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bstract

Objectives: Preoperative Gleason scores (GSs) are often upgraded after pathologic examination of the prostate following radical
rostatectomy (RP). There have been disparate reports of the impact of different factors as predictors of GS upgrading after RP. We sought
o study the robustness of frequently reported predictors in an unselected single institution cohort.

Patients and methods: A total of 684 patients with biopsy-proven prostate cancer treated with RP between 2004 and 2007 were
ncluded in the study. The association between clinical and pathologic parameters and GS upgrading was retrospectively evaluated. Logistic
egression analysis was used to identify predictors of pathologic grading changes. Likelihood of upgrading was compared between tertile
roups for prostate volume and prostate-specific antigen (PSA) density using �2 analysis and multivariate logistic regression. Pathologic
utcomes were compared between cases with and without GS upgrading.
Results: The overall mean age was 64.3 years, with median PSA level of 7.04 ng/ml. Overall, 203 cases (29.7%) were upgraded, whereas

81 patients (70.3%) were downgraded or had identical biopsy and pathologic GS after RP. Patients with prostate volume of �31 g were
pgraded in 32.6% of the cases compared with 21.9% in patients with prostate volume of �45 g (P � 0.020). On multivariate analysis
reoperative PSA (P � 0.0001), prostate volume (P � 0.0001), and PSA density (P � 0.0001) were predictive of Gleason sum upgrading.
pgraded patients were more likely to have extracapsular extension, seminal vesicle invasion, positive surgical margins, and lymphonodular

nvasion at RP (P � 0.001, P � 0.001, P � 0.001, and P � 0.001, respectively).
Conclusions: Smaller prostate volume and higher PSA level are associated with clinically significant upgrading of GS. PSA density as
function of both is a significant predictor of GS upgrading in low- and high-risk patients. This may be of relevance in the pretreatment

isk assessment of prostate cancer patients. © 2009 Elsevier Inc. All rights reserved.
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. Introduction

A wide range of treatment options are offered to patients
ith prostate cancer at present, whereby treatment selection

or prostate cancer is greatly based upon risk assessment

* Corresponding author. Tel.: �49-89-7095-0; fax: �49-89-7095-6533.
E-mail address: Derya.Tilki@med.uni-muenchen.de (D. Tilki).
p1 These authors contributed equally to this work.

078-1439/09/$ – see front matter © 2009 Elsevier Inc. All rights reserved.
oi:10.1016/j.urolonc.2009.07.003
erived from Gleason score (GS) in biopsy, prostate-spe-
ific antigen (PSA), and clinical stage [1]. GS remains the
ost accurate variable for predicting prostate cancer aggres-

iveness [2]. More aggressive PCa at radical prostatectomy
RP) than diagnosis at biopsy is seen in up to 68% of men
3–6]. Therefore, it is important to assess the accuracy of
iopsy GS in predicting the actual pathologic status in
rder to choose the suitable treatment tailored for each

atient.

mailto:Derya.Tilki@med.uni-muenchen.de
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Several recent studies have evaluated factors that could
otentially predict GS upgrading (higher GS category in the
P specimen than in the biopsy) [2,4,7–10]. However, there
ave been contradictory reports about the ability of the same
ariables to predict or to fail to predict a greater risk of GS
pgrading [4,11–13]. These variables most frequently in-
luded PSA level and prostate volume.

The aim of our study was to determine clinical and
athologic factors associated with a change in actual patho-
ogic status in our unselected single institution series, which
ould be taken into consideration during clinical decision-
aking, especially in those patients who are candidates for
atchful waiting, active surveillance, or brachytherapy, but

lso in patients with high-risk features on biopsy, which
ead to consideration of additional adjuvant therapy in pa-
ients undergoing radiotherapy.

