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ABSTRACT

The main priority in veterinary oncology is to main patient quality of life. It is important thatew
chemotherapy strategies aim to minimize side effeébtis making the treatment attractive for owasrsvell as
their pets. Metronomic chemotherapy has been shovrave an important stabilizing effect on humancea
(including chemotherapy-resistant disease) regpuitin prolonged clinical benefit. In addition, thierm of
treatment has been shown to have positive effecteequality of life of patients with various typef cancer.
These positive effects are obtained without anjcaigbn of high grade toxicity. Moreover, low castd oral
administration (which reduces the need for hospitibn and enables patients to stay at home [prgerkey
characteristics of this schedule, offering impdredvantages in frail subgroups of patients (eld.patients) for
whom new therapeutic options are greatly needeni another perspective, use of metronomic chenagiiién
dogs could reveal new and innovative schedulescihiaitl be applied to humans. Veterinary oncologsesa
treated with metronomic schedules represent thguanbpportunity to ethically investigate novel drugy
combination treatments that may be highly translatio the human community. The aim of the presmrew
was to describe how this new form of treatmentdvadved in canine patients thus far.

Keywords: Metronomic Chemotherapy, Antiangiogenic Therapyc@wogy, Cancer

1. INTRODUCTION be life-threatening. However, the improved general
health of pets has resulted in an increase in ageed
The prevalence of cancer in dogs has increased irdiseases, including cancer (Paoloni and Khannay;200
recent years. This may be the result of an acheakase  Giorgi, 2012).
in cancer incidence, an increase in the populatfatogs As in normal tissues, tumors require nutrients and
at risk for the development of cancer and/or ingega oxygen and the removal of carbon dioxide and
awareness and interest in the pet-owning commuaity catabolites, these functions are accomplished gy th
pursue diagnostic and treatment options. Advantéisei  vasculature. During embryogenesis, blood vessels
care of animals has allowed dogs to live longer tlue develop via two processes: Vasculogenesis, whereby
better nutrition, vaccination for common infectious endothelial cells differentiate from progenitorldgpes;
diseases, leash laws that limit automobile deatits a and angiogenesis, in which new capillaries sproonf
the availability of more sophisticated diagnostarsd existing vessels. The vasculature is quiescenthim t
treatments for many ailments previously consideed normal adult mammal, except for the predictablengea
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that occur during the female reproductive cycle production of VEGF by tumor cells favors the
(ovulation, menstruation, implantation, pregnancly). mobilization of these progenitor cells from the bon
contrast, in tumor progression activation of angiogsis  marrow to the peripheral circulation and increatbesr
is permanent with continuous sprouting of new blood recruitment into tumor vasculature (Asaheral., 1999;
vessels that can support and supply nutrients & th Hattori et al., 2000). Even hypoxia, which is often
neoplastic growth (Hanahan and Folkman, 1996).present in areas within a tumor could increase the
Historically, angiogenesis was only considered irtgodt mobilization of EPCs from the bone marrow and thus
in the rapid growth phase of the tumor, howeveremor contribute to the process of neoangiogenesis
recent surveys attribute great importance to amgiegis  (Takahashet al., 1999).
in microscopic premalignant lesions (Hanahan and In veterinary medicine in the last decade, several
Weinberg, 2011). Hence, there is a need to develostudies have been designed to demonstrate increased
antiangiogenic strategies to combine with converatio —proangiogenic factors during tumor expression.
antineoplastic  chemotherapy protocols. Such a  Immunohistochemistry or real-Time Polymerase
multifaceted attack will increase the likelihood of Chain Reaction (RT-PCR) have been used to observe
success in the fight against malignant tumors. expression of VEGF and/or their receptors and/or
The importance of angiogenesis in tumor growth MMP in canine breast cancer (Queirogaal., 2011;
was first described by Folkman (1971), however theAl-Dissi et al., 2010; Qiuet al., 2008a; 2008b;
efficacy of some forms of antiangiogenic chemotpgra Restucciet al., 2002), mast cell tumors (Giantab al.,
was not described for another twenty years (Kerbel,2012; Patrunoet al., 2009; Rebuzziet al., 2007),
1991). The term angiogenesis refers to endothelialP€mangiosarcoma (Yonemaruet al., 2006),
sprouting or Intussusceptive Microvascular Growth Intracranial tumors of various origins (Rossmetsél.,
(IMG) and applies to the formation of capillarigaring 20_07; _Plattet aI.,_ 2006.; D|_ck|nsoret al., 2008) nasal
from pre-existing vessels. Nutrients and oxygen epithelial neoplasia (Sh|om!t$m al.,.2009), lymphomas
delivered via blood vessels are crucial for thevisat (Wolfesbergeret al., 20073 2.008’ 2012).’ melanoma
and function of cells and for this reason, cellgter g(’)az);gor gti'r,n()zl?g?gewe:;rr]gilr?(r)nrgzs(M,f\llt-laDsig :ll"
than 100 micron from a capillary will not be viable 2007?’M:ﬂolinoet al., 2000) and soft t(issue sarco.’mas
(Ribatti et al., 2009). Both solid and haematological N "
tumors have some angiogenic capabilities and their(Quewozetal., 2010).

