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Introduction Several studies have suggested that prostate-specific antigen (PSA) in young men may 
predict the risk of developing prostate cancer (PC). Our aim is to study baseline PSA as a prognostic 
factor in the lifetime risk of developing PC, clinically significant PC (csPC), and metastatic PC (mPC),  
as well as to assess its impact on long-term mortality. 
Material and methods This study was a retrospective analysis involving 2,415 men aged 45–70 years, 
all participants in the Spanish arm of the European Randomized Study of Screening for Prostate Cancer 
(ERSPC). These men underwent PSA testing, and prostate biopsies were performed if their PSA levels were 
≥3 ng/ml. The follow-up period spanned from September 2, 1996, to February 11, 2021. Kaplan-Meier 
survival analysis was conducted to calculate the probability of prostate cancer diagnosis and death.  
The relationship between these probabilities and baseline PSA levels was assessed using the log-rank test.
Results After 25 years of follow-up, the probability of being free of a diagnosis of PC was 95.5%, 89.6%, 
80.0%, and 69.4%; and of PC death: 99.6%, 99.6%, 98.9%, and 98.3% for the categories of PSA <1 ng/ml, 
1–1.9 ng/ml, 2–2.9 ng/ml, and >3 ng/ml, respectively. There is an association between baseline PSA level 
and the probability of PC diagnosis (which is maintained in age stratification), csPC, mPC (p <0.001),  
and PC death (p = 0.047). 
Conclusions There is a clear relationship between baseline PSA and the probability of detection of PC, 
csPC and mPC during follow-up, as well as PC death, in a cohort belonging to the Spanish branch  
of the ERSPC, with a median follow-up of more than 23 years. Baseline PSA level can be used to define 
the most appropriate PC screening interval for everyone. 
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INTRODUCTION

Prostate cancer (PC) is a disease with a high incidence 
and notable mortality worldwide, which means that  
it should be considered a major health problem. 

According to 2020 data from the National Statistics 
Institute (INE), tumors are the second leading cause 
of mortality (22.8% [493,776] of deaths) in Spain after 
diseases of the circulatory system [1]. In men, PC is the 
third most common cause of cancer death (5,922 deaths). 
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were randomized to receive sextant prostate biop-
sies guided by transrectal ultrasound. Additional 
biopsy cores were taken if suspicious areas were 
identified on the ultrasound images. The follow-up pe-
riod for this study extended from September 2, 1996,  
to February 11, 2021.
In the Spanish section of the ERSPC [9]: 18,612 men 
between 45 and 70 years of age registered in the mu-
nicipalities of Getafe and Parla (C. Madrid, Spain) 
were invited to participate. Those with a life expec-
tancy of less than 10 years or a previous diagnosis 
of PC were excluded. The study included 4,276 men 
who were randomized to screening arm (serum PSA 
determination) and control arm. The screening inter-
val was 4 years if PSA levels were normal, and 1 year 
if previous elevated PSA level and negative biopsy 
result. The last PSA determination was performed 
in October 2005, although the cohort was followed 
up to register new cancers and their characteristics, 
as well as mortality and its causes. The identifica-
tion and follow-up of the PCs detected was carried 
out by cross-referencing databases with the Pathol-
ogy Anatomy Departments of the University Hospi-
tals of Getafe and Infanta Cristina (Madrid, Spain).  
The date and fundamental cause of death were ob-
tained from the death certificates, by means of an 
agreement with the Spanish National Statistics In-
stitute (INE). The cause of death in patients diag-
nosed with PC was contrasted with the clinical his-
tory data and assigned by consensus of a local cause  
of death committee created for this purpose, according  
to ERSPC guidelines. 
The variables included in the analysis were 
•	 date of birth,
•	 date and baseline PSA level (PSA level at the start 

of the study),
•	 date of diagnosis of: 

o	 PC,
o	 csPC (according to NCCN guidelines [10] 

defined as non-clinically significant cancer:  
T1 or T2a + Gleason 3+3 + PSA <10 mg/ml; 
and the rest as clinically significant),

o	 mPC (documented M1, or with PSA >100 ng/ml  
regardless of documentation of metastases) [11],

•	 date of death from PC,
•	 follow-up time to each event. 
Descriptive analysis was performed for the variables 
baseline PSA, age at baseline PSA and follow-up 
time to PC death. The Kolmogorov-Smirnov normal-
ity test was applied. 
Kaplan-Meier survival analysis was used to calculate 
the probability of diagnosis of PC, csPC, mPC and 
death from PC. Comparison between the probability 
of these events and the baseline PSA level category 
using the log-rank test. 

