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Abstract
Stereotactic radiosurgery delivers an ablative single-fraction dose to small intracranial targets, and
the reported dose depends on the calculation algorithm. This exploratory case series quantified the
change in reported dosimetry when plans clinically finalised with the anisotropic analytical algo-
rithm (AAA) were recalculated with Acuros XB (AXB) in dose-to-medium mode. Seven consec-
utive brain metastases in six patients, treated with 6 MV flattening filter-free volumetric modu-
lated arc therapy, were recalculated on the same CT dataset using identical arc geometry, control
points, multileaf collimator sequences and monitor units, without re-optimisation or renormali-
sation. Dose-volume histogram parameters were compared for the planning target volume (PTV),
normal brain and organs at risk, and plan quality with the RTOG prescription-isodose-to-target-
volume (PITV) ratio, the Paddick conformity index (PCI) and the gradient index (GI). Paired
comparisons used exact two-sided Wilcoxon signed-rank tests and are interpreted as exploratory.
AXB reported lower PTV dose metrics than AAA for the same deliverable plans, with mean D95%
falling from 21.66 to 21.10 Gy, D98% from 21.19 to 20.58 Gy and Dmean from 24.58 to 24.13 Gy
(all p= 0.016). The mean paired D98% difference was 3.00± 0.80% of the prescription dose.
The PITV ratio fell from 1.19 to 1.10 and GI rose from 3.23 to 3.43 (both p= 0.016), whereas PCI
did not differ (0.79 versus 0.82, p= 0.188). Normal-brain V12Gy and V10Gy were unchanged.
Routine electronic portal imaging device dosimetry of the delivered plans gave a mean 2%/2 mm
gamma passing rate of 98.5± 1.7%, documenting deliverability rather than validating either algo-
rithm. These findings support careful review of target-dose metrics when an established AAA
workflow is transitioned to AXB. The cohort is small and no independent reference dosimetry was
available, so the study establishes neither clinical superiority nor an effect on tumour control or
toxicity.

1. Introduction

Stereotactic radiosurgery (SRS) uses highly con-
formal beams to deliver an ablative dose to small
intracranial targets with steep dose gradients.
Accurate target definition, treatment planning,
and delivery are therefore essential. The accuracy
and reported characteristics of an SRS dose dis-
tribution depend on more than the patient dose-
calculation algorithm alone; relevant factors include

treatment-planning-system commissioning and
small-field beam data, computed tomography (CT)
image quality and CT-to-density/material calibra-
tion, dose-grid resolution, CT slice thickness, target
delineation, and geometric accuracy across the
stereotactic workflow (Das et al 2008, Cirino 2025,
Rojas-López et al 2025, Soares et al 2026).

AAA and Acuros XB (AXB) are available in the
Varian Eclipse treatment planning system (TPS).
AAA is a convolution/superposition algorithm that
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uses density-scaled kernels, whereas AXB determinis-
tically solves the linear Boltzmann transport equation
(Ulmer et al 2005, Vassiliev et al 2010). AXB has
shown closer agreement than AAA with Monte Carlo
calculations in heterogeneous media (Bush et al
2011). Intracranial targets are usually embedded in
relatively homogeneous brain parenchyma, but SRS
still involves small fields, steep gradients, skull and
air interfaces, and potentially very small targets, all
of which can increase sensitivity to calculation and
spatial-resolution choices.

Previous work has already demonstrated
algorithm-dependent differences in radiosurgery.
One study recalculated 20 AAA-based RapidArc plans
for solitary brain metastases with AXB while keeping
arc orientations, multileaf collimator (MLC) aper-
tures, and monitor units unchanged, and included
independent phantom measurements (Menon et al
2022). A second study showed that calculation-
algorithm class, target size, lesion number, and frac-
tionation can influence multiple SRS quality indices
(Rojas-López et al 2024), while a third quantified
the sensitivity of cranial dose metrics to calculation-
grid resolution (Soares et al 2026). The present study
therefore does not aim to establish the general supe-
riority of a type-C algorithm. Instead, it examines a
practical clinical transition scenario: 6 MV flattening
filter-free (FFF) SRS plans clinically finalised with
AAA were recalculated with AXB dose-to-medium
while preserving all deliverable treatment parame-
ters, and changes in target dose, normal-brain dose,
SRS-specific conformity and gradient metrics, target-
size and bone-proximity associations, and the context
of routine institutional patient-specific quality assur-
ance (PSQA) were characterised.

