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Abstract

Purpose: To investigate discrepancies in dose calculation algorithms used for lung stereotactic body
radiotherapy (SBRT) plans.

Methods and materials: In total, 30 patients lung SBRT treatment plans, initially generated using BrainLab
Pencil Beam (BL_PB) algorithm for 10 Gy x 5 Fractions to the planning target volume (PTV) were included in
the study. These plans were recalculated using BrainLab Monte Carlo (BL_MC), Eclipse AAA (EC_AAA), Eclipse
Acuros XB (EC_AXB) and ADAC Pinnacle CCC (AP_CCC) algorithms. Dose volume histograms of PTV were used
to calculate dosimetric and radiobiological quality indices, and equivalent dose to 2 Gy per fraction using
linear-quadratic-linear model. The BL_MC algorithm is considered gold standard tool to compare PTV
parameters and quality indices to investigate dose calculation discrepancies of abovementioned plans.

Results: BL_PB overestimates doses that may be due to inability of the algorithm to properly account for electron
scattering and transport in inhomogeneous medium. Compared with BL_MCNO plans, the EC_AAA and EC_AXB yield
lower homogeneity indices and overestimate the dose in the penumbra region, whereas AP_CCC plans were
comparable for small PTV (~8 cc) and had significant difference for large PTV.

Conclusion: BL_PB algorithm overestimates PTV doses than BL_MC calculated doses. The EC_AAA, EC_AXB and
AP_CCC algorithms calculate doses within acceptable limits of radiotherapy dose delivery recommendations.
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INTRODUCTION inoperable tumours of different sites including

lung,' with the goal to optimise maximum dose
Stereotactic body radiotherapy (SBRT) is non- to the target, that is to the planning target volume
invasive and efficient treatment modality for (PTV), while maximally sparing surrounding
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normal tissues, such as lungs and other organs-
at-risk. The SBRT treatment plans are generated
using either three-dimensional conformal plan-
ning (3DCP), intensity-modulated radiation ther-
apy (IMRT) or volumetric-modulated arc therapy
(VMAT) approaches, and are judged by spatial
dose distribution and dose volume histograms
(DVH). The 3DCP plans involve multiple copla-
nar or non-coplanar static treatment fields, in
general 8-12 fields, and dose is calculated using
forward planning. Although in the IMRT plans
similar field setup is used, as in 3DCP, but dose
distribution is calculated using inverse planning.
On the other hand, in the VMAT plans 2—6
coplanar or non-coplanar, or sometimes more, full
or partial arcs are used.

In present era, various dose calculation
algorithms, with tissue inhomogeneity correc-
tion, are used in commercial treatment planning
systems (TPS).* However, each algorithm uses
different models of inhomogeneity correction
and has its own limitations, hence the choice of
dose calculation algorithm is particularly impor-
tant for the SBRT, especially when lungs are
included in the treatment.

Routinely, the merit of treatment plans is eval-
uated using spatial dose distribution and DVH, but
the evaluation of biological effects is not done even
there has been significant progress in the radio-
biological modelling in order to understand
normal tissue complications and tumour cell
responlsZC.Sf11 The AAPM Task Group 166
report ~ recommends that dose—volume con-
straints and the biologic optimisation function be
used together for optimisation and evaluation.

This study was designed to investigate the
variation in PTV parameters, dosimetric and
radiobiological dose homogeneity index (HI)
and PTV quality coverage index (QCI) of SBRT
plans generated using Pencil Beam Convolution
(PB), Anisotropic Analytical Algorithm (AAA),
Acuros XB (AXB) and Collapsed Cone
Convolution (CCC) dose calculation algorithms
with respect to plans using Monte Carlo (MC)
dose calculation algorithms. The PB and MC
algorithms housed in BrainLab iPlan (BL), AAA
and AXB in Eclipse (EC), and CCC in ADAC
Pinnacle (AP) TPS.
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METHODS AND MATERIALS

