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Abstract
Background: To evaluate and compare dosimetric parameters of volumetric modulated arctherapy (VMAT) and
helical tomotherapy (HT) for non-anaplastic thyroid cancer adjuvant radiotherapy.
Methods: Twelve patients with non-anaplastic thyroid cancer at high risk of local relapse received adjuvant external
beam radiotherapy with curative intent in our institution, using a two-dose level prescription with a simultaneous
integrated boost approach. Each patient was re-planned by the same physicist twice using both VMAT and HT. Several
dosimetric quality indexes were used: target coverage index (proportion of the target volume covered by the reference
isodose), healthy tissue conformity index (proportion of the reference isodose volume including the target volume),
conformation number (combining both previous indexes), Dice Similarity Coefficient (DSC), and homogeneity index
((D2%-D98%)/prescribed dose). Dose-volume histogram statistics were also compared.
Results: HT provided statistically better target coverage index and homogeneity index for low risk PTV in comparison
with VMAT (respectively 0.99 vs. 0.97 (p = 0.008) and 0.22 vs. 0.25 (p = 0.016)). However, HT provided poorer results for
healthy tissue conformity index, conformation number and DSC with low risk and high risk PTV. As regards organs at
risk sparing, by comparison with VMAT, HT statistically decreased the D2% to medullary canal (25.3 Gy vs. 32.6 Gy
(p = 0.003)). Besides, HT allowed a slight sparing dose for the controlateral parotid (Dmean: 4.3 Gy vs. 6.6 Gy (p = 0.032))
and for the controlateral sub-maxillary gland (Dmean: 29.1 Gy vs. 33.1 Gy (p = 0.041)).
Conclusions: Both VMAT and HT techniques for adjuvant treatment of non-anaplastic thyroid cancer provide globally
attractive treatment plans with slight dosimetric differences. However, helical tomotherapy clearly provides a benefit in
term of medullary canal sparing.
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Background
Thyroid cancer is the 18th most common cancer in Europe,
with around 53000 new cases diagnosed in 2012 (2% of the
total) and with reported increases in incidence between
1973 and 2002 from 5.3% (Switzerland) to 155.6% (among
French males) [1].
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Differentiated thyroid cancers (DTC) comprise the vast
majority of all thyroid cancers (90%, including 80% of papillary and 10% of follicular thyroid cancers), followed by
medullary thyroid cancers (MTC) (4%), poorly differentiated thyroid cancers (PDTC) (4%), and anaplastic thyroid
cancers (ATC) (1-2%) [2,3].
Tumor histology is a critical determinant of patient
outcomes: DTC is associated with the best survival rates
(10-year relative survival: 93% for papillary carcinoma
and 85% for follicular carcinoma), and ATC with the
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poorer outcomes (10-year relative survival: 14%). PDTC
and MTC have intermediate prognosis [4]. Besides, several histological subtypes of papillary carcinoma have
been described with poorer outcomes compared to classical papillary carcinoma (diffuse sclerosing and tall cell
variants) [5]. Lymph node metastases represent another
strong prognosis factor of recurrence and reduced survival especially in patients aged >45 years [6-9]. Contrary
to follicular carcinoma, lymph nodes involvement is
commonly described in classic papillary carcinomas (56%)
and more frequently in aggressive variants (respectively
72% and 67% with diffuse sclerosing and tall cell variants)
and in MTC (55-75%) [5,10,11]. Several other poor prognosis factors have been established with DTC including
age >40-60 years, presence and extent of extrathyroidal
extension (T3, T4), tumor size >1 cm, extent of postsurgical residual disease, or absence of radioactive iodine
uptake [6,12-14].
In non metastatic stages, the main and first step of
treatment consists of surgery. In case of DTC >1 cm
and/or presence of one of the previous high risk features, surgery is followed by radioactive iodine (RAI)
therapy [15].
The role of external beam radiotherapy (EBRT) in thyroid cancer has been studied in many retrospective studies, and only a subset of patients at high risk of local
recurrence may benefit from adjuvant EBRT [15-18].
Due to cervico-mediastinal localization of these cancers,
with several complicated-shape organs at risk around the
thyroid, EBRT can be difficult to plan. Major improvements in radiation therapy in the last decade have first led
to fixed-field intensity-modulated radiotherapy (IMRT),
allowing dose escalation on the target volume as well as
protection of organs at risk (OAR). In the field of thyroid
cancer, only few clinical or dosimetric data exist about
IMRT [19-22]. These data suggest that compared to 3D
conformational radiotherapy, IMRT improves PTV coverage and spinal cord sparing, and is associated with less
frequent late morbidity but with no impact on survival
outcomes. Further improvements in treatment optimization
and planning treatment led to better dosimetric performance with Volumetric Modulated Arctherapy [23] (RapidArc
for Varian Medical System® and VMAT for Elekta®), or
Helical Tomotherapy [24] (Accuray®).
The prolonged survivals obtained for locally advanced
thyroid cancer after adjuvant EBRT [13,16,20,25,26] should
lead us to choose the technique allowing the best OAR
sparing to avoid late toxicities, with optimal planning target
volume coverage. Nevertheless, no comparison between
these two last techniques exists in this way in the field of
thyroid cancer adjuvant radiotherapy.
Therefore, the aim of this retrospective study was thus
to compare volumetric modulated arc-therapy (VMAT
RapidArc from Varian Medical System®) and Helical
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Tomotherapy (HT) for adjuvant treatment of non-anaplastic
thyroid cancer, in terms of dose distribution to the Planning
Target Volume and OAR protection.

