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Aim of the study: Helical tomotherapy is
one of the methods of radiotherapy. This
method enables treatment implemen-
tation for a wide spectrum of clinical cas-
es. The vast array of therapeutic uses of
helical tomotherapy results directly from
the method of dose delivery, which is sig-
nificantly different from the classic
method developed for conventional lin-
ear accelerators. The paper discusses
the method of dose delivery by a to-
motherapy machine. Moreover, an analy-
sis and presentation of treatment plans
was performed in order to show the ther-
apeutic possibilities of the applied tech-
nology. Dose distributions were ob-
tained for anaplastic medulloblastoma,
multifocal metastases to brain, vulva can-
cer, tongue cancer, metastases to bones,
and advanced skin cancer. Tomothera-
py treatment plans were compared with
conventional linear accelerator plans.
Results: Following the comparative
analysis of tomotherapy and conven-
tional linear accelerator plans, in each
case we obtained the increase in dose
distribution conformity manifested in
greater homogeneity of doses in the ra-
diation target area for anaplastic medul-
loblastoma, multifocal metastases to
brain, vulva cancer, metastases to bones,
and advanced skin cancer, and the re-
duction of doses in organs at risk (OAR)
for anaplastic medulloblastoma, vulva
cancer, tongue cancer, and advanced skin
cancer. The time of treatment delivery in
the case of a tomotherapy machine is
comparable to the implementation of the
plan prepared in intensity-modulated ra-
diotherapy (IMRT) technique for a con-
ventional linear accelerator. In the case
of tomotherapy the application of a frac-
tional dose was carried out in each
case during one working period of the
machine. For a conventional linear ac-
celerator the total value of the fractional
dose in the case of anaplastic medul-
loblastoma and metastases to bones was
delivered using several treatment plans,
for which a change of set-up was nec-
essary during a fraction.

Conclusion: The obtained results confirm
that tomotherapy offers the possibility
to obtain precise treatment plans to-
gether with the simplification of the ther-
apeutic system.

Key words: helical tomotherapy, IMRT,
treatment planning, evaluation of the
dose distribution.
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Introduction

In the case of classic radiation therapy, delivered by conventional medical
accelerators, the ionizing radiation beam is of divergent character. In other words,
the ionizing radiation is emitted from the source to the pyramid-shaped area.
In the simplest case, when the radiation beam is shaped by primary field col-
limators (jaws) alone, a rectangle is the base of the pyramid. The base of the
pyramid, perpendicular to the beam’s axis, delineates the shape of the treat-
ment field, which usually fully covers a radiotherapy field defined by the clin-
ician [1]. Thus, the radiation dose is delivered to the whole treatment area in
a volumetric manner.

In order to conform the dose to the radiation treatment area most precisely,
the ionizing radiation dose may be delivered either during the movement of
the machine’s gantry around the longitudinal axis of a patient (rotary tech-
nique) or through the application of several fixed positions of the gantry [2].
Both these methods offer the possibility of using additional modifiers alter-
ing the shape of applied treatment fields.

The multi-leaf collimator (MLC) is one of the basic modifiers [3]. The use
of the MLC allows for both static modulation of a treatment field, which re-
mains fixed during the emission of ionizing radiation [4, 5], and for dynamic
modulation, causing changes in the shape of the field in the course of radi-
ation emission [6]. The latter solution enables the delivery of intensity-mod-
ulated radiotherapy (IMRT) [7-9].

The IMRT technique is a basic method used in modern radiotherapy. In the
typical form of IMRT, several (generally from 5 to 9) fixed settings of the gantry
are used [10-12]. In recent years, the manufacturers of the radiation therapy
equipment (Varian, Elekta), through implementing technical advances, have
enabled the integration of classic rotary techniques with IMRT, which has re-
sulted in great popularity of VMAT and Rapid Arc [13-17]. The method of dose
delivery to the irradiated volume in the case of helical tomotherapy differs sig-
nificantly from the volumetric method employed by conventional linear ac-
celerators [18].

The term “helical tomotherapy” had already been coined by the end of the
1980s. After 15 years of intensive studies and technological advances, to-
motherapy machines have been implemented at cancer centres. The proto-
type of the machine was completed in 2001 at Wisconsin University. A year
later, the first patients underwent treatment [19]. At present, tomotherapy is
not only an acknowledged and widely accepted radiotherapeutic method but
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is also considered to be one of the most advanced and pre-
cise methods of dose delivery.

