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Purpose: It is debated whether treatment delay worsens oncologic results in localized 
prostate cancer (PCa). Few studies have focused on the role of a delay between the time 
of biopsy and the time of surgery. Thus, we aimed to investigate the effect of the time 
period between biopsy and surgery on Gleason score upgrading (GSU).
Materials and Methods: A total of 290 patients who underwent radical retropubic pros-
tatectomy in Ankara Training and Research Hospital were included in the study. The 
biopsy Gleason score, age, total prostate-specific antigen (PSA) value, prostate vol-
umes, and PSA density (PSAD) were analyzed in all patients. The patients were divided 
into two groups: patients with GSU (group 1) and patients without GSU (group 2). 
Variables having a p-value of ≤0.05 in the univariate analysis were selected and then 
evaluated by use of multivariate logistic regression models. Results were considered 
significant at p＜0.05.
Results: GSU occurred in 121 of 290 patients (41.7%). The mean age of the patients 
was 66.0±7.2 years in group 1 and 65.05±5.60 years in group 2 (p=0.18). The mean PSA 
values of groups 1 and 2 were 8.6±4.1 and 8.8±4.3 ng/dL, respectively. The mean pros-
tate volumes of groups 1 and 2 were 43.8±14.1 and 59.5±29.8 mL, respectively. The 
PSAD of group 1 was significantly higher than that of group 2 (0.20 vs. 0.17, p=0.003). 
The mean time to surgery was shorter in group 2 (group 1, 52.2±22.6 days; group 2, 
45.3±15.5 days; p=0.004). According to the logistic regression, time from biopsy to sur-
gery is important in the prediction of GSU.
Conclusions: We suggest that the time period between biopsy and surgery is a sig-
nificant factor that affects GSU in patients with clinically localized PCa.
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INTRODUCTION

At present, the diagnosis rate of early-stage prostate can-
cer (PCa) has increased owing to widely used prostate-spe-
cific antigen (PSA) measurements [1]. The treatment op-
tions of newly diagnosed, low-risk localized PCa include ac-
tive follow-up, radical prostatectomy (RP), and radio-
therapy [2,3]. Gleason score (GS) at biopsy is one of the most 
important factors for deciding on a treatment. Unfortuna-
tely, a clear discordance has been shown between biopsy 

and pathologic GS. Several studies have reported upgrad-
ing from GS6 at the time of biopsy to GS7 after RP in up 
to 30% to 60% of cases [4,5]. 

Several factors affect the duration between biopsy and 
surgery in patients who are planning to undergo RP. 
Among these are increased use of active surveillance, the 
time taken to inform patients about the therapeutic op-
tions, and scheduling issues. It is debated whether treat-
ment delay deteriorates oncologic results in localized PCa 
[6-8]. On the other hand, Gleason score upgrading (GSU) 
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TABLE 1. Comparison of age, total PSA, prostate volume, PSAD, 
time from biopsy to surgery, the average core length in prostate 
biopsy, the average percentage of tumor in cores, and pathologic 
tumor volume between the groups

Variable
Group 1 

(upgrade)
Group 2 

(nonupgrade)
p-value

Age (y)
TPSA (ng/dL)
PV (mL)
PSAD
Timea (d)
Core lengthb

MPT in cores 
No. of PC
PTV (cm3) 

66.0±7.2
  8.6±4.1
43.8±14.1
0.20±0.11
52.2±22.6
11.1±1.3
0.40±0.29
  2.6±1.8
0.32±0.20

65.0±5.6
  8.8±4.3
59.5±29.8
0.17±0.10
45.3±15.5
11.3±1.6
0.30±0.22
  2.3±1.8
0.27±0.19

0.180
0.790

  0.0001
0.003
0.004
0.250
0.001
0.260
0.027

Values are presented as mean±standard deviation.
PSA, prostate-specific antigen; TPSA, total PSA; PV, prostate vol-
ume; PSAD, PSA density; MPT, mean percentage of tumor; PC, 
positive cores; PTV, pathological tumor volume. 
a:From biopsy to surgery. b:The average core length in prostate bi-
opsy (mm).

at prostatectomy has been associated with poorer out-
comes [9].

