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ABSTRACT
Objective: To compare height standard deviation score (SDS) at start of radiation therapy and at the last follow-up 
in children with brain tumor treated with CSI.
Methods: This study is a retrospective study. Medical records of children aged 3-15 years old, diagnosed with 
embryonal or germ cell tumor, and treated with 3D conformal radiation therapy (3DCRT) for CSI at Division of 
Radiation Oncology, Siriraj Hospital between 2006 and 2014 were reviewed. Patient’s demographic data, clinical 
information, radiotherapy technique, weight and height before the start of radiation therapy and at follow-up were 
obtained. The height standard deviation score (SDS) was calculated by INMU-Nutri Stat software program.
Results: There were twenty one eligible patients. Overall, the latest height SDS was significantly reduced. Mean 
reduction of the height SDS was 1.24 ± 1.08 (p < 0.001). Four patients (19%) had the latest height SDS < -2. Positive 
correlation between initial height and the latest height (p = 0.001), and negative correlation between hypothalamic-
pituitary axis (HPA) mean dose and the latest height (p = 0.02) were found. The patients who received HPA mean 
dose more than 47Gy tended to have the latest height SDS less than -1.5.
Conclusion: Children treated with CSI have significant reduction of height even 3D-CRT was used. The incidence of 
short stature is 19%. The initial height is strongly related to the latest height. Weak negative correlation of radiation 
dose to HPA and the latest height was observed.
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INTRODUCTION
	 Craniospinal irradiation (CSI) is standard treatment 
for childhood brain tumors with neuraxis dissemination or 
with high propensity of neuraxis dissemination, including 
most embryonal tumors and some germ cell tumors. 
Embryonal tumors include medulloblastoma (MB), 
supratentorial primitive neuroectodermal tumor (sPNET), 
atypical teratoid/rhabdoid tumor (AT/RT), pineoblastoma, 
and others. Both embryonal tumors and germ cell tumors 
are treated with combined modality approaches: surgery, 
radiation therapy (RT), and chemotherapy. The side effects 
attributed to radiation is of primary concern for patient 
with brain tumor treated with CSI. Due to prolonged 
survival, late complications affecting quality of life have 

been observed including short stature and endocrine 
dysfunction.1-4 Reduced adult height in survivors is 
caused mainly by three factors: growth hormone deficit, 
early puberty, and impaired spinal growth.1 All of these 
factors can be induced by CSI. Therefore, this study was 
conducted to compare height standard deviation score 
(SDS) at start of radiation therapy and at the last follow-
up in children with brain tumor treated with CSI.

MATERIALS AND METHODS
Patient selection
	 All children diagnosed with brain tumor treated 
with 3D conformal radiation therapy (3DCRT) for CSI at 
Division of Radiation Oncology, Department of Radiology, 
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Faculty of Medicine Siriraj Hospital between 2006 and 
2014 were identified via the radiation oncology database 
for retrospective analysis after institutional review board 
approval (Si 606/2016). Inclusion criteria were as follows: 
(1) histological confirmed embryonal tumors or germ cell 
tumors (2) age > 3 years and ≤ 15 years at start radiation 
therapy (3) receiving craniospinal radiation therapy via 
3-DCRT. Patients who have been followed-up less than 
2 years and/or no weight and height measuring before 
start radiation therapy and once a year during follow-up 
were excluded.

Radiotherapy
	 Prescribed dose and target volumes for craniospinal 
radiation therapy and boost volume were obtained from 
patient chart and the online patient database. 

Planning and evaluation
	 The dose-volume histograms (DVH) of the treatment 
targets and normal structures were evaluated from computer 
based planning system.

Follow-up
	 Assessments for weight and height measurement 
before and after completion of radiation therapy were 
obtained from patient chart and the online patient database. 

Outcome variable and assessment
	 The primary endpoint for this study was height SDS 
at the last follow-up. Height SDS was calculated with 
age-matched mean value in the normal Thai population, 
and evaluated with INMU-Nutri Stat software program. 
Height SDS was categorized according to INMU-NutriStat 
software program, as follows: SDS < -2 SD corresponds to 
short stature, SDS between -1.5 SD to -2 SD corresponds 
to relatively short stature, SDS between -1.5 SD to 1.5 
SD corresponds to normal stature, SDS between 1.5 SD 
to 2 SD corresponds to relatively tall stature, and SDS > 
2 SD corresponds to tall stature. Loss of height was the 
difference between the initial height SDS (height SDS 
before start radiation therapy) and the latest height SDS 
(height SDS at the last follow-up).

