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ABSTRACT

The current strategy for the histological assessment of prostate cancer (PCa)
is mainly based on the Gleason score (GS). However, 30-40% of patients who
undergo radical prostatectomy (RP) are misclassified at biopsy pathologically.
Thus, we developed and validated nomograms for the prediction of Gleason score
upgrading (GSU) in patients who underwent radical prostatectomy after extended
prostate biopsy in a Chinese population. This retrospective study included a total
of 411 patients who underwent radical prostatectomy at our institute after having
prostate biopsies between 2011 and 2015. The final pathologic GS was upgraded in
151 (36.74%) of the cases in all patients and 92 (60.13%) cases in men with GS=6.
In multivariate analyses, the primary biopsy GS, secondary biopsy GS and obesity
were predictive of GSU in the patient cohort assessed. In patients with GS=6, the
significant predictors of GSU included the body mass index (BMI), prostate-specific
antigen density(PSAD) and percentage of positive cores. The area under the curve
(AUC) of the prediction models was 0.753 for the entire patient population and 0.727
for the patients with GS=6. Both nomograms were well calibrated, and decision
curve analysis demonstrated a high net benefit across a wide range of threshold
probabilities. This study may be relevant for improved risk assessment and clinical
decision-making in PCa patients.

risk of extracapsular extension (ECE) and biochemical
recurrence (BCR) [2]. In addition, it is also important that
the presence of increasing quantities of Gleason pattern

INTRODUCTION

The Gleason score (GS) is the most widely accepted

system for the grading of prostate cancer (PCa) [1].
However, due to problems inherent with needle biopsy
sampling, there is usually a difference between the GS
at biopsy and the GS at radical prostatectomy (RP).
According to the available reports, approximately 30-40%
of patients who undergo RP are misclassified during the
pathological review of the biopsy [2].

The decision-making process regarding the
treatment options for patients with PCa, such as active
surveillance, radical prostatectomy, brachytherapy
or cryosurgery, is highly reliant on GS. Thus, precise
determination of the GS at biopsyis of particular
interest for clinical decision-making. For instance, GS
upgrading (GSU) after RP is highly associated with a

4 results in an increased risk of biochemical disease
recurrence, a need for adjuvant therapy, and cancer-
specific mortality [3]. Importantly, there are substantial
differences in the outcomes between patients with a GS of
3+4 and 4+3 or higher [4].

Although several nomograms for predicting GSU
after RP have been reported [5—7], there is evidence that
there is a high degree of racial variation in the upgrading
and upstaging among patients of different races [8]. This is
because the epidemiology and patient spectrum of PCa in
China and other Asian countries with similar situations are
quite different from those of Western populations [9, 10].
First, more Chinese patients are diagnosed with a higher
grade GS; for example, patients diagnosed with a GS of >7
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accounted for 80% of the total patients in a collaborative
report in Asia [11]. We designed this study based on the
Chinese population by introducing two nomograms: one
for the overall patients and one for those patients with a
GS=6. Second, a comparative study showed that the PCa
prevalence on autopsy was similar between unscreened
Caucasian and unscreened Asian Men; nevertheless, the
rate of high-grade prostate cancer (HGPCa) was higher
in unscreened Asian men than in unscreened Caucasian
men, even after adjusting for age and prostate weight [12],
suggesting differences in this grading system between the
two populations. Third, reports from Korea and Japan
have illustrated that Western population-derived prediction
models perform poorly in Asian populations [13, 14]. Pilot
studies have been performed in Asian populations [13, 15—
17]; however, the sample size and factors involved were
limited, and the nomogram derived from these studies
lacked validation.

Thus, we performed this retrospective study to
better predict GSU in a contemporary Chinese cohort of
patients who underwent transrectal ultrasound (TRUS)-
guided biopsy and subsequent RP. Nomograms predicting
significant GSU and any upgrading were established and
internally validated.

RESULTS

Patient characteristics

The clinical and pathologic characteristics of all
involved patients and those with a GS=6 are shown in Table
1. The final pathologic GS was upgraded in 151 (36.74%)
cases in overall patient population and in 92 (60.13%)
cases among men with a GS=6. A total of 61 (39.87%) men
with a GS=6 and 168 (40.88%) of the overall patients had
the same GS at biopsy and RP. Nevertheless, 92 (22.38%)
patients in the overall patient showed downgrading of the
GS from biopsy to RP (Table 2).

