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ABSTRACT

Purpose: To investigate the prevalence of prostate carcinoma in a sample of volunteers known
to have a large proportion of Bantu African ancestors, and the performance of total PSA (tPSA), PSA
density (PSAD) and free-to-total PSA ratio (f/tPSA) on the diagnosis.

Materials and Methods: A total of 473 volunteers (range: 40 - 79 years) were screened for
prostate carcinoma. Those with tPSA >2 ng/ml and/or abnormal digital rectal examination were sub-
mitted to a transrectal ultrasound-directed biopsy (10 cores). The volunteers were classified as White,
Mulatto or Black according to physical characteristics and to ancestors race reference. The following
variable number of tandem repeats (VNTR) were analyzed in the blood of 120 volunteers without
cancer and in 27 patients with prostate cancer: D4S43, PAH, F13A1, APOB and vW-1.

Results: The biopsies performed in 121 volunteers revealed cancer in 27 (5.7% of 473). The
proportions of cancer in White, Mulatto and Black were respectively: 0.6% (1/148), 6.7% (6/90) and
8.5% (20/235) (p = 0.006). The VNTRs analysis revealed heterogeneity in White, Mulatto and Black
anthropologic phenotypes with the following admixture of Caucasian, African and Amerindian gene
lineages: 67.5 ± 8%, 20.8 ± 8%, 11.7 ± 7%; 54.8 ± 9%, 36.3 ± 5%, 8.9 ± 7%; and, 45.3 ± 3%, 45.9 ±
4%, 8.8 ± 7%. Such a mixture was 50.5 ± 9%, 49 ± 8% and 0.5 ± 4% in volunteers bearing cancer, and
59.1 ± 7%, 31.7 ± 8% and 9.2 ± 5% in those without cancer. The sensitivity and specificity of tPSA at
cut-off levels of 2, 2.5 and 4 ng/ml for volunteers with tPSA ≤ 10 ng/ml were respectively: 100% and
6,6%, 100% and 36,6%, 69,2% and 62,2%. PSAD at a cut-off level of 0.08 or 0.10, and f/tPSA at a
cut-off level of 20% were able to increase significantly tPSA specificity without loss on sensitivity.

Conclusions: The tumor prevalence was higher in Non-White than in White phenotype. The
association of tPSA at a cut-off level of 2.5 ng/ml with a PSAD of 0.08 or a f/tPSA of 20% for biopsy
indication deserves further investigations as an alternative to tPSA cut-off level of 4 ng/ml.
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INTRODUCTION

The prevalence of prostate adenocarcinoma is
50% higher in North-American Afro-American than
in Caucasians, and it can be 3 or 4 times higher when
compared to Chinese and Japanese (1). At the mo-
ment of diagnosis in Afro-Americans, the stage is
more advanced, and for this reason the earlier begin-

ning of screening has been advocated in Afro-Ameri-
can men (2).

The definition for the normality range of the
prostate specific antigen (PSA), published in 1986
by Myrtle et al. (3), is largely accepted. This group
from Hybritech, using Tanden-R assay, established
the interval between 0 and 4 ng/ml as the normality
range. One among 3 men with a level superior to
that will show carcinoma in prostate biopsy (4).
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However, there are reports proposing changes in this
range, which could vary according to race and age
(1).

Gann et al. (5) showed that men with total PSA
(tPSA) between 2 and 4 ng/ml are 12-fold more likely
to develop prostate cancer compared to others with
tPSA below 1 ng/ml, when followed during 10 years.
There are studies showing that in the tPSA range be-
tween 2.5 and 4 ng/ml the prevalence of cancer
reaches 24%, and that is why many centers started to
recommend this cut-off level for indication of biopsy
(6).

In Brazil, studies on screening for prostate ad-
enocarcinoma are scarce. The existing data present
similarity in sensitivity and specificity of tPSA in a
cut-off of 4 ng/ml, for Southeastern population, as
observed in North American population, but there
are no reports of investigation using lower cut-off
levels. On the other hand, 3 studies with Southeast-
ern population involving 5,313 volunteers were not
able to convincingly demonstrate a higher prevalence
of prostate cancer in Afro-Brazilians than in Cauca-
sians (7-9). It must be stressed that about 70% of
Brazilian black population originate from Angola,
Congo and Mozambique where the Bantu haplotype
is predominant (10). The study of hemoglobin β
genes confirms that in Brazil 73% of the haplotypes
are Bantu type, with Senegal haplotype being prac-
tically inexistent (11). These data reveal that Afro-
Brazilian are genetically distinct from North Ameri-
can black population, where the haplotype Benin
predominates (59%) with equivalent frequencies of
Bantu and Senegal haplotypes (12). Additionally,
studies based in polymorphism of nuclear and mito-
chondrial DNA stress the role of the intense pro-
cess of miscegenation undergone by Afro-Brazilian
population (urban or isolated – remainders of the
quilombos) (13). The African component in black
populations can range from 46 to 67% in “rural”
areas, but these data do not have universal validity
for urban populations (14). Obviously, the ethnic
admixture is not restricted to Afro-Brazilian descen-
dants, but it is extended to Caucasians. Such data
warrant the performance of screenings in our envi-
ronment aimed to racial prevalence of prostate tu-
mor and a better characterization of PSA.

