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Abstract

Radiation oncology is among the most data-driven specialties in medicine. Recently, a wealth of peer-
reviewed data has been published supporting the treatment of oligometastatic malignancies, demonstrating
improved survival with metastasis-directed therapy, such as stereotactic body radiation therapy (SBRT),
when combined with appropriate patient selection and treatment. However, there are currently few, if any,
established guidelines that synthesize the abundance of data specific to radiotherapy into a single, easily
accessed resource for clinicians. ACROPath® is a major initiative of the American College of Radiation
Oncology (ACRO) that aims to present aggregated clinical pathway data in a highly usable format that is
readily accessible to clinicians at the point of care in real time. The oligometastases pathway is the first
published algorithm in this collection, with additional pathways anticipated in future publications. Clinical
radiation oncologists with expertise in the treatment and management of oligometastatic disease were
recruited from across ACRO’s diverse membership, including both academic and private practice physicians,
to ensure a broad-based experience and insight. Individual participants were assigned subsections of the
pathway for guideline development, and then, each subsection was presented to the full group for
evaluation and consensus development based on published data. Rather than presenting an unstructured set
of treatment options, as is common in other treatment guidelines, this initiative aimed to categorize
appropriate treatments based on published clinical evidence in a hierarchy further ranked by efficacy,
toxicity, and cost. Based on these strata, treatment recommendations were collated and grouped into three
rank categories (gold, silver, or bronze) to denote the degree of applicability. The team assembled an
interactive document that will eventually be available online, and it is summarized in detail here.
Recommendations are grouped both by the anatomic site of metastasis and by the primary tumor type,
recognizing that original histology might impact the treatment differently in different anatomic locations.
After a review of available published clinical evidence, the committee reached a consensus on all
recommendations presented, categorizing each option as gold, silver, or bronze to guide clinicians
appropriately. This first iteration of ACROPath® Oligometastases represents one of the few comprehensive
clinical decision support tools available for managing patients with limited metastatic disease. It presents
available data in a highly accessible, easily used reference, which will be formally reviewed and updated by
the committee as frequently as emerging data requires, likely at six- to 12-month intervals.

Categories: Radiation Oncology, Oncology, Quality Improvement
Keywords: cancer, clinical pathway, decision support tools, oligometastases, radiotherapy

Introduction

With the increasing complexity of cancer care and the evolution of treatment paradigms, physician decision
support tools are becoming an increasingly important part of the radiation oncologists” armamentarium.
The abundance of data and data sources being generated and published is expanding exponentially, making
it increasingly difficult for radiation oncologists to stay current with the growing body of emerging data
across all cancer types. Moreover, the prior authorization process used by many insurers now requires citing
appropriate references to support a given approach to care, particularly when the situation is uncommon. In
2022, the ACRO Board of Chancellors (BoC) developed a plan for assembling a broad set of practice support
tools organized into clinical pathways based primarily on disease sites. Early in the process, the organizers
realized oligometastatic disease represents a unique category of cancer presentation with management
challenges that warrant its own pathway. This publication and the forthcoming online content represent the
culmination of the effort and the first public release of an ACROPath® document.
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Defining oligometastatic disease

The Hellman-Weichselbaum hypothesis originally defined oligometastasis as a transient phase in cancer
progression between primary localized cancer and widespread polymetastatic dissemination [1]. Several
numerical or anatomic criteria have been proposed to define oligometastatic disease [2,3], although recent
and ongoing studies continue to vary in their specific definitions. Our panel acknowledged that five or fewer
lesions involving three or fewer organs are generally accepted by most authors as potentially amenable to
aggressive ablative management, with exceptions for cases involving more lesions if all can be definitively
treated. We have considered that multiple brain metastases represent a single site of disease, provided all
lesions can be treated with appropriate radiotherapy. The European Organisation for Research and
Treatment of Cancer (EORTC) categorizes patients with limited metastases as being “genuine,” having no
history of polymetastatic disease, and “induced,” having had prior polymetastatic disease which responded
to systemic therapy [4]. The same group defined “oligoprogression,” meaning that a patient has progressive
disease in a small number of areas. Our recommendations are designed to apply to patients in potentially all
of these situations.

Value of treating oligometastases

Aggressive treatment of oligometastatic disease has proven to be one of the most substantial advances in
radiation oncology over the past decade. Available scientific data has demonstrated improved outcomes,
including survival for certain cancers. In patients with oligometastatic colorectal cancer, treatment of
metastatic lesions with stereotactic body radiation therapy (SBRT) yielded a five-year overall survival (OS),
local progression-free survival (PFS), and distant PFS of 45%, 83%, and 27%, respectively, with no
significant change in patient-reported quality of life (QoL) [5]. One of the most often cited studies of SBRT’s
utility in treating oligometastases, the SABR-COMET study, demonstrated that with a controlled primary
tumor and 1-5 metastases, treatment of the individual metastatic sites resulted in an almost 50%
improvement in OS, increasing from 28 months in the control group to 41 months in the SBRT-treated
group [6]. A prospective phase 2 trial of 147 patients demonstrated efficacy with statistically improved
patient-reported QoL scores at six and 12 months [7].

SBRT is a high-value treatment, with a total cost for American patients insured by Medicare typically under
US$10,000 for an entire course, compared to the average wholesale price of a single 1500-mg dose of
durvalumab that exceeds $13,000 and is typically administered every two weeks for an indeterminate
period [8]. A cost-effectiveness analysis of SBRT for oligometastases found that SBRT compared favorably to
standard systemic drug therapy, leading to an improvement of 1.88 quality-adjusted life years [9].

Technical Report

ACRO is a diverse medical specialty organization comprising domestic and international academic, private
practice, clinicians, physicists, and administrators in radiation oncology. The scientific committee identified
subcommittee leaders for each ACROPath® disease site, and each subcommittee chair worked with the
program chairs to recruit appropriate topic-specific participants. Individuals from a range of practice
settings were recruited to ensure a balance of diverse practice patterns and philosophies. Subcommittee
chairs assigned participants to subsections of the pathway for preliminary guideline development. This
process included a thorough review of the available literature to ensure the guidelines are evidence-based.
Thereafter, each section was presented to the full group for editing.

All recommendations in the pathway are based on peer-reviewed evidence and rationale, and no portion of
the pathway recommendations is considered “experimental” or otherwise lacking sufficient literature
support for routine use. The committee is aware of other guidelines ranking the quality of data using specific
metrics, such as grading individual studies and evidence, though we have intentionally avoided listing
studies encyclopedically with a particular grade, as many of our constituents find this approach confusing,
making the selection of a particular approach more difficult. We have therefore opted to rank recommended
approaches as gold, silver, or bronze based on the literature. Gold recommendations are those that are
typically appropriate for all patients, with limited exceptions, and are generally the preferred approach.
Silver recommendations are usually regarded as equally efficacious as gold, but potentially not as convenient
or potentially less well-supported in the literature than gold regimens. Bronze recommendations are those
that represent a reasonable compromise when gold or silver recommendations cannot be achieved or when
the patient’s situation necessitates special consideration. All recommendations presented in this or future
ACROPath® documents are considered reasonable and appropriate standards of care (SOC), provided there

is proper clinical rationale. Recognizing the diversity of practice situations, we acknowledge that there may
be circumstances where the equipment and resources needed to administer gold-standard treatments are not
readily available. In these circumstances, the clinician should weigh the merits of a silver or bronze

approach against the feasibility of obtaining care for the patient at a better-equipped center. Only the
treating physician and the patient can collaboratively make the optimal choice, and the accessibility of care
must be given appropriate weight in the decision-making process.

As with all guidelines and clinical support tools, ACROPath® recommendations should never replace the
intellect, logic, and reasoning of an experienced clinician, in combination with patient and caregiver
dialogue and shared decision-making. Furthermore, failure to follow this decision support tool should not
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automatically be considered inappropriate, as no single document can guide all situations adequately, and
we acknowledge the existence of alternate forms of guidance. There will always be exceptions to every
“rule.” We intend to review and potentially revise the online components of each pathway as emerging data
dictates, likely every 6-12 months, with significant changes and updates to be submitted for publication in
the future as appropriate.

General recommendations: pretreatment management

Our panel recommends that, whenever possible, patients with oligometastatic disease be managed by an
experienced multidisciplinary treatment team, including oncologic and supportive care providers. Critical
considerations include the use of prognostic modeling to determine whether there is a likely benefit of
“ablative”-type therapies, such as SBRT, vs. palliative approaches or supportive care. High-risk mutations
such as TP53, ATM, BRCA1/2, or RB12 portend a potentially worse outcome, and for such patients, the scope
of metastasis-directed therapy (MDT) and alternatives to radiotherapy should be considered [10]. Depending
on the sites of metastases, whole-body (i.e., “eyes-to-thighs”) PET/CT with the optimal tracer is the
preferred imaging option, with MRI or functional MRI as reasonable options when available. CT imaging is
the minimum imaging needed. When SBRT is used, it should be performed with utmost precision to
optimize efficacy and ensure patient safety. Quality assurance measures, such as phantom-based verification
of treatment dose and delivery patterns prior to patient treatment, are essential.

