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Low bone mineral density is associated with hypogonadism
and cranial irradiation in male childhood cancer survivors
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Abstract
Summary We investigated if bone mineral density was related to testosterone deficiency and/or previous cancer
treatment in men who were childhood cancer survivors. Men with untreated testosterone deficiency or previous
treatment with cranial irradiation were at increased risk of impaired bone health. Prevention of osteoporosis should
be considered in their follow-up.
Introduction Childhood cancer survivors (CCS) are at increased risk of hypogonadism. Reduced bone mineral density
(BMD) has been reported in CCS but it is unclear whether this is due to hypogonadism or a direct effect of cancer
therapy. This study investigated BMD in CCS, and association with hypogonadism, previous treatment and cancer
type.
Methods Investigation of 125 CCS (median age 33.7 at inclusion; 9.6 at diagnosis) and 125 age-matched population
controls. Serum testosterone and luteinizing hormone were assayed and BMD at total hip and lumbar spine L1–L4
measured. The mean difference in BMD (g/cm2; 95% CI) between CCS and controls was analysed. Odds ratios (OR;
95% CI) for low BMD were also calculated.
Results Overall, BMD in the CCS cohort did not significantly differ from controls. However, compared with
eugonadal CCS, the CCS with untreated hypogonadism had lower BMD at the hip (mean difference − 0.139 (−
0.210; − 0.067); p < 0.001) and spine (− 0.102 (− 0.174; − 0.030); p = 0.006). They also had a higher risk of low hip
BMD (OR 4.1 (1.3; 14); p = 0.018). CCS treated with cranial irradiation also had lower BMD (hip − 0.076 (− 0.133;
− 0.019); p = 0.009; spine − 0.071 (− 0.124; − 0.018); p = 0.009) compared with controls. The latter associations
remained statistically significant after adjustment for hypogonadism.
Conclusions CCS with hypogonadism or previously treated with cranial irradiation are at increased risk of impaired bone health.
Prevention of osteoporosis should be considered as an important part in future follow-up of these men.
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Introduction

Survival rate for childhood cancer has improved consid-
erably during the last decades and is now approximately
80% in Europe [1]. Potential long-term adverse conse-
quences from cancer treatment have therefore become
increasingly important. Depending on organ system,
the time elapsed from cancer treatment to clinical symp-
toms may be extended, and this is in particular true for
skeletal effects. Low bone mineral density (BMD) and
os teoporos i s o f t en deve lop over many years .
Osteoporosis is defined as a skeletal disorder character-
ized by compromised bone strength, predisposing to an
increased fracture risk. There is no method for measur-
ing overall bone strength, but BMD serves as a proxy
[2], since a decreased BMD correlates with increased
fracture risk [3]. Although fragility fractures are less
prevalent in men than in women, men have higher rates
of fracture-related mortality [4]. Because of the morbid-
ity and mortality associated with osteoporotic fractures,
it is desirable to identify those at risk of osteoporosis so
that preventive measures can be taken.

Among adult childhood cancer survivors (CCS), al-
most 40% in the large St Jude Lifetime Cohort Study
had low BMD in total body or lumbar spine [5].
Hypogonadism has been stated to be a risk factor of
low BMD in CCS [6–8]. Available studies reporting
on the association between hypogonadism and BMD in
CCS are based on a low number of subjects [9–11],
mixing both male and female CCS [8, 10–12] or lack-
ing controls [8, 9, 11], making conclusions regarding
possible association between hypogonadism and BMD
in adult male CCS difficult.

To address these shortcomings, we investigated 125 male
CCS after a mean follow-up of 24.3 years and a corresponding
number of age-matched controls from the general population.
Our aims were (1) to investigate differences in BMD and the
risk of low BMD inmale CCS compared with controls and (2)
to elucidate possible associations between BMD and bio-
chemical signs of hypogonadism, previous cancer treatment
and type of cancer.

Methods

This study is based on a cohort of male CCS invited 13 years
ago (2005–2006) to participate in a study on reproductive
function [13]. However, all the data presented in the current
study was collected during 2010–2012, when we asked the
patients and controls to re-visit our research unit and undergo
investigations related to skeletal health under standardized
conditions (see below).

