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Purpose: Incidence and mortality of prostate cancer (PCa) are still increasing in
developing countries. Limited access to the health system or more aggressive disease
are potential reasons for this. Ethnic and social differences in developed countries seem
to make inappropriate to extrapolate data from other centers. We aim to report the
epidemiological profile of a PSA-screened population from a cancer center in Brazil.

Materials and Methods: We retrospectively selected 9.692 men enrolled in a PCa
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prevention program, comprising total PSA level and digital rectal examination at the
first appointment, associated with complementary tests when necessary. Men aged over
40 years-old were included after shared decision-making process. Prostate biopsy (TRUS)
was performed when clinically suspected for PCa. After the diagnosis, patients underwent
appropriate treatment.

Results: TRUS was performed in 5.5% of men and PCa incidence was 2.6%. Overall ratio
between number of patients who needed to be screened in order to diagnose one cancer
was 38.9 patients, with 2.1 biopsies performed to diagnose a cancer. Positive predictive
value (PPV) of TRUS biopsy in this strategy was 47.2%, varying from 38.5% (<50 years-
old) to 60% (>80 years-old). We evidenced 70 patients (27.9%) classified as low risk
tumors, 74 (29.5%) as intermediate risk, and 107 (42.6%) as high-risk disease.
Conclusions: PSA-screening remains controversial in literature. In front of a huge
miscegenated people and considering the big proportion of high-risk PCa, even in young
men diagnosed with the disease, it is imperative to inform patients and health providers
about these data particularities in Brazil.
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INTRODUCTION

Prostate cancer (PCa) is the second most
common malignancy among men, with an inciden-
ce of more than 1.200.000 cases per year worldwi-
de. About seventy percent of the cases are diagnosed

in the most developed countries (1). In Brazil, more
than 65.000 new cases are estimated in 2020, cor-
responding to the second most lethal neoplasia af-
ter lung cancer (2). Although the treatment methods
have been improved (3) and the use of PSA-screening
strategies had shown decreasing in mortality rates in
developed countries (4), several European and North
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American studies such as PLCO (5), the Cochrane
meta-analysis (6), the ERSPC (7, 8), and the Géote-
borg trial (Sweden) (9), the studies of the PIVOT
trial (10, 11), and the UK ProtecT (12, 13) showed
conflicting data.

Ethnic and social differences among popula-
tions can confer different results regarding PCa pre-
sentation and behavior (14, 15). Incidence and mor-
tality rates are still increasing in developing countries
(16), which may be related to a more aggressive dise-
ase or to the limited access to public or private health
care systems (15), making data extrapolation from
more developed countries potentially inappropria-
te (17). This can be showed by previously published
studies in the Brazilian population, showing higher
incidences of locally advanced and metastatic PCa
(18, 19) compared to the North American people (20).

This study aims to describe the PCa epide-
miological profile and results of a screening program
in a single cancer center regarding a PSA-screened
male population from the city of Sio Paulo, whose
population is a representative portion of Brazil, due
to its geographical and economic characteristics de-
termined by migratory and immigration issues. Mo-
reover, we make a discussion related to the results of
some international PCa screening trials.

MATERIALS AND METHODS

We retrospectively reviewed the registries of
12.969 men spontaneously enrolled in a cancer pre-
vention program in 2013 at a Brazilian reference can-
cer center. For PCa screening, all men were included
after a shared decision-making process. In this study,
we selected only men aged over 40 years old with no
upper age limit. We excluded patients with a prior
cancer diagnosis. No other exclusion criteria were
considered. Thus, we selected for analysis 9.692 men
who underwent a PSA-screening strategy comprising
a total blood serum PSA test and a digital rectal exa-
mination (DRE) at the first appointment performed
by the medical (non-urological) staff. Complementa-
ry tests were associated when deemed necessary.

