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Abstract

AIM

To analyse clinical and dosimetric results of helical
tomotherapy (HT) and volumetric modulated arc
therapy (VMAT) in complex adjuvant breast and nodes
irradiation.

METHODS

Seventy-three patients were included (31 HT and 42
VMAT). Dose were 63.8 Gy (HT) and 63.2 Gy (VMAT)
in the tumour bed, 52.2 Gy in the breast, 50.4 Gy in
supraclavicular nodes (SCN) and internal mammary
chain (IMC) with HT and 52.2 Gy and 49.3 Gy in IMC
and SCN with VMAT in 29 fractions. Margins to particle
tracking velocimetry were greater in the VMAT cohort (7
mm v$ 5 mm).

RESULTS

For the HT cohort, the coverage of clinical target
volumes was as follows: Tumour bed: 99.4% + 2.4%;
breast: 98.4% + 4.3%; SCN: 99.5% + 1.2%; IMC:
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96.5% £ 13.9%. For the VMAT cohort, the coverage
was as follows: Tumour bed: 99.7% % 0.5%, breast:
99.3% = 0.7%; SCN: 99.6% + 1.4%; IMC: 99.3% +
3%. For ipsilateral lung, Dmean and V20 were 13.6 +
1.2 Gy, 21.1% £ 5% (HT) and 13.6 £ 1.4 Gy, 20.1% *
3.2% (VMAT). Dmean and V30 of the heart were 7.4 +
1.4 Gy, 1% % 1% (HT) and 10.3 + 4.2 Gy, 2.5% + 3.9%
(VMAT). For controlateral breast Dmean was 3.6 + 0.2
Gy (HT) and 4.6 £ 0.9 Gy (VMAT). Acute skin toxicity
grade 3 was 5% in the two cohorts.

CONCLUSION

HT and VMAT in complex adjuvant breast irradiation
allow a good coverage of target volumes with an
acceptable acute tolerance. A longer follow-up is needed
to assess the impact of low doses to healthy tissues.

Key words: Three-dimensional conformal radiotherapy;
Intensity modulated radiation therapy; Toxicity; Helical
tomotherapy; Volumetric modulated arc therapy; Breast
cancer radiotherapy

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Using conventional techniques in breast
and nodes irradiation, there could be suboptimal
target coverage or great dose exposure to the normal
structures. Our study suggests that helical tomotherapy
(HT) and volumetric modulated arc therapy (VMAT)
plans provide excellent target volume coverage and
reduces high doses to organs at risk with an acceptable
acute toxicity. At the same time, HT and VMAT deliver
lower doses to larger volumes of normal tissues, su-
ggesting in some cases an increased risk of second
cancer. Nevertheless, the risk to benefit ratio seems
to be in favour of HT and VMAT as opposed to three-
dimensional conformal radiation therapy in complex
target volumes, such as funnel chest, tumor in the inner
quadrant when internal mammary chain and tumor bed
boost are indicated, large breast size or unfavourable
cardiac anatomy.

Lauche O, Kirova YM, Fenoglietto P, Costa E, Lemanski C,
Bourgier C, Riou O, Tiberi D, Campana F, Fourquet A, Azria D.
Helical tomotherapy and volumetric modulated arc therapy: New
therapeutic arms in the breast cancer radiotherapy. World J Radiol
2016; 8(8): 735-742 Available from: URL: http://www.wjgnet.
com/1949-8470/full/v8/i8/735.htm DOI: http://dx.doi.org/10.4329/
wjr.v8.i8.735