General recommendations: treatment volume determination

The panel recommends expansion of the gross tumor volume (GTV) or internal target volume (ITV) to the
planning target volume (PTV) be determined based on whether the target is the bone (with potential
differences for vertebral bodies vs. other bones), soft tissue, or lymph nodes, as well as the capabilities of the
radiotherapy equipment. In all situations, PTV coverage may be reasonably sacrificed (or the PTV margin
reduced) to ensure sufficient protection of critical organs at risk (OAR). In general, bone GTV/ITV to PTV
adjustment should be 5-10 mm. As noted above, such expansion may not be reasonable for vertebral bodies,
and treatment in these cases may warrant special consideration, as discussed subsequently. Nodal target
expansions may be reduced with accurate imaging (i.e., 2-10 mm). Such volumes may also include a clinical
target volume (CTV) to address the concern for microscopic involvement of adjacent nodes, at the treating
physician’s discretion and as anatomy allows. Furthermore, the expansions mentioned here should be
modified when there is evidence of known setup certainty or uncertainty.

General recommendations: dose selection/prescription

The biologically equivalent dose (BED) and primary lesion or biopsied metastasis histology must be
considered when selecting doses, with higher doses preferred for colorectal primary tumors, melanoma, and
renal cell carcinoma [11,12]. There are two possible approaches to target dose volume assessment. The first
approach is to use a homogeneous dose, wherein the PTV is covered by the 95%-100% isodose line (IDL).
Alternatively, a heterogeneous dose distribution may be chosen, such that the PTV is covered by at least the
80% IDL, allowing for substantial internal hotspots. Consideration should be given to the evaluation of the
conformity index, gradient index, heterogeneity index (HI), and inverse Paddick [13-15]. In the case of the
Radiation Therapy Oncology Group (RTOG) conformity index, defined as the volume of the prescription
isodose surface divided by the target volume, a value of 1.0 would be ideal, a value higher than 2.0 would
violate protocol (at the time the parameter was established), and a value of 1.2 would be considered very
good. The HI is defined as the ratio of the maximum dose in the treatment volume to the prescription dose,
which indicates the magnitude of treatment plan “hotspots.” When established by the RTOG, a radiosurgery
plan was deemed per-protocol if the HI was less than 2.0.

General recommendations: image guidance and motion management

Motion management is particularly important for targets in the chest and upper abdomen due to respiratory
excursion. Optimally, the creation of an ITV should be done with a 4D CT by contouring individual phases of
the scan. The combination of each phase of the GTV makes up the ITV, as defined by the International
Commission of Radiation Units and Measurements (ICRU) [16]. Alternative means for generating an ITV
include performing inspiration and expiration scans and calculating the dose using a free-breathing scan
obtained at the same isocenter. Breath-hold techniques are acceptable for patients who can tolerate them
and can obviate the need for creating an ITV. Alternative approaches include gated treatment delivery, in
which the beam is activated only when the patient’s breathing cycle is within a stable range; tracking, in
which the beam aperture or the linear accelerator itself moves with target motion; or direct tumor motion
tracking, which is aided by internal or external fiducials or surrogates.

The motion of the tumor must be considered in any form of image guidance used. Typical methods include
the use of cone-beam CT and cross-fire/orthogonal single-plane imaging. Implanted fiducial markers can aid
in targeting when feasible. Advanced methods include 4D cone-beam CT imaging, which allows the
radiation oncologist to observe tumor motion as the patient breathes. This is particularly useful for patients
who cannot tolerate breath-hold techniques. For all targets impacted by respiratory excursion, abdominal
compression can serve as an adjunct to limit such motion, provided it is reproducible.
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For any type of image guidance, bony alignment is usually initially performed with refinement based on the
position of the soft tissue target or ITV. For the treatment of multiple metastases with a single isocenter,
such as lung nodules, it is critical to recognize the nodules may shift relative to each other and relative to
bony anatomy. When metastases are separated by more than 5 cm, we recommend considering alignment
and treatment delivery to each target individually.

General recommendations: concurrent systemic therapy

Concurrent systemic therapy and SBRT are topics of investigation; however, until more studies are available,
we recommend that chemotherapy and other biologically and chemically targeted therapies be administered
concurrently with patients treated with standard fractionation, but not during SBRT [17-19]. Concurrent
immunotherapy with PD1/PDL1 inhibitors may be considered. The integration of systemic therapy and SBRT
will be monitored and updated in future iterations of this pathway.

Site-specific recommendations: lung metastases

Our consensus for the treatment of lung metastases is summarized in Table 1.

Gold Silver Bronze
Motion inclusive * gating (4D CT Motion inclusive (normal inspiration and expiration, .
i ' inclusive * gating (: ) ion inclusive (| inspirati xpirati s el 67

tracking slow CT)

4D CT + MIP + PET fusion MIP Free-breathing CT

10-12 Gy x 5; 15-18 Gy x 3; 12-12.5

U b 10 Gy x 5; 34 Gy x 1 Same

Gy x 4

10-11 Gy x5 12Gyx4;75Gyx8 4 Gy x 12-15
2.5 Gy x 20; 2.0 Gy x 25-

7.5Gy x 8;6-7 Gy x 10 4Gy x12-15 ” s us
No alternate

2.0 Gy x 25-30; 2.5 Gy x 20 No alternate recommendation '

recommendation

TABLE 1: General approaches to radiotherapy management of lung metastases

MIP, maximum intensity projection.

The location of the tumor is critical for determining the optimal treatment approach, which may involve
SBRT or more conventionally fractionated radiation therapy [20]. Peripheral tumors are defined as those
located more than 2 cm from the proximal bronchial tree, with no PTV overlap with the mediastinum or
pericardium. For such tumors, an SBRT dose of 48-60 Gy over 3-5 fractions is most commonly employed,
though alternatives are available, as shown in Table /. Central tumors are those located within 2 cm of the
proximal bronchial tree and are most commonly treated with SBRT doses of 50-55 Gy in five fractions.
Ultracentral tumors are those that overlap the proximal bronchial tree and/or critical mediastinal structures.
For such patients, five-fraction (or shorter) SBRT regimens are not advised, though hypofractionated
approaches, like those described in Table I, are reasonable.

As with all forms of radiation therapy, consideration of normal tissue dose constraints is crucial. As with
other sites of treatment, the HyTEC publications [21] and the compilations of Timmerman [22] provide the
majority of dose limits recommended by the committee, as shown in Table 2.
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Three fractions Four fractions Five fractions
Typical dose total 54 Gy (18 Gy/fx) 48 Gy (12 Gy/fx) 60 Gy (12 Gy/fx)

Chest wall (less PTV)  V40Gy <5 mL, Dpax 50 Gy, V30Gy  V43Gy < 5 mL, max 54 Gy, V30Gy  V45Gy < 5 mL, max 57 Gy, V30Gy
limit <30cc <30cc <30cc

Total/bilateral lung limit  V20Gy < 10%, mean < 8 Gy V20Gy < 10%, mean < 8 Gy V20Gy < 10%, mean < 8 Gy

. o V22Gy < 3 mL, max point dose 26 V24.8Gy < 3 mL, max point dose V27Gy < 3 mL, max point dose
Brachial plexus limit

Gy 29.6 Gy 32.5 Gy

Aorta limit Dmax 45 Gy, V39Gy < 10 mL Dnax 49 Gy, V43Gy < 10 mL Dmax 53 Gy, V47Gy <10 mL
Trachea and large Dinax 43 Gy, V39Gy <5 cc Dpnax 47 Gy, V42.4Gy <5 cc Dpnax 50 Gy, V45Gy <5 cc
bronchus

Spinal cord Dax 22.5 Gy, V15.9Gy <0.35¢cc  Dpax 25.6 Gy, V18Gy < 0.35 cc Dpnax 28 Gy, V22Gy < 0.35 cc
Stomach limit Dmax 30 Gy, V22.5Gy <5 cc Dpax 33.2 Gy, V25Gy <5 cc Dmax 35 Gy, V26.5Gy <5 cc
Skin limit Dmax 33 Gy, V31Gy <10 cc Dpax 36 Gy, V33.6Gy <10 cc Dax 38.5 Gy, V36.5Gy < 10 cc

TABLE 2: Normal tissue constraint recommendations for the treatment of lung metastases

Values in this table are adapted from works by Grimm et al. [21] and Timmerman [22].

The committee regards chest wall/rib constraints as a “soft” constraint, and the risk of pain or fracture
should be weighed against the risk of inadequate tumor control.

Site-specific recommendations: hepatic metastases

The ACROPath® panel particularly recommends aggressive treatment of liver metastases in patients with
oligometastatic colorectal cancer (and potentially other histologies) who have a limited number of
metastases and are unable to undergo resection. In general, the committee regards patients with a limited
number of metastases (i.e., 1-5 lesions), each measuring less than 5 cm in size, to be optimal candidates for
liver SBRT. More important than the absolute number or size of the metastases is the amount of functioning
healthy liver remaining after radiation treatment [23-26]. Treatment of hepatic lesions should be considered
in any case of oligometastatic cancer with a limited number of unresectable metastases. It is also reasonable
to consider treatment in those with oligoprogressive cancer, oligorecurrent cancer, or symptomatic
polymetastatic cancer, especially when local control is a critical factor in the patient’s overall prognosis.
Treatment of liver metastases should be approached cautiously and may be contraindicated in patients with
more than oligometastatic disease or those with impaired hepatic function due to disease burden with
hyperbilirubinemia (typically those with a Child-Pugh score of B9 or C) [27-29].

Consistent and reproducible patient positioning is critical and should include (as appropriate) abdominal
compression, breath-hold techniques, respiratory gating, or the use of fiducial markers, particularly when
tumor motion is greater than 5 mm. If tumor motion is less than 1 cm, an ITV may be sufficient; however, for
motions greater than 1 cm, active motion management or amplitude-based gating is preferred.

