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Abstract
Introduction—Gleason 4+3 prostate cancer is associated with worse clinicopathologic outcomes
than Gleason 3+4. Whether the increased risk associated with Gleason 4+3 is equivalent to ≥4+4
is unclear.

Methods—We reviewed data from two separate cohorts pulled from the SEARCH Database. The
first consisted of 374 men with biopsy Gleason 3+4 or greater, and the second consisted of 636
men with RP Gleason 3+4 or greater. We estimated the odds ratio of unfavorable surgical
pathology for biopsy Gleason categories using logistic regression analysis. Using a Cox
proportional hazards regression model, we estimated the relative risk of biochemical progression
associated with each biopsy and RP Gleason category.
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Results—In the biopsy Gleason cohort, Gleason 4+3 was associated with increased odds of
extracapsular extension (p=0.01) and seminal vesicle invasion (p<0.001) relative to biopsy
Gleason 3+4. Biopsy Gleason 4+3 was associated with similar odds of adverse pathology relative
to biopsy Gleason ≥4+4 (all p values >0.10), except higher-grade pathological tumors among men
with biopsy Gleason ≥4+4 (p=0.001). After adjusting for multiple clinical characteristics, biopsy
Gleason 4+3 was associated with increased recurrence risk relative to 3+4 (p=0.001), but similar
progression risk as biopsy Gleason ≥4+4 (p=0.53). In the RP Gleason cohort and after adjustment
for multiple clinicopathologic features, RP Gleason 4+3 was associated with increased progression
risk relative to RP Gleason 3+4 (p=0.03), but similar progression risk as RP Gleason ≥4+4 (p=
0.24).

Conclusions—In a multicenter database using pooled data from multiple pathologists, Gleason
scores 4+3 and ≥4+4 exhibited similar clinicopathologic outcomes.
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Prostate cancer; radical prostatectomy; Gleason; prostate biopsy; progression

INTRODUCTION
Biopsy Gleason score helps predict pathological stage1 and risk of progression following
therapy.2 While initial nomograms did not distinguish between Gleason 3+4 and 4+3,3–4

recent studies suggest that Gleason 4+3 is associated with more advanced disease1, 5–6 and
greater risk of progression.6–7 Whether the greater risk associated with Gleason 4+3 is
equivalent to that of ≥4+4 is unknown.

Though updated nomograms1 suggest that biopsy Gleason ≥4+4 is associated with a slightly
increased risk of adverse pathology relative to 4+3, these differences are small and of
unclear clinical relevance. We hypothesized the risk of adverse pathology and biochemical
progression associated with biopsy and radical prostatectomy (RP) Gleason 4+3 would be
higher than 3+4 but equivalent to ≥4+4. To address this issue, we examined the risk of
adverse pathology and biochemical progression after RP as a function of Gleason score in
the multicenter Shared Equal Access Regional Cancer Hospital (SEARCH) RP Database.8
Of note, we used two distinct cohorts, both pulled from the SEARCH database: men with a
biopsy Gleason 3+4 or greater (biopsy cohort) and men with a RP Gleason 3+4 or greater
(RP cohort).

MATERIALS AND METHODS
Study population

After obtaining Institutional Review Board approval from each institution, data from
patients treated with RP between 1988 and 2005 at the Veterans Affairs Medical Centers in
West Los Angeles, Palo Alto, San Francisco, California and Augusta, Georgia were
combined into the SEARCH database. This database includes information on patient age at
the time of surgery, race, clinical stage, grade of cancer on diagnostic biopsy, preoperative
PSA, surgical specimen pathology (tumor grade, stage, and margin status), and follow-up
PSA data for a mean and median of 55 and 46 months (range: 1–192 months). Patients
treated with preoperative androgen deprivation or radiation therapy were excluded. Of the
1,419 patients in the SEARCH Database, 29 men diagnosed from transurethral resection
were excluded. An additional 112 men with missing biopsy Gleason score, PSA, clinical
stage, or ethnicity were excluded, resulting in a potential study population of 1,278 men.
Biochemical progression was defined as a single PSA >0.2 ng/ml, two consecutive values at
0.2 ng/ml, or secondary treatment for an elevated PSA following RP. Prostatectomy
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specimens were sectioned per each institution’s protocol.8 Patients with missing follow-up
information were excluded from analyses involving progression but were included in those
evaluating risk of adverse pathology.

Statistical analysis
Gleason score was categorized as 3+4, 4+3, or ≥4+4. Group characteristics were compared
using the rank-sum test for continuous variables and Chi-square test for categorical
variables. The odds ratio of the outcome variables of positive surgical margins (PSM),
extracapsular extension (ECE), and seminal vesicle invasion (SVI) was estimated for the
predictor variables of biopsy Gleason 3+4 vs. 4+3 and 4+3 vs. ≥4+4 using logistic
regression analysis: there were fifteen men with lymph node metastases (LNM). Analyses
were mutually adjusted for PSA (continuous after logarithmic transformation), number of
biopsy cores obtained (continuous), age at RP (continuous), year of RP (continuous), clinical
stage (T1 vs. T2/T3), race (black, white, other), and center (categorical term).