In 2009 the first helical tomotherapy machine was installed
in the Greater Poland Cancer Centre. The paper discusses the
method of emission of ionizing radiation and the related
method of dose delivery by the tomotherapy machine. More-
over, in order to present therapeutic possibilities of the ap-
plied technology, treatment plans of selected clinical cases
treated with tomotherapy are presented and reviewed. Ad-
ditionally, tomotherapy treatment plans are compared with
the plans prepared for a conventional linear accelerator.

Material and methods

Tomotherapy machine — construction
and operation

Atomotherapy unit resembles a computed tomography
machine. The casing fits a rotating ring into which a treat-
ment table with a patient slides. A rotary movement of the
gantry is combined with a progressive movement of the treat-
ment table and thus the source of radiation rotates around
the patient along a helical path (helical tomotherapy) [20].
It is also possible to deliver radiation by means of a direct
method (direct tomotherapy) in which first the angles of dose
delivery projection are determined and next the treatment
is performed according to specific assumptions [21].

The source of ionizing radiation is a linear accelerator
whose nominal voltage is 6 MV. The emitted photon beam
has the shape of a fan, 40 cm wide and 1 cm, 2.5 cm or 5 cm
thick (measured in the isocentre). The latest version of a to-
motherapy system enables to use both treatment table mo-
tion variable in time and dynamic jaws whose width can con-
tinuously change in the range of 1 cm to 5 cm [22]. Sixty-four
collimator leaves either block or let in radiation in individ-
ual parts of the fan.

The collimator works in a binary fashion. In other words,
an individual leaf can be fully open or fully closed and thanks
to the pneumatic drive its action is very quick: the full open-
ing-closure cycle lasts only 20 ms [23].

The application of the matrix of detectors located on the
opposite side of the ring makes it possible for a to-
motherapy unit to operate like a computed tomography
scanner. This allows one to verify the patient’s position on
a treatment table on a daily basis by comparing MVCT
(megavoltage CT) scans with computed tomography images,
used for radiotherapy planning. The nominal voltage of a lin-
ear accelerator in the imaging mode is lowered to 3.5 MV,
which gives images of better quality. Moreover, the fact that
on delivering the dose ranging from 0.5 cGy to 3 cGy (com-
parable with diagnostic dose) it was possible to obtain MVCT
scans is of paramount importance. In the case of a high-
energy fan beam the impact of dispersed radiation regis-
tered by detectors is negligible. Therefore, as with classic
computed tomography, it is possible to determine a direct
and more importantly a stable relation between grey
scale expressed in HU and the density of the imaged struc-
tures. This relation makes it possible to reconstruct, on the
prepared MVCT scans, the dose distribution which is de-
livered during a session, the dose planned earlier or the dif-
ference between them [24, 25].

Tomotherapy treatment planning

The system of treatment planning for tomotherapy fully
makes use of the idea of inverse planning [26, 27]. While
preparing a treatment plan the number of treatment beams
and their projection angles are not defined. However, the pa-
rameters determining the method of dose delivery such as
jaws width, pitch, and the value of the modulation factor
should be defined. The width of jaws and pitch are fixed pa-
rameters, which should be determined before the process of
optimization starts. The value of pitch factor is determined
by the ratio of the gantry rotation and the table movement
expressed in the units of field width. In the case of helical
tomotherapy the value of this parameter should be smaller
than 1. This means that the fields formed by consecutive ro-
tations overlap: the smaller the pitch value, the bigger the
degree of overlapping. In order to obtain the most homo-
geneous dose distribution, including over the areas located
outside the isocentre, the pitch parameter should equal 0.86/n,
forn=1,2,3,..[28]. The MF parameter is defined as the re-
lation of the maximum leaf opening time to the average leaf
opening time. MF may be altered during the optimization of
a treatment plan. In the course of treatment plan prepara-
tion one should remember to define the method of nor-
malization and the parameters of the expected dose distri-
bution for the individual structures and their relative
significance.

The next stage of planning, typical of tomotherapy, is beam-
let calculations. A beamlet is an element of a beam emitted
through a single open leaf during one projection. For the needs
of the optimization algorithm, the continuous rotation of the
gantry around the patient is divided into 51 projections (the an-
gles of beam incidence). Each contains 64 beamlets corre-
sponding to 64 collimator leaves, which amounts to 3,264 beams
for each gantry rotation. Next, each of the beamlets is divid-
ed into, at least, as many elements as there are voxels to which
radiation is transported by it. Thus, a computer determines the
set of beams for each volume element. The optimization al-
gorithm, by prolonging or shortening the leaf opening time,
changes the dose delivered to individual voxels.