Methods
Population

From March 2011 to December 2013, 12 patients with
histologically proven non-anaplastic thyroid cancer were
consecutively irradiated by VMAT or HT at our institution in a curative intent.
Patient’s characteristics are summarized in Table 1.
Therapeutic sequence and indications of EBRT

All the patients underwent external beam radiotherapy
(EBRT) in first-line treatment after initial surgery and
radioactive iodine therapy for all non medullary carcinomas (100 mCi). The initial surgery consisted of total thyroidectomy with lymph node dissection for all 12 patients
(central compartment neck dissection for all patients and
lateral neck dissection for ten patients).
No patient received chemotherapy.
Indication of EBRT was as follows: node extracapsular
spread and/or microscopic or macroscopic residual disease following surgery.
Planning target volumes, organs at risk delineation and
dose prescription

High risk of recurrence clinical target volume (CTV)
included primary tumor bed with microscopic positive
margins, residual gross tumor at first post-surgical assessment, or areas of nodal extra-capsular spread, and was
treated with high dose EBRT. Low risk CTV included
primary and nodal micro-metastatic disease (including
level VII nodes, according to the classical patterns of
relapse after radiotherapy [25]), and was treated with
low dose EBRT.
Level II nodes were included in low risk CTV in nine
patients and in high risk CTV in two patients. Levels
III-IV-VI nodes were included in high risk CTV in seven
patients.
PTV was built by 3D-automatic expansion of CTV
with a 3 millimeters margin.
Among the twelve patients considered: ten patients
received a high dose/low dose prescription, one patient
received only a high dose prescription and one patient
received only a low dose prescription. High risk PTV
was treated according to simultaneous integrated boost
technique to deliver 63 Gy by 30 fractions of 2.1 Gy,
whereas low risk PTV was treated with 54 Gy by 30
fractions of 1.8 Gy.
According to ICRU 83 report, the dose prescription
referred to the median dose (D50%).
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Table 1 Patient and tumor characteristics
Patient

Pathological
subtypes

Subsites

TNM

Neck levels
involved

Nodal extracapsular
spread

Surgical margin
status

PTV 63

PTV 54

Volume (cm3)/

Volume (cm3)/

Height (cm)

Height (cm)

1

Medullary

Right lobe

T3N1a

R: VI

Y

R1

298.55/13.26

534.84/18.42

2

Medullary

Left lobe

T4aN1b

R: VI

Y

R1

490.76/14.54

954.89/20.62

3

Vesicular

Bilateral

T4aN0

-

-

R2

254.54/11.36

500.39/13.36

4

Medullary

Right lobe

T2N1b

R: IIA, III, IV, V, VI

Y

R0

-

641.07/20.78

Y

R1

93.3/10.62

262.36/18.33

L: II, III, V, VI

L: VI
5

Medullary

Bilateral

T3N1b

L: IIA, VI
R: VI

6

Medullary

Right lobe

T2N1b

R: III, IV, VI

Y

R0

206.97/13.37

545.01/18.66

7

Papillary

Bilateral

T4aN1a

R: VI

Y

R1

124.11/5.9

-

8

Papillary

Left lobe

T4aN1b

L: III, IV, VI

Y

R1

39.39/4.24

247.87/14.92

9

Medullary

Right lobe

T3N1b

R: III, VI

Y

R1

83.52/8.59

300.35/16.07

10

Medullary

Left lobe

T3N1b

L: IV, VI

Y

R1

405.82/22.43

596.87/22.43

R: VI, VII
11

Papillary

Bilateral

T3N1b

R: IV, VI

Y

R0

51.36/6.02

361.89/17.35

12

Papillary

Left lobe

T4aN1a

L: VI

N

R1

95.08/8.44

201.39/13.12

194.85/10.8

467.91/17.64

Average
R = right; L = left; R0 = no residual tumor; R1 = microscopic residual tumor; R2 = macroscopic residual tumor; Y = yes; N = No.

The OAR included: medullary canal, mandible, parotid
glands, sub-maxillary glands, larynx, oral cavity, esophagus and brachial plexus.
Finally, healthy tissue (non-tumor tissue volume) was
defined as:
Volume between the vertex and the apex of xyphoïd
process – (PTV63 U PTV54)
All contours were approved by a single physician
widely experimented in head and neck cancers radiation oncology.
Dose volume constraints and inverse treatment
planning

Treatment planning was recalculated for each patient
with both VMAT and HT by the same physicist (experienced in both techniques).
All the VMAT treatment plans were computed
using the Eclipse TPS v8.9 (Varian Medical Systems,
Inc., Palo Alto, CA). Dose calculation was performed
using the Anisotropic Analytical Algorithm (AAA)
with a calculation grid resolution of 2.5 mm. Treatment plans were optimized for a Varian 2100 iX clinac
equipped with a Millenium 120 MLC. Each VMAT
plan was designed using two 6 MV photon coplanar

arcs of 360°: clockwise (CW) and counterclockwise
(CCW) divided in 177 control points. The collimator
angle was equal to 15° and 345° for the CW and the
CCW arcs respectively. The optimization was based
on the PRO II algorithm. Normal Tissue Objective
(NTO) algorithm was used in the VMAT planning in
order to minimize the dose deposited outside of the
PTV. The NTO was used with a distance from the
target of 3 mm, a start dose of 100%, an end dose of
30% and a fall off of 0.1. The maximal dose rate was
set to 600 MU/min.
HT used a helical slice 6 MV photon beam, modulated in intensity using binary MLCs. For all plans,
we used a field width of 2.5 cm with a pitch value of
0.287 and a nominal modulation factor of 2.5. Plans
were optimized using the Tomotherapy Hi-Art TPS,
version 4.2.1 (Tomotherapy Inc. Madison, WI). The
dose distribution for each beamlet was calculated using a
convolution/superposition algorithm. The optimization
process used the least mean squares method to minimize
the objective function.
During planning, the first objective was to ensure PTV
coverage. The criteria for plan validation were: more
than 95% of the prescribed dose to more than 95% of
the PTV, more than 90% of the prescribed dose to more
than 98% of the PTV, and less than 107% of the prescribed
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dose to less than 2% of the PTV. The D50% had to be as
close as possible to 54Gy and 63Gy for PTV54 Gy and
PTV63 Gy respectively.
The secondary objective was to minimize OAR doses
as much as possible. For esophagus and brachial
plexus, no optimization criteria were defined, but
sparing was allowed by the NTO algorithm in VMAT

and by non-anatomical optimization “dummy volumes”
in HT.
After each planning, we made sure that it was reasonably deliverable.
The optimization objectives for PTV and OAR with
respective priorities and the criteria for plan validation
are summarized in Tables 2 and 3.