Patients and treatment planning

This retrospective study includes 31 targets of
30 anonymised lung SBRT patients treated on
Varian Novalis linear accelerator with 6 MV
photon beam. Prescription dose (PD) of 50 Gy
was given in 5 fractions with 10 Gy dose in each
fraction. Three-dimensional conformal treatment
plans were generated using PB algorithm,
commissioned in BrainLab iPlan using 8-12
non-coplanar static treatment fields. These plans,
hereinafter, are referred as Brainlab Pencil
Beam (BL_PB) plans. When MC algorithm was
commissioned in the BrainLab iPlan, all BL_PB
plans were recalculated using BrainLab MC
(BL_MC) algorithm to determine the difference
between BL_PB calculated and actual delivered
doses. In these BL_MC calculated plans, referred
as BrainLab MC non-optimised (BL_MCNO)
plans, same beam parameters and calculation grid,
including monitor units (MUs), as in BL_PB
plans, were used. To investigate the dose calcula-
tion accuracy of AAA, AXB and CCC algorithms,
the DICOM data of BL_PB plans, including
computerized tomography (CT) images and
radiotherapy structures, were exported to Eclipse
(EC) and ADAC Pinnacle (AP) TPS, and opti-
mised treatment plans were generated. In the
optimised plans, same beam parameters and cal-
culation grid, except MUs and beam weights,
were used as in BL_PB plans. In these plans the
dose was prescribed for >95% PTV dose coverage
(RTOG Protocol 0813),"” and were named as
Eclipse AAA Optimised (EC_AAAOP), Eclipse
AXB Optimised (EC_AXBOP) and ADAC
Pinnacle CCC Optimised (AP_CCCOP) plans.
To avoid variation in dose calculations, same
dataset of machine parameters, beam data and
CT electron density were used to commission
treatment machine and CT simulator in EC and
AP planning systems.

Treatment planning evaluation

The ICRU Report 83'* has recommended the
use of near minimum dose Dygy, mean dose
Dsgo,, near maximum dose Doy, etc. dose—
volume quantities in the planning and evaluation
of an IMRT treatment plan. For evaluation of
dose distribution in the PTV, different dose HI
definitions are reported in the literature.'>"’
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The ICRU Report 83'* definition of HI is more
realistic, which characterises the uniformity of the
dose distribution within the PTV and is given by

— Dog v,
(1)

D5y

Dso
HIy = =%

where subscript ‘d’ represents dosimetric quantity.

The coverage index (CI) characterises the
degree to which the target volume receives
prescribed dose (D,,). The Cl is the volume-based
index used to characterise (ﬂuaht of
brachytherapy interstitial implants.'®'” In this
investigation, the QCI has been proposed in
terms of dosimetric quantity as

Dyg %

b, @

The HI, and QCI, are physical quantities, which
do not account radiobiological behaviour of the
dose distribution within PTV. The Dy, Dsgy,
Dogy, and D, doses were used in forthcoming
Equations (5-7) to calculate equivalent dose to
2Gy per fraction (EQD2) scheme, and above
described indices were redefined in terms of EQD2
to account for radiobiological behaviour of the
plans. These indices are termed as biological indi-
ces, which account for radiobiological aspects of
the dose distribution within PTV, and are given by

QCL =

EQD2,9 — EQD2yg¢
HI, = QD2 ¢ — EQD2gg g, )
EQD25
and
EQD2
Q= S22 @
EQD2,

where subscript ‘b’ represents biological parameter,
and EQD25y;, EQID2sy, EQD20gy, and EQD2, are
localised EQD2 values corresponding to Doy, Dso,
Doygy, and Dp doses within PTV. Generalised term
of above defined EQD2 can be written by

BED,
QD2 = 5
a/p
where BED,y;, (or BED,) is defined as follows:
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and
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BED, ¢, = ”dx% (1 +
)

for d.q > D
Equations (6) and (7) are the expressmns of the
linear-quadratic-linear (LQ-L) model,'® where

the linear-quadratic model smoothly transition to
the LQ-L model at a transition dose, D,.

