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Abstract

Objectives: The aim of the present study was to evaluate the clinical value of
the pretreatment serum testosterone (T) level as a potential predictor of
prostate cancer risk in screening for prostate cancer.

Materials and methods: The subjects were 420 patients suspected of having
prostate cancer who underwent prostate biopsy, and whose pretreatment T
levels were recorded. We checked for association between the presence of
prostate cancer and the following clinical factors: pretreatment serum T
level, age, pretreatment prostate-specific antigen (PSA) level, digital rectal
examination findings, ratio of free to total PSA, prostate volume, and PSA
density (PSAD).

Results: Overall, there was no significant difference in mean pretreatment T
level between patients diagnosed with cancer (3.9 &+ 2.4 ng/ml) and patients
diagnosed with benign prostate disease (BPD; 3.7 + 1.7 ng/ml); diagnosis was
based on prostate biopsy. However, among patients with PSA <10 ng/ml, the
pretreatment T level was significantly higher in patients diagnosed with
prostate cancer (4.2 +2.6ng/ml) than in patients diagnosed with BPD
(3.6 £ 1.4 ng/ml) (p=0.007); a similar trend was observed among patients
with PSAD <0.15 ng/ml/cc. Multivariate analysis indicated that pretreatment
T level was an independent significant predictor of positive prostate biopsy
(p = 0.020). Additionally, the serum T level was significantly lower in patients
with a Gleason score >7 (3.7 + 2.1 ng/ml) versus a score <7 (4.2 + 1.7 ng/ml)
(p=0.030). Also, serum T levels were significantly higher in well-differen-
tiated prostate cancer (4.8 +2.1ng/ml) versus moderately differentiated
(3.8 + 1.3 ng/ml) or poorly differentiated (3.7 + 1.4 ng/ml) (p < 0.01).
Conclusions: Among relatively low-risk patients, serum T level was an inde-
pendent significant predictor of positive prostate biopsy, suggesting that
the efficiency of prostate cancer screening can be improved by including
measurement of serum T level.

© 2006 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Prostate cancer is the result of a complex and
unclear interaction between ageing, genetic factors,
hormones, growth factors, and environment. Hor-
mones, particularly androgens, are believed to play a
key role in the etiology of prostate cancer because
they are necessary for growth and maintenance of
the prostate gland [1,2].

Studies comparing circulating male sex hormone
levels between subjects with and without prostate
cancer have produced widely varying results. Gann
et al. [3] found a statistically significant increasing
risk of prostate carcinoma with increasing levels of
testosterone and an inverse trend in this risk with
increasing levels of sex hormone-binding globulin
(SHBG). On the other hand, Ritva et al. [4] reported
that there was no association between serum
testosterone, SHBG, or androstenedione concentra-
tions and the occurrence of subsequent prostate
carcinoma.

In prostate cancer, prostate-specific antigen
(PSA) measurement has become the most valuable
tool for the diagnosis and treatment of patients
with prostate cancer. However, discriminating
between prostate cancer and benign prostate
disease (BPD) is difficult, particularly in patients
with intermediate PSA levels between 4.1 and
10 ng/ml. PSA protein is expressed in the normal
and malignant prostate gland; thus, it is not a
prostate cancer-specific protein. Therefore, a more
sensitive and specific diagnostic test is necessary
to detect prostate cancer. Several PSA derivatives,
such as the ratio of free to total PSA (F/T ratio) and
PSA density (PSAD), have been examined in an
attempt to improve the efficiency of prostate
biopsy [5-8].

The usefulness of the pretreatment serum level of
testosterone (T) as a predictor of prostate cancer in
Japanese patients has not previously been deter-
mined. In the present study of 420 Japanese patients
suspected of having prostate cancer who underwent
prostate biopsy, we investigated the value of the T
level for predicting the presence of prostate cancer.
In addition, we checked for relationships between
the pretreatment serum T level and several clinical
and pathologic factors.

2. Materials and methods

The subjects were 420 patients (mean age: 68.3+7.7 yr;
range: 42-89) suspected of having prostate cancer who
underwent prostate biopsy at Chiba University Hospital
between January 2001 and May 2005, and whose pretreat-
ment T levels were recorded. Patients who received any

hormonal treatment before biopsy were excluded from the
study.

Blood samples were taken in the morning. Serum T level
was measured by radioimmunoassay with the use of the
DPC total testosterone kit (Nippon DPC Corp, Tokyo, Japan).
Serum-free and total PSA levels were measured with the
use of the Architect PSA kit (Abbott Laboratories, Chicago,
IL, USA).