2. Methods

2.1. Patient cohort
Seven brain metastases in six patients treated with
single-fraction SRS at a single institution between
2025 and 2026 were included (table 1). One patient
had two metastases, each planned and treated sep-
arately; consequently, this cohort did not include
nearby targets within a common plan or dose-
bridging between lesions. The cohort was analysed
as an exploratory lesion-level case series. Prescription
doses ranged from 15 to 24 Gy and were selected
clinically according to lesion size, prior treatment,
and normal-tissue and organ-at-risk considerations.
Case 2 had previously received whole-brain radio-
therapy, and the 15 Gy single-fraction prescription
was an individualised re-irradiation decision rather
than one taken against the size-based thresholds
in current guidance (Shaw et al 2000, Gondi et al
2022). The measured maximum planning target vol-
ume (PTV) diameter of 2.74 cm is reported as a

planning-structure descriptor and is not used as a sur-
rogate for gross-lesion diameter in size-based treat-
ment guidelines. This case is reported as it was
treated and is not offered as a dose recommenda-
tion. The study was approved by the institutional
review board on 11 February 2026 (approval num-
ber REC002/69) and was conducted in accordance
with the Declaration of Helsinki. Because the anal-
ysis was retrospective and used only existing treat-
ment planning data, the requirement for individ-
ual informed consent was waived by the approving
committee.

2.2. TPS and linear accelerator
All treatment plans were created using Eclipse version
17.01 and delivered on a TrueBeam linear accelerator
(Varian Medical Systems, Palo Alto, CA, USA) using
6MV FFF beams and non-coplanar volumetric mod-
ulated arc therapy (VMAT). PlanningCT imageswere
acquired with 1 mm slice thickness on an Aquilion
ONE scanner (Canon Medical Systems Corporation,
Otawara, Tochigi, Japan). Patients were immobilised
with the Encompass SRS Immobilization System
(Qfix, Avondale, PA, USA). A 1.25 mm final dose-
calculation grid was used for both AAA and AXB
because this was the clinically commissioned high-
resolution SRS setting during the study period.
When the workflow was established, graphics pro-
cessing unit accelerated dose calculation was not
available, and 1.25 mm was selected as a practical
balance between spatial resolution and calculation
time. Current AAPM-RSS Medical Physics Practice
Guideline 9.b recommends an isotropic grid of 2 mm
or finer and notes that a 1 mm grid may be necessary
for very small targets (⩽1 cm3) or targets adjacent to
critical organs at risk (OARs) (Cirino 2025). A dedi-
cated 1.0 mm sensitivity analysis was not available for
this retrospective cohort, and the consequences for
the smallest lesions are considered in section 5.

2.3. SRS-relevant beam commissioning
Only the clinically relevant 6 MV FFF beam-model
context is summarised. Percentage depth doses
and profiles used for commissioning extended to
2× 2 cm2 and were measured with a microDiamond
detector (type 60019, PTW, Freiburg, Germany).
Small-field output factors entered into the TPS were
corrected according to the IAEA-AAPMTRS-483 for-
malism (IAEA 2017). Additional measurements were
acquired down to 1× 1 cm2 using themicroDiamond
detector, an EDGE diode detector (Sun Nuclear,
Melbourne, FL, USA), and an Exradin W2 scintil-
lation detector (Standard Imaging, Middleton, WI,
USA) as cross-detector small-field checks. These
1× 1 cm2measurementswere not direct beam-model
inputs and are not presented as a formal calculated-
versus-measured 1× 1 cm2 TPS validation.
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Table 1. Lesion and treatment characteristics (n= 7). Minimum PTV-to-bone distance is a signed in-plane edge-to-edge distance
measured on the planning CT; negative values indicate overlap of the PTV with the radiation-oncologist-contoured bone structure.
VMAT, volumetric modulated arc therapy.

