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Introduction
  Squamous cell carcinoma (SCC) accounts for about 60% 
of feline and 25% of canine oropharyngeal malignancies.1-5 It 
is the second most common canine oropharyngeal neoplasm.5,6 
Oropharyngeal SCC arises from the oral mucosa, glands, or devel-
opmental rests. Specific areas affected include the lips, tongue, 
gingiva, pharyngeal and laryngeal mucosa, and tonsils.1,7-10 Several 
histological subtypes of SCC with distinct morphological features 
and biological behavior have been described in both man and 
companion animals.11-18 The biologic behavior of oropharyngeal 
SCC is variable, occurring as chronic or acute proliferating masses 
or ulcerative lesions.9,15-17,20 Paraosseous lesions are expected to 
invade bone.2,8,9 
 Variations in tumor behavior are seen between different 
anatomical locations, with the gingival lesions being considered 
slower to metastasize than other oral soft tissues and  tonsils.8,9,10,19,20 
The metastatic rate for rostral oral SCC in dogs is low and occurs 
late in the disease process, whereas a high metastatic rate has been 
reported for tumors in the caudal oral cavity, most notably tonsillar 
and lingual SCC.9 The true prevalence of metastasis development 
in cats is not known as most cats are usually euthanized early in 
the course of the disease due to poor quality of life as a result of 
primary tumor growth.9,10 Historically, primary treatment options 
include surgery and radiotherapy.9,20-25,28 

 Surgical excision has been and remains the primary treatment 
for early stage oropharyngeal SCC.21-27 In general, the prognosis 
for dogs with small rostral SCC is good following complete 
surgical removal with adequate, tumor-negative margins.9,21-25 
Single and multidrug chemotherapy protocols are typically mini-
mally effective for local control of SCC.29-35 However, the role 
of chemotherapy in the management of oral cancer still remains 
investigational. Radiation therapy is typically recommended as an 
adjuvant treatment for incompletely excised oropharyngeal SCC 
in dogs.9,36,37 The use of definitive course orthovoltage or mega-
voltage radiation without surgery has been associated with rela-
tively consistent progression-free survival of 12 to 17-months and 
median survival of 14 to 15-months.9,36,37 Small, early-diagnosed 
non-tonsillar SCC tumors had the best response and the longest 
progression-free intervals.36,37  
 Feline oropharyngeal SCC is refractory to traditional irradiation 
protocols even when combined with chemotherapy.4,9,38.39 Palliative 
radiotherapy protocols (3 doses of 8 Gy over 3- weeks) also provided 
little or no clinical benefit despite a short tumor response.40 
 The ineffectiveness of conventional radiotherapy protocols in 
the treatment of many oropharyngeal SCC could be explained by 
the presence of hypoxic cells within the tumor as hypoxia reduces 
radiosensitivity.41 However, another factor that needs to be consid-
ered is the rate of cell division and repopulation relative to treat-
ments intervals. SCC tends to have a very short tumor doubling 
time of approximately 4-days. Feline cutaneous SCC has been 
reported to have a potential tumor doubling time of only 5-days.42 
In tumors suspect of rapid cell division and early repopulation, a 
shorter radiation dose delivery time may overcome the tumor’s 
early repopulation capabilities.38,43

 New radiotherapy protocols have been developed to combat 
rapid tumor repopulation by dividing the total radiation dose 
into multiple small doses that are delivered at shorter intervals 
providing better tumor control.38,41,43,48 These so called “acceler-
ated protocols” differ from conventional protocols in having the 
total treatment delivered over a shorter time period, sometimes 
in a larger number of fractions (hyperfractionation). The benefits 
of accelerated protocols were initially confirmed in human SCC 
cases where such protocols had acceptable patient tolerance 
and improved local control for advanced head and neck SCC.44-

48Accelerated radiotherapy protocols alone or as a part of mul-
timodal treatment protocols have been used for the treatment of 
feline oropharyngeal SCC since 2007. All authors reported that 
the protocols were well tolerated and side effects were manageable 
with tumor response observed in the majority of cases. Long-term 
control was achieved in some cats.38,43,49,50

 The objective of the present case series was to observe the 
results of an accelerated chemoradiotherapy protocol applied to 
both feline and canine patients with oropharyngeal SCC. 

