Original article

Strahlenther Onkol 2013 - 189:380-386
DOI 10.1007/500066-012-0281-2
Received: 3 August 2012

Accepted: 15 November 2012

Published online: 23. Mérz 2013

© Springer-Verlag Berlin Heidelberg 2013

Additional material online

This article includes supplementary tables.
This supplementary material is available at
dx.doi.org/10.1007/s00066-012-0281-2.

Since its introduction, intensity-modu-
lated radiotherapy (IMRT) has been ex-
plored for the adjuvant treatment of breast
cancer [4, 7, 31]. The use of IMRT can sig-
nificantly improve dose distribution for
the breast resulting in reduced heart, lung
and contralateral breast doses as well as
improving the cosmetic outcome when
compared to 3D conformal radiotherapy
1,4, 9].

There is great heterogeneity in what is
defined as “breast-IMRT” [21], ranging
from photon-only IMRT [1, 31] to mixed
electron and photon IMRT techniques
with 2 [21] to 16 fields [30] applying vari-
ous photon and electron beam energies.
Regarding breast irradiation including re-
gional lymph nodes, conventional 3- or
4-field conformal approaches fail to cov-
er a volume that wraps around the chest
wall in close proximity to the heart, lungs
and spinal cord [22]. Dogan et al. [3] in-
vestigated the number of beams neces-
sary for optimal dose coverage of region-
al lymph nodes in breast and found that
4-field IMRT was a good choice. Howev-
er, 9 and more beams are considered ad-
vantageous by others [14, 21, 31].

Rotational IMRT techniques have been
demonstrated to achieve not only better
or comparable plan quality but also large-
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ly improve delivery efficiency when com-
pared to step-and-shoot IMRT in various
indications (e.g., [6]). Although IMRT
and VMAT have been in clinical use for
some time, the majority of studies evalu-
ate breast only or breast/chest wall with
internal mammary node (IMN) coverage
[14, 21]. Few publications to date have ad-
dressed the role of IMRT in lymph node-
positive breast cancer, and fewer involved
investigation of VMAT (e.g., [28]).

Furthermore, 6 MV is considered the
general purpose IMRT energy [3]. Re-
garding obese patients or patients with
oversize breast volume (>2,000 cm? and
breast thickness >7 cm), higher pho-
ton beam energy may show advantages
over 6 MV. This aspect has not yet been
addressed in VMAT or IMRT planning
studies for breast cancer including axil-
lary and supraclavicular nodes. The aim
of the present treatment planning study
was to explore 4-field IMRT and VMAT
plans with 6,10, and 15 MV photon beams
for patients with node-positive left-sided
breast cancer.

Methods and materials

Target volume delineation
and organs at risk

We selected ten CT scans of patients with
left-sided breast cancer, who underwent
breast conserving surgery. Five patients
were considered obese with a breast thick-
ness larger than 7 cm (range 7-10.5 cm)

and a breast volume larger than 2,000 cm?
(range 2,000-3,750 cm?). Patients were
positioned in the supine position with
arms raised above the head (BreastSTEP™,
IT-V Medizintechnik GmbH, Austria).

For all cases, the clinical target volume
(CTV) consisted of the left breast, infra-
clavicular lymph nodes (level III) and su-
praclavicular lymph nodes. The planning
target volume (PTVyc,1n) was defined to
include a 10 mm margin around the CTV
in all directions except the posterior di-
rection towards the lung, where a 7 mm
margin was added. The boost PTVy was
defined to include a 7-20 mm margin
around the tumour bed in all directions.

The left and right lung as well as the
spinal cord were auto-contoured in the
treatment planning system (TPS) Pinna-
cle’ (vV9.0, Philips Radiation Oncology
Systems, Fitchburg, W1, USA) using the
model based segmentation option. Addi-
tionally, the heart, contralateral breast and
the oesophagus were considered as criti-
cal structures.

Treatment planning

Plans for both VMAT and IMRT were
generated using the same TPS, isocen-
ter, dose grid (4x4x4 mm?), prescrip-
tions, and optimisation objectives in or-
der to ensure fair treatment plan compari-
son. A primary plan for the PTVyciin
and a separate, sequential plan for the
PTVy were generated for each patient.
The composite plan was evaluated, con-



sisting of PTVycy1n and PTVy. The pre-
scription dose was 50.4 Gy to PTVyciin
in 1.8 Gy fractions and additional 10 Gy in
2 Gy fractions for PT V5.