INTRODUCTION

Adjuvant breast radiation therapy is standard of care
after breast conserving surgery in early breast cancer,
improving disease free survival and overall survival
(0S)M, Benefit of lymph node irradiation [internal
mammary chain (IMC) and supra and infra clavicular
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nodes (SN)] in patients with axillary lymph node
involvement or at high risk of relapse has been shown
by a meta-analysis of three randomised trials (MA.20,
European Organisation for Research and Treatment
of Cancer 22922/10925 and the Lyon breast cancer
trial)®?. Lymph nodes irradiation resulted in a significant
improvement of OS [hazard ratio (HR) 0.88 (95%CI:
0.75-0.97)], disease free survival [HR 0.85 (95%CI:
0.77-0.94)] and distant metastasis free survival [HR
0.82 (95%CI: 0.73-0.92)]. In these trials, separated
fields for breast and lymph nodes irradiation were used
in two-dimensional (2D) or three-dimensional conformal
radiation therapy (3D-CRT) treatment delivery. In recent
years, intensity modulated radiation therapy (IMRT) has
been developed to lessen organs at risk (OAR) exposure
to high doses. Static breast cancer IMRT significantly
reduced acute and late skin toxicity compared to standard
techniques in 3 phase Il randomised trials”*'. Then static
IMRT techniques moved to helical tomotherapy (HT) or
volumetric modulated arc therapy (VMAT) for pelvic and
head and neck cancers. These two techniques (VMAT
and HT) have been recently performed and assessed in
breast cancers. Dosimetrics studies showed that HT or
VMAT improved target volume coverage, allowed better
dose homogeneity and decreased high doses to OAR
compared to 3D-CRT®*!, At the other hand these two
techniques increased low doses to OAR suggesting the
possibility of greater risk for secondary malignancies'™?.

Using conventional techniques in breast and nodes
irradiation, field junction may result in a cold or hot spot
and in complex cases (unfavourable cardiac anatomy,
tumour in the inner quadrants, funnel chest for example)
there could be suboptimal target coverage or great dose
exposure to the normal structures. Some dosimetrics
studies suggested a benefit of HT or VMAT in complex
breast irradiations!***”! but no large studies evaluated
clinical results.

The purpose of this study is to report the clinical and
dosimetrics results for patients treated with HT or VMAT
using simultaneous integrated boost (SIB) in the setting
of complex adjuvant breast and nodes irradiation.

MATERIALS AND METHODS

A bi-centric retrospective study of breast cancer patients
with complex anatomy and treated by HT or VMAT was
conducted. Patients included in our study were treated
from September 2010 to November 2013 in the HT
cohort (n = 31) and from February 2011 to October
2013 (n = 42) in the VMAT cohort.

Patients’ selection

Inclusion criteria were: Stage /I invasive breast cancers
patients, breast conserving surgery, indication of lymph
node irradiation (IMC, supraclavicular nodes £ axillary
nodes). Patients with unacceptable dosimetry according
to International Commission on Radiation Units and
Measurements and Units 62 using 3D-CRT were selected
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Table 1 Definition of planning target volume

HT VMAT
Breast PTV [Breast CTV + 5 mm - (PTV tumor bed + 2 mm)] [Breast CTV + 7 mm - (PTV tumor bed + 2 mm)]
- 3 mm cutaneous -5 mm cutaneous
Tumor bed PTV (CTV tumor bed + 5 mm) - 3 mm cutaneous (CTV tumor bed + 7 mm) - 5 mm cutaneous
Supra infra clavicular + axillary PTV (CTV SN + 5 mm) - 3 mm cutaneous (CTV SN # axillary + 7 mm) - 5 mm cutaneous
IMC PTV (CTV IMC + 5 mm) - PTV breast CTVIMC + 7 mm

PTV: Planning target volume; CTV: Clinical target volume; IMC: Internal mammary chain; SN: Supra and infra clavicular nodes (Levels II-1I-1V); HT:
Helical tomotherapy; VMAT: Volumetric modulated arc therapy.

for treatment using HT or VMAT by the treating radiation spinal cord, thyroid and oesophagus were delineated
oncologist. The indication to proceed with HT or VMAT entirely. Contralateral breast was defined using radio-
was validated at a quality control meeting comprised of paque markers defined at the clinical exam. Unspecified

staff radiation oncologists specializing in breast cancer. normal tissue corresponded to the volume enclosed by
Patients with distant metastases, indication of bilateral the whole patient skin contours.
breast irradiation and treated with total mastectomy
with immediate breast reconstruction were excluded. Dose prescription

