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ABSTRACT
 

Introduction: Prostate - specific antigen (PSA) is a useful biomarker for detection of 
prostate cancer (PCa) and for risk classification in addition to TNM classification and 
Gleason score (GS). We reported the role of PSA in patients with low (< 20 ng / mL) and 
extremely high (≥ 100 ng / mL) PSA levels. However, it is unclear whether a correlation 
exists between middle range PSA levels (20 - 100 ng / mL) at diagnosis and prognosis.
Materials and Methods: Between January 2000 and December 2014, 1873 patients 
underwent prostate biopsy at Kanazawa University Hospital. Of 802 patients who were 
diagnosed with PCa, 148 patients with middle range PSA levels (20 - 100 ng / mL) were 
retrospectively analyzed.
Results: The percentage of patients with T3 - 4 consistently increased as PSA levels 
increased from 20 to 100 ng / mL. Although the percentage of patients with GS ≥ 8 or 
metastases increased as PSA levels increased up to approximately 70 ng / mL, there 
was no significant increase between 70 and 100 ng / mL. PCa - specific and castration 
- resistant PCa - free survivals were adversely associated with PSA levels up to 70 ng 
/ mL, but not between 70 and 100 ng / mL.
Conclusion: PSA is a useful biomarker for predicting prognosis at levels between 20 
and 70 ng / mL. However, PSA cannot be used as a prognostic factor in patients with 
PCa and PSA levels ≥ 70 ng / mL. When the PSA level reaches approximately 70 ng / 
mL, prognosis might bottom and reach a plateau.
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INTRODUCTION

Prostate - specific antigen (PSA) is a useful 
biomarker for the detection of prostate cancer (PCa) 
and risk classification in addition to TNM classifi-
cation and Gleason score (GS) (1). D’Amico’s risk 
classification, the most widely used localized PCa 
risk classification, consists of a diagnostic PSA level, 
high biopsy GS, and clinical T stage and is helpful in 
predicting prognosis (2). We previously showed that 
patients with PCa and a low level PSA (< 3.5 ng / 

mL) tend to be in more advanced stages than those 
with PSA levels between 3.5 ng / mL and 10 ng / mL 
and that PSA could no longer be used as a prognostic 
factor in patients with PCa and extremely high PSA 
levels (> 100 ng / mL) (3, 4). PSA > 20 ng / mL is de-
fined as high - risk for PCa as per D’Amico’s risk clas-
sification, and it is reasonable to assume that patients 
with a PSA level near 100 ng / mL have more advan-
ced disease and a worse prognosis than those with a 
PSA level near 20 ng / mL. However, it is still unclear 
whether the PSA level itself is actually a prognostic 
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factor in patients with PCa and middle range 
PSA levels (20 - 100 ng / mL). In this study, 
we retrospectively examined whether PSA could 
predict patient prognosis in patients with PCa 
and middle range PSA levels (20 - 100 ng / mL) 
and clarified factors that affect the survival of 
such patients.

MATERIALS AND METHODS

 Between January 2000 and December 
2014, 1873 patients underwent prostate biop-
sy at Kanazawa University Hospital. Of 802 pa-
tients diagnosed with PCa, 148 patients with 
middle range PSA levels (20 - 100 ng / mL) were 
retrospectively analyzed. Demographic, surgi-
cal, pathological, and follow-up data were col-
lected from medical charts and retrospectively 
analyzed. The follow-up was stopped on Janu-
ary 31, 2016. During the study period, all the-
rapeutic decisions were left to the discretion of 
each attending physician. Patient distribution of 
every 10 ng / mL of PSA ranging up to 100 ng / 
mL was analyzed. Statistical analyses were per-
formed using the commercially available sof-
tware Prism (GraphPad, San Diego, CA). Com-
parisons of tendencies among different groups 
were performed by chi - square test for trends. 
Overall survival (OS), PCa - specific survival 
(PCaSS), and castration - resistant PCa (CRPC) 
- free survival (CFS) rates were estimated using 
the Kaplan - Meier method. Log - rank test for 
trend was used for comparison of survival dis-
tributions. In all analyses, p < 0.05 was taken to 
indicate statistical significance. This study was 
approved by Medical Ethics Committee of Kana-
zawa University (No. 2016 - 328).

RESULTS

Patient characteristics are shown in Ta-
ble-1. Median patient age at diagnosis of PCa 
was 73 (range: 53 - 89) years. Median follow-up 
was 58.4 (range: 0.03 - 176.4) months. Twen-
ty - six patients had metastasis and 14 patients 
developed CRPC. All patients underwent andro-
gen - deprivation therapy (ADT), except for six 
patients who were treated with radical prosta-

tectomy or radiotherapy alone. Sixty - three 
patients underwent both ADT and radiotherapy. 
Eight patients underwent both ADT and radical 
prostatectomy.

