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Background: Emerging data suggest that in patients with low prostate-specific antigen (PSA) and 
high Gleason score, prostate cancer (PCa) is more aggressive and more likely to be related to genomic 
characteristics of neuroendocrinology. However, the evidence for the advantages of local treatment (LT) for 
these men is lacking. Hence, we investigated survival in men with low-PSA values and high-grade (Gleason 
score 8–10) PCa according to the treatment of the primary tumor.
Methods: Kaplan-Meier survival analysis was applied to analyze the effects on overall survival (OS) and 
cancer-specific survival (CSS) according to the different treatments of the primary tumor. Multivariable Cox 
proportional hazards survival regression analysis calculated the CSS after propensity score matching (PSM) 
in 2 cohorts according to treatment type. The treatment types included the following: (I) LT versus non-LT 
(NLT) and (II) radical prostatectomy (RP) versus radiotherapy (RT).
Results: In the Surveillance, Epidemiology, and End Results (SEER) database [2004–2014], we identified 
14,208 patients newly diagnosed with low PSA values (10 ng/mL or less), with a Gleason score 8–10, and 
cT1–4N0M0 prostate adenocarcinoma. After the first PSM, of the 3,512 PCa patients, 1,576 underwent 
LT and 1,576 underwent NLT. After the second PSM, of the 792 PCa patients, 396 underwent RP, and  
396 underwent RT. The 5- and 10-year OS rates for LT vs. NLT patients were 90% and 73% versus 69% 
and 39%, respectively, while the 5- and 10-year CSS rates for LT vs. NLT patients were 98% and 94% 
versus 89% and 79%, respectively. Subsequent multivariate survival analysis showed that LT was associated 
with lower likelihood of PCa mortality relative to NLT [hazard ratio (HR), 0.19; 95% confidence interval 
(CI), 0.14–0.26, P<0.001], also in RP versus RT (HR, 0.26; 95% CI, 0.12–0.54, P<0.001).
Conclusions: In patients with low PSA values, Gleason score 8–10, and localized PCa, LT resulted in 
higher survival compared with NLT. Within LT, RP provided the most benefit relative to RT.
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Introduction

Prostate cancer (PCa), mainly prostate adenocarcinoma, 
is one of the most frequent malignancies in males in the 
United States (US), and the second leading cause of cancer 
mortality for men in the US (1). Widespread use of prostate-
specific antigen (PSA) screening has led to a reducing of 
PCa’s mortality (2). However, many patients with PCa are 
asymptomatic, and clinically evident symptoms will not 
emerge during the patient’s lifetime (3). The extensive use 
of the PSA test as a screening tool has led to the increase 
in early diagnosis of PCa, and has also enhanced treatment 
rates for PCa (4). However, the value of PSA screening has 
continued to be debated. For instance, the US Preventive 
Services Task Force (USPSTF) published a guideline in 2012 
recommending against PSA screening in all men, but then, in 
2018, advised men aged 55–69 years to discuss the risks and 
benefits of screening with their healthcare providers (5).

Although PSA usually rises in high tumor grades, 
some high-grade but poorly differentiated cancers may 
be associated with low PSA production (6). The National 
Comprehensive Cancer Network (NCCN) guidelines (7) 
do not recommend routine prostate biopsy for patients 
with normal (0–4 ng/mL) or a gray area (4–10 ng/mL) PSA 
levels. Unfortunately, some studies suggest that patients 
with a Gleason score of 8–10 but a low PSA level may have 
the most aggressive form of PCa, which may respond poorly 
to treatments (8-10). In these patients with localized PCa, 
both the European Association of Urology (EAU) (11) and 
NCCN guidelines (12) recommended local treatment (LT), 
which includes radical prostatectomy (RP) and radiotherapy 
(RT). Although some studies have reported benefits for 
LT versus NLT in clinically localized PCa, the influence of 
LT versus NLT on cancer-specific survival (CSS) in men 
with low PSA values, high Gleason scores, and localized 
PCa is unknown. We hypothesized that men with a high 
Gleason score (8-10), low PSA values (10 ng/mL or less), 
and localized PCa might still benefit from primary tumor-
directed treatments compared to NLT.