A patientis irradiated from all sides, which allows one to
obtain a homogeneous dose distribution in a tumour, with
a large gradient at its edges, and enables reduction of the
dose absorbed by adjoining healthy tissues. The process of
treatment plan optimization resembles those which were
used in computer systems of treatment planning (Eclipse,
Helax, Ocentra) which operate conventional linear acceler-
ators. The specificity of the irradiation method with the use
of a tomotherapy machine enables one to carry out a full treat-
ment plan during one beam release. In one session both a very
small area (uni- or multifocal stereotactic treatment, where
the minimum treatment field size is 5 mm x 6.25 mm) and
a very large area (e.g. cranio-spinal irradiation; maximum treat-
ment field size — 400 mm x 1600 mm) can be irradiated. What
is more, no change in the patient’s position or combining the
fields emitted from two or more beams is required.

Examples of clinical deliveries

With the aim of presenting a spectrum of helical to-
motherapy possibilities, we chose six clinical cases repre-
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senting irradiation of the following: 1 — anaplastic medul-
loblastoma, 2 — multifocal metastases to brain, 3 —vulva can-
cer, 4 —tongue cancer, 5 — metastases to bones, 6 —advanced
skin cancer. For cases 2, 3, 6 the original treatment plan was
prepared for radiotherapy delivery performed by a conven-
tional linear accelerator. However, due to the unsatisfacto-
ry dose distribution or problems with the realization of the
plan by the machine (gantry-table collisions for planned treat-
ment fields), an attempt was made to deliver treatment us-
ing helical tomotherapy. For cases 1, 4, 5 helical tomother-
apy was the chosen method. In order to compare the obtained
dose distributions with the distributions obtained for a con-
ventional linear accelerator, three independent treatment
plans were prepared (three people preparing plans who did
not know results for helical tomotherapy). Next, among the
prepared plans, we chose the best in terms of homogene-
ity of dose distributions in planning target volume (PTV), and
reduction of dose in critical organs. The chosen treatment
plan was compared with the plan for helical tomotherapy.
Below, we briefly discuss the clinical cases and present
recommendations concerning the total dose size, its frac-
tionation, regions of irradiation and critical organs.

Case 1 (medulloblastoma)

History: a ten-year-old girl, diagnosed with a tumour lo-
cated in the cerebellar vermis with metastasis to the spinal
cord. The patient underwent non-radical surgery in the area
of the medulla oblongata. The tumour also infiltrated the brain
stem. Stage IV of clinical progression according to WHO.

Therapeutic strategy: Three-stage treatment involved:
(a) delivery of 55.11 Gy dose to the region of residual lesion
adjoining brain stem in 36 fractions, (b) delivery of 41.75 Gy
dose to the metastatic area (thoracic part of the spinal cord)
in 25 fractions, and (c) delivery of 35.07 Gy dose in 21 frac-
tions to the whole craniospinal area (spinal cord and brain).
The critical organs (OAR) were the following: brain stem, eyes,
lenses, optic nerves, optic chiasm, left and right internal ear,
parotid glands, larynx, thyroid, lungs, heart, kidneys, liver, pan-
creas, stomach, spleen and intestines.

Case 2 (multifocal brain metastases)

History: 56-year-old woman diagnosed with nine metasta-
tic lesions from primary breast cancer. The patient was ir-
radiated for the whole brain; a dose of 40 Gy was delivered
in 20 fractions. Time since completion of the therapy —
18 months.

Therapeutic strategy: irradiation of the brain taking into
account escalation of the dose over metastatic areas. The
following fractionation scheme was chosen: 15 Gy dose to
the whole brain delivered in 10 fractions with simultaneous
escalation of the dose to the metastatic lesion to 30 Gy. Crit-
ical organs: eyes, lenses, optic nerves, optic chiasm.

Case 3 (vulva cancer)

History: A 65-year-old woman diagnosed with tumour of
the vagina underwent surgery in 2008, to remove a vaginal
tumour. Histopathological examination showed squamous cell
carcinoma of vulva. In consequence, radical vulva removal with
bilateral inguinal Sentinel node sampling was performed. A year
later, recurrence in the vagina was diagnosed. After removal

of the lesion the patient was referred for radiotherapy. In the
examination preceding the radiation therapy, an enlarged,
metastatic lymph node was found in the right groin.