Optimisation aid structures in terms
of rings around the target volumes were
applied as described previously [20]. For
IMRT planning, PTVyc,1n Was extend-
ed by 10 mm beyond the patient surface
(PTViarge) to accommodate the varia-
tion due to setup uncertainties and pa-
tient breathing. This helping structure
was considered during the optimisation
with very low weighting, yielding exten-
sion of fluence for tangential fields with-
out influencing plan quality. As illustrat-
ed in @ Fig. 1, the SmartArc algorithm
produces elongated segments sweeping
across the target volume and optimisation
of PTViarge would therefore result in inho-
mogeneous dose distribution. Since flash
margins are currently not established for
SmartArc, optimisation was performed
directly on the PTV ¢,y structure. Dose
constraints for target volumes and organs
at risk (OAR) are listed in @ Tab. 1.

All plans were generated for an Elekta
Synergy accelerator (DesktopPro Rel.7.01;
MLCi with 1 cm leaf width) using the col-
lapsed cone algorithm of Pinnacle®.

IMRT plans were generated using four
coplanar fields, consisting of two tangen-
tial beams and two additional, equidis-
tant fields as illustrated in @ Fig.1. An
average of 60 and 15 segments were op-

timised in typically 25-30 iterations for
PTVycsn and PTVy, respectively, us-
ing the direct machine parameter opti-
misation (DMPO) method [2]. Finally, 6,
10 and 15 MV photon beam IMRT plans
were created for each patient and target
volume.

VMAT plans were generated using a
single rotation including an arc segment
of up to 250° at a maximum allowed gan-
try rotation time of 90 s and gantry spac-
ing at 4°. SmartArc plan optimisation was
performed during 100 iterations; 6, 10 and
15 MV photon beam VMAT plans were
created for each patient and target vol-
ume.

Plan comparison/plan evaluation

All plans were normalised to PTVyciin
and PTVy mean doses, respectively.
Dose-volume histograms (DVH) were
analysed both manually and automatical-
ly using ArtiView™ (Aquilab GmbH, Ger-
many) for each plan and results for DVH
metrics were compared. Dggo;, Dsgo, and
Dy, indicating dose to 98% (near-mini-
mum dose), 50% and 2% (near-maxi-
mum dose) of both target volumes, were
recorded. The homogeneity index (HI)
was calculated according to ICRU 83 [13]:
HI = (D34-Doge)/Dsgy. The conformi-
ty index (CI) as proposed by Paddick et
al. [19] was evaluated: Clp,qdiac=TV?p1/
(PIXTV), where TVpy is the target volume

Fig. 1 «llustration of
VMAT (left) and four-field
IMRT (right) treatment
plans with correspond-
ing examples of segment
shapes and digitally re-
constructed radiographs
for left-sided breast cancer
(red: PTVpmcsLn)

(TV) within the prescribed isodose vol-
ume (PI).

The dose to normal tissue was quan-
tified by a volume Vi, which was intro-
duced earlier [20]. Vying was defined as the
volume inside the body contour exclud-
ing the PTVjc1n plus a margin of 0.7 cm
(Rggy) in all directions. Further, surro-
gates for low dose volumes, i.e. the relative
volumes of the 10, 30 and 50% isodoses
(Vx96/ VBody=V Tissuexs) Were assessed. Dag,
and Dy,e.n were determined for all OAR
and Vg from the composite plan.

Delivery efficiency was determined in
terms of total treatment delivery time (T'T,
time between the start of the first beam
and the end of the last beam) and number
of monitor units (MU) for each target vol-
ume per fraction.