Table 2 Dose-volume constraints for PTVs and OARs used for optimization
VMAT

Helical tomotherapy

Structures

Optimization objectives

Optimization priorities

Optimization objectives

Optimization priorities

PTV 63

D50% = 63 Gy

Very High

Dmin = 63 Gy

Very high

HR

Very High

D50% = 63 Gy

Very high

HR

Very High

Dmax = 63 Gy

Very high

-

Dmin = 54 Gy

High

D50% = 54 Gy

High

Gy

Dmin > 100% Dpresc
Dmax < 102% Dpresc
PTV 54

PTV 54

PTV 54

-

Gy

Gy

Gy

– PTV 63

–(PTV 63

Gy

Gy

+1 cm)

PRV medullary canal

Dmax = 54 Gy

High

-

-

High

-

-

High

Dmax < 30 Gy

High

Dmin > 100%Dpresc

LR

Very High

Dmax < 95% Dpresc

HR

High

D5% < 105%Dpresc

LR

High

Dmax < 95%Dpresc

LR

Dmax < 35Gy
D2% < 33 Gy

Ipsilateral parotid gland - PTVs

V10Gy < 45%

D2% < 28Gy
Medium

V15Gy < 45%

V25Gy < 30%

V30Gy < 30%

V40Gy < 15%

V45Gy < 15%

Medium

Dmax < 50Gy
Controlateral parotid gland - PTVs

V10Gy < 45%

High

V15Gy < 45%

V25Gy < 30%

V30Gy < 30%

V40Gy < 15%

V45Gy < 15%

High

Dmax < 50Gy
Mandible - PTVs

D5% < 55Gy

Medium

D50% < 30Gy

Dmax < 65Gy

Medium

D5% < 55Gy
D50% < 30Gy

Larynx - PTVs

Dmax < 55Gy

Medium

D50% < 30Gy

Ipsilateral sub-maxillary gland - PTVs

Dmax < 55Gy

D95% < 15Gy
Medium

Dmax < 55Gy

D50% < 30Gy

D50% < 30Gy

D95% < 15Gy

D95% < 15Gy

D30% < 50Gy

Medium

D50% < 30Gy

D95% < 15Gy
Oral cavity - PTVs

Dmax < 55Gy

Medium

D50% < 30Gy

Dmax < 55Gy

Medium

Medium

D30% < 50Gy
D50% < 30Gy

Controlateral sub-maxillary gland - PTVs

D30% < 50Gy

High

D50% < 30Gy

Dmax < 55Gy
D30% < 50Gy
D50% < 30Gy

Dx% = dose received by x% of structure volume; VxGy = percent structure volume of xGy.
Dpresc HR = prescribed dose on high risk PTV = 63 Gy; Dpresc LR = prescribed dose on low risk PTV =54 Gy.

High
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– Conformation number (CN) is a global index
which provides information as well on tumor
coverage as on protection of healthy tissue [29]:

Table 3 Criteria for plan validation
Structures

Dose-constraint

PTV 63

D50% = 63 Gy

PTV 54

Gy

Gy

PRV medullary canal
Parotid glands*

D95% > 95%Dpresc

HR

D98% > 90%Dpresc

HR

D2% < 107%Dpresc

HR

D95% > 95%Dpresc

LR

D98% > 90%Dpresc

LR

Dmax < 45Gy
Dmean < 26Gy
V15Gy < 65%
V30Gy < 45%
V45Gy < 24%

Mandible

Dmean < 30Gy
Dmax < 70Gy

Larynx

Dmean < 30Gy
Dmax < 55Gy

Oral cavity

Sub-maxillary glands*

Dmean < 30Gy

CN ¼ ðVTIR =VTÞ x ðVTIR =VIR Þ
– Dice Similarity Coefficient (DSC) is defined in
ICRU 83 report as the ratio between twice the
tumor volume covered by the reference isodose
and the sum of tumor volume and reference
isodose volume:
DSC ¼ 2xVTIR = ðVT þ VIR Þ
– The ideal value of these four indexes is 1.
2. Dose homogeneity:
Homogeneity index ðHI ÞICRU ¼ ðD2%−D98%Þ=D50%

The ideal value of HI is 0.
3. For healthy tissue, we defined integral dose (ID) to the
non tumor-tissue volume (NTID) as follows [30,31]:

Dmax < 55Gy

NTID ¼ ID bodyðbetween the vertex and the apex of

Dmean < 40Gy

– ID PTVsðPTV54 U PTV63Þ

*At least one.

xyphoid processÞ

where:
Dosimetric parameters

ID structureS ðJoulesÞ ¼ DmeanS ðGyÞ x VolumeS ðcm3 Þ x
densityS ðkg:cm‐3 Þ;

Plans quality was first assessed according to simple criteria from ICRU 83: near-minimal dose (D98%), nearmaximal dose (D2%) and median dose (D50%).
Other indexes were used to compare both treatment
techniques:
1. Dose conformity [27]:
– Target coverage index (TCov-I) corresponds
to the proportion of target volume covered
by the reference isodose (95% of the prescribed
dose), regardless of healthy tissue [28]:
TCov ‐ I = VTIR/VT
with VT: target volume (ie PTV),
and VTIR: target volume covered by the
reference isodose volume (95% of the
prescribed dose).
– Healthy tissue conformity index (HTConf-I)
corresponds to the proportion of the reference
isodose volume including the target volume.
Indirectly, it refers to the volume of healthy
tissue included in the reference isodose [28]:
HTConf‐I ¼ VTIR =VIR
with VIR: reference isodose volume (95% of
prescribed dose)

¼ DmeanS ðGyÞ x
VolumeS ðcm3 Þ with density ≈ 1;
Statistical analysis

Patients’ characteristics were described using median
and range for quantitative data, and frequency and percent for qualitative data.
The comparison between the two techniques in the
paired population was made using the Wilcoxon signrank
test. All tests were two-tailed and p < 0.05 was considered
to indicate statistical significance. All statistical analyses
were done with STATA 12.0 software (StataCorp. 2011.
Stata Statistical Software: Release 12. College Station,
TX: StataCorp LP).
This study was approved by the scientific board of the
multidisciplinary head-and-neck tumor institutional group.