MATERIALS AND METHODS

The target population for screening consisted
of 473 volunteers with ages ranging from 40 to 79
years from the city of Ipirá, Bahia. All of them un-
derwent a digital rectal examination, blood collec-
tion for dosage of tPSA and free PSA (DPC –
Immulite test)  and DNA extraction for genetic race
analysis. Volunteers with tPSA equal or superior to 2
ng/ml or digital rectal examination suspected of pros-
tate cancer underwent transrectal ultrasound-directed
prostate biopsy (at which time the prostate volume
was measured) collecting 10 fragments from the pe-
ripheral zone (15). These fragments were conserved
in 10% formalin solution until their processing for
histological examination following hematoxylin-eosin
staining.

Volunteers were classified in White, Mulatto
or Black according to anthropological criteria that
considered not only the skin color aspect, but the an-
cestors’ racial reference up to 3rd degree (great-grand-
parents).

Racial genetic diversity was studied through
variable number of tandem repeats (VNTR) in the
DNA of 40 volunteers randomly chosen from each of
the 3 racial groups defined by the anthropological
criteria, as well as all bearers of neoplasia. DNA ex-
traction was performed by a standardized technique,
and its amplification (PCR) was made with 35 cycles
in “Perkin-Elmer-Cetus ” thermocycler employing
the following starters: APO B, vW-I Factor, D4S43,
PAH and 13A1 Factor (13). The different alleles were
recognized through electrophoretic migration in 4%
polycrilamide gel after marking PCR products with
flurochrome. Differences in molecular weight (or
number of bases) were determined by comparison
with migration of the “Gene Scan 2500 ROX  Kit”
standard using the equipment’s “ABIPrism 377 ”
software. The organization of the database with fre-
quency of alleles for comparison between groups was
done by the GDA software (16). That computerized
VNTR database was employed as a reference, with
data on descendants with European origin (Portu-
guese, Spanish, Italian and German – urban region of
Ribeirão Preto), Africans from Congo and Cameroons
(origin: Lubumbashi and Yaoundé) and Amerindian
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from isolated tribes of Pará (Arara, Wayana-Apalai,
Wayampi, Yanoman and Kayapo) (13). The estimate
of ethnic admixture was calculated by the ADMIX 3
software (17).

The variables related to cancer prevalence, PSA
test and other characteristics of the sample were per-
formed by the Graph Prism  software version 3.0.
Classificatory attributes were analyzed by Fisher’s
exact test or χ2. Continuous variables of normal dis-
tribution were compared by unpaired bi-caudal “t”
test or variance analysis, and those which did not pass
the normality test were assessed by non parametric
test. The significance level was fixed in 5%.

RESULTS

Of the 473 volunteers, 148 (31.3%) were
White, 90 (19%) Mulatto and 235 (49.7%) Black ac-
cording to the anthropological criteria. Respective mean
age in these groups was: 56.8 ± 9.5 years, 54.7 ± 10.7
years and 57.9 ± 9.5 years. Simultaneous comparison
between the groups by variance analysis showed p =
0.03. Tukey test showed similarity between White and
Black, as well as between White and Mulatto groups,
but not between Mulatto and Black groups. The com-
parison of mean age of Whites and non-Whites by the
t-test showed no difference (p = 0.8).

Biopsies were indicated and performed in 121
volunteers. The prevalence of prostate adenocarci-
noma for a tPSA cut-off level of 2 or 2.5 ng/ml was
5.7%, or 27/473 men, with ages ranging from 40 to
79 years, and 7.9% or 27/341 volunteers with ages

between 50 and 79 years. If a tPSA cut-off level of 4
ng/ml was considered the prevalence would be 23/
473 (4.8%) between 40 and 79 years, and 23/341
(6.7%) from 50 to 79 years.

Tumor occurred in 1 White, 6 Mulattos and
20 Blacks. Simultaneous comparison of cancer preva-
lence in the 3 groups, according to the anthropologi-
cal criteria, showed a high significance (p = 0.005).
The comparison between groups showed the follow-
ing results: White versus Black: p = 0.008, White
versus Mulatto: p = 0.01, White versus non-White:
p = 0.009 and Mulatto versus Black: p = 0.65.