All patients were treated with SIB. With SIB, the planning
Institutional HT and VMAT indications and delivery of whole breast and boost radiotherapy are
HT and VMAT indications were funnel chest (HT series integrated into a single plan that is used for the whole

and VMAT series respectively 11% and 5%), large  treatment course, with patients receiving a differential
breast size (5% and 17%), tumour in the inner quadrant dose to the whole breast and to the tumor bed for every
(38% and 16%), interbreast reduced space (11% and  faction. The reduction in overall treatment time and the
0%), axillary irradiation (0% and 19%) and suboptimal  jreased dose per fraction to the tumor bed can also
dosimetry (35% and 43%). theoretically lead to improve local control®®. In breast

cancer treated with SIB, HT avoided unnecessary breast

Patient immobilization _ N overdosage compared to 3D-CRT™". Treatments were in
Patients were treated in the supine position, both arms 29 fractions (f) in the both series. The dose to breast PTV
above the head in both institutes. was similar in both groups (52.2 Gy). 63.8 Gy (2.2 Gy/f)

Compared to 3D-CRT, when patients were treated with and 63.2 Gy (2.18 Gy/f) were delivered to the tumor

these two r_]ig_hly conformal techniques_, contentions wer_e bed respectively for HT and VMAT, 50.4 Gy (1.74 Gy/f)
:added to Ilmlt set-up errqrs: A cervical thermoplastic and 49.3 Gy (1.7 Gy/f) to the SN = axillary nodes and
mrl‘;‘c’:;gavf"::u‘g:j If’t‘:‘i {;‘Mt:Te *r'gugmu" and a back 54 46y (1,74 Gy/f) and 52.2 Gy (1.8 Gy/f) to the IMC.

group- For a tumor o/B of 4%, HT and VMAT fractionation
schedule are respectively radiobiologically equivalent in
2 Gy fractions to 50.5 Gy in the whole breast, 65.9 Gy
and 65.3 Gy to the tumor bed, 48.2 Gy and 46.8 Gy to
the SN * axillary nodes and 48.2 Gy and 50.5 Gy in the
IMC.

Target volumes: Definition and delineation

The CT data were transferred to a commercial treatment

planning system in the two series (Eclipse 3D version 8.1;

Varian Medical Systems Inc., Palo Alto, United States).
Clinical target volumes (CTVs) were the same when

using 3D-CRT: The breast CTV was delineated using .

radiopaque markers defined at the clinical examination HT and VMAT planning

before the planning CT, nodal delineation was performed ~ FOr HT planning, the CT data and the structure sets
using established guidelines™™'” and tumour bed boost were transferred to the TomoTherapy planning station

was delineated using surgical clips, initial mammogram (TomoTherapy HI-ART version 3.1.2.3; TomoTherapy
and postoperative scar'™®. There was an expansion Inc., Madison, United States). All plans used a jaw width
of all CTVs, in all directions, of 5 mm (HT) and 7 mm of 2.5 cm, a pitch of 0.286 and a modulation factor of 2.5.
(VMAT), except for the skin (Table 1). The planning VMAT optimization was performed_ using the trea-
target volume provided a margin around the CTV to ~ tment planning system Eclipse version 8.9 (Helios,
compensate for the variability of treatment setup and Varian, Palo Alto, CA). The plans were delivered in a
motion of the breast with breathing™®’. Margins from  Varian 21EX linear accelerator (Varian, Palo Alto, CA).
CTV to PTV are different between the two groups, so we

decided to present here the results of CTV coverage. Toxicity assessment
Acute oesophageal, lung and skin toxicity were assessed
OAR delineation retrospectively using Common Terminology Criteria

The heart was delineated from the apex to the roots for Adverse Events v.3.0. A clinical exam was weekly
of the major vessels and included pericardial fat. Lungs, performed during radiotherapy and one and three
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Figure 1 Dose volume histogram of clinical target volume. A, C, E and G: HT; B, D, F and H: VMAT. A and B: Tumour bed CTV; C and D: Breast CTV; E and F:
Supra-infra clavicular + axillary nodes CTV; G and H: IMC CTV. 95% HT: Breast CTV volume covered by 95% of the dose delivered by HT; 95% VMAT: Breast CTV
volume covered by 95% of the dose delivered by VMAT, HT: Helical tomotherapy; VMAT: Volumetric modulated arc therapy; CTV: Clinical target volume; IMC: Internal

mammary chain; RA: Rapid arc.

months following the completion of radiotherapy.