Transrectal ultrasound (TRUS)-guided systematic biopsy
of the prostate was performed with the use of a scanner and a
7-MHz transducer. The prostate was scanned in the transverse
and sagittal planes with the patient in the lithotomy position.
Prostate volume was determined by using the formula for a
prolate ellipsoid (width x length x height x 0.523).

Random systematic biopsies were performed with the use
of an automatic biopsy gun and an 18-gauge needle with TRUS
guidance. Basically, biopsies comprised six peripheral zones
and two transition zones; additional biopsies were obtained if
the ultrasound images or digital rectal examination (DRE)
findings indicated suspect areas. The histologic grade was
determined by using the World Health Organization classi-
fication and Gleason grading system.

Statistical significance was assessed by using the Student t
test and one-way analysis of variance. Univariate or multi-
variate analysis of predictors of prostate cancer was

Table 1 - Overall pretreatment characteristics of the 420
patients

Variable No. of patients (%)

Total testosterone (ng/ml)

<2.0 24 (6.0)
2.0-2.9 94 (23.3)
3.0-3.9 136 (33.9)
4.0-4.9 89 (22.0)
>4.9 59 (14.7)
Mean/median
3.786/3.69

Age (y1)
<60 49 (11.6)
60-64 75 (17.8)
65-69 112 (26.6)
70-74 100 (23.8)
>74 84 (20)
Mean/median
68.3/69

PSA (ng/ml)
0-4 19 (4.5)
4.1-10 188 (28.2)
10.1-20 92 (22.0)
>20 119 (28.4)
Unknown 1 (0.002)
Mean/median
10.18/10.3

DRE
Positive 139 (33.1)
Negative 100 (23.8)
Unclear 181 (43.1)

DRE: digital rectal examination; PSA: prostate-specific antigen.
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Table 2 - Pathologic factors of the 216 patients diagnosed
with prostate cancer

Variable No. of patients (%)
Pathologic Gleason score

<6 77 (35.8)

7 66 (31.8)

8-10 64 (29.6)

Pathologic differentiation

Well differentiated 32 (15.9)
Moderately differentiated 92 (45.8)
Poorly differentiated 77 (38.3)

performed by using a logistic regression model. A p value <0.05
was considered to indicate significance.

3. Results

The general characteristics of all 420 patients are
summarized in Table 1. The pathologic Gleason score
and pathologic differentiation of patients diagnosed
with prostate cancer are shown in Table 2. The mean
Gleason score was 7, and 77 patients (35.8%) had a
Gleason score <7. Table 3 shows univariate analysis
of the relationship of pretreatment T to clinical and
pathologic factors. There was no significant differ-
ence in mean pretreatment T level between patients
diagnosed with cancer (3.9ng/ml) and patients
diagnosed with BPD (3.7 ng/ml); diagnosis was based
on prostate biopsy. Similarly, there was no significant
association of pretreatment T level with age, pre-
treatment PSA, DRE findings, or ratio of free to total
PSA (F/T ratio). However, results of the analysis using
Pearson correlation coefficient showed that pretreat-
ment T level was significantly associated with PSAD
(p=0.010, r =0.099) and prostate volume (p = 0.002,
r=-0.101). There was a significant association
between low pretreatment T levels and large prostate
volume (p = 0.0145,serum T'level = —0.007 x prostate
volume + 4.151).

Among patients with a PSA <10ng/ml, the
pretreatment T level was significantly higher in
patients diagnosed with prostate cancer (4.2 ng/ml)
than in patients diagnosed with BPD (3.6 ng/ml); a
similar trend was observed among patients with a
PSAD <0.15 ng/ml/cc (Table 3).

In addition, pretreatment T levels were signifi-
cantly associated with pathologic Gleason score and
tumour grade. The serum T level was significantly
lower in patients with a Gleason score >7 than in
patients with a Gleason score <7. Also, serum T
levels were significantly higher in patients with
well-differentiated prostate cancer than in other
patients (Table 4).

Univariate analysis using a logistic regression
model of relationships between selected factors
and prostate cancer risk in all patients indicated
that all selected factors other than serum T level
(pretreatment serum level of PSA, age, presence
of nodule, F/T ratio, prostate volume, and PSAD)
were significant predictors of positive prostate
biopsy (not shown). On the other hand, among
patients with a PSA <10ng/ml, only serum T
level (p=0.007) and F/T ratio (p=0.050) were
significant predictors of positive prostate biopsy
(Table 5).

