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Childhood cancer survivors, diagnostic subgroups
Childhood cancer survivors (CCS) were categorized into 7 diagnostic subgroups: leukaemia (n=27), intracranial tumour (n=28), lymphoma (n=21), testicular cancer (n=6), Wilms’ tumour (n=8), bone tumour (n=6) and other tumours (n=29). Among CCS diagnosed with leukaemia, 26 patients were diagnosed with Acute Lymphocytic Leukaemia (ALL) and one with Acute Myeloid Leukaemia. CCS with intracranial tumour were diagnosed with brain tumour (n=18), pituitary craniopharyngeoma (n=5) or tumour of the pineal gland (n=5). Among CCS treated for lymphoma, diagnosis was Hodgkin’s lymphoma (n=12) or non-Hodgkin’s lymphoma (n=9). All testicular cancers were non-seminomas. Among CCS with bone tumour, diagnosis was osteosarcoma (n=3), Ewing’s sarcoma (n= 2) or chondrosarcoma (n=1). For CCS with other tumours, diagnosis was epipharyngeal cancer (n=1), nasopharyngeal cancer (n=1), carcinoid of the lung (n=1), malignant melanoma (n=3), neuroblastoma (n=5), ganglioneuroma (n=2), phaeochromocytoma (n=2), teratoma (n=1), rhabdomyosarcoma (n=2), bladder cancer (n=1), retinoblastoma (n=1), spinal teratoma (n=1), thyroid cancer (n=2), parathyroid-adenoma (n=1), anaplastic cancer (n=1) and Langerhans cell histiocytosis (n=4).
Childhood cancer survivors, therapeutic subgroups 
Childhood cancer survivors were categorized into 5 therapeutic subgroups. One subgroup consisted of CCS treated with brain surgery, excluding radiotherapy to any target, excluding chemotherapy (n=14), another of CCS treated with surgery other than brain surgery, excluding radiotherapy to any target, excluding chemotherapy (n=19). One subgroup consisted of CCS treated with chemotherapy without radiotherapy (n=29), in 11 cases combined with surgery other than brain surgery. Another subgroup consisted of CCS treated with cranial irradiation (n=33) to a median irradiation dose of 30 Gy. In 2 cases, cranial irradiation was given as total body irradiation followed by bone marrow transplantation, and in another 3 cases cranial irradiation was combined with radiotherapy to the testes (median testicular irradiation dose 20 Gy). In 21 cases, cranial irradiation was combined with chemotherapy, in 14 cases combined with brain surgery, and in 3 cases combined with surgery other than brain surgery. This subgroup contained one patient treated for a chondrosarcoma near the sella turcica, and 2 patients treated for tumours situated in the epipharynx and infiltrating the scull base, since the target of irradiation was (partly) intracranial in all these subjects. The last subgroup consisted of CCS treated with radiotherapy to targets other than brain and/or testes (n=27). In 22 cases, radiotherapy was combined with chemotherapy, and in 22 cases combined with surgery other than brain surgery. One CCS received high dose chemotherapy followed by bone marrow transplantation. 
Cancer treatment in childhood cancer survivors with untreated hypogonadism
For hypogonadal untreated CCS, cancer treatment was brain surgery (n=1), surgery other than brain surgery (n=3), chemotherapy without radiotherapy (n=3), cranial irradiation (n=4), or radiotherapy other than brain and/or testes (n=7). For CCS receiving TRT, treatment was brain surgery (n=1), chemotherapy without radiotherapy (n=1), cranial irradiation (n=9) or radiotherapy other than brain and/or testes (n=2).