Plan verification

For dose measurements, a 2D ionisation
chamber array (seven29, PTW-Freiburg,
Germany) was inserted vertically into an
octagonal solid water phantom (Octavi-
us, PTW-Freiburg) [33]. For calculation
of the 2D gamma (y) index, measured
and recalculated plans were exported to
the VeriSoft® software (PTW Freiburg).
The percentage of detectors with y index
<l and the mean y were evaluated [17] ap-
plying the 3%/3 mm criteria (dose differ-
ence/distance to agreement) to quantify
dosimetric accuracy.
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All results were recorded as continuous
variables; mean and standard deviations
were calculated. We considered superior-
ity of one photon beam energy if results
were improved in at least 8 of 10 patients
or 4 of 5 patients in the subgroups (nor-
mal and obese breast size patients).

Results

Treatment plan evaluation

Both techniques achieved good target
coverage and excellent OAR sparing for
both obese and normal patients (B Tab. 2,
3,8 Fig. 2). Photon energy had no signif-
icant influence on CI and HI for VMAT,
and in IMRT plans 6 MV showed a mod-
erate benefit (B Tab. 2). For normal pa-
tients, the VMAT plan results showed no
considerable difference in OAR sparing
between the investigated photon ener-
gies. For IMRT, 6 MV plans indicated im-
provements over 10 and 15 MV plans in 26
out of 37 parameters. For obese patients,
IMRT plan results for OAR showed best
metrics in 6 MV plans, especially for the
contralateral breast and lung. Large varia-
tions were found between plans, especially
concerning low dose exposure, caused by
differences in patient geometry, size and
position of target volumes and OARs. Re-
sults for the oesophagus show 4 Gy high-
er mean dose for obese breast size pa-
tients (Dipean=30.7 Gy) compared to nor-
mal breast size patients (Dpe.n=26.3 Gy)
for both techniques.

Averaging all 10 patients, all target vol-
ume metrics of VMAT plans showed neg-
ligible differences between high and low
energy photon beams. For IMRT plans,
6 MV again achieved best results in 17 out
of 37 dose parameters, especially in Dy,
for both target volumes and OARs.

VMAT plans were equal or superior in
a pairwise comparison with IMRT plans
with respect to target coverage, homoge-
neity and delivery efficiency. We found on
average 2% more normal tissue irradiated
with low doses in VMAT than in IMRT.

The manual and ArtiView™ plan eval-
uation coincided accurately (difference
<1%) for most of the observed dose met-
rics. However, slightly increased discrep-
ancies were determined for OAR where
steep dose gradients occurred, e.g. V3o gy

382 | Strahlentherapie und Onkologie 5 - 2013

© Springer-Verlag Berlin Heidelberg 2013

Abstract

Purpose. The aim of the present work was
to explore plan quality and dosimetric ac-
curacy of intensity-modulated radiotherapy
(IMRT) and volumetric modulated arc thera-
py (VMAT) for lymph node-positive left-sided
breast cancer.

Methods. VMAT and IMRT plans were gen-
erated with the Pinnacle? V9.0 treatment
planning system for 10 lymph node-posi-
tive left-sided breast cancer patients. VMAT
plans were created using a single arc and
IMRT was performed with 4 beams using 6,
10, and 15 MV photon energy, respectively.
Plans were evaluated both manually and au-
tomatically using ArtiView™. Dosimetric plan
verification was performed with a 2D ion-
ization chamber array placed in a full scatter
phantom.

Results. Photon energy had no significant
influence on plan quality for both VMAT

and IMRT. Large variability in low doses to
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the heart was found due to patient anat-
omy (range Vs g, 26.5-95%). Slightly

more normal tissue dose was found for

VMAT (e.g., Vrissue30%=22%) than in IMRT
(Vissue309%=18%). The manual and ArtiView™
plan evaluation coincided very accurately

for most dose metrics (difference <1%). In
VMAT, 96.7% of detector points passed the
3%/3 mm gamma criterion; marginally better
accuracy was found in IMRT (98.3%).
Conclusion. VMAT for node-positive left-sid-
ed breast cancer retains target homogeneity
and coverage when compared to IMRT and
allows maximum doses to organs at risk to be
reduced. ArtiView™ enables fast and accurate
plan evaluation.

