots are 

cumulative incidence estimator.
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Table 1

Combined RTOG 9202 and RTOG 9902 Pretreatment Characteristics

Gleason Score

Characteristic

2-6
(n=524)
n (%)

7
(n=574)
n (%)

8 (No GP5)
(n=209)
n (%)

8 (GP5), 9-10
(n=363)
n (%)

Total
(n=1670)

n (%)

Age

 Mean 69.5 68.6 67.9 68.1 68.7

 Standard Deviation 6.5 6.8 7.5 7.5 7.0

 Min - Max 44 - 86 44 - 87 43 - 88 42 - 88 42 - 88

 p-value* 0.0074

PSA, ng/mL - Continuous

 Mean 26.6 35.6 28.2 27.6 30.1

 Standard Deviation 26.9 31.0 29.3 26.7 28.9

 Min - Max 0.4 - 180.3 0.2 - 250 1.2 - 172.7 0.123 - 152 0.123 - 250

 p-value* <0.0001

PSA - Dichotomized

 ≤ 30 ng/mL 383 (73.1%) 332 (57.8%) 146 (69.9%) 251 (69.1%) 1112 (66.6%)

 > 30 ng/mL 141 (26.9%) 242 (42.2%) 63 (30.1%) 112 (30.9%) 558 (33.4%)

 p-value** >0.0001

KPS/Zubrod

 Zubrod 0, KPS 90-100 481 (91.8%) 533 (92.9%) 184 (88.0%) 334 (92.0%) 1532 (91.7%)

 Zubrod 1, KPS 70-80 43 (8.2%) 41 (7.1%) 25 (12.0%) 29 (8.0%) 138 (8.3%)

 p-value** 0.1902

Clinical T-Stage

 T1 0 (0.0%) 33 (5.7%) 7 (3.3%) 10 (2.8%) 50 (3.0%)

 T2 288 (55.0%) 236 (41.1%) 113 (54.1%) 161 (44.4%) 798 (47.8%)

 T3 223 (42.6%) 285 (49.7%) 82 (39.2%) 174 (47.9%) 764 (45.7%)

 T4 13 (2.5%) 20 (3.5%) 7 (3.3%) 18 (5.0%) 58 (3.5%)

 p-value** <0.0001

Study

 9202 524 (100.0%) 449 (78.2%) 101 (48.3%) 218 (60.1%) 1292 (77.4%)

 9902 0 (0.0%) 125 (21.8%) 108 (51.7%) 145 (39.9%) 378 (22.6%)

 p-value** <0.0001
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Table 2

Influece of Gleason Score and Gleason Pattern 5 on Clinical Events for RTOG 9202

Biochemical Failure Distant Metastasis Local Failure Overall Survival

5-year 10-year 5-year 10-year 5-year 10-year 5-year 10-year

Gleason 2-6 32.8%
(28.7-32.6)

44.7%
(40.3-49.0)

7.7%
(5.8-10.4)

11.5%
(8.9-14.4)

12.7%
(9.8-15.5)

14.5%
(11.5-17.5)

80.7%
(77.1-83.9)

57.8%
(53.4-62.2)

Gleason 7 37.4%
(40.0-49.3)

50.8%
(46.0-55.4)

9.4%
(6.9-12.4)

15.7%
(12.3-19.1)

13.0%
(9.9-16.1)

15.6%
(12.2-19.0)

79.5%
(75.8-83.3)

54.2%
(49.4-59.0)

Gleason 8 (No GP5) 47.0%
(36.9-56.4)

59.3%
(48.8-68.3)

14.1%
(8.1-21.7)

25.8%
(17.3-34.4)

23.0%
(15.3-31.7)

25.1%
(17.0-34.0)

78.7%
(70.6-86.8)

49.3%
(39.0-58.8)

Gleason 8-10 (GP5) 51.6%
(44.7-58.0)

58.0%
(51.0-64.3)

20.8%
(20.3-32.0)

37.0%
(30.4-43.4)

18.8%
(14.0-24.3)

22.7%
(17.3-28.5)

75.8%
(70.1-81.5)

34.6%
(28.0-41.2)

p-value (Overall)* <0.0001 <0.0001 0.01 0.0001

p-value for Gleason 
pattern 5**

0.73
HR: 1.05 (0.78-1.43)

0.0382
HR: 0.64 (0.41-0.98)

0.66
HR: 1.1 (0.69-1.79)

0.0586
HR 0.78 (0.60-1.01)

Table 2: Cumulative Incidence (and 95% confidence intervals) of events at 5- and 10-years from randomization for RTOG 9202.

