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Intracranial neoplasia occurs more frequently in dogs than in humans (14.5 per year per 

100,000 canine populations at risk compared with 4–5 per 100,000 humans) (Frenier 1990, 
Kornegay 1986).  Canine glioma reportedly occurs most commonly in brachycephalic breeds such 
as Boxers and Boston terriers (Snyder 2006).  No sex predilection has been reported and brain 
tumors are recognized with greater incidence in animals over six years of age.  Gliomas can arise 
in most any location in the brain, but are more commonly supratentorial.  We and others have 
found many similarities between human and canine GBM such as: overexpression of the 
epidermal growth factor receptor and mutation of the p53 tumor suppressor gene, extensive 
invasion into normal brain, peritumoral edema and necrosis, hemorrhage, compression, 
herniation, and obstructive hydrocephalus.  Similar to that in humans, the prognosis for dogs with 
brain tumors in general is poor regardless of therapeutic intervention.  However, much less is 
known about canine glioma treatment outcomes because only a small number of studies with few 
dogs have been reported.  The median survival time for dogs with glioma that did not receive any 
type of treatment ranges between 6 and 13 days (Foster 1988, Heidner 1991), and between 60 and 
80 days in dogs that receive palliative therapy only (Turrel 1986, LaRue 2001).  Radiation therapy 
may have increased survival time in one dog with glioma (176 days) as compared to 
corticosteroid therapy in three dogs with glioma (18, 40 and 64 days) (Turrel 1986).  We 
calculated the survival data for 9 dogs recently diagnosed with glioma based on MRI 
characteristics of an intra-axial mass at our institution.  The median survival time of these dogs 
that did not receive any therapy other than corticosteroids and anticonvulsants was 29 days, range 
1-128 days. 

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 are collaborating with a group at UCLA to determine the safety and efficacy of 
Flt3L and HSV-tk gene therapy in pet dogs with canine glioma, and with a small local 
biotechnology company to test a novel catheter to infuse therapeutic agents into gliomas in dogs.  
We also have three funded clinical trials to test the efficacy of combinations of autologous tumor 
lysate/adjuvant and IFN gene transfer given after surgical debulking of glial tumors in dogs. 

Inclusion criteria for the gene therapy and vaccine therapy are: (i) client-owned dog with 
an intracranial mass on magnetic resonance imaging (MRI) consistent with a diagnosis of 
glioma; (ii) mass must be amenable to surgical resection; (iii) must have informed consent 
provided by the dog's owner; (iv) histologic confirmation of grade III-IV glioma.  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. 
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Study 1: American Cancer Society vaccine study for gliomas 
Treatment groups: 1) surgery + lysate/CpG (adjuvant) vaccination, 2) surgery + IFN 

gene therapy + lysate/CpG(adjuvant). Each dog has all grossly visible tumor removed via the 
appropriate craniotomy approach. The dogs in group 2 that receive IFN gene therapy have the 
gene vector injected into the brain around the resection cavity. All dogs have an immediate 
postoperative MRI to assess for any residual tumor/completeness of resection.  The tumor lysate 
is produced from cultures the dog’s own tumor cells grown in vitro and are given intradermally 
every 2 weeks for a total of 6 vaccines starting 2 weeks after surgery. Dogs are monitored by 
neurologic and MRI examinations 3, 6, and 12 months after surgery. Clinical response is 
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 are assessed using a standard veterinary scale of grade I-V events, determined by 
regular blood chemistry and neurological examinations. 

As of June 1, 2013, we have recruited 21 dogs in to the ACS study: 7 grade II, 2 grade 
III, and 3 grade IV astrocytomas; 2 grade II and 3 grade III oligodendrogliomas, 3 primitive 
neuroectodermal tumors; and 1 neuroblastoma. Mean survival time for all dogs is 301 days and 
median survival time is 213 days.  Three dogs were censored that died of causes unrelated to the 
brain tumor and 4 dogs are still alive (128-982 days).  
 
Study 2: NIH National Institute of Neurological Disorders and Stroke gene therapy study for 
gliomas 

Treatment groups: 1) surgery + chemotherapy with Temozolomide + Adenovirus 
w/reporter gene, 2) surgery + chemotherapy with Temozolomide + Adenovirus w/ Flt3L & 
HSV-TK genes. Each dog has all grossly visible tumor removed via the appropriate craniotomy 
approach.  The Adenoviral vectors with either the active or reporter genes are injected into the 
brain around the resection cavity. All dogs have an immediate postoperative MRI to assess for 
any residual tumor/completeness of resection.  All dogs receive an oral chemotherapy drug that 
is effective in human glioma patients called temozolomide. Starting on day 14 after surgery, all 
dogs will be given temozolomide (50 mg/m2) orally once daily for 14 days. 28 days after the 
completion of the first round of temozolomide, each dog will be given temozolomide (150 
mg/m2) once daily for five days. This temozolomide treatment will be repeated every 28 days, 
for a total of five cycles. Dogs are monitored by neurologic and MRI examinations 2, 6, and 12 
months after surgery. Clinical response will be 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 are assessed 
using a standard veterinary scale of grade I-V events, determined by regular blood chemistry and 
neurological examinations. 

