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Primary brain tumors occur with a reported inci-
dence of 2.2% in cats, and meningioma is the most 

reported primary brain tumor in cats,1–6 accounting 
for 56% to 58% of all intracranial tumors.1,7 Cats with 
meningiomas are significantly older than cats with 
other types of intracranial tumors,1,8,9 and no sex 
predilection has been consistently demonstrated.

Feline meningiomas are considered benign, slow-
growing, and mostly solitary tumors that are typically 
well circumscribed and delineated from the surround-
ing brain tissue.10,11 Median survival times following 
surgical excision of meningiomas range from 693 to 
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1,125 days (22.8 to 37 months),1,9,12,13 with a 2-year 
survival rate of 50%.13 Due to these characteristics, 
the recommendations for treatment of intracranial 
meningiomas in cats is primarily surgery. However, 
surgery is not without risks and complications, and 
occasionally the location and size of the tumor, or pa-
tient comorbidities, may preclude surgery as a treat-
ment option.14 Morbidity associated with brain sur-
gery can be quite high, and reported complications 
include hemorrhage, anemia, central blindness, acute 
renal failure, pneumocephalus, increased intracranial 
pressure, seizures, brain herniation, infections, and 

OBJECTIVE
To report clinical features and outcomes of cats undergoing either stereotactic radiotherapy (SRT) or surgical exci-
sion for the treatment of intracranial meningioma.

ANIMALS
61 client-owned cats.

METHODS
Medical records were retrospectively reviewed of cats with intracranial meningiomas that were treated with surgical 
removal and/or SRT between 2005 and 2017. Signalment, clinical signs, duration of clinical signs, diagnostic imag-
ing reports, histopathology reports, treatment protocol, complications, recurrence or progression, and survival time 
were obtained from the medical record and through follow-up phone calls.

RESULTS
Of the 61 patients, 46 had surgery, 14 had SRT, and 1 had surgery followed by SRT for initial treatment. Significantly 
more cats that underwent surgery had peritreatment complications compared to the SRT group (P < .0001). Cats 
that received surgery initially had a significantly longer median survival time (MST) of 1,345 days compared to the 
MST of 339 days for the SRT cats (P = .002). Fourteen (30%) cats in the surgery group and 4 cats in the SRT group 
(28%) had MRI- or CT-confirmed tumor regrowth or new tumor growth (P = 1.00). Five cases that had SRT for sub-
sequent recurrence had an MST of 700 days (range, 335 to 1,460 days) after the last treatment.

CLINICAL RELEVANCE
SRT proved to be a safe, alternative treatment option for feline patients with intracranial meningiomas; however, 
the survival times with surgery alone were significantly longer. SRT for the treatment of recurrence following initial 
surgery may show promising results.
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aspiration pneumonia.10–13,15 An immediate postop-
erative mortality rate of 6% to 19% has been described 
in cats.9,12,13 Recurrence following surgical excision 
ranges from 12% to 21.4%.1,12,13 The median postop-
erative time to recurrence in 6 cats was noted to be 
285 days (range, 123 to 683 days).1

Radiation therapy has become a mainstay of 
treatment for intracranial neoplasia in both hu-
mans and animals as both a primary and adjunctive 
treatment.3 Stereotactic radiotherapy (SRT) deliv-
ers a curative dose of radiation from numerous dif-
ferent angles to focus the radiation while sparing 
the surrounding normal tissue from damage.16 The 
large number of beams allows for highly confor-
mal target treatment with a steep dose gradient, 
while the nonintersecting arcs minimize exposure 
of normal overlying tissue, allowing a larger single 
treatment dose and, therefore, a lower total dose 
to be applied. SRT involves fewer treatments, typi-
cally 1 to 3, called “fractions,” with a larger amount 
of radiation applied at each administration as com-
pared to the traditional or conventional RT, which 
typically involves multiple, smaller-dose fractions 
delivered 3 to 5 times weekly over 3 to 4 weeks.17 
Advantages of this noninvasive, single-dose to hy-
pofractionated form of treatment of brain tumors 
in animals are that only a few episodes of general 
anesthesia are required and radiation exposure 
of normal brain tissue is substantially reduced, 
thereby avoiding complications associated with 
conventional RT.18,19 The CyberKnife system is an 
RT device manufactured by Accuray Inc and is 1 
type of SRT system that can facilitate SRT through 
a linear accelerator placed on a robotic arm, giv-
ing it many degrees of freedom. This freedom al-
lows for increased accuracy in the delivered radia-
tion to the area of interest and for the sparing of 
normal surrounding tissue. To our knowledge, no 
literature regarding SRT involving 1 to 3 high-dose 
fractions or the use of a CyberKnife system for the 
specific treatment of feline meningiomas is avail-
able and no prior studies have evaluated whether 
SRT alone significantly prolongs survival time. The 
purpose of this retrospective study was to report 
clinical features, outcomes, and survival times of 
cats undergoing either SRT or surgical excision for 
the treatment of intracranial meningioma.

