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A treatment planning class solution
for hipppocampal avoidance whole
brain irradiation using volumetric-
modulated arc radiotherapy

Lonyg Huuny, PhD, Peny Qi, PhD, Sum Chuo, MD, und Ping Xiu, PhD

hole brain radiotherapy
(WBRT) remains the pri-
mary treatment option for

patients with multiple brain metasta-
ses.! Although the conventional method
of using opposed lateral beams for
WBRT can achieve uniform dose dis-
tribution over the whole brain, the high
radiation dose to the hippocampus may
result in neurocognitive function (NCF)
decline.?? Using intensity modulated
radiotherapy (IMRT), a phase II Radia-
tion Therapy Oncology Group (RTOG)
trial (0933), was designed to study clini-
cal feasibility in hippocampal sparing
during WBRT.

Several groups have reported tech-
nical feasibilities in implementing
HA-WBRT. Gutiérrez et al evaluated
hippocampus avoidance (HA) WBRT
(HA-WBRT) using tomotherapy with
a simultaneous integrated boost to
brain metastases, while achieving ho-
mogeneous dose distribution in the
whole brain (equivalent to conventional
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WBRT) and sparing the hippocampal
regions.* Using a volumetric arc therapy
(VMAT) technique, Hsu et al reported
a planning study of HA-WBRT, while
simultaneously boosting one to 3 brain
metastases to 63 and 70.8 Gy.> The
mean delivery time of these VMAT
plans was 3.6 minutes. Using the same
VMAT method, Awad et al reported
their clinical experience on 30 patients
with median whole brain dose of 31
Gy and a boost dose to the brain metas-
tases of 51 Gy.% They reported that the
treatment was clinically feasible and
tolerable. The mean time to delivery
was about 3.43 minutes compared to

1.3 minutes for the conventional whole
brain treatment. Nevelsky et al evalu-
ated the feasibility of HA-WBRT using
the Elekta Infinity linear accelerator and
Monaco treatment planning system with
a nine-field configuration and step-and-
shoot delivery method.” They achieved
planning goals defined by the RTOG
0933 protocol. In this study, we reported
our planning and delivery experience
of VMAT for HA-WBRT under a
mixed vendor environment, using the
Pinnacle treatment planning system
v9.0 by Philips Healthcare, while deliv-
ering treatment on Elekta Synergy and
Novalis-TX linear accelerators.
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Planning

Ten patients, who received WBRT
for brain metastases at our institution,
were randomly selected in this study.
The computed tomography (CT) im-
ages with 2-mm slice thickness were
acquired on a Philips Brilliance Big
Bore 16-slice CT simulator, and then
exported to the Pinnacle treatment
planning system. To facilitate con-
touring, magnetic resonance imaging
(MRI) scans (axial T2-weighted and
T1-weighted contrast enhanced MP-
RAGE) with 1.5-mm slice thickness
were imported and registered with the
planning CT images in Pinnacle. Fol-
lowing the guidelines in the RTOG
0933 protocol, a radiation oncologist
contoured clinical target volume (CTV),
hippocampus, and other organs-at-risk

FIGURE 1. (A) The contours of the hippocampus are shown in T1-weighted contrast-
enhanced MP-RAGE MR images (grayscale); (B) the contours of PTV (the outer yellow line), )
hippocampus avoidance (inner yellow line), and hippocampus (green line) are shown in the (OAR), such as the lenses, eyes, optic
fused MR (thermal)/CT images for a selected patient. nerves, and brainstem based on MR/CT

Table 1. Compliance criteria and critical structure constraints for HA-WBRT from RTOG 0933

Organ Per Protocol Variation Acceptable Deviation Unacceptable
PTV D2% < 37.5 Gy D2% >37.5 Gy, <40 Gy V30 <90%
D98% =25 Gy D98% =25 Gy D2% > 40 Gy
Hippocampus D100% <9 Gy D100% < 10 Gy D100% > 10 Gy
Maximum dose < 16 Gy Maximum dose < 17 Gy Maximum dose > 17 Gy
Optic Nerves and Chiasm  Maximum dose <37.5Gy Maximum dose < 37.5 Gy Maximum dose > 37.5 Gy

Table 2. Summary of objective settings for the progressive HA-WBRT VMAT planning

Optimization 1 Optimization 2 Optimization 3
Structure Inverse planning Weight Inverse planning Weight Inverse planning Weight
constraints constraints constraints
PTV Uniform dose: 30 Gy 50 Uniform dose: 30 Gy 50 Uniform dose: 30 Gy 50
Min DVH: =26 Gy, 100% 40 Min DVH: =25 Gy, 100% 30 Min DVH: =25 Gy, 100% 30
Max dose: 35 Gy 40 Max dose: 35 Gy 30 Max dose: 35 Gy 50
Hippocampus Max dose: 12 Gy 0 Max dose: 12 Gy 5 Max dose: 12 Gy 10
Max DVH: 10 Gy to<20% O Max DVH: 10 Gy to<20% 5 Max DVH: 10 Gy to<20% 10
Lens Max dose: 5 Gy 0 Max dose: 5 Gy 5 Max dose: 5 Gy 5
Chiasm Max dose: 30 Gy 0 Max dose: 30 Gy 1 Max dose: 30 Gy 1
Opticnerves  Max dose: 30 Gy 0 Max dose: 30 Gy 1 Max dose: 30 Gy 1
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FIGURE 2. Selected isodose line distributions of 2 VMAT plans (A) for Synergy-S and (B) for Novalis-TX displayed on an axial, sagittal, and

coronal images.
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FIGURE 3. The dose volume histograms (DVHs) from 2 VMAT plans for a HA-WBRT case,
with the solid and dashed lines representing a Novalis-TX and Synergy-S VMAT plan, respec-
tively. The plots of the PTV, hippocampus, optic nerves, optic chiasm, and lenses are labeled.