The mean values of admixture rate of Afri-
can, Caucasian and Amerindian genes, in the samples
classified by anthropological criteria as White, Mu-
latto or Black are exposed in Table-1. The gene ad-
mixture in volunteers with or without cancer regard-
less of anthropological phenotype is presented in this
Table as well.

Tumor ratios in tPSA ranges from 2.1 to 4
ng/ml, from 2.5 to 4 ng/ml, from 4 to 10 ng/ml and
>10 ng/ml were respectively: 6/62 (9.6%), 6/43
(13.9%), 7/35 (20%) and 14/30 (77.7%). The perfor-
mance of the tPSA test in 3 cut-off levels in volun-
teers with tPSA ≤ 10 ng/ml is exposed in Table-2.

Table-3 shows the performance of digital rec-
tal examination as well as a simulation of influence,
on the performance of tPSA, of free/total PSA ratio
and of PSA density in cases they were used. For simu-
lation, the selection of cut-off levels of free/total PSA
ratio and PSA density was made in such a way to
maintain the sensitivity of total PSA according to the
cut-off level.

Residents in Ipirá

Alleles  Whites Mulattos % Blacks %           With Cancer %   Without Cancer %

Caucasians 67.5 ± 8 54.8 ± 9 45.3 ± 3     50.5 ± 9          59.1 ± 7
Africans 20.8 ± 8 36.3 ± 5 45.9 ± 4     49.0 ± 8          31.7 ± 8
Amerindians 11.7 ± 7   8.9 ± 7   8.8 ± 4       0.5 ± 4            9.2 ± 5
Total    100.0    100.0    100.0        100.0              100.0

Table 1 -  Analysis of gene admixture in “Whites”, “Mulattos” and “Blacks” from Ipirá, Bahia, Brazil, as classified under
an anthropological perspective.
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DISCUSSION

The prevalence of prostate cancer in volunteers
from Bahia community (Northeastern) under study
seems equivalent to those found in the State of São
Paulo since those ranged from 1.3% to 3.2% (7-9,18).
It must be stressed that in Northeastern volunteers
the prevalence would be 4.8% if a tPSA cut-off level
4 ng/ml was employed, and that the performance of
biopsies with collection of 10 peripheral fragments
can lead to a 35% addition in cancer diagnosis com-
pared to the sextant biopsy (15). In developed coun-
tries, the prevalence of prostate cancer in screenings
has ranged from 1% to 6% in the age range from 50
to 75 years (1,4,6), which appears to indicate a simi-
larity with our population.

Tumor prevalence in Blacks and Mulattos,
alone or jointly, was statistically superior to that found
in Whites from Ipirá. However the prevalence in
Blacks and Mulattos was similar.

Cut-off Level               Ss % Sp % PPV %          NPV %            Accuracy

2.0 ng/ml              100                     6.6  13.4            100                 18.4
2.5 ng/ml              100                   36.6  18.0            100                 42.7
4.0 ng/ml                69.2 62.2  20.9              93.3                 63.1
Ss – sensitivity; Sp – specificity; PPV – positive predictive value; NPV – negative predictive value.

Table 2 - Performance of total PSA test in different cut-off levels for all volunteers with PSA < 10.1 ng/ml.

Method                                             Ss %     Sp %                Biopsies                Missed               Nº of Biopsies
       Done        Avoided  Tumors         per Diagnosed Tumor

Digital rectal examination
tPSA 2 ng/ml
tPSA 2.5 ng/ml
tPSA 4 ng/ml
tPSA 2.5 ng/ml + F/T PSA 20%
tPSA 4 ng/ml + F/T PSA 20%
tPSA 2.5 ng/ml + PSAD 0.08
tPSA 4 ng/ml + PSAD 0.10
tPSA – total PSA; F/T PSA – free/total PSA; PSAD – PSA density; Ss – sensitivity; Sp – Specificity.

Table 3 - Some performance parameters of methods for indication of prostate biopsies, alone or associated, for the
volunteers set with total PSA from 0 to 10 ng/ml.

The difference in racial prevalence observed
in this work cannot be explained based on age com-
position of groups, but it could be casual (despite sig-
nificant), mainly due to the low prevalence observed
in the White sample (1/148 - 0.7%).

When confronting the anthropological clas-
sification with the genetic composition, a marked
process of ethnic admixture is observed in that re-
gion. What strongly suggests that Bantu ancestry
is associated to a higher prevalence of prostate can-
cer is that in tumor bearers the proportion of Afri-
can alleles was 49% whereas in those without can-
cer it was 31.7% (Table-1). However, it is remark-
able that the proportion of Amerindian alleles in
volunteers without cancer was approximately 18
times higher (9.2%) than the one observed in neo-
plasia bearers (0.5%). Could it be that the
Amerindian (Asiatic) genes were counterbalancing
the role of African genes in a higher predisposi-
tion to cancer?

