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Veterinary Radiation Oncology



Commonly Treated Types of Cancer
� Skin cancers –

� Mast cell tumors
� Peripheral nerve sheath tumors
� Soft tissue Sarcomas� Soft tissue Sarcomas
� Melanoma
� Hemagiopericytoma

� Nasopharyngeal tumors
� Adenocarcinoma
� Squamous cell carcinoma
� Chondrosarcoma



Commonly Treated Types of Cancer
� Head and neck cancer

� Brain tumors – Especially meningioma but some 
gliomas and neurofibrosarcomas as well

� Thyroid Carcinoma� Thyroid Carcinoma
� Salivary Gland Carcinoma
� Osteosarcoma and MLO
� Oral melanoma and Squamous Cell Carcinoma 



Commonly Treated Types of Cancer
� Others

� Mediastinal Tumors
� Lymphoma, Thymoma, Chemodectoma

� Skeletal Tumors� Skeletal Tumors
� Osteosarcoma, Chondrosarcoma

� Anal Gland Adenocarcinoma
� Lymphoma – local and whole body



Types of Cancer Uncommonly Treated 
� Lung Carcinoma
� Prostate Carcinoma 
� Mammary Carcinoma
� Metastatic cancer of any type 

� Except Lymphosarcoma

� Liver Carcinomas

� Urinary Bladder Transitional Cell Carcinoma



Personnel
� Radiation Oncologist

� Assess patient for treatment and consult with client or 
primary clinician

� Prescribes treatment protocol� Prescribes treatment protocol
� Does treatment planning

� Contouring of normal structures
� Contouring of tumor and PTV
� Develops beam configurations and weighting

� Sets up patient for treatment administration initially
� Evaluate treatment progress and complications
� On site oversight of Quality Assurance Program



Personnel
� Radiation Therapy Technologist

� Generally a Registered Veterinary Technologist
� Almost all are trained on the job 
� Administers treatment to animals from plan� Administers treatment to animals from plan
� Maintains records of treatments and plan
� Assists with other patient care
� Performs daily, weekly and monthly QA
� Coordinates machine maintenance



Personnel
� Anesthetist

� Must be a Registered Veterinary Technologist (at least)
� Anesthetizes and recovers patient for each treatment
� Assists with treatment administration� Assists with treatment administration
� Maintains anesthesia records



Medical Physicist
� Generally not on site
� Oversees QA program 
� Annual QA of treatment machine
� Annual QA of planning system

� Initial commissioning of systems



Dosimetric Issues
� Requirement for anesthesia
� Size of patient

� Large !
Small !� Small !

� Variation

� Differences in Anatomy
� Large air spaces
� Changing anatomy of tumor



Large size



Horses
� Really can only treat the head and limbs.  
� Difficult to repeat positioning
� Requires a special movable table which can be used 

over the treatment couch. over the treatment couch. 
� Small movements are very difficult. 

� 5-10 mm accuracy about the best you can do.

� Requires lots of help.  

� Very large air cavities in head. 
� Anesthesia!!!



Horses
� Major Tumors

� Nasopharyngeal Carcinoma
� Pituitary Adenoma
� Skin carcinoma and Sarcoids� Skin carcinoma and Sarcoids



HORSES
Equine nasal tumor Equine Pituitary Adenoma



Horse protocols
� Require general anesthesia which requires fasting
� Single large dose for pituitary adenoma

� 8-10 gray to 95% of margin (1-4cm lesion)
Plan derived from CT scan� Plan derived from CT scan

� Setup and positioning requires 6-8 portal images.
� Setup and positioning requires approximately 1 hour
� Optic chiasm less than 5mm from lesion

� Major issue is to position a 1000+# patient with 5mm 
accuracy



Horse Protocols
� Nasopharyngeal Carcinoma

� Avoidance of critical structures while maintaining dose 
to tumor is major issue with large fields.

� Eyes, brain and tongue are critical structures� Eyes, brain and tongue are critical structures
� 12-15 treatments of 3-4 gray
� Treated 3 times weekly under anesthesia
� Plan derived from CT imaging study using 3D planning 

system
� Often very large lesions – volume may exceed 1 liter
� Potential for large air voids causing loss of electronic 

equilibrium. Eyes and brain are dose limiting.  



Horse CT



Horse Treatment



Other Large Animals
� Cows and other large ruminant type animals do not 

tolerate multiple anesthesias well.
� Treatment is limited to a few fractions or
� Treatment is done with patient awake� Treatment is done with patient awake

� Manual restraint does not permit close margins
� Patient motion is a major problem

� Most are orbital carcinomas being treated after 
surgery. 

� Very rarely done



Small animal protocols
� Treatment protocols in dogs and cats. 

� Treatments require anesthesia
� Curative intent protocol is 48-60 gray in 16-21 

fractions (fraction size 2.75-3.4 Gray)fractions (fraction size 2.75-3.4 Gray)
� Fraction size dictated by perceived anesthesia limit 

and 30 day treatment period.
� Treatments are usually give 5 days per week

� 3x weekly for lymphoma 

� Many patients are hospitalized due to owners needs



Small animal protocols
� Palliative Treatment Protocols

� Frequently done 
� Cost of curative intent tumor
� Metastatic potential/prognosis of tumor� Metastatic potential/prognosis of tumor
� Possible improved response in some tumors

� 4 doses of 8Gy or 6 doses of 6Gy for melanoma and 
osteosarcoma 

� 1 dose of 10Gy for advanced osteosarcoma



Small size



Small size
� Anatomy is very compressed
� Even small tumors are large relative to patient
� Skin sparing is difficult due to need to use bolus
� Tongue dose must be limited in head treatments

� Continued poor appetite if both taste and smell 
damaged

� Treatments on body wall require glancing fields due 
to very thin wall in many patients. 



