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predictive factors of GS upgrading. A score ranged between 
−4 and 12 with a cutoff value of 2 was established. In 
the development cohort, the accuracy of predictive score 
was 63.7 % and the positive predictive value was 71.2 %. 
Results were confirmed in the validation cohort.
Conclusion  This predictive tool might be used to screen 
patients initially diagnosed with low-grade PCa but harbor-
ing occult high-grade disease.

Keywords  Humans ·  Male ·  Middle aged ·  Prostatic 
neoplasms ·  Biopsy · Neoplasm grading ·  Prostatectomy · 
Nomograms

Introduction

Biopsy Gleason score (GS) is commonly used with clini-
cal stage and PSA level to assess evolution risk of prostate 
cancer (PCa) [1]. However, biopsy and final pathological 
specimen GS are inconstantly correlated with each other. 
Previous reports suggest that up to 30–60 % of men with 
a low-grade PCa at biopsy will be diagnosed with more 
aggressive PCa at radical prostatectomy (RP) [2, 3]. Given 
that biopsy GS is based on the examination of a small part 
of the prostate, it is not surprising that examination of the 
entire gland leads to GS upgrading. Therefore, the risk of 
upgrading decreases with extended biopsy schemes due to 
higher sampling density and more accurate pathological 
biopsy evaluation [4].

Exact determination of biopsy GS is of particular inter-
est for patients with low or intermediate risk PCa who 
might be eligible for conservative management such as 
active surveillance (AS) or nerve sparing surgery (NSS). 
However, failure of biopsies to detect high-grade disease 
is responsible for an overestimation of biopsy GS  ≤  6 
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which can consequently affect treatment results. Indeed, 
GS upgrading after RP increases the risk of extracapsular 
extension (ECE) and posttreatment biochemical recur-
rence [3]. Therefore, the challenge remains to identify low 
risk patients with occult high-grade disease who should be 
screened out for subsequent conservative management.

Despite pathologists’ intra- or inter-observer variabil-
ity and sampling error, predictive factors of GS upgrad-
ing have previously been reported [5]. Preoperative PSA 
level, clinical stage, prostate weight, biopsy cores num-
ber, positive cores number and length of cancer might be 
used to improve GS correlation [6, 7]. Several nomograms 
with variable accuracies have been proposed to predict the 
probability of GS upgrading after RP [8–11]. However, no 
predictive model has been especially developed on a large 
population study of patients with biopsy GS ≤ 6. Based on 
clinical, biological and pathological criteria used to select 
candidates to AS, we aimed to develop and validate a new 
predictive score to screen patients with biopsy GS ≤ 6 at 
risk of GS upgrading.

Materials and methods

Population

Clinical and pathological data of 1,179 patients managed 
with RP for a biopsy GS ≤ 6 PCa between 1998 and 2012 
in the Henri Mondor academic hospital were prospectively 
collected. After PSA level measurement, all patients under-
went a digital rectal examination (DRE) to eliminate ECE 
or seminal vesicles invasion and to determine the clini-
cal stage according to the PCa TNM classification. Only 
biopsy GS ≤ 6 patients who fulfilled the widely accepted 
D’Amico low or intermediate categorization were selected. 
Thus, inclusion criteria were a biopsy GS ≤ 6 PCa with a 
clinical stage ≤ T2b and a preoperative PSA ≤ 20 ng/ml.

The population study was randomly split into two sub-
groups. The development cohort consisted in 822 patients 
and was used to construct the predictive score. The valida-
tion cohort consisted in 357 patients and was used to vali-
date the score.

Pathological evaluation

Indications for prostate biopsies included a PSA 
level  ≥  4  ng/ml and/or suspicious DRE. All transrectal 
ultrasound (TRUS) guided biopsies were performed in our 
center by the attending urologist. After prostate weight 
assessment, a uniform technique with an end-fire ultra-
sound transducer, biopsy gun and 18-gauge needle was 
used. However, various biopsy schemes with different num-
bers of biopsies have been performed over the years. The 

6-core scheme included the sextant biopsies, the 12-core 
scheme added the six additional lateral peripheral biopsies, 
and the 21-core scheme added the three midline cores and 
the six transition zones cores. All cores were mapped for 
location and submitted separately for pathological evalu-
ation to our senior referent uropathologist. Besides GS, 
number of biopsy cores, number of positive cores and 
length of cancer were also assessed.

After RP, specimens were step-sectioned and analyzed 
as quarter-mounts by the same uropathologist according 
to the Stanford protocol [12]. Final pathological GS was 
determined and compared to biopsy GS to assess the rate 
of GS upgrading defined as the pathological diagnosis of a 
GS ≥ 7 PCa on RP specimen. The ISUP 2005 criteria were 
used to assign most recent GS, whereas older biopsy cores 
and RP specimens were re-evaluated according to subse-
quent criteria to provide a homogenous cohort of patients 
[13].

