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KEY POINTS

e Stereotactic radiation therapy (SRT) requires accurate and precise delivery of large radi-
ation doses to a well-defined target in a few treatment sessions.

e Common aliases include stereotactic radiosurgery, stereotactic body radiotherapy, ste-
reotactic ablative body radiotherapy, radiosurgery, CyberKnife, and Gamma Knife.

e SRT is increasingly accessible and can be delivered with palliative or definitive intent.

e Common indications include nasal, brain, and appendicular tumors. Emerging uses
include oral, lung, prostate, and adrenal tumors.

e Even when technically feasible, SRT is not always the optimal radiation treatment
modality.

INTRODUCTION

Few dogs and cats with cancer are treated with radiotherapy (RT) despite increasing
availability.” Pet owners cite finances, the distance required to travel to veterinary RT
centers, protracted treatment schedules, and potential displeasing side effects as de-
terrents. Stereotactic RT (SRT) overcomes several of these barriers. With SRT, large
doses of radiation are carefully sculpted to match the shape of the target (tumor)
and then delivered with exacting precision. This allows intensive courses of cancer
treatment to be compressed into five or fewer treatment sessions, often with minimal
acute toxicity. The purpose of this article is to review the key features of SRTs unique
radiobiology, describe the evidence base for common and emerging applications of
SRT applications, and discuss controversies in the use of SRT.
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PHYSICS AND BIOLOGY OF STEREOTACTIC RADIOTHERAPY

SRT involves the delivery of large fractional doses of radiation to a well-defined target
with extreme accuracy (stereotaxis) and with a steep radiation dose gradient that es-
calates the dose in the target while minimizing the dose in adjacent healthy tissues.

Avariety of technologies have been developed for SRT planning and delivery. Begin-
ning in 1951, Lars Leksell developed the Gamma Knife system, which combines a ste-
reotactic headframe with 179 sealed cobalt-60 sources that can be collimated to
produce favorable radiation dose distributions.?® The Gamma Knife remains in use
today. CyberKnife represents another approach, wherein a 6-MV linear accelerator
(linac) is mounted on arobotic arm that can literally dance around the patient. Hundreds
of small radiation beamlets are delivered from multiple angles and converge on the
tumor, whose location is verified with submillimeter accuracy by matching bony land-
marks and/or intratumoral gold fiducial markers using orthogonal radiography. Con-
ventional C-arm linacs can also be modified to allow SRT. The best-accepted
methodology involves use of either intensity-modulated RT (IMRT), or volumetric-
modulated arc therapy plans to achieve adequate conformity and dose gradients and
cone beam CT (CBCT)-based image guidance to achieve stereotaxis. Regardless of
the mechanisms used for treatment planning and delivery, equipment that is designed
for SRT will generally produce similar dosimetric and clinical outcomes.

In addition to the various mechanical SRT systems, several acronyms are also used
to describe this therapeutic modality. Stereotactic radiosurgery (SRS) refers to a single
fraction protocol, often limited to a central nervous system target. Stereotactic body
RT (SBRT) refers to the treatment of a non-central nervous system (CNS) target.?
The term “stereotactic ablative body radiotherapy” reflects the notion that targeted,
high-dose radiation can be used to “ablate” a tissue (ie, render it nonfunctional).
This concept is founded in the radiobiologic basis of SRT and how it is thought to differ
from conventional, finely fractionated RT (FRT).®