 Figure-1 shows the relationship betwe-
en the PSA level and T stage / GS / metastasis 
/ CRPC development. The distribution in every 
10 ng / mL across the range of PSA levels was 
analyzed. The percentage of patients with T3 
and 4 significantly increased between PSA le-
vels 20 and 100 ng / mL (Figure-1A). Although 
the percentage of patients with GS ≥ 8 signifi-
cantly increased between PSA levels 20 and 70 
ng / mL, a significant increase was not observed 
between PSA levels 70 and 100 ng / mL (Fi-
gure-1B). Also, the percentage of patients with 
metastases significantly increased between PSA 
levels 20 and 60 ng / mL, but a significant in-
crease was not observed between PSA levels 60 
and 100 ng / mL (Figure-1C). Furthermore, the 
percentage of patients with CRPC development 
(+) significantly increased between PSA levels 
20 and 70 ng / mL; however, a significant incre-
ase was not observed between PSA levels 70 and 
100 ng / mL (Figure-1D).

 In all patients, the 5 - and 10 - year OS 
rates were 87.0% and 77.5%, respectively. Al-
though high T stage and GS significantly shor-
tened OS, the presence of metastasis was not a 
significant factor for shortening OS. PSA shor-
tened OS significantly as PSA levels increase 
between 20 and 70 ng / mL, whereas PSA exten-
ded OS significantly when PSA levels increased 
between 70 and 100 ng / mL (Figures 2A and B).

 In all patients, 5 - and 10 - year PCaSS 
rates were 95.5%. High T stage and GS and the 
presence of metastasis significantly shortened 
PCaSS. Although PSA shortened PCaSS signifi-
cantly when PSA levels were between 20 and 70 
ng / mL, there was no significant difference in 
PCaSS rates when PSA levels were between 70 
and 100 ng / mL (Figures 2C and D).

 In all patients, the 5 - and 10 - year CFS 
rates were 87.9% and 84.1%, respectively. High 
T stage and GS and the presence of metasta-
sis significantly shortened CFS. Although PSA 
shortened CFS significantly when PSA levels 
were between 20 and 70 ng / mL, there was no 
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significant difference in PCaSS or in OS when 
PSA levels were between 70 and 100 ng / mL (Fi-
gures 2E and F).

DISCUSSION

 Previously, we reported that patients with 
PCa and a PSA level between 10 and 20 ng / mL 
at diagnosis had a more advanced stage of cancer 
than those with PCa and a PSA level between 3.5 

and 10 ng / mL, whereas patients with PCa and a 
PSA level < 3.5 ng / mL at diagnosis potentially 
had a more advanced stage of cancer than those 
with PCa and a PSA level between 3.5 and 10 ng / 
mL (3). On the other hand, patients with PCa and a 
PSA level ≥ 100 ng / mL had a similar prognosis, 
suggesting that PSA alone is no longer useful as 
a prognostic marker when the initial PSA level is 
≥ 100 ng / mL (4). Although it is believed that a 
higher PSA level indicates poor prognosis in pa-

Table 1 - Patient characteristics.

PSA ng/mL 20≤
<30

30≤ 
<40

40≤
<50

50≤
<60

60≤
<70

70≤
<80

80≤
<90

90≤
<100

Total

n 50 28 20 16 7 10 7 10 148

Median age,
71.5 78 69 75.5 81 71.5 68 77 73

year (range)
(55-86) (53-89) (56-81) (64-85) (56-83) (60-83) (59-86) (65-85) (53-89)

T

   1, 2 37 18 11 8 3 4 3 3 87

   3, 4 13 10 9 8 4 6 4 7 61

NM†

N0 and 
M0

48 23 15 10 5 6 5 9 121

N1 or 
M1

2 5 5 6 2 3 2 1 26

GS†

<7 9 1 2 3 0 0 0 3 18

7 23 13 8 4 2 5 4 3 62

>7 18 13 10 9 5 5 3 4 67

CRPC dev

Yes 2 1 2 1 3 2 2 1 14

No 48 27 18 15 4 8 5 9 134

Median FU, 65.3 24.6 68.2 24.7 65.1 90.8 76.1 63.8 58.4

month (range)
(12.4-
184.5)

(0.2-
188.3)

(0.4-
179.2)

(0.03-
187.1)

(20.7-
121.2)

(9.8-
152.9)

(54.4-
109.5)

(16.5-
153.7)

(0.03-
176.4)

PSA = prostate-specific antigen; GS = Gleason score; CRPC dev = castration-resistant prostate cancer development; FU = follow-up.
† Data not available in one patient each.
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tients with PCa, the prognosis of patients with PCa 
and a PSA level between 20 and 100 ng / mL has, 
so far, not been investigated in detail.

 In our study, high T stage / high GS / the 
presence of metastasis shortened each prognosis 
and these results were consistent with previous 
studies (1, 2). Although PSA levels between 20 
and 70 ng / mL were linearly associated with wor-
se GS, higher prevalence of metastasis, and CRPC 
development (+), higher PSA levels between 70 
and 100 ng / mL were not associated with poor OS, 
PCaSS, and CFS. Based on our previous studies 
and current results, we believe that when the PSA 
level reaches approximately 70 ng / mL prognosis 
might bottom and reach a plateau (Figure-3).

