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ABSTRACT

Purpose: The accuracy of prostate specific antigen (PSA) to detect prostate cancer has not yet been determined. Autopsy
evidence suggests one-third of men have evidence of prostate cancer. Correlation between prostate cancer and sexually
transmitted infection is indeterminate.

Materials and Methods: A retrospective database was created of all men who underwent transrectal ultrasound guided
prostate biopsy over 3 years. Men were 49% African or African Caribbean, and 51% Central or South American. Informa-
tion about prostate specific antigen, cholesterol, hepatitis A, B and C, human immunodeficiency virus, syphilis, tuberculin
skin testing and histology were collected.

Results: Hepatitis C antibody detection correlated with prostate cancer OR 11.2 (95% CI 3.0 to 72.4). The odds of prostate
cancer increased annually (p = 0.0003). However, no correlation was found between prostate cancer and the following:
PSA, biopsy date, repeat biopsy, more than 12 cores at biopsy, total cholesterol, high density lipoprotein, triglycerides,
low density lipoprotein, risk measure reported with free and total PSA, hepatitis B surface antibody, high grade prostatic
intraepithelial neoplasia or atypical small acinar proliferation. Histologic prostatitis and basal cell hyperplasia were
inversely correlated with prostate cancer. Syphilis of unknown duration occurred in 17% of men with indeterminate cor-
relation to prostate cancer.

Conclusion: In inner city men of African and African-Caribbean, or Central and South American descent, prostate specific
antigen levels did not correlate with prostate cancer. Hepatitis C antibody detection correlates significantly with prostate
cancer. One prostate biopsy is sufficient to diagnose statistically significant prostate cancer. Histologic prostatitis and basal
cell hyperplasia decrease odds of prostate cancer. Atypical small acinar proliferation may not correlate to prostate cancer
and is pending further investigation. Men should be screened for epidemic syphilis of unknown duration.
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INTRODUCTION tion and family history are the mainstays of screening
(2). The accuracy of PSA to detect prostate cancer has

Background: The second leading cause of not been determined (2-9). Combining digital rectal

cancer death in men is prostate cancer (1). Prostate- examination with PSA testing has not been shown
specific antigen (PSA) testing, digital rectal examina- to increase survival (10). Autopsy evidence suggests
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nearly one-third of men have evidence of prostate
cancer of unknown clinical significance (11). There
are indeterminate correlations between prostate cancer
and sexually transmitted infections (12).

Objectives: A retrospective review was con-
ducted on all men who underwent transrectal ultra-
sound guided prostate biopsy (TRPB) at an inner city
hospital over 3 years to identify potential risk factors
for prostate cancer and improve selection criteria for
TRPB.

MATERIALS AND METHODS

A retrospective database was created of all
men who underwent transrectal TRPB at Lincoln
Medical and Mental Health Center from January 1,
2007, through December 31, 2009. The cross-sec-
tional study “Risks, Benefits and Selection Criteria
for Transrectal Ultrasound Guided Prostate Biopsy:
A Study of Men in the Bronx Community”, was ap-
proved by the Institutional Review Board. According
to 2006 statistics, the patient population consisted of
approximately 49% African or African Caribbean,
and 51% Central or South American patients. Infor-
mation about PSA, cholesterol, hepatitis A, B and
C, human immunodeficiency virus (HIV), syphilis,
tuberculin skin testing and histology were collected.
Histology specimens suspicious for or containing
adenocarcinoma underwent additional central pa-
thology review at Memorial Sloan-Kettering Cancer
Center. Completeness and accuracy of data entry
into the database was ensured by double data entry
and follow-up comparison with additional random
checks. Receiver operating and skill curve analysis
(ROC) were used to interpret PSA data. Skill curves
were used to assess PSA for optimal diagnosis cut-
off. Skill measure compared the diagnostic ability of
PSA beyond random guessing. Skill-based cut-off
was equivalent to the cut-off indicated by optimizing
posterior odds in accordance with Bayesian decision
theory. Confidence intervals for the cut-off point were
constructed (13,14). Chi-squared analysis was used to
interpret serologic data. Standard statistical methods
were used to report confidence intervals. Logistic
regression was used to analyze prostate cancer risk
and age.
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RESULTS
Prostate Specific Antigen

There was no correlation between PSA lev-
els and prostate cancer in 462 of 473 men with 2899
PSA results (range 38.8 to 91.7 years). Eleven men
were excluded from PSA analysis due to prior pros-
tate cancer diagnoses with treatment. The American
Cancer Society recommendation for prostate biopsy
in men with PSA level 4 ng/mL or more (2) served
as a reference point for analysis (Figure 1A-C).