Globally, according to GLOBOCAN 2020 [2], PC is 
the second most frequently diagnosed neoplasm  
in men (14.1%). In terms of mortality, PC accounts 
for 3.8% of cancer deaths (375,304 deaths per year), 
corresponding to eighth place. In men, it is the fifth 
leading cause of death from tumors (6.8%). 
The westernization of Asian countries has led  
to an increase in the incidence of PC, which is consis-
tent with the increase in prevalence and high-grade 
latent PC cases found in autopsies [3]. The preva-
lence of latent PC has remained stable since 1950 
in Western countries but has increased over time  
in Asian countries. 
Given its global presence, many efforts have been 
made over the years to provide adequate screening. 
However, there is much controversy about prostate-
specific antigen (PSA) – based screening [4]: 
•	 Poor specificity, with a high false positive rate and 

unnecessary biopsies. 
•	 Up to 15% false negatives, so that some cancers 

go undiagnosed. 
•	 The natural history of PC is highly variable. 

There are aggressive tumors that need treatment, 
but there are many slow-growing tumors that will 
never cause symptoms or compromise life (overdi-
agnosis). 

Thus, although screening has been shown to reduce 
mortality from PC [5], many patients would receive 
aggressive treatment unnecessarily (overtreatment). 
It also has other disadvantages such as subjecting 
many people to unnecessary tests or treatments to po-
tentially help a few; or giving less attention to other im-
portant health issues by primary care professionals [6]. 
On the other hand, several studies have suggested 
that a PSA test in young men can predict the sub-
sequent risk of developing PC. These findings could 
be used to improve PC screening on an individual 
risk basis rather than universally. A recent European 
Randomized Study of Screening for Prostate Cancer 
(ERSPC) study links baseline PSA and the probabil-
ity of dying from PC after 16 years of follow-up [7]. 
Another recent study by the Norwegian Prostate 
Cancer Consortium confirms similar findings [8]. 
The aim of the present work is to study baseline 
PSA as a potential prognostic factor for the lifetime 
risk of developing PC, as well as clinically significant  
PC (csPC), metastatic PC (mPC), and its possible im-
pact on cancer-specific mortality. 

MATERIAL AND METHODS 

This study was a retrospective analysis of 2,415 men 
aged 45–70 years, enrolled in the screening arm of the 
Spanish section of ERSPC. These participants under-
went PSA testing, and those with PSA levels ≥3 ng/ml  
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Any difference with p <0.05 was considered statisti-
cally significant. Data processing and analysis was 
performed using Microsoft Access and SPSS v17.0. 

RESULTS 

Median baseline PSA, age at baseline PSA and fol-
low-up time were 0.9 ng/ml, 56.9 and 23.3 years, 
respectively. None of these conformed to a normal 
distribution. 
We stratified according to categories of baseline 
PSA level (ng/ml): <1, 1–1.9, 22–.9 and ≥3; and age 
(years): 45–50, 50–55, 55–60, ≥60. 
The probabilities of remaining free of each event shown 
below, after 25 years of follow-up, were as follows: 
•	 For the diagnosis of PC, the probability was 

95.5%, 89.6%, 80.0%, and 69.4% for PSA (ng/ml) 
categories <1, 1–1.9, 2–2.9, and ≥3, respectively. 

•	 For the diagnosis of csPC, the probability was 
96.7%, 93.4%, 88.1%, and 83.9% for PSA catego-

ries (ng/ml) <1, 1–1.9, 2–2.9 and ≥3, respecti- 
vely. 

