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Abstract
Purpose: This study aims to develop a local control risk stratification using recursive partitioning analysis (RPA) for patients receiving
stereotactic body radiation therapy (SBRT) for metastatic cancer.
Methods and Materials: A single institutional database of 397 SBRT treatments to the liver, spine, and lymph nodes was constructed. All
treatments required imaging follow-up to assess for local control. Cox proportional hazards analysis was implemented before the decision
tree analysis. The data were split into training (70%), validation (10%), and testing (20%) sets for RPA to optimize the training set.
Results: In the study, 361 treatments were included in the local control analysis. Two-year local control was 71%. A decision tree
analysis was used and the resulting model demonstrated 93.10% fidelity for the validation set and 87.67% for the test set. RPA class 3
was composed of patients with non-small cell lung cancer (NSCLC) primary tumors and treatment targets other than the cervical,
thoracic, and lumbar spines. RPA class 2 included patients with primary cancers other than NSCLC or breast and treatments targets of
the sacral spine or liver. RPA class 1 consisted of all other patients (including lymph node targets and patients with primary breast
cancer). Classes 3, 2, and 1 demonstrated 3-year local controls rates of 29%, 50%, and 83%, respectively. On subgroup analysis using
the Kaplan-Meier method, treatments for lymph nodes and primary ovarian disease demonstrated improved local control relative to
other treatment targets (P < .005) and primary disease sites (P < .005), respectively.
Conclusions: A local control risk stratification model for SBRT to sites of metastatic disease was developed. Treatment target and primary
tumor were identified as critical factors determining local control. NSCLC primary lesions have increased local failure for targets other than
the cervical, thoracic, or lumbar spines, and improved local control was identified for lymph node sites and breast or ovarian primary tumors.
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Introduction

Stereotactic body radiation therapy (SBRT), or ste-
reotactic ablative radiation therapy (SABR), consists of
the delivery of high doses of radiation therapy in rela-
tively few fractions, and it has grown increasingly com-
mon as a treatment option.1-5 Its utility for the treatment
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of metastatic disease also has been an important area of
interest, culminating in the SABR-COMET trial demon-
strating improvement in overall survival with SABR in
oligometastatic cancer.6

Metastatic cancer is increasingly common, especially
as oncologic survival continues to improve.7 The under-
lying molecular mechanisms involved in the metastatic
spread of disease are an active area of research, and hy-
potheses involving the acquisition of additional genetic
alterations or a macrophage origin of metastasis have
helped advance the field.8,9 In addition to the number of
metastatic lesions, the location of metastatic disease has
been found have prognostic value.10,11 The spine is the
most common site of bone metastasis, and symptoms can
be quite severe, ranging from severe pain to impairment
of ambulation.12,13 The liver is also an important site of
metastatic disease, especially in the setting of colorectal
cancer.14-16 The spread of cancer to lymph nodes is
complex, as it can represent regional or distant spread,
depending on the lymph nodes involved.17,18 This vari-
ability has made developing stringent guidelines
regarding their treatment quite difficult.

SBRT plays a role in the treatment paradigm of disease
progression to these targets. SBRT for liver metastases
has proven to be safe and effective, but the presence of
other treatment options (eg, surgery and radiofrequency
ablation) has somewhat limited its use.19-23 Even so, a
recent multi-institutional study demonstrated encouraging
local control rates, especially with smaller tumor volumes
and higher biologically effective dose (BED).24 For spinal
metastases, SBRT offers high rates of local control, and it
even serves as an effective option in retreatment cases.25

It can be used in conjunction with surgical resection, and
by sparing the neural tissues, toxicity can be mini-
mized.26,27 Although there is relatively little literature
regarding the utility of SBRT for lymph nodes, analyses
often report local control >80%.28,29 Treatments aim to
achieve durable disease remission via iterative utility of
local therapy.29

The use of recursive partitioning analysis has shown
utility in stratifying oligometastatic patients treated with
ablative radiation therapy to predict overall survival, and
it offers a useful tool to distinguish between different risk
groups in large cohorts.30 The methodology has been
applied to SBRT for spinal metastases, whole brain ra-
diation, and SBRT for non-small cell lung cancer
(NSCLC).31-33 The use of these machine learning tech-
niques provides opportunities to distill feature importance
and deduce correlations between potential predictive
factors.