Methods

Patient selection

The Surveillance Epidemiology and End Results (SEER) 
database includes 18 cancer registries that cover 28% of 
the U.S. population, with data related to cancer-based 
demographics, stage at diagnosis, primary treatment, 
follow-up of survival, etc. Using the latest version of the 

SEER database, we focused on men with localized (cT1–
T4, N0, M0, PSA 10 ng/mL or less, and a Gleason score of 
8–10) prostate adenocarcinoma (International Classification 
of Disease for Oncology (ICD-O-3) code 61.9; pathology 
code 8140/3) between the years 2004 and 2014. Inclusion 
criteria included the following: the diagnosis of PCa as 
primary cancer, available dates of survival months, active 
follow-up, and patients who survived for more than 1 days. 
Patients diagnosed with PCa before 2004 were not included 
because PSA information was not available in SEER before 
then, and thus would not allow for sufficient follow-up 
time to evaluate survival. PSA values in the SEER database 
have been audited and are now available for all patients 
diagnosed between 2004 and 2014 (13). We selected 
patients who underwent RP or brachytherapy, but external 
beam radiotherapy (EBRT) patients were excluded, due to 
lack of EBRT organ site-specific code information (14); 
other surgical methods except for RP, such as transurethral 
prostatectomy, were also excluded.

Propensity score matching (PSM)

For the PSM (1:1 ratio, with a matching tolerance of 
0.0005), adjustment variables consisted of age, race, marital 
status, PSA values, Gleason score, and clinical T stage. 
PSM (1:1 ratio, with a matching tolerance of 0.0009) was 
repeated for the RT versus RP cohort. After PSM, there 
were no remarkable differences in age, race, marital status, 
PSA values, Gleason score, and clinical T category in the 
matched cohorts (Tables 1 and 2).

Statistical analyses

Kaplan-Meier survival analysis was applied to analyze 
the effect on overall survival (OS) and CSS according 
to the different treatments of the primary tumor. The 
multivariable analysis of Cox’s proportional hazards for 
survival regression was used to test the effect of LT versus 
NLT on CSS. P values <0.05 were considered statistically 
significant. All statistical analyzes were performed using the 
program SPSS version 24.0 (IBM Corporation, Armonk, 
NY, USA).

Results

Within the SEER database [2004–2014], we identified 
14,208 patients newly diagnosed with PCa, 10,718 of 
whom underwent LT (RP =9,837; RT =881), and 3,490 of 
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Table 1 Baseline characteristics of the 14,208 patients with non-metastatic (cT1–4, N0, M0, PSA ≤10 ng/mL, and Gleason score 8–10) prostate 
cancer between 2004 and 2014 from the SEER database

Variables
Local treatment Propensity score-matched local treatment 

Yes (n=10,718) (%) No (n=3,490) (%) P values Yes (n=1,576) (%) No (n=1,576) (%) P values

Age at diagnosis (years) <0.001 0.71

<60 2,731 (25.5) 283 (8.1) 153 (9.7) 170 (10.8)

60–69 5,666 (52.9) 860 (24.6) 545 (34.6) 531 (33.7)

70–79 2,204 (20.6) 1,351 (38.7) 779 (49.4) 769 (48.8)

≥80 117 (1.1) 996 (28.5) 99 (6.3) 106 (6.7)

Race <0.001 0.21

White 8,648 (80.7) 2,608 (74.7) 1,292 (82.0) 1,267 (80.4)

Black 1,291 (12.0) 597 (17.1) 189 (12.0) 220 (14.0)

Other 703 (6.6) 192 (5.5) 87 (5.5) 76 (4.8)

Unknown 76 (0.7) 93 (2.7) 8 (0.5) 13 (0.8)

Marital status <0.001 0.252

Married 8,224 (76.7) 1,878 (53.8) 983 (62.4) 1,020 (64.7)

Divorced/widowed/separated 1,068 (10.0) 547 (15.7) 200 (12.7) 208 (13.2)