Laboratory investigations
Serum values of total testosterone were assessed by a competitive immunoassay with a luminometric technique (Access; Beckman Coulter; analytic range 0.35-55.5 nmol/L, total coefficient of variation (CV) ranging from ≤20% at 1.74 nmol/L to <10% at 6.9-34.7 nmol/L). Reference range 10-35 nmol/L. Luteinizing hormone (LH) was determined with a two-step immunometric assay with a luminometric technique (Access; Beckman Coulter; analytic range 0.2-250 IU/L, total CV <10%). Reference range 1.0-10 IU/L. 
In May 2012, methods of analysis were changed to a one-step immunometric sandwich assay with ElectroChemiLuminiscenceImmunoassay (ECLI) detection technique (Cobas, Roche) for LH, and to a two-step competition assay with ECLI detection technique for testosterone (Cobas, Roche). To enable transformation of serum values, hormonal levels were re-analysed with the new method using frozen sera from 124 men, in whom we also had carried out hormonal analyses using the previous methods. Hence, we made an internal validation comparing both methods. From the linear curve of best fit, we obtained factors for mathematical conversion of former values to approximations of new values. Transformations were done for 26 CCS and 64 controls.
Bone mineral density
In three CCS and 41 controls, instrument failure obliged us to use the Lunar iDEXA (GE Healthcare Lunar, Madison, Wisconsin, USA). The BMD data used in the statistical analyses have been adjusted to the Prodigy. To do this, a cross-calibration was performed using 34 healthy individuals, who underwent DXA scans by both devices. Using a Bland & Altman plot the mean difference in BMD was calculated (0.0006 g/cm2 at femoral neck; 0.0002 g/cm2 at total hip; -0.0088 g/cm2 at lumbar spine) and subsequently added to the original value. We found no inherent bias and a very good correspondence between measurements made by the two devices.
Data for lumbar spine L1-L4 were missing for one childhood cancer survivor and one control because of presence of surgical fixation material (due to previous vertebral compression or trauma, respectively). Data for one hip were missing for two CCS and one control due to hip prosthesis or surgery after previous trauma. In these cases, data on the other hip were used instead of the mean of the measures from the two hips, as was the case in the other participants.
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Table O1. Mean differences in bone mineral density (BMD) and odds ratios (ORs) of a low BMD (LBD, defined as Z–score <-1) in childhood cancer survivors (CCS) and controls
	

	
N
	
BMD, (g/cm²)#
	
LBD, 
n (%)
	Adjustment 1
	Adjustment 2
	Adjustment 3
	Adjustment 4
	Adjustment 5
	Adjustment 6

	[bookmark: _GoBack]
	
	
	
	Mean difference (95% CI)
	p
	Mean difference (95% CI)
	p
	Mean difference (95% CI)
	p
	OR for LBD (95% CI)
	p
	OR for LBD (95% CI)
	p
	OR for LBD (95% CI)
	p

	Total hip
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CCS
	122/96/
97
	1.060 (0.151)
	26 (21)
	-0.014 
(-0.052; 0.023)
	0.44
	-0.008
(-0.046; 0.031)
	0.69
	-0.002 
(-0.041; 0.037)
	0.92
	0.94 
(0.51; 1.7)
	0.84
	0.89 (0.46; 1.7)
	0.72
	0.87 (0.45; 1.7)
	0.69

	Controls
	122/122/122
	1.065 (0.158)
	27 (22)
	
	
	
	
	
	
	Ref
	
	Ref
	
	Ref
	

	LS 
L1-L4
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CCS
	121/95/
96
	1.199 (0.150)
	27 (22)
	0.006 
(-0.030; 0.041)
	0.76
	0.016
(-0.020; 0.052)
	0.39
	0.019
(-0.017; 0.056)
	0.29
	0.67 
(0.37; 1.2)
	0.19
	0.54 (0.28; 1.0)
	0.06
	0.53 (0.28; 1.0)
	0.06

	Controls
	121/121/121
	1.186 (0.141)
	35 (29)
	
	
	
	
	
	
	Ref
	
	Ref
	
	Ref
	


N = number participating in analyses, adjustment 1 and 4/adjustment 2 and 5/adjustment 3 and 6
# Unadjusted mean (SD) 
Adjustment 1– age, body mass index and current smoking
Adjustment 2 – as adjustment 1 after exclusion of 23 CCS on testosterone replacement therapy and/or growth hormone replacement and/or calcium + Vitamin D treatment, and 3 CCS on immunosuppressive oral glucocorticoids 
Adjustment 3 – as adjustment 2, but with one childhood cancer survivor on calcium + vitamin D treatment without growth hormone replacement kept in the estimation 
Adjustment 4 – body mass index and current smoking
Adjustment 5 – as adjustment 4 after exclusion of 23 CCS on testosterone replacement therapy and/or growth hormone replacement and/or calcium + Vitamin D treatment, and 3 CCS on immunosuppressive oral glucocorticoids
Adjustment 6 – as adjustment 5, but with one childhood cancer survivor on calcium + vitamin D treatment without growth hormone replacement kept in the estimation
Ref = reference group
LS = lumbar spine
Smoking data missing for 3 CCS and 3 controls
Data on lumbar spine L1-L4 missing for 1 childhood cancer survivor and 1 control