Numerous studies have attempted to characterize the 
risk of GSU [10-12]. However, few studies have focused on 
the role of a delay between the time of biopsy and the time 
of surgery. For this reason, we aimed to investigate the ef-
fect of the period between biopsy and surgery on GSU. 

MATERIALS AND METHODS

After Institutional Review Board approval was obtained 
for the study, 422 patients who underwent radical retro-
pubic prostatectomy in Ankara Training and Research 
Hospital between August 2005 and May 2012 were retro-
spectively reviewed. A total of 132 patients with PSA＞20 
ng/dL, a clinical stage greater than T1c, biopsy GS＞6, 
missing data, and a history of previous biopsy were 
excluded. The remaining 290 patients were included in the 
study. GSU was regarded as a GS equal to or greater than 
7 after a biopsy GS of 5 or 6. The pathology specimens were 
evaluated by a single experienced genitourinary patholo-
gist of the hospital mentioned above. The patients were div-
ided into two groups as those with GSU (group 1) and those 
without GSU (group 2). 

All patients included in the study had normal results on 
a digital rectal examination. All patients were diagnosed 
with PCa after 12-core biopsies obtained with transrectal 
ultrasonography (TRUS), which was performed because of 
a high PSA level (＞2.5 ng/dL). 

The biopsy GS, age, total PSA value, prostate volumes 
measured with TRUS, PSA density (PSAD), the number of 
positive cores, the mean tumor percentage in the cores, 
mean biopsy core length, pathologic GS, postoperative tu-
mor volume, presence of capsule invasion, presence of pos-
itive surgical margins, seminal vesicle invasion, positive 
lymph nodes, and the duration between diagnosis of PCa 
with biopsy and the time of RP were analyzed in all 
patients. 

TRUS was performed by using LOG-13 41123WS1 
(General Electric, New York, NY, USA) ultrasonography 
equipment with a 6.5-MHz biplane transrectal probe. 
Transrectal ultrasound prostate volume was calculated by 
using a computer-generated elliptical estimation of 
0.52×length×width×height. 

The data analysis was performed by using SPSS ver. 11.5 
(SPSS Inc., Chicago, IL, USA). Descriptive statistics for 
variables with a normal distribution were shown as 
means±standard deviations. Statistical analysis of con-
tinuous data between two groups consisted of Student 
t-test. Categorical variables between the two groups were 
tested with the chi-square and Fisher exact test.

Variables having a p-value of ≤0.05 in the univariate 
analysis (prostate volume, PSAD, pathological tumor vol-
ume, time from biopsy to surgery, and mean percentage of 
tumor in cores) were selected and then evaluated by multi-
variate logistic regression models. The significant factors 
were listed with corresponding odds ratios. All results were 

considered significant at p＜0.05. 

RESULTS

GSU occurred in 121 of 290 patients (41.7%). The mean age 
of the patients was 66.0±7.2 years in group 1 and 65.05± 
5.60 years in group 2 (p=0.18). The mean prostate volumes 
of groups 1 and 2 were 43.8±14.1 mL and 59.5±29.8 mL, 
respectively. The PSAD of group 1 was significantly higher 
than that of group 2 (0.20 vs. 0.17, respectively; p=0.003) 
(Table 1). The average percentages of tumor in cores were 
0.40%±0.29% and 0.30%±0.22% in groups 1 and 2, re-
spectively (p=0.001) (Table 1). 

There was capsule invasion in 74 of 121 patients in group 
1 (61.1%), whereas capsule invasion was evident in 34 of 
169 patients in group 2 (20.1%, p=0.0001). Similarly, ex-
traprostatic extension was seen in 24 of 121 patients in 
group 1 (19.8%) and 11 of 169 patients (6.5%) in group 2 
(p=0.001). The rates of seminal vesicle invasion in groups 
1 and 2 were 4.1% and 1.7%, respectively (p=0.22). The cate-
gorical comparative data of groups 1 and 2 are presented 
in Table 2. The mean time to surgery was shorter in group 
2 (group 1, 52.2±22.6 days; group 2, 45.3±15.5 days; 
p=0.004).