Results
The results are summarized in Tables 4 and 5.
High risk PTV

In comparison with VMAT, HT provided poorer results
for HTConf-I (0.77 vs. 0.85 (p = 0.016)), CN (0.74 vs.
0.78 (p = 0.033)) and DSC (0.85 vs. 0.88 (p = 0.033)).
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Table 4 Median (range) dosimetric results for planning
target volumes
PTV

Dosimetric
parameters

VMAT

Helical Tomotherapy

P

PTV 63

D2% (Gy)

65.4 (64.2-67.0)

64.9 (64.1-66.0)

0.131

D50% (Gy)

63 (63.0-63.9)

62.9 (62.8-63.1)

0.062

D98% (Gy)

58.4 (57.4-60.7)

59.3 (57.0-60.7)

0.248

TCov-I

0.94 (0.90-0.99)

0.96 (0.91-0.99)

0.091

HTConf-I

0.85 (0.77-0.92)

0.77 (0.66-0.94)

0.016*

CN

0.78 (0.76-0.87)

0.74 (0.62-0.85)

0.033*

DSC

0.88 (0.87-0.93)

0.85 (0.77-0.92)

0.033*

HI

0.11 (0.06-0.15)

0.09 (0.05-0.13)

0.109

D2% (Gy)

64.9 (56.3-66.4)

64.3 (55.0-65.7)

0.109

D50% (Gy)

57.5 (54.0-62.3)

57.1 (54.0-61.9)

0.168

D98% (Gy)

51.0 (48.6-52.0)

51.8 (50.5-53.6)

0.016*

TCov-I

0.97 (0.90-0.99)

0.99 (0.97-1.00)

0.008*

HTConf-I

0.84 (0.71-0.89)

0.63 (0.51-0.69)

0.003*

CN

0.76 (0.69-0.82)

0.62 (0.50-0.67)

0.003*

DSC

0.86 (0.78-0.90)

0.77 (0.67-0.81)

0.003*

HI

0.25 (0.12-0.29)

0.22 (0.06-0.26)

0.016*

PTV 54

TCov-I = Target Coverage Index; HTConf-I = Healthy Tissue Conformity Index;
CN = Conformation Number; DSC = Dice Similarity Coefficient; HI = Homogeneity
Index; * = p < 0.05.

HT had better TCov-I and HI value than VMAT,
however it was not statistically significant (respectively:
0.96 vs. 0.94 (p = 0.091) and 0.09 vs. 0.11 (p = 0.109)).
Low risk PTV

In comparison with VMAT, HT allowed an improvement
in TCov-I and HI: respectively 0.99 vs. 0.97 (p = 0.008)
and 0.22 vs. 0.25 (p = 0.016).
On the other hand, we found poorer results with HT
for HTConf-I, CN and DSC: respectively 0.63 vs. 0.84
(p = 0.003), 0.62 vs. 0.76 (p = 0.003) and 0.77 vs. 0.86
(p = 0.003).
Organs at risk and healthy tissue

By comparison with VMAT, HT significantly improved
the D2% to medullary canal and to PRV (planning organ
at risk volume) medullary canal: respectively 25.3 Gy vs.
32.6 Gy (p = 0.003) and 27.2 Gy vs. 34.3 Gy (p = 0.003).
As for parotid sparing, we failed to find a strong dosimetric benefit with HT compared to VMAT (except a
decrease in Dmean to the controlateral parotid with HT:
4.3Gy vs. 6.6Gy (p = 0.032)).
Besides, Dmean to the controlateral submaxillary gland
was also decreased with HT (29.1 Gy vs. 33.1 Gy (p = 0.041)).
On the other hand, HT provided a higher D2% to
mandible (42.6 Gy vs. 35.6 Gy (p = 0.01)).
Finally, there was higher NTID with HT compared to
VMAT (124.6 Joules vs. 117.0 Joules (p = 0.008)).
These results are illustrated in Figures 1 and 2.

Table 5 Median (range) dosimetric results for organs at risk and healthy tissue
Organ

Dose-volume index

VMAT

Helical tomotherapy

P

Medullar canal

D2% (Gy)

32.6 (30.1-39.0)

25.3 (23.0-34.6)

0.003*

PRV medullar canal

D2% (Gy)

34.3 (31.6-40.4)

27.2 (24.1-35.1)

0.003*

I parotid gland

V26Gy (%)

31.1 (0–42.6)

33.8 (0–45.9)

0.812

Dmean (Gy)

19.9 (0–24.4)

19.5 (0–25.8)

0.812

V26Gy (%)

0 (0–49.3)

0 (0–47.3)

0.85

C parotid gland

Dmean (Gy)

6.6 (0–28.1)

4.3 (0–27.2)

0.032*

I submaxillary gland

Dmean (Gy)

36.1 (15.4-44.6)

34.5 (24.7-44.6)

0.623

C submaxillary gland

Dmean (Gy)

33.1 (3.4-41.9)

29.1 (1.5-39.6)

0.041*

Mandible

D2% (Gy)

35.6 (1.4-52.2)

42.6 (0.9-58.0)

0.01*

Oral cavity

Dmean (Gy)

17.2 (0.5-27.4)

17.8 (0.5-32.2)

0.075

Larynx

D2% (Gy)

60.8 (49.2-64.9)

60.7 (43.6-65.0)

0.209

Dmean (Gy)

45.9 (10.8-62.5)

39.2 (25.0-62.6)

0.638

D2% (Gy)

60.9 (47.7-63.7)

57.5 (41.6-64.7)

0.049*

I brachial plexus

D2% (Gy)

62.7 (44.1-67.4)

62.5 (46.4-64.6)

0.209

C brachial plexus

D2% (Gy)

54.4 (29.7-58.5)

54.2 (26.8-55.1)

0.308

ID body

(Joules)

138.5 (54.9-242.3)

149.5 (72.5-271.0)

0.008*

NTID

(Joules)

117.0 (47.0-201.6)

124.6 (64.7-226.3)

0.008*

Esophagus

Dx% = dose received by x% of structure volume; VxGy = percent structure volume of xGy; I = ipsilateral; C = controlateral.
ID = Integral Dose; NTID = Normal Tissue Integral Dose; * = p < 0.05.

