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Purpose: To study the effect of 16 Gy radiotherapy (RT) vs. 20 Gy RT on Leydig cell function in men treated with
radiotherapy against carcinoma in situ (CIS) of the testis.
Methods and Materials: Fifty-one men who were treated between 1985 and 2005 were included. Fourteen men had
been treated with 20 Gy and 37 with 16 Gy RT. Measurements of sex hormone–binding globulin and basic and
stimulated testosterone, as well as luteinizing hormone levels were performed.
Results: The follow-up periods for the patients treated without additional chemotherapy were for the 20 Gy and
16 Gy group mean/median/min-max: 9.0/10.0/1.0–20.3 years and 4.0/3.1/0.4–14.1 years, respectively. During the
follow-up period, men treated with 16 Gy RT had stable testosterone levels (–1.1%/year, p = 0.4), whereas men
treated with 20 Gy had an annual decrease of 2.4% (p = 0.008). For the latter group, the testosterone decrease
was most pronounced in the first 5 years, leveling off during the following 5 years. Additionally, more men treated
with 20 Gy needed androgen substitution treatment. Our study showed an increased luteinizing hormone level for
the men treated with 16 Gy, although this was not significant (p = 0.5). We anticipated a similar increase in the
patients treated with 20 Gy but instead observed a decrease (-3.1%, p = 0.01).
Conclusion: RT at 16 and 20 Gy seem to affect Leydig cell function differently, with 16 Gy RT better preserving
testosterone levels and thus being preferred from an endocrinological point of view. � 2009 Elsevier Inc.

Testicular carcinoma in situ, Irradiation treatment, Testosterone production, Leydig cell function, Hypogonadism.

Int. J. Radiation Oncology Biol. Phys., Vol. 75, No. 3, pp. 672–676, 2009
Copyright � 2009 Elsevier Inc.

Printed in the USA. All rights reserved
0360-3016/09/$–see front matter

doi:10.1016/j.ijrobp.2008.11.057
INTRODUCTION

Carcinoma in situ (CIS) testis can be treated either by radio-

therapy (RT) to the affected testis or with orchidectomy. In

a patient with CIS in a solitary testis, e.g., after unilateral or-

chidectomy for testicular cancer, both treatments will result

in permanent removal of sperm cell production. These pa-

tients will also be permanently testosterone depleted after bi-

lateral orchiectomy, whereas radiotherapy will leave more

than half of patients with a sufficient testosterone production

(1). Various doses of RT have been studied to find a balance

between complete eradication of CIS cells while maintaining

sufficient testosterone production. It has been shown that RT

with doses of 20 Gy (21 patients), 18 Gy (3 patients), and 16

Gy (10 patients) resulted in eradication of CIS. In contrast,

radiation therapy with 14 Gy (14 patients) did not eradicate

CIS cells completely in all patients (2). An annual decrease
67
of testosterone levels by approximately 3.6% in the RT-

treated men was observed independent of the RT dose.

Since 2001, testicular RT with a dose of 16 Gy has been the

treatment for CIS in a solitary testis at our clinic. Patients ir-

radiated for CIS have been followed prospectively with as-

sessment of Leydig cell function. Thus, the aim of this

study is to further determine the effect of various radiation

doses on testosterone production.

METHODS AND MATERIALS

Study population
The investigation protocol was approved by the local ethical com-

mittee. Fifty-one men were included retrospectively, 14 with CIS

treated with 20 Gy (in 10 fractionated doses) RT from June 1985

to May 2001 and 37 men treated with 16 Gy (in 8 fractionated doses)

from March 1990 to February 2005. Nine men in the 16 Gy group
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and 2 men in the 20-Gy group were also treated with bleomycin, eto-

poside, and cisplatin (BEP). The staging procedure of the patients

included CT scan of the abdomen, X-ray of the chest, and measure-

ment of tumor markers (alpha-fetoprotein, beta subunit of human

choriogonadotropin, and lactate dehydrogenase). Only patients

with disseminated disease received BEP, either three or four cycles,

depending on the prognostic group. Chemotherapy was given before

RT in 10 patients and 3 months after RT in 1. For the 51 men, both

the mean and median ages were 32 years. Fifty men had been

orchidectomized for unilateral testicular cancer (27 seminomas

and 20 nonseminomas) and were diagnosed with CIS cells in the

contralateral testis. Histology of 3 tumors of the men treated with

20 Gy could not be retrieved. One man had unilateral CIS and no

spermatogenesis in the contralateral, non-tumor-bearing testis. For

39 men, the number of cross-sectional seminiferous tubules harbor-

ing CIS cells had been quantified and ranged from 1% to 100% of

tubules (mean and median 47% and 35%, respectively). We did

not detect any development of new germ cell tumors in any of the

patients during the follow-up period.