images (Figure 1). The planning target
volume (OTV) was constructed as the
CTV (whole brain), excluding the hip-
pocampal avoidance, which was gener-
ated with a 5-mm uniform expansion
from the contoured hippocampus.

For each patient, 2 VMAT plans were
created in Pinnacle for a Novalis-TX and
an Elekta Synergy-S system. The No-
valis-TX linear accelerator is equipped
with 60 leaf pairs of high-definition (HD)
multileaf collimator (MLC). With HD-
MLC, 32 inner leaf pairs and 28 outer
leaf pairs have a respective projection
leaf width of 2.5 mm and 5.0 mm at the
isocenter plane. The Synergy-S system
is equipped with a MLC consisting of
40 leaf pairs of a 4.0-mm projection leaf
width at the isocenter plane. All VMAT
plans were generated using SmartArc
optimization with 2 arcs: a 358° arc
(from 181° to 179°) and another 200°
(from 100° to 260°) arc. To minimize
the dosimetric effect of the tongue-and-
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groove in the MLC, the collimator angle
of 2 arcs was set to 30° or 45°. Other im-
portant optimization parameters were:
the maximum iterations of 30, the con-
volution-dose iterations at 15, the final
gantry spacing of 4°, and the maximum
delivery time of 90 seconds. The maxi-
mum dose rate on each system was set to
400 MU/min. The planning acceptance
criteria were to achieve the planning
goals recommended by the RTOG 0933
protocol (Table 1).

Because the optimization used in the
Pinnacle is a gradient search method,
it is likely the optimized solution could
be trapped in a local minimum, espe-
cially for VMAT plans involved with a
concave-shaped target, such as the PTV
in the HA-WBRT case. Therefore, the
final plan quality from the Pinnacle has
a large variation, heavily depending on
how the planning objectives were added
to guide the computer optimization. A
typical set of planning objectives cannot
be directly applied and multiple manual
tunings of the planning objectives are re-
quired. To expedite the planning process,
we developed a progressive approach of
how to manually adjust the planning ob-
jectives for each OARs and the PTV. An
example of the planning objectives for
this progressive method is listed in Table
2. As shown in Table 2, we started the
planning objectives with only PTV cov-
erage in the first optimization. After this
optimization, the VMAT plan achieved
a uniform dose distribution with excel-
lent dose coverage to the entire brain
(or the PTV), but no sparing of the hip-
pocampus avoidance or other OARs.
Without resetting the beams after the first
optimization, we manually increased the
weighting factors to the hippocampus
avoidance and other OARs, as shown

in Table 2. Because of the nature of the
gradient search method, after the sec-
ond optimization, the dose coverage to
the majority of the PTV was maintained
while the doses to the hippocampus
and other OARs were successfully de-
creased. However, the maximum dose
in the PTV was increased and the per-
cent volume of the PTV receiving the
prescription dose was also decreased.
To recover PTV dose coverage, the
weighting factors in both PTV and hip-
pocampus avoidance were manually
adjusted as shown in optimization 3 in
Table 2. Such adjustments may con-
tinue several times until the VMAT
plan meets the plan acceptance criteria
in Table 1.

Results

All VMAT plans achieved the plan
acceptance criteria (dose compliance)
per RTOG 0933 protocol or with accept-
able variances. Figures 1 and 2 show an
example of dose distributions and dose
volume histograms from 2 VMAT plans
(Novalis-TX and Synergy-S) for the
same patient. With = 90% of the PTV re-
ceiving 30 Gy, the average volume of the
PTV receiving 25 Gy (37.5 Gy) was 96.9
+1.0% (0.7 £0.9%) and 96.2 £0.7% (1.8
+0.9%) for the Novalis-TX and Synergy-
S VMAT plans, respectively. For the hip-
pocampus, D100% and the maximum
dose were 7.9 £0.5 Gy and 15.3 + 1.3 Gy
for the Novalis-TX plans; D100% and
the maximum dose were 8.3 +0.3 Gy and
15.4 + 1.0 Gy for the Synergy-S plans.
The total MUs for Novalis-TX and Syn-
ergy-S machine was 889 + 109 and 1,157
+ 127, respectively. We noticed that the
VMAT plans for Novalis-TX had im-
proved the plan quality compared to the
VMAT plans with the Synergy-S plan,
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partly due to the smaller leaf width for the
Novalis-TX linear accelerator.

Conclusion

We developed a planning class so-
lution for hippocampus avoidance of
whole brain radiation using planning
and delivery systems with mixed ven-
dors. Following the RTOG 0933 pro-
tocol and our planning class solution,
the treatment plan for the hippocampus
avoidance of the whole brain radiation
can be completed within 2 to 4 hours
after completion of all contours.
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