This study aims to develop a local control risk strati-
fication using RPA for patients receiving SBRT for cancer
metastatic to the liver, spine, or lymph nodes. A large
single-institutional cohort is presented, and the effect of
the site of primary disease is considered. We present a
hypothesis-generating set of RPA classes to help identify
patients who may benefit from SBRT for metastatic
disease.

Methods and Materials

Treatment cohort

SBRT treatments at a single institution from 2007 to
2018 targeting the liver, spine, or lymph nodes were
considered for inclusion in the study. Patients without
clinical follow-up were excluded from the cohort, as were
patients with other treatment targets (eg, solid lung lesions
or bone metastases to areas other than the spine). Patients
without imaging follow-up were excluded from the
analysis of local control. Key descriptive factors were
obtained via retrospective chart review from previous
databases developed with institutional review board ex-
emptions. This project was also exempt by the institu-
tional review board.

Treatment planning and delivery

All cases involved the use of a full-body vacuum bag
system for patient immobilization. This provided stability
and consistency for the simulation CT scan. For liver
treatments, an internal target volume (ITV) was con-
structed from the 4-dimensional CT scan to account for
tumor motion, and doses were prescribed to the ITV.
Treatments were generally delivered with 3-dimensional
forward planned noncoplanar static field apertures and
noncoplanar static arcs. For spine treatments, dose was
prescribed to the planning target volume (PTV), which
included the gross tumor volume (GTV) plus 3 to 5 mm
of margin. Coplanar gantry angles were used to help
preserve the superior and inferior dosimetric borders.
Generally, multiple coplanar static gantry delivery was
used, but noncoplanar static gantry was occasionally used
for treatments involving particularly large volumes or
extensive disease. The risk volume was designated as the
spinal canal, and the delivery of 2 Gy less than the pre-
scribed dose per fraction to the target 1 cc or 2 cc volume
was used as the institutional organ at risk constraint. For
hilar lymph nodes, dose was prescribed to the ITV, which
was determined using serial CT scans throughout the
breath cycle to account for tumor motion. Noncoplanar
gantry angles were generally used. Finally, other lymph
nodes involved dose delivery to the PTV (3-5 mm of
margin expanding the GTV), and multiple noncoplanar
static gantry delivery was used.

SBRT was delivered with a 6MV photon beam through
a linear accelerator. A 2.5 mm to 4 mm width multileaf
collimator was used. On-board cone beam CT was used
before the initiation of therapy, and it was generally
repeated 2 to 4 times during treatment to assess for motion.
A robotic couch with 6 degrees of freedom was used to
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assist with patient alignment and target localization to the
planning CT. Treatments were most commonly delivered
once weekly in an effort to minimize toxicity.

Outcomes and follow-up

The primary endpoint of this study was local control.
Overall survival was also noted. Local control was
determined via CT and MRI scans obtained generally
every 2 to 3 months after the completion of SBRT.
Sometimes, PET/CT scans were also used for this pur-
pose. Local failure was defined as tumor growth in the
treated volume after treatment. Clinical follow-up was
variable, including radiation oncologists, medical oncol-
ogists, pulmonologists, neurosurgeons, and others. All
such clinical encounters were considered for the overall
survival, which was computed from the completion of
SBRT to the last date of interaction with a health care
provider.