An estimate of the frequency of PSA values
for men with and without cancer was made. Consider-
able overlap demonstrated PSA values were equiva-
lent for men with and without cancer. Cancer was
not more common than non-cancer until PSA values
surpassed 150 ng/mL (Figure-1A). Standard receiver
operating characteristic (ROC) plot confirmed PSA
could not predict cancer (Figure-1B). The skill curve
suggested the cut off value for PSA to diagnose pros-
tate cancer was not appreciated until levels were above
400 ng/mL. Negative skill indicated PSA usefulness
to detect prostate cancer below 400 ng/mL was worse
than chance diagnoses (Figure-1C).

The latest free and total PSA values for 111
patients were used to assess the risk value reported
with these tests. Risk measurement was not found
to be predictive of cancer OR 1.01 (95% CI 0.98 to
1.06). The risk of prostate cancer increased annually
with age (p = 0.0003, Table-1).

Cholesterol

There was no correlation observed between
cholesterol and prostate cancer in 359 of 473 men with
available test results: Total cholesterol OR 1.0 (95% CI
0.99 to 1.01); high density lipoprotein OR 1.0 (95% CI
0.99 0 1.02); triglycerides OR 1.0 (95% C10.99to 1.01);
low density lipoprotein OR 1.0 (95% CI 0.99 to 1.01).

Serology

Not all patients had serologic markers avail-
able for analysis. This limitation is acknowledged.
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Figure 1 — 4) Logarithmic PSA comparison. B) PSA ROC curve. C) PSA Skill curve.

Hepatitis C antibody testing in 172 men correlated

with prostate cancer OR 11.2 (95% CI 3.0 to 72.4).
Inconclusive correlation was observed as

follows: Syphilis IgG testing with reflex microhemag-
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glutination Treponema pallidum test (MHATP) in 404
men OR 1.8 (95% CI 1.1 to 3.0); rapid plasma reagin
test in 243 men OR 1.8 (95% CI1 0.9 to 3.7); HIV anti-
body testing in 222 men OR 1.6 (95% CI 0.3 to 8.2).
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Table 1 — Patient demographics.

Age (years) 42.3-499 50.0-59.9
Few glands

Gleason 4

Gleason 5 1

Gleason 6 2 20
Gleason 7 4 16
Gleason 8 3
Gleason 9 1
Total cancer 7 40
No cancer 15 79
% Cancer 31.8 33.6

60.0 - 69.9 70.0-79.9 80.0-91.9

1 1
1 2
3 1 2

27 19 1
30 18 4
3 5 1
5 4

70 48 9

120 63 11
36.8 432 45

The risk of prostate cancer increased with age odds ratio 1.03 (95% CI = 1.02 to 1.05, p=0.0003). The odds ratio is multiplicative and ap-
plies to each year of age. Prostate cancer specimens received central pathology review at Memorial Sloan-Kettering Cancer Center.

Hepatitis B surface antibody testing in 176
men and tuberculin skin testing with purified protein
derivate in 223 men did not correlate with prostate
cancer OR 0.9 (95% CI 0.5 to 1.8) and OR 1.2 (95%
CI 0.7 to 2.1), respectively. Hepatitis B surface anti-
body measurements after documentation of vaccina-
tion were excluded from analysis in 3 patients.

There was not enough data to perform sta-
tistical correlation for hepatitis B surface antigen,
hepatitis B e antigen or antibody, hepatitis B core
antibody or antigen, hepatitis B polymerase chain
reaction or hepatitis A antibodies.