Treatment of liver metastases can involve SBRT approaches, other hypofractionated treatment regimens, or,
in carefully selected cases, whole-liver treatment. For SBRT, the dose range is broad, though the majority of
treatments fall within 45-60 Gy in 3-5 fractions. Hypofractionated (non-SBRT) dosing is commonly
administered over 15 fractions to a dose of 67.5 Gy and is appropriate for patients with acceptable liver
function but a somewhat greater burden of disease [30]. It is recommended that at least 700 cc of normal
liver tissue be spared (i.e., receives less than 15 Gy). For patients unable to tolerate more aggressive
therapies, palliative whole-liver radiotherapy with a dose of 21 Gy delivered over seven fractions is
reasonable [31].

Site-specific recommendations: brain metastases

Between 25% and 40% of cancer patients will develop brain metastases during the course of their disease,
with cancers of the breast, lung, and melanoma being the most common primary sites. Early detection is
critical to effective treatment and is typically achieved through high-resolution contrast-enhanced MRI of
the brain. This imaging study should be part of the initial evaluation for small cell or neuroendocrine cancers
and considered when symptoms warrant other malignancies. Double-dose gadolinium contrast may improve
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detection, particularly for small lesions. Optimally, the interval between imaging and treatment should be
10 days or less [32]. Over the past two decades, treatment strategies have evolved from combination
radiosurgery and whole-brain radiation [33] to whole-brain radiotherapy with conformal avoidance of the
hippocampi [34] and to stereotactic radiosurgery (SRS) or fractionated stereotactic radiotherapy (fSRT)
alone.

In oligometastatic patients, SRS/fSRT alone is reasonable for tumors of any histology, provided there are a
limited number of metastases in the brain. While the specifics of this approach are rapidly changing, the
current maximum for this strategy is 10 brain metastases [35], though factors such as the treating radiation
oncologist’s experience with multi-target approaches, geometric characteristics of lesions and their
positions, and dosimetric limitations should be taken into consideration when determining any particular
"limit." Surgery may be considered in highly selected patients who have symptomatic disease that is
amenable to complete resection and controlled, limited, and/or no evident extracranial disease. Surgery may
be particularly useful in patients with severe symptoms and/or significant edema. Whole-brain radiotherapy
should be considered postoperatively in patients with extensive intracranial disease, those with more than
10 metastases, those with uncontrolled extracranial disease, and those with tumors of small cell or
neuroendocrine histology. When used, whole-brain radiotherapy should employ hippocampal avoidance
(HA), provided lesions are not within 5 mm of the hippocampi, or the avoidance structure should be
modified accordingly [36]. Memantine is routinely used in whole-brain radiotherapy patients to reduce the
neurocognitive impact of such therapy [37]. The gold/silver/bronze recommendations for approaching brain
metastases are provided in Figure ! for non-small cell histologies and in Figure 2 for small cell histologies.

Brain Metastases Radiotherapy, Non-Small Cell Histologies

GOLD SILVER BRONZE
No Prior WBRT SRS WBRT Partial Brain, BSC
<10 mets
(OGRS WBRT SRS Partial Brain, BSC
>10 mets
Prior WBRT SRS Partial Brain Steroids, BSC
Progression after . ) A ) Observation,
prior WBRT/SRS or SRS, Partial Brain Partial Brain Steroids, BSC

during surveillance

FIGURE 1: ACROPath® recommendations for the treatment of brain
metastases from non-small cell malignancies

SRS: stereotactic radiosurgery or fractionated stereotactic radiosurgery, WBRT: whole-brain radiotherapy, BSC:
best supportive care, mets: metastases.

2024 Jahraus et al. Cureus 16(11): e74098. DOI 10.7759/cureus.74098 6 of 14


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://assets.cureus.com/uploads/figure/file/1236472/lightbox_176937a07adc11ef8877b3ad114dcac8-NSC-Brain-Mets-Figure.png

Cureus

Part of SPRINGER NATURE

ACRO
PP==S Published via Contemporary Updates:
° Radiotherapy Innovation & Evidence (CURIE)

Brain Metastases Radiotherapy, Small Cell/Neuroendocrine

GOLD SILVER BRONZE
PCI SRS, if Limited
Dewly i Steroids, BSC
Diagnosed WBRT Disease
Brain Mets SRS, if Limited
Without Prior PCI WBRT Disease SIS
Prior PCI SRS Partial Brain RT Steroids, BSC
Recurrent or Observation,
Identified During SRS Partial Brain RT Steroids, BSC

Surveillance

FIGURE 2: ACROPath® recommendations for the treatment of brain
metastases from small cell and neuroendocrine malignancies

PCI: prophylactic cranial irradiation, WBRT, whole-brain radiotherapy, SRS, stereotactic radiosurgery or
fractionated stereotactic radiosurgery, RT: radiation therapy, BSC: best supportive care.

For clarity, PCI regimens should not be used for patients who have radiographic evidence of existing metastatic
brain disease, but rather as a preventative strategy in patients who are at risk of developing brain metastases.

For patients treated with whole-brain radiotherapy and HA, the committee recommends a dose of 30 Gy in
10-12 fractions, with dose limitations as specified by Gondi et al. [34]. For patients unsuitable for HA, a
similar fractionation regimen may be used, though 35-37.5 Gy in 14-15 fractions is preferred by some. Doses
for single-fraction radiotherapy typically depend on lesion size and histology, with lesions < 2 cm receiving
21-24 Gy, those > 2 cm up to 3 cm receiving 18 Gy, and those >3 cm up to 4 cm receiving 15 Gy [38].
Fractionated SRS/fSRT dose data varies in the literature. Considering such data, the committee recommends
that doses should be administered by size for three-fraction regimens, with those in the 2-3 cm range
receiving 24 Gy and those in the 3-4 cm range receiving 27 Gy [39-41]. The dose for five-fraction fSRT is
typically 35 Gy [42-44], and staged SRS for tumors ranging from 2-4 cm is administered as 18 Gy in one
fraction, followed by a second fraction of 15 Gy one month thereafter [45]. Interested readers are again
referred to the HyTEC papers and the Timmerman tables [21,22] for appropriate dose constraints. Treatment
plan quality can be evaluated using metrics including conformity index, gradient index, HI, and inverse
Paddick, as described previously.

Site-specific recommendations: bone metastases (non-spine)

The treatment of oligometastatic bone disease is indicated for symptomatic osseous lesions when the
objective is palliation of bone pain and delay or prevention of disease progression, and it is indicated in
asymptomatic osseous lesions when the goal is local control, delay of disease progression, postponement of
further treatment, reduction of the risk of impending pathologic fracture, and/or to aid systemic treatment
as part of a broader therapeutic strategy. Treatment should proceed with caution and could be
contraindicated when blood counts are critically low, as further bone marrow exposure could exacerbate
blood count deficits. Caution is also advised when using SBRT for large and expansile bone masses where
doses could exceed normal tissue constraints.

Extrapolating from spinal treatment, higher doses of radiation have generally been associated with superior
local control over traditional palliative regimens. Therefore, SBRT is appropriate for well-selected patients;
however, traditional means may be preferred, depending upon treatment locations and limits imposed by
adjacent OAR [46-48]. Available data on whether SBRT improves pain response over traditional means is
conflicting; nonetheless, as part of an oligometastatic treatment strategy, we consider SBRT appropriate for
local control and delayed progression. If SBRT is employed, particular attention to immobilization of the
area treated is critical. Custom patient positioning devices are generally required, and for rib lesions,
respiratory excursion must be considered, corrected for, and limited.
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For treatment of the axial and appendicular skeleton (i.e., bone metastases other than those in the spine),
five-fraction regimens typically deliver doses ranging from 7 to 12 Gy, depending on the size of the treated
volume and proximity to the adjacent OAR. Other reasonable fractionation options include 48 Gy
administered over four fractions and 27-36 Gy administered over three fractions. Single fractions of 16-24 Gy
may be considered, depending on the volume and adjacent OAR. Normal tissue dose constraints typically
dictate the optimal treatment fractionation. Overall guidance is provided in Table 3.

Gold Silver Bronze
o Oligoprogression or ) . - .
Indications for . . . Oligometastases, 5-10 sites (clinical trial or
Oligometastases, 1-5 sites palliation/local control (e.g.,
SBRT ) very select use)
spine)
. Other histologies (e.g., Breast cancer (very select use in
Histology for . . .
MDT Prostate cancer, lung cancer breast, colorectal, sarcoma,  oligoprogressive or conventionally staged
renal cell, melanoma) only oligomet cases), small cell
Volume RTP scan (soft tissue and bone

delineation/image windows), Dx CT scan, PET if
fusions applicable, MRI +/- C, 4D CT + MIP (ribs)

Dose (BED3 Gy) X1 (153-216)

RTP scan Dx CT scan PET if RTP scan only three-phase respiratory
applicable RTPs (ribs)

7,9-10 Gy x 5 (117, 180-

8 Gy x 5 (147); 10 Gy x 3 (130); 20-24 Gy 9 Gy x 3 (108); 12 Gy x 2 (120); 16-18 Gy

217); 12 Gy x 4 (240); 11-12

1(101-126
Gy x 3 (154-180) x1( )

TABLE 3: General management approach to SBRT for non-spine bone metastases

SBRT: stereotactic body radiation therapy, MDT: metastasis-directed therapy, BED: biologically equivalent dose, RTP: radiotherapy planning, Dx:

diagnostic.