Table O2. Mean differences in bone mineral density (BMD) and odds ratios (OR) of low BMD (LBD, defined as Z–score <-1) in childhood cancer survivors (CCS): hypogonadal untreated excluding 2 cases with isolated elevated S-LH, and hypogonadal on testosterone replacement therapy (TRT), vs eugonadal
	


	
N

	
BMD 
(g/cm²)#
	
LBD 
n (%)
	Adjustment 1
	Adjustment 2
	Adjustment 3
	Adjustment 4

	
	
	
	
	Mean difference (95% CI)
g/cm2
	p
	Mean difference
(95% CI)
g/cm2
	p
	OR for LBD 
(95% CI)
	p
	OR for LBD 
(95% CI)
	p

	Total hip
	
	
	
	
	
	
	
	
	
	
	

	Hypogonadal untreated
	16/15
	0.982 (0.186)
	7 (44)
	-0.145
(-0.220; -0.069)
	<0.001
	-0.151
(-0.225; -0.077)
	<0.001
	5.3
(1.5; 18)
	0.01
	5.6 
(1.6; 20)
	0.01

	TRT
	13/13
	1.068 (0.165)
	4 (31)
	-0.063
(-0.146; 0.020)
	0.13
	-0.023
(-0.113; 0.066)
	0.60
	3.2
(0.78; 13)
	0.11
	3.0
(0.62; 14)
	0.18

	Eugonadal
	90/86
	1.072 (0.140)
	15 (17)
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
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	LS L1-L4
	
	
	
	
	
	
	
	
	
	
	

	Hypogonadal untreated
	16/15
	1.139 (0.215)
	5 (31)
	-0.110
(-0.186; -0.033)
	0.005
	-0.114
(-0.191; -0.038)
	0.004
	1.8 
(0.54; 6.3)
	0.33
	2.3
(0.65; 8.3)
	0.19

	TRT
	13/13
	1.225 (0.164)
	3 (23)
	-0.033 
(-0.116; 0.051)
	0.44
	0.016
(-0.075; 0.108)
	0.72
	2.0
(0.51; 7.8)
	0.33
	1.3
(0.27; 6.3)
	0.75

	Eugonadal
	89/85
	1.203 (0.131)
	12 (13)
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref


N = number participating in analyses, adjustment 1 and 3/adjustment 2 and 4
# Unadjusted mean (SD) 
Adjustment 1– age, body mass index and current smoking.
Adjustment 2 – as adjustment 1 after exclusion of 3 CCS on immunosuppressive oral glucocorticoids and 2 CCS on calcium + Vitamin D treatment, and adjustment for growth hormone replacement 
Adjustment 3 – body mass index and current smoking
Adjustment 4 – as adjustment 3 after exclusion of 3 CCS on immunosuppressive oral glucocorticoids and 2 CCS on calcium + Vitamin D treatment, and adjustment for growth hormone replacement
Hypogonadal untreated – S-testosterone < 10 nmol/L 
Ref = reference group
LS = lumbar spine
Smoking or hormone data missing for 4 CCS, and data on lumbar spine L1-L4 missing for 1 childhood cancer survivor


Table O3. Mean differences in bone mineral density (BMD) and odds ratios (OR) of low BMD (LBD, defined as Z–score <-1) in childhood cancer survivors (CCS): CCS treated with chemotherapy without radiotherapy, and receiving alkylating agents, methotrexate or glucocorticoids vs controls
	


	
N
	
BMD, (g/cm²)#
	
LBD,
n (%)
	Adjustment 1
	Adjustment 2
	Adjustment 3
	Adjustment 4

	
	
	
	
	Mean difference 
(95% CI), g/cm2
	p
	Mean difference 
(95% CI), g/cm2
	p
	OR for LBD (95% CI)
	p
	OR for LBD (95% CI)
	p

	Total hip
	
	
	
	
	
	
	
	
	
	
	

	Alkylating agentsa
	16/16
	1.104 (0.125)
	2 (13)
	0.015 
(-0.065; 0.095)
	0.71
	0.017
(-0.065; 0.100)
	0.68
	0.43 
(0.09; 2.0)
	0.29
	0.44 
(0.09; 2.1)
	0.31

