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Disproportionate short stature after cranial
irradiation and combination chemotherapy for
leukaemia

H A Davies, E Didcock, M Didi, A Ogilvy-Stuart, J K H Wales, S M Shalet

Abstract
The effect of combination chemotherapy
and cranial irradiation on final height and
body proportions was retrospectively
examined in a cohort of 142 children
treated for acute lymphoblastic leukaemia
(ALL). Eighty four children (48 girls, 36
boys) received 24 Gy cranial irradiation
and 58 (35 girls, 23 boys) 18 Gy. None had
received testicular or spinal irradiation. A
significant reduction in standing height
SD score from diagnosis to final height
was seen in all groups. Ofthe 109 children
in whom sitting height measurements
were available, 88 (81%) had relatively
shorter backs than legs and in 25 (23%)
this disproportion was of a marked
degree. After mathematical correction for
sitting height loss there was no longer a
significant reduction in standing height
SD score at final height in all except the 24
Gy group of girls. These data suggest that
disproportion is a common finding after
treatment for ALL and that, at least in
some children, much if not all of the
height loss seen is due to a reduction in
sitting height. Possible explanations for
this disproportion include a disturbance
ofpuberty or an effect ofchemotherapy on
spinal growth, or both.
(Arch Dis Child 1994; 70: 472-475)
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Acute lymphoblastic leukaemia (ALL) is the
most common childhood malignancy, with an

incidence of 3-5/100 000. Over the last 15-20
years there has been a marked improvement in
survival rates so that about 70% of children
with ALL can now expect to be cured.
Traditionally, children with ALL have been
treated with combination chemotherapy and
cranial or craniospinal irradiation as central
nervous system (CNS) prophylaxis. Before
1981 most children received a cranial irradia-
tion dose of 21-25 Gy (usually 24 Gy). Since
then, the standard prophylactic dose of cranial
irradiation has been 18 Gy.

Although cranial irradiation has been shown
to be highly effective in reducing the risk of
CNS relapse in these children, it has become
increasingly clear that there may be long term
sequelae of the radiotherapy, in particular
effects on growth, pubertal development, and
mild learning difficulties.

It is almost universally agreed that the higher
doses of cranial radiotherapy (21-25 Gy) can

cause significant standing height loss and
reduced final height,2-5 but the effect of the

lower dose of irradiation (18 Gy) has been less
clear, at least partly because it is only recently
that there have been sufficient numbers of
these children at final height for assessment.
Although disproportion with a relatively short
back is known to occur after craniospinal
irradiation, it has not been reported after
cranial irradiation alone.6 In this study we
examine the effect of lower and higher doses of
prophylactic cranial irradiation on adult
stature and body proportions after completion
of growth.

Patients and methods
Children from three regional paediatric
oncology/haematology centres (Sheffield,
Manchester, and Nottingham) were retrospec-
tively studied. Patients who had been treated
for lymphoblastic leukaemia with combination
chemotherapy and cranial irradiation as CNS
prophylaxis and who had achieved final height
were identified. All were in first remission and
none had received gonadal or spinal irradia-
tion. Children who had received any form of
endocrine treatment were excluded from the
study. Details of chemotherapy and radio-
therapy were obtained from each child's notes.
The children were divided into groups on the
basis of sex and whether they had received low
dose (18 Gy) or high dose (21-25 Gy) cranial
irradiation as prophylaxis.
The chemotherapy they had received was

assigned to one of three categories: standard,
moderate, and intensive based on criteria used
by Sklar et al.7 Standard regimens (for example,
UKALL I, II, III, V, VII, and VIII) consisted of
three drug induction treatment (for example,
L-asparaginase, vincristine, and prednisolone)
and a four drug maintenance treatment (for
example, methotrexate, 6-mercaptopurine,
prednisolone, and vincristine). Moderate
regimens were similar to standard but with the
addition of one or more drugs (for example,
UKALL X). Intensive regimens included
higher doses of multidrug treatment (for
example, UKALL IV and VI, Memphis V).

