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R a d ia t io n  T r e a t m e n t  S o u r c e s  

The initial step in radiation oncology involves a 
thorough patient evaluation. A patient with a radiosen
sitive tumor and localized disease would typically be 
considered a good candidate for radiation therapy. The
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decision to prescribe a course of radiation therapy is 
also contingent upon the ability of a patient to undergo 
multiple anesthetic procedures, and expected longevity 
based on any medical problems or intercurrent disease. 
Patients with either distant metastasis or a radioresis
tant tumor can still potentially benefit from radiation 
therapy but should be considered for palliative radio
therapy, or in the latter instance, combination therapy 
to include cytoreductive surgery.

O v e r v ie w  o f  t h e  C o m p o n e n t s  o f  R a d ia t io n  

T h e r a p y

•evaluate the patient
•determine the ability of the patient to un
dergo radiation therapy; this would poten
tially include but is not limited to complete 
blood work, thoracic radiographs to evaluate 
the heart and lungs, cardiac evaluation as 
indicated, and so forth 

•evaluate for loco-regional and distant me
tastasis (e.g., regional lymph node aspiration 
cytology, thoracic radiographs, abdominal 
ultrasound)

•image tumor (radiographs, magnetic reso
nance imaging [MR], and computed tomog
raphy [CT])

•grade tumor through biopsy and histopathology 
•decide the utility of radiation therapy in patient 
management

•localize tumor and identify critical normal tissues 
and/or organs 

•plan treatment 
•administer treatment
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•evaluate response to treatment both in terms of 
tumor response and normal tissue tolerance 

•follow up evaluation to assess the patient for 
local recurrence and/or metastasis

T u m o r  L o c a l iz a t io n

A number of modalities are used to identify tumor 
location and the local extent of disease. The most 
commonly used imaging tools include radiographs and 
computed tomography. Other means of imaging 
tumors in veterinary radiation oncology include 
ultrasonography, nuclear scintigraphy and magnetic 
resonance (MR) imaging. Computed tomography is 
the single most important component of tumor imag
ing and is a critical component of computer assisted 
radiation treatment planning. Based on a CT scan an 
initial subjective assessment can be made of the extent 
of disease, potential inclusion of critical normal tissues 
in the treatment field, and a risk versus benefit assess
ment. In some patients, inclusion of critical normal 
tissues precludes radiation therapy; if such is the case, 
other treatment options need to be explored.

R a d ia t io n  T r e a t m e n t  P l a n n in g

• computed tomography
• the patient should be in the same position for the 

CT scan as it will be for the radiation treatment 
so that the CT images can be used for radiation 
treatment planning; CT images are directly 
downloaded to the radiation treatment planning 
computer

• the patient can be more accurately repositioned
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for each treatment during a fractionated course 
of radiation therapy with the use of immobiliza
tion devices (e.g., alpha cradles, vac-lok patient 
positioners)

• patient/tumor imaging can be enhanced through 
the use of intravenously administered contrast 
medium, placement of radiopaque catheters, or 
use of barium paste or other markers on the skin 
to identify surgical incisions or other pertinent 
anatomic landmarks

• CT-based computer assisted radiation treatment 
planning

• two-dimensional radiation treatment planning: 
the radiation dose distribution is determined for 
one plane, providing limited information on the 
dose distribution throughout the tumor and in 
the normal tissues in the radiation treatment 
field

• two-dimensional radiation treatment planning: 
the radiation dose distribution is evaluated in 
three different planes (sagittal, coronal, and 
transverse) to more accurately assess radiation 
dose over the entire treatment field

• three-dimensional radiation treatment planning: 
the radiation dose distribution can be visualized 
in true 3-D

• simulation
• a radiation treatment simulator mimics the 

geometry of a radiation therapy unit but utilizes 
an x-ray unit

• the patient is under anesthesia and positioned for 
radiation therapy

• a radiograph is made, and with the assistance of 
radiopaque rulers placed or projected on the 
patient’s surface, dimensions of treatment areas 
on films are ascertained and target volumes are 
selected

