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Long-term adjuvant metronomic chemotherapy
in a dog with recurrent maxillofacial osteosarcoma
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Abstract: Osteosarcoma (OSA) is the most common malignant bone tumour in dogs; however, OSA of the max-
illa is uncommon compared to appendicular OSA. Oral melanoma also commonly occurs in dogs with frequent
distant metastasis. The role of adjuvant chemotherapy has been questioned in maxillary OSA and melanoma.
A 17-year-old English Cocker Spaniel was referred with a growing mass on the right maxilla and a right lower lip
mass. Osteosarcoma was diagnosed after partial maxillectomy, and the right lower lip mass was diagnosed as oral
melanoma. Metronomic chemotherapy (MC) was performed, and the number of doses was tapered due to side
effects at 5 weeks after initiation of MC. After 130 weeks of MC, chemotherapy was suspended due to kidney
disease. After the suspension of chemotherapy, findings suggesting recurrence and metastasis were detected.
The dog suddenly died 193 weeks after surgery, which was 8—14 times longer than the expected survival time.
To the best of our knowledge, this is the first case report of successful long-term combination therapy, including
surgery and MC, in a dog with maxillary OSA and lip melanoma. Our results show that the survival time can
be greatly extended if MC is performed with proper management.
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Osteosarcoma (OSA) is the most common ma-
lignant bone tumour in dogs, most frequently af-
fecting the appendicular skeleton (Szewczyk et al.
2015; Matsuyama et al. 2018). Osteosarcoma of the
maxilla, mandible, or calvarium is comparatively
uncommon, representing up to 12.4% of reported
osteosarcoma cases (Farcas et al. 2014; Selmic et al.
2014). The standard treatment for osteosarcoma
is complete surgical resection; adjuvant treatments,

including radiation therapy and chemotherapy, can
be attempted if incomplete resection is achieved
(Farcas et al. 2014).

Oral melanoma is the most fatal form of canine
melanoma, and surgical excision is considered
a standard treatment. Radiotherapy and che-
motherapy have been used as adjuvant therapy,
and immunotherapy, such as melanoma vaccine,
can also be attempted for advanced stage cases.
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However, the efficacy of treatment is poor (Silveira
et al. 2020; Stevenson et al. 2023). The location, ini-
tial tumour size, and especially clinical stage are im-
portant prognostic indicators (Silveira et al. 2020).

Metronomic chemotherapy (MC) involves long-
term administration of chemotherapeutic agents
at low doses without drug-free breaks (Romiti et al.
2013; Matsuyama et al. 2018). It inhibits both local
and systemic vasculogenic effects of the tumour
by inducing apoptosis of vascular endothelial cells
and modulating angiogenic factors (London et al.
2015; Gaspar et al. 2018). It also depletes immu-
nosuppressive regulatory T cells, which control
anticancer immune reactions (Romiti et al. 2013;
Gaspar et al. 2018). These combined antineoplastic
effects make MC more effective in osteosarcoma
and melanoma, which have high angiogenic capac-
ity (Matsuyama et al. 2018).

Various adjuvant chemotherapies, including
chemotherapy with cisplatin, carboplatin, and cy-
clophosphamide, as well as combinations of these,
for patients with incompletely resected appen-
dicular osteosarcoma have been reported to ex-
tend the mean survival time from 3-5 months
to 8—12 months (Matsuyama et al. 2018; Poon
et al. 2020).

However, the role of adjuvant chemotherapy has
been questioned in maxillary osteosarcoma (Selmic
et al. 2014). To our knowledge, this is the longest
surviving case of osteosarcoma case involving com-
bination therapy, including surgery and MC, dem-
onstrating a survival of approximately 44 months,
which is 8—14 times longer than that of surgically
treated OSA cases (Matsuyama et al. 2018; Poon
et al. 2020).

