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Abstract

Objectives: To investigate whether the International Society of Urological Pathology

Grade Group 4 (GG 4) subgroups have different oncological outcomes in Japanese

prostate cancer (PCa) patients undergoing robotic-assisted radical prostatectomy

(RARP).

Patients and Methods: We conducted a retrospective multicentre cohort study in

PCa patients undergoing RARP at 10 institutions in Japan. Pre- and post-

operative variables were collected from enrolled patients. We evaluated biochemi-

cal recurrence and clinical and pathological variables in the different GG

4 subgroups.

Results: A total of 3195 patients were enrolled in the study. Among them,

298 patients with GG 4 tumours (pathological Gleason scores [GSs] of 3 + 5

[N = 37], 4 + 4 [N = 257] and 5 + 3 [N = 4]) based on RARP specimens were

analysed. The median follow-up period was 25.2 months. The 3-year biochemical

recurrence (BCR)-free survival (BCRFS) rate in the overall population was 74.5%. The

3-year BCRFS rates in the pathological GS 3 + 5, GS 4 + 4 and GS 5 + 3 subgroups

were 93.8%, 71.9% and 50.0%, respectively (P = 0.01). In multivariate analysis, path-

ological GS based on RARP specimens, PSA levels at surgery, pathological T stage,

pathological N stage and surgical margins were independent risk factors significantly

associated with BCRFS. In particular, patients with pathological GSs 4 + 4 and 5 + 3

were at higher risk of BCR than patients with pathological GS 3 + 5 (hazard ratio

4.54, P = 0.03 and hazard ratio 11.2, P = 0.01, respectively). The study limitations

include the lack of central pathological specimen evaluation.

Conclusions: For patients with localized PCa undergoing RARP, pathological GS

4 + 4 and GS 5 + 3 were significantly associated with worse BCRFS than pathologi-

cal GS 3 + 5. Pathological GS 3 + 5 may be overrated in GG 4. This observation
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emphasizes that primary and secondary GS should be considered to accurately strat-

ify the risk of BCR after RARP.

K E YWORD S

Gleason score, grade group, prostate cancer, radical prostatectomy, robotic-assisted

1 | INTRODUCTION

Several guidelines recommend radical prostatectomy (RP) for localized

and some advanced prostate cancers (PCas).1 Robotic-assisted RP

(RARP) is suitable as a treatment modality for localized PCa. Although

RARP is associated with less blood loss, a lower transfusion rate and a

shorter hospitalization duration than open RP,2 there is no consensus

as to whether RARP has better oncological outcomes than open

RP.2–4 Approximately 2.5%–16% of PCa patients undergoing RARP

still develop biochemical recurrence (BCR).2

The International Society of Urological Pathology (ISUP) devel-

oped the Gleason grading system for PCa in 2013.5 The five-tier

Grade Group (GG) system was accepted in the 2016 edition of the

World Health Organization Classification of Tumours of the Urinary

System and Male Genital Organs to be used in conjunction with

Gleason score (GS).6 The five GGs include GG 1 (GS ≤ 6), GG

2 (GS 3 + 4), GG 3 (GS 4 + 3), GG 4 (GS 8) and GG 5 (GS 9–10). How-

ever, the definition of ISUP GG 4 is unsettled,7 as several studies have

indicated a possible heterogeneity in GG 4. GG 4 includes all patients

with GS 8 (i.e. GS 3 + 5, GS 4 + 4 and GS 5 + 3), regardless of their

primary and secondary scores. A series of studies have evaluated

associations of GS 8 (GS 3 + 5, GS 4 + 4 and GS 5 + 3) with clinico-

pathological variables and disease progression.8 Additionally, oncolog-

ical outcomes have been evaluated among localized or metastatic PCa

patients within GG 4 treated with RP, radiotherapy (RT) and androgen

deprivation therapy (ADT).8 However, the impact of the GG 4 sub-

groups on oncological outcomes has never been investigated in

Japanese PCa patients undergoing RARP. The ability to predict which

patients are more likely to develop BCR after RARP could be helpful

when choosing the best treatment strategy. Therefore, in this retro-

spective study, we investigated whether PCa patients undergoing

RARP classified as having pathological GS 3 + 5, GS 4 + 4 and GS

5 + 3 had different clinicopathological variables and outcomes. This

retrospective multicentre cohort study included PCa patients under-

going RARP at 10 institutions in Japan.

