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Targeted Therapy

Masitinib, a drug being developed for numerous indications in veterinary and human
medicine by AB Science (www.ab-science.com), belongs to a therapeutic class known as
targeted therapy. These small molecule drugs selectively inhibit specific tyrosine kinases or
their signaling pathways. In the last decade several tyrosine kinase inhibitors (TKI) have been
developed for the treatment of cancer and other diseases, the most well-known being imatinib
(Gleevec, Novartis), which has dramatically improved the treatment for patients with chronic
myelogenous leukemia and gastrointestinal stromal tumor. Unfortunately, resistance to
imatinib tends to develop for some patients. Nonetheless, targeted therapies are still creating a
buzz in human and veterinary medicine alike; including, at this year’s VCS conference in Las
Vegas.

About Masitinib

Masitinib is arguably the most specific inhibitor of KIT available. In vitro, it has
shown greater affinity and selectivity for the KIT receptor as compared to imatinib, while not
inhibiting, at therapeutic doses, those tyrosine kinases or tyrosine kinase receptors attributed
to possible toxicity. This highly selective nature suggests that it will exhibit a better safety
profile than other TKIs (Dubreuil et al, 2009). Among masitinib’s other claims-to-fame is that
it was the first approved targeted therapy in veterinary oncology, having been registered by
the European Medicine Agency in November 2008 for the treatment of non-resectable mast
cell tumors (MCT)s grade 1I/111 (EMEA approval under the trade name Masivet®; Kinavet®
in the USA, pending FDA registration review).

Since Masivet’s European launch in 2009 it is estimated that 480 veterinarians have
used it for approximately 1390 dogs; primarily as a treatment for MCT but also as an off-label
treatment for various other cancers and in a phase 111 study for canine atopic dermatitis. In the
USA, masitinib has been available as part of a compassionate-use program with
approximately 650 recipients to date.
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Masitinib’s Anticancer Action

Other than KIT, masitinib also potently targets platelet-derived growth factor receptors
(PDGFR a and B), Lyn and to a lesser extent fibroblast growth factor receptor 3 (FGFR3) and
the focal adhesion kinase (FAK) pathway. Altogether, these could provide a mechanism of
action for masitinib’s anticancer properties.

Masitinib’s strong inhibitory effect on wild-type and juxtamembrane-mutated KIT
receptors, results in cell cycle arrest and apoptosis of cell lines dependent on KIT signaling.
Stem cell factor, the ligand of the KIT receptor, is a critical growth factor for mast cells,
essential to their survival, proliferation, differentiation, adhesion and degranulation processes.
Thus, masitinib exerts a direct antiproliferative and pro-apoptotic action on mast cells through
its inhibition of KIT signaling. Evidence also indicates that recruitment of inflammatory cells,
especially infiltration by mast cells, facilitates the growth and spread of cancers by producing
molecules that enhance tumor invasiveness. Therefore, inhibition of mast cell function may
prove to be therapeutically beneficial in restraining the growth of numerous cancers, even
those without a direct association with mast cell proliferation.

In addition to its antiproliferative properties, masitinib can also regulate the activation
of mast cells through its targeting of Lyn and Fyn, key components of the transduction
pathway leading to IgE induced degranulation (Gilfillan & Tkaczyk, 2006). This can be
observed in the inhibition of FceRI-mediated degranulation of human cord blood mast cells,
the effect of which is again stronger with masitinib than compared to imatinib (Dubreuil et al.,
2009). By consequence of masitinib’s down regulation of mast cell activity, it reduces the
array of mediators released, including VEGF, which in turn is likely to disrupt as yet
unidentified downstream signaling pathways and angiogenesis processes. Additionally, it is
thought that inhibition of Lyn kinase activity also has potential benefits in defense against
metastasis and drug-resistance.

Masitinib may reduce angiogenesis and enhance the chemotherapy sensitivity and
availability at the tumor site via inhibition of PDGFR. Recent studies have suggested that
PDGFR-p inhibition reduces tumor interstitial pressure and thus, increases the uptake of
concomitantly administered drugs (Jayson et al. 2005). Inhibition of PDGFR kinase activity
may also result in direct tumor cell growth arrest and apoptosis if PDGFR is constitutively
activated.

FAK influences cell proliferation, survival, and migration, and has been associated
with tumor progression, metastasis and chemoresistance. Masitinib can block the FAK
pathway in cells through the inhibition of FAK phosphorylation activity, without blocking its
enzymatic activity. In vitro tests have shown that gemcitabine-resistant pancreatic tumor cell
lines were resensitised to gemcitabine when used in combination with masitinib, possibly in
part through inhibition of the FAK pathway (Humbert et al. 2010).
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Figure 1: Main kinases targeted by masitinib and mechanisms of anticancer effect.

Mast Cell Tumors

MCT is the most common cutaneous malignant neoplasm in dogs, accounting for 16
to 21% of all skin tumors. Targeted therapies represent a cutting-edge new technology in the
treatment of MCT. For the first time, it is possible to accurately target the cells responsible for
proliferation of this potentially aggressive tumor. Masitinib was specifically designed to target
mast cells, working directly at the origin of the tumor, and is therefore distinct from usual
cytotoxic chemotherapies that prevent multiplication of all cells, including healthy and useful
ones.