(A) (B)

Figure 1. Computed tomography of the (A) maxilla and
(B) abdomen

(A) Periapical alveolar bone shows mild lytic appearance
[Rt. (arrow) > Lt.]. There is no evidence of patency with
the adjacent nasal cavity. (B) Round hypo-iso attenuated
nodule in the splenic body (nodule size: 10.31 x 11.02 x

9.9 mm; arrow)
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Case description

A 17-year-old spayed female English Cocker
Spaniel was admitted to our hospital with a growing
mass on the right maxilla. The mass had recurred
due to incomplete surgical removal. The tumour
showed aggressive enlargement over 4 months.
On computed tomography, periosteal reaction was
detected in the bilateral maxillary canine teeth and
periapical alveolar bone showed mild lytic appear-
ance. Hypo-iso attenuated nodules were detected
in the splenic body and several attenuated foci were
detected in the lung (Figure 1).

No specific findings were observed in the lymph
nodes. Right-sided partial maxillectomy (third in-
cisor to first premolar) was performed to remove
aright maxillary gingival mass (2.5 x 2.5 x 2.3 cm)
and a right lower lip mass (1.5 x 1 cm) (Figure 2).

Based on histopathologic findings (IDEXX
Laboratories, Seoul, Republic of Korea), the right
gingival mass was confirmed to be an osteosarcoma
stage IIB (G2 T2 MO) without metastasis and the
right lower lip mass was confirmed to be a mela-
noma stage I (T1 NO MO) with a complete margin
(Figure 3).

Adjuvant chemotherapy was planned because
OSA showed a narrow margin, there was a history
of recurrence, and there was a concurrent diagno-
sis of melanoma of the ipsilateral lip.

At the time of presentation for first chemo-
therapy, blood examination revealed no abnormal
findings, with all values being within the reference

Figure 2

Figure 2. Patient at the time of the surgery
Note the right maxillary gingival mass (size: 2.5 cm x
2.5 cm x 2.3 cm) (yellow circle) and right lower lip mass

(size: 1.5 cm x 1 cm; yellow dotted circle)
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Figure 3

(A)

(©)

(B)

(D)

Figure 3. Histopathology of osteosarcoma resected from the right gingiva (A, B) and oral melanoma resected from the

right lower lip (C, D). The osteosarcoma is completely excised with a narrow margin

(A) Right gingival mass. The mass is poorly demarcated, unencapsulated, and infiltrative. (B) Right gingival mass. Marked

anisocytosis and anisokaryosis are seen. The mitotic index is 3 per 10 high power fields. (C) Right lower lip mass. Neo-

plastic cells have rare dark brown to black intracytoplasmic pigment (melanin). Red arrows indicate neoplastic cells with

2-3 distinct nucleoli. Vascular invasion is not observed. (D) Right lower lip mass (melanin bleach). Neoplastic melanocytes

have mild cellular atypical features, mild anisocytosis, and anisokaryosis

*Haematoxylin and eosin stain; scale bar = 50 pm

range. Radiographic examination showed no nod-
ules in the chest and abdomen. Ultrasonography
showed a round shaped hypoechoic nodule in the
splenic head region (10.31 x 11.02 x 9.9 mm).
Because there was no blood flow on the Colour
Doppler, it was considered a nodular hyperplasia.

Therefore, MC with piroxicam [Piroxicam
0.3 mg/kg per os (p.o.) once daily], cyclophospha-
mide (Alkyloxan 10 mg/m? p.o. once daily), and
misoprostol (5 ug/kg p.o. once daily) was initiated.
Following chemotherapy, side effects and metasta-
sis were evaluated every 2 weeks, followed by every
month and 3 months, as there were no significant
changes.

At the 5% week after the initial MC, the urinary
bladder wall was irregular and thickened (3 mm),
more than twice the size at initial presentation

(1.3 mm). Although there were no related clinical
symptoms, cyclophosphamide dose was changed
from once a day to once every 2 days because wall
thickening could be an initial symptom of cystitis,
which is a side effect of cyclophosphamide. Three
weeks after the cyclophosphamide dose tapering,
bladder ultrasonography showed resolution and
administration was maintained at every 2 days.