Statistical analysis  
	 All analyses were performed using STATA version 14.2. 
Data were presented by descriptive methods (frequency, 
percentage, mean ± SD). In addition, the independent-
sample t-test and Mann-Whitney U test were used to 
compare the latest height SDS to the initial height SDS. 
Multivariable linear regression analysis was performed 
to evaluate the effect of potential risk factors on the 

latest height. All statistical analyses were two-sided with 
significance defined as a P-value < 0.05. 

RESULTS
Patient demographics
	 Patient demographics and clinical information are 
shown in Table 1. Thirty four patients were included. 
Thirteen patients were excluded due to incomplete data 
or less than 2 years available follow-up data. Mean age 
at start of radiation therapy was 10.11 ± 3.68 years. 
Embryonal tumors were classified into two groups; 
average and high risk groups. The average risk group 
included patients with all of the following characteristics; 
were aged ≥ 3 years at diagnosis, had M0 disease, and 
underwent gross total tumor removal (GTR). Other 
patients and patient with sPNET were categorized as 
being in the high risk group. 

Growth height
	 The data for each patient is detailed in Table 2. The 
mean initial height SDS was 0.09 ± 1.3. The mean latest 
height SDS was -1.15 ± 1.30. There were 4 patients (19%) 
with the latest height SDS < -2 and 8 patients (38.1%) 
with the latest height SDS < -1.5. Overall, the latest height 
SDS was significantly reduced. Mean loss of height SDS 
was 1.24 ± 1.08 (P < 0.001). 
	 Three patients (14.3%) received growth hormone 
replacement therapy (GHRT). All who received GHRT 
have the latest height SDS > -2 (Table 3). 

Multivariable risk factor analysis
	 The potential risk factors include sex, age at start 
radiation therapy, initial height SDS, vertebral mean 
dose, and hypothalamic-pituitary axis (HPA) mean 
dose. Linear regression analysis showed significant effect 
of initial height SDS and HPA mean dose on the latest 
height (Table 4). Their relations were shown in Figs 1 
and 2. Patients with HPA mean dose more than 47Gy 
trended to have the latest height SDS less than -1.5  
(Fig 2).

DISCUSSION
	 Decrease in the final height in children treated with 
radiation therapy has been observed for a long time, 
especially in children treated with cranial irradiation 
or craniospinal irradiation.5-14 In our study, all children 
were treated CSI with 3D-CRT. The results were similar 
to recent data from Japan, using conventional radiation 
therapy and 3D-CRT. Odagiri K et al., found that 35% 
of children treated with CSI have the latest height SDS 
less than -2. In their study, 4 children had failure to 

Rongthong et al.



Volume 70, No.4: 2018 Siriraj Medical Journalwww.smj.si.mahidol.ac.th 345

Original Article SMJ

TABLE 1. Demographic and clinical information.

Diagnosis	 Patient	 Sex	 Primary	 M stage	 Extent of	 Age at	 CSI	 Boost 
	 No.		  site		  surgery 	 start RT 	  dose	 dose
						      (years) 	 (Gy)	 (Gy)

sPNET	 1	 F	 S	 M0	 GTR	 4.67	 23.3	 54

MB (average risk)	 2	 F	 I	 M0	 GTR	 8.92	 23.4	 54

	 3	 M	 I	 M0	 GTR	 9.5	 23.4	 54

	 4	 F	 I	 M0	 GTR	 10.83	 36	 55.8

	 5	 M	 I	 M0	 GTR	 4.08	 30.6	 50.4

MB (high risk)	 6	 M	 I	 M1	 STR	 13.5	 36	 55.8

	 7	 M	 I	 M4	 GTR	 7.92	 36	 55.8

	 8	 M	 I	 M1	 STR	 12	 23.4	 54

	 9	 F	 I	 M4	 GTR	 3.33	 36	 54

	 10	 M	 I	 M1	 GTR	 5.75	 36	 55.8

	 11	 M	 I	 M1	 GTR	 11.08	 36	 55.8

	 12	 F	 I	 M3	 STR	 5.33	 36	 55.8

Pure germinoma	 13	 M	 P	 -	 Biopsy	 14.08	 36	 54

	 14	 M	 BG	 -	 Biopsy	 13.67	 21.6	 36

NGGCT	 15	 M	 BG	 -	 Biopsy	 11.75	 36	 54

	 16	 M	 P	 -	 Biopsy	 13.42	 24	 36

	 17	 M	 P	 -	 STR	 14.08	 40	 54

	 18	 M	 P	 -	 Biopsy	 14.25	 36	 54

	 19	 M	 SS	 -	 Biopsy	 12.33	 36	 50.4

	 20	 M	 SS	 -	 STR	 8.5	 36	 54

	 21	 M	 BG	 -	 STR	 13.42	 36	 54

Abbreviations: sPNET=supratentorial primitive neuroectodermal tumor, MB=medulloblastoma, NGGCT=nongerminomatous germ cell 
tumors, F=female, M=male, S=supratentorial, I=infratentorial, P=pineal, BG=basal ganglia, SS=suprasellar, STR=subtotal tumor removal, 
GTR=gross total tumor removal, RT=radiation therapy, CSI=craniospinal irradiation

