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ABSTRACT

Background: Previous studies have examined testosterone levels after external beam radiation (EBRT) mono-
therapy, but since 2002 only sparse contemporary data have been reported.

Aim: To examine testosterone kinetics in a large series of contemporary patients after EBRT.

Methods: The study was conducted in 425 patients who underwent definitive EBRT for localized prostate
cancer from 2002 through 2014. Patients were enrolled in several phase II and III trials. Exclusion criteria were
neoadjuvant or adjuvant androgen-deprivation therapy or missing data. Testosterone was recorded at baseline
and then according to each study protocol (not mandatory in all protocols). Statistical analyses consisted of means
and proportions, Kaplan-Meier plots, and logistic and Cox regression analyses.

Outcomes: Testosterone kinetics after EBRT monotherapy and their influence on biochemical recurrence.

Results: Median follow-up of 248 assessable patients was 72 months. One hundred eighty-six patients (75.0%)
showed a decrease in testosterone. Median time to first decrease was 6.4 months. Median percentage of decrease
to the nadir was 30% and 112 (45.2%) developed biochemical hypogonadism (serum testosterone < 8 nmol/L).
Of all patients with testosterone decrease, 117 (62.9%) recovered to at least 90% of baseline levels. Advanced age,
increased body mass index, higher baseline testosterone level, and lower nadir level were associated with a lower
chance of testosterone recovery. Subgroup analyses of 166 patients treated with intensity-modulated radiotherapy
confirmed the results recorded for the entire cohort. In survival analyses, neither testosterone decrease nor re-
covery was predictive for biochemical recurrence.

Clinical Implications: EBRT monotherapy influences testosterone kinetics, and although most patients will
recover, approximately 45% will have biochemical hypogonadism.

Strengths and Limitations: We report on the largest contemporary series of patients treated with EBRT
monotherapy in whom testosterone kinetics were ascertained. Limitations are that testosterone follow-up was not
uniform and the study lacked information on health-related quality-of-life data.

Conclusion: Our findings indicate that up to 75% of patients will have a profound testosterone decrease, with
up to a 40% increase in rates of biochemical hypogonadism, although the latter events will leave biochemical
recurrence unaffected. Pompe RS, Karakrewicz PI, Zaffuto E, et al. External Beam Radiotherapy Affects
Serum Testosterone in Patients With Localized Prostate Cancer. J Sex Med 2017;14:876e882.
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INTRODUCTION

Several studies have described the phenomenon of testosterone
decrease after radical prostatectomy (RP) or radiotherapy (RT)
monotherapy in patients with localized prostate cancer (PCa).1e3

One of the largest series was published in 2002 by Pickles and
Graham1 and analyzed data obtained from 666 men who un-
derwent external beam RT (EBRT) without androgen-
deprivation therapy. That study reported a median testosterone
decrease of 17% from baseline testosterone (BST). Testosterone
did not affect rates of biochemical recurrence (BCR). Since this
landmark study, only smaller-scale series have examined this
phenomenon in contemporary patients after RT and reported
conflicting results.4e7. Based on the divergence of findings the
aim of the present study was to examine testosterone kinetics
after definitive EBRT in a larger series of contemporary patients
with PCa. We hypothesized that decreases in serum testosterone
and their duration might be less significant in contemporary
patients than in their historic counterparts.

METHODS

Study Population
This study relied on data of 425 patients who underwent

definitive EBRT (three-dimensional conformal or IMRT) for
localized PCa from 2002 through 2014 at our institution within
the scope of several prospective registered phase II and III trials.
Since 2007, all patients have received IMRT. Patients with neo-
or adjuvant androgen-deprivation therapy (n ¼ 146) and those
with missing data on outcome variables (n ¼ 31) were excluded,
resulting in 248 assessable patients. Before treatment, all patients
underwent clinical examination and diagnostic assessment
including pretreatment prostate-specific antigen (PSA) and
serum BST testing. Follow-up testosterone levels were measured
according to the respective study protocols and expressed as the
ratio of BST. Testosterone follow-up was not mandatory in all
study protocols, which accounts for the large number of missing
data. None of the patients received testis protection during RT.
Biochemical hypogonadism was defined according to the Euro-
pean Association of Urology guidelines on male hypogonadism as
a serum testosterone level lower than 8 nmol/L.8 Primary out-
comes were testosterone decrease and recovery to at least 90% of
BST.9 In addition, possible risk factors for testosterone decrease
and recovery, such as age, body mass index (BMI), total EBRT
dose, BST, and percentage of decrease at the nadir, were
analyzed. The association between testosterone decrease vs re-
covery and BCR was examined. BCR was defined according to
the Phoenix criteria as a PSA level of at least 2 ng/mL above the
post-EBRT nadir and BCR-free survival was calculated from last

day of EBRT to the date of the registered BCR or last follow-up
visit, whichever came first.10 Confirmatory subgroup analyses
were performed in patients who were treated with IMRT from
2007 through 2014.