Histology

During the 3 year study period 473 men
had 537 TRPBs. All TRPB histology reports at our
institution for 7 years prior to the study period were
examined for a total of 717 TRPBs in 473 men. There
was no correlation between the date of TRPB and
prostate cancer diagnosis OR 0.64 (95% CI 0.49 to
0.81).

There was no correlation between prostate
cancer and atypical small acinar proliferation (ASAP)
OR 0.88(95% CI10.48 to 1.55) or high grade prostatic
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intraepithelial neoplasia (HGPIN) OR 0.99 (95% CI
0.33 to 2.72) on initial or repeat TRPB. With initial
or repeat biopsy there was an inverse correlation be-
tween prostate cancer and prostatitis OR 0.35 (95%
CI0.21 to 0.56) with a similar result between prostate
cancer and basal cell hyperplasia (BCH) OR 0.30
(95% C10.09 to 0.80).

Prostate cancer was found in 37.8%
(175/463) of undiagnosed men as follows: First
TRPB 31.7% (147/463), second TRPB diagnosed
an additional 4.75% (22/144), third 0.6% (3/60)
and fourth 0.6% (3/22). No prostate cancers were
detected on fifth, sixth, seventh or eighth biopsy.
There was no correlation between repeat TRPB and
finding statistically significant prostate cancer OR
0.64 (95% CI 0.49 to 0.81). Our institution used a
protocol of 12 cores as the minimum standard num-
ber of specimens during the study period. There was
no correlation between increased number of prostate
specimens over 12 and finding statistically signifi-
cant prostate cancer on initial TRPB OR 0.93 (95%
CI1 0.89 to 0.97) or repeat TRPB OR 0.95 (95% CI
0.89 to 0.99).

Men were staged according to the current
American Joint Committee on Cancer staging sys-
tem. Staging information was available for 167 men:
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Stage I 1.2% (2/167, average age 78.4 years); stage
1T 85.6% (143/167, age range 42.3 to 86.7, average
age 66.0 years); stage 111 6.0% (10/167, age range
54.0 to 70.3, average age 63.1 years); and stage IV
7.8% (13/167, age range 56.6 to 86.5, average age
65.7 years). Two of the men included as stage 11 had
suspicious findings for metastatic lesions. One of
the patients had diffuse spinal uptake on bone scan
without evidence of lesions on MRI. Another man
had a lytic lesion on the iliac crest, which had a non-
diagnostic biopsy, and was thought to be a bone island
by radiographic interpretation. He also had a sacral
mass thought to represent a schwannoma. Of note,
28 men classified as stage 11 had prostatectomy, with
39.3% (11/28) reclassified after surgery: 10 stage II1
and 1 stage I'V.

COMMENTS

The population studied was considered
vulnerable secondary to educational and economic
disparities and consisted of approximately 49%
African or African Caribbean, and 51% Central or
South American men. This cross-sectional study was
instituted as a quality control measure. One objective
was to identify PSA selection criteria for improved
screening. All men had PSA testing. The utility of
PSA to predict prostate cancer was worse than chance
diagnosis (Figure 1A-C). A recent longitudinal study
also supports this observation (15).

PSA testing has not achieved positive and
negative likelihood ratios typically required to
meet statistical standards for population based
screening tests (15). However, American Cancer
Society guidelines consider PSA of 4.0 ng/mL a
reasonable threshold for further evaluation and
suggests that providers consider individualized
decision making when PSA levels fall in the inde-
terminate range of 2.5 to 4.0 ng/mL (2). Evidence-
based medicine has proven that prostate cancers,
including high grade cancers are not rare in men
with PSA levels below 4.0 ng/mL (16). Autopsy
observation suggests nearly one-third of men under
the age of 80 have prostate cancer of unknown
significance (11). These findings suggest prostate
cancer occurs ubiquitously.
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The hypothesis that prostate cancer is
caused by an ubiquitous or communicable factor is
not novel. A total of 37.8% of men were diagnosed
with prostate cancer. Syphilis of unknown duration
occurred in 17% (69/404) of men tested suggesting
an epidemic. Indeterminate correlation to prostate
cancer was congruent with previously published
data (17). Increased rates of both syphilis (18) and
prostate cancer (19) in Jamaica suggested a circum-
stantial correlation, although sexually transmitted
infections have been extensively studied without an
identified causative agent (12). Hepatitis C is com-
municable by sexual contact and has not been estab-
lished as a risk factor for prostate cancer, although
there are no studies which have investigated hepatitis
C antibody in a prospective trial. This observational
study suggests the odds ratio for hepatitis C antibody
is 11.2 (95% CI1 3.0 to 72.4). This finding suggests a
common molecular modulation may exist between
hepatitis C and prostate cancer. This correlation is
novel and would be best investigated by prospective
trials and experiments focusing on immune modula-
tion. Not all men had hepatitis C testing since this
was an observational trial. It is possible that some
men would have had more serologic testing if their
physician suspected cancer and this limitation is
acknowledged.