Time to biochemical progression was compared between Gleason score categories using
Kaplan-Meier plots and the log-rank test. The relative risk of biochemical progression for
Gleason score was estimated using Cox proportional hazards regression models. Analyses of
biopsy Gleason score were mutually adjusted for PSA, age, year of surgery, clinical stage,
race, number of biopsy cores obtained, and center. Analyses of RP Gleason score were
adjusted for PSA, age, year of surgery, clinical stage, race, center, PSM, ECE, SVI, and
LNM. Given that crude, age-adjusted, and multivariable results were similar, only
multivariable results are shown.

The distribution of all clinicopathological variables was similar among the four centers
within the SEARCH database. Therefore, data from all centers were combined for analyses.
All statistical analyses were performed using SPSS 12.0 and STATA 9.0.

RESULTS
Biopsy Gleason cohort demographics

Of 1,278 men, 456 (36%) had a biopsy Gleason of 3+4 or higher. Of these, 82 men with <6
biopsy cores obtained or missing biopsy data were excluded, resulting in a biopsy Gleason
cohort of 374 men. In general, biopsy Gleason 4+3 was associated with higher-risk disease
than 3+4 as evidenced by higher pathological grade, and more ECE and SVI (Table 1).
There were no significant differences between biopsy Gleason 4+3 and ≥4+4 in any
clinicopathological characteristic except for higher-grade pathological tumors in the Gleason
≥4+4 category.

Biopsy Gleason and pathological findings
After adjusting for multiple clinical characteristics, biopsy Gleason 4+3 was associated with
increased odds of ECE (p=0.01) and SVI (p<0.001) compared to 3+4 (Table 2). There were
no significant differences in odds of PSM, ECE, or SVI between men with biopsy Gleason
4+3 and ≥4+4.

Biopsy Gleason and biochemical progression
Among men in the biopsy Gleason cohort who did not recur, mean and median follow-up
was 43 and 33 months, respectively (range: 1–164). During this time, 140 (37%) men
experienced biochemical progression. Biopsy Gleason 4+3 was associated with an increased
progression risk relative to 3+4 (log-rank, p=0.002), but similar progression risk as ≥4+4
(log-rank, p=0.54, Figure 1). After adjusting for multiple clinical characteristics, biopsy
Gleason 4+3 was associated with increased biochemical progression compared to 3+4 (HR
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2.08, 95% CI 1.34–3.21, p=0.001), but similar progression risk as biopsy Gleason ≥4+4 (HR
0.86, 95% CI 0.54–1.37, p=0.53).

RP Gleason cohort demographics and biochemical progression
Of 1,278 men, 636 (50%) had a RP Gleason of 3+4 or higher (Table 3) and these men
formed the RP Gleason cohort. Men with a RP Gleason score of 4+3 had an increased
progression risk relative to 3+4 (log-rank, p=0.03), though similar risk as ≥4+4 (log-rank,
p=0.14, Figure 2). After adjusting for multiple clinicopathological characteristics, RP
Gleason 4+3 remained associated with a significantly increased progression risk relative to
3+4 (HR 1.44, 95% CI 1.04–2.01, p=0.03). After multivariable adjustment, the weak
association between RP Gleason ≥4+4 and increased recurrence risk relative to 4+3 was
attenuated and not statistically significant (HR 1.29, 95% CI 0.84–1.97, p=0.24).

DISCUSSION
Multiple studies have demonstrated that Gleason score is important in predicting
pathological stage and biochemical progression following therapy.1, 2, 9 While Gleason 7
can be stratified into 3+4 versus 4+3,1, 5, 7, 10–13 whether the greater risk associated with
Gleason 4+3 is equivalent to that of ≥4+4 is unclear. In a large multicenter study examining
biopsy and RP Gleason scores, we found that while clinicopathologic outcomes and
progression risk among men with Gleason 4+3 tumors were worse than 3+4, there were no
significant differences in outcomes between 4+3 and ≥4+4. If confirmed in other studies,
these data suggest men with Gleason 4+3 and ≥4+4 should be counseled similarly with
regard to treatment options and prognosis of these high-grade and potentially aggressive
tumors.