Follow-up abdominal ultrasound examination
was performed every 3 months for the assessment
of metastasis status and any change in the size
of nodules in the spleen. The size of the splenic
head hypoechoic nodule (7.2 x 7.5 mm) remained
unchanged for 29 months. At week 125, a new nod-
ule (2.8 x 4.3 mm) was detected in the splenic tail,
which was hyperechoic, heterogenous, and nega-
tive on E-flow.
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At week 112, serum chemistry showed elevated
urea nitrogen [2.28 mmol/l (R, 0.39-1.50 mmol/l)]
and creatinine [ 123.79 pmol/l (RI, 44.2-159.16)],
levels, and chronic kidney disease (IRIS stage II
of IV) with borderline proteinuria [urine protein-
to-creatinine ratio (UPC), 0.35; RI, 0.2-0.5] was
diagnosed. However, as there were no clinical
symptoms associated with renal failure, an ap-
propriate drinking amount was recommended,
and renal function was monitored monthly. After
18 weeks, biochemistry revealed sudden elevated
creatinine levels (326.27 pmol/l), which were more
than twice the upper limit of normal. Therefore,
MC was suspended because the elevated creati-
nine levels corresponded to grade III adverse ef-
fects according to the VCOG criteria (LeBlanc et al.
2021). Further chemotherapy was not possible due
to renal failure, and MC was suspended (Figure 4).

At the 143" week of MC, 3 months after MC
suspension, the dog was admitted for check-up.
Physical examination showed gingival hyperpla-
sia at the front maxilla and left maxilla. Complete
blood count revealed moderate anaemia [hae-
matocrit, 27.6% (RI, 37.3-61.7%)], and biochem-
istry revealed hyperphosphatemia [7.5 mmol/l
(RI, 3.5-5.8 mmol/l)] and elevated pD-dimer levels
[423.51 ng/ml (RI, 50-250 ng/ml)]. Radiography
showed a new nodule (4.6 x 4.6 mm) in the left
cranial lung lobe. Ultrasonography revealed a new
hypoechoic nodule (5.6 x 7.6 mm) in the splenic

Figure 4

Figure 4. Serum creatinine levels (umol/l) during the
143-week course of metronomic chemotherapy

Creatinine levels increased gradually following the start
of metronomic chemotherapy, and suddenly increased
to 326.27 pmol/l in the 130" week. A diagnosis of chronic
kidney disease IRIS stage III of IV was made, which corre-
sponded to VCOG grade I1I and metronomic chemotherapy
was suspended. The arrow on the X-axis indicates the period

during which metronomic chemotherapy was applied

228

https://doi.org/10.17221/43/2022-VETMED

tail, which was positive on E-flow, unlike the pre-
vious splenic nodules. A biopsy for gingival hy-
perplasia and a metastasis evaluation could not
be performed because of high risk of anaesthesia
and poor patient compliance. Anti-cancer drugs
were not recommended as the patient was diag-
nosed with end-stage chronic kidney disease. The
dog showed a gradual deterioration in energy and
loss of appetite, and he was finally referred to a lo-
cal animal hospital for hospice care.

Ten months thereafter, the dog was to visit the
hospital due to persistent nasal discharge, anorexia,
and lethargy. However, he suddenly died the day be-
fore the visit, which was 44 months postoperatively,
43 months after MC initiation, and 13 months af-
ter MC suspension. Post-mortem examination was
declined.