• decisions regarding need for and placement of 
lead blocks can be made; then the simulation 
film is used to make custom lead blocks that 
can be used for each radiation treatment for an 
individual patient

• portal radiography
• a film is placed under the patient and the radia

tion source itself is used to expose the film; the 
treatment field is set up and the film exposed. 
Then the field is opened up wider and a second
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exposure is made so that it is possible to visual
ize on the film the actual radiation treatment 
field relative to the surrounding normal tissues

• the location of treatment port is confirmed to 
assess inclusion of tumor in the treatment field, 
and document normal tissues within the treat
ment field

• it is also possible to confirm the position of lead 
blocks used to protect critical normal tissues; 
the blocks are in place for the first exposure and 
removed for the second exposure

• port films are an important part of a radiation 
patient’s medical record and provide a perma
nent record of the radiation treatment field

Radiation Therapy Protocols
First, it is important to understans basic terminology. 
The radiation dose, also referred to as the absorbed 
dose, refers to the energy deposited in tissue. The unit 
of dose is the Gy (gray) defined as 1 Joule/kg. One 
cGy (centigray) is the same as one-hundredth of a gray. 
The older terminology is rad and 1 rad = 1 cGy.

A standard radiation protocol for a fully fraction
ated course of radiation therapy entails 3 Gy/fraction 
daily Monday through Friday for a total of 16-19 
treatments or a total dose of 48-57 Gy. A palliative 
radiation protocol entails the use of a larger dose per 
fraction and a lower total dose of radiation, such as 8 
Gy/fraction once a week for four consecutive weeks 
with a total dose delivered of 32 Gy.

R e s u l t s  o f  I r r a d ia t io n  o f  T u m o r s  in  C a t s  

A review of the veterinary literature reveals that the 
information on results of irradiation of canine tumor- 
bearing patients is far more substantial than what is 
currently available for feline cancer patients. Addition
ally, some of the older literature combines the results 
for dogs and cats by tumor type. As a result there is a 
relative paucity of information available on the results 
of irradiation of tumors in cats. Hopefully in the future 
more information will be forthcoming. The establish
ment of cooperative clinical trials in conjunction with 
the increased availability of radiation therapy units 
should facilitate the acquisition and dissemination of 
information. Of equal importance in the management 
of feline tumors with radiation therapy is early detec
tion and diagnosis of cancer. Early stage disease is 
potentially curable whereas, despite a multimodality

approach, cures are elusive for such tumors as feline 
oral squamous cell carcinoma.

Nasal Tumors
There are several reports on the results of irradiation 

of feline nasal cavity tumors. The most common nasal 
tumors are carcinomas and lymphoma. The median 
survival times are 11.5, 13 and 20.8 months. Compa
rable results have been obtained with either 
cytoreductive surgery and orthovoltage irradiation or 
megavoltage radiation therapy alone. Nasal lymphoma 
poses a dilemma in as much as some cats can be 
effectively managed with radiation therapy alone 
while a subset relapse with systemic disease and 
would potentially benefit from combination chemo
therapy and radiation therapy.

Nasal planum squamous cell carcinoma or squa
mous cell carcinoma in situ is a relatively radiation 
responsive tumor. Radiation sources that have been 
used include strontium-90, 100 kVp x-rays, 
orthovoltage and Cobalt 60. In one study the mean and 
median progression-free survival times were 27.6 and 
16.5 months respectively with orthovoltage irradia
tion.21 O f interest, both clinical stage and tumor prolif
erative fraction had significant prognostic value. Cats 
with WHO stage 1 lesions (small and superficial) had 
a better prognosis than cats with stage 3 or 4 disease 
with large 1.5+ cm lesions (proliferative, deep, and 
more erosive).