. Patients and methods

.1. Patient selection and data collection

This was an institutional review board (IRB) approved
tudy. The study comprised 684 patients who underwent
pen RP with bilateral lymphadenectomy at the Department
f Urology of the Ludwig-Maximilians University Munich
etween 2004 and 2007. Data were analyzed retrospec-
ively. Clinical and pathologic data included preoperative
SA, which was measured before a digital rectal examina-

ion (DRE) and transrectal ultrasound (TRUS), body mass
ndex (BMI), GSs in biopsy and RP specimen, prostate
olume (measured as the weight of the RP specimen), PSA
ensity, pathologic T stage, extracapsular extension (ECE)
ate, positive surgical margin rate, lymphonodular invasion
ate, and PSA values at follow-up (range 3–36 mo). For
rostate volume we used pathologic prostate weight as a
urrogate for preoperative TRUS. It has been shown in
everal studies that pathologic weight accurately correlates
ith TRUS volume [14,15]. The biopsy Gleason sum was
redominantly assigned by outside institutions or in a small
ercentage of cases by the Department of Pathology of the
udwig-Maximilians University Munich. The vast majority

able 1
he risk of GS upgrading as a function of prostate volume and PSA dens

rostate volume (g) �31
of upgrading 32.6

djusted OR (95% CI) 1.85 (1.19, 2.87)
SA (ng/ml) �5.6

of upgrading 24.2
djusted OR (95% CI) Reference
SA density (ng/ml/g) �0.14

of upgrading 17.1

djusted OR (95% CI) Reference 2.13
f patients underwent extended biopsy. All RP specimen
ere processed according to the Stanford protocol and were
raded according to the Gleason system by the Department
f Pathology [1]. Gleason sum upgrading was defined as a
iopsy Gleason sum changing from �6 to �7, from �7 to
higher Gleason sum, as well as Gleason changing from

�4 to 4�3.

.2. Statistical analysis

Continuous variables were compared between Gleason
pgrading vs. no upgrading groups using either the two-
ample t-test or the Wilcoxon rank sum test; categorical
ariables were compared using the �2 test. Univariate lo-
istic regression analysis was performed. Two separate mul-
ivariate logistic regression analyses were performed with
he backward elimination model selection method to find
he best predictors for Gleason upgrading. For multivariate
nalysis, prostate volume, preoperative PSA values, and
SA density were transformed using the natural logarithm
ue to a skewed distribution. The first multivariate analysis
ncluded age, BMI, PSA (log scale), and prostate volume
log scale) as potential predictors; the second multivariate
nalysis included age, BMI, and PSA density (log scale) as
otential predictors. Two separate analyses were conducted,
ecause PSA density is the quotient of PSA divided by pros-
ate volume. For the analysis in Table 1, prostate volume and
SA density were categorized based on tertiles. �2 analysis and
ultivariate logistic regression analysis adjusting for age and
MI were conducted for the results in Table 1. As for
ssessing the predictive performances of the observed inde-
endent predictors for upgrading, ROC curves have been
onstructed. Locally weighted regression (LOESS) analysis
as used to plot the association between prostate volume

nd probability of upgrading stratified by Gleason groups
nd by PSA groups. Kaplan-Meier estimator was used to
valuate biochemical recurrence-free survival with bio-
hemical recurrence defined as PSA greater than or equal to
.4 ng/ml in patients with GS upgrading vs. patients without
S upgrading [16]. Statistical difference between the up-
raded and non-upgraded group was determined using the
og rank test. A P value � 0.05 was considered significant.

P value

45 �45
21.9 0.020

(1.16, 2.80) Reference 0.011
8.9 �8.9

35.4 0.035
(0.87, 2.03) 1.67 (1.09, 2.54) 0.060
0.23 �0.23

37.4 �0.001
ity

31–
32.3
1.80
5.6–

29.8
1.33
0.14–
32.6
(1.46, 3.68) 3.00 (1.90, 4.74) �0.001
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ll analyses were performed using SAS 9.1 (SAS, Inc.,
ary, NC) and R.2.7.2.

. Results

The clinical and pathologic characteristics of the patients
ith and without GS upgrading are shown in Table 2. After
P, the final pathologic GS was upgraded in 203 (29.7%)
atients and not upgraded in 481 (70.3%) patients. Most
atients (154, 76%) in the GS upgrading group had a biopsy
S � 6. Patients of both groups were similar in age (median

ge of 64.3 and 64.2, respectively) and BMI (26.5 vs. 26.6;
� 0.881). The upgraded group had a significantly higher

reoperative PSA level (P � 0.001), smaller prostate vol-
me (P � 0.003), higher PSA density (P � 0.001), and
ower Gleason biopsy score (P � 0.001) (Table 2).