control disease, all of those children had the latest height  
SDS < -2. When these children were removed from the 
study group, only 15% of children had short stature. 
They also found that dose of CSI and age at start of RT 
has no effect on height or loss of height.15

	 Major causes of short stature in children treated 
with CSI are growth hormone deficiency, spinal bone 
growth arrest, and early puberty.10,16-21 Cranial RT can 
induce the dysfunction of the HPA, resulting in disruption 
of growth hormone, followed by gonadal, adrenal, and 
thyroid hormones. These multiple hormone deficiencies 
lead to abnormal growth and puberty.22 Furthermore, 
spinal irradiation has the additional effect on spinal bone 

growth. Shalet SM et al., found that spinal irradiation 
has a profound effect on spinal bone growth. The greater 
subsequent skeletal disproportion was associated with 
younger age at receiving CSI.20

	 More conformal radiation therapy technique in 
our study, 3D-CRT, has failed to reduce the incidence 
of short stature in children who have received CSI. The 
growth hormone deficiency (GHD) could develop even in 
those who received a dose as low as 10 Gy to the HPA.22 
The spinal growth retardation can be induced from CSI 
with a dose as low as 25 Gy.23  Photon cannot avoid dose 
to HPA and vertebral bodies, so the late effect on height 
is still observed. 
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TABLE 2. Treatment related information and height.

Diagnosis	 Patient	 VB mean	 HPA mean	 GH 	 Age at	 Initial	 Latest 	
	 No.	 dose (Gy) 	 dose (Gy) 		  the latest 	 Height	  height
					     assessment	 (SDS) 	 (SDS)
					     (years)

sPNET	 1	 36.2	 37	 No	 8.75	 0.12	 0.02

MB (average risk)	 2	 24.7	 26	 No	 12.75	 0.22	 -1.94

	 3	 24.1	 24.3	 No	 12.25	 -0.65	 -1.39

	 4	 35	 37	 No	 18.92	 1.23	 0.6

	 5	 29.8	 30.5	 Yes	 12.5	 -0.75	 -1.84

MB (high risk)	 6	 37.2	 38	 No	 16.58	 2.83	 1.18

	 7	 37.7	 37.5	 No	 12.5	 -1.03	 -0.69

	 8	 22.8	 24.3	 No	 17.5	 0.18	 -0.78

	 9	 37.1	 37.4	 No	 5.75	 0.41	 -2.04

	 10	 37.8	 38.7	 Yes	 11.83	 0.22	 0.16

	 11	 36.2	 36.9	 No	 17.42	 -1.65	 -3.19

	 12	 34	 37	 Yes	 13.5	 1.15	 -0.98

Pure germinoma	 13	 42.2	 44.4	 No	 19.67	 -0.4	 -1.64

	 14	 21.1	 35.6	 No	 19.83	 0.12	 -1.45

NGGCT	 15	 35.3	 48.9	 No	 17.83	 1.36	 -1.92

	 16	 24.6	 28.5	 No	 18.58	 -1.15	 0.21

	 17	 37.7	 46.5	 No	 19.92	 1.54	 0.38

	 18	 34.8	 36.7	 No	 16.17	 -0.6	 -1.33

	 19	 30.3	 52.4	 No	 16	 1.61	 -1.06

	 20	 38.8	 54.4	 No	 13.58	 -2.73	 -4.26

	 21	 35.1	 50.8	 No	 18.58	 -0.08	 -2.09

Abbreviations: sPNET=supratentorial primitive neuroectodermal tumor, MB=medulloblastoma, NGGCT=nongerminomatous germ cell 
tumors,VB=vertebral bodies, HPA=hypothalamic-pituitary axis, GH=growth hormone replacement, SDS=standard deviation score

TABLE 3. Translation of height SDS in 3 patients treated with GHRT.

