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Abstract
Summary We measured bone mineral densities in 28
intracranial germ cell tumor long-term survivors. There
was the high prevalence of osteoporosis and osteopenia,
25.0% and 42.9%, respectively, and three additional risk
factors, male sex, a low lean mass, and adult growth
hormone replacement, were identified.
Introduction Intracranial germ cell tumor long-term survi-
vors (iGCTLS) have many risk factors for osteoporosis,
including irradiation from cancer therapy and multiple
hormone deficiencies. However, no study of bone mineral
density (BMD) has been conducted in iGCTLS because
these tumors are rare. The aims of this study were to
evaluate the prevalence of osteoporosis and to identify risk
factors associated with reduced bone mass in iGCTLS.
Methods We evaluated BMD and body composition of 28
iGCTLS (10.9±5.2 years after cancer treatment; 13 males)
using dual-energy X-ray absorptiometry. To determine risk
factors, we analyzed the medical history, including the nature
of the tumor, treatment modality, endocrine status, hormone
replacement therapy, lifestyle, and biochemical parameters.
Results Twenty-five percent of iGCTLS were diagnosed
with osteoporosis and 42.9% with osteopenia. Most males
(92.3%) had low BMD. Lean mass (LM) was positively
correlated with BMD in all regions of interest, and the

starting age of adult growth hormone (GH) replacement
was negatively correlated with the BMD Z-score at the
femur neck. In logistic regression analysis, male sex and
low LM were related to low BMD.
Conclusions The iGCTLS had a high prevalence of low
BMD. We found that male sex, low LM, and delayed start
of adult GH replacement were risk factors for osteoporosis.
Therefore, the BMD of all iGCTLS should be evaluated,
and if it is low, proper management should be started early.
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Introduction

Intracranial germ cell tumors (iGCTs) are rare neoplasms
that occur mostly in the suprasellar and pineal regions [1–
3]. Although germ cell tumors (GCTs) comprise a hetero-
geneous group that includes germinomas, embryonal
carcinomas, yolk-sac tumors, choriocarcinomas, teratomas,
and mixed germ cell tumors, most are radiosensitive, and
standard therapy for iGCTs includes cranial or craniospinal
irradiation [1–5]. The event-free survival rates of germi-
nomas and other iGCTs were reported to be up to 100% and
80%, respectively, in recently published studies [1, 4, 5].

Osteoporosis was previously considered to be a disease
of the elderly, but it is now universally agreed that
osteoporosis has a pediatric origin [6]. Individuals who fail
to achieve optimal peak bone mass (PBM) and strength
during childhood and adolescence are more likely to
develop osteoporosis later in life [7, 8]. In particular,
childhood cancer survivors, especially brain tumor survi-
vors, are known to have a high prevalence of osteoporosis
or low bone mineral density (BMD) in early adulthood [9,
10]. Radiotherapy, chemotherapy, nutritional deficits, low
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physical activity levels, and hormone deficiencies are
frequently cited as risk factors for osteoporosis and fracture
in childhood cancer survivors [11].

The incidence of iGCTs peaks in the second decade of
life [1–5], the period during which nearly 50% of maximal
adult BMD increase occurs [1]. In addition, cranial
irradiation is well known to decrease bone mass through
direct and indirect effects [12]. One of the probable
mechanisms is through growth hormone deficiency
(GHD) [13]. Growth hormone (GH) and insulin-like growth
factor-1 (IGF-1) greatly influence bone homeostasis and
remodeling by stimulating the recruitment of osteoblast
precursors and osteoclast bone resorption [13, 14].

However, there have been no studies of bone health and
osteoporosis in intracranial germ cell tumor long-term
survivors (iGCTLS), to our knowledge. Although GCTs are
rare, they account for approximately 3–11% of all tumors
arising within the central nervous system in the pediatric age
group, and the survival rate is high with proper hormone
replacement. The Children's Oncology Group Long-Term
Follow-Up Guidelines recommend the evaluation of BMD
for survivors who are predisposed to BMD deficits [15].
Therefore, the aims of this study were to evaluate the
prevalence of osteoporosis or low BMD and to identify risk
factors associated with reduced bone mass in iGCTLS.

