
Abstract. Background/Aim: The aim of this study was to
demonstrate the clinical significance of latent Gleason
pattern (GP) 5 occasionally found in prostatectomy
specimens. Materials and Methods: Patients (n=605)
undergoing radical prostatectomy were classified into three
groups according to the presence of GP5 in the biopsy or in
the prostatectomy specimens: ‘GP5 negative’ , absence of GP
in both specimens ‘latent GP5’, absence of GP5 in the biopsy
specimen, but presense of GP5 in the prostatectomy
specimen, and ‘GP5 positive’, presense of GP in both
specimens. The characteristics of these three groups were
analyzed. Results: There were 381 men in the GP5-negative
group, 155 in the latent GP5 group, and 69 in the GP5-
positive group. Low- or intermediate-risk for prostate cancer,
latent GP5 and surgical margin positivity were independent
predictors of biochemical recurrence (Hazard ratio (HR): 3.1,
5.8, respectively, p=0.001, 0.0002, respectively). Conclusion:
Latent GP5 is an important prognostic factor that should be
evaluated in patients with low- and intermediate-risk for
prostate cancer before the initiation of treatment.

Therapeutic strategies for prostate cancer (PC) should
comply with guidelines published by the National
Comprehensive Cancer Network or European Urological
Association (1, 2). These guidelines utilize age, serum
prostate-specific antigen (PSA) levels, Gleason score (GS)
in the biopsy specimen, and clinical stages to navigate

therapeutic strategies. These clinical parameters, however, do
not sufficiently predict biological aggressiveness of PC or
duration of treatments. The identification of mutations in
genes such as ATM and BRCA1/2 or the expression of
specific genes may provide further information on the
metastatic potential or radio-sensitivity (3, 4). 

Pathology reports on surgical specimen can also be used
to predict outcome and suggest clinical management. The
reports occasionally reveal upgrading of Gleason pattern
(GP) in surgical specimens compared with results from
biopsy samples. A study on 7,643 men undergoing RP found
that 36.3% of men with GS 6 or less at prostate needle
biopsy showed upgrading of GP in prostatectomy specimens
(5). In particular, GP5 is an ominous or lethal phenotype of
PC requiring intensive treatments (6-8). Latent GP5, GP5 not
detected at biopsy, but firstly found in the surgical specimen,
may have significant impact on clinical management.
However, the incidence of latent GP5 or its clinical
significance has not been fully investigated. Here, the
characteristics of latent GP5 were recorded and its predictors
in men with D’Amico low- or intermediate-risk for PC that
had undergone robot-assisted radical prostatectomy (RARP)
were identified. 

Patients and Methods

Patients. We reviewed medical records of 605 men who underwent
RARP for localized PC at the University of Tokyo Hospital between
November 1, 2011 and August 31, 2017. The records were evaluated
by two pathologists and ‘latent GP5’ was defined as a pathology
showing absence of GP5 in the biopsy specimen, and presence of
GP5 in the surgical specimen. Patients were classified into three
groups according to the presence of GP5: ‘GP5 negative’ group,
absence of GP in both specimens, ‘latent GP5’ group; absence of
GP5 in the biopsy specimen, but presense of GP5  in the
prostatectomy specimen including primary, secondary, and tertiary
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pattern, and GP5 group, presense of GP in both specimens.
Clinicopathological parameters including age, serum PSA levels
(ng/ml) at biopsy, serum C-reactive protein (CRP) levels (ng/ml)
before surgery, estimated prostate volume (cm3), positive core rate
of the prostate biopsy (%), pathological results, D’Amico risk
classification (9), and clinical outcomes were compared among the
three groups. Prostate volume was calculated by preoperative
computed tomography, or magnetic resonance imaging. Our standard
protocol for initial biopsy was transrectal ultrasonography-guided
twelve-core biopsies. Transperineal ultrasonography-guided sextant
biopsies were added in the repeated biopsy. Pathology of biopsy and
surgical specimens were evaluated by two pathologists. Patients who
had received neo-adjuvant androgen deprivation therapy (ADT) or
5α reductase inhibitor were excluded.

The study was approved by the ethics committee of the hospital
and written informed consent was obtained from each patient before
surgery. Patients were followed by their surgeons at three-month
intervals for 5 years and annually thereafter. Biochemical recurrence
(BCR) was defined as a consecutive increase in serum PSA levels
over 0.2 ng/ml.