Childhood cancer survivors

The cohort of CCS was derived from 427 consecutive male
CCS identified through the Swedish Cancer Registry, diag-
nosed with childhood cancer between 1970 and 2002 and
living in the region of Skane in southern Sweden at the time
of diagnosis. Inclusion criteria were any malignant disease or
benign tumour in the central nervous system (CNS) before age
18, being alive as of December 2009 and > 3 years since the
last cancer treatment.

Of those identified through the registry, eleven men were
deceased, 10 could not be located and one was transferred to a
testicular cancer survival cohort on which we have previously
reported [14]. Of the remaining 405 men contacted by letter,
146 accepted to participate in the study. Six subsequently
dropped out, one patient with optic glioma was excluded
due to management with surveillance only, six were excluded
due non-malignant disease (carcinoid of the appendix) and
eight were excluded due to a second malignancy or relapse
within 3 years of inclusion, leaving a final number of 125
reported on in this manuscript. Thirteen CCS had ongoing
testosterone replacement therapy (TRT), eight had glucocorti-
coid replacement therapy due to pituitary failure, 3 had immu-
nosuppressive oral glucocorticoids due to kidney transplant or
Crohn’s disease and two were treated with calcium and vita-
min D (Fig. 1).

In order to evaluate possible selection bias based on repro-
ductive function, data on number of biological children for
participants and non-participants were extracted from the
Swedish Multi-Generation Register. The distribution of CCS
having 0, 1, 2 or ≥ 3 children was 52%, 14%, 29% and 5.3%
among participants and 65%, 14%, 17% and 5.1% among
non-participants.

CCSwere categorized into subgroups according to gonadal
status, diagnostic subgroups and therapeutic subgroups (see
Online Resource for details). Background characteristics of
CCS and controls are presented in Table 1. Data on the prev-
alence of hypogonadism in this CCS cohort have recently
been published [15].

Controls

For each childhood cancer survivor, one age-matched control
from the general population was identified through the
Swedish Population Register. Exclusion criteria were previous
diagnosis of tumour in the CNS, a malignant disease other
than basal cell carcinoma, or Klinefelter syndrome (47,
XXY). Of the 588 potential controls invited, 139 (24%)
agreed to participate. For these subjects, together with a cohort
serving as controls in a parallel study on testicular cancer
survivors [14] (389 approached controls, 101 accepted inclu-
sion), the distribution of controls having 0, 1, 2 or ≥ 3 children
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was 12%, 42%, 35% and 11%, and 21%, 46%, 23% and 10%
among non-participants.

After questioning regarding previous treatment with che-
motherapy, radiotherapy and hormonal replacement, eleven
controls were excluded due to exclusion of corresponding
cancer survivor, and one each due to current malignancy,
Klinefelter syndrome or lack of sample material, leaving a
final number of 125. One of the included controls had previ-
ously received oral treatment with methotrexate due to psori-
asis arthritis. None of the controls received TRT. Background
characteristics are presented in Table 1.

The controls were 182.0 cm in height, and the CCS were
essentially similar 180.0. Based on the recorded population
mean height of similarly aged Swedish men in 2010–2011
(30–39 years; 180.5 (95% CI ± 0.5)), all study participants
had normal stature [16].

All participants signed an informed consent form, and the
Regional Ethics Committee, Lund University, approved the
study.

Clinical and laboratory investigations

Data were collected between December 2009 and August
2013. Participants completed a questionnaire on health status,
medication and smoking habits together with a research inves-
tigator. Data on fractures were not collected. A stadiometer
was used for height measurements to the nearest 0.1 cm, and
an electric scale for weight to the nearest 0.1 kg. Body mass
index (BMI) was expressed in kg/m2.

Fasting venous blood samples were drawn between 8:00
and 10:00 a.m. for assessment of serum testosterone and lutein-
izing hormone (LH) (details described in the Online Resource).