In classic radiobiology, DNA is considered the target of ionizing radiation. Unre-
paired DNA double-strand breaks halt tumor growth by preventing cell cycle progres-
sion and/or inducing cell death. In clinical practice, a margin of normal tissue has
conventionally been included in the treatment field to account for microscopic tumor
extension, and an additional margin is used to account for inter- and intra-fraction mo-
tion, comprising the planning target volume (PTV). A homogeneous dose of radiation is
then prescribed to the PTV. Even with highly conformal treatment plans, this approach
results in the delivery of equal doses of radiation to both tumor and normal tissues
within the PTV. In FRT, the repair of sublethal DNA damage and repopulation of cells
between radiation fractions protect normal tissues. Between doses of FRT, reoxyge-
nation of previously hypoxic tumor and redistribution of surviving tumor cells to more
sensitive phases of the cell cycle enhance tumor control. The impact of these 4 R’s
(repair, repopulation, reoxygenation, redistribution) can be seen in experiments per-
formed to determine radiation dose-response relationships in vitro. Resultant cell sur-
vival curves can be mathematically modeled. The linear-quadratic (LQ) model predicts
that for any given dose of radiation, delivery via large fractional doses will be associ-
ated with a higher risk of severe late radiation toxicity than if the dose had been given
in multiple smaller dose fractions. This is particularly true in certain so-called late-
responding normal tissues, such as the spinal cord, heart, bones, and peripheral
nerves, all characterized by a low alpha-to-beta ratio. Rather than biological sparing,
SRT excludes as much normal tissue from the planning target volume (PTV) as
possible and physically shields tissues that are immediately adjacent. This approach
enables delivery of large dose fractions (>6 Gy, vs 2.5-3 Gy fractions that are typically
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used in FRT). Interestingly, clinical and experimental outcomes of SRT often exceed
that which would be predicted by LQ modeling. Regardless of whether one trusts
the LQ model in the setting of severely hypofractionated RT (>6-8 Gy fractions), it is
increasingly clear that ionizing radiation has differential effects at high versus low frac-
tional doses.

SRT biology is perhaps most unique in the tumor microenvironment. Fuks and
Kolesnickdemonstrated that high-dose irradiation induces endothelial cell acid sphin-
gomyelinase translocation, which hydrolyzes sphingomyelin to generate ceramide,
thus initiating apoptosis and microvascular collapse.* Their results have not been
replicated, and conflicting data call into question the importance of this endothelial
response.® Regardless of mechanism, numerous other reports describe severe
vascular destruction and dysfunction at doses of > 10 Gy in experimental rodent
tumors.®” This vascular dysfunction causes tumor hypoxia that can impair homolo-
gous recombination repair of radiation-induced DNA double-strand breaks and
produce secondary cell killing.? In addition to vascular effects, it is also well estab-
lished that radiation induces immunogenic cell death and primes T cells to tumor an-
tigens.®'° The magnitude and character of these effects are influenced by radiation
dose, and interestingly, the “optimal” immunogenic dose of radiation is not necessarily
the highest radiation dose.'' Recent preclinical data indicate that systemic effects of
localized radiation are mediated by CD8+ T cells and interferon receptors, but that
one or three daily doses of 8 Gy improve outcomes as compared with single doses
of 20 to 30 Gy or less than 8 Gy."?

Independent of tumor microenvironment effects, high radiation dose intensity is
another key difference between SRT and FRT. Large (6-9 Gy) dose fractions have
long been used in palliative care for veterinary patients, but those fractions have
most often been delivered at 7-day intervals. Even though the size of SRT dose frac-
tions is similar, SRT uses much shorter (24-48 hour) intrafraction intervals. This differ-
ence is impactful because tumors are continually growing. Hence, reduction in total
treatment time reduces the number of tumor cells that are “seen” by a given dose
of radiation, thus improving the expected efficacy of treatment on a per-Gray basis.

CLINICAL APPROACH TO STEREOTACTIC RADIOTHERAPY

The key components of SRT include: (1) clinical evaluation to ensure suitability, (2)
optimizing patient immobilization and respiratory motion to enable reproducible posi-
tioning, (3) delineating tumor versus non-tumor compartments via imaging, (4) treat-
ment planning that generates steep dose gradients between organs at risk (OAR)
and target tissues, and (5) verification of precise patient position via on-board imaging,
before (6) accurate dose delivery.* In veterinary medicine, the use of SRT is largely
anecdotal, with recent publications focusing on a few specific tumor types.