Single 908 (8.5) 321 (9.2) 182 (11.5) 152 (9.6)

Unknown 518 (4.8) 744 (21.3) 211 (13.4) 196 (12.4)

Gleason score <0.001 0.999

8 7,269 (67.8) 2,233 (64.0) 1,062 (67.4) 1,063 (67.4)

9 3,302 (30.8) 1,127 (32.3) 485 (30.8) 484 (30.7)

10 147 (1.4) 130 (3.7) 29 (1.8) 29 (1.8)

PSA at diagnosis, ng/mL <0.001 0.273

≤2.5 1,667 (15.6) 493 (14.1) 273 (17.3) 242 (15.4)

2.6–4.0 982 (9.2) 234 (6.7) 113 (7.2) 107 (6.8)

4.1–10.0 8,089 (75.3) 2,763 (79.2) 1,190 (75.5) 1,227 (77.9)

Clinical T stage <0.001 0.353

T1 543 (5.1) 1,790 (51.3) 488 (31.0) 524 (33.2)

T2 6,283 (58.6) 1,571 (45.0) 991 (62.9) 954 (60.5)

T3 3,691 (34.4) 99 (2.8) 84 (5.3) 79 (5.0)

T4 201 (1.9) 30 (0.9) 13 (0.8) 19 (1.2)

SEER, Surveillance, Epidemiology, and End Results; PSA, prostate-specific antigen.

whom received NLT. The characteristics of the patients 
are summarized in Table 1. Overall, 79.2% of patients were 
ethnically White, and 72% were married. For PSA values 
and the Gleason scores, 66.9% of patients were Gleason 
score 8, 76.2% of patients were PSA value 4.1–10.0, while 

only 1.9% of the patients were Gleason score 10, and only 
15.2% patients were PSA value ≤2.5. Of the 14,208 patients, 
22.7% were clinical T stage 1 (T1), 49.0% were T2, 26.7%, 
were T3, and 1.6% were T4.

Before PSM, it was found that NLT cohort patients 
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Table 2 Baseline characteristics of the 10,718 patients with locally treated, non-metastatic (cT1–4, N0, M0, PSA ≤10 ng/mL and Gleason score 
8–10) prostate cancer between 2004 and 2014 from the SEER database

Variables
Radical 

prostatectomy 
(n=9,837; %)

Radiotherapy 
(n=881; %)

P values

Propensity  
score-matched radical 
prostatectomy (n=396) 

(%)

Propensity 
score-matched 

radiotherapy 
(n=396) (%)

P values

Age at diagnosis (years) <0.001 0.996

<60 2,646 (26.9) 85 (9.6) 45 (11.4) 43 (10.9)

60–69 5,355 (54.4) 311 (35.3) 148 (37.4) 150 (37.9)

70–79 1,787 (18.2) 417 (47.3) 182 (46.0) 182 (46.0)

≥80 49 (0.5) 68 (7.7) 21 (5.3) 21 (5.3)

Race 0.117 0.455

White 7,950 (80.8) 698 (79.2) 324 (81.8) 323 (81.6)

Black 1,164 (11.8) 127 (14.4) 37 (9.3) 47 (11.9)

Other 653 (6.6) 50 (5.7) 30 (7.6) 23 (5.8)

Unknown 70 (0.7) 6 (0.7) 5 (1.3) 3 (0.8)

Marital status <0.001 0.566

Married 7,603 (77.3) 621 (70.5) 285 (72.0) 278 (70.2)

Divorced/widowed/separated 954 (9.7) 114 (12.9) 41 (10.4) 49 (12.4)

Single 830 (8.4) 78 (8.9) 45 (11.4) 38 (9.6)

Unknown 450 (4.6) 68 (7.7) 25 (6.3) 31 (7.8)

Gleason score <0.001 0.179

8 6,616 (67.3) 653 (74.1) 271 (68.4) 281 (71.0)

9 3,092 (31.4) 210 (23.8) 122 (30.8) 107 (27.0)

10 129 (1.3) 18 (2.0) 3 (0.8) 8 (2.0)