Case

PTV volume

(cm3)

Maximum

PTVdiameter (cm)

Minimum in-plane

PTV-to-bone

distance (cm)

Prescribed

dose (Gy) VMAT arcs

1 2.3 2.53 0.78 20 4

2 9.7 2.74 0.66 15 6

3 1.2 1.26 0.38 20 4

4 0.9 1.81 2.07 24 3

5 0.7 1.36 0.44 20 5

6 1.5 1.45 −0.22 24 4

7 0.9 1.24 0.47 20 4

2.4. Treatment planning methodology
VMAT plans were optimised using the institutional
Eclipse workflow and clinically finalised with AAA
because AAA was the established calculation method
during the study period; AAA was used as the
clinical baseline and not as a dosimetric refer-
ence standard. After physician approval, each plan
was recalculated with AXB using the same patient
CT dataset, structure set, arc geometry, control
points/MLC sequences, and monitor units, without
re-optimisation or renormalisation. AXB was eval-
uated in dose-to-medium (Dm,m) reporting mode.
AAA has a single dose-reporting convention based
on density-scaled water kernels, whereas AXB Dm,m
reports absorbed dose to the local medium; con-
sequently, the comparison combines differences in
radiation-transport modelling and dose-reporting
convention rather than isolating either effect (Andreo
2015, Gopalakrishnan et al 2022). Each plan used
three to six non-coplanar VMAT arcs.

2.5. Dose-volume histogram (DVH) analysis
DVH parameters were extracted from Eclipse for
both calculations. For the PTV, D95%, D98%, and
Dmean were evaluated in Gy. Because prescriptions
varied from 15 to 24 Gy, the lesion-level D98% dif-
ference was additionally normalised to the prescrip-
tion dose of that lesion as shown in equation (1), and
the normalised difference ∆D98Rx was used for the
exploratory anatomical association analyses.

∆D98Rx(%) = 100× (D98%AAA−D98%AXB)

/prescribeddose. (1)

Normal brain was defined as whole brain minus
gross tumour volume (Brain−GTV), consistent with
published single-fraction SRS dose-volume analy-
ses (Milano et al 2021). V12Gy was treated as the
principal normal-brain dose-volume metric because
of its established association with radiation necro-
sis after SRS; V10Gy and V6Gy were retained as
exploratory descriptors of intermediate- and lower-
dose spill (Milano et al 2021).

OARs evaluated were the brainstem, ipsilateral
optic nerve, optic chiasm, and lens. Near-maximum

dose (D0.03 cm3) was recorded for the brainstem,
optic nerve, and optic chiasm, and Dmax for the lens.
OARs not contoured for a given lesion were excluded
from that comparison. For the anatomical sensitiv-
ity analysis, the nearest bony structure was manually
contoured by the radiation oncologist on the plan-
ning CT. The minimum in-plane edge-to-edge dis-
tance from PTV to the bone contour was measured
on the CT slice showing the closest approach; positive
values indicate separation and negative values indi-
cate overlap.

2.6. Plan quality indices
The RTOG prescription-isodose-to-target-volume
(PITV) ratio was retained as a secondary conformity
descriptor for comparison with prior literature (Shaw
et al 1993) and is defined in equation (2).

RTOG PITV ratio= PIV100%/TV (2)

where PIV100% is the volume enclosed by the pre-
scription isodose surface and TV is the target vol-
ume. A ratio below 1 necessarily implies incomplete
prescription-isodose coverage of the target, whereas a
value above 1 may reflect dose spill outside the target
but does not by itself establish adequate target cover-
age. Because the PITV ratio does not jointly account
for target coverage and selectivity, the Paddick con-
formity index (PCI) was added as the preferred con-
formity metric (Paddick 2000) and is defined in
equation (3).

PCI= (TVPIV)2/(TV×PIV100%) (3)

where TVPIV is the portion of the target covered
by the prescription isodose. PCI ranges from 0 to 1,
with 1 representing complete target coverage without
prescription-dose spill outside the target.

Dose fall-off was assessed using the Paddick gra-
dient index (GI) (Paddick and Lippitz 2006), which is
defined in equation (4).