Standardised calculation algorithm

Dobler et al.'” reported that the difference
between the dose distributions of the nine field
treatment plan calculated with MC and film
measurement in the phantom was below 2%
with a maximum error of —1.9% for CTV and
max1mum of 3% for PTV. Study by Carrasco
et al.”” shows that an average difference between
MC simulations and the reference dose mea-
surements was 0-4+12% (1SD). Mesbahi
et al.”' used 8 and 15 MV photon beams for dose
measurements of 4 X 4 and 10 X 10 cm” field sizes
for posterior fields of single lung and for lateral
fields of thorax. The lung and thorax doses for
these fields were calculated by the MC method
and were found to be in excellent agreement
with measurements, showing local difterences of
no more than 2% for all measured points. In our
previous study,” a phantom study was con-
ducted to compare measured doses with that of
calculated by BL_MC algorithm in homo-
geneous solid water, heterogeneous lung and
heterogeneous lung with bone density phan-
toms. The doses for smaller fields less than
1-5X1-5cm 1in heterogeneous lung phantoms
with or without bone density material calculated
by BL_MC algorithm were within 3% for all
field sizes and depths in above mentloned phan-
toms. In another study, Sethi et al.>> had reported
that the doses calculated in homogeneous and
hetero-bone phantoms by the MC algorithm
were in agreement with measurements within
3% with that of the measured doses for all
field-sizes and depths. Based on the results of
above described studies, the MC algorithm was
considered as the reference dose calculation
algorithm to investigate potential discrepancies in
the algorithms studied in the report.
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RESULTS AND DISCUSSION

Dosimetric parameters, D,,,,., D2y, Dsoos and Dogos,
were calculated from the DVHs of the PTVs for
BL_PB, BL_MCNO, BL_MCOP, EC_AAAQOP,
EC_AXBOP and AP_CCCOP plans. Corre-
sponding radiobiological parameters, EQD2,,..,
EQD25y,, EQD25y, and EQD2ggo, were calculated
using Equations (6) and (7). In the calculation of
BED,s, the values of radiobiological }garameters of
the LQ-L model used from Table 1."

Physical and radiobiological quality indices
(QIs) corresponding to D,y and EQD2.,
respectively, were calculated using Equations
(1-4). The physical doses (D,s), radiobiological
doses (EQD2,s,) and QIs of, studied plans, are
listed in Table 2.

To compare statistical significance at p <0.05
between different parameters of the plans, the
student t-test was applied, and p-values are listed
in Table 3.

It is seen that values of Dggy, (or EQD29gy), In
Table 2, for EC_ AAAOP, EC_AXBOP and
AP_CCCOP plans do not have statistically sig-
nificant difference with that of BL MCOP plans
(p-values in Table 3). However, D98% for BL_PB
and BL MCNO are significantly different
compared to BL_ MCOP. The values of Dsqy, (or
EQD2sy,) and D, (or EQD2,,.) of BL_PB,
BL_MCNO, EC_AAAOP and EC_AXBOP
plans, but not that of AP_CCCOP plans,
have statistically significant difterence with
that of BL_MCOP plans; and the values of
D»y, (or EQD2,y) for BL_PB, BL_MCNO
and EC_AAAQOP, but not EC_AXBOP and
AP_CCCOP plans, are significantly different
than that of BL_MCOP plans. In fact, the values
of Dy, (or EQD2.,) for BL_MCOP and
AP_CCCOP have no statistically significant
difterence. Similarly, the comparison between

Table 1. Parameter values for non-small cell lung cancers used in the
LQ-L model to calculate equivalent dose to 2 Gy per fraction (EQD2)

Cell a p ) afp Do D,
lines (6y") (6y"") (Gy) (6y) n  (Gy)
NSCLC 0-30 0-05 6-00 1-19 5-95 6-60
Abbreviation: NSCLC, non-small cell lung cancer.
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the values for D,o, (EQD2,,) for EC_AAAOP
and EC_AXBOP plans do not reveal any sig-
nificant difference.