	Methotrexateb
	17/17
	1.124 (0.125)
	2 (12)
	0.033 
(-0.044; 0.110)
	0.40
	0.030 
(-0.046; 0.107)
	0.43
	0.20 
(0.03; 1.6)
	0.13
	0.22 
(0.03; 1.8)
	0.16

	Gluco-corticoids
	19/19
	1.147 (0.109)
	1 (5.2)
	0.050 
(-0.025; 0.125)
	0.19
	0.053 
(-0.021; 0.127)
	0.16
	0.18 
(0.02; 1.4)
	0.10
	0.17 
(0.02; 1.4)
	0.10

	Controls
	122/122
	1.065 (0.158)
	27 (22)
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref






	LS L1-L4
	
	
	
	
	
	
	
	
	
	
	

	Alkylating agentsa
	16/16
	1.228 (0.095)
	1 (6)
	0.017 
(-0.056; 0.089)
	0.65
	0.021
(-0.053; 0.095)
	0.58
	0.15 
(0.02; 1.2)
	0.08
	0.16 
(0.02; 1.3)
	0.08

	Methotrexateb
	16/16
	1.259 (0.095)
	-
	0.047 
(-0.025; 0.119)
	0.20
	0.045
(-0.026; 0.117)
	0.21
	n.d.
	-
	n.d.
	-

	Gluco-corticoids
	18/18
	1.256 (0.096)
	-
	0.036 
(-0.034; 0.105)
	0.31
	0.038
 (-0.031; 0.107)
	0.28
	n.d.
	-
	n.d.
	-

	Controls
	121/121
	1.186 (0.141)
	35 (29)
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref


N = number participating in analyses, adjustment 1 and 3/adjustment 2 and 4
# Unadjusted mean (SD)
Adjustment 1 – age, body mass index and current smoking
Adjustment 2 – as adjustment 1 with adjustment for hypogonadism and growth hormone replacement
Adjustment 3 – body mass index and current smoking
Adjustment 4 – as adjustment 3 with adjustment for hypogonadism and growth hormone replacement
Smoking or hormone data missing for 3 controls, and data on lumbar spine L1-L4 missing for 1 control
CED = cyclophosphamide equivalent dose
a Median CED 4854 mg/m2
b Median methotrexate dose 11 g/m2
Ref = reference group
LS = lumbar spine
n.d. = not determined because of no subjects with Z-score <-1 in this treatment group
No CCS treated with chemotherapy without radiotherapy, and receiving alkylating agents, glucocorticoids or methotrexate, were treated with immunosuppressive oral glucocorticoids or calcium + Vitamin D 


Table O4. Mean differences in bone mineral density (BMD) and odds ratios (ORs) of low BMD (LBD, defined as Z–score <-1) in childhood cancer survivors (CCS): diagnostic subgroups vs controls
	

	
N
	
BMD, (g/cm²)#
	
LBD,
n (%)
	Adjustment 1
	Adjustment 2
	Adjustment 3
	Adjustment 4

	
	
	
	
	Mean difference (95% CI), g/cm2
	p
	Mean difference (95% CI), g/cm2
	p
	OR for LBD (95% CI)
	p
	OR for LBD (95% CI)
	p

	Total hip
	
	
	
	
	
	
	
	
	
	
	

	Leukaemia
	27/26
	1.065 (0.148)
	6 (22)
	-0.029 
(-0.092; 0.033)
	0.36
	-0.016 
(-0.080; 0.048)
	0.62
	1.0 
(0.37; 2.8)
	0.95
	0.86 
(0.28; 2.6)
	0.79

	Intracranial tumour
	27/26
	1.051 (0.176)
	6 (22)
	-0.030 
(-0.092; 0.031)
	0.33
	-0.012 
(-0.077; 0.052)
	0.71
	1.0 
(0.37; 2.8)
	0.98
	0.91 
(0.28; 2.9)
	0.88

	Lymphoma
	20/18
	1.088 (0.124)
	2 (10)
	0.034 
(-0.036; 0.104)
	0.33
	0.030 
(-0.040; 0.101)
	0.40
	0.35 
(0.08; 1.6)
	0.18
	0.29 
(0.06; 1.5)
	0.15

	Testicular cancer
	6/6
	0.993 (0.099)
	3 (50)
	-0.090 
(-0.211; 0.031)
	0.15
	-0.070 
(-0.187; 0.047)
	0.24
	3.3
(0.63; 18)
	0.16
	2.2 
(0.40; 13)
	0.36