The presence of Gleason pattern 4 tumor in the biopsy1–2 or RP specimen14–15 is a poor
prognostic factor. Moreover, the exact percentage of pattern 4 in the biopsy16 or RP17

specimen is one of the strongest prognostic factors for progression following treatment. Yet,
most pathology reports do not include exact percentage of pattern 4. Rather, they include a
rough approximation in the form of a primary and secondary Gleason score. A specimen
with 5–50% pattern 4 is Gleason 3+4, 50–95% pattern 4 is Gleason 4+3, and >95% pattern 4
is Gleason 4+4. Given the importance of percent Gleason pattern 4, it is not surprising that
multiple studies have found that men with Gleason 4+3 (i.e. 50–95% pattern 4) have worse
outcomes than men with Gleason 3+4 (i.e. 5–50% pattern 4).1, 5, 7, 10–13 The current study
supports the continued risk stratification of men with Gleason 7 based on primary Gleason
score.

To our knowledge, the current study is the first to investigate whether the increased risk of
poor outcome associated with Gleason 4+3 approaches that of Gleason ≥4+4. Circumstantial
evidence suggests that outcomes may be similar, as prognostic models predicting either
pathological stage1 or prostate cancer-specific death18 show limited or no separation
between Gleason 4+3 and ≥4+4. While pre-19 and post-operative20 nomograms predicting
progression after RP do portend differences between Gleason 4+3 vs. ≥4+4, these
nomograms did not examine Gleason score as a composite sum, but rather as separate
primary and secondary Gleason scores. Since these nomograms did not directly compare
outcomes between Gleason 4+3 and ≥4+4, it is unclear whether they can be used to imply
that men with Gleason ≥4+4 exhibit worse outcomes than those with Gleason 4+3. In the
current multicenter study, with the exception of higher-grade pathological disease among
Gleason ≥4+4, we found no significant differences in adverse pathological outcomes or
biochemical progression between Gleason 4+3 and ≥4+4. This implies that the small
component of pattern 3 (i.e. <50%) in Gleason 4+3 disease does not mitigate the high-risk
associated with a majority pattern 4 tumor in the specimen.
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The findings of our study were based upon Gleason grading. Over time there has been a shift
toward assigning higher Gleason grades.21 While we adjusted for year of surgery in
multivariable analyses, it remains possible that differing pathological Gleason score
interpretations influenced our results. Unfortunately, due to the small sample size, we were
unable to evaluate whether the prognostic value of Gleason grading has changed over time.
Thus, our results must be viewed as preliminary and require validation in external datasets.
Moreover, Gleason grading is semi-subjective in nature with a moderate degree of intra- and
inter-observer variability.22 In addition, our study used non-centralized pathologic
evaluation from multiple pathologists. Whether single-center or single-pathologist analyses
would reveal similar associations is unknown. The SEARCH Database does not contain data
on the presence of high-grade tertiary Gleason patterns. Only a single Gleason score for each
diagnostic biopsy was assigned, even when biopsy cores contained disparate Gleason scores.
In these few cases, the highest Gleason score was utilized as the overall Gleason score.
Whether this is the most appropriate method to assign overall Gleason score is unknown and
requires further study. Moreover, our analysis did not examine the impact of quantitative
pathology, such as number of positive cores or surface area of cancer involvement. It
remains unknown whether such analyses would have influenced our results. Finally, our
primary end-point was PSA recurrence. While prostate cancer mortality would be a better
end-point, we currently do not have sufficient follow-up to measure this outcome, and early
PSA recurrence has been linked with increased risk of prostate cancer death.23

CONCLUSIONS
In a multicenter database using pooled data from multiple pathologists, Gleason scores 4+3
and ≥4+4 exhibited similar clinicopathologic outcomes, regardless of whether the biopsy or
RP specimen was examined.
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Figure 1.
Actuarial 10-year biochemical recurrence rates of patients with biopsy Gleason sum 7–10
tumors treated with radical prostatectomy segregated by biopsy Gleason score. 2-way log-
rank values: 3+4 vs. 4+3, p=0.002; 4+3 vs. ≥4+4, p=0.54.
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Figure 2.
Actuarial 10-year biochemical recurrence rates of patients with radical prostatectomy
Gleason sum 7–10 tumors treated with radical prostatectomy segregated by radical
prostatectomy Gleason score. 2-way log-rank values: 3+4 vs. 4+3, p=0.03; 4+3 vs. ≥4+4,
p=0.14.
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Table 2

Multivariable logistic regression analysis of association between biopsy Gleason score and adverse pathology
in patients with biopsy Gleason sum 7–10 tumors in the SEARCH Database

Odds Ratio 95% CI p value

4+3 vs. 3+4

   Positive surgical margins 1.63 0.92 – 2.89 0.09

   Extracapsular extension 2.16 1.18 – 3.94 0.01

   Seminal vesicle invasion 6.43 2.76 – 14.98 <0.001

≥4+4 vs. 4+3

   Positive surgical margins 0.87 0.45 – 1.69 0.69

   Extracapsular extension 0.78 0.40 – 1.54 0.48

   Seminal vesicle invasion 0.61 0.28 – 1.29 0.19
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