Summary:
Accelerated radiation therapy protocols address the specific 
biology of aggressive oropharyngeal squamous cell carcinoma 
and this approach was  applied in 5 feline and 3 canine oro-
pharyngeal squamous cell carcinoma patients where surgery 
was not possible (4/5 feline and 2/3 canine cases) or was 
declined (1/5 feline and 1/3 canine cases). A protocol using 
14 fractions of 3.5 Gy over 9-days, combined with carboplatin 
chemotherapy as a radiosensitiser (total dose 180 mg/m2 in 
feline and 300 mg/m2 in canine cases) resulted in a complete 
tumor response in most cases (4/5 feline and 3/3 canine cases) 
with acceptable acute and long-term side effects. Results 
achieved in feline cases correspond with published data 
where these specific radiotherapy protocols were employed. 
A complete response and long-term survival (> 2-years) was 
achieved in all canine patients. Although no standardized 
chemoradiotherapy protocols currently exist, this therapeutic 
approach can be a useful addition for the management of oro-
pharyngeal squamous cell carcinoma of cats and dogs when 
the goals of treatment include maximizing tumor control while 
maintaining function and quality of life. J Vet Dent 32 (4); 
2015: 212 -221, 2015
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Case Series and Protocols
 Five cats and 3 dogs with histologically confirmed oro-
pharyngeal SCC and treated at the Animal Hospital of Postojna 
(AHP), Slovenia are presented here including signalments, staging 
results, chemoradiotherapy protocols, and outcomes (Table 1).
 A thorough physical examination, and laboratory tests includ-
ing complete blood count (CBC) and serum biochemical analysis 
with electrolytes were performed in all cases. Skull and dental 
radiographs (n=6), abdominal radiographs and ultrasound (n=8), 
and head and neck and thoracic computed tomography (CT) (n=8) 
were performed for staging and radiotherapy planning purposes. 
 The complete diagnostic work-up and chemoradiotherapy 
treatment were performed with the cats and dogs under general 
anaesthesia. Premedication was performed using methadonea (0.3-
0.5 mg/kg) and medetomidineb (0.0125-0.05 mg/kg) IM. General 
anesthesia was induced using propofolc (1-3 mg/kg) IV to effect. 
The patients were intubated and maintained with isofuoraned or 
sevofluoranee in an oxygen/air mixture (0.5 liter/min of each) 
using a Mapleson F anesthetic circuit. Hemoglobin oxygen 
saturation, non-invasive blood pressure, electrocardiography, end 
tidal CO2, heart and respiratory rates, and body temperature were 
monitored throughout the anesthesia. Fluid homeostasis was 
maintained by administration of Ringer’s lactatef solution (3-5 ml/
kg/h) IV. 
 The diagnosis was confirmed in all cases through histo-
pathological examination of biopsies of the tumors. Tumors were 
staged according to the World Health Organization (WHO) Tumor 
Node Metastasis (TNM) system for classification of tumors in 
domestic animals.51 Clinical stage was classified as T1 (< 2-cm), 
T2 (2 to 4-cm) or T3 ( > 4-cm), and substage a (no bone invasion), 
or substage b (bone invasion). CT images, when available, were 
reviewed according to criteria previously reported (Table 2).52

 A 9-day accelerated radiotherapy protocol with concomitant 
carboplatin was used.43 Radiotherapy was performed with an 
external beam megavoltage radiation unit. Radiation was delivered 
with a 6 MV linear acceleratorg with treatments given BID for 
7 treatment days (Monday-Friday, Monday-Tuesday) in a 9-day 
period using 3.5 Gy fractions for a total of 49 Gy with a minimum 
of 6-hours between fractions. Once the animals were anesthetized 
they were placed on the treatment table in the required position 
(lateral or sternal) and secured to the table with adhesive tape. 
Treatment planning was performed manually on all cases and 

field sizes and treatment prescription depths were decided based 
on each case CT study. The clinical target volume (CTV) was 
defined as the visible gross tumor volume (GTV), based on each 
CT study, together with the ipsilateral regional mandibular and 
retropharyngeal lymph nodes and empirical normal tissue includ-
ing 1 to 2-cm minimum craniocaudal and dorsoventral margins. 
An additional 7 to 10-mm margin was added around the CTV 
to define the planned target volume in order to account for set 
up errors and geometrical uncertainties. All dogs and cats were 
treated with parallel-opposed beams. The isocenter was positioned 
in the middle of the tumor volume in all cases. Only SAD (100-
cm) calculation techniques were used. A 0.5-cm or 1-cm tissue 
equivalent bolus material (Superflab) was used as needed in most 
cases to improve the dose distribution at the surface. 
 Carboplatinh was used as a radiosensitizer in both dogs and 
cats. Dogs received a total dose of 300 mg/m2 divided into 4 incre-
ments (each 75 mg/m2) delivered before the 1st, 4th, 8th, and 13th 
radiotherapy. Cats received a total dose of 180 mg/m2 divided into 
two increments (each 90 mg/m2) delivered before the 1st and 8th 
radiotherapy. The chemotherapy was delivered as a 20 to 30-min-
ute intravenous infusion approximately 1-hour before commenc-
ing radiotherapy treatment. 
 Esophagostomy feeding tubes were placed in all cats (before 
commencing the radiotherapy) for the entire duration of the 
radiotherapy and were removed 4 to 6-weeks following the end 
of radiotherapy. None of the dogs had esophagostomy tube place-
ment.
 Support therapy for both cats and dogs included as required 
antibiotics (amoxicillin clavulanic acidi (20.0 mg/kg BID) in 4/5 
cats and 2/3 dogs, metronidazolej (20.0 mg/kg BID) in 2/5 cats and 
1/3 dogs, meloxicamk (0.1 mg/kg SID) in 5/5 cats and 2/3 dogs or 
carprofenl  (4.0 mg/kg SID) in 1/3 dogs, methyl-prednisolonem (0.5 
mg/kg BID) in 1/5 cats, and  tramadoln (1-3 mg/kg BID) in 1/3 
dogs.  
 Tumor appearance and tumor response were assessed dur-
ing the treatment by taking photographs for visual comparison. 
The first follow-up examination was performed 3-weeks after 
completion of radiotherapy when all patients were assessed for 
acute side effects. Follow-up information was obtained by exami-
nation of the patients at the AHP, or by telephone communication 
with the referring veterinarians or owners. Thereafter, the owners 
were instructed to consult for assessment of response to therapy 

Table 1
Signalment, history, and clinical findings of 3 dogs and 5 cats with oropharyngeal squamous cell carcinoma.. 

