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Abstract

Purpose: This study aimed to compare intensity-modulated radiation therapy (IMRT) and volumetric-
modulated arc therapy (VMAT) regarding plan quality and healthy lung sparing, in stage III non-small cell
lung cancer (NSCLC) patients.

Materials and methods: The plans of 60 patients were allocated either to the IMRT (n=30) or the VMAT
(n=30) group. The dose prescribed to the planning target volume (PTV) was evaluated at the 95% level and
the mean lung dose (MLD) and the healthy lung receiving 5, 10 and 20 Gy (Vs, V10 and V5o, respectively) were
analysed. The normal tissue complication probability (NTCP) for radiation pneumonitis was calculated with
the Lyman-Kutcher-Burman model.

Results: Both techniques achieved comparable results for target coverage (Voso,=97-87 versus 97-18%,
p > 0-05) and homogeneity. The MLD (15-57 versus 16-98 Gy, p>0-05), V5 (60-35 versus 67-25%, p>0-05) and
V1o (45-22 versus 53-14%, p=0-011) were lower for IMRT, whereas VMAT reduced V,o (26-44 versus 25-90%,
p>0-05). The NTCP for radiation pneumonitis was higher for VMAT, but no statistical significance was observed
(11-07 versus 12-75, p > 0-05).

Conclusion: Both techniques seemed suitable for NSCLC treatment, but IMRT presented better results
regarding lung sparing thus being beneficial in reducing the risk of radiation-induced pneumonitis.
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BACKGROUND and women.' Radiation therapy (RT) is one of

the most effective treatments for NSCLC; how-
Non-small cell lung cancer (NSCLC) represents ever, the treatment planning can be challenging
80% of all the lung cancer diagnoses in both men due to the difficult balance between target
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coverage and healthy lung tissue sparing.””
Nowadays, advanced external beam radiation
therapy techniques such as intensity-modulated
radiation therapy (IMRT) and volumetric-
modulated arc therapy (VMAT) are widely used
to treat a range of thoracic tumours, including
NSCLC.* Several comparative studies have
been conducted to address the advantages and
disadvantages of both techniques in the treatment
of NSCLC. Although most agree on comparable
target coverage and dose conformity, the results
regarding organ at risk (OAR) sparing are still
controversial. For instance, some authors report
a higher mean lung dose (MLD) for VMAT>?
whereas others state that VMAT plans achieve
lower MLD values, when compared with
IMRT.”” The MLD is one of the most used
predictors of radiation pneumonitis. Other
parameters include the relative volume of healthy
lung tissue receiving more than a dose threshold
(Vgose) and normal tissue complication prob-
ability (NTCP) calculations.'” The aim of the
present work was to compare IMRT and VMAT
in terms of plan quality and OAR sparing,
focussing on dosimetric and radiobiological
predictors of radiation-induced pneumonitis.

MATERIALS AND METHODS

All patients diagnosed with stage III NSCLC
treated with IMRT or VMAT between 2011
and 2013 were identified. Out of these, only
radical treatments were included and patients
undergoing respiratory motion control were
excluded. The final sample comprised the plans
of 60 randomly selected patients, out of which 30
had been treated with IMRT and the remaining
30 with VMAT, with curative doses ranging
from 60 to 74 Gy. Patients’ characteristics are
listed in Table 1.

Planning computer tomography (CT) acqui-
sitions were acquired in free-breathing and
patient immobilisation was performed with arms
raised above the head resting on a thorax
immobilisation support (CIVCO Radiotherapy
Inc., Coralville, IA, USA) and knee fixation to
avoid patient discomfort and longitudinal offsets.
Three CT reference points were tattooed in the
patients’ skin and an additional tattoo was made
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Table 1. Patient distribution and characteristics (n=60)

Patient characteristics IMRT VMAT
Age (years) 66-2 66-4
Mean range 45-82 44-80
Gender
Male 26 (86-7%) 26 (86-7%)
Female 4 (13-3%) 4 (13-3%)
Histology
Adenocarcinoma 15 (50-0%) 13 (43:3%)
Squamous 12 (40-0%) 14 (46-7%)
Adenosquamous 1 (3-3%) 3 (10-0%)
Sarcomatoid 1 (3:3%) 0
Undifferentiated 1(3:3%) 0
Stage
ITIA 22 (73-3%) 13 (43-3%)
I1IB 8 (26-7%) 17 (56-7%)
Chemotherapy
Neo-adjuvant 9 (30-0%) 15 (50-0%)
Concurrent 10 (33-3%) 9 (30-0%)
Neo-adjuvant 8 (26-7%) 5 (16:7%)
and concomitant
N/A 3 (10%) 1 (3-3%)

Abbreviations: IMRT, intensity-modulated radiation therapy; VMAT,
volumetric-modulated arc therapy.

for alignment. The clinical target volume to
planning target volume (PTV) margin ranged
from 1 to 2 cm, depending on the target motion
susceptibility and the PTV volumes ranged from
138-2 to 1,517-2 cc, with an average of 492-0 cc.
Treatment planning was performed according to
patients’ anatomy, PTV shape and location in
order to meet the ICRU guidelines and
dose-volume histogram (DVH) objectives. The
number of fields and arcs were defined by the
dosimetrist on a case-by-case basis, avoiding
the contralateral lung. The image verification
protocol included two coplanar images (antero-
posterior and lateral) performed on the three first
fractions and on a weekly basis thereafter. Bony
landmarks were used as reference for matching
with the digitally reconstructed radiography.