2 | PATIENTS AND METHODS

2.1 | Study participants

This study was approved by the Institutional Review Board of Mie

University (approval number: H2021-175) and the institutional review

boards of all participating institutions. Patient consent was not

required because of the retrospective nature of the study. The provi-

sions of the ethics committee and ethics guidelines in Japan do not

require written consent when the study information, such as existing

documentation, is disclosed to the public for use in retrospective

and/or observational studies.

We conducted a retrospective, multicentre cohort study in PCa

patients undergoing RARP at 10 institutions (the MSUG94 group) in

Japan between September 2012 and August 2021. The primary end-

point was overall treatment outcomes after RARP. The secondary

endpoints were oncological outcomes (BCR, metastasis and develop-

ment of castration resistance) and surgical complications of RARP. For

preoperative staging, all patients underwent computed tomography

(CT) of the chest, abdomen and pelvis; magnetic resonance imaging

(MRI) of the pelvis; and bone scanning. After recurrence, all patients

underwent CT of the chest, abdomen and pelvis and bone scanning.

We excluded clinically metastatic PCa patients with cN1 and/or cM1.

Preoperative information was gathered from patients, including

patient age, height, weight, serum PSA level, clinical stage, biopsy GS,

number and percentage of cancer-positive biopsy cores, D’Amico risk

stratification,9 Eastern Cooperative Oncology Group performance sta-

tus, American Society of Anesthesiologists physical status and admin-

istration of neoadjuvant therapy before RARP. The pathological T and

N stages of the surgical specimens were recorded, as were the patho-

logical GS and the presence of extraprostatic extension, seminal vesi-

cle invasion and positive surgical margins (PSMs). All tumours were

staged according to the American Joint Committee on Cancer (AJCC)

eighth edition cancer staging manual.10 All patients in the present

study underwent RARP. The presence or absence of PLND, range of

PLND and use of a nerve-sparing approach were determined by the

surgeon or the policy of each institution.

2.2 | Pathological analysis

All prostatectomy specimens were sectioned according to the whole-

mount staining technique and evaluated according to the ISUP 2005

guidelines.11 The apex of the prostate was shaved perpendicular to

the prostatic urethra. The bladder neck margin was coned from the

specimen and sectioned perpendicularly. The remaining prostate tis-

sue was completely sectioned at 3-mm intervals along a plane perpen-

dicular to the urethral axis.

2.3 | Follow-up schedule

Following surgery, all patients were assessed at 3-month intervals

according to their serum PSA levels. The date of BCR or PSA failure

was defined as the date when the serum PSA level exceeded

SASAKI ET AL. 393



0.2 ng/mL. If the PSA level did not decrease below 0.2 ng/mL after

RARP, the date of BCR was defined as the date of RARP. Times to

events were calculated from the day of surgery. Imaging for meta-

static disease was left to the physician’s judgement based on PSA

levels and/or symptoms of recurrent disease. After biochemical pro-

gression, salvage RT, hormonal therapy and chemotherapy were per-

formed. Castration-resistant PCa (CRPC) was defined as either

progressively rising PSA (two 50% increases over the nadir with a

PSA > 2.0 ng/mL), despite a castration level (<50 ng/dL) of testoster-

one, as previously described.12

2.4 | Statistical analysis

Associations of GS with categorical variables were assessed using the

chi-square test, and differences in continuous variables were analysed

using the Kruskal-Wallis test. BCR-free survival (BCRFS) after RARP

was analysed using the Kaplan–Meier method, and differences

between groups were assessed by log-rank test. Multivariate analysis

was performed using the Cox proportional hazards regression model.

