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ABSTRACT

The volumetric intensity modulated arc therapy (VMAT) is a novel radiation technique that delivers a highly conformal radiation dose
to the target by allowing the simultaneous variation of gantry rotation speed, dose rate and multiple-leaf collimators leaf positions.
The aim of this study was to review the current literature on two VMAT systems, RapidArc and SmartArc with main focus on planning
studies of lung cancer. A systematic review of available data was conducted using MEDLINE/PubMed with the keywords “lung” and
“VMAT”. The published data show that VMAT techniques have clear superiority over three-dimensional conformal radiation therapy
with regard to improving dose conformity and sparing of organs at risks (OARs). The data indicates that for lung tumor VMAT and
intensity modulated radiation therapy (IMRT) provide equivalent dose homogeneity, dose conformity and target volume coverage;
however, contradictory results were obtained in terms of OARs sparing. The major advantages of VMAT over IMRT are the reduction in
the number of monitor units and faster treatment delivery times without compromising the quality of the treatment plans. Moreover,
faster delivery time is more patient-friendly and it minimizes intra-fractional patient motion allowing treatment volumes stay within
their respective treatment margins. Current literature data shows that VMAT can be a good option to treat lung cancer; however, data

on clinical trials are still lacking. The clinical trials are essential to confirm the safety and efficacy of VMAT techniques.
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INTRODUCTION

The main objective of external beam radiation therapy (EBRT)
is to deliver a homogeneous radiation dose to the tumor
target, while minimizing the dose to surrounding
organs at risks (OARs).!! Three-dimensional conformal
radiotherapy (3DCRT) is an example of EBRT and it
includes direction of multiple radiation beams conformed
to the shape of the target.? The 3DCRT aims to escalate the
radiation dose to the tumor target while sparing the normal
tissues; however, complex target volume shapes may result
in irradiation of large volume of OARs in 3DCRT plans.**!
The significant advances in EBRT such as development of
more accurate treatment planning systems (TPS) and linear
accelerator delivery capabilities, over the past few decades
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have improved the dose conformity and distributions.**! For
example, in the early 2000s, multiple-leaf collimators (MLCs)
and inverse TPS were introduced. The MLCs are used as
intensity modulators to divide the radiation beam into
a set of smaller radiation beamlets. The individual MLC
leaf moves separately in a computer control at desired
speeds and the intensity of beamlets vary from 0% to
100%, thus resulting into intensity modulated radiation
therapy (IMRT).*! The IMRT is an advanced form of
3DCRT that combines intensity modulated beams leading
to the construction of highly conformal dose distributions.
Some of the benefits of IMRT over 3DCRT are the improved
conformity for target volume that has complex shape, and
better sparing of OARs.[*®]

Despite the advantages of IMRT, this technique could affect
the reproducibility of treatment setup and intra-fraction
patient motion since IMRT plan requires multiple fixed
angle beams that can increase the treatment delivery time.[*"!
Although image-guided radiation therapy has improved
the patient positioning accuracy as an integration of image
receptors to the linear accelerator, it often requires more
time on the treatment couch with a possibility of delivering
increased radiation to the patient as imaging of the patient
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is done before each treatment session.'”! Furthermore, a
higher number of monitor units (MUs) in IMRT plans could
potentially increase the exposure of patient’s body to low
dose radiation, and this has led to concerns of increased risk
of secondary radiation-induced malignancies, especially for
pediatric patients.'*12

In 2007, a novel radiation technique called volumetric
intensity modulated arc therapy (VMAT) was introduced.!”?!
The VMAT system can deliver a highly conformal radiation
dose to the target using one or two arcs, although complex
shaped targets may require more arcs, and the delivery
technique allows the simultaneous variation of gantry
rotation speed, dose rate and MLC leaf positions.!®! The
major advantages of VMAT systems over IMRT are the
decrease in number of MUs and the reduction in treatment
delivery time.'*'>! A shorter treatment delivery time per
fraction is particularly important for moving target such
as lung tumor since the degree of intra-fraction motion has
been found to increase with time.["® Furthermore, radiation
therapy for lung cancer can be challenging since the target
is surrounded by a healthy lung tissue, a radiosensitive
organ that has a low radiation tolerance. The aim of this
study was to review the current literature on two VMAT
systems, RapidArc (Varian Medical Systems, Palo Alto,
CA, USA) and SmartArc (Philips Radiation Oncology
Systems Philips, Fitchburg, WI, USA) with main focus on
planning studies of lung cancer. A systematic review of
available data was conducted using MEDLINE/PubMed
with the keywords “lung” and “VMAT”. A total of 17
articles were identified of which 8 were relevant for the
purpose of this review.

