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Pulmonary hypertension (PH) is defined as systolic pulmonary artery pressure (sPA) of
>30 mmHg or mean pulmonary arterial pressure (mPAP) of >20 mmHg. The prognosis in
dogs with PH is poor. It is caused by pulmonary arterial vasoconstriction and vascular
remodeling. Several extracellular and intracellular signalling abnormalities including
platelet-derived growth factor (PDGF) receptors and c-Kit receptors have been implicated in
this remodeling. Imatinib, tyrosine kinase inhibitor targeting PDGF and c-Kit receptors,
reverse pulmonary vascular remodeling in PH model rats by inhibiting the mitogen-activated
protein kinase (MAPK) pathway, and also have pulmonary vasodilatory effects. Using high
doses of imatinib in humans with PH has yielded mixed results with side effects including
nausea, thrombocytopenia and anemia. Similar adverse effects have been reported in dogs
given antineoplastic doses. Imatinib reversed pulmonary arterial remodeling and right
ventricular systolic pressure in PH model rats at a lower dose (approximately one-third of an
antineoplastic dose). Low-dose imatinib therapy improved clinical symptoms and
echocardiographic outcomes without noticeable adverse effects in dogs with PH. However,
resistance to imatinib treatment occurs in PH patients. In cases of this type, imatinib therapy
in combination with other agents specific, or with other agents for PH may be required.

Sildenafil is a selective phosphodiesterase type 5 (PDES) inhibitor that relaxes vascular
smooth muscle cells and lowers pulmonary vascular resistance. It decreases sPA, and improve
clinical signs in PH dogs. However, it has also been reported that sildenafil did not
significantly or only slightly reduce sPA in PH dogs, even though it improved clinical signs.
Therefore, it may be important to further investigate combination therapies of sildenafil and
other drugs to ensure that sPA in dogs with PH is reduced adequately. It has been reported that
a combination of low-dosage imatinib and sildenafil was effective in treating PH in rats.
Additive effects in improvement of PH may be caused by pharmacodynamic and
pharmacokinetic drug—drug interactions between imatinib and sildenafil. A combination of
low-dosage imatinib and sildenafil may be a better regimen for treating PH in dogs.

Masitinib is a veterinary drug that has been approved to treat canine mast cell tumors.
Further, masitinib has a higher affinity for PDGF receptor beta and c-Kit receptors than
imatinib, but it lacks activity against cardiotoxic breakpoint cluster region-Abelson kinase.
Masitinib has also been reported to be safer than imatinib. Moreover, masitinib elicits stronger
cardiopulmonary preventive properties than tadalafil, via dual inhibition of the MAPK
pathway and PDES, and long-term therapy with a lower dose of masitinib reduces PH severity
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and improves survival. Therefore, a lower dose of masitinib could be used in PH therapy to
target both cardiopulmonary remodeling and the increased vasoconstriction. However, no
published reports on the therapeutic effect of masitinib for PH in dogs are available.

Therefore, this study was conducted to investigate the therapeutic effects of tyrosine kinase
inhibitors, imatinib and masitinib for pulmonary hypertension in dogs. The study in chapter 1
aimed to investigate the therapeutic effects of low-dosage imatinib in combination with
sildenafil in dogs with PH due to chronic degenerative mitral valve disease (CDMVD) or
ventricular septal defect (VSD) with Eisenmenger's syndrome. In chapter 2, the study aimed
to investigate the efficacy of low-dose masitinib therapy for canine PH caused by advanced
mitral insufficiency and heartworm disease.

In chapter 1, the therapeutic effects of sildenafil combined with imatinib at low dosages on
echocardiographic, cardiovascular, hematological and blood biochemical variables and
clinical symptoms were evaluated in dogs with PH caused by advanced CDMVD or VSD
with Eisenmenger's syndrome. Five client-owned dogs with PH were initially administered
low-dose imatinib mesylate (3 mg/kg, orally, q24h). The low-dose imatinib improved the right
ventricular (RV) function parameters including estimated sPA and mPAP, and improved
clinical symptoms. However, beginning on day 53 to day 168 after imatinib administration,
PH and clinical signs returned and worsened. Additionally, sildenafil at a low-dosage (0.5
mg/kg, orally, q12h) was administered in combination with low-dosage imatinib. The
combined administration of low-dose imatinib and sildenafil greatly reduced the estimated
sPA and mPAP values, improved RV function variables without worsening left ventricular
function (LV) at 1 and 3 months with an improvement of clinical symptoms and resulted in
longer survival times. This was the first study showing the effectiveness of a low-dose
imatinib and sildenafil combination for treating PH dogs. This combination may be effective
to prolong the survival of dogs with severe PH.

In chapter 2, the effects of long-term masitinib therapy at low doses on echocardiographic,
cardiovascular, hematological and blood biochemical parameters and clinical symptoms were
investigated in dogs with PH caused by advanced CDMVD or heartworm disease. Seven
client-owned dogs with severe PH were recruited prospectively and given low-dose masitinib
orally, 3 mg/kg (approximately one-fourth of the recommended antineoplastic dosage), q24h,
for 123 days to 928 days. Examinations were performed prior to masitinib administration, as
well as 1, 2, 3, 6, and 12 months later. At 1 month to 12 months, low-dose masitinib
significantly reduced the estimated sPA, and dramatically improved clinical symptoms.
Low-dose masitinib treatment improved RV function parameters such as right atrium/aorta
ratio, maximum tricuspid regurgitation velocity, RV Tei index, and tricuspid annular plane
systolic excursion, without worsening LV function parameters. These findings suggested that
low-dose masitinib may be effective as an adjunctive therapeutic for chronic heart failure in
dogs with PH and may increase the survival of PH dogs.

In conclusion, the present study revealed that the combined administration of low-dose
imatinib and sildenafil markedly reduced the estimated sPA and improved RV function and
clinical symptoms in dogs with severe PH caused by CDMVD and VSD. In addition, this
study revealed that masitinib at low dosage significantly reduced the estimated sPA and
improved RV function and clinical symptoms in dogs with severe PH caused by CDMVD and
heartworm disease. Although larger, placebo-controlled, randomized, and blinded studies may
be needed to determine the long-term efficacy of low-dose imatinib and sildenafil
combination or low-dose masitinib in dogs with PH caused by a variety of etiologies, this
study provided new information on the effectiveness of tyrosine kinase inhibitors, imatinib
and masitinib for treating PH dogs.
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