Site-specific recommendations: vertebral body/spine metastases

Unique among bone metastases are those impacting the vertebral bodies, owing to their immediate
proximity to the spinal cord, cauda equina, and nerve roots. Vertebral bodies are also structurally essential
weight-bearing bones, making it important to remember that vertebral fractures are a relatively common
late side effect of high-dose radiotherapy [49]. SBRT offers promising potential for control, but alternatives
should be considered, particularly when three or more contiguous vertebral bodies are involved. Acceptable
dose ranges include 16-24 Gy in a single fraction, 24-30 Gy in three fractions, and 35 Gy in five fractions,
with fractionated treatments delivered every other day. The risk of compression fracture increases with
higher biologically equivalent doses. Sharp dose gradients are essential, particularly at the junction of the
vertebral body and the thecal sac, with dose limitations outlined in the previously referenced works [21].

Site-specific recommendations: adrenal metastases

Though commonly observed as a site of metastasis, treatment of adrenal lesions poses unique challenges,
owing to the proximity of the small bowel and the need to limit its dose. Optimal simulation is performed
with oral contrast media administered 15-30 minutes prior to ensure adequate small bowel visualization. If
SBRT is performed on bilateral nodules, there is a potential for lesions to shift relative to each other and
bony metastases, so alignment to each side individually is typically required. If adequate motion
management is not possible, more conventionally fractionated treatment may be required. The
recommended approach to adrenal metastases is detailed in Table 4.
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Gold Silver Bronze

Motion inclusive + gating (4D Motion inclusive (normal inspiration and

Motion management i L Free-breathing CT
CT) tracking expiration, slow CT)

Target definition 4D CT + MIP + PET fusion MIP/ITV Free-breathing CT
Size < 5 cm and can meet 5-fx Gl 25Gyx20;20G

_ 8-10 Gy x 5 56 Gy x 10; 7.5 Gy x 8; 6-7 Gy x 5 Y v
tract constraints x 25-30
Size > 5 cm or cannot meet 5-fx Gl 2.5Gyx20;2.0G

. 7.5 Gy x 8; 56 Gy x 10 4Gy x12 v v
tract constraints x 25-30

TABLE 4: ACROPath® treatment algorithm for adrenal gland metastases

MIP: maximum intensity projection, ITV: internal target volume.

For optimal simulation, administer oral contrast media 15-30 minutes prior for small bowel visualization.

Site-specific recommendations: lymph node metastases

SBRT as metastasis-directed treatment (MDT) for lymph node disease is effective, offering a high potential
for local control and improved PFS with an overall low risk of severe toxicity when planned appropriately.
When considering whether or not the disease is oligometastatic, immediately adjacent nodes are generally
considered as a single site, and for thoracic disease, adjacent mediastinal and hilar nodes are considered a
single site. Motion management should be considered for all areas impacted by respiratory excursion. In
general, the CTV/ITV should be expanded by 0.8-1.5 cm for non-SBRT approaches and as feasible for SBRT
approaches. Particularly with prostate cancer, treatment of the adjacent nodal bed should be considered. The
strongest support for ablative treatment of oligometastatic nodal disease exists for prostate cancer, for non-
small cell lung cancer (NSCLC), and for recurrent cancers of the head and neck. Supportive data also exists
for colorectal cancer metastases, as well as for cancers of the breast, upper GI tract, gynecologic structures,
and anus, in addition to melanoma and renal cell carcinoma [50-54].

The dose and treatment regimen (i.e., standard fractionation, hypofractionation, or SBRT) are based largely
on the site of the nodal metastases. In the mediastinum, hypofractionated treatment of 45 Gy in 15 fractions
is reasonable, as is SBRT using doses of 25-40 Gy in five fractions, provided OAR constraints can be met. For
nodes in the abdomen, 24-30 Gy in three fractions or 33-45 Gy in five fractions may be feasible. In the
pelvis, common regimens include 20-50 Gy in 3-5 fractions for SBRT. Standard fractionation is typically 50
Gy in 25-28 treatments, and hypofractionation with a simultaneous integrated boost (SIB) may be useful for
the treatment of involved nodal disease and adjacent areas simultaneously. For SIB, the panel recommends
consideration of 25 fractions using 1.8 Gy for the elective areas and 2.2-2.7 Gy for known diseases.

Origin-specific recommendations: prostate cancer

The data for which patients benefit most from MDT continues to evolve, and biomarkers for prognostic use
are in development. For now, existing data suggests lymphatic and bone metastases from prostate cancer
respond more favorably than visceral lesions, given the more aggressive and mutated state of prostate
visceral metastases [55].

The SABR-COMET study provided encouraging data supporting aggressive treatment of oligometastatic
disease with MDT vs. systemic treatment alone. In this phase 2 randomized controlled trial (RCT), 16% of
those enrolled were prostate cancer patients. The 8-year OS for all patients nearly doubled from 14% with
systemic treatment alone to 27% with the addition of MDT (p = 0.008) [56]. Also encouraging are the results
from the STOMP trial, which compared MDT to surveillance in PET-detected recurrent prostate cancer [52].
The authors found a 34% androgen blockade-free survival in MDT patients vs. 8% in surveillance patients.
Finally, the addition of SBRT to androgen blockade was demonstrated beneficial in both the EXTEND and
ARTO trials, with the ARTO trial showing an improvement in biochemical failure-free survival and

PFS [57,58]. The use of prostate-specific membrane antigen (PSMA) PET imaging has greatly improved our
ability to identify oligometastases in prostate cancer and should routinely be used in evaluating patients
with potentially recurrent disease.

The integration of SBRT and radioisotope therapy in the treatment of metastatic prostate cancer represents
a promising advancement. It leverages the precision of SBRT to deliver high doses of radiation directly to
tumors while using radiopharmaceutical agents to enhance the targeting and effectiveness of the treatment.
This combined approach aims to improve survival rates and QoL for patients with metastatic prostate
cancer.
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A detailed review of completed critical trials [59], as well as ongoing clinical trials, suggests each lesion may
be treated with one, three, or five fractions, depending on the local practice of specific institutions and
treating physicians. We recommend incorporating next-generation imaging to determine GTV target
volumes, recognizing that PET uptake does not correlate exactly with disease extent. In some cases, high
SUV “shine” can overestimate tumor volume. Unique to prostate cancer as a disease site is that most clinical
trials to date have utilized conventional imaging in the determination of the total number of sites of disease,
as newer techniques such as PSMA PET were not yet available [60]. The dose is commonly prescribed to the
minimum IDL that covers the PTV. Acceptable fractionations and dose levels suggested are as follows: for
one fraction, the preferred dose is 20 Gy, with a range of 16-24 Gy; for three fractions, the preferred dose is
30 Gy, with a range of 24-33 Gy; for five fractions, the preferred dose is 35 Gy, with a range of 25-40 Gy. For
targets adjacent to the kidneys, we recommend using SBRT delivered in 3-5 fractions, accounting for
potential absorbed doses from specific radiopharmaceuticals.

In all cases, the actual dose and fractionation will depend on the size and location of the lesion and the
surrounding normal tissue constraints, but the dose should remain within acceptable dose levels. In addition
to other limits noted, OAR doses for surrounding normal tissue constraints can be in accordance with the UK
2022 Consensus on Normal Tissue Dose-Volume Constraints for Oligometastatic, Primary Lung and
Hepatocellular Carcinoma Stereotactic Ablative Radiotherapy [61]. Note these are suggested constraints and
are to be used as guidance only. Final radiotherapy plan evaluation must always remain the treating
clinician’s responsibility.

Origin-specific recommendations: breast cancer

In general, oligometastatic breast cancer patients treated with SBRT have favorable outcomes compared to
those treated with traditional palliative or supportive management, with studies demonstrating high control
and low toxicity. Those with bone metastases tend to do better than those with non-bone

metastases [62,63]. The previously cited SABR-COMET study population included 18% breast cancer
patients, with nearly double the number surviving 8 years. The range of biological behaviors among breast
cancers has made this patient subgroup challenging in some analyses, even in cooperative group trials [64].
The authors believe future data will further guide and refine the approach to SBRT in more well-defined
subgroups of metastatic breast cancer patients.

Origin-specific recommendations: lung cancer

Patients with oligometastatic lung cancer are a particularly appropriate target for MDT due to the high
incidence of oligometastases, which is reported to be 20%-50%. NSCLC patients with 1-5 metastases and an
ECOG performance score of 0-2 are ideal candidates for aggressive treatment with SBRT. Iyengar et al.
reported a trial in which PFS significantly improved from 3.5 months with maintenance chemotherapy alone
to 9.7 months with the addition of SBRT (p = 0.01), with no in-field failures and fewer overall recurrences in
the SBRT arm [51]. The CURB trial was a phase 2 RCT comparing SBRT to SOC palliative treatment in
oligometastatic breast and lung cancer patients. The PFS in NSCLC patients was dramatic at 44 weeks with
SBRT vs. 9 weeks with SOC (p = 0.004) [65]. Committee members regard the consideration of MDT in such
NSCLC patients as critical to optimal care.

Origin-specific recommendations: other histologies

For less frequently occurring malignancies, SBRT appears effective, though less supporting data is available.
We are encouraged by studies suggesting that a fairly low BED may be effective in the treatment of ovarian
cancer metastases with SBRT, with efficacy seen in doses as low as 25 Gy in five fractions [66]. In metastatic
melanoma, there are indications that coordinated treatment with SBRT combined with immunotherapy
using nivolumab and ipilimumab improves OS in both symptomatic and asymptomatic brain metastasis
patients [67]. The breadth of malignancies included in the largest oligometastatic disease trials leaves us to
conclude that the merits of MDT likely extend to most malignancies.