Keywords

Volumetric modulated arc therapy -
Intensity-modulated radiotherapy - Breast
neoplasms - Lymph nodes

Zusammenfassung

Ziel. Ziel der Studie war die Evaluierung

der Planqualitdt und der dosimetrischen
Genauigkeit von intensitatsmodulierter
Strahlentherapie (IMRT) und volumetrisch
modulierter Rotationstherapie (VMAT) fiir
Patientinnen mit lymphknotenpositivem
linksseitigem Mammakarzinom.

Methodik. VMAT- und IMRT-Plane wurden
mit dem Pinnacle3-Bestrahlungsplanungs-
system (V9.0) fiir 10 Patientinnen mit lymph-
knotenpositivem linksseitigem Mammakarzi-
nom generiert. VMAT-Plane wurden mit ein-
er Rotation, IMRT-Plane mit 4 Feldern mit je-
weils 6, 10 und 15 MV erstellt. Die Planaus-
wertung erfolgte sowohl manuell als auch
automatisch mittels ArtiView™. Die Planveri-
fikation wurde mit einer 2-D-lonisationskam-
mer-Matrix in einem Festkorperphantom
durchgefiihrt.

Ergebnisse. Die Photonenenergie hat
keinen signifikanten Einfluss auf die VMAT-
und IMRT-Planqualitét. Es wurden aufgrund
unterschiedlicher Anatomien grofe Varia-

Linksseitiges Mammakarzinom inklusive Lymphabfluss:
Verbessert VMAT die Planqualitdt gegeniiber IMRT?

tionen im Niedrigdosisvolumen des Herzens
festgestellt (Vs gy 26,5-95%). In VMAT-Planen
wurde ein geringfiigig hoheres Niedrigdo-
sisvolumen (z. B. Vrissue309%6=22%) als in IMRT-
Planen (Vrissue309=18%) ermittelt. Manuelle
und automatische Auswertung stimmten fiir
die meisten Parameter sehr genau liberein
(Abweichung <1%). VMAT-Plane erreichten
einen Gamma-Index <1 (3 mm Abstand und
3% Dosis) fiir 96,7% der Detektorpunkte,
geringfiigig bessere Prézision erzielten die
IMRT-Plane mit 98,3%.

Schlussfolgerung. VMAT liefert eine dhnli-
che Dosishomogenitét und -abdeckung der
Zielvolumina wie IMRT und ermdglicht eine
Reduktion der Risikoorgan- und Maximaldo-
sen. Mittels ArtiView™ kdnnen Bestrahlungs-
plane schnell und genau evaluiert werden.

Schliisselworter

Volumenmodulierte Arc-Therapie -
Intensitatsmodulierte Strahlentherapie -
Brustneoplasien - Lymphknoten

for the heart was found to be up to 8%
smaller and Dggy, was found to be on av-
erage 2.6% higher in the TPS when com-
pared to ArtiView™ results, respectively.

Plan verification

Results for the y-index analysis are pre-
sented in @ Fig. 3. Most of the plans met



Tab.1 Dose constraints for target vol- Tab.2 Overview of all investigated dose—volume histogram parameters and delivery ef-

ficiency metrics as mean values and standard deviations (SD). Better (+/++) or worse (—/——)

umes, helping structures and organs at
risk. Rogos is a ring of 0.7 cm around the tar-
get volume, where 90% of the prescribed

results in at least 8/9 of 10 treatment plans are indicated; no difference between techniques
is shown with 0. Analysis of subgroups (normal/obese breast patients) is provided as supple-
mentary material (Tables 2a, b, online)

