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Abstract

Introduction: Preoperative Gleason score is crucial, in combination 
with other preoperative parameters, in selecting the appropriate 
treatment for patients with clinically localized prostate cancer. The 
aim of the present study is to determine the clinical and pathologi-
cal variables that can predict differences in Gleason score between 
biopsy and radical prostatectomy.
Methods: We retrospectively analyzed the medical records of 302 
patients who had a radical prostatectomy between January 2005 
and September 2010. The association between grade changes and 
preoperative Gleason score, age, prostate volume, prostate-specific 
antigen (PSA), PSA density, number of biopsy cores, presence of 
prostatitis and high-grade prostatic intraepithelial neoplasia was 
analyzed. We also conducted a secondary analysis of the factors 
that influence upgrading in patients with preoperative Gleason 
score ≤6 (group 1) and downgrading in patients with Gleason score 
≤7 (group 2).
Results: No difference in Gleason score was noted in 44.3% of 
patients, while a downgrade was noted in 13.7% and upgrade in 
42.1%. About 2/3 of patients with a Gleason score of ≤6 upgraded 
after radical prostatectomy. PSA density (p = 0.008) and prostate 
volume (p = 0.032) were significantly correlated with upgrade. No 
significant predictors were found for patients with Gleason score 
≤7 who downgraded postoperatively.
Conclusion: Smaller prostate volume and higher values of PSA 
density are predictors for upgrade in patients with biopsy Gleason 
score ≤6 and this should be considered when deferred treatment 
modalities are planned.

Introduction 

Prostate cancer is the most common form of cancer and 
the second leading cause of cancer death among men.1 In 
2010, there was an incidence of slightly less than 217 000 

new cases and mortality of 32 000 in the United States.1

Gleason grading system is widely accepted to evaluate 
prostate adenocarcinoma grade.2 Biopsy Gleason score (GS), 
obtained by the histological examination of cores received 
during transrectal ultrasound, is an independent prognostic 
factor for progression.3 Gleason score is highly considered 
when we make decisions about the appropriate treatment 
selection or about the application of surgical modifications 
of the standard radical prostatectomy (RP) technique (lymph 
node and/or nerve sparing). It is also greatly correlated with 
the postoperative stage and the presence of adverse pathol-
ogy.4,5 Since GS is highly associated with aggressiveness and 
progression of prostate cancer, its accurate determination is 
crucial in deciding the best treatment (active surveillance, 
watchful waiting, radical therapy, hormone therapy) for each 
patient.6,7

Several investigators have studied the correlation between 
biopsy GS and GS obtained after RP by the pathological 
examination of the specimen. Interestingly, a very low posi-
tive correlation has been reported (some studies achieve 
25% positive correlation).8-10

The aim of this study was to assess the impact of preop-
erative clinical and pathological variables in the prediction 
of tumour grade changes between biopsy and RP in patients 
with prostate cancer. When prostatectomy specimen GS 
was found to be greater than biopsy GS it was defined as 
upgrade, whereas downgrade was defined as the converse.

Methods  

We retrospectively reviewed the medical records of 302 
patients with clinically localized prostate cancer. A retro-
pubic RP was performed in all patients between January 
2005 and September 2010. Preoperative therapy for pros-
tate cancer (active surveillance, hormone therapy, radiation 
therapy) was an exclusion criterion, as PSA and GS needed 
to be clear of any influences. Patients with incomplete medi-
cal records were also excluded. Patients who had previ-
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ously been operated on for benign prostate hypertrophy and 
patients who were diagnosed with prostate cancer after a 
transurethral prostate resection (stage T1a and T1b) were 
also excluded due to alterations in the prostate volume and 
PSA density calculation.

The analysis comprised preoperative first and second GS 
and Gleason summary, age, preoperative value of PSA, pros-
tate volume, preoperative PSA density, number of biopsy 
cores, presence of prostate inflammation and high-grade 
prostatic intraepithelial neoplasia (HGPIN) in biopsy mate-
rial and postoperative tumour grade. The study design had 
two objectives. The first one was to analyze the association 
of the aforementioned factors before upgrading or down-
grading after RP. The second objective was to study the 
correlation of the same factors with an upgrade in patients 
with a preoperative GS ≤6 (group 1) or with a downgrade 
in patients with GS ≥7 (group 2).