As of June 1, 2013, we have recruited 15 dogs in to the NINDS combined gene therapy 
study: 4 grade III and 7 grade IV astrocytomas; 4 grade III oligodendrogliomas, and 1 high-grade 
meningioma. Median progression free time for all dogs is 159 days and mean progression free 
survival is 212 days. Mean and median progression free time for dogs that received Flt3L/TK are 
244 and 166 days, respectively, which is significantly longer than those that had chemotherapy 
only 130 and 96 days, respectively. One was censored that died of causes unrelated to the brain 
tumor and 2 dogs are still alive and progression free (95 and 689 days).  
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Study 3: NIH National Institute of Neurological Disorders and Stroke vaccine study for gliomas 

Treatment groups: 1) surgery + chemotherapy with temozolomide, 2) surgery + 
chemotherapy with temozolomide + OX40L, 3) surgery + chemotherapy with temozolomide + 
lysate from cells grown in 5% O2, 4) surgery + chemotherapy with temozolomide + lysate from 
cells grown in 5% O2 + OX40L, and 5) surgery + lysate from cells grown in 5% O2 + OX40L. 
Each dog has all grossly visible tumor removed via the appropriate craniotomy approach.  All 
dogs have an immediate postoperative MRI to assess for any residual tumor/completeness of 
resection.  The tumor lysate is produced from cultures the dog’s own tumor cells grown in vitro 
are given intradermally once a week for 3 weeks, then once every 28 days for 3 vaccines.  When 
OX40L is included in the treatment, it is given with every lysate vaccine and also alone for 4 
consecutive days after vaccine 1 only. Starting on day 10 after surgery, dogs receiving 
temozolomide alone will be given 50 mg/m2 orally once daily for 14 days. 28 days after the 
completion of the first round of temozolomide, each dog will be given temozolomide (150 
mg/m2) once daily for five days. This temozolomide treatment will be repeated every 28 days, 
for a total of three cycles. Complete blood count will be performed weekly. If absolute 
neutrophil count is <1500/l and/or platelet count is <50,000 the dosing cycle will be postponed 
until neutrophils 1500/l and platelets 50,000/l. Dogs are monitored by neurologic and MRI 
examinations 3, 6, and 12 months after surgery. Clinical response is 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 are 
assessed using a standard veterinary scale of grade I-V events, determined by regular blood 
chemistry and neurological examinations. 

As of June 1, 2013, we have recruited 19 dogs in to the NINDS vaccine therapy study: 4 
grade III and 10 grade IV astrocytomas; 1 grade III oligodendrogliomas, 2 gangliogliomas, and 1 
PNET. Median progression free time for all dogs is 116 days and mean progression free survival 
is 176 days. Two were censored, one that did not have a tumor and another that died of causes 
unrelated to the brain tumor and 5 dogs are still alive and progression free (108-633 days). 
 
Study 4: NIH SBIR/STTR convection enhanced delivery of carboplatin for gliomas 

The final study involves a new catheter that provides convection-enhanced delivery 
(CED) of a chemotherapeutic agent into brain tumors in dogs.  Four dogs diagnosed with a 
solitary intra-axial brain mass suspected to be a glioma will be inducted into the trial.  All dogs 
had MRIs of the brain performed before catheter placement and after CED.  The dogs were 
placed under general anesthesia for the entire procedure.  The first MRI was obtained with skin 
fiducials to determine the tumor volume and characteristics and the coordinates for stereotactic 
biopsy and subsequent catheter placement projected into the center of the tumor mass.  The CED 
catheter was placed in the tract made by the biopsy needle. CED was done by infusing a 10-
mg/ml:0.004-mmol/ml carboplatin:Gad-DPTA cocktail solution at ~6 l/min to deliver a volume 
appropriate to cover the tumor (1-2 ml of infusate is expected).  After CED was completed a 
second MRI was done to show the distribution of the carboplatin:Gad-DPTA solution, the 
volume of tumor covered by infusate, and the degree of reflux and backflow by comparing the 
pre- and post-CED MR images.  We conducted follow up MRIs at 1 and 3 months after CED to 
assess tumor volume/response to the infusion in dogs that survived the infusion.  Four dogs were 
treated and there was good distribution of the carboplatin:Gad-DPTA solution to the tumors.  
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Three dogs treated after a high-grade glioma recurred after treatment in another clinical trial had 
very large tumors with severe neurological deficits and one dog had a small but surgically 
inaccessible tumor.  The three severely affected dogs did not survive more than a few days after 
the infusion and the other dog was euthanized 9 months after the infusion due severe collapsing 
trachea. No tumor was found in the brain on the postmortem examination.  This study was 
successful in demonstrating the catheter’s effectiveness at delivering chemotherapy by 
convection enhancement. 

We are also getting ready to start another CED clinical trial using nano-encapsulated 
temozolomide to treat 10 dogs with surgically-inaccessible or recurrent gliomas. 

A summary of the results and findings for each study up to the date of the conference will 
be presented. The results will include tumor types and grades treated, progression-free survival 
times, effects of surgical removal of glial tumors, median survival times, cause of death, and side 
effects of the various therapies. 
 
REFERENCES: 

1. Foster ES, et al. (1988) J Vet Intern Med 2:71–74. 
2. Frenier LS, et al. (1990) Comp Contin Educ 12(10):1422–1433. 
3. Heidner GL, et al. (1991) J Vet Intern Med 5:219–226. 
4. Kornegay J. Contemporary Issue in Small Animal Practice: Neurologic Disorders. 

1986:79-108. 
5. LaRue SM, et al. Small animal clinical oncology 2001:119-137. 
6. Snyder JM, et al. (2006) J Vet Intern Med 20(3):669-75. 
7. Turrel JM, et al. (1986) J Am Vet Med Assoc 188(8):851–856. 

 
 

236240