The risk of prostate cancer increased with age
OR 1.03 (95% CI = 1.02 to 1.05, p = 0.0003). The
odds ratio is multiplicative and applies to each year
of age. For instance, a man 20 years old has odds of
20*1.03 (minus a constant) and a man 60 years old
has odds 60*1.03 (minus a constant). Overall, a man
60 years old will have three times the odds of a man
20 years old (Table-1).

One 12 core biopsy was sufficient to detect
prostate cancer. Additional cores or repeat TRPBs
were unlikely to find statistically significant cancers.
Although not statistically significant, 15% (22/144)
of second biopsies diagnosed prostate cancer, a find-
ing of clinical significance. Recent evidence which
suggests 48 men with prostate cancer need to be
treated to prevent 1 prostate cancer associated death
(20) implies 461 repeat TRPBs would be needed to
prevent 1 death.

There was no correlation on initial or repeat
TRPB between prostate cancer and high grade pros-
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tatic intraepithelial neoplasia supporting recommen-
dations for repeat biopsy on these men is not indicated
(21). However, lack of correlation between atypical
small acinar proliferation and prostate cancer in these
men on initial or repeat biopsy was incongruent with
current recommendations (21). Specimens suspi-
cious for adenocarcinoma receive a central pathology
review at Memorial Sloan-Kettering Cancer Center.
Specimens containing ASAP are not reviewed by an
external institution. On first biopsy ASAP was seen
in 25.5% of men (118/463). Cancer and ASAP were
seen on first biopsy in 7.6% of men (35/463). In men
with ASAP on first biopsy, cancer was seen on sec-
ond biopsy in 17.3% of men (9/52) which was not
statistically different from the overall cancer rate on
second biopsy of 15.2% (22/144). We will continue
to investigate this discrepancy by obtaining external
histology review and continuing data collection to
generate a larger number of patients.

Inverse correlation of microscopic inflam-
mation or prostatitis with prostate cancer confirmed
previous observations (22). Statistically, prostatitis
showed some protection against prostate cancer as
21% of men in this study with prostatitis had prostate
cancer, which was lower than the overall rate 0f 37.8%
of men diagnosed. This finding while statistically
significant is not clinically satisfactory given a rate
of cancer of 21% in men with this finding. A similar
relationship between basal cell hyperplasia (BCH)
and prostate cancer was observed. Statistically, BCH
had an inverse correlation to prostate cancer, however,
16% of men with BCH had prostate cancer, which
again was much lower than the overall rate of 37.8%
in this population. Basal cell hyperplasia has been
linked to a rare form of prostate cancer (23) and the
clinical importance of this finding is not understood.
Overall, lower rates of prostate cancer were seen in
men with prostatitis and BCH, suggesting there is
some protective effect conferred.

CONCLUSION

In inner city men of African, African-Carib-
bean, South or Central American descent, PSA levels
do not correlate with prostate cancer. One 12 core
prostate biopsy can diagnose statistically significant
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cases of prostate cancer. Repeat prostate biopsy was
positive in 15% of cases, a finding clinically, but not
statistically significant. High grade prostatic intraepi-
thelial neoplasia on initial or repeat prostate biopsy
does not correlate statistically to prostate cancer. On
going investigation is pending concerning lack of
correlation concerning prostate cancer and atypical
small acinar proliferation. Prostatitis and basal cell
hyperplasia have an inverse correlation with prostate
cancer. Men should be screened for epidemic syphilis
of unknown duration. The presence of prostate cancer
is increased with hepatitis C antibody detection. Pro-
spective trials and experiments focusing on hepatitis
C antibody detection and immune modulation are
needed to investigate this association.

