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KEY POINTS

e Use of external beam radiation therapy (RT) is indicated for non-resectable or incom-
pletely excised brain tumors in dogs and cats.

e Although most patients tolerate RT and improve clinically after treatment, some patients
can experience side effects that can be difficult to distinguish from disease progression.

e Anti-seizure therapy and/or steroids may need to be continued indefinitely after the diag-
nosis of a brain tumor and treatment with RT due to the possibility of ongoing neurologic
abnormalities.

INTRODUCTION

External beam radiation therapy (RT) has become the standard of care as a sole treat-
ment for non-resectable or post-operatively for brain tumors in veterinary patients due
to its relatively low side effect profile and increasing availability.’"" RT delivers
ionizing radiation to tumors or regions of the body (such as whole-brain irradiation)
to attempt to improve local disease control or delay or prevent post-operative tumor
recurrence. At a cellular level, mechanisms of action of ionizing radiation include
creating DNA damage (causing cells with unrepaired DNA double strand breaks to
lose reproductive capacity and undergo a so-called mitotic death) and inducing inter-
phase death (apoptosis, as is the case with lymphocytes).® Clinically, RT prescriptions
are delivered in Gray (Gy) and consist of a total dose of RT divided into fractional
doses, or “fractions.”

It should be noted that most brain tumors in dogs and cats are diagnosed and
subsequently treated with RT based on imaging characteristics rather than a tissue
diagnosis due to the costs and risks associated with brain biopsies. In a study docu-
menting MRI characteristics versus necropsy findings in dogs with brain tumors, the
MRI diagnosis was correct in 70% of patients with primary brain tumors (those arising
from the central nervous system [CNS]) and in 93% of secondary brain tumors
(including metastasis to the brain from distant sites and tumors of nearby structures
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that invade into the calvarium).’? In a study of cats, the correlation between MRI find-
ings and histopathology was correct 82% of the time.'®

INDICATIONS FOR RADIATION THERAPY IN DOGS AND CATS WITH BRAIN TUMORS

RT is indicated for the treatment of primary brain tumors (see later for specific tumor
types) that are non-resectable (with the goal of trying to prevent tumor progression;
tumors may or may not shrink), or post-operatively (with the goal of trying to prevent
tumor recurrence).?>~'"'* Secondary brain tumors (most reported to be hemangiosar-
coma, and carcinomas), inflammatory diseases (meningoencephalitis of unknown
origin [MUQ]), and multifocal cancers such as CNS lymphoma and histiocytic sarcoma
can also be treated with RT; in these cases, RT is often used concurrently with sys-
temic chemotherapy (for suspected or confirmed multifocal intracranial neoplasia)
or immunomodulating drugs (for MUQ)."5-"8

PATIENT EVALUATION AND SYSTEMIC STAGING PRIOR TO RADIATION THERAPY

Prior to considering a course of RT, a thorough discussion with the pet owner regarding
their goals, budget (for both money and time), possible side effects, and likely outcomes
of treatment should be completed by the radiation oncology (RO) clinical team. This
client communication is critical since most patients require lifelong continued at-
home monitoring, and neurologic improvement (including seizure control) may be
gradual over weeks or months after RT (or may not occur at all).'® Further, late side ef-
fects from RT can cause clinical signs that can look like progressive disease.?%?"

Complete baseline physical and neurologic examinations and a minimum database
(ie, complete blood count [CBC], chemistry panel, urinalysis) should be completed to
assess for comorbidities that may preclude anesthesia or require further investigation.
Additionally, since unrelated primary tumors (different histopathology than the brain
tumor, located anywhere in the body) have been reported to occur in >20% of dogs
with primary brain tumors, imaging of the abdomen and thorax is recommended prior
to finalizing a treatment plan.??

RADIATION THERAPY

Colloquially, “definitive-intent RT” is used to describe a course of RT that is anticipated
to help control the tumor and associated clinical signs for 1 year or longer, and “palli-
ative-intent RT” (pRT) is used to describe a course of RT that is primarily intended to
provide pain control and improvement of clinical signs for a shorter period, without
necessarily improving tumor control. In many cases, the distinction between these
classifications is difficult in patients with large tumors and persistent or severe neuro-
logic abnormalities. Consultation with a radiation oncologist is recommended to
discuss specific recommended treatment options for a specific patient’s tumor and
overall scenario.