*
p-value from Gray’s test for the influence of Gleason score overall (2-6, 7, 8 (without Gleason pattern 5), or, 8-10 (with Gleason pattern 5) or

**
just when comparing Gleason 8-10 with or without Gleason pattern 5.

HR: hazard ratio (and 95% confidence interval); GP: Gleason pattern.
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Table 3

Influence of Gleason Score and Gleason Pattern 5 on Clinical Events for RTOG 9902

Biochemical Failure Distant Metastasis Local Failure Overall Survival

5-year 10-year 5-year 10-year 5-year 10-year 5-year 10-year

Gleason 2-6 NA NA NA NA NA NA NA NA

Gleason 7 47.1%
(33.0-50.5)

55.8%
(46.6-64.3)

6.6%
(3.1-12.0)

8.4%%
(4.3-14.2)

6.7%
(3.1-12.1)

10.1%
(5.5-16.4)

85.9%
(78.2-91.0)

65.5%
(53.5-77.4)

Gleason 8 (No GP5) 45.4%
(35.7-54.5)

53.4%
(43.4-62.5)

2.8%
(0.7-7.3)

4.7%
(1.7-10.0)

3.7%
(1.2-8.6)

6.2%
(2.5-12.3)

89.7%
(83.9-95.5)

65.3%
(49.1-81.4)

Gleason 8-10 (GP5) 51.1%
(42.5-9.1)

57.2%
(48.5-65.0)

14.3%
(9.1-20.6)

23.8%
(16.9-31.3)

4.3%
(1.8-8.6)

10.3%
(5.9-16.0)

84.4%
(78.4-90.4)

54.4%
(37.8-71.1)

p-value (Overall)* <0.76 0.0002 0.32 0.18

p-value for Gleason pattern 
5**

0.49
HR: 0.89 (0.64-1.24)

0.001
HR: 0.26 (0.12-0.58)

0.12
HR: 0.48 (0.19-1.22)

0.089
HR 0.84 (0.56-1.26)

Table 3: Cumulative Incidence (and 95% confidence intervals) of events at 5- and 10-years from randomization for RTOG 9902.

*
p-value from Gray’s test for the influence of Gleason score overall (2-6, 7, 8 (without Gleason pattern 5), or 8-10 (with Gleason pattern 5) or

**
just when comparing Gleason 8-10 with or without Gleason pattern 5.

HR: hazard ratio (and 95% confidence interval); GP: Gleason pattern.
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Table 4

Cox Proportional Hazards Models

Overall Survival Biochemical Failure Distant Metastases

Covariate Comparison HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Gleason (grouped) GP5 (RL) vs No GP5 0.73
(0.63, 0.85)

<0.0001 0.78
(0.66, 0.92)

0.0038 0.38
(0.30, 0.48)

<0.0001

Age Continuous 1.05
(1.04, 1.06)

<0.0001 0.97
(0.96, 0.98)

<0.0001 0.96
(0.94, 0.97)

<0.0001

PSA < 30 (RL) vs ≥ 30 1.03
(0.91, 1.16)

0.6673 1.49
(1.30, 1.71)

<0.0001 1.33
(1.06, 1.66)

0.0148

Intercurrent disease No (RL) vs Yes 1.07
(1.01, 1.14)

0.0326 0.99
(0.89, 1.09)

0.7958 0.85
(0.67, 1.09)

0.1947

T-Stage T1/T2 (RL) vs T3/T4 1.15
(1.02, 1.29)

0.0181 1.21
(1.06, 1.38)

0.0056 1.70
(1.35, 2.13)

<0.0001

Study 9202 (RL) vs 9902 0.78
(0.64, 0.94)

0.0100 0.95
(0.80, 1.12)

0.5369 0.48
(0.34, 0.66)

<0.0001

GP = Gleason pattern, RL = reference level, HR = hazard ratio, CI = confidence interval Patients with unknown intercurrent disease were excluded 
from the model.
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