Cat nasal tumor treatment



Sparing of tongue
� Oral cavity source of 

most severe early 
effects

� Loss of taste buds can � Loss of taste buds can 
markedly reduce 
appetite – weight loss

� Source of infections
� Oral blocks very 

effective



Sparing of oral cavity



Small treatment fields
� Treatment fields of less than 3 x 3 cm equivalent for 

the PTV are common.
� Especially true in head and neck and for lymph nodes
� Target volume may be relatively quite deep� Target volume may be relatively quite deep

� Pituitary lesions
� Iliac or axillary lypmh nodes   

� Produces large penumbra
� Requires positioning accuracy
� Dose margins relatively large

� Difficult to achieve 100% dose coverage of PTV



Small field size isodose lines
Small relative to field size 2x2 cm field isodose lines

� Lack of electronic equilibrium
� More of dose from primary 

beam interactionbeam interaction
� Can be improved somewhat 

with blocking
� Causes central hotspots if 

push dose to PTV margin
� Requires special 

commissioning of accelerator 
and planning system



Small field size
Caudal fossa menigioma Bilateral thyroid masses



Small field size
Meningioma Pituitary macroadenoma



Anatomic compression - head
� Cats and small dogs
� Brain or eyes will almost always receive some dose
� Optic nerve dose should be limited if possible
� Setup precision of 1-2 mm required� Setup precision of 1-2 mm required



Anatomic compression
Sinus tumor – Bichon Sinus mass - horse



Large relative tumor size
Nasal tumor coronal Nasal tumor saggital



Large relative tumor size



Distal limbs
� Frequent site of malignancies

� Mast cell tumors and peripheral nerve sheath tumors
� Undifferentiated soft tissue sarcoma

� Usually treating after surgical removal� Usually treating after surgical removal
� Very little soft tissue over the bone

� Causes issues with electron beams
� Joint irradiation often required

� Sparing of critical tendons and lymphatics may be 
difficult. 



Distal limb tumors



Distal limb tumors



Pelvic tumors
� Rectal Ca is rare but Anal Gland Adenocarcinoma is 

common. 
� Early local metatasis to illiac nodes
� Colon and urethra are at risk for stricture� Colon and urethra are at risk for stricture

� Avoid transectional dose above 25Gy

� Prostatic Carcinoma unusual but Transitional Cell Ca 
of bladder is common.
� Either lesion is obstruction risk
� Colon and Ureters at risk for stricture 
� Interfraction motion is a problem as in humans



Pelvic tumors
� For pelvic canal tumors use rectal expander

� Near wall of rectum treated at full dose – opposite wall 
protected.  

� For perianal region often use longitudinal elliptical � For perianal region often use longitudinal elliptical 
electron beam with multiple energies. 
� For example equally weighted 6 and 10 MeV beams
� Increases 90% isodose volume
� Decreases side scatter dose under block

� Bladder and Prostate tumor – empty bladder
� New port films each day



Perianal Gland Carcinoma
CT with rectal expander Electron&photon tx field



Prostatic Carcinoma w/ mets



DVH
Dose volume 
histograms are used as 
the principal guide for 
developing beam plans.  

DVH should depict all DVH should depict all 
critical structures in 
treatment area.

Identifies hot and cold 
spots which may not be 
apparent on the monitor 



Anatomic Variations
� Dogs and Cats have markedly different anatomy
� Cross sectional anatomy of horses is still be 

developed
� Dogs differ in normal anatomy between breeds more � Dogs differ in normal anatomy between breeds more 

than any other species on earth. 



Anatomic variation in dogs



Anatomic variation in dogs



Anatomic variation in dogs
� Contouring of normal structures not routine
� Same tumor may have different anatomic neighbors
� Standardized or template plans difficult to use
� Positioning of patient can change based on breed

� Repeatable positioning may be difficult
� Bassett hounds and Borzoi’s again



Air space effects
� Concern only in very 

large dogs & horses
� Potential for loss of 

electronic equilibriumelectronic equilibrium
� Insufficient buildup zone
� Decreased dose at 

tumor surface?

� Inhomogeneity
correction factor?



Changing tumor size
� Because of rapid response tumor size may change 

radically during the treatment period. 
� Nasal tumors are a particular concern

� Loss of trapped fluid in sinuses could substantially reduce � Loss of trapped fluid in sinuses could substantially reduce 
radiation absorption. 

� Thyroid tumors often visibly shrink during treatment
� May increase dose to esophagus, spinal cord and vagus

� Tumors in horse may decrease by 80% during 
treatment

� Not uncommon to replan at midpoint of treatment.



Fraction size effects
� Large fractions limit dose due to late effects
� Large fractions also seem to increase early reactions
� Severe (>grade 2) early or late effects are not 

generally acceptable to ownersgenerally acceptable to owners
� Main goal is to improve quality of life as well as 

survival

� There are marked differences between individuals 
and species.
� Cats seem to be tougher
� Horses are sensitive



Fraction size effects
� Because of larger fraction sizes the total dose for a 

given tumor is usually lower in animals than humans
� Accelerated treatment or multiple fractions per day 

difficult due to need for anesthesia. difficult due to need for anesthesia. 



Time frame issues
� Owners of pets want quick turnaround
� Many tumors are large and growing quickly at 

diagnosis
� Typical course of events� Typical course of events

� Day 1 – Admission, Blood work, and Ultrasound
� Day 2 – Anesthesia, CT (or MRI), confirming biopsy
� Day 3 – Planning of treatment
� Day 4 – Begin treatment (day 3 if CT on day 1)

� For “point and shoot” treatment often starts Day 1