Methods
Case selection criteria

Medical records of client-owned cats that under-
went either surgical removal or SRT for the manage-
ment of intracranial tumors consistent with menin-
gioma between January 2005 and March 2017 were 
reviewed. Inclusion criteria for this study were cats 
with a presumptive or definitive diagnosis of menin-
gioma based on either histopathology or highly sug-
gestive features on advanced imaging (MRI or CT) 
that underwent surgical excision or SRT. Exclusion 
criteria were patients that had > 2 differential diag-
noses, not including meningioma.

Medical record review—Information obtained 
from the medical records included age, sex, breed, 
duration of clinical signs, clinical signs present at ini-
tial examination, advanced imaging findings, treat-
ment (surgery vs SRT), radiation protocol, peritreat-
ment complications, histologic tumor type, survival 
time after diagnosis, time to recurrence, and subse-
quent treatment of recurrence. If date of death or 
follow-up was not available in the medical records, 
referring veterinarians and clients were contacted by 
telephone for additional information.

Diagnostics
All available imaging studies were initially re-

viewed by a board-certified radiologist or neurolo-
gist. Tumor location was classified into 3 groups on 
the basis of location in the brain: forebrain (cere-
brum, olfactory lobes, and diencephalon), cerebel-
lum, or brain stem (midbrain, medulla, pons, and 
cerebellomedullary angle). Multiple locations were 
noted when diagnosed, and the largest lesion was 
used for data calculations.

The histopathologic diagnosis was recorded 
from the available histopathology report or the 
medical records. Diagnosis of meningioma was 
considered presumptive if the CT or MRI charac-
teristics were consistent with previously reported 
lesion characteristics.1,3,11,20,21

Treatment
Tumor removal surgery—Surgical techniques that 

have been used to remove feline and canine meningi-
omas have been previously detailed elsewhere.15,22 All 
biopsies were collected intraoperatively.

Stereotactic radiotherapy—SRT performed 
at the Animal Specialty Center was with a Cy-
berKnife Radiosurgery System (Accuray Inc). SRT 
consisted of either 1 or 3 daily fractions ranging 
from 800 to 3,000 cGy to equal 2,400 to 9,000 cGy 
total treatment dose.

Outcomes—Peritreatment complications were 
defined as complications occurring during surgery 
or during hospitalization following treatment. Post-
treatment complications were defined as complica-
tions occurring after discharge from the hospital.  
Initial recurrence was defined as return of or new clini-
cal signs consistent with the previous diagnosis and 
was confirmed via advanced imaging (CT or MRI).

Statistical analysis
Continuous data were described using median 

and IQR due to nonnormal distributions. Frequen-
cies and percentages were used to describe cate-
gorical data. Associations between treatment used 
and categorical variables were assessed using Fish-
er exact tests. Kruskal-Wallis tests were used to test 
between differences in continuous variables on the 
basis of the treatment used. Kaplan-Meier method-
ology was used to draw survival curves for time to 
progression or recurrence and survival time (Figure 
1). Cats were censored in the time to recurrence or 
progression analysis if there was no documentation 
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of progression or recurrence before data collection 
for study, loss to follow-up, or death. In the survival 
time analysis, cats were censored if alive at last fol-
low-up or if lost to follow-up. Log rank tests were 
used to compare survival distributions between 
treatment groups.

Statistical significance was set at P = .05, and 
the statistical analysis was performed using a com-
mercially available software package (SAS software 
version 9.4; SAS Institute Inc). 