	Wilms’ tumour 
	8/8
	1.069 (0.151)
	1 (13)
	-0.001 
(-0.106; 0.104)
	0.99
	0.009 
(-0.091; 0.110)
	0.85
	0.56 
(0.07; 4.8)
	0.60
	0.44 
(0.05, 4.1)
	0.47

	Bone tumour
	6/6
	1.090 (0.108)
	-
	0.039 
(-0.082; 0.160)
	0.53
	0.039 
(-0.077; 0.156)
	0.51
	n.d.
	-
	n.d.
	-

	Other tumours
	28/26
	1.050 (0.170)
	8 (29)
	-0.022 
(-0.083; 0.039)
	0.47
	-0.043 
(-0.103; 0.017)
	0.16
	1.4 
(0.55; 3.6)
	0.49
	1.7 
(0.63; 4.6)
	0.30

	Controls
	122/122
	1.065 (0.158)
	27 (22)
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref

	LS L1-L4
	
	
	
	
	
	
	
	
	
	
	

	Leukaemia
	26/25
	1.189 (0.132)
	7 
(27)
	-0.026 
(-0.086; 0.033)
	0.39
	-0.014 
(-0.076; 0.048)
	0.65
	0.89 
(0.34; 2.3)
	0.81
	0.59 
(0.20; 1.7)
	0.34

	Intracranial tumour
	27/26
	1.152 (0.181)
	9 
(33)
	-0.047 
(-0.105; 0.010)
	0.11
	-0.034 
(-0.095; 0.028)
	0.28
	1.2 
(0.48; 2.9)
	0.73
	0.80 
(0.28; 2.3)
	0.69

	Lymphoma
	20/18
	1.234 (0.150)
	1 
(5)
	0.059 
(-0.006; 0.124)
	0.08
	0.049 
(-0.018; 0.116)
	0.15
	0.12 
(0.02; 0.4)
	0.04
	0.13 
(0.02; 1.0)
	0.05

	Testicular cancer
	6/6
	1.155 (0.054)
	1 
(17)
	-0.046 
(-0.159; 0.067)
	0.42
	-0.037 
(-0.149; 0.074)
	0.51
	0.44 
(0.05; 3.9)
	0.47
	0.35 
(0.04; 3.2)
	0362

	Wilms’ tumour 
	8/8
	1.212 (0.213)
	2 
(25)
	0.021 
(-0.078; 0.119)
	0.68
	0.029 
(-0.066; 0.125)
	0.55
	0.89
 (0.17; 4.7)
	0.89
	0.80 
(0.15; 4.4)
	0.80

	Bone tumour
	6/6
	1.269 (0.138)
	1 
(17)
	0.099 
(-0.014; 0.212)
	0.09
	0.094 
(-0.017; 0.205)
	0.10
	0.50 
(0.06; 4.5)
	0.53
	0.45 
(0.05; 4.3)
	0.49

	Other tumours
	28/26
	1.218 (0.122)
	6 
(21)
	0.030 
(-0.027; 0.087)
	0.30
	0.016 
(-0.041; 0.073)
	0.59
	0.62 
(0.23; 1.7)
	0.34
	0.67 
(0.24; 1.9)
	0.46

	Controls
	121/121
	1.186 (0.141)
	35 (29)
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref


N = number participating in analyses, adjustment 1 and 3/adjustment 2 and 4 
# Unadjusted mean (SD)
Adjustment 1 – age, body mass index and current smoking
Adjustment 2 – as adjustment 1 after exclusion of 3 CCS on immunosuppressive oral glucocorticoids and 2 CCS on calcium + Vitamin D, with adjustment for hypogonadism and growth hormone replacement 
Adjutment 3 – body mass index and current smoking
Adjustment 4 – as adjustment 3 after exclusion of 3 CCS on immunosuppressive oral glucocorticoids and 2 CCS on calcium + Vitamin D, with adjustment for hypogonadism and growth hormone replacement
n.d. = not determined because of no subjects with Z-score <-1 in this treatment group
Ref = reference group
LS= lumbar spine
Smoking or hormone data missing for 4 CCS and 3 controls, and data on lumbar spine L1-L4 missing for 1 childhood cancer survivor and 1 control