 PATIENT SPECIES BREED AGE GENDER WEIGHT TUMOR  CLINICAL  STAGE SUBSTAGE TR  STATUS TTP OS  
    (years)  (kg) SITE SIGNS (months)     (days) (days)
 1 Canine Mixed 13 FN 12.8 Right caudal maxilla 2 T2M0M0 b CR EUTHNR / 919
 2 Canine Mixed breed 8 M 35.6 Right tonsil 1 T3N3M0 b CR EUTHTR 752 844
 3 Canine Labrador Retriever 12 M 32.4 Rostral mandible 1 T1N0M0 b CR ALIVE / 1025
 4 Feline Rag Dol 13 FN 2.5 Left mandible 1.5 T1N0M0 b CR EUTHNR / 89
 5 Feline Mixed breed 18 FN 2.8 Left maxilla 3 T2N0M0 b CR EUTHNR / 62
 6 Feline Mixed breed 15 MN 3.9 Rostral mandible 5 T3N0M0 b PR EUTHTR 190 201
 7 Feline Mixed breed 14 MN 4.2 Larynx 1 T1N0M0 a CR EUTHTR 303 348
 8 Feline Mixed breed 12 MN 3.7 Left tonsil 1 T2N0M0 a CR ALIVE / 335

CR: complete remission; PR: partial response; EUTHTR: tumor related euthanasia; EUTHNR: non-tumor related euthanasia; F: female; M: male; FN: female neutered; MN: 
male neutered; TR: tumor response; TTP: time to progression; OS: overall survival
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at 1-month intervals for feline patients and 3-month intervals for 
canine patients. These consultations included complete clinical 
examination and regular thoracic radiography to evaluate for 
distant metastasis. CT of the thorax was performed in all canine 
cases at 6-month intervals after completing the radiotherapy. For 
cats and dogs that were not re-evaluated at the AHP, the referring 
veterinarians and owners were queried by phone conversations 
about general health and tumor status and in case of death, if the 
cause was tumor-related or unrelated. The tumor response was 
determined through physical examination and/or radiography 
or CT and was defined as a complete response (CR; complete 
regression of all measurable disease), partial response (PR; at least 
30% reduction in the sum of diameters of target lesions), stable 
disease (SD; less than 30% reduction or 20% increase in the sum 
of diameters of target lesions) and progressive disease (PD; the 
appearance of one or more new lesions or at least a 20% increase 
in the sum of diameters of target lesions).53 
 Radiation toxicity was assessed through a review of the 
record maintained during radiation therapy and the animal’s his-
tory as reported by the owner at monthly subsequent visits. Acute 
and late radiation effects were assessed and scored using the vet-
erinary radiation treatment oncology group (VRTOG) morbidity-
scoring scheme for both early and late effects.54

 The time to progression (TTP) was defined as the time (days) 
from the first radiation therapy treatment to the time when local 
tumor progression or metastatic disease was noted. The overall 
survival time (OS) was defined as the time (days) from the start 
of radiotherapy and the date of death, date of last follow-up, or the 
date of data analysis for animals still alive. 

Results

Feline Cases
 Five client-owned cats with oropharyngeal SCC included 1 
Ragdoll and 4 domestic shorthairs. Median age was 14.4-years 
(range 12 to 18-years) and median weight was 4.02-kg (range 
2.8 to 5.8-kg). The primary lesion sites were the mandible (n=2), 
maxilla (n=1), larynx (n=1), and tonsil (n=1) [Table 1]. 
 Clinical signs at the time of presentation included facial 
asymmetry (n=1), oral mass (n=2), anorexia (n=4), inappetence 
(n=3), dysphagia (n=4), weight loss (n=4), dyspnea (n=2), voice 
change (n=1), coughing (n=3), and tachypnea (n=1). 
 Hematological abnormalities included leucocytosis (WBC 