According to the logistic regression, the time from biopsy 
to surgery, prostate volume, and percentage of tumor in 
cores were important in the prediction of GSU with a re-
ceiver operating characteristic area under the curve of 
0.737 (95% confidence interval, 0.680–0.793; p=0.0001). 
The significant factors are listed with corresponding odds 
ratios (Exp(B)) in Table 3.
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TABLE 3. Results of multivariate logistic regression analysis for Gleason score upgrading

Variable B SE Wald df Sig. Exp(B)
95% CI for EXP(B)

Lower Upper

Timea (d)
PV (mL)
PSAD
PTV (cm3) 
MPT in cores 
Constant

0.022
0.035
–

0.265
1.819
–

0.007
0.009
1.361
0.706
0.539
0.739

  9.482
16.392
  0.007
  0.140
11.404
  0.234

1
1
1
1
1
1

0.002
0.000
0.932
0.708
0.001
0.629

1.023
1.030
0.890
1.303
6.166
0.700

1.008
0.949
0.062
0.327
2.145

-

  1.037
  0.982
12.834
  5.199
17.722

-

CI, confidence interval; PV, prostate volume; PSAD, prostate-specific antigen density; PTV, pathological tumor volume; MPT, mean 
percentage of tumor.
a:From biopsy to surgery.

TABLE 2. Comparison of capsular invasion, positive surgical 
margins, extraprostatic extension, seminal vesicle invasion, 
and positive lymph nodes between the groups

Variable
Group 1 

(upgrade)
Group 2 

(nonupgrade)
p-value

Positive surgical margin
    +
    –
Capsular invasion
    +
    –
Extraprostatic extension
    +
    –
Seminal vesicle invasion
    +
    –
Lymph node
    +
    –

  40 (33.0)
  81 (67.0)

  74 (61.1)
  47 (38.9)

  24 (19.8)
  97 (80.2)

    5 (4.1)
116 (95.9)

    3 (2.4)
118 (97.6)

  19 (11.2)
150 (88.8)

  34 (20.1)
135 (79.9)

  11 (6.5)
158 (93.5)

    3 (1.7)
166 (98.3)

    2 (1.1)
167 (98.9)

0.0001

0.0001

0.001

0.220

0.400

Values are presented as number (%).

DISCUSSION

In today’s PSA era, most PCa cases are diagnosed when 
they have a low risk and are at a low stage. In case of newly 
diagnosed, clinically localized PCa, informing patients 
about their therapeutic options takes some time. The time 
elapsed for this information differs for every patient, and 
informing the patient can take a long time. 

It is debated whether delay in treatment has a negative 
effect on oncological results [6-8]. Studies that have ana-
lyzed the effect of the period between the biopsy and the sur-
gery usually take biochemical failure (BF) into account, be-
cause it is the earliest marker. The results of these studies 
are conflicting, however [7,8].

Nam et al. [7] reported that the 10-year recurrence-free 
survival rate was 74.6% when the period between diag-
nosis and RP was less than 3 months, whereas it was 61.3% 
when this period was more than 3 months. O’Brien et al. 

[13] performed a study on 1,111 patients and found the BF 
rate to be 5% and 12%, respectively, in those who had RP 
within 6 months and those who had RP more than 6 months 
after the diagnosis (p=0.04).

Boorjian et al. [14] followed up their 3,149 RP cases for 
a mean period of 5.4 years and could not show any effect 
of treatment delay on BF. In the past decade, large studies 
performed in Johns Hopkins [8], Memorial Sloan-Kette-
ring [15], and Sweden [16] did not show a deleterious effect 
of treatment delay on the oncological results. 

BF is the best indicator of early PCa recurrence. 
Although a number of studies have studied the effect of 
treatment delay on BF, only a few have studied the effect 
of this delay on GSU. Holmstrom et al. [16] investigated the 
effects of primary and deferred RP on GSU, positive surgi-
cal margins, extraprostatic extension, and PCa-related 
death in their study with 2,566 patients. The authors found 
rates of GSU of 25% in primary RP and 38% in deferred RP 
(p＜0.001).

Nowadays, the rate of GSU has been found to be 30% to 
50% in a number of simultaneous RP series [17-19]. In our 
study, the GSU rate of 41.7% is similar to the results of the 
aforementioned studies. This means that one third of tu-
mors are not graded correctly. These tumors in fact have 
a GS equal to or greater than 7 and would have lower bio-
chemical-recurrence-free survival rates [20]. We can treat 
these patients better if we know the risk factors for GSU. 

