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Case Report

Total body irradiation in a case of thalassemia
major with source to axis distance based planning:
A case report
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ABSTRACT

Background: The use of total body radiation (TBI) before hematopoietic stem cell transplantation (HSCT) would
increase the engraftment without transplant-related morbidity or mortality among Thalassemia major (TM)
cases. Case presentation: A 2-year-old female child, diagnosed with TM was scheduled for haploidentical allogenic
transplant-based protocol, and after that, based on protocol she was scheduled to undergo a single session of
TBI as a conditioning regimen before haploidentical allogenic hematopoietic stem cell tranplant. A total dose of
4 Gy was administered.. The incidence of graft failure was reduced as TBI was used before allogeneic stem cell
transplantation. TBI provided a uniform dose of radiation to the entire body, penetrating areas such as the central
nervous system (CNS) and testes. Conclusion: Total Body Irradiation with the SAD technique is the most effective
way of treatment. As it is comfortable for the patient to undergo, easily reproducible, and it helps to achieve a
uniform dose distribution.
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INTRODUCTION allogeneic hematopoietic stem cell transplantation
. . . . . (HSCT). Due to the high chances of graft failure,

alas'sem1a major (TM)’ inherited anaemia various novel conditioning regimens were used to

that is associated with reduced or absent limit the toxicity from myeloablative conditioning

. beta-globin syntthesis, results' in an regimens and graft-versus-host disease (GVHD)
imbalanced accumulation of beta-globin chains 2,3]

and ineffective erythropoiesis with haemolysis [1].
Conditioning regimens can be in the form of

Thus, the curative mode of therapy remains the chemotherapy and Total Body radiotherapy.

replacement of the defective erythropoiesis by
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The use of total body radiation (TBI) before
hematopoietic stem cell transplant would
increase the engraftment without transplant-
related morbidity or mortality.

CASE REPORT

A 2-year-old female child, diagnosed with TM,
was admitted and planned for haploidentical
allogenic transplant (Rabbit ATG/Thiotepa/
FLU/Cy/TBI/PTCy) based protocol from August
22,2019, to August 28, 2019. She was scheduled
to undergo a single session of TBI on August 29,
2019, as a component of the protocol.

The CT planning procedure was executed on
August 22, 2019 employing short sedation-
anesthetizing the child followed by immobilization
in vac-loc. A whole-body CT scan (3 mm slice
cuts) from the vertex to 2 cm beyond the toes
was acquired for the radiation planning and
dosimetry.

A total dose of 4 Gy was administered as per the
protocol.

The following was the modus operandi:

The patient was treated under anaesthesia. In this
particular case, a source-axis distance (SAD) field
plan was utilized to treat the patient employing
Varian Clinac iX (Trilogy). The advantages of this
approach include the ability to treat patients. At
the same time, they are supine, which makes
the treatment more comfortable, an isocentric
approach that does not require further setup
corrections as in source-surface distance (SSD)
technique, and greater reproducibility. Whole-
body CT scans, with the patient in the treatment
position, were used for treatment planning, and
multileaf collimator fields were used.

Fig 1. Dose Colour Wash

Fig 2. Beam’s eye view

Fig 3. DVH

The brain, lungs, and kidneys were not
contoured intentionally because a single dose
does not seem to be associated with significant
acute side effects and is well tolerated. A Field
in Field plan was created for the treatment; the
brain was treated by 2 bilateral fields (90° -
270°). A four-field planning technique was used
to treat the rest of the body, taking care of the
overlapping parts of the jaws, and a few fields
in fields were used to compensate for the cold
spots. Dose distribution in all planes is shown
in figures. (Figure no. 1,2 & 3).

DiscussionN

Haemoglobin disorders constitute the most
common class of monogenic disorders in the
world, with 330,000 affected infants born
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annually, 17% of which suffer from thalassemias
[1]. The combined wuse of both erythrocyte
transfusion and iron-chelating therapy has
resulted in a remarkable improvement in the life
expectancy of patients with TM [2,3]. However,
complications related to iron overload cannot
be completely managed through -chelating
therapy and chronic transfusion regimens,
as they are difficult to maintain throughout
a lifetime. Thus the safe and only curative
therapy remains the replacement of the defective
erythropoiesis by allogeneic hematopoietic stem
cell transplantation (HSCT) [4,5].

Historically, allogeneic hematopoietic stem cell
transplantation for severe hemoglobinopathies
required myeloablative conditioning to enable
engraftment. Accordingly, the broaderapplication
of allogeneic blood or marrow transplantation
in severe Beta-hemoglobinopathies depends
on novel strategies that address the issues of
donor availability and limit the toxicity from
myeloablative conditioning regimens and graft-
versus-host disease (GVHD).

However, in order to prevent graft failure, various
strategies were used, such as administration
of cyclophosphamide, which results in a low
incidence of GVHD. In order to increase the
engraftment, Total Body Irradiation should be
used before allogeneic stem cell transplantation,
followed by conditioning chemotherapy as this
protocol has a reduced incidence of graft failure.
According to a study done at Johns Hopkins
Hospital, increasing the dose of total body
irradiation from 200cGy to 400cGy allowed stable
engraftment [6]. (4Gy) was used in our patient,
who is a diagnosed case of Beta-thalassemia
major. However, in this patient SAD technique
was used for the delivery of treatment.