GI= PIV50%/PIV100% (4)

where PIV50% is the volume enclosed by the 50%
prescription isodose surface. A lower GI indicates a
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steeper calculated dose fall-off. Because the planswere
not re-optimised or renormalised after AXB recal-
culation, changes in the PITV ratio or GI are inter-
preted as changes in dosimetric characterisation of
the same delivery rather than as changes in physical
plan quality.

2.7. Plan verification
Routine PSQA was performed for each clinically
approved treatment plan using portal dosimetry
on the TrueBeam aS1200 electronic portal imag-
ing device (EPID). A verification plan was cre-
ated after physician approval; gantry and collima-
tor angles were retained, and for non-coplanar arcs
the couch angle was reset to 0◦ for EPID acquisi-
tion. Eclipse portal dose image prediction (PDIP)
generates an EPID-specific predicted portal image
from treatment-delivery information and an EPID-
response model; it is not a direct measurement or
reconstruction of the three-dimensional patient dose
calculated with AAA or AXB (Dogan et al 2023,
Calvo-Ortega 2024). Accordingly, the revised PSQA
analysis is used only to document deliverability of
the clinically approved treatment sequences and not
to compare the intrinsic patient-dose accuracy of
AAA andAXB. Gamma analysis used the institutional
2%/2 mm global criterion, global normalisation to
the maximum dose, a 10% low-dose threshold, and
a ⩾95% acceptance level. The gamma passing rate
reported for each lesion is the composite value for all
arcs of that plan and is not the average of the indi-
vidual per-arc values. AAPM Task Group 218 rec-
ommends 3%/2 mm with a 10% threshold as a gen-
eral intensity-modulated radiotherapy (IMRT) and
VMAT benchmark and notes that tighter criteria may
be appropriate for stereotactic treatments; the institu-
tional protocol used a tighter 2% dose-difference cri-
terion while retaining 2 mm distance-to-agreement
(Miften et al 2018). A prospectively defined 1 mm
gamma analysis was not part of the original clini-
cal protocol. Because the couch was reset to 0◦ for
EPID acquisition, this pretreatment PSQA did not
test non-coplanar couch-angle positioning, patient
setup, or rotational treatment accuracy. No inde-
pendent film/detector-array measurement was per-
formed specifically for these seven SRS cases (Dogan
et al 2023).

2.8. Statistical analysis
Paired differences between AAA and AXB for DVH
parameters and plan-quality indices were evaluated
using exact two-sided Wilcoxon signed-rank tests
because only seven lesion-level pairs were avail-
able. No correction for multiple comparisons was
applied; individual p values are therefore inter-
preted as exploratory rather than confirmatory.
For metrics with seven non-zero paired differences,
p = 0.015625 is the minimum attainable two-sided
exact Wilcoxon p value and is reported as p = 0.016.

Statistical calculations were performed in Python
using SciPy (Virtanen et al 2020). Associations of
∆D98Rx with PTV volume, maximum PTV diam-
eter, and minimum in-plane PTV-to-bone distance
were evaluated using Spearman rank correlations
with exact permutation p values. The lesion was the
unit of analysis. Because two lesions arose in one
patient, complete statistical independence between all
seven lesion-level observations cannot be assumed.

3. Results

3.1. Dosimetric comparison
AXB reported lower PTV dose metrics than AAA for
the same deliverable plans. D95% decreased from
21.66 to 21.10 Gy, D98% from 21.19 to 20.58 Gy,
and Dmean from 24.58 to 24.13 Gy (all p = 0.016).
The mean paired D98% reduction was 0.61 Gy and
corresponded to 3.00 ± 0.80% of the prescription
dose across the seven lesions (median 3.17%; range
1.85–3.95%). Paired differences for D98%, D95%,
and Dmean in each lesion are given in supplementary
tables S1 to S3, respectively.

The RTOG PITV ratio was lower with AXB
(1.10± 0.18) thanwith AAA (1.19± 0.17; p= 0.016).
In contrast, PCI was 0.79 ± 0.10 for AAA and
0.82 ± 0.12 for AXB and did not differ significantly
(p = 0.188). GI increased from 3.23 ± 0.59 with
AAA to 3.43 ± 0.63 with AXB (p = 0.016). Because
the delivery parameters were unchanged and the
AXB dose distribution was not renormalised, the
lower PITV ratio and higher GI describe how fixed
prescription-isodose surfaces changed under recalcu-
lation and should not be interpreted as a demon-
strated improvement or deterioration in physical plan
quality.