Preoperative PSA was measured before digital rectal exam-
ination, transrectal ultrasound or biopsy. Prostate cancer diag-
nosis was based upon transrectal ultrasound biopsy results.

An open retropubic or laparoscopic extraperitoneal RP 
was performed in all patients by 4 experienced surgeons. A 
histological report concerning the prostate dimensions and 
tumour grade was obtained. The prostate volume was cal-
culated according to the information of the maximum trans-
verse diameter (D1), the maximum anteroposterior diameter 
(D2) and the maximum longitudinal diameter (D3) and by 
using the formula D1×D2×D3×π/6 based on the prostate 
ellipse dimension theory. The PSA density was calculated 
by dividing the preoperative PSA value and prostate volume.

Statistical analyses were performed by using SPSS ver-
sion 16 (SPSS Inc, Chicago, IL). The descriptive statistics 
are presented as the mean ± standard deviation (SD) and 
interquartile range (IQR) for normally distributed variables 
and as the absolute and percent frequency for categorical 
variables.

The normality condition of the numerical variables was 
studied by means of the Kolmogorov-Smirnov test. None 
of them had normal distribution, except for the age vari-
able in group 2. For this reason, the Mann-Whitney U test 
and Kruskal Wallis H test were used to compare means 
between numerical groups. Student’s t-test was used to com-
pare means between the ages of patients in group 2. The 
Chi-square χ2 test was used for categorical variables. A mul-
tivariate analysis was performed for the clinical and patho-
logical variables studying the potential impact in prediction 
of upgrade and downgrade in group 1 and 2, respectively, 
by using logistic regression. By using receiver operating 
curve (ROC curve), the area under the curve (AUC) for the 
quantitative variables designed and the optimal cut-off value 
were estimated for variables with predictive significance in 
GS changes. All tests were 2-tailed with a p value of <0.05 
considered statistically significant.

Results 

A total of 31 patients were excluded because of incomplete 
medical records (n=9), preoperative hormone deprivation 
therapy (n=7), preoperative surgical therapy for benign pros-
tatic hypertrophy (n=12) and prostate cancer diagnosis after 
a transurethral resection of the prostate (n=3). Finally, a total 
of 271 patients were part of our analysis. Patients’ median 
age was 68.0 years (66.6 ± 6.3, IQR 10). Median preopera-
tive PSA value was 8.5 ng/mL (10.8 ± 7.9, IQR 5.5), median 
PSA density was 0.22 ng/mL2 (0.31 ± 0.34, IQR 0.19) and 
median prostate volume was 40.0 mL (45.4 ± 22.6, IQR 27).

No differences in GS were found in 120 patients (44.3%). 
Tumour grade was different in 151 patients (55.7%), with 
37 patients downgraded (13.7%) and 114 patients upgraded 
(42.1%). We tallied the preoperative clinical and pathological 
characteristics of patients who upgraded, downgraded or had 
no change in tumour grade between biopsy and RP (Table 1).

In the secondary analysis, patients were divided in 2 
groups based on the preoperative GS. The first group included 
patients with a biopsy GS ≤6 and the second group patients 
with a biopsy GS ≥7. Patients from the first group were evalu-
ated for upgrading and patients from group 2 were evaluated 
for downgrading. Furthermore, we evaluated the implication 
of several pathological and clinical characteristics in upgrad-
ing or downgrading, in group 1 and 2, respectively.

Of the 271 patients, 151 had biopsy GS ≤6 (55.7%) and 
120 (44.3%) had biopsy GS >6. Among patients with a pre-
operative GS ≤6, 96 (63.6%) upgraded and 55 (36.4%) did 
not (Table 2). From the second group, 29 patients (24.2%) 
had lower Gleason grade after RP, while 91 (75.8%) did 
not (Table 3).