18.2-24.8 x 109/L; reference value 6.0-12.0 x 109/L) [n=2] with 
neutrophilia (NEU 87.6 - 92.3 %; reference value 55-84 %) [n=2] 
and lymphopenia (LYM 2.2 -5.5 %; reference value 13-30 %) 
[n=3]. Anemia was detected in 3/5 cats presented. Serum bio-
chemical abnormalities included increased alkaline phosphatase 
(ALP) (176-226 U/l; reference range 13-83 U/l) and glutamate-
pyruvate transaminase (GPT) (136-209 U/l; reference range 17-78 
U/l) [n=4]. 
 Regional and distant metastases were not observed in any of 
the cases. CT (n=4) and dental radiography showed bone lysis in 
3/5 cats (Table 2). SCC severity Stage I (n=2), II (n=2), and III 
(n=1) were present  (Table 1).
 None of the cats underwent surgery and chemotherapy was 
administered concurrently with radiotherapy. All cats received the 
planned total radiation dose of 49 Gy using a 9-day accelerated 
chemoradiotherapy protocol.43 Clinical target volume (CTV) and 
ipsilateral regional lymph nodes were included in the radiation 
field in all feline cases. All 5 cats completed the radiation protocol.  
 Cats (4/5) achieved a complete response 3 to 4-weeks after 
completing the radiotherapy protocol. A partial response was 
achieved in one cat. Acute toxicity effects were observed in all 
cats experiencing grade 2 oral mucositis and grade 2 (n=2) and 3 
(n=3) cutaneous dermatitis toxicity. All cats were treated for acute 
side effects and pain during the radiotherapy and for 3 to 4-weeks 
following therapy. Late toxicity was observed in 1 cat surviving 
more than 6-months and included alopecia and voice change. 
 Cat 1 (stage I mandibular SCC) developed pulmonary 
metastasis of a mammary adenocarcinoma with pleural effusion, 
confirmed at necropsy 89-days after completing radiotherapy 
(Fig. 1). Based on histopathologic examination, the oral SCC 
lesion was in complete remission at the time of euthanasia with 
no evidence of regional lymph node metastasis. Cat 2 (stage II 
maxillary SCC) was presented to the AHP with 3 episodes of 
vomiting, 61-days after completing radiotherapy. Increased renal 
values were detected and fluid therapy was used to improve the 
renal function. The cat was euthanized 65-days after completion 
of the radiation protocol on the owner’s request with the primary 
site being in a complete remission. Cat 3 (stage III mandibular 
SCC) only achieved a partial response, but the disease was then 
stable for 8-months. The patient was euthanized due to tumor 
progression 201-days after completing radiotherapy. Cat 4 (stage 
I laryngeal SCC) experienced pulmonary metastasis at 303-days 
following radiotherapy, with the primary site in complete remis-

  Table 2
Computed tomographic findings79 of 3 dogs and 5 cats with oropharyngeal squamous cell carcinoma. 

N/A: not available; Iso: Isoatenuating to surrounding soft tissues

 PATIENT SITE MASS LOCAL EXTENSION OSTEOLYSIS PRECONTRAST CONTRAST LYMPH NODE   
      ATTENUATION INTAKE ENLARGEMENT
 1 Right caudal maxilla No Ipsilateral orbit, nasal cavity Yes Iso N/A Yes
 2 Right tonsil Yes Nasopharynx Yes (right hyoid bone) Iso Yes Yes (right retropharyngeal  
        and mandibular)
 3 Rostral mandible Yes No Yes Iso N/A No
 4 Left mandible Yes No Yes Iso N/A No
 5 Left maxilla No No Yes Iso N/A No
 6 Rostral mandible Yes No Yes Iso N/A No
 7 Larynx Yes No No Iso Yes Yes
 8 Left tonsil Yes No No Iso Yes Yes
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sion. The cat received 2 cycles of carboplatin chemotherapy at a 
dose of 160 mg/m2 every 3-weeks. The cat was euthanized at 348-
days after commencing the radiotherapy at the owner’s request 
due to progresion of pulmonary metastatic disease. Cat 5 (stage II 
tonsillar SCC) remains alive and in complete remission at the time 
of data analysis (335-days).

Canine Cases
 Three client-owned dogs with oropharyngeal SCC included 
1 Labrador retriever and 2 mixed-breeds. The median age at the 
presentation was 11-years (range 8 to 13-years). The dogs were 
presented with varying clinical signs of different duration that 
included dyspnea (n=1), halitosis (n=3), salivation (n=2), dyspha-
gia (n=2), pain (n=1), and exercise intolerance (n=1). Solid oro-
pharyngeal masses arising from the right tonsil (n=1), the rostral 
mandibular gingiva (n=1) and an ulcerative, hemorrhagic gingival 
proliferative area extending from the right maxillary third premo-
lar tooth (107) to the caudal aspect of the right maxilla (n=1) were 
detected (Table 1). One dog was already diagnosed with rostral 
mandibular SCC and was referred for further evaluation and 
treatment. Only one dog had previous dental treatment performed 
2-years previously with no abnormalities detected at that time. No 
other previous problems were reported in the history. 

 All dogs were in normal body condition with normal heart 
and lung sounds. Bilateral mild masticatory muscle atrophy was 
noted in 2 dogs. Pain was elicited on attempts to open the mouth in 
1 dog and was also evident during palpation of the right maxillary 
region in this patient. Palpation of regional lymph nodes indicated 
normal size and consistency in 2 dogs and unilateral mandibular 
lymphoadenomegaly (7 x 8.3 x 4.2-cm) in 1 dog. Mild to moder-
ate (n=2) and severe (n=1) dental plaque and calculus accumula-
tion were observed. A more detailed conscious oral examination 
was not allowed by any of the dogs. 
 Hematological abnormalities included mild leucocytosis 
(WBC 14.3 -18.4 x109/L; reference value 6-0 - 12.0 x 109/L) with 
neutrophilia (NEU 85.3 – 87.9 %; reference value 55-84 %) [n=2] 
and lymphopenia (LYM 4.2 -7.5 %; reference value 13-30 %) 
[n=1]. Anemia was not detected in any of the dogs. Serum bio-
chemical abnormalities included increased alkaline phosphatase 
(ALP) (152 U/l; reference range 13-83 U/l) and glutamate-pyruvate 
transaminase (GPT) (124 U/l; reference range 17-78 U/l) [n=1]. 
 The oral examination under general anesthesia revealed 
no major teeth abnormalities and mild to moderate generalized 
gingivitis in 2 dogs and more severe periodontal disease requiring 
extractions in 1 dog. Complete dental prophylaxis (scaling and 
polishing) was performed in all cases. 

