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PREVALENCE OF PROSTATE CANCER AMONG
HYPOGONADAL MEN WITH PROSTATE-SPECIFIC ANTIGEN

LEVELS OF 4.0 ng/mL OR LESS

ABRAHAM MORGENTALER AND ERNANI LUIS RHODEN

ABSTRACT
bjectives. To determine the prevalence of prostate cancer in hypogonadal men with a prostate-specific
ntigen (PSA) level of 4.0 ng/mL or less.
ethods. A total of 345 consecutive hypogonadal men with a PSA level of 4.0 ng/mL or less underwent

valuation with digital rectal examination and prostate biopsy before initiating a program of testosterone
eplacement therapy. All men had low serum levels of total or free testosterone, defined as less than 300 and
.5 ng/dL, respectively.
esults. Cancer was identified in 15.1%. The cancer detection rate was 5.6%, 17.5%, 26.4%, and 36.4%

or a PSA level of 1.0 or less, 1.1 to 2.0, 2.1 to 3.0, and 3.1 to 4.0 ng/mL, respectively (P �0.05). Cancer
as detected in 26 (30.2%) of 86 men with a PSA level of 2.0 to 4.0 ng/mL. Cancer was detected in 21% of
en with a testosterone level of 250 ng/dL or less compared with 12% of men with a testosterone level
reater than 250 ng/dL (P � 0.04). Men with free testosterone levels of 1.0 ng/dL or less had a cancer rate
f 20% compared with 12% for men with greater values (P � 0.04). The odds ratio of cancer detection for
en in the lowest tertile compared with the highest tertile was 2.15 (95% confidence interval 1.01 to 4.55)

or total testosterone and 2.26 (95% confidence interval 1.07 to 4.78) for free testosterone.
onclusions. Prostate cancer was present in more than 1 of 7 hypogonadal men with PSA of 4.0 ng/mL
r less. An increased risk of prostate cancer was associated with more severe reductions in tes-
osterone. UROLOGY 68: 1263–1267, 2006. © 2006 Elsevier Inc.
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n the early 1990s, we began routinely perform-
ing prostate biopsy before the initiation of tes-

osterone replacement therapy. In 1996, we re-
orted that 11 (14%) of 77 hypogonadal men with
normal prostate-specific antigen (PSA) level and
igital rectal examination (DRE) findings had can-
er identified by sextant prostate biopsies.1 Subse-
uent investigations have revealed that prostate
ancer identified only because of low testosterone
evels does not differ pathologically from cancer
dentified by standard indications (elevated PSA or
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bnormal DRE findings)2 and that high-grade tu-
ors are associated with low serum testosterone

evels.3,4

We report our experience in a larger group of
ypogonadal men with a PSA level of 4.0 ng/mL or

ess and investigated the possibility that more se-
ere degrees of hypogonadism might be associated
ith an increased risk of prostate cancer.

MATERIAL AND METHODS

From June 1998 to December 2001, 345 consecutive men
iagnosed with hypogonadism after referral for sexual dys-
unction underwent prostatic evaluation before initiating a
rogram of testosterone replacement therapy. All patients had
ow levels of total testosterone (TT) or free testosterone (FT),
r both, and a PSA level of 4.0 ng/mL or less. Men taking
edications known to lower PSA (finasteride or dutasteride)
ere excluded from this analysis.
The serum determinations of TT and FT were obtained dur-

ng clinical hours ranging from 8 AM to 5 PM. The TT and FT
evels were measured by radioimmunoassay (Diagnostic Prod-
cts, Los Angeles, Calif). The FT assay used in this study has

n r value of greater than 0.9 compared with equilibrium di-
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lysis.5 TT levels less than 300 ng/dL and FT levels less than
.5 ng/dL were considered subnormal for the purposes of this
tudy. Clinical thresholds of 250 ng/dL or less for TT and 1.0
g/dL or less for FT were used to categorize men as having
ore severe degrees of hypogonadism. A TT level of 250 ng/dL

orresponded to the value noted in the Massachusetts Male
ging Study to be 2 standard deviations less than the mean for
ealthy men in their 40s.6

The PSA level was determined by radioimmunoassay using
he Abbot IMX kit (Abbot Laboratories, Abbot Park, Ill). DRE
as performed in all patients by a single urologist.
All men underwent transrectal ultrasonography of the pros-

ate together with transrectal ultrasound-guided prostate nee-
le biopsy. Six cores were routinely obtained, increasing to 10
o 12 systematically obtained cores if palpable or ultrasound
bnormalities were observed.

