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Abstract: Background: Biopsy Gleason score (bGS) remains an important prognostic indicator for adverse outcomes 
in Prostate Cancer (PCA). In the light of recent studies purporting difference in prognostic outcomes for the sub-
groups of GS7 group (primary Gleason pattern 4 vs. 3), upgrading of a bGS of 6 to a GS≥7 has serious implications. 
We sought to identify pre-operative factors associated with upgrading in a cohort of GS6 patients who underwent 
prostatectomy. Design: We identified 281 cases of GS6 PCA on biopsy with subsequent prostatectomies. Using data 
on pre-operative variables (age, PSA, biopsy pathology parameters), logistic regression models (LRM) were devel-
oped to identify factors that could be used to predict upgrading to GS≥7 on subsequent prostatectomy. A decision 
tree (DT) was constructed. Results: 92 of 281 cases (32.7%) were upgraded on subsequent prostatectomy. LRM 
identified a model with two variables with statistically significant ability to predict upgrading, including pre-biopsy 
PSA (Odds Ratio 8.66; 2.03-37.49, 95% CI) and highest percentage of cancer at any single biopsy site (Odds Ratio 
1.03, 1.01-1.05, 95% CI). This two-parameter model yielded an area under curve of 0.67. The decision tree was 
constructed using only 3 leave nodes; with a test set classification accuracy of 70%. Conclusions: A simplistic model 
using clinical and biopsy data is able to predict the likelihood of upgrading of GS with an acceptable level of cer-
tainty. External validation of these findings along with development of a nomogram will aid in better stratifying the 
cohort of low risk patients as based on the GS. 
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Introduction

Many recent studies have shown that the pros-
tate cancers with Gleason score (GS) =7 have 
an adverse and varied prognosis depending on 
the primary Gleason pattern. Understandably, 
upgrading of a GS6 on a biopsy to a GS7 or 
more on prostatectomy may translate into 
potential adverse outcomes for the patient. 
King et al defined “clinically significant” upgrad-
ing of the biopsy as any of the following: (i) a 
biopsy Gleason score (bGS) of 6 to a prostatec-
tomy GS (pGS) of 7 or higher, (ii) a bGS 3 + 4 to 
a pGS of 4 + 3 or higher, and (iii) a bGS of 7 to 
a pGS of 8 or higher [1]. The reported rates of 
clinically significant upgrading in recent studies 
are widely varying, ranging from 14% [2] to up 
to 71.7% [3]. Factors affecting upgrading rates 

have been influenced by the type of biopsy (sex-
tant vs. Extended biopsy scheme) [4, 5], stage 
[6, 7], PSA [6-8], number of core biopsies [9] 
and biopsy GS [6, 7]. The goal of this study is to 
provide more clarification to this important 
discussion by identifying the clinical variables 
that correlated with upgrading from bGS of 6 to 
a pGS of 7 or more in this patient cohort at a 
tertiary care institution in the PSA era.

Material and methods

Case selection

The study population consisted of a cohort of 
patients who had a biopsy diagnosis of pros-
tate cancer between 1998 and 2002 based on 
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either digital rectal examination (DRE) or ele-
vated PSA at screening. The study was conduct-
ed after full approval of the Loyola University 
Medical Center Institutional Review Board (LU 
108763). The department of pathology data-
base was searched for all radical prostatecto-
mies conducted at the institution between 
1998 and 2002 for a biopsy diagnosis of PCa 
from this group of patients. A total of 647 PCa 
patients diagnosed with concurrent prostatec-
tomy data and biopsy data available were iden-
tified from this database. From this dataset, we 
selected a cohort of 281 patients with a biopsy 
GS6 that were diagnosed between 1998-2002. 
Most of these biopsies were from a pre-extend-
ed biopsy era and the median number of core 
biopsies was 8 (range = 6-12). The radical pros-
tatectomy specimen was submitted entirely if 
the specimen weighed less than 50grams and 
every other section in case of specimens weigh-
ing more than 50 grams. Clinical data including 
age, pre-biopsy PSA, and biopsy variables 
including percentage of positive biopsy sites 
(PPBS), highest percentage of cancer at any 
single site with cancer (hPCA), and presence of 
high-grade prostatic intra-epithelial neoplasia 
(HGPIN) or perineural invasion (PNI) were 
extracted.