Oral Tumors
Oral squamous cell carcinoma does not respond well 
to radiation therapy alone. Improved responses and 
prolonged survival are seen with a combination of 
radiation therapy and cytoreductive surgery. A median 
survival of 14 months was reported for 7 cats treated 
with mandibulectomy and postoperative radiation 
therapy. It appears that unless surgery is possible 
(prior to or after radiation) the response to palliative 
and definitive radiation therapy is equivalent. A 
particularly poor response to therapy is to be expected 
with irradiation of sublingual squamous cell carci
noma even in the face of early disease and combina
tion therapy.

Soft Tissue Sarcomas
Several studies provide combined response data for 

feline and canine patients with soft tissue sarcomas.



Feline Health Topics 4

Specific information relative to the response of feline 
soft tissue sarcomas to irradiation is difficult to ascer
tain from these early studies. There has been more 
information available recently on the results of treat
ment of vaccine-associated sarcomas. In a study of 33 
cats treated with a combination of radiation therapy (3 
Gy/fraction; 48 Gy total dose) and surgery the median 
disease free interval was 398 days and the median 
survival was 600 days. The local failure rate was 45%. 
In this same study the median disease free interval in 5 
cats with tumor cells present at the surgical margin 
was 112 days versus 700 days for 26 cats with nega
tive surgical margins. Several studies have now shown 
the importance of negative surgical margins in long 
term tumor control for vaccine-associated sarcomas. 
More information will be forth coming shortly due to 
the substantial efforts on the part of the veterinary 
community in addressing the problem of vaccine-

associated sarcomas.

Mast Cell Tumors
There are a number of references that provide infor
mation on the response of mast cell tumors in cats to 
irradiation but the canine and feline data is combined. 
There was a recent abstract presented on the response 
of feline cutaneous mast cell tumors to strontium-90 
plesiotherapy. The study demonstrated the utility of 
strontium-90 in the management of solitary cutaneous 
mast cell tumors in 42 cats. To date none of the cats 
have had local recurrence. Strontium-90 also has 
potential utility in the treatment of cats with multiple 
cutaneous mast cell tumors.

A c u t e  a n d  L a t e  E f f e c t s  o f  R a d ia t io n  

T h e r a p y

Acute reactions (Table 1) occur primarily in renewing

T a b l e  1 : A c u t e  E f f e c t s  o f  R a d ia t io n  T h e r a p y

S ite R a diation  S ide  E ffect

S k in M oist desquam ation
A lopecia

O r a l  C avity M ucositis
Salivation
H alitosis

N a sa l  C avity M ucositis
N asal D ischarge

E ye B lepharitis
B lepharospasm
C onjunctivitis

C orneal ulceration
U veitis

F o o t Pad slough
N ail can be lost, deform ed

C e r v ic a l  R e g io n Pharyngitis
Esophagitis
Tracheitis

P elv ic  R e g io n Colitis
C ystitis
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tissues including the oropharyngeal mucosa, nasal 
mucosa, skin, small intestine, bladder mucosa, etc. 
Cell-renewing tissues are rapidly proliferating and 
with a fractionated course of radiation therapy the 
processes of repair, repopulation and recruitment all 
come into play. The response of tissues to radiation is 
determined by a combination of factors including the 
inherent radiosensitivity of stem cells, duration of the 
cell cycle, and the ability to adapt to damage. Acute 
effects typically start during the course of radiation 
therapy and can take a number of weeks after the end 
of radiation to resolve. Treatment options include 
Alra® (aloe vera based lotion) topically for skin 
reactions, a combination of oral prednisone (anti

inflammatory dose) and antibiotics for oral mucositis, 
and mouth flush. It is important to remember that 
although acute effects can be painful, they are self- 
limiting and will usually resolve within a 4-6 week 
period of time.

