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Abstract

Background: We have treated 14 patients of total body irradiation (TBI) in Helical Tomotherapy, out of which 9 are males and
5 are females, age is 5 years to 33 years with acute lymphoblastic leukemia (ALL) remission or acute myeloic leukemia (AML).
Total Body Irradiation is an important procedure in the conditioning for Bone Marrow and stem cell transplantation.

We present here our treatment technique, treatment planning, delivery and dose verification. Standard Total prescribed dose
of target volume 12 Gy in 6 fractions twice daily over 3 days to the whole body with Simultaneous Integrated Boost of 14
Gy/6# to brain. Dose volume constraint for the planning treatment volume (PTV) 95% of prescribed dose is getting by 95%
of the volume.

Material and Methods: We immobilized the whole body of the patients from Vac-loc and thermoplastic mask for head. We
take two computerized tomography (CT) scan for treatment Planning.

Result: Average dose D95 to the planning treatment volume was 11.7 Gy corresponding to a mean coverage of the planning
treatment volume of 95%. Average dose (D-mean) for the lungs was not exceeding 9 Gy.

Conclusions: Total Body Irradiation using helical Tomotherapy is achievable and well tolerated. Each dose distribution is
homogeneous and reduce dose to at risk organ.
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Abbreviations: TBI: Total Body Irradiation, HT: Image Guided- Intensity Modulated Radiation Therapy.
Helical Tomotherapy; TD: Tomo Direct, CT: Computerized

Tomography; MVCT: Megavoltage Computed Tomography Introduction

Oars: Organ At Risk; Gy: Grey#: Fraction Symbol; HFS: Head

First Supine; FFS: Feet First Supine; PTV: Planning Treatment Total Body Irradiation is a treatmentin which whole body
Volume; ALL: Acute Lymphoblastic Leukemia; AML: Acute of patient is treated with radiation. Total body irradiation
Myeloic Leukemia; MLC: Multileaf Collimator; 1G- IMRT: with helical Tomotherapy purpose to deliver a uniform

radiation dose to the entire volume of a patient’s body. Total
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body irradiation is used in several types of cancer 1.Leukemia
2.Lymphoma 3.Multiple myeloma. Total body irradiation is
different from other types of radiation treatment. Usually
total body irradiation treatment is given twice a day for
three days. Radiation technologist gives the treatment with
team including Radiation Oncologist, Medical Physicist other
medical staff (staff nurse) [1]. Helical Tomotherapy (HT)
process applies image guided intensity-modulated radiation
therapy using megavoltage computed tomography (MVCT),
which can deliver radiation slice by slice.

Methods

During the radiation treatment patients and their parents
were given information about the treatment, its potential
adverse effects, and necessary diagnostic. Written consent
by both the patient and the parents, or legal guardians, was
gathered in every case [2].

Immobilization Setup

Radiation technologists explain to patient about mould
room and simulation procedure. Our Radiation oncologist &
medical Physicist review everything. Patient immobilization
was achieved by the use of vac-loc and thermoplastic head
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mask 3 point and also measure the height of patients.

CT-Simulation Planning

Before CT- scan simulation, patient is asked to wear
hospital gown or comfortable clothes & asked to remove
jewellery or metal objects (such as rings or hairpins).

Radiation technologist help the patient lie down on the
CT-Simulation table in supine position the patient is asked not
to move or speak during CT simulation because these things
may change the position and then CT- simulation procedure
start. Planning CT image is acquired in supine position with
5 mm slice thickness [3]. The image sets of a head to midlevel
of femur CT1 and a CT2 of the lower extremities from toes to
head of the femur. If patient’s height is more than 135 cm. we
take two CT- scans CT1 and CT2. When we do HFS CT1 scan
fiducial marker is placed in sagittal, coronal and transverse
planes on the head mask following. Which we reposition the
patient for FFS CT2 scan. Fiducial marker is placed on both
legs. We create junction on thigh in CT1 &CT2 with a gap of
5 cm to 10 cm. Patient having height between 110 cm to 120
c¢m CT scan is done for HFS from vertex to toes in once with at
least three fiducial marker placed on head mask.

-

o

Figure 1: PTV upper and PTV lower with Junction.