dose is allowed. Rggy, covers the area from

0.7 cm to 2 cm around the target volume, VMAT IMRT
T 1 [v)
with “?gxlj"zjum dose (Dmax) <80% of the 6 MV 10MV 15MV 6 MV 10MV  15MV
Prescribed dose Mean + Mean + Mean + Mean + Mean = Mean +
Structure Dose constraint sD sD sD sD sD sD
PTVMCJrLN Dmean:'I 00% PTVMC+LN
Dmin295% Dmed 51706 0 518+ 0 515+  ++ 517404 519405 51.9+06
Dimax<107% Gyl 0.4 0.5
PTVBoost Drmean=100% Dogoy, 354+15 0 344+ 0 355+ ++ 352+18 343+23 342+23
Dimax<107% [Gy] 14 17
Rsoo, D <80% Doy 559406 0 555+ 0 566+ O 556+08 560+06 562+06
Ro Dya<90% Gyl 16 0.4
PTVirge Dmesn=100% (weight 0.1) al 0.78 + 0 077+ + 077+ + 076+ 075+ 0.74 +
- " 0.03 0.04 0.05 0.05 0.05 0.04
Composite plan constraints
TR D 230G HI 0.40 + 0 041% 0 041+ + 040+ 042+ 042+
ungle 200630 Gy 0.03 0.05 0.03 0.04 0.04 0.04
Ds03<20 Gy MU 3075+ ++ 4037+ ++ 4693+ ++ 6719+ 8011+ 8612+
Drmean<16 Gy 399 37.1 784 1155 169.7 163.1
Oesophagus Drmean<28 Gy TT 17402  ++ 17401 4+ 16400 ++ 87+05 87+05 81+04
Dinax<48 Gy [min]
Heart Dmean<9 Gy PTVgoost
Dimax<40 Gy Dmed 619408 + 623 0 620 0 62308 625+1.1 62.8+1.2
D10%<20 Gy [Gy] +0.7 +1.1
D1gs<3 Gy Dogsy 467492 0 457 0 465 ++ 479494 465199 437+9.1
Spinal cord Dmax<30 Gy [Gy] — —
Lung right Dnean<A Gy Dos 64110 0 645 0 654 0 655%1.0 655+13 659+1.2
Gyl +0.4 +14
Dmax<10 Gy
- q 0.46 0 048 0 044 +  043%0.13 0.40+0.11 0.40
Breast right Dmean<3 Gy +0.13 +023 +0.12 +0.12
Drmax<6 Gy HO 028 0 030 0 031 +  028+015 030+0.16 035
Viing Drmean<7 Gy +0.14 +0.15 +0.14 +0.15
Drmax<35 Gy MU 3012 ++ 3559 0 3513 0 3118 320.1 365.4
+81.1 +115.6 +109.3 +90.6 +66.3 +1146

the clinical specification of y<1 for 95% of
detector points passing the y-index crite-
rion for 3%/3 mm (range 87.3-100%). In
general, IMRT plans showed slightly high-
er dosimetric accuracy than VMAT plans.

Discussion

This study compared IMRT and VMAT
plans for node-positive left-sided breast
cancer patients using 6, 10 and 15 MV
high photon energy beams. Target cov-
erage and homogeneity were compara-
ble for both techniques. No energy de-
pendence could be found in target or in
associated organs at risk for VMAT. For
IMRT, 6 MV photon plans showed slight
benefits over 10 and 15 MV photon ener-
gy beams. Comparing VMAT vs. IMRT,

hot spots decreased while peripheral dos-
es increased for VMAT plans due to low-
er dose gradients. This issue has been ad-
dressed by several authors [20, 21, 28,
35], but the clinical consequences are un-
known at present.

The large variations found in low dos-
es, especially regarding the heart, might
be explained by large variations in pa-
tient anatomy. Similar findings have been
reported by Taylor et al. [29]. The mean
heart dose for VMAT (Djpean=8.5 Gy) and
IMRT (Dppean=8.2 Gy) was comparable to
the findings of Fogliata et al. [8] (IMRT
10.1 Gy) as well as Goddu et al. [12] (To-
motherapy 12.2 Gy). Although there is
great awareness of the potential damage
to the heart in left-sided breast cancer RT
[16], the radiobiology of the heart damage

is only partially understood [23]. There
are no known ‘safe’ levels of radiation to
the heart at present [14].

Low dose irradiation raises the con-
cern of developing a secondary malig-
nancy [1, 5], especially regarding the con-
tralateral breast [27]. We found compara-
ble exposure of the right breast in VMAT
and IMRT. High dose regions in contra-
lateral structures are similar (e.g. D5y, for
right breast) or smaller (Dyy and Vig gy
for the right lung) in VMAT compared to
IMRT for normal breast sizes. This effect
was not found in patient plans with large
breast size.