Statistical methods

Initial statistical methods used 2-tailed t tests for uni-
variate analysis, Cox proportional hazards analysis, and
the Kaplan-Meier method. A threshold of P < .05 was
used to designate statistical significance in these analyses.
Univariate analysis was generally conducted to consider
binary results, and the results were correlated with find-
ings on hazards analysis and Kaplan-Meier whenever
possible. BED was determined as BED Z total dose � (1
þ dose per fraction/alpha/beta ratio), and an alpha/beta
ratio of 10 Gy was used. For the hazards analysis, primary
disease sites other than breast, NSCLC, colorectal, and
ovarian were eliminated because there were too few such
cases, and their inclusion resulted in very wide confidence
intervals. Dose, fractions, and GTV were also eliminated
owing to high correlations with BED and PTV. The sacral
spine location was separated from C, T, or L spine
because the sacral spine location independently met the
threshold for feature importance (conducted before the
decision tree analysis). Finally, the Kaplan-Meier method
was incorporated to consider continuous variables.
Chiefly, it was used to demonstrate differences in local
control between different subgroups of the cohort using a
univariable log-rank test.

Recursive partitioning analysis

Recursive partitioning analysis was conducted via de-
cision tree analysis to develop a model to predict local
failure in this cohort. The code was written using a set of
Python scripts, and separate classes were designed to
analyze the data. A range of open source statistical
packages were used, including pandas, matplotlib, life-
lines, numpy, and sklearn. The sklearn package provided
the ExtraTreesClassifier, through which the feature
importance analysis was undertaken. The decision tree
analysis itself was carried out via DecisionTreeClassifier.

A feature importance analysis was performed to assess
the relative importance values of each potential predictive
factor for local control. A threshold value of 0.02 was
used, and variables that failed to reach this threshold were
eliminated from further analysis. Next, a correlation matrix
and heatmap were produced to assess for correlations be-
tween the remaining variables. A threshold value of 0.50
was used, such that 2 variables with a correlation greater
than 0.50 were not both retained for further analysis. In
such cases, the variable with the higher importance value
was kept, and the other variable was discarded.

The data were then split into training (70%), validation
(10%), and testing sets (20%). This split allowed for
optimization of the training set while maintaining suffi-
cient samples in the testing and validation sets to mini-
mize variance. The model was developed used the
training set, and the separate validation and testing sets
allowed for determination of the predictive power of the
model. A decision tree analysis was iteratively performed
through a range of split, leaf, and maximum depth criteria,
as well as considering a range of features and selection
criteria. The highest fidelity model generated through this
method was retained and considered for further analysis.
Results

Treatment cohort

In the study, 293 patients with 397 treatments
comprised the initial cohort. This data set consisted of a
range of primary disease sites, including breast (21%),
NSCLC (23%), colorectal (9%), and ovarian (17%). The
median age at the start of treatment was 67.84 years, and
the majority of treatments involved female patients. In
addition, 84% of treatments involved prior chemotherapy,
and 36% had prior radiation therapy at the treatment
location. There were 159 treatments to the liver, 145 to
the spine, and 93 to lymph nodes. Furthermore, 35 of the
spine treatments involved the sacral spine. Lymph node
treatments included 42 treatments of the hilar lymph
nodes, and 51 treatments of ovarian primary disease
metastatic to a range of primarily abdominal and peri-
gastric lymph nodes. Treatments involved a median 24
Gy in 3 fractions, corresponding to a BED of 43.2 Gy.
The most common liver dose-fractionation schemes were
30 Gy in 3 fractions, 36 Gy in 3 fractions, and 24 Gy in 3
fractions. Twenty-four Gy in 3 fractions was most
frequently delivered for treatments to the spine. The



Table 1 The patient population involved in the study is
described

No. Rate, %

Primary disease site
Breast 83 21
NSCLC 93 23
Colorectal 37 9
Renal 14 4
Melanoma 7 2
Prostate 15 4
Multiple myeloma 5 1
Ovary 69 17

Other gyn 12 3
Head and neck 10 3
Other* 52 13
Median age (y) 67.84 (31.47-92.31)
Treatments for males 134 34
Treatments for females 263 66
Prior chemotherapy 334 84
Prior radiation at
treatment location