growth, invasiveness and metastatic potential are Other studies have tried to correlate this exjoass
S : L with Microvascular Density (MVD) (Queirozt al.,

angiogenesis-dependent (Ribattal., 2007). . 2010; Wolfesbergeet al., 2008; 2012), with expression

The Vascular Endothelial Growth Factor (VEGF) is ;¢ cox.2 and MVD (Queirogat al., 2011) and with

certainly one of the most studied of the proangMge niner factors (Yonemaret al., 2006; Qiuet al., 2008b;
factors. Different isoforms of its high affinity riysine-  patiaseket al., 2009).

kinase receptor have been identified: VEGFR-1 (or F Other surveys have focused on observation of blood
1), VEGFR-2 (or KDR/Flk-1) and VEGFR-3 (or Flt-4) concentrations of VEGF and/or MMP in various
(Ribatti et al., 2007). VEGFR-2 is responsible for the malignancies (Trogt al., 2006; Wergin and Kaser-Hotz,
majority of the angiogenic and permeability-enhagci  2004; Marchettiet al., 2012) or in well-defined tumors
effects of VEGF (Giovanninet al., 2010). Thus, both  such as lymphoma (Aresa al., 2012; Gentiliniet al.,
VEGF and VEGFR-2 have been logical candidates for2005; Zizzo et al., 2010), intracranial cancer
new therapeutic approaches, based on their furation (Rossmeislet al., 2007), melanoma (Tayloet al.,
relevance to cancer pathophysiology (Ferrataal., 2007), hemangiosarcoma (Cliffoe al., 2001), breast
2003). Another mechanism which contributes to the cancer (Katcet al., 2007), osteosarcoma (Thananal.,
expansion of new blood vessels within a tumor imgsl  2008) and soft tissue sarcoma (Queikebal., 2012).
incorporation of bone marrow derived, Endothelial . )
Progenitor Cells (EPC) into capillaries, althougisinot 1.1. The Metronomic Chemotherapy Approach:

yet clear how this affects the entire process of  FromHumansto Dogs

angiogenesis. It has been demonstrated that ireeas In veterinary oncology where the highest prioiity
serum VEGF promotes and enhances the differentiatio maintaining patient quality of life, it is importathat

of bone marrow stem cell lines towards the end@hel new chemotherapy strategies aim to minimize side
phenotype (Takahastet al., 1999; Gillet al., 2001).  effects, so treatment is more attractive for owrersvell
Furthermore, it has also been shown that increaseds their pets.
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Browder et al. (2000) and Klementt al. (2000)

2010a; 2010b), cancer effecting the kidney

published two pioneering works demonstrating the (Krzyzanowskaet al., 2007; Bellmuntet al., 2010),

effectiveness of some  anti-angiogenic
administered continuously at low doses in subcutase

tumors in mice chemoresistant for the same drups T
mode of administration was termed “metronomic”
(Hanahanet al., 2000). While preclinical studies have
shown that the release of endothelial progenitdis ce

drugs colon (Allegriniet al., 2008; 2012; Nanniret al., 2009),

lung (Katoet al., 2004), adrenal medulla (Wortmaetral.,
2010), nerves (Kongt al., 2006; Reardomt al., 2009;
Stuppet al., 2005), in some lymphomas (Bucksteiral.,
2006), melanoma (Bhatet al., 2010) and others
(Weerdtet al., 2001; Younget al., 2006; Steinbilcet al.,

from the bone marrow is stimulated by high-dose 2007; Briasouligt al., 2009; Vogtet al., 2003).