Subjects and methods

Subjects

Between October 2010 and March 2011, iGCTLS were
evaluated for BMD and body composition to assess the
prevalence of osteoporosis/osteopenia and its risk factors.
Twenty-eight subjects (13 males and 15 females) who met
the following criteria were recruited: (1) diagnosed and
treated for iGCT at Seoul National University Hospital; (2)
no history of relapse for at least 5 years of follow-up; (3)
proper replacement of deficient hormones during growth;
and (4) completion of physical growth (epiphyses closed on
the left hand and no growth for 3 years).

The clinical characteristics of the subjects are summarized
in Table 1. Their mean age at evaluation was 23.1±4.4 years.
The mean interval from diagnosis to evaluation was 11.6±
5.0 years. The follow-up duration from the time of tumor
treatment completion was 10.9±5.2 years. Of the 28
subjects, 25 were diagnosed by histology (20 germinomas,
5 mixed germ cell tumors) and 3 by brain MRI and
laboratory findings. At the time of diagnosis, the tumor
was found in the suprasellar region in 18 subjects and in the
pineal gland in 8 subjects. In the other 2 subjects, the tumor
was located in the basal ganglia and frontal lobe region. At the
time of diagnosis, 15 subjects were in the prepubertal period

and 13 were in the pubertal period. Of the 27 subjects who had
undergone radiotherapy, 19 had received both cranial and
spinal radiation therapy. The mean cumulative dose of
irradiation on the tumor was 50.7±5.1 Gy (cranial 29.0±
8.8 Gy; spinal 21.0±10.4 Gy). Of the 19 subjects who had
undergone chemotherapy, 16 received “cisplatin/carboplatin+
etoposide”-based chemotherapy and 3 received “8 drugs in
1 day” chemotherapy. There was no clinical difference
between male and female subjects except in the hormone
deficiencies. The hormone deficiencies were detected with
regular surveillance and replaced properly by the pediatric
endocrinologist, in accordance with the Korean National
Health Insurance (KNHI) guidelines.

Methods

Anthropometric measurements were obtained for each sub-
ject. Height was measured twice to the first decimal place with
a Harpenden stadiometer (Haltain Ltd., Crymmych, Wales,
UK), and weight to the first decimal place with a digital scale
(150 A; Cas Co. Ltd., Seoul, Korea). Body mass indices
(BMI) were calculated by dividing weight by height squared
(kilograms per square meter). All participants were assessed
for cessation of growth using a growth chart and left-hand
X-ray, and epiphyseal closure was confirmed by the pediatric
endocrinologist. Corrected final adult height was adult height
corrected for genetic potential [final adult height standard
deviation score (SDS) minus mid-parental height SDS].

Dual-energy X-ray absorptiometry (DXA) was performed
for evaluation of osteoporosis or osteopenia. The BMDs of the
lumbar spines (L1–L4), femur neck, and total body were
measured serially by Lunar Prodigy Advance DXA bone
densitometry (Lunar Corporation, General Electric, Madison,
WI, USA) with pediatric and adult software (ver. enCore 2005
9.15.010, GE Lunar Corporation, Madison, WI, USA). Total
body DXA scans provided total body BMD and body
composition details such as bone mineral content (BMC),
lean mass (LM), and fat mass (FM) [16].

Osteoporosis was diagnosed when BMD at the spine,
hip, or total body had a T-score<−2.5, and osteopenia was
diagnosed when −2.5≤T-score<−1.0. For subjects who
were less than 20 years of age, Z-scores of <−2.0 for
osteoporosis and −2.0≤Z-score<−1.0 for osteopenia were
used [17]. We defined low BMD as a Z-score<−1.0 in risk
factor analysis. For body composition analysis, Z-scores
from age- and sex-specific reference data from our previous
report with the same DXA device were used [16].

The serum levels of calcium, phosphate, and alkaline
phosphatase activity (ALP) were measured to check
problems related to bone health. Sex hormones such as
estradiol and testosterone, IGF-1, and thyroid function were
also evaluated to check the current status of hormone
replacement. The serum IGF-1 level was considered low
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when it was more than 2 standard deviations (SD) below the
mean (Endocrinology Reference Laboratory; male 490±
120 ng/mL; female 460±113 ng/mL). History related to bone
health, such as previous fracture, bone pain, sun exposure
time, and exercise frequency, was sought and reviewed using
medical records.