Statistical Analysis
Descriptive statistics used means and proportions. Uni- and

multivariable logistic regression analyses tested the impact of
risk variables on testosterone decrease and recovery. For sur-
vival analyses, the Kaplan-Meier method and log-rank test for
comparison of survival between groups were used.11 Cox
multivariable regression analyses tested the effect of testos-
terone decrease and recovery on BCR. All analyses were
adjusted for age, biopsy Gleason score, clinical tumor stage,
and preoperative PSA. All statistical tests were two-sided with
a level of significance set at a P less than .05. Analyses were
performed using R 3.3.0 software.

RESULTS

Table 1 presents demographic and disease characteristics of all
248 assessable patients and of 166 patients after IMRT. Median
age was 71 years (interquartile range [IQR] ¼ 65e74) and
median BST was 10.1 nmol/L (IQR ¼ 8.4e12.7). Low BST
(<8 nmol/L) was found in 12 patients and no patient had high
BST values (�35 nmol/L). Most had a biopsy Gleason score of 7
(76.2%) and a clinical tumor stage of cT1 (57.7%). Median
oncologic follow-up was 72 months (IQR ¼ 52e102) and
median testosterone follow-up was 69 months (IQR ¼
46.2e91.2). A median of 9 testosterone measurements (IQR ¼
6e14) was obtained during follow-up.

Testosterone Decrease
Testosterone decreases from BST were recorded in most men:

186 (75.0%) had any decrease, 162 (65.3%) had at least 10%
decrease, 111 (44.8%) had at least 25% decrease, 33 (13.3%)
had at least 50% decrease, and 3 (1.2%) had at least 90 decrease.
Of all 248 patients, 62 (25%) did not show a testosterone
decrease. Median time to first testosterone decrease was 6.4
months (IQR ¼ 2.5e15.7; Figure 1). Median percentage of
decrease from BST to the nadir level was 30% (IQR ¼
17.1e45.1). Moreover, median absolute decrease was 3.3 nmol/
L (IQR ¼ 1.6e5.2) and resulted in a median testosterone level
of 7.3 nmol/L (IQR ¼ 5.5e8.9) at the nadir. Testosterone levels
no higher than 8 nmol/L (biochemical hypogonadism) were
recorded in 112 patients (45.2%). Of note, 12 patients (4.9%)
had biochemical hypogonadism at baseline.
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Multivariable logistic regression analyses showed that a higher
BST predicts a greater testosterone decrease after EBRT (odds
ratio [OR] ¼ 1.31, 95% CI ¼ 1.13e1.54, P � .001; Table 2).

Subgroup analyses of 166 patients after IMRT showed
virtually the same findings as reported for the entire cohort.
Decreases from BST were recorded in most men: 118 (71.1%)
had any decrease, 101 (60.8%) had at least 10% decrease, 65
(39.2%) had at least 25% decrease, 17 (10.2%) had at least
50% decrease, and 3 (1.8%) had at least 90% decrease. Median
time to first testosterone decrease was 8.3 months (IQR ¼
4.3e26.1). Median percentage of decrease from BST to nadir
was 27.8% (IQR ¼ 13.9e42.5). Moreover, median absolute
decrease was 2.7 nmol/L (IQR ¼ 1.4e5.0) and resulted in a
median testosterone level of 7.4 nmol/L (IQR ¼ 5.6e9.2) at
the nadir. Testosterone levels no higher than 8 nmol/L
(biochemical hypogonadism) were recorded in 72 patients
(43.4%). Eleven patients (6.6%) had biochemical hypogonad-
ism at baseline. Multivariable logistic regression analyses
showed that a higher BST predicts a greater testosterone

decrease after EBRT (OR ¼ 1.28, 95% CI ¼ 1.09e1.53, P ¼
.004; data not shown).

Testosterone Recovery
Of 186 patients who had a testosterone decrease, 117 (62.9%)

had testosterone recovery to at least 90% of BST. Median time
from the nadir to recovery was 6.1 months (IQR ¼ 4.2e11.9;
Figure 2). In uni- and multivariable logistic regression analyses,
advanced age (OR ¼ 0.99, 95% CI ¼ 0.83e0.99, P ¼ .03),
higher BST (OR ¼ 0.82, 95% CI ¼ 0.72e0.93, P ¼ .003),
higher BMI (OR ¼ 0.88, 95% CI ¼ 0.79e0.98, P ¼ .02) and
larger percentage of testosterone decrease at the nadir (OR ¼
0.96, 95% CI ¼ 0.94e0.98, P � .001) were associated with a
lower chance of testosterone recovery (Table 2).