Predictors of GSU in the overall patient
population

In univariate logistic regression analyses of
potential preoperative predictors of GSU in the
overall patient pool, primary biopsy GS (P<0.001)
and secondary biopsy GS (P<0.001 in patients with
GS=4) were statistically significant predictors of GSU
(Table 3). The only informative predictors (P<0.001)
in the overall patient group were the primary and
secondary biopsy GS values (AUCO0.66 and 0.70,
respectively),both of which were negatively correlated
with GSU. Although obesity was correlated with GSU
at the borderline significance P value of 0.089 in the
overall cohort, obese patients were estimated to have
a 2.6-fold higher risk of GSU than non-obese patients.
Thus, we tested the performance of this variable in

the multivariate prediction model. In the multivariate
logistic regression analysis, the predictors were
obtained using the backward elimination selection
procedure, including the primary biopsy GS=4, primary
GS=5; secondary biopsy GS=4, secondly GS=5; and
obesity, with an OR of 0.53 (95%CI, 0.32 to 0.87), 0.14
(95%CI, 0.03 to 0.62); 0.30 (95%CI, 0.19 to 0.48), 0.00
(95%CI, 0.00 to 0.00); and 1.72 (95%CI, 1.08 to 2.74),
respectively. The AUC of the prediction model reached
0.753 (95%CI, 0.706 to 0.800) (Table 4, Figure 1).

Predictors of GSU in men with GS=6

Univariate logistic regression analyses indicated
that the preoperative variables significantly associated
with GSU included PSA (P=0.013), PSAD (P=0.002), the
number of positive cores (P=0.012) and the percentage
of positive cores(P=0.014), which showed ORs of 1.05
(95%CI, 1.01 to 1.09), 11.11 (95%CI, 2.50 to 49.38), 1.24
(95%CI, 1.05 to 1.47) and 11.38(95%CI, 1.63 to 79.70),
respectively. The percentage of positive cores represented
the highest AUC (0.68) in predicting the GSU and was
followed by the PSAD (0.67), the number of positive cores
(0.66) and the PSA (0.65). In addition, obesity (defined
as a BMI>28 in Chinese individuals, according to the
official standards) was associated with GSU at a borderline
significance level (P=0.052), with an AUC of 0.58. In the
multivariate analyses, the predictors of GSU included BMI
(P=0.077), PSAD (P=0.003) and the percentage of positive
cores (P=0.017), with a relative increase of 2.02 (95%ClI,
0.93 to 4.40), 9.66 (95%CI, 2.16 to 43.17) and 10.96
(95%CI 1.54 to 78.09), respectively (Table 4). The accuracy
of this prediction model was relatively high, with an AUC
0f 0.727 (95%CI, 0.647 to 0.808) (Table 4, Figure 1).

Calibration curve analyses

In addition to the AUC, calibration is an important
indicator of nomogram performance. Thus, calibration
analysis was applied to measure how far the predictions
were from the actual outcomes. The bias-corrected
calibration plots showed only a limited departure from the
ideal predictions. The mean absolute error was 1.6% in the
overall patient group and 2.6% in the GS6 cohort (Figure 2).

Decision curve analyses

In the decision analyses, the net benefit was higher
for the two models at the highest threshold compared with
any single predictor of GSU in the overall patient group
and in those with a GS=6 (Figure 3). Higher positive net
benefits were observed in the range of most threshold
probabilities from 0.4 to 0.7 in any GSU and from over
0.3 to 0.8 in the GSU for patients with a GS=6, suggesting
a benefit in men with a probability in these ranges. In the
overall patient population, the primary biopsy GS showed
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Table 1: Clinicobiologic and pathologic characteristics of involved patients

Variable Overall cohort GS=6 Cohort

Age, Mean (SD), yr: 67.12 (7.24) 66.06 (7.25)

BMI, Mean (SD) 24.07 (2.78) 23.84 (2.95)
BMI>24 215 (52.31) 75 (49.02)
BMI>28 26 (6.33) 10 (6.54)

PSA, Median (IQR), ng/ml 10.84 (12.85) 9.7 (9.16)

PV, Median (IQR), ml: 32.76 (22.23) 36.4 (27.04)