Results
Study population

Sixty-one cats met the criteria for inclusion in 
the study. Domestic shorthair was the most-repre-
sented breed with 48 (79%) cats, followed by 8 (13%) 
pure breeds, 3 (5%) mixed breeds, and 2 (3.2%) do-
mestic longhairs. Pure breeds that were represented 
included Persian (n = 3), Maine Coon (3), Himalayan 
(1), and Norwegian Forest Cat (1). The median age 
at diagnosis was 11 years in the surgery group and 
12.5 years in the SRT group (overall range, 5 to 18 
years), and there were twice as many neutered males 
compared to spayed females in this population (20 
spayed females and 41 neutered males). No signifi-
cant difference in breed, age, or neuter status was 
found regarding treatment group.

Pretreatment evaluation
Of the 56 cats that had documented clinical signs 

prior to diagnosis, 73% (41/56) had behavior/menta-
tion changes, 68% (38/56) cranial nerve deficits, 59% 
(33/56) gait abnormalities, 23% (13/56) seizures, 
and 18% (10/56) for other changes (ie, weight loss/
decreased appetite, head shaking, decreased hear-
ing, urination issues, nasal discharge, and collapsing 
episodes). Five patients did not have documented 
clinical signs in the available medical records. Twen-
ty-eight of 56 (50%) cats presented with 3 or more of 
the clinical signs listed above while 6 (11%) were pre-
sented solely for seizures. Of the 38 cats that were 
found to have cranial nerve deficits, 26% (10/38) 
were found to have nystagmus; 5 cats had vertical 
nystagmus, 2 cats had downbeat nystagmus, and 
2 cats had rotary nystagmus. Vision changes/loss 
were noted in 5 patients. The remainder of the cases 
with cranial nerve deficits were not elaborated on in 
the available medical records. The median duration 
of clinical signs was 28 days (range, 1 to 406 days) 
for the surgery group and 84 days (range, 13 to 730 
days) for the SRT group (range, 1 day to 2 years). 
Thirteen (21%) cats did not have duration of clini-
cal signs documented in their medical records. No 
significant difference was found between treatment 
groups related to duration of clinical signs (P = .08).

Sixty cats underwent MRI, and a single cat un-
derwent CT imaging, with detailed imaging findings 
described in 55 of 61 (90%) cats. On the basis of ac-
cessible reports, 87% (48/55) were described as fore-
brain in location, 7% (4/55) were in the cerebellum, 
and 5% (3/55) were in the region of the brain stem 
(Table 1). Lesion localization between the 2 groups 
nearly reached significance (P = .07), with the only 3 
lesions located in the brain stem in the SRT group. A 
single cat in the SRT group and 5 cats in the surgery 
group were noted to have 2 or more masses located 
within the brain at the time of diagnosis (P = .680).

Treatment
Forty-six cats had surgical removal of the intra-

cranial tumor initially, 14 had SRT initially, and 1 had 

Figure 1—Kaplan-Meier curve to show survival prob-
ability (A) and recurrence probability (B) in 61 cats with 
cranial meningiomas by treatment type.

	 Treatment	

	 SRT (n = 14)	 Surgery (n = 46)	 Surgery and RT (n = 1)

Variable	 Category	 n	 %	 n	 %	 n	 %	 P value

Lesion localization	 Brain stem	 3	 21.4	 -	 -	 -	 -	 .070
	 Cerebellum	 0	 0.0	 4.0	 8.7	 -	 -	
	 Forebrain	 10	 71.4	 37.0	 80.4	 1.0	 100.0	
	 Not noted	 1	 7.1	 5.0	 10.9	 -	 -	
Peritreatment complications	 Total	 1	 7.1	 34	 73.9	 -	 -	 < .0001
	 Anemia	 -	 -	 25	 54.4	 -	 -	 .000
	 Other	 -	 -	 15	 44.1	 -	 -	 .010
Recurrence or progression		  4	 28.6	 14	 30.4	 -	 -	 1.000
Time to recurrence	 Median (95% CI)	 315 (104–NC)	 -	 1183 (731–1,638)	 -	 -	 -	 .009
Survival outcome	 Alive	 5	 35.7	 21.0	 45.7	 -	 -	 .740
	 Dead	 9	 64.3	 25.0	 54.4	 1.0	 100.0	
Survival time	 Median (95% CI)	 339 (102–339)	 -	 1345.0 (709–1,642)	 -	 1,903.0*		  .0020

*Values represent 1 cat, not median.
NC = Not calculated.