PSA at diagnosis, ng/mL 0.188 0.87

≤2.5 1,531 (15.6) 136 (15.4) 72 (18.2) 70 (17.7)

2.6–4.0 916 (9.3) 66 (7.5) 31 (7.8) 35 (8.8)

4.1–10.0 7,390 (75.1) 679 (77.1) 293 (74.0) 291 (73.5)

Clinical T stage <0.001 0.797

T1 39 (0.4) 504 (57.2) 34 (8.6) 34 (8.6)

T2 5,937 (60.4) 346 (39.3) 331 (83.6) 331 (83.6)

T3 3,661 (37.2) 30 (3.4) 31 (7.8) 30 (7.6)

T4 200 (2.0) 1 (0.1) 0 (0) 1 (0.3)

SEER, Surveillance, Epidemiology, and End Results; PSA, prostate-specific antigen.

were older (age ≥70: 67.2% versus 21.7%, P<0.001) and 
had higher Gleason scores (Gleason score ≥9: 36.0% versus 
32.2%, P<0.001) relative to the LT patients (Table 1).  
After the first PSM, of the 3,512 PCa patients, 1,576 

underwent LT and 1,576 underwent NLT. After the second 
PSM, of the 792 PCa patients, 396 underwent RP, and 
396 underwent RT. After completion of PSM, there were 
no remarkable differences in age, race, marital status, PSA 
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values, Gleason score, or clinical T category in the matched 
cohorts (Tables 1 and 2).

The OS and CSS were calculated according to each 
primary cancer treatment. Kaplan-Meier survival analyses 
demonstrated that overall 5- and 10-year OS rates were 
90% and 73% for LT patients and 69% and 39% for NLT 
patients, respectively (P<0.001) (Figure 1A). Overall 5- and 
10-year CSS rates for LT versus NLT patients were 98% 
and 94% versus 89% and 79%, respectively, (P<0.001) 
(Figure 1B).

Analogously, the 5- and 10-year OS rates recorded for LT 
versus NLT patients were 92% versus 69% and 78% versus 
40% for PSA values ≤2.5, respectively (P<0.001) (Figure 2A);  
the 5- and 10-year OS rates recorded for LT versus NLT 
patients were 93% versus 62% and 69% versus 37% for PSA 
values 2.6–4.0, respectively (P<0.001) (Figure 2B); the 5- 
and 10-year OS rates for LT versus NLT patients were 89% 
versus 69% and 72% versus 39% for PSA values 4.1–10.0, 
respectively (P<0.001) (Figure 2C); the 5- and 10-year CSS 
LT versus NLT patients were 98% versus 87% and 95% 
versus 74% for PSA values ≤2.5, respectively (P<0.001) 
(Figure 2D); the 5- and 10-year CSS rates for LT versus NLT 
patients were 98% versus 84% and 91% versus 57% for 
PSA values 2.6–4.0, respectively (P<0.001) (Figure 2E); the 
5- and 10-year CSS rates recorded for LT versus NLT men 
were 98% versus 90% and 94% versus 82% for PSA values 
4.1–10.0, respectively (P<0.001) (Figure 2F).

After PSM the multivariable cox proportional hazards 
survival regression analysis revealed that LT was associated 
with a lower likelihood of PCa mortality relative to NLT 
[hazard ratio (HR), 0.19; 95% confidence interval (CI), 
0.14–0.26, P<0.001], and this was also the case for RP 
versus RT (HR, 0.26; 95% CI, 0.12–0.54, P<0.001) (Tables 3 

and 4).

Discussion

An elevated PSA level is a well-known high-risk factor 
and related to poor prognosis (12). While PSA is usually 
elevated in high tumor level, some men with high Gleason 
scores (Gleason score 8–10) and low-PSA PCa may have 
neuroendocrine dedifferentiated cancer cells, which may be 
associated with low PSA production (6,8). Neuroendocrine 
PCa is a rare form of PCa with a worse prognosis and 
is associated with advanced-stage disease and resistance 
to castration (15). Histologically, it can be confused 
with partial prostate adenocarcinoma, and may also be 
partially transformed during treatment from prostate 
adenocarcinoma (9). Usually, acquired or treatment-induced 
neuroendocrine PCa is lethal (16).

