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Abstract 

Few data are available on the long-term effect of bone marrow transplantation 
(BMT) on growth. This study examines those factors that play a role in the final 
height outcome of patients who underwent BMT during childhood. Data on 181 
of 230 patients with aplastic anaemia, leukaemia, and lymphomas who had 
BMT before puberty (mean age 9.8 ± 2.6 years) and who had reached their 
final height were analysed. An overall decrease in final height standard 
deviation score (SDS) value was found compared with the height at BMT (P < 
107) and with the genetic height (P < 107). Girls did better than boys, and the 
younger in age the person was at time of BMT, the greater the loss in height. 
Previous cranial irradiation + single-dose total body irradiation (TBI) caused the 
greatest negative effect on final height achievement (P < 104). Fractionation of 
TBI reduces this effect significantly and conditioning with busulphan and 
cyclophosphamide seems to eliminate it. The type of transplantation, graft-
versus-host disease, growth hormone, or steroid treatment did not influence 
final height. Irradiation, male gender and young age at BMT were found to be 
major factors for long-term height loss. Nevertheless, the majority of patients 
(140/181) have reached adult height within the normal range of the general 
population.  
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Introduction 

 The success of bone marrow transplantation (BMT) in treating malignant and 
non-malignant haematological disorders and the improvement of the 
sophisticated techniques involved in this procedure have extended the 
indications for transplantation and have increased the number of patients who 
survive BMT 1;2. Nevertheless, one of the many negative effects that these 
successfully treated children have to face is the endocrine dysfunction 
associated with the chemotherapy, radiotherapy, and immunosuppressive 
treatment they receive before and after marrow transfusion, which could 
eventually induce growth delay. To our knowledge, only two single-centre 
studies have dealt with the final height achievement of patients who had BMT 
during childhood 3;4. Because the BMT procedure is relatively recent, making it 
difficult to include large numbers of patients who have reached their final adult 
height, the statistical power of these two studies was frail. The European BMT 
Working Party for Late-Effects conducted this multi-centre study with the aim of 
evaluating the final height achieved by children who underwent BMT for 
haematological disorders and identifying those factors that influence the long-
term growth in these patients.  

Patients and methods  

Study design  
The study is based on a retrospective survey using a two-step-questionnaire 
approach, involving centres that are part of the European-BMT group.  
A first questionnaire was sent to 284 BMT centres asking for the number of 
patients with severe aplastic anaemia (SAA), leukaemia, and lymphomas who 
underwent BMT before onset of puberty (breast stage 1 in girls and testicular 
volume less than 4 mL in boys) and who had reached their final adult height. 
Final height was defined either on a documented closure of the hand, wrist, or 
iliac crest epiphyses or growth velocity less than 1 cm/yr 5.  
One hundred of the 284 centres (35%) completed and sent back the first 
questionnaire form. Sixty-two centres (22%) confirmed that they did not have 
cases that met the inclusion criteria. A second questionnaire was sent to the 
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remaining 38 centres that claimed to have patients eligible for the study. 
Twenty-two of the 38 centres answered the second questionnaire, providing 
data on a total of 230 patients.  
The questionnaire included queries regarding the primary haematological 
disorder, irradiation therapy used during first-line treatment (between diagnosis 
and pre-BMT conditioning treatment), BMT-related data (age and type of BMT, 
conditioning regimen, grading of acute and chronic graft-versus-host disease 
[GVHD], and type and duration of immunosuppression therapy), and 
endocrine-related data that included parental height, patient’s height and 
weight at BMT, final adult height achieved, age at latest measurement, growth 
hormone treatment, and sex hormone replacement therapy performed.  

Patients’ characteristics  
Of the 230 forms received, 49 patients were excluded from the study either 
because the onset of puberty was before BMT or because of insufficient key 
data necessary for a correct and comprehensive statistical analysis. BMT was 
performed between October 1973 and October 1993. The characteristics of the 
181 patients who met the inclusion criteria are summarised in table 1.  
 