Bone mineral density

Bone mineral density was assessed at inclusion in this arm of
the study when the patients were at a median age of 33.7 years

(interquartile range 30.2–40.1). BMD (g/cm2) was measured
at the femoral neck, total hip and lumbar spine L1–L4 using
dual-energy X-ray absorptiometry (DXA) (Lunar Prodigy;
GE Healthcare Lunar, Madison, WI, USA), software versions
2.15–7.70 for the majority of participants (see Online
Resource for details). DXA measurements were performed
by the same research technicians throughout the study period.
Stability and accuracy were monitored using a manufacturer-
supplied phantom three times per week. The precision coeffi-
cients (CV%) for DXA have been reported previously: 0.9%
for the femoral neck, 0.5% for the total hip and 0.7% for the
lumbar spine L1–L4 [17].

For this study, the Z-score was employed because of
the relatively young age of the subjects. Z-scores, a comparison
of an individual’s bone density with that of a healthy reference
population (NHANES III) of the same age, sex and ethnicity
and expressed as standard deviations, were obtained from the
machine. In this study, we defined low BMD as Z-score below
− 1.0. The rationale is based primarily on meta-analysis of 12
cohort studies demonstrating significantly increased risk of os-
teoporotic fractures for men at Z-scores ≤ − 1 SD [3] and in
addition because it has also been shown that the majority of
fragility fractures occur in patients with BMD in the osteopenic
range, i.e. T-score between − 1 and − 2.5. [18]. Based on this
information, Z-score below − 1 can be assumed to imply an
increased fracture risk.

Definition of hypogonadism

Hypogonadism was defined as S-testosterone < 10 nmol/L
and/or S-LH > 10 IU/L, or ongoing TRT [19].

Statistical analysis

Categorical variables are expressed as numbers and percent-
ages, and continuous variables as means with standard devia-
tions (SDs) or medians (interquartile ranges) in case of non-
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Fig. 1 Distribution of
medications (growth hormone
replacement therapy, testosterone
replacement therapy,
glucocorticoid replacement
therapy, immunosuppressive oral
glucocorticoids and calcium +
vitamin D) and untreated
hypogonadism (S-testosterone <
10 nmol/L and/or S-LH > 10 IU/
L) among childhood cancer
survivors
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normal distribution. The median (interquartile range) for S-
testosterone and S-LH was calculated for the entire CCS
group, for subgroups of CCS defined by gonadal status and
for controls (Table 1). Applying linear regression models, the
following analyses of total hip and lumbar spine BMD were
performed, with adjustment for age, BMI and current
smoking: (a) all CCS vs. controls; (b) untreated hypogonadal

CCS and CCS receiving TRT, respectively, vs. eugonadal
CCS; (c) therapeutic subgroups of CCS (see Online
Resource) vs. controls; (d) CCS receiving chemotherapy ex-
cluding radiotherapy, and treated with alkylating agents, CCS
receiving chemotherapy, excluding radiotherapy, and treated
with methotrexate, and CCS receiving chemotherapy, exclud-
ing radiotherapy, and also treated with glucocorticoids,

Table 1 Descriptives of childhood cancer survivors (CCS), all and divided into subgroups of CCS based on gonadal status*, and age-matched controls

CCS, n = 125 Eugonadal, n = 93 Hypogonadal untreated†,
n = 18

TRT, n = 13 Controls, n = 125

Age at diagnosis (years) 9.6 (5.4–15.0) 9.6 (5.3–16.0) 9.6 (5.4–14.4) 8.9 (6.5–15) NA

Length of follow-up (years) 24.3 (7.1) 24.4 (7.4) 24.4 (5.8) 23.2 (7.7) NA

Age at inclusion (years) 33.7 (30.2–40.1) 33.7 (29.8–40.0) 32.9 (29.6–31.4) 35.7 (33.1–39.1) 34.4 (30.5–40.6)

Height (m) 1.80 (1.75–1.86) 1.81 (1.77–1.85) 1.81 (1.76–1.84) 1.78 (1.73–1.88) 1.82 (1.78–1.85)

Weight (kg) 82.1 (72.0–91.5) 80.7 (71.1–87.1) 84.3 (75.2–102.4) 91.7 (77.4–108.4) 81.4 (73.3–88.6)

Body mass index (kg/m2) 25.1 (22.8–27.6) 24.8 (22.6–26.8) 26.1 (24.5–31.0) 30.3 (26.8–31.3) 24.7 (22.6–26.9)

S-testosterone (nmol/L) 14.1 (11.5–17.3) 14.8 (13.2–18.1) 9.0 (8.0–9.4) 14.4 (9.5–17.0) 14.7 (11.7–17.6)