143 36

Treatment site: liver 159 40
Cervical, thoracic, or
lumbar spine

110 28

Sacral spine 35 9
Lymph node 93 23
Median dose (Gy) 24 (6-50)
Median fractions 3 (1-6)
Median BED (Gy) 43.2 (9.6-112.5)
Median GTV (cc) 15.71 (0.3-368.8)
Median PTV (cc) 33.52 (0.4-586.09)

Abbreviations: BED Z biologically effective dose; GTV Z gross
tumor volume; NSCLC Z non-small cell lung cancer; PTV Z
planning target volume.

* The “other” primary tumors included: gastric, leiomyosarcoma,
urothelial, pancreatic, and others.
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median dose-fractionation for the hilar lymph nodes was
28 Gy in 4 fractions. Other lymph nodes were most
commonly treated with 20 to 24 Gy in 3 to 4 fractions or
30 to 40 Gy in 3 to 5 fractions. The median GTV and
PTV were 15.71 mL and 33.52 mL, respectively
(Table 1).
Outcomes

The overall survival of the cohort is demonstrated
in Figure 1a. The 2-year survival was 37%. After lesions
without imaging follow-up were eliminated from subse-
quent analysis, the local control of the cohort was
demonstrated in Fig 1b. In addition, 361 of the initial
397 were considered in this analysis. Two-year local
control was 71% via Kaplan-Meier analysis, and the
median time to failure was 10.81 months. A median
12.94 months of clinical follow-up was obtained with
this patient group.
Initial statistical analyses

Initial statistical analyses involved using univariate
analysis, Cox proportional hazards analysis, and the
Kaplan-Meier method to determine predictive factors for
local control. Univariate analysis demonstrated a number
of factors that met statistical significance, including
breast primary (PZ 7.76 � 10�8), NSCLC primary (PZ
3.85 � 10�5), and age (1.52 � 10�5). These results are
tabulated in Table 2. Cox proportional hazards analysis
was used to verify the relationships proposed via uni-
variate analysis (Fig 2). Key factors involved in this
analysis were primary tumor site, age, sex, prior treat-
ment, treatment target, BED, and PTV. Again, breast
primary (hazard ratio [HR] Z 0.17 [0.06-0.49]) was
predictive of local control, and ovarian primary was also
protective (HR Z 0.32 [0.10-0.98]). Increased age
demonstrated a small increase in risk of local failure (HR
Z 1.03 [1.00-1.05]). On the other hand, prior chemo-
therapy, NSCLC primary, and treatment target failed to
do so. In fact, the treatment target variables had very wide
confidence intervals. The analysis was reattempted after
eliminating those factors, but only minor changes in the
results were obtained.

Finally, Kaplan-Meier analysis was implemented to
consider the factors achieving statistical significance via
the other approaches. Regarding age, a threshold of
age >75 met statistical significance on univariate
analysis (P Z .0001), but this threshold failed to
demonstrate significance using the Kaplan-Meier
method (P Z .81). Similarly, prior chemotherapy
(P Z .49), breast primary (P Z .63), and NSCLC pri-
mary (P Z .38) all failed to demonstrate prognostic value
for local control. Lymph node targets did show improved
local control relative to other targets (P < .005). Addi-
tionally, ovarian primary tumors had improved local
control relative to other primary tumors (P < .005; Fig 1c
and d).

Decision tree analysis

First, a feature importance analysis resulted in the
elimination of primary melanoma, prostate, multiple
myeloma, ovary, other gynecology cancers, head and
neck, renal, and also a liver target for the SBRT (Fig E1).
Sacral spine cases met the importance threshold inde-
pendently of the cervical, thoracic, and lumbar cases, so
sacral cases were separated from the cervical, thoracic,
and lumbar treatments.