Discussion

The following represents the committee’s view on the optimal approach to managing oligometastatic
disease for the sites and conditions described at the time of publication. While not all unique scenarios can
be anticipated, we emphasize the importance of sound clinical judgment over strict adherence to even the
most well-designed clinical support tools. As with all forms of medical care, we are mindful of the
continuous evolution of oligometastatic disease management and encourage readers to stay informed of the
significant updates as they are published. With that in mind, the committee eagerly awaits new evidence
from clinical trials and patient outcomes to further refine this pathway.

As of this writing, ClinicalTrials.gov lists 50 phase 2 or 3 trials actively recruiting oligometastatic patients
for radiotherapy interventions. These studies are available to patients across the USA through NCI’s
cooperative group trial networks, including studies for patients with prostate cancer (NRG PROMETHEAN
NCT05053152 [68], ECOG-ACRIN INDICATE NCT04423211) [69], head and neck cancers (ECOG -ACRIN
NCTO05721755) [70], esophageal and gastric cancers (ECOG-ACRIN NCT04248452) [71], and renal carcinoma
(NRG SAMURAI NCT05327686 and ECOG-ACRIN SOAR NCT05863351) [72]. We encourage groups to
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consider opening these trials and enrolling patients through the NCTN or NCORP programs. In addition,
many academic centers and pharmaceutical companies are testing the role of radiotherapy in combination
with or as an alternative to systemic therapies. Together, these studies will provide key evidence to further
develop the role of radiotherapy in the treatment of oligometastatic cancer.

The recognition of oligometastatic disease as a unique stage of cancer progression represents a critical
change in our understanding of cancer biology. Broad application of its treatment may have a significant
impact on longevity and QoL for patients with metastases. While the possibilities are promising, our panel
advocates for the cautious and judicious use of aggressive therapies, as described above. We believe that the
clinical pathways suggested herein will assist radiation oncologists in applying these techniques in an
optimal manner.

Conclusions

ACROPath® Oligometastases is the first in a series of clinical pathways in radiation oncology developed by
ACRO. We believe this pathway offers a unique and detailed approach to optimal patient management.
Along with upcoming pathways in lung, prostate, breast, head and neck, and rectal cancers, it offers
clinicians a strategy to ensure patients receive high-quality, standardized care across centers in both the
USA and internationally.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Christopher D. Jahraus, Paul E. Wallner, Dwight E. Heron, Bridget F. Koontz

Drafting of the manuscript: Christopher D. Jahraus, Paul E. Wallner, Dwight E. Heron, William Crook,
Steven E. Finkelstein, Alexander A. Harris, Larry Kestin, Evan Landau, Douglas Rivera, Tarita O. Thomas,
Bridget F. Koontz

Critical review of the manuscript for important intellectual content: Christopher D. Jahraus, Paul E.
Wallner, Dwight E. Heron, Steven E. Finkelstein, Bridget F. Koontz

Supervision: Christopher D. Jahraus, Paul E. Wallner, Dwight E. Heron, Bridget F. Koontz

Acquisition, analysis, or interpretation of data: William Crook, Steven E. Finkelstein, Alexander A.
Harris, Larry Kestin, Evan Landau, Douglas Rivera, Tarita O. Thomas, Bridget F. Koontz

Disclosures

Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: Paul Wallner declare(s) personal fees
from Nanocan Therapeutics. Medical advisory board. Tarita Thomas declare(s) personal fees from MJH Life
Sciences. Paul Wallner, William Crook, and Evan Landau declare(s) employment from GenesisCare USA. Paul
Wallner, former senior vice president for clinical affairs. Paul Wallner declare(s) employment from American
Board of Radiology. Former associate executive director for radiation oncology. Christopher Jahraus
declare(s) personal fees from Elekta. Site visit fees, consultant, advisory board member. Christopher Jahraus,
Tarita Thomas, and Alexander Harris declare(s) non-financial support from American Medical Association.
Served as ACRO delegate/advisor to RUC or CPT committees. Christopher Jahraus declare(s) personal fees
from Blue Cross Blue Shield of Alabama. Former member of the preferred medical doctor advisory board.
Bridget Koontz declare(s) non-financial support from Raythera Therapeutics, Inc. Board of directors. Bridget
Koontz and Steven Finkelstein declare(s) personal fees from Blue Earth Diagnostics. Advisory board member.
Steven Finkelstein declare(s) personal fees from Bayer. Consultant/speaker. Steven Finkelstein declare(s)
personal fees from Johnson & Johnson. Consultant/speaker. Steven Finkelstein declare(s) personal fees from
Novartis. Consultant/speaker. Christopher Jahraus declare(s) a patent from Salix Pharmaceuticals. Co-maker
of a use patent on rifaximin. Steven Finkelstein declare(s) personal fees from Pfizer. Consultant/speaker.
Steven Finkelstein declare(s) personal fees from Dendreon. Consultant/speaker. Bridget Koontz and Steven
Finkelstein declare(s) personal fees from Lantheus. Advisory board member. Christopher Jahraus declare(s)
personal fees from Radformation. Software access. Steven Finkelstein declare(s) personal fees from
AstraZeneca. Consultant/speaker. Christopher Jahraus declare(s) personal fees from Fuse Oncology.
Development collaboration. Christopher Jahraus declare(s) Expert witness in patent dispute. from Klarity
Medical. Christopher Jahraus, Tarita Thomas, Dwight Heron, Paul Wallner, Bridget Koontz, and Steven
Finkelstein declare(s) non-financial support from American College of Radiation Oncology. College

2024 Jahraus et al. Cureus 16(11): e74098. DOI 10.7759/cureus.74098 11 0of 14



Cureus

Part of SPRINGER NATURE

ACRO
== Published via Contemporary Updates:
° Radiotherapy Innovation & Evidence (CURIE)

leadership roles, including deputy editor of CURIE channel on Cureus platform (Jahraus). Intellectual
property info: The American College of Radiation Oncology (ACRO) claims copyright (©) and trademark
(™) 2024 over the name "ACROPath" and over all intellectual works and content described and presented as
part of the ACROPath clinical pathways. All rights reserved by the American College of Radiation Oncology
(ACRO). Other relationships: All authors have declared that there are no other relationships or activities
that could appear to have influenced the submitted work.

References

1.
2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Hellman S, Weichselbaum RR: Oligometastases. ] Clin Oncol. 1995, 13:8-10. 10.1200/JC0.1995.15.1.8
Lievens Y, Guckenberger M, Gomez D, et al.: Defining oligometastatic disease from a radiation oncology
perspective: an ESTRO-ASTRO consensus document. Radiother Oncol. 2020, 148:157-66.
10.1016/j.radonc.2020.04.003

Kroeze SG, Pavic M, Stellamans K, et al.: Metastases-directed stereotactic body radiotherapy in combination
with targeted therapy or immunotherapy: systematic review and consensus recommendations by the
EORTC-ESTRO OligoCare consortium. Lancet Oncol. 2023, 24:e121-e132.

Guckenberger M, Lievens Y, Bouma AB, et al.: Characterisation and classification of oligometastatic disease:
a European Society for Radiotherapy and Oncology and European Organisation for Research and Treatment
of Cancer consensus recommendation. Lancet Oncol. 2020, 21:18-28.

Sutera P, Kalash R, Clump DA, D'Ambrosio D, Mihai A, Burton SA, Heron DE: Stereotactic ablative radiation
therapy for unresectable colorectal oligometastases. Adv Radiat Oncol. 2019, 4:57-62.
10.1016/j.adro0.2018.09.001

Palma DA, Haasbeek CJ, Rodrigues GB, et al.: Stereotactic ablative radiotherapy for comprehensive
treatment of oligometastatic tumors (SABR-COMET): study protocol for a randomized phase II trial. BMC
Cancer. 2012, 12:305. 10.1186/1471-2407-12-305

Sutera P, Clump DA, Kalash R, et al.: Initial results of a multicenter phase 2 trial of stereotactic ablative
radiation therapy for oligometastatic cancer. Int ] Radiat Oncol Biol Phys. 2019, 103:116-22.
10.1016/j.ijrobp.2018.08.027

Drugs used for the treatment of select malignancies and their associated codes and pricing . (2020).
Accessed: June 26, 2024: https://oncpracticemanagement.com/special-issues/2020-oncology-drug-coding-
and-updates/1691-drugs-used-for-the-treatm....

Kumar A, Straka C, Courtney PT, Vitzthum L, Riviere P, Murphy JD: Cost-effectiveness analysis of
stereotactic ablative radiation therapy in patients with oligometastatic cancer. Int ] Radiat Oncol Biol Phys.
2021, 109:1185-94. 10.1016/j.ijrobp.2020.09.045

Petry V, Bonadio RC, Moutinho K, et al.: Frequency of radiation therapy-induced malignancies in patients
with Li-Fraumeni syndrome and early-stage breast cancer and the influence of radiation therapy technique.
Int ] Radiat Oncol Biol Phys. 2024, 119:1086-91. 10.1016/j.ijrobp.2024.01.204

Hoerner-Rieber ], Duma M, Blanck O, et al.: Stereotactic body radiotherapy (SBRT) for pulmonary
metastases from renal cell carcinoma-a multicenter analysis of the German working group "Stereotactic
Radiotherapy". ] Thorac Dis. 2017, 9:4512-22. 10.21037/jtd.2017.10.108

Kok EN, Jansen EP, Heeres BC, et al.: High versus low dose stereotactic body radiation therapy for hepatic
metastases. Clin Transl Radiat Oncol. 2020, 20:45-50. 10.1016/j.ctro.2019.11.004

Paddick I: A simple scoring ratio to index the conformity of radiosurgical treatment plans. Technical note . ]
Neurosurg. 2000, 93:219-22. 10.3171/jns.2000.93.supplement

Stanley J, Breitman K, Dunscombe P, Spencer DP, Lau H: Evaluation of stereotactic radiosurgery conformity
indices for 170 target volumes in patients with brain metastases. ] Appl Clin Med Phys. 2011, 12:3449.
10.1120/jacmp.v12i2.3449

Shaw E, Kline R, Gillin M, Souhami L, Hirschfeld A, Dinapoli R, Martin L: Radiation Therapy Oncology
Group: radiosurgery quality assurance guidelines. Int ] Radiat Oncol Biol Phys. 1993, 27:1231-1239.