The target coverage and dosimetric parameters
associated with radiation pneumonitis were
assessed for each pratient, through DVHs expor-
ted from Eclipse' ™ (Varian Medical Systems,
Palo Alto, CA, USA). The dose was prescribed to
PTV and, hence, the coverage was evaluated at
the 95% level. In addition, ;g9 Was evaluated
as a measure of homogeneity, in accordance
with the institution’s protocol, adapted from
ICRU 83."
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The healthy lung tissue volume was defined as
the total lung volume (right lung + left lung)
subtracted by the gross target volume (GTV),
hereinafter referred to as ‘Lung-GTV’. %>
The MLD, Vs, Vo and V5, were collected
from the DVHs and assessed for each patient to
predict the risk of radiation pneumonitis. Also,
the NTCP associated with radiation pneumonitis
was calculated wusing the Lyman—Kutcher—
Burman (LKB) model. This model describes
complication probability considering the dose
received by the organ. To account for hetero-
geneities in dose distributions, a correction is
performed according to the equivalent uniform
dose (EUD) concept which dictates that an het-
erogeneous dose distribution is equivalent to a
certain homogenous distribution if the radio-
biological effect in the tissue is the same."> The
NTCP for given volume, V, covered by an uni-
form dose, EUD, is given by following equation:

t 2
NTCP = —— [ (). i (1)
27 ) -0
where
_ EUD-TDs(v) 2
~ mx TDsy(v)

TD50(V) == TD50(1) . V_n (3)

|4
v= )

Vier

where m is a dimensionless parameter that
represents the steepness of the dose-response
curve; TDs5q (1) the dose tolerance of an organ at
which there is 50% complication probability;
TDs (v) the dose tolerance for a partial volume v;
n the parameter that determines volume-
dependence of the complication in the organ,
that is, n=0 indicates that the organ has a serial
structure and the maximum dose determines the
complication probability whereas n=1 indicates
a parallel structure in which the mean dose is the
predictor of the complication probability.'>'°

To calculate the NTCP for radiation pneu-
monitis, the DVH of the Lung-GTV were
imported to Biosuite (Clatterbridge Cancer
Centre, Bebington, Wirral, UK).17 The NTCP
parameters for the prediction of radiation

https://doi.org/10.1017/51460396917000358 Published online by Cambridge University Press

Table 2. Seppemwoolde et al.™” parameters for Lyman—Kutcher—
Burman, for radiation pneumonitis

TDso M n

30-80 0-37 0-99

pneumonitis, TDsq, # and m used in this studg
were those suggested by Seppenwoolde et al.,’
depicted on Table 2. The dose distributions in
the healthy lung tissue were corrected by using
an a/f ratio of 3.°''® This ratio derives
from the linear-quadratic model for cell
survival and determines the radiosensitivity
of a given tissue.'”

For the statistical purposes of this study, the
Statistical Package for the Social Science (SPSS)
software, version 21.0 (IBM Corp., Armonk,
NY, USA) was used. A Student’s f-test for
independent samples was performed to compare
IMRT and VMAT in terms of plan quality,
and dosimetric and radiobiological parameters
associated with radiation pneumonitis. For all
the statistical tests, a confidence interval of 95%
was used.

RESULTS

The comparison between IMRT and VMAT,
regarding the variables in study for PTV and
Lung-GTV is summarised in Table 3.

PTV coverage was comparable for both
IMRT and VMAT (Vo50, =97-87 and 97-18%,
respectively), with no statistically significant
differences being found between the two tech-
niques (p = 0-20). However, a significantly lower
hotspot volume was observed for VMAT when
compared to IMRT (1g9¢, =0-08 and 0-69%,
respectively; p=0-04).

For the Lung-GTV, the MLD was lower
when treating with IMRT, but no statistically
significant difference was observed (MLD =
1557 and 1698 Gy for IMRT and VMAT,
respectively; p=0-056). Similar results were
observed for 1’5 and 17}, with the latter being
significantly reduced for IMRT (p=0-054 and
0-011, respectively). On the other hand, VMAT
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Table 3. Mean values and respective standard deviations (SD) of the

evaluated parameters, for both PTV and Lung-GTV
IMRT VMAT
Volume Parameter (Mean +SD) (Mean +SD) p-value
PTV Voso, (%)  97-87 (£1-97) 97-18 (+2-17) 0-200
Viooe (%)  0-69 (£1-59)  0-08 (+0-19) 0-040
Lung-  MLD (Gy) 15-57 (+2-73) 16-98 (+2-94) 0-056
GTV
Vs (%) 60-35 (£13-44) 67-25 (+13-77) 0-054
Vio (%) 45-22 (+£11-75) 53-14 (x11-54) 0-011
Va0 (%) 26-44 (+5-13) 25-90 (+3:85) 0-646
NTCP (%) 11-07 (+3-28) 1275 (+4-00) 0-080

Abbreviations: IMRT intensity-modulated radiation therapy; VMAT,
volumetric-modulated arc therapy; MLD, mean lung dose; NTCP,
normal tissue complication probability.

reduces the V5, in contrast with IMRT, but
again no statistically significant difference was
observed (150 =25-90 and 26-44%, respectively:
p=0-646).