PSAD, Median (IQR), ng/ml per gram 0.33 (0.44) 0.29 (0.33)

clinical stage
tlc 80 (19.46) 37 (24.18)
t2a 65 (15.82) 25(16.34)
t2b 166 (40.39) 67 (43.79)
t2¢ 67 (16.30) 21 (13.73)
t3 22 (5.35) 1 (0.65)
t4 11 (2.68) 2 (1.31)

Biopsy specimens features:
Biopsy cores, Median (IQR) 12 (1.00) 12 (2.00)
Postive cores, Median (IQR) 4 (4.00) 2 (3.00)
% of positive cores, Median (IQR), % 31(33.33) 20 (23.33)
Biopsy gleason score, No (%)

6 153 (37.23) 153 (100)

3+4 84 (20.44) -

4+3 52 (12.65) -

8 70 (17.03) -

9 41 (9.98) -

10 11 (2.68) -

RP specimens features:

RP Gleason score, No (%)

6 81 (19.71) 61 (39.87)
3+4 158 (38.44) 65 (42.48)
4+3 60 (14.60) 17 (11.11)
8 51(12.41) 6(3.92)
9 55(13.38) 4 (2.61)
10 6 (1.46) -
PSM, No (%) 103 (25.06) 27 (17.65)
SVI, No (%) 48 (11.68) 4(2.61)
(Continued)
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Variable Overall cohort GS=6 Cohort
EMI, No (%) 89 (21.65) 19 (12.42)
LMP, No (%) 11 (2.68) -
Nerve, No (%) 117 (28.47) 25(16.34)

PV=prostate volume; PSM=positive surgerical margin; SVI=seminal vesicle invasion; EMI=extraprostic invasion;

LMP=lymph node positive;

Table 2: Paired comparison of biospy and radical prostatectomy Gleason scores in patients with prostate cancer

(n=411)
Biopsy Gleason Score RP Gleason Score Total
6 3+4 4+3 8 9 10
61 65 17 o o o
6 (14.84%) (15.82%)  (4.14%) 6 (1.46%) 4 (0.97%) - 153 (37.23%)
3+4 10 > 13 6 (1.46%) 4 (0.97%) - 84 (20.44%)
(2.43%) (1241%)  (3.16%) R e e
21 14
) o [\ _ 0
4+3 3 (0.73%) (5.11%) 9 (2.19%) (3.41%) 5(1.21%) 52 (12.65%)
15 14 21 13
0, V) o
8 4 (0.97%) (3.65%)  (341%)  (5.11%)  (3.16%) 3 (0.73%) 70 (17.03%)
9 2(0.49%) 6(1.46%) 6(1.46%) 2(0.49) s ;jo/) 1 (0.24%) 41 (9.98%)
. (V]
10 1 (0.24%) - 1(0.24%) 2(0.49) 5(1.21%) 2(0.49) 11 (2.68%)
81 158 60 51 55 o o
Total (19.71%) (38.44%) (14.60%) (12.41%) (13.38%) 6 (1.46%) 411 (100%)

RP=radical prostatectomy

the highest performance, followed by the secondary biopsy
GS and obesity. In men with a GS=6, Model 2 showed
better performance in most thresholds, from 0.3 to 0.8.

DISCUSSION

In this study, we found that the primary biopsy
GS and secondary biopsy GS values were significant
predictors of GSU in all patients undergoing RP, while the
PSA, PSAD, number of positive biopsy cores, percentage
of positive cores, and obesity were predictors of GSU
in patients with GS=6. Prediction models including the
primary biopsy GS, secondary biopsy GS and obesity
were constructed for the overall patient population, while
the prediction model in patients with GS=6 included the
PSAD, percentage of positive cores and obesity (Figure 4).
Both models were of a relatively high accuracy and were
well fitted in the calibration analysis; clinical decision
curve analysis also confirmed their effectiveness.

Several models predicting GSU after RP have
been constructed, mostly in Western patient populations.
For instance, the primary biopsy GS, secondary biopsy

GS, preoperative PSA and clinical stage were identified
as predictors of GSU in a study by Chun FK et al. [5].
In particular, patients with a primary biopsy GS <3 or
secondary biopsy GS<3 were likely to have GSU, and
a higher preoperative PSA level was correlated with an
increased likelihood of GSU.