We noted the independency of the pathological and clini-
cal factors to prediction upgrade and downgrade in group 
1 and group 2, respectively (Table 4).

The PSA density was a statistically significant predictor 
for upgrade among patients with GS ≤6. Based on the ROC 
analysis, a cut-off value of PSA density >0.155 was associ-
ated with higher incidence of upgrade. Sensitivity was 0.719 
and specificity was 0.491 (AUC:0.635, p = 0.006, 95% con-
fidence interval [CI]: 0.545-0.725). Similarly, prostate vol-
ume <34.5 mL engendered an increased risk for upgrade. 
Sensitivity was 0.782 and specificity was 0.604 (AUC:0.620, 
p = 0.015, 95% CI: 0.527-0.712). The analysis of group 2 
patients revealed no significant predictors for downgrade.

Discussion 

Preoperative clinical stage, PSA and GS are cornerstones for 
treatment decisions in patients with localized prostate cancer 
and a life expectancy of more than 10 years.6 Gleason score is 
considered the most significant predictor for prognosis since 
patients with high-grade prostate cancer have a higher risk 
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for progression.7,11 Furthermore, these patients have a greater 
risk for biochemical (PSA) recurrence after radical therapies 
and lower cancer-free survival. Therefore, treatment modal-
ities in these patients should be more aggressive. Patients 
with upgraded tumours are at an even higher risk of adverse 
pathologic features after RP.12 Thus, aggressive nature and 
poor prognosis are related to high-grade and upgraded PCa.

The incidence of insignificant (small, localized, well-dif-
ferentiated) prostate cancer has increased in recent years due 
to PSA screening, while the disease mortality has decreased. 
Based on the above, overtreatment should be avoided in 
patients who could benefit from conservative treatment 
protocols, such as deferred treatment (watchful waiting, 
active surveillance). Clinical stage ≤T2a, PSA <10 ng/mL 
and biopsy GS ≤6 are the baseline standards for starting 
these treatment protocols. However, a more aggressive treat-
ment should be selected in patients with GS ≥7 because 
of the potential for advanced disease and rapid progres-
sion.6 Therefore, accurate grading is essential in deciding 
the appropriate treatment.7

The discordance in GS between biopsy and RP has been 
retrieved by several recent studies. It has been reported that 
the difference between the preoperative and postoperative 
GS ranges from 28% to 58%, as confirmed by a large data 
review.13 In our study, this difference was 55.7%. High rates 
of discordance are especially important for patients who are 
considered for not-definitive treatment. For this reason, the 
assessment of pathological and clinical features of prostate 
cancer that might predict GS upgrade is crucial. Furthermore, 
the evaluation of prognostic factors that may be associated 
with tumour downgrade would anticipate overtreatment in 
some patients with insignificant prostate cancer.

The association of high preoperative PSA levels and 
upgrade is controversial. Some studies have found that high 
PSA levels are associated with a poor correlation between 
biopsy and RP GS.14,15 The same results were noted when 
patients had biopsy GS ≤7 or ≤6.7,16 In contrast, no correla-
tion was found in two recent studies.17,18 Based on the results 
of our analysis, preoperative PSA values had no statistically 
significance in predicting changes in tumour grade.

Table 1. Correlation of patients’ characteristics and changes between preoperative and postoperative Gleason score

Characteristics Difference between biopsy and radical prostatectomy Gleason score p value
Equal Upgrade Downgrade

No. patients, n (%) 120 (44.3) 114 (42.1) 37 (13.7)