Khalifa et al. Radiation Oncology 2014, 9:247
http://www.ro-journal.com/content/9/1/247

Page 7 of 11

VMAT

HT

Figure 1 Dose distribution in color-wash for one representative patient with VMAT (top) and HT (bottom). Red line: PTV63. This figure
shows a color-wash of the dose distribution from 25Gy to 63Gy in VMAT and HT for one patient: a better medullary canal sparing is obtained with
HT compared to VMAT.
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Figure 2 Dose volume histogram of PTV63 Gy, PTV54 Gy, medullary canal, ipsilateral and controlateral parotid for one representative
patient using VMAT and HT.

Discussion
To our knowledge, no previous study compared VMAT
and HT specifically for thyroid cancer treatment.
We found that HT for non anaplastic-thyroid cancer
provided statistically better tumor coverage index and
homogeneity index in comparison with VMAT essentially for low risk PTV. On the other side, we found
poorer results with HT for healthy tissue conformity
index, conformation number and Dice Similarity Coefficient for low risk and for high risk PTV. Regarding OAR,
by comparison with VMAT, HT mainly statistically
decreased the maximum dose to the medullary canal.
VMAT and HT represent the ultimate evolution of
IMRT since they both allow highly modulated treatments. However, few data are available regarding their
direct comparison in the anatomical sites of thyroid cancer irradiation: i.e. median and low cervical regions and
upper mediastinum.
For oropharyngeal cancer, several studies are available
comparing HT and VMAT. Clemente et al. compared in
eight patients also VMAT with both IMRT and HT for a
three-dose-level prescription. The same benefit was found
for HT compared to VMAT in target coverage and dose
homogeneity, but also in conformity [32]. However, the
authors did not use the same indexes. Indeed, the conformity index referred to the ratio between the volume of
the reference isodose of the low risk PTV and the volume
of all PTV (RTOG conformity index). This last index presents a major drawback: it does not take into account the
degree of spatial intersection of the two volumes, and is
rather adapted to stereotactic radiosurgery. For this reason, we decided not to use this index. Van gestel et al.
found that compared to VMAT RapidArc®, HT provided
better homogeneity index for high risk PTV but poorer
homogeneity index for low risk PTV. They also found
that for high risk PTV (but not for low risk PTV), HT

provided poorer conformity index than VMAT RapidArc®
(defined as our healthy tissue conformity index), that quite
agrees with our results [33]. In another study, VMAT
RapidArc® was surprisingly globally better in terms of
homogeneity index for low risk and intermediate risk
PTV and DSC for intermediate and high risk PTV [31].
No study compared VMAT and HT for hypopharyngeal/laryngeal cancers.
Finally, only one study compared VMAT and HT among
patients with superior mediastinal tumors (early stage
mediastinal Hodgkin’s Lymphoma treated with 30 Gy
Involved Nodes Radiation Therapy). The authors found a
better homogeneity index for HT and similar results for
Conformation Number and for OAR sparing (breast, lung,
heart, thyroid gland) in terms of both Dmean and volumes
receiving low doses to high doses. (Only a decrease in
lungs V10Gy and V15Gy was shown in HT). [34]
As no study compared precisely these techniques for
thyroid cancers, this prompted us to perform this dosimetric comparison. We took a particular attention to
perform the most credible comparison: all contours were
approved by a single physician and all plans were generated by a single physicist, both strongly experimented in
both VMAT and HT.
Our results compared to VMAT seem to be coherent
with physical characteristics of helical tomotherapy dose
distribution. First, opposed to IMRT step-and-shoot characterized by multi-angular beams, HT and VMAT can
adopt 360° rotation, which allows delivering a more homogeneous dose in the target area. Nevertheless, in order to
improve dose sparing to an OAR or an area, it should be
noted that VMAT can use partial gantry rotation with
avoidance sectors. In the same way, to achieve this dose
sparing goal, HT cannot use partial arcs but it can use the
directional block technique, where the beams are forbidden
from entering through the defined area but can exit
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through it. These techniques (avoidance sectors and directional block) are rather adapted to lateral target volumes,
and therefore have not been used in this study of thyroid
cancers (with concave median target volumes). Besides,
HT is equipped with a binary MLC with very fast leaf transition times achieved by using a compressed air system.
This combined with the helical fashion in which HT delivers radiation allows a greater degree of intensity modulation compared with VMAT: it could thus explain a more
homogeneous dose in the target area and a better coverage
of the target as we showed. The HTConf-I refers to the extent to which the reference isodose diverges from the target volume. As far the poorer results for HTConf-I in
high risk PTV, this could be explained by differences
in optimization techniques: contrary to HT, we defined
for VMAT several optimization sub-volumes (“PTV54 –
PTV 63” and “PTV54 – (PTV63 + 1 cm)”) to control the
dose gradient between high dose and low dose PTV. A
way to improve this index in HT could be the creation
of a “ring” around the high dose PTV with specific
optimization criteria. The poorer results for HTConf-I
in low risk PTV could be explained by the process of HT
dose delivery. Indeed, the fixed filed size and the lack of
dynamic jaws in most helical tomotherapies (unlike new
generation of tomotherapy) lead HT to deliver a relatively
larger “dose spread” in the superior–inferior direction.
In this respect, normal-tissue integral dose is a burning issue with HT and represents a classical disadvantage
of this technique. Indeed, as we reported here, several
data suggest that HT increases NTID and healthy tissue
volumes irradiated with low dose radiation compared to
VMAT [31,35], with an undetermined risk of second
cancer. Nevertheless, a few data suggest that new dynamic jaws HTs could now decrease the integral dose
compared to regular HTs [36]. Furthermore, even with
non-dynamic jaws HTs, it should be noted that a smaller
field width (1 cm instead of 2.5 cm as used in our study)
could also reduce the normal tissue dose spread, but at
the cost of an increased treatment time. (However, due
to the relatively small volumes of PTV in thyroid cancer
radiotherapy, the treatment time might not be dramatically increased).
Finally, all these data taken together can be confusing
to choose between VMAT and HT for thyroid cancer
treatment.
Indeed, in all the previous dosimetric studies mentioned, as in ours, the dosimetric differences linked to
dose distribution within or just around the PTV are
slight, and are probably likely to have no clinical effect
in term of local control.
However, the main result of our study is represented
by a statistically significant strong decrease in the D2%
to medullary canal and its PRV. And this data can be of
the utmost importance for several reasons.
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Firstly, compared to locally advanced HNSCC patients,
patients with advanced thyroid cancers and adjuvant
EBRT present prolonged survival regardless of the technique (3D vs. IMRT) [13,16,20,25,26]; therefore, late
toxicities have to be considered to choose the best
technique, and HT could be interesting in this way.
Secondly, patients with non-anaplastic thyroid cancers
with indication of EBRT always present aggressive disease with high risk of loco-regional relapse and even of
distant relapse (like vertebral metastatic relapse). These
patients can thus draw benefits from another irradiation
which can be problematic in term of previous dose to
OAR, and precisely spinal cord. Finally, among Hodgkin
Lymphoma survivors, an estimated 5- to 15-fold increased
risk of radio-induced thyroid cancer compared with the
normal population has been reported, especially among
female treated at a young age [37-41]. These patients may
also dramatically beneficiate from a decreased D2% to the
spinal cord with HT.
Concerning parotid and sub-maxillary gland sparing,
we found a slight decrease in Dmean to the controlateral
glands in HT. However, this benefit is difficult to appreciate since salivary glands are not crucial OAR in thyroid
cancer irradiation, except when level II has to be treated
in the high dose PTV. Besides, we could note that our
good results in parotid sparing (in VMAT or in HT) are
widely explained by the fact that only two patients had
level II nodes in high risk PTV.
We must note however that better OAR sparing with
HT is obtained only for high priority penalty OAR, with
poorer results for mandible which priority penalty is
low, as also reported by Clemente et al. [32].
Last, these results on better high priority OAR sparing
are not in contradiction with the poorer healthy tissue
conformity index in HT. Indeed, the better gradient dose
of HT, the better dose homogeneity and the other characteristics mentioned above lead to strictly respect high
priority objectives but at the cost of a large dose spread,
with thus poorer healthy tissue conformity.