However, the PSA level was not identified as a
significant predictor of GSU in this study. We suggest that
this may be due to the differences in the PSA distribution
between the two studies. There are 25% of patients had a
PSA level over 19.3 ng/ml in this study, while only a small
portion of patients (7.6%) had a PSA level over 20 ng/ml
in the study conducted by Chun FK et al. This fact further
illustrates the necessity of establishing new prediction
models in the Chinese population, which appears to be
quite different from the Western population.

Furthermore, a study in a Japanese population also
confirmed that men with a primary biopsy GS of 4-5 show
a much lower likelihood of GSU [17]. The primary biopsy
GS was found to be more accurate than the secondary
biopsy GS in the Japanese study. However, the predictive
accuracy of secondary biopsy GS was higher than that of
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Table 3: The results of the univariate logistic regression model of predictors for GSU and GSU from GS=6

Predictors Predicting any GSU AUC Predicting GSU form GS=6 AUC
OR 95%CI P beta-coefficent OR 95%CI P beta-coefficent
Primary GS 0.66 -
3 1.00
(Reference)
4 0.35 0.22-0.02  <0.001 -1.06
5 0.07 0.02-0.29  <0.001 -2.71
Secondary 0.70 -
GS
3 1.00
(Reference)
4 0.27 0.17-0.42  <0.001 -1.31
5 0 0.00-0.00  0.997 -21.34
non-obesity 1.00
(BMI<28)  (Reference)
Obesity 1.43 0.95-2.17  0.089 0.36 0.54 2.06 0.99-4.28 0.052 0.72 0.58
(BMI>28)
Age (ys) 0.51 0.53
<60 1.00 1.00
(Reference) (Reference)
60-70 1.23 0.68-2.22  0.683 0.21 1.60 0.67-3.80 0.287 0.47
>70 1.00 0.54-1.86  0.991 -0.64 1.43 0.56-3.61 0.456 0.35
DRE 0.91 0.58-1.43  0.682 -0.10 0.51 0.96 0.43-2.13 0.922 -0.40
BMI 0.99 0.97-1.01 0.534 -0.01 0.55 1.08 0.97-1.20 0.170 0.08 0.57
PSA level 1.00 0.99-1.02  0.657 1.00 0.54 1.05 1.01-1.09 0.013 0.05 0.65
(ng/ml)
PSAD 1.05 0.76-1.46  0.765 0.76 0.55 11.11 2.50- 0.002 2.41 0.67
49.38
N of cores 0.75 0.36-1.55 0.432 -0.29 0.52
taken
<12 1.00 1.00
(Reference) (Reference)
>12 1.31 0.84-2.06  0.238 0.27 1.31 0.84-2.06 0.238 0.27
N positive 1.02 0.96-1.09  0.494 0.02 1.24 1.05-1.47 0.012 0.22 0.66
cores (n)
% positive 1.21 0.58-2.53  0.606 0.19 11.38 1.63- 0.014 2.43 0.68
cores 79.70
Clinical 0.54 0.56
stage
Tlc 1.00 1.00
(Reference) (Reference)
T2a 1.20 0.62-2.38  0.598 0.18 243 0.75-7.96 0.141 0.89
T2b 0.89 0.52-1.55  0.692 -0.11 0.71 0.31-1.61 0.407 -0.35
T2c 0.83 0.42-1.62  0.580 -0.19 0.67 0.23-1.98 0.468 -0.40
T3 0.59 0.24-1.44  0.249 -0.52 1.22 0.01- 0.877 0.20
14.70
(Continued)
www.impactjournals.com/oncotarget 17279 Oncotarget



Predictors Predicting any GSU AUC Predicting GSU form GS=6 AUC
OR 95%Cl1 P beta-coefficent OR 95%Cl1 P beta-coefficent
PV (ml) 0.50 0.56
<30 1.00 1.00
(Reference) (Reference)
30-45 0.65 0.40-1.06  0.085 0.40 0.60 0.26-1.36 0.222 -0.51
>45 1.02 0.63-1.66  0.938 0.02 0.70 0.32-1.52 0.361 -0.36
Surgical 0.51 0.53
technique
ORP 1.00 1.00
(Reference) (Reference)
LRP 0.90 0.52-1.55  0.702 -0.11 0.69 0.29-1.64 0.401 -0.37
RALP 1.08 0.67-1.76  0.750 0.08 1.07 0.50-2.30 0.867 0.07

P <0.05 is statistically significant.