For Brain− GTV, V12Gy and V10Gy did not dif-
fer significantly between algorithms (p = 0.156 for
both). V6Gy was lower with AXB, 19.16 versus
19.90 cm3 (p = 0.016), and is interpreted as an
exploratory lower-dose-spill difference rather than a
clinical outcome endpoint.

AmongOARs, optic-chiasmD0.03 cm3 was lower
with AXB, 0.55 versus 0.66Gy (p= 0.031). Brainstem,
optic nerve, and lens doses were not significantly dif-
ferent (p = 0.313, 0.094, and 0.188, respectively). No
inference regarding toxicity or clinical outcome was
made from these low absolute OAR doses.

Exploratory anatomical analyses did not identify
a statistically significant predictor of ∆D98Rx. The
Spearman correlation was ρ = − 0.631 for PTV vol-
ume (exact p = 0.143), ρ = − 0.214 for maximum
PTV diameter (p = 0.662), and ρ = 0.321 for min-
imum in-plane PTV-to-bone distance (p = 0.498).
Case 6 had a negative PTV-to-bone distance
(−0.22 cm), indicating overlap with the contoured
bone structure, but did not show the largest D98%
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Figure 1. Lesion-level paired comparison of AAA and AXB for PTV D98% normalised to prescription dose, RTOG PITV ratio,
Paddick conformity index, and gradient index. Box plots show the cohort distribution and connected points show paired values
for each lesion (n= 7). p values are from exact two-sided Wilcoxon signed-rank tests. D98% is shown as a percentage of pre-
scription; the conformity and gradient indices are dimensionless.

Table 2. PTV dose and plan-quality metrics for AAA and AXB (n= 7). Values are
mean± standard deviation (SD). p values are from two-sided Wilcoxon signed-rank
tests and are interpreted as exploratory.

Metric AAA AXB p

D95% (Gy) 21.66± 3.87 21.10± 3.77 0.016

D98% (Gy) 21.19± 3.85 20.58± 3.71 0.016

Dmean (Gy) 24.58± 3.88 24.13± 3.84 0.016

RTOG PITV ratio 1.19± 0.17 1.10± 0.18 0.016

PCI 0.79± 0.10 0.82± 0.12 0.188

GI 3.23± 0.59 3.43± 0.63 0.016

Table 3. Normal brain dose-volume metrics for AAA and AXB (n= 7). Values
are mean± SD in cm3.

Metric AAA AXB p

V12Gy (cm3) 5.06± 2.89 4.96± 2.77 0.156

V10Gy (cm3) 7.64± 5.33 7.52± 5.20 0.156

V6Gy (cm3) 19.90± 18.06 19.16± 17.02 0.016

Table 4. Organ-at-risk doses for AAA and AXB. Values are mean± SD in Gy. n is the number of
lesions for which the structure was contoured, so it is the number of paired observations entering
each test rather than the number of patients.

OAR Metric n AAA AXB p

Brainstem D0.03 cm3 6 1.08± 0.84 1.03± 0.85 0.313

Optic nerve D0.03 cm3 6 0.94± 1.12 0.89± 1.11 0.094

Optic chiasm D0.03 cm3 6 0.66± 0.50 0.55± 0.46 0.031

Lens Dmax 5 0.34± 0.29 0.32± 0.28 0.188
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Table 5. Routine patient-specific EPID gamma passing rates
for the seven AAA-finalised clinically delivered plans,
composite for all arcs of each plan, using the institutional
2%/2 mm global criterion and a 10% low-dose threshold.

Case

Prescribed

dose (Gy)

Gamma

passingrate (%)

1 20 97.5

2 15 97.0

3 20 99.0

4 24 100.0

5 20 100.0

6 24 100.0

7 20 95.9

Mean± SD 98.5± 1.7

difference. These data do not support bone prox-
imity as the primary explanation for the observed
AAA− AXB difference in this cohort.

