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ARTICLE INFO ABSTRACT
Keywords: Background and purpose: Oligometastatic disease represents limited metastatic burden, and local ablative ther-
Oligometastatic disease apies such as stereotactic body radiotherapy (SBRT) may improve survival. However, inter-institutional vari-

Dummy run
Segmentation variability
Dose distribution accuracy

ability in target segmentation and treatment planning can compromise treatment quality. This study aimed to
evaluate the segmentation variability and dose distribution quality of SBRT in oligometastatic settings using a
multi-institutional dummy run approach.

Methods and materials: Sixty-nine institutions were provided with two anonymized cases of adrenal and spine
metastases to delineate targets and organs at risk (OARs) and create intensity-modulated radiotherapy plans
following a protocol. Variability was quantified using the Dice similarity coefficient (DSC), Hausdorff distance,
and mean distance to agreement. Plan qualities were assessed using the Paddick conformity index, modified
gradient index, and a new three-dimensional conformity-gradient index (3D-CGI). Knowledge-based planning
(KBP) was applied to explore potential improvements in OAR sparing.

Results: All submitted plans met protocol dose constraints. However, substantial segmentation variability was
observed, particularly for the spine case. Among 136 plans, 79% demonstrated acceptable conformity and dose
gradients, with 3D-CGI < 6 correlating with favorable distributions. Mean DSC was 0.93 for the clinical target

Abbreviations: SBRT, stereotactic body radiotherapy; OARS, organs at risk; IMRT, intensity-modulated radiotherapy; 3D-CGI, three-dimensional conformity-
gradient index; KBP, knowledge-based planning; RTQA, radiotherapy quality assurance; ROI, region of interest; CT, computed tomography; MRI, magnetic reso-
nance image; PTV, planning target volume; GTV, gross tumor volume; PRV, planning risk volume; PCI, Paddick conformity index; MGI, modified gradient index; DSC,
Dice similarity coefficient; DVH, dose-volume histogram; SD, standard deviation; CTV, clinical target volume.
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volume and 0.76 for the cauda equina, which showed the highest variability. KBP reduced OAR doses for the
adrenal case but showed limited impact for the spine case.
Conclusions: Although dose constraints were achieved, segmentation variability remained substantial, particu-
larly for the cauda equina in the spine case. These findings emphasize inter-institutional differences and the need
for standardization and tools to improve SBRT consistency.

1. Introduction

Oligometastases are tumors with only a few metastases to organs
beyond the primary site [1,2]. This term describes the limited distant
metastases or recurrences that allow for local therapy aimed at a small
number of lesions. Local curative therapy combined with systemic
treatment may improve long-term survival [3]. Phase III clinical trials
have explored local therapies for various cancers, considering the
unique factors of each type [4]. Several phase III trials have been initi-
ated worldwide to investigate the role of curative local therapy for oli-
gometastatic disease, including trials evaluating oligo-recurrence after
surgical resection of non-small cell lung cancer and local therapy for
oligometastatic breast cancer [5,6]. Adequate technology or techniques
(e.g., surgery, stereotactic body radiotherapy [SBRT], brachytherapy)
are required to treat oligometastatic diseases with curative intent
[7-13]. SBRT is a well-established option in selected oligometastatic
settings [7]. Given the increasing use of SBRT, ensuring its accuracy and
consistency across institutions requires rigorous radiotherapy quality
assurance (RTQA) [14,15].

In the RTQA program, assessing contours and treatment planning in
multi-institutional trials helps reduce variation [16,17]. RTQA has also
decreased the variation in treatment quality in clinical trials [18]. In-
stitutions participating in multi-institutional clinical trials are generally
required to meet specific credentialing criteria before patient enroll-
ment. These typically include prior experience in SBRT for relevant
treatment sites, verification of treatment delivery accuracy through
RTQA, and submission of a dummy run for central review to standardize
intensity-modulated radiotherapy (IMRT) planning.

This study aimed to evaluate the segmentation variability and dose
distribution quality of SBRT in oligometastatic settings using a multi-
institutional dummy run approach. This dummy run offers insights
into contouring and planning at participating institutions. The ultimate
aim was to standardize IMRT planning for adrenal and spine metastases.