LUNG CANCER

Lung cancer is the leading cancer killer in both men and
women in the United States, causing more deaths than the
next three most common cancers combined (colon, breast
and prostate).'”! According to the American Cancer Society’s
most recent statistics, an estimated 226,160 new cases of lung
cancer were expected to be diagnosed in 2012, representing
almost 14% of all cancer diagnoses.!'”!

LITERATURE REVIEW

Several planning studies have evaluated VMAT techniques
in lung cancer. Bree, ef al.l'¥ conducted a planning study
in 20 inoperable non-small cell lung cancer (NSCLC)
patients comparing 3DCRT with dynamic IMRT (d-IMRT)
(7-9 fields) and RapidArc. The results from that study
showed that, in comparison to 3DCRT, both the d-IMRT and
RapidArc techniques resulted in a better conformity of the
dose.!" Furthermore, d-IMRT and Rapid Arc allowed higher
dose to the target volume, thus improving regional tumor
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control.l®l However, there were no significant differences
in homogeneity of dose in the target volume.

For NSCLC patients who are not candidates for surgical
therapy, stereotactic body radiotherapy (SBRT) can be
an alternative method for the treatment of small lung
tumors. SBRT is a highly conformal technique that delivers
high radiation dose with few treatment fractions to the
tumor while limiting the doses received by OARs. Ong,
et al." compared RapidArc SBRT with conventional
3DCRT, dynamic conformal arcs, and IMRT for 18 patients
with Stage I NSCLC. Ong, et al. reported the highest dose
conformity and shortest delivery times for Rapid Arc SBRT
plans compared to all other techniques.!"! For chest wall,
a lower V (45 Gy) value was achieved in RapidArc plans;
however, a small increase in V (5 Gy) value to contralateral
lung was obtained in RapidArc plans compared to 3SDCRT
plans.! A higher dose to contralateral lung in RapidArc
plans might have been due to use of full arcs in that study.!"!
A better RapidArc plan set up would have been the use of
partial arcs avoiding direct beam entrance via contralateral
lung, and such partial-arc technique could potentially lower
contralateral lung dose [Figure 1].

Scorsetti, et al.* performed a planning study on 6 patients
that had malignant pleural mesothelioma, and the IMRT
plans (9 fields) were compared against RapidArc (2 arcs)
plans. Scorsetti, et al. reported that RapidArc and IMRT
provided equivalent coverage and homogeneity, and
RapidArc demonstrated better dose sparing to the OARs.
201 Similar to the findings of Ong, et al.,”! the treatment
delivery time was much lower for RapidArc in that study
too. Verbakel, et al.” published a paper on a clinical
application of a novel hybrid IMRT (h-IMRT) technique
for large Stage III lung tumor. The study was performed by
utilizing h-IMRT to treat 14 patients. In that study,” h-IMRT

Figure 1: RapidArc plan set up in Eclipse treatment planning system for lung
cancer using partial-arc technique (Figure courtesy of Department of Radiation
Oncology, Arizona Center for Cancer Care, Peoria, Arizona, USA)
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plans consisted of 2 components: (1) an anterior-posterior/
posterior-anterior/posterior-anterior oblique, and (2)
a 3-field IMRT. For the purpose of comparisons, all
h-IMRT plans were retrospectively re-planned using
RapidArc (2 full arcs), IMRT (6-fields), 3DCRT (5-9 fields),
and a hybrid RapidArc (h-RapidArc) technique similar to
the h-IMRT. Verbakel, et al.?" reported that both h-IMRT and
h-Rapid Arc permitted delivery of 66 Gy to large stage Il lung
tumors, and both were superior to either IMRT or RapidArc
plans for reducing lung doses. Furthermore, the authors also
showed that Rapid Arc plans achieved comparable V (20 Gy)
values butled to slightly higher V (5 Gy) values.?! It would be
interesting to investigate the dosimetric impact of this hybrid
technique on small lung tumors in the future.

Rao, et al.”™ compared SmartArc with IMRT for 6 cases
of lung cancer. The results from that study® showed
comparable planning target volime (PTV) coverage and
OAR sparing. In comparisons to IMRT plans, the values of
mean lung dose and V (20 Gy) were slightly higher in the
SmartArc plans.” In another study, Holt, et al.*! performed
the comparison study between SmartArc (coplanar)
and IMRT (coplanar and non-coplanar) for SBRT for 27
early-stage lung cancer patients. The results from that
study showed that coplanar SmartArc achieved plan quality
comparable to those using non coplanar IMRT and slightly
better than those with coplanar IMRT.[?!