RESULTS

Patient characteristics

Patient’s characteristics are summarized in Table 2.
Clinical characteristics, biological and prognostic factors
were equally balanced in the two series except for inner
quadrants tumours location.

Target volumes coverage
Tumour bed CTV: CTV V95 was 99.7% % 0.1% with
HT and 99.7% =% 0.5% with VMAT (Figure 1A and B).
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Breast CTV: The breast CTV V95 was 98.4% % 4.3%
with HT and 99.3% =+ 0.7% with VMAT (Figure 1C and D).

Supra and infra clavicular * axillary nodes CTV:
The supraclavicular £ axillary nodes CTV V95 were
99.6% % 1.2% with HT and 99.3% =+ 3% with VMAT
(Figure 1E and F).

IMC CTV: The IMC CTV V95 was 96.5% =+ 13.9% with
HT and 99.6% = 1.7% with VMAT (Figure 1G and H).

Dose to normal tissues
Doses to normal tissues are summarized in Table 3.

August 28,2016 | Volume 8 | Issue 8 |
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Table 3 Doses to normal tissues

HT (n = 31) VMAT (n = 42) VMAT HT

Age 50 52 Ipsilateral lung

Laterality V5 85.3% £9.6% 78.5% £12.6%
Right 56.8% 50% V20 20.1% £3.2% 21.1% £5%

Left 43.2% 50% V30 8.8% +3.2% 10.1+3.3

Quadrant Mean dose 13.6 +1.4 Gy 13.6 1.2 Gy
Q 70.2% 40% Controlateral lung
Outer quadrants 29.8% 60% V5 46% +14.1% 354 +11.3

Size (mm) 254 25 V20 0.7% £ 0.5% 0.1+0.2

N stage Mean dose 54+1Gy 46+08Gy
NO 37.8% 21% Heart
N1 48.6% 42% Mean dose 10.3+4.2Gy 75+1.4Gy
N2 13.5% 23% V5 77.6% £ 21% 59.8 % +14.6%
N3 0% 14% V30 2.5% +3.9% 1% 1%

Grade Controlateral breast
1 2.7% 7% Mean dose 4.6+09 Gy 3.6+0.6 Gy
2 45.9% 31% V5 32% +11.9% 14.7% £ 7%

3 51.4% 62% Spinal cord

LVI V40 0 mm’ 0 mm’

- 59.5% 77 % V5 224 +88 mm’ 252 +9 mm’
1 40.5% 23% Oesophagus

Hormone receptors V45 0.4+ 0.6 mm’ 1+1.2 mm’
RH+ 76% 77% V10 8.8+ 5.4 mm’ 12.8+5.7 mm’
RH- 24% 29% Thyroid
Triple negative 18.9% 24% Mean dose 283+7Gy 26.7+£7.7 Gy

HER2 V30 44% +15.3% 39.8% £17.6%

+ 16.2% 14% V5 97.1% £ 8.3% 96% *9.4%
- 83.8% 86% Unspecified tissues

Tobacco 16.2% 20.9% V40 1977 + 911 mm® 1880.9 + 754

BMI (kg/m?) 258 259 V5 97703 + 2551 mm’ 8566.6 + 1946.2

Chemotherapy
Neoadjuvant 30% 29% VMAT: Volumetric modulated arc therapy; HT: Helical tomotherapy.
Adjuvant 49% 64%

Concurrent 4% 0%

Irradiation N complex anatomical cases of breast cancer patients by
e W7 Sk offering adequate and optimal target volumes coverage
tMc 100% 100% hile lessening OAR exposure. Our results showed that
Axillary 16.2% 19% w 9 p )

HT: Helical tomotherapy; VMAT: Volumetric modulated arc therapy; BMI:
Body mass index; LVI: Lymphovascular invasion; SN: Supra and infra
clavicular nodes (Levels II-II-IV); IMC: Internal mammary chain; RH:
Hormonal receptor; HER2: Human epidermal growth factor receptor-2;
1Q: Inner quadrant.