Patients with a total PSA level greater than
10.0ng/dL or a suspected DRE for the presence of ma-
lignancy were referred to a transrectal ultrasound-
-guided (TRUS) prostate biopsy. Patients with a total
PSA level between 4.0 and 10.0ng/dL and a normal
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DRE underwent a serum free-PSA level test (fPSA).
In these cases, TRUS was performed when the per-
centage ratio (fPSA/total PSA level) was below 15%.
Patients with a total PSA level below 4.0ng/dL and
a normal DRE were discharged to primary care
follow-up. Considering that patients with a total PSA
>10.0ng/dL would be referred to TRUS biopsy, DRE
was not performed in these men by the non-urologi-
cal staff. Figure-1 describes the program flowchart.

All laboratory and image tests, TRUS biop-
sy and therapeutic procedures were performed at the
same institution, exclusively provided by public he-
alth system resources. TRUS biopsy protocol consis-
ted of a 12-core biopsy comprising all prostate areas,
besides additional samples from suspicious areas on
DRE. All cancer specimens were analyzed according
to the modified Gleason score (21). All diagnosed pa-
tients were submitted to the AJCC - TNM 8th edi-
tion staging system (22) and classified according to
the D’Amico risk groups. Diagnosed patients were
referred to the Department of Urology and staged
with multiparametric magnetic resonance imaging
(mpMRI) of the prostate and bone scan, according to
the discretion of each surgeon. Institutional Review
Board approval was obtained for this study (number
2509/18).

Statistical Analysis

For statistical analysis, we described the
distribution of screened and diagnosed men across
this period. Continuous variables were stratified in
categories (e.g.: age, PSA level). Mean, median, and
ranges are reported for descriptive statistics in conti-
nuous variables. Categorical variables were expres-
sed as absolute numbers and proportions. Positive
predictive value (PPV) for recommended biopsy was
assessed by the proportion of diagnosed PCa cases
and patients who had the criteria for TRUS biopsy.
The ratio of diagnosed cases was defined as the num-
ber of patients who needed to be screened in order
to diagnose one cancer. All data were analyzed with
IBM SPSS Statistics 23.0 (IBM, Inc., Armonk, NY).

RESULTS

Among the 9.692 men, 532 (5.5%) patients
underwent TRUS prostate biopsy, diagnosing 251
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Figure 1 - PSA-screening program flowchart.
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Oncological Screening Program
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Total PSA screening
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Biopsy Biopsy Biopsy Biopsy
113 men 101 men 181 men 193 men

Prostate Cancer
89 men

PSA = prostate specific antigen; DRE - = normal digital rectal examination; DRE + = suspicious digital rectal examination; fPSA = freg prostate specific antigen.

cancer cases. PCa overall incidence was 2.6% and
positive predictive value (PPV) of TRUS biopsy in
this screening strategy was 47.2%. The mean age of
PSA-screened patients was 54 years (range=40-89
years old). In this series, 6.274 (64.7%) men were
considered white, 2.246 (23.2%) were brown, 610
(6.3%) were black, and 561 (5.8%) were conside-
red yellow (Eastern Asian). Median PSA level was
0.774ng/dL (range=0.1-5.000.00ng/dL). PSA level
was below 4.0ng/dL in 92.2% of the cases. Overall
ratio between the number of patients who needed
to be screened in order to diagnose one cancer
was 38.9 patients, with 2.1 biopsies performed to
diagnose a cancer. Digital rectal examination was
considered suspicious (DRE +) in 294 men with
PSA<10.0ng/dL (PPV=40.1%; 118 positive biop-
sies/294 DRE +). DRE was not performed by the
non-urological staff in patients with PSA>10.0ng/
dL (193 cases) and therefore 137 patients were re-
ferred directly to TRUS biopsy. Fifty-six patients
with PSA above 10.0ng/dL did not have clinical
conditions to undergo biopsy and they were refer-

red to clinical stabilization before further oncolo-
gical investigation. Characteristics of the screened
men categorized by age groups and PSA level are
described in Table-1.

According to the pathological stage, 218 ca-
ses (87%) were classified as localized diseases, and
only 11 (4.3%) patients were diagnosed with metasta-
tic disease. Median PSA in the PCa group was 7.4ng/
dL. Forty-one patients (16.3%) had clinically signifi-
cant tumors according to the Epstein’s criteria (25).
The majority of the diagnosed cases were classified
as high-risk diseases according to the D’Amico risk
classification, as seen in Table-2. Incidence of high-
-risk tumors varies greatly among the ethnic groups,
with 37.3% evidenced in white men, 42.1% in brown
men, and 63.3% in black men. The highest incidence
of high-risk tumors was evidenced in yellow (Eastern
Asians) patients with 72.7% cases.