Table 1. Patients’ characteristics at diagnosis and at transplantation 

Patients studied  181 (112 M; 69 F)    
Mean age at diagnosis (yrs) 8.1 ± 3.3 (range 0.9-14.4) 
Diagnosis and disease status at BMT  

- ALL 73 (15-1st CR: 45-2nd CR: 11-≥2nd CR; 2 relapse) 
- AML 1st CR 46  
- CML chronic phase 10  
- Myelodysplastic syndrome 2  
- NHL 2  
- SAA 48  

Mean age at BMT (yrs)  9.8 ± 2.6 (range, 1.5-14.9) 
Type of BMT  

- Allogeneic  153 (149 identical, 2 unrelated, 2 mismatched related) 
- Syngeneic 3 
- Autologous 25 

GVHD  
- Acute-grade 3-4 16 
- Chronic-limited  37 
- Chronic-extended 18 

Mean follow-up period (yrs)    9.2 ± 3.1 (range 2.9-19.7) 



EBMT study on final height after BMT 

 59 

The type of irradiation applied to the patients in relation to the primary disorder 
is shown in table 2. Fifty patients received cranial radiation therapy (CRT) as 
prophylaxis or treatment of central nervous system involvement (<18 Gy in 4 
patients, 18 Gy in 29 patients, 24 Gy in 16 patients, and 36 Gy in 1 patient). 
Irradiation during conditioning regimen included single-dose total body 
irradiation (sTBI) in 52 patients at a median dose of 8 Gy (range, 3 to 10 Gy; 3 
SAA patients received 3 to 4 Gy, whereas the remaining patients received 7 to 
10 Gy); fractionated TBI (fTBI) in 73 patients (6 to 13.2 Gy) administered in 2 to 
8 fractions; thoraco-abdominal irradiation (TAI) in 17 patients (5 to 11 Gy); and 
total lymphoid irradiation (TLI) in 2 patients (7.5 Gy). Seventeen children with 
acute lymphoblastic leukaemia (ALL) received a booster dose of 4 to 10 Gy to 
the testicles. 
 
Table 2. Irradiation applied to the patients in relation to the primary disease. 

 First line irradiation therapy Irradiation during conditioning 

Diagnosis 
No. of 

patients
Non-

Irradiated  CRT 
Cranio- 
spinal Testes Ocular sTBI fTBI TAI TLI Boost 

ALL 73 0  42 4 10 3  25 47 1 - 17 

AML 46 7  3 - - -  20 17 1 - - 

CML 10 2  1 - - -  1 7 - - - 

MDS 2 0  - - - -  2 - - - - 

NHL 2 0  - - - -  1 1 - - - 

SAA 48 27  - - - -  3 1 15 2 - 

TOTAL 181 36  46 4 10 3  52 73 17 2 17 

 
 
Patients subjected to irradiation as part of the pre-BMT conditioning regimen 
also received cyclophosphamide (Cy) alone or in combination with other 
cytotoxic drugs (cytarabine, etoposide, and vincristine). Of the 36 patients who 
did not receive irradiation, 10 children (7 acute myeloid leukaemia [AML], 2 
chronic myeloid leukaemia [CML], and 1 SAA) were conditioned with 
busulphan and cyclophosphamide only (Bu/Cy). Steroid therapy for acute 
and/or chronic GVHD was administered in 87 patients for a median period of 4 
months (range, 0.5 to 168 months); 62 of them stopped treatment within 12 
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months, whereas 14 patients had treatment for periods longer than 24 months. 
Cyclosporin-A was administered in 90 patients for a median period of 6.5 
months (range 2 to 84 months); 67 of them stopped treatment within 12 
months, whereas 11 patients had treatment for periods longer than 24 months.  
Sex hormone replacement therapy was administered to 55 patients (24 male 
and 31 female), starting at 14.0 ± 3.3 years of age (range, 12 to 18 years of 
age) in males and at 14.4 ± 1.8 years of age (range 11 to 18.8 years of age) in 
females. Growth hormone (GH) treatment was administered in 28 patients for a 
median period of 3.5 years (range 0.3 to 7 years), starting at 13.2 ± 2.1 years 
of age (range 9.8 to 17.9 years of age), 3.8 ± 2.0 years from BMT (range, 0.9 
to 8.3 years).  