3.2. Routine patient-specific QA
Routine EPID-based PSQA of the seven clinically
delivered plans yielded a mean 2%/2 mm gamma
passing rate of 98.5 ± 1.7% (range 95.9–100.0%).
All seven plans met the institutional ⩾95% accep-
tance level. These data document deliverability within
the institutional portal-dosimetry workflow and
are not used as an AAA-versus-AXB dose-accuracy
comparison.

4. Discussion

The central finding of this exploratory clinical case
series is that AXB dose-to-medium reported system-
atically lower PTV dose metrics than the institu-
tional AAA calculation when the same deliverable
SRS plans were recalculated without re-optimisation
or renormalisation. The mean D98% difference was
0.61 Gy, corresponding to 3.00% of prescription. This
should be interpreted as an algorithm- and reporting-
dependent change in the dosimetric characterisa-
tion of a fixed delivery, not as direct evidence that
the AAA-based clinical plan physically delivered an
incorrect dose. AAA and AXB differ in radiation-
transportmodelling, and the present comparison also
contrasts AAA’s single water-kernel-based reporting
convention with AXB dose-to-medium. The study
design therefore cannot assign the observed dif-
ference uniquely to transport modelling or dose-
reporting convention.

The direction of the target-dose differences is
consistent with prior literature, but the contribu-
tion of the present study is incremental rather
than a first demonstration of type-B versus type-
C behaviour. An earlier study evaluated 20 soli-
tary brain-metastasis RapidArc plans recalculated
with AXB using unchanged delivery parameters
and additionally performed ion-chamber, optically

stimulated luminescence dosimeter, and EPID val-
idation (Menon et al 2022). The present work
contributes institution-specific data from a con-
temporary 6 MV FFF TrueBeam workflow using
AXB dose-to-medium, adds PCI and quantitative
target-size/bone-distance analyses, and explicitly sep-
arates routine EPID deliverability QA from valida-
tion of patient-dose algorithm accuracy. Recent cra-
nial radiosurgery studies using Monte Carlo or other
type-C methods further show that small targets,
multiple-target geometry, and grid resolution can
materially influence reported plan-quality metrics
(Rojas-López et al 2024, Soares et al 2026). The cur-
rent results should therefore be viewed as exploratory
clinical implementation evidence rather than broadly
generalisable proof of algorithm superiority.

Three features of the design support the internal
validity of these comparisons at this cohort size. The
series is consecutive and covers every SRS case treated
in the period, so no case selection was applied. Each
lesion also serves as its own control, since the two cal-
culations share the patient anatomy, the arc geome-
try, the MLC sequence and the monitor units, and
neither re-optimisation nor renormalisation inter-
vened, so the calculation is what differs between the
paired values. The paired D98% difference was nega-
tive in seven of seven lesions, and the consistency of
that direction, rather than the size of any individual
difference, is what a paired design at this cohort size
is able to establish. The anatomical associations were
reported whether or not they reached significance,
and none of the three did. For a department moving
an established AAA workflow to AXB, the practical
value of these data is the magnitude to expect, a mean
D98% reduction of 3.00% of the prescription dose,
together with the observation that the direction did
not vary across the series.

The plan-quality results also illustrate why the
RTOG conformity ratio should not be interpreted in
isolation. Although the RTOG ratio decreased sig-
nificantly with AXB, PCI—which incorporates both
target coverage and selectivity—did not differ sig-
nificantly. GI increased with AXB. Because the MLC
sequences, monitor units, control points, and beam
geometry were unchanged and no renormalisation
was performed, these index changes reflectmovement
of fixed isodose surfaces under the alternative dose-
calculation/reporting method rather than a change in
the deliverable beam parameters or a demonstrated
improvement in plan quality. The absence of a signif-
icant PCI difference therefore argues against describ-
ing AXB as producing ‘tighter conformity’ in these
unchanged plans.

For normal brain, V12Gy—the most clinically
established single-fraction SRS brain dose-volume
metric—did not differ significantly between cal-
culations, nor did V10Gy. The mean V6Gy dif-
ference was 0.74 cm3 and is best regarded as an
exploratory lower-dose-spill finding rather than

6
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a clinical-outcome endpoint. The optic-chiasm
D0.03 cm3 difference was also statistically significant,
but the absolute doses were low in this cohort and no
clinical-outcome inference can be made. The study
was not designed to assess toxicity or local control.