In subgroup analyses of 118 patients after IMRT who had a
testosterone decrease, 73 (61.9%) had a testosterone recovery to at
least 90% of BST. Median time from the nadir to recovery was
6.1 months (IQR ¼ 4.6e11.6). In uni- and multivariable
logistic regression analyses, advanced age (OR ¼ 0.89, 95%
CI ¼ 0.79e0.99, P ¼ .04), higher BMI (OR ¼ 0.85, 95%
CI¼ 0.73e0.98, P¼ .04), and larger percentage of decrease at the
nadir (OR ¼ 0.96, 95% CI ¼ 0.92e0.98, P ¼ .004) were associ-
ated with a lower chance of testosterone recovery (data not shown).

Oncologic Outcome
Overall, 53 patients (21.3%) had BCR during the follow-up

period. For the entire cohort, 2- and 5-year BCR-free survivals
were 95.4% (95% CI ¼ 92.9e98.1) and 86.3% (95% CI ¼
81.1e91.1), respectively. No statistically significant differences
in BCR-free survival were identified according to testosterone

Figure 1. Time course of first testosterone decrease by at least
10% from baseline testosterone level in patients who underwent
EBRT from 2002 through 2014. EBRT ¼ external beam radiation.
Figure 1 is available online at www.jsm.jsexmed.org.

Table 1. Patient and disease characteristics of patients with
localized prostate cancer treated with EBRTmonotherapy from
2002 through 2014

Variable
Overall
(N ¼ 248)

IMRT subgroup
(n ¼ 166)

Age at diagnosis (y),
median (IQR)

71 (65e74) 70 (65e74)

PSA at diagnosis (ng/mL),
median (IQR)

7.2 (5.4e9.9) 6.7 (5.2e9.6)

BST (nmol/L), median
(IQR)

10.1 (8.4e12.7) 9.6 (8e12.3)

BMI (kg/m2), median
(IQR)

27.9 (25.5e30.5) 28.1 (26.4e30.4)

Biopsy Gleason score, n (%)
�6 59 (23.8) 43 (25.9)
7 189 (76.2) 123 (74.1)

Clinical tumor stage, n (%)
cT1 143 (57.7) 105 (63.3)
cT2 105 (42.3) 61 (36.7)

EBRT dose (Gy), median
(IQR)

70 (70e79) 70 (60e78)

Fraction size, n (%)
5 17 (6.9) 14 (8.4)
12 7 (2.8) 7 (4.2)
20 1 (0.4) 1 (0.6)
28 5 (2.0) 5 (3.0)
38 6 (2.4) 6 (3.6)
39 11 (4.4) 9 (5.4)
41 5 (2.0) 5 (3.0)

Last follow-up (mo), median
(IQR)

72 (52e102) 60 (48e82.5)

BMI ¼ body mass index; BST ¼ baseline testosterone; EBRT ¼ external
beam radiation; IMRT ¼ intensity-modulated radiation; IQR ¼ interquartile
range; PSA ¼ prostate-specific antigen.
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decrease (P ¼ .9), percentage of decrease at the nadir (P ¼ .2), or
testosterone recovery (P ¼ .3; data not shown). In multivariable
Cox regression analyses adjusted for age, PSA, biopsy Gleason
score, and clinical tumor stage, neither testosterone decrease nor
testosterone recovery reached independent predictor status for
BCR (Table 3).

DISCUSSION

Several studies have examined testosterone kinetics after definitive
RT for localized PCa. Since their landmark study by Pickles et al,
only small-scale series of contemporary patients treated with RT
have been published and their findings are divergent with respect to
reported decreases relative to BST.1,4e7 This divergence prompted
us to examine testosterone kinetics in a large series of contemporary
patients treated with EBRT with the working hypothesis that less
significant and shorter-lived decreases in serum testosterone might
be observed with modern EBRT, including IMRT. In that regard,
our study showed several noteworthy findings.