Figure 1
Photographs and radiograph in a 13-year-old female Ragdoll cat with mandibular squamous cell carcinoma. The 
pre-treatment oral (A) and radiographic (B) views show a lesion affecting bone. The lesion was regressing by the end 
of treatment (C), and there was no gross evidience of recurrence 3-months following treatment (D). Note the normal 
appearance of the molar salivary gland (arrow). 
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 CT (n=3) and dental radiography showed local maxillary 
(n=1) and rostral mandibular bony lysis (n=1). Severe mandibular 
and retropharyngeal lymphadenomegaly was observed in the 
tonsillar SCC case and regional metastasis was suspected (Table 
2). Abdominal cavity ultrasonography (n=3) and thorax CT (n=3) 
were unremarkable in all 3 dogs and did not show any evidence of 
distant metastatic disease at the time of presentation. 
 For confirmation of the tumor type, incisional biopsies from 
the primary tumor site were obtained surgically under general 
anesthesia in the 2 dogs with caudal lesions. The third case was 
already diagnosed at the time of presentation. Fine needle bilateral 
mandibular  lymph node aspirates were performed in all cases at 
the time of evaluation and were submitted for cytological exami-
nation for staging purposes. All dogs had a histopathological diag-
nosis of SCC. No lymph node involvement was confirmed based 

on cytological examination of the  lymph node aspirates in 2 dogs 
while the dog with tonsillar SCC had metastasis to the mandibular 
and retropharyngeal lymph node(s), as suspected on CT. 
 All dogs completed the radiation therapy protocol as planned 
and no effects related to BID anesthesia were observed. Rapid 
partial response to therapy was seen in all dogs by the end of the 
9-day protocol. All dogs had achieved a complete response by 6 
to10-weeks after completion of therapy.53 
 The most significant acute toxicity occurred in the mucosa 
(soft tissue reactions and local swellings) and could be assessed as 
grade 3 in all dogs but resolved quickly with a course of antibiotics 
(amoxicillin clavulanic acidi and metronidazolej) and non- steroi-
dal, anti-inflammatory drugs (carprofenl or meloxicamk). The loss 
of mucosal integrity associated with bone exposure became evi-
dent after 4-days of radiotherapy due to the early tumor response 

Figure 2
Photographs and  CT image in a 
13-year-old female mixed breed 
dog with ulcerative squamous 
cell carcinoma of the right maxilla. 
The pre-treatment oral (A) and 
radiographic (B) views show 
a lesion affecting bone (arrows). 
The 5- (C) and 21- (D) day views 
during treatment show progressive 
regression of the lesion with 
associated mucositis. The 3- (E) 
and 12- (F) week post-treatment 
views show progressive regression 
to the point of absence despite 
some inflammation and erythema.
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in the dog with maxillary SCC and healed by second intention by 
2-months following completion of radiation treatment (Fig. 2). 
One dog had grade 2, and 2 dogs had grade 3 cutaneous toxicity. 
Otitis externa-media was detected in 2 dogs and resolved within 
3-weeks with antibiotic therapy (enrofloxaciner 7.0 mg/kg SID 
X 2-weeks). Late toxicity effects were diagnosed in all dogs and 
included alopecia (n=3) or leukotrichia (n=2) within the radiation 
field, which generally developed 4-6 months following irradiation. 

Intraoral dental radiography (n=2) and computed tomography 
(n=2) performed at 6-month intervals for up to 2.5 to 3-years 
showed no signs of late side effects in all dogs. Owners considered 
the therapy to have had no negative effect on their dog’s quality of 
life. All dogs had improvement in eating and drinking, and gained 
weight 2 to 3-months after completing radiotherapy. 
 The dog with a stage I rostral mandibular SCC remains alive 
at 1,025-days after commencing radiotherapy with no signs of 

Figure 3
Photographs in an 8-year-old male mixed breed dog with tonsillar squamous cell carcinoma (A). The lesion had 25% 
regression with loss of pigmentation by completion of treatment (B). At 3-weeks post-treatment, the lesion was smaller 
with maintained depigmentation despite mucosal recovery of the area (C). Progressive normalization of the irradiated 
area is apparent at 6-weeks (D), 11-months (E), and 2-years (F) following treatment.



J VET DENT  Vol. 32 No. 4  Winter 2015                       218

tumor recurrence or evidence of local or distant metastatic disease. 
The dog with a stage II maxillary SCC (Fig. 2) was euthanized 
due to cardiac failure 919-days after commencing radiotherapy 
with the primary site in complete remission and no evidence of 
distant metastatic disease. The dog with a stage III tonsillar SCC 
(Fig. 3) experienced local tumor recurrence in the irradiated 
ipsilateral mandibular lymph node 752-days after commencing 
radiotherapy. There was no evidence of distant metastatic disease 
confirmed on CT. The dog was euthanized due to regional lymph 
node (mandibular) tumor progression 844-days after commencing 
the radiotherapy protocol due to inappetance and dysphagia. There 
was no evidence of tumor recurrence in the right tonsil. 