The dose to the ipsilateral lung was
found slightly increased in VMAT plans;
however, V0 gy and V3 g, were always
within the tolerance. Clinical evidence

Strahlentherapie und Onkologie 5 - 2013 ‘ 383
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normal breast

10 MV

VMAT

IMRT

Obese breast

Fig. 2 A Sample isodose distributions in transverse, coronal and sagittal planes (ArtiView™) for VMAT and IMRT plans of a
normal (left) and an obese (right) patient at 6, 10 and 15 MV
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Fig. 3 A Results of y-index analysis: bars represent percent of detector
points passing y<1, error bars show the corresponding standard deviation

and squares display y values. Boxes indicate y values

of pulmonary complications in radiation
treatment for breast cancer is reported to
be rare within this tolerance [15].
Oesophageal toxicity has been corre-
lated with mean doses greater than 34 Gy
[24]. Our VMAT and IMRT results were
well within this limit (Dpean<31.5 Gy).
However, larger target volumes of obese
breast size patients were found to correlate
with higher mean dose to the oesophagus
compared to normal breast size patients,
again due to unfavourable geometry.
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MUy 1/10 open field area [cm?]
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Fig. 4 A Polar diagram of monitor unit distribution (red) and the corre-
sponding 1/10 open field area (black) for a representative VMAT plan

In this study, intrafraction motion was
taken into account for IMRT by using ad-
equate margins in the plan optimisation.
For SmartArc optimisation, such options
are currently not established. Artificial
soft-tissue equivalent expansion of 2 cm
of the body in the region of the breast was
therefore proposed to account for breast
motion during rotational IMRT [18, 30].

The monitor unit distribution for a
representative VMAT plan and the cor-
responding open field area are illustrat-
ed in @ Fig.4. As can be seen, high dose

rate fluctuation occurs throughout the
plan and only a minimal MU contribu-
tion comes from gantry angles 340° to 50°
because of OAR constraints. This low-MU
segment could be avoided by restricting
VMAT beam angles. However, in Pin-
nacle’ V9.0 it is not possible to optimise
VMAT arcs smaller than 90°. In Pinnacle?
V9.2, the minimum arc angle is 24° which
allows avoiding critical structures more
efficiently and reducing unnecessary low
dose irradiation.



Tab.3 Results for organs at risk. The mean values and standard deviations (SD) for the 10 patients are shown. Better (+/++) or worse (—/——) re-

sults in at least 8/9 of 10 treatment plans are indicated; no difference between techniques is shown with 0. Analysis of subgroups (normal/obese
breast patients) is provided as supplementary material (Tables 3 a, b, online)