Statistical analysis

Normally distributed data were presented as means±SD, and
median and ranges were used for skewed data. Student's t tests
or chi-square tests were used to examine differences between
the two groups, classified according to sex and low BMD.
To adjust for sex differences, BMD, BMC, LM, and FM data
were transformed to Z-scores using population reference data
[16, 18]. Spearman's correlation coefficient was calculated to
test the association. Univariate logistic regression analysis
was used to determine the risk factors for decreased BMD. P
values<0.05 were considered significant. All statistical
analyses were performed using SPSS 17.0 for Windows
(SPSS Inc., Chicago, IL, USA).

Results

Clinical characteristics

Ninety-six percent of subjects (n=27) had received radio-
therapy and 67.9% of subjects had received chemotherapy.
Most of them had multiple hormone deficiencies. The

prevalences of GH, gonadotrophic hormone, adrenocorti-
cotropic hormone, thyroid hormone, and antidiuretic hor-
mone (ADH) deficiency were 82.1%, 67.9%, 64.3%,
75.0%, and 67.9%, respectively. Female subjects had a
higher rate of GH, gonadotrophic hormone, thyroid
hormone, and ADH deficiency (all P<0.05). Hormone
replacements were carried out properly when detected with
regular surveillance. Twenty of the GHD subjects started adult
GH replacement at a mean age of 19.5±3.9 years in
accordance with the KNHI guidelines (0.042–0.083 mg/kg/
week). The mean age of GH replacement for adult GHD was
higher in male subjects than in female subjects (males 23.0±
4.9 years; females 18.0±2.2 years; P=0.057). The mean age
of sex hormone replacement did not differ significantly
between the sexes (males 17.5±1.7 years; females 17.0±
2.5 years; P=0.608). The serum levels of testosterone (for
males), estradiol (for females), follicle-stimulating hormone,
luteinizing hormone, thyroid-stimulating hormone, and free
thyroxine were all within the normal range. A low serum
IGF-1 level was found in 14 subjects, most of whom were
female. Four subjects (all female) had an ALP level over
115 IU/L, the upper normal limit in our institute. Average
sun exposure time of subjects was 3 h per day and exercise
frequency was 2 days per week (Table 1).

BMD results for each region of interest in iGCTLS

The BMD results for the lumbar spine, femur neck, and
total body for all subjects are summarized in Table 2. The
mean BMD Z-scores were −1.1±1.3, −0.4±1.4, and −0.8±

Table 1 Clinical characteristics
of intracranial germ cell tumor
long-term survivors

Data are presented as mean±SD

SDS standard deviation score,
ACTH adrenocorticotropic hor-
mone, TSH thyroid stimulating
hormone, ADH antidiuretic hor-
mone, IGF-1 insulin-like growth
factor-1
aData are presented as median
with interquartile range in
parentheses

Total (n=28) Male (n=13) Female (n=15) P value

Mean age at evaluation (years) 23.1±4.4 24.4±5.3 21.9±10.4 0.131

Mean age at diagnosis (years) 11.5±2.4 11.6±2.0 11.3±2.8 0.722

Corrected final adult height SDS −0.1±1.3 −0.6±1.2 0.2±1.2 0.085

Body mass index SDS 0.4±1.1 0.4±0.8 0.4±1.2 0.932

Surgical resection (n) 10 3 7 0.254

Chemotherapy (n) 19 10 9 0.435

Radiotherapy (n) 27 13 14 1.000

Hormone deficiency (n) 23 8 15 0.013

Growth hormone deficiency (n) 23 8 15 0.013

Gonadotropic hormone deficiency (n) 19 6 13 0.042

ACTH deficiency (n) 18 6 12 0.114

TSH deficiency (n) 21 7 14 0.029

ADH deficiency (n) 19 6 13 0.042

Low IGF-1 (n) 14 3 11 0.021

Bone pain (n) 1 0 1 1.000

Previous fracture (n) 4 2 2 1.000

Daytime sun exposure (hours/day) 3.0 (2.0–6.5)a 5.0 (2.0–10.0) 2.8 (1.8–5.5) 0.147

Exercise frequency (days/week) 2.0 (1.0–3.0) 3.0 (2.0–3.9) 1.0 (0.8–2.0) 0.124
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1.6 (T-scores of age>20 years were −0.9±1.2, 0.0±1.3,
and −0.5±1.6) at the spine, femur neck, and total body,
respectively. Male subjects had lower BMD Z-scores
than female subjects at the lumbar spine (males −1.8±0.9;
females −0.5±1.2; P=0.003) and femur neck (males −0.9±
1.4; females 0.1±1.3; P=0.079).