Statistical analyses 
Height measurements of each patient both at the time of BMT and final height 
were expressed as the standard deviation score (SDS) from the mean of the 
normal population 5. The genetic height of each patient was calculated as the 
mean of the mother’s and the father’s height-SDS (genetic height = [mother’s 
SDS + father’s SDS]/2). 
The difference between the height-SDS value at BMT and that of the final 
height was calculated for each patient and was regarded as the delta-SDS 
value, expressing the gain (zero or positive values) or the loss of height 
(negative values) after transplantation in terms of SDS.  
Statistical analyses for the comparisons of delta-SDS values were performed 
according to the type and age at BMT, gender, pre-transplant conditioning 
regimens, complications, and therapies applied. The relationships between 
dependent and explanatory covariates were investigated by using the analysis 
of variance and the χ2 statistics for continuous and categorical covariates, 
respectively.  
The association between delta-SDS, as dependent variable, with the type of 
BMT, age at transplant, gender, radiotherapy, chronic GVHD severity, and GH 
treatment were also investigated using the multiple logistic regression analysis 
6. This multivariable technique permits identification of covariates that are 
associated with the probability of the studied outcome and expresses each 
covariate association, adjusted for the effect of the other covariates included in 
the regression model, in terms of relative risk point estimates (RR) and its 
confidence intervals.  
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To this aim, the dependent variable delta-SDS was dichotomized to distinguish 
between subjects who had normal growth after transplant (i.e., delta-SDS value 
≥0) and those who had growth failure (delta-SDS <0). Patients were also 
divided into three groups to identify subjects who received CRT (with or without 
TBI), subjects who received radiation therapy that did not include CRT, and 
patients who have never received any irradiation therapy (reference group, RR 
= 1). The age at transplant (continuous covariate) was categorised into three 
levels according to the 33rd (1.5 to 8.8 years) and the 66th percentile values of 
its frequency distribution (8.8 to 11 years). Patients with age greater than 11 
years at transplantation were used as a reference (i.e., RR = 1). The statistical 
analyses were performed using the SPSS statistical software, version 8.0 
(SPSS Inc, Chicago, IL) 7.  

Results  

Final height achievement was documented by closure of hand, wrist, or iliac 
crest epiphyses in 9 patients who were 18.5 ± 2.4 years of age at latest 
evaluation and by growth velocity less than 1 cm/yr in the remaining patients, 
who were 19.1 ± 2.8 years of age. Final height-SDS values of 140 of 181 were 
within normality for the general healthy population (between -2.0 and +2.0 
SDS). Three patients achieved height values greater than +2.0 SDS, whereas 
the remaining 38 are to be considered as short stature (below -2.0 SDS).  
Considering the entire cohort of patients (Fig 1), the height-SDS value at BMT 
(-0.15 ± 1.16) was significantly higher (paired Student’s t-test; P < 107) than the 
final height-SDS value (-1.09 ± 1.45), resulting in a mean decrease of 0.94 ± 
1.30 SDS from transplant to adulthood.  
Whereas the height-SDS value at BMT was comparable to that of the genetic 
height (-0.22 ± 1.02 SDS), the final height-SDS value was significantly lower (P 
< 107). The mean delta-SDS value of the whole cohort was -0.94 ± 1.30 (range 
-6.9 to +2.6). The 112 boys did worse than the 69 girls, having a mean delta-
SDS value of -1.17 ± 1.34 compared with -0.56 ± 1.13, respectively (t-test; P < 
0.002). Girls were younger at BMT compared with boys (8.9 ± 2.7 and 10.3 ± 
2.4 years, respectively; P<0.0005). Age was found as an additional factor that 
influences growth, because the younger the age at BMT the higher the delta-
SDS value (linear regression analysis; regression coefficient = 0.218; P < 107) 
and the lower the final height-SDS (regression coefficient = 1.104; P = 0.01). 
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Figure 1. Correlation between the genetic height, height-SDS at BMT, and final height-
SDS. Numerals indicate the number of cases studied in each group. The dotted area 
indicates the height-SDS distribution for the normal general population. Box plot: The 
lower line of the box indicates the 25th percentile, the upper line indicates the 75th 
percentile, and the horizontal lines above and below the boxes represent the 3rd and 
the 97th percentile, respectively. Statistical analyses: paired Student’s t-test. 
 