Definitive-intent RT options are most often recommended in patients with brain tu-
mors since they provide the best chance for long-term tumor control. This may be
delivered as traditional fractionated RT (FRT; 10-20 daily fractions delivering a total
dose of RT ranging from 40 to 50 Gy, Monday-Friday) or stereotactic RT (SRT; 1-5
daily fractions delivering a total dose of RT ranging from 15 to 35 Gy).*%%923-34 GSte-
reotactic RT has the advantage of delivering an intensive course of RT in fewer anes-
thetic episodes, which is appealing to clinicians and pet owners. The primary
downsides of SRT are the need for a well-defined tumor on imaging (since the falloff
of dose is only a few mm away from the target and a geographic miss of the tumor
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could occur if the tumor falls outside of the targeted treatment volume) and a possible
increased incidence of early delayed or late effects of RT (see later for a discussion
about side effects).>>"" Fractionated RT may be recommended for large, poorly
defined tumors or postoperatively if tumors are incompletely excised.'* Additionally,
for patients with pituitary tumors, FRT may be recommended over SRT by some RO
team members since the longest published survival times exist for that modality
(see pituitary tumors article).

Occasionally, palliative-intent RT protocols may be utilized (typically 4-5 daily or 4-5
once-weekly fractions) delivering a modest total dose of RT (usually 10-24 Gy total
dose), but this is anecdotally less common in brain tumor irradiation than with other
tumor types.® This modality is most often selected for patients with large tumors, se-
vere clinical signs, and/or comorbid conditions.

Whole brain or whole CNS irradiation may be indicated in some cases such as in-
flammatory diseases, multifocal cancers such as CNS lymphoma, or multifocal meta-
static primary brain tumors such as choroid plexus carcinomas.® 8

General anesthesia is required for patients undergoing RT to immobilize them for the
duration of positioning, pre-treatment image verification (“image-guided radio-
therapy”), and treatment (typically 10-30 minutes total for each treatment, or “frac-
tion”). When indicated and if possible, patients should be initially stabilized with
glucocorticoids and/or antiseizure medications prior to anesthesia for imaging and RT.

RADIATION TREATMENT PLANNING FOR BRAIN TUMORS

Radiation treatment plans for brain tumors are almost always computer-based RT
plans that are created by co-registering computed tomography (CT) scans and
MRIs in the radiation treatment planning system (TPS). The goal of treatment planning
is to ensure inclusion of gross tumor (GTV, or gross tumor volume), and any suspected
adjacent microscopic disease or surgically disrupted areas (CTV, or clinical target vol-
ume). When FRT is the planned treatment modality, dosing is based on normal tissue
tolerance of the brain adjacent to the GTV and CTV; practically, this means that treat-
ment fields are usually drawn to encompass the GTV and CTV plus 0.3 to 10 mm of
surrounding normal tissue to account for interfraction and intrafraction motion (PTV

Fig. 1. Transverse computed tomography (CT) scan demonstrating target contours for
pre-operative gross tumor volume (GTV), contoured in blue; post-operative GTV, contoured
in pink; and the resultant planning target volume (PTV), outlined in purple, which encom-
passes both structures with a 3 to 5 mm margin that allows for intra-fraction and inter-
fraction patient motion. This patient would be treated with a fractionated radiation therapy
protocol, consisting of 10-20 daily treatments (total dose 40-50 Gy), Monday-Friday.
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or planning target volume) (Fig. 1). With SRT, large doses of radiation are carefully
sculpted to match the shape of the GTV and then delivered with extreme accuracy
(stereotaxis), and with a steep radiation dose gradient that escalates dose in the
target, while minimizing dose in adjacent healthy tissues.® With SRT, the PTV is typi-
cally 0 to 2 mm (Fig. 2).%°

In most cases, for brain tumors, the use of intensity-modulated radiation therapy
(IMRT, which allows dose intensity to vary across a treatment field) is utilized over
simpler treatment modalities such as 3-dimensional conformal radiation therapy (3D
CRT, in which all tissues in the field receive the same RT dose) due to the number
of critical normal tissues (OAR, or organs-at-risk) adjacent to the brain. Immediately
prior to delivery of an RT plan, the patient is imaged using either planar (orthogonal
portal images or kilovoltage radiographs obtained from an on-board imaging device
[OBI]) or volumetric (ie, cone-beam CT scan [CBCT]) imaging to verify their position
relative to the treatment plan, and they are shifted manually or with the use of a robotic
couchtop if needed to achieve accurate positioning.?*®

