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Introduction: Since the new 2014 grading system was recommended by the International

Society of Urological Pathology (ISUP), it has been validated in patients with localized

prostate cancer (PCa) and it has shown excellent prognostic value. However, its predictive

power in high-risk PCa remains unclear.

Methods: A total of 420 patients with high-risk PCa who underwent radical prostatectomy

(RP) were included in this study. Biochemical recurrence-free survival (BRFS) was set as the

endpoint.

Results: Biochemical recurrence occurred in 84/420 (20.0%) patients at the end of follow-up.

Compared to the three-tier grouping system, the five-tier grouping system could more effectively

distinguish the BRFS of patients with higher predictive accuracy (C-index: 0.599 vs 0.646). The

BRFS of patients with grade group (GG) 1 and GG 2 was similar (P=0.593). Also, the prognosis

between those with GG 2 and GG 3 could be clearly distinguished (P=0.001). However, the

discrimination capacity between patients with GG 3 and GG 4 was limited (P=0.681). When

tertiary Gleason pattern (TGP5) and intraductal carcinoma of the prostate (IDC-P) were

excluded, the HR value of the GG 4 group vs the GG 3 group increased from 1.15 (95% CI:

0.59–2.22) to 1.49 (95% CI: 0.72–3.10) and 1.36 (95% CI:0.65–2.83), respectively.

Conclusions: This study is the first to validate the new 2014 ISUP grading system in

patients with high-risk PCa who underwent RP. The 2014 system could effectively classify

patients into five groups with high predictive accuracy. Notably, the existence of TGP5 and

IDC-P needs to be routinely reported in clinical practice, which could help to support the

predictive value of the new grading system.

Keywords: biochemical recurrence-free survival, ISUP grading system, high-risk, prostate

cancer, radical prostatectomy

Introduction
The Gleason grading system has been one of the most powerful prognostic factors

in prostate cancer (PCa) since it was first proposed in 1966 by Donald Gleason.1 In

the past several decades, to improve its predictive ability, the Gleason grading

system has been revised and updated several times.2,3

In 2005, the International Society of Urological Pathology (ISUP) convened a

group of experts to make the first major modifications to the Gleason grading

system.2 The latest amendment of Gleason grading system was performed at the
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2014 ISUP Consensus Conference.3 According to the new-

est ISUP criteria, a novel five-tiered set of Gleason grade

groups (GGs) was established and recommended. Based

on the new 2014 system, patients could be classified into

GG 1 (GS 3+3), GG 2 (GS 3+4), GG 3 (GS 4+3), GG 4

(GS 8), and GG 5 (GS 9–10).

Subsequently, several studies validated the new ISUP

grading system in patients with different stages of PCa.4–12

Almost all of the validated studies among patients with

localized PCa who underwent either radical prostatectomy

(RP) or radical radiotherapy (RT) demonstrated the super-

iority of the new ISUP system.4–10 However, data from our

medical center challenged the utilization of the new ISUP

grading system in patients with metastatic PCa.12

Compared to low- or intermediate-risk localized PCa,

patients with high-risk PCa always had a higher probability

of recurrence, even patients who received treatments with

the potential for a complete cure.13 However, to date, the

validation of the new 2014 ISUP grading system in patients

with high-risk PCa has not been reported, and its predictive

power in this subpopulation needs to be evaluated.

The aim of this study was to validate the predictive

value of the 2014 new ISUP grading criteria in predicting

biochemical recurrence in patients with high-risk PCa

using specimens from RP.

Materials and methods
Patient population
According to the D’Amico et al criteria of high-risk non-

metastatic PCa (PSA ≥20 ng/mL or GS ≥8 or T stage ≥
T2c),14 a total of 420 patients with high-risk PCa who

underwent RP in our center between 2009 and 2015

were included and retrospectively analyzed in this study.

