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Canine osteosarcoma (OS) is an aggressive tumour that accounts for approximately 90% of primary bone
tumours in the dog. Although the standard treatments (including limb amputation/sparing, chemother-
apy and palliative radiotherapy) have significantly increased survival rates, almost 90% of animals will
eventually develop predominantly pulmonary metastases. Despite advances in various therapies, progno-
sis remains poor, with median survival times ranging from 3 months to 1 year and <20% of dogs survive
for >2 years following diagnosis.

Various clinical and epidemiological markers have facilitated decision-making with respect to therapy
but no single molecular biomarker has been shown to enhance prediction of disease progression. The
publication of the canine genome in 2005 raised the possibility of increasing understanding of the genetic
mechanisms underpinning canine OS. This review explores the use of biomarkers within the multi-dis-
ciplinary management of dogs with OS, and highlights the few known, potential prognostic/predictive
molecular markers including their potential value as ‘bridging biomarkers’ for human OS. Although
high-throughput profiling of canine OS remains in its infancy, research within the next decade using lead-
ing-edge screening technologies has the potential to identify biomarkers that may enhance diagnostic
and prognostic accuracy and result in more effective, individually tailored, treatment and management
protocols for affected dogs.

� 2010 Elsevier Ltd. All rights reserved.
Introduction

Osteosarcoma (OS) is a malignant neoplasm of mesenchymal
origin that produces osteoid and accounts for approximately 85%
of all primary canine bone tumours. A heterogeneous tumour with
regard to location, metastatic sites, radiological presentation, his-
topathological subtypes, progression and response to treatment,
it is almost exclusively observed in large or giant breeds such as
the Rottweiler, Great Dane, Greyhound, Saint Bernard and Dober-
man pinscher (Norrdin et al., 1989; Ru et al., 1998; McNeill et al.,
2007). There is some evidence to suggest males are more predis-
posed to OS and the median age of onset of clinical signs ranges
from 8 to 10 years (Spodnick et al., 1992; Boston et al., 2006),
although a subset of tumours arises in younger dogs (Evans, 1983).

Dogs often present with a history of lameness or even fracture
of the affected bone. Predilection sites are the weight-bearing re-
gions of the long bones (humerus, femur, radius, tibia and ulna)
(Liptak et al., 2004) with approximately 25% of tumours arising
in the axial skeleton including the flat bones of the skull, ribs, ver-
tebrae, sternum, and pelvis (Hammer et al., 1995; Dickerson et al.,
2001). Intriguingly, given that OS is a ‘sarcoma of bone’, primary
ll rights reserved.
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tumours arising at extra-skeletal sites have also been described
(Kuntz et al., 1998; Langenbach et al., 1998).

OS is an aggressive and invasive neoplasm that causes local
skeletal destruction resulting in radiographic evidence of both
osteoproductive and osteolytic lesions. It is highly metastatic, pre-
dominantly to the lungs with a lower frequency of spread to dis-
tant bones, regional lymph nodes (Hillers et al., 2005) and other
soft tissues (Peremans et al., 2003; Gorman et al., 2006). A clinical
diagnosis is made following assessment of case signalment and
history and based on the radiographic appearance of the lesion.

The current diagnostic ‘gold standard’ for OS is histopathological
examination with tumour classification based on the formation of
osteoid matrix with osteoblastic, fibroblastic, chondroblastic and
telangiectic subtypes (Kirpensteijn et al., 2002; Loukopoulos and
Robinson, 2007). There can be considerable variation in the histo-
logical appearance both between and within individual neoplasms.
Metastatic lesions usually appear histologically identical to the pri-
mary tumour, although they more frequently exhibit a greater de-
gree of necrosis. The histopathological grading system employed
by Kirpensteijn et al. (2002) demonstrated that grade III tumours,
which account for 75% of cases, have a significantly poorer progno-
sis than grade I and II neoplasms. However, this grading system was
not significantly prognostic for tumours from non-appendicular
sites.

http://dx.doi.org/10.1016/j.tvjl.2010.04.010
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Historically, dogs with OS that were treated by amputation
alone had poor overall survival times (ST), typically <3 months,
with the majority dying or being euthanased due to metastatic dis-
ease (Brodey and Abt, 1976). Over the years, although there have
been advances in disease management, amputation remains the
basic standard-of-care for appendicular OS with ‘limb-sparing’
used only to selectively remove tumours located in the distal ra-
dius, ulna and tibia (Straw and Withrow, 1996; Boston et al.,
2007). With primary tumour removal, dogs will be pain-free for a
short time, but 90% succumb to metastatic disease within 3–
6 months.

Adjuvant therapy, such as multi-modal chemotherapy regimes,
treatment with bisphosphonates or immune modulators and palli-
ative radiation, is now provided at specialised veterinary practices
(Tomlin et al., 2000; Dow et al., 2005; Walter et al., 2005; Fan et al.,
2009). Combined therapy can contribute significantly to ST, with
40–50% of dogs surviving >1 year when treated by amputation in
combination with chemotherapy (Bergman et al., 1996; Phillips
et al., 2009), although <10–20% survive >2 years. Finally, although
not widely practiced due to operative and post-operative compli-
cations, a subset of dogs with less than three pulmonary metastatic
lesions are reported to benefit from metastasectomy (O’Brien et al.,
1993).