CLINICAL FOLLOW-UP AND MONITORING AFTER RADIATION THERAPY

In most patients, lifelong follow-up is required since brain tumors are rarely curable, and
clinical signs often recur even after a long period of improvement. The frequency of
follow-up visits depends on the patient’s diagnosis, comorbidities, specific treatment,
and initial response to treatment. At minimum, recheck physical and neurologic exam-
inations are recommended at 3-month to 4-month intervals to monitor clinical signs and
to assess quality of life. Repeat imaging of brain tumors after treatment can be consid-
ered at 3-month to 6-month intervals to help monitor for tumor recurrence and/or pro-
gression, though costs of imaging and risks associated with general anesthesia often
preclude pet owners from pursuing this plan. Re-irradiation of brain tumors if the tumor
initially responds then progresses is uncommon (but can be considered in some cases)
due to the concern of side effects to the normal brain adjacent to the tumor.

For patients with seizures as part of their presenting clinical signs leading to a diag-
nosis of brain tumors, continued therapy with antiseizure medications should be
continued during and after RT (anecdotally, for at least 1 year after the last seizure).

I v . 1 i \) s
Fig. 2. MRI of a dog with an olfactory menigioma. (A) Dorsal plane MRI showing the GTV
contoured in red. (B) Dorsal plane MRI with the GTV contoured in red and a dose in color-
wash showing the dose at 20 Gy. This patient was treated with a 10 Gy x 2 stereotactic ra-
diation therapy protocol, and a simultaneous integrated boost to 25 to 26 Gy was prescribed
to the center of the tumor (central red/orange region); the PTV was 0 mm.
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Although RT is not a treatment for seizures, RT will hopefully result in slowing of tumor
progression and edema surrounding a tumor. One publication compared medical
management alone versus the addition of RT in dogs with seizures caused by brain
tumors, and the dogs treated with RT had increased time relief from seizures
(mean, 24 months with RT vs 2 months without) and survival times (mean, 35 months
with RT vs 6 months without).®

POTENTIAL ADVERSE EFFECTS ASSOCIATED WITH RADIATION THERAPY

RT-associated side effects are difficult to definitively diagnose due to their intracranial
nature; externally visible side effects such as hair loss/haircoat changes and skin hy-
perpigmentation are occasionally seen but are rarely clinically significant. Side effects
associated with RT can be categorized as follows:?2-2%-21

e Peracute (within 48 hours of treatment; rare): periprocedural seizures, mentation
changes, non-recovery from anesthesia

e Acute (1-6 weeks after RT; occasional): owner-reported somnolence that often
responds to an increase in steroid dose

e Early delayed (1-6 months after RT): seizures, neurologic decline that typically re-
sponds to treatment with steroids, but can rarely be fatal. This type of adverse
effect may be more common with SRT as compared to FRT, since 2 publications
report that approximately one-third of dogs receiving SRT for intracranial menin-
gioma experience neurologic decline in the first 6 months after treatment.?%2"

o Late side effects (>6 months-years after RT; rare): seizures, mentation changes,
secondary tumor formation

It is also important to note that both early-delayed and late RT-associated side ef-
fects can result in similar clinical signs as tumor progression; therefore, imaging
should be used to attempt to differentiate between the 2. In some cases, the presence
of edema and white matter changes that are seen after RT may be impossible to differ-
entiate from tumor progression.

GENERAL PROGNOSIS OF DOGS AND CATS WITH BRAIN TUMORS TREATED WITH
RADIATION THERAPY

Most dogs and cats with brain tumors will ultimately die or are euthanized due to pro-
gression of neurologic disease. In dogs treated with medical management alone (ie,
anti-epileptic therapy + glucocorticoids and pain medication), published survival
times range from <1 to 6 months. Dogs with infratentorial tumors and those with se-
vere neurologic signs had poorer outcomes.>”-*® In a study of dogs with various pri-
mary brain tumors and neurologic disease treated with RT in addition to medical
management, the disease-specific survival time was 699 days, and neither tumor
size nor location affected outcome.* In a study of cats with various primary brain tu-
mors (primarily suspected meningiomas and pituitary tumors) treated with RT alone,
the overall median survival time (MST) was 515 days, with 56% of cats being free of
neurologic disease progression at 1 year after treatment.® Based on these publica-
tions, it is generally accepted that RT will prolong and potentially improve the quality
of life for most patients with brain tumors as compared to medical management alone.