Surgical techniques. We carried out RARP using the peritoneal
approach, as previously described (10). Cavernous nerve
preservation was recommended on the cancer-negative side, and
were conducted on patient’s request. Bilateral preservation was
done if the cancer was located at the transitional zone. By using
the Japan PC nomogram, extended lymph node dissection was
performed in men who had a 5% or more probability of lymph
node metastasis (11).

Statistical analysis. Age, serum PSA levels, serum CRP levels, prostate
volume, and the positive core rate of the biopsy were compared
between GP5 negative group and latent GP5 group using the Wilcoxon
test. Association with clinicopathological findings was assessed using
the chi-square test. BCR-free survival curves were plotted using the
Kaplan–Meier method, and were compared using the Log-rank test.
Predictors of latent GP5 were identified by multivariate analysis using
variables selected by the stepwise method with >2F values (12). JMP
13.0 software (SAS Institute, Cary, NC, USA) was used for the
analysis. p<0.05 was considered to be statistically significant.

Results
In the whole cohort, median values of age, serum PSA level
at diagnosis, serum CRP level, prostate volume, and positive
core rate of the prostate biopsy were 67 years, 7.6 ng/ml,
0.05 ng/ml, 27 cm3, and 25%, respectively. Latent GP5
group had intermediate values of PSA levels, positive core
rate, and D’Amico classification between the GP5 negative
group and the GP5 group (Table I). Eight out of 82 men
(9.8%) at low-risk and 92 out of 342 men (27%) at
intermediate-risk were designated as the latent GP5 Group.

Men with primary and secondary GS of 3+4 (n=30), 4+3
(n=59), 4+4 (n=8) had tertiary GP5, and thus were classified
as latent GP5 Group. Latent GP5 group showed intermediate
features regarding pathological findings in surgical
specimens (Table II). 
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Table I. Patient’s characteristics (n=605).

                                                                                                        GP 5 negative (n=381)                   Latent GP 5 (n=155)                       GP 5 (n=69)

Age, median (range)                                                                                 66 (47-78)                                      67 (49-77)                                 67 (52-80)
Complication (%)
   Hypertension                                                                                           122 (32)                                          46 (30)                                      20 (29)
   Diabetes mellitus                                                                                      56 (15)                                           24 (16)                                      15 (22)
   Hyperlipidemia                                                                                         44 (13)                                            13 (9)                                        7 (10)
   Angina pectoris                                                                                         33 (9)                                             13 (9)                                        1 (1.5)
Serum PSA (ng/ml), median (range)                                                      7.0 (1.4-63)                                    9.3 (2.5-56)                               9.4 (4.1-71)
Estimated prostate volume (cm3), median (range)                                28 (12-130)                                     28 (12-88)                                27 (12-127)
Positive core rate of the prostate biopsy (%), median (range)                  22 (5-100)                                      25 (6-100)                                 50 (6-100)
Biopsy Gleason score (%)                                                                                                                                                                                          
   3+3                                                                                                            96 (25)                                            10 (6)                                         0 (0)
   3+4                                                                                                           182 (48)                                          57 (37)                                        0 (0)
   4+3                                                                                                            60 (16)                                           41 (26)                                        0 (0)
   3+5                                                                                                              0 (0)                                               0 (0)                                          5 (7)
   4+4                                                                                                            43 (11)                                           47 (30)                                        0 (0)
   5+3                                                                                                              0 (0)                                               0 (0)                                          2 (3)
   4+5                                                                                                              0 (0)                                               0 (0)                                        47 (68)
   5+4                                                                                                              0 (0)                                               0 (0)                                        12 (17)
   5+5                                                                                                              0 (0)                                               0 (0)                                          3 (4)
D’Amico classification (%)                                                                                                                                                                                       
   Low                                                                                                           74 (19)                                             8 (5)                                             0
   Intermediate                                                                                             250 (66)                                          92 (60)                                           0
   High                                                                                                          57 (15)                                           55 (35)                                     69 (100)

GP: Gleason pattern.