Conclusion
In this study, twelve patients with aggressive nonanaplastic thyroid cancer were planned with both VMAT
and helical tomotherapy.
Both techniques provided globally attractive treatment
plans although slight differences were found in terms of
homogeneity or target coverage in favor of HT, or in
terms of healthy tissue conformity, conformation number or DSC in favor of VMAT. These slight differences
have probably no clinical impact on local control.
However, better medullary canal sparing was obtained
with HT, which can be widely interesting in case of reirradiation, for patients with aggressive disease with high
risk of loco-regional relapse or among previously irradiated
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Hodgkin Lymphoma survivors. Therefore, we think that, if
possible, HT should be preferred in case of non anaplastic
thyroid cancer radiotherapy.

Annex 1. TNM staging for non-anaplastic thyroid
cancer (7th edition)
T categories:
TX: Primary tumor cannot be assessed.
T0: No evidence of primary tumor.
T1: The tumor is 2 cm across or smaller and has not
grown out of the thyroid.
T1a: The tumor is 1 cm across or smaller and has not
grown outside the thyroid.
T1b: The tumor is larger than 1 cm but not larger
than 2 cm across and has not grown outside of the
thyroid.
T2: The tumor is between 2 cm and 4 cm across and
has not grown out of the thyroid.
T3: The tumor is larger than 4 cm or it has begun to
grow a small amount into nearby tissues outside the
thyroid.
T4a: The tumor is any size and has grown extensively
beyond the thyroid gland into nearby tissues of the neck,
such as the larynx, trachea, esophagus, or the nerve to
the larynx.
T4b: A tumor of any size that has grown either back
toward the spine or into nearby large blood vessels.
Abbreviations
CN: Conformation number; CTV: Clinical target volume; DSC: Dice similarity
coefficient; EBRT: External beam radiotherapy; HI: Homogeneity index;
HT: Helical tomotherapy; HTConf-I: Healthy tissue conformity index;
ICRU: International commission of radiation units and measurements;
ID: Integral dose; IMRT: Intensity modulated radiotherapy; MLC: Multi-leaf
collimator; NTID: Non-tumoral tissue volume integral dose; PRV: Planning
organ at risk volume; PTV: Planning target volume; RAI: Radioactive iodine;
TCov-I: Target coverage index; VMAT: Volumetric modulated arctherapy.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
JK participated in the study design and study coordination, prepared patient
data sets for treatment planning, collected and analyzed data, and drafted
the manuscript. LV, SB, MR and AL participated in the study design and
interpreted data. LV performed treatment planning. SB participated in the
study coordination and helped draft the manuscript. MO and TF performed
the statistical analyses, interpreted data and helped draft the manuscript. AL
and MR revised the manuscript. All authors read and approved the final
manuscript.
Author details
1
Department of Radiation Oncology, Institut Claudius Regaud, Institut
Universitaire du Cancer de Toulouse, Oncopôle – 1, avenue Irène Joliot Curie,
31059 Toulouse, France. 2Department of Medical Physics, Institut Claudius
Regaud, Institut Universitaire du Cancer de Toulouse, Oncopôle – 1, avenue
Irène Joliot Curie, 31059 Toulouse, France. 3Department of Biostatistics,
Institut Claudius Regaud, Institut Universitaire du Cancer de Toulouse,
Oncopôle – 1, avenue Irène Joliot Curie, 31059 Toulouse, France. 4Université
Toulouse III Paul Sabatier, Toulouse F-31000, France. 5INSERM, UMR825,
Toulouse 24 F-31059, France.