 
 
The type of BMT was found to have no effect on the delta-SDS value (analysis 
of variance, one-way ANOVA); in fact, the 28 patients who underwent 
autologous-syngeneic BMT (for statistical purposes, the 3 children who 
received a transplantation from a monozygotic twin were considered as part of 
the autologous group) had a delta-SDS value of -0.95 ± 1.25 compared with 
that of -0.94 ± 1.31 in the 153 cases who had allogeneic BMT.  
Seven different groups were identified according to the type of irradiation and 
chemotherapy applied (table 3); the age at BMT was similarly distributed in 
these groups (analysis of variance).  
As shown in Fig 2, the most severe growth failure was found in patients who 
received CRT+sTBI (mean delta-SDS value, -2.07 ± 0.91) followed, 
respectively, in decreasing degree of severity by sTBI (-1.37 ± 1.06), CRT+fTBI 
(-1.11 ± 1.61), fTBI (-0.88  ± 1.25), and TAI/TLI (-0.71 ± 0.72). The non-
irradiated group had virtually no growth deficit after BMT (-0.07 ± 1.08). 
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Table 3. Characteristics of patients divided according to the irradiation protocol applied. 

Type of irradiation 
No. of  

Patients 
Age at BMT (yr) 

(mean ± SD) 
Delta-SDS 

(mean ± SD) 
Final height-SDS 

(mean ± SD) 

CRT 3 11.2 ± 0.4 -0.93 ± 1.10 -1.20 ± 2.16 

CRT+sTBI 13 8.4 ± 2.2 -2.07 ± 0.91 -2.42 ± 1.22 

CRT+fTBI 34 10.2 ± 2.3 -1.11 ± 1.61 -1.69 ± 1.68 

sTBI 39 9.5 ± 2.5 -1.37 ± 1.06 -1.15 ± 1.06 

fTBI 39 10.0 ± 2.9 -0.88 ± 1.25 -0.98 ± 1.21 

TAI/TLI 17 8.7 ± 2.2 -0.71 ± 0.72 -0.85 ± 0.93 

No irradiation 36 10.3 ± 2.9 -0.07 ± 1.08 -0.21 ± 1.54 

 - Cy only (SAA) 26 9.8 ± 2.8 -0.12 ± 1.08 -0.15 ± 1.68 

 - Bu/Cy 10 11.7 ± 2.7 +0.05 ± 1.13 -0.36 ± 1.16 

 
 
 

 
 
Figure 2. Delta-SDS (final height SDS minus SDS at BMT) in the different irradiation 
groups. Numerals indicate the number of cases studied in each group. (Box plot) The 
lower line of the box indicates the 25th percentile, the upper line indicates the 75th 
percentile, and the horizontal lines above and below the boxes represent the 3rd and 
the 97th percentile, respectively. 
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A similar pattern was found when final height-SDS values were considered (Fig 
3). The delta-SDS value of the 10 non-irradiated patients conditioned with 
Bu/Cy (+0.05 ± 1.13) was not statistically different from the 26 non-irradiated 
SAA patients (-0.12 ± 1.08). 
 
 

 
Figure 3. Final height-SDS achievement in the different irradiation groups. Numerals 
indicate the number of cases studied in each group. The dotted area indicates the 
height-SDS distribution for the normal general population. Box plot: The lower line of 
the box indicates the 25th percentile, the upper line indicates the 75th percentile, and 
the horizontal lines above and below the boxes represent the 3rd and the 97th 
percentile, respectively. 
 
