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Final height of patients who underwent bone
marrow transplantation during childhood
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Abstract
Objective-To determine the impact on
final adult height of bone marrow trans-
plantation.
Methods-The final height of28 long term
survivors (18 males; 10 females), allo-
grafted before or at the onset of puberty,
at a median age of 10*8 years (range 6*3 to
14.6) and who did not receive growth hor-
mone (GH) treatment or other growth
promoting agents, was evaluated. Median
follow up period after bone marrow trans-
plantation was 7-9 years (range 3-2 to
11.4), and age at the most recent evalua-
tion 18-1 years (range 15-6 to 24.5). Height
values were expressed in standard devi-
ation score (SDS) from the mean of the
normal population. Height at bone
marrow transplantation was compared
with final height as well as with parental
genetic height. Patients were divided into
three groups: severe aplastic anaemia
(SAA): three patients given no radio-
therapy; leukaemia-total body irradiation
(TBI): 14 patients with acute or chronic
leukaemia conditioned with chemo-
therapy and TBI; leukaemia-TBI with
previous cranial radiation therapy (CRT):
11 patients. None of the patients had solid
tumour.
Results-There was a decrease in final
height SDS compared to pre-transplanta-
tion height SDS (paired t test, p<0-0001).
All patients except one reached an adult
height above -2-0 SDS. A significant
decrease in height SDS was found in the
TBI and the CRT groups (paired t test,
p=0-02 and p=0O0002, respectively).
Whereas height SDS value at the time of
transplant was higher than the genetic
height SDS, final height SDS values were
lower.
Conclusions-Despite the decrease in
height SDS found after bone marrow
transplantation, 27 ofthe 28 patients spon-
taneously achieved what is considered to
be a normal height SDS (above -2*0 SDS).
This should be taken into account when
considering GH treatnent in children who
underwent bone marrow transplantation
for malignant haematological diseases.
(Arch Dis Child 1996; 74: 437-440)
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Impaired growth has been observed in children
after bone marrow transplantation, and is

probably associated with the radiotherapy and
chemotherapy given.' Several studies have
considered growth and growth rate in children
after bone marrow transplantation26 but the
follow up was short and the final height of
these patients is not known. In a period of
expanding use of recombinant human growth
hormone (hGH) treatment in this group of
patients,78 it is important to determine the
spontaneous growth and final adult height of
these children.

In this study we evaluated the final height
achieved by patients who had bone marrow
transplantation for haematological diseases
during childhood and had never been treated
with growth hormone preparations.

Methods
Of a cohort of 207 children transplanted in
the San Martino (n= 112) and San Gerardo
Hospital (n=95) since 1976, 28 long term
survivors (18 males; 10 females) who received
an allogeneic bone marrow transplantation
before 15 years of age from an HIA matched
sibling have reached their final height. Our
criterion for final height was either at least six
months without height gain or a documented
complete closure of the hand, wrist, and iliac
crest epiphyses. None of the patients received
growth hormone treatment or other growth
promoting agents.
The mean age of the 28 patients at bone

marrow transplantation was 10-8 (SD 2 2)
years (range 6-3 to 14-6); the mean age at the
most recent follow up examination was 18-7
(2.1) years (range 15-6 to 24-5), with a mean
follow up period after transplantation of 7.9
(2-1) years (range 3-2 to 11.4). Twenty three
of the patients had no signs of puberty at the
time of transplantation. The remaining five
were at puberty stage 2 (breast buds in the girls
and testicular volume between 4 and 6 ml).

Patients were divided into three groups
according to their primary disorder and
according to the conditioning regimen used:

Severe aplastic anaemia group (SAA) - Three
patients (2 M; 1 F) with SAA aged 7.4, 9-2,
and 12 years; conditioning included cyclo-
phosphamide only, at a dose of 100 mg/kg a
day for two consecutive days.

Leukaemia-total body irradiation group (TBI) -
14 patients (7 M; 7 F), median age 11 9 years
(range 8-8 to 14-6) with acute or chronic
leukaemia (two acute lymphoblastic leukaemia,
ALL; nine acute non-lymphoblastic leukaemia,
ANLI; two chronic myeloid leukaemia, CML);
the conditioning regimen included cyclophos-
phamide 60 mg/kg/d for two consecutive days
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Figure 1 Final adult
height SDS distribution in
patients who undervent
BMT during childhood
compared with height SDS
at the time of
transplantation and also
with corrected mid-parental
height (cMPH). Numerals
indicate the number of
patients studied in each
group. The dotted area
indicates the height SDS
distribution for the normal
population. The short lines
indicate the median height
value for each column.
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marrow transplantation was significantly
no 14 n- 11 higher than the final height SDS: mean 0-31