Among these, 352/420 (83.8%) underwent laparoscopic

RP, while only 68/420 (16.2%) underwent robot-assisted

laparoscopic RP, mainly because robot-assisted operation

was implemented late in China. A total of 206/420

(49.0%) men were treated with adjuvant androgen-depri-

vation therapy (ADT) and/or adjuvant radiotherapy (RT)

after surgery. The cut-off point for analysis was June 1,

2017. The median follow-up time was 40.5 months.

All of the surgical specimens and pathological grading

patterns were retrieved and reviewed independently and

separately by two urological pathologists (Ni Chen and

Mengni Zhang) according to the 2014 ISUP grading

criteria.2,3 If disagreement arose, then a consensus was

reached by further consultation with a third pathologist

(Zhou Qiao). Tertiary Gleason pattern 5 (TGP5) is assigned

if the tertiary component constitutes ≤5% of an entire tumor

that otherwise demonstrates a Gleason pattern of 3 or 4.2,3

Pre- or post-operative clinicopathologic characteristics of

all of the cases were collected, including GS, age, baseline

serum prostate-specific antigen (PSA) level, pelvic lymph

node dissection (PLND), pathological T stage, the presence

of intraductal carcinoma of the prostate (IDC-P), extrapro-

static extension (EPE) status, seminal vesicle invasion

(SVI) status, and positive surgical margin (PSM) status.

The presence of IDC-P was reported routinely in our center.

End point definition
Due to the relatively short follow-up time, biochemical recur-

rence-free survival (BRFS) instead of overall survival (OS)

was chosen as the end point in the current study. Biochemical

recurrencewas defined as two consecutive increases in serum

PSA ≥0.2 ng/ml after RP.15,16 BRFS was the period from RP

to the time of biochemical recurrence.

Statistical methods
Continuous variables were presented as the median and inter-

quartile range (IQR), while categorical variables were

reported as the number and percentage. The chi-square test

and the Mann-Whitney U test were used to compare the

baseline characteristics between patients with various GS

values. Kaplan-Meier curves were used to compare the

BRFS according to either the three-tier or five-tier grouping

system. Differences in BRFS between each group were com-

pared using the log-rank test. Univariate and multivariate

analyseswere conducted byCox regressionmodel as follows.

First, the univariate Cox regression was used to evaluate the

ability of each variable to predict BRFS. Second, parameters

with P<0.05 in the univariate analysis were further analyzed

by multivariate Cox regression. The accuracy and discrimi-

nation ability of the 2014 ISUP grading criteria according to

the three-tier and five-tier grouping systems were evaluated

and compared using the concordance index (C-index).

Data analyses were performed using SPSS software

(version 21.0). All of the tests were two-sided. A p-value

below 0.05 was considered to be statistically significant.

Results
Patient characteristics
The clinicopathological characteristics of the whole cohort

are shown in Table 1. According to the three-tier grouping

system, 25 (6.0%), 268 (63.8%), and 127 (30.2%) men were
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GS 6, 7, and 8–10, respectively. While according to the five-

tier grouping system, 24 (5.7%), 133 (31.7%), 137 (32.6%),

43 (10.2%), and 83 (19.8%) were GG 1 (GS 6), GG 2 (GS 3

+4), GG 3 (GS 4+3), GG 4 (GS 8), and GG 5 (GS 9–10),

respectively. The proportions of EPE, SVI, PSM, and IDC-P

in total patients were 62.6%, 32.1%, 38.3%, and 9.5%,

respectively. The higher Gleason grade groups were asso-

ciated with a higher baseline PSA level, higher pathological

T stage, larger percentage of EPE, SVI, higher presence of

IDC-P, and higher frequency of lymph node metastasis. The

median age was 69 years. At the end of the follow-up,

biochemical recurrence occurred in 84/420 (20.0%) patients.