Discussion

Feline Oropharyngeal SCC
 The characteristics of the feline patients presented here cor-
relate with reports published previously.1,2,4,7,9,24,55,56 Our case series 
evaluated older patients (> 12-years), with a majority having 
advanced stage gingival lesions with local osteolysis (3/5), but 
with a low metastatic rate (0/5) at the time of the presentation. 
However, unlike the dogs reported here, regional lymph nodes 
were not assessed by fine needle aspirate.
 Feline oropharyngeal SCC generally has a poor outcome and 
remains a therapeutic challenge indicating local disease control 
as the goal of therapy.10 Given the advanced stage of disease at 
diagnosis in most feline patients, as presented here, local surgical 
excision is usually not considered curative intent treatment.9,10,22,23 
Successful resection consists of radical mandibulectomy, maxil-
lectomy, laryngectomy, or tonsillectomy, with surgical margins 
of at least 10-mm or compartmental excision.24-27 These criteria 
could not be achieved in 4/5 feline cases reported here due to 
the advanced stage and complex anatomical location of the 
lesions.9,22,23,58 The exception would be the cat with mandibular 
SCC, since the mandible is considered the anatomic region most 
amenable to curative intent surgical resection in select cases, with 
reported median survival times of 5 to 12-months.4,22,24,59,70 One 
study with 21 cases treated by radical surgical excision reported a 
1-year survival rate of 43%. Yet, acute and long-term postopera-
tive morbidity after mandibulectomy were observed in 98% and 
76% of the cats, respectively, with 12% of cats never regaining 
functional ability to eat.24 The owners of the cat with the potentially 
resectable mandibular SCC declined surgery due to the risk of 
subsequent morbidity and altered cosmetic appearance. 
 Cats with advanced stage disease left untreated or treated 
with any conventional single treatment modality have survival 
expectations of < 3-months.4,22,40,55 Radiation therapy is the primary 
treatment modality for non-resectable local disease but conven-
tional radiation therapy alone is not able to control feline oral SCC, 
possibly due to its very specific tumor biology.38,40,43,61 Patients 
receiving surgery combined with radiotherapy had a 1-year sur-
vival rate of 57% and a median survival of 14-months.60 The main 
benefits of radiation therapy include the ability to treat a large 
area without permanent disfigurement, including draining lymph 
nodes in the radiation field.9 Several alternative radiotherapy 
regimens have been tried in veterinary medicine for the treatment 
of feline oropharyngeal SCC alone or as a part of multimodal 
approach.38,43,49,50

 An accelerated radiation therapy protocol was used in 9 feline 
oropharyngeal SCC cases in 2007.38 Radiation was delivered with 
a 14 fraction accelerated protocol, consisting of 2 radiation frac-
tions/day for 9-days. The median overall survival was 86-days. A 
partial response achieved in 6 cats resulted in a median survival 
of 60-days, while the median survival for 3 cats with complete 
response was 298-days.38 Adding carboplatin as a radiosensitiser 
to the same accelerated protocol for the treatment of an additional 
31 cats improved median survival time to 163-days.43 Cats with 
SCC originating in the tonsil or cheek responded best to therapy 
and were considered long-term survivors with a mean survival of 
724-days at the end of the study.43 The same chemoradiotherapy 
protocol was used here for the treatment of the 5 feline cases. The 
rationale for this protocol is to lower the risk of SCC cell repopu-
lation by decreasing intervals during daily and overall treatment 
time, leading to increased tumor control. The total dose of 49 Gy 
(estimated biological effective dose (BED) 66.15 Gy for acute and 
106.17 Gy for late responding tissue) administered within a short 
period of time (high dose intensity) resulted in acceptable acute 
side effects like mucositis, that occurred in all of the feline patients. 
The side effects were manageable with symptomatic treatment 
and placement of an esophagostomy feeding tube (5/5 cats) dur-
ing the time of radiation delivery and removed after the acute side 
effects had completely resolved (4 to 6-weeks). Late side effects 
such as fibrosis, bone necrosis, or nervous tissue damage were 
not observed in 4/5 cats. The cat with laryngeal SCC that lived 
> 1-year developed some changes in vocalization 7-months after 
radiotherapy. No other serious late side effects were observed. 
 Unfortunately, 2/5 cats were euthanized at the owner’s request 
2-3 months following treatment for other medical reasons after 
completing radiotherapy, although the primary sites of SCC were 
remained in remission. One cat was euthanized due to pulmonary 
metastasis as a consequence of a previous mammary gland adeno-
carcinoma, which was confirmed on necropsy and another due to 
renal function deterioration. Despite a poor initial prognosis, the 
cat with the advanced rostral bilateral mandibular SCC achieved 
a partial response and was euthanized 8-months after completing 
radiotherapy due to local tumor progression. The cat with the 
laryngeal SCC achieved the longest survival and was euthanized 
due to pulmonary metastases development, probably as a conse-
quence of the primary disease, 348-days after commencing the 
radiation protocol. The cat with tonsillar SCC responded to thera-
py, and remains well and is in complete remission with no signs of 
regional and/or distant metastasis at the time of data analysis.  
 Since there are no standardized radiation treatment protocols 
for feline oropharyngeal SCC, radiation therapy schedules have 
been utilized, with or without chemotherapeutics as radiosensitis-
ers, as a part of a multimodal approach for treatment and have 
been shown to improve response rates and/or survival times with 
some cats being considered long-term survivors. The chemoradio-
therapy protocol described here might present a treatment option 
for this devastating feline disease but further studies are needed to 
optimize treatment strategies to reduce local, regional, and distant 
failures. 