Statistical analysis was performed using the Student t test,
ann-Whitney U test, and chi-square analysis to assess the

ifferences between groups. Odds ratios with 95% confidence
ntervals were used for determination of prostate cancer risk
y testosterone tertiles.

RESULTS

The characteristics of the study group are shown
n Table I. The study included 345 men with a

ean age of 58.9 years. Of these, 184 men (53.3%)
ad a TT level less than 300 ng/dL, and 327
94.8%) had a FT level of less than 1.5 ng/dL. Of
he 345 men, 23 were younger than 50 years, 12
ad a TT level of 250 ng/dL or less, and 11 had TT

evel greater than 250 ng/dL. The PSA level was 4.0
g/mL or less for all men, and the DRE findings
ere normal in 70.1%.
The biopsy results revealed 52 patients (15.1%)
ith prostate cancer and 293 (84.9%) without ma-

ignancy. Men with prostate cancer were slightly
lder than the men without cancer. No significant

TABLE I. Characteristics of study population
Patients (n) 345
Age (yr)

Mean � SD 58.9 � 8.1
Range 40–84

PSA (ng/mL)
Mean � SD 1.44 � 1.0
Median 1.1

TT (ng/dL)
Mean � SD 315.9 � 130.3
Median 291

FT (ng/mL)
Mean � SD 1.07 � 0.3
Median 1.1

Mean prostate volume (g) 34.6 � 14.5
DRE findings (n)

Normal 242 (70.1)
Abnormal 103 (29.9)

Mean No. of biopsies 6.75 � 1.3

EY: PSA � prostate-specific antigen; TT � total testosterone; FT � free testoster-
ne; DRE � digital rectal examination.
ata in parentheses are percentages.
ifferences in TT, FT, and prostate volume were l

264
oted between men with cancer and those without
ancer (Table II).
Men with abnormal DRE findings had a greater

revalence of cancer compared with men with nor-
al DRE findings (Table II). The cancer rate was

5.6% in men whose biopsies involved more than
ix cores and was 9% in those with six cores only
P � 0.0001). This difference should be inter-
reted keeping in mind that the decision to per-
orm more than six cores was made when a height-
ned concern of cancer was present, usually
ecause of abnormal DRE findings, although the
alues may also simply reflect a greater yield from a
arger number of biopsy cores. The DRE findings
ad a sensitivity of 38.5% and specificity of 71.6%.
Initial biopsy revealed 53 men with prostatic in-

raepithelial neoplasia without cancer. Of these 53
en, 41 underwent repeat prostate biopsy. Of the

1 men, 4 had cancer and were included in the
ancer group and 37 had no evidence of malignancy
nd were included in the benign group. Finally, 12
efused repeat biopsy or were lost to follow-up and
ere included in the benign group.
The prevalence of prostate cancer by decade of

ge was 13% (3 of 23), 13.4% (24 of 178), 13.3%
14 of 105), and 28.2% (11 of 39) in men aged 40 to
9, 50 to 59, 60 to 69, and 70 years old or older,
espectively. The cancer rate in men 70 years old or
lder was greater than the rest of the study group
P �0.05).
Although all men in this study had a PSA level of

.0 ng/mL or less, men with cancer still had a greater
SA level than those without cancer (2.07 � 1.0
g/mL versus 1.32 � 0.9 ng/mL, respectively; P �
.001). A linear relationship was noted between can-
er risk and rising PSA level (Figure 1), with a can-
er detection rate of 36.4% for men with a PSA level
f 3.1 to 4.0 ng/mL. Overall, 26 of 86 men with a
SA level greater than 2.0 ng/mL had cancer
30.2%). The cancer rate was 10.0% among men
ith a PSA level of 2.0 ng/mL or less. No level of PSA
as without risk, because men with a PSA level of 1.0
g/mL or less still had a cancer rate of 5.6%.
The Gleason scores were distributed as follows: 1

ase with Gleason score 5, 41 with Gleason score 6,
with Gleason score 7, and 3 with Gleason score 8.
or men with a TT level of 250 ng/dL or less, 6
26%) of 23 cancers had a Gleason score of 7 or
reater compared with 6 (21%) of 29 for men with
TT level greater than 250 ng/dL. For FT, 7

