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Meningioma is the most common primary intracranial tumor in dogs representing 40-

49% of primary canine brain tumors (Snyder, Heidner, Rossmeisl 2013) and occurs most 
commonly in Golden Retrievers (Snyder, McGrath, Andrews, Greco), Labrador Retrievers 
(Greco), Boxers (Sturges), German Shepherd Dogs (Sturges), and dolichocephalic breeds, such 
as Collies (Braund). There is no gender predilection for meningiomas in dogs. They occur with 
greater incidence in older dogs (Snyder, Axlund, Greco) and for every year increase in age there 
is a 40% increased risk of meningioma compared to other primary brain tumors (Snyder).  
Presenting clinical signs depend on location of the tumor, but the most common signs are 
seizures and change in mentation (Axlund, Heidner, Snyder, Greco).  Presumptive diagnosis is 
made using computed tomography (CT) or magnetic resonance imaging (MRI) to identify an 
extra-axial mass that is usually supratentorial, hypo- to isointense on T1-weighted images, 
strongly contrast enhancing and may have a dural tail (Rodenas, Sturges, Snyder).  Definitive 
diagnosis of tumor type, subtype and grade is best made by histopathological examination of 
biopsy specimens. The incidence of specific tumor grades based on histology is reported as 56% 
benign (Grade I), 43% atypical (Grade II), and 1% malignant (Grade III) (Sturges).  There are no 
studies correlating tumor histologic grade with biological behavior or response to therapy. 
          Therapeutic goals for meningioma are complete excision or cytoreduction of the tumor.  
Median survival time for dogs treated with surgical excision alone is 0.9 to 7 months (Heidner, 
Axlund, Niebauer, Kostolich, Rossmeisl) and with radiation therapy alone is 250 days (Spugnini) 
to 43.7 weeks (Brearley); although many of the masses treated had not been definitively 
diagnosed as meningiomas.  Despite a wide range in survival times for the dogs treated by a 
single mode of therapy, either surgery or radiation, as median survival implies half of the dogs 
treated die within months of treatment and 80% of them do not survive for one year.  Combining 
radiation therapy with surgical excision significantly increases survival times, with median times 
ranging between 434 days (14.5 months) and 30 months (Brearley, Axlund, Theon, Platt).  
Although radiation therapy following surgery extends the median survival times, there are 
disadvantages to this combination therapy.  Every dog must undergo daily general anesthesia 
during administration of the dosing fractions.  Furthermore, early and late reactions of the brain 
to radiation therapy are not well documented.  The most disruptive side effect of brain irradiation 
in people is loss of cognitive function from changes in the white matter and death of brain tissue 
caused by radiation-damaged blood vessels.  These side effects may occur in dogs as well, as 
some dogs are reported to have a “dull” mental attitude following radiation therapy for brain 
tumors (personal communication, R.T. Bentley) and the only long term surviving dog that 
received radiation therapy for a meningioma had liquefactive necrosis at the tumor site during a 
postmortem examination 28 months after therapy (Axlund). 

More complete surgical excision of meningiomas, which may be achieved by exceptional 
means, also appears to prolong time to recurrence and overall survival time.  The median survival 
time was 1254 days in 16 dogs with grade I meningiomas after using a surgical aspirator to 
remove the tumors; however the only dog with anaplastic (grade III) meningioma did not survive 
surgery (Greco).  Survival was also extended when cerebrocortical resection of the underlying 
lobe was performed in addition to macroscopic meningioma removal and regional durectomy in 
six dogs compared to five dogs with no lobectomy, 480 versus 204 days, respectively (Rossmeisl 
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2004).  Although there is functional recovery after lobectomy, there are likely consequences of 
cortectomy of normal brain parenchyma.  Neuroendoscopy is a newly emerging technique in 
human neurosurgery that has been primarily used to remove tumors from brain locations that are 
difficult to access.  The technique is difficult to master and has a steep learning curve to 
understand orientation, topography, and anatomy in 3-dimensional space.  One veterinary 
neurosurgeon has reported on endoscopic-assisted craniectomy in 33 dogs with meningioma of 
unknown subtype with a median survival time of 2104 days for forebrain lesions and a 
significantly shorter time for caudal brain tumors (702 days) (Klopp).  Despite these excellent 
results using extraordinary surgical techniques, most surgeons use more standard surgical 
technique to remove meningiomas. 