CLINICAL DATA: BRAIN TUMORS

Canine and feline brain tumors are frequently treated with SRT; recent publications
have documented outcomes for individual tumor types (Table 1). Survival times are
generally similar when comparing SRT and FRT, but it remains unclear whether SRT
causes more toxicity. Two publications report that approximately one-third of dogs
receiving SRT for intracranial meningioma experience neurologic decline in the first
6 months after treatment.'3* Although most dogs in those studies improved (typically
with steroid administration), these events were sometimes fatal. In most cases, early-
delayed radiation toxicity was suspected, as opposed to tumor progression, but this
could not be confirmed due to the lack of reimaging and/or necropsy (Fig. 1). It is
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Table 1
Summary of recent publications regarding stereotactic radiotherapy for intracranial tumors in dogs
Radiation Overall
Reference Tumor Type # Dogs Prescription(s) Survival Time Toxicity Comments
Hansen Intraventricular 11 8 Gy x 3 =24 Gy Median 151 d None reported; 2 dogs 6/11 had biopsy
et al,®® 2023 tumors 15Gy x 1 =15 Gy (95% Cl 33-1593) were euthanized confirmation of
within 6 wk of SRT choroid plexus
papilloma or carcinoma
or ependymoma
Carter Intracranial 59 7-8.5 x 3 =21-25.5Gy Median 738 d None reported Progression-free survival
et al,®* 2021 tumors varied by location:
cerebrum 357 d,
cerebellum 97 d,
brainstem 266 d; overall
median ST of dogs with
presumed
meningiomas was not
reached at > 2079 d
Moirano Glioma 21 8-9.5 x 3 = 24-27 Gy Median 636 d 3/21 had presumed acute 7/21 had additional
et al,®> 2020 toxicity that responded courses of SRT, and
to steroids median ST of those
dogs was 866 d
Swift Trigeminal nerve 27 dogs 8 Gy x 3 =24Gy Median 441 d Some dogs developed Owing to overlap in the
et al,®¢ 2017 sheath tumor (15 treated 10 Gy x 3 = 30 Gy (95% Cl 260-518) facial pain after 95% Cl between

with SRT)

for dogs treated treatment

with SRT

treated and untreated
dogs, unknown benefit
of SRT as compared
with no treatment;
clinical signs such as
facial pain and ocular
deficits did not resolve
after treatment in most
dogs

[4:1]
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Dolera Trigeminal nerve 7
et al,®” 2018 sheath tumor

7.4 Gy x 5 =37 Gy

Median 952 d
(95% Cl,
543-1361 d)

None reported

MRI after radiotherapy in
all dogs; 1 CR, 4 PR, 2
SD; 4/7 dogs had
extracranial extension
of the tumor; clinical
signs did not resolve in
most dogs.

Hansen Trigeminal nerve 8
et al,’® 2016 sheath tumor

8 Gy x 3 =24 Gy

Median 324 days
(95% Cl: 99-975)

None reported.

6/8 dogs were euthanized
due to seizures and
progressive neurologic
signs, and the
remaining two dogs
experienced accident-
related death

Median disease-specific
survival time: 745 d

Dolera Glioma 42 4.2 Gy x 10 = 42 Gy RT alone: 50% Minimal Radiation dose was scaled
et al,®® 2018 5.3 Gy x 7 =37 Gy alive at 1y, based on tumor grade
6.6 Gy x 5 =33 Gy 41% at2y and volume
7 Gy x 5=35Gy RT + TMZ: 65% 22 dogs RT alone; 20
aliveat 1y, RT + temozolomide
40% at2y (TMZ); no difference in
outcomes; RT dose
based on size of tumor
relative to normal brain
Griffin Meningioma 30 8 Gy x 3 =24Gy Median 561 d 37% worsened Volume of normal brain
et al,’ 2016 (95% ClI neurologically 3-16 wk treated predicted
423-875d), after SRT; 13% died of death
60.8% at 1y neurologic progression
survival, within 6 mo
33.2% 2y

(continued on next page)
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Table 1
(continued)
Radiation Overall
Reference Tumor Type # Dogs Prescription(s) Survival Time Toxicity Comments
Kelsey Meningioma 32 16 Gy x 1 = 16 Gy Median 519 d 31% worsened Infratentorial tumors and
et al,’® 2018 (95% ClI neurologically within higher gradient index
330-708d), 6 months after SRT; predicted shorter
64% 1y survival, 10% died of neuro survival time
24% 2y progression
Dolera Meningioma 39 (33 with 6.6 Gy x 5 =33 Gy 2-y overall survival:  One dog had mild 2-year disease-specific
etal,’®° 2018 encephalic 74.3% neurotoxicity survival: 97.4%.
meningioma, 49% of dogs had a partial
6 spinal or complete response at

meningioma)