2. Materials and methods
2.1. Dummy run including segmentation and treatment planning

A joint dummy run was performed for the Japan Clinical Oncology
Group (JCOG) studies JCOG2108 (Oligo-R) and JCOG2110 (OLIGAMI)
[5,6] using two anonymized cases (adrenal and spine metastases) from
the first author’s institution to evaluate curative local therapy for oli-
gometastatic disease. CT datasets were distributed to 69 institutions.
Following the JCOG2108 protocol, 136 treatment plans (69 adrenal, 67
spine) were submitted for central review by the JCOG2108/2110 WG.

The clinical trial JCOG2108 was approved by the Institutional
Ethical Review Board of the National Cancer Center Hospital East
Certified Review Board (approval number: CRB3180009) and conducted
in accordance with the ethical standards stipulated in the 1964 Decla-
ration of Helsinki and its later amendments.

2.2. Segmentation instructions

The target segmentation protocol is summarized in Supplemental
Table S1. The region of interest (ROI; planning target volume [PTV] + 5
cm) was created by extending all PTVs by 5 cm, and organs at risk
(OARs) included in the ROI were targeted for contour extraction. For
parallel organs (e.g., lungs, liver, kidneys), the entire organ was

contoured to evaluate dose-volume parameters. For serial organs (e.g.,
spinal cord, cauda equina, esophagus), only the relevant segment within
PTV + 5 cm was contoured, as maximum dose evaluation is crucial.

Adrenal case: A breath-hold CT was acquired and provided to all
institutions as the planning dataset. The target was the left adrenal
tumor. The gross tumor volume (GTV) was obtained from the
JCOG2108WG. As breath-hold delivery was reproducible, no additional
internal margin was applied. According to the protocol, each institution
defined the PTV for adrenal lesions and OARs, including the stomach,
duodenum, small bowel, large bowel, kidneys, ureter, spinal canal, and
aorta.

Spine case: T2-weighted MRI and CT were acquired and provided to
all institutions. The patient had metastasis to the second lumbar
vertebra. The GTV was provided by JCOG2108WG. According to the
protocol, each institution contoured the clinical target volume (CTV),
PTV, and OARs, including the duodenum, small bowel, large bowel,
kidneys, ureter, cauda equina, and aorta. In this study, we defined the
upper boundary of the cauda equina, which is the lower end of the spinal
cord, as the level between the first and second lumbar vertebrae. During
the dummy run, the segmentation was acceptable if the spinal cord and
cauda equina were contoured smoothly without gaps. The CTV is
defined as the GTV and immediately adjacent spine anatomical com-
partments at risk of microscopic disease extension, based on the con-
touring guidelines for spine SBRT [19]. Treatments were required to fall
within the per protocol category to ensure uniform coverage.

2.3. Treatment planning instructions

Institutions followed the JCOG2108 protocol according to their
treatment machines. Prescribed doses: adrenal, mainly 40 Gy/5 frac-
tions (35 or 45 Gy/5 fractions allowed by preference); spine, 35 Gy/5
fractions. The prescription dose and dose constraints for the PTV and
OARs are summarized in Supplemental Tables S2 and S3.

2.4. Rates of per protocol evaluation

The submitted dummy runs were categorized as per protocol,
acceptable variation, and unacceptable variation. The review focused on
contouring consistency, PTV and planning risk volume (PRV) margins,
and whether dose constraints met per protocol or acceptable variation or
unacceptable variation criteria. In our analysis, variations in the pro-
tocol were categorized as either acceptable or unacceptable. Results
were categorized according to Global Harmonization Group [20,21].
Acceptable variations were defined as those that did not affect clinical
outcomes but varied according to the protocol’s specifications. It
included verifying the correct naming conventions for targets and OARs
and ensuring complete and accurate target delineation. Unacceptable
variations were defined as those that could significantly affect clinical
outcomes. Specifically, these included inappropriate target or OAR
contouring in terms of location, extent, and dose constraints outside the
optimal range. Verification of the PTV and PRV margins was also per-
formed to confirm alignment with the protocol specifications. In addi-
tion, the dose constraints acquired from the data of each institution were
evaluated.

Conformity and gradient indices were evaluated using data acquired
from each institution. The Paddick conformity index (PCI) [22] and
modified gradient index (MGI) [23] measure dose conformity around
and outside the target, respectively. To assess both conformity and dose
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Categories of the obtained variations from the protocol in 136 treatment plans for the adrenal and spinal cases from the 69 institutions.