Age (years) .601†

Mean ± SD, IQR 67.0 ± 6.2, 10 66.1 ± 6.4, 9 66.7 ± 6.5, 9

Prostate volume (mL) .282†

Mean ± SD, IQR 44.8 ± 21.3, 29 44.2 ± 23.1, 31 50.9 ± 24.9, 33

PSA (ng/mL) .693†

Mean ± SD, IQR 11.4 ± 9.9, 5.6 10.6 ± 5.8, 6.4 9.8 ± 6.4, 5.3

PSA density (ng/mL2) .161†

Mean ± SD, IQR 0.34 ± 0.43, 0.14 0.30 ± 0.23, 0.21 0.24 ± 0.21, 0.15

No. biopsy cores .198†

Mean ± SD, IQR 12.7 ± 6.6, 9 11.4 ± 5.8, 7 12.3 ± 4.8, 6

Biopsy GS, n (%) <.001‡*

≤6 47 (31.1) 96 (63.6) 8 (5.3)

≥7 73 (60.8) 18 (15.0) 29 (24.2)

First GS pattern, n (%) <.001‡*

≤3 84 (42.0) 99 (49.5) 17 (8.5)

≥4 36 (50.7) 15 (21.1) 20 (28.2)

Second GS pattern, n (%) <.001‡*

≤3 77 (38.7) 104 (52.3) 18 (9.0)

≥4 43 (59.7) 10 (13.9) 19 (26.4)

HGPIN, n (%) .725‡

Positive 61 (42.1) 63 (43.4) 21 (14.5)

Negative 59 (46.8) 51 (40.5) 16 (12.7)

Prostatitis, n (%) .922‡

Positive 54 (43.2) 53 (42.4) 18 (14.4)

Negative 66 (45.2) 61 (41.8) 19 (13.0)
*statistical significance; †Student’s t test; ‡Mann-Whitney U test; § Chi-square χ2 test; SD: standard deviation; IQR: interquartile range;  GS: Gleason score; HGPIN: high-grade 
prostatic intraepithelial neoplasia; PSA: prostate-specific antigen.
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The association between smaller prostate volume and 
upgrading of the GS has been reported.7,16,17,19 It was found 
that prostate volume of ≤20 mL have a higher risk for 
upgrade than prostate volume of >60 mL.20 On the other 
hand, no correlation was found in another study when one 
or more histopathologic grades on needle biopsy and subse-
quent RP specimens were compared with prostate volume.15 
In our analysis, prostate volume was a significant predic-
tor of upgrade in the group of patients with biopsy GS ≤6 
(p = 0.032). This notification is of high importance, since the 
incidence of upgrade in this category of patients was as high 
as 63.58%. If we consider the fact that these patients with 
biopsy GS ≤6 are potential candidates for conservative treat-
ment modalities, like watchful waiting or active surveillance, 
the significance of this observation is even higher because 
grade underestimation might lead to inappropriate therapy.

Several studies have questioned whether saturation biop-
sy is more accurate than conventional biopsy in tumour 
grade estimation. There is a wide agreement in the literature 
that obtaining an increased number of cores is associated 
with tumour grade prediction.17,21 Although the appropriate 
number of cores that should be obtained during a prostate 
biopsy has not clarified, most studies contend that 10 or 
more biopsy cores increase the likelihood of correct GS 
prediction.19,22-24 However, this was not the case in our study. 
No association was found between the number of cores and 
tumour grade prediction.

A number of factors, such as patient’s age and the pres-
ence of HGPIN or inflammation, have been studied as 

potential predictors of GS changes.7,14,17,19 In our study, none 
of them were correlated with upgrade or downgrade.

PSA density has been used to diagnose prostate cancer 
and it correlates with its aggressiveness. To our knowledge, 
the positive impact of PSA density to predict GS changes 
has been reported only in one study.15 Our analysis showed 
that higher PSA density values are highly associated with 
upgrade in patients with a preoperative GS ≤6 (p = 0.008). 
This observation is limited by its postoperative PSA density 
calculation, even though there is a great positive correlation 
between preoperative (during transrectal ultrasound) and 
postoperative calculation of prostate volume.25

Conclusions

The overall accuracy of biopsy GS in predicting actual dis-
ease grade is severely restricted. PSA, patient’s age, number 
of biopsy cores, the presence of HGPIN and prostatitis are 
not correlated with grade changes between biopsy and RP. 
On the other hand, PSA density >0.155 ng/mL2 and prostate 
volume <34.5 mL was significantly associated with upgrade 
in patients with preoperative GS ≤6. This observation may 
assist in the appropriate treatment selection for patients with 
prostate cancer.