Treatment Dose and Fractionation

Treatment Dose for total body was 12 Gy in 6 fractions
thatis 2 Gy in morning and 2 Gy in evening per day, 8 hour gap
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(interval) in two fractions for three consecutive days with a
SIB of 14 Gy is 6# to brain [4]. Paediatric and adult patient
are prescribed the same dose. Prescribed dose is received by
the target area of 95% in the Helical Tomo therapy.
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Patient | Sex/Age | Diagnosis | Dose(Gy) &Fraction
1 S5y/M B-cell ALL 12Gy /6 #
2 6y/M ALL 12Gy /6 #
3 13y/F ALL 12Gy /6 #
4 42y /M ALL 12Gy /6 #
5 9y/M ALL 12Gy /6 #
6 24y /M ALL 12Gy/6 #
7 33y/M | B-cell ALL 12Gy /6 #
8 15y/F ALL 12Gy /6 #
9 45y/F ALL 12Gy /6 #
10 31y/F ALL 12Gy /6 #
11 9y/M ALL 12Gy /6 #
12 14y/M ALL 12Gy /6 #
13 10y/M ALL 12Gy /6 #
14 8y/F ALL 12Gy /6 #

Table 1: Dose & fraction and no. of treated patients since
2020 to 2021.

Treatment Delivery

Accuray Precision Treatment planning system is used
for contouring and treatment planning. PTV structures were
created for body contour outer and inner margin. PTV upper
consist of skin, eyes, spinal cord, lungs and central lung,
kidneys, liver heart. PTV lower consist right & left leg and
Irradiation is split into two parts one is head first supine and
other one is feet first supine part [5].

Patients were placed on the treatment couch in the
treatment planning position. Each patient underwent a
megavoltage computed tomography (MVCT) for treatment
alignmentbefore each fraction. Manual fusion was performed
on all patients to improve the registration accuracy by
verifying axial, coronal and sagittal image from vertex to
toes. This divided into 4 parts one includes head & neck
second chest & abdomen, third are pelvis region and fourth
is knee for each study. We divided the PTV of the patient
into 2 parts. When body length exceeding 135 cm because
of the machine couch limitation and deliver the TBI in two
successive sessions:

e Head first from vertex to cut Plane.
e After the patient reposition, feet first from toes to the cut
plane.

Helical Tomotherapy continually delivers a uniform dose
to a patient on the treatment couch with 360 degree spiral
gantry rotation.
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Result

Patient placement setup average time is 5 to 7 minutes
for HFS & FFS parts .TBI Patient HFS beam on time is 20
minutes to 25 minutes for treatment and FFS beam on time
is 10 minutes to 13 minutes. Distributions are homogeneous
and reduce doses to OARs. Lungs average dose (D-mean)
does not exceed 9 Gy and minimum dose (D-min) of less 6Gy.
We achieved minimum right lung dose is 5.60 Gy and leftlung
dose is 6.09 Gy [6]. Right kidney dose is 4.63 Gy & left kidney
dose is 4.67 Gy. PTV brain coverage is 100%, PTV chest is
89.85%, PTV pelvis is 91.78%, and PTV leg is 90.42%. For
adult TBI patient we create junction on thigh for PTV upper
and PTV lower with a gap (superior & inferior field) of 5 cm.

Discussion

The Tomotherapy machine, including the next-
generation Radixact system, has continuous gantry rotation
and couch motion that enables helical delivery of therapy
(TomoHelical). This treatment modality produces intensity-
modulated radiation from 360 degrees around the patient
over very long treatment fields. Helical Tomotherapy is a
new concept in radiation therapy IG-IMRT treatment for
TBI. Helical Tomotherapy unit 6 MV linear accelerator and
a detector array system are mounted opposite each other on
a ring gantry that continuously rotates during the imaging
and treatment procedures. One of the most important
features of the Helical Tomotherapy concept is the ON-
BOARD MVCT. We used the same fractionation and dose
constraints as in our standard total body irradiation (TBI)
protocols, only adding minimum dose for the lungs to reduce
the risk of underdosing and relapse [7]. This approach to
conditioning prior to stem cell transplantation facilitated
the successful engraftment of all 14 patients included in the
study. Limitations may occur in patients with high body mass
index. For all patients acceptable treatment plan fulfilling the
predefined constraints were achievable. An average time of
45-50 minute is required for treatment. Tomo helical mode
provides a rotating beam source with a binary multileaf
collimator (MLC) moving in a spiral pattern relative to the
patients. Treatment plan for all cases satisfied safe dose
constraints, including for target volume and risk organs.
Moreover, all TBI radiation therapy was completed without
any technical problems [8]. Based on the result of this pilot
study, our hospital is currently implementing 12 Gy IMRT-TBI
as a conditioning regimen.

Conclusion

Patient positioning and immobilization plays a major
role for total body irradiation. Total Body Irradiation
using Helical Tomotherapy is practical and well tolerated
in treatment distribution and homogeneity of dose. Total
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body irradiation (TBI) helical Tomotherapy (HT) is two part
treatment for taller patient (height> 135).
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