Page 10 of 11

Received: 19 May 2014 Accepted: 3 November 2014

References
1. Kilfoy BA, Zheng T, Holford TR, Han X, Ward MH, Sjodin A, Zhang Y, Bai Y,
Zhu C, Guo GL, Rothman N, Zhang Y: International patterns and trends
in thyroid cancer incidence, 1973–2002. Cancer Causes Control 2009,
20:525–531.
2. Bhattacharyya N: A population-based analysis of survival factors in
differentiated and medullary thyroid carcinoma. Otolaryngol Head
Neck Surg 2003, 128:115–123.
3. Kebebew E, Greenspan FS, Clark OH, Woeber KA, McMillan A: Anaplastic
thyroid carcinoma. Treatment outcome and prognostic factors. Cancer 2005,
103:1330–1335.
4. Hundahl SA, Fleming ID, Fremgen AM, Menck HR: A National Cancer Data
Base report on 53,856 cases of thyroid carcinoma treated in the U.S.,
1985–1995 [see commetns]. Cancer 1998, 83:2638–2648.
5. Kazaure HS, Roman SA, Sosa JA: Aggressive variants of papillary thyroid
cancer: incidence, characteristics and predictors of survival among
43,738 patients. Ann Surg Oncol 2012, 19:1874–1880.
6. Mazzaferri EL, Jhiang SM: Long-term impact of initial surgical and medical
therapy on papillary and follicular thyroid cancer. Am J Med 1994,
97:418–428.
7. Ito Y, Higashiyama T, Takamura Y, Miya A, Kobayashi K, Matsuzuka F, Kuma K,
Miyauchi A: Risk factors for recurrence to the lymph node in papillary
thyroid carcinoma patients without preoperatively detectable lateral
node metastasis: validity of prophylactic modified radical neck
dissection. World J Surg 2007, 31:2085–2091.
8. Podnos YD, Smith D, Wagman LD, Ellenhorn JDI: The implication of lymph
node metastasis on survival in patients with well-differentiated thyroid
cancer. Am Surg 2005, 71:731–734.
9. Zaydfudim V, Feurer ID, Griffin MR, Phay JE: The impact of lymph node
involvement on survival in patients with papillary and follicular thyroid
carcinoma. Surgery 2008, 144:1070–1077.
10. Moley JF, DeBenedetti MK: Patterns of nodal metastases in palpable
medullary thyroid carcinoma: recommendations for extent of node
dissection. Ann Surg 1999, 229:880–887.
11. Scollo C, Baudin E, Travagli J-P, Caillou B, Bellon N, Leboulleux S, Schlumberger M:
Rationale for central and bilateral lymph node dissection in sporadic
and hereditary medullary thyroid cancer. J Clin Endocrinol Metab 2003,
88:2070–2075.
12. Cady B, Rossi R: An expanded view of risk-group definition in differentiated
thyroid carcinoma. Surgery 1988, 104:947–953.
13. Tsang RW, Brierley JD, Simpson WJ, Panzarella T, Gospodarowicz MK,
Sutcliffe SB: The effects of surgery, radioiodine, and external radiation
therapy on the clinical outcome of patients with differentiated thyroid
carcinoma. Cancer 1998, 82:375–388.
14. Burns WR, Zeiger MA: Differentiated thyroid cancer. Semin Oncol 2010,
37:557–566.
15. Cooper DS, Doherty GM, Haugen BR, Hauger BR, Kloos RT, Lee SL, Mandel SJ,
Mazzaferri EL, McIver B, Pacini F, Schlumberger M, Sherman SI, Steward DL,
Tuttle RM: Revised American Thyroid Association management guidelines
for patients with thyroid nodules and differentiated thyroid cancer.
Thyroid 2009, 19:1167–1214.
16. Sun XS, Sun SR, Guevara N, Marcy PY, Peyrottes I, Lassalle S, Lacout A,
Sadoul JL, Santini J, Benisvy D, Lepinoy A, Thariat J: Indications of external
beam radiation therapy in non-anaplastic thyroid cancer and impact of
innovative radiation techniques. Crit Rev Oncol Hematol 2013, 86:52–68.
17. Giuliani M, Brierley J: Indications for the use of external beam radiation in
thyroid cancer. Curr Opin Oncol 2014, 26:45–50.
18. Kloos RT, Eng C, Evans DB, Francis GL, Gagel RF, Gharib H, Moley JF, Pacini F,
Ringel MD, Schlumberger M, Wells SA: Medullary thyroid cancer: management
guidelines of the American Thyroid Association. Thyroid 2009, 19:565–612.
19. Nutting CM, Convery DJ, Cosgrove VP, Rowbottom C, Vini L, Harmer C,
Dearnaley DP, Webb S: Improvements in target coverage and reduced
spinal cord irradiation using intensity-modulated radiotherapy (IMRT) in
patients with carcinoma of the thyroid gland. Radiother Oncol 2001,
60:173–180.
20. Schwartz DL, Lobo MJ, Ang KK, Morrison WH, Rosenthal DI, Ahamad A,
Evans DB, Clayman G, Sherman SI, Garden AS: Postoperative external
beam radiotherapy for differentiated thyroid cancer: outcomes and

Khalifa et al. Radiation Oncology 2014, 9:247
http://www.ro-journal.com/content/9/1/247

21.

22.

23.
24.

25.

26.

27.
28.

29.

30.
31.

32.

33.

34.

35.

36.

37.
38.

