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Results of the treatment with a combination of carboplatin and piroxicam in seven dogs with
advanced non-tonsillar oral squamous cell carcinoma (SCC) were retrospectively analysed. This
multi-agent protocol was well tolerated by all dogs and resulted in a complete regression of the
tumour without additional surgery in four of seven patients. Additional surgery was necessary to
remove a metastatic lymph node in one dog and residual tumour in a second dog, which achieved a
partial response following medical therapy. Median follow-up for all the dogs was 534 days, while
the time-to-recurrence, time-to-progression and overall survival for this group of patients have not
yet been reached. Our study, although limited in number of animals, suggests that this multiagent
approach is a useful treatment option for oral non-tonsillarSCC in dogs and warrants wider
application.
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Squamous cell carcinoma (SCC) is the second most
common oral malignancy, representing 20–30% of
oral cancers, in dogs. The aetiology is unknown.
Canine SCCs at different sites in the mouth vary
in their behaviour pattern. The gingivae are more
frequently affected than other soft tissues, and
because of the highly invasive nature of this
tumour, there often is bone involvement. The
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mean age of affected dogs is 8–9 years (Ogilvie &
Moore, 1996; Withrow & MacEwen, 2001). There
seems no breed or gender predilection but in one
study, dogs with a white coat colour, particularly
poodles, seem to be predisposed to SCC of the tongue
(Carpenter et al., 1993). Large dogs (>23 kg) are twice
as likely to develop non-tonsillar SCC than smaller
dogs (Meuten, 2002). Metastasis of gingival tumours
is rare in contrast to SCC of the tonsillar region,
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which have a high metastatic potential (Ogilvie &
Moore, 1996; Meuten, 2002). Therefore, tonsillar
SCC should be considered as a separate tumour entity.
In general, SCCs in the caudal parts of the oral cavity
have a higher metastatic rate than rostral lesions (Evans
& Shofer, 1988). Regional lymph nodes are frequently
enlarged at the time of diagnosis and should be biopsied; however, most will have a reactive pattern on
histo-pathology and do not contain metastases (Ogilvie & Moore, 1996). Assessment of all regional lymph
nodes in dogs with oral or maxillo-facial neoplasms
will detect more metastatic disease than assessing the
mandibular lymph nodes only (Herring et al., 2002).
Metastases to the lungs are rare at time of diagnosis
(Ogilvie & Moore, 1996). Described methods of treatment are surgery (Schwarz et al., 1991a; Schwarz et al.,
1991b; White, 1991; Wallace et al., 1992; Carpenter
et al., 1993; Vrieling et al., 1999; Lascelles et al., 2003),
radiation therapy (Evans & Shofer, 1988; Theon et al.,
1997; Kinzel et al., 2003), chemotherapy (Boria et al.,
2004; Shapiro et al., 1988), photodynamic therapy
(McCaw et al., 2000) and combinations of these treatment modalities (Ogilvie & Moore, 1996; Withrow &
MacEwen, 2001; Klein, 2003).
Surgery and radiotherapy are the most reliable
treatment options in humans, whereas chemotherapy is used infrequently in local disease, but
becomes more important in the treatment of
advanced stage oral SCC. The occurrence of
lymph node metastasis in human SCC of the oral
cavity is related to size, depth of infiltration and
subsite of the primary tumour. In general, the
frequency of lymph node metastasis increases
with the size and depth of infiltration. Furthermore, as in dogs, the more posterior the location
in the oral cavity, the greater is the risk for lymphatic spread (Silverman et al., 2003).
Cyclo-oxygenases (COXs) are key enzymes in
the conversion of arachidonic acid to prostaglandins and exist in two isoforms, COX-1 and COX-2
(Beam et al., 2003). COX-1, the constitutive isoform, is expressed in most tissues. COX-2, the
inducible isoform and a potent mediator of
inflammatory disease, is activated in response to
pro-inflammatory cytokines and growth factors
but is constitutively expressed in the brain and
the kidneys. Over-expression of COX-2 has also
been observed in several human and animal

