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Introduction

Stereotactic radiosurgery (SRS) is a non-surgi-
cal therapy using radiation to treat functional ab-
normalities and smaller tumours of the brain. SRS 
technique involves the delivery of high radiation 
dose in a single fraction to the tumour with a sharp 
dose fall-off around the target, which helps to pre-
serve healthy tissue. It has been proven that SRS 

provides superior or comparable treatment out-
comes and is cost-effective compared to alternative 
conventional techniques [1–5]. Several SRS deliv-
ery techniques are available commercially [6–9], 
LINAC based SRS is one among them. Although 
several treatment delivery options are available 
within Linac-based stereotactic treatments, like 
non-coplanar three-dimensional conformal radi-
ation therapy (3D-CRT), dynamic conformal arcs 

ABSTRACT
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(DCA), intensity modulated radiation therapy, 
and volumetric modulated arc therapy (VMAT), 
VMAT is favoured due to its increased ability for 
dose shaping with minimal treatment time. 

Intensity modulated techniques like IMRT 
and VMAT follow the inverse planning approach 
in which the prescription dose to the tumour 
and the organ at risk (OAR) dose constraints are 
given as input to the planning system in the form 
of dose-volume objectives which are then used by 
the optimization algorithms to form the objective 
function. The optimizer minimizes the objective 
function through iterative process modulating 
the intensities of radiation fields (either fixed fields 
as in case of IMRT or ARCs as in case of VMAT). 
The performance of the optimizer has a significant 
effect on the dosimetric quality and deliverability 
of the resulting treatment plans; hence, it should 
be carefully evaluated before adopting for clinical 
use. A new optimization algorithm called photon 
optimizer (PO) was introduced in Eclipse (Varian 
Medical Systems, Palo Alto, CA, USA) Treatment 
planning system (TPS) from version 13.5 as a substi-
tution for the two old algorithms, that is Progressive 
Resolution Optimizer (PRO) for VMAT and Dose 
Volume Optimizer (DVO) for static field intensi-
ty-modulated radiotherapy (IMRT). The main dif-
ference between the PO and PRO algorithms is that 
instead of using a point cloud model where the sam-
pling resolution varies within a structure and be-
tween structures for defining structures as in PRO, 
the PO algorithm implements a new structure mod-
el, where structures, DVH calculations, and dose 
sampling are defined spatially using a single matrix 
over the image. In PO fixed sampling resolution val-
ues (1.25 mm, 2. 5 mm, or 5 mm) are used for rep-
resenting the structure during optimization. This 
resolution defines the planar X and Y pixel resolu-
tion in the slices, and the resolution orthogonal to 
the slices (Z resolution) is a function of chosen res-
olution and the slice spacing [10]. Very few studies 
compared the performance of PO and PRO [11–16], 
one among them is a phantom study [11], a couple 
of them are for conventional fractionation [12–13] 
and only few of them are for stereotactic treatments 
[14–16] out of which one compares the effective-
ness of PO and PRO for multiple brain lesions [15]. 
In other two studies [14, 16] comparison of PO 
and PRO algorithms was made for a single lesion 
stereotactic treatments. The published results for 

the stereotactic and conventional treatment studies 
comparing PO and PRO are contradicting. For ex-
ample Binny et al. [12] reported higher MLC mod-
ulation and MU with PO for non-stereotactic treat-
ment involving larger target volumes, whereas Lie 
et al. [14] reported less MLC complexity and MU 
with PO for stereotactic treatment. 

Many contradictions were noticed even for 
the single lesion stereotactic studies [14, 16]. Liu 
et al. have shown no statistically significant differ-
ence for any of the dosimetric parameters of target 
and OAR between PO v15 and PROv13.6, whereas 
Visak et al. have observed a significant difference 
for Gradient Index (GI) and OAR parameters be-
tween PO v13.6 and PRO v13.6 but they used 
two different versions of PO. These contradicting 
results highlight the need for further studies spe-
cific to disease site, tumor size and optimizer ver-
sion to gain confidence for the effective use of PO. 
The purpose of this study is to compare the per-
formance of the PO algorithm (version 16.1) with 
its earlier version 13.6 and with PRO (version 13.6) 
and to analyse whether changes are required in 
the optimization approach when progressing from 
algorithms PO v13.6 and PRO v13.6 to PO v16.1. 