 
Comparing the delta-SDS value among the patients divided into groups 
according to diagnosis, no significant difference was found between the ALL 
(73 cases; -1.26 ± 1.35), AML (46 cases; -0.96 ± 1.06), and CML groups (10 
cases; -0.74 ± 1.98). The delta-SDS found in the SAA group (48 cases; -0.43 ± 
1.09) was significantly better than that of the ALL and AML groups. Dividing the 
SAA group into non-irradiated (27 cases; -0.12 ± 1.06 delta-SDS) and 
irradiated (21 cases; -0.82 ± 1.01), a significant statistical difference was found 
(Wilcoxon rank-sum test; P < 0.03). 
 The severity of chronic GVHD (126 cases with no GVHD: -0.84  ± 1.20 delta-
SDS; 37 cases with limited GVHD: -1.08 ± 1.30; and 18 cases with extended 
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GVHD: -1.34 ± 1.85) did not significantly influence the delta-SDS mean value 
(analysis of variance: P = 0.22), even though an increasing severity of the 
chronic GVHD showed a tendency toward worsening of delta-SDS.  
On a long-term basis, cortisone treatment (87 treated patients [-1.03 ± 1.48 
delta-SDS] v 84 not treated [-0.79 ± 1.07]) and cyclosporin-A treatment for 
GVHD (91 treated [-0.84 ± 1.22] v 80 not treated [-0.99 ± 1.38]) were found to 
have no effect on delta-SDS values.  
The 55 patients who received sex hormone replacement therapy reached a 
similar final height-SDS (-1.05 ± 1.53) compared with the group of patients who 
started and completed pubertal development spontaneously (-1.05 ± 1.35).  
The mean delta-SDS found in the 28 patients treated with exogenous GH (-
1.14 ± 1.24) was not statistically different from that of the remaining 153 
patients (-0.90 ± 1.31) not treated with exogenous GH. Because irradiation was 
the major factor in altering the delta-SDS value in our cohort, this analysis was 
performed within the same conditioning group. Twelve of 34 patients who 
received CRT+fTBI and who were treated with GH (delta-SDS -0.75 ± 1.32) 
were compared with the remaining 22 patients who did not receive GH 
treatment (delta-SDS -1.31  ± 1.75); 8 of 13 patients who received CRT+sTBI 
and who were treated with GH (delta-SDS   -1.83 ± 0.71) were compared with 
the remaining 5 patients who did not receive GH treatment (delta-SDS -2.46 ± 
1.13); and 7 of 39 patients who received sTBI and who were treated with GH 
(delta-SDS -1.24 ± 1.38) were compared with the remaining 32 patients who 
did not receive GH treatment (delta-SDS -1.40 ± 1.0). None of the comparisons 
was found to be statistically significant, but there seems to be a trend towards 
better growth in the GH-treated group. We also failed to show differences 
within the same gender, both between GH-treated (20; -1.21 ± 1.34 delta-SDS) 
and untreated boys (92; -1.77 ± 1.35) and between GH-treated (8; -0.99 ± 
1.01) and untreated girls (61; -0.50 ± 1.14 delta-SDS).  
Multiple-logistic regression was used to model the relationship between the 
dependent variable delta-SDS and the explanatory covariates (gender, age at 
transplant, type of BMT, irradiation applied, chronic GVHD severity, and GH 
therapy). Stepwise multiple logistic regression identified irradiation, age at 
transplant, and gender as statistically relevant explanatory covariates that 
significantly contributed to the model that was fitted to the data (table 4).  
The role of each covariate in determining a relevant growth deficiency (delta-
SDS <0) while accounting for the effect of the other covariates included in the 
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logistic regression model and the estimated effect size is reported as relative 
risk point estimates with their 95% confidence intervals (table 4). 
 
Table 4. Stepwise regression logistic analysis identifying the role of each covariate 
in determining a relevant growth deficiency (delta-SDS less than 0) while 
accounting for the effect of the other covariates.  The estimated effect magnitude is 
reported as relative risk point estimates (RR) with their 95% confidence intervals 
(CI).  