2 years, when
considering both
objective follow-up
imaging data and
clinical status in
response evaluation.
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Fig. 1. In the absence of cross-sectional imaging to prove tumor progression, neurologic
decline within the first few months after SRT/SRS is typically attributed to early-delayed
neuro-radiotoxicity in retrospective studies. Objective data are needed to better charac-
terize outcomes. (A) A midbrain tumor that was treated with SRS. The dog’s neurologic signs
worsened a month after SRS and failed to improve with symptomatic treatment for early-
delayed neurotoxicity. (B) Recheck MRI 2 months after SRS revealed tumor enlargement.
Progression and pseudoprogression were differential diagnoses. (C) Necropsy revealed
ependymoma without intratumoral edema, inflammation or degeneration, and without
radiation-induced changes in adjacent neuroparenchyma. (Courtesy of Dr Marc Kent,
DVM, University of Georgia, Athens, GA.)

critical that practitioners treating brain tumors with SRT continue working to identify
predictors of toxicity and oncologic response. Future studies should ideally include
regularly scheduled and prospectively collected neurologic outcomes assessments/
surveys and follow-up imaging, and increased use of necropsy that clinical findings
can be correlated with imaging and histopathology data.

Beyond the published data, it is notable that non-resectable and recurrent intracra-
nial feline meningiomas can be treated with SRT. In addition to primary brain tumors,
feline pituitary masses can also be irradiated. These tumors often cause acromegaly
with insulin-resistant diabetes mellitus (DM), and two studies (one describing 53 cats
treated with 17-28 Gy given over 3-4 fractions, and the other including 14 cats
treated with a single fraction of 17 Gy) have yielded similar results.’® "% Impressively,
of these cats, 95% and 71% (respectively) had decreased insulin requirements. The
median time to lowest insulin dose was 9.5 to 13 months, and 21% to 32% achieved
complete diabetic remission. Adverse events were typically mild; in one of these re-
ports, hypothyroidism developed after SRT in 14% of the cats.'® The overall median
survival times for the two groups of cats were 1072 and 741 days, respectively. Dogs
also develop functional and nonfunctional pituitary tumors, which are discussed in
the following.

CLINICAL DATA: HEAD AND NECK CANCER

External beam megavoltage RT is the cornerstone of management for canine non-
lymphomatous sinonasal tumors. A recent systematic review found that conventional
palliative-intent RT protocols were associated with median overall survival times
ranging from 4.8 to 16.8 months (median 8.5 months), whereas survival ranged from
10.4 to 19.1 months (median 14.0 months) after treatment with definitive-intent FRT."”

SRT is increasingly used. A major appeal is that treatment causes few/mild acute
side effects, and treatment courses are succinct. Early reports were encouraging, 82’
and in the largest published data set (a group of 129 dogs treated with 30 Gy total in 3
fractions), the median overall survival time was 18 months. A significant advantage
may arise when considering treatment of dogs with advanced local disease; with
SRT, survival often exceeds a year even when tumors invade the cranial vault; this
is in contrast to conventional RT, where median survival times are 6 to 7 months
with cribriform lysis.?>24
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As long-term survivorship improves, careful attention must be paid to maximizing
quality of life. Dogs who gain excellent tumor control from SRT are at risk for developing
one or more significant complications of either the disease or its treatment. For
example, many dogs will experience chronic rhinosinusitis that develops secondary
to tumor and/or radiation-induced damage to the mucociliary apparatus (Fig. 2). Other
dogs may develop osteoradionecrosis and/or dermal atrophy with subsequent forma-
tion of either oronasal or nasocutaneous fistulae. Careful documentation will help deter-
mine the actual risk of such complications, and formal scientific investigation is needed
to develop strategies that effectively prevent or treat these conditions.