Therapeutic strategy: (a) Irradiation of the pelvic lymph
nodes with the dose up to 50.4 Gy, the number of fractions
— 28, fractional dose — 1.8 Gy, (b) the area of the left groin with
the dose up to 60 Gy and (c) the right groin and vulva with
the dose up to 70 Gy. Due to the right endoprosthesis, the
first stage was performed by means of a tomotherapy ma-
chine. The remaining stages (b) and (c), which are not included
in this paper, were performed using electron irradiation ther-
apy by means of a conventional linear accelerator. Critical or-
gans for the first stage of treatment: bladder, rectum, in-
testines, head of left femur and right endoprosthesis as the
area of maximum dose reduction.

Case 4 (tongue cancer)

History: A 50-year-old woman reported a painful tongue
swelling. A panendoscopic examination showed ulcerative
lesions on the left lateral edge of the tongue. CT examina-
tion with contrast and MRI confirmed the presence of the
tumour at the base of the tongue and two pathological lymph
nodes. The biopsy showed squamous cell carcinoma. The
tongue tumour cT2N2bMO was diagnosed. The patient un-
derwent surgery and was referred for postoperative radia-
tion therapy due to risk factors revealed in the pathology re-
port such as extracapsular extension (ECE) in lymph nodes
and close surgical margins.

Therapeutic strategy: The delivery of a dose of 66 Gy in
33 fractions to the high-risk area, 59.4 Gy in 33 fractions to
the moderate risk area and a dose of 52.8 Gy in 33 fractions
to the elective area. Protection of the spinal cord, brain stem,
right parotid gland, larynx and mandible was prescribed.

Case 5 (metastases to bones)

History: A 35-year-old woman diagnosed with bone
metastases from the primary breast tumour —T1cN2, treat-
ed with radio- and chemotherapy in 2004. After treating the
primary lesion, complementary hormone therapy followed.
In 2008 metastases to the sternum bone and the spine were
found, and chemotherapy and the second hormone thera-
py were started. In 2010 metastases to L2, S1, S2 and the is-
chium bone were diagnosed.

Therapeutic strategy: The delivery of a total dose of 30
Gy in 10 fractions of irradiation. Protection of kidneys and the
spinal cord was prescribed.

Case 6 (advanced skin cancer)

History: A 68-year-old man reported in 2006 with a 2 cm
ulceration of an eyelid. The patient refused operation and
dropped out of follow-up in 2009. An advanced skin cancer
(TANOMO) covering orbits, infiltrating paranasal sinuses and
an eyeball was diagnosed. The functions of the eye were re-
tained, with the visual field limited by the neoplasm. The pa-
tient accepted radiation therapy, and refused other options
of treatment.

Therapeutic strategy: The delivery of a total dose of 60 Gy
in 30 fractions to the tumour area. Critical organs: eyes, lens-
es, optic nerves, optic chiasm and brain stem.
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Table 1. Basic parameters used in the course of dose distribution planning for helical tomotherapy and conventional medical linear
accelerator, for the following: 1 — anaplastic medulloblastoma, 2 — multifocal metastases to brain, 3 — vulva cancer, 4 — tongue cancer,

5 — metastases to bones, 6 — advanced skin cancer

No of case Helical tomotherapy (HT) Conventional linear accelerator (CLA)*
1 phase 2 phase 3 phase 1 phase 2 phase 3 phase
FW: 5 2.5 2.5 Method: 3iso, 3DCRTc 2 iso, 3DCRTc 1iso, 3DCRTc
1 Pitch: 0.287 0.287 0.287 TNF: 17 8 2
MF: 2.1 2.2 2.3 Energy: 6 MV 6 MV 6 MV
Simultaneus integrated boost
FW: 2.5 Method: 1 isocentre, IMRT, noncoplanar
2 Pitch: 0.215 TNF: 13
MF: 5.0 Energy: 6 MV
FW: 2.5 Method: 1isocentre, IMRT, coplanar
3 Pitch: 0.287 TNF: 9
MF: 2.4 Energy: 6 MV and 20 MV
Simultaneus integrated boost
FW: 2.5 Method: 1isocentre, IMRT, noncoplanar
4 Pitch: 0.287 TNF: 7
MF: 3.0 Energy: 6 MV
FW: 2.5 Method: 3 isocentres, IMRT, coplanar
5 Pitch: 0.215 TNF: 16
MF: 2.7 Energy: 20 MV
FW: 1 Method: 1lisocentre, IMRT, noncoplanar
6 Pitch: 0.215 TNF: 6
MF: 1.8 Energy: 6 MV

Dose normalization: median PTV volume for each cases receives at least 100% of the prescribed dose

FW - field width in cm

MF — modulation factor

TNF — total number of fields

IMRT — intensity modulated radiotherapy

3DCRT ~ three dimensional conformal radiotherapy realized by coplanar fields

* for each case IMRT realized by sliding window technique using 120 multileaf collimator

Table 1 presents basic parameters used in the planning
of dose distributions for helical tomotherapy and conventional
medical accelerator.