Portal dosimetry must be interpreted separately
from the patient-dose comparison. PDIP predicts
EPID detector response using treatment-delivery
information and a detector-response model rather
than independentlymeasuring the three-dimensional
AAA or AXB patient dose (Dogan et al 2023, Calvo-
Ortega 2024). All clinically delivered plans met the
institutional 2%/2 mm PSQA criterion, supporting
deliverability of the treatment sequences used in this
cohort. However, the couch angle was reset to 0◦ for
EPID acquisition, so this PSQA did not evaluate non-
coplanar couch-angle positioning or patient transla-
tional/rotational setup accuracy. No film or detector-
array measurement was performed specifically for
these seven SRS cases, and no independent reference
dosimetry was included in the present study. Portal
dosimetry therefore cannot be used here to establish
that one patient-dose algorithm ismore accurate than
the other.

The quantitative size and bone-proximity anal-
yses also modify the mechanistic interpretation of
the original manuscript. Smaller PTVs showed only
a non-significant trend toward a larger prescription-
normalised D98% difference, and maximum PTV
diameter was not associated with the difference.
Minimum in-plane PTV-to-bone distance was like-
wise not significantly associated with the D98%
difference. One target overlapped the contoured
bone structure, yet it did not have the largest
algorithm-dependent dose difference. The present
data therefore do not support the previous causal
statement that skull proximity accounts for the sys-
tematic AAA−AXB difference.More detailed studies
using three-dimensional distance maps, deliberately
selected bone/air-interface cases, and independent
reference dosimetry would be required to test that
mechanism.

5. Limitations

This study has several limitations. First, the cohort
comprised only seven lesions in six patients, which
limits precision, prevents population-level generali-
sation, and makes all significance tests exploratory;
two lesions arose in one patient, so lesion-level
observations may not be completely independent.
Second, the cohort did not include nearby tar-
gets within a common plan and therefore cannot
address dose bridging in multiple-metastasis SRS.
Third, the clinical 1.25 mm calculation grid was
retained; current guidance notes that a 1 mm grid
may be necessary for very small targets, and no ded-
icated 1.0 mm sensitivity analysis was available for

this cohort (Cirino 2025, Soares et al 2026). The
study also does not present a formal calculated-
versus-measured 1 × 1 cm2 TPS validation dataset,
although cross-detector measurements were available
at that field size. Fourth, AXB was evaluated only
in dose-to-medium mode, so the effects of chang-
ing the transport algorithm and reporting conven-
tion cannot be disentangled. Fifth, PTV-to-bone dis-
tance was measured in-plane on CT rather than with
a three-dimensional distance-map method. Sixth,
PSQA used linac-integrated EPID portal dosime-
try; a 1 mm gamma analysis was not part of the
original protocol, the couch reset prevented eval-
uation of non-coplanar couch-angle accuracy, and
no independent film/detector-array measurement or
independent reference-dose calculationwas included.
Finally, the study is single-institutional and repre-
sents a specific Eclipse/TrueBeam/6 MV FFF work-
flow. Larger multi-institutional datasets with deliber-
ately challenging small-target, bone/air-interface, and
multiple-target geometries, together with indepen-
dent reference dosimetry, are needed.

6. Conclusion

In this exploratory clinical case series, recalculation of
clinical single-fraction SRS plans finalised with AAA
using AXB dose-to-medium changed the reported
target-dose and plan-quality metrics despite identical
deliverable beam parameters. The mean D98% dif-
ference was approximately 3% of prescription, while
PCI did not show a significant algorithm-dependent
difference.

Routine EPID-based PSQA confirmed that
all clinically delivered plans met the institutional
2%/2 mm acceptance criterion, but portal dosime-
try was not used as an independent comparison of
AAA and AXB patient-dose accuracy.

The findings support careful review of target-dose
metrics when an established AAA SRS workflow is
transitioned to AXB, including in relatively homoge-
neous intracranial anatomy. However, the limitations
set out in section 5 preclude claims of clinical superi-
ority or outcome benefit. Larger studies incorporat-
ing deliberately challenging small-target and interface
geometries, multiple-target scenarios, finer-grid sen-
sitivity analyses, and independent reference dosime-
try are warranted.
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