Canine meningiomas are very similar to human meningiomas in neuroimaging 
characteristics, gross and histological appearance, and expression of growth factors and cell 
surface receptors (Dickinson, Kraft, Platt, Thomas). Recently, a more detailed histological 
classification of canine meningiomas has been promoted that mirrors the World Health 
Organization system used in people where 3 histological grades correlate with biological behavior 
(Sturges). The new grading system for canine meningiomas includes benign (Grade I), atypical 
(Grade II), and anaplastic (Grade III) tumors. It seems that there is a higher incidence of Grade II 
that have a more aggressive behavior and a higher potential for recurrence in dogs as compared to 
humans. This may account for the difference in survival times between the two species. The 5-
year disease-free rates in people are 90% or greater, which correlates with the percentage of 
tumors that are WHO grade I (Mirimanoff). The prognosis for people with recurrent meningioma 
is much more guarded and resembles that for dogs. 

In 2005, we began work to initiate a canine glioma clinical trials program at the 
University of Minnesota (UMN) Veterinary Medical Center (VMC).  Our team currently has six 
publications showing the similarity to human glioma histologically and conducting in vivo 
studies to determine the safety and efficacy of adenoviral and nonviral gene transfer into the 
canine brain. We completed a pilot study (Andersen) and are working on a clinical trial to test 
the efficacy of combinations of autologous tumor lysate/adjuvant given after surgical debulking 
of meningiomas in dogs. 

Inclusion criteria for the vaccine therapy are: (i) client-owned dog with an intracranial 
mass on magnetic resonance imaging (MRI) consistent with a diagnosis of meningioma; (ii) 
mass must be amenable to surgical resection; (iii) must have informed consent provided by the 
dog's owner; (iv) histologic confirmation of meningioma.  Exclusion criteria for the trial are: (i) 
severe neurological dysfunction that would preclude completion of the trial; (ii) tumor not 
amenable to surgical resection; (iii) existence of concomitant disease that would affect the dog's 
prognosis and preclude completion of therapy; (iv) metastatic brain tumors. 
 
American Brain Tumor Association vaccine study for meningiomas 

Treatment groups: 1) surgery + vaccination w/autologous lysate + CpG as adjuvant, 2) 
surgery + vaccination w/autologous lysate + imiquimod as adjuvant  

Each dog had all grossly visible tumor removed via the appropriate craniotomy approach.  
All dogs had an immediate postoperative MRI to assess for any residual tumor/completeness of 
resection.  The tumor lysate was produced from cultures the dog’s own tumor cells grown in 
vitro and was given intradermally every 2 weeks for a total of 6 vaccines starting 2 weeks after 
surgery.  Dogs in group 1 had CpG oligodeoxynucleotide (ODN), 18-25 base pair 
oligonucleotides of cytosine (C) and guanine (G) on a phosphodiester backbone (p) that bind 
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toll-like receptor-9 (TLR9), as an immunostimulant.  Dogs in group 2 had imiquimod, a topical 
cream that activates dendritic cells in the skin by binding TLR7 and used to treat sarcoids, as an 
immunostimulant.  Dogs were monitored by neurologic and MRI examinations 3, 6, and 12 
months after surgery. Clinical response was considered as CR (complete response) = 
disappearance of all target lesions, PR (partial response) = 30% decrease in the longest diameter 
of tumor, PD (progressive disease) = 25% increase in the longest diameter of tumor, or SD 
(stable disease) = small changes that do not meet above criteria. Any toxicities were assessed 
using a standard veterinary scale of grade I-V events, determined by regular blood chemistry and 
neurological examinations. 