At the end of follow-up (median 22 months, range=1-72
months) 14 patients (3.7%) in the GP5 negative, 24 (15%)
in the latent GP5, 19 (28%) in the GP5 group experienced
BCR. The BCR-free survival rate was significantly worse in
the latent GP5 and the GP5 group compared with that of the
GP5 negative group (p<0.0001, Figure 1). Interestingly, the
BCR-free rate was higher in the latent GP5 than the GP5
group until 48 months post-surgery, when the BCR-free rate
was reversed (59% and 66%, respectively). 

Subgroup analysis among 100 men with low- or
intermediate risk demonstrated that the latent GP5 group had
significantly higher age, higher PSA levels, higher PSA
density, and significantly higher positive core rate compared
with the GP negative group (p=0.02, 0.01, 0.003, and 0.003,
respectively) (Table III). Of the 100 men in the latent GP5
group, 69 (70%) had tertiary GP5. In these men with low-
and intermediate-risks, the BCR-free rate was significantly
worse in the latent GP5 group than in the GP5 negative
group (p<0.0001, Figure 2). 

Multivariate analysis of BCR risk revealed that latent GP5
and positive surgical margin were independent predictive
factors (Hazard ratio: 3.1, 5.8, respectively, p=0.001, 0.0002,
respectively) (Table IV). 

In order to predict the probability of latent GP5,
preoperative variables including age, complication, serum

PSA, estimated prostate volume, PSA density, serum CRP
levels, D’Amico risk, presence of GP4 were analysed by the
stepwise method with >2F values (Table III) (12). High age
(>69 years), high serum CRP level (>0.09 ng/ml), dominant
GP4 in biopsy samples, D’imico intermediate risk, diabetes
mellitus, and lack of hyperlipidemia predicted latent GP5
with a 0.71 area under the curve.

Discussion

Histopathological examination of prostatectomy specimens
occasionally detects GP5 in men who have negative findings
of GP5 in the biopsy samples.  ‘Latent GP5’, as we call it,
was found in 155 (26%) of 605 men which had undergone
RARP, and in 9.8% of men with D’Amico low-risk and 27%
of men with intermediate-risk. Latent GP5 was associated
with advanced pathological stage and poor outcomes
compared with men free of GP5. In a subgroup of low- and
intermediate-risk men, latent GP5 was an independent
prognostic factor of recurrence. 

The prevalence of latent GP5 was relatively high
compared to a previous study, which demonstrated that
59/5071 (1.1%) patients with biopsy GS6, 48/1577 (3%)
with biopsy GS3+4, and 83/615 (13%) with biopsy GS4+3
experienced upgrading to GS8–10 (5). Recently, aggressive
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Table II. Pathological findings of prostatectomy specimens (n=605).

Factors (%)                                                                                     GP 5 negative (n=381)                   Latent GP 5 (n=155)                       GP 5 (n=69)

T stage 
   0                                                                                                                 1 (0.2)                                              0 (0)                                             0
   2a                                                                                                              49 (13)                                             9 (6)                                          2 (3)
   2b                                                                                                              52 (14)                                             9 (6)                                          2 (3)
   2c                                                                                                             197 (52)                                          66 (42)                                      17 (25)
   3a                                                                                                              73 (19)                                           51 (33)                                      27 (39)
   3b                                                                                                                9 (2)                                             20 (13)                                      21 (30)
N stage (n=206)                                                                                                1                                                 1 (0.9)                                       1 (1.4)
9 (17)
Gleason score
   3+3                                                                                                             27 (7)                                              0 (0)                                          0 (0)
   3+4                                                                                                           202 (53)                                         30* (19)                                      5* (7)
   4+3                                                                                                           103 (27)                                         59* (38)                                      6* (8)
   3+5                                                                                                                 0                                                  6 (4)                                          2 (3)
   4+4                                                                                                            49 (13)                                            8* (5)                                        3* (4)
   5+3                                                                                                                 0                                                 1 (0.7)                                            0
   4+5                                                                                                                 0                                                47 (30)                                      41 (60)
   5+4                                                                                                                 0                                                  4 (3)                                        11 (16)
   5+5                                                                                                                 0                                                  0 (0)                                          1 (1)
Positive perineural invasion                                                                      257 (68)                                         132 (85)                                     59 (86)
Positive lymphovascular invasion                                                               34 (9)                                            38 (24)                                      35 (50)
Positive vascular invasion                                                                         119 (31)                                          84 (54)                                      51 (74)
Positive resection margin                                                                           57 (15)                                           54 (35)                                      28 (23)

GP: Gleason pattern; *Tertiary GP5.



behavior of tertiary GP5 was reported in radical
prostatectomy specimens, however, there were no data from
biopsy samples (13, 14). To best of our knowledge, this is
the first report demonstrating clinical significance of latent
GP5 based on analysis of both biopsy and prostatectomy
samples.