S-LH IU/L‡ 4.0 (2.5–5.6) 4.0 (2.7–5.7) 4.0 (1.9–5.3) N.A. 3.1 (2.2–4.0)

Smoking, current# 10/8.2% 9/10% – 1/7.7% 17/14%

Glucocorticoid replacement 8/6.4% 3/3.2% 0 5/39% –

Immunosuppressive glucocorticoids 3/2.4% 2/2.2% 1/5.6% 0 –

Growth hormone replacement 17/14% 8/8.6% 1/5.6% 8/62% –

Thyroxine replacement 17/14% 9/9.7% 2/11% 5/39% –

Calcium + vitamin D treatment 2/1.6% 2/2.2% – – –

BMD (g/cm2)

Total hip§ 1.060 (0.150) 1.070 (0.139) 0.985(0.174) 1.068 (0.165) 1.065 (0.156)

Femoral neck§ 1.038 (0.145) 1.049 (0.130) 0.961 (0.175) 1.051 (0.176) 1.034 (0.152)

Spine L1–L4¤ 1.198 (0.148) 1.202 (0.129) 1.143 (0.203) 1.225 (0.164) 1.184 (0.139)

Z-score

Total hip§ − 0.17 (1.06) − 0.05 (1.0) − 0.85 (1.2) − 0.25 (0.92) − 0.13 (1.09)
Femoral neck§ − 0.14 (0.99) − 0.16 (0.90) − 0.84 (1.2) − 0.18 (1.0) − 0.16 (1.06)
Spine L1–L4¤ − 0.25 (1.11) − 0.16 (0.98) − 0.84 (1.5) − 0.26 (1.1) − 0.36 (1.10)

Low BMD (Z-score < − 1)
Total hip§ 26/21% 15/16% 7/39% 4/31% 27/22%

Spine L1–L4 27/22% 18/20% 5/28% 4/31% 35/28%

*Hormone data missing for 1 CCS, which had thyroxine treatment

Hypogonadal untreated S-testosterone < 10 nmol/L and/or S-LH > 10 IU/L
† 2 cases (1.6% of CCS) presented with isolated elevated S-LH

TRT testosterone replacement therapy

Age at diagnosis, age at inclusion, height, weight, body mass index, S-testosterone and S-LH are reported as medians (interquartile range) due to non-
normal distribution

Length of follow-up is reported as mean (SD)

NA not applicable

‡13 CCS on testosterone replacement therapy excluded

Current smoking, glucocorticoid replacement, immunosuppressive glucocorticoids, growth hormone replacement, thyroxine replacement and calcium +
vitamin D treatment are reported as number/%
# Smoking data missing for 3 CCS and 3 controls

Bone mineral density (BMD) and Z-score are reported as means (SD)
§Mean of right and left side, except for 2 CCS and 1 control with unilateral values
¤ Data missing for 1 CCS and 1 control
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separately, vs. controls; and (e) diagnostic subgroups of CCS
(see Online Resource) vs. controls.

The subgroups of CCS receiving chemotherapy excluding
radiotherapy and receiving alkylating agents, methotrexate or
glucocorticoids were overlapping to a large extent; hence,
these subgroups were tested separately vs. controls.
Cyclophosphamide equivalent dose (CED), a unit developed
to quantify the exposure to many different alkylating agents
[20], was determined for patients treated with chemotherapy
without radiotherapy and receiving alkylating agents.

All analyses were repeated following exclusion of subjects
with drugs known to affect BMD and with adjustment for
growth hormone replacement, or growth hormone replace-
ment and hypogonadism (see Tables 2, 3 and 4 and Online
Resource Tables O1–4 for details). Analyses on untreated
hypogonadal CCS and CCS receiving TRT, respectively, vs.
eugonadal CCS, were repeated after exclusion of the two
hypogonadal CCS with elevated S-LH and normal testoster-
one levels.

Results are presented as mean difference in BMD (g/cm2)
with 95% confidence interval (95% CI).

Using binary logistic regression, comparisons between
CCS—total cohort and subgroups as used in analyses of
BMD above—were performed by calculating odds ratios
(ORs) for low BMD compared with controls or eugonadal
CCS, as described above but without adjustment for age, as
Z-scores are by definition age-adjusted.