Next a correlation matrix and heatmap were generated,
which showed strong correlations between dose and
fractions with BED and GTV with PTV. Factors with a
correlation greater than 0.50 were eliminated, resulting in
dose, fractions, and GTV being cut from the subsequent
analysis. BED had a stronger initial feature importance



Figure 1 The (a) overall survival and (b) local control for the entire patient cohort are shown. Treatments for lymph node targets (c)
had improved local control relative to other targets (P <.005), and treatments with ovarian primary disease (d) had improved local
control relative to other primary disease sites (P <.005). Abbreviation: NSCLC Z non-small cell lung cancer.
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than dose and fractions, which is why it was chosen
instead of dose and fractions. The reasoning for keeping
PTV was similar.

A decision tree analysis was iteratively performed
through a range of split, leaf, and maximum depth criteria,
as well as considering a range of features and selection
criteria. The highest fidelity model demonstrated 93.10%
fidelity for the validation set and 87.67% accuracy when
subsequently applied to the test set (Fig E2).
RPA classes

From the decision tree analysis, 3 RPA classes were
determined. RPA class 3 was composed of patients with
NSCLC primary tumors and treatment targets other than
the cervical, thoracic, and lumbar spine. RPA class 2
included patients with primary cancers other than NSCLC
or breast and treatment targets of the sacral spine or liver.
RPA class 1 consisted of all other patients. This included
3 groups from the decision-tree analysis: all cervical,
thoracic, and lumbar spine treatments; lymph node treat-
ments without primary NSCLC or breast tumors; and
breast primary cancers with SBRT targets other than the
cervical, thoracic, or lumbar spines.
The RPA classes are demonstrated in Figure 3. RPA
class 1 consisted of 190 treatments, with 21 local failures.
RPA class 2 had 105 treatments, with 29 local failures.
Finally, RPA class 3 included 66 treatments, with 31 local
failures. Three-year local control rates for the classes
computed via the Kaplan-Meier method were 83%, 50%,
and 29%, respectively. Univariate analysis demonstrated
statistically significance differences between each of the
RPA classes, with respect to local control. Kaplan-Meier
analysis demonstrated statistically significant differences
between class 1 and class 2 (P Z 1.0 � 10�4) and be-
tween class 1 and class 3 (PZ 5.2 � 10�7). These results
are included in Table 3.
Discussion

The key result of this analysis is the development of 3
RPA classes for local control, a novel result compared
with other RPA studies considering overall survival.
These classes point toward the importance of primary
disease site and treatment target in the local control ach-
ieved with SBRT. Critically, primary NSCLC disease
resulted in poor local control, aside from when it involved
treatment of the cervical, thoracic, or lumbar spines.



Table 2 The predictors for local control are tabulated, along with the results of the univariate and Cox proportional hazards
analyses

Univariate HR Kaplan-Meier

Primary tumor site
Breast P Z 7.76*10

�8

HR Z 0.27 (0.10-0.73), P <.005 P Z .63
NSCLC P Z 3.85*10

�5

HR Z 1.44 (0.65-3.17), P Z .37 P Z .38
Colorectal P Z .78 HR Z 1.27 (0.48-3.36), P Z .62 *
Renal P Z .52 * *
Melanoma P Z .71 * *
Prostate P Z .85 * *
Multiple myeloma P Z .45 * *
Ovary P Z .12 HR Z 0.32 (0.10-0.98), P Z .05 P <.005
Other gyn P Z .6 * *
Head and neck P Z .0045 * *

Age P Z 1.52*10
�5

HR Z 1.03 (1.00-1.05), P Z .03 P Z .81y

Sex P Z .66 HR Z 1.51 (0.86-2.66), P Z .15 *
Prior chemotherapy P Z .021 HR Z 1.49 (0.80-2.75), P Z .21 P Z .49
Prior radiation therapy P Z .24 HR Z 1.20 (0.71-2.02), P Z .51 *
Liver P Z .042 HR Z 1.27 (0.00-1992.56), P Z .95 *
C, T, or L spine P Z 3.76*10