Table 4: The results of the multiple logistic regression model of predictors for GSU and GSU from GS=6

Predictors Predicting any GSU Predictors Predicting GSU form GS=6
OR 95%Cl1 P beta- OR 95%Cl1 P beta-
coefficent coefficent

Primary Obesity 2.02 0.93-4.40 0.077 0.70
GS (BMI>28)

3 1.00

(Reference)

4 0.53 0.32-0.87 0.012 -0.64

5 0.14 0.03-0.62 0.010 -1.98 PSAD 9.66 2.16-43.17  0.003 2.27
Secondary
GS

3 1.00

(Reference)
4 0.30 0.19-0.48 0.000 -1.21 % positive 10.96  1.54-78.09  0.017 2.39
cores

5 0.00 0.00-0.00 0.998 -20.66
Obesity 1.72 1.08-2.74 0.023 0.54 Constant 0.003 -1.18
(BMI>28)
AUC 0.753 AUC 0.727

(0.706- (0.647-
0.800) 0.808)

the primary biopsy GS both in this study and the study
conducted by Chun et al. We suggest that differences in
the biopsy GS may account for this difference.

Studies focused on patients with GS=6, especially
those with the potential to meet the inclusion criteria
for active surveillance or other conservative treatment
options such as brachy therapy and cryosurgery (CSAP),
are therefore important. Truong M et al. [6] developed

a prediction model in a total of 1,961 patients who
underwent RP with a GS=6. PSAD, obesity (BMI>30),
and maximum core involvement were correlated with the
GSU. Similarly, PSAD was considered to be a predictor
of GSU in several previous studies [19-22]. Tilki D et
al. [21] found that PSAD was a strong predictor of GSU,
and our results confirm this finding. Nevertheless, we
found that neither the PSA nor the prostate volume was
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significantly associated with GSU. We thus predict that
the effect of these two predictors may be enhanced when
they are combined.

Previous reports have suggested that the prostate
volume is a significant predictor of GSU [17, 19]. Data
from this study suggest that patients with a median
prostate size (30-45 ml) may have a lower risk of GSU
than patients with smaller prostates (<30 ml) in the
overall patient population (OR=0.65, 95%CI, 0.40 to 1.06,
P=0.085) and in patients with GS=6 (OR=0.60, 95%CI,
0.26 to 1.36, P=0.222). However, the trend was reversed
when the prostate volume continued to increase (30-45 ml
vs. > 45 ml). We thus predict that there are confounding
factors in the relationship between prostate volume and
GSU, although the limited sample size of this study makes
it difficult to determine the exact influence of this variable.

overall cohort
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This study supports the recent findings that BMI
or obesity may have a significant correlation with GSU,
as patients with a higher BMI show a higher likelihood
of GSU [23]. Although the BMI was not significantly
associated with GSU (P=0.534 in overall patients and
P=0.170 in patients with GS=6), we found that obese
patients showed a higher likelihood of GSU. Although
there are racial differences in BMI between populations,
this study suggests that we should be cautious about GSU
in men with a higher BMI in the Chinese population.

Age has been considered an important predictor
of GSU in Western studies [8,18,21]. Nevertheless, we
found that age was not a significant predictor in this study.
Such variation may be due to the limited sample size and
different composition of the included patients. The mean
age of this Chinese cohort was 67 years, which was much
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Figure 1: Receiver operating characteristic (ROC) curves of the prediction models and single predictors in predicting

GSU in A. all men and B. men with GS=6.
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overall patient population (model 1)and B. the cohort of men with GS=6(model 2). (A): Black: biopsy none; Grey: biopsy all; Dotted black:
the primary GSat biopsy; Dotted red: the secondary GSat biopsy; Dotted green: obesity; Dotted Blue: Model 1. (B): Black: biopsy none;
Grey: biopsy all; Dotted black: obesity; Dotted red:PSAD;Dotted green: percentage of positive cores; Dotted Blue: Model 2.
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Secondary GS: the secondary GSat biopsy; PSAD: prostate-specific antigen density; % positive cores: percentage of positive cores.
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higher than that of previous Western reports (58.6-64.3
years) [0, 7, 19, 21]. Other factors, such as the tumor
volume at biopsy and the prostate weight at RP, have also
been shown to be associated with GSU in previous reports
[6, 19]; nevertheless, these factors were not included in
this study.