Some data from 22 of the 51 men has previously been reported

(2, 3). In addition to the 51 men, another 18 patients also received

RT during the study period but were not included in this study

because they chose not to participate in the follow-up program.

RT was delivered as previously described (2), and all patients

were treated with the same technique. The testis with CIS was placed

in a wax-lined lead cup, and daily doses of 2 Gy were given as elec-

tron irradiation (9–18 MeV) 5 days a week up to a total dose of either

16 or 20 Gy.

Follow-up of endocrine function
Endocrine follow-ups were routinely carried out approximately

3 months, 1 year, 2 years, 3 years, 4 years, 5 years, 8 years, and

10 years after RT. At follow-up, blood samples were drawn to assess

the levels of testosterone, luteinizing hormone (LH), follicle-stimu-

lating hormone (FSH), and sex hormone–binding globulin (SHGB).

A gonadotropin-releasing hormone (GnRH) stimulation test was

performed by intravenous injection of 100 mg of GnRH to determine

LH and FSH serum levels 15, 30, 60, and 120 min after injection.

After the GnRH test, the men had a human chorionic gonadotropin

(HCG) stimulating test with an intramuscular injection of 5,000 IU

HCG. Blood samples were taken 72 and 96 h later to assess testos-

terone and SHBG levels following injection.

Serum levels of LH, FSH, and SHBG were determined using

a time-resolved immunofluorometric assay (Delfia, Wallac, Turku,

Finland), and testosterone levels were determined using a time-re-

solved fluoroimmunoassay (Delfia). Free androgen index (FAI)

was calculated as (Testosterone/SHBG)� 100. The intra- and inter-

assay coefficient of variation (CV) for measurement of LH and FSH

were 3% and 4.5%, respectively. CVs for both testosterone and

SHBG were < 8% and < 5%, respectively.

Statistics
The hormone values were transformed with the natural logarithm

to obtain variance stability and to normalize data. The development

of hormone values over time after RT was described in a multivariate

random coefficient model in which each individual was allowed

a piecewise linear function in time. In the statistical model, the

time course during the first 5 years and the subsequent years were

included separately, which allowed for comparison between the

groups despite different follow-up times. Apart from time, year of

birth and age at RT were also entered into the model as covariates;

however, the effect of both were nonsignificant. The model was also
used to estimate mean hormone levels at different time points after

RT.

Patients were excluded from the follow-up analysis if treatment

with intramuscular or dermal androgen substitution was started. If

a patient was excluded at a certain point in the analysis during the

follow-up period either because of testosterone treatment or end

of follow-up, the hormone development data up until that time

was nonetheless included in the final analysis. The proportion of

men without androgen substitution therapy at different time points

during the follow-up period were compared with a log-rank test.

The analyses were performed using the statistical package SAS

(SAS Institute, SAS/STAT User’s Guide: Statistics, Version 6, 4th

ed., vol. 2. Cary, NC, 1990).

RESULTS

Patients treated with irradiation only
The total follow-up period for patients treated with 20 Gy

was 108 years (mean 9.0, median 10.0, minimum-maximum

1.0–20.3 years). For the patients treated with 16 Gy, the fol-

low-up period was 112 years (mean 4.0, median 3.1, mini-

mum-maximum 0.4–14.1 years). Table 1 summarizes the

annual changes of the total testosterone, LH, and FAI after

RT for both RT groups.

Testosterone
For the 20 Gy-treated group testosterone levels showed an

annual decrease of 9.0% during the first 5 years (95% confi-

dence interval [CI]: 3.2%–14.5%, p = 0.004), whereas the

levels were stable the following 5 years (decrease 0.8 per

year, p = 0.5). The decrease during the first 5 years and the

following 5 years differed statistically significantly (p =

0.02). Patients treated with 16 Gy had no significant change

in testosterone levels during the first 5 years (p = 0.7) or the

following years (p = 0.1). The testosterone levels decreased

significantly more in the 20 Gy than in the 16 Gy group dur-

ing the first five years (p = 0.006). For the entire follow-up

period, men treated with 20 Gy had an annual decrease of

2.4% (95% CI: 0.7%–4.1%, p = 0.008) and men treated

with 16 Gy an annual decrease of 1.1% (p = 0.4), which is

statistically significantly different (p = 0.005).