In univariate logistic regression analyses of potential
reoperative predictors for GS upgrading, prostate volume
log) (P � 0.0018), preoperative PSA level (log) (P �
.0001), and PSA density (log) (�0.0001) were statistically
ignificant contributors to GS upgrading with a relative risk of
.537 (95% CI 0.363, 0.794), 1.691 (95% CI 1.339, 2.137),
nd 1.943 (95% CI 1.524, 2.477), respectively (Table 3).

In multivariate logistic regression analysis, the best pre-
ictors among age, BMI, preoperative PSA, and prostate
olume of GS upgrading obtained by the backward elimi-
ation selection procedure including all the patients of both
roups were preoperative PSA level (log) (P � 0.0001) and
rostate volume (log) (P � 0.0001) with a relative risk of

able 2
omparison of clinical and pathologic patient characteristics in the GS up

No Gleason u

481
ge (mean � SD) 64.2 � 7.0
MI (kg/m2) (mean � SD) 26.6 � 3.3
SA (ng/ml) (median, IQR) 6.7 (4.7, 9.9)
leason Biopsy (N, %)
�6 290 (60%)
7a (3�4) 109 (23%)
7b (4�3) 40 (8%)
�8 42 (9%)

rostate volume (g) (median, IQR) 40 (30, 52)
SA density (ng/ml/g) (median, IQR) 0.17 (0.12, 0.2
leason pathology (N, %)
�6 368 (76.5%)
7a (3�4) 81 (17%)
7b (4�3) 20 (4%)
�8 12 (2.5%)

TNM (N, %)
T1-2 407 (85%)
T3-4 74 (15%)

CE rate (N, %) 74 (15%)
V invasion rate (N, %) 25 (5%)
ositive SM rate (N, %) 63 (13%)
NI (N, %) 7 (1.5%)
.826 (95% CI 1.410, 2.366) and 0.403 (95% CI 0.265,
P

.612), respectively. The same analysis with age, BMI and
SA density revealed PSA density (log) (P � 0.0001) as
trongest independent predictor for upgrading of GS with a
elative risk of 1.956 (95% CI 1.533, 2.495). Table 1 shows
he risk of GS upgrading as a function of prostate volume
nd PSA density, each divided into tertiles. PSA level as
ategorical variable failed to be a significant predictor of GS
pgrading. Patients with prostate volume �31 g were up-
raded in 32.6% of the cases compared with 21.9% in
atients with prostate volume � 45 g (P � 0.020). Patients
ith PSA � 5.6 ng/ml showed Gleason upgrading in 24.2%
f cases, as opposed to 35.4% in patients with PSA � 8.9
g/ml (P � 0.035). Patients with a PSA density � 0.14
g/ml/g showed Gleason upgrading in 17.1% of cases com-
ared with 35% in patients with PSA density � 0.14 ng/
l/g (P � 0.001) (Table 1).
As for assessing the predictive performances of the ob-

erved independent predictors for upgrading, we constructed

group vs. the group without GS upgrading

g Gleason upgrading P value

203
64.3 � 6.6 0.855
26.5 � 3.1 0.881

7.8 (5.5, 11.5) �0.001
0.002

154 (76%)
26 (13%)
11 (5%)
12 (6%)
35 (27, 45.3) 0.003

0.22 (0.15, 0.34) �0.001
�0.001

0 (0%)
100 (49%)

34 (17%)
69 (34%)

�0.001
113 (56%)
90 (44%)
90 (44%) �0.001
36 (18%) �0.001
60 (30%) �0.001
21 (10%) �0.001

able 3
nivariate analysis for prediction of GS upgrading

Univariate analysis

OR (95% CI) P value

ge 1.002 (0.978, 1.027) 0.8583
MI 0.996 (0.946, 1.049) 0.8833
reop PSA (categorical)
(5.6–8.9) vs. �5.6 1.33 (0.87, 2.02) 0.944
�8.9 vs. �5.6 1.72 (1.14, 2.59) 0.024

reop PSA (log scale) 1.691 (1.339, 2.137) �0.0001
rostate volume (log scale) 0.537 (0.363, 0.794) 0.0018
grading