Table 1—Characteristics of study population of 61 cats with cranial meningiomas that underwent surgery or stereo-
tactic radiotherapy (SRT).
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surgery followed by SRT due to incomplete surgi-
cal removal. Of the 47 surgical cases, 55% (26/47) 
had craniotomy listed as the surgical approach, fol-
lowed by a rostrotentorial approach in 38% (18/47), 
suboccipital approach in 4% (2/47), and transfron-
tal approach in a single case. Of the 14 cats treated 
with SRT initially, 10 cats received an average of 
3,476 cGy (range, 2,400 to 9,000 cGY) over 3 treat-
ment sessions/fractions. Four cases did not have 
the amount of cGY received documented, including 
the single case that had surgery (rostrotentorial ap-
proach) followed by a single fraction of SRT due to 
incomplete removal. The 3 cases with tumors in the 
brain stem location received SRT as primary treat-
ment (Table 1). Histopathologic diagnosis of menin-
gioma was provided in 98% of the 47 surgery cases. 
Twenty-five (53%) of the reports included subtypes. 
These subtypes included the following: psammoma-
tous (11/25 [44%]), meningothelial (7/25 [28%]), 
transitional (4/25 [16%]), and fibroblastic/fibrous 
variant (3/25 [12%]).

Peritreatment complications
For the 46 initial surgical events, 34 (74%) had 

peritreatment complications; the most common 
was anemia (25/46 [54%]), followed by inappe-
tence (n = 5), hypokalemia (4), cranial nerve defi-
cits (3), hyperthermia (3), ataxia (2), hyperglyce-
mia (2), and seizures (2). The degree of anemia 
ranged from 13% to 28%, and none were noted to 
have received treatment in the available medical 
records. The specific cranial nerve deficits in the 3 
initial surgical events cases were not specified. Two 
cats required a second surgical procedure during 
the peritreatment period due to cerebral/cerebel-
lar herniation and hemorrhage, both of which re-
covered without further issues. One cat developed 
seizures in the immediate postoperative period and 
arrested. Of the 15 total cats treated with SRT, the 
only immediate complication was hyperthermia and 
tachypnea in the same cat, both of which resolved. 
Significantly more cats that underwent surgery had 
peritreatment complications compared to the SRT 
group (P < .0001; Table 1).

Outcome
At the time of data collection, 54% (n = 25) of cats 

in the surgery group and 64% (9) of the SRT group 
were either euthanized or had died (P = .740) with 

a median survival time (MST) of 1,345 days (range, 
708 to 1,642 days) and 339 days (range, 102 to 339 
days), respectively (P = .02). Of the surgery group, 
11 (44%) cats were euthanized or died due to recur-
rence or continuance of neurologic signs, 11 cats did 
not have a reason for death noted, and 3 cats died 
due to other reasons (ie, old age, weight loss, and 
hyporexia). Of the cats that died or were euthanized 
due to neurologic abnormalities, 6 had seizures (one 
of which expired in the peritreatment period), 1 was 
noted to be hiding and going into corners inappro-
priately, 1 was noted to be weak and ataxic, and 1 
was noted to have the same clinical signs (behavior 
change) as prior to treatment. One cat was noted to 
have neurologic deterioration and was found to have 
pancreatic carcinoma with pulmonary metastasis 
and subsequently euthanized.

Death in the SRT group (9 cases) was attributed 
to neurologic signs in 4 (44%) cats, 4 cats did not 
have a reason for death noted, and 1 for other rea-
sons (hiding and anorexia). Of the cats that died or 
were euthanized due to neurologic abnormalities, 1 
cat had progressive neurologic signs and was eutha-
nized after a new brain tumor was noted on MRI, 1 
cat was euthanized after presenting obtunded/mini-
mally responsive (suspect regrowth; no diagnostics/
imaging were performed at that time), 1 cat died af-
ter a subtle personality change was noted, and the 
final cat became nonambulatory roughly 107 days 
following initial SRT treatment and never regained 
the ability to walk.