Adrenal (N = 69)

Spine (N = 67)

Total Unacceptable Acceptable Total Unacceptable Acceptable
Name of target 17% (N = 12) 0% (N = 0) 17% (N = 12) 17% (N = 12) 0% (N = 0) 17% (N = 12)
Contouring of target 3% (N =2) 0% (N = 0) 3% (N=2) 25% (N =17) 4% (N = 3) 20% (N = 14)
PTV margin 20% (N = 14) 1% (N=1) 19% (N =13) 6% (N = 4) 4% (N = 3) 1% (N=1)
Name of OAR 22% (N = 15) 0% (N = 0) 22% (N = 15) 19% (N = 13) 0% (N =0) 19% (N = 13)
Contouring of OAR 55% (N = 38) 9% (N = 6) 46% (N = 32) 46% (N = 32) 24% (N = 16) 23% (N = 16)
PRV margin 3% (N =2) 0% (N = 0) 3% (N =2) 1% (N=1) 0% (N =0) 1% (N=1)
Dose constraint 0% (N = 0) 0% (N = 0) 0% (N = 0) 0% (N = 0) 0% (N =0) 0% (N =0)

gradient, we propose a novel metric, the three-dimensional Conformity-
Gradient Index (3D-CGI). The 3D-CGI was calculated as the ratio of MGI
to PCI, effectively integrating the coverage and dose gradient into a
single quantitative measure. This index was designed such that treat-
ment plans with high PCI and low MGI yielded a lower 3D-CGI value.
Because 3D-CGI is highly sensitive to variability in the MGI, it can
exhibit a wide range of values. A lower 3D-CGI corresponded to a higher-
quality treatment plan, whereas a higher 3D-CGI indicated a lower-
quality plan.

2.5. Segmentation variability

Segmentation variability was assessed using the Dice similarity co-
efficient (DSC), Hausdorff distance (HD), mean distance to agreement
(MDA), compared with each institution and the reference contour. The
reference segmentation was contoured by an experienced physician at
the first author’s institution and served as the standard. Variability was
evaluated only for ROIs required from all institutions. In the adrenal
case, the small bowel and left kidney were assessed, and in the spine
case, the CTV, cauda equina, and duodenum. Assessments were limited
to a 5 cm boundary around the PTV to focus on clinically significant
regions. Inter-observer variability was quantified using the pairwise
DSC, HD, and MDA for all unique institutional pairs (N(N—1)/2). All
indices were calculated with MIM Maestro software (MIM Software Inc.,
OH, USA).

2.6. Knowledge-based planning review

To perform automated patient-specific QA, we used a knowledge-
based planning (KBP) approach (RapidPlan™, Eclipse v16.1, Varian
Medical Systems, Palo Alto, CA) and compared the mean multi-
institutional DVH with that from the KBP model. KBP-generated plans
assessed potential for further optimization, particularly OAR sparing. An

overview of the KBP DVH evaluation was as follows:

1) The dose distribution of each institution was imported into the
reference contours. Reference contours were generated by a physi-
cian at the first author’s institution.

2) New plans for the adrenal and spine cases were optimized with the
KBP model, developed from 69 multi-institutional treatment plans.

3) The mean DVH from the multi-institutional data on the reference
contour was compared with that from the KBP model. These plans
provided feedback and helped establish consistent radiotherapy
standards across centers. For the adrenal case, we evaluated small
bowel, duodenum, left kidney, and D2 cm, and for the spine case, we
evaluated cauda equina, small bowel, duodenum, and D2 cm.

3. Results

For the adrenal case, 17% institutions showed inconsistent target
naming and 3% lacked an internal target volume. Unacceptable and
acceptable PTV margin variations were observed in 1% and 19% in-
stitutions, respectively. OAR delineation issues occurred in 22%
(incorrect naming) and 55% (guideline variation) institutions, whereas
PRV margin variation occurred in 3%. No submissions exceeded the
dose constraints (Tables 1 and 2). For the spine case, 17% plans showed
inconsistent target naming. Unacceptable CTV contouring variation and
acceptable sectoral target variation occurred in 4% and 20% in-
stitutions, respectively. Unacceptable OAR delineation variation, espe-
cially involving cauda equina and bowel, occurred in 24% institutions.
PRV margin variation was observed in only 1% institutions. Supple-
mental Table S4 summarizes the plan characteristics. For the adrenal
case, 67 of the 69 institutions prescribed 40 Gy/5 fractions, one pre-
scribed 45 Gy/5 fractions, and one prescribed 35 Gy/5 fractions. Despite
varied device combinations, no plan exceeded dose constraints. There
was no correlation between dose indices and planning parameters