Statistical analysis was performed using SPSS software, Version

22 (IBM Corporation, Armonk, NY, USA), and P < 0.05 was considered

to be statistically significant.

3 | RESULTS

3.1 | Patient characteristics

A total of 3195 patients were enrolled in the study. Patients who

received neoadjuvant therapy and those without clearly evaluated

clinical and pathological findings were excluded. Finally, 298 patients

T AB L E 1 Patient characteristics

ALL GS 3 + 5 GS 4 + 4 GS 5 + 3 P-value

Number of patients (%) 298 (100) 37 (12) 257 (86) 4 (2)

Median follow-up time (range) months 25.2 (0.3–104) 25.5 (1.9–71) 24.6 (0.3–104) 61.4 (40–88)

Median age (range) at surgery years 69 (43–81) 68 (51–80) 70 (43–81) 69 (63–73) 0.20

Median PSA levels (range) at surgery ng/mL 8.7 (1.4–78) 9.1 (4–26) 8.6 (1.4–78) 8.6 (5.6–11) 0.80

Biopsy GS (%)

6 22 (7) 1 (2) 21 (8) 0 (0) 0.008

7 92 (31) 21 (58) 70 (27) 1 (25)

≥8 184 (62) 15 (40) 166 (65) 3 (75)

Clinical stage at diagnosis (%)

cT1 39 (13) 5 (13) 34 (13) 0 (0) 0.52

cT2 218 (73.5) 30 (82) 185 (72) 3 (75)

cT3 40 (13) 2 (5) 37 (14.5) 1 (25)

cTx 1 (0.5) 0 (0) 1 (0.5) 0 (0)

Pathological T stage (%)

pT2 172 (58) 22 (60) 148 (58) 2 (50) 0.47

pT3a 73 (24) 11 (30) 60 (23) 2 (50)

pT3b 53 (18) 4 (10) 49 (19) 0 (0)

Pathological N stage (%)

pN0 217 (73) 28 (76) 187 (73) 2 (50) 0.16

pN1 19 (6) 0 (0) 18 (7) 1 (25)

pNx (cN0) 62 (21) 9 (24) 52 (20) 1 (25)

Median number of resected lymph nodes (range)

[GS 3 + 5 (N = 28), GS 4 + 4 (N = 205), GS 5 + 3 (N = 3)] 7 (0–45) 12 (2–45) 6 (0–44) 18 (12–20) <0.001

Surgical margins (%)

Negative 188 (63) 23 (63) 162 (63) 3 (75) 0.44

Positive 108 (36) 13 (35) 94 (36.5) 1 (25)

NA 2 (1) 1 (2) 1 (0.5) 0 (0)

Nerve sparing (%)

None 231 (78) 22 (60) 205 (80) 4 (100) 0.03

Unilateral 58 (19) 12 (32) 46 (18) 0 (0)

Bilateral 9 (3) 3 (8) 6 (2) 0 (0)

Abbreviations: GS, Gleason score; NA, not available; PSA, prostate-specific antigen.
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F I GU R E 1 Kaplan–Meier estimates of biochemical recurrence-free survival (BCRFS) (A), metastasis-free survival (B) and castration-resistant
prostate cancer (CRPC)-free survival (C) in patients who underwent robotic-assisted radical prostatectomy. The 3-year BCRFS rates were 93.8%,
71.9% and 50.0% for those with pathological GS 3 + 5, GS 4 + 4 and GS 5 + 3 tumours, respectively (A; P = 0.01). The 3-year metastasis-free
survival rates were 100.0%, 99.2% and 75.0% for those with pathological GS 3 + 5, GS 4 + 4 and GS 5 + 3 tumours, respectively (B; P = 0.11).
The 3-year CRPC-free survival rates were 100.0%, 99.3% and 75.0% for those with pathological GS 3 + 5, GS 4 + 4 and GS 5 + 3 tumours,
respectively (C; P < 0.001). GS, Gleason score
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with pathological GS 3 + 5 (N = 37, 12%), GS 4 + 4 (N = 257, 86%)