Fourteen (30%) cats in the surgery group and 
4 (28%) cats in the SRT group had MRI- or CT-con-
firmed tumor regrowth or new tumor growth (P = 
1.00; Tables 2 and 3). The median time to progres-
sion was 1,183 days (range, 731 to 1,638 days) in 
the surgery group and 315 days (range, 104 to cen-
sored) in the SRT group (P = .009). Two (14%) cases 
in the SRT group and 10 (22%) cases in the surgery 
group had additional treatment for recurrence. Fol-
lowing initial recurrence, 6 cats had a second sur-
gery, 3 cases that had surgery initially had SRT, 1 
cat received no treatment, 1 had surgery initially 
followed by conventional RT (18 treatments), and 1 
had a second round of SRT.

Fourteen (30%) cats that received surgery as the 
initial treatment had evidence of recurrence based 
on MRI findings (Table 3). Six cases in the initial 
surgery group had documented meningioma recur-

Table 2—Summary of characteristics of 4 cases with documented recurrence following SRT as initial treatment for 
intracranial meningioma.
								       No. 	 Time	 Tx	
Case								       of	 to	 for	
No.	 Age	 Sex	 Breed	 Location	 Clinical signs	 Treatment	 recurrences	 recurrence	 recurrence	 Outcome

11	 12	 MN	 DSH	 Forebrain	 Behavior change, 	 RT (3 treatment)	 1	 8 mo	 None	 Deceased, 
						       vision loss					       1 mo
15	 14	 FS	 DSH	 Forebrain	 Mentation, gait changes, 	 RT (3 treatments)	 1	 10 mo	 RT	 Euthanized, 
						       CN deficits				      (3 treatments)	   12 mo
43	 15	 FS	 DSH	 Forebrain	 Behavior, gait changes, 	 RT (1 treatment)	 1	 13 mo	 None	 Euthanized, 
						       CN deficits					       13 mo
59	 12	 MN	 DSH	 Brain stem	 Gait change, 	 RT (3 treatments)	 1	 5 mo	 Added	 Deceased, 
						       CN deficits				      in Lomustine	  lost to follow-up

CN = Cranial nerve. DSH = Domestic shorthair. FS = Female spayed. MN = Male neutered. RT = Radiation therapy. Tx = Treatment.
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rence a second time and received either SRT (n = 4) 
or medications (2) including dexamethasone, phe-
nobarbital, and Palladia as treatment. Three cases, 
again all in the initial surgery group, had presump-
tive recurrence of meningioma based on abnormal 
neurologic signs but did not receive advanced im-
aging to confirm recurrence. A single case (Table 3; 
case 38) had 3 surgeries and a final SRT treatment 
to treat the tumor and its recurrence. This case was 
eventually lost to follow-up roughly 2,700 days (7.5 
years) after the last treatment.

In the SRT group, 4 (26.6%) cats that received 
SRT initially had evidence of recurrence on repeat 
imaging with a median time to recurrence of 315 
days (Table 2). Case 11 had recurrence after pro-
gressive neurologic signs were noted 243 days 
post–initial treatment and was noted to be de-
ceased 1 month later with no additional treatment. 
Case 15 had regrowth noted on MRI after 304 days, 
had SRT again (3 treatments), and was euthanized 
1 year later due to behavioral changes. Case 43 had 
evidence of recurrence 395 days later and was eu-
thanized with no additional treatment. Case 59 had 
evidence of regrowth on MRI 152 days post–initial 
treatment and after adding in lomustine the patient 
was lost to follow-up. The MST for the 5 of 7 cases 
that had RT for subsequent recurrence following ei-
ther surgery or SRT initially was 700 days (range, 
335 to 1,461 days) after the last treatment, with 2 
cases lost to follow-up.

Five (36%) cats in the SRT group and 21 (46%) in 
the surgery group were counted as alive at the time 
of data collection. Of these cases, 19 (73%) were lost 
to follow-up, 15 of the surgery group and 4 of the 
SRT group. Six cats that underwent surgery initially 
were noted to be alive and doing well at the time 

of data collection, whereas a single cat that received 
SRT initially was noted to be alive and doing well.