All auxological data available on each child
were examined. Final height was the standing
height achieved when the height velocity for
the preceding year was less than 1 cm/year.
Standing height SD score at diagnosis and final
height, sitting height, and leg length SD scores
at final height were calculated using the
standards of Tanner and coworkers.8-10 The
SD score is calculated by subtracting the
population mean for a child of the same age
from the observed measurement for a child
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and dividing by the SD for that population.
Hence a tall child has a positive SD score
and a small child a negative SD score. Using
the SD score allows auxological data acquired
in children of different ages to be compared.
For a normally distributed population the
mean SD score is zero and a score of
between -2 and +2 includes 95A44% of the
population.
The change in height SD score for, each

child was calculated by subtracting the SD
score at final height from that at diagnosis.
For children in whom sitting heights at final

height were available, a disproportion score
was calculated using the formula sitting
height SD score minus leg length SD score. A
normally proportioned child would be
expected to have a disproportion score of
around zero as the SD score for both sitting
height and leg length should be approximately
equal whether the child is tall, small, or of
average height. A disproportion score equal to
or greater than ±2 represents significant dis-
proportion. "' In view of concerns that secular
trends may mean that the Tanner and
Whitehouse sitting height/leg length stan-
dards are out of date, a second disproportion
score was calculated for those children identi-
fied as having significant disproportion using
more contemporary standards based on a
cohort of normal Leeds children studied by
Buckler.12

Finally, a 'corrected' final height SD score
assuming normal body proportions was calcu-
lated for each child in whom a sitting height
measurement was available to enable an assess-
ment to be made of the contribution of sitting
height loss to their overall height loss. This was
done by multiplying the difference between sit-
ting height and leg length SD score (that is, the
disproportion score) by the SD- in cm for sit-
ting height. This gives a value equal to the
extra sitting height in cm that the child would
have had ifthey had not been disproportionate.
The addition of this value to the final height
gives a corrected final height allowing for
spinal loss.
A paired t test was used to compare standing

height SD score at diagnosis with standing
height SD score at final height and sitting
height SD score with leg length SD score at
final height. An unpaired t test was used to
compare change in height SD score between
groups. Spearman's rank correlation was used
to assess the effect of age at diagnosis and
standing height SD score at diagnosis on final
height and body proportions.

Table 1 Mean (SE mean) height SD score at diagnosis and atfinal height, mean
(SE mean) change in height SD score, and mean (SE mean) corrected change in height
SD score for girls and boys in both dose groups

24 Gy irradiation 18 Gy imadianon

Girls Boys Girls Boys
Irradiation group (n=49) (n=35) (n=35) (n=23)

Height SD score at diagnosis +0-08 (0-18) +0-06 (0-18) +0-23 (0-18) +0-32 (0-18)
Height SD scores at final height -1-52 (0-18) -0-83 (0 20) -0-81 (0-15) -0-37 (0-19)
Change in height SD score -1-55 (0-16) -0-90 (0-14) -1-04 (0-20) -0-69 (0-17)
Corrected change in height SD

score -1-23 (0-17) -0-41 (0 22) -0-22 (0-22) +0 04 (0 20)

Results
PATIENTS
One hundred and forty two children were
eligible for the study. Of these 84 (59%) had
received 21-25 Gy (48 girls, 36 boys) and 58
(41%) 18 Gy (35 girls, 23 boys). Sitting
heights at final height were available in I I 1
(78%) children. The children were divided
into four groups on the basis of their radio-
therapy dose and their sex: 24G and 24B being
girls and boys respectively who received 21-25
Gy and 18G and 18B being girls and boys
respectively who received 18 Gy cranial irradi-
ation. Median age at diagnosis for 24G and
24B was 4-2 years (range 1-43-12-8) and 4-9
years (range 1-6-13.7) respectively, and for
18G and 18B 7-3 years (range 2-4 13.1) and
9 4 years (range 1-65-13-9).