Beyond the growing acceptance of SRT as the most ideal treatment option currently
available for managing most cases of canine intranasal malignancies, there are also
published data to support the use of SRT as a re-treatment option for recurrent and
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Fig. 2. Chronic rhinitis and sinusitis are relatively common in dogs with nasal tumors that
have excellent tumor control after SRT. Sterile inflammation is possible, but secondary infec-
tion (with or without osteomyelitis) must also be considered. (A) A nasal carcinoma that was
treated with SRT. Clinical signs improved, but nasal discharge recurred 22 months later. (B)
Recheck CT revealed complete resolution of the tumor with progressive osteolysis and com-
plete loss of the nasal septum. (C) Rhinoscopy revealed plaques. (D) Histopathology revealed
pigmented fungal spores and hyphae. Infection resolved with clotrimazole infusions.
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progressive canine nasal tumors,® as well as in a wide range of other head and neck
malignancies including intranasal lymphomas?® and carcinomas?’ of the cat, as well
as feline facial squamous cell carcinomas,?® canine salivary gland carcinomas,?®
and canine thyroid tumors.®°

CLINICAL DATA: THORACIC AND ABDOMINAL CAVITY MALIGNANCIES

Intrathoracic tumors present a unique challenge for RT planning and delivery due to
constant cardiac and thoracic cavity movement and intimate association of tumors
with the great vessels, trachea, esophagus, and heart (which are generally very
tolerant of FRT, but become dose-limiting in SRT). The process of RT planning begins
with a CT scan, for which considerations to delineate OAR (such as the esophagus,
which may be delineated with assistance of a radiopaque esophageal feeding tube)
as well as management of respiratory motion (using techniques such as high-
frequency jet ventilation or respiratory neuroparalytics and breath holding) should
be made in advance of the scan.®"

There is a paucity of literature documenting outcomes with irradiation of intratho-
racic tumors in veterinary patients, and a gold standard for treatment of nonsurgically
resectable tumors does not exist. In an early study, six dogs with presumed or
confirmed chemodectomas were treated with SBRT (30 Gy in 3 fractions delivered
in 3-5 days).> Treatments were planned with IMRT, and CBCT was used to verify pa-
tient positioning before irradiation. Respiratory motion was managed with neuropara-
lytics (or jet ventilation [approximately 180 breaths/minute]). The tumor volume
decreased by 30% to 70% in all four dogs that were re-imaged after treatment.
Possible treatment-associated toxicities included periprocedural esophageal reflux,
cough, tachyarrhythmias, and congestive heart failure. Two dogs died suddenly at
150 and 294 days after SBRT, and the other four lived greater than 408 days after treat-
ment. Arrhythmias, heart failure, and sudden death may have been attributable to the
tumor or radiation injury to the heart. However, in a more recent publication, a similar
SBRT protocol was used to treat 26 dogs, and there were no irradiation-induced
adverse cardiac events observed.®® Beyond this, the only other intrathoracic disease
for which there are published outcomes data is canine thymoma; in a recent publica-
tion describing outcomes for 15 dogs, survival was similar, but toxicity was improved
when SRT was used instead of conventional non-modulated RT.®* Other intrathoracic
diseases that have been treated with SBRT at our institution include intrathoracic sar-
comas, primary lung tumors, oligometastatic lung tumors, and cardiac hemangiosar-
comas. Of note, patients with pleural or pericardial effusion may not be candidates for
SBRT because dynamic changes in fluid volumes over the course of treatment can
affect dosimetry of radiation treatment plans and respiratory motion management.