chemotherapy but suppressed by low-doses (Menhek,
2006; Hanaharet al., 2000; Mancusoet al., 2006;
Bertolini et al., 2003), others have shown that the
cytotoxic agent induced damage to the tumor vasoda
can be repaired in the interval between two cydes
chemotherapy (Giovanningt al., 2010). The main
purpose of metronomic chemotherapy is to elimirate
at least minimize this time interval thus limitirthe
extent of cell repair, further cell replication aalteration

of the tumor microenvironment.

Several drugs or their analogues were used for
metronomic chemotherapy clinical schedules inclgdin
cyclophosphamide (Penedt al., 2012), methotrexate
(Colleoni et al.,, 2002; 2006; Wonget al., 2010;
Gonzalez-Billalabeitiat al., 2009; Orlandet al., 2006;
Garcia-Saenet al., 2008), capecitabine (Dellapasaal .,
2008), vinorelbine (Saloustroat al., 2011), irinotecan
(Allegrini et al., 2008) and UFT (Allegringt al., 2012).

Metronomic chemotherapy has been shown to have
an important stabilizing effect on cancer (inclglin

It has been observed that metronomic chemotherapghemotherapy-resistant disease) conferring protbnge

does not have a significant direct cytotoxic effagainst
tumor cells but rather is able to modify the tumor
microenvironment. One of its prime effects is tdageor
render ineffective the tumour’s capacity to gereeraw
blood vessels for the tumor stroma. It does thigimnous
ways (Gonzalez-Billalabeitiat al., 2009; Milleret al.,
2001; Pasquieet al., 2007; Laquentet al., 2007): (i) a
selective induction of apoptosis and inhibition of
proliferation and migration of activated endothletialls
(Bocci et al., 2002; Blansfieldt al., 2008; Pasquiest al.,
2010); (ii) modulating inhibitory (e.g., thrombospmbn-

1) and stimulatory factors of angiogenesis (Batal.,
2003; Pasquiest al., 2010; Parlet al., 2010; Dambest al.,
2006); (iii) inhibition of endothelial cell microbwles in
vitro (Kerbel and Kamen, 2004); (iv) targeting
Circulating Endothelial Progenitor Cells (CEPC) (ke
and Kamen, 2004; Mutsaers, 2007); (v) modulating th
cell cycle through the upregulation of caveolinfidahe
downregulation of cyclin D1 (Bocdait al., 2012); (vi)
reducing Treg cells that inhibit cell-mediated inmity
against self cells (Burtogt al., 2011) and stimulating the
action of Dendritic cells (Tanalet al., 2009a; 2009b).

clinical benefit and to have positive effects oa tjuality

of life of patients with various types of canceiithout
highgrade toxicity (Neliust al., 2011). Moreover, low
cost (Bocciet al., 2005) and oral administration (which
reduces the need for hospitalization and enabkientsito
stay at home longer) are key characteristics o$ thi
schedule, offering important advantages in frailggoups

of patients (e.g., old patients) for whom new tperaic
options are greatly needed (Fontahal., 2010b).

Based on the above mentioned studies, metronomic
chemotherapy is increasingly being considered by
veterinary oncologist as an anticancer therapeutic
strategy. The first report of a metronomic chemathg
protocol was presented as an abstract at the annual
conference of the Veterinary Cancer Society a decad
ago (Mutsaers, 2009). In that work, different types
tumors were treated with cyclophosphamide at 25 mg
m 2 in combination with piroxicam 0.3 mg Kgdaily. An
objective response was achieved in two dogs after o
month of therapy.