MENINGIOMAS IN DOGS

Since meningiomas are extra-axial tumors located between the skull and brain paren-
chyma, they are the brain tumor type that is most amenable to surgical debulking or
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resection; therefore, they are occasionally treated with RT in a post-operative
setting.'%'* In a study of dogs treated with surgery followed by FRT, the MST was
16.5 months, as compared to 7 months with surgery alone.' It is unclear whether sur-
gery improves survival over FRT alone, since in a different publication, survival times
did not differ between groups (FRT alone vs surgery then FRT).%2 Indications for sur-
gery are best assessed by a neurosurgeon, but may include severe neurologic abnor-
malities or refractory seizures, where craniotomy and tumor debulking may improve
clinical signs.

If surgery is not recommended or is declined, RT alone can be a consideration and is
widely reported on in the literature. Most publications describe FRT, with MST ranging
from 19 to 25 months.*831:32:34 Stereotactic RT has also been utilized (Table 1; see
Fig. 2).92"33 |n a study of dogs with presumed meningiomas treated with SRT, the
overall MST was 519 days, with 57% of dogs experiencing a clinical benefit (ie,
improvement of clinical signs) after treatment. In that study, 64% of dogs were alive
1 year after RT and 24% were alive 2 years after RT. Dogs with infratentorial tumors
had a shorter survival time.?°

MENINGIOMAS IN CATS

Since meningiomas in cats occur primarily in supratentorial locations, surgery is often
performed as the primary treatment. In a study of cats treated with surgery alone, a
perioperative mortality rate of 13% was documented, and the overall MST of cats
treated in this manner was 37 months.*' Post-operative recurrence is possible, though
objective information on the incidence of and timeframe to recurrence is lacking, since
meningiomas are typically slow-growing and may not be reimaged after surgery un-
less or until clinical signs recur. Cats can be treated with FRT post-operatively or
with FRT or SRT if surgery is not possible, but publications regarding long-term out-
comes are lacking; anecdotally, outcomes are thought to be like that of dogs.

GLIOMAS IN DOGS

In many cases, the presence of edema surrounding a presumed glioma can provide a
challenge for the RO team during treatment planning (distinguishing edema from tu-
mor); therefore, in some cases, a recheck MRI after a 2 to 3-week course of steroids
may be warranted to improve target delineation prior to RT. Gliomas in dogs may be
treated with RT alone or surgery followed by RT, though publications describing the
latter are lacking. In contrast to historical publications documenting poorer outcomes
in dogs with gliomas, numerous recent publications describing FRT or SRT have docu-
mented MST of 1 to 2 years (see Table 1).242539 |n a study, the addition of chemo-
therapy improved survival time (MST >658 days vs 230 days without chemotherapy);
in addition, some dogs were treated with multiple courses of SRT, further prolonging
their survival.®® In a study of dogs treated with FRT, dogs whose tumors contacted
the subventricular zone had a higher rate of disease progression and a shorter survival
time.2%

Gliomas are uncommon in cats, and a single publication documented treatment of a
cat with FRT (survival time was 575 days after FRT).>4243

CHOROID PLEXUS TUMORS IN DOGS (RARE IN CATS)

Intraventricular tumors such as ependymomas and choroid plexus tumors (classified
as papilloma, atypical papilloma, or carcinoma) are relatively uncommon in dogs and
are rare in cats.?>234344 They have the potential to seed the ventricular system via



Table 1

Summary of recent publications regarding stereotactic radiation therapy for intracranial tumors in dogs