Table 2
Gathering pitfalls for the adrenal and spine cases among 136 treatment plans from the 69 institutions through the dummy run test.
Item Disease site Variation Contents
Name of target Adrenal Acceptable The ROI name is incorrect.
Spine Acceptable The ROI name is incorrect.
Contouring of target Adrenal Acceptable A CTV(ITV) has been assigned, but it is not properly defined.
Spine Unacceptable The spinal CTV did not cover the entire vertebral body and was incomplete.
Acceptable The spinal CTV was set wider than the sector specified in the protocol.
PTV margin Adrenal Unacceptable The PTV margin does not follow the 2-mm protocol requirement.
Acceptable The PTV margin is smaller than the reported value.
Spine Unacceptable The PTV margin exceeds the 2-mm protocol requirement (e.g., set to 3 mm).
Acceptable The PTV is contoured as though it were the ROI minus the PRV.
Name of OAR Adrenal Acceptable The ROI name is incorrect.
Spine Acceptable The ROI name is incorrect.
Contouring of OAR Adrenal Unacceptable The small bowel is contoured in the wrong location.
Acceptable Not all OAR ROIs within the specified range were delineated.
Spine Unacceptable The spinal cord and cauda equina are contoured in the wrong location.
Acceptable Not all OAR ROIs within the specified range were delineated.
PRV margin Adrenal Acceptable The PRV for the spinal canal is not set.
Spine Acceptable The PRV for the spinal cord is not set.

Dose constraint

None
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Fig. 1. Variability in conformity metrics, including the Paddick conformity
index and modified gradient index with three-dimensional conformity-gradient
index for adrenal and spine plans.

(machine, energy, algorithm) or between target and OAR doses. The
lower dose quartile in almost all critical organs was found to be below
“per protocol” thresholds. Subgroup analysis showed protocol de-
viations across all institution types (university hospitals, cancer centers,
national hospital facilities, community hospitals), indicating they were
not dependent on facility scale (Supplemental Fig. S1).

Mean =+ standard deviation (SD) values for the PCI, MGI, and 3D-CGI
were 0.85 + 0.07, 5.0 + 1.2, and 5.9 + 1.6, respectively, for the adrenal
case and 0.85 + 0.07, 4.1 + 0.7, and 4.8 + 1.2, respectively, for the
spine case. Supplemental Tables S5 and S6 and Supplemental Fig. S2

CTVv

Cauda equina

Duodenum

O GTV was given by JCOG2108WG
O Evaluation region (PTV + 5cm)
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summarize the results of other dose conformity indices along with those
employed in the present study; no differences were observed. When the
3D-CGI was < 6, the PCI remained at > 0.7 and the MGI was < 5.5,
regardless of the treatment site (Fig. 1 and Supplemental Fig. S3).
Among the 136 plans, 79% (n = 107) demonstrated acceptable con-
formity and dose gradients, with 3D-CGI values < 6 correlating with
favorable dose distributions.

Fig. 2 and Supplemental Fig. S4 illustrates the segmentations from
69 submissions for the adrenal and spine cases overlaid with the refer-
ence contour. Means =+ SDs for DSC, HD, and MDA for the small bowel
and left kidney were 0.82 + 0.11 and 0.91 + 0.02, 17.0 £+ 9.5 mm and
9.6 + 3.4 mm, and 1.6 + 2.1 mm and 0.95 + 0.02 mm, respectively, for
the adrenal case, while those for the CTV, cauda equina, and duodenum
were 0.93 + 0.05, 5.8 + 5.8 mm, and 0.75 + 0.69 mm; 0.76 + 0.17,
17.5 & 15.9 mm, and 2.5 £ 2.1 mm; and 0.86 4 0.14, 15.9 4 18.6 mm,
and 2.2 + 4.4 mm, respectively, for the spine case (Table 3). Pairwise
DSC, HD, and MDA for all ROIs are in Table 3. Variability patterns be-
tween approaches were consistent, although absolute values differed
due to the comparison framework. The cauda equina showed the lowest
pairwise DSC, indicating difficulty in defining its anatomical extent and
substantial inter-institution variability. The CTV showed the highest
agreement and smallest geometric deviations across institutions.