Competing interests: None declared. 

Table 2. Characteristics of patients with biopsy Gleason 
score≤6 regarding upgrade after radical prostatectomy

no upgrade upgrade p value

No. patients, n (%) 55 (36.4) 96 (63.6)

Age (years) 0.590‡

Mean ± SD, IQR 66.6 ± 6.2, 10 65.9 ± 6.6, 9

Prostate volume (mL) 0.014‡*

Mean ± SD, IQR 54.2 ± 26.1, 34 45.0 ± 24.4, 31

PSA (ng/mL) 0.193‡

Mean ± SD, IQR 9.0 ± 5.0, 3.7 10.2 ± 5.5, 5.3

PSA density (ng/mL2) 0.006‡*

Mean ± SD, IQR
0.20 ± 0.11, 

0.15
0.29 ± 0.25, 

0.19

No. biopsy cores 0.287‡

Mean ± SD, IQR 12.3 ± 6.7, 8 11.2 ± 5.7, 7

Prostatitis, n (%) 0.768§

Positive 26 (37.7) 43 (62.3)

Negative 29 (35.4) 53 (64.6)

HGPIN, n (%) 0.891§

Positive 31 (36.9) 53 (63.1)

Negative 24 (35.8) 43 (64.2)
*statistical significance; †Student’s t test; ‡Mann-Whitney U test; §Chi-square χ2 test; 
SD: standard deviation; IQR: interquartile range; GS: Gleason score; HGPIN: high-grade 
prostatic intraepithelial neoplasia; PSA: prostate-specific antigen.

Table 3. Characteristics of patients with biopsy Gleason 
score ≤7 regarding downgrade after radical prostatectomy

No 
downgrade

Downgrade p value

No. patients, n (%) 91 (75.8) 29 (24.2)

Age (years) 0.191†

Mean ± SD, IQR 67.5 ± 5.8, 8 65.7 ± 6.7, 11

Prostate volume (mL) 0.119‡

Mean ± SD, IQR 39.9 ± 16.5, 23 46.9 ± 21.6, 27

PSA (ng/mL) 0.108‡

Mean ± SD, IQR
12.9 ± 10.9, 

8.3
10.1 ± 7.1, 5.8

PSA density (ng/mL2) 0.033‡*

Mean ± SD, IQR
0.41 ± 0.48, 

0.24
0.26 ± 0.23, 

0.18

No. biopsy cores 0.865‡

Mean ± SD, IQR 12.8 ± 6.5, 8 12.2 ± 3.9, 4

Prostatitis, n (%) 0.842§

Positive 42 (75.0) 14 (25.0)

Negative 49 (76.6) 15 (23.4)

HGPIN, n (%) 0.335§

Positive 44 (72.1) 17 (27.9)

Negative 47 (79.7) 12 (20.3)
*statistical significance; †Student’s t test; ‡Mann-Whitney U test; § Chi-square χ2 test; 
SD: standard deviation; IQR: interquartile range; GS: Gleason score; HGPIN: high-grade 
prostatic intraepithelial neoplasia; PSA: prostate-specific antigen.
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Table 4. Multivariate analysis of predictive factors for 
upgrade in patients with biopsy Gleason score ≤6 (Group 1) 
and downgrade in patients with Gleason score ≤7 (Group 2)

Variables p value
Group 1 Group 2

Age 0.502 0.153

Prostate volume 0.032* 0.066

PSA 0.173 0.196

PSA density 0.008* 0.120

No. biopsy cores 0.275 0.607

Biopsy GS 0.024* 0.100

First Gleason pattern 0.033* 0.462

Second Gleason pattern 0.042* 0.261

HGPIN 0.891 0.335

Prostatitis 0.768 0.842
*statistical significance; GS: Gleason score; PSA: prostate-specific antigen; HGPIN: high-
grade prostatic intraepithelial neoplasia.