24.2%) of 29 men with FT of 1.0 ng/dL or less had
ancer compared with 4 (17.4%) of 23 with FT
reater than 1.0 ng/dL. These differences were not
tatistically significant. The mean age was older for
en with a Gleason score of 7 or more (67.8 years

ersus 59.7 years, P � 0.004).
Prostate cancer risk correlated with testosterone
evels (Fig. 2). Men with TT levels of 250 ng/dL or

UROLOGY 68 (6), 2006
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ess had a greater rate of prostate cancer than men
ith levels greater than 250 ng/dL (21.1% versus
2.3%, respectively; P � 0.04). These two groups
id not differ with regard to age, PSA level, DRE
ndings, or Gleason score. The odds ratio was 1.91
95% confidence interval [CI] 1.05 to 3.49); with
ge adjustment, it was 2.02 (95% CI 1.10 to 3.72).
In addition, men with an FT level of 1.0 ng/dL or

ess had a greater rate of prostate cancer than men
ith an FT level greater than 1.0 ng/dL (20.0%
ersus 11.5%, respectively; P � 0.04). Men with an
T level of 1.0 ng/dL or less were slightly older

han those with FT levels greater than 1.0 ng/dL by
.8 years (60.1 years versus 58.3 years, respective-
y; P � 0.02) but did not differ with regard to PSA
evel, DRE findings, or Gleason score (P �0.05).
he odds ratio for FT decreased slightly with age

TABLE II. Clinical and laborator
prosta

Characteristic Be

Patients (n)
Age (yr)

Mean � SD 5
Range

PSA (ng/mL) 1
TT (ng/dL) 31
FT (ng/dL) 1
Prostate volume (cm3) 3
DRE (n)

Normal
Abnormal

Biopsies (n)
Prostatic intraepithelial neoplasia (n)

Abbreviations as in Table I.
Data presented as mean � SD or numbers, with percentages in

IGURE 1. Prostate cancer rates and PSA values for
ypogonadal men. *P �0.05 versus men with PSA of 0
o 1.0 ng/mL. **P �0.05 versus men with PSA of 0 to
.0 and 1.1 to 2.0 ng/mL.
djustment, from 1.92 (95% CI 1.06 to 3.49) to o
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.78 (95% CI 0.97 to 3.25). No significant Pearson
orrelation was noted between PSA and TT (r �
.05, P � 0.3) or PSA and FT (r � 0.07, P � 0.2).
here were 107 men who had both TT less than
50 ng/dL and FT less than 1.0 ng/dL. The cancer
ate in these men was 19.6%.
The cancer rate was 20.9% for men with an FT

evel less than the median of 1.1 ng/dL and was
.3% for men with an FT level greater than the
edian (P � 0.03). Although the cancer risk did
ot differ significantly for men with TT levels
reater and less than the median of 291 ng/dL, a
omparison of the lowest and highest tertiles for
T revealed a significantly increased risk of cancer

or men with lower values (odds ratio 2.15, 95% CI
.01 to 4.55). FT demonstrated a similarly in-
reased risk of cancer for the lowest tertile com-
ared with the highest (odds ratio 2.26, 95% CI
.07 to 4.78). A comparison of the lowest FT tertile
ersus the combined middle and upper tertiles also
emonstrated a significantly increased odds ratio

atures of men with and without
ancer
Biopsy Prostate Cancer P Value

(84.9) 52 (15.1)

� 7.7 61.4 � 9.8 0.01
–77 40–84
� 1.0 2.07 � 0.9 0.0001
� 130.8 299 � 127.5 0.35
� 0.3 1.01 � 0.3 0.12
� 15.8 38.3 � 17.5 0.07

(86.8) 32 (13.2)
(80.6) 20 (19.4) 0.02
� 1.1 7.6 � 1.6 0.0001
(18.1) 25 (48.1) 0.0001

theses.