Abdomino-pelvic malignancies are also increasingly managed with SBRT. As with
the thorax, respiratory motion and proximity to critical normal tissues must be carefully
considered for cranial abdominal tumors. In a recent publication describing SBRT for
canine adrenocortical tumors, three of nine dogs had cortisol-secreting tumors, and
six of nine tumors were discovered incidentally.>® Radiation prescriptions ranged
from 30 to 45 Gy in 3 to 5 daily fractions; dose escalations were made based on prox-
imity of the target to OAR. To limit thoracic excursions, the dogs were positioned in
lateral recumbency, and the abdomen was taped during treatment. For planning, anin-
ternal margin (IM) was calculated by determining displacement of the gross tumor vol-
ume (GTV) between maximum inspiration and expiration. A setup margin was added to
the IM + GTV to create a PTV. No significant side effects were noted. Whole body CT
scans were performed 2, 4, and 6 months after SBRT. All dogs had progressive tumor
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size reduction, with a mean decrease in diameter and volume of 32% and 30%, respec-
tively. The overall median survival time following treatment was 1030 days. Similar re-
sults have been observed in dogs undergoing SBRT for pheochromocytoma.®® In that
report, dogs were treated with 11 Gy x 3 consecutive daily fractions when tumors were
small and distant from the alimentary tract or 7 Gy x 5 every-other-day fractions when
large and abutting gastrointestinal organs. All dogs were pretreated with phenoxybenz-
amine. Adverse events were rare, and five of eight dogs were alive at the time of pub-
lication, with a median follow-up time of 25.8 months. Based on these results, SBRT
seems to be a reasonable alternative to surgical management of adrenal tumors,
even when there is extensive vascular invasion or clinically worrisome endocrine activ-
ity. Anecdotally, we have achieved clinical benefit by treatment of retroperitoneal sar-
comas, solitary hepatocellular carcinoma, renal cell carcinoma, and prostate-confined
neoplasms with SBRT, and there is also a recent case report suggesting that prolonged
survival can be achievable with minimal treatment-induced morbidity in dogs with anal
sac adenocarcinomas, even when there is extensive lymph node metastasis.®’

Duration of the interfraction interval is an important consideration for abdominopel-
vic irradiation. Men with prostate cancer are frequently treated with 5-fraction SBRT
protocols, to a total of 35 to 36.25 Gy. Their risk of late colorectal complication is
decreased by separation of radiation dose fractions by at least 36 hours,*® that is
done without any apparent impact on tumor control. Similar risk reduction has been
reported for dogs and is achieved by decreasing the likelihood of a consequential
late effect (ie, the unusual situation wherein a late effect arises secondary to a severe
acute effect).®%9 Recall, however, that total treatment time is not a recognized risk
factor for classic late toxicities. Thus, although prolongation of the interfraction interval
may prove beneficial for patients when the tumor abuts acutely responding tissue, and
when the requisite dose for tumor control exceeds the tolerance of that normal tissue,
this strategy is unlikely to provide benefit for patients undergoing SRT at sites such as
the brain.

CLINICAL DATA: OSTEOSARCOMA

Although the “gold standard” for treatment of osteosarcoma (OSA) remains complete
surgical excision followed by chemotherapy, RT can be an appealing alternative in
certain cases. The use of high fractional doses in SBRT may theoretically provide
improved tumor control versus FRT because OSA is thought to be a tumor with a
low alpha-to-beta ratio and may in fact provide a locally curative limb-salvage op-
tion.*"*2 Most suitable for SBRTs are those dogs who are poor candidates for limb
amputation or whose owners decline amputation.

SRT anecdotally provides potent and lasting analgesia in a majority of dogs with
appendicular OSA. When SRT is combined with chemotherapy, survival is compara-
ble to that achieved with amputation plus carboplatin.**~*° Interestingly, higher radia-
tion doses seem to be associated with longer overall survival.*® Aside from distant
metastasis, the biggest concern is early treatment failure due to pathologic limb frac-
ture. Early reports raised particular concern about this. In a 2016 paper from the Uni-
versity of Florida, 29 of 46 dogs (63%) developed fractures after SRT,** and the
institution published data warning against prophylactic surgical stabilization of limbs
due to high rates of complications.*® However, in a larger and more recent study, frac-
ture was only observed in 51 of 123 dogs (41%). Regardless, careful case selection is
paramount, and in that regard, clinicians should consider that risk of pathologic frac-
ture increases with the severity of cortical bone lysis, and when there is subchondral
bone lysis.***"
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It is also a reasonable option for non-resectable axial bone tumors. A recent case
series describes nine dogs with primary or metastatic vertebral OSA that were treated
with SRT (13.5-36 Gy in 1-5 fractions).*® Five of six dogs with spinal pain experienced
analgesia, with a median clinical response duration of 77 days. The overall survival
time for these nine dogs was 139 days. The investigators acknowledged the difficulty
of trying to dosimetrically spare the spinal cord adjacent to the tumor (to reduce risk of
radiation-induced myelopathy as a potential late effect) while simultaneously deliv-
ering a dose of RT that would be sufficient to afford durable tumor control. Although
standard dose tolerance recommendations are often used in SBRT prescriptions,
recent animal model data suggest that those recommendations may be too conserva-
tive and that cautious dose escalation for spinal tumors should be tolerable.*®:%°