VMAT IMRT

6 MV 10 MV 15 MV 6 MV 10 MV 15 MV

Mean +SD Mean £SD Mean +SD Mean £SD Mean +SD Mean £SD
Lung left
Drmean [GY] 14.6 £0.6 0 14.8+0.8 0 14.8£0.7 0 146 +1.0 147 £13 15.0£1.5
Doa [GY] 49.7+2.9 0 49.7 +2.2 0 49.1+2.8 + 49.6 +3.7 50.04+33 49.8 +4.1
Vao6y [%] 26.8+2.2 = 27.7 129 = 27.0+29 0 23.9+3.6 25.6+4.1 26.6+4.4
Vigay 16.6 1.8 0 174418 0 16.7 £2.1 + 16.9+3.3 17.84+3.3 17.8+3.6
Heart
Drmean [GY] 89+14 0 8.8+1.1 0 86+13 0 8615 86+1.8 84+15
Doas [GY] 324451 + 33.616.7 0 324477 -+ 36.0+10.8 36.0+10.6 36.7+£10.2
Vs gy [%] 7304234 0 724+19.7 0 75.6+23.8 0 69.2+21.0 65.5+21.2 66.0 +21.7
Vioay [%] 245+9.6 0 215171 0 20.1 7.1 + 194 +£5.7 21416.6 22.014.8
V3o6y [%] 2.7+1.7 + 3.0+23 0 2.7+24 ++ 42+35 44+36 4.0+3.0
Oesophagus
Drmean [GY] 28.416.2 0 28.0+6.2 + 27.8+6.6 28.1+5.1 289+5.2 29.3+5.9
Doao [GY] 475+£73 0 46.4£7.5 0 45.7 £8.8 0 45.0£5.7 45.7 £5.0 44.8 6.0
Myelon
Drmean [GY] 8.7£54 0 79+50 + 8.7 £5.1 8.6+3.3 9.9+44 10.1 £4.1
Doao [GY] 257474 0 243473 + 24.7 6.9 0 244470 26.6+7.5 27.0+7.0
Vving
Drnean [GY] 56+1.0 - 54+1.2 0 56+1.0 0 49+1.0 52+1.1 54+1.2
Doz [GY] 32.1+4.8 0 31.6+5.6 0 31.645.7 - 279+49 27.0+4.0 273445
Vissues0% 15.1% +£3.3% - 148%£32% - 15.0%+3.1% 0 13.9% £2.7% 13.9%+2.7%  14.0% £2.6%
Vissue30% 21.8% +4.5% - 21.1%+4.0% - 21.6% +4.2% - 17.9%+3.4% 188%+34%  19.3%+3.4%
Vissue10% 38.6% +6.7% 0 38.0% +7.4% 0 406%+t7.9% O 37.9%+6.5%  40.1% +6.5% 41.4% £7.6%
Lung right
Drnean [GY] 3.9+1.0 0 34411 0 45+1.6 0 42423 44+23 45425
Doas [Gy] 11.4+3.0 0 9.4+3.6 0 124 +4.4 0 9.8+4.1 12.1+£5.9 13.1+6.3
Vs gy [%] 23.0+123 0 17.7 £13.6 0 28.7+£19.2 0 20.2+18.0 246+19.0 25.6+19.7
Vioay [%] 43+3.0 - 26+3.4 0 7.146.8 0 574115 7.7+10.7 8.6+12.7
Breast right
Drnean [GY] 2.8+1.0 - 29+1.2 0 32413 0 28+1.0 33+1.6 3315
Do2os [GY] 5.8+09 0 7.11£26 0 7.2+27 0 6.0+2.1 7.0+28 7.1£3.0

The major features of VMAT over
IMRT are the reduction in treatment time
and monitor units. Our results showed
that VMAT can achieve a similar plan
quality while limiting treatment time to
less than 2 min (compared to 8 min in
IMRT) and reducing monitor units up to
90% (B Tab.2).

Another purpose of this study was
the dosimetric verification of IMRT and
VMAT plans. Ionisation chamber ar-
ray measurements were within the tol-
erance limits of the y-index criterion of
3%/3 mm for both VMAT (96.7%) and
IMRT (98.3%) plan delivery. Similar re-
sults were previously reported for IMRT

(e.g. [34]) and VMAT (e.g. [32]). Devia-
tions between measurements and calcu-
lations were higher for VMAT compared
to IMRT [20]. This may originate from
the fact that SmartArc uses continuous,
variable dose-rates in the optimisation
process, whereas the linac under study is
bound to binned dose-rates. Such uncer-
tainties might be reduced by interpolation
of the control point vectors from 4° to 2°
final gantry spacing. Today, the gold stan-
dard for VMAT plan verification is still
a dose measurement reporting the y in-
dex [26]. In future, independent monitor
unit verification will be an attractive op-
tion for static and rotational IMRT [10].

Besides manual evaluation of plan quality
criteria, automated evaluation was inves-
tigated. ArtiView™ provides fast and accu-
rate plan evaluation.

In this study, photon beam energy vari-
ation in IMRT and VMAT for left-sided
node-positive breast cancer plans was in-
vestigated for the first time. Further expe-
rience has to be gained regarding new lin-
ac control systems with improved dynam-
ic parameters, such as continuous vari-
able dose rates and MLC interdigitation.
Recently, flattening filter free approach-
es (FFF) [11] became clinically available
and provide promising results for chest
wall radiotherapy [25, 28], which should
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be further investigated for large and com-

plex target volumes.

Conclusion

VMAT for node-positive left-sided breast

cancer allows the maximum doses to
OAR, especially the heart to be reduced,
while retaining target homogeneity and
coverage when compared to IMRT. For
most patients, 6 MV plans showed the
best results in both static and rotation-
al IMRT. Patient age and anatomical ge-
ometry should be considered when de-
termining which technique and energy

to use.
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