ACKNOWLEDGEMENT

To Ana Osansky for her excellent record
keeping, and librarian Inna Lipnitskaya for her sup-
port.

CONFLICT OF INTEREST

None declared.

REFERENCES

1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, et
al.: Cancer statistics, 2008. CA Cancer J Clin. 2008,;
58: 71-96.

Wolf AM, Wender RC, Etzioni RB, Thompson IM,
D’Amico AV, Volk RJ, et al.: American Cancer Society
guideline for the early detection of prostate cancer:
update 2010. CA Cancer J Clin. 2010; 60: 70-98.
Punglia RS, D’Amico AV, Catalona WJ, Roehl KA,
Kuntz KM: Effect of verification bias on screening for
prostate cancer by measurement of prostate-specific
antigen. N Engl J Med. 2003; 349: 335-42.

Brawer MK, Chetner MP, Beatie J, Buchner DM, Ves-
sella RL, Lange PH: Screening for prostatic carcinoma
with prostate specific antigen. J Urol. 1992; 147: 841-
5.

Catalona WJ, Smith DS, Ratliff TL, Basler JW: De-
tection of organ-confined prostate cancer is increased



10.

11.

12.

13.

14.

15.

16.

17.

18.

Correlation of Hepatitis C and Prostate Cancer

through prostate-specific antigen-based screening.
JAMA. 1993; 270: 948-54.

Crawford ED, DeAntoni EP, Etzioni R, Schaefer VC,
Olson RM, Ross CA: Serum prostate-specific antigen
and digital rectal examination for early detection of
prostate cancer in a national community-based pro-
gram. The Prostate Cancer Education Council. Urol-
ogy. 1996; 47: 863-9.

Mettlin C, Lee F, Drago J, Murphy GP: The American
Cancer Society National Prostate Cancer Detection
Project. Findings on the detection of early prostate
cancer in 2425 men. Cancer. 1991; 67: 2949-58.
Brawer MK: Prostate-specific antigen: current status.
CA Cancer J Clin. 1999; 49: 264-81.

Meigs JB, Barry MJ, Oesterling JE, Jacobsen SJ: Inter-
preting results of prostate-specific antigen testing for
early detection of prostate cancer. ] Gen Intern Med.
1996; 11: 505-12.

Catalona WJ, Richie JP, Ahmann FR, Hudson MA,
Scardino PT, Flanigan RC, et al.: Comparison of digital
rectal examination and serum prostate specific antigen
in the early detection of prostate cancer: results of a
multicenter clinical trial of 6,630 men. J Urol. 1994;
151: 1283-90.

Dorr V], Williamson SK, Stephens RL: An evaluation
of prostate-specific antigen as a screening test for pros-
tate cancer. Arch Intern Med. 1993; 153: 2529-37.
Dennis LK, Dawson DV: Meta-analysis of measures
of sexual activity and prostate cancer. Epidemiology.
2002; 13: 72-9.

Briggs W, Ruppert D: Assessing the skill of yes/no
predictions. Biometrics. 2005; 61: 799-807.

Briggs WM, Zaretzki R: The Skill Plot: a graphical
technique for evaluating continuous diagnostic tests.
Biometrics. 2008; 64: 250-6; discussion 256-61.
Holmstrom B, Johansson M, Bergh A, Stenman UH,
Hallmans G, Stattin P: Prostate specific antigen for
early detection of prostate cancer: longitudinal study.
BMJ. 2009; 339: b3537.

Thompson IM, Pauler DK, Goodman PJ, Tangen CM,
Lucia MS, Parnes HL, et al.: Prevalence of prostate
cancer among men with a prostate-specific antigen
level < or = 4.0 ng per milliliter. N Engl J Med. 2004;
350: 2239-46. Erratum in: N Engl J Med. 2004; 351:
1470.