Materials and methods 

This retrospective analysis included 20 patients 
with single brain lesions treated with the SRS tech-
nique before the clinical implementation of PO 
(v16.1) in our institute. All patients underwent 
planning-CT scan with Philips Brilliance Big Bore 
CT scanner (Philips Medical Systems, Amsterdam, 
Netherlands) in a supine position, with the DSPS® 
(MacroMedics® Netherlands) mask and support, 
with a slice thickness of 1 mm. The mask consists of 
a double shell and is made up of a rigid thermoplas-
tic material which provides anterior and posterior 
cranial support, minimizing the risk of inter and in-
tra-fractional movements. The patients also under-
went MR scans (Philips Medical Systems, Amster-
dam, Netherlands) with a 1 mm slice thickness 
and a field of view large enough to include the entire 
surface of the patient. Post-contrast T1-weighted 
axial scans were acquired for all cases which were 
registered with the planning CT to define the gross 
tumour volume (GTV). The GTV was contoured 
with a high segment resolution in which the con-
tour resolution is the same as the image resolution. 
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Keeping contour resolution the same as image res-
olution helps better adoption of actual tumour 
shape by contour for smaller lesions with dimen-
sions of a few millimetres. The GTV was expand-
ed by a 1 mm margin uniformly to form the PTV. 
The Gross Tumour Volume of the selected patients 
was ranging from 0.1 to 16.3 cc and the PTV vol-
ume varied from 0.6 to 29 cc. The prescription dose 
for the PTV varied from 12 to 21 Gy depending 
on the size and location of the PTV. Brain-GTV is 
the only critical structure considered for dose eval-
uation as in all the selected patients the lesions were 
away from other critical structures. The planning 
aim was to achieve at least 93% coverage of prescrip-
tion dose for PTV with the steepest dose gradient 
possible around the PTV. Allowed dose heterogene-
ity within the PTV was up to 30%. Ring structures 
were created around the PTV to achieve conformal 
dose distribution. Initially, for all patients VMAT 
plans with 3–5 couch angles using 6 MV SRS pho-
ton beam of Trilogy LINAC (Varian Medical System, 
Palo Alto, CA) equipped with HD120 MLC were 
generated with the PRO algorithm using Eclipse 
Version 13.6. Two sets of beam arrangements were 
used in this study. For centralised tumours the beam 
arrangement includes two full arcs with a couch 
angle 15° and 345° and three half arcs with couch 
angles 45°, 90° and 315°, and for lateralized tu-
mour the beam arrangements consists of four half 
arcs with couch angles 15°, 350°, 325° and 300° for 
right side tumours and 345°, 10°, 35° and 60° for left 
side tumours as shown in Figure 1, except for one 
patient with left side tumour for whom one half arc 
was removed to avoid beam entry through Cochlea 
and Eye ball and  three half arcs were used with 
couch angles 0°, 30° and 60°. The AAA dose calcula-

tion algorithm was used for all plans with 1 mm dose 
calculation grid size to perform the final dose cal-
culation. Then, all the plans were re-generated with 
two versions 13.6 and 16.1 of PO algorithms using 
the same setup and Dose-volume optimization ob-
jectives as that of PRO with a similar planning ap-
proach by the same planner to rule out the influence 
of external factors in the process of isolating the ef-
fect of optimizer model on the plan quality. 

To compare the quality of generated plans, 
PTV median absorbed dose (D50%), near mini-
mum dose (Dnear-Min), near maximum dose 
(Dnear-Max), conformity index (CI), gradient in-
dex (GI), and coverage percentage (C%) were cal-
culated. Apart from this, the similarity between 
PTV and prescription isodose surface and skew of 
the dose distribution were analysed using parame-
ters Dice similarity co-efficient (DSC) and Centre 
of Mass Distance (CMD) between target and pre-
scription isodose line. MU is used as a measure of 
plan complexity. Brain-GTV 12 Gy volume was 
also analysed as OAR dose evaluation.

For Dnear-Min, Dnear-Max, Conformity Index 
(CI) and Gradient Index (GI), the ICRU 91 defini-
tions were followed. 

The near-maximum dose (Dnear-max)
For PTV With volume larger than or equal 

to 2 cm3, the volume near-max represents 2% of 
the PTV, For PTV with volume lesser than 2 cm3, 
near-max is an absolute volume of 35mm3, in which 
case D35mm

3 is reported.

The near-minimum dose (Dnear-min)
For PTV with volume larger than or equal to 

2 cm3, the volume near-min represents 98% of 

Figure 1. Arc geometry in 3D model view for: centralized tumour (A), left side tumour (B), right side tumour (C)

A B C
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the PTV, For PTV with volume(V) less than 2 cm3, 
near-min is an absolute volume of 35mm3, in which 
case — DV-35mm

3
 is reported.