pgradin

5)
SA density (log scale) 1.943 (1.524, 2.477) �0.0001
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OC curves that showed adequate performance of only PSA
ensity (log) (data not shown). The area under the curve
AUC) of PSA density (log) was 0.63 (95% CI: 0.59, 0.67). A
OESS plot was generated to describe GS upgrading as an

nterdependent function between prostate volume and Gleason
iopsy sum category and to estimate the probability of upgrad-
ng for each Gleason biopsy sum subgroup. In this model, the risk
Fig. 1. LOESS plots of the risk of upgrading as a function of prostate volume
f upgrading in patients with Gleason biopsy sum � 7 remained
lose to 15% regardless of prostate volume, while the probability
f upgrading for patients who had Gleason biopsy sum � 7
ecame progressively higher as prostate volume decreased (Fig.
A). When looking at prostate volume stratified by PSA range,
mall prostate volume was associated with higher probability of
pgrading only in patients with PSA � 8.9 ng/ml (Fig. 1B).
stratified by GS category (A) or stratified by preoperative PSA range (B).
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Age and BMI failed to predict GS upgrading (P �
.8583 and P � 0.8833, respectively) (Table 3).

GS upgrading was associated with an adverse pathologic
utcome at RP compared with the group of no upgrading
Table 2), which included higher rates of ECE (44% and
5%, respectively; P � 0.001), seminal vesicle invasion
18% and 5%, respectively; P � 0.001), positive surgical
argins (30% and 13%, respectively; P � 0.001), and

ymph node metastasis (10% and 1.5%, respectively; P �
.001) (Table 2). The biochemical recurrence-free survival
or upgraded patients was 86.8% vs. 94.9% for patients with
o GS upgrading. However, this finding was not significant
P � 0.07). This secondary analysis included 227 patients
ith available PSA information; the mean (range) follow-up
as only 10.2 (3–36) months.

. Discussion

Patients with prostate cancer have a variety of treatment
ptions ranging from active surveillance, radiotherapy, ab-
ative therapy, to RP. Clinical decision making strongly
epends on biopsy GS, which, however, often shows dis-
arity with pathologic GS [9,12,17–19]. Active surveillance
as been recommended for patients with low-risk prostate
ancer [20]. One main requisite for choosing patients for
his management is a Gleason sum � 6. When selecting
atients for active surveillance, it is therefore critical to
dentify those patients who are at high risk for Gleason sum
pgrading. The same is true for low-risk patients who are
elected for brachytherapy. Moreover, the addition of hor-
onal therapy to radiation in patients with high-risk local

rostate cancer has been shown to lead to survival benefit
21,22]. Finally, in patients with low-risk prostate cancer,
he need for pelvic lymph node dissection is controversial
23], which once again shows that the assessment of accu-
acy with which the biopsy Gleason predicts the actual
athologic GS is of utmost importance for therapy choice.

Contemporary literature has been discordant with regard
o potential predictors of GS upgrading, including preoper-
tive PSA, prostate volume, and obesity. The majority of
eries consisted of either low-risk patients or intermediate
nd high-risk patients.

We report our experience with clinicopathologic vari-
bles in predicting GS upgrading at final pathology in an
nfiltered, heterogenous cohort of patients who underwent
pen RP at our institution. Pathologic GS was upgraded in
03 (29.7%) patients, while in 481 (70.3%) patients no GS
pgrading was seen. We found preoperative PSA value,
rostate volume, and PSA density to be significant predic-
ors of upgrading at RP in both uni- and multivariate anal-
ses.

A significant association of small prostate volume and
reoperative PSA with GS upgrading has been first reported
y D’Amico et al. and has been subsequently reinforced by

everal groups [12,13,24,25]. However, in a study by r
ulkarni et al., the association between small prostate vol-
me and GS upgrading could not be shown [4]. In a previ-
us study, the same group even reported an increase of the
umber of cancers upgraded at prostatectomy with increas-
ng prostate volume quartile [11]. One reason for these
ontradictory findings most probably evolves from the dif-
erences in study populations. Underlining this, we show
ere that the strong relation of prostate volume and GS
pgrading is diluted in patients with preoperative PSA level �
.9 ng/ml. Turley et al. tried to reconcile the disparate
eports arguing that the association of small prostate size
nd upgrading might depend on the number of cores taken,
ith an extended biopsy representing a more thorough sam-
ling. In their study they found small prostate volume to be
ssociated with GS upgrading only in patients who under-
ent extended biopsy [26]. On the other hand, previous