malignancies and is implicated in carcinogenesis.
COX-2 plays an important role in various malignant tumours through the conversion of
arachidonic acid to prostaglandinE-2 (PGE-2)
(Mohammed et al., 2001). PGE-2 is a major mediator
in tumour cell proliferation, resistance to apoptosis,
angiogenesis and invasion through matrix metalloproteinase production (Lupulescu, 1996). Some
tumours with increased COX-2 expression, described
in human or veterinary literature, are head and neck
SCC (Chan et al., 1999; Pestili et al., 2001; Erovic
et al., 2003; Itoh et al., 2003; Yu et al., 2003a), renal
cell carcinoma (Miyata et al., 2003), transitional cell
carcinoma of the urinary bladder (Knapp et al., 2000;
Knapp et al., 2002; Yu et al., 2003b), hepatocellular
carcinoma (Kern et al., 2002) and intestinal tumours
(Shao et al., 2000; Arbabi et al., 2001; Husain et al.,
2002). Therefore COX-2 is a potential target for
therapeutic and preventive intervention in these
tumour types.
Platinum-derived drugs comprise one of the
main classes of chemotherapeutic drugs that can
induce remissions in various solid tumours.
Although tumours often regress on treatment
with cisplatin (cis-diamminedichloroplatinum II)
or carboplatin (cis-diammine-1,1-cyclobutane
dicarboxylate platinum II), they usually relapse
as a drug-resistant tumour (Fox, 2000; Hartmann
& Lipp, 2003).
The objective of this retrospective study was to
examine the hypothesis that the combination
treatment of piroxicam and carboplatin in dogs
with oral non-tonsillar SCC, compared to the
single agents and cisplatin-based protocols,
would lead to an increase in median survival
time through an additive effect on tumour cell
death and induction of remission, but also
through a decreased toxicity.

Materials and methods
Between May 2002 and October 2004, seven dogs
with oral non-tonsillar SCC were treated in our
clinics with a combination of piroxicam (Piroxicam1 dispers 20 mg, Genfarma BV, Zaandam,
The Netherlands) and carboplatin (Carbosin1,
10 mg mL1, Pharmachemie BV, Haarlem, The
Netherlands). The diagnosis was confirmed in all
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cases through histopathologic examination of biopsies of the tumour. Each tumour was measured in
three dimensions, and skull radiographs were made
in case of gingival tumours to examine the extent of
bone involvement. Fine needle aspirates of the
regional lymph nodes were performed in each case
to determine local metastasis, and thoracic radiographs were made to rule out radiographic evidence
of pulmonary metastasis. Before initiation of therapy, a complete blood count (CBC) and routine
blood-chemistry examination was performed to
detect possible contraindications for treatment, e.g.
renal insufficiency, anaemia, leukopenia and/or
thrombocytopenia. Tumor staging was according
to the World Health Organization TNM system for
classification of tumours in domestic animals
(Table 1) (Owen, 1980).
Dogs were between 4 and 11 years of age, with a
mean and median age of 8.1 and 9 years, respectively (Table 2).
Surgical intervention with curative intent was
either declined by the owner or was not possible
because of the extent of the tumour.
Piroxicam was administered orally at a dosage
of 0.3 mg kg1 body weight once daily. Carboplatin was administered as an intravenous infusion at
a dosage of 300 mg m2. Total infusion time was
20 min, and each dog was scheduled to receive
between 6 and 12 carboplatin infusions at 3-week
intervals. Immediately before the carboplatin infusion, a CBC was performed. Because of the potential increased risk of renal toxicity resulting from
the combination of both drugs compared to the
single components of the protocol, blood urea
nitrogen and serum creatinine determination was
performed every other treatment.
The anti-emetic agent ondansetron (Zofran1,
2 mg mL1, GlaxoSmithKline, Zeist, The Netherlands) was given intravenously at a dosage
between 0.4 and 0.5 mg kg1 body weight, immediately before the carboplatin and again, 12 h later,
per os at home. Anti-emetic treatment was then continued using metoclopramide (Metocloprim1 tablet
10 mg; Aesculaap BV, Boxtel, The Netherlands)
orally at a dosage of 0.5 mg kg1, thrice a day for 4
more days.
The dogs were scheduled to receive piroxicam
on a lifelong basis.