Discussion
Historically, curative-intent RT treatments have 

been utilized in the treatment of both feline and canine 
intracranial tumors.3,6,10,11,17,18,23–26 However, there is 
a paucity of literature on feline patients diagnosed 
with intracranial meningiomas treated with SRT. In a 
2003 paper by Troxel et al,1 a total of 4 cats under-
went RT for treatment of presumed intracranial me-
ningiomas; however, the radiation protocol was only 
specified for 1 cat that received 3 doses weekly of 400 
cGY for a total dose of 48 Gy. This cat survived 240 
days and was euthanized for an unrelated neoplasm.1 
Sessums and Mariani10 reported treating 2 cats with 
MRI-diagnosed cerebral meningiomas using a linear 
accelerator–based SRT unit; however, the case series 
is unpublished and data cannot be gathered from this 
review. Eleven client-owned cats with MRI-diagnosed 
pituitary tumors were treated with modified linear ac-
celerator–based radiosurgery receiving 1 to 3 treat-
ments.19 Improvement in clinical signs was noted in 
63.6% of treated cats, and there were no confirmed 
acute or late adverse radiation effects.19 In the larg-
est and most recent study evaluating the outcome of 
cats with intracranial tumors treated with RT, 21 cats 
were treated with various definitive-intent daily frac-
tionated protocols, from 3 to 20 fractions.6 The single 
case that received 3 fractions was diagnosed with a 
choroid plexus tumor and was censored at 588 days 
post-treatment.6 Eleven cats were diagnosed with 
meningioma and received anywhere from 10 to 20 
fractions of between 40 and 45 Gy (total dose), with 
an average overall survival time of 315 days (range, 

Table 3—Summary of characteristics of the 14 cases with documented recurrence of meningioma following surgery 
as initial treatment for intracranial meningioma.

								       No. 	 Time	 Tx	
Case					     Clinical		  of	 to	 for	
	No.	 Age	 Sex	 Breed	 Location	 signs	 Subtype	 recurrences	 recurrence	 recurrence	 Outcome

13	 7	 MN	 Maine Coon	 Forebrain	 Behavior, gait changes, 	 MT	 1	 72 mo	 Craniotomy	 Alive
						       CN deficits
17	 10	 MN	 DSH	 Forebrain	 Behavior, gait changes, 	 PS	 1	 37 mo	 Craniotomy	 Alive
						       CN deficits, other
20	 8	 MN	 DSH	 Forebrain	 Seizures	 N/A	 2	 36 mo; 12 mo	 RT (18 tx); 	 Euthanized due to
										           RT (3 tx)	   other disease, 11 mo later
30	 12	 MN	 DSH	 N/A	 Behavior change	 N/A	 1	 12 mo	 RT (3 tx)	 Died, 48 mo late, 
											            neurologic signs noted	
31	 15	 MN	 DSH	 Forebrain	 Seizures	 PS	 1	 9 mo	 None noted	 Lost to follow-up
35	 10	 FS	 DSH	 Forebrain	 N/A	 N/A	 2	 53 mo; 65 mo	 Craniotomy; 	 Lost to follow-up
										           meds
36	 12	 MN	 DSH	 Forebrain	 Behavior changes, 	 N/A	 1	 5 mo	 Meds	 Died, 25 mo, no neurologic
						       CN deficits					       signs noted
38	 12	 MN	 DSH	 Forebrain	 Mentation changes	 PS	 3	 12 mo; 24 mo; 	 Craniotomy; 	 Lost to follow-up
									          24 mo	   craniotomy; 
										           RT (3 tx)
41	 9	 MN	 DLH	 Forebrain	 Behavior, gait changes,	 FB	 1	 48 mo	 RT	 Euthanized due to recurrence
						       CN deficits					       of neurologic signs, 22 mo later
46	 10	 FS	 DSH	 Forebrain	 Behavior, gait change	 N/A	 2	 10 mo; 12 mo	 Craniotomy; 	 Lost to follow-up
										           meds
49	 15	 MN	 Persian	 Forebrain	 N/A	 N/A	 1	 21 mo	 Meds	 Lost to follow-up
58	 14	 MN	 DSH	 Forebrain	 Mentation, gait change, 	 PS	 2	 1 mo; 17 mo	 RT (1 tx); 	 Lost to follow-up
						       CN deficits				      RT (3 tx)
60	 13	 FS	 DSH	 N/A	 Behavior change	 N/A	 2	 5 wk; 39 mo	 Craniotomy;	 Euthanized due to seizures, 
										           RT (3 tx)	   respiratory distress, 16 mo later
61	 8	 FS	 DSH	 Cerebellar	 N/A	 N/A	 1	 60 mo	 RT (3 tx)	 Euthanized, not for
											            neurologic signs, 20 mo later