Masitinib was approved for the treatment of canine MCT following the successful
outcome of a pivotal trial including 202 dogs with grade 1I/111 cutaneous MCTs, recruited
from 25 veterinary centers in the USA and France. Kevin Hahn et al. reported that masitinib
significantly delayed time-to-progression (TTP), i.e. increased overall median TTP compared
to placebo, with the effect being more pronounced when used as first-line therapy and
regardless of whether the tumors expressed mutant or wild-type KIT. Other key results from
this study included:

= For dogs with non resectable tumors and regardless of the presence of KIT mutations,
masitinib induced: long-lasting tumor control; significantly improved long-term survival;
and was a curative treatment, inducing complete tumor responses at 24 months in 23.8%
of observed cases vs. 0% with placebo.

= Fifty percent (80/160 dogs) of the overall population treated by masitinib had their tumor
decrease in size by >50% during the first 6 months, versus 12/41 dogs (29%) in the
placebo group (p=0.02).
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= Masitinib demonstrated an anti-metastatic potential, reaching statistical significance
(p=0.006) in preventing the emergence of metastasis. Additionally, complete remissions
in cases of metastatic MCT have been reported in a pilot study and also in post-
registration cases.

Masitinib | Placebo | p-value

Best response rate (first 6 months) 50% 29% 0.020

Overall TTP for non-resectable tumors 173 days | 75days | 0.001

TTP for non-resectable, non-mutated KIT tumors | 140 days | 75days | 0.027

TTP for non-resectable, mutated KIT tumors 241 days | 83days | 0.002
12-month survival rate for non-resectable tumors 62% 36% 0.024
24-month survival rate for non-resectable tumors 40% 15% 0.040

Median overall survival for non-resectable tumors | 617 days | 322 days | 0.121

Table 1: Masitinib is well tolerated and demonstrated significant effectiveness in a large-scale,
placebo-controlled clinical trial.

MCT Case Studies

Masitinib’s benefits are illustrated well by this post-registration case of a 9 year-old
Shar Pei, who presented with recurrent, grade Il MCT that was in failure to standard
treatment (vinblastine plus prednisolone combination, which was then followed with
lomustine). A rapid improvement was observed within 14 days of treatment with masitinib
(Figure 2) with complete healing observed by day 40 and a complete response that has lasted
for at least 7 months. Not only did the tumor decrease in volume, but quality of life was
generally improved.

Day -40 Day 0 Day +14 Day +40
Failure Vinbl + Pred Failure Lomustine
Start masitinib

Figure 2: Complete response of grade 11l MCT (photography courtesy of Dr Malcolm Brearley)
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Using Masitinib

TKIs are user friendly drugs. Unlike chemotherapies, masitinib is delivered orally in
tablet form and can be administered everyday directly by the owner at the point-of-care, for
example, at their home. Masitinib has also been rigorous tested in clinical trials to prove its
efficacy and safety, with the study follow-up in the MCT trial being longer than 4 years to
date. Common side effects typical associated with this therapeutic class are diarrhea and
vomiting. These reactions are usually mild to moderate in severity and typically last less than
a few weeks. Moreover, such reactions are transitory, having a comparable frequency to
untreated dogs after the first 3 months of treatment. Dogs being treated with masitinib must be
regularly monitored by the veterinarian (bi-weekly during the first 3 months, then at least
monthly) for side effects including possible protein loss syndrome. Contraindications include
dogs suffering from liver or renal function impairment and in dogs with anemia or with
neutropenia; in additional to pregnant or lactating bitches, dogs less than 6 months of age or
less than 3.4 kg body weight.

Masitinib Off-Label Experiences

The off-label use of masitinib in Europe has revealed some interesting case studies
that are now the focus of further clinical development. These include several examples of
masitinib being used for maintenance chemotherapy of dogs with T-cell multicentric
lymphoma. For some of these dogs, masitinib monotherapy of T-cell lymphoma was
sufficient to maintain a complete or clinical remission. These clinical observations are
supported by in vitro data showing that canine T-cell lymphoma cell lines are particularly
sensitive to masitinib, possibly due to inhibition of PDGFR.

In another case, a dog was diagnosed as having histological confirmed
neurofibrosarcoma with mast cell infiltration. This tumor recurred despite two prior surgeries,
chemotherapy with doxorubicine and metronomic chemotherapy (endoxan/meloxicam). A
strong relationship exists between the pathogenesis of neurofibrosarcoma and both mast cells
and Schwann cells, suggesting therefore, possible benefits from treatment with targeted KIT
or PDGFR inhibitors, respectively. Upon commencement of masitinib monotherapy an
observed rapid tumor growth was quickly stabilized followed by a significant decrease in
volume and a negligible mass after 10 weeks of treatment.