tudies have shown lower rates of GS upgrading with ex-
ended biopsy schemes [27]. The vast majority of the pa-
ients in the present study underwent extended biopsy in an
utside institution. Thus, we were unable to control for the
xact number of cores. While several groups have not been
ble to find any relation between number of biopsy and
ccuracy of Gleason grade, indicating that the extent of
ampling is not a strong contributor in the context of GS
pgrading [5,7], other groups have reported that a lower
umber of biopsy cores predicts GS upgrading [9].

As an alternative explanation for more GS upgrading in
maller prostates, biologic reasons have been discussed. A
ossible reason of more upgrading in patients with small
rostates might be the fact that small prostates are more
ikely to harbor high-grade disease and to be associated with
igher biochemical recurrence rates [8]. This is supported
y our results showing a strong association of smaller pros-
ate volume with higher probability of upgrading only in
atients with GS � 6.

Preoperative PSA levels have been shown to be associ-
ted with GS upgrading in numerous studies [7,10]. PSA
evel significantly predicted GS upgrading in our series
hen included in the regression model as a continuous
ariable in the log scale. When used as a categorical vari-
ble, a PSA � 8.9 ng/ml predicted upgrading, but there was
o significant difference in Gleason upgrading comparing
SA categories � 5.6 vs. 5.6–8.9 ng/ml. Conformingly,
urrent literature shows inconsistencies regarding this po-
ential predictor as well with several publications showing
reoperative PSA as unrelated to GS upgrading [28,29].
his might be explicable arguing that a study population
onsisting of more patients with larger prostates will natu-
ally have higher PSA levels. To bypass this fact, PSA
ensity has been evaluated and described as significant
redictor of Gleason upgrading and disease upstaging [29].
t has been proposed that the positive association of small
rostate size and GS upgrading was attributed to higher
esulting PSA density. Indeed, a higher PSA density value

epresenting a relatively small prostate volume making
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ore PSA was the best predictor of the risk of Gleason
pgrade in our cohort and resulted in improved receiver
perating characteristics compared with preoperative PSA
alue or prostate volume alone.

We did not find a relation of age or BMI to GS upgrad-
ng. Intuitively it makes sense since elderly patients as well
s patients with higher BMI have been shown to present
ith higher grade tumors [30], which, for apparent reasons

nd as we and others could show, are upgraded less fre-
uently than tumors with Gleason biopsy sum � 6. How-
ver, the European cohort presented here consisted of thin-
er men with a mean BMI of 26.6 kg/m2 compared with
merican cohorts.
There are several important limitations to our study. First

nd foremost are the limitations inherent to retrospective
nalyses. Furthermore, our study is limited by selection bias
or patients undergoing surgery and by lack of central
athologic review. PSA density in our study derived from
athologic weight and not from TRUS volume depending
n the assumption of a close correlation between pathologic
eight and TRUS volume, which, however, has been well
ocumented [14,15]. Finally, biochemical recurrence-free
urvival data were only partly available and very short-term,
ot allowing terminal conclusions; however, this was not a
ocus of our study.

In conclusion, in this study of men undergoing RP for
rostate cancer, preoperative PSA, prostate volume, and
SA density were significantly associated with Gleason sum
pgrading. Prostate volume was linked to GS upgrading,
specially in low-risk patients. These parameters may be
seful predictors for identifying patients who are at risk of
S upgrading, which was associated with adverse patho-

ogic outcome. While our data suggest the strongest role for
SA density in prediction of GS upgrading and reinforce its
tilization, the findings presented in this study also under-
ine the necessity of large, multi-institutional approaches
ith subgroup analyses to clarify the true ability of reported
ariables to predict the aggressive potential of prostate can-
er detected in biopsy. This has important implications, not
nly in patients who are candidates for watchful waiting and
ctive surveillance strategies, but also in patients receiving
onsurgical therapy with lack of the benefit of complete
nformation from the RP specimen.
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