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ABSTRACT

This study was performed to measure the radiation dose to lens by thermolumi-
nescent dosimetry in the children with acute lymphoblastic leukemia treated by prophy-
lactic cranial irradiation. Ten patients treated at Division of Radiation Oncology,
Department of Radiology, Siriraj Faculty of Medicine from January 1999 to May 1999
were included. The dose measured by 5 degrees posterior angle of the opposed lateral
beams was less than 2 % decreased compared to that without angling beams. The mean
calculated doses to the lens in this study were in the range of 135 — 263 cGy for the
whole course of treatment. The clinical effect on this organ need to be further followed

-up.
INTRODUCTION

Acute lymphoblastic leukemia (ALL) is
the most common malignancy in children com-
prising 2-3 % of all new patients treated each year
at Siriraj hospital.' Prophylactic cranial irradiation
(PCI) combined with intensive chemotherapy have
effectively improved the disease-free survival in
these patients by decreasing the incidence of over-
all primary 1solated central nervous system relapse
to 5-10% or less. However, the toxicity from the
treatment mainly involving physical growth and
cognitive development is still ongoing concern.’
The radiation effects to other structures in ALL
were sparsely reported in the literature compared
to those of neuropsychological aspects. Due to the
proximity to the margin of radiation field and in-
herent radiosensitivity of lens, the measurement
of radiation to this structure by thermolumines-
cent dosimetry (TLD) were performed in the chil-
dren with ALL treated with PCIL.

METHODS & MATERIALS

The simulation of standardized helmet
technique with 80 cm source-skin distance for PCI
in 10 patients were performed in supine position
with general anesthesia required in small children.
The head was immobilized by tape strips fastened
to the couch during the procedure.

The central axis of the parallel opposed
lateral beams were placed on center of the cra-
nium with the beams flash over the entire head on
anterior, posterior and cephalad directions. The
caudal margin were defined by including cribiform
plate, posterior orbit, infratemporal area and the
first 2 cervical cord region to encompass all cra-
nial meninges and shaped by lead shielding block.
The anterior margin of the beam at the level of
tranverse plane of eye were at lateral orbital rim
which were the critical short distance to lens. The
simulation were also performed both without and
with 5 degrees posterior angle of the beams to
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adjust for divergence of the beam and to reduce
the dose to contralateral lens.

After the simulation, the patients were
moved to cobalt —60 treatment machine room to
perform the measurement of dose by LiF —100
TLD rod * (1x1x6 mm.’). The dosimeters were
placed at the central axis of the beams, the outer
and inner canthus of each eye. Each patient was
totally measured 6 times, half without angling
beams and half with angling beams. The radia-
tion dose prescribed at the midline plane was 180

#  Harshaw Chemical Company, Solon, OH.

Table 1. The relative and calculated dose to left eye
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¢Gy per fraction, 5 fractions per week. The total
dose was 1.800 and 2,160 cGy for age less and
more than 10 year at diagnosis respectively.

RESULTS

The distribution of dose measured by TLD
was presented as a percentage of the dose at mid-
line central axis. The % relative dose and the cal-
culated dose to central axis and outer and inner
canthus of left and right eye in each patient were
shown on Table 1 and 2 respectively.

Patient No % Relative dose ( No angling beam ) % Relative dose ( With angling beam)
Central axis Quter canthus Inner canthus Central axis Outer canthus Inner canthus

| 87.7 13 4 85 850 125 74

1] 865 13.2 89 86.0 130 84

1 813 110 64 820 112 7.0

v 765 107 69 804 125 86

v 788 236 75 802 12.3 73

Vi 841 132 84 731 109 60

Vil 877 16.6 83 772 98 64

Vil 74 8 12.3 6.1 720 124 64

IX 879 15.5 94 882 147 89

X 74.0 10.1 6.5 889 15.6 90

Mean 819 14.0 7.7 813 12.5 7.5

Calculated 147 4 2532 139 146.3 225 135

dose (cGy)