Table 6 shows a multivariate analysis of the
relationship of positive prostate biopsy to serum T
level and F/T ratio, according to the logistic regres-
sion analysis of patients with a PSA <10 ng/ml. This
analysis indicates that pretreatment T level was an
independent significant predictor of positive pros-
tate biopsy (p = 0.020).

In addition, we analysed the positive rate of
prostate biopsy at various cutoff values. As a result,
in patients with a PSA <10 ng/ml, the positive rate of
prostate biopsy in patients with serum T levels
>5.5ng/ml was significantly higher than that in
patients with serum T levels <5.5 ng/ml (p = 0.040,
57.8% vs. 32.3%). This serum T level was threshold

Table 3 - Univariate analysis of relationship of pretreatment testosterone levels with pathologic diagnosis in 2 patient

subgroups
Subgroups Diagnosis Testosterone (ng/ml) p value
Mean Median Range

PSA (ng/ml) <10 0.008
Cancer 4.2 3.855 0.90-9.35
Not cancer 3.63 3.650 0.10-8.56

PSAD (ng/ml/cc) <0.15 0.028
Cancer 4.42 4.12 1.83-6.91
Not cancer 3.67 3.74 1.89-6.81

PSA: prostate-specific antigen; PSAD: prostate-specific antigen density.
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Table 4 - Univariate analysis of relationship of pretreatment testosterone levels with clinical and pathologic factors

Variable Testosterone (ng/ml) p value
Mean Median Range

Diagnosis 0.090
Cancer 3.90 3.725 0.90-12.7
Not cancer 3.66 3.650 0.10-8.56

DRE 0.806
Positive 3.89 3.670 0.09-8.56
Negative 3.75 3.735 0.16-12.7

Pathologic Gleason score 0.030
<6 4.21 3.95 0.90-12.7
7-10 3.73 3.62 0.09-9.35

Pathologic differentiation <0.010°
Well differentiated 4.85 4.355 1.39-12.7
Moderately differentiated 3.80 3.68 0.90-9.35
Poorly differentiated 3.71 3.54 0.09-7.74

DRE: digital rectal examination.

" Well differentiated versus moderately, poorly differentiated, or both.

Table 5 - Univariate analysis of relationship between selected factors and positive prostate biopsy in patients with PSA

<10 ng/ml, according to the logistic regression model

Variable Relative HR 95%CI p value
PSA (ng/ml) 1.150 0.967-1.263 0.136
F/T ratio (%) 0.964 0.928-1.001 0.050
DRE 1.679 0.768-3.674 0.197
Age 1.022 0.983-1.063 0.277
Total testosterone (ng/ml) 1.310 1.068-1.605 0.007

CIL: confidence interval; DRE: digital rectal examination; F/T: ratio of free to total PSA; HR: hazard ratio; PSA: prostate-specific antigen.

with 90% diagnostic specificity in patients with a
PSA <10 ng/ml.

4, Discussion

Prostate cancer is one of the most common cancers
among Western populations, and its incidence is
increasing in Asia. Prostatic development and
growth depend on androgenic stimulation. In
1941, Huggins et al. [9] published the first report of
a relationship between serum T and prostate cancer.
They reported that appreciable clinical improve-
ment occurred in 15 of 21 patients who were

diagnosed with advanced or metastatic prostate
carcinoma and were treated with castration, and
that, in 3 patients who were injected with testoster-
one propionate, serum acid phosphatase level and
patients’ pain increased. Currently, the association
between serum T and prostate cancer is incomple-
tely understood.

Some studies suggest that high testosterone
levels are associated with increased risk of prostate
cancer. A study by Gann et al. [3] suggests that high
levels of circulating testosterone and low levels of
SHBG are associated with increased risk of prostate
cancer. Terrence et al. [10] performed a meta-
analysis of all previously published studies of

Table 6 - Multivariate analysis of significant predictors of positive prostate biopsy in patients with PSA <10 ng/ml,

according to the logistic regression model

Variable Relative HR 95%Cl p value
F/T ratio (%) 0.964 0.928-1.002 0.558
Total testosterone (ng/ml) 1.311 1.038-1.656 0.020

CI: confidence interval; F/T: ratio of free to total PSA; HR: hazard ratio.
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hormonal predictors of risk for prostate cancer.
When their meta-analysis was restricted to studies
in which mutual adjustment was performed for all
measured serum hormones, age, and body mass
index, the results indicated that men with total
testosterone levels in the highest quartile are 2.34
times more likely to develop prostate cancer than
other men.