Jones D: ICRU report 50—prescribing, recording and reporting photon beam therapy . Med Phy. 1994,
21:833-834.

Bestvina CM, Pointer KB, Karrison T, et al.: A phase 1 trial of concurrent or sequential ipilimumab,
nivolumab, and stereotactic body radiotherapy in patients with stage IV NSCLC study. ] Thorac Oncol. 2022,
17:130-40. 10.1016/j.jth0.2021.08.019

Gurka MK, Kim C, He AR, et al.: Stereotactic body radiation therapy (SBRT) combined with chemotherapy
for unresected pancreatic adenocarcinoma. Am J Clin Oncol. 2017, 40:152-7.
10.1097/C0OC.0000000000000118

Sun 'Y, Duan Q, Chen X, Chen W, Jin X, Wu R: Comparative efficacy and toxicity of induction chemotherapy
with concurrent stereotactic body radiotherapy and stereotactic body radiotherapy with subsequent
chemotherapy in patients with clinical stage T1-3NOMO non-small cell lung carcinoma. Clin Transl Oncol.
2017, 19:1498-506. 10.1007/s12094-017-1694-2

Timmerman R, McGarry R, Yiannoutsos C, et al.: Excessive toxicity when treating central tumors in a phase
1I study of stereotactic body radiation therapy for medically inoperable early-stage lung cancer. ] Clin Oncol.
2006, 24:4833-9. 10.1200/]C0.2006.07.5937

Grimm J, Marks LB, Jackson A, Kavanagh BD, Xue |, Yorke E: High dose per fraction, hypofractionated
treatment effects in the clinic (HyTEC): an overview. Int ] Radiat Oncol Biol Phys. 2021, 110:1-10.
10.1016/j.ijrobp.2020.10.039

Timmerman R: A story of hypofractionation and the table on the wall . Int ] Radiat Oncol Biol Phys. 2022,
112:4-21. 10.1016/j.ijrobp.2021.09.027

Aoki S, Yamashita H, Abe O, Nakagawa K: Stereotactic body radiotherapy (SBRT) for oligo-metastatic liver
metastases from breast cancer, as an effective and safe alternative to surgery: a review. Transl Cancer Res.
2020, 9:5087-95. 10.21037/tcr-20-1833

de Vin T, Engels B, Gevaert T, Storme G, De Ridder M: Stereotactic radiotherapy for oligometastatic cancer:
a prognostic model for survival. Ann Oncol. 2014, 25:467-71. 10.1093/annonc/mdt537

2024 Jahraus et al. Cureus 16(11): €74098. DOI 10.7759/cureus.74098

12 of 14


https://dx.doi.org/10.1200/JCO.1995.13.1.8
https://dx.doi.org/10.1200/JCO.1995.13.1.8
https://dx.doi.org/10.1016/j.radonc.2020.04.003
https://dx.doi.org/10.1016/j.radonc.2020.04.003
https://pubmed.ncbi.nlm.nih.gov/36858728/
https://pubmed.ncbi.nlm.nih.gov/31908301/
https://dx.doi.org/10.1016/j.adro.2018.09.001
https://dx.doi.org/10.1016/j.adro.2018.09.001
https://dx.doi.org/10.1186/1471-2407-12-305
https://dx.doi.org/10.1186/1471-2407-12-305
https://dx.doi.org/10.1016/j.ijrobp.2018.08.027
https://dx.doi.org/10.1016/j.ijrobp.2018.08.027
https://oncpracticemanagement.com/special-issues/2020-oncology-drug-coding-and-updates/1691-drugs-used-for-the-treatment-of-select-malignancies-and-their-associated-codes-and-pricing.
https://oncpracticemanagement.com/special-issues/2020-oncology-drug-coding-and-updates/1691-drugs-used-for-the-treatment-of-select-malignancies-and-their-associated-codes-and-pricing.
https://dx.doi.org/10.1016/j.ijrobp.2020.09.045
https://dx.doi.org/10.1016/j.ijrobp.2020.09.045
https://dx.doi.org/10.1016/j.ijrobp.2024.01.204
https://dx.doi.org/10.1016/j.ijrobp.2024.01.204
https://dx.doi.org/10.21037/jtd.2017.10.108
https://dx.doi.org/10.21037/jtd.2017.10.108
https://dx.doi.org/10.1016/j.ctro.2019.11.004
https://dx.doi.org/10.1016/j.ctro.2019.11.004
https://dx.doi.org/10.3171/jns.2000.93.supplement
https://dx.doi.org/10.3171/jns.2000.93.supplement
https://dx.doi.org/10.1120/jacmp.v12i2.3449
https://dx.doi.org/10.1120/jacmp.v12i2.3449
https://pubmed.ncbi.nlm.nih.gov/8262852/
https://aapm.onlinelibrary.wiley.com/doi/10.1118/1.597396
https://dx.doi.org/10.1016/j.jtho.2021.08.019
https://dx.doi.org/10.1016/j.jtho.2021.08.019
https://dx.doi.org/10.1097/COC.0000000000000118
https://dx.doi.org/10.1097/COC.0000000000000118
https://dx.doi.org/10.1007/s12094-017-1694-2
https://dx.doi.org/10.1007/s12094-017-1694-2
https://dx.doi.org/10.1200/JCO.2006.07.5937
https://dx.doi.org/10.1200/JCO.2006.07.5937
https://dx.doi.org/10.1016/j.ijrobp.2020.10.039
https://dx.doi.org/10.1016/j.ijrobp.2020.10.039
https://dx.doi.org/10.1016/j.ijrobp.2021.09.027
https://dx.doi.org/10.1016/j.ijrobp.2021.09.027
https://dx.doi.org/10.21037/tcr-20-1833
https://dx.doi.org/10.21037/tcr-20-1833
https://dx.doi.org/10.1093/annonc/mdt537
https://dx.doi.org/10.1093/annonc/mdt537

Cureus

Part of SPRINGER NATURE

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

ACRO
== Published via Contemporary Updates:
° Radiotherapy Innovation & Evidence (CURIE)

Romero AM, Schillemans W, van Os R, et al.: The Dutch-Belgian Registry of stereotactic body radiation
therapy for liver metastases: clinical outcomes of 515 patients and 668 metastases. Int ] Radiat Oncol Biol
Phys. 2021, 109:1377-86. 10.1016/j.ijrobp.2020.11.045

Scorsetti M, Franceschini D, De Rose F, et al.: The role of SBRT in oligometastatic patients with liver
metastases from breast cancer. Rep Pract Oncol Radiother. 2017, 22:163-9. 10.1016/j.rpor.2016.07.008

Lee P, Ma Y, Zacharias I, et al.: Stereotactic body radiation therapy for hepatocellular carcinoma in patients
with Child-Pugh B or C cirrhosis. Adv Radiat Oncol. 2020, 5:889-96. 10.1016/j.adro.2020.01.009

Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R: Transection of the oesophagus for bleeding
oesophageal varices. Br | Surg. 1973, 60:646-9. 10.1002/bjs.1800600817

Tanaka O, Kojima T, Ohbora A, et al.: Scores of Child-Pugh classification impact overall survival after
stereotactic body radiation therapy for primary and metastatic liver tumors. J Clin Exp Hepatol. 2020,
10:101-5. 10.1016/j.jceh.2019.05.002

Crane CH, Koay EJ: Solutions that enable ablative radiotherapy for large liver tumors: fractionated dose
painting, simultaneous integrated protection, motion management, and computed tomography image
guidance. Cancer. 2016, 122:1974-86. 10.1002/cncr.29878

Borgelt BB, Gelber R, Brady LW, Griffin T, Hendrickson FR: The palliation of hepatic metastases: results of
the Radiation Therapy Oncology Group pilot study. Int ] Radiat Oncol Biol Phys. 1981, 7:587-591.
10.1016/0360-3016(81)90370-9

Hanssens P, Karlsson B, Yeo TT, Chou N, Beute G: Detection of brain micrometastases by high-resolution
stereotactic magnetic resonance imaging and its impact on the timing of and risk for distant recurrences. |
Neurosurg. 2011, 115:499-504. 10.3171/2011.4.JNS101832

Patchell RA, Regine WF, Loeffler |S, Sawaya R, Andrews DW, Chin LS: Radiosurgery plus whole-brain
radiation therapy for brain metastases. JAMA. 2006, 296:2089-90. 10.1001/jama.296.17.2089

Gondi V, Pugh SL, Tome WA, et al.: Preservation of memory with conformal avoidance of the hippocampal
neural stem-cell compartment during whole-brain radiotherapy for brain metastases (RTOG 0933): a phase
Il multi-institutional trial. ] Clin Oncol. 2014, 32:3810-6. 10.1200/JC0.2014.57.2909

Yamamoto M, Serizawa T, Shuto T, et al.: Stereotactic radiosurgery for patients with multiple brain
metastases (JLGK0901): a multi-institutional prospective observational study. Lancet Oncol. 2014, 15:387-
95.