•	 In the diagnosis of mPC, the probability was 
99.8%, 99.7%, 100%, and 97.2% for PSA catego-
ries (ng/ml) <1, 1–1.9, 2–2.9 and ≥3, respectively. 

•	 The probability of being free of death from PC 
was 99.6%, 99.6%, 98.9%, and 98.3% for PSA cat-
egories (ng/ml) <1, 1–1.9, 2–2.9 and ≥3, respec-
tively. 

The detailed description for each follow-up time 
point is shown in Table 1. 
A significant relationship was found between base-
line PSA categories and subsequent diagnosis of PC 
(p <0.001), csPC (p <0.001), mPC (p <0.001) and 
PC death (p = 0.047), throughout follow-up. 
In age stratification, the odds of remaining free  
of a PC diagnosis based on baseline PSA after  
25 years of follow-up were as follows:
•	 For age category 45–50; in those with PSA <1 ng/ml  

it was 95.8% versus 72.5% if PSA ≥3 ng/ml.

Table 1. Probability of remaining free of a diagnosis of PC, csPC, mPC and death according to PSA categories throughout 
follow-up

PSA CATEGORIES (ng/ml)

<1

Follow-up time (start of interval, years) 0 5 10 15 20 25

Cumulative probability of remaining free of the event  
at the end of the interval 

PC 99.3% 99.3% 98.5% 97.3% 95.5% 95.5%

csPC 99.7% 99.6% 99.1% 98.0% 96.7% 96.7%

mPC 100% 99.8% 99.8% 99.8% 99.8% 99.8%

Death from PC 100% 99.9% 99.9% 99.6% 99.6% 99.6%

1–1,9

Follow-up time (start of interval, years) 0 5 10 15 20 25

Cumulative probability of remaining free of the event at the 
end of the interval PC 98.0% 96.3% 93.9% 91.8% 89.6% 89.6%

 csPC 99.1% 98.2% 97.0% 95.5% 93.3% 93.3%

 mPC 99.8% 99.8% 99.8% 99.7% 99.7% 99.7%

 Death from PC 99.8% 99.8% 99.8% 99.7% 99.7% 99.7%

2–2,9

Follow-up time (start of interval, years) 0 5 10 15 20 25

Cumulative probability of remaining free of the event  
at the end of the interval PC 92.8% 90.0% 84.0% 82.3% 80.0% 80.0%

 csPC 97.3% 95.9% 91.4% 90.3% 88.1% 88.1%

 mPC 100% 100% 100% 100% 100% 100%

 Death from PC 100% 100% 99.5% 98.9% 98.9% 98.9%

≥3

Follow-up time (start of interval, years) 0 5 10 15 20 25

Cumulative probability of remaining free of the event  
at the end of the interval PC 76.7% 73.0% 70.9% 70.4% 69.4% 69.4%

 csPC 89.5% 86.2% 84.5% 84.0% 84.0% 84.0%

 mPC 99.2% 99.2% 99.2% 98.3% 97.3% 97.3%

 Death from PC 100% 98.8% 98.8% 98.3% 98.3% 98.3%

PC – prostate cancer; mPC – metastatic prostate cancer; csPC – clinically significant prostate cancer; PSA – prostate-specific antigen
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•	 In males 50–55; it was 95.5% and 65.8% for PSA 
<1 ng/ml and PSA ≥3 ng/ml categories respectively.

•	 In the 55–60 group; probability of 94.3% and 
66.5% for PSA categories <1 ng/ml and PSA ≥3 
ng/ml respectively.

•	 Finally, in the ≥60; it was 96.5% for PSA <1 ng/ml 
versus 75.9% if PSA ≥3 ng/ml.

The rest of the data are shown in Figure 1.
A significant difference was found (p <0.001 in all 
four cases), finding an association between PSA lev-
els and PC development for all age groups.