Conformity index (CI)
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where TV is the target volume, PIV is the pre-
scription isodose volume and TVPIV is the target 
volume within the prescription isodose volume.

Gradient index (GI)
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where PIVhalf represents the prescription isodose 
volume at half the prescription isodose.

The Dice similarity co-efficient (DSC) is defined 
as follows for this study:
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 The dose and volume parameters for the calcu-
lation of various indices mentioned were calculat-
ed from the cumulative DVH. For the calculation 
of centre of mass of PIV the prescription isodose 
was converted to Dicom RT structure. The Eclipse 
Scripting Application Programming Interface 
(ESAPI) was used to generate PIV with high seg-
ment resolution using an in-house script as the de-

fault option available in Eclipse TPS for isodose to 
structure conversion employs only standard seg-
ment resolution in which the contour resolution 
is half of the image resolution that is 256 × 256 pix-
els when the image resolution is 512 × 512 pixels. 
The default resolution was not sufficient to adopt 
the shape of the prescription dose which is calcu-
lated with fine resolution. Statistical significance of 
the difference between the algorithms was tested 
using a two-tailed paired Student’s t-test. In addi-
tion, the plans were divided into two groups based 
on beam arrangement (beam arrangements for cen-
tralized tumour and lateralized tumour) and two 
groups based on PTV volumes (volumes < 4cc 
and > 4cc). Multivariate analysis was carried out 
with MANOVA to study the correlation of the dosi-
metric difference among the algorithms with beam 
arrangement and PTV size. p-values < 0.05 were 
considered statistically significant.

Results

The Mean values for all the parameters studied 
are presented in Table 1 for the three algorithms 
studied, PO v16.1, PO v13.6 and PRO v13.6, along 
with mean of the absolute difference and p values 
obtained using Student paired t-test for compari-
sons PO v16.1 vs. PO v13.6 and PO v16.1 vs. PRO 
v13.6. The distribution of data for each parameter 
studied is presented in the form of Box and Whis-
ker chart in Figure 2 and Figure 3.

Table 1. Analysis of dosimetric parameters of plans generated with Photon Optimizer (PO) v16.1, PO v13.6 and Progressive 
Resolution Optimizer (PRO) v13.6 algorithms for single brain lesion stereotactic radiosurgery (SRS) treatment

Parameter
Mean (SD) Mean absolute difference (SD) p-value

PO 13.6 PO 16.1 PRO 13.6 PO 16.1 
vs. PO 13.6

PO 16.1 
vs. PRO 13.6

PO 16.1 
vs. PO 13.6

PO 16.1 
vs. PRO 13.6

D50 % (%) 118.01 (4.4) 117.65 (3.6) 118.62 (4.1) 1.05 (1.35) 1.24 (1.4) 0.35 0.015

Dnear-Min (%) 97.76 (3.0) 104.21 (3.2) 102.36 (3.8) 6.45 (2.78) 2.04 (1.34) < 0.001 < 0.001

Dnear-Max (%) 127.96 (7.0) 124.49 (5.6) 127.00 (6.3) 3.67 (2.78) 2.71 (2.54) < 0.001 < 0.001

CI 1.22 (0.1) 1.18 (0.1) 1.14 (0.1) 0.07 (0.04) 0.05 (0.05) 0.044 0.007

GI 3.30 (0.6) 3.06 (0.5) 3.21 (.5) 0.25 (0.23) 0.19 (0.15) < 0.001 0.002

C% 95.92 (3.1) 99.33 (0.9) 98.43 (1.8) 3.41 (2.62) 0.9 (1.36) < 0.001 0.008

DSC 0.91 (0.03) 0.93 (0.03) 0.94 (0.03) 0.07 (0.02) 0.01 (0.01) < 0.001 0.131

CMD [mm] 0.08 (0.02) 0.01 (0.01) 0.02 (0.01) 0.03 (0.02) 0.01 (0.01) < 0.001 < 0.001

Brain-GTV 12 Gy [cc] 3.76 (2.7) 3.74 (2.7) 3.55 (2.8) 0.18 (0.16) 0.26 (0.29) 0.666 0.022