Prevalence of osteoporosis and fractures in iGCTLS

Seven (25.0%) subjects were diagnosed with osteoporosis
and 12 (42.9%) were diagnosed with osteopenia in all
regions of interest (ROI) (Fig. 1). Six (21.4%) had total
body osteoporosis, 6 (21.4%) had osteoporosis in the
lumbar spine, and 2 (7.1%) had osteoporosis in the femur
neck. Four subjects (14.3%) had fracture history, all of
whom showed low BMD (spine BMD Z-scores of the four
subjects −2.0, −2.4, −1.2, and −1.5).

The effects of body composition on low BMD

The body composition measures of BMC, LM, and FM are
also summarized in Table 2. The mean Z-scores of FM,
LM, and BMC were 2.5±2.1, −1.9±2.2, and −1.0±2.1,
respectively. The FM was increased while the LM and
BMC were decreased in iGCTLS. The LM Z-scores were
correlated with the BMD of the lumbar spine (r=0.584, P<
0.001), femur neck (r=0.568, P=0.002), and total body (r=
0.569, P=0.002) in the total subject group. In female
subjects, both LM and FM Z-scores were correlated with
the BMD of the femur neck (LM, r=0.700, P=0.004; FM,
r=0.811, P<0.001) and total body (LM, r=0.677, P=
0.006; FM, r=0.799, P<0.001). Only the FM Z-score was
correlated with the lumbar spine BMD Z-score (r=0.765,
P=0.001) in female subjects (Fig. 2). Males showed no
correlation between body composition and BMD of each
ROI. However, males showed greater increase in the FM

Z-score (males 3.3±2.2; females 1.8±1.9) and decrease in
the LM Z-score (males −3.3±1.0; females −0.7±2.3) and
BMC Z-score (males −1.9±1.4; females −0.3±2.3) than
females (Table 2).

Risk factors for low BMD: clinicopathological variables
related to BMD

The clinical and laboratory values, including body compo-
sition, for low-BMD subjects (Z-score<−1.0) and normal-
BMD subjects are compared in Table 3.

The corrected final adult height SDS was positively
correlated with the BMD Z-score at the femur neck (r=
0.481, P=0.010) and total body (r=0.517, P=0.005). The
BMI SDS was also positively correlated with the BMD Z-
score at the spine (r=0.427, P=0.024) and total body (r=
0.552, P=0.002). The starting age of adult GH replacement
was negatively correlated with the BMD Z-score at the
femur neck (r=−0.484, P=0.031) (Fig. 3). Tumor location
and histology, treatment modalities such as surgery,
radiotherapy, and chemotherapy, hormone-deficient states
such as GHD, low IGF-1, antiepileptic medications, sun
exposure time, and exercise frequency were not related to
low BMD.

In univariate logistic regression analysis, male sex (OR=
13.7, P=0.024), low BMI (OR=6.0, P=0.055), and low
LM (OR=6.0, P=0.055) were related to low BMD. The
starting age of adult GH replacement showed marginal
significance (P=0.083).

Discussion

To our knowledge, the present study is the first to determine
the BMDs of each ROI including the lumbar spine, femur
neck, and total body in iGCTLS. In this study, we identified a

Table 2 Bone mineral density
of each region of interest and
body composition in survivors
of intracranial germ cell tumors