Comparison of the predictive value of the

five-tier and the three-tier Gleason

grading grouping system
The prognostic predictive value of the three-tier grouping

and the five-tiered grouping system according to 2014 ISUP

criteria was compared and visually presented by the Kaplan-

Meier curves (Figure 1). Based on the three-tier grouping, the

BRFS of patients with GS 6, GS 7, and GS 8–10 could be

distinguished (5-year BRFS probability: 0.89, 0.75, and 0.54,

p<0.001, Figure 1A). According to the five-tier system, the 5-

year BRFS probabilities of GG 1–5 were 0.89, 0.87, 0.62,

0.60, and 0.50, respectively (p<0.001, Figure 1B). The pre-

dictive accuracy evaluation showed that the predictive value

of the five-tiered Gleason grade groups according to 2014

ISUP criteria was superior to that of the three-tier grouping

(C-index: 0.646 vs 0.599). Of note, more detailed informa-

tion among patients with different GS groups was revealed

by the five-tier criteria. In the five-tier 2014 ISUP criteria, the

BRFS of patients with GG 1 and GG 2 was very similar

(P=0.593), and the prognosis of GG 2 and GG 3 could be

clearly distinguished (P=0.001). However, the discrimina-

tion capacity between patients with GG 3 and GG 4 was

relatively limited (P=0.681). GG 5 clearly exhibited the

worst prognosis among the whole cohort (mBRFS of GG4

vs mBRFS of GG5: P=0.029).

A B C

D E

Three-tier grouping Five-tier grouping Five-tier grouping

Five-tier grouping Five-tier grouping
(TGP5 and IDC-P was excluded)(IDC-P was excluded)

(TGP5 in GG2 and GG3 was excluded)

0.0
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BCR free survival (months)
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Figure 1 Kaplan-Meier curves of BRFS. (A) BRFS curves according to the three-tier grouping system; (B) BRFS curves according to the five-tier grouping system; (C) BRFS

curves with the five-tier grouping system with GG3 patients with the tertiary GS 5 excluded; (D) BRFS curves with the five-tier grouping system with IDC-P excluded; (E)
BRFS curves with the five-tier grouping system with TGP5 and IDC-P excluded.

Abbreviations: BCR, biochemical recurrence; BRFS, biochemical recurrence-free survival; GG, Gleason grade group; GS, Gleason score; IDC-P, intraductal carcinoma of

the prostate; TGP5, tertiary Gleason pattern.
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Univariate and multivariate analyses of

BRFS in high-risk PCa
The univariate and multivariate analyses of BRFS were

conducted using the Cox proportional model (Table 2).

Since that only 24 (5.7%) patients were in GG 1 and that

patients in GG 2 had very similar prognoses to those in

GG 1 (HR: 1.50, 95% CI: 0.34–6.59, P=0.595), GG 1

combined with GG 2 was set as the reference in the Cox

regression analyses of the five-tier 2014 ISUP grading

system. Univariate analyses indicated that both the three-

tier and the five-tier grouping systems, baseline PSA,

pathological T stage, IDC-P, EPE, SVI, and PSM status

were all prognosticators of BRFS. In the multivariate

analyses, in addition to the five-tier GS score, the baseline

PSA, EPE, and SVI were also independent predictors of

BRFS in patients with high-risk PCa after RP. The uni-

variate and multivariate analyses were also conducted in

181 patients who underwent PLND. The univariate ana-

lyses of cases with PLND indicated that positive lymph

node was a prognosticator of BRFS (HR=2.03, 95%CI:

1.033–3.991, P=0.040). However, multivariate analyses

revealed that IDC-P and the five-tier 2014 ISUP grading

system were the only two prognosticators of BRFS,

whereas positive lymph node was not an independent

predictor of BRFS (HR=1.154, 95%CI: 0.533–2.498,

P=0.717).

The impact of TGP5 and IDC-P on the

predictive accuracy of the 2014 ISUP

criteria in high-risk PCa
A subset of patients had TGP5 as a comment in their

pathological reports. Despite its low proportion in the

whole tumor burden, TGP5 might impact the prognosis

prediction of the five-tier 2014 ISUP grading system due

to its aggressive biological character. Survival analysis

was re-conducted excluding the men with TGP5 in GG 3

(Figure 1C). In the whole cohort, the presence of TGP5

was reported and confirmed in 52/420 (12.4%) men with

high-risk PCa. Among them, 37/137(27.0%) cases were

GG 3, 10/133 (7.5%) were GG 2, and only 5/43 (11.6%)

Table 2 Univariate and multivariate analyses of BRFS

Univariate analyses Multivariate analyses

HR (95%CI) p-value HR (95%CI) p-value

Baseline PSA (ng/ml)