IGURE 2. Serum testosterone levels and prostate
ancer rates.
y fe
te c
nign

293

8.4
41

.32
8.2
.08
4.0

210
83

6.6
53
f 1.90 (95% CI 1.05 to 3.46); however, this same
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omparison for TT was not associated with an in-
reased risk (odds ratio 1.73, 95% CI 0.95 to 3.16).

COMMENT

The results of this retrospective study confirm
nd extend our previous findings that a sizable pro-
ortion of hypogonadal men has biopsy-detectable
rostate cancer despite normal PSA levels.1 In ad-
ition, the combination of low serum testosterone
nd PSA level greater than 2.0 ng/mL appears to be
articularly worrisome for the presence of cancer,
ecause 30.2% of such men in this study had pos-
tive biopsy findings. Moreover, this study for the
rst time presents data showing that lower testos-
erone levels are associated with an increased risk
f cancer.
In 1996, we presented biopsy results in 77 hy-

ogonadal men with normal DRE findings and PSA
evel of 4.0 ng/mL or less, finding 11 cancers for a
ancer rate of 14%.1 This larger series has con-
rmed those results, with a cancer rate of 15.1%
verall, including 13.2% in men with normal DRE
ndings. Thus, approximately 1 in 7 hypogonadal
en with a PSA level of 4 ng/mL or less has biopsy-

etectable cancer. This cancer prevalence is almost
dentical to the 15.2% cancer rate among men with
SA levels of 4.0 ng/mL or less noted by Thompson
t al.7 in the placebo arm of the Prostate Cancer
revention Trial. These results suggest that hypo-
onadism offers little protection against the devel-
pment of biopsy-detectable prostate cancer.
Perhaps the most important finding in this study
as that lower levels of TT or FT were associated
ith an increased risk of cancer. The risk of cancer
as doubled for men with TT less than 250 ng/dL

nd for men in the lowest tertile for either TT or FT
ompared with men in the highest tertile. To the
est of our knowledge, this appears to be the first
eport linking lower serum testosterone with in-
reased prostate cancer risk.
These somewhat surprising results fit into a

rowing body of data suggesting a relationship be-
ween low serum testosterone and prostate cancer.
or instance, low serum testosterone has been as-
ociated with high-grade prostate cancer,3,4 more
ggressive disease,8 advanced pathologic stage at
adical prostatectomy,9,10 and shorter survival.11

en with prostate cancer have lower circulating
ndrogen bioreactivity,12 and low testosterone in
en with prostate cancer is associated with greater
icrovessel density.13 Finally, it is the natural history

f prostate cancer to become highly prevalent when
en are older and testosterone levels have declined.
It remains to be determined whether the associ-

tion of low testosterone with prostate cancer is
ausal, and if so, whether low testosterone contrib-

tes to development of prostate cancer, or whether a

266
rostate cancer causes low testosterone. The latter
ossibility is supported by the observation that lev-
ls of serum testosterone increase after radical
rostatectomy, suggesting that prostate cancer it-
elf may secrete an agent that suppresses testoster-
ne.14,15 It has been postulated elsewhere that low
erum testosterone may be a marker for prostate
ancer.16 Our earlier results, and the results of this
tudy, support this possibility.
Although prostate cancer prevalence normally

orrelates strongly with age, in these hypogonadal
en the cancer risk remained almost identical for
en in the fifth, sixth, and seventh decades. This

evel degree of risk for three decades raises the
ossibility that these men shared a common risk
actor, namely low testosterone, that trumped age
r other risk factors.
This study had several limitations, including the

ack of a control group, variability in testosterone
ssays and results, the possibility of overdetection
nd underdetection of prostate cancer, lack of stan-
ardization regarding the number of biopsy cores,
nd the nature of the study population. Neverthe-
ess, this study presents a first attempt to investi-
ate the relationship of the severity of testosterone
eduction to the prevalence of biopsy-detectable
rostate cancer, and the results appear to warrant
ore rigorous further investigation.

CONCLUSIONS

This study has revealed that a substantial num-
er of hypogonadal men have biopsy-detectable
rostate cancer, even with normal DRE findings
nd PSA level of 4.0 ng/mL or less. The risk of
ancer was doubled for men with the lowest tes-
osterone values and was particularly worrisome
hen low testosterone levels were combined with
SA levels of 2.0 ng/mL or greater. The relation-
hip between low serum testosterone and prostate
ancer risk merits further investigation.
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