After referred to the Department of Urology,
205 men underwent a primary treatment at the insti-
tution. Forty-six (18.3%) patients subsequently lost to
follow-up the appointments. Regarding the patients
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Table 1 - Distribution of the screened patients stratified according to the age groups and PSA levels.

Total = 9692 40 - 49 years 50— 59 years 60 - 69 years 70-79 years > 80 years TRUS PCa PPV Ratio
n =3280 n=23061(31.6%) n=2284(23.6%) n =892 (9.2%) n =175 (1.8%) prostate  diagnosed
(33.8%) biopsy (%)  cases

Total PSA level - 0.571 (0.1 - 0.76 (0.367 — 1.10(0.50 - 159 (0.518 - 1.82 (0.61-

median (IQR) 0.95) 1.37) 2.36) 3.72) 4.57)

PSA level groups (%)
235/29

<4.0 ng/dL 3236 (98.6) 2922 (95.5) 1969 (86.2) 689 (77.2) 123 (70.3) 113(1.2) 38 33.6%

4.0-10.0 ng/dL 41(1.3) 111 (3.6) 235(10.3) 143 (16.1) 31(17.7) 282 (50.3) 124 44.0% 45/22/1
2.2/152

>10 ng/dL 3(0.1) 28(0.9) 80 (3.5) 60 (6.7) 21 (12.0) 137 (71.0) 89 65.0%

TRUS prostate

. 26 (0.8) 112 (3.7) 243 (10.6) 126 (14.1) 25(14.3)
biopsy (%)
PCa diagnosed
10 47 107 72 15

cases

PPV 38.5% 41.9% 44.1% 57.6% 60%

Ratio (N / biopsies /

328/2.6/1 65.1/24/1 21.3/23/1 71/1.7/1 11.6/1.6/1
1 cancer)

1QR = interquartile range; PSA = prostate specific antigen; TRUS = transrectal ultrasound-guided; PPV = positive predictive value; PGa = prostate cancer; N = number of screened

patients divided by the diagnosed cases

Table 2 - Distribution of the diagnosed men stratified according to the D’Amico risk groups.

Low risk Intermediate risk High risk
Total = 251
n =70 (27.9%) n=74(29.5) n =107 (42.6%)

Age groups (%)

40 — 49 years 3(30%) 2 (20) 5(50)

50 — 59 years 21 (44.7) 12 (25.5) 14 (29.8)

60 — 69 years 25 (23.4) 41 (38.3) 41 (38.3)

70— 79 years 17 (23.6) 17 (23.6) 38 (52.8)

> 80 years 4(26.7) 2(13.3) 9 (60)
Ethnic group (%)

White 46 (32.4) 43 (30.3) 53 (37.3)

Brown 18 (23.7) 26 (34.2) 32 (42.1)

Black 3(13.6) 5(22.7) 14 (63.3)

Yellow (East Asian) 3(37.3) 0 8 (72.7)

Total PSA level - median (IQR)
Gleason score groups (%)
6
7
8-10
T stage (%)
Tx
T
T2
T3
T4

548 (4.17-7.0)

70 (100)

9(12.8)
61(87.2)

7.80 (4.31 - 11.59)

12.1 (6.16 — 42.49)

2(1.9)
46 (43)
59 (55.1)

11 (10.3)
77(72)
8(7.5)
7(6.5)
4(3.7)

PSA = prostate-specific antigen; QR = Interquartile range
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treated at the institution, 93 (45.4%) men underwent
retropubic radical prostatectomy, 23 (11.2%) perfor-
med radiation therapy, 45 (22%) performed radiation
and hormone therapy, 15 (7.3%) performed exclusive
androgen deprivation therapy, 27 (13.2%) men were
considered for active surveillance, and 2 (0.9%) were
managed with watchful waiting. In the period from
2013 - 2018, five (2.4%) metastatic patients that were
submitted to exclusive hormone therapy died. Three
deaths were related to the cancer and two had other
clinical causes. Oncological and functional outcomes
of those treated cases were not the focus of this study.