>20 vs ≤20 1.94 (1.30–2.91) 0.001 1.75(1.15–2.67) 0.009

Pathological T stage

≥3 vs ≤2 2.51 (1.40–4.51) 0.002

EPE

With vs Without 1.95 (1.21–3.15) 0.006 2.49(1.17–5.31) 0.018

SVI

With vs Without 2.41 (1.61–3.60) 0.000 1.41(0.88–2.25) 0.154

Positive SM

With vs Without 1.70 (1.12–2.57) 0.012 1.12(0.72–1.74) 0.615

IDC-P

With vs Without 2.49 (1.47–4.21) 0.001 1.56(0.88–2.74) 0.125

Three-tier grading criteria

7 vs 6 2.88 (0.70–11.85) 0.143

8–10 vs 6 6.29 (1.52–25.94) 0.011

Five-tier grading criteria (GGs)

GG 3 vs GG 1 or GG 2 2.91 (1.60–5.28) 0.000 2.11(1.14–3.91) 0.017

GG 4 vs GG 1 or GG 2 3.29 (1.55–6.96) 0.002 2.49(1.16–5.34) 0.019

GG 5 vs GG 1 or GG 2 4.89 (2.69–8.88) 0.000 3.18(1.68–6.02) 0.000

Note: Adjuvant therapy included androgen-deprivation therapy and adjuvant radiotherapy.

Abbreviations: BRFS, biochemical-recurrence free survival; GG, Gleason grade group; HR, hazard ratio; CI, confidence interval; PSA, prostate-specific antigen; EPE,

extraprostatic extension; SVI, seminal vesicle invasion; SM, surgical margin; IDC-P, intraductal carcinoma of prostate; ISUP, International Society of Urological Pathology.
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were GG 4. In addition, in patients in the GG 3 group,

TGP5 was strongly associated with a higher baseline PSA

level (P=0.010), higher pathological T stage (P=0.039),

and larger percentage of SVI (P=0.082) (Table 3).

Additionally, the patients in GG 3 group with TGP5

were more likely to progress to biochemical recurrence

than those without TGP5 (HR=2.05, 95%CI: 1.03–4.11,

P=0.043). The comparison of clinicopathologic parameters

between patients of GG 2 with or without tertiary GS 5 is

shown in Table 4.

Interestingly, the Kaplan-Meier curves indicated that,

without the interference of TGP5, the prognosis discrimi-

nation between GG 3 and GG 4 group was numerically

greater (C-index: 0.674) (Figure 1C). Although still with-

out statistical significance, the HR value of the GG 4

group vs the GG 3 group increased from 1.15 (95%CI:

0.59–2.22) to 1.49 (95%CI: 0.72–3.10).

Since IDC-P has been proven to be associated with

poor prognosis and was recognized as a newly pathologi-

cal entity in the 2016 WHO classification, we did the same

analysis for IDC-P as TGP5 and obtained similar results

(C-index: 0.666) (Figure 1D), the HR value of the GG 4

group vs the GG 3 group increased to 1.36 (95%CI:0.65–

2.83). Furthermore, when TGP5 and IDC-P were both

excluded, prognosis discrimination between GG 3 and

GG 4 groups further increased (C-index: 0.679) (Figure

1E), and the HR value of the GG 4 group vs the GG 3

group increased to HR 1.79 (95%CI: 0.78–4.11).