Statistical analyses

Cases with missing values on any of the afore-
mentioned variables were deleted from the 
analyses. After appropriate transformation, 
Kolmogorov-Smirnov test for all scale data were 
not significant anymore. For univariate analy-

ses, either Student’s t-test or the non-paramet-
ric two independent sample test (Mann-
Whitney’s U test) was used for comparing 
differences in age, hPCA, PPBS and pre-biopsy 
PSA between the two outcome groups (upgrad-
ed vs. not upgraded). Multivariate logistic 
regression models (LRM) using a forward Wald 
method were constructed in Stata 10 
(Statacorp, College Station, TX) to identify fac-
tors predictive of upgrading to GS>6. Odds 
Ratio (OR) and 95% confidence intervals (CI) of 
the OR were estimated and reported after 
exponentiation of the beta estimates. Receiver 
Operator Characteristic (ROC) curves were con-
structed and the area under curve (AUC) for the 
models was evaluated using the “c” statistic. 
Additionally, a decision tree (DT) was construct-
ed using the Weka workbench using significant 
predictors from the LRM analyses to estimate 
cut-points and classification accuracy [10, 11].

Results

The baseline demographic information of the 
patients selected for the study is depicted in 
Table 1. There was no significant difference in 
age between the two groups of patients. Among 
281 patients with GS=6, ninety-two (92) were 
upgraded to GS>6 (32.7%). Among the upgrad-
ed cases, 90 (97.8%) were upgraded to GS 7, 
and 1 each (1.1%) was upgraded to GS 8 and 
GS 9. Baseline univariate analyses revealed 
only pre-biopsy PSA and highest percentage of 
cancer at any single biopsy site to be statisti-

Table 1. Baseline characteristics of this cohort of 281 patients with GS=6. Cochran-Armitage test was 
used to test the significance of linear trend of proportion of upgraded cases across the progressive 
quintiles of PSA.

Characteristics Not upgraded
(n=189)

Upgraded
(n=92) Significance

Age at testing median (range), y 58 (42-73) 58.5 (48-77) 0.21
Pre-biopsy PSA 0.0001
       Quintile 1 (0.6-4.1 ng/mL) 47 (24.9%) 9 (9.8%)
       Quintile 2 (4.2-5 ng/mL) 41 (21.7%) 19 (20.7%)
       Quintile 3 (5.1-5.9 ng/mL) 39 (20.6%) 14 (15.2%)
       Quintile 4 (6-8.4 ng/mL) 35 (18.5%) 21 (22.8%)
       Quintile 5 (8.5-63.8 ng/mL) 27 (14.3%) 29 (31.5%)
hPSA, median (range) 10 (1-80) 20 (2-10) 0.001
PPBS, median (range) 50 (17-100) 42.9 (17-100) 0.69
HGPIN in biopsy 21 (11.7%) 16 (19.3%) 0.09
PNI in biopsy 8 (4.4%) 3 (3.6%) 0.75
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cally higher in cases that were upgraded (see 
Table 2).

LRM identified a model including both the sig-
nificant variables from univariate analyses that 
had a statistically significant ability to predict 
upgrading, including pre-biopsy PSA (Odds 
Ratio 8.66; 2.03-37.49, 95% CI) and hPCA 
(Odds Ratio 1.03, 1.01-1.05, 95% CI). This two-
parameter model yielded a predictive accuracy 
of 62.2% (AUC=0.67). None of the other vari-
ables (age, PPBS, or presence of HGPIN) were 
included in the final model. (Table 2) PNI was 
not included for modeling in the multivariable 
analyses owing to very few cases that had PNI 
in both outcome groups.

DT analysis (Figure 1) showed that the root 
node first splits on the PSA attribute, followed 
by a subsequent split on hPCA in the right 
branch. The tree was constructed using 66% of 
the data for training and the remaining 34% for 

testing. Using only 3 leave nodes, the tree 
obtained a test set classification accuracy of 
70%. The corresponding ROC area was 60% 
(0.6). Hence, using only a few leave nodes, the 
tree was able to give satisfactory classification 
performance.

Discussion

While the incidence of PCA has been increasing 
over the past decade, a substantial downward 
trend in clinical stage and median PSA levels at 
diagnosis are being observed. Furthermore, 
there has also been a 3 fold decrease in the 
incidence of clinical stage T3 to T4 with increas-
ing detection of low-volume cancer due to 
increased numbers of biopsies being per-
formed [12]. Therefore, clinical stage and PSA 
level are becoming less relevant when classify-
ing patients as low, intermediate, or high risk 
for treatment failure and disease progression. 
Gleason score, on the other hand, has been 
found to directly correlate with PSA failure, time 
to metastases and cancer specific mortality 
[13-15].

Although, prostatectomy Gleason score (pGS) 
is more accurate at predicting biochemical fail-
ure than biopsy Gleason score (bGS) [16]. 
However, it is the bGS that is available to the 
clinician and patient before a definitive treat-
ment strategy is decided upon. Many studies 
have clearly shown significant discrepancies 
between bGS and pGS of the radical prostatec-
tomy (RP) specimen. Furthermore, since low 
Volume/Low risk PCA is best served by RP, 
accurate identification of this subset on biopsy 
as GS6 or less is important since upgrading of 
a GS6 to a GS7 on RP may adversely change 
the risk levels and outcomes for this so called 
low-risk group as determined on a biopsy.