Statistical analyses

Results of quantitative variables are presented as 
mean ± SD or median [IQR = 1st–3rd quartile] in case of 
asymmetric distribution. In the development cohort, univar-
iate analysis (Chi-square test for categorical data, Student’s 
t test for continuous data) first identified factors related to 
GS upgrading. Then, predictive factors of GS upgrading (at 
a p ≤ 0.10 level) were tested in a forward stepwise logistic 
regression model. A prognostic score was derived using the 
independent variables (at a p ≤  0.05 level) and weighted 
according to the estimated β regression coefficient of the 
final model. We made a linear transformation of β coeffi-
cient. A score was assigned to each patient. To differenti-
ate between patients with or without GS upgrading, a cutoff 
value was derived from the area under the receiver oper-
ating characteristic (AUROC) curve of the score, based on 
the highest Youden index. Calibration of the model was 
assessed using Hosmer–Lemeshow C test. Performances 
of the score are given with their 95 % confidence intervals. 
The performance of the predictive score was subsequently 
tested in the validation cohort. The statistical analysis was 
performed using SPSS© 18 (SPSS Inc., Chicago, IL, USA) 
and STATA© 11 (StataCorp, College Station, TX, USA).

Results

Population

The principal descriptive characteristics of the 1,179 
patients are shown in Table 1. The development and vali-
dation cohort did not differ significantly in terms of clin-
icopathologic characteristics. After RP, 669 patients were 
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diagnosed with final GS ≥ 7 PCa. Therefore, the rate of GS 
upgrading was 56.7 %. Open, pure laparoscopic and robot-
assisted RP was performed in 61 (5.2 %), 610 (51.7 %) and 
508 (43.1 %) patients, respectively.

Risk factors analyses

Prostate weight, length of cancer per core, and number or 
percentage of positive biopsy cores were strongly related 
to GS upgrading in univariate analysis (p < 0.001). Other 
significant related factors were age (p = 0.06), PSA level 
(p =  0.042) and number of biopsy cores (p =  0.018). In 
multivariate analysis, a length of cancer per core > 5 mm 
was the most informative independent predictive fac-
tor of GS upgrading (OR 2.938; 95 % CI =  [2.17–3.98]; 
p  <  0.001) and was followed by a PSA level  >  15  ng/ml 
(OR 2.365; 95  %  CI  =  [1.23–4.56]; p  =  0.01) and an 

age > 70 (OR 1.746; 95 % CI = [1.21–2.55]; p = 0.016). 
Conversely, a prostate weight  >  50  g (OR  =  0.656; 
95 % CI = [0.48–0.89]; p < 0.007) and a number of biopsy 
cores > 12 (OR = 0.696; 95 % CI = [0.49–0.99; p = 0.041) 
were independent protective factors of GS upgrading. 
Results of multivariate analysis are reported in Table 2.

Predictive score

Points ranged between −2 and 5 and weighted according 
to β coefficient were attributed to each independent predic-
tive factor. Then, the total score ranging between −4 and 
12 was established by summing all points. Predictive score 
is reported in Table 2. A cutoff value of 2 corresponded to 
the greatest Youden Index and was therefore selected to dis-
criminate patients at risk of GS upgrading. Figure 1 shows 
ROC curve analysis with an area under the curve of 0.68 

Table 1   Clinicopathologic 
characteristics of the 1,179 
patients with biopsy GS ≤ 6 
PCa treated with RP

Characteristics Development cohort Validation cohort Total p

No patients 822 357 1,179

Mean age ±1 SD (years) 63.1 ± 6.4 62.9 ± 6.7 63.0 ± 6.5 0.65

 ≤60 271 (33.0) 121 (33.9) 392 (33.2) 0.86

 [60–70] 417 (50.7) 175 (49.0) 592 (50.2)

 >70 134 (16.3) 61 (17.1) 195 (16.5)

Median PSA [IQR] (ng/ml) 6.45 [5–9.5] 6 [4.8–8.65] 6.4 [5–9] 0.042

 ≤5 207 (25.2) 108 (30.3) 315 (26.7) 0.23

 [5–10] 450 (54.7) 190 (53.2) 640 (54.3)

 [10–15] 105 (12.8) 36 (10.1) 141 (12.0)

 >15 60 (7.3) 23 (6.4) 83 (7.0)

Clinical stage

 T1 (%) 705 (85.8) 307 (86) 1,012 (85.8) 0.92

  T1a 2 0 2

  T1b 2 0 2

  T1c 701 307 1,008

 T2 (%) 117 (14.2) 50 (14) 167 (14.2)

  T2a 101 46 147

  T2b 16 4 20

Median prostate weight [IQR](g) 50 [38–64] 50 [37–65] 50 [38–64] 0.76

 ≤50 450 (54.7) 189 (52.9) 639 (54.2) 0.57

 >50 372 (45.3) 168 (47.1) 540 (45.8)