Comparison between quality indices (QIs),
Table 2, reveals that the values of dosimetric and
biological QIs of BL_PB plans are significantly
different than that of BL_MCOP plans, whereas
the comparison of the QIs of BL_MCOP and
BL_MCNO show statistically significant difterence,
except dosimetric and biological HIs of BL_MCNO
plans. On the other hand, the comparison of dosi-
metric and biological QIs of BL_MCOP plans with
EC_AAAOP, EC_AXBOP and AP_CCCOP
show no significant difference (p-values in Table 3).

Physical doses, D,o, and corresponding radio-
biological doses, EQD2,,,, plots are shown in
Figures 1-4 to demonstrate the variation with
PTV volume. Figures la and 1b present a plot
between PTV volume versus D,,,, and PTV
volume versus EQD?2,,,,, respectively. In these
plots, the highest position of the point are seen
for AP_CCCOP plans, whereas lowest positions
are for BL_MCNO plans. Similar pattern of
variation in Dyo, and EQD25, (Figures 2a and b);
and Dsgy, and EQD25g, (Figures 3a and b) is
seen for AP_CCCOP and BL_MCNO plans.
Figures 1a—3a, for D, Dy, and Dsgy, (or in
Figures 1b-3b, for EQD2,,,., EQD25y, and
EQD2s5yy,) show that for BL_MCOP and
AP_CCCOP plans the points are widely scat-
tered about the best fit linear regression lines. The
slopes of Doggy, (or EQD2ggy,) for BL_MCOP,
EC_AAAQOP and EC_AXBOP best fit lines are
almost 0, that is, the wvalues of Dggy
(or EQD2ygy) are independent of PTV volume,
whereas the slopes for these best fit lines for
BL_MCNO and AP_CCCOP are positive, that
is, the values of Dggy, (or EQD29gy,) increases
with PTV volume. The slopes of best fit lines of
DSO% (Or EQD250%) fOI' BL_PB, EC_AAAOP
and EC_AXBOP plans are approximately O,
and for BL_MCNO, AP_CCCOP are positive,
whereas for BL_MCOP are negative. In
Figures 1a—2a, for D,,,., Dy and in Figures
1b—-2b, for EQD2,,,.,, EQD2,y,, the slopes of the
best fit lines for BL_PB and BL_MCNO are
positive, whereas for others are negative. The
physical and biological doses, in EC_AAAOP
and EC_AXBOP plans, are not statistically
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Table 2. The mean values (mean % standard deviation) of dosimetric, radiobiological doses and quality indices with 95% confidence interval (CI) and range for SBRT plans generated by BL_PB,