Data are presented as mean±SD

BMD bone mineral density,
BMC bone mineral content

Total (n=28) Male (n=13) Female (n=15) P value

Lumbar spine BMD (g/cm2) 1.028±0.129 0.966±0.105 1.017±0.265 0.016

Lumbar spine BMD Z-score −1.1±1.3 −1.8±0.9 −0.5±1.2 0.003

Femur neck BMD (g/cm2) 0.914±0.149 0.892±0.156 0.885±0.232 0.471

Femur neck BMD Z-score −0.4±1.4 −0.9±1.4 0.1±1.3 0.079

Total body BMD (g/cm2) 1.072±0.116 1.074±0.088 1.070±0.139 0.931

Total body BMD Z-score −0.8±1.6 −1.2±1.1 −0.4±1.9 0.178

Total body BMC (g) 2,335±512 2,448±397 2,238±590 0.288

Total body BMC Z-score −1.0±2.1 −1.9±1.4 −0.3±2.3 0.047

Total lean mass (kg) 39.3±7.5 42.9±4.6 36.2±8.3 0.016

Total lean mass Z-score −1.9±2.2 −3.3±1.0 −0.7±2.3 0.001

Total fat mass (kg) 20.9±7.4 21.2±8.4 20.6±6.7 0.846

Total fat mass Z-score 2.5±2.1 3.3±2.2 1.8±1.9 0.067
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high prevalence of osteoporosis and osteopenia in young
adulthood of iGCTLS. We also identified three additional risk
factors for osteoporosis in iGCTLS with proper management:
male sex, low LM, and adult GH replacement.

In this study, 25.0% of the iGCTLS had osteoporosis,
and 42.9% had osteopenia in all ROI. Previous studies have
reported a high prevalence of BMD deficits in survivors of
childhood malignancy, including brain tumors [10, 13, 19–
21]. Both the tumor itself and its treatment potentially
encompass risk factors for BMD deficits such as high
cumulative doses of steroids, methotrexate, cranial radia-
tion, and testicular radiation. In brain tumor survivors,
radiation is the most important risk factor for osteoporosis
[13, 20, 21]. Radiation might directly affect BMD by
damaging the bone marrow stroma [22]. Radiation-induced
fractures have been described in survivors treated with
radiation doses of ≥40 Gy [23, 24]. Radiation to the
neuroendocrine axis after cranial and total body irradiation
fields can lead to GHD and central hypogonadism, both of
which are associated with deficits in BMD [15, 25]. In our
subjects, the cumulative dose of irradiation on the tumor
was 50.7±5.1 Gy (cranial 29.0±8.8 Gy; spinal 21.0±
10.4 Gy). Eighty-two percent of subjects had GHD and
75% had hypogonadism, which is consistent with previous
studies [10, 26, 27].

In the present study, male sex was also found to be a
significant predictor of future osteoporosis in iGCTLS.
The prevalence of osteoporosis and osteopenia was
higher in males than females. Males were found to
have lower BMD Z-scores in the lumbar spine and in
the femur neck than females. In adults, females achieve
a lower PBM than males and experience more rapid
bone loss, as evidenced by a higher incidence of
osteoporosis. However, males are disproportionately
affected in secondary osteoporosis related to cancer,
especially childhood cancer [19, 28]. The precise reason
for this is not known. One possible explanation is that
peak BM acquisition in males might be inadequate
compared with female iGCTLS. In our study subjects,
mean age at diagnosis was 11.6 years in males and
11.3 years in females. At that age, the BMDs of the
lumbar spine were 81.5% of the adult level for females but
only 67.4% of the adult level for males in our previous
study [18]. Because of cancer itself and its treatment,
childhood cancer survivors suffer nutritional deficits,
inadequate physical activity, and hormonal deficiencies
[11]. The duration of LM and bone acquisition is longer
for males than females [7, 8, 16, 29]. The other

�Fig. 1 Bone mineral density of lumbar spine (a), femur neck (b), and
total body (c) in survivors of intracranial germ cell tumors. The dotted
line represents Z-score values of −1 SD and the solid line represents
Z-score values of −2.0 SD
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explanation is that the effect of FM on BMD differs
between males and females: FM has a protective effect on
BMD in females, but not in males [28]. In a previous
study, we found that FM was closely related to BMD in
females only [16]. Garnett et al. [30] reported that FM is
mediated by fat-related hormones, such as leptin and

estrogens, which are also involved in critical bone
metabolism and maturation pathways.

In the present study, decreased LM was also found to be a
significant predictor of osteoporosis in iGCTLS. Low-BMD
subjects showed a low LM Z-score of −2.7±1.4, while
normal-BMD subjects showed an LM Z-score of −0.2±2.6.