There were little exposure of normal tissues to high
doses; instead there were high volumes of normal
tissues encompassed by small doses irradiation. Lung
exposure and dosimetric constraints matched with
Société Francaise Radiothérapie Oncologique (SFRO)
recommendations™™ with V30 ipsilateral lung < 20%
(8.8% =+ 3.2% for VMAT and 10% = 3% for HT) and
V20 < 30% (20.1% = 3.2% for VMAT and 20.9% = 4.9%
for HT).

Acute toxicity

A maximum of 5% of grade 3 acute skin toxicity was
observed regardless VMAT or HT use. Thirty-five percent
(HT) and 40% (VMAT) grade < 2 oesophagus toxicity
was noticed. No lung toxicity was observed.

DISCUSSION

HT and VMAT could be an interesting option in case of

Baishidenge ~ WIR | www.wjgnet.com

95% isodose covered at least 95% of PTV regardless
IMRT techniques in case of funnel chest anatomy (Figure
2A), unfavourable cardiac anatomy (Figure 2B) or obese
patients with superposition of breast and nodal volumes
(Figure 2C).

A previous study, which assess the benefit of adjuvant
breast hypo fractionated irradiation with HT, reported
only 8% of grade = 3 acute skin toxicity and 10% of
grade = 1 lung toxicity two months after treatment®!.
In this study only 13 patients received supraclavicular,
infraclavicular and axillary irradiation and no patients
received IMC irradiation. Our study is the largest to report
clinical outcomes in the setting of complex adjuvant
breast and nodes irradiation, including IMC, treated
with VMAT or HT. Our study showed a lower incidence
of grade 3-4 acute skin toxicities (5%), rather than
tolerance reported after static IMRT (27%)', probably
because inverse plan IMRT improve dose homogeneity
compare to forward plan IMRT™?**, and improve dose
homogeneity translate into lower acute skin toxicity™.
To reduce severe acute skin toxicity is a real challenge
in breast cancer radiotherapy as it is related to a poor
cosmetic outcome™?®, Static IMRT decreased its inci-
dence when compared to 3D-CRT, but seems to be less
effective when compared to HT and VMAT. Moreover, we
have not yet observed clinical radiation pneumonitis in
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Figure 2 Dose distribution in difficult to irradiate cases. A: Breast
irradiation with HT in a patient with funnel chest (isodose 45 Gy); B: Breast
irradiation with HT in a patient with unfavourable cardiac anatomy (isodose
45 Gy); C: Breast and nodes irradiation with VMAT in an obese patient with
superposition of breast and nodes volumes (isodose 45 Gy). HT: Helical
tomotherapy; VMAT: Volumetric modulated arc therapy.

the two series while a meta-analysis mentioned a 14%
incidence dlinical radiation pneumonitis with 3D-CRT**”..
Given the negative selection bias towards patients with
problematic anatomy, the favourable comparison of
acute toxicity with historical trial data for a more standard
cohort is encouraging.

To decrease the risk of late cardiac toxicity occurrence
is one of the main challenges of breast cancer radi-
otherapy. Long-term breast cancer survivors are at high
risk of cardiac events. Darby et af*® showed an increased
risk of ischemic heart disease (myocardial infarction,
coronary revascularization, or death from ischemic heart
disease) after breast cancer irradiation, which was related
to the mean dose to the heart. No evident threshold has
been observed but patients with pre-existing cardiac risk

JRaishideng®
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factors had a higher risk of developing such toxicities.
This large cohort of patients was treated with standard
2D or 3D-conformal techniques of radiotherapy. The
gain of the use of IMRT is to lessen heart exposure to
high doses®®®?!, Our study reinforces these findings with
a low value of V30Gy regardless HT or VMAT. However
these techniques expose the heart to substantial low
dose (V5Gy = 77.6% =% 21% in VMAT series and 59.8%
+ 14.6% in HT series), which translates in a relative
high mean heart dose [10.3 £ 4.2 Gy (VMAT) and 7.5 £
1.4 Gy (HT)]. A longer follow-up is warranted to follow
cardiac events occurrence after breast IMRT.