By using large data sets of 3 separate databases 
and combining previous studies, one study found that 
patients with low PSA values and high Gleason score 
have neuroendocrine dedifferentiation and an aggressive, 
uniquely behaving form of PCa (9). Surgery with or without 
RT and/or systemic care has been shown to be a more 
effective initial treatment for these patients, even though 
the acquired and intrinsic resistance to deprivation in PCa 
is more deadly (9,16).

The present study used a national contemporary cohort 
from the SEER database, and included only those patients 
with a Gleason score of 8–10, low PSA values (10 ng/mL 
or less), and non-metastatic disease for the survival analysis, 
yielding several new findings. First, we found that LT results 
in higher survival compared with NLT, which was also true 
for RP when compared to RT. This suggests that LT should 

Figure 1 Kaplan-Meier survival curves of overall survival and cancer-specific survival according to treatment type.
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Figure 2 Kaplan-Meier survival curves of overall survival according to treatment type for PSA values (A) ≤2.5, (B) 2.6–4.0, and (C) 4.1–10; 
and cancer-specific survival according to treatment type for PSA values (D) ≤2.5, (E) 2.6–4.0, and (F) 4.1–10. PSA, prostate-specific antigen.
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also be considered in patients with a Gleason score of 8–10, 
low PSA values (10 ng/mL or less), and non-metastatic PCa. 
We believe that these findings have the potential to help a 
subgroup of men who are at unusually high risk of dying 
from PCa. Second, stratified analyses, according to PSA 
values, showed higher OS and CSS rates in patients with 
PSA values ≤2.5, 2.6–4.0, and 4.1–10.0. This could support 
LT being considered in all PSA values, although a lower 
PSA value indicates a worse prognosis. Third, while some 
recent studies (17-20) have reported marital status to be an 
independent prognostic factor for PCa, our study showed 
no statistical difference between different marital statuses. 
This discrepancy may be related to the insufficient sample 
size after PSM, as other studies have shown that marital 
quality (21) is also an important indicator of physical health. 
Unfortunately, the SEER database only records marital 
status and does not describe marital quality.

Our research is not without limitations. First, while 
the SEER database is an authoritative source of data to 
research PCa outcomes, using it involves the same inherent 
limitations as those of other studies based on the SEER 
database. Second, due to the lack of EBRT organ site-

specific code information, only brachytherapy was analyzed. 
Third, the post-treatment PSA values or PSA doubling time 
information are available only for some patients, so we were 
not able to further analyze progression-free survival (PFS), 
which can better judge the efficacy of different treatment 
methods. Fourth, androgen-deprivation treatment (ADT) 
data were unavailable in the SEER database, and specific 
chemotherapy regimens are not provided. These therapies 
may influence survival in PCa patients (9,22), and one 
hypothesis is that patients with low PSA values and a 
Gleason score of 8–10 might most benefit from ADT 
plus chemotherapy (9). In addition, the information on 
comorbidities, which may also influence survival in PCa 
patients (23), was unavailable in the SEER database. Because 
of the lack of comorbidity data, we performed multivariate 
analyses that controlled for confounding factors.

To conclude, as described previously, our study focused 
on cT1–T4 men with low PSA values and a Gleason score 
of 8–10 who were treated either locally or non-locally. 
These inclusion criteria limited study patients to a narrow 
range, due to the small number of the patient after PSM 
and with a Gleason score 10. We were further limited by the 
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Table 3 Multivariable Cox proportional hazards survival regression analysis of propensity score-matched patients diagnosed with non-metastatic 
(cT1–4, N0, M0, PSA ≤10 ng/mL, and Gleason score 8–10) prostate cancer between 2004 and 2014 from the SEER database, stratified by 
treatment type

Variables
Local treatment versus no local treatment (cancer-specific survival)

HR (95% CI) P values

Type of therapy

No local treatment Ref.