CONTROVERSIES IN STEREOTACTIC RADIOTHERAPY

There are significant differences of opinion regarding optimal application of SRT. Here,
the authors summarize some of the most interesting controversies.

What Is the Minimum Requirement for Safe and Effective Stereotactic
Radiotherapy Delivery?

A growing number of veterinary RT centers have acquired equipment that is designed
for SRT planning and delivery. Other centers are meeting the demand by adapting and
upgrading older technologies.®" It is important for clinicians to be aware that it is not
simply a matter of combining IMRT with image guidance that enables SRT. SRT treat-
ments require different quality assurance tests and linac tolerances; for example, per
the American Association of Physicists in Medicine Task Group report 142, stricter
tolerance limits exist for imaging (eg, CBCT), couch position indicators and lasers,
and coincidence of the mechanical and radiation isocenters for SRS/SBRT versus
non-SRS/SBRT.®? In addition, target dose conformity and steepness of dose gradi-
ents that are acceptable for full-course IMRT may be insufficient for SRT. There is
also new anatomy that needs to be learned. For example, the optic chiasm is not
commonly contoured for full-course RT but is routinely drawn for SRT of certain cal-
varial targets. Guidelines for normal tissue contouring are increasingly available to
aid practitioners as they learn SRT planning.®® Finally, although planar imaging may
be sufficient for localization of certain osseous targets, the limitations of such imaging
must be carefully considered. For example, the prostate translates in the cranial-to-
caudal direction depending on bladder filling. Thus, the use of the pelvic bones as a
surrogate for prostate location would be insufficient, unless a large expansion of the
target volume were used to account for substantial potential setup error. This could
be overcome by using intratumorally implanted fiducial markers.

Can Stereotactic Radiotherapy Be Used to Effectively Manage Residual Microscopic
Disease Burdens After Surgery?

Conventional FRT is often used after surgery for treatment of brain tumors, cutaneous
mast cell tumors and soft tissue sarcomas, and oral tumors. Depending on the tumor
and patient characteristics, RT fields are usually drawn to encompass the surgical bed
plus 1 to 4 cm of surrounding normal tissue. FRT dosing is based on normal tissue
tolerance. Some veterinary radiation oncologists now offer SRT in such cases, using
ablative doses for large fields that contain mostly normal tissue, and just a few residual
tumor cells.” In a study of 36 dogs with grade Il and Il marginally or incompletely
excised soft tissue sarcomas, a liquid fiducial marker was used to delineate the surgi-
cal field and a single fraction of 20 Gy was delivered.>* The local recurrence rate was
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24%, with a median time to recurrence of 272 days. Six of those dogs (16.7%) had
grade 3 acute skin toxicity, with one requiring wound debridement and a skin flap to
address necrosis. Based on clinical outcomes that were similar to those expected
with conventional FRT, the authors proposed the continued use of this treatment pro-
tocol.>* Other practitioners remain skeptical, with concern that with such approaches,
uncomplicated tumor control will be compromised by either excessive toxicity or
excessive tumor recurrence resulting from application of total radiation doses that
are too low or radiation fields that are too small. It is also important to ask: if SRT works
via unique radiobiological effects in the tumor microenvironment, is it possible to capi-
talize on those effects in the absence of a bulky tumor?

Are There Bulky Tumors that Make Poor Stereotactic Radiotherapy Candidates?