and GS 5 + 3 (N = 4, 2%) with GG 4 tumours were analysed for onco-

logical outcomes. Demographic data of the patients are presented in

Table 1. The median age at surgery was 69 years. Overall, 108 (36%)

patients had PSMs, and 172 (58%), 73 (24%), 53 (18%) and 19 (6%)

had pathological T2 (pT2), pT3a, pT3b and pN1 disease, respectively

(Table 1). When patients were stratified according to pathological

Gleason patterns based on RARP specimens, a significant difference

was observed with regard to the biopsy GS (P = 0.008) (Table 1). The

numbers of median (range) nodes of pelvic lymphadenectomy in path-

ological GS 3 + 5, GS 4 + 4 and GS 5 + 3 were 12 (2–45), 6 (0–44)

and 18 (12–20), respectively (P < 0.001) (Table 1).

The median follow-up was 25.2 months, and 71 patients (23.8%)

experienced BCR. The 3-year and 5-year BCRFS rates in the overall

population were 74.5% and 57.8%, respectively. When patients were

stratified according to pathological Gleason pattern, the 3-year BCRFS

rates were 93.8%, 71.9% and 50.0% for those with pathological GS

3 + 5, GS 4 + 4 and GS 5 + 3 tumours, respectively (Figure 1A;

P = 0.01). The 3-year metastasis-free survival rates were 100.0%,

99.2% and 75.0% for those with pathological GS 3 + 5, GS 4 + 4 and

GS 5 + 3 tumours, respectively (Figure 1B; P = 0.11). The

corresponding 3-year CRPC-free survival rates were 100.0%, 99.3%

and 75.0%, respectively (Figure 1C; P < 0.001).

In the univariate analysis, pathological GS based on RARP speci-

mens, PSA levels at surgery, pT stage, pN stage, surgical margins and

nerve-sparing procedures were associated with BCRFS (Table 2). In

the multivariate analysis, pathological GS based on RARP specimens,

PSA levels at surgery, pT stage, pN stage and surgical margins were

independent risk factors significantly associated with BCRFS (Table 2).

In particular, patients with pathological GS 4 + 4 and GS 5 + 3

tumours were at a higher risk of BCR than patients with pathological

GS 3 + 5 tumours (hazard ratio 4.54, P = 0.03 and hazard ratio 11.2,

P = 0.01, respectively).

4 | DISCUSSION

In our study, we evaluated the prognostic differences among PCa

patients undergoing RARP with pathological GS 3 + 5, GS 4 + 4 and

GS 5 + 3 tumours. Previous studies from Western countries demon-

strated that PCa patients undergoing RP with pathological GS 3 + 5

tumours had significantly better outcomes than those with GS 4 + 4

tumours.13–17 In our large, multicentre, national study of patients who

received RARP, we confirmed the heterogeneity of pathological GG

4 in predicting BCR. We demonstrated that patients undergoing RARP

with pathological GS 4 + 4 and GS 5 + 3 tumours were at higher risk

of BCR than those with pathological GS 3 + 5 tumours. This observa-

tion emphasizes that primary and secondary GSs should be consid-

ered to accurately stratify the risk of BCR after RARP.