The first full paper was not published for anotbBer
years (Laneaet al., 2007). It compared the outcome of
nine dogs with splenic hemangiosarcoma treated avith

These preclinical studies have led onto a serfes otraditional doxorubicin protocol dose-intense singl

clinical experimental trials in different types oéncer
such as human breast cancer (Collebal., 2002; 2006;
Wong et al., 2010; Gonzalez-Billalabeitiat al., 2009;
Bottini et al., 2006; Orlandet al., 2006; Dellapasque al.,
2008; Garcia-Saeret al., 2008), ovarian cancer (Jurado-
Garciaet al., 2008; Garcieet al., 2008), prostate cancer
(Glode, 2003; Lordet al., 2007; Fontanat al., 2009;
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agent chemotherapy and nine dogs with the samastdise
treated with metronomic chemotherapy. The protocol
consisted of piroxicam 0.3 mg Kgin combination with
cyclophosphamide or etoposide at 12.5 to 25 mgtm

50 mg m? administered daily for six months.
Surprisingly, the median survival time and to arerev
larger extent, the disease-free interval provetkbetith

AJAVS



Alessio Pieriniet al. / American Journal of Animal and Veterinary Sces 7 (4) (2012) 198-212

the metronomic protocol than with the traditionadep  ALT, probably because of liver toxicity induced by
resulting in 178 days as compared to 133 and 1y8 da lomustine. Finally, thrombocytopenia was found loat
versus 126 respectively (Laebal., 2007). one-fifth of the cases, however this was rarelyhbig
However, this study provided important information than second degree toxicity. This predominantly
on toxicity. Toxicity did not exceed grade 2 acéngito occurred in patients with end-stage cancer, prgbdix
the VCOG (VCOG, 2004) with the metronomic to a cumulative toxicity.
chemotherapy while gastroenteric toxicity was obeser A prospective study was designed to observe the
at grade 3 and 4 with doxorubicin. However, efficacy of metronomic dosing of cyclophosphamide t
hemorrhagic cystitis was reported in two patierdated reduce the number of circulating Treg cells anddum
with cyclophosphamide. Microvessel Density (MVD, microvessel density) in
A year later EImsliest al. (2008) published a study dogs with Soft Tissue Sarcoma (STS Soft Tissue
of 85 dogs. Participating dogs had had a soft éissu sarcoma). 11 dogs were treated daily with 12.5 mg m
sarcoma that had been incompletely excised, onepgro (5 cases) or 15 mg ™(6 cases) of cyclophosphamide
was treated with metronomic chemotherapy (30) theper os while 21 healthy dogs were used as a coffthel
other group received no treatment (55). The pratoco resyits showed significant efficacy in reducing the
consisted of cyclophosphamide at 10 mg mombined  nymper of Treg lymphocytes circulating at both dose

with piroxicam 0.3 mg kg da!ly or on altgrnate days. while only the group treated with 15 mgashowed a
The treated group had a disease-free interval allmosreduction in MVD (Burtoret al., 2011)

doublg that of the untreated group (410 versusom:s.). In a recent study, chlorambucil was administered a
Toxicity was reported as mild, about 40% of animals . ;
a dose of 4 mg m daily in dogs with spontaneous

were reported as having grade 1 or 2 signs and bnly
subject developed hemorrhagic cystitis (grade 4). cancer (Lgachet al., 2012)'.Of 36 cases, 58% recordgd
an objective response, with an overall mean sukviva

The next paper on metronomic treatment was® : . i
published in early 2012. Fifteen dogs with various time of 153 days. As in other trials, the obserigdcity
did not exceed grade 2.

tumors with distant metastases were treated with . .
" WI ! W " In a prospective study (Mitche#t al., 2012), 15

metronomic chemotherapy as first line treatmentd h ad q i . bi T
(Marchettiet al., 2012). The protocol consisted of daily 0gs with advanced malignancies were subjectecto a

administration of cyclophosphamide, 25 mg?nand exper_ime_ntal chemotherapy protocol that _included a
celecoxib, 2 mg kd. Six dogs obtained objective co_rznbmanon of rr_letronom|c_ cyclpphospha_mde (15 mg
response,s, including one complete remission. The™ ) and toceranib, a tyrosine kinase inhibitor relyent

: : approved for the treatment of canine mast cell ngmo
average survival time was more than three montlds an i
toxicity almost absent. In this study, VEGF was (Londonet al., 2003; 2009). The purpose of the study

measured before treatment and dogs who respondkd to \r’va?ﬁerr]ottotoo822?\:;%}?:;2“'ﬁlaltgzsaﬁﬁsetro;][egtrmet fi
protocol showed a statistically significant lowelodnl 9 A