Late effects (Table 2) typically appear in non
renewing tissues such as nerve and bone. They may 
also occur in skin and can be related to the severity of 
acute reactions. Late effects of radiation are primarily 
due to changes that occur in the connective tissue or 
stroma and the vasculature. These effects are depen
dent on total dose and dose per fraction. The higher 
the dose per fraction, the higher the probability of late 
effects. For some late effects there is no effective

T a b l e  2 :  L a t e  E f f e c t s  o f  R a d ia t io n  T h e r a p y

S ite L ate R adiation  S ide E ffect

S k in Fibrosis 
C ontraction 

N on-H ealing U lcer 
L eukotrichia

E x t r e m it y N europathy 
M uscle F ibrosis 

C ontraction

C e r v ic a l  R e g io n H ypothroidism  
E sophageal Stricture

O r a l  C avity B one N ecrosis 
Periodontal D isease 

X erostom ia

GI T r ac t Stricture

S p in a l  C o r d M yelopathy
Infarction

K id n e y Fibrosis 
D ecreased Function

B r a in E ncephalopathy
Infarction/H em orrhage

E y e C ataract 
K eratoconjunctivitis S icca
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treatment. Examples of treatment options include 
surgery for cataracts, surgical debridement for bone 
necrosis, and bougienage or resection for strictures of 
hollow viscera.
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Research Briefs
I. Kiss, S. Kecskemeti, J.Tanyi, and B. Klingeborn, 
“Preliminary studies on feline coronavirus distribu
tion in naturally and experimentally infected cats, ” 
Research in Veterinary Science 68: 237-242.

The shedding, tissue distribution and quasispecies 
composition of feline coronaviruses were studied in 
naturally and experimentally infected cats. The infec
tion remained subclinical, but the majority of the 
animals shed the virus via feces throughout the experi
ment. Sequences corresponding to the viral nucleo- 
capsid region were amplified by reverse-transcription 
polymerase chain reaction from the cortex, dura mater, 
pancreas, lungs, third eyelid, and the heart muscle in 
four cases. Interestingly, the ORF7b viral region - a 
supposed virulence factor - was detected in fewer 
organs, raising the possibility that this region can be 
affected by deletions during virus replication in vivo.
It is demonstrated that the composition of the viral 
quasispecies differs between organs, and that genomic 
regions with different functions undergo distinct 
processes of selection, which should be considered 
during the evolution of feline coronaviruses.

S.E. Peachey, J.M.Dawson, and E.J.Harper, “Gas
trointestinal transit times in young and old cats,” 
Comparative Biochemistry and Physiology A: Molecu
lar and Integrative Physiology 126: 85-90.

Ageing results in a decrease in apparent nutrient 
digestibility in the gasrointestinal (GI) tract. The aim 
of this study was to investigate whether the rate of 
gastric emptying or total GI transit times differed 
between young (3.0 +/- 0.9 years) and senior (11.6 +/- 
1.4 years) cats. Gastric emptying rates were measured 
using [l-C-13]octanoic acid and total transit times 
with chromium oxide. No significant differences (P > 
0.05) were observed in either the rate of gastric empty
ing or total transit time between young and senior cats 
although senior cats exhibited a larger variability in 
total transit time compared to the younger cats (35.71 
+/- 14.06 and 26.46 +/- 5.80 hours, respectively). The 
results of this study indicate that the observed reduc
tion in nutrient digestibility in ageing cats is not due to 
alterations in the rate of passage of digesta through the 
GI tract.

M.C. Barr, S. Huitron-Resendiz, D.R. Selway, S.J. 
Henriksen, T.R. Phillips, “Exogenous glucocorticoids 
alter parameters o f  early feline immunodeficiency 
virus infection, ” Journal o f Infectious Diseases 181: 
576-586.

Feline immunodeficiency virus (FIV), a lentivirus, 
causes progressive immunosuppression and neurologic 
dysfunction in cats. Glucocorticoids are common 
therapeutic agents that are also immunosuppressive, 
and their use might enhance the pathogenic effects of 
lentivirus infections. Methylprednisolone acetate, a 
long-acting glucocorticoid, was administered to cats 
before FIV inoculation, and the course of early infec
tion was monitored. The humoral immune response to 
FIV was not affected by corticosteroid treatment, but 
CD8(+) cell-mediated antiviral activity was poor in 
cultures from FIV-infected cats treated with methyl
prednisolone. Steroid-treated cats had higher plasma 
viral RNA levels than untreated cats during acute 
viremia. In contrast, FIV-associated changes in brain 
stem auditory-evoked potentials were slow to develop 
in the methylprednisolone-created cats. Methylpred
nisolone treatment of cats with established FIV infec
tions appeared to reverse these neurophysiologic 
changes. These results emphasize the complexity of 
host-lentivirus interactions and suggest potential 
advantages and drawbacks of using glucocorticoids in 
lentivirus infections.