�4

HR Z 0.63 (0.00-996.11), P Z .9 *
S spine P Z .066 HR Z 1.70 (0.00-2717.54), P Z .89 *
Lymph node P Z 7.52*10

�4

HR Z 0.94 (0.00-1489.07), P Z .99 P <.005
Dose P Z .3 * *
Fractions P Z 6.49*10

�4
* *

BED P Z .67 HR Z 1.00 (0.99-1.02), P Z .72 *
GTV P Z .54 * *
PTV P Z .59 HR Z 1.00 (1.00-1.00), P Z .9 *

Abbreviations: BEDZ biologically effective dose; GTVZ gross tumor volume; HRZ hazard ratio; NSCLCZ non-small cell lung cancer; PTVZ
planning target volume.

* Indicates that the feature was dropped from the analysis.
y Age >75 was used a threshold for this analysis.
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Treatments targeting lymph nodes had high rates of effi-
cacy, particularly when the primary disease site was not
NSCLC. Furthermore, treatments to the liver and sacral
spine were moderately efficacious, compared with treat-
ments of the lymph nodes or C, T, or L spines. This fact
was only amended if the primary tumor was NSCLC
(poor local control) or breast (improved local control).

These results complement and build upon the foun-
dation laid by the development of other prognostic
models featuring large SBRT cohorts. Hong et al
considered a large, multi-institutional cohort of 361 pa-
tients to consider factors predictive of overall survival.
Their results also highlighted the importance of the pri-
mary disease site, as breast, kidney, and prostate cancer
patients demonstrated improved overall survival.30

Notably, key dosimetric and volume factors (dose,
BED, GTV, and PTV) failed to demonstrate statistical
significance for local control in this large cohort. This
result is somewhat surprising, as smaller target volume
has been shown to be predictive of local control in SBRT
targeting the lung, spine, and liver.34e36 Although it is
likely that smaller tumors do have improved local control,
the results here indicate that patients with larger tumors
may still be considered as potential candidates for SBRT.
Similarly, higher dose SBRT has generally been corre-
lated with improved local control and even survival.30,37

The impressive results of this large single-institutional
experience pose a hypothesis-generating question
regarding the utility of low-dose SBRT in patients for
whom high-dose therapy may be contraindicated.

Three key primary disease sites were identified.
Treatments for ovarian cancer demonstrated improved
local control relative to other treatment sites. Generally,
outcomes in ovarian cancer are poor, and recurrence rates
are high.38 Even so, SBRT has proven to be efficacious in
this setting, with some local control rates reported as high
as 92.9% at 1 year.39 Furthermore, toxicity is minimal,
with Lazzari et al reporting no grade �3 toxicity.40 These
results point toward the potential for the increased use of
SBRT in ovarian cancer, but further study is needed.
Similarly, patients with breast cancer may be predisposed
to significant benefit with local therapy.30 On the other
hand, NSCLC patients demonstrated poor local control,
aside from treatment to the C, T, or L spines. Manage-
ment of stage IV NSCLC is a complex medical scenario
that requires multidisciplinary care and decision-mak-
ing.41,42 Although SBRT can still play a role as local
therapy for metastatic disease, careful consideration



Figure 2 The Cox proportional hazards analysis for factors predictive of local failure is shown. Breast and ovarian primary disease
were predictive of local control (hazard ratio [HR]Z 0.17 and HRZ 0.32, respectively), and increased age demonstrated increased risk
of local failure (HR Z 1.03). Abbreviations: CI Z confidence interval; NSCLC Z non-small cell lung cancer; PTV Z planning target
volume; LN Z lymph node target.
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should be made for the addition of other treatment mo-
dalities, such as chemotherapy and immunotherapy.
Furthermore, the initiation of palliative care early in the
course of therapy for stage IV NSCLC may be of
benefit.41

The fact that treatments for lymph node disease
demonstrated improved local control was a surprising
result, as there is relatively little data in the literature
about SBRT use for this indication. Lymph node disease
consists of a heterogenous group, as radiation therapy
treatments can include regional lymph nodes or distant
Figure 3 The 3 recursive partitioning analysis (RPA) classes ar
respectively.
metastatic spread. For this reason, rigorous analysis of
these outcomes is difficult. Even so, results have been
encouraging. Yeung et al reported 1-year local control of
94%, and Loi et al noted only 15% local failure.28,29 Our
results indicate that lymph node disease could be
considered as an indication for treatment with SBRT in
carefully selected patients with oligometastatic disease.