39.

morbidity with conformal treatment. Int J Radiat Oncol Biol Phys 2009,
74:1083–1091.
Rosenbluth BD, Serrano V, Happersett L, Shaha AR, Tuttle RM, Narayana A,
Wolden SL, Rosenzweig KE, Chong LM, Lee NY: Intensity-modulated
radiation therapy for the treatment of nonanaplastic thyroid cancer. Int J
Radiat Oncol Biol Phys 2005, 63:1419–1426.
Urbano TG, Clark CH, Hansen VN, Adams EJ, Miles EA, Mc Nair H, Bidmead
AM, Warrington J, Dearnaley DP, Harmer C, Harrington KJ, Nutting CM:
Intensity Modulated Radiotherapy (IMRT) in locally advanced thyroid
cancer: acute toxicity results of a phase I study. Radiother Oncol 2007,
85:58–63.
Otto K: Volumetric modulated arc therapy: IMRT in a single gantry arc.
Med Phys 2008, 35:310–317.
Mackie TR, Holmes T, Swerdloff S, Reckwerdt P, Deasy JO, Yang J, Paliwal B,
Kinsella T: Tomotherapy: a new concept for the delivery of dynamic
conformal radiotherapy. Med Phys 1993, 20:1709–1719.
Azrif M, Slevin NJ, Sykes AJ, Swindell R, Yap BK: Patterns of relapse
following radiotherapy for differentiated thyroid cancer: implication for
target volume delineation. Radiother Oncol 2008, 89:105–113.
Kim TH, Chung K-W, Lee YJ, Park CS, Lee EK, Kim TS, Kim SK, Jung YS, Ryu JS,
Kim SS, Cho KH, Shin KH: The effect of external beam radiotherapy volume
on locoregional control in patients with locoregionally advanced or
recurrent nonanaplastic thyroid cancer. Radiat Oncol 2010, 5:69.
Feuvret L, Noël G, Mazeron J-J, Bey P: Conformity index: a review. Int J
Radiat Oncol Biol Phys 2006, 64:333–342.
Lomax NJ, Scheib SG: Quantifying the degree of conformity in
radiosurgery treatment planning. Int J Radiat Oncol Biol Phys 2003,
55:1409–1419.
van’t Riet A, Mak AC, Moerland MA, Elders LH, van der Zee W: A conformation
number to quantify the degree of conformality in brachytherapy and
external beam irradiation: application to the prostate. Int J Radiat Oncol Biol
Phys 1997, 37:731–736.
D’Souza WD, Rosen II: Nontumor integral dose variation in conventional
radiotherapy treatment planning. Med Phys 2003, 30:2065–2071.
Servagi Vernat S, Ali D, Puyraveau M, Viard R, Lisbona A, Fenoglietto P,
Bedos L, Makovicka L, Giraud P: Is IMAT the ultimate evolution of
conformal radiotherapy? Dosimetric comparison of helical tomotherapy
and volumetric modulated arc therapy for oropharyngeal cancer in a
planning study. Physica Med 2013, 30:280–285.
Clemente S, Wu B, Sanguineti G, Fusco V, Ricchetti F, Wong J, McNutt T:
SmartArc-based volumetric modulated arc therapy for oropharyngeal
cancer: a dosimetric comparison with both intensity-modulated radiation
therapy and helical tomotherapy. Int J Radiat Oncol Biol Phys 2011,
80:1248–1255.
Van Gestel D, van Vliet-Vroegindeweij C, Van den Heuvel F, Crijns W, Coelmont A,
De Ost B, Holt A, Lamers E, Geussens Y, Nuyts S, Van den Weyngaert D,
Van den Wyngaert T, Vermorken JB, Gregoire V: RapidArc, SmartArc and
TomoHD compared with classical step and shoot and sliding window
intensity modulated radiotherapy in an oropharyngeal cancer treatment
plan comparison. Radiat Oncol 2013, 8:37.
Fiandra C, Filippi AR, Catuzzo P, Botticella A, Ciammella P, Franco P, Borca VC,
Ragona R, Tofani S, Ricardi U: Different IMRT solutions vs. 3D-conformal
radiotherapy in early stage Hodgkin’s Lymphoma: dosimetric comparison
and clinical considerations. Radiat Oncol 2012, 7:186.
Pasquier D, Cavillon F, Lacornerie T, Touzeau C, Tresch E, Lartigau E: A dosimetric
comparison of tomotherapy and volumetric modulated arc therapy in the
treatment of high-risk prostate cancer with pelvic nodal radiation therapy.
Int J Radiat Oncol Biol Phys 2013, 85:549–554.
Krause S, Beck S, Schubert K, Lissner S, Hui S, Herfarth K, Debus J, Sterzing F:
Accelerated large volume irradiation with dynamic Jaw/Dynamic Couch
Helical Tomotherapy. Radiat Oncol 2012, 7:191.
Hancock SL, Cox RS, McDougall IR: Thyroid diseases after treatment of
Hodgkin’s disease. N Eng J Med 1991, 325:599–605.
Munker R, Grützner S, Hiller E, Aydemir U, Enne W, Dietzfelbinger H, Busch
M, Haas R, Emmerich B, Schmidt M, Dühmke E, Hölzel D, Wilmanns W:
Second malignancies after Hodgkin’s disease: the Munich experience.
Ann Hematol 1999, 78:544–554.
Ng AK, Bernardo MVP, Weller E, Backstrand K, Silver B, Marcus KC,
Tarbell NJ, Stevenson MA, Friedberg JW, Mauch PM: Second
malignancy after Hodgkin disease treated with radiation therapy

Page 11 of 11

with or without chemotherapy: long-term risks and risk factors.
Blood 2002, 100:1989–1996.
40. Swerdlow AJ, Douglas AJ, Hudson GV, Hudson BV, Bennett MH, MacLennan
KA: Risk of second primary cancers after Hodgkin’s disease by type of
treatment: analysis of 2846 patients in the British National Lymphoma
Investigation. BMJ 1992, 304:1137–1143.
41. Ron E, Lubin JH, Shore RE, Mabuchi K, Modan B, Pottern LM, Schneider AB,
Tucker MA, Boice JD: Thyroid cancer after exposure to external radiation:
a pooled analysis of seven studies. Radiat Res 1995, 141:259–277.
doi:10.1186/s13014-014-0247-x
Cite this article as: Khalifa et al.: Dosimetric comparison between
helical tomotherapy and volumetric modulated arc-therapy for
non-anaplastic thyroid cancer treatment. Radiation Oncology
2014 9:247.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