S.L. Hill, J.M. Cheney, G.F. Taton-Allen, J.S. Reif, C. 
Bruns, and M.R. Lappin, “Prevalence o f  enteric 
zoonotic organisms in cats,” Journal o f  the American 
Veterinary Medical Association 216: 687-692.

The purpose of this study was to determine the 
prevalence of enteric zoonotic organisms in cats in 
north-central Colorado. Serum and fecal samples from 
87 cats with diarrhea, 106 cats without diarrhea, and 
12 cats for which fecal consistency was unknown were 
obtained from client-owned cats and cats at a humane 
society shelter. Serum was assayed for feline leukemia 
virus antigen and antibodies against feline immunode
ficiency virus, IgM antibodies against Toxoplasma 
gondii, and IgG; antibodies against T. gondii and 
Cryptosporidium parvum. Microscopic examination of
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unstained feces was performed after centrifugation in a 
zinc sulfate solution, thin fecal smears were stained 
with acid-fast stain and examined for C. parvum, and 
bacteriologic culture of feces was used to detect 
aerobic and anaerobic bacteria. Enteric zoonotic 
organisms were detected in feces from 27 of 206 
(13.1%) cats and included C. parvum (5.4%), Giardia 
spp. (2.4%), Toxocara cati (3.9%), Salmonella enterica 
serotype Typhimurium (1.0%), and Campylobacter 
jejuni (1.0%); each organism was detected in samples 
from cats with and without diarrhea. Although differ
ences between groups were not significant, a higher 
proportion of shelter cats (18.2%) had enteric zoonotic 
organisms than client-owned cats (10.1%). Enteric 
zoonotic organisms were detected in feces of 13.1% of 
cats, suggesting that cats, particularly those in homes 
of immunocompromised humans, should be evaluated 
for enteric zoonotic organisms.

H. Poulet, S. Brunet, M. Soulier, V. Leroy, S. 
Goutebroze, and G. Chappuis, “Comparison between 
acute oral/respiratory and chronic stomatitis/gingivitis 
isolates o f feline calicivirus: pathogenicity, antigenic 
profde and cross-neutralisation studies,” Archives o f 
Virology 145: 243-261.

Feline calicivirus (FCV) is a major oral and respi
ratory pathogen of cats, able to induce subclinical

infection as well as acute disease. It is also character
ized by a high degree of antigenic variation. This work 
sought to address the question of the existence of 
distinct biotypes of FCV. Eight French, six British and 
nine American FCV isolates, responsible for acute 
oral/respiratory disease or chronic gingivitis/stomati
tis, were compared for their pathogenicity, antigenic 
profiles and serological relationships. Antigenic 
profiles were assessed by an indirect immunofluores
cence assay with a large panel of characterized mono
clonal antibodies. Cross-neutralizations assays were 
performed with specific cat antisera collected at 30 
days post-infection, then analyzed by calculation of 
antigenic bilateral relatedness and dominance. W hat
ever their pathogenic origin, all the isolates induced an 
acute upper-respiratory tract infection in oronasally 
infected SPF kittens. Their antigenic profiles were 
different and did not correlate with their geographical 
or pathological origin. Cross-neutralization studies and 
calculation of the mean bilateral relatedness allowed 
us to distinguish chronic original isolates from acute 
original ones. This study did not confirm the existence 
of FCV biotypes but showed that the chronic carrier 
state is related to the emergence of antigenically 
distant viruses.
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