Treatment plans were analysed with respect to the ob-
tained dose distributions and the time necessary for their
delivery. In the case of dose distributions, quality evaluation
was performed using tomography scans, and quantity
evaluation, during which both dose medians and maximum
doses (measured at 1% of the volume of the analysed struc-
ture) for critical organs were compared.

For the planning target volumes (PTV), the homogeneity
of dose distribution was analysed. In order to do that, mod-
erate doses, standard deviations and the analysis of differ-
ential histograms were used. The analysis of the therapy time
involved reviewing the total time in which the treatment dose
was delivered, taking into account the breaks between the
delivery of the dose by the consecutive treatment fields. It
was assumed that the time necessary to change the posi-

tion of MLC leaves for fields divided during optimization was
5 s. The change of treatment fields without a change in table
positioning is 15 s and with such a change is 60 s. In the case
of a fraction during which more than one treatment plan is
carried out, it was assumed that the time necessary for the
change of the isocentre is 180 s.

The application of exporting the tomotherapy plans to the
outside treatment planning system enabled to compare the
dose distributions in one treatment planning system Eclipse
(Varian Inc).

Results

Figure 1 shows dose distributions for (a) conventional lin-
ear accelerator (CLA) and (b) helical tomotherapy HT. In or-
der to present dose distributions, CT scans showing target
volume and critical organs were chosen. Clinical cases pre-
sented in Figure 1 were marked as follows: 1 — anaplastic
medulloblastoma, 2 — multifocal metastases to brain, 3 —vul-
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Fig. 1. Comparison of dose distributions on tomography scans for
plans implemented using (a) conventional linear accelerator and
(b) helical tomotherapy. Individual clinical cases have been mar-
ked with the following numbers: 1 - anaplastic medulloblasto-
ma, 2 — multifocal metastases to brain, 3 — vulva cancer, 4 — ton-
gue cancer, 5 — metastases to bones, 6 — advanced skin cancer

va cancer, 4 —tongue cancer, 5 — metastases to bones, 6 —ad-
vanced skin cancer. These denotations will be consistently
used in the following part of this paper.

Table 2 presents the time necessary to deliver a fractional
dose for individual cases, in the case of CLA and HT re-
spectively. Additionally, the values shown in Table 2 do not
take into account the time needed to perform image veri-
fication.

Following the analysis of dose distributions in the plan-
ning target volume (PTV), decrease of the dose homogene-
ity in the case of the CLA plan in relation to HT was observed.
Dose homogeneity in PTV was determined on the basis of
standard deviation (SD). In most cases (1, 2, 3, 5), SD was twice
as high in the case of CLA plans than HT plans. For case 6, SD
obtained for CLA was four times higher than SD for HT. Only
case 4 displayed no significant differences between standard
deviations. The difference of standard deviations in the case
of CLA and HT was in the range of 10% calculated in relation
to a smaller SD obtained for HT. However, case 4 exhibited
a bigger dose median in an elective irradiation area in the case
of the CLA plan in comparison to the HT plan. The dose me-
dian for HT was 54.1 Gy. In the case of CLA, it was higher by
2 Gy (56.1 Gy). Moreover, a prescribed dose, determined by
a radiation therapist, in this target volume was 52.8 Gy. A sim-
ilar phenomenon was observed in case 1 in the target volume,
covering the spinal cord and the whole brain. The HT dose
median was 35.8 Gy and CLA—36.9 Gy. The prescribed dose
in this target volume was 35.1 Gy. Figure 2 shows differential
histograms of dose distribution in PTV area for all clinical cas-
es. The distribution of blue areas denoting HT and yellow ones
denoting CLA (Fig. 2) depicts a fall in dose homogeneity for
CLAin relation to HT. Moreover, in Fig. 2, the prescribed dose
(black line), determined before the start of the planning, was
marked on each graph. A rise of dose median for CLA in re-
lation to HT in cases 1 and 4 is presented in Graphs 1 and
2 respectively as a shift of the CLA histogram (red line) in re-
lation to the HT histogram (blue line) and the prescribed dose
(black line). On graphs 1, 2 and 4 (Fig. 2, cases 1, 2 and 4 re-
spectively), the x-axis (presenting percent values of doses)
was shortened. This enabled a better visualization of the dif-