L . Treg cells and blood concentrations of interferamga
concentration if compared to dogs who didn’t reshon : o
In the same year, a study on 81 dogs with inoperab (IFN-y). The period of follow-up monitoring was short at

tumors, or tumors that had been incompletely remove 8CCVZ?:}€|§S' dg#ggg ;2'Ssta%elgO(isfasgbf:é'vea;{e.s.polnsses
or were chemoresistant with macroscopic evidence of ’ . > ; 9
distant metastases, was published (Trepal., 2011). and hematological toxicity no higher than grade 2.

: . _ In veterinary medicine, metronomic chemotherapy
Th_ese _dogs were treated with lomustine at 2.84 iig m has several advantages compared to regime intense
daily given orally for an average of 98 days. Imast

) . : . chemotherapy, especially in the context of vetesina
half the cases, lomustine was used in conjunctiitim an by P y W

. ; oncology. There is minimal impact on the animalstco
anti-inflammatory drug, in 29 dogs an NSAID wasdise g |oy and administration simple. Chemotherapyaiw |

Results obtained using this protocol were compar&bl  joses can be administered at home with minimagstre
those obtained by Marchetit al. (2012), with @ on the patient and minimal impact on the logistic
response rate of 36%. The non progression of theprganization of the owner. As cost of treatment is
disease, observed in approximately 30% of case@saha influential in choosing a therapeutic option, thipe of
duration of about 137 days. Even the toxicity eatin chemotherapy, as compared with dose-intense
aligns with the studies cited above with mild protocols, has an unquestionable advantage. ltahas
gastrointestinal symptoms occurring in about a uanf low cost, approximately 1/10th of the cost of ateise
patients. In about 21% of cases there was an iserga  scheme therapy.
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Last, but not least, metronomic therapies haven bee participates in the maintenance of homeostasis €Van
shown to infrequently cause toxicity in veterinary 1971). COX-3 has been identified in the dog butdls
patients (Lanaet al., 2007; Tripp et al., 2011, is unknown (Chandrasekharah al., 2002). COX-2 is
Marchettiet al., 2012; Leaclet al., 2012), except for an normally present in a limited number of tissuesjsit
isolated case of hemorrhagic cystitis (Elmstie al., mainly expressed in pathological states such as in
2008). This contributes to the cost-effectivenefssuch inflammatory reactions and in tumors upon stimolati
a protocol as it rarely requires the use of medioatto by inflammatory mediators such as Interleukin-1-LIL.
treat the side effects and it results in much tése in TNF-1 and lipopolysaccharides (Herschman, 2004,
hospital, both events that contribute to the highesrall Masferreret al., 1990). In humans, the contribution of
costs of a dose-intense protocol. PG to tumorigenesis (Greenhoughel., 2009) has been

Given the encouraging results from various trials also described. PGE2 has been shown to exerttitsac
(Elmslie et al., 2008; Marchettét al., 2012; Trippet al., by binding to a specific class of receptors on ted
2011), metronomic chemotherapy is offered as thesurface, called EP. Through this binding, it influes a
treatment of choice for all patients with malignant series of intracellular events that lead to tumor
tumors where owners are reluctant to embark on ardevelopment. These include induction of cell
aggressive therapy protocol, including surgery with proliferation and increased cell survival via intidn of
high American Society of Anesthesiologists ASA gcor mechanisms of apoptosis. PGs also promote

It is also indicated in all patients with orgarilfee angiogenesis through the production of growth fiacto
such as hepatic or renal insufficiency, in whicke th such as VEGF and bFGF. Cumulatively, this leads to
toxicity of chemotherapy may be fatal. In summary, increased invasion and metastatic capacity andrasgipn
metronomic chemotherapy achieves the main goals obf the immune response (Greenhough al., 2009;
veterinary oncology: Good quality of life of thetigat, Guptaet al., 2007; Harrigt al., 2002; Tsujet al., 1998).
with an affordable cost/benefit ratio. It can besoal In dogs, several studies have shown increased
offered as an alternative to dose intense chenaylgan expression of COX-2 in tumor tissues such as breast
cases where the owners are not able to manageidmy s cancer (Souzat al., 2009; Doreet al., 2003; Helleret al.,
effects or where simple precautions required for 2005; Queirogaet al., 2005; 2007), prostate cancer
elimination of drugs cannot be complied with. (L'Eplattenier et al., 2007; Mohammedt al., 2004;