Canine Oropharyngeal SCC 
 The prognosis for oropharyngeal SCC depends on the size 
and the location of the tumor, timeliness of diagnosis, and staging 
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results. In the canine cases presented here, the dog with rostral 
SCC, diagnosed at an early stage, had a better prognosis compared 
to the other 2 dogs with caudal lesions. Treatment modalities 
for canine non-tonsillar SCC include surgery and/or radiothera-
py.21-23,25-28,36,37,63,68-71,79 The relatively low metastatic potential of rostral 
gingival SCC makes this lesion location a good candidate for local 
therapies such as surgery and radiotherapy.9 Surgical resection 
with margins of at least 1-cm is economical, quick, and the most 
potentially curative treatment available for many localized canine 
SCC.9,25,63,64,68-71,79 The dog with rostral SCC was considered a good 
surgical candidate, but the owner declined surgery in order to 
maintain function and cosmesis. Using the aforementined surgical 
guidelines, a local recurrence rate of 8% (2/24 dogs) was reported 
after resection of mandibular SCC. The median disease free 
interval was 26-months with a 1-year survival incidence of 91%.21 
Whereas in another study, resection of maxillary SCC with 1-cm 
margins reported a higher incidence (29%) of local recurrence 
(2/7 dogs) with a median survival time of 10 to 19-months and a 
1-year survival rate of 57%.64 Another study reported a 5% local 
recurrence rate, 11% metastatic rate, and 84% 1-year survival for 
19 dogs treated with either maxillectomy or mandibulectomy.71 
Maxillectomy was suggested as one of the treatment options for 
the dog with the caudal maxillary SCC but the risk of incomplete 
surgical excision and the possibility that adjuvant radiotherapy 
course might be required for loco-regional tumor control influ-
enced the owners of this dog to elect radiotherapy only. 
 Surgery alone is generally ineffective for the management 
of tonsillar SCC.9,65,66,87 A tonsillectomy and lymph node excision 
could have been performed in the dog with the tonsillar SCC but 
was declined by the owner due to the extensive nature of the sur-
gical procedure and the likely need for an adjuvant radiotherapy 
treatment to the primary and regional sites. 
 Since SCC of the caudal oral cavity, including tonsils and 
tongue base, are considered highly metastatic to regional lymph 
nodes, a multidisciplinary approach integrating surgery, radiother-
apy, and chemotherapy in various combinations is needed.8,9,65,66,87 
This type of therapeutic approach could significantly improve 
clinical outcomes. A combination of surgery and radiotherapy for 
the treatment of tonsillar SCC resulted in a complete response in 
6/7 dogs and a partial response in the remaining dog at radiation 
doses of 35-42.5 Gy. Recurrence occurred in 2/7 dogs and some 
developed distant metastatic disease. Survival ranged from 1.5 to 
21-months, with a median of 3.5-months.65 A more complex treat-
ment protocol consisting of surgery, orthovoltage radiotherapy, 
and chemotherapy alternating doxorubicin with cisplatin resulted 
in a complete response in 5/6 dogs with a median survival of 240-
days, with 4 of these dogs eventually developing tumor recurrence 
and metastatic disease.66 Results of these studies indicate that 
even with a multimodal treatment approach, tumor progression is 
difficult to control and the prognosis for dogs with tonsillar SCC 
remains poor and no standard effective treatment protocol cur-
rently exists. 
 Human literature data report attempts to improve similar poor 
outcomes for tonsillar SCC by combining conventional radiother-
apy regimens and chemotherapy simultaneously, and by altering 
radiation fractionation using hyperfractionated and/or accelerated 
treatment schedules especially for the treatment of inoperable and 
advanced head and neck SCC.72-75 

 Accelerated repopulation of tumor cells during the conven-
tional fractionated radiotherapy regimen has been recognized as 
an important determinant of local control and possible cause of 
treatment failure in head and neck SCC, especially if the overall 
treatment time is prolonged.45,46 This hypothesis is supported by 
laboratory and clinical data that have shown median potential dou-
bling times in many SCC lesions of only approximately 4- days.46,76 
These observations have led to the development of accelerated 
fractionation schemes, whereby radiotherapy is administered at 
shorter intervals using multiple daily fractions.77 Accelerated 
fractionation involves a reduction in overall treatment time with 
or without change in fraction size and total dose.78 Acceleration 
is based on the premise that the reduced overall treatment time 
reduces the opportunity for tumor cells to regenerate. However, 
this accelerated protocol is inherently associated with an increase 
in acute side effects.73-75,77,78