DISCUSSION 

In the present study, we observed a clear relation-
ship between baseline PSA and the probability of PC 
detection throughout follow-up, which is maintained 

in the age stratification, as well as for the detection 
of csPC, mPC and PC death, in a cohort belonging 
to the Spanish arm of the ERSPC, with a median 
follow-up of more than 23 years. 
We found that the probability of detection of PC with 
baseline PSA levels <1 ng/ml was 4.5% versus 30.6% 
with PSA ≥3 ng/ml at 25 years. In the case of csPC 
detection, the probability found was 3.3% and 16%; 
and in the diagnosis of mPC it was 0.2% and 2.7%, 
respectively. 
Other studies allude to the association between base-
line PSA level and possible subsequent development 
of PC.
Gann et al. [12] found a RR = 5.5 of subsequent de-
velopment of PC in men with PSA levels between 
2.0 and 3.0 ng/ml versus those with levels below  
1.0 ng/ml. 

Figure 1. Probability of remaining free of prostate cancer diagnosis according to prostate-specific antigen categories throughout 
follow-up in men aged 45–50 years, 50–55 years, 55–60 years and ≥60 years.
PC – prostate cancer
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Fang et al. [13] found an increased risk of PC at 
age 25 years in men with baseline PSA at or above 
the median for each age group studied (0.60 ng/ml  
in men 40–49.9 years, and 0.71 ng/ml in men  
50–59.9 years), with RRs ranging from 3.7 to 3.5 de-
pending on age category. 
Loeb et al. [14] showed that a baseline PSA level 
between the median (0.7 ng/ml in men aged 40–49 
years and 0.9 ng/ml in the 50–59 age group) and 
2.5 ng/ml was associated with a 14.6 and 7.6 times 
higher risk of PC in men in the aforementioned age 
categories, respectively. 
Lilja et al. [15] demonstrated a strong association 
between PSA measurement at age 50 years or ear-
lier and subsequent PC diagnosis (p <0.0005, AUC 
0.719), as well as for the development of advanced 
PC (AUC 0.75). They determined a risk of develop-
ing PC of 1-5% in those men with PSA level (mea-
sured between 44–50 years) <0.5 ng/ml; rising  
to 8–15% for PSA 0.75–1.25 ng/ml; and >20%  
in those with PSA >1.50 ng/ml, with a median fol-
low-up of 23 years. 
The data from these studies are consistent with 
those found in our experience, highlighting the im-
portance of baseline PSA as a determinant factor  
in the subsequent development of PC. 
These findings may help us to define appropriate 
PC screening intervals for patients based on their 
baseline PSA. In fact, the European Association of 
Urology (EAU) guidelines for PC 2022 [4], include 
baseline PSA as one of the relevant factors in defin-
ing PC screening, and recommend offering a risk-
adapted strategy (based on baseline PSA level), with 
follow-up intervals of 2 years for men with a PSA 
level >1 ng/ml at age 40; and for men with a PSA 
level >2 ng/ml at age 60; and postponing follow-up 
to 8  years for those with lower PSA levels. Other 
groups, such as ther German PROBASE [16] also ad-
vocate risk-based screening strategies based on base-
line PSA in young men (45–50 years). 
Regarding the relationship between baseline PSA 
level and death from PC during follow-up, we found 
a significant association (p = 0.047), although 
it should be noted that the magnitude of these dif-
ferences is small: 0.4% probability with PSA levels 
<1 ng/ml at 25 years of follow-up and 1.7% if PSA 
≥3 ng/ml; both values are well below what would be 
expected. 
Such low values for PC mortality in our series have 
already been observed in previous updates of our 
results [9] where PC mortality accounted for 1.9%  
of all deaths, meaning that only 0.3% of the recruit-
ed population died from PC after almost 16 years 
of follow-up. The study found that, of the 334 can-
cer deaths, PC was the tenth most common cause 