 It is well known that the proliferation of 
PCa cells depends on the androgen / androgen re-
ceptor (AR) signal activity. Furthermore, PSA is an 
AR - regulated gene, and serum PSA levels reflect 

AR activity in PCa cells (5). However, we someti-
mes observed very aggressive PCa with a low PSA 
level and high GS (3). Pretreatment with total testos-
terone in patients with metastatic prostate disease 
has been investigated by many groups, as patients 
with PCa and low serum total testosterone levels 
have poor prognosis compared with those with PCa 
and high serum total testosterone levels (6-11). This 
suggests that androgen - AR signal - independent 
PCa might be of an aggressive nature with a high 
GS. AR expression level is downregulated by ADT, 
and other signals play key roles in the progression 
of PCa, particularly in invasion and metastasis (12, 
13). Neither docetaxel nor cabazitaxel target andro-
gen - AR signaling; nevertheless, they significantly 
prolong OS of patients with CRPC compared with 
that of the control group (14-16). Even in castra-
tion - sensitive patients with PCa, the addition of 
docetaxel to ADT improved survival compared with 

Figure 1 - The distribution of clinical factors in every 10 ng / mL across the range of PSA levels.

(A) The distribution of T stage indicates that the percentage of patients with T3 - 4 significantly increased between 20 and 100 ng / mL (p < 0.001). (B) The distribution of GS 
indicates that the percentage of GS ≥ 8 constantly increased between PSA levels 20 and 70 ng / mL (p = 0.023), whereas a significant increase was not observed between 
PSA levels 70 and 100 ng / mL (p = 0.220). (C) The distribution of the presence of metastasis (N or M) indicates that the percentage of metastasis (+) significantly increased 
between PSA levels 20 and 70 ng / mL (p < 0.001), whereas a significant increase was not observed between PSA levels 70 and 100 ng / mL (p = 0.120). (D) The distribution 
of patients with CRPC development (dev) (+) indicates that the presence of CRPC dev (+) patients significantly increased between PSA levels 20 and 70 ng / mL (p = 0.023), 
whereas no significant increase was observed between PSA levels 70 and 100 ng / mL (p = 0.220).
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treatment with ADT alone (17). These results suggest 
the existence of androgen - AR signal - indepen-
dent PCa cells, at least to some extent, in the early 
stage of PCa. In our study, although the percentage 
of patients with GS > 7 and the presence of metas-
tasis increased between PSA levels 20 and 70 ng 
/ mL significantly, there was no difference in the 
percentage of patients with GS > 7 and the presence 
of metastasis between PSA levels 70 and 100 ng / 
mL. The number of PCa cells which are dependent 

Figure 2 - Kaplan - Meier analyses of OS, PCaSS, and CFS in patients based on PSA.

(A) Higher PSA levels shortened OS significantly between 20 and 70 ng / mL (p = 0.029). (B) However, PSA level was no longer a significant factor for OS between 70 and 
100 ng / mL, rather higher PSA prolonged OS (p = 0.040). (C) An inverse correlation between PSA levels and PCaSS was observed, where higher PSA levels significantly 
shortened PCaSS between 20 and 70 ng / mL (p = 0.026). (D) However, the PSA level was no longer a significant factor for PCaSS between 70 and 100 ng / mL (p = 0.083). 
(E) Higher PSA levels significantly reduced CFS between 20 and 70 ng / mL (p = 0.014). (F) However, the PSA level was no longer a significant factor for CFS between 70 
and 100 ng / mL (p = 0.292).

on AR signaling might not be important for patients 
with PSA ≥ 70 ng / mL, as indicated by the CFS rates 
(Figures 2E and F).

 This study has a number of limitations. 
The small sample size may have prevented de-
termination of the precise statistical significance 
of differences between groups. Larger prospecti-
ve studies with longer follow-up periods and data 
from other ethnic backgrounds are needed to con-
firm our findings. Moreover, as a variety of treat-
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ments, including radical prostatectomy, radiation, 
and ADT were performed, some outcomes may not 
have been impacted only by PSA.

 This is the first report showing PSA as a 
useful biomarker for predicting prognosis at levels 
between 20 and 70 ng / mL, whereas PSA could 
not be a prognostic factor in patients with PCa 
and PSA levels of ≥ 70 ng / mL. When the PSA 
level reaches approximately 70 ng / mL, progno-
sis might bottom and reach a plateau. These fin-
dings may help clinicians predict OS, PCaSS, and 
CFS rates and plan an appropriate treatment and 
follow-up schedule after diagnosis.

ABBREVIATIONS 

ADT = androgen - deprivation therapy
CFS = castration - resistant prostate cancer - free 
survival
CRPC = castration - resistant prostate cancer
GS = Gleason score
OS = overall survival
PCa = prostate cancer
PCaSS = prostate cancer - specific survival
PSA = prostate - specific antigen
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