Fig. 3 and Supplemental Fig. S5 compare the multi-institutional
mean DVHs with those generated using the KBP model. For the adre-
nal case, the KBP model successfully reduced the medium-to-low dose
range delivered to the OAR. In contrast, for the spine case, the KBP
model did not yield a clear reduction in the OAR dose.

_Dice similarity coefficient
(Mean = 1SD)

0.93%+0.05

0.76 £0.17

0.86*+0.14

— Reference contour

— Contour of each institution

Fig. 2. Multi-institutional segmentation for clinical target volume, cauda equina, and duodenum in the spine case. The reference contour is shown in red. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 3
Segmentation accuracy for the adrenal and spine cases. The mean value + standard deviation for reference-based and pairwise-based DSC, HD and MDA are shown.
Disease sites Organs DSC HD [mm] MDA [mm]
Reference Pairwise Reference Pairwise Reference Pairwise
Adrenal Bowel Small 0.82+0.11 0.75 £ 0.18 17.0 £9.5 19.4 £13.9 1.6+ 21 2.7 £33
Kidney Left 0.91 £ 0.02 0.91 £ 0.03 9.6 +3.4 11.5+ 3.8 1.0 £ 0.0 1.0 £ 0.4
Spine (L2) CTV 0.93 £+ 0.05 0.91 £ 0.06 5.8+5.8 7.1+6.1 0.8+ 0.7 1.0+ 0.8
Cauda equina 0.76 = 0.17 0.67 = 0.19 17.5 £15.9 22.8 £159 25+21 3.3+23
Duodenum 0.86 + 0.14 0.78 £0.18 15.9 £ 18.6 24.0 £21.1 22+ 44 3.7 £ 6.0

Abbreviations: DSC, Dice similarity coefficient; HD, Hausdorff distance; MDA, mean distance to agreement.
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Fig. 3. Mean dose-volume histogram (DVH) (+ 1 standard deviation) and knowledge-based plan DVH for (a) small bowel, (b) large bowel, (c) left kidney, and (d) D2

cm in the adrenal case.
4. Discussion

This study presents key technical considerations and quality in-
dicators for SBRT planning in oligometastases and demonstrates the
value of KBP-based feedback. Although dose constraints were met,
dummy runs from 69 institutions revealed considerable variability in
target and OAR contouring, especially for the spine. These findings
underscore the need for precise delineation of targets and critical
structures to optimize SBRT efficacy and minimize toxicity. Consistent
3D-CGI values < 6 indicate effective planning and highlight KBP’s role
as a feedback tool to promote standardized, high-quality planning.

Ensuring treatments meet protocol or acceptable variation levels is
essential for trial integrity, as quality variation can affect outcomes
[14,24-26]. In this study, the most frequent protocol variations involved
incorrect OAR delineation and CTV contouring errors in the spine case.
These issues stem from limited SBRT experience across organs and
insufficient familiarity with consensus guidelines. Lung SBRT is well
established in Japan, with the JCOG1408 being the only nationwide
clinical trial [27]. SBRT for other organs often depends on institutional
experience, leading to variability in quality. Spinal SBRT, in particular,
remains less common. Although this study followed international con-
touring guidelines, some institutions may have relied on locally devel-
oped protocols. Meanwhile, JCOG2211, a phase III trial on re-irradiation
SBRT for painful spinal metastases, follows similar contouring guide-
lines despite differences in dose fractions [17,28]. Given these chal-
lenges, protocol adherence, systematic feedback, standardized training,
and evidence-based guidelines are essential to unify SBRT, promote
adoption, improve consistency, and enhance care. This approach can
promote broader adoption of SBRT, improve treatment consistency, and
enhance patient care.