EC_AAA, EC_AXB #and AP_CCC algorithms

BL_MCOP (control) BL_PB BL_MCNO
Mean + SD 95% (I Range Mean + SD 95% (I Range Mean + SD 95% (I Range
Dimax 67-70 + 4-69 66-05-69-35 59-40-76-90 58-13+2-01 57-42-58-84 55-00-63-50 53-34+2-36 52:51-54-17 47-65-57-60
Dyo, 66-43 +4-31 64-91-67-95 58-35-74-00 5762 +1-91 56-95-58-30 54-55-62-90 52:46 +2-39 51-62-53-30 46-00-56-50
Dsq0, 61-8+2-79 60-30-62-26 55-00-65-11 55-14 +1-48 54-62-55-66 53.18-59-55 48-55+3-34 47-37-49-72 41-25-53-50
Doga, 52-:08 +0:69 51-84-52-33 50-82-53-50 51.26 +0-47 51.10-51-42 50-50-52-75 41.20+3-75 39-88-42-52 34-80-48-67
EQD2,.x  135-26 +11-25 131.0-139-22  115-34-157-34 112-29 +4-81  110-59-113-98  104-78-125-18 100-79+5-67 98-79-102-78 87-14-1110-02
EQD2,, 132-21+10-35 128-57-135-85 112-82-150-38 111-07 =4-58 109-46-112-69 103-70-123-74 98:67 +5-73 96-65-100-69 83-18-108-38
EQD25¢,, 119-84 +6-69 117-48-112-19  104-78-129-04 105-11+3-55 103-86-106-36  100-42-115-70 89-29 +8-02 86-46-92-11 71.78-101-18
EQD2¢g, 97-78 +£1-67 97-19-98-36 94-74-101-18 95.-80+1-12 95-40-96-19 93.98-99-38 71-65+9-01 68-48-74-82 56-30-89-58
HI, 0-23+0-06 0-21-0-25 0-12-0-34 0-11+0-03 0-11-0-12 0-07-0-17 0-23+0-06 0-21-0-26 0-12-0-36
Qcl, 1.04 +0-01 1-04-1-05 1-02-1-07 1.03 +0-01 1-02-1-03 1-01-1-06 0-82+0-08 0-80-0-85 0-70-0-97
HI, 0-28+0-07 0-26-0-31 0-16-0-41 0-14+0-03 0-13-0-16 0-08-0-21 0-31+0-09 0-28-0-34 0-16-0-49
Qcr, 1-05+0-02 1-05-1-06 1-02-1-09 1.03 +0-01 1.03-1-04 1-01-1-07 0-77+0-10 0-74-0-81 0-61-0-97
EC_AAAOQP EC_Acuros optimised Pinnacle CCC

Mean + SD 95% (I Range Mean + SD 95% (I Range Mean + SD 95% (I Range
Dimax 64-64 +3-00 63-59-65-70 59-83-68-47 64-95+3-16 63-84-66-06 59-83-68-54 68-35+5-56 66-39-70-31 58-93-80-94
Dyo, 64-24 +3-40 63-04-65-43 59-00-71-30 64:36 +3-92 62-98-65-74 58-31-73-16 67-00 +5-43 65-69-69-51 58-37-80-10
Dsge, 59-10+2-13 58-35-59-85 55-51-66-35 59-80+2-63 58-88-60-73 55-30-65-28 62-13 +3-58 60-87-63-39 55-91-70-93
Dygo, 52.07 +£0-93 51.75-52-40 51-37-56-78 52:10 +0:40 51.96-52-25 51-37-53-34 52:03 +2:09 51.29-52-76 48-33-58-81
E£QD2 2« 127-92+7-19 125-39-130-45 116-37-137-11 128-65+7-57 125-98-131-31 115-20-137-27 136-81+13-35 132:11-141-51 114-21-167-03
EQD2,., 126-95+8-15 124-08-129-82  114-37-143-89 127-24+9-41  123-93-130-55 112-71-148-36  135-02+13-02 130-43-139-60 112-85-165-00
EQD25¢y, 114-62 +5-10 112-82-116-41 106-00-132-02 116-31+6-30  114-09-118-53  105-51-129-44 12190+ 8-59 118-87-124-92 106-96-143-02
EQD24g9, 97-75+2-22 96-97-98-54 96-07--109-06 97-82 +0-97 97-48-98-16 96-06-100-79 97-64 +5-02 95-87-99-40 88-78-113-91
HI4 0-2+0-05 0-19-0-22 0-14-0-29 0-20 +0-06 0-18-0-22 0-11-0-32 0-25+0-08 0-22-0-28 0-13-0-42
Qcl, 1-04 +0-02 1-03-1-05 1-03-1-14 1.04 +0-01 1-04-1-05 1-03-1-07 1.-04 +0-04 1-03-1-06 0-97-1-18
HI, 0-25+0-06 0-23-0-27 0-17-0-36 0-25+0-07 0-23-0-27 0-14-0-39 0-30+0-09 0-27-0-34 0-17-0-50
Qcl, 1.05+0-02 1-05-1-06 1-04-1-18 1.05+0-01 1-05-1-06 1-04-1-09 105 +0-05 1-03-1-07 0-96-1-23

Abbreviations:

SBRT, stereotactic body radiotherapy; EQD2, equivalent dose to 2 Gy per fraction; HI, homogeneity index; QCI, quality coverage index.
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Table 3. p-values calculated using two-tailed paired t-student test to compare dosimetric, radiobiological doses and quality indices for SBRT plans

generated by BL_PB, EC_AAA, EC_AXB and AP_CCC algorithms

BL_MCOP BL_MCOP  BL_MCOP  BL_MCOP  BL_MCOP  EC_AAAOP  EC_AAAOP  EC_AXBOP
p- versus versus versus versus versus versus versus versus
values BL_PB BL_MCNO  EC_AAAOP  EC_AXBOP  AP_CCCOP  EC_AXBOP  AP_CCCOP  AP_CCCOP
Dmsx  <0:0001  <0-0001  0-003 0-009 0-622 0-699 0-002 0-004
Dyo, <0.0001  <0.0001  0-030 0052 0352 0-897 0-005 0-009
Dsos, ~ <0:0001  <0-0001  0-001 0036 0-297 0-251 <0-0001 0-005
Degy, ~ <0:0001  <0.0001  0-965 0-891 0-883 0-874 0-905 0-839
EQD2p, <0-0001  <0-0001  0-003 0-009 0-622 0-699 0-002 0-004
EQD2,, <0-0001  <0-0001  0-030 0052 0352 0-897 0-005 0-009
EQD2sps, <0-0001  <0-0001  0-001 0036 0-297 0-251 <0-0001 0-005
EQD24gy, <0-0001  <0-0001  0-965 0-891 0-883 0-874 0-905 0839
HI, <0-0001 0-870 0-048 0-051 0369 0-894 0010 0011
QCl,  <0.0001  <0.0001  0-965 0-891 0-883 0-874 0-905 0-839
HI, <0-0001 0-243 0-059 0-054 0382 0-846 0014 0013
Qcl,  <0.0001  <0.0001  0-965 0-891 0-883 0-874 0-905 0-839

Abbreviations: SBRT, stereotactic body radiotherapy; EQD2, equivalent dose to 2 Gy per fraction; HI, homogeneity index; QCI, quality coverage index.

different from one other. On the other hand, the
slope of the best fit regression lines, for BL_PB
and BL_MCOP plans are statistically similar (p-
values in Table 3), whereas physical and biolo-
gical doses are different (p-values in Table 3).

The comparison of the results of the BL_PB and
BL_MCNO plans revealed that BL_PB algorithm
overestimates D,,,, Doy, Dsoo, and Dogo, by an
average of 479 +1-26 Gy, 5-17 +1-34 Gy, 6:59 +
291Gy and 10.06 +£3.76 Gy, respectively, and
corresponding EQD2,,.., EQD25,, EQD2syy,
and EQD2qg, by 11.50+3.03Gy, 1240+
321Gy, 1582+6.99Gy and 24.15+9.02 Gy,
respectively. This difference is also seen in Table 2,
and Figures 1—4, and is the largest discrepancies in
the dose calculations, compared with the
BL_MCOP, EC_AAAOP, EC_AXBOP and
AP_CCCOP plans. Alite et al. ** had studied 25
lung SBRT patients planned with PB algorithm.
The treatment plans were normalised to deliver
>95% of the PD of 50 Gy in 5 fractions to 21
patients and 60 Gy in 5 fractions to four patients.
These plans were recalculated with MC algorithm
without changing any beam parameters to deter-
mine actual dose delivered. The mean difference in
D,eans Doo and Doy doses delivered to PTV was
10.8 £5%, 16.7+9% and 18 +7%, respectively,
compared with PB calculated doses (p < 0.0001).

For small PTV volumes (~8 cc), dosimetric and
radiobiological parameters of EC_AAAOP and
EC_AXBOP plans have significant difference
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with that of BL_MCOP plans (p <0.05). This
dose difference decreases with increasing PTV
volume and becomes insignificant (p > 0.05) at
large PTV volumes (x150cc). On the other
hand, the difference in dosimetric and radio-
biological parameters of AP_CCCOP and
BL_MCOP plans increases with increasing PTV
volume and becomes statistically significant at
larger PTV volumes (p < 0.05).