EFFECT ON FINAL HEIGHT
Table 1 gives the mean standing height SD
score for each group at diagnosis and at final
height and the mean change in height SD
score. In all groups there was a significant dif-
ference between height SD score at diagnosis
and height SD score at final height (24G
p-000001; 24B p=0-0018; 18G p<000001;
18B p=0.004). Thirty three (69%) of the 24G
group, 18 (50%) of the 24B group, 17 (49%)
of the 18G group, and seven (30%) of the 1 8B
group lost more than one SD in height
between diagnosis and final height. In terms of
actual centimetres lost, 23 (48%) of the 24G
group, 11 (31%) of the 24B group, 10 (29%)
of the 18G group, and four (17%) of the 18B
group had a change in height SD score
equivalent to a loss in height of 10 cm or more.

Although the change in height SD score was
greater with 24 Gy than 18 Gy for both boys
and girls, this difference only reached
significance in the girls (p=0 05) and was not
significant in the boys (p=0 47).
Change in height SD score loss was corre-

lated with younger age at diagnosis and taller
stature at diagnosis in the 24G, 18G, and 18B
groups, but not the 24B group.

Using Spearman's rank correlation r=0-53,
ps0.002, r=0-55, p-*0002, and r=0-59,
p-0-01 for age at diagnosis for 24G, 18G, and
18B respectively. For height SD score at diag-
nosis r=-0-45, p-02, r=-0-67, p-*0002,
and r=-0 45, p0<0002 for 24G, 18G, and
18B respectively.

EFFECT ON BODY PROPORTIONS
The figure gives the mean sitting height SD
score and mean leg length SD score at final
height for the four groups. In all groups there
was a significant difference between sitting
height SD score and leg length SD score at
final height (24G p=0 0001; 24B p=0-0023;
18G p-0 00001; 18B p=0 0003). Of the 111
(37 24G,30 24B, 26 18G, 17 18B) children in
whom sitting heights were available, 91 (82%)
had relatively shorter backs than legs. In 25
(23%) (five 24G, eight 24B, nine 18G, three
18B) this disproportion was significant with
more than two SD difference between sitting
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difference between sitting height
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Table 2 gives the disprop
using the Tanner and cowo

Buckler'2 standards for the 25
significant disproportion. In the
groups respectively, two of 23
who had received 'standard'
and three of 13 and two of e

'intensive' chemotherapy had s

proportion. In the 1 8G and
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had received standard chemoth
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Discussion
Lymphoblastic leukaemia is the
childhood cancer and one of t
able'. Hence there will be increC
of children whose growth and
must be monitored and whc
counselling about likely late e

treatment as well as manage

18 Gy adverse sequelae. Significant loss of standing
height occurred in both the 24G and the 18G
groups and although the loss was greater in the
higher dose groups this difference was not
significant. Indeed, with time it may be that the
difference between the 1 8G and the 24G
groups is shown to be even less than in this
study as the median age at diagnosis for the

l T 24G groups was significantly younger than the

18 Gy groups, allowing them more time for
height loss. In addition, younger age at diag-
nosis is correlated with greater height loss any-

way. This difference in median age at diagnosis
arises because 18 Gy cranial irradiation as

prophylaxis has only been widely used since
1981 so those at final height now are mainly
those who were older at diagnosis. Other
workers have found similar changes in standing
height after cranial irradiation, though the
numbers reported at final height after 18 Gy
have been small.2 4 5

In this study we have shown that not only
Girls Boys does cranial irradiation and combination

chemotherapy cause significant loss of stand-
ing height, but it may also result in significant

lht disproportion with a relatively short spine,
which is a new observation. Eighty one per

ire for boys and
cent of those children in whom sitting heights

s represent the SE were available had relatively shorter backs than
ioned child should legs and in nearly a quarter this disproportion
!gth SD score that was markedly significant. Of those who

showed significant disproportion about 500/o
had received 24 Gy and 5000 18 Gy cranial

naining 20, 17 irradiation. Interestingly, when a corrected
)acks, but only final height is calculated with a compensatory
than 1-5 SD allowance for the short spine, only in the 24G
and leg length group is the change in standing height SD
ion significant. score from that at diagnosis still significant.
)ortion scores This suggests that, at least in some children,
irkers8-10 and much if not all of the height loss seen after
patients with treatment for ALL is due to loss of sitting
24G and 24B
and six of 21
chemotherapy
ight who had
-ignificant dis-
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ree of 1 1 who
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Table 2 Disproportion scores for the 25 children with
significanit disproportion using statndards of Taniner
et a18 10 and Buckler.' 2 Significanit disproportioni is definied
as sitting height SD score minus leg length SD score greater
thatn or equal to +2. For each grouip the number of children
on whom sittinlg heights were available is given in
parentheses