MU 4435.35 
(1097) 3836.20 (752) 4431.10 

(1080) 627 (514) 645 (422) < 0.001 < 0.001

SD — standard deviation; Dnear-Min — near minimum Dose; Dnear-Max — near maximum dose; CI — conformity index; GI — gradient index; C% — Coverage 
percentage; DSC —dice similarity coefficient; CMD — centre of mass distance; MU — Monitor unit
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PO v16.1 showed statistically significant im-
provement for all the dosimetric parameters cal-
culated, except D50% and Brain–GTV 12Gy com-
pared to PO v13.6 as shown in Table 1. The mean 

difference of the parameters Dnear-Min, Dnear-Max, CI, 
GI, C%, DSC, CMD and MU between PO v16.1 
and PO v13.6 were 6.45%, 3.67%, 0.07, 0.25, 3.41%, 
0.03, 0.07 cm and 627MU, respectively, with p val-

Figure 2. Box and Whisker Plots of dosimetry parameters for Photon Optimizer (PO) v13.6 (Blue), PO v16.1 (Orange) 
and Progressive Resolution Optimizer (PRO) v13.6 (Grey) algorithms. A. Median dose; B. Dnear-min; C. Dnear-max; D. Conformity 
index; E. Gradient index; F. Coverage %

A B C

D FE

Figure 3. Box and Whisker Plots of dosimetry parameters for Photon Optimizer (PO) v13.6 (Blue), PO v16.1 (Orange) 
and Progressive Resolution Optimizer (PRO) v13.6 (Grey) algorithms. A. Dice similarity co-efficient; B. Centre of mass distance; 

C. Brain-gross tumor volume (GTV) 12 Gy Volume; D. Monitor Units (MU); E. Dose profile along X axis at Iso-centre for PO 
v13.6 (Red), PO v16.1 (Green), PRO v 13.6 (Blue)

A B C

D E
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ues < 0.001 for all the parameters indicating very 
significant difference, except for CI for which 
the p value is 0.04.  The mean difference of D50% 

and Brain–GTV 12Gy between PO v16.1 and PO 
v13.6 were 1.05% and 0.18 cc with p values of 0.35 
and 0.67, respectively.

There was a significant difference between 
PO v16.1 and PRO v13.6 for all the parameters 
analysed, except DSC. The mean difference of 
the parameters D 50%, Dnear-Min, Dnear-Max, CI, GI, 
C%, CMD, MU and Brain–GTV 12Gy were 
1.24%, 2.0%, 2.7%, 0.05, 0.19, 0.9%, 0.01 cm, 
644 MU and 0.26 cc with the corresponding 
p values of 0.01, < 0.001, < 0.001, 0.007, 0.002, 
0.008, < 0.001, < 0.001 and 0.02, respectively. 
The mean difference of DCS between PO v16.1 
and PRO v13.6 was 0.01 with a p-value of 0.13.

The MANOVA analysis showed that the differ-
ence in the improvement of dosimetric parameters 
with PO v16.1 over the other two algorithms be-
tween the two beam arrangement groups and be-
tween the two PTV volume groups was statistically 
insignificant with Wilk’s Lambda and Pillai Trace 
p values > 0.05, except for CI. There was no sig-
nificant difference in CI improvement with PO 
v16.1 between the beam arrangement groups but 
there was a significant improvement in CI differ-
ence (p = 0.001) between PO v16.1 and PO v13.6 
for the < 4 cc PTV group compared to the > 4 cc 
PTV group. 

Discussion

Eclipse stopped providing PRO optimizer from 
Eclipse v16.1 onwards and the users are provided 
only with PO for IMRT and VMAT plan optimi-
zation. Hence, the understanding of the difference 
between PRO and PO is of paramount importance 
for smooth transition planning skills from PRO 
to PO algorithm. The PO was released for clini-
cal practice in Eclipse v13.5 and is improved over 
the versions released. The improvements in Eclipse 
v16.1 compared to version 13.6, which may in-
fluence the optimizer performance includes but 
is not limited to, enhancement in the voxel based 
structure model to improve the structure reso-
lution in Optimizer, change in Multi Resolution 
Dose Calculation (MRDC) resolution, improved 
tongue and grove modelling, new optimizer dose 
calculation engine called Fourier Transform Dose 

Calculation (FTDC) for GPU based calculation 
and an option to choose target projection margin 
[17, 18]. Hence, there is a need to compare the per-
formance of the latest version available for practice 
when moving from its earlier versions. This study 
is designed considering these two points. The op-
timizers were compared in terms of coverage, con-
formity, dose gradient, skew of dose distribution, 
normal tissue dose and plan complexity.