We ended enrollment with 12 dogs recruited into the meningioma study: 5 grade I 
(subtypes: 1 meningothelial, 1 psammomatous, 3 transitional), 5 grade II (subtypes: 3 
meningothelial, 3 psammomatous – all with invasion into the brain parenchyma) and 2 grade III 
(subtypes: 2 papillary). All dogs in group 1 and 2 dogs in group 2 are dead. Median survival time 
for group 1 dogs was 401 days.  Reasons for euthanasia were ruptured splenic hemangiosarcoma 
(1), “old age” dogs were 12-15 years old (4), lymphoblastic lymphosarcoma (1), and 
breakthrough seizure activity that was suspected to be secondary to tumor recurrence (2). The 
brain of every dog was assessed on postmortem examination and there was no tumor recurrence 
or progression of disease.  Four dogs are still alive and progression free 962 to 1223 days since 
treatment.  Adverse effects were mild and limited to transient hemiparesis and skin irritation at 
the injection sites. 

We have also documented an immune response to the vaccines regardless of adjuvant. 
Interferon gamma elaborating tumor-reactive T cells were significantly increased in post-
vaccination peripheral blood mononuclear cells in two of nine dogs tested, suggesting a low 
frequency of circulating T cells three months after surgery.  In contrast, polyclonal tumor-
reactive antibody responses to whole tumor lysate and cell surface antigens were detected in all 
dogs.  Western blot analysis revealed a profound increase in IgG penetration into the second 
tumor relative to the first, pre-vaccination tumor.  Moreover, staining for canine IgG exposed 
plasma cells in the brains of three CpG-treated dogs.  While previous studies have reported 
plasma cell entry into the brain in antibody-mediated autoimmunity and anti-pathogen responses, 
this is the first account of induced plasma cell homing into brain tumors.  In situ antibody 
production was further suggested by focal areas of extracellular IgG staining seen in plasma cell-
containing areas of brain tissue but not others.     

We have initiated a randomized controlled clinical trial comparing surgery alone and 
surgery plus lysate vaccines using a derivative of imiquimod, triziquimod, which is a potent 
stimulator for production of immunostimulatory cytokines, IL-1, TNF, IL-12p40, and IL-10 in 
dendritic cells, and a mixed TLR 7/8 agonist.  We hope to show that surgery supplemented with 
immunotherapy is safe and more efficacious at preventing tumor recurrence than surgical 
removal of the tumor alone and will be an alternative to radiation therapy to treat dogs with 
meningiomas regardless of tumor grade. 
 
REFERENCES: 

1. Andersen BM, et al. (2013) Cancer Res 73(10):2987-2997. 
2. Andrews EJ. (1973) J Am Vet Med Assoc 163:151–157. 
3. Axlund TW, et al. (2002) J Am Vet Med Assoc 221(11):1597-600.  
4. Braund KG, et al. (1986) Comp Contin Educ 8:241–248. 
5. Brearley MJ, et al. (1999) J Vet Intern Med 13(5):408–412. 

239235



6. Dickinson PJ, et al. (2009) Vet Pathol 46(5):884-92. 
7. Greco JJ, et al. (2006) J Am Vet Med Assoc 229:394–400. 
8. Heidner GL, et al. (1991) J Vet Intern Med 5:219–226. 
9. Klopp LS & Rao S. (2009) J Vet Intern Med 23:108–115. 
10. Kostolich M & Dulisch ML. (1987) Vet Surg 16:273–277. 
11. Kraft SL, et al. (1997) J Vet Intern Med 11:218–225. 
12. McGrath JT. (1962) Acta Neuropathol Suppl 1:3–4. 
13. Mirimanoff RO, et al. (1985) J Neurosurg 62:18. 
14. Niebauer GW, et al. (1991) J Am Vet Med Assoc 198:89-95. 
15. Platt SR, et al. (2006) J Vet Intern Med 20(3):663-8. 
16. Ródenas, S, et al. (2011) Vet J 187, 85–91. 
17. Rossmeisl JH Jr, et al. (2013) J Am Vet Med Assoc 242:193-8 
18. Rossmeisl JH Jr. (2004) Proc 13th Ann ACVS Vet Symp 
19. Snyder JM, et al. (2006) J Vet Intern Med 20:669-675. 
20. Spugnini EP, et al. (2000) Vet Rad Ultrasound 41:377–380. 
21. Sturges BK, et al. (2008) J Vet Intern Med 22:586–595. 
22. Theon AP, et al. (2000) J Am Anim Hosp Assoc 216,701–707. 
23. Thomas WB, et al. (1996) Vet Radiol Ultrasound 37:20–27. 

 
 
 
 

 
 
 

 

240236