Pospisil P, Hynkova L, Hnidakova L, Maistryszinova J, Slampa P, Kazda T: Unilateral hippocampal sparing
during whole brain radiotherapy for multiple brain metastases: narrative and critical review. Front Oncol.
2024, 14:1298605. 10.3389/fonc.2024.1298605

Brown PD, Gondi V, Pugh S, et al.: Hippocampal avoidance during whole-brain radiotherapy plus
memantine for patients with brain metastases: Phase III Trial NRG Oncology CC001. J Clin Oncol. 2020,
38:1019-29. 10.1200/]C0O.19.02767

Shaw E, Scott C, Souhami L, Dinapoli R, Kline R, Loeffler ], Farnan N: Single dose radiosurgical treatment of
recurrent previously irradiated primary brain tumors and brain metastases: final report of RTOG protocol
90-05. Int | Radiat Oncol Biol Phys. 2000, 47:291-298.

Jeon C, Cho KR, Choi JW, Kong DS, Seol HJ, Nam DH, Lee JI: Outcome of three-fraction gamma knife
radiosurgery for brain metastases according to fractionation scheme: preliminary results. ] Neurooncol.
2019, 145:65-74. 10.1007/s11060-019-03267-z

Tamari K, Suzuki O, Hashimoto N, et al.: Treatment outcomes using CyberKnife for brain metastases from
lung cancer. | Radiat Res. 2015, 56:151-8. 10.1093/jrr/rru092

Upadhyay R, Ayan AS, Jain S, et al.: Dose-volume tolerance of the brain and predictors of radiation necrosis
after 3-fraction radiosurgery for brain metastases: a large single-institutional analysis. Int ] Radiat Oncol
Biol Phys. 2024, 118:275-84. 10.1016/j.ijrobp.2023.07.040

Carpenter DJ, Fairchild AT, Adamson JD, et al.: Outcomes in patients with intact and resected brain
metastasis treated with 5-fraction stereotactic radiosurgery. Adv Radiat Oncol. 2023, 8:101166.
10.1016/j.adro.2022.101166

Myrehaug S, Hudson J, Soliman H, et al.: Hypofractionated stereotactic radiation therapy for intact brain
metastases in 5 daily fractions: effect of dose on treatment response. Int ] Radiat Oncol Biol Phys. 2022,
112:342-50. 10.1016/j.ijrobp.2021.09.003

Redmond K], Gui C, Benedict S, et al.: Tumor control probability of radiosurgery and fractionated
stereotactic radiosurgery for brain metastases. Int ] Radiat Oncol Biol Phys. 2021, 110:53-67.
10.1016/j.ijrobp.2020.10.034

Dohm A, McTyre ER, Okoukoni C, et al.: Staged stereotactic radiosurgery for large brain metastases: local
control and clinical outcomes of a one-two punch technique. Neurosurgery. 2018, 83:114-21.
10.1093/neuros/nyx355

Singh R, Lehrer EJ, Dahshan B, et al.: Single fraction radiosurgery, fractionated radiosurgery, and
conventional radiotherapy for spinal oligometastasis (SAFFRON): a systematic review and meta-analysis.
Radiother Oncol. 2020, 146:76-89. 10.1016/j.radonc.2020.01.030

Redmond K], Sahgal A, Foote M, et al.: Single versus multiple session stereotactic body radiotherapy for
spinal metastasis: the risk-benefit ratio. Future Oncol. 2015, 11:2405-15. 10.2217/fon.15.160

Heron DE, Rajagopalan MS, Stone B, et al.: Single-session and multisession CyberKnife radiosurgery for
spine metastases-University of Pittsburgh and Georgetown University experience. ] Neurosurg Spine. 2012,
17:11-8.10.3171/2012.4.SPINE11902

Vargas E, Susko MS, Mummaneni PV, Braunstein SE, Chou D: Vertebral body fracture rates after stereotactic
body radiation therapy compared with external-beam radiation therapy for metastatic spine tumors. J
Neurosurg Spine. 2020, 33:870-6. 10.3171/2020.5.SPINE191383

Gomez DR, Tang C, Zhang ], et al.: Local consolidative therapy vs. maintenance therapy or observation for
patients with oligometastatic non-small-cell lung cancer: long-term results of a multi-institutional, phase
1I, randomized study. J Clin Oncol. 2019, 37:1558-65. 10.1200/]C0O.19.00201

Iyengar P, Wardak Z, Gerber DE, et al.: Consolidative radiotherapy for limited metastatic non-small-cell
lung cancer: a phase 2 randomized clinical trial. JAMA Oncol. 2018, 4:e173501.

2024 Jahraus et al. Cureus 16(11): €74098. DOI 10.7759/cureus.74098

13 of 14


https://dx.doi.org/10.1016/j.ijrobp.2020.11.045
https://dx.doi.org/10.1016/j.ijrobp.2020.11.045
https://dx.doi.org/10.1016/j.rpor.2016.07.008
https://dx.doi.org/10.1016/j.rpor.2016.07.008
https://dx.doi.org/10.1016/j.adro.2020.01.009
https://dx.doi.org/10.1016/j.adro.2020.01.009
https://dx.doi.org/10.1002/bjs.1800600817
https://dx.doi.org/10.1002/bjs.1800600817
https://dx.doi.org/10.1016/j.jceh.2019.05.002
https://dx.doi.org/10.1016/j.jceh.2019.05.002
https://dx.doi.org/10.1002/cncr.29878
https://dx.doi.org/10.1002/cncr.29878
https://dx.doi.org/10.1016/0360-3016(81)90370-9
https://dx.doi.org/10.1016/0360-3016(81)90370-9
https://dx.doi.org/10.3171/2011.4.JNS101832
https://dx.doi.org/10.3171/2011.4.JNS101832
https://dx.doi.org/10.1001/jama.296.17.2089
https://dx.doi.org/10.1001/jama.296.17.2089
https://dx.doi.org/10.1200/JCO.2014.57.2909
https://dx.doi.org/10.1200/JCO.2014.57.2909
https://pubmed.ncbi.nlm.nih.gov/24621620/
https://dx.doi.org/10.3389/fonc.2024.1298605
https://dx.doi.org/10.3389/fonc.2024.1298605
https://dx.doi.org/10.1200/JCO.19.02767
https://dx.doi.org/10.1200/JCO.19.02767
https://pubmed.ncbi.nlm.nih.gov/10802351/
https://dx.doi.org/10.1007/s11060-019-03267-z
https://dx.doi.org/10.1007/s11060-019-03267-z
https://dx.doi.org/10.1093/jrr/rru092
https://dx.doi.org/10.1093/jrr/rru092
https://dx.doi.org/10.1016/j.ijrobp.2023.07.040
https://dx.doi.org/10.1016/j.ijrobp.2023.07.040
https://dx.doi.org/10.1016/j.adro.2022.101166
https://dx.doi.org/10.1016/j.adro.2022.101166
https://dx.doi.org/10.1016/j.ijrobp.2021.09.003
https://dx.doi.org/10.1016/j.ijrobp.2021.09.003
https://dx.doi.org/10.1016/j.ijrobp.2020.10.034
https://dx.doi.org/10.1016/j.ijrobp.2020.10.034
https://dx.doi.org/10.1093/neuros/nyx355
https://dx.doi.org/10.1093/neuros/nyx355
https://dx.doi.org/10.1016/j.radonc.2020.01.030
https://dx.doi.org/10.1016/j.radonc.2020.01.030
https://dx.doi.org/10.2217/fon.15.160
https://dx.doi.org/10.2217/fon.15.160
https://dx.doi.org/10.3171/2012.4.SPINE11902
https://dx.doi.org/10.3171/2012.4.SPINE11902
https://dx.doi.org/10.3171/2020.5.SPINE191383
https://dx.doi.org/10.3171/2020.5.SPINE191383
https://dx.doi.org/10.1200/JCO.19.00201
https://dx.doi.org/10.1200/JCO.19.00201
https://dx.doi.org/10.1001/jamaoncol.2017.3501

Cureus

Part of SPRINGER NATURE

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

ACRO
P== Published via Contemporary Updates:
° Radiotherapy Innovation & Evidence (CURIE)

10.1001/jamaoncol.2017.3501

Ost P, Reynders D, Decaestecker K, et al.: Surveillance or metastasis-directed therapy for oligometastatic
prostate cancer recurrence: a prospective, randomized, multicenter phase II trial. ] Clin Oncol. 2018, 36:446-
53.10.1200/JC0.2017.75.4853

Palma DA, Olson R, Harrow S, et al.: Stereotactic ablative radiotherapy versus standard of care palliative
treatment in patients with oligometastatic cancers (SABR-COMET): a randomised, phase 2, open-label trial.
Lancet. 2019, 393:2051-2058.