Davies et al. [21] investigated the effect of prostate vol-
ume on GSU in 1,251 patients and determined a larger 
prostate size in the group without GSU. The authors found 
that high PSA, greater number of cores, and a high tumor 
involvement rate were statistically significantly higher in 
the upgrade group. However, those authors stated that the 
duration between biopsy and surgery did not affect upgrad-
ing (p=0.2).

Authors who have studied the importance of prostate vol-
ume on GSU have reported conflicting results. The inves-
tigators who supported the finding that the rate of upgrad-
ing is higher in large prostates argued for sampling errors. 
They claimed that the probability of identifying previously 
overlooked high-grade foci postoperatively is high because 
it is not possible to examine a large prostate completely 
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preoperatively. On the other hand, other investigators 
claimed that the possibility of high-grade cancer is higher 
in small prostates, and that this is why the probability of 
postoperative GSU is higher in those patients [17,22].

The SEARCH database study of Turley et al. [12] re-
ported that the GSU risk might decrease in large prostates 
with an increase in core numbers. Those authors showed 
that the upgrade rate increased as the number of cores in-
creased in prostates smaller than 30 g, whereas it de-
creased in prostates larger than 50 g. They also reported 
that GSU was related not only to the size of the prostate 
but also to the number of cores obtained. 

Freedland et al. [23] reported that the risk of GSU was 
7.5 times higher in prostates ＜20 mL than in those ≥100 
mL. Similarly, the results of Turley et al support these find-
ings [11].

Serkin et al. [24] found a GSU rate of approximately two 
times in those with a biopsy core positivity of more than 
50%. Kundu et al. [25] showed that increased PSAD was 
associated with more aggressive clinically localized PCa. 
In our study, we found a higher upgrade rate in patients 
with low prostate volumes and high PSAD, similar to the 
aforementioned study (43.8 mL vs. 59.5 mL, p=0.0001). We 
have further evidence showing that smaller prostates with 
increased PSAD may be more likely to be upgraded and 
may harbor a cancer more aggressive than the initial biop-
sy revealed. The multivariate logistic regression results 
showed that decrease in prostate volume was a prognostic 
factor for GSU (odds ratio, 1.07; p＜0.0001).

Hong et al. [26] investigated predictive factors for GSU 
risk in 203 patients in whom 12-core biopsies were 
obtained. The authors found similar age, body mass index, 
presence of hypoechoic lesions on TRUS, prostate volume, 
and clinical grade in the upgrade and nonupgrade groups; 
however, the preoperative PSA level, PSAD, number of 
positive cores, total biopsy tumor length, and the average 
tumor percentage in the core were significantly higher in 
the upgrade group. Similar studies have shown that high 
PSA and high tumor core percentage have important ef-
fects on GSU [27,28]. In concordance with the literature, 
positive surgical margin, extraprostatic extension, and 
capsular invasion were statistically significantly higher in 
the upgrade group (p=0.0001, p=0.0001, and p=0.001, re-
spectively). The tumor percentage in the cores was higher 
in the upgrade group (p=0.001), in concordance with the lit-
erature [21,26]. In addition, logistic regression analysis 
showed that an increase in percentage of tumor was in-
dependently associated with 6.16 increased odds of GSU 
(95% confidence interval, 2.145–17.722).

Richstone et al. [29] reported that upgrade risk increased 
over 70 years of age when compared to age under 70 years. 
In another study, no relation was found between age and 
GSU [30]. Similarly, the ages were similar in the upgrade 
and nonupgrade groups in our study.

The time from biopsy to surgery was significantly longer 
in patients who had an upgrade (p=0.004). Time from biop-
sy to surgery is an independent prognostic risk factor for 

GSU (odds ratio, 1.023; p=0.002). These results indicate 
that the period between biopsy and surgery is a significant 
factor that affects GSU.

The limitations of our study were its retrospective design 
and the limited number of patients. However, the inclusion 
of only clinical stage T1c patients, the collection of 12-core 
biopsies from all patients, and a relatively narrow PSA 
range (PSA＜20 ng/dL) increase the power of our study. 

CONCLUSIONS

We suggest that the period between biopsy and is an im-
portant factor that affects GSU. However, the exact time 
to wait for surgery is not clear. Further prospective and 
randomized studies with larger patient groups should be 
considered. 
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