Based on the performed NTCP calculations, a
higher but not statistically significant risk of
radiation pneumonitis was associated with
VMAT plans (NTCP=11-07 and 12-75% for
IMRT and VMAT, respectively; p =0-08).

DISCUSSION

VMAT is considered an advanced version of
IMRT which provides high conformal dose
distributions through a dynamic dose delivery. In
recent years, several studies reported the potential
of VMAT to reduce the treatment time and
the monitor units (MUs), when compared with
IMRT for lung cancer treatment.>* However,
due to the controversial results in OAR sparing,
a consensus regarding a standard treatment tech-
nique for this pathology has not yet been reached.

The results of this work showed a comparable
PTV coverage for IMRT and VMAT. Most
authors agree on this matter, suggesting that the
main differences between the two techmques rest
mainly on the OAR sparing.”®® In this study,
the analysis of jg9y as a measure of homo-
geneity suggests that VMAT 1is able to provide
more homogeneous plans, although this might
be of little clinical relevance since Vg9, 1s <1%
for both techniques. Verbakel et al. reported
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similar results (V107% =1-6% for IMRT and 0-5%
for VMAT) However, Jiang et al. and Zhang
et al’s™® studies report lower homogeneity
indexes for VMAT.

Regarding healthy lung sparing, IMRT
achieved a more favourable MLD, 1’5 and 1/,
whereas VMAT showed the lowest 5. Several
authors performed comparative studies between
IMRT and VMAT for lung cancer and reported
a reduction on the volume of healthy lung
receiving low doses for IMRT while VMAT
decreased the volume recelvmg higher doses,
such as Vs, Vs and V30.27°

In this work, we have also used the LKB
model to calculate the risk of radiation pneu-
monitis. NTCP estimations show a slightly
higher risk associated with VMAT, when
compared with IMRT. At the moment of this
project, Bertelsen et al.’s work was the only
publication in which IMRT and VMAT were
compared in terms of NTCP for radiation
pneumonitis, in patients diagnosed with
NSCLC. The authors reported higher NTCP
values, calculated with the LKB model, for
IMRT, when compared with VMAT (10-2
versus 9-8%, respectively). Their results, as well as
the results in this study, were not statistically
significant (p = 0-10).° As several studies suggest a
strong correlation between MLD, Vs and Vg
and radiation pneumonitis,” the present results
suggest that for this specific group of patients,
IMRT was superior to VMAT in sparing the
healthy lung. Moreover, our NTCP calculations
support this assumption as the risk of radiation
pneumonitis is higher for VMAT. However, out
of all the lung dose parameters studied, only 17,
was statistically significant.

During the course of this work, some limitations
were found that are worth noting. First, the results
were based on a retrospective analysis and no
follow-up was conducted. For future studies, a
more extensive research is recommended to con-
firm the clinical relevance of the conclusions
drawn. Second, although a specific tumour stage
was chosen to standardise our sample, other
important factors such as size and location of the
primary lesion and chemotherapy protocols were
not considered as variables. To overcome this
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limitation, a possible solution would be that each
patient had both an IMRT and a VMAT plan. In
addition, the planning technique used was specific
of the institution where this study was conducted
which limits the possibility of extrapolation of the
results to other institutions. In this sense, a multi-
centre study and a bigger sample are recom-
mended. Finally, the use of NTCP estimations
constitutes a limitation itself as many authors insist
on the uncertainties of these models, which
include the lack of revision on NTCP parameters
and the disregard of external factors that may
influence the risk of a given radiation-induced
complication. For these reasons, it is considered
that NTCP calculations should not be used as sole
criteria, but rather as a support tool for clinical
decision making.

CONCLUSION

In summary, both IMRT and VMAT seemed
suitable for NSCLC treatment. Nonetheless,
IMRT might be suggested as the technique of
choice when trying to reduce the risk of radiation-
induced pneumonitis. Given that IMRT achieved
lower doses in parameters reported as radiation
pneumonitis indicators, patients with pre-existing
risk factors such as poor pulmonary function,
previous pulmonary diseases or history of heavy
smoking may benefit from this technique. How-
ever, the advantage in terms of dose homogeneity
and other aspects of VMAT that were not in the
scope of this study (e.g., treatment time and MU )
should also be considered and, hence, a patient-
based decision is recommended.
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