Fig. 2 Correlations between
bone mineral density of each
region of interest and body
composition (fat mass and lean
mass). The lines indicate the
statistically significant correla-
tion between bone mineral
density and body composition in
15 female patients
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LM was found to be closely related to total body BMD in our
iGCTLS, which concurs with a previous report [31]. Koskelo
et al. [32] reported alterations in LM and, in particular,
wasting of skeletal muscle in pediatric cancer subjects. The
reason for decreased LM might be lower LM acquisition
during growth. Not only BM but also LM accumulates
during childhood and puberty along with PBM [16, 29, 31].
In our previous study, in females, LM increased steadily until
the age of 13 years and thereafter increased only slightly.
However, in males, LM increased abruptly after the age of

12 years until 17 years of age, when peak LM was attained
[16].

Interesting findings of this study are that the starting age
of adult GH replacement was lower in the normal-BMD
group than in the low-BMD group, and that the BMD Z-
score in the femur neck was negatively correlated with the
timing of adult GH replacement age. It is well known that
GHD is related to low BMD in both adults and children
[14, 33, 34]. Baroncelli et al. [35] reported that lumbar
BMD declined rapidly after discontinuation of GH in GHD
compared with controls. Replacement of GH improves both
LM and BMD [14]. GH directly causes bone formation and
resorption, which results in a net accumulation of bone
mass [14]. In this study, those who had adult GH
replacement at an older age showed decreased BMD. Thus,
early replacement of adult GH is important for the
prevention not only of cardiovascular disease but also of
osteoporosis.

The results of the current study should be interpreted in
the light of potential study limitations. The first limitation is
the small size of the study population. However, consider-
ing the rarity of iGCTs, it was enough to show tendency of
bone deficit in iGCTs. Further study with a larger
population, such as a multicenter study, is needed. The
second limitation is that we did not consider correction of
height in the BMD analysis. In subjects who are very short,
measurements may not be reliable [36]. Webber et al. [37]
also suggested to make an adjustment base on body weight
or height, which exerted a considerable impact on measured
BMD especially in children. However, only 2 (7%) of the
iGCTLS in this study were short according to Korean
standards [38]. The last limitation is that eight of our

Table 3 Comparison of clinical
characteristics and body compo-
sitions between low BMD
subjects and normal BMD
subjects

Data are presented as mean±SD

SDS standard deviation score,
GH growth hormone, IGF-1
insulin-like growth factor-1

Low-BMD subjects Normal-BMD subjects P value
(n=19) (n=9)

Sex (male:female) (n) 12:7 1:8 0.016

Mean age at evaluation (years) 23.1±4.9 22.9±3.4 0.900

Mean age at diagnosis (years) 11.6±2.0 11.1±3.2 0.596

Corrected final adult height SDS −0.4±1.0 0.3±1.6 0.196

Body mass index SDS 0.0±1.0 1.2±0.8 0.003

Total lean mass Z-score −2.7±1.4 −0.2±2.6 0.023

Total fat mass Z-score 2.1±2.1 3.3±2.0 0.174

Surgical resection (n) 6 4 0.677

Chemotherapy (n) 13 6 1.000

Radiotherapy (n) 19 8 0.321

Growth hormone deficiency (n) 15 8 1.000

Starting age of adult GH replacement (years) 20.6±4.4 (n=12) 17.8±2.3 (n=8) 0.083

Duration of adult GH replacement (years) 4.0±2.7 (n=12) 5.2±4.3 (n=8) 0.475

Gonadotropic hormone deficiency (n) 11 8 0.195

Low IGF-1 (n) 7 7 0.103

Fig. 3 Starting age of adult growth hormone replacement was
negatively correlated with BMD Z-score at femur neck
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subjects were less than 20 years old. However, we
confirmed that all patient bone ages were above 18 years,
the age at which the BMDs of each ROI are compatible
with those of 20–30-year-old Koreans [18].

In conclusion, we found that 67.9% of the iGCTLS had
a BMD less than −1 SD, which is a higher percentage than
expected, based on the World Health Organization's report
[39] and survivors of other types of brain tumor [9, 10, 13,
20, 21]. The main reason might be radiation therapy and the
high prevalence of GHD. We also found that other risk
factors for low BMD in iGCTLS were male sex, low LM,
and, possibly, timing of adult GH replacement. Therefore,
initial evaluation and regular follow-up of bone health
should be performed in all iGCTLS just after the
discontinuation of the tumor therapy schedule, especially
in males and those with low LM. Further longitudinal
studies will need to be conducted to confirm these findings.
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