Table 2. Time in seconds necessary for delivering fractional dose
for helical tomotherapy and conventional medical linear accelera-
tor, for the following: 1 — anaplastic medulloblastoma, 2 — multi-
focal metastases to brain, 3 — vulva cancer, 4 — tongue cancer,
5 — metastases to bones, 6 — advanced skin cancer

No of case Time of the fraction dose delivery [s]
HT CLA
646 878

1 602 350
202 48

2 542 1191

3 493 649

4 441 660

5 1480 1241

6 489 902
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Fig. 2. Differential histogram of dose distribution in planning target volume (PTV) of helical tomotherapy (blue line) and radiotherapy
delivered by a conventional linear accelerator (red line) Clinical cases were marked as follows: 1 — anaplastic medulloblastoma, 2 - mul-
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Table 3. Comparison of the median dose and maximum dose in organ at risk for plans implemented using: (a) conventional linear
accelerator and (b) helical tomotherapy. Clinical cases have been marked with the following numbers: 1 — anaplastic medulloblasto-
ma, 2 — multifocal metastases to brain, 3 — vulva cancer, 4 — tongue cancer, 5 — metastases to bones, 6 — advanced skin cancer

No of Dose [Gy] >
case Structure ¥

1 Colchea R
Colchea L
Pancreas

Thyroid
Pituitary
Stomach
Livier
Lens R
Lens L
Parotid R
Parotid L
Spleen
Heart
Lungs
Brainstem
2 EyeR
Eye L
Optic Nerve R
Optic Nerve L
Kidney R
Kidney L
Larynx
Intestines
Chiasma
EyeR
Eye L
Optic Nerve R
Optic Nerve L
Lens R
Lens L
Chiasma

3 Femoral Head L
Rectum
Bladder
Intestines

Endoprosthesis

Median
HT CLA
1385 523
8.3 12.4
‘121 230
45.3 43.7
6.6 8.8
5.4 8.2
4.1 2.1
4.0 2.6
7204421
(163 285
4.4 2.0
6.6 10.0
58 110
54.7 54.2
82 152
8.0 12.1
34.8 35.4
33.7 35.4
63 108
60 91
81 281
6.4 8.2
22070
3.9 2.5
3.6 2.1
9.8 9.0
9.9 8.5
2.6 15
2.0 14
9.8 10.0
[270 412
22.1 24.5
33.0 254
24.9 26.4
68 121

Maximum
HT CLA
[401 5447
423 531
S 134 271
1252 316
493 489
[13.0 204
1207 294
43 3.1
4.4 2.9
362 553
1309 541
[i730m3220
1258 386
1323 414
56.0 55.9
261 368
1280 364
438 367
1435 367
[183 323
[151 299
[247 326
35.2 346
48,6 494
9.8 8.0
9.7 8.0
133 122
143 137
43 2.5
3.8 2.0
12.1 11.8
519 516
511 52.0
53.0 546
(52 550
440 441

4 Verbal Canal  [IZIEEEA 1389 495
Spinal Cord (165 355 [ 262 451
Parotid R [207 250 578 59.9
Mandible 452 491 68.2 66.8
Larynx 282 267 64.6 63.6
Brainstem 44 2.6 287 535
5 Kidney R 13 0.3 5.8 4.6
Kidney L 13 0.3 6.0 5.7
Spinal Cord 3.5 5.7 318 306
Intestines 0.6 35 310 317
Bladder 0.5 17 193 220
6 Lens R 4.7 4.6 6.1 6.4
Lens L (128 316/ S191 332
EyeR 9.7 6.3 25.7 283
Eye L 1277 364 568 56.9
Optic Nerve R 28.7 25.7 369 36.5
Optic Nerve L 452 480 537 533
Brainstem 132 197 315 337
Chiasma (280 332 383 411
color codes legend:
HT dose smaller than CLA dose about 5 Gy |
HT dose smaller than CLA dose about 2 Gy
difference between HT and CLA dose smaller than 2 Gy
HT dose higher than CLA dose about 2 Gy
HT dose higher than CLA dose about 5 Gy |

HT — helical tomotherapy; CLA — conventional linear acceleretor; L — left;
R —right

ferences between HT and CLA histograms. Furthermore, an
additional y-axis was introduced in case 2 (Graph 2 in Fig. 2).
The axis presents the values of volume differential after a dose
(dVolume/dDose) calculated for metastatic lesions. The vol-
ume of the brain twenty times exceeds the total volume of
metastatic lesions. Thus, presenting the results using one scale
for the whole brain would make it impossible to show the dif-
ferences between the histograms for metastatic lesions cal-
culated for HT and CLA in a transparent way.