Epstein et al. reported that the vast majority of patients in GG

4 had pathological GS 4 + 4 tumours; therefore, they did not consider

it useful to further separate patients with pathological GS 3 + 5 or GS

5 + 3 tumours based on the frequencies alone.18,19 In their study

investigating the incidences of GS 3 + 5 and GS 5 + 3 tumours19 in

20 824 RP cases graded by uropathology experts, only 39 (0.2%) had

3 + 5 tumours, and 4 (0.02%) had 5 + 3 tumours. In our cohort, only

four patients (0.1%) had GS 5 + 3 tumours (Table 1). Therefore, GS

5 + 3 tumours were extremely rare in our cohort. However, of 3195

patients, 37 (1.1%) had GS 3 + 5 tumours, indicating it may be less

rare in some cohorts. The incidences of GS 3 + 5 and GS 5 + 3

tumours within RP specimens in real-world data are similar to or much

higher than those in our cohort.14,16,17

The Epstein group also proposed modifying GGs by incorporating

a prognostic grade grouping that accurately reflects prognosis.5,18

They showed that the 5-year BCRFS rate for GG 4 based on RP

pathology was 48%.18 The 5-year BCRFS rate for GG 4 in our study

was similar (57.8%). In 2016, the AJCC eighth edition established

T AB L E 2 Univariate and multivariate analysis assessing the role
of pathological Grade Group 4 subgroups on the risk of biochemical
recurrence (BCR) in 298 prostate cancer (PCa) patients based on
robotic-assisted radical prostatectomy specimens

Factors

Univariate Multivariate

Hazard ratio [95%CI]
(P-value)

Hazard ratio [95%CI]
(P-value)

Gleason score based on RARP specimens

3 + 5 1 (Ref.) 1 (Ref.)

4 + 4 5.07 [1.24–20.7]
(P = 0.02)

4.54 [1.10–18.7]
(P = 0.03)

5 + 3 11.9 [1.98–72.0]
(P = 0.007)

11.2 [1.78–71.2]
(P = 0.01)

Age (years) at

surgery

1.02 [0.98–1.06]
(P = 0.26)

―

PSA levels (ng/ml)

at surgery

1.04 [1.03–1.06]
(P < 0.001)

1.02 [1.01–1.04]
(P < 0.001)

Pathological T stage

pT2 1 (Ref.) 1 (Ref.)

pT3a 3.61 [2.02–6.45]
(P < 0.001)

2.73 [1.49–4.99]
(P < 0.001)

pT3b 4.39 [2.43–7.93]
(P < 0.001)

2.39 [1.18–4.83]
(P = 0.01)

Pathological N stage

pN0 1 (Ref.) 1 (Ref.)

pN1 6.11 [3.31–11.2]
(P < 0.001)

3.27 [1.51–7.06]
(P = 0.003)

pNx (cN0) 0.78 [0.38–1.59]
(P = 0.50)

0.81 [0.38–1.73]
(P = 0.60)

Surgical margins

Negative 1 (Ref.) 1 (Ref.)

Positive 2.56 [1.59–4.11]
(P < 0.001)

2.07 [1.24–3.48]
(P = 0.005)

Nerve sparing

None 1 (Ref.)

Unilateral or

bilateral

0.47 [0.24–0.90]
(P = 0.02)

―

Abbreviation: RARP, robotic-assisted radical prostatectomy.
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criteria to evaluate prediction models, including clinical T stage, patho-

logical T stage, N stage, M stage, PSA titres and GG.10 In this model,

GG 4 included GS 4 + 4, GS 3 + 5 and GS 5 + 3. However, it is

unclear whether GS 3 + 5 and GS 5 + 3 have equivalent outcomes to

GS 4 + 4. Recently, large international studies developed points-

based GS staging systems for predicting BCR and cancer-specific mor-

tality in patients with non-metastatic PCa.20,21 Interestingly, in these

studies, a primary pattern of 5 (GS 5 + 3) was evaluated separately

from other primary patterns (GS 4 + 4 or GS 3 + 5).20,21 To address

this, several studies have attempted to evaluate the associations of

GG 4 subgroups with clinicopathological variables and disease

progression.