Local treatment 0.19 (0.14–0.26) <0.001

Age at diagnosis (years)

<60 Ref.

60–69 1.19 (0.75–1.89) 0.465

70–79 1.3 (0.83–2.03) 0.261

≥80 2.25 (1.25–4.04) 0.007

Race

White Ref.

Black 1.31 (0.9–1.89) 0.155

Other 1.02 (0.55–1.88) 0.954

Unknown – 0.93

Marital status

Married Ref.

Divorced/widowed/separated 1.13 (0.77–1.66) 0.542

Single 1.25 (0.83–1.88) 0.296

Unknown 1.11 (0.74–1.67) 0.62

Gleason score

8 Ref.

9 2.0 (1.54–2.6) <0.001

10 2.3 (1.14–4.64) 0.02

PSA at diagnosis, ng/mL

≤2.5 Ref.

2.6–4.0 1.79 (1.1–2.9) 0.018

4.1–10.0 0.95 (0.67–1.34) 0.763

Clinical T stage

T1 Ref.

T2 1.23 (0.91–1.68) 0.186

T3 1.25 (0.7–2.28) 0.448

T4 8.08 (3.86–16.89) <0.001

SEER, Surveillance, Epidemiology, and End Results; PSA, prostate-specific antigen; HR, hazard ratio; CI, confidence interval; Ref., 
reference.
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Table 4 Multivariable Cox proportional hazards survival regression analysis of propensity score-matched patients diagnosed with non-metastatic 
(cT1–4, N0, M0, PSA ≤10 ng/mL, and Gleason score 8–10) prostate cancer with local treatment between 2004 and 2014 from the SEER 
database, stratified by treatment type

Variables
Radical prostatectomy versus radiotherapy (cancer-specific survival)

HR (95% CI) P values

Type of therapy

Radiotherapy Ref.

Radical prostatectomy 0.26 (0.12–0.54) <0.001

Age at diagnosis (years)

<60 Ref.

60–69 0.74 (0.28–1.98) 0.554

70–79 1.08 (0.4–2.91) 0.873

≥80 0.59 (0.07–5.19) 0.634

Race

White Ref.

Black 1.05 (0.4–2.73) 0.927

Other 1.31 (0.39–4.44) 0.792

Unknown – 0.986

Marital status

Married Ref.

Divorced/widowed/separated 0.2 (0.02–1.49) 0.116

Single 1.61 (0.68–3.84) 0.28

Unknown 0.48 (0.06–3.59) 0.474

Gleason score

8 Ref.

9 3.55 (1.82–6.95) <0.001

10 – 0.976

PSA at diagnosis, ng/mL

≤2.5 Ref.

2.6–4.0 0.46 (0.11–1.82) 0.267

4.1–10.0 0.56 (0.25–1.29) 0.175

Clinical T stage

T1 Ref.

T2 0.52 (0.19–1.45) 0.213

T3 0.14 (0.02–1.24) 0.076

T4 – <0.001

SEER, Surveillance, Epidemiology, and End Results; PSA, prostate-specific antigen; HR, hazard ratio; CI, confidence interval; Ref., 
reference.
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unknown ethnic composition of the LT and NLT cohorts, 
and the inability to obtain HR values for clinical T4 stage 
patients in the RP vs. RT comparison. Nevertheless, our 
study still included relatively more patients and found 
significant and valuable results.

It is worth noting that the PSA is not a PCa specific 
marker, and approximately 25% of men with initial PSA 
values 4–10 ng/mL show PSA values upon repeat testing (24), 
while patients with low PSA values may also be diagnosed 
with PCa by biopsy (25). We urgently need new biomarkers 
to identify the aggressiveness of PCa, which is not usually 
feasible with PSA screening as it does not exceed the typical 
biopsy threshold of 4.0 ng/mL.

Conclusions

In conclusion, our observation provides evidence that for 
men with low-PSA values and high-grade (Gleason score 
8–10) PCa, LT results in higher survival compared with 
NLT. Within LT, RP provided the most benefit relative 
to RT. Further research is warranted to identify the most 
effective treatments for these patients.
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