Radiation
Reference Tumor Type # Dogs Prescription(s) Overall Survival Time Toxicity Comments
Hansen Intraventricular 11 8 Gy x 3 =24 Gy Median 151 d None reported; 2/11 dogs 6/11 had biopsy
et al, > 2023 tumors 15Gy x 1 =15Gy (95% Cl 33-1593) were euthanized confirmation of
within 6 wk of SRT choroid plexus
papilloma or carcinoma
or ependymoma
Trageser Glioma 23 160r18Gy x 1 = Median 349 d 3/23 dogs living >180 d 21/23 dogs had
et al,?* 2023 16-18 Gy (95% Cl 162-584) after SRT had suspected improvement in clinical
8 Gy x 3 =24 Gy Median disease-specific late side effects signs after SRT; 13/23
6.75 x 4 = 27 Gy survival time 413 d dogs were
(95% Cl 217-717) brachycephalic
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 survival time of
those dogs was >866 d;
dogs that had
chemotherapy had
longer survival times
Swift et al,?® Trigeminal 27 dogs 8 Gy x 3 =24Gy Median 441 d (95% Some dogs developed Due to overlap in the 95%
2017 nerve sheath (15 treated 10 Gy x 3 =30 Gy Cl 260-518) for dogs facial pain after Cl between treated and
tumor with SRT) treated with SRT treatment untreated dogs,

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

(continued on next page)
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Table 1
(continued)
Radiation
Reference Tumor Type # Dogs Prescription(s) Overall Survival Time  Toxicity Comments
Dolera et al,?’”  Trigeminal 7 74 Gy x 5 =37 Gy Median 952 d None reported MRI after treatment in all
2018 nerve sheath (95% Cl, 543-1361d) dogs; 1 CR, 4 PR, 2 SD;
tumor 4/7 dogs had
extracranial extension
of the tumor; clinical
signs did not resolve in
most dogs
Hansen et al,>® Trigeminal 8 8 Gy x 3 =24Gy Median 324 d None reported. Median disease-specific
2016 nerve sheath (95% Cl: 99-975) 6/8 dogs were euthanized survival time: 745 d
tumor due to seizures and
progressive neurologic
signs, and the
remaining 2 dogs
experienced accident-
related death
Dolera et al,?°  Glioma 42 42 Gy x 10 =42Gy RTalone: 50% alive Minimal Radiation dose was scaled
2018 53 Gy x 7 =37 Gy at1y, 41% at2y based on tumor grade
6.6 Gy x 5 = 33 Gy RT + TMZ: 65% alive and volume
7 Gy x 5 =35Gy at1y,40% at2y 22 dogs RT alone;
20 RT + TMZ; no
difference in outcomes;
RT dose based on size of
tumor relative to
normal brain
Griffin et al,’’  Meningioma 30 8 Gy x 3 =24 Gy Median 561 d (95% CI  37% worsened Volume of normal brain
2016 423-875d), 60.8% 1y neurologically 3-16 wk treated predicted

survival, 33.2% 2y

after SRT; 13% died of
neurologic progression
within 6 mo

death

VL

19631



Kelsey et al,”°  Meningioma 32 16 Gy x 1 =16 Gy Median 519 d (95% ClI
2018 330-708d), 64% 1y
survival, 24% 2y

31% worsened
neurologically within
6 mo after SRT; 10%
died of neurologic
progression

Infratentorial tumors and
higher gradient index
predicted shorter
survival time

Dolera et al,>®> Meningioma 39 (33 with 6.6 Gy x 5 = 33 Gy 2-y overall survival:
2018 encephalic 74.3%
meningioma,
6 spinal

meningioma)

1 dog had mild
neurotoxicity

2-y disease-specific
survival: 97.4%

49% of dogs had a partial
or complete response at
2y, when considering
both objective follow-
up imaging data and
clinical status in
response evaluation.

Abbreviations: CR, complete response, disappearance of all target lesions*’; d, days; Gy, Gray; MRI, magnetic resonance imaging; PR, partial response-30% or
greater decrease in the sum diameters of target lesions®’; RT, radiation therapy; SD, stable disease-less than 30% reduction or up to 20% increase in the sum di-

ameters of target lesions®®; SRT, stereotactic radiation therapy; TMZ, temozolomide.

syed pue sboq ui siown] uielg Jo} Adesayloipey

SL



76

Gieger

normal flow of cerebrospinal fluid (CSF), forming “drop metastases” at sites distant
from the main mass. Ideally, for patients with suspected choroid plexus tumors, base-
line staging tests including both CSF analysis and MRI of the entire brain and spine are
recommended. If the disease is confined to the brain at the time of diagnosis, FRT or
SRT may be considered. If multifocal CNS lesions are present, entire craniospinal irra-
diation and/or chemotherapy could be considered. There is no standard RT approach,
and the literature is scant on outcomes with RT.2? In one study of 11 dogs treated with
SRT (see Table 1), the MST was 515 days, and the majority of dogs had a clinical
benefit from treatment; however, 4/11 dogs were euthanized within 7 weeks of treat-
ment. Two dogs with biopsy-confirmed choroid plexus carcinomas had survival times
of 24 and 133 days.