Table 2. Results of uni- and multi-variable analyses. Only log (PSA) and hPCA at a single biopsy site 
had the best ability to predict upgrading to a significant extent.
Predictor Univariate Statistics Multivariable Statistics

OR (95% CI) p-value OR (95% CI) p-value
Age 1.02 (0.99, 1.06) 0.15 1.02 (0.97, 1.06) 0.319

PSA 12.36 (4.32, 39.24) 0.0001 8.04 (2.18, 21.65) 0.002

hpCA 1.02 (1.01, 1.03) 0.001 1.02 (1.01, 1.04) 0.001

PPBS 1.00 (0.99, 1.01) 0.533 0.99 (0.98, 1.01) 0.897
HGPIN 0.55 (0.27, 1.12) 0.102 0.47 (0.22, 1.02) 0.057
PNI 1.24 (0.32, 4.8) 0.755 3.6 (0.53, 24.33) 0.188

Figure 1. Decision tree analyses using prebiopsy 
PSA and hPCA. Binary cutpoints derived using this 
analyses are illustrated. The tree was constructed 
using 66% of the data for training and the remaining 
34% for testing. Using only 3 leave nodes, the tree 
obtained a test set classification accuracy of 70%.
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The reported incidence of upgrading is very var-
ied in literature depending on the definition 
used and the type of biopsy schema (extended 
vs. sextant) [1, 4, 5]. The term “clinically signifi-
cant upgrade” was coined by King et al, and 
refers to either a bGS of 6 upgraded to a pGS of 
7 or higher, a bGS of 3+4 upgraded to a pGS of 
4+3 or higher, or a bGS of 7 upgraded to pGS of 
8 or higher [2]. This upgrading is important due 
to the implications on treatment options indi-
cated for a Gleason score of ≤6, 7, or ≥8. Of 
note, cancers with a bGS of 6 that were upgrad-
ed to pGS of 7 matched the pathologic charac-
teristics of cancers with a bGS of 7 and pGS of 
7. These characteristics included cancer vol-
ume, margin and seminal vesicle status, capsu-
lar involvement, and extraprostatic extension. 
Patients who had a bGS of 6 and remained pGS 
of 6 had significantly better pathologic charac-
teristics. These three scenarios demonstrate 
the overall significance of the final pathologic 
GS compared to the bGS. 

Many recent studies have investigated the fac-
tors that predict upgrading. A summary of the 
major recent studies is depicted in Table 3. One 
of the early studies by D’Amico et al identified 

that higher baseline PSA and clinical stage are 
significantly associated with upgrading [6]. The 
predictive value of PSA for upgrading has been 
reaffirmed in many subsequent studies [3, 4, 
17]. However the utility of clinical stage was 
questionable in other subsequent studies [1, 5, 
18]. Recent studies have determined that the 
prostate specific antigen density or percentage 
free PSA are significant independent predictors 
of Gleason upgrading even when accounting for 
prostate specific antigen [19-21]. Men with a 
higher PSA level, perineural invasion and high-
volume cancer at biopsy are most likely to be 
upgraded, while men with a large prostate vol-
ume and low-volume cancer at biopsy are more 
likely to be downgraded [22]. The reported 
rates of upgrading are varied in literature rang-
ing from 14% in the cohort of King et al [2] to 
71.1% in the study by Cam et al [3]. We includ-
ed the cohort of GS6 patients in our study and 
PSA remained an independent predictor of 
Gleason upgrading in our study too, in agree-
ment with most previous studies. In addition, 
the highest percentage of cancer was an addi-
tional significant predictor in our study. 
Interestingly, the import of tumor volume on 
Gleason upgrading has been conflicting in past 

Table 3. Summary of major studies till date investigating the factors associated with upgrading.

Authors Year Biopsy Cohort 
Characteristics

Upgrading Rate 
(Criteria) Predictive Factors Notable Results

Dong et al 2008 268 GS6 patients 50%
PSA, prostate volume 
and biopsy cancer 
volume

Pts. With upgrading with 
shorter RFS

Kulkarni et al 2007 175 low-risk Pca 34% PSA, Path Expertise Nomogram with c=0.71 
(BCA*=0.65)

Pinthus et al. 2006 Subset of 205 with 
GS6 ~50% PSA, Tumor volume 

on Biopsy  

Mian et al 2006 426 patients (225 
Sextant; 206 EB**) 44% Type of Biopsy (EB 

vs.Sextant)

Extended Biopsy 
scheme with less 
upgrading

King et al 2006 371 patients 40.70% None
Independent of Tumor 
volume or clinical 
indices