Discussion
In 2014, the ISUP consensus conference gathered over

80 experts, including pathologists, urologists, radiation

oncologists, and medical oncologists, to amend and

update the old GS grading system. The main reasons

for this updating were that several grading issues were

unsolved or not covered in the 2005 criteria, new perti-

nent studies had emerged, and the clinical practice in

PCa had changed.3

In the past three years, several centers have attempted

to validate the clinical significance of the new 2014 ISUP

grading system.4–12 However, most of these works were

based on populations with localized (low- to intermediate-

risk) PCa, and almost all of the validations showed the

superiority of the new 2014 criteria. As we all know, with

the disease progression and the heterogeneity of PCa, the

prognosis of the disease could be impacted not only by

pathological grading but also by other miscellaneous clin-

ical-pathological risk factors. In one of our previous stu-

dies, we found that the predictive accuracy of the three-tier

grouping system seemed not to be inferior to that of the

five-tier grouping system in patients initially diagnosed

with metastatic PCa. The biological characteristics of

high-risk PCa are quite different from those of localized

PCa. Due to its higher risk of biochemical/clinical recur-

rence, the ability of clinicians to evaluate and predict the

prognostic probability accurately is more important; how-

ever, to date, the new 2014 ISUP grading criteria has not

been exclusively validated among this sub-population.

To the best of our knowledge, in the current study, we

conducted the first validation of the 2014 ISUP grading

system in patients with high-risk PCa who underwent RP.

Compared to the three-tier platform, the five-tier grouping

system showed excellent ability with higher predictive

accuracy among patients with high-risk PCa.

Table 3 The comparison of clinicopathologic parameters between patients of GS 4+3 with or without tertiary GS 5

GS 4+3 (total) GS 4+3 (with tertiary GS 5) GS 4+3 (without tertiary GS 5) P-value

Number 137 37 100

Baseline PSA (ng/ml)

<20, n (%) 80 (58.4) 15 (40.5) 65 (65.0) 0.010

≥20, n (%) 57 (41.6) 22 (59.5) 35 (35.0)

Pathological T stage

≤2, n (%) 22 (16.1) 2 (5.4) 20 (20.0) 0.039

≥3, n (%) 115 (83.9) 35 (94.6) 80 (80.0)

EPE (%), n (%) 94 (68.6) 26 (70.3) 68 (68.0) 0.799

SVI (%), n (%) 54 (39.4) 19 (51.4) 35 (35.0) 0.082

Positive SM, n (%) 62 (45.3) 18 (48.6) 44 (44.0) 0.627

IDC-P, n (%) 14 (10.2) 5 (13.5) 9 (9.0) 0.439

Abbreviations: GS, Gleason score; PSA, prostate-specific antigen; EPE, extraprostatic extension; SVI, seminal vesicle invasion; SM, surgical margin; IDC-P, intraductal

carcinoma of prostate.
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The most important value of a grading system is to

predict the prognosis and help to guide treatment decisions.

Mounting evidence has proven that the three-tier grouping

using a simplified single GS of 7 failed to detect differences

in prognosis between GS 3+4 and GS 4+3.17–20

Undoubtedly, the greatest superiority of the new grading

system is its discrimination between GG 2 (GS 3+4) and

GG 3 (GS 4+3), which should be of importance in prevent-

ing some patients with GS7 (GG 2) from overtreatment.

However, more attention should be paid to the fact that,

in contrast to its performance in patients with localized

PCa, there were still some defects in the new 2014 ISUP

system among the high-risk sub-population. The BRFS of

men with GG 3 (GS 4+3) and GG 4 (GS 8) was difficult to

distinguish. A similar phenomenon was also observed in

several previous validation studies.4–7 Epstein et al con-

sidered that one reasonable explanation might be that more

patients with GG 4 than with GG 3 received hormone

therapy, which could neutralize the higher aggressive abil-

ity of GG 4.4

In the present study, a higher proportion of patients with

GG 4 than with GG 3 received adjuvant therapy after surgery

(54.7% vs 69.8%), but the difference was not statistically

significant (P=0.081). We also observed that among 137

patients with GG 3, pathologists reported TGP5 in 27%

(37/137). The higher occurrence of TGP5 might be consid-

ered a contaminating factor, which could explain the over-

lapping of the survival curves of GG 3 and GG 4.