TRIGEMINAL NERVE SHEATH TUMORS IN DOGS (RARE IN CATS)

Trigeminal nerve sheath tumors are often diagnosed during a workup for masseter
muscle atrophy (Fig. 3) and can cause a mass effect at the brainstem with possible
extension along all 3 peripheral branches of the nerve (maxillary, mandibular,
ophthalmic).*® Radiation is primarily used as a sole treatment for this disease due to
its location. Three studies reported on use of SRT in a total of 30 dogs with
TNST.2772° The median survival times ranged from 441 to 952 days, and anecdotally,
similar outcomes are observed with FRT. In a study, 4/5 dogs with clinical signs related
to intracranial disease improved, but peripheral neuropathies (facial pain, muscle at-
rophy) did not improve in most cases and 6/15 dogs had persistent poor ocular health
after treatment.?® It is therefore critical to educate pet owners about the goals of this
treatment—that is, an attempt to slow down disease progression for both the intracra-
nial and extracranial components of the disease, without a robust expectation that the
externally visible clinical signs will improve.

MULTILOBULAR TUMOR OF BONE AND OTHER CALVARIAL TUMORS

Neoplasms of the skull such as multilobular tumor of bone (MLO) and osteosarcoma
can cause compression of the brain (Fig. 4) and result in neurologic dysfunction. Ra-
diation therapy often plays a role in multimodal therapy due to tumor location and
inability to perform complete surgical excision (see Fig. 4). In a recent series of 8

Fig. 3. MRI of the brain of a dog with a trigeminal nerve sheath tumor. (A) Transverse T1
post contrast image. The extra-cranial and intra-cranial aspects are contoured in red (gross
tumor volume, GTV). (B)Transverse T1 post contrast image. Both extra-cranial and intra-
cranial aspects are contoured in red (gross tumor volume, GTV) and a dose in colorwash
is showing the dose at 30 Gy. This patient was treated with a 10 Gy x 3 stereotactic radiation
therapy protocol.
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Fig. 4. Transverse computed tomography showing a multilobular tumor of bone. (A) The
GTV is contoured in red. (B) The GTV is contoured in red and dose in colorwash is showing
the dose ranging from 20 Gy adjacent to the normal brain (green) to 30 Gy (yellow), up to a
nearly 40 Gy simultaneous integrated boost at the center of the tumor (red). This patient
was treated with a 10 Gy x 3 stereotactic radiation therapy protocol.

dogs treated with SRT as the sole treatment, the overall median survival time was
329 days, and 4/5 dogs that were reimaged with CT scans had a 26% to 87 % reduction
in tumor volume.®° It is important to perform both CT and MRI in such cases to assess
the bony extent (CT scan) and intracranial soft tissue extent (MRI) of these masses for
RT planning purposes.®® When surgical margins are narrow and/or incomplete,
adjunctive FRT can be used to reduce risk of local recurrence.*®*” In a case series
of 3 dogs treated with surgical excision of the tumor followed by FRT (2.5 Gy x 22 frac-
tions), survival times ranged from 358 to 677 days.*°

NON-NEOPLASTIC INFLAMMATORY DISEASE AND MULTIFOCAL CENTRAL
NERVOUS SYSTEM NEOPLASIA

Dogs with MUO may benefit from the use of RT in addition to medical management.'”:'8
In a pilot study of 6 dogs which received a total dose of 30 Gy in 10 fractions (whole brain),
plus corticosteroids at immunosuppressive doses, all patients showed clinical improve-
ment, with 5/6 surviving for >12 months after RT."” Another study from the same group
reported on outcomes of 10 dogs treated with a shorter protocol (4 Gy x 5); all of those
dogs improved clinically with no known RT side effects, and the MST was 723 days
(C1436-1011 days).'® Whole brain irradiation using similar doses may also be considered
in patients with multifocal neoplastic brain disease (such as lymphoma, histiocytic
sarcoma), although a paucity of information exists in the literature. 1643
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