(SD 1-26), range -2-66 to +2-40 v mean
TBI CRT+TBI -078 (0'77), range -2-14 to 140; mean dif-

ference 1-09, SE 021, p<0 0001. The same
comparison made within the different groups

10 Gy single dose TBI, revealed that patients in the TBI group had a
6-10 Gy TBI divided in significant decrease in mean height SDS from
maining five had 12 Gy 0-25 (1.4) (range -2-66 to +2 29) at the time
(3 Gy twice a day for of bone marrow transplantation to -066

(0 59) (range - 1 71 to +0 6) of final height;
:ious cranial radiation mean difference 0 91, SE 034, p=0-02. The
[1 patients (9 M; 2 F), decrease in patients in the CRT group was
range 6-3 to 12.8) with even greater, from mean 0 44 (1.26) (range
adiation therapy as part -1 34 to +2-4) to mean -1-02 (1.01) (range
atment protocol. Five -2 14 to +1.4); mean difference 1 46, SE
y CRT and the remain- 0-26, p=0-0002. The change in height SDS
124 Gy. These children observed in the SAA group was not evaluated
Losphamide and TBI statistically because of the small number of
patient, three and six patients (fig 2). At the time of writing, the
d eight patients, respec- patient who was particularly short at the time
row transplantation. of her bone marrow transplant (-2-6 SDS)
,ease (GVHD) prophy- was a 27-3 year old woman (fig 1). At age 12
cyclosporin A alone or she was diagnosed as havingAML and an allo-
methotrexate. Acute geneic bone marrow transplant was performed

117 patients (grade I-II 11 months later. Pre-transplant conditioning
in 14; grade III-IV in only three). Twelve
developed chronic GVHD, limited (grade I
according to the Seattle criteria)9 in seven
cases and extended (grade II-III) in five.
Treatment for chronic GVHD consisted of
cyclosporin A, steroids azathioprine, or combi-
nation treatment.
The height of each patient was measured at

bone marrow transplantation and during the
most recent follow up examination with a wall
mounted Harpenden stadiometer, and was
expressed as standard deviation score (SDS)
from the mean of the normal population.10
The genetic height (corrected mid-parental
height: cMPH) was established by measuring
the heights ofboth parents and expressing their
mean height as SDS [cMPH= (mother's
SDS+father's SDS)/2].

In order to determine the significance of the
change in height SDS observed in the individ-
ual patients between the two time points, each
patient's height SDS measured at the time of
bone marrow transplant was compared with
his own height SDS at the most recent follow
up examination and also with his cMPH-SDS
(his genetic height) using the Student t test.
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Figure 2 Adultfinal height SDS distribution in the three
groups ofpatients studied. Numerals indicate the number of
patients studied in each group. The dotted area indicates
the height SDS distribution for the normal population. The
short horizontal lines indicate the median height value for
each column.
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Final height after bone marrow transplantation
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Height SDS value at the time o:
row transplantation was significc
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p=0028). On the other hand, the
height SDS was significantly low
genetic cMPH values (p=0-014)
the TBI and the CRT groups sepa
height SDS was significantly lower
SDS only in the CRT group (p=0
A good correlation (r=0A48, p

found between the age at transpla
the degree of loss in SDS when ai
whole cohort of 28 patients (fig 3
primarily due to the loss in SDS
the CRT group (r=0-68; p<0 02).
The occurrence and grade

GVHD did not influence the extei
SDS changes. The mean value of ti
SDS (height SDS at bone marrow I
tion minus final height SDS) foun
patients who did not develop chrc
was -0-89 (1-2) compared to a m(
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Figure 3 A correlation between the age at t
transplantation and the delta-SDS (final he
SDS-SDS at BMT). Continuous line: regt
all 28 patients studied. Dashed line: regressi
CRTgroup only. SAA group=empty circle;
group=filled diamond; CRTgroup=filled sq

amide 120
3 Gy X3).
was 141 cm
knti-GVHD
nsplantation
e year and
erty started
ars after the
ed at age 17
re 16). The
time of the

-1 36 (090) in the 12 patients who developed
chronic GVHD (Student t test, p=0O16).
Gender did not influence the extent of height
SDS changes. All 18 males started and
completed pubertal maturation spontaneously,
while in five out of the 10 females, replacement
sex hormone treatment was begun at a median
age of 16 1 (range 15-17-9 years) because of
hypergonadotropic hypogonadism.