Finally, one dog presented with a histologically proven metastatic melanoma that was
unresponsive to chemotherapy; however, after the introduction of masitinib a complete
response was achieved. Again, these findings are supported by in vitro experiments, which
show masitinib can sensitize canine melanoma tumor cell lines to doxorubicin, even
doxorubicin- resistant (17CM98) melanoma cells.
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Masitinib as a Chemosensitizer

There is evidence that masitinib can exert an anticancer action that extends beyond its
inherent tyrosine kinase inhibitory profile, e.g. in vivo and in vitro studies have shown that it
can enhance the antiproliferative effects of gemcitabine in human pancreatic cancer; even in
gemcitabine-resistant cell lines (Mitry et al. 2010; Humbert et al. 2010). Such
chemosensitisation may allow lower concentrations of chemotherapeutic agent to be used,
thereby reducing risk, or may increase the available efficacy at standard doses. How masitinib
acts as a chemosensitizer is not yet clear and additional investigations are needed to elucidate
the mechanism of chemosensitisation. What can be inferred, however, is that for many
cancers the effect is not due to a direct inhibition of masitinib’s main tyrosine kinase targets,
nor by any mechanism specific to a given chemotherapeutic agent. Rather, a complex
interplay within the in vivo environment creates synergistic effects that render the cells more
susceptible to masitinib/chemotherapy combination, i.e. through the reduction of tumor
progression and/or improved drug delivery and/or the inhibition of mast cell migration and
activation and/or anti-angiogenesis effects; thereby explaining the observed therapeutic
benefits of masitinib.

Douglas Thamm et al. investigated masitinib’s potential as a chemosensitizer in canine
combination chemotherapies, including its ability to sensitize canine cancer cell lines to
several chemotherapeutic agents (Thamm et al. manuscript submitted). These data established
proof-of-concept that masitinib strongly sensitized histiocytic sarcoma cells to vinblastine;
osteosarcoma and mammary carcinoma cells to gemcitabine; and to a lesser degree, several
cell lines were sensitized to doxorubicin. Following this, Anthony Rusk et al. performed
phase | studies in dogs with advanced tumors and showed that masitinib in combination with
carboplatin or doxorubicin had acceptable and manageable safety profiles, without added
toxicity (Rusk et al. manuscript submitted). Moreover, encouraging antitumor activity was
observed in both combination studies with a number of dogs achieving partial or complete
responses. These results have led to the implementation of several phase Il studies to further
investigate masitinib’s potential to sensitize various canine cancer cell lines to cytotoxic
agents (Table 2).

Masitinib for Inflammatory Diseases

As previously mentioned, the main cellular target of masitinib is the highly influential
mast cell and consequently masitinib can provide therapeutic benefit in inflammatory diseases
involving mast cell dysfunction. Indeed, masitinib has recently completed a successful
phase 111 trial for canine atopic dermatitis, and is undergoing phase Il trials in canine
inflammatory bowel disease and arthritis; as well as feline asthma.

Masitinib’s pharmacological profile leads to numerous potential therapeutic
possibilities for which the following clinical development program has been implemented to
explore further (Table 2).

Veterinary Cancer Society Newsletter Summer 2010 Volume 34 No. 2



Targets Action Therapeutic potential

MCT
T-cell lymphoma

KIT
PDGFR Inhibition of proto-oncogenic targets
FAK pathway

Melanoma
Splenic hemangiosarcoma

PDGFR
Potentiation of chemotherapeutic agents | Tumors treated with chemotherapies
Lyn/FAK
Atopic dermatitis
Mast Cells via o o Arthritis
Inhibition of mast cell activation
KIT/Lyn Asthma

Inflammatory Bowel Disease

This list of indications reflects the development program of masitinib in veterinary medicine and should
not be interpreted as a list of indications in which masitinib demonstrated efficacy.

Table 2: Masitinib is being developed for several oncology and inflammatory indications.

Masitinib for Cats

Currently, masitinib is only officially authorized for use in dogs; however, AB Science
is actively developing the knowledge for cats. Pharmacokinetics and toxicity preclinical
studies of masitinib in cats has already been published (Bellamy et al, 2009), with masitinib
having therapeutic potential in feline asthma, inflammatory bowel disease and of course
MCT. Off-label use has again revealed some interesting case studies. These include one
subject presenting with MCT who experienced rapid improvement in clinical status after 7
days of masitinib treatment and partial response in two sub-cutaneous nodules. Also,
encouraging results are reported in asthmatic cats; one presenting with corticosteroid-
intolerance and another with corticosteroid-resistance, who have both been treated with
masitinib for over 6 months and show an improved quality of life. Masitinib’s potential to
treat feline asthma will be further investigated in an imminent phase Il study.

Concluding Remarks

Perhaps the most striking aspect of masitinib from a veterinarian’s point-of-view is the
possible diversity of its applications. Already established as a valuable treatment for MCT,
masitinib could have the potential to treat a wide range of other cancers, either by itself or in
combination with existing therapies. Then there are its anti-inflammatory uses, such as atopic
dermatitis and asthma. So, even if this is the first time you have read about masitinib, it is fair
to say that it is unlikely to the last time you hear about this dynamic drug.
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