Patient no.	 Height SDS (age)

	 At start RT	 At start of GHRT	 At the last assessment

5	 -0.75 (4.08)	 -2.48 (10.25)	 -1.84 (12.5)

10	 0.22 (5.75)	 0.16 (11.83)	 0.16 (11.83)

12	 1.15 (5.33)	 -0.93 (12.58)	 -0.98 (13.5)

Abbreviations: GHRT=growth hormone replacement therapy, SDS=standard deviation score
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TABLE 4. Multivariable linear regression analysis of risk factors for the latest height.

Risk factor	 Coef.	 (95% CI)	 P-value

Sex	 0.38	 (-0.99 to 1.75)	 0.56

Age at start RT	 0.04	 (-0.12 to 0.20)	 0.57

Initial height SDS	 0.72	 (0.33 to 1.12)	 0.001

VB mean dose	 0.07	 (-0.03 to 0.18)	 0.14

HPA mean dose	 -0.09	 (-0.16 to -0.02)	 0.02

Abbreviations: Coef.=Coefficient, CI=confidence interval, RT=radiation therapy, SDS=standard deviation score, VB=vertebral, HPA= 
hypothalamic-pituitary axis

Fig 1. Scatter plot and the regression line (blue line) show positive 
relation between the initial height SDS and the latest height SDS.

Fig 2. Scatter plot and the regression line (blue line) show negative 
relation between HPA mean dose (Gy) and the latest height SDS. 
HPA mean dose greater than 47 Gy is related to the latest height 
SDS less than -1.5.

	 Proton, the particle beam therapy which is highly 
precise to target and has rapid dose fall-off, has now 
published the role of limited dose to organs at risk to 
reduce radiation acute and late side effects including 
height. Eaton B.R. et al., found that children treated 
by CSI with proton achieve a greater height SDS than 
those with photon (-1.19 ± 1.22 vs. -2 ± 1.35) without 
significant difference in the incidence of GHD (53% vs. 
57%).Their study also included whole vertebral bodies 
in CSI treatment volume, dose range 18-27 Gy. No dose 
to HPA was reported.24

	 In our exploratory analysis we found that the initial 
height and dose to HPA are related to the latest height. 
Dose to HPA greater than 47 Gy is associated with the 
latest height SDS less than -1.5. However, this observation 
is not strong enough to encourage the dose limitation 
to HPA due to the weak association. More supporting 

data  is still needed.
	 Our study cannot evaluate the adult final height 
SDS because most children were aged under 18 years 
at the last follow-up. We only could report the latest 
height SDS. This major weakness was related to the 
retrospective nature of our study. 

CONCLUSION
	 Children treated with CSI have significant loss of 
height even though 3D-CRT was used. The incidence of 
short stature is 19%. The initial height is strongly related 
to the latest height. Weak negative relation of dose to 
HPA related to the latest height was observed

Conflicts of Interest: The authors have declared no 
conflicts of interest.



Volume 70, No.4: 2018 Siriraj Medical Journal www.smj.si.mahidol.ac.th348

REFERENCES
1.	 Fossati P, Ricardi U, Orecchia R. Pediatric medulloblastoma:  
	 toxicity of current treatment and potential role of protontherapy.  
	 Cancer Treat Rev. 2009;35(1):79-96.
2.	 Hartley KA, Li C, Laningham FH, Krasin MJ, Xiong X, Merchant  
	 TE. Vertebral body growth after craniospinal irradiation. Int  
	 J Radiat Oncol Biol Phys. 2008;70(5):1343-9.
3.	 Walter AW, Mulhern RK, Gajjar A, Heideman RL, Reardon  
	 D, Sanford RA, et al. Survival and neurodevelopmental outcome  
	 of young children with medulloblastoma at St Jude Children’s  
	 Research Hospital. J Clin Oncol. 1999;17(12):3720-8.
4.	 Eaton BR, Esiashvili N, Kim S, Patterson B, Weyman EA, Thornton  
	 LT, et al. Endocrine outcomes with proton and photon radio 
	 therapy for standard risk medulloblastoma. Neuro Oncol. 2016; 
	 18(6):881-7.  
5.	 Odagiri K, Omura M, Hata M, Aida N, Niwa T, Ogino I, et al.  
	 Treatment outcomes, growth height, and neuroendocrine  
	 functions in patients with intracranial germ cell tumors  
	 treated with chemoradiation therapy. Int J Radiat Oncol Biol  
	 Phys. 2012;84(3):632-8.
6.	 Schriock EA, Schell MJ, Carter M, Hustu O, Ochs JJ. Abnormal  
	 growth patterns and adult short stature in 115 long-term  
	 survivors of childhood leukemia. J Clin Oncol. 1991;9(3):400-5.
7.	 Beckers D, Thomas M, Jamart J, Francois I, Maes M, Lebrethon  
	 MC, et al. Adult final height after GH therapy for irradiation- 
	 induced GH deficiency in childhood survivors of brain tumors:  
	 the Belgian experience. Eur J Endocrinol. 2010;162(3):483-90.
8.	 Muller HL, Klinkhammer-Schalke M, Kuhl J. Final height and  
	 weight of long-term survivors of childhood malignancies. Exp  
	 Clin Endocrinol Diabetes. 1998;106(2):135-9.
9.	 Knijnenburg SL, Raemaekers S, van den Berg H, van Dijk  
	 IW, Lieverst JA, van der Pal HJ, et al. Final height in survivors  
	 of childhood cancer compared with Height Standard Deviation  
	 Scores at diagnosis. Ann Oncol. 2013;24(4):1119-26.
10.	 Ogilvy-Stuart AL, Shalet SM. Growth and puberty after growth  
	 hormone treatment after irradiation for brain tumours. Arch  
	 Dis Child. 1995;73(2):141-6.
11.	 Lerner SE, Huang GJ, McMahon D, Sklar CA, Oberfield SE.  
	 Growth hormone therapy in children after cranial/craniospinal  
	 radiation therapy: sexually dimorphic outcomes. J Clin Endocrinol  
	 Metab. 2004;89(12):6100-4.
12.	 Gleeson HK, Stoeter R, Ogilvy-Stuart AL, Gattamaneni HR,  
	 Brennan BM, Shalet SM. Improvements in final height over  