of death: only 12 patients (3.6%) died from PC. Po-
tential underestimation of PC as a cause of death, 
or incorrect assignment of causes of death on death 
certificates, were ruled out as possible causes of the 
low mortality from PC in our series [17] as all INE 
procedures comply with Spanish and European reg-
ulations (including EUROSTAT methodology) [18]. 
A study to check the quality of cancer death certifi-
cates in Spain found a correct assignment of cause 
of death between 84.6 and 91.4% (based on direct 
comparison with information from hospital records) 
[19]. In addition, the ERSPC study has centralized 
and local cause of death committees where the cor-
rect allocation of mortality data is protocolized and 
monitored [20]. 
A recent study [7] with the pooled analysis of all par-
ticipating centres in the ERSPC group analyzed the 
relationship between baseline PSA and the probabil-
ity of death from PC, with results similar to those 
shown in our data. With 16 years of follow-up, the 
probability of csPC as a function of baseline PSA 
ranged from 1.2–1.5% for men with PSA <1.0 ng/ml 
and 13.3–13.8% if PSA ≥3.0 ng/ml, results similar to 
those found in our study. Ninety-two per cent of PC 
deaths occurred in the group of men with PSA above 
the median (1.21 ng/ml). 
Furthermore, they show that with 8 years of addi-
tional follow-up in the 60–61 year-old group with 
PSA <2 ng/ml, a period in which 42% of patients at-
tended a subsequent screening visit, no deaths from 
PC occurred in the group, therefore questioning the 
value of repeat PSA screening in men aged 68–70 
years and PSA <2.0 ng/ml, even in cases with a life 
expectancy of more than 15 years. 
Another study refers to the predictive value  
of baseline PSA for death from PC [8], also found  
an association between baseline PSA and the prob-
ability of PC diagnosis and death. At 16 years  
of follow-up, the probability of PC diagnosis among 
40-49 years old with PSA <1 ng/ml was 4.3%  
versus 17.7% if PSA 3–3.9 ng/ml; and of PC death 
0% versus 0.6% for these baseline PSA categories, 
respectively. In the 65–69 age group, the probabil-
ity of PC with PSA <1 ng/ml was 3.6% versus 22% 
if PSA 3–3.9%; and of PC death 0.7% versus 5.6%, 
respectively. 
Limitations of our study include the low mortality 
from PC in the area studied, as well as the limited 
sample size. 

CONCLUSION 

With this study we highlight the clear relationship 
between baseline PSA and the probability of PC de-
tection throughout follow-up, which is maintained 
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for all age categories. Baseline PSA also correlates 
with the probability of detecting csPC, mPC, and 
dying from PC in a cohort belonging to the Spanish  
ERSPC branch, with a median follow-up of more 
than 23 years. 
Baseline PSA level can help to customize the appro-
priate PC screening interval for each individual. 
The authors declare that they have no conflicts  
of interest. 

Conflicts of Interest
The authors declare no conflict of interest.

funding 
The Spanish ‘‘Fondo de Investigación Sanitaria’’: 96/0248, 99/0245, 
02/0732, 06/0831. The Spanish ‘Fundación para la Investigación en 
Urología de la Asociación Española de Urología’, grant Pedro Cifuen-
tes 2017. The Spanish ‘Asociación Madrileña de Urología’, grant Plan 
de Investigación 2017.

1.	 Instituto Nacional de Estadística. INEbase 
/ Sociedad /Salud /Estadística de 
defunciones según la causa de muerte / 
Últimos datos. Publicación del INE sobre 
la tasa defunciones por enfermedades 
Cardiovasc [Internet]. 2020; 2021: 1-1. 
Available from: https://www.ine.es/dyngs/
INEbase/es/operacion.htm?c=Estadistica_
C&cid=1254736176780&menu=ultiDatos&
idp=1254735573175

2.	 Sung H, Ferlay J, Siegel RL, et al. Global 
Cancer Statistics 2020: GLOBOCAN 
Estimates of Incidence and Mortality 
Worldwide for 36 Cancers in 185 
Countries. CA Cancer J Clin. 2021;  
71: 209-249. 

3. 	 Kimura T, Sato S, Takahashi H, Egawa S. 
Global trends of latent prostate cancer  
in autopsy studies. Cancers (Basel).  
2021; 13: 1-11. 

4. 	 Mottet N, Cornford P, van den Bergh RCN, 
et al. EAU-EANM-ESTRO-ESUR-ISUP_SIOG 
Guidelines on Prostate Cancer 2022.  
Eur Urol. Eur Urol. 2021; 79: 243-262 

5. 	 Hugosson J, Roobol MJ, Månsson M, et al.  
A 16-yr Follow-up of the European 
Randomized study of Screening  
for Prostate Cancer. Eur Urol. 2019;  
76: 43-51. 