All statistical analyses were performed using SPSS v20
(SPSS Inc., Chicago, IL, USA). p values < 0.05 were consid-
ered statistically significant.

Results

Sixteen CCS (13%) presented with low S-testosterone levels
and two (1.6%) were categorized as hypogonadal due to iso-
lated elevated S-LH. Seventeen controls (14%) exhibited low
S-testosterone, and none with isolated elevated S-LH or TRT.

Childhood cancer survivors vs. controls

Bone mineral density did not differ statistically significantly
between CCS and controls (total hip mean difference − 0.014
(− 0.052; 0.023); p = 0.44 and lumbar spine mean difference
0.006 (− 0.030; 0.041); p = 0.76). These results were robust
for exclusion of cases receiving TRT, growth hormone re-
placement, immunosuppressive oral glucocorticoids, or calci-
um and vitamin D treatment.

ORs for low BMD were lower in CCS, although not statis-
tically significant (total hip OR 0.94 (0.51; 1.7); p = 0.84 and
lumbar spine OR 0.67; (0.37; 1.2); p = 0.19). Results were
roughly unchanged after exclusion of CCS on treatments af-
fecting BMD as described above (Table 2).

Hypogonadal vs. eugonadal childhood cancer
survivors

Compared with eugonadal CCS, untreated hypogonadal CCS
had lower BMD at the total hip (mean difference − 0.139 (−
0.210; − 0.067); p = < 0.001) and lumbar spine (mean differ-
ence− 0.102 (− 0.174; − 0.030); p = 0.006). CCSwith untreat-
ed hypogonadism had increased risk of low BMD at the total
hip (OR 4.1; 95% CI 1.3; 14; p = 0.018), but not the lumbar
spine (OR 1.5; (0.46; 5.1); p = 0.48) (Table 3, Fig. 2).

Among those CCS receiving TRT, neither BMD (mean
difference total hip − 0.063 (− 0.145; 0.019); p = 0.13; lumbar
spine mean difference − 0.032 (− 0.115; 0.051); p = 0.44) nor
the risk of low BMD (total hip OR 3.1; 95% CI 0.77; 13; p =
0.11; lumbar spine OR 1.9; 95% CI 0.50; 7.7; p = 0.33) was
significantly different from eugonadal CCS. All estimates
were robust for exclusion of cases on immunosuppressive oral
glucocorticoids or calcium and vitamin D treatment, and ad-
justment for growth hormone replacement (Table 3).

Therapeutic subgroups

CCS treated with cranial irradiation presented with signifi-
cantly lower BMD compared with controls (total hip mean
difference − 0.076 (− 0.133; − 0.019); p = 0.009; lumbar spine
mean difference − 0.071 (− 0.124; − 0.018); p = 0.009). There
was no corresponding increase in OR for low BMD (total hip
OR 1.5; 95% CI 0.65; 3.7; p = 0.33; lumbar spine OR 1.5;
95% CI 0.69; 3.5; p = 0.29). These estimates were robust for
exclusion of cases on immunosuppressive oral glucocorti-
coids or calcium and vitamin D, and adjustment for
hypogonadism and growth hormone treatment (Table 4).

CCS treated with radiotherapy to targets other than the
brain, and/or testes ± chemotherapy had increased BMD at
lumbar spine before, but not after, exclusion of cases on im-
munosuppressive oral glucocorticoids or calcium and vitamin
D treatment, and adjustment for hypogonadism and growth
hormone treatment (mean differences 0.068 (0.010; 0.125);
p = 0.02, and 0.058 (− 0.002; 0.117); p = 0.06, respectively).
No significantly lower risk for low BMD at the lumbar spine
was observed (Table 4).

CCS treated with chemotherapy without radiotherapy did
not present any significant difference in BMD compared with
controls. However, a reduced risk was seen for low BMD at
the lumbar spine, before and after exclusion of cases on im-
munosuppressive oral glucocorticoids or calcium and vitamin
D and adjustment for hypogonadism and growth hormone
treatment (OR 0.17; 95% CI 0.04; 0.78; p = 0.02, and OR
0.18; 95% CI 0.04; 0.80; p = 0.02, Table 4).