Table 3 summarizes several lines of clinical evidence showing the

prognostic impact of different GG 4 subgroups (GS 3 + 5 vs. GS

4 + 4 vs. GS 5 + 3) on PCa outcomes.13–17,22–27 Rushoven et al. dem-

onstrated that patients with biopsy Gleason pattern 5 tumours

(GS 3 + 5 or GS 5 + 3) had worse survival than those with biopsy GS

4 + 4 tumours among patients with metastatic or localized PCa

undergoing RT.22,23 Because these studies focused on biopsy Gleason

pattern 5, GS 3 + 5 and GS 5 + 3 tumours were included in the same

category. Similarly, Huynh et al. and Lu et al. compared men with GS

3 + 5/5 + 3 tumours and those with GS 4 + 4 tumours based on the

biopsy GSs.26,27 Huynh et al. demonstrated that PCa-specific mortal-

ity (PCSM) and all-cause mortality were significantly higher among

men undergoing RT and ADT with GS 3 + 5/5 + 3 tumours than

among those with GS 4 + 4 tumours,26 but Lu et al. found no signifi-

cant differences in PCSM risk between men undergoing RP, RT, ADT

and chemotherapy with biopsy GS 3 + 5/5 + 3 tumours and those

with GS 4 + 4 tumours. However, the authors did not separate GS

3 + 5 and GS 5 + 3 tumours.

Conversely, several recent studies evaluated GS 3 + 5 and GS

5 + 3 separately.13–16,24,25 Two studies including PCa patients under-

going multimodality treatment concluded that the PCSM and OS of

patients with GS 3 + 5 and GS 4 + 4 disease are similar,24,25 but

patients with GS 5 + 3 disease have a higher risk of PCSM.24 How-

ever, these studies have varied initial therapeutic approaches. In our

T AB L E 3 Summary of the prognostic impact of different Gleason score 8 (3 + 5 vs. 4 + 4 vs. 5 + 3) on PCa outcome

Study Region Patients and treatment
GS
specimens Outcome

Follow-up
(months)

Rusthoven et al.

201423
USA GS 3 + 5 and 5 + 3: N = 167, GS

4 + 4: N = 906, ALL

Biopsy Gleason pattern 5 (3 + 5 or 5 + 3) was

associated with inferior survival

when compared with 4 + 4 disease

48

Rusthoven et al.

201524
USA GS 3 + 5 and 5 + 3: N = 359, GS

4 + 4: N = 2545, RT

Biopsy Gleason pattern 5 (3 + 5 or 5 + 3) was

associated with inferior survival

when compared to 4 + 4 disease.

72

Mahal et al.

201625
USA GS 3 + 5: N = 2668, GS 4 + 4:

N = 21 503, GS 5 + 3: N = 892,

ALL

Biopsy/RP PCSM of GS 3 + 5 and GS 4 + 4 are

similar, but GS 5 + 3 is high risk of

PCSM

36

Van den Bergh

et al. 201613
International GS 3 + 5: N = 62, GS 4 + 4: N = 134,

GS 5 + 3: N = 15, RP

Biopsy/RP BCR rate of GS 3 + 5 was significantly

favourable than GS 4 + 4

20.4

Harding-Jackson

et al. 201620
USA GS 3 + 5: N = 58, GS 4 + 4: N = 121,

GS 5 + 3: N = 0, ALL

Biopsy GS 4 + 4 and GS 3 + 5 have a similar

prognosis

33.4

Huynh et al.

201626
USA GS 3 + 5 and 5 + 3: N = 41, GS

4 + 4: N = 421, RT + ADT

Biopsy PCSM and ACM were higher for men

with GS3 + 5/5 + 3 than for men

with GS 4 + 4

91.2

Gandaglia et al.

201714
International GS 3 + 5: N = 295, GS 4 + 4:

N = 651, GS 5 + 3: N = 143, RP

RP Men with GS 3 + 5 are at reduced risk

of recurrence compared with men

with primary GS 4 or 5

83

Lu et al. 201827 Australia GS 3 + 5: N = 55, GS 4 + 4: N = 664,

GS 5 + 3: N = 21, ALL

Biopsy No significant difference in PCSM risk

between GS 4 + 4 and GS

3 + 5/5 + 3

60

Mori et al.

202115
International GS 3 + 5: N = 190, GS 4 + 4:

N = 1557, GS 5 + 3: N = 44, RP

Biopsy GS 4 + 4 was significantly associated

with worse BCRFS than GS 3 + 5

75

Mori et al.

