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Serum testosterone level after intensity-modulated
radiotherapy in low-risk prostate cancer patients:
does testicular dose correlate with testosterone level?
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Abstract
Purpose The purpose of this study is to evaluate the rela-
tionship between testicular dose and serum testosterone
(TE) level in low-risk prostate cancer patients treated with
intensity-modulated radiotherapy (IMRT).
Methods and materials This study was conducted as a sub-
set analysis of a previously published prospective clinical
trial combining IMRT and gene therapy. To the best of our
knowledge, this gene therapy had no significant effect on
patient’s TE level. Twenty-nine patients with low-risk pros-
tate cancer, who underwent combined treatment of 76 Gy in
35 fractions and gene therapy without any androgen depri-
vation, were included in this study. No pelvic irradiation
was used. TE levels were examined before, during, and after

IMRT. The relationship between mean testicular dose and
post-treatment TE levels was assessed.
Results Mean testicular dose was 5.3 Gy (range, 1.7 to
10.7 Gy). Mean baseline TE level was 310 ng/dl (range,
113 to 530 ng/dl). Before treatment, 66% of the patients
already had hypogonadism. The mean TE levels were sig-
nificantly decreased at 12, 24, 30, 36 months after treatment
when compared to those at baseline (P<0.05). A relatively
weak correlation was seen between testicular dose and ratio
of post-treatment TE level to baseline. However, this corre-
lation was statistically significant only at 4 months after
treatment. There was no significant relationship between
TE levels and PSA values.
Conclusion Our study showed decreased post-treatment TE
levels of prostate cancer patients after IMRT. A relatively
weak correlation was seen between testicular dose and ratio
of post-treatment TE level to baseline.
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Introduction

One of the concerns that needs to be resolved among pros-
tate radiotherapy is the incidental dose to the testicles that
could lead to impairment of the testosterone (TE) secretion
[1, 2]. This is relevant for techniques that deliver higher
scattered testicular doses such as with whole pelvic radio-
therapy and with dose-escalated radiotherapy. Intensity-
modulated radiotherapy (IMRT) also has the potential of
spreading low doses to a large volume of normal tissues.
However, there are few studies evaluating integral dose to
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the testicles from IMRT for prostate cancer and whether this
has an effect on TE level.

Recently, a controversy occured as to whether iatrogenic
hypogonadism confound the results of prostate-specific an-
tigen (PSA) follow-up after radiotherapy [3–5]. King et al.
issued their hypothesis as follows: the negative effect on TE
production is proportional to the dose to the testicles, and
therefore, the time to TE recovery is proportional to testicular
dose; and the increase in time to TE recovery leads to a delay
in biochemical failure [4]. However, their hypothesis is not
proven at this time.

Aside from the abovementioned controversy, some con-
sequences of hypogonadism also caused by impairment of
TE secretion would be significant including anemia [6],
osteoporosis [7], increased risk of cardiac events [8], declin-
ing mental acuity, muscle atrophy, lack of libido, erectile
dysfunction, obesity, depression, hypertension, diabetes,
and degradation in quality of life [9].

Thus, exploring the relationship between testicular
dose and hypogonadism after prostate radiotherapy is a
crucial issue not only for clinical consequences but also
for controversy of confounding bias of PSA follow-up.
The purpose of this study was to evaluate the relation-
ship between the testicular dose and post-treatment TE
level in low-risk prostate cancer patients treated with
combined IMRT and gene therapy.

Methods and materials

This study was conducted as a subset analysis of a previ-
ously published phase I/II trial of combined IMRT and
herpes simplex virus thymidine kinase gene therapy [10,
11]. From data of 33 patients with low-risk prostate cancer
(T1–T2a, Gleason score <7, pre-treatment PSA <10) treated

without any androgen deprivation, 29 patients were includ-
ed in this study. The other four patients were excluded
because of lack of sufficient data. Patients’ characteristics
are shown in Table 1.

A mean dose of 76 Gy (prescribed dose of 70 Gy in
2-Gy fractions) in the form of IMRT was delivered to
the prostate in 35 fractions using the NOMOS Peacock
system (NOMOS, Cranberry Township, PA). Fifteen-
MV photons were used. None of the patients received
pelvic lymphatic irradiation. Radiotherapy was initiated
48 h after the first gene vector injection. The techni-
ques have been described in detail previously [12, 13].
In brief, the patients were treated prone in a customized
vacuum bag fitted into a treatment box for the purpose
of immobilization. A rectal balloon was placed each
day during treatment to minimize prostate motion and
to decrease rectal volume receiving high-dose radiation
[12–14]. In addition to prostate and normal tissues
including the rectum, bladder, and femoral heads, both
left and right testicles were outlined for every patient.
Not only testicles but also epididymis, distal parts of
the spermatic cord, and some part of the fascia were
inevitably contoured as testicles because these organs
are difficult to be distinguished in CT images. The
mean doses for right, left, and total testicular volumes
were calculated.

Serum TE and PSA levels were evaluated before initiation
of treatment, during the sixth week of IMRT, as well as at 1.5,
4, 8, 12, 18, 24, 30, 36 months post-IMRT. All TE measure-
ments were performed in one laboratory, using radioimmuno-
assay with a normal range of 350 to 720 ng/dl. PSA
measurements were also done at the same laboratory.

Statistical analysis was performed using paired t test for
comparing post-treatment TE levels on each evaluation with
the respective baselines. Pearson correlation coefficient was
calculated for evaluating correlations between serum TE and
related factors. P values less than 0.05 were considered
statistically significant.