CCS treated with chemotherapy without radiotherapy, and
receiving alkylating agents, methotrexate or glucocorticoids,
had higher BMD and lower ORs for low BMD compared with
controls, but none of results were statistically significant
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(Online Resource Table O3). Median CED was 4854 mg/m2

and median methotrexate dose was 11 g/m2.

Diagnostic subgroups

There was no statistical difference in BMD or risk of low
BMD in diagnostic subgroups of CCS compared with con-
trols, with the exception of CCS treated for lymphoma, who
had reduced risk of low BMD at the lumbar spine before, but
not after, exclusion of cases on immunosuppressive oral glu-
cocorticoids or calcium and vitamin D treatment, and adjust-
ment for hypogonadism and growth hormone treatment
(OR = 0.12; 95% CI 0.02; 0.94; p = 0.04 and OR = 0.13;
95% CI 0.02; 1.0; p = 0.05) (Online Resource Table O4).

Sensitivity analyses

For the total cohorts of CCS and controls, mean differences in
BMD and ORs of low BMD did not significantly change if
one CCS on calcium and vitamin D treatment without growth
hormone replacement was kept in the estimations (Online
resource Table O1).

When comparing hypogonadal CCS vs. eugonadal CCS,
mean differences in BMD and ORs of low BMD were robust
for exclusion of the 2 cases with isolated elevated S-LH
(Online Resource Table O2).

Discussion

The most important finding from this study is that BMD
among male childhood cancer survivors does not significantly
differ from age-matched controls. However, among untreated
hypogonadal CCS, BMD was lower both at the hip and
lumbar spine compared with eugonadal CCS. This was
also expressed as a higher risk of low hip BMD, i.e.
hip BMD below the normal range, in this group.
Childhood cancer survivors treated with radiotherapy to the
brain had lower BMD both at the total hip and lumbar spine
compared with controls, this difference being robust for ad-
justment for hypogonadism.

The fact that no difference was seen for the entire group of
CCS compared with controls was probably because not all
CCS in our cohort had received extensive cancer treatment
(Online Resource, “Childhood cancer survivors, therapeutic
subgroups”). Previous studies reporting on reduced BMD in
CCS are often based on CCS treated for a specific diagnosis
such as acute lymphoblastic leukaemia (ALL) [21–23] or sar-
coma [24]. Patients with ALL are extensively treated with
chemotherapy, including high-dose methotrexate, in addition
to high cumulative doses of corticosteroids. Patients with
Ewing’s sarcoma and osteosarcoma are treated with intense
chemotherapy and surgery, with or without radiotherapy [25].

In comparison with the St Jude Lifetime Cohort Study
(SJLIFE) where 39% of CCS had total body or lumbar spine
BMDZ-score < − 1, [5], the proportion with low lumbar spine
BMDwas lower in our cohort (22%). Among SJLIFE patients
treated with hypothalamic-pituitary irradiation, 54% had total
body or lumbar spine BMD Z-score < − 1, compared with
30% with low lumbar spine BMD in our CCS cohort.
However, half of the participants in the SJLIFE were female,
and this might, at least in part, explain these differences. In
survivors of ALL, the negative impact of cranial irradiation on
BMD was reported to be more pronounced in females than in
males [26], and men also have a higher increase in BMD
following growth hormone replacement than women [27].

Untreated hypogonadism in male CCS was associated with
lower BMD at the total hip and lumbar spine, as well as an
increased risk of low BMD at the total hip. Testosterone defi-
ciency is a risk factor for lowBMD and osteoporosis in elderly
men [28], whereas less in known about the association youn-
ger men. In a study by Kacker et al., testosterone deficiency
was associated with low BMD in men below 50 years with
sexual dysfunction or infertility; 38% having T-scores below
− 1 at the hip or spine [29]. This is similar to the 39% preva-
lence low hip BMD among our hypogonadal untreated CCS.