DISCUSSION

Osteosarcoma is highly aggressive and microme-
tastasis occurs in 90% of dogs (Szewczyk et al. 2015).
Comparatively, dogs with osteosarcoma of the max-
illa and mandible commonly die due to the local
invasion as opposed to metastatic disease, which
is the usual cause of death in appendicular osteo-
sarcoma cases (Selmic et al. 2014; Coyle et al. 2015).
Moreover, complete surgical resection of maxillary
OSA is more difficult than amputation of the ap-
pendicular skeleton, leading to a higher local recur-
rence rate of 58% (Mouser et al. 2006; Selmic et al.
2014). Local tumour recurrence and subsequent re-
gional disease failure might lead to early death, and
the true metastatic potential of OSA arising from
maxilla is underestimated (Selmic et al. 2014; Coyle
et al. 2015). In this case, partial maxillectomy was
performed due to the local recurrence of maxillary
OSA, and the right lower lip mucosal melanoma
was completely removed. Although oral melanoma
is expected to have a relatively better prognosis due
to its small size, oral malignant melanoma is as-
sociated with frequent distant metastasis (Silveira
et al. 2020). It is also important to secure a wide
resection in OSA due to its high local recurrence
rate (Farcas et al. 2014; Selmic et al. 2014); however,
a narrow margin was secured and the dog already
had a history of recurrence. Therefore, adjuvant
chemotherapy was needed for management of re-
currence and metastasis of maxillary OSA and lip
melanoma.
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In veterinary medicine, MC typically compris-
es low-dose cyclophosphamide and piroxicam
(London et al. 2015; Gaspar et al. 2018). Cyclophos-
phamide is a nitrogen mustard alkylating agent,
which is a widely used chemotherapeutic agent
in MC (Penel et al. 2012). It successfully manages
multiple malignancies, with strong immunomodula-
tory and anti-angiogenic abilities (Gaspar et al. 2018).
Piroxicam is also commonly used in veterinary met-
ronomic protocols. COX-2 expression in circulat-
ing endothelial precursors (CEPs) is important for
tumour cell survival. Therefore, inhibiting COX-2
may reduce the ability of CEPs to proliferate and
survive in the tumour microenvironment (London
et al. 2015).

The most concerning toxicity associated with cy-
clophosphamide is sterile haemorrhagic cystitis,
which is caused by cyclophosphamide metabolites
and acrolein that irritate the bladder endothelium
(Harper and Blackwood 2017; Matsuyama et al.
2018). It has a prevalence rate of 5-25% of dogs
treated with cyclophosphamide, usually after an av-
erage of 18 weeks of therapy (Chan et al. 2016).
In this case, bladder wall thickness and irregular-
ity at the 5" week were considered early symp-
toms of sterile haemorrhagic cystitis, which were
resolved by reducing the chemotherapeutic dose.
This case highlighted the importance of regular uri-
nalysis and urinary bladder ultrasonography for
the early detection of sterile haemorrhagic cystitis
to prevent the development of subsequent serious
diseases and suspension of MC.

Gastrointestinal (GI) side effects and renal toxi-
cosis may also occur due to long-term use of cyclo-
phosphamide and piroxicam (Eichstadt et al. 2017).
In our case, GI side effects were not observed; how-
ever, creatinine levels increased gradually following
the start of MC. Subsequently, the creatinine levels
suddenly increased, and the dog was diagnosed with
CKD IRIS stage III of IV with proteinuria (UPC,
0.89) and chemotherapy was ceased. Thereafter,
renal failure was worsening, hyperphosphataemia
and anaemia were detected, and reuptake of che-
motherapeutic agents was rejected.

Metastatic evaluation is also important during
MC. During chemotherapy, neither recurrence
nor distant metastasis findings were detected.
However, at 3 months after chemotherapy suspen-
sion, hyperplasia of the maxillary gingiva and novel
nodules in the lung and spleen were detected. The
previously detected nodules showed no blood flow

on Colour Doppler. However, these new nodules
were positive on E-flow and were considered me-
tastasis of the OSA or melanoma.

After 10 months of chemotherapy suspension, the
chief complaint was yellow nasal discharge without
coughing and lethargy. Nasal metastatic OSA was
thought to be the most likely cause considering other
metastasis suspicious nodules. This supports the
previous argument that metastasis in maxillary OSA
may be underestimated due to early death. This case
leads us to the conclusion that maxillary OSA pro-
duces metastasis as well as local recurrence, and MC
is effective in preventing metastasis and recurrence
of OSA. Unfortunately, the exact metastasis evalu-
ation using CT or biopsy could not be confirmed
because of the anaesthesia risk associated with se-
vere kidney disease and the dog’s low compliance.

To the best of our knowledge, this is the first case
report of successful long-term medical manage-
ment of maxillary OSA and ipsilateral lip melanoma
in a dog, demonstrating that the survival time can
be greatly extended if MC is performed with proper
management. We suggest that for maxillary OSA
and lip melanoma patients, it is important to ap-
ply MC after surgery as adjuvant chemotherapy
for preventing metastasis and recurrence. It is also
important to manage MC with proper adverse ef-
fect evaluation for long-term survival.
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