Table 3 presents basic parameters statistically deter-
mining dose distributions in critical organs. Differences be-
tween dose medians obtained for CLA and HT and maxi-
mum doses calculated for 1% of volume of the analysed
structure were reviewed. When the doses obtained for HT
were lower by at least 2 Gy than the doses for CLA, the ob-
tained results have been presented in a yellow field.
When the differences were at least 5 Gy in favour of HT, the
results have been presented in a green field. A similar strat-
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Fig. 3. Tomography scans of the pelvis area with endoprosthesis taken by: a) computed tomography; b) helical tomography. In both

cases the same imaging window was used

egy was employed for the situation when doses for CLA
were lower than those for HT. Light blue fields and dark blue
fields denote results which differ by at least 2 Gy and 5 Gy,
respectively.

Discussion

Helical tomotherapy (HT) is one of the methods of ra-
diotherapeutic treatment. This method enables treatment
implementation for a wide spectrum of clinical cases, be-
ginning with very small neoplastic lesions located in the brain
[29, 30] or in the whole body [31, 32], treated with conven-
tional stereotactic methods or radiation surgery, and ending
with vast target volumes such as anaplastic medulloblastoma,
total body irradiation (TBI) or total marrow irradiation (TMI)
[33, 34]. In these case using a conventional linear accelera-
tor (CLA) requires special therapeutic procedures, often in-
volving the modification of radiation geometry (using non-
standard treatment distances, specially designed treatment
tables, etc.) [35, 36]. The wide variety of clinical uses of he-
lical tomotherapy results directly from the method of dose
delivery. It differs significantly from the classic method, typ-
ical of conventional linear accelerators. In Poland, at the turn
of 2011 a tomotherapy machine was installed. Therefore, one
of the aims of this publication was to present the method
in which such a machine operates. Taking into consideration
the difference in dose delivery and the consequent differ-
ent method of treatment plan preparation, we also discuss
basic issues concerning the treatment planning process.

In order to demonstrate the possibilities of helical to-
motherapy, treatment plans for six different clinical cases have
been presented. They have been compared with corre-
sponding plans prepared for a conventional linear acceler-
ator. The authors decided to avoid limiting the presentation
to cases representing only one clinical location since there
are many such specialist reports which compare helical to-
motherapy with radiotherapy delivered using CLA [37-44]. The

majority of quoted papers emphasize the increase in con-
formity of dose distributions for tomotherapy treatment in
relation to compared methods. The increase in conformity
is understood here as a rise in dose homogeneity in the area
of irradiation and reduction of doses in critical organs. Nev-
ertheless, none of these papers presents the wide variety of
clinical uses of the tomotherapy machine resulting from its
unique technological solutions.

The first case reported in this publication was the irradi-
ation of anaplastic medulloblastoma (Fig. 1). Helical to-
motherapy as the only method offers the possibility to irra-
diate the whole brain together with the spinal cord during one
working period of the machine. The source rotates around an
irradiated area following a spiral path. Thus, a treatment field
can be formed of total size of 160 cm measured along the pa-
tient’s longitudinal axis. In the case of conventional linear ac-
celerators, the implementation of such treatment requires the
use of a number of treatment fields divided into at least three
target volumes (brain and cervical part of the spine, thoracic
part of the spine and lumbar-sacral part of the spine). Ap-
plication of the total therapeutic dose requires at least two
changes in treatment fields’ set-up. This is the consequence
of the length of the field which can be obtained with a con-
ventional linear accelerator (40 cm). The change in set-up may
result in underdosed areas and overdosed ones in regions
where the fields overlap [45].

When comparing the obtained results of dose distribu-
tions, it should be noted that in the case of a tomotherapy
plan there was a significant reduction of doses in most crit-
ical organs (Table 3). Moreover, we obtained a greater dose
homogeneity in target volume delineated for a residual le-
sion adjoining the brain stem (Fig. 2, Graph 1, high dose range
95-105%) without an increase of dose median in the brain
area and the spinal cord (Fig. 2, Graph 1, dose range 60-70%).
Furthermore, the correct choice of parameters characteriz-
ing the method of dose delivery by a tomotherapy machine
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(Table 1) allows one to obtain, in the first stage of treatment
(cranio-spinal axis), irradiation times comparable to those ob-
tained using a conventional linear accelerator.