6. 	 Welch HG, Albertsen PC. Reconsidering 
Prostate Cancer Mortality — The Future  
of PSA Screening. N Engl J Med. 2020;  
382: 1557-1563. 

7. 	 Remmers S, Bangma CH, Godtman RA, et al.  
Relationship Between Baseline Prostate-
specific Antigen on Cancer Detection  
and Prostate Cancer Death: Long-term 

Follow-up from the European Randomized 
Study of Screening for Prostate Cancer.  
Eur Urol. 2023; 84: 503-509. 

8.	 Bjerner J, Bratt O, Aas K, et al. Baseline 
Serum Prostate-specific Antigen Value 
Predicts the Risk of Subsequent Prostate 
Cancer Death — Results from the 
Norwegian Prostate Cancer Consortium. 
Eur Urol. 2023; 86: 20-26. 

9.	 Luján M, Páez, Angulo JC, et al. 
Actualización de los resultados  
de la rama española del Estudio 
aleatorizado europeo de screening  
del cáncer de próstata (ERSPC).  
Actas Urol Esp. 2015; 39: 405-413. 

10.	 NCCN Guidelines Version 4.2022 - Prostate 
cancer [Internet]. Available from: https://
www.nccn.org/guidelines/guidelines-
detail?category=1&id=1459

11.	 Aus G, Bergdahl S, Lodding P, Lilja H, 
Hugosson J. Prostate Cancer Screening 
Decreases the Absolute Risk of Being 
Diagnosed with Advanced Prostate  
Cancer-Results from a Prospective, 
Population-Based Randomized Controlled 
Trial. Eur Urol. 2007; 51: 659-664. 

12.	 Gann P, Hennekens C, Stampfer M.  
A Prospective Evaluation of plasma 
prostate-specific antigen for detection  
of prostatic cancer. JAMA. 1995; 4:  
289-294. 

13. 	Fang J, Metter EJ, Landis P, Chan DW, 
Morrell CH, Carter HB. Low levels  
of prostate-specific antigen predict  
long-term risk of prostate cancer: Results 
from the Baltimore Longitudinal Study  
of Aging. Urology. 2001; 58: 411-416. 

14.	 Loeb S, Roehl KA, Antenor JA V., Catalona WJ, 
Suarez BK, Nadler RB. Baseline prostate-
specific antigen compared with median 
prostate-specific antigen for age group  
as predictor of prostate cancer risk  
in men younger than 60 years old.  
Urology. 2006; 67: 316-320. 

15. 	Lilja H, Cronin AM, Dahlin A, Manjer J, 
Nilsson PM, Eastham JA, et al. Prediction 
of significant prostate cancer diagnosed  
20 to 30 years later with a single measure 
of prostate-specific antigen at or before 
age 50. Cancer. 2011; 117: 1210-1219. 

16. 	Al-Monajjed R, Arsov C, Albers P. Risk-
adapted prostate cancer screening 
– update 2021. Urol. 2021; 60: 592-601. 

17. 	Páez A, Luján M, Angulo JC, Granados R,  
Nevado M, Torres GM, et al. Prostate 
cancer incidence and mortality  
in the Spanish section of the European 
Randomized Study of Screening  
for Prostate Cancer (ERSPC). Eur Urol 
Suppl. 2014; 13: e849. 

18. 	INE [Internet]. Available from:  
http://www.ine.es/dynt3/metadatos/en/
RespuestaPrint.htm?oper=23

19. 	Pérez-Gómez B, Aragonés N, Suárez B,  
Llácer A. Accuracy of cancer death 
certificates in Spain: a summary  
of available information. Gac Sanit.  
2006; 20: 42-51. 

20. 	Luján M, Páez A, Angulo JC, et al. 
Prostate cancer incidence and mortality 
in the Spanish section of the European 
Randomized Study of Screening  
For Prostate Cancer (ERSPC). Prostate 
Cancer Prostatic Dis. 2014; 17: 187-191. 

References