Response to therapy was categorized as complete
response (CR, complete regression of measurable soft
tissue disease), partial response (PR > 50% but
<100% regression of measurable soft tissue disease),
stable disease (SD < 50% regression of soft tissue
disease or <25% progression) and progressive disease
(PD > 25% increase in measurable disease or appearance of new lesions). Time to recurrence (TTR) was
defined as time from documentation of response until
progression of disease. Time to progression (TTP) was
defined as the time from first treatment until subsequent progression of disease, loss to follow-up or
death. Overall survival (OS) was defined as the time
from first treatment until subsequent death.

Results
The results of the treatment are shown in Table 3,
including the time to CR of the soft tissue changes
due to the primary tumour. CR without additional surgery was achieved in four of the seven
dogs (57%). In two dogs, additional surgery was
necessary for a CR. In the dogs with bone involvement, remodelling of the bone of the affected jaw
took almost 1 year. All these dogs were still in
complete remission at the date of analysis. Survival analysis revealed that TTP, TTR and OS have
Table 1. WHO TNM classification of tumours in domestic
animals (Owen, 1980)
World Health Organization TNM system of canine oral squamous cell carcinoma
T ¼ diameter primary tumour
T1: <2 cm maximum tumour diameter
T2: 2–4 cm maximum tumour diameter
T3: >4 cm maximum tumour diameter
Sub stage a: no evidence of bone invasion
Sub stage b: evidence of bone invasion
N ¼ regional lymph node status
N0: no evidence of regional lymph node involvement
N1: enlarged movable ipsi-lateral regional lymph nodes
N2: enlarged movable contra-lateral or bi-lateral regional
lymph nodes
N3: regional lymph nodes fixed
Sub stage a: regional lymph nodes considered not to
contain tumour growth
Sub stage b: regional lymph nodes considered to contain
tumour growth
M ¼ distant metastasis
M0: no evidence of distant metastasis
M1: evidence of distant metastasis
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Table 2. Patient characteristics and tumour stage
Age in years
at start of treatment

Patient number

Breed

1

Bouvier des Flandres

9

T3bN2aM0

2

Bull Terrier

4

T3bN1aM0

3

Poodle

9

T3bN1aM0

4

Bouvier des Flandres

11

T3aN1bM0

5

German Pointer

8

T3bN1aM0

6

Welsh Corgi Pembroke

11

T3aN1bM0

7

British Cocker Spaniel

5

T3bN1aM0

not yet been reached with a median follow-up for
all dogs of 534 days (range, 187–888 days).
Dog number 1, which experienced advanced
SCC of the rostral and right mandible with extensive bone involvement required surgical debulking
without curative intention before medication
started, because the tumour was causing discomfort
and haemorrhage. This dog did have measurable
disease following the palliative surgical procedure.
In dog number 3, the tumour had infiltrated the
maxillary and peri-orbital tissues on the right side

Tumour stage

Location of the
tumour
rostral mandible
and complete
right mandible
left rostral mandible
right maxilla and
peri-orbital
right cheek and
right submandibular lymph node
right rostral mandible
left cheek and left
submandibular
lymph node
right rostral mandible

of the head at time of first examination. Despite
therapy, the tumour progressed, and the dog was
euthanized 231 days after start of therapy.
In dog number 4, the primary tumour achieved
a complete remission after 56 days. However, the
submandibular lymph node underwent only a
partial remission, and this lymph node was surgically removed 131 days after start of therapy.
Post-operative histology showed pyo-granulomatous inflammation surrounding SCC structures
lying adjacent to the submandibular lymph node,