One limitation of the use of HT or VMAT in breast
cancer is the lung exposure to low dose (i.e., lesser than
5 Gy). Our study showed a significant lung volume
exposure to dose lower than 5 Gy, which is higher than
lung exposure after 2D or 3D-CRT*®°), Similarly to heart
exposure, late consequences of low doses to the lung
are unknown. A carefully follow-up should be considered
in patients treated with HT or VMAT.

Other unknown factors still remain as the contra-
lateral breast exposure. Contralateral breast is rarely
exposed after conventional techniques of radiotherapy
or after static IMRT*?, Here, the use of HT or VMAT
exposed contralateral breast volume to low dose (lesser
than 5 Gy; 4.6 £ 0.9 Gy in VMAT series and 3.6 = 0.6
Gy in HT series). The main uncertainty of low dose
exposure after HT or VMAT is the risk of radio-induced
cancer™?!, The risk of radio-induced breast cancer has
been widely reported after Hodgkin irradiation and young
age and dose were the main risk factors'***?!, Hence,
the use of HT or VMAT should be carefully considered in
young patients.

When examining normal tissues as a whole, there
was less exposure to high doses using rotational tech-
niques®®?*, However, there were high volumes of
normal tissue encompassed by small doses of irradiation
(unspecified tissue V5: 9770.3 £ 2551 mm?in VMAT
cohort and 8566.6 + 1946.2 mm?® in HT cohort) suggest-
ing the possibility of a greater risk for secondary cancer,
which could be a concern for young patients™,

In conclusion, HT and VMAT are feasible techniques
in cases of complex adjuvant breast and nodal irradiation
and provide excellent target volume coverage with an
acceptable acute toxicity. As low dose distribution with
HT or VMAT is large, a careful follow-up regarding lung,
heart, contralateral breast is warranted.

Since uncertainties still remain regarding the role of
low dose, this technique should only be considered to a
selected population of breast cancer such as funnel chest,
high breast volume, tumour in the inner quadrants,
unfavourable cardiac anatomy.

COMMENTS

Background

Benefit of lymph node irradiation in patients with axillary lymph nodes
involvement has been proven by the MA.20 and European Organisation for
Research and Treatment of Cancer 22922/10925 trials. The benefit of lymph
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node irradiation has been proven with two-dimensional or three-dimensional
conformal radiation therapy techniques. In complex cases, there could be
suboptimal target coverage or great dose exposure to the normal structures
with standard techniques. Helical tomotherapy (HT) and volumetric modulated
arc therapy (VMAT) are two techniques of rotational intensity modulated
radiation therapy that provide excellent target volume coverage and reduce high
doses to normal tissues. Some dosimetric studies suggested a benefit of HT
or VMAT in complex breast irradiations but no large clinical studies evaluated
clinical results.

Research frontiers
This study is the first to report the feasibility of HT and VMAT in case of complex
adjuvant breast and nodal irradiation.

Innovations and breakthroughs

The rationale of the study is based on the complexity of the irradiation of lymph
nodes and breast with standard techniques, which could be responsible of
poor target volume coverage, or great dose exposure of the normal structures,
especially in complex anatomies. This study is the largest to report clinical
outcomes in the setting of complex adjuvant breast and nodes irradiation,
including internal mammary chain, treated with VMAT or HT. The data suggest
that HT and VMAT are attractive techniques in the setting of complex adjuvant
breast and nodes irradiation allowing good target volume coverage with an
acceptable acute toxicity.

Applications

This study suggests that HT and VMAT are feasible techniques in complex
adjuvant breast and nodes irradiation. It provides readers with the necessary
information (patients selection, patient immobilization, dose prescription, target
volume and organs at risk delineation, HT and VMAT planning) to carry out HT
and VMAT in the setting of complex breast and nodes irradiation.

Terminology

VMAT and HT are techniques of rotational intensity modulated radiation therapy.
With VMAT, the beam radiation can be modulated by varying the gantry speed,
move of the leafs and dose rate. HT is a 6-MV accelerator mounted on a ring
gantry that rotates around the patient while the table advances slowly through
the bore.

Peer-review

Very interesting and promising radiation management. This manuscript provides
useful information to the medical students, clinicians, and researchers in this
field.
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