 Radiation treatment possibilities for the 3 canine cases 
presented here included the use of a standard definitive daily 
radiation therapy protocol consisting of 3 Gy per fraction in 16-18 
treatment days to a total dose of 48-54 Gy.9 Although an acceler-
ated chemoradiotherapy protocol consisting of 3.5 Gy fractions to 
a total of 49 Gy delivered BID over 9-days has not been described 
for the treatment of canine oropharyngeal SCC, it was suggested 
as an alternative option. Again, the rationale for this latter protocol 
was related to the specific biological behavior of SCC, especially 
aggressive tonsillar SCC. The short duration of overall treatment 
(22 to 24-days compared with 9-days) and decreased hospitaliza-
tion led to lower treatment costs, influencing clients to choose the 
9-day protocol. Other reported accelerated regimens using a larger 
dose per fraction (e.g. accelerated hypofractionated radiation pro-
tocol; 4.8 Gy SID over 10-days to a total dose of radiation of 48 
Gy)79 could be used, but this could potentially lead to an increased 
risk of delayed toxicity due to a higher dose fraction.
 Theoretical differences between protocols can be evaluated 
by calculating and comparing the biological effective dose (BED) 
for early and late responding tissues for each protocol. The BED 
for one type of tissue is the function of the dose per fraction and 
the number of fractions, and consequently the total dose, as well 
as the alpha/beta ratio of the evaluated tissue type (tumor or nor-
mal tissue). However, the basic BED calculation uses standard 
definitive protocols for models and does not take into account 
the length of treatment period and a correction factor should be 
included when the treatment time is reduced, as in accelerated 
protocols. Such a factor can be used with some specific knowl-
edge about the tumor cell biology (potential doubling time, 
cell loss factor) and an adjusted BED can then be calculated. 
However, an approximated BED (without adjustment) can be 
used when comparing protocols if the overall treatment time is 
similar. In this report, the BED or the accelerated chemoradio-
therapy protocol used was 66.15 Gy for early and 106.17 Gy 
for late responding tissue. Using a hypofractionated accelerated 
course with 10 fractions of 4.8 Gy (over 12-days) would give 
an approximated BED of 71.94 Gy for early and 124.6 Gy for 
late responding tissues.80 However, the potential for tumor con-
trol and acute side effects is possibly increased, while the risk 
of delayed radiation induced complications would certainly be 
expected to be much higher. This type of protocol might not be 
recommended if long-term tumor control is possible such as 
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early stage cases or more rostral oral SCC in dogs.
 The addition of chemotherapy for tumor radiosensitization 
to increase loco-regional tumor control is an approach that could 
potentially further improve the treatment outcomes in these high-
risk patients. The superiority of chemoradiotherapy over radio-
therapy alone has been established for human SCC at many sites 
including head and neck, esophageal, cervical, and anal carcino-
mas.77 The biological mechanisms of interaction between chemo-
therapeutics and radiotherapy include interactions at molecular, 
cellular, and tissue levels. Chemotherapeutics sensitize tumors to 
radiotherapy by inhibiting tumor cell repopulation, killing hypoxic 
cells, inhibiting the repair of sublethal radiation damaged cells, 
irradicating micrometastatic disease in the radiation field, and 
decreasing the tumor mass which leads to improved blood supply 
and reoxygenation.81-84

 All the patients in our study received carboplatin chemo-
therapy concurrently with radiation that has been shown to have 
radiosensitization properties82 but the actual benefit of carboplatin 
on tumor control or survival improvement in our cases remains 
unknown and is only hypothetical. As stated, chemotherapeutics 
can be used as radiosensitizers, although the literature suggests 
that there is no effective chemotherapeutic agent for oropha-
ryngeal SCC when used alone.29-35,85,86 However, chemotherapy 
is considered an integral component of a multimodal treatment 
approach that might aid in improving local tumor control and 
survival times.9,79,87 Although chemotherapy is rarely warranted for 
rostral gingival SCC because of its low metastatic potential,9,79 it 
could be considered for SCC with a higher metastatic rate (tongue, 
tonsil, and caudal oral cavity). Only the owners of the dog with 
the tonsillar SCC decided for an additional 5 cycles of carboplatin 
chemotherapy (300 mg/m2 Q 3-weeks) in an attempt to prevent or 
delay metastatic disease. 
 The toxicity in the canine cases presented corresponds with 
the VRTOG scoring scheme for acute and late radiation effects.54 
Grade 2–3 acute side effects to the oral mucosa and skin were 
seen in all patients but were tolerable and diminished with sup-
portive antibiotic and non-steroidal anti-inflammatory drug ther-
apy. Although all dogs experienced grade 2-3 mucosal toxicity, 
esophagostomy tube placement was not required. Surprisingly, 
no late radiation side effects were observed in the 3 dogs of this 
study 2-years after  chemoradiotherapy. The limitation of this 
study remains in the small number of patients suggesting addi-
tional investigations of accelerated radiotherapy protocols as well 
as the role of chemotherapeutics as radiosensitisers on a larger 
group of canine patients with oropharyngeal SCC are indicated, 
especially of the tonsillar origin. 
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