Metronomic therapy could also present an attractiv Sorenmecet al., 2004; Tremblat al., 1999), transitional
option in patients with an aggressive nature thatlds  cell carcinoma (Kharet al., 2000; Knottenbelet al.,
require sedation for each parenteral administration 2006; Leeet al., 2007), squamous cell carcinoma

Finally, it is certainly proposed as being at the (Mohammedet al., 2004; Almeidaet al., 2001) and
forefront of palliative care for patients at an adeed =~ Many other forms of tumor (Boriaet al., 2004,
clinical stage, given that the objective in thesses is Borzacchielloet al., 2004; 2007; Impellizeri and Esplin,

usually to stabilize disease with the least possimpact ~ 2008; Khan et al., 2001; Kleiter et al., 2004;
on the individual. Mohammed et al., 2004; Mullins et al., 2004;

Rossmeislet al., 2009). NSAIDs have demonstrated

1.2. Candidate Drugs for Combinations with antitumor efficacy in vitro (Brunelleet al., 2006;

M etronomic Chemotherapy in Dogs Pronovostet al., 2004; Wolfesbergeet al., 2006) and

) ) they have been used in some clinical trials iritials a

In human therapy in recent years, con5|derablesing|e agent (Schmidit al., 2001; Knappet al., 1994;
interest has developed in drugs that could beeasid Mohammed et al., 2002; Mutsaerset al., 2005:
in combination with metronomic chemotherapy, sush a Sorenmoet al., 2004; Souzat al., 2009), revealing a
Nonsteroidal ~ Anti-Inflammatory ~ Drugs (NSAIDs) response rate ranging from 17 to 33%. This rate
(Giorgi et al., 2012) and tyrosine kinase inhibitors increased to 47-83% if the objective was stableatis.
(Kerbel, 2012). These drugs were used in intensive chemotherapy

The COX enzymes are mainly responsible for theregimens for oral squamous cell carcinomas and
conversion of arachidonic acid to ProstaglandinS)(P melanomas with a response rate of 25% (Betial.,
PGs have been shown to play a significant role amyn  2004).
disease processes including oncogenesis (Dore,).2011 Another class of drugs subject to much interest in
Three isoforms of COX are known: COX-1, this is the veterinary field in the last decade is Tyrodiiease
constitutive for the majority of cells and tissuasd Inhibitors (TKI).
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The Tyrosine Kinase Receptors (TKR) are proteins Other studies have also shown an
that generally occur as monomers on the cell sarfac immunomodulatory effect for this class of drugs. In
They play a key role in the normal cellular signal particular, a recent study of 15 dogs affected #ycer,
transduction, regulating growth and cell differatitin. demonstrated toceranib’s ability to reduce the remuf
TKR interacts with Adenosine Triphosphate (ATP) by circulating Treg Ilymphocytes, thus suggesting an
adding a phosphate group to its residuesadditional antitumor action for this molecule
(“autophosphorylation”) and onto other molecules to (Mitchell et al., 2012). This effect was already
generate intracellular signals that influence peddition described in humans with sunitinib (Finkeal., 2008).
and cell survival (London, 2004). This process galhe Mitchell et al. (2012) tested toceranib as a single agent
begins in response to external signals generated bynd  subsequently it was combined  with
growth factors or other stimuli that trigger thescade of  cyclophosphamide in a metronomic regime. No
tyrosine phosphorylation. significant difference was observed in the absolute

The TKR are aberrant in many tumors in dogs andnumber of Treg lymphocytes before and after drug
humans. The anomalies include overexpressiontreatment. It was speculated that a synergistiecéfin
activating mutations and autocrine activation tigtothe maintaining low levels of circulating Treg took pta
co-expression of the receptor and the growth factor  Another drug of current interest to the scientific
(Shchemelininet al., 2006). This causes continuous community due to its anti-angiogenic properties in
stimulation of cellular signals that induce altered canine tumors is thalidomide. This drug has an
proliferation and cell survival, even in the abseraf  immunomodulatory and antiangiogenetic effect
adequate stimulation (London, 2009). (Kenyonet al., 1997). Its antiangiogenic effect on canine