As shown in Fig 4a (or 4b), Dggoy (or
EQD2ygy) for optimised plans calculated by
BL_MC, EC_AAA, EC_AXB and AP_CCC
algorithms, for small PTV volumes, do not have
statistically  significant difference  (p > 0.05),
whereas at higher PTV volumes the doses cal-
culated by AP_CCC algorithm, are higher and
have significant difference than those calculated
by BL_MC, EC_AAA and EC_AXB algorithms
(p <0.05). On the other hand, the doses calcu-
lated for higher PTV volumes by BL_MC,
EC_AAA and EC_AXB algorithms do not have
statistically significant difference (p > 0.05).

The comparison of the values of plan indices
(dosimetric and biological), HI and QCI, of
BL_MCOP plans with that of EC_AAAOP,
EC_AXBOP and AP_CCCOP plans show no
significant difference (p>0.05), except dosi-
metric HI of EC_AAAOP plans. The level of
difference between QIs of BL_MCOP and
AP_AAAOP plans is negligible (p > 0.4), while it
is about 5% for HI (dosimetric and biological) of
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Figure 1. Plot between planning target volume versus (a) D,,,q, and (b) equivalent dose to 2 Gy per fraction (EQD2,,,,).

BL_MCOP with that of EC_AAAOP and
EC_AXBOP plans, but at predefined statistical
significance at p <0.05, there is no significant
difference (p>0.05). Tables 2 and 3, also show
that the values of QCI (dosimetric and biological)
of BL_MCOP plans are not significantly differ-
ent than those of EC_AAAQOP and EC_AXBOP
plans (p > 0.85).

The values HI of AP_CCCOP plans are
significantly different (p <0.014) than that of
EC_AAAQOP and EC_AXBOP plans, except
QClIs (p>0.84). On the other hand, no signi-
ficant difterence was found in intercomparing HI

https://doi.org/10.1017/51460396917000735 Published online by Cambridge University Press

and QCI of EC_AAAOP with EC_AXBOP
plans (p > 0.85).

In this study, the dose prescribed for >95% PTV
dose coverage gives comparable Dogy, doses for
optimised plans, which provide similar QCI. On
the other hand, for dose prescription of >95% PTV
dose coverage, the differences in average D,
compared with BL__MCOP doses are —3-06 Gy for
EC_AAAOP, —2:76 Gy for EC_AXBOP and
0-65 Gy for AP_CCCOP; and in average Dy, are
—219Gy for EC_AAAOP, —2.07Gy for
EC_AXBOP and 117Gy for AP_CCCOP.
Corresponding differences in average EQD2,,,.
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Figure 2. Plot between planning target volume versus (a) Do, and (b) equivalent dose to 2 Gy per fraction (EQD25.,).

from BL_MCOP doses are —7-34Gy for
EC_AAAOP, —6:61Gy for EC_AXBOP and
1-55 Gy for AP_CCCOP; and in average EQD25,
are —5-26 Gy for EC_AAAOP, —4.97 Gy for
EC_AXBOP and 2-80Gy for AP_CCCOP.
These values illustrate that at the periphery of the
PTV the doses are overestimated by EC_AAA and
EC_AXB, and underestimated by AP_CCC
algorithms. The periphery of the PTV is in the
region of high inhomogeneity at the junction of
tumour and lung tissues as well as in the penumbra
region of the radiation fields. Results of this study
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reveal that EC_AAA and EC_AXB algorithms do
not accurately account electron transport in this
region, whereas AP_CCC algorithm is closer of
BL_MC algorithm. The lower values of HIs in
EC_AAAOP and EC_AXBOP plans are due to
overestimation of the doses at the junction of
tumour edge and lung tissue. On the other hand,
the AP_CCC algorithm underestimates peripheral
PTV doses at tumour and lung tissue junction.