Figure 1A illustrates the actual hormone levels of testoster-

one at different time points after RT with 16 Gy or 20 Gy. The

hormone levels are calculated to represent a man aged 30

years at the time of entry into the study. For men in the 20-

Gy group, the average testosterone level changed from 10.8

to 6.6 nmol/L during the 10-year period, and for men treated

with 16 Gy, the level changed from 10.6 to 9.2 nmol/L.

Besides a decline in basic testosterone levels, the HCG-

stimulated testosterone increase leveled off during the entire

follow-up period for the 20 Gy group (p = 0.0005). After 10

years, they could only be stimulated to increase 3.3 nmol/L.

For the 16 Gy group, no significant change in stimulated tes-

tosterone increase was detected (p = 0.5). After 10 years, the

Leydig cells were still able to increase testosterone levels

with 8.9 nmol/L. The change of stimulated testosterone levels

between the two groups was statistically significant (p =

0.0004).
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Table 1. Annual change of total testosterone, FAI, and LH levels in men treated with either 16 or 20 Gy irradiation against testicular
carcinoma in situ cells

16 Gy (n = 28) 20 Gy (n = 12)

% Change (95% CI) p % Change (95% CI) p

Testosterone
< 5 years 0.69 (–2.72 to 4.23) 0.7 –9.01 (–14.49 to –3.19) 0.004
> 5 years –3.46 (–7.49 to 0.74) 0.1 –0.76 (–2.96 to 1.48) 0.5

FAI
< 5 years 1.39 (–2.84 to 5.80) 0.5 –3.79 (–11.10 to 4.11) 0.3
> 5 years –3.51 (–8.42 to 1.67) 0.2 –2.77 (–5.48 to 0.01) 0.05

LH
< 5 years –0.41 (–4.91 to 4.30) 0.9 �3.63 (–11.35 to 4.77) 0.4
> 5 years 2.72 (–2.93 to 8.69) 0.4 –2.95 (–5.84 to 0.03) 0.05

Abbreviations: CI = confidence interval; FAI = Free1 androgen index; LH = luteinizing hormone.Hormonal changes during the first 5 years
are indicated as < 5 years and the following years as > 5 years. All patients included here were treated with irradiation only and no additional
chemotherapy.

In the calculation of the hormonal changes the ages of the men were taken into consideration as a statistical confounding factor.
Figure 1B illustrates the levels of FAI. Annual changes can

be seen in Table 1. The changes in FAI levels had the same

tendencies as the changes over time in total testosterone

levels. During the entire follow-up period, men treated with

20 Gy had an annual decrease of 3.0% (95% CI: 0.8%–

5.1%, p = 0.007), in FAI and those treated with 16 Gy had

an annual decrease of 0.7% (p = 0.6).

Luteinizing hormone
LH seemed to increase during the follow-up period for

men treated with 16 Gy; however, this increase was not sta-

tistically significant (p = 0.5). Patients treated with 20 Gy had

an annual, statistically significant decrease of 3.1% (95% CI:

0.8%–5.3%, p = 0.01) during the entire follow-up. The esti-

mated 3.6% annual decrease during the first 5 years was non-

significant (p = 0.4), whereas the 3.0% annual decrease

during the following 5 years was significant at the 5% level

(p = 0.05, Table 1). The differences in the annual LH changes

between the two groups were statistically significant (p =

0.04).
For men treated with 20 Gy, the estimated levels of LH de-

creased from 15.7 nmol/L to 11.3 nmol/L 10 years later. For

men treated with 16 Gy, LH levels increased from 15.7 nmol/

L to 17.6 nmol/L.

For both groups the GnRH-stimulated LH levels indicated

that the increase during the stimulation became lower with in-

creasing follow-up time. A significant change in stimulated

LH was detected in the men treated with 16 Gy (p <

0.0001). Here, the stimulated LH levels decreased from

75.3 U/L at treatment to 44.6 U/L after 10 years. In men

treated with 20 Gy, the buffer capacity decreased from 63.4

U/L at treatment to 39.4 U/L after 10 years (p = 0.17). The

more pronounced annual LH decrease in the 20 Gy vs. the

16 Gy group during the first 5 years was statistically signifi-

cant (p = 0.014). No notable difference was seen between

5 and 10 years of follow-up (p = 0.58).