 
Covariate 

Relative Risk 
for growth failure 

 
95% CI 

 
P value 

Irradiation 
 No irradiation (36) 
 CRT ± TBI*    (50) 
 TBI/TAI/TLI§   (95) 

 
1.0 
6.96 
6.89 

 
Reference level 

2.11-22.95 
2.55-18.57 

 
0.0002 

 

Gender 
 Female   (69) 
 Male  (112)  

 
1.0 
4.52 

 
Reference level 

1.75-11.66 

 
0.0069 

 

Age (years) 
 >11   (60) 
 8.8-11  (61) 
 <8.8  (60) 

 
1.0 
2.61 
5.29 

 
Reference level 

1.73-16.23 
0.95-7.19 

 
0.01 

*  Patients who received CRT during first line therapy. 
§  Patients who did not receive CRT but who had either single or fractionated TBI, TAI 

or TLI during pre-BMT conditioning. 
 

Discussion 

The normal growth process during childhood reflects the child’s general well-
being, and it is regulated by and depends on the interaction between genetic, 
nutritional, metabolic, and hormonal factors. Nevertheless, growth is not always 
linear, especially in children who have periods of chronic illnesses and/or 
undergo toxic treatment procedures. The end result of growth is the final adult 
height, which is used in this study as the long-term marker for treatment-related 
toxicity in patients who underwent BMT during childhood.  
Growth impairment in the short term has been repeatedly reported after BMT 8-