In plan comparison assessing the accuracy of
BL_PB, EC_AAA, EC_AXB and AP_CCC


https://doi.org/10.1017/S1460396917000735

Impact of dose calculation algorithms on quality indices of SBRT plans

+
70
+
+ +
+
S X *
6 a5 o* X ¥ B X80 3
+X e T . LN SRS
LV s o —— c— _,,.D —
23 0 4% X ¥ 3
60 &é-d—%{-?_o—"-—-— T Sl . e %
A S g % 3
: 8. % g
— = P
é' 55 ........“...’. ...................... o D AR L ZIRRE § ............................
‘:; o *¢ . -~ b ¢ °* * « =
Q&: z A A A L
Y e a
50 AA A === Lca---
A eseces A-mm=—" A %
s e U
& S
45 o A
A
40
0 20 40 60 80 100 120 140 160
Volume (cc¢)---—>
¢BL PB 4 BL MCNO X BL MCOP EC_AAAOP © EC AXBOP + AP _CCCOP
(b)
150
+
140
+
+ +
130 3 % x+*
+ 92 x® X X %o
X B e i —  — — |o— —
5 £ LA N I ——— _'..9__— — — — —
A 120 O < X _ g +
| "3'4—“,:—90— ''''' w2 Sl R A . e s x
= ° 2 X g a? ¥ % +3
S 1o “Re & 8 .
= | S o A F P TN,
7 PR S > ¥ < o .
2100 4 *m 4 $ i
& s D omee
8‘ A A _peem=m=T Y Dt A
920 AA ________ PR Ll A
. i "
A A
80 AdA &
() —
0 20 40 60 80 100 120 140 160
Volume (cc)--—>
¢BL PB 4 BL MCNO X BL MCOP EC_ AAAOP o EC AXBOP + AP CCCOP

Figure 3. Plot between planning target volume versus (a) Dsgo, and (b) equivalent dose to 2 Gy per fraction (EQD2500;).

algorithms using BL_MC algorithm as reference,
the PTV parameters were used to allow the
mutual comparison of EC_AXB algorithm with
EC_AAA algorithm, and showed levels of dis-
crepancies that are likely to influence the treat-
ment outcomes. AAPM TG 105> reports that a
difference between 5 and 10% in dose calculation
may result in 10-20% change in tumour control
probability or about 20-30% change in normal
tissue complication probability.

The parameters, HI and QCI, describing the
discrepancies between different algorithms

https://doi.org/10.1017/51460396917000735 Published online by Cambridge University Press

combine the dose homogeneity within the PTV
and PTV coverage. The QCI is an important
quality parameter to compare treatment plans
including SBRT plans, where HI reveals the dose
gradient within the PTV.

CONCLUSION

In this work, the PTV parameters of lung SBRT
plans generated by BL_PB, BL_MC, EC_AAA,
EC_AXB and AP_CCC algorithms were com-
pared to assess the merit and accuracy of the
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Figure 4. Plot between planning target volume versus (a) Dggo, and (b) equivalent dose to 2 Gy per fraction (EQD2ggs,).

algorithms. The patients were originally treated
using BL_PB plans and then recalculated or
planned keeping same beam parameters as in
BL_PB plans. The results of this study, conclude
that the dose inhomogeneity within the PTV is
comparable for EC_AAAOP and EC_AXBOP
plans, however, it is lower than in BL_MCOP
and AP_CCCOP plans. At small tumour volume
<10cc, the PTV parameters, HI and QCI
of these plans reveal that AP_CCC algorithms
calculates doses within 2% accuracy, whereas
EC_AAA and EC_AXB within 5% accuracy
compared with BL_MC plans. The level of
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Inaccuracy increases with increasing tumour
volume in AP_CCCOP plans, while it decreases
for EC_AAAOP and EC_AXBOP plans. Hence,
it can be concluded that for small tumour
volumes, the AP_CCC algorithm, and for large
tumour volumes the EC_AAA and EC_AXB
algorithms give comparable results to those of
BL_MC model.
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