On the whole, there was a relatively large difference
between this Chinese nomogram and the Western
nomogram in predicting GSU in the overall patient
population. However, the nomograms predicting GSU
in patients with GS=6 were similar between the two
populations, which may be due to the differences in the
characteristics of PCa patients in the two populations.
Currently, most PCa patients are diagnosed at an
earlier stage and with a lower GS(a high proportion of
patients with GS=6) in Western countries due to the
implementation of PSA-based screening. In China,
however, a high proportion of patients are diagnosed with
a GS of 3+4 or 4+3 and even higher. Thus, we need to
develop prediction models in these special situations, as
the prediction of GSU in these patients would influence
decision-making regarding RP and other treatments.

This study presented the first prediction tool of
GSU for Chinese patients with a GS=6 who underwent
RP after biopsy. The developed nomogram was based
on more clinical predictors and a larger sample size than
previous studies [16] for overall patients. These strengths
will enhance its performance in future clinical practice.

Nevertheless, there were some drawbacks to
this study. First, this was a retrospective study and thus
suffers the limitations associated with this type of study.
Furthermore, some predictors were not involved in the
analyses, such as the percent of tumor in each core and
the tumor size. Although the prostate volume of most
patients was assessed by TRUS, there were a few patients
who without these data, and the information regarding
prostate volume for these patients instead came from the
RP specimens. Lastly, the sample size of this study was
limited, and only single-center data were involved. As the
Chinese Prostate Cancer Consortium was established to
facilitate multi-center studies, a PCa database based on
browser/sever schema was created [24]. Importantly, the
external validation of these nomograms in a multi-center
population is scheduled.

MATERIALS AND METHODS

Patient population

From 2011 to 2015, a total of 642 consecutive
patients who underwent radical prostatectomy at our
institute after TRUS-guided prostate biopsies were
retrospectively involved in this study. Of these, 231
(35.98%) were excluded because of missing information
(n=129) or inadequate prostate sampling (<10 cores, n=95)
or sarcoma (n=7). Further analysis targeted the remaining

411 patients. The clinical and pathologic characteristics
of the involved patients, including age, body mass index
(BMI), preoperative PSA, prostate volume measured by
TRUS, prostate-specific antigen density(PSAD), clinical
stage, biopsy and RP specimen features, are shown in
Table 1. GSU was defined as a biopsy GS changing from
6 to 7 or changing from 7 to a higher GS, as well as a GS
changing from 3+4 to 4+3.GSU in patients with GS=6 was
defined as changes in the GS from 6 to 7 or more.

Both biopsy and prostatectomy specimens were
evaluated by the same uropathology group. Nine priori-
defined preoperative risk factors, including patient age,
BMI, obesity, PSA, prostate volume, PSAD, clinical
stage, number of positive cores, and percentage of positive
cores, were assessed for their ability to predict GSU in
patients with GS=6. Another two factors, the primary and
secondary biopsy GS values, were added to the 9 factors
for the assessment of GSU in all cases. We were unable
to assess the percentage of cancer tissue involved in each
biopsy core due to incomplete data.

Statistical analyses

Statistical analysis was performed in the overall
patient population and the patients with GS=6. First,
univariate logistic regression was performed to investigate
the association of clinical and pathological variables
with GSU and GSU from GS=6. Second, variables with
P<0.1 in the univariate analysis were further tested for
in multivariable logistic regression analysis to identify
independent predictors of GSU or GSU from GS=6. We
chose to use P<0.1 as the criterion because we intended to
expand the inclusion of variables. Third, receiver-operating
characteristic (ROC) curve analysis was applied to
calculate the area under the curve (AUC) of the prediction
models. Fourth, calibration curves were constructed to
assess the agreement between the actual rate of GSU and
the predicted probabilities of GSU by these two models.
The bias-corrected calibrated values were generated from
internal validation based on 200 bootstrap resamples. The
ideal curve was characterized with an intercept close to 0
and a slope close to 1. Finally, the decision curve analysis
described by Vickers et al. [18] was performed to assess the
clinical utility of these two models and the single predictors
by quantifying the net benefits at a spectrum of threshold
probabilities. All of the P values were two-sided, and
P<0.05 was considered to be statistically significant. ROC
curve analysis was performed using MedCalc v.10.4.7.0
(MedCalc Software bvba, Mariakerke, Belgium), and
other analyses were performed with R version 3.1.3 (R
foundation for Statistical Computing, Vienna, Austria).