Studv Tanner et al Buckler
grolup disproporti'on score disproportion0 score

18 Gv irradiation
Girls (n=26) -2-7 -3-0

-28 26
-3-0 2-7
-20 -1-6
-2-3 2-3
-2-7 - 7
-4-0 3-9
-2.7 -2-6
-2-0 2-0

Bovs (n= 1 22-3 2-4
-20 -1-8
-2-0 -2 0

24 Gy irradiation
Girls (n =37) -3-21

-2-3 -1
-2-1 -2-0
-2-2 -2
-2-1 -2-0

Boss (n=30) -3-4 3-5
-2-4 -2-3
-2 3 2-2
-2 3 -2-4
-3-2 -2-8
-20 -1-9
2-3 -2-5

-2-0 -1-8
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Traditionally, loss of height potential in
these children has been largely attributed to
growth hormone insufficiency secondary to
their cranial irradiation, with evidence suggest-
ing that abnormalities of growth hormone
secretion after 18 Gy are seen mainly during
puberty.'3 Radiation induced precocious
puberty may also contribute to the eventual
short stature. Neither growth hormone defi-
ciency per se nor precocious puberty, however,
are associated with marked skeletal dispropor-
tion. Furthermore, precocious puberty in the
children treated for leukaemia occurs mainly in
girls, whereas disproportion in our series was

seen in both sexes.2 14 Thus an alternative
explanation for the disproportion is required.
In our study there were insufficient children
with serial sitting height measurements to
allow us to comment on the evolution of the
disproportion and whether this took place pre-

dominantly in the prepubertal years or during
puberty. None the less, much of the normal
growth of the spine takes place during puberty
and there has been one report that the duration
of puberty is significantly attenuated in
children treated for ALL. 15 Thus the reduction
in sitting height may reflect an alteration in the
tempo of puberty.

Another possible explanation is that the dis-
proportion is related to chemotherapy. The
spine contains large numbers of epiphyses and
if chemotherapy has a direct effect on the epi-
physial growth plate it seems likely that this
would result in greater loss in sitting height
than leg length. There is a small amount of in
vitro data and some clinical observations which
support the idea that chemotherapy may act
directly in this manner.16 17 In our study group
the numbers with significant disproportion
were too small to draw any firm conclusions
about the effect of chemotherapy schedules of
varying intensities.

In the current United Kingdom ALL trial
(UKALL XI) most children do not receive
cranial irradiation as prophylaxis and it will
therefore eventually be possible to determine
the role of chemotherapy in abnormal growth
and body proportions after treatment for ALL.
As this trial did not start until October 1990,
however, final height data from these children
will not be available until the next century. In a

large US study Sklar et al 7 showed significant
height loss in children who had received
chemotherapy without any cranial irradiation,
though this height loss was less than in those
also receiving cranial irradiation. Sitting height
data are not available in these children, but our

data suggest that the loss seen at final height in
their unirradiated group (-0 49 SD) could be
explained by loss of sitting height alone.
Much uncertainty about growth after treat-

ment for childhood leukaemia remains, but it

seems likely that there are several factors that
may contribute to the growth impairment seen.
Growth hormone insufficiency and precocious
puberty, which have been attributed to cranial
irradiation, are well recognised adverse factors
which in combination are likely to result in
considerable loss of height potential. The find-
ing of disproportion in our study is not readily
explained by cranial irradiation unless it is
postulated that a central control mechanism
exists for proportionate growth or that cranial
irradiation modifies the tempo of puberty.
Cranial irradiation alone, however, does not
appear to cause significant disproportion in
children treated for brain tumours.6 It is
more likely that a disturbance of pubertal
growth in combination with a direct effect of
chemotherapy on the cartilage growth plate
are further key factors leading to growth
impairment after treatment for leukaemia.
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