Total body irradiation (TBI) with megavoltage
photon beams is used as one component before
autologous stem cell transplant for treating
several diseases, including multiple myeloma,
leukaemia’s, lymphomas etc. [7,8].

TBI is uniform dose of radiation to the entire
body including cen-tral nervous system (CNS)
and testes, where traditional chemotherapy is
inef-fective [9,10]. Additionally, TBI allows one
to tailor the therapy with the use of shields
or by boosting the dose to specific regions as
necessary. The purpose of TBI is to eliminate
residual cancer cells and to provide space for
stem cell engraft-ment through bone marrow
depletion, and to prevent rejection of donor
stem cells through immunosuppression [11,12].
Numerous techniques have been used to deliver
TBI, the commonly used technique being AP
(anteroposterior)-PA (posteroanterior) because
body separation varies little less than lateral
body separation; Typically AP separation is

between 20 and 25cm for adults, while lateral
body separation has a maximum value up to
about 50cm. AAPM Report No.17 recommends
an AP-PA TBI technique. Generally combining
AP-PA and Bilateral fields is not practiced
because of the difficulties of field setup. Thus
better dose uniformity along the longitudinal
body axis is achieved by AP-PA technique, but
the patient positioning may cause problems.
One of the methods of delivering TBI is with the
patient standing or lying down at an extended
source-to-skin distance (SSD). The entire patient
is usually treated with a single radiation beam,
with a large (approximately 4 m) SSD and the
largest practical field size. The large SSD reduces
the dose rate to about 10% of that typically used
in RT. A typical field arrangement is to have the
patient standing, to rotate the collimator by 45
degrees to use the diagonal dimension of the
field, to achieve a uniform dose rate from head
to foot lead strips are used as compensating
filters, to use a Plexiglas barrier close to the
patient to defeat the skin-sparing effect of high-
energy photons, and to block critical organs
in order to reduce the dose to these tissues.
Anterior and posterior fields are used with the
dose prescribed to mid-plane [13]. The patients
typically stand on a stand designed for TBI or
lie on a specially designed table at floor level.
Most centres use photon energies between 6 and
10 MV. A beam spoiler of low atomic number
material is placed close to the patient because
of the skin-sparing effects of photons. In our
institute, we use 6 MV photons to avoid under-
dosing the skin and superficial bones such as
the iliac crest and sternum. AAPM’s TG-51land
TRS 398 calibration protocol provides guidelines
for dosimetry of high-energy photon beams.
The efficacy of dynamic arc-based techniques
and helical tomotherapy is demonstrated for
decreasing TBI treatment time and in-creasing
homogeneity of delivered radia-tion; however,
the use of this technique is not widespread.

Linear accelerators were commissioned using
the source-to-surface dis-tance (SSD = 428 cm).
The absolute dose was calibrated at 100 cm
SSD (surface to axis dis—-tance) using a 10-x-10-
cm field size ac-cording to the AAPM TG-51
protocol, but TBI treatments are delivered using
a larger field (40-x-40-cm) and extended SSD.
Thus the dosimetry tasks for TBI commissioning
include: 1) measuring the output factor at
the central point of treatment distance; 2)
generating the table of maximum tissue ratio
(TMR) at the central point of treatment distance;
This was performed using a PTW (PPC40) ion
chamber (PTW, Freiburg, Germany), a Fluke
electrom-eter (Fluke Biomedical, Everett,
Wash-ington), and multiple 30-x-30-cm PVC
phantoms. To independently verify dosimetric
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accuracy, in-vivo mea-surements with nanoDot
OSLD do-simeters were performed with PVC
phantoms after commissioning, and ¢) measuring
two-dose profiles - one longitudinal and one
transverse to the body midline, an ionization
chamber with a suitable small build-up cap
simulating a tissue depth of 10 cm is scanned
through the beam which is free in the air. A
single source of radiation is used; the patient is
rotated 180 degrees along the beam central axis.
For each field, the coronal midline of the patient
is aligned with the crosswire and umbilicus of the
patient. Better dose uniformity is provided along
the anteri-or-posterior/posterior-anterior (AP/
PA) direction. TBI stands were used to immobilize
the patient-facing chest to beam central axis.
Different setups were used for the treatment of TBI
patients. Certain types of diseases like leukemias
that can circulate in the blood volume of the skin
are treated with TBI where full dose of radiation is
preferable on skin and it is achieved with the help
of beam spoiler, thus allowing energy to de-posit
near the surface of the skin.

Lung shielding using lead or alloy attenuators,
which reduce radiation to the Lungs was used.
Shielding is very precise if shields are directly
fixed to the skin. The position of shields has to
be verified under treatment conditions prior to
each field. Bilateral TBI alone causes a low dose
to mediastinum, ribs, and arms.

Thus there has been increase in number of
centres have begun to use CT based 3-D planning,
intensity-modulated radiation therapy (IMRT) to
improve dose uniformity and to reduce dose to
critical organs.

CoNCLUSION

Total Body Irradiation with the SAD technique
is the most effective way of treatment. As it is
comfortable for the patient to undergo, easily
reproducible, and it helps to achieve a uniform
dose distribution. intervention lung patency will
be maintained.
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