The dose coverage improved with PO v16.1 con-
siderably for the same dose volume objective com-
pared to PO v13.6 and PRO v13.6 which is demon-
strated by the higher mean values of dose coverage 
percentage and Dnear-min for PO v16.1 compared 
to the other two algorithms. Also, the use of PO 
v16.1 resulted in significantly lesser hot volume. 
Significant improvement in the parameters Dnear-Min 
and Dnear-Max without much change in D50% (indicat-
ed by higher p-value of 0.35) for PO v16.1 com-
pared to PO v13.6 indicates that PO v16.1 improves 
the coverage and controls the hotspot by enhancing 
the dose distribution in the low and high dose re-
gions of the PTV keeping the median dose region 
intact. The other two studies [14, 16] comparing 
PO and PRO for stereotactic treatments normal-
ized the dose distribution of PO and PRO to have 
the same coverage but in this study the normaliza-
tion is avoided to analyse if any modification in op-
timization objective is required when progressing 
from PO v13.6 and PRO v13.6 to PO v16.1.

The conformity and dose gradient is very cru-
cial for Stereotactic treatments as it involves the de-
livery of very higher dose per fraction, PO 16.1 
achieved better conformity than PO13.6 but sta-
tistically inferior to PRO 13.6. This outcome con-
tradicts the observation made by Liu et al. [14] 
where it was observed that there was no significant 
difference in CI between PO v15 and PRO v13.6. 
The lesser CI of PO v16.1 compared to PRO v13.6 
plans may attributed to the improved dose cover-
age achieved by PO v16.1. The dose gradient index 
achieved with POv16.1 is superior to PO v13.6 
and PRO v13.6 indicating comparatively sharp-
er dose falloff. The higher dose gradient and dose 
coverage with PO v16.1 compared to PRO v13.6 
shadows its inferior CI. 

The DSC and CMD results show skewed dose 
distribution with PO v13.6 with a centre of the mass 
shift of around 1mm which is clinically very sig-
nificant, particularly for stereotactic treatments in-
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volving smaller target volumes. This kind of skew is 
absent in both PO v16.1 and PRO v13.6 with mean 
CMD values of 0.01cm and 0.02cm which are much 
lower compared to the image resolution. The dose 
distribution skew is pictorially represented with 
profiles in Figure 3e and with dose colour wash 
in Figure 4 for the optimizers studied. The skew 
of the dose distribution is not addressed in any of 
the previous publications comparing PO and PRO.

Similar Brain-GTV 12Gy volume between PO 
v16.1 and PO v13.6 as indicated by a higher p-val-
ue (0.67) in spite of significant improvements in 
coverage and conformity with PO v16.1 may be at-
tributed to the skewed dose distribution with PO 
v13.6 resulting in more prescription dose spillage 
outside the PTV as shown in Figure 4. The statis-
tically significant reduction of Brain-GTV 12Gy 
volume with PRO v13.6 compared to PO v16.1 
despite the higher dose gradient achieved with PO 
v16.1 may be due to the significant improvement 
in the dose coverage with PO v16.1 as indicated by 
the C% and Dnear-Min values. 

The MU which is an indicator of plan complex-
ity is significantly less with PO v16.1 compared to 
PRO v13.6 agreeing with the results published ear-
lier (Liu et al and Vikas et al.).

The improvement in dosimetric parameters,  
in particular CI, GI, C%, CMD with PO v16.1, 
may be attributed to its improved structure mod-
elling as it accounts for the structure’s contour 
resolution during the calculation of voxel resolu-
tion of matrix which is used by the optimizer for 
defining structures, DVH calculation and dose 
sampling. The same factor may be attributed 
to the dependence of CI improvement with PO 
v16.1 on PTV size.

The switching over from PRO and earlier ver-
sion of PO to PO v16.1 with the same planning 

approach with similar objectives as that of PRO 
will result in comparable or improved plan qual-
ity with PO 16.1. However, if skew compensation 
planning structures were used in earlier versions 
of PO, for example PO v13.6 that is no longer re-
quired in PO v16.1

Conclusion

The PO v16.1 generated plans are dosimetrically 
superior to PO v13.6 and PRO v13.6 in terms of 
target dose coverage and dose gradient with less-
er beam modulation and plan complexity with-
out increasing the normal brain dose to clinically 
considerable values for single lesion brain SRS. 
Progressing from PRO v13.6 to PO v16.1 does not 
require modification of the planning approach, 
whereas progression from PO v13.6 requires con-
sideration regarding the skewed dose distribution 
observed with PO 13.6.
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