Hayes RB, Pottern LM, Strickler H, Rabkin C, Pope V,
Swanson GM, et al.: Sexual behaviour, STDs and risks
for prostate cancer. Br J Cancer. 2000; 82: 718-25.
Behets FM, Brathwaite A, Bennett L, Douglas KG,
Dallabetta GA, Figueroa JP: The decentralization
of syphilis screening for improved care in Jamaican

229

19.

20.

21.

22.

23.

public clinics. Collaborative Working Group on De-
centralized Syphilis Screening. Am J Public Health.
1997; 87: 1019-21.

Glover FE Jr, Coffey DS, Douglas LL, Cadogan M,
Russell H, Tulloch T, et al.: The epidemiology of
prostate cancer in Jamaica. J Urol. 1998; 159: 1984-6;
discussion 1986-7.

Schréder FH, Hugosson J, Roobol MJ, Tammela TL,
Ciatto S, Nelen V, et al.: Screening and prostate-cancer
mortality in a randomized European study. N Engl J
Med. 2009; 360: 1320-8.

Epstein JI, Herawi M: Prostate needle biopsies con-
taining prostatic intraepithelial neoplasia or atypical
foci suspicious for carcinoma: implications for patient
care. J Urol. 2006; 175: 820-34.

Terakawa T, Miyake H, Kanomata N, Kumano M, Tak-
enaka A, Fujisawao M: Inverse association between
histologic inflammation in needle biopsy specimens
and prostate cancer in men with serum PSA of 10-50
ng/mL. Urology. 2008; 72: 1194-7.

Chen BY, Liu JY, Chang HH, Chang CP, Lo WY, Kuo
WH, et al.: Hedgehog is involved in prostate basal cell
hyperplasia formation and its progressing towards
tumorigenesis. Biochem Biophys Res Commun. 2007;
357: 1084-9.

Accepted after revision:
August 10, 2010

Correspondence address:

Dr. Annika Krystyna

Lincoln Medical and Mental Health Center
Department of Urology, 2A7

c/o Ana Osansky

234 E. 149th Street

New York, NY 10452, USA

Fax: (718) 579-4673

E-mail: Ana.Osansky@nychhc.org



Correlation of Hepatitis C and Prostate Cancer

EDITORIAL COMMENT

In this manuscript by Krystyna et al., the
authors conducted a retrospective review of all men
who underwent a transrectal ultrasound guided pros-
tatic biopsy at a community hospital in New York
over a 3 year period. The study population consisted
predominantly of American men of African/African-
Caribbean or South/Central American descent. The
authors concluded that among inner city men of such
ethnic background, prostate specific antigen (PSA)
levels did not correlate with prostate cancer. Hepati-
tis C antibody detection correlated significantly with
the detection of prostate cancer. Furthermore, the au-
thors concluded that one prostate biopsy is sufficient
to diagnose significant prostate cancers in the major-
ity of their study population. Atypical small acinar
proliferation (ASAP) did not correlate with prostate
cancer. The authors as well propose that men should
be screened for epidemic syphilis of unknown dura-
tion. The pathophysiology underlying prostate can-
cer remains poorly understood particularly in such
minority groups. In this regard, I applaud the efforts
of the authors in addressing this important clinical
question. This intriguing possible association be-
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tween hepatitis C and prostate cancer will require
validation in subsequent prospective studies and a
causal relationship between hepatitis C and prostate
cancer must be demonstrated for this hypothesized
association to have clinical merit. However, several
conclusions made by the authors namely the adequa-
cy of a single prostate biopsy to diagnose prostate
cancer in the majority of patients, lack of correla-
tion between PSA and prostate cancer, and the in-
ability to demonstrate an association between ASAP
and prostate cancer may all reflect their retrospective
study design, study population characteristics, and
limited statistical power in view of their relatively
small sample size.

As we strive to advance the field of cancer
research, one must always critically evaluate the re-
sults and conclusions of such studies which must be
contrasted to those of prior peer reviewed scientific
papers on the subject matter and in reference to our
fundamental understanding of cancer biology. Fail-
ure to do so may result in confounding clinical mes-
sages and conclusions.
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