The most studied TKR is certainly TKI or CD-117 tymors has been demonstrated using canine
in the dog. It is often mutated in mast cell tumors ygiensarcoma cells transplanted into athymic nuide m
(Pryeret al., 2003) and Gastromtestlnal Stromal Tumors (Fareseet al., 2004).

(GIST) (Frostet al., 2003) in the dog.

Several other receptors such as VEGFR, PDGFRthe
and FGFR (Dubreuikt al., 2009) are included in the .
TKR family. involved an unrese_zctable_ case of head and neck

The TKI drugs are small molecules capable of squamous cell carcinoma In a (_:at (Marco_neitoa_l.,
binding selectively to and inhibiting the RTKs. Beeact ~ 2012). Several unpublished studies on thalidomide a
by reversibly or irreversibly blocking binding sitdor ~ ©ngoing with interesting findings (Pierini, persbna
ATP on kinase enzymes (Wanebe al., 2006; communication).

Wakeling, 2005; Shchemelinimt al., 2006); in the

To our knowledge, to date the only clinical study
efficacy of thalidomide in veterinary oncologgs

absence of ATP binding, the kinase cannot work. 2. CONCLUSION
In veterinary medicine, few studies have been
conducted investigating the efficacy of these amier Cancer in dogs shares many features with human

drugs thus far. The use of imatinib (Isotanal., 2008;  cancer, including histological ~appearance, tumor
M%rconatoet.bal.l,:)ZOOS),l mggg'gn_'bl_ (thm 2:" 3888) genetics, molecular targets, biological behaviod an
and toceranib (Pryeet al., ; Londoret al., ) response to conventional therapies, so much sothkat

for the treatment of mastocytomas has been testdtki dog is considered a good model of human pathology

dog, mainly investigating its inhibition of KIT. Keever T(Paoloni and Khanna, 2007; Giorgi, 2012). The atitin

toceranib, which has demonstrated a wider range o dt ion in both ies is infl d
target TKs, has also been used in the treatmeothair and tumor progression in botn SPecies IS in “ef?"ﬁ
similar factors including age, nutrition, sex, reguctive

tumors, such as lymphoma, breast cancer, carcirafima ) ! .
the bladder transitional cell, soft tissue sarcoma,Status and environmental exposure; for the latter i

melanoma, osteosarcoma, hemangiosarcoma, squamot&rticular, the dog is considered a sentinel of
cell carcinoma of the tongue, multiple myeloma, €nvironmental exposure because of its shortersiien

bronchial carcinoma, sebaceous carcinoma andBukowski et al., 1998; Marconatoet al., 2009;
anaplastic carcinoma (Londenal., 2003). Bettini et al., 2010). Furthermore, most, if not all, of the

Due to this property, but also others, tocerasib i cancer associated genetic alterations that inflienc
able to inhibit receptors in addition to KIT TK,duas  cancer progression in humans have been identified i
VEGFR, PDGFR and Flt-3. That has sparked interest i canine cancer. Thus, the genome of the dog and muma
the use of TKIs as an antiangiogenic agent. are similar enough to suggest that information near
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about one species can be extrapolated and applidett  Almeida, E.M.P.D., C. Piche, J. Sirois and M. Dore,

other (Ostrandegt al., 2006; Lindblad-Tolet al., 2005). 2001. Expression of cyclo-oxygenase-2 in naturally
Many of the chemotherapy protocols used in veteyina occurring squamous cell carcinomas in dogs. J.
medicine are based upon protocols used in human Histochem. Cytochem., 49: 867-875. PMID:
patients and they have similar treatment outcorfies. 11410611

this reason, dogs serve as unique animal modetsofoe AreSU-, L., A. AriCO, S. ComaZZi, M.E. Gelain and F.
human tumors, because they adequately mimic many of ~ Riondato et al., 2012. VEGF and MMP-9:
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