ge in height Discussion
re therefore Growth impairment is a common observation
al delay of in children treated for leukaemia.11-14 Final
I have been height was reported to be significantly reduced
eived a bone in children with ALL who received only

chemotherapy or chemotherapy in combina-
decrease in tion with different doses of CRT.15
irrow trans- The increasing number of long term sur-
nted what is vivors after bone marrow transplantation has
SDS value, focused attention on the additional effect of
in the CRT this procedure on growth.1-8 Most children
CRT and 3 who undergo allogeneic bone marrow trans-

plantation have already been given combina-
f bone mar- tion chemotherapy as first or second line
antly higher treatment for leukaemia, and some of them
'H (t test; have also been exposed to cranial radiotherapy.
mean final The impaired growth seen in children who

er than the underwent bone marrow transplantation is
. Analysing usually observed in those who received irradia-
irately, final tion therapy, and is probably due to a variety of
than cMPH factors such as lesions to the bone epiphyses
022). and hormone deficiencies (growth hormone,
=0-01) was sex hormones, thyroid hormones).
[ntation and Most studies dealing with the growth of
nalysing the patients with haematological disorders who
). This was underwent bone marrow transplantation
observed in report only limited data for the first few years

after transplantation.'1-6 As bone marrow
of chronic transplantation in childhood has been
nt of height employed only during the last two decades,
ie change in data on final adult height achieved by these
transplanta- patients are scanty.8 16 Furthermore, some
id in the 16 children with a reduced growth rate after trans-
)nic GVHD plantation are treated with hGH in the absence
ean value of of full knowledge ofwhat the spontaneous final

height would have been.'7-19
In this study we analyse the final height

achieved by a relatively homogeneous group
of patients with haematological diseases only
(patients with solid tumours were excluded
from the study group), who underwent allo-
geneic bone marrow transplantation during
childhood. The final height of these patients
was found to be lower than the predicted final
height, based on both height SDS at the time
of transplantation and genetic parental height
(fig 1). The greatest loss in height was
observed in the irradiated groups, and in
particular in patients who received prior
CRT. The decrease in height SDS (mean
1-09, SD 1.10) suggests that the change in
height SDS is likely to lie between + 1-1 and

15 20 -3.3 SDS.
Interestingly, despite the altered growth and

he time of reduced final height, 27 of the 28 patients
4ight studied have reached height SDS values com-
ression line of parable to those of the normal population (that
TBI is, from -2-0 to +2.0). A similar final height
uare. distribution was reported by Dacou-Voutetakis
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et al in 20 children with ALL who did not
undergo bone marrow transplantation.13

In the long term, chronic GVHD seems not
to have any deleterious effect on the final
height of these patients (p=0 16). This is in
disagreement with some reports in which
chronic GVHD was found to be one of the
factors causing short term growth impair-
ment.1 3 This suggests that the period of
chronic GVHD (the disease itself and its treat-
ment) might be associated with growth impair-
ment, and that a catch up in growth will follow
after healing.

Davis et al have recently suggested that the
impaired growth observed in surviving child-
ren with ALL is likely due to a disturbance of
pubertal growth in combination with a direct
toxic effect of chemotherapy on the cartilage
growth plate, leading to skeletal dispropor-
tion. 14 On the other hand, it appears from our
data that the younger these children are at the
time of transplantation, the more profound
will be the loss in height SDS (fig 3). This
means that the loss in height is a constant
and continuous process, even during pre-
puberty.
The effect of the timing of puberty (spon-

taneous or induced by replacement sex hor-
mone therapy) does not seem to play a role in
the change in height SDS observed in our
cohort of patients. In fact Dickerman et a!20
showed that the timing of the start oftreatment
with sex hormone in patients with isolated
gonadotropin deficiency does not influence
final height values.

In conclusion, growth impairment in
children given bone marrow transplants for
haematological diseases is due to a variety of
factors such as chemotherapy/radiotherapy
and immunosuppressive treatment, and there-
fore to damage to the cartilage growth plate
and, to some extent, hormone insufficiency.
Since in our study most patients who under-
went bone marrow transplantation during
childhood spontaneously reached final
heights that were lower than expected but
within the normal range for the healthy popu-
lation, and since a possible interaction of GH
with residual leukaemic cells cannot be
excluded,21 concern should be raised about
the use ofhGH in this group of children. We
therefore recommend that only children with
severe height loss after bone marrow trans-
plantation, identified by frequent clinical
evaluations, should be considered for labori-
ous pituitary-hypothalamic function tests.
The decision to start hGH treatment should
be made very carefully. For the moment,

none of our transplanted children has needed
hGH treatment.
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