Results

Treatment result

Serum PSA levels fell with time after treatment when com-
pared to the baseline PSA (data not shown). One patient had
PSA failure (nadir +2.0) on 24 months after treatment. The
other patients had no biochemical or clinical recurrence
during the follow-up duration. There was no significant
relationship between post-treatment TE levels and PSA
levels. Mean testicular dose was 5.3 Gy (range, 1.7 to
10.7 Gy). There was no significant difference between the
dose of the right testis and that of the left testis.

Table 1 Patient characteristics (n029)

Age (years) 64 (51–78)

Initial PSA (ng/ml) 4.7 (2.0–9.4)

Gleason score

5 2

6 27

T stage

T1c 16

T2a 13

Prostate volume (cm3) 64.7 (38.6–112.9)

Testicular volume (cm3)

Right 35.9 (10.0–141.1)

Left 46.7 (19.7–112.2)

Pre-treatment serum testosterone level (ng/dl) 310 (113–530)

Values are number or median (range)

174 J Radiat Oncol (2012) 1:173–177



Post-treatment TE level

The mean TE levels for the sixth week during treatment, 1.5, 4,
8, 12, 18, 24, and 36-months after treatment were 312, 326,
285, 292, 240, 264, 244, and 225 ng/dl respectively (Fig. 1).
Post-treatment TE levels tended to decline over time, and

significantly declined compared to baseline at 12, 24, 30, and
36 months after treatment (P<0.05). Figure 2 shows percen-
tages of over 20% or 10–20% reduction of post-treatment TE
level from baseline. Many patients showed significant
decreases of TE level over time. Even at baseline, already
66% of the patients had hypogonadism, and 66%, 71%,
71%, 72%, 90%, 82%, 80%, 88%, and 78% of the patients
were at the hypogonadal level on the sixth week during the
treatment, 1.5, 4, 8, 12, 18, 24, and 36 months after treatment.

Ratio of post-treatment TE levels to baseline

In addition to actual TE levels, ratio of post-treatment TE
levels to baseline was assessed for statistical analysis be-
cause the baseline TE level had a wide range (Table 1).
When comparing TE level at 4 months after treatment with
that before treatment, a statistically significant correlation
between testicular dose and ratio of post-treatment TE level
to baseline was seen (r0−0.467, P00.03; Fig. 3). The same
trends were shown except for 36 months that had only nine
patients for analysis (Table 2).
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Fig. 1 Change of serum testosterone level before and after treatment.
Testosterone levels tended to decline over time. At 12, 24, 30, and
36 months after treatment, the testosterone level significantly declined
from baseline level (asterisk). Squares represent mean. Error bars
represents standard deviation. TE testosterone
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Fig. 2 Percentages of patients with reduced serum testosterone level.
During radiotherapy, 30% of the patients already had over 10% reduc-
tion of serum testosterone levels. Proportion of patient with reduced
testosterone levels increased over time

Fig. 3 Relationship between testicular dose and ratio of post-treatment
testosterone level to baseline. Mean testicular doses negatively corre-
lated to ratio of post-treatment testosterone level to baseline at 4 months
after treatment. TE testosterone

Table 2 Correlation
coefficients between
testicular dose and ratio
of post-treatment TE
level to baseline

r correlation coefficient
aStatistically significant

r P value

6th week −0.158 0.44

1.5 months −0.178 0.40

4 months −0.467 0.03a

8 months −0.131 0.60

12 months −0.128 0.56

18 months −0.223 0.32

24 months −0.384 0.09

30 months −0.124 0.64

36 months 0.251 0.51
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Discussion

Our study showed decreased post-treatment TE levels of
prostate cancer patients after IMRT. A relatively weak cor-
relation was seen between testicular dose and ratio of post-
treatment TE level to baseline.

King et al. [4] have proposed the hypothesis that the
negative effect on TE production is proportional to the
dose to the testicles, and testicular dose is associated
with lower TE levels and delays in time to recover
normal TE levels. As a result, diagnosis of PSA recur-
rence might be confounded by change of TE level. In
this hypothesis, a proportional relationship between
testicular dose and TE level is crucial. Our study
showed a weak relationship between testicular dose
and TE level, and some part of hypothesis of King et
al. was supported by our study. However, recovery
time of TE levels could not be assessed with limited
follow-up duration of our study. In addition, there is no
evidence for relationship between recovery of TE level
and PSA recurrence at this time [15]. Thus, there is no
sufficient evidence for drawing a conclusion about the
controversy whether iatrogenic hypogonadism con-
founds the results of PSA follow-up after radiotherapy
at this time.

In the general population, the incidence of hypogo-
nadism is 20% in men over 60, 30% in men over 70,
and 50% in men over 80 years of age [16]. However,
66% of our patients with median age of 64 years had
hypogonadism before treatment. It was three times as
many as the normal population. This fact suggested that
the baseline TE level of our patients was affected by
factors other than their age, and also suggested that the
relationship between testicular dose and TE level may
be confounded by factors other than the analyzed ones
in this study. It is reported that TE level can be affect-
ed by various factors such as body mass index, smok-
ing, coffee consumption, having a stroke, waist
circumference, physical activity, depression [17], time
of blood collection, sex hormone-binding globulin con-
centration, diabetes mellitus, hyper- and hypothyroidism
[18], having a cancer diagnosis [19], annual number of
outpatient visits, and annual outpatient costs [20]. In
this subset analysis, however, it was difficult to avoid
these confounding factors because of limitation of
available data. In addition, our sample size was rela-
tively small. Follow-up period was not sufficiently
long. Further study is recommended with sufficient
consideration of correlated factors to TE level.

Conflicts of interest No actual or potential conflicts of interest exist
in this report.
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