Median no biopsies [IQR] 21 [15–21] 21 [15–21] 21 [15–21] 0.83

Median no positive biopsies [IQR] 2 [1–4] 2 [1–4] 2 [1–4] 0.09

Median length of cancer [IQR] (mm) 4.6 [1.7–11.9] 4.9 [1.7–12.0] 4.7 [1.7–12] 0.71

 ≤5 444 (54.0) 189 (52.9) 639 (54.2) 0.85

 >5 378 (46.0) 168 (47.1) 540 (45.8)

% of cancer per core [IQR] 2.7 [0.9–7.6] 2.8 [0.8–7.6] 2.7 [0.9–7.6] 1

GS upgrading (%) 57.4 55.2 56.7 0.48

 7 445 (54.1) 187 (52.4) 632 (53.6) 0.88

 8 19 (2.3) 7 (2.0) 26 (2.2) 11

 9–10 8 (1.0) 3 (0.8) (0.9)
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(95  %  CI =  [0.65–0.71]; p  <  0.001). In the development 
cohort, the accuracy of predictive score was 63.7 % [60.4–
67.0 %] and the positive predictive value was 71.2 % [66.8–
75.6  %]. Results were confirmed in the validation cohort 

with an accuracy of 63.9 % [58.9–68.9 %] and a positive 
predictive value of 69.8 % [62.9–76.6 %].

Discussion

Over the last 20  years, widespread use of PSA level has 
obviously increased the detection of localized PCa and 
also resulted in considerable stage migration. However, ini-
tial PCa staging based on D’Amico classification is often 
subject to variations especially for patients diagnosed with 
low-grade disease. If biopsy GS remains the most signifi-
cant prognostic factor even four decades after its initial 
description, it also correlates poorly with final pathologi-
cal specimen GS. Indeed, a variable proportion of biopsy 
GS  ≤  6 patients harbor occult high-grade disease. After 
RP, we reported a rate of GS upgrading from 6 to ≥ 7 as 
high as 56.7  %. In the literature, discrepancies between 
biopsy and final pathological specimen GS are highly vari-
able, but two European studies including a large number of 
patients (n = 2,982; n = 4,789) noticed an upgrading rate 
of 30  % [8, 14] which was confirmed by Cohen et  al. in 
a large meta-analysis (n =  14,839) that did not take into 
account the difference before and after ISUP modifications 
[15]. We choose to use the ISUP 2005 criteria to perform 
pathological evaluation of needle biopsies and RP speci-
mens in order to reduce the risk of GS upgrading. Indeed, 
the original Gleason grading system restricted Gleason pat-
tern 4 only to cases with irregular cribriform architecture 
and fused glands, whereas the modified system assigned 
Gleason pattern 4 to almost all cribriform patterns previ-
ously classified as Gleason pattern 3. Consequently, ISUP 
modifications resulted in a shift of GS distribution on 
biopsy cores toward more aggressive PCa and a decrease 
of GS upgrading after RP especially among patients diag-
nosed with biopsy GS ≤ 6.

GS upgrading has been widely explained by intra- and 
inter-observer variability. A recent study reported an 
intra-observer reproducibility of 77  % [16], but the inter-
observer concordance rate in achieving exact GS may only 
range from 22 to 37 % [17, 18]. Carlson et al. [19] reported 
an increase to 68 % when all specimens were analyzed at 
a large, specialized uropathology laboratory. Besides vari-
ations in the pathologist interpretation, biopsies may pos-
sibly miss an area of grade 4 or 5 cancer leading also to the 
under staging of the disease.

To improve the correlation between biopsy and final 
specimen GS, clinical, biological or pathological predictive 
factors have previously been reported in the literature. We 
found that an age  >  60 was a risk factor for GS upgrad-
ing, while a prostate weight evaluated with TRUS > 50 g 
was a protective factor. Only few studies have analyzed the 
effect of age on GS upgrading, but most of them were in 

Table 2   Results of multivariate analyses and predictive score to 
assess GS upgrading in patients with biopsy GS ≤ 6

Independent predic-
tive factors

OR [95 % CI] p β coefficient Score

Length of cancer  
per core (mm)

<0.001

 ≤5 1 0 0

 >5 2.938 [2.17–3.98] 1.078 5

PSA level (ng/ml)

 ≤5 1 0 0

 [5–10] 1.192 [0.84–1.69] 0.325 0.175 1

 [10–15] 1.624 [0.97–2.71] 0.063 0.485 2

 >15 2.365 [1.23–4.56] 0.010 0.861 4

Age

 ≤60 1 0 0

 [60–70] 1.595 [1.15–2.22] 0.005 0.467 2

 >70 1.746 [1.11–2.74] 0.016 0.557 3

Prostate weight (g)