DLH = Domestic longhair. FB = Fibroblastic/fibrous variant. MT = Meningothelial. N/A = Not applicable. PS = Psammomatous.  Tx = Treatment.
See Table 2 for remainder of key.
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50 to 963 days).6 Three cats were alive at the time 
of data evaluation (overall survival range, 121 to 225 
days), 1 cat was reirradiated resulting in an additional 
progression-free interval of 223 days, and 3 cats died 
from tumor- or treatment-related causes.6

In this paper, we reported the outcome of either 
surgery or SRT for the treatment of intracranial me-
ningiomas in a subset of feline patients. As previous-
ly noted, the MST for surgically treated intracranial 
meningiomas in cats is 693 to 1,125 days (22.8 to 37 
months)1,9,12,13 with a 2-year survival rate of 50%13 in 
the literature. In this study, cats that had initial sur-
gery were found to have an MST of 1,345 days, which 
is equivalent to 44 months. Median survival time for 
cats in the SRT group was 339 days, equivalent to 11 
months. The difference in MST between the surgery 
group and the SRT group did reach statistical signifi-
cance (P = .002; Figure 1). The MST for the SRT group 
is below the documented MST for surgical treatment; 
however, it is close to the value noted in the single 
case that received 3 fractions of SRT and lived for 
240 days described by Troxel.1 Historically, RT has 
been utilized in lesions not easily accessible by sur-
gical approaches in human and veterinary medicine. 
No known literature is available that evaluates the re-
lationship between the intracranial location of feline 
meningiomas and prognosis and rate of recurrence; 
however, in a 2009 paper by Klopp et al30 discussing 
endoscopic-assisted meningioma removal in dogs, 
the MST for dogs with forebrain meningiomas was 
significantly longer when compared with the dogs 
with caudal brain/brain stem meningiomas (P = .05). 
In that paper, the MST for forebrain meningiomas 
was 2,104 days compared with 702 days for caudal 
brain meningiomas.27 Forterre et al15 found that for 
tumors in less-accessible locations, such as tentori-
ally located meningiomas, survival time was found 
to decrease to 19 months (578 days) postoperatively 
in feline patients. Lesion localization between the 2 
groups in the current paper nearly reached signifi-
cance (P = .07; Table 1) with the only 3 lesions lo-
cated in the brain stem in the SRT group. Location 
of the tumor may have contributed to the lower MST 
found in the SRT group.

A single cat in the SRT group and 5 cats in the 
surgery group were noted to have 2 or more masses 
located within the brain at the time of diagnosis. In 
addition to single meningioma, there is also a high in-
cidence of multiple meningiomas in cats noted in the 
literature.28 In a 2003 paper1 retrospectively review-
ing feline intracranial neoplasms, 17.2% were found to 
have multiple meningiomas at the time of diagnosis. 
A 2007 paper28 evaluating multiple meningiomas in 
cats that underwent surgery suggests that the post-
operative outcome does not seem to be influenced 
by the number of meningiomas present. This paper 
evaluated only 4 cats, all of which had surgery to re-
move the masses, and they all were administered hy-
droxyurea postoperatively in an attempt to diminish 
tumor regrowth.28 While the number of cases diag-
nosed with multiple tumors in this paper was low, the 
effect this finding had on the outcome of both treat-
ment groups was not explicitly evaluated and there-