Case 2 shows a different clinical situation, which requires
the simultaneous use of small stereotactic fields (metasta-
tic lesions) and standard irradiation fields (whole-brain ir-
radiation). In the case of a conventional linear accelerator,
itis possible to deliver radiation in two ways. In one, the ther-
apy can be split into two stages of treatment: during the first
stage the whole brain is irradiated while the second is de-
voted to stereotactic treatment (a stereotactic system is re-
quired). In the other, an attempt can be made to carry out
a multi-field and non-coplanar IMRT plan which assumes the
irradiation of the whole brain with a simultaneous integrated
boost dose to metastatic lesions (SIB, an example discussed
in the paper). In the case of tomotherapy, combining min-
imum jaw width (1 cm) and low pitch (0.215) makes SIB treat-
ment possible. It is worth pointing out that for both HT and
CLA, reduction of doses in critical organs is comparable
(Table 3). However, the application of tomotherapy leads to
the increase in homogeneity of dose distributions for the brain
and metastatic lesions (Fig. 1 and Graph 2 shown in Fig. 2).
Moreover, the time of tomotherapy treatment implementation
is twice as short as the time for a conventional linear ac-
celerator (Table 2).

The next case (case 3, vulval cancer) illustrates the pos-
sibility of using additional functionality of a tomotherapy ma-
chine. Cancer of the vulva is successfully treated by the IMRT
method using a conventional linear accelerator. Neverthe-
less, in the case of patients who have an endoprosthesis of
a hip joint, doses in both an implant area and in critical or-
gans, such as the healthy head of a femur, the bladder, in-
testines and the rectum, need special reduction. Direct ad-
hesion of the target volume to an implant makes the
clinical situation even more complicated.

Furthermore, the quality of CT scans used in treatment
planning is lower due to the artefacts which are created dur-
ing the imaging of the area with an endoprosthesis. This leads
to a greater error in the delineation of both target volume
and critical organs. The use of these scans makes the cal-
culations of dose distributions also burdened with error. In
order to make a correction, the algorithms which carry out
the computing take into account the correlation between grey
scale expressed in HU and densities of illustrated tissues.
On the other hand, HT offers the possibility of taking MVCT
scans. The quality of MVCT is lower than that of CT; however,
MVCT images are artefact-free. Figure 3 shows a CT scan with
avisible endoprosthesis and artefacts (a) and a corresponding
MVCT scan (b).

The use of both sets of scans — CT and MVCT — in the
process of delineation and calculation of dose distributions
during tomotherapy planning results in a significant reduction
of inaccuracies with which plans for a conventional linear ac-
celerator are burdened. What is more, referring to the
comparison of dose distributions, application of tomother-
apy leads to an increase of dose homogeneity in target vol-
ume (Figure 2, Graph 3) and a reduction of doses in critical
organs (Table 3).

The next two clinical cases (cancer of the tongue and
metastases to bones) confirm the increase in conformity of

dose distribution for tomotherapy treatment in relation to
therapy implemented using conventional linear accelerators.
In the case of tongue cancer (Graph 4, Fig. 1) the main fac-
tor influencing the increase in conformity is a significant re-
duction of doses in critical organs (Table 3) while retaining
homogeneity of dose distributions in target volumes, com-
parable to that obtained for conventional linear accelerators
(Graph 4, Fig. 2). In the case of metastases to bones, the in-
crease of conformity is the result of obtaining better ho-
mogeneity of dose distributions in target volume (Graph 5,
Fig. 2). The reduction of doses in the spinal cord should also
be noted (Graph 5 in Fig. 1).

The last clinical case is advanced skin neoplasm covering
an orbit, an eyelid, and paranasal sinuses. The use of to-
motherapy allowed a considerable reduction of doses in crit-
ical organs located in the direct vicinity of the target volume
(left eye, lens, optic nerve and optic chiasm and brain stem)
and significantly higher homogeneity of dose in the radiation
target area in relation to CLA (Graph 6 in Fig. 2). However, there
was an increase in doses absorbed by the remaining critical
organs located further away from the radiation target area,
i.e. the right eye and right optic nerve (Table 3).

To conclude, helical tomotherapy makes it possible to ob-
tain highly conformal dose distributions for treatments car-
ried out for both vast target volumes (anaplastic medul-
loblastoma) and small areas, treated conventionally with
stereotactic methods (metastases to the brain). The appli-
cation of imaging technology that a tomotherapy machine
offers, in some cases (vulval cancer), increases the precision
of delineating the radiation target area and critical organs,
and reduces the error in dose calculation resulting from tak-
ing into account incorrect HU values (artefacts). The analy-
sis of dose distributions for the remaining cases discussed
in the paper confirms the increase of treatment conformi-
ty through dose reduction in critical organs (tongue cancer),
the increase of homogeneity of dose distribution in a radi-
ation target area (metastases to bones) or through both these
effects (advanced skin cancer).
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