Zhang, et al.”™ performed a planning study on SmartArc
planning for 15 SBRT lung patients and compared its
dosimetric results with 3DCRT. In that study,! two
types of SmartArc plans were created: (1) coplanar and
non-coplanar SmartArc and (2) flattening filter free
SmartArc (FFF-SmartArc). Each SmartArc plan utilized
two dynamic arcs, whereas 3DCRT plan consisted of
non-coplanar fields. The results from that study showed
that SmartArc techniques demonstrated faster treatment
delivery times, superior dose conformity to the target and
sharper dose fall-off in normal tissues than the 3D plans.*!
Furthermore, the V (5 Gy) and V (20 Gy) values for lungs
were lower with SmartArc techniques compared with
3D, and the dose to the target was more homogeneous
in FFF-SmartArc plans; however, FFF-SmartArc plans
required more MUs than non-coplanar SmartArc or 3D
ones.

Jiang, et al.”! conducted the retrospective study of 12
locally advanced lung cancer patients and analyzed the
differences between IMRT and single/partial-arc SmartArc
(SA/PA-SmartArc) techniques in treatment planning.
The SA-SmartArc plans showed the superior target dose
coverage and comparable target dose (minimum, mean
and maximum). For the total and contralateral lung, in
comparison to IMRT plans, the V (5 Gy) and V (10 Gy) values
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were higher; whereas the V (20 Gy) and V (30 Gy) values
as well as mean lung doses were lower in the SmartArc
plans.®! The SA/PA-SmartArc plans also reduced the
treatment delivery time.™®!

DISCUSSION AND CONCLUSION

The published data in the current literature on VMAT
(RapidArc and SmartArc) planning studies of lung cancer
show that VMAT techniques have clear superiority
over 3DCRT with regard to improving dose conformity and
sparing of OARs. However, dosimetric differences between
VMAT and IMRT planning studies are less distinct.!'¥!
Specifically, the data indicates that for lung tumor VMAT
and IMRT provide equivalent dose homogeneity, dose
conformity and target volume coverage. Furthermore,
planning studies'®* have reported contradictory results in
terms of OARs sparing. For example, in the case of normal
lung tissue, Verbakel, et al.!! showed that RapidArc and
IMRT plans achieved comparable V (20 Gy) values; whereas
Rao, et al.” showed that the V (20 Gy) value was slightly
higher in the SmartArc plans than in the IMRT plans.

One of the factors that might have contributed to the
conflicting OAR results among different studies is
the variability in treatment machines, and radiation
techniques, such as the number of fields and arcs in the
IMRT and VMAT plans, respectively. Several authors
pointed out that adding an extra arc in the VMAT plan
might be effective in reducing the OAR dose since VMAT
plan with an additional arc consists of more control
points and a higher degree of freedom for possible leaf
positions, leading to a higher degree of modulation.*?
However, such strategy will make the optimization and
dose calculation processes longer, and the dosimetrist will
be required to make a compromise between the planning
time and plan quality. Furthermore, the radiation dose to
the OARs not in the proximity of the target volume arises
largely from the secondary collimator transmission and
scatter radiation from the treatment machine.l*”?! The
amount of scatter radiation from secondary collimators
depends on the configuration of the MLC and the
treatment machine head. Thus, the OAR results from
a RapidArc plan created based on the configuration of
Varian linear accelerator may not be same as the OAR
results from the SmartArc plan created based on the
configuration of Phillips linear accelerator.

Another factor that affects the quality of treatment plans
is the dose calculation algorithm employed within TPS,
especially when there is an involvement of small fields
and low-density medium such as air. The presence of
air causes the electronic disequilibrium effect near the
air/tissue interfaces as the lateral range of secondary
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electrons becomes longer than the width of the small field
segments.?*! Thus, when a lung tissue is to be irradiated,
dose calculation algorithms must have tissue heterogeneity
corrections that will account accurately for the electron
transport near air/tissue interface. Currently, collapsed
cone convolution superposition algorithm (CCCS) and
anisotropic analytic algorithm (AAA) are commonly used
for SmartArc and RapidArc planning, respectively. Due
to the differences in beam modeling approach within
CCCS and AAA, discrepancies in their dose predictions
exist. Several authors have documented the inadequacy
of CCCS and AAA to calculate the dose accurately inside
heterogeneous media.*** It is clear that the discrepancies
can occur between CCCS and AAA, and the dose
prediction errors can be made when an insufficiently
accurate dose calculation algorithm is used for the dose
computations of clinical radiation treatment plans,
especially for lung cases.

The major advantages of VMAT over IMRT are the reduction
in the number of MUs and faster treatment delivery times
without compromising the quality of the treatment plans.
Moreover, faster delivery time is more patient-friendly
and it minimizes intra-fractional patient motion allowing
treatment volumes stay within their respective treatment
margins.!'®!

Current literature data shows that VMAT can be a good
option to treat lung cancer; however, data on clinical trials
are still lacking. The clinical trials are essential to confirm
the safety and efficacy of VMAT techniques. The impact
of different radiation treatment techniques on clinically
important end points such as tumor control and side effects
will be an interesting topic for future studies.
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