Five-year BCR-free survival was 89.6%, 80.6%, 72.8%,
and 58.2% for 3+4=7, 3+4+ tertiary GP5, 4+3=7, and
4+3+tertiary GP5, respectively (p<0.001), and GP5 was also
independently associated with BCR (5). Recent reports
showed that BCR in patients with latent GP5 was 57% at 5
years, which was almost equal to BCR of the high-risk group
and 4+3+tertiary GP5 (5, 15). Even if patients were
diagnosed as having low-risk for PC, the Rotterdam
randomized study of screening for PC showed that 15
patients out of 98 (15%) died of cancer (16). Primary GP4,
>50% positive biopsy cores, or having more than one
D’Amico intermediate-risk factor (i.e., stage cT2b, PSA
levels of 10-20 ng/ml, or GS7) was known to be poor
prognostic factors in the intermediate-risk group (17). These
findings suggest that tumor characteristics in patients with
low- and intermediate-risk are heterogeneous.

How can lethal PC including GP5 and non-lethal PC be
predicted? Whole-exome analysis of germline DNA derived
from the blood of 313 patients who had died from PC and
486 low-risk patients with localized PC, including European-
American, African-American, and Chinese patients showed
that the frequency of mutations in ATM and BRCA1/2 was
6.07% in lethal PC patients, which was significantly higher

than that observed in patients with localized PC (1.44%) (3).
Another study showed that in 385 patients surgically treated
for localized PC, 23 gene transcripts predicted metastatic-
lethal PC (17). A 24-gene molecular signature (postoperative
radiation therapy outcomes score; PORTOS), which includes
genes related to DNA damage by radiation and to the
immune response, could be used to predict the incidence of
distant metastasis after postoperative radiation (18). In the
future, if molecular diagnosis is commercially available,
more appropriate information can be provided to individuals
in the low- and intermediate-risk groups.

How patients with GP5 or those with a high probability of
having GP5 can be treated? We have previously investigated
the clinical significance of salvage RT and salvage ADT for
locally advanced PC (19-21). Men in the high-risk group that
received RP following radiotherapy had significantly better
cancer-specific and overall survival outcomes than patients
who had firstly received radiotherapy (19). Early salvage
radiotherapy is recommended before serum PSA rises to 0.5
ng/ml (20, 22). Salvage ADT is also beneficial at serum PSA
levels of 0.1-0.2 ng/ml (21). Before the initial treatment
decision of localized PC including active surveillance,
brachytherapy, external radiotherapy, or RP (23), assessment
for latent GP5 probability is necessary. Patients with GP5 or
a high probability of having GP5 require surgical removal
and earlier treatment to prevent the micro-seeding of
metastasis by salvage radiotherapy or salvage ADT.

The present study has several limitations. First, the design
was retrospective and observational at a single institution.
Second, the follow-up period was relatively short. Third, pre-
biopsy MRI imaging was not routinely evaluated. Further
investigation and follow-up data are needed to delineate the
significance of latent GP5 in men with localized prostate
cancer.
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Figure 1. Prostate-specific antigen (PSA) relapse-free curves in patients
who underwent robot-assisted radical prostatectomy (n=605). PSA
relapse-free survival rates in patients with Gleason pattern (GP) 5
negative (dotted line, n=381), those with latent GP5 (black line,
n=155), and those with GP5 (gray line, n=69). The PSA relapse-free
survival rate was significantly worse in patients with GP5 than those
without GP5 (p<0.0001), and was almost similar in latent GP5 and
GP5 groups at the end of the follow-up period.

Figure 2. Prostate-specific antigen (PSA) relapse-free curves in low- and
intermediate-risk patients. PSA-relapse in patients with latent GP5 was
significantly lower compared with those to GP5-negative (p<0.0001). 
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Table III. Patient characteristics of low- and intermediate-risk groups (n=423).