Chun et al 2006 4789 patients with 
GS 6 and GS7

28.2% (King et 
al’s criteria) PSA, Clin. stage, bGS BCA=0.75

Chun et al 2006 2880 patients with 
GS<=6

36.7% (King et 
al’s criteria)

PSA, Clinical stage, 
bGS

Nomogram with 
BCA=0.804

King et al 2005 Subset of 72 
patients with GS=6 32% None Volume indices do not 

predict upgrading

D’Amico et al 1999 420 Clinical T1c 
with bGS<=6 40%

PSA, prostate 
volume, Clin. stage 
2b, 2c

 

*BCA = Bootstrap Corrected Accuracy; **EB = Extended Biopsy. For studies since 2008 please see discussion.
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literature with some reporting significant utility 
[18], while other studies have failed to demon-
strate its utility [13, 23]. Notably, the latter 
study concluded that histologic grading from 
small amounts of cancer in prostate biopsies is 
reliable and not more prone to grading errors. 
These authors advocate that a repeat biopsy 
for these patients may not be indicated.

There are two proposed reasons for the varied 
incidence of clinically significant upgrading, one 
involving interpretational bias and the other cit-
ing sampling effects due to tumor heterogene-
ity. However, there is disagreement within the 
literature as to whether an extended biopsy 
scheme could lower the incidence of significant 
upgrading compared to the standard sextant 
biopsy pattern. Capitanio and coworkers found 
that in men assessed with 10-12 cores, the 
rate of GSU was 47.9% compared with 23.5% if 
>18 cores were taken [9]. Currently, the focus 
has moved towards using clinical factors to pre-
dict the probability of significant GS upgrading 
between biopsy and RP. The accuracy of the 
models from recent major studies have ranged 
between 65 [24]-81% [7]. Notably, Kulkarni et 
al [16] developed a nomogram with an accuracy 
of 0.71 and their nomogram included PSA, 
which was a significant predictive factor. 
Similarly Moussa et al [25] developed a nomo-
gram that had a concordance index of 0.68. 
Their cohort is similar to ours in that both 
included GS6 patients. 

Nonetheless, there are some limitations to our 
study that merit addressing: first, we included 
solely patients with subsequent RP data avail-
able. Hence, it is not possible for us to estimate 
with certainty if the similar low-risk patients 
who do not undergo RP would have potential 
high-risk disease. Second, most patients 
underwent RP around a median duration of 2 
months after biopsy and so it is unclear how 
much the disease characteristics may change 
in this interval. Thirdly the number of core biop-
sies taken in our cohort of patients is less 
(range 6-12) compared to more recent prostate 
biopsy protocols where up to 18 cores are sub-
mitted for pathological evaluation. However, at 
the same time there are studies in the litera-
ture that have shown that the number of core 
biopsies obtained is significantly lower in 
Gleason score upgraded patients in compari-
son to unchanged/downgraded Gleason score 
group. Also the prostate biopsy protocols are 

still heterogeneous and reflecting current daily 
urological practice with usage of nomograms 
based on six- and eight-core biopsy schemes 
[26]. Nonetheless, the efficacy of our model is 
comparable to the model developed by Kulkarni 
et al [24] with similar rates of upgrading. An 
important caveat for potential investigators 
regarding our study is that the applicability of 
our model may only be valid in cohorts with 
similar proportions of upgraded cases. Lastly, 
our sample size was insufficient to lend itself to 
a split-sample validation; keeping this in mind, 
we have performed a bootstrap validation to 
confirm our findings (not shown). 

Since the variance in upgrading status is only 
partly explained by model, other factors may 
still contribute to upgrading including clinical 
stage, which we have not included in our study. 
Nonetheless, we have a chosen a surrogate of 
tumor volume (hPCA) that is fast easily repro-
ducible, and accurate for pathologists to esti-
mate at the time of report sign out, instead of 
cumbersome indices as millimeter lengths of 
cancer, overall percentage of cancer etc. 
Hence, our aim was also to develop a model 
that could easily be used in a nomogram at the 
time of sign-out. If our data is validated in an 
external cohort from a western population, 
then such nomogram information may even be 
incorporated as an addendum in pathology 
reports of all patients with a bGS of 6.

In conclusion, we report an upgrading rate of 
32.7% in the GS6 cohort of patients who under-
went subsequent RP. Pre-biopsy PSA and high-
est percentage of cancer in the biopsy are sig-
nificant predictors of upgrading in the uni- as 
well as multivariable models. This information 
can be used as an adjunctive piece of informed 
clinical decision making when deciding poten-
tial treatment options for patients afflicted with 
low-risk prostate cancer, especially in patients 
seeking less invasive therapies such as active 
surveillance.
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