DISCUSSION

Benefits of PSA-screening and its real impact
on mortality are still controversial, especially after
the publication of large studies with conflicting re-
sults (5-13) and the United States Preventive Services
Task Force (USPSTF) recommendations (23). The im-
pact on reducing mortality was demonstrated by the
European study (7, 8), with a decrease in the order of
21%, while the PLCO study (5) and the USPSTF (23)
did not demonstrate such benefit. Despite allowing
early diagnosis of high-risk cases, screening also
diagnosis a large number of indolent tumors that po-
tentially do not require immediate intervention, besi-
des to impact in the quality of life and in costs for the
health system (24-26).

Lack of specific and reliable data from de-
veloping countries is an aggravating factor for the
correct evaluation and strategic planning in the PCa
screening in our setting. Intending to a more accurate
planning, it is important to have in mind the ethnical
distribution and that about 75% of the Brazilian pe-
ople need the public health system. National govern-
mental agencies in Brazil do not recommend the po-
pulational screening. Divergently, Brazilian Society
of Urology (SBU) recommends PCa screening in men
over 50 years or above 45 years if high risk factors
are present (27). Racial distribution shown in our stu-
dy is similar to the demographic racial data published
by Brazilian agency IBGE in “self-denominated skin
color” question (28).

PCa incidence in the PSA-screened popula-
tion was 2.6%, evidencing a higher incidence in re-
lation to the PLCO trial (1.4%) (5), and equivalent to
the USPSTF study (2.4%) (23). Our study evidenced
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an inferior incidence when compared to the Brazilian
study from Faria et al. with 3.3% of diagnosed cases
(29), and to the ERSPC trial (4.2%) (7, 8), if considered
only the first year of its application. The cumulative
incidence of diagnosed cases in the USPSTF, PLCO,
ERSPC, and the Goteborg trial (9) was 4.9%, 11%,
10.2%, and 11.5% in 4 years, 13 years, 16 years, and
18 years, respectively.

Positive predictive value (PPV) of TRUS
biopsy in this screening strategy was 47.2%, varying
from 33.6% to 65% according to the PSA ranges. For
PSA >4.0ng/dL, PPV was 50.8%. It was higher than
data found in literature, varying from 27.7% to 32%
(30, 31). If considered only cases with suspicious DRE,
PPV was 40.1% for patients with PSA <10.0ng/dL. It
was also higher than previous publications varying
from 17.7% to 21% (30, 31).

Another enhanced evidence was the high
incidence of high-risk cases, which involved 42.6%
(107 cases) of PCa patients, also higher than the
23.7% published by Cooperberg et al. in the North
American population (17). In addition, we found a
high incidence of high-risk tumors in Afro-descen-
dant patients (42.1% - 63.3%), in accordance to the
international literature that reports more severe ca-
ses among people in this ethnic group (14, 15, 32).
On the other hand, Eastern Asians descendants had a
72.7% incidence of high-risk tumors, contrary to the
World statistics that point to lower adjusted incidence
and mortality rates for this group (1), arguing about
possible genetic mutations in people who immigra-
ted to the Western countries, especially to Brazil (33).
The great miscegenation observed in the Brazilian
population among Caucasians, Afro-descendants,
Eastern descendants, and Native Brazilian Indians
could explain this behavior, however this is only an
assumption that could be unveiled by genetic studies.
According to the Epstein’s criteria, our cohort sho-
wed 16.3% (41 patients) of clinically indolent prosta-
te cancer cases, considerably lower than the 249% to
25% reported in literature (34).