Follicle stimulating hormone
FSH showed the same tendencies as LH. For men treated

with 16 Gy, there was a nonsignificant increase of 2.1%
Fig. 1. Estimated testosterone (A) and free androgen index levels (B) at different time points after radiotherapy with 16 or
20 Gy for testicular carcinoma in situ are shown. In the estimations, patient age at time of study entry is taken into account,
and the hormone levels are calculated to represent a man being 30 years of age at the time of entry. The vertical lines
indicate the 95% confidence interval of the estimates.
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annually during the follow-up (p = 0.1). The men treated with

20 Gy had a statistically significant decrease of 2.6% annu-

ally (95% CI: 0.2%–5.0%, p = 0.04). The difference in

FSH levels between men treated with 16 Gy and 20 Gy

was statistically significant (p = 0.01).

For men treated with 20 Gy, the estimated levels of FSH de-

creased from 44.1 U/L to 30.6 U/L 10 years later. For men

treated with 16 Gy FSH increased from 44.3 U/L to 59.1 U/L.

Patients treated with irradiation and additional
chemotherapy

Testosterone: Two men received 20 Gy RT and chemother-

apy. The testosterone level in one of these patients was 10.7

nmol/L, 10.7 nmol/L, and 6.1 nmol/L at 3 months, 5 years,

and 20 years, respectively, after RT; in the other, it was 8.5

nmol/L and 9.7 nmol/L at 1 month and 3 years after RT, respec-

tively. For the 9 men who received both 16 Gy RT and chemo-

therapy, the mean/median follow-up period was 2.6/2.3 years.

They had a 5.9% annual decrease in testosterone during the fol-

low-up period (95% CI: 0.5%–11.0%, p = 0.04). The levels of

FAI followed the same trend as testosterone—a decrease of

4.5% annually (p = 0.2) during the follow-up period.

Luteinizing hormone: In the two men who had 20 Gy RT

and chemotherapy, the LH levels were 15.7 nmol/L, 17.2

nmol/L, and 15.3 nmol/L at 3 months, 5 years, and 20 years,

respectively, after RT, and 9.7 nmol/L and 11.0 nmol/L at 1

month and 17 months after RT, respectively. For the men

who received 16 Gy RT and chemotherapy, LH levels were

stable during the entire follow-up period (p = 0.98).

Androgen substitution therapy
During the follow-up period, androgen substitution ther-

apy was initiated in 29 (56.9%) of the 51 men because of bio-

chemical androgen insufficiency and symptoms of androgen

insufficiency. Androgen substitution therapy was initiated in

Fig. 2. The proportion of men without androgen substitution ther-
apy at different time points during the follow-up period. The men
were treated with radiotherapy only (16 or 20 Gy).
11 (78.6%) of 14 patients treated with 20 Gy, including 2 pa-

tients treated with additional chemotherapy. For the 16 Gy

group, 18 (48.7%) of the 37 patients, including 6 patients

treated with additional chemotherapy, were started on andro-

gen substitution. The difference between men treated with 16

Gy vs. 20 Gy was statistically significant (p = 0.03). Figure 2

illustrates the proportion of men without androgen substitu-

tion therapy at different time points.

DISCUSSION

We have shown that radiation therapy of CIS of the testes

with doses of 16 Gy and 20 Gy affect Leydig cell function dif-

ferently. Testicular radiation therapy for CIS with 20 Gy in 10

fractions results in a larger decrease of testosterone production

compared with irradiation with 16 Gy. This difference has di-

rect clinical implication because that a higher proportion of the

men who received 20 Gy needed androgen substitution ther-

apy. The impairment of testosterone production in the 20 Gy

group started immediately following treatment and continued

throughout the first 5 years. The decrease during the following

5 years was much smaller. In addition to the decrease in basic

testosterone, HCG-stimulated values also showed that the ca-

pacity of testosterone production in the Leydig cells decreased

in the 20 Gy group. In fact, the stimulated testosterone levels

after 10 years were similar to the unstimulated values at the

start, emphasizing decreased Leydig capacity. Contrary to

these findings, patients treated with 16 Gy had almost stable

levels of both basic testosterone and stimulated testosterone

through the entire 10-year period, and they did not show the

same tendency of decreasing testosterone levels during the first

5 years as the 20 Gy treated patients. Additionally, the fact that

statistical analyses have focused on the time course during both

the first 5 years and subsequent years make comparisons

between the groups possible.