CONCLUSION

Obesity and primary and secondary biopsy GS
values were identified as predictors of GSU in the overall
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patient population. Obesity, PSAD and the percentage of
positive cores served as predictors of GSU in patients with
a GS=6. Nomograms for predicting GSU were established
in Chinese PCa patients, with a relatively high accuracy
in internal validation. This study may therefore be of
relevance in the risk assessment and clinical decision-
making for PCa patients.

FUNDING

This work was supported by the Program
for the National Basic Research Program of China
(2012CB518306 for Yinghao Sun) and the National
Natural Science Foundation of China (81172076 for Xu
Gao).

CONFLICTS OF INTEREST

None of the authors have any conflicts of interest
to declare.

REFERENCES

1. Rubin MA, Bismar TA, Curtis S and Montie JE. Prostate
needle biopsy reporting: how are the surgical members
of the Society of Urologic Oncology using pathology
reports to guide treatment of prostate cancer patients? The
American journal of surgical pathology. 2004; 28:946-952.

2. Pinthus JH, Witkos M, Fleshner NE, Sweet J, Evans A,
Jewett MA, Krahn M, Alibhai S and Trachtenberg J.
Prostate cancers scored as Gleason 6 on prostate biopsy
are frequently Gleason 7 tumors at radical prostatectomy:
implication on outcome. The Journal of urology. 2006;
176:979-984; discussion 984.

3. Eggener SE, Scardino PT, Walsh PC, Han M, Partin AW,
Trock BJ, Feng Z, Wood DP, Eastham JA, Yossepowitch O,
Rabah DM, Kattan MW, Yu C, Klein EA and Stephenson
Al. Predicting 15-year prostate cancer specific mortality
after radical prostatectomy. The Journal of urology. 2011;
185:869-875.

4. Chan TY, Partin AW, Walsh PC and Epstein JI. Prognostic
significance of Gleason score 3+4 versus Gleason score 4+3
tumor at radical prostatectomy. Urology. 2000; 56:823-827.

5. Chun FK, Steuber T, Erbersdobler A, Currlin E, Walz J,
Schlomm T, Haese A, Heinzer H, McCormack M, Huland
H, Graefen M and Karakiewicz PI. Development and
internal validation of a nomogram predicting the probability
of prostate cancer Gleason sum upgrading between biopsy
and radical prostatectomy pathology. European urology.
2006; 49:820-826.

6. Truong M, Slezak JA, Lin CP, Iremashvili V, Sado M,
Razmaria AA, Leverson G, Soloway MS, Eggener SE, Abel
EJ, Downs TM and Jarrard DF. Development and multi-
institutional validation of an upgrading risk tool for Gleason
6 prostate cancer. Cancer. 2013; 119:3992-4002.

10.

11.

12.

13.

14.

15.

16.

17.

de Cobelli O, Terracciano D, Tagliabue E, Raimondi S,
Galasso G, Cioffi A, Cordima G, Musi G, Damiano R,
Cantiello F, Detti S, Victor Matei D, Bottero D, Renne
G and Ferro M. Body mass index was associated with
upstaging and upgrading in patients with low-risk prostate
cancer who met the inclusion criteria for active surveillance.
Urologic oncology. 2015; 33:201 ¢201-208.

Jalloh M, Myers F, Cowan JE, Carroll PR and Cooperberg
MR. Racial variation in prostate cancer upgrading and
upstaging among men with low-risk clinical characteristics.
European urology. 2015; 67:451-457.

Ito K. Prostate cancer in Asian men. Nature reviews
Urology. 2014; 11:197-212.

Chen R, Ren S, Yiu MK, Fai NC, Cheng WS, Ian LH, Naito
S, Matsuda T, Kehinde E, Kural A, Chiu JY, Umbas R, Wei
Q, Shi X, Zhou L, Huang J, et al. Prostate cancer in Asia:
A collaborative report. Asian Journal of Urology. 2014;
1:15-29.