To the best of our knowledge, only two studies have report-
ed on the association between gonadal function and BMD in
adult male CCS. Holmes et al. reported a positive correlation
between S-testosterone and BMD in lumbar spine and femoral
neck in 29 men with azoospermia treated for Hodgkin disease
[9]. S-testosterone was within normal range for most subjects,
with mean (SD) 15.2 ± 1.1 nmol/L, and S-LHwas in the upper
normal range with mean (SD) 9.7 ± 0.7 IU/L; hence, many of

Eugonadal

Untreated 

hypogonadal

Treated 

hypogonadal

Total hip

Eugonadal

Untreated 

hypogonadal

Treated 

hypogonadal

Lumbar spine 
L1-L4

-3 -1 1 3 5 7 9 11 13 15 17 19 21

Odds ratio (95% CI)

Fig. 2 Odds ratios of low bone mineral density in hypogonadal untreated
childhood cancer survivors (CCS) and CCS on testosterone replacement
therapy (TRT), after exclusion of 3 CCS on immunosuppressive oral
corticosteroids and 2 CCS on calcium + vitamin D treatment, with ad-
justment for growth hormone replacement. Eugonadal CCS served as the
reference group. Untreated hypogonadism was defined as S-testosterone
< 10 nmol/L and/or S-LH > 10 IU/L
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the subjects probably had mild compensated hypogonadism.
In a study of male CCS treated for haematological malignan-
cy, Howell et al. [30] reported lower femoral neck BMD in
CCS with elevated S-LH and low or low normal S-testoster-
one, compared with equally treated CCS presenting with nor-
mal S-LH and S-testosterone levels. The two latter studies
indicate, in line with our findings, that mild hypogonadism
can negatively affect BMD in male CCS.

In CCS treated with cranial irradiation, we found
lower BMD at the total hip and lumbar spine, which
is in line with previous studies [7, 8, 26]. Cranial irra-
diation in children is a known risk factor for later pitu-
itary malfunctions [31], among others, growth hormone
deficiency (GHD) and hypogonadism. Adults with un-
treated adult-onset GHD have decreased BMD, and
adults with childhood-onset GHD have in some, but
not all, studies been reported to have lower BMD than
controls [32]. Bone mineral density increases after more
than 1 year of growth hormone replacement in adults
with GHD [27]. The statistically significant associations
found in our study were robust for adjustment for
hypogonadism and growth hormone replacement. We used
the latter as a proxy for GHD as our study was not designed
for evaluating growth hormone status, e.g. we did not perform
provocative testing for GHD. It is possible that we were un-
able to adjust for the real impact of GHD on BMD, due to
potential undiagnosed and untreated GHD in our cohort. The
normal stature of our CCS compared with Swedish men of
similar age indicates there is no symptomatic childhood-onset
GHD [33]. Therefore, it is unlikely that BMD is
underestimated in the CCS—an otherwise potential problem
when BMD is measured in children [34]. However, the find-
ing of lower BMD in CCS treated with cranial irradiation
indicates that factors other than hypogonadism may play a
role in the development of low BMD in male CCS.

Surprisingly, CCS treated with chemotherapy without ra-
diotherapy had decreased risk of low lumbar spine BMD
compared with controls. Hypothetically, a healthier lifestyle
in cancer survivors could explain this finding, and/or the ob-
served lower risk could be a chance finding.

Alkylating agents have been suggested as a risk factor for
low BMD in CCS by causing hypogonadism [7], but are not
defined as risk factors for reduced BMD by The North
American Children’s Oncology Group [6]. For male CCS,
cumulative cyclophosphamide dose > 20,000 mg/m2 is a risk
factor for testosterone deficiency/insufficiency [6]. Median
CED in our cohort of CCS treated with chemotherapy without
radiotherapy was well below 20,000 mg/m2, which might ex-
plain why we did not find any effect of treatment with
alkylating agents on BMD. This is supported by den Hoed
et al., finding no increased risk of low BMD at median
17 years after treatment with ifosfamide or cyclophosphamide
[35]. Likewise, median methotrexate dose was 11 g/m2 in our

cohort, well below the > 40 g/m2 associated with decreased
BMD [21].