                                                                                                        GP 5 negative (n=323)                       Latent GP 5 (n=100)                        p-Value

Age, median (range)                                                                                 67 (47-78)                                         69 (51-76)                                 0.02
Complication (%)
   Hypertension                                                                                           106 (33)                                             36 (36)                                   0.61
   Diabetes mellitus                                                                                      45 (14)                                               19 (19)                                   0.24
   Hyperlipidemia                                                                                         39 (13)                                                 7 (7)                                     0.12
   Angina pectoris                                                                                         26 (9)                                                11 (12)                                    0.41
Serum PSA (ng/ml), median (range)                                                      6.9 (2.7-20)                                       8.1 (3.6-18)                                0.01
Estimated prostate volume, median (range)                                          28 (12-130)                                        28 (13-73)                                 0.48
PSA density, median (range)                                                                0.23 (0.05-3.5)                                   0.3 (0.09-0.9)                              0.003
Serum CRP (ng/ml), median (range)                                                     0.04 (0-0.85)                                  0.05 (0.02-4.05)                            0.2
Positive core rate (%), median (range)                                                   22 (5-100)                                          25 (6-83)                                  0.003
D’Amico classification (%)
   Low                                                                                                           74 (23)                                                 8 (8)                                     0.0003
   Intermediate                                                                                             249 (77)                                             92 (92)                                     
Pathological Gleason score (%)
   3+3                                                                                                             26 (8)                                                 0 (0)                                   <0.0001
   3+4                                                                                                           192 (60)                                            26* (25)                                    
   3+5                                                                                                              0 (0)                                                   4 (4)                                        
   4+3                                                                                                            80 (25)                                             40* (40)                                    
   4+4                                                                                                             25 (7)                                                 3* (3)                                       
   4+5                                                                                                              0 (0)                                                26 (25)                                     
   5+4                                                                                                              0 (0)                                                   1 (1)                                        
Pathological T stage (%)
   0                                                                                                                 1 (0.3)                                                 0 (0)                                     0.0003
   2a                                                                                                              41 (12)                                                 6 (6)                                        
   2b                                                                                                              44 (14)                                                 6 (6)                                        
   2c                                                                                                             173 (54)                                             48 (48)                                     
   3a                                                                                                              58 (18)                                               31 (31)                                     
   3b                                                                                                                6 (2)                                                   9 (9)                                        
Positive perineural invasion (%)                                                               217 (67)                                             84 (84)                                   0.0013
Positive lymphovascular invasion (%)                                                       26 (8)                                                23 (23)                                   0.0002
Positive vascular invasion (%)                                                                   92 (28)                                               54 (54)                                 <0.0001
Positive resection margin (%)                                                                    48 (15)                                               33 (33)                                 <0.0001

GP: Gleason pattern; *Tertiary GP5.

Table IV. Risk analysis of biochemical recurrence in low- and intermediate-risk groups (n=423).

                                                                                                                        Univariate                                                                Multivariate              

Variable                                                                            Hazard ratio          95% index              p-Value         Hazard ratio         95% index        p-Value

Age                                                                                          1.0                     0.94-1.1                  0.93                      -                           -                   -
Serum PSA (ng/ml)                                                                 1.0                     0.91-1.1                  0.59                      -                           -                   -
Latent GP5 (Yes vs. No)                                                        5.5                     2.3-14                     0.0001                3.1                    1.3-8.2             0.001
Extra prostatic extension (Positive vs. Negative)                 1.6                     0.62-3.9                  0.31                      -                           -                   -
Lymphovascular invasion(Positive vs. Negative)                 2.6                     0.85-6.6                  0.09                    2.1                    0.7-5.9             0.19
Vascular invasion (Positive vs. Negative)                             3.5                     1.5-8.8                    0.005                  2.0                    0.8-5.3             0.14
Perineural invasion (Positive vs. Negative)                          2.4                     0.87-8.2                  0.09                      -                           -                   -
Resection margin (Positive vs. Negative)                              7.0                     2.9-17                  <0.0001                5.8                     1.3-15              0.0002



Conclusion

Latent GP5 was an important predictor of surgical outcomes
and its probability should be estimated in men with low- and
intermediate- risks before initial local treatment.
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