Rui C, Shancheng R, Ming K, Ng C, Christopher C, Lap H,
Seiji N, Tadashi M and Elijah K AK, Jason Yi, Rainy U,
Qiang W, Xiaolei S. Prostate cancer in Asia: a collaborative
report. Asian J Urol. 2014; 1:15-27.

Zlotta AR, Egawa S, Pushkar D, Govorov A, Kimura T,
Kido M, Takahashi H, Kuk C, Kovylina M, Aldaoud N,
Fleshner N, Finelli A, Klotz L, Sykes J, Lockwood G
and van der Kwast TH. Prevalence of prostate cancer on
autopsy: cross-sectional study on unscreened Caucasian and
Asian men. Journal of the National Cancer Institute. 2013;
105:1050-1058.

Chung MS, Lee SH, Lee DH and Chung BH. Is small
prostate volume a predictor of Gleason score upgrading
after radical prostatectomy? Yonsei medical journal. 2013;
54:902-906.

Imamoto T, Suzuki H, Utsumi T, Takano M, Suyama T,
Kawamura K, Kamiya N, Naya Y, Ueda T and Ichikawa
T. External validation of a nomogram predicting the
probability of prostate cancer Gleason sum upgrading
between biopsy and radical prostatectomy pathology among
Japanese patients. Urology. 2010; 76:404-410.

Kim TH, Jeon HG, Choo SH, Jeong BC, Seo SI, Jeon
SS, Choi HY and Lee HM. Pathological upgrading and
upstaging of patients eligible for active surveillance
according to currently used protocols. International journal
of urology. 2014; 21:377-381.

Wang JY, Zhu Y, Wang CF, Zhang SL, Dai B and Ye DW.
A nomogram to predict Gleason sum upgrading of clinically
diagnosed localized prostate cancer among Chinese
patients. Chinese journal of cancer. 2014; 33:241-248.

Imamoto T, Utsumi T, Takano M, Komaru A, Fukasawa
S, Suyama T, Kawamura K, Kamiya N, Miura J, Suzuki
H, Ueda T and Ichikawa T. Development and External
Validation of a Nomogram Predicting the Probability
of Significant Gleason Sum Upgrading among Japanese
Patients with Localized Prostate Cancer. Prostate cancer.
2011;2011:754382.

www.impactjournals.com/oncotarget

17284

Oncotarget



19.

20.

21.

. Vickers AJ and Elkin EB. Decision curve analysis: a novel

method for evaluating prediction models. Medical decision
making : an international journal of the Society for Medical
Decision Making. 2006; 26:565-574.

Gershman B, Dahl DM, Olumi AF, Young RH, McDougal
WS and Wu CL. Smaller prostate gland size and older age
predict Gleason score upgrading. Urologic oncology. 2013;
31:1033-1037.

Capitanio U, Karakiewicz PI, Valiquette L, Perrotte P,
Jeldres C, Briganti A, Gallina A, Suardi N, Cestari A,
Guazzoni G, Salonia A and Montorsi F. Biopsy core
number represents one of foremost predictors of clinically
significant gleason sum upgrading in patients with low-risk
prostate cancer. Urology. 2009; 73:1087-1091.

Tilki D, Schlenker B, John M, Buchner A, Stanislaus P,
Gratzke C, Karl A, Tan GY, Ergun S, Tewari AK, Stief CG,
Seitz M and Reich O. Clinical and pathologic predictors
of Gleason sum upgrading in patients after radical

22.

23.

24.

prostatectomy: results from a single institution series.
Urologic oncology. 2011; 29:508-514.

Epstein JI, Feng Z, Trock BJ and Pierorazio PM. Upgrading
and downgrading of prostate cancer from biopsy to radical
prostatectomy: incidence and predictive factors using the
modified Gleason grading system and factoring in tertiary
grades. European urology. 2012; 61:1019-1024.

Ploussard G, de la Taille A, Bayoud Y, Durand X, Terry
S, Xylinas E, Allory Y, Vacherot F, Abbou CC and
Salomon L. The risk of upstaged disease increases with
body mass index in low-risk prostate cancer patients
eligible for active surveillance. European urology.
2012; 61:356-362.

Gao X, Wang HF, Wang Y, Xu CL, Sun YH. Construction
and clinical applicafion of prostatecancer database
(PC-Follow) based on browserserver schema. Chinese
Journal of Urology. 2015; 36:694-698.

www.impactjournals.com/oncotarget

17285

Oncotarget