We confirmed the phenomenon of testosterone decrease after
EBRT in contemporary patients. The testosterone kinetics re-
ported in our study showed a decrease in as many as 75% of
patients. Despite this large proportion with decreased testos-
terone, we also recorded a return to BST of at least 90% in most
patients (63%). Testosterone decreases to levels consistent with
biochemical hypogonadism (testosterone < 8 nmol/L) were
recorded in 45%. Our results showed that in contemporary
patients treated with EBRT, testosterone decreases should be
expected in a substantially larger proportion of patients than
previously reported, except for the study by Oermann et al7 in
which a statistically significant testosterone decrease was reported
in a similar proportion of patients as in our study, namely 69%
of 26 examined patients who underwent stereotactic body RT.
These observations should be conveyed to patients when

deciding on a treatment and for informed consent because low
testosterone levels can cause several ill effects such as depression,
cognitive decline, and decreased libido and erectile dysfunc-
tion.12,13 In addition, low testosterone has been linked to in-
flammatory status and evidence on the pathogenic role of
inflammation in PCa progression is emerging.14,15 A proposed
explanation for the small discrepancy between studies could be
patient differences, such as BST and age, and nutritional, life-
style, or environmental differences.

Moreover, the present findings of testosterone kinetics after
EBRT monotherapy, in which a universal decrease in testos-
terone is noted, are in contrast with proton-RT and low-dose

Table 2. Multivariable logistic regression analyses for prediction of testosterone decrease and testosterone recovery

Variable

Multivariable logistic regression models predicting testosterone recover vs decrease

Testosterone decrease Testosterone recovery (�90% of BST)

OR 95% CI P value OR 95% CI P value

Age (y) 1.06 0.99e1.13 .1 0.99 0.83e0.99 .03
BST (nmol/L) 1.31 1.13e1.54 �.001 0.82 0.72e0.93 .003
BMI (kg/m2) 1.08 0.98e1.19 .1 0.88 0.79e0.98 .02
Total EBRT dose (Gy) 1.02 0.98e1.08 .3 1.00 0.94e1.06 .9
Nadir (%) — 0.96 0.94e0.98 �.001
Gleason score

�6 1.00 (ref) 1.00 (ref)
7 1.52 0.48e4.36 .5 0.25 0.05e0.90 .05

Clinical tumor stage
cT1 1.00 (ref) 1.00 (ref)
cT2 1.63 0.73e3.77 .2 0.69 0.29e1.61 .4

BMI ¼ body mass index; BST ¼ baseline testosterone; EBRT ¼ external beam radiation; OR ¼ odds ratio; ref ¼ reference.

Figure 2. Time course of testosterone recovery to at least 90% of
baseline testosterone level in patients whose baseline testosterone
level decreased after external beam radiation. Figure 2 is available
online at www.jsm.jsexmed.org.
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brachytherapy (BT) studies.4,5 Nichols et al4 reported on 150
patients treated with proton-RT who did not show a change in
testosterone levels after therapy. Similar results were reported
after BT in which little testosterone variation was recorded in
221 patients.5 Interestingly, as in our study, patients with
higher BST before BT tended to have more profound testos-
terone decreases after therapy.5 The mechanisms underlying
changes in testosterone after RT are multiple and can differ
from one treatment to another. Most previous studies have
postulated that hormone changes might be caused by scattered
radiation to the testes, which leads to Leydig cell dys-
function.16e19 In addition to testosterone kinetics, changes in
follicle-stimulating hormone and luteinizing hormone have
been analyzed in men treated with RT for rectal cancer, sar-
coma, or stage 1 seminoma and support these hypotheses.20e22

Unfortunately, data on several of these parameters were un-
available in our study. In our series, in which no patients had
testis protection, we did not find an association between
higher-dose EBRT and subsequent testosterone decrease in the
overall cohort or in the IMRT subgroup. Another explanation
for testosterone decreases after RT is non-specific stress re-
sponses that can be caused by, for example, the stressful period
of a cancer diagnosis and treatment.2

It should be noted that a proportion of older men will have a
continuous age-related testosterone decrease of approximately
0.1 to 0.3 nmol/L per year.23 This physiologic decrease in
testosterone could partly explain the recorded testosterone
decrease. However, a physiologic and continuous age-related

testosterone decrease cannot explain the spontaneous recovery
that was observed in 63% of patients. The testosterone decrease
followed by recovery argues against a solely age-related physio-
logic process. Conversely, the observed phenomenon could be
ascribed to the direct effects of EBRT and to indirect effects such
as treatment-related stress and fatigue.