The cervical, thoracic and lumbar spine treatments
demonstrated impressive rates of local control, and they
comprised a large group within RPA class 1. This result
that patients with spine metastases had improved local
e shown, with 3-year local control of 83%, 50%, and 29%,



Table 3 Key outcomes results are tabulated. Bolded values
indicate statistical significance

No. Rate

Treatments for
local control

361

2-y local control 71%
2-y overall
survival

37%

Median time to
failure (mo)

10.81

Median follow-
up (mo)

12.94

RPA outcomes Class 1 Class 2 Class 3
No. 190 105 66
Local failure 21 29 31
Crude local
failure rate (%)

11% 28% 47%

3-y local
control (%)

83% 50% 29%

Median time
to local failure
(mo)

15.38 5.5 11.25

Univariate;
Kaplan-
Meier

Reference 1.0 � 10�4;
<0.005

5.2 � 10�7;
<0.005

Univariate;
Kaplan-
Meier

1.0 � 10�4;
<0.005

Reference 0.012; 0.52

Abbreviation: RPA Z recursive partitioning analysis.
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control is intriguing, and it correlates with the findings of
Chen et al that patients with breast cancer with only bone
metastasis had improved survival, relative to other sites of
metastasis.10 Furthermore, C, T, and L spine treatments
even had impressive local control for NSCLC primary
tumors.

The fact the sacral spine treatments demonstrated in-
dependent feature importance relative to the C, T, and L
spine treatments is a relatively novel observation. Zeng
et al considered SBRT treatments of the cervical and
sacral spines and noted decreased local control in the
sacral spine at 2 years (78.7% vs 92.7%). They postulated
that high rates of epidural disease and technical chal-
lenges specific to SBRT for the sacrum as possible ex-
planations for this difference.43 Additional study is
recommended to help clarify this distinction.

The primary limitation of this study involves inherent
limitations of the data itself. The significant degree of
overlap between patients with primary ovarian cancer and
lymph node treatment targets in this data set puts into
question which of the 2 factors is the most significant
predictor of local control. Because primary ovarian
cancer failed to meet the threshold for significance for
inclusion in the decision tree analysis, it is most likely
that the lymph node target was the more significant pre-
dictor, but additional study is needed. The data were
obtained through retrospective review, which carries un-
avoidable biases. Furthermore, the dose-fractionation
schemes used for the various treatment sites were vari-
able, which may have obfuscated any predictive effects of
dose or BED. Given the impressive local control rates
with low-dose SBRT, especially for primary breast and
ovarian disease, usage of alternative radiation therapy
techniques aside from SBRT should also be strongly
considered. Additionally, although single institutional
study can be advantageous from the perspective of
decreased variability between institutional treatment
guidelines, it can limit the generalizability of a large
cohort study. Finally, there is significant variability in the
range of systemic treatments available for the different
primary tumors. As systemic treatment options continue
to evolve, different tumor histologies may gain a larger
benefit from SBRT.

Conclusions

A local control risk stratification model for SBRT to
sites of metastatic disease was developed. Treatment
target and primary tumor were identified as critical factors
determining local control. NSCLC primary lesions have
increased local failure for targets other than the cervical,
thoracic, or lumbar spines, and improved local control
was identified for lymph node sites and breast or ovarian
primary tumors.

Supplementary Materials

Supplementary material for this article can be found at
https://doi.org/10.1016/j.adro.2020.10.025.
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