12, but data on final height achievement are scarce, and the only two published 
reports dealt with a limited number of patients 3;4. This is the first multi-centre 
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study on final height with a large number of patients that takes into 
consideration the various potential risk factors that might affect growth after 
transplantation performed during childhood. Solid tumours and haematological 
disorders in which short stature is a trait of the disease itself (Fanconi’s 
anaemia, Thalassemia, inborn errors, etc) were excluded.  
Our data showed a similarity between the genetic height and the height at BMT 
on one hand and a decreased value of final height-SDS compared both with 
the genetic height and the patient’s height-SDS at BMT on the other, 
suggesting that the growth impairment in transplanted patients occurred mostly 
during the period after transplantation (Fig 1).  
The outcome of final height in this study did not change significantly between 
the different types of haematological malignancies (ALL, AML, and CML), 
suggesting that, in this cohort of patients, the primary disease itself does not 
affect growth. This study confirms that irradiation is the major contributor for 
long-term growth impairment (final height achievement). Patients who were not 
irradiated had virtually no decrease in final height-SDS compared both with the 
height at BMT and the genetic height, underlining what was reported in smaller 
series of patients 3;4. Among the different irradiation settings, leukaemia 
patients who received CRT during first-line treatment and sTBI during pre-BMT 
conditioning had the most severe long-term impairment of growth (Figs 2 and 
3). Moreover, patients with an identical primary disorder (SAA) who were 
treated with two different conditioning regimens (Cy+irradiation v Cy only) 
presented two completely different patterns of growth, with the most favourable 
being the non-irradiated group. 
Because the Bu/Cy conditioning regimen has been more recently introduced to 
reduce the detrimental effects of irradiation 13, the number of the Bu/Cy 
patients in this study is too small to draw unequivocal conclusions regarding 
the effect of this regimen on the long-term growth. Nevertheless, and 
notwithstanding these limitations, final height achieved by these patients was 
similar to their predicted final height, suggesting that, despite the known radio-
mimetic effect of busulphan 14, Bu/Cy pre-BMT conditioning regimen has less 
interference on the growth process than does irradiation. Published data 
available on the effect of Bu/Cy regimen on growth are discordant, and report 
experience on the short-term growth, but not on final height achievement. 
Whereas Wingard et al. 15 reported on the similarity between the effect of 
Bu/Cy and TBI, 2 years after transplant, 8 of 24 patients in that study who were 
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conditioned with Bu/Cy also received CRT during first line treatment. Other 
studies 16-18 found no harmful effect of Bu/Cy on growth. However, these three 
studies were based on a short-term follow-up (3 to 6 years), whereas the 
present study reports the final height outcome of Bu/Cy conditioning, albeit on 
a limited number of patients. Unfortunately, although Bu/Cy conditioning should 
be encouraged, at least in paediatric patients, the attempt to substitute a TBI-
based conditioning regimen with Bu/Cy was not found to be advantageous 
when applied to patients with ALL 19.  
The type of BMT (autologous or allogeneic) did not influence final height 
achievement. In this context, because chronic GVHD is a relatively common 
complication in patients who receive allogeneic BMT 20 and is not encountered 
after autologous BMT, the severity of chronic GVHD and its treatment (steroids 
and cyclosporin-A) were also found to have no significant effect on growth, 
even though a tendency toward worsening delta-SDS with increasing severity 
of chronic GVHD was documented. Although steroids and severe chronic 
systemic illness (i.e., chronic GVHD) are known to induce growth impairment in 
children, our study, however, despite being limited by a relatively small sample 
size, suggests that children surviving after transplantation have an adequate, 
although partial, capacity to catch-up with growth in the long term.  
Being younger at BMT, the female group was theoretically supposed to 
experience greater growth impairment than males. Nevertheless, the loss in 
height-SDS was more profound in boys than in girls, although the two groups 
were comparable for differences in genetic heights and height at BMT, sex 
hormone replacement therapy, and age of commencement of sex hormone 
treatment. This phenomenon therefore remains open for further specific 
studies.  
The loss in growth velocity in patients after BMT seems to be the result of a 
complex interaction of different factors related to the effect of irradiation and 
chemotherapy, such as lesions of bone, cartilage, and the epiphyseal growth 
plate; gonadal damage; delayed or precocious puberty; and hypothyroidism. 
Growth delay has also been attributed to GH deficiency 8-12;18;21. Data on GH 
secretion were not included in the questionnaire, and GH therapy was 
prescribed by some of the BMT centres. Despite the relatively small number of 
patients who received GH treatment in our cohort, the effect on the final height 
outcome was less enthusiastic than that reported by others. Thomas et al 22 
showed that growth impairment after BMT in a homogeneous group of 49 
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children with leukaemia who received CRT and TBI resulted prevalently from 
severe spinal growth suppression (reduced spinal height) that was 
unresponsive to GH treatment; also, there was an inappropriate response with 
absent catch-up growth in their legs. Even in children surviving brain tumours 
(a group with florid radiation-induced GH deficiency), GH treatment increased 
the short-term growth velocity but did not significantly improve the final height 
23. Furthermore, in our cohort, a reduced final height was also observed in 
patients with SAA irradiated with TAI/TLI only, i.e., with irradiation fields not 
involving the skull and its neuro-endocrine structures. This observation is 
further emphasised by the finding that patients who received CRT with or 
without TBI (high cumulative irradiation dose to the hypothalamic-pituitary 
region) had an equal relative risk for developing growth failure, as those 
patients who had irradiation that did not include CRT (stepwise multiple logistic 
regression analysis). GH deficiency, therefore, does not seem to play a major 
role in growth impairment after BMT. Because patients are already at high risk 
for secondary tumours after BMT 24;25, and although available data on the 
safety of GH-treatment in patients with a history of malignancies are reassuring 
26, we recommend caution in selecting patients as candidates for GH treatment 
after BMT, especially because a positive long-term effect of GH treatment on 
growth is not yet ascertained in such patients. Furthermore, because we found 
that, in the long term, 140 of 181 patients who attained their final height 
reached normal heights (within ±2 SDS for the general population), we also 
suggest that growth should be clinically followed-up once every 6 months and 
that only a few selected cases of severe and persistent growth deficiency, 
observed after the interruption of the post-transplant medication, be considered 
for GH treatment.  
This study gathered data on patients who were transplanted during a period 
when CRT was frequently used as prophylaxis treatment in the majority of ALL 
patients and single-dose administration of irradiation was widely used. At 
present, CRT is used in a small and selected group of children, and irradiation 
schedules encourage fractionated TBI. Because irradiation was found to have 
a significant role in long-term growth impairment, especially in patients who 
received cranial irradiation before transplant and received sTBI during pre-BMT 
conditioning, we expect an improvement in the height prognosis in children 
transplanted during the 1990’s.  
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