Furthermore, it is noteworthy that BST levels and pre-
existing biochemical hypogonadism rates differ between pop-
ulations. For example Oermann et al7 reported a 24%
prevalence of hypogonadism at baseline (testosterone < 8
nmol/L). This rate sharply differs from our prevalence of
4.9% or from that reported by Pickles and Graham1 in
which 50% had BST of 5 to 10 nmol/L and patients with
BST lower than 5 nmol/L were excluded. The latter obser-
vations highlight the importance of documenting BST,
because in some populations the rates of underlying
biochemical hypogonadism might be increased and patients
should be counseled about the ill effects of biochemical
hypogonadism as mentioned above.12,13

In our analysis, higher BST was a predictor of more pro-
found testosterone decreases after EBRT. These findings are in
agreement with previous observations.1,5,6 For example, Mar-
kovina et al6 found a 21.2% larger testosterone decrease in
patients with normal BST compared with patients with low
BST. In addition, Pickles and Graham1 reported that low BST
predicted a lower testosterone nadir, whereas the greatest pro-
portional decrease was found in patients with higher BST.

Table 3. Multivariable Cox regression analyses predicting BCR for all patients and patients with testosterone decrease

Variable

Multivariable logistic regression models predicting BCR

In all patients (N ¼ 248)
In patients who had testosterone decrease
(n ¼ 186)

HR 95% CI P value HR 95% CI P value

Age (y) 1.03 0.98e1.08 .3 1.02 0.97e1.08 .3
PSA (ng/mL) 1.09 1.01e1.18 .03 1.09 1.01e1.19 .03
Decrease

Yes 1.00 (ref) —

No 1.25 0.63e2.47 .5 —

Recovery to �90% of BST
Yes — 1.00 (ref)
No — 0.78 0.44e1.35 .4

Gleason score
�6 1.00 (ref) 1.00 (ref)
7 1.33 0.60e2.95 .5 1.33 0.60e2.95 .5

Clinical tumor stage
cT1 1.00 (ref) 1.00 (ref)
cT2 2.62 1.46e4.67 .001 2.55 1.43e4.53 .001

BCR ¼ biochemical recurrence; BST ¼ baseline testosterone; EBRT ¼ external beam radiation; HR ¼ hazard ratio; PSA ¼ prostate-specific antigen;
ref ¼ reference.
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In addition, we identified several risk factors that negatively
influenced testosterone recovery, namely older age, higher BMI,
higher BST, and more profound testosterone decrease. These
observations are in agreement with previous reports.1,23 Specif-
ically, age and BMI have proven associations with decreased
testosterone.23e25 Therefore, patients with multiple risk factors
of non-recovery should receive more attention and might need
closer monitoring after treatment.

We also tested the effect of testosterone kinetics on BCR.
Since Huggins and Hodges26 described the association between
testosterone and PCa, one could argue that changes in testos-
terone kinetics after treatment might affect further oncologic
outcomes.27,28 Like Pickles and Graham,1 we did not find any
association between post-RT testosterone kinetics and BCR.

Several limitations require mention. Patient heterogeneity
represents one limitation that results from the combined inclu-
sion of patients from several prospective studies with design
differences. In consequence, testosterone follow-up and labora-
tories used for testosterone measurements were non-uniform. In
addition, EBRT specifications (three-dimensional conformal vs
IMRT) were available only for patients treated from 2007
through 2014. Nonetheless, all subgroup analyses performed in
the subset of 166 patients treated with IMRT unequivocally
confirmed the results obtained in the overall analyses. Therefore,
EBRT type did not appear to affect the results. Furthermore, it
should be noted that many definitions of biochemical hypo-
gonadism exist and several absolute testosterone cutoffs are
related to each definition. We relied on the European Association
of Urology definition described in the male hypogonadism
guidelines (2017). This definition corresponded to the laboratory
definitions used in the province of Quebec. Moreover, it might
be argued that the existing cohort represents a “low testosterone”
cohort at baseline, which could artificially increase rates of
biochemical hypogonadism. However, this characteristic defines
the cohort of elderly men treated with EBRT. Similar rates could
apply to elderly men treated with EBRT elsewhere in North
America. We repeated our analyses using different
hypogonadism-defining cutoffs. It should be noted that regard-
less of the baseline definition of and cutoffs for absolute
hypogonadism, the relative percentage of increased hypogonad-
ism after EBRT was largely unaffected (approximately 40%
increase in hypogonadism compared with baseline). Health-
related quality-of-life data were unavailable. In consequence,
the effect of testosterone variation could not be ascertained for
that end point.

CONCLUSION

We report on the largest contemporary series of patients
treated with EBRT in whom testosterone kinetics were ascer-
tained. Our findings indicate that up to 75% of patients will
have a profound testosterone decrease, with up to a 40% increase
in rates of biochemical hypogonadism. Of those, more than 60%

will recover to baseline levels within 6 months of the nadir. The
latter events will leave BCR unaffected.
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