Table 2. The relative and calculated dose to right eye

Patient No % Relative dose (No angling beam) % Relative dose (With angling beam)
Central axis Outer canthus Inner canthus Central axis Outer canthus Inner canthus

| 890 65 84 854 133 77

1l 877 166 106 852 137 92

1 850 166 94 814 10.8 73

v 7717 135 78 805 12.1 81

\ 765 101 70 810 137 74

Vi 756 12.8 68 758 99 65

Vil 783 112 68 75.0 106 7.2
VIl 760 149 6.4 740 135 66

IX 893 b7 i 94 890 15.7 10.2

X 889 158 04 87.2 154 9.0
Mean 824 146 94 815 129 19
Calculated 148 3 263 148 146.7 232 142
dose (¢Gy)
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DISCUSSION

Normal epithelial cells of lens lie beneath
the anterior capsule and equator only. The germi-
nal layer is located at the equator and 1s the layer
most susceptible to radiation effect. The lens of
infants and children are more sensitive than those
of adults due to decreasing number of mitotic cells
with age. The morphology of radiation cataract
has been well described with vacuole formation
in equatorial region as the initial change. These
opacities forming from degenerative fibers and cell
debris slowly migrate to posterior subcapsular
zone of lens. The cataract may remain stable at
any stage of progression. The symptoms from this
complication may vary from some degree of vi-
sual impairment to complete blindness.*

Due to anatomic location just behind the
lens and the report from TLD measurement in
rando phantom by Kline et al.® the outer and inner
canthus were used as clinical measurement points
in this study. The variation of doses measured at
outer canthus were more considerable than that at
inner canthus. This may be caused by the proxim-
ity of field margin.

The field size of PCI in ALL encompasses
all potential intracranial subarachnoid involvement
with opposed lateral fields down to the second
cervical cord region called helmet technique. The
cribiform plate and optic nerve must be included
in radiation beam whereas the anterior part of eyes
must be blocked. Divergence of the beam into the
contralateral eye 1s always a problem. To mini-
mize this dose, the beam can be angled posteri-
orly not more than 5 degrees depending on setup
geometry. This study showed less than 2 % rela-
tive dose decreased with this technique which was
much less than that from the report by Kline et al®
but correlated with that from the report by Pakisch
etal’

The alternative way to minimize this di-
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vergence is placing the central axis on lateral or-
bital rim behind the lens and then shape the field
by using the customized block. Woo SY et al re-
ported dose to lens measured in Rando phantom
which were 21, 10.6 and 9.9% of the midplane
dose from the central axis at the thickest part of
cranium without or with beam angled 5 degrees
posteriorly and the central axis at lateral orbital
rim respectively.®

The mean calculated doses to the inner
canthus and outer canthus were in the range of
135 — 263 cGy. From the report of Kline et al
which revealed that the dose to lens was in the
range of those at outer and inner canthus, this can
help to predict the radiation effect to this organ.
The latency and frequency of lens opacities are a
function of radiation dose and fractionation.” In
most human studies, total fractionated doses un-
der 500 cGy have not caused significantly opaque
lens. Merrriam et al'’reported minimum catarac-
togenic X-ray dose of 200, 400 and 550 ¢cGy when
radiation given in a single dose, fractionated dose
in 3 weeks to 3 months and fractionated dose over
3 months respectively. The radiation effect obvi-
ously diminished with fractionation whereas the
latent period became shorter as dose increased.

The radiation effect to other structures of
eye were also sparsely in the literatures such as
optic atrophy'' and abnormal visual- evoked po-
tentials.'?

CONCLUSION

The radiation- induced cataracts are deter-
ministic late effect. This means that there is thresh-
old dose below which they do not occur and above
which the severity of biological response 1s dosed
related."? The lens is definitely more sensitive in
very young children than in adults with shorter
latent period and higher incidence of cataract
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development from a given dose, so the follow-up
after treatment is necessary in all.
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