On the other hand, several studies indicate that
testosterone levels are associated with clinical
prognosis, pathologic Gleason score, and pathologic
tumour stage. Ishikawa et al. [11] and Ribeiro et al.
[12] reported that patients with pretreatment tes-
tosterone levels <3 ng/ml had shorter intervals free
of progression than patients with pretreatment
testosterone levels >3 ng/ml. Hoffman et al. [13]
observed that prostate cancer patients with low free
serum testosterone levels (<1.5ng/dl) had more
extensive cancer and higher Gleason scores. Mas-
sengill et al. [14] and Imamoto et al. [15] found that
the mean pretreatment T level was significantly
lower in patients with non-organ-confined prostate
cancer (pT3-T4, N1) than in patients with organ-
confined cancer (pT2). They also suggested that a
lower pretreatment T level appears to be predictive
of extraprostatic disease in patients with localized
prostate cancer.

There have been many attempts to characterize
the influence of the prostate on serum hormone
levels. Schatzl et al. [16,17] reported that men with
prostate cancer had lower serum levels of human
luteinizing hormone, human follicle-stimulating
hormone, estradiol, and testosterone than patients
with benign prostatic hyperplasia.

What are the mechanisms that lead to the
endocrine changes observed in men with prostate
cancer? A study by Miller et al. [18] indicates that
the prostate (and particularly prostate cancer cells)
secretes proteins that exert negative feedback on
the hypothalamic-pituitary-gonadal hormone axis.
There have been several studies of serum total and
free T levels before and after radical prostatectomy
[19]. In those studies, serum total and free T levels
were significantly elevated after surgery, and
patients with high-grade prostate cancer had sig-
nificantly lower levels of both total and free T than
patients with moderate-grade prostate cancer.
Those results suggest that any inhibitory factors
produced in the prostate are mainly produced by
prostate cancer cells. Similarly, in the present study,
we found that pretreatment T levels were signifi-
cantly lower in patients with a Gleason score >7
than in patients with a Gleason score <7.

It has been suggested that inhibin may play a role
in reducing testosterone levels. Inhibin produced in

the testes and prostate inhibits production and/or
secretion of pituitary gonadotropins [20-22]. Studies
of inhibin in the prostate have been limited to
animal prostates; consequently, the role of inhibin
in human prostate tissue is not well defined.

In the present study, there was no significant
difference in mean pretreatment T level between
the patients diagnosed with cancer (by prostate
biopsy) and the patients diagnosed with BPD.
However, among patients with a PSA <10 ng/ml,
the pretreatment T level was significantly higher in
patients diagnosed with prostate cancer than in
patients diagnosed with BPD; a similar trend was
observed among patients with a PSAD <0.15 ng/ml/
cc.

The present results suggest the following
sequence of events. The serum T level is higher
during the early stages of prostate cancer than in the
time before the development of prostate cancer.
However, as the malignancy and stage of prostate
cancer progress, prostate cancer cells produce one
or more factors (e.g., inhibin) that exert negative
feedback on the hypothalamic-pituitary-gonadal
hormone axis. This sequence of events would
explain the present finding that among patients
with a PSA <10ng/ml (i.e., excluding patients in
advanced stages of prostate cancer), the pretreat-
ment T level was significantly higher in patients
diagnosed with prostate cancer than in patients
diagnosed with BPD, and that among all 420 patients
(i.e., including patients with progressive cancer),
there was no significant difference in the pretreat-
ment T level between patients diagnosed with
prostate cancer and patients diagnosed with BPD.

The present results suggest that among patients
with a PSA <10 ng/ml (i.e., patients who are either
cancer-free or are in the early stages of prostate
cancer), the pretreatment T level is a useful
predictor of prostate cancer. They also suggest that
the pretreatment T level has a potential for predict-
ing pathologic features such as the Gleason score
and differentiation of the prostate cancer.

This study has the limitations of its retrospective
nature and small population size. Further study with
large clinical trials is needed to construct the
predicting model composed by the pretreatment T
level and other factors.

5. Conclusions

In the present study, there was no significant
difference in the mean pretreatment T level between
all patients diagnosed with cancer and all patients
diagnosed with BPD by prostate biopsy. However,
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among patients with a PSA <10ng/ml or a PSAD
<0.15 ng/ml/cc, the pretreatment T level was signi-
ficantly higher in patients diagnosed with prostate
cancer than in patients diagnosed with BPD. The
results of multivariable analysis using a logistic
regression model for patients with a PSA <10 ng/ml
indicated that serum T level was an independent
significant predictor of positive prostate biopsy,
suggesting that the efficiency of prostate cancer
screening of relatively low-risk patients can be
improved by including measurement of serum
T level.
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