Table 3. Results of the treatment

Patient
number

Total number
of carboplatin
treatments
at date of
analysis

Time to
complete
remission
of primary
tumour (days)

Time to recurrence (days)

Time to
progression
(days)

Overall
survival (days)

Result of
treatment

1
2
3
4
5
6
7

8
9
4
12
9
5
7

38
84
no CR
56
60
no CR
107

858*
789*
0
506*
534*
153*
263*

888*
828*
21
534*
574*
174*
306*

888*
828*
231
534*
574*
187
306*

CR†
CR†
PD/euth{
CR/Sx‡
CR†
PR/Sx§/euth
CR†

*Indicates still alive and tumour has not recurred or progressed at date of analysis.
†Complete remission.
‡Complete remission of primary tumour, surgery to remove metastasis 131 days after start of therapy.
§Partial remission of primary tumour; then residual tumour removed 125 days after start of therapy.
{Euthanasia because of poor quality of life.
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while the node itself showed reactive hyperplasia
without signs of metastasis (Fig. 1).
In dog number 6, the SCC included the complete buccal part of the left cheek and progressed
into the commissure of the lip and adjacent skin.
The left submandibular lymph node was enlarged
and was positive for tumour involvement. In the
mucosa of the right cheek, this dog had a carcinoma in situ diagnosed through a histological
biopsy. Curative surgery was not possible at the
initiation of therapy. The tumour achieved a partial remission to carboplatin/piroxicam therapy,
which enabled surgical removal of the complete
left cheek together with the involved lymph node
following five treatments with carboplatin, 125
days after start of therapy. The surgically created
defect was closed with a rotational skinflap originating from the neck. Post-operative healing was
uncomplicated. On histology, all surgical margins
were free of tumour cells. The carcinoma in situ
was also confirmed histologically to be in CR.
However, the owner declined post-operative continuation of medical therapy and 174 days after
start of treatment a new SCC was developing in
the gingiva of the left maxilla at a different location compared to the surgical area. The dog was
euthanized at request of the owner 187 days after
start of therapy.
No dogs experienced gastrointestinal side-effects
related to the piroxicam. On incidental occasions, carboplatin treatment was postponed for a maximum of
1 week due to a mild-to-moderate myelosuppression,
resulting in a leucocyte count of <3.0  109 L1
(reference range 3.0–12.0  109 L1) or a platelet
count <150  109 L1 (reference range 150–450 
109 L1). There were no renal side-effects observed in
any patient.
Mild-to-moderate gastro-intestinal side-effects
during the first 4 days after carboplatin infusion
were noted; however, they were self-limiting and
did not require hospitalization.

Discussion
Several studies in the human and veterinary literature
have reported the use of platinum-containing cytostatic agents, specific or non-specific COX-2 inhibitors

A

B

Figure 1. Dog number 4 before (A) and 56 days after (B)

start of therapy.