Sub-analysis among the GG 3 group subsequently

demonstrated that patients with TGP5 had more aggressive

characteristics than those without, in terms of baseline

PSA levels, pathological T stage, and the percentage of

SVI. TGP5 was also observed to increase the odds of

biochemical recurrence in the GG 3 patients. The prog-

nostic value of TGP5 remains controversial.21–24 Several

studies have proposed that GS 4+3 patients and TGP5 who

underwent RP should be considered as GG 3 patients with

a minor higher grade component.22–24 All of these clues

hinted that the existence of TGP5 in GG 3 patients plays a

crucial role in accounting for the overlap of BRFS

between GG 3 and GG 4. In fact, when patients with

GG3 concomitant with TGP5 were excluded from the

sub-analyses in our study, the difference in BRFS between

the GG 4 and GG 3 groups improved (HR from 1.15 to

1.49). At the same time, the presence of cribriform cancer

or IDC-P might play a role similar to that of TGP5. A

series of studies confirmed that cribriform cancer or IDC-P

was associated with bad prognosis for localized PCa

patients treated with RP or radiotherapy.25 When patient

with IDC-P was excluded, the difference in BRFS between

the GG 4 and GG 3 groups improved (HR from 1.15 to

1.36). Since cribriform cancer was not reported specifi-

cally in our center, it was not analyzed in this study. Thus,

both urological pathologists and urologists should pay

more attention to the existence of TGP5 and IDC-P.

Furthermore, multivariate analyses showed that apart

from the GS grading system, other clinicopathological

parameters, including baseline PSA and EPE status, were

also independent prognosticators for biochemical recur-

rence among patients with high-risk PCa. These confound-

ing factors might also interfere with the prognostic

prediction ability of the new ISUP grading system. In

Table 4 The comparison of clinicopathologic parameters between patients of GS 3+4 with or without tertiary GS 5

GS 3+4 (total) GS 3+4 (with tertiary GS 5) GS 3+4 (without tertiary GS 5) P-value

Number 133 10 123

Baseline PSA (ng/ml)

<20, n (%) 96 (72.2) 6 (60.0) 90 (73.2) 0.371

≥20, n (%) 37 (27.8) 4 (40.0) 33 (26.8)

Pathological T stage

≤2, n (%) 49 (36.8) 2 (20.0) 47 (38.2) 0.251

≥3, n (%) 84 (63.2) 8 (80.0) 76 (61.8)

EPE (%), n (%) 78 (58.6) 8 (80.0) 70 (56.9) 0.154

SVI (%), n (%) 22 (16.5) 2 (20.0) 20 (16.3) 0.760

Positive SM, n (%) 44 (33.1) 4 (40.0) 40 (32.5) 0.629

IDC-P, n (%) 3 (2.3) 0 (0.0) 3 (2.4) 0.617

Abbreviatins: GS, Gleason score; PSA, prostate-specific antigen; EPE, extraprostatic extension; SVI, seminal vesicle invasion; SM, surgical margin; IDC-P, intraductal

carcinoma of prostate.
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fact, in clinical practice, prognostic prediction for patients

with high-risk prostate cancer should be comprehensively

evaluated and thoroughly considered.

Several limitations existed in this study. First, this is a

retrospective study with defects associated with its study

type. Second, all of the data were based on a cohort of

patients treated in a single center, and thus, biases such as

treatment selection are unavoidable. Third, since there are

currently no uniform criteria for the tertiary patterns in the

GS grading system, our definition might not be completely

in accordance with others. The main limitation of the

current study was that, due to the relatively short follow-

up time, BRFS was set as the end point instead of OS or

cancer-specific survival. This limitation was unavoidable

because the modified Gleason system was first introduced

in 2005. Another 10–15 years must pass before the follow-

up time is sufficient to use death as the end point.4

Conclusion
To our knowledge, this study is the first to validate the new

2014 ISUP grading system in patients with high-risk PCa

who underwent RP. Despite miscellaneous risk factors, the

five-tier 2014 grading system was still considered as an

independent prognostic risk factor with high predictive

accuracy. The presence of TGP5 and IDC-P showed

major impact on the prognosis of patients with high-risk

localized prostate cancer. Hence, in the clinic, the prog-

nostic prediction for patients with high-risk PCa should be

comprehensively evaluated and thoroughly considered. In

addition, more attention should be paid to the existence of

the TGP5 and IDC-P, and it should be routinely reported

by pathologists in clinical practice to maintain the predic-

tive ability of the new 2014 ISUP grading system.
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