15.3
100
100

69.2
100

69.2
100

69.9

83.3
6.6

36.6
62.2
52.2
80.0
51.1
70.0

17
97
72
43
56
27
57
36

86
6

31
60
47
76
46
67

11/13
0/13
0/13
4/13
0/13
4/13
0/13
4/13

8.5
7.4
5.5
4.7
4.3
3.0
4.3
4.0
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The explanation for the difficulty in demon-
strating a higher prevalence of tumor in Southeastern
Blacks is not simple with data published up to now.
One study about miscegenation in a Southeastern re-
gion using the same criteria for anthropological (con-
sidering also the ancestry) and genetic (VNTR) clas-
sification, as it can be seen on Table-4 (13), seems to
show some ethnic differences between Southeastern
and Northeastern samples. The sample studied in the
Northeast suggests a markedly lower crossing pro-
portion between Caucasian and Indians since the per-
centage of Amerindian alleles in Whites was approxi-
mately 2.5 times lower (4.6%) than in the Northeast-
ern sample (11.7%). That means that the proportion
of Amerindian alleles in the Northeastern Whites
sample is 154% higher than the Southeastern one,
which would allow us to speculate if this would be
the factor responsible for the low prevalence of tu-
mor in Whites of that city. Other differences are less
significant, even though it can be stressed that in the
Southeast the proportion of African alleles in Whites
was 14.9% higher, of Amerindian alleles in Blacks
was 23.8% higher and of African alleles in Blacks
was 14.3% higher than those found in the Northeast-
ern. Thus, it is possible that the difference in preva-
lence among regions can be explained by ethnic di-
versity. Another explanation could be the lower lon-
gevity of Blacks pointed out in one of the Southeast-
ern studies (7). However, maybe the main reason is
the difference in criteria for anthropological classifi-
cation, or even the difficulty or limitations for its ap-
plication in a mixed population, because it is not clear
if in other screenings the racial antecedent was con-
sidered.

Our study also suggests that the sensitivity of
tPSA, cut-off of 4 ng/ml, in the group of volunteers
with tPSA below or equal to 10 ng/ml, is unsatisfac-
tory. Of the 13 tumors found in this range, 6 were
associated to tPSA < 4 ng/ml, and 4 (30.7%) of them
would not have been diagnosed because the digital
rectal examination did not suggest a tumor. On the
other hand, the cut-off of 2 ng/ml presented a very
low specificity, which meant a large proportion of
unnecessary biopsies. The combination of tPSA cut-
off in 2.5 ng/ml associated to additional criteria for
indication of biopsy, such as free/total PSA ratio in
20% or PSAD in 0.08, seemed to represent a better
option than employing only tPSA in all other cut-off
levels. In the literature, results are controversial and
there is no agreement about the best cut-off level for
tPSA, as well as about the benefits gained with the
associated use of the free/total PSA ratio and tPSA
density, but one can note a tendency towards recom-
mending a reduction in the cut-off level of tPSA and
applying associated parameters in order to improve
the test specificity (4,6). Maybe the most convincing
recent multiracial study about the subject involving
the screening and the follow-up of 12,902 men, of
whom 7,541 were considered without prostate dis-
ease, showed that 95% of the sample without disease
had tPSA ≤ 2.45 ng/ml, and this is the reason why
this value was proposed as the upper limit for nor-
mality (19). Nevertheless, it must be stressed that the
cut-off level of the free/total PSA coefficient that is
able to maintain the tPSA sensitivity above 90%, in
the same sample of patients, varies considerably with
the brand of reagent that is used (20).

CONCLUSION

The prevalence of prostate cancer in Ipirá, Ba-
hia, Brazil, was 5.7%, being higher in Blacks and
Mulattos than in Whites. In cancer bearers the mean
proportion of African alleles was 49%, whereas in
those without cancer it was 31.7%. In volunteers with
tPSA ≤ 10 ng/ml, the use of a cut-off level for tPSA
in 2.5 ng/ml, the free/total PSA fraction of 20% and
tPSA density of 0.08, represented a better option for
indication of biopsies than the isolated use of tPSA
in a cut-off level of 4 ng/ml.

Residents in Ribeirão Preto
Alleles               Whites %    Mulattos % Blacks %

Caucasians        71.4 ± 5        49.5 ± 8 36.4 ± 3
Africans            23.9 ± 6        40.1 ± 4 52.5 ± 4
Amerindians       4.6 ± 4        10.3 ± 6 10.9 ± 4
Total                     100.0           100.0    100.0

Table 4 – Ethnic admixture in residents from the urban
region of Ribeirão Preto classified in Whites, Mulattos and
Blacks according to anthropological criteria (13).
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