or a combination of these drugs, to prevent tumour
growth and induce remission in SCC (Knapp et al.,
1992; Shapiro et al., 1988; Mestre et al., 1999; Schmidt
et al., 2001; Kern et al., 2002; Yang et al., 2003; Boria
et al., 2004). The combination of cisplatin and piroxicam seems to have a potentiating effect, resulting in
tumour death and induction of remission in human
transitional cell carcinoma of the urinary bladder and
oral malignant tumours in dogs (Knapp et al., 2000;
Mohammed et al., 2003; Boria et al., 2004). However,
the combination of cisplatin and piroxicam has also
been associated with increased renal toxicity in the
dog, which urges the necessity of a preventive pre- and
post-treatment diuresis (Boria et al., 2004). To the
authors’ knowledge, none of these studies described
the effect of a combination of carboplatin and piroxicam for oral non-tonsillar SCC in dogs.
In human oral SCC cell lines, selective inhibition
of COX-2 markedly induced the expression of cellcycle inhibiting, tumour-suppressor proteins like
the cyclin-dependent kinase inhibitors p27(kip1)
and p21(waf1), which resulted in a higher apoptotic
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index (Makitie et al., 2003). Expression of these
proteins caused a G1-to-S cell cycle arrest.
Apoptosis was increased in urinary bladder cancer
in dogs treated with piroxicam (Mohammed et al.,
2002; Mohammed et al., 2003), and the anti-tumoral
effects of the platinum derivatives used in human
ovarian cancer are dependent on the apoptotic capacities of the tumour cells (Henkels & Turchi, 1999).
This could explain an additive effect of the combined treatment with piroxicam and carboplatin.
COX-2 was observed mainly in the cytoplasm
of human oral and oesophageal SCC cells (Itoh
et al., 2003; Kase et al., 2003).
In human patients with oral SCC, there seems to
be a strongly positive association between COX-2
expression and a high level of vascular endothelial
growth factor (VEGF) associated with an increased
intratumoral microvessel density (Kase et al., 2003;
Lim et al., 2003; Yoshida et al., 2003). VEGF
expression in human patients is also correlated
with a positive lymph node status, and therefore
is considered as a negative prognostic indicator
(Lim et al., 2003). VEGF has been shown to interact
with COX-derived prostaglandins in angiogenesis.
In tumour models, VEGF expression was downregulated by selective COX-2 inhibition.
In a high percentage of human patients with carcinomas in the oral cavity, COX-2 expression in the
adjacent oral mucosa was upregulated in association
with a high percentage of DNA aneuploidy (Chan
et al., 1999; Sudbo & Reith, 2003a; Sudbo et al.,
2003b). In patients with dysplastic, premalignant
oral lesions, COX-2 was over-expressed in a subgroup
of patients who showed aberrant DNA content in
their lesions and, over a period of more then 5
years, developed oral carcinoma (Sudbo et al., 2003b).
Previous studies of oral SCC in dogs in which
only piroxicam or a combination of piroxicam
and cisplatin was used, showed promising results
(Schmidt et al., 2001; Boria et al., 2004). In a study
in which piroxicam was used as a single agent in
17 dogs with measurable oral SCC and five
patients with a tonsillar SCC, one dog showed a
complete remission, two a partial remission and
five dogs had SD. Median time to progression for
the three dogs with a remission was 180 days
(Schmidt et al., 2001). In another study in which
piroxicam was combined with cisplatin, nine dogs

with oral SCC were incorporated. Tumor remission occurred in five dogs: two developed a complete remission and three had a partial remission,
of whom two had a tonsillar SCC. SD occurred in
three patients and one had progressive disease.
The median survival time was 237 days with a
range of 41–2010 days (Boria et al., 2004).
Our study, although limited in number of animals, suggests that a combination of piroxicam
and carboplatin is a useful treatment option for
oral non-tonsillar SCC in dogs. All dogs tolerated
therapy well, and the 57% response rate for reaching a complete remission without additional surgery is promising. The responses appear to be
durable with a median follow-up of 534 days and
five of the seven dogs still alive and in complete
remission at date of analysis. Therefore, this
multi-agent approach warrants wider application.
The temporary existence of bone changes after
complete regression of all measurable soft tissue
disease, in those patients with bone involvement,
could represent either tumour or bone remodelling, which has not been determined in our study
by additional biopsies.
Incorporation of other, more selective COX-2
inhibitors instead of piroxicam may perhaps
improve results and diminish potential toxicity.
The partial remission, achieved in the dogs with a
tonsillar SCC in the study with the combined treatment
of cisplatin and piroxicam (Boria et al., 2004), suggests
that further investigation of the use of carboplatin and
piroxicam in a group of these patients is warranted.
The response of carcinoma in situ, reported here,
also suggests that selective COX-2 inhibitors should
be investigated as a chemopreventive agent in
patients at risk of developing oral cancer or at risk
for recurrence of previously treated oral cancer.
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