Body mass index tends to increase with age (4). This may

lead to a reduced SHGB levels and thereby a reduced total

testosterone to keep free testosterone levels unchanged (5).

We detected the same tendencies for total testosterone and

FAI, which indicates that the decrease in total testosterone,

as we have shown, reflects a decreased Leydig cell function

rather than an adaptation because of changed SHGB levels.

Although we did not find any significant change in either

testosterone or LH levels for men treated with 16 Gy, a sub-

clinical Leydig cell dysfunction, indicated by a decrease in

testosterone and an increase in LH, may occur. In the patients

receiving 20 Gy, we saw an unexplainable statistically signif-

icant decrease in LH during the entire follow-up period de-

spite dropping testosterone levels. The decreasing basic LH

levels were also associated with a decrease in stimulated

LH levels. This finding seems not to be an artifact because

we saw the same tendencies for FSH levels. This decrease

in the gonadotropin levels indicates a reduction in pituitary

function. However, none of the patients appeared to be pitu-

itary insufficient, although we were unable to explore this fur-

ther. In postmenopausal women, an initial increase in LH as

well as FSH levels occurs during the early years after
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menopause. This is, however, followed by a decrease caused

by a blunted response to GnRH stimulation as menopause

progresses (6, 7). Our findings seem not to reflect a change

parallel to what is seen in postmenopausal women, however,

because the decrease in gonadotropin levels in the men had

already begun in the early years after RT.

Age as well as year of birth were considered possible con-

founders of the hormone levels. Because these variables were

tested as explanatory variables in the statistical model and

were found to be nonsignificant, the different effects of 16

vs. 20 Gy cannot be ascribed to difference in age or year of

birth between the two groups.

We have based our conclusions on results from the group

of patients treated without additional chemotherapy because

it cannot be excluded that chemotherapy affects Leydig cell

function. Treatment with cisplatin-based chemotherapy has

been reported to result in normal testosterone levels but ele-

vated LH, indicating a subclinical decrease in Leydig cell

function (8). Another study detected a persistent and signifi-

cant decrease in the testosterone/LH ratio compared with pre-

treatment levels up to 60 months after treatment (9). In our

study, we found that 8 (72%) of 11 of the chemotherapy-

treated patients ended up receiving androgen substitution

therapy, compared with only 21 (52%) of the 40 patients

treated with RT only. This is in line with additional damage

to Leydig cell function by chemotherapy, but the group of

men receiving chemotherapy was too small to allow for final

conclusions regarding this issue.

The effect of RT on Leydig cells can best be evaluated by

hormone assessments. The number of men started on substitu-

tion therapy points toward the same direction as the hormonal

evaluations, but the criteria of when to start a man on substitu-

tion therapy have probably changed gradually over the years,
despite of the same principal indication. In our clinic, men

tend to be started on androgen substitution at milder degrees

of androgen insufficiency than they were 10–15 years ago.

Thus, conclusions regarding Leydig cell function based on

when androgen substitution therapy was started will most

likely be flawed by changing clinical practice.

In general, it is believed that CIS and the development

of testicular germ cell cancer is part of the testicular dys-

genesis syndrome caused by abnormal fetal testicular

development (10). The disrupted testicular development

can also affect the Leydig cells, observed as Leydig cell

nodules and impaired Leydig cell function (11, 12).

Accordingly, several studies have found that Leydig cell

function in testes harboring CIS cells was impaired even

before treatment (1–3). Petersen et al. (2) hypothetically

explained this as resulting from direct CIS inhibition of

Leydig cell function, through Sertoli cells or because of

germ cell depletion. Thus, it is not unexpected that some

men with CIS will eventually require testosterone sup-

plement. However, men receiving 20 Gy RT had a more

pronounced decrease in testosterone levels and more of

them required testosterone substitution than men receiving

16 Gy. This indicated that the lower RT dose resulted in a

milder adverse effect of Leydig cells. The shorter follow-

up period of men treated with 20 Gy is also in line with

this hypothesis.

RT with doses between 16 and 20 Gy will normally

eradicate CIS; however, relapses have been observed at all

dose levels (13–15). We did not detect any relapses, and

our data suggest that radiation treatment with 16 Gy is better

than treatment with 20 Gy for conservation of Leydig cell

function. Thus, from an endocrinological perspective, 16

Gy appears to be the treatment of choice.
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