fore cannot be disregarded. Significantly more cats in 
the surgery group had peritreatment complications 
compared to the SRT group (P < .0001). The most 
common peritreatment complication in the surgery 
group was anemia (54%), and 1 case developed sei-
zures following surgery and arrested. A paper13 that 
evaluated 42 cats that underwent surgery for their 
intracranial meningiomas reported 31% of cases were 
anemic postoperatively (range, 10% to 25%) and 19% 
died or were euthanized in the immediate postopera-
tive period. Intracranial hemorrhage can be significant 
during surgery and can continue after recovery from 
anesthesia, thus leading to anemia. Due to the retro-
spective nature of the current study, specifics relating 
to intraoperative hemorrhage and technique for he-
mostasis were not consistently documented. Whereas 
the available literature reports a 6% to 19% mortality 
rate in the immediate postoperative period, this pa-
per only had a single perioperative death. Much of the 
available information regarding surgical treatment 
for feline intracranial meningiomas is from studies 
performed decades ago. Perhaps the risk of mortal-
ity with surgery may be lower than originally reported 
now that newer surgical approaches and improved 
technique have been utilized. The most recent paper9 
discussing surgical treatment in 121 cats reported an 
immediate postoperative mortality rate of 6%. A sin-
gle cat in the SRT group was noted to have peritreat-
ment complications, which included hyperthermia 
and tachypnea, both of which resolved. In this study, 
SRT treatment, delivered by the CyberKnife system, 
required anywhere from 1 to 3 anesthetic events com-
pared to the single event for surgery. According to a 
2007 paper by Bley et al,29 repeated propofol-asso-
ciated anesthesia does not lead to clinically relevant 
hematologic changes or adverse events in cats under-
going short-duration radiotherapy. 

Four (28.6%) cats in the SRT group and 14 (30.4%) 
cats in the surgery group had CT- or MRI-confirmed 
recurrence following initial surgery. According to the 
literature, a 14% to 21.4% recurrence rate has been 
noted for surgical treatment1,12,13 and the 1 case that 
received SRT for an intracranial meningioma did not 
have documented recurrence.1 Lack of repeat ad-
vanced imaging to confirm tumor growth in previous 
reports may have contributed to a lower than actual 
tumor recurrence in cats with intracranial meningio-
ma. To the authors’ knowledge, the recurrence rate 
following initial SRT treatment for feline intracranial 
meningioma is not available. The median time to re-
currence for cats receiving surgery as the primary 
treatment was 1,183 days compared to 315 days in 
the SRT treatment group (P = .009; Figure 1). The MST 
for the 5 of 7 cases that had SRT for subsequent re-
currence was 700 days (range, 335 to 1,461 days; 11 
to 48 months) after the last treatment, with 2 cases 
lost to follow-up. We were unable to compare the sig-
nificance of overall survival times of patients that had 
SRT as an adjuvant treatment for recurrence of me-
ningioma. This lack of significance could be a result of 
a type 2 error given the small patient population.

This study had several limitations. A definitive 
histologic diagnosis was obtained in all of the sur-
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gically treated cases; however, a presumptive di-
agnosis was made in the cats treated with SRT. The 
accuracy of advanced imaging, using CT or MRI, 
for diagnosis of primary brain tumors in cats, how-
ever, has been long established. In a 2004 study 
by Troxel et al,20 MRI features of feline intracranial 
neoplasia were retrospectively reviewed and 96% 
of tumors were correctly identified as meningioma 
on the basis of MRI characteristics alone. MRI is 
the imaging modality of choice for the detection 
of brain tumors in humans and allows for superior 
resolution of intracranial lesions compared to CT.30 
Six cats were noted to have multiple tumors: 5 in 
the surgery group and 1 in the SRT group. The 
effect of multiple tumors on patients included in 
the study was not investigated; therefore, the in-
fluence in the overall clinical picture and survival 
cannot be elucidated. Additional limitations of this 
study include its retrospective nature, small case 
numbers (only 15 patients underwent SRT initial-
ly), and lack of follow-up imaging for all patients 
to determine the impact of SRT on the size of the 
tumor, determine the progression-free interval, 
and rule out the possibility of development of sec-
ondary delayed radiation effects.

In summary, SRT proved to be a safe, alternative 
treatment for feline patients with intracranial menin-
giomas that may have reasons to not undergo sur-
gery, such as nonresectable tumors, comorbidities 
making surgery not an ideal option, or owners who 
decline surgery. While the MST for the surgery group 
was significantly longer, at 1,345 days (44 months), 
the SRT group lived for almost a year, at 339 days 
(11 months) post-treatment. Due to the low num-
bers that received SRT for subsequent recurrence, 
the evaluation of prolonged survival time and ben-
efit was not able to be determined. Future studies 
with larger case populations evaluating cats with 
meningiomas treated with SRT alone, as an adjuvant 
to surgery, or as a treatment for recurrence would 
be needed to better highlight where SRT might be 
the most beneficial in the treatment of intracranial 
meningiomas in cats.
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