The highly infiltrative and large nature of most canine nasal tumors suggests that they
would not be ideal SRT candidates; however, published data regarding linac-based
SRT are encouraging.?’ Conversely, pituitary macroadenomas are often thought of
as an ideal target for SRT. lindeed, the use of SRT for management of feline acro-
megaly has been rewarding."®'® However, initial experiences regarding SRT for man-
agement of canine pituitary macroadenomas are more worrisome. In two studies
(N = 13 dogs treated with 16 Gy in a single fraction®® and N = 41 dogs treated with
8 Gy x 3 or 15 Gy x 1°%), median survival times were 357 and 311, which does not
compare favorably with previously published estimates of survival in nonirradiated
dogs (median overall survival time 359 days in a group of 27 dogs).®” This is interesting
because (1) these tumors are extra-axial and usually well demarcated on cross-
sectional imaging, thus there is no real concern for invasion into surrounding neuropar-
enchyma; (2) they are encased within a bony target and thus simple to localize for
treatment; and (3) they are usually round/spherical, which simplifies the process of
generating a treatment plan that is highly conformal and has steep dose gradients.
Nevertheless, based on currently available data, caution is recommended when
considering 1- and 3-fraction SRT for canine pituitary tumors. A recent abstract sug-
gests that 5-fraction SRT may be more beneficial; there were no differences in
outcome for dogs treated with SRT (30 or 35 Gy total in 5 daily fractions) versus
FRT (50-54 Gy in 19 or 20 daily fractions), and the median survival time for both groups
exceeded 600 days."®

Canine soft tissue sarcomas form bulky tumors that are usually successfully managed
with surgery (with or without adjunctive RT). However, surgical alternatives can be desir-
able. In this scenario, conventional hypofractionated palliative-intent RT is commonly
used.®% However, SRT may be more effective (Fig. 3). In one study of dogs treated
with 2 or 3 fractions totaling 27 to 48 Gy, a 46% overall response rate was noted, and
the median tumor progression-free interval was 521 days with an overall median survival
time of 713 days.®' Dogs with extremity tumors and those with lower tumor grades had
better outcomes, indicating a need for continued study on which patients comprise the
most “ideal” treatment group. A similar study using total doses of 20 to 30 Gy delivered in
1 to 5 fractions yielded an overall survival time of 228 days with a disease progression-
free survival of 173 days.®? In that study, dogs with larger tumors were at higher risk of
disease progression. Higher skin doses were associated with increased side effects,
and 11% of dogs experienced grade three acute dermatoradiotoxicity.

FUTURE DIRECTIONS

Veterinary radiation oncology has undergone incredible growth regarding adoption of
new SRT technologies and protocols. This has been mirrored by increases in the
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Fig. 3. Treatment of soft tissue sarcomas with RT alone can present unique challenges due to
their size and location. Ideally, when SRT is a consideration, a tumor should be well demar-
cated and contrast-enhancing on CT scan to delineate it from surrounding normal tissues.
(A) This soft tissue sarcoma on the mandible of a dog (circled) is contrast-enhancing and
well demarcated from the surrounding tissues. (B) This soft tissue sarcoma on the forelimb
of a dog (circled) is minimally contrast-enhancing, and its wispy margins (thick arrow) and
poor demarcation from the adjacent muscle (thin arrows) make it challenging to define
when considering highly focused SRT.

amount of published data describing initial clinical experiences with SRT for various
diseases. Yet, questions regarding appropriate application of this unique treatment
modality still abound. Future studies would ideally focus on further defining recom-
mended OAR dose constraints, as well as long-term outcomes for treated patients.
As long-term survivorship improves, we will need significant effort devoted to timely
identification of strategies that maximize quality of life in patients who are already
enjoying extended quantity of life.

CLINICS CARE POINTS

e SRT is an attractive option that can replace conventional full-course radiotherapy with a
succinct treatment course that is completed in 5 or fewer treatment session.

e With SRT, acute side effects are generally quite mild, if at all present.

For some tumor types, SRT may be more effective than conventional radiotherapy; examples
include canine intranasal tumors and extremity osteosarcoma.

For other tumors and clinical scenarios, an appropriate role for SRT has yet to be defined;
examples include incompletely excised tumors.
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