Age-oriented strategies for screening are also
conflictual. Our study started to screening patients
over 40 years old, with no age limit. PCa incidence
in patients aged 40-49 years was extremely low with
only 10 diagnoses out of 3.280 (0.3%), questioning
the reliability of screening for this age group. On the
other hand, PPV of this strategy in this age group was
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38.5%, higher than the previously reported by Faria
et al. in a similar Brazilian population (26.7%) (29). In
addition, 50% of these patients were diagnosed with
high-risk disease, which is known to have an impact
on survival, increasing the importance of discussing
specific screening strategies for this group, instead of
discuss if we have to do or not do PSA-screening (35).
Median age of 54 years for screened patients can also
be considered low, since PCa incidence is higher in
the population aged 55-69 years (1, 8, 29).

A recent study from Mori et al. (36) made a
cross-sectional analysis involving more than 17.000
men, with 18.7% of volunteers aged over 70 years.
They found a higher prevalence of PCa, higher PSA
levels, and more aggressive or metastatic disease
among elderly men. In our series, men >70 years pre-
sented 34.6% of the PCa cases, and almost 449% of
the high-risk diseases. Considering the increase in life
expectancy and the non-inclusion of this age group
in screening policies, it is crucial to inform this evi-
dence to elderly men requesting pertinent guidance.

Regarding metastatic disease, incidence
of 4.3% was lower when compared to 6% in the
United States data (20), and even when compa-
red to other previously published Brazilian data,
which demonstrated higher incidences ranging
from 16.5% to 26.5% of patients in clinical stage
IV in a non-screened population (18, 19).

After the USPSTF recommendation against
PSA-screening, incidence rates declined in the United
States followed by increasing trends in metastatic di-
sease since 2012 (35, 37-40). Subsequently, USPSTF
changed recommendation level from “D” to “C”, as-
suming that there is a potential benefit in mortality
rates in PSA-screening among patients aged 55-69
years old (40). For further analysis of the impact in
PCa incidence after the previous USPSTF recommen-
dations in 2012, Jemal et al. examined the trends
of more than 2 million men up to 2016. Regional
disease increased by 11% from 2012-2016, and
metastatic disease increased from 2010-2016 by
5.0% per year. Reasons not fully understood for
this burden impacted particularly black men in the
US (41). In the same way, several studies proved
an increase in detection of Gleason scores 7-10 in
diagnosed patients after 2012 (42, 43).

The retrospective nature of this study car-
ried out in a single center and for a short period
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of time (1 year) are limiting factors in this analy-
sis. On the other hand, this screening period can
considerably reduce the effects of contamination
in samples among screened and non-screened pa-
tients, which was an important concern identified
in the PLCO, with 44% of contamination in the
control group (5). Current guidelines emphasi-
ze the evidences of mpMRI prior to the biopsy,
when available. They showed an improvement in
the PCa diagnosis classified as ISUP >2 in both
biopsy-naive patients or in those with prior nega-
tive biopsy (44). In 2013, this was not a standard
practice and mpMRI was not performed previously
to the diagnosis. In the same way, despite of cur-
rent evidence, patients in this study had no access
to fusion biopsy, particularly in the public health
setting. Another limiting factor was the failure to
perform DRE in the population with PSA>10.0ng/
dL and the failure to perform fPSA test for the
entire cohort, which makes it difficult to compare
these data with the literature. DRE performed by
non-specialists decreases sensitivity and specifici-
ty of this approach. However, this is more in line
with the primary care setting, where most men in
the public health system will look for medical as-
sistance. Based on our data, we cannot be aware
about optimal testing intervals. Despite that, we
could describe the profile of a large group of men
who volunteered for screening. Related to the cal-
culated PPV, it is noted that the prevalence of di-
sease impacts this value. PPV is not intrinsic to a
test and this is another limitation of our analysis.

CONCLUSIONS

Our analysis described the results of a cancer
prevention program at a Brazilian reference cancer
center performed by non-urological medical staff.
This PSA-screening strategy found a comparable in-
cidence rate of PCa compared to other national or
international studies. However, we noticed a higher
incidence of high-risk disease in this population, par-
ticularly regarding black or yellow men.

In front of a huge miscegenated Brazilian
population and considering the big proportion of
high-risk PCa, even in young men diagnosed with
the disease (age <50 years), it is imperative to inform
patients and health providers about these data parti-
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cularities in Brazil. More comprehensive studies are
needed to support decision, especially in the public
health scope.
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