In SBRT planning, both dose conformity and dose falloff steepness
must be considered along with established dose indices [23]. However,
these factors have received little attention for the treatment of

oligometastases at various anatomical sites. Our results matched previ-
ous studies, with supplementary analyses confirming favorable out-
comes across metrics. We also compared 3D-CGI with other conformity
and gradient indices from clinical trials (Supplementary Tables S5 and
S6 and Supplemental Fig. S2). Previous studies have mainly focused on
lung SBRT and different fractionation schemes. Our findings confirm
that similar dose characteristics apply to other treatment sites. Based on
this, we propose the 3D-CGI as a new index for evaluating both dose
concentration and steepness. These parameters are usually assessed
separately, giving an incomplete view of plan quality (Fig. 1). We found
that a 3D-CGI value of < 6 met these requirements (PCI > 0.7 and MGI <
5.5). This integrated framework offers a more comprehensive and
quantitative assessment of the plan quality.

In SBRT clinical trials, accurate contouring is essential because it
directly affects the clinical outcomes. Dose distributions are generated
from contours and optimized to meet constraints, but inaccurate con-
touring may still satisfy protocol criteria. Therefore, relying solely on
institutional dose metrics for plan evaluation may be insufficient. Given
the steep dose gradients observed in this study, even small under-
contoured CTV segments beyond the PTV margin can rapidly fall
below the prescribed dose. This underscores the need for accurate
contouring and supports integrating contour review with targeted
dosimetric checks in QA. A quantitative assessment of the contouring
variability, along with structured feedback, is essential. This study found
the greatest inter-institutional variation in cauda equina delineation for
the spine case. Previous research shows cauda equina contouring is
challenging, underscoring the need for standardized training and pro-
tocols to ensure reproducibility and reliability [29]. To address this
issue, feedback and discussions on correct delineation methods have
been conducted to improve consistency. This approach enhances our
understanding of trial complexity and promotes standardized treatment
strategies. Several previous reports have assessed contouring accuracy
using dummy run analysis in clinical trials [30-35]. They emphasize the
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importance of precise contouring and education regarding high-
precision treatments. Additionally, several studies have investigated
automated contouring models based on clinical trial data and demon-
strated their effectiveness [36,37]. In the future, leveraging dummy run
data to develop and distribute such models can help reduce the seg-
mentation variability across institutions.

Visual assessment alone often cannot confirm OAR sparing due to
patient-specific anatomy. Comparing institutional plans with the KBP
provides objective benchmarks, highlighting opportunities for further
dose optimization. This confirms that KBP is a practical feedback tool for
improving clinical trial outcomes [37-43]. Systematic guidance, such as
the KBP, helps institutions reduce variability in OAR contouring and
improve overall plan quality. Open challenges such as Open-KBP and
Auto-RTP mainly benchmark automated planning approaches [44,45].
In contrast, our study evaluated inter-institutional variability in con-
touring and planning within a clinical trial QA framework. We used KBP
primarily to provide achievable planning goals, not as a head-to-head
comparison of automated methods.

This study has several limitations. First, it focused only on adrenal
and spine SBRT, limiting assessment of other sites. Institutions with less
experience may struggle to achieve consistent planning quality for un-
treated sites without specific feedback. Therefore, individual clinical
reviews should be conducted for actual cases to provide ongoing eval-
uation and feedback. Second, this study is limited by the generalizability
of the KBP model. The KBP models constructed in this dummy run were
based specifically on adrenal and L2 spine metastases, demonstrating
their utility at these anatomical sites. However, because of the limited
variety of organs represented in the training dataset, the model may not
be applicable to other anatomical sites commonly treated for oligome-
tastatic diseases. Therefore, the effectiveness of the KBP-based planning
may be restricted when applied to anatomical regions that are not
adequately represented in the training data. Third, only two cases, both
obtained from the same institution, were used for the dummy run. This
limited number and origin of cases may not fully represent the diversity
of patient anatomy or institutional practices, which could further restrict
the generalizability of our findings. However, similar QA dummy run
studies also used one or two cases, making this a common, accepted
limitation [30-35].

In conclusion, this multi-institutional dummy run study evaluated
SBRT planning for oligometastases. Although dose constraints were met,
notable segmentation variability, especially in cauda equina for the
spine case, was observed. These findings provide evidence of inter-
institutional variability in contouring and dosimetry and demonstrate
KBP’s value for improvement. The results highlight the need for stronger
standardization, feedback, and education. Future efforts should focus on
refining guidelines and bolstering training to ensure consistent and high-
quality SBRT and more predictable patient outcomes.
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