	 25 years in growth hormone (GH)-deficient childhood survivors  
	 of brain tumors receiving GH replacement. J Clin Endocrinol  
	 Metab. 2003;88(8):3682-9.
13.	 Helseth E, Due-Tonnessen B, Wesenberg F, Lote K, Lundar T.  
	 Posterior fossa medulloblastoma in children and young  
	 adults (0-19 years): survival and performance. Childs Nerv  
	 Syst. 1999;15(9):451-5.
14.	 Clayton PE, Shalet SM, Price DA, Surtees RA, Pearson D.  
	 The role of growth hormone in stunted head growth after  
	 cranial irradiation. Pediatr Res. 1987;22(4):402-4.
15.	 Odagiri K, Omura M, Hata M, Aida N, Niwa T, Goto H, et al.  
	 Treatment outcomes and late toxicities in patients with embryonal  
	 central nervous system tumors. Radiat Oncol. 2014;9:201.
16.	 Moell C, Marky I, Hovi L, Kristinsson J, Rix M, Moe PJ, et al.  
	 Cerebral irradiation causes blunted pubertal growth in girls  
	 treated for acute leukemia. Med Pediatr Oncol. 1994;22(6): 
	 375-9.
17.	 Cicognani A, Cacciari E, Rosito P, Mancini AF, Carla G, Mandini  
	 M, et al. Longitudinal growth and final height in long-term  
	 survivors of childhood leukaemia. Eur J Pediatr. 1994;153(10): 
	 726-30.
18.	 Quigley C, Cowell C, Jimenez M, Burger H, Kirk J, Bergin M,  
	 et al. Normal or early development of puberty despite gonadal  
	 damage in children treated for acute lymphoblastic leukemia.  
	 N Engl J Med. 1989;321(3):143-51.
19.	 Didcock E, Davies HA, Didi M, Ogilvy Stuart AL, Wales JK,  
	 Shalet SM. Pubertal growth in young adult survivors of childhood  
	 leukemia. J Clin Oncol. 1995;13(10):2503-7.
20.	 Shalet SM, Gibson B, Swindell R, Pearson D. Effect of spinal  
	 irradiation on growth. Arch Dis Child. 1987;62(5):461-4.
21.	 Darendeliler F, Livesey EA, Hindmarsh PC, Brook CG. Growth  
	 and growth hormone secretion in children following treatment of  
	 brain tumours with radiotherapy. Acta Paediatr Scand. 1990;  
	 79(10):950-6.
22.	 Crowne E, Gleeson H, Benghiat H, Sanghera P, Toogood A. 
	 Effect of cancer treatment on hypothalamic-pituitary function.  
	 Lancet Diabetes Endocrinol. 2015;3(7):568-76.
23.	 Probert JC, Parker BR. The effects of radiation therapy on bone  
	 growth. Radiology. 1975;114(1):155-62.
24.	 Eaton BR, Esiashvili N, Kim S, Patterson B, Weyman EA,  
	 Thornton LT, et al. Endocrine outcomes with proton and  
	 photon radiotherapy for standard risk medulloblastoma. Neuro  
	 Oncol. 2016;18(6):881-7.

Rongthong et al.