202116
International GS 3 + 5: N = 189, GS 4 + 4:

N = 500, GS 5 + 3: N = 98, RP

RP GS 4 + 4 was significantly associated

with worse BCRFS than GS 3 + 5

86

Hollemans et al.

202117
Netherlands GS 3 + 5: N = 76, GS 4 + 4: N = 46,

GS 5 + 3: N = 18, RP

RP BCR and metastases occur more often

in GS 4 + 4 than GS 3 + 5/5 + 3

68.7

Present study Japan GS 3 + 5: N = 37, GS 4 + 4: N = 257,

GS 5 + 3: N = 4, RARP

RP GS 4 + 4 and GS 5 + 3 were

significantly associated with worse

BCRFS than GS 3 + 5

25.2

Abbreviations: ACM, all-cause mortality; ADT, androgen deprivation therapy; BCRFS, biochemical recurrence-free survival; GS, Gleason score; PCSM,

prostate cancer-specific mortality; RARP, robotic-assisted radical prostatectomy. RP, radical prostatectomy; RT, radiotherapy.
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study, although the follow-up period was relatively short, we included

only patients undergoing RARP. We found that the metastasis-free

survivals and CRPC-free survivals of patients with GS 3 + 5 and GS

4 + 4 disease were similar, but patients with GS 5 + 3 disease had

higher risks of metastasis and CRPC (Figure 1B,C). Further follow-up

will provide a more definitive conclusion.

Intriguingly, multiple studies examining BCR after RP revealed

that the BCR rate of patients with pathological GS 4 + 4 tumours was

worse than that of patients with GS 3 + 5 tumours.13–17 Our results

also indicated that patients with pathological GS 4 + 4 tumours

undergoing RARP were also at higher risk of BCR than those with GS

3 + 5 tumours. Moreover, in our multivariate analysis for BCRFS after

RARP, pathological GS 3 + 5, lower PSA, pT2, pN0 and negative sur-

gical margins were significant favourable prognostic factors, with GS

being the strongest prognostic factor (Table 2). Gandaglia et al. dem-

onstrated that pathological GS 4 + 4 was associated with a 1.38-fold

higher risk of recurrence than pathological GS 3 + 5,14 and Mori et al.

also demonstrated that pathological GS 4 + 4 was associated with a

1.81-fold higher risk of recurrence than pathological GS 3 + 5 in mul-

tivariate analysis for BCRFS after RP.16 Hollemans et al. revealed that

invasive cribriform and/or intraductal carcinoma was observed more

frequently in RP specimens of GS 4 + 4 tumours (93%) than in those

of GS 3 + 5 tumours (47%; P < 0.001).17

The present study has several limitations. First, this was a retro-

spective, multicentre cohort study and therefore has an inherent

potential for bias. Second, we acknowledge the lack of a centralized

pathological review involving biopsy and pathological GSs. GS 8 is

known to be a very heterogeneous disease including highly variable

quantities of Gleason 3, 4 and 5 growth patterns, which may lead to

significant inter-observer variability in tumour grading.17 Third, we

had few cases of GS 5 + 3 in our cohort. Last, the follow-up period

was relatively short; therefore, it may be insufficient to precisely iden-

tify the predictive factors of BCR, and there is a lack of cancer-specific

survival data after RARP. However, we believe that further prospec-

tive studies with large cohort sizes will enable identification of critical

roles of the heterogeneous GG 4 in predicting outcomes.

5 | CONCLUSIONS

In conclusion, GS 4 + 4 and GS 5 + 3 in patients with localized PCa

treated by RARP were associated with significantly worse BCRFS than

GS 3 + 5. Pathological GS 3 + 5 may be overrated in GG 4. This

observation emphasizes that primary and secondary GS should be

considered to accurately stratify the risk of BCR after RARP. This

could be useful for selecting the best treatment strategy by predicting

which patients are more likely to develop BCR after RARP.
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