Phillips R, Shi WY, Deek M, et al.: Outcomes of observation vs stereotactic ablative radiation for
oligometastatic prostate cancer: the ORIOLE phase 2 randomized clinical trial. JAMA Oncol. 2020, 6:650-9.
10.1001/jamaoncol.2020.0147

Pezaro C, Omlin A, Lorente D, et al.: Visceral disease in castration-resistant prostate cancer . Eur Urol. 2014,
65:270-3. 10.1016/j.eururo.2013.10.055

Harrow S, Palma DA, Olson R, et al.: Stereotactic radiation for the comprehensive treatment of
oligometastases (SABR-COMET): extended long-term outcomes. Int ] Radiat Oncol Biol Phys. 2022, 114:611-
6. 10.1016/j.ijrobp.2022.05.004

Tang C, Sherry AD, Haymaker C, et al.: Addition of metastasis-directed therapy to intermittent hormone
therapy for oligometastatic prostate cancer: the EXTEND phase 2 randomized clinical trial. JAMA Oncol.
2023, 9:825-34. 10.1001/jamaoncol.2023.0161

Francolini G, Allegra AG, Detti B, et al.: Stereotactic body radiation therapy and abiraterone acetate for
patients affected by oligometastatic castrate-resistant prostate cancer: a randomized phase II trial (ARTO). |
Clin Oncol. 2023, 41:5561-8. 10.1200/]C0.23.00985

Kishan AU, Siva S, Hofman MS, Nagarajah J, Kiess AP, Tran P, Calais J: The potential contribution of
radiopharmaceutical therapies in managing oligometastatic disease. ] Nucl Med. 2024,
10.2967/jnumed.123.266772

Mazzola R, Francolini G, Triggiani L, et al.: Metastasis-directed therapy (SBRT) guided by PET-CT (18)F-
choline versus PET-CT (68)Ga-PSMA in castration-sensitive oligorecurrent prostate cancer: a comparative
analysis of effectiveness. Clin Genitourin Cancer. 2021, 19:230-6. 10.1016/j.clgc.2020.08.002

Diez P, Hanna GG, Aitken KL, et al.: UK 2022 consensus on normal tissue dose-volume constraints for
oligometastatic, primary lung and hepatocellular carcinoma stereotactic ablative radiotherapy. Clin Oncol
(R Coll Radiol). 2022, 34:288-300. 10.1016/j.clon.2022.02.010

Cronin-Fenton D, Kjaersgaard A, Nergaard M, Amelio J, Liede A, Hernandez RK, Serensen HT: Breast cancer
recurrence, bone metastases, and visceral metastases in women with stage II and III breast cancer in
Denmark. Breast Cancer Res Treat. 2018, 167:517-28. 10.1007/s10549-017-4510-3

Janssen S, Haus R, Schild SE, Rades D: A simple clinical instrument to predict the survival probability of
breast cancer patients receiving radiotherapy for bone metastases. Anticancer Res. 2020, 40:367-71.
10.21873/anticanres.13961

Chmura SJ, Winter KA, Woodward WA, et al.: NRG-BR002: a phase IIR/III trial of standard of care systemic
therapy with or without stereotactic body radiotherapy (SBRT) and/or surgical resection (SR) for newly
oligometastatic breast cancer (NCT02364557). ] Clin Oncol. 2022, 40:1007.

Tsai CJ, Yang JT, Shaverdian N, et al.: Standard-of-care systemic therapy with or without stereotactic body
radiotherapy in patients with oligoprogressive breast cancer or non-small-cell lung cancer (consolidative
use of radiotherapy to block [CURB] oligoprogression): an open-label, randomised, controlled, phase 2
study. Lancet. 2024, 403:171-82. 10.1016/50140-6736(23)01857-3

Macchia G, Lazzari R, Colombo N, et al.: A large, multicenter, retrospective study on efficacy and safety of
stereotactic body radiotherapy (SBRT) in oligometastatic ovarian cancer (MITO RT1 Study): a collaboration
of MITO, AIRO GYN, and MaNGO groups. Oncologist. 2020, 25:e311-20. 10.1634/theoncologist.2019-0309
Amaral T, Kiecker F, Schaefer S, et al.: Combined immunotherapy with nivolumab and ipilimumab with and
without local therapy in patients with melanoma brain metastasis: a DeCOG* study in 380 patients. |
Immunother Cancer. 2020, 8:e000333. 10.1136/jitc-2019-000333

Koontz BF, Karrison T, Pisansky TM, et al.: NRG-GUO11: a phase II double-blinded, placebo-controlled trial
of prostate oligometastatic radiotherapy with or without androgen deprivation therapy in oligometastatic
prostate cancer (NRG PROMETHEAN). | Clin Oncol. 2023, 41:TPS283.

Vapiwala N, Chen YH, Cho SY, et al.: Phase III study of local or systemic therapy INtensification DIrected by
PET in prostate CAncer patients with post-prostaTEctomy biochemical recurrence (INDICATE): ECOG-
ACRIN EA8191. ] Clin Oncol. 2021, 39:TPS5098.

Combining radiation therapy with immunotherapy for the treatment of metastatic squamous cell carcinoma
of the head and neck. (2022). Accessed: September 24, 2024:
https://www.cancer.gov/research/participate/clinical-trials-search/v?id=NCT05721755 &r=1.

Uboha NV, Graham N, Rajdev L, et al.: EA2183: a phase III study of consolidative radiotherapy in patients
with oligometastatic HER2-negative esophageal and gastric adenocarcinoma. ] Clin Oncol. 2022,
40:TPS4162.

Hannan R, Kim SE, Cole S, et al.: Phase III randomized trial of stereotactic ablative radiotherapy (SAbR) for
oligometastatic advanced renal carcinoma (EA8211-SOAR). ] Clin Oncol. 2024, 42:TPS489.
10.1200/JC0.2024.42.4 suppl.TPS489

2024 Jahraus et al. Cureus 16(11): €74098. DOI 10.7759/cureus.74098

14 of 14


https://dx.doi.org/10.1001/jamaoncol.2017.3501
https://dx.doi.org/10.1200/JCO.2017.75.4853
https://dx.doi.org/10.1200/JCO.2017.75.4853
https://pubmed.ncbi.nlm.nih.gov/30982687/
https://dx.doi.org/10.1001/jamaoncol.2020.0147
https://dx.doi.org/10.1001/jamaoncol.2020.0147
https://dx.doi.org/10.1016/j.eururo.2013.10.055
https://dx.doi.org/10.1016/j.eururo.2013.10.055
https://dx.doi.org/10.1016/j.ijrobp.2022.05.004
https://dx.doi.org/10.1016/j.ijrobp.2022.05.004
https://dx.doi.org/10.1001/jamaoncol.2023.0161
https://dx.doi.org/10.1001/jamaoncol.2023.0161
https://dx.doi.org/10.1200/JCO.23.00985
https://dx.doi.org/10.1200/JCO.23.00985
https://dx.doi.org/10.2967/jnumed.123.266772
https://dx.doi.org/10.2967/jnumed.123.266772
https://dx.doi.org/10.1016/j.clgc.2020.08.002
https://dx.doi.org/10.1016/j.clgc.2020.08.002
https://dx.doi.org/10.1016/j.clon.2022.02.010
https://dx.doi.org/10.1016/j.clon.2022.02.010
https://dx.doi.org/10.1007/s10549-017-4510-3
https://dx.doi.org/10.1007/s10549-017-4510-3
https://dx.doi.org/10.21873/anticanres.13961
https://dx.doi.org/10.21873/anticanres.13961
https://ascopubs.org/doi/10.1200/JCO.2022.40.16_suppl.1007
https://dx.doi.org/10.1016/S0140-6736(23)01857-3
https://dx.doi.org/10.1016/S0140-6736(23)01857-3
https://dx.doi.org/10.1634/theoncologist.2019-0309
https://dx.doi.org/10.1634/theoncologist.2019-0309
https://dx.doi.org/10.1136/jitc-2019-000333
https://dx.doi.org/10.1136/jitc-2019-000333
https://ascopubs.org/doi/10.1200/JCO.2023.41.6_suppl.TPS283
https://ascopubs.org/doi/10.1200/JCO.2021.39.15_suppl.TPS5098
https://www.cancer.gov/research/participate/clinical-trials-search/v?id=NCT05721755&r=1
https://www.cancer.gov/research/participate/clinical-trials-search/v?id=NCT05721755&r=1
https://ascopubs.org/doi/10.1200/JCO.2022.40.16_suppl.TPS4162
https://dx.doi.org/10.1200/JCO.2024.42.4_suppl.TPS489
https://dx.doi.org/10.1200/JCO.2024.42.4_suppl.TPS489

	ACROPath Oligometastases: The American College of Radiation Oncology Clinical Pathway
	Abstract
	Introduction
	Defining oligometastatic disease
	Value of treating oligometastases

	Technical Report
	General recommendations: pretreatment management
	General recommendations: treatment volume determination
	General recommendations: dose selection/prescription
	General recommendations: image guidance and motion management
	General recommendations: concurrent systemic therapy
	Site-specific recommendations: lung metastases
	TABLE 1: General approaches to radiotherapy management of lung metastases
	TABLE 2: Normal tissue constraint recommendations for the treatment of lung metastases

	Site-specific recommendations: hepatic metastases
	Site-specific recommendations: brain metastases
	FIGURE 1: ACROPath® recommendations for the treatment of brain metastases from non-small cell malignancies
	FIGURE 2: ACROPath® recommendations for the treatment of brain metastases from small cell and neuroendocrine malignancies

	Site-specific recommendations: bone metastases (non-spine)
	TABLE 3: General management approach to SBRT for non-spine bone metastases

	Site-specific recommendations: vertebral body/spine metastases
	Site-specific recommendations: adrenal metastases
	TABLE 4: ACROPath® treatment algorithm for adrenal gland metastases

	Site-specific recommendations: lymph node metastases
	Origin-specific recommendations: prostate cancer
	Origin-specific recommendations: breast cancer
	Origin-specific recommendations: lung cancer
	Origin-specific recommendations: other histologies

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