 ≤50 1 0 0

 >50 0.656 [0.48–0.89] <0.007 −0.422 −2

Number of biopsy 
cores

0.041

 ≤12 1 0 0

 >12 0.696 [0.49–0.99] −0.362 −2

Fig. 1   ROC curve analysis of GS upgrading predictive score
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accordance with our results [20, 21]. Several reports have 
shown that a decrease in prostate gland volume increases 
the risk of GS upgrading [6, 22, 23]. An explanation is that 
a small prostate weight might be a surrogate of low in vivo 
androgenicity leading to preselection of high-grade cancer 
developed in an androgen-depleted hostile environment 
[21]. However, Kulkarni et al. [24] have recently suggested 
inverse results with an increased risk of GS upgrading in 
larger glands due to sampling artifact or detection bias.

Regarding biological risk factors, our study demon-
strated a significant correlation between PSA level and 
GS upgrading. In the literature, controversial results were 
reported, but patients with higher PSA level are largely 
known to display more aggressive clinical and pathological 
features. Despite Miam et  al. [25] and King et  al. [4] did 
not noticed any correlation, Moussa et al. [6] suggested that 
PSA level was a significant risk factor for GS upgrading.

This upgrading phenomenon is also sorely influenced 
by well-known pathological risk factors. In the present 
study, the number of biopsy cores and the length of can-
cer per core were significantly correlated with GS upgrad-
ing. Results concerning the number of biopsy cores are in 
accordance with several published reports suggesting that 
extended or saturation prostate biopsies improve accu-
racy of PCa initial staging. Indeed, San Francisco et  al. 
[26] reported an overall accuracy rate of 63  % after sex-
tant biopsies compared to 76  % after extended biopsies. 
Moreover, saturation biopsies with 21 or 26 cores schemes 
might provide more accurate prediction of surgical speci-
men Gleason patterns 4 or 5 [27, 28]. Our findings revealed 
that the rates of GS upgrading after RP were 71.3, 50.1 and 
48.7  % for patients undergoing needle prostate biopsies 
according to 6-, 12- or 21-core schemes, respectively. If the 
number of biopsy cores is a consensual risk factor for GS 
upgrading, the effect of length of cancer per core appears to 
be unclear regarding previously published studies [2, 29]. 
We found that the length of cancer per core was the strong-
est risk factor for GS upgrading and might be in our opin-
ions an essential parameter to guide PCa treatment decision 
making.

Until now, four nomograms have been reported to pre-
dict the risk of GS upgrading after RP [8–11], but only two 
of them were developed in a population study exclusively 
limited to patients diagnosed with biopsy GS ≤ 6 [9, 11]. 
With an accuracy of 80 %, Chun et al. proposed a nomo-
gram including all patients diagnosed with a PCa whatever 
the GS or D’Amico stage. It has been largely demonstrated 
that using a nomogram on a different population study 
may negatively affect its predictive power. External valida-
tion of the subsequent four nomograms in a population of 
GS ≤ 6 patients indicated that the ability of the nomograms 
to screen patients at risk of GS upgrading was limited [30]. 
The models produced an AUROC ranged from 0.5 to 0.6 

which demonstrated low discriminatory power. Therefore, 
we aimed to develop and validate in a large population 
study including exclusively GS ≤ 6 patients, an easy-to-use 
predictive score including several prognostic parameters of 
PCa.

This study is limited by its retrospective design over a 
long period of inclusion and its location at a single institu-
tion. The 21-core biopsy scheme was largely used for the 
development of the proposed model which might there-
fore be less accurate for patients who underwent a 12-core 
biopsy scheme that is currently performed in many cent-
ers all across the world. Furthermore, the lack of standard 
biopsy scheme might have been responsible for under or 
over diagnosis of PCa depending on the number of biop-
sies ≤12 or >12 used during the initial procedure. However, 
biopsies were performed at one institution, and pathological 
evaluation was achieved by a single senior uropathologist 
using ISUP 2005 criteria to minimize referral bias. Despite 
several potential limitations, we identified risk factors for 
GS upgrading in the largest cohort of GS ≤ 6 patients ever 
published for the development of prognostic tools. Another 
strength of this study might be the prospective collection of 
the data with the generation of a digitized database.

Conclusion

Biopsy GS ≤  6 PCa is frequently upgraded in RP speci-
mens. Clinical, biological and pathological risk factors 
have been identified to develop a predictive score of GS 
upgrading. The probability for a patient diagnosed with 
biopsy GS ≤ 6 PCa to actually harbor high-grade disease 
is 71.2 % if the predictive score is >2. This new easy-to-use 
prognostic tool has been validated and might therefore find 
clinical applications during multidisciplinary staff meeting 
to guide clinical decision making especially regarding AS 
or NSS indications.
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