CCS treated for lymphoma had borderline decreased risk
of low lumbar spine BMD compared with controls. As
concerning haematological malignancies in childhood, chil-
dren diagnosed with ALL have been reported to have reduced
BMD at diagnosis, with a further decrease during therapy [22,
23]. Reduced BMD associated with cranial irradiation has
been reported in survivors of ALL [36, 37], a median of 8
and 11.5 years after therapy, respectively. However, recovery
of BMD inALL survivors has also been reported, with 67% of
subjects with previous BMD Z-score ≤ − 2 improving at least
one standard deviation at a median of 8.5 years later [26]. As
our follow-up time was a mean of 24 years, our results can
hypothetically reflect such a recovery of BMD, and/or the
observed lower risk could be a chance finding.

One of the limitations is the lack of data on duration of TRT
and a relatively low statistical power of this part of our calcu-
lations. Thus, we cannot conclude if androgen replacement
prevents or reverses lowering of BMD in hypogonadal CCS.
The effect of TRT on BMD has been debated, and two previ-
ous meta-analyses showed only a moderate increase in lumbar
BMD but no statistically significant effect on femoral neck
BMD after TRT for up to 36 months [38, 39]. However, both
meta-analyses included studies on subjects with normal basal
testosterone levels, andmany studies had only up to 12months
of follow-up. Subsequently, TRT has been found to increase
BMD in hypogonadal men at the hip [40] or hip and lumbar
spine [41, 42], after treatment for 12 [40, 41] or 36 months
[42]. The effect on BMD of TRT for longer than 36 months is
not known. Fracture information was not systematically col-
lected in the study, which might have been relevant for assess-
ment of vertebral fractures in particular. However, we do not
regard this as a major limitation, since only a single patient
had undergone spinal surgery for a vertebral compression and
in addition, VFA available for a large portion of the patients
identified only one case of vertebral deformity.

An additional limitation is the lack of information regard-
ing lifestyle factors other than smoking, such as physical ac-
tivity and dietary intake of calcium and vitamin D, factors
known to affect BMD [2]. Low participation rate among the
controls might also lead to selection bias, with potential over-
representation of subjects with previous fractures or a family
history of osteoporosis. Such a selection bias would, if pres-
ent, tend to decrease the difference in BMD between controls
and patients. Also, the within-patient group comparisons as
hypogonadal vs. eugonadal are not dependent on selection of
controls. Our data on the number of children among partici-
pants and non-participants do not indicate selection of controls
due to impairment of reproductive function, but potential se-
lection bias concerning BMD cannot be assessed.

The study has also some obvious strengths. Inclusion of
age-matched controls allowed us to draw more valid
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conclusions as considers the bone status of CCS in relation to
that in the general population. The size of our patient cohort
made it possible to compare eugonadal and hypogonadal men.
The diagnosis of hypogonadism was based on hormone
values measured in blood samples obtained under standard-
ized and proper conditions—fasting, before 10 am. Although
only 125 of the original cohort of 427 CCS were included in
the current study, the distribution between those having chil-
dren and childless men was similar in participants and the
remaining eligible patients, which indicated a reduced risk of
selection bias related to reproductive function.

Due to their novelty, our findings have some important
implications in relation to management of male CCS. A sig-
nificant proportion of CCS are hypogonadal and are, there-
fore, at increased risk of having secondarily reduced BMD.
According to The Endocrine Society’s Clinical Guidelines
regarding osteoporosis in men, DXA is suggested in
hypogonadal men aged 50–69, and testosterone replacement
is suggested for men with borderline high risk of fracture and
symptomatic testosterone deficiency (S-testosterone <
6.9 nmol/L), or S-testosterone < 6.9 nmol/L and high risk of
fracture but contraindications to approved osteoporosis thera-
py [43]. More than 75% of our hypogonadal untreated CCS
had S-testosterone above this level; hence, our data suggest
that BMD is also affected in younger hypogonadal CCS with
only moderately lowered S-testosterone.

In conclusion, it is reassuring that BMD was not signifi-
cantly decreased in the entire group of childhood cancer sur-
vivors. However, those presenting with biochemical
hypogonadism—representing a significant proportion of this
patient group—are at increased risk of impaired bone health.
The same was true to some extent for CCS receiving cranial
irradiation, and in those men, other factors than low testoster-
one levels seem to be of significance for the risk of decreased
BMD. Taking into consideration the relatively young age of
these patients and the age-related decline in testosterone
values, DXA should be considered in male cancer survivors
with untreated biochemical hypogonadism or previous treat-
ment with cranial irradiation.
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