Over the years, various compounds have been used in adjuvant
chemotherapy including cisplatin, carboplatin and doxorubicin.
These have been used in single and in multi-agent regimes and
at varying dosage and treatment interval (Berg et al., 1995; Berg-
man et al., 1996; Chun et al., 2000; Bailey et al., 2003). No differ-
ences in survival are seen when these treatments are compared
with pre- or post-operative chemotherapy (Berg et al., 1997) and
no differences in the disease-free interval (DFI) have been reported
for dogs treated using single- or multi-agent chemotherapeutic re-
gimes. Prolonged, intense use of chemotherapy is often not an op-
tion due to adverse side-effects compromising any clinical benefits
(Barabas et al., 2008), and to date, aggressive therapy has proven
ineffective in restricting the growth of metastases. A small number
of cases of canine OS that do not receive adjuvant chemotherapy,
do not succumb to metastatic disease once the primary tumour
has been removed (Selvarajah et al., 2009). This suggests that ge-
netic composition of both the host and tumour may contribute to
differences in the metastatic potential. In this regard it is important
to differentiate patients that respond to chemotherapy, from those
that do not.

There are many documented prognostic indicators for canine OS
(Table 1), and the majority of these are similar to those reported
from large retrospective studies of the human neoplasm, including
age, tumour size, location and histological subtypes (Owen, 1967;
Kim et al., 2007; Bramer et al., 2009; Pakos et al., 2009). The accu-
rate segregation of canine patients into distinct prognostic sub-
groups, based on such indicators, is key to the tailoring of
appropriate treatment.
1 See: www.ncbi.nlm.nih.gov/.
2 See: www.isiknowledge.com/.
The potential use of biomarkers in the management of canine
OS

Biomarkers are central to ‘personalised’ medicine. One defini-
tion of a biomarker is that it is a specific ‘measure’ of a biologi-
cal/pathological process or cellular response to a particular
therapy or stage of the disease. Advances in our understanding of
the canine genome have provided opportunities to enhance our
knowledge of the molecular basis of pathogenesis and progression
of dog cancers. Gene expression data allows us to further classify
animals with OS and to use statistical analysis to enhance clinical
decision-making. The evaluation of such patients based on clinical
need rather than on other aspects of the disease state is vital. Many
proteins that could reflect disease are not released or do not leak
from diseased tissue into the circulation, and biomarkers are typi-
cally those substances that can be detected in samples such as ser-
um, plasma or urine.

Over the last decade, increased molecular-based research has
improved our understanding of the pathogenesis of both canine
and human OS. Many investigations have been directed at identi-
fying single gene alterations as predictors of metastasis, cell prolif-
eration, drug resistance, bone turnover and other processes central
to disease progression. In this context we propose a conceptual
framework for the potential use of such biomarkers as diagnostic
and prognostic indicators as well as their use in therapeutic deci-
sion-making in the management of dogs with OS (Fig. 1).

It is likely that reliable biomarkers will be those useful in multi-
ple species, so-called translational or ‘bridging’ biomarkers. Indeed,
canine OS provides an excellent model for studying this neoplasm
in humans (Paoloni et al., 2009) since the tumour has features
common to both species including clinical presentation, histopa-
thological appearance, location and sites of metastases and prog-
nosis. However, few compounds to date qualify as such ‘bridging’
biomarkers, largely because of the paucity of research on the ca-
nine form. Furthermore, while many biomarkers have potential
translational applications, most of these have been based on func-
tional, in vitro assays and have not been validated by retrospective
or prospective studies.

Following a search of peer-reviewed publications from 1954 to
2009 using the National Center for Biotechnology Information
(NCBI) Entrez Pubmed search engine1 and the Web of Knowledge2,
and using the keywords ‘CANINE’, ‘DOG’, ‘OSTEOSARCOMA’ and
‘OSTEOGENIC SARCOMA’, retrieved articles were assessed for ‘molec-
ular’ prognostic indicators/predictive markers for OS. The predictive
and translational relevance/significance of the identified potential
biomarkers is discussed below.
Diagnostic biomarkers for canine osteosarcoma

The differential diagnosis of OS has become increasingly reliant
on molecular diagnostics and immunohistochemistry, although
currently there are no biomarkers that can reliably classify the his-
topathological subtype or predict the malignant potential of canine
bone tumours. Alkaline phosphatase is an unreliable diagnostic
biomarker for OS as it cannot differentiate this tumour from other
bone-forming tumours such as multilobular osteochondrosarcoma
or from reactive bone lesions (Barger et al., 2005). Ezrin, a cytoskel-
etal linker protein, has recently been reported to have 100% spec-
ificity in differentiating human chondroblastic OS from
chondrosarcoma. This form of OS expressed this protein regardless
of histology grade (Salas et al., 2009) and ezrin is an example of
how molecular-based markers can facilitate diagnostic precision.
The use of this biomarker in differentiating the histological vari-
ants in canine OS remains to be determined.
Prognostic and predictive biomarkers

Prognostic biomarkers help predict patient survival and overall
clinical outcome. In consequence, these markers should reflect par-
ticular biological properties of the neoplasm such as their prolifer-
ative and metastatic capacities, and should also be able to
segregate tumours/dogs into various subgroups based on likely
disease-course. Predictive biomarkers are those that aid clinicians
in assessing if a dog will respond favourably to a particular therapy
(Gogas et al., 2009). The capacity to stratify dogs into prognostic

http://www.ncbi.nlm.nih.gov/
http://www.isiknowledge.com/


Table 1
A summary of clinical and histopathological predictors or prognosticators of outcome for dogs with osteosarcoma (OS).

Study (reference) Prognostic factor Summary/interpretation(s)

Boston et al. (2006) Lung metastasis Grave prognosis, euthanasia offered

Hillers et al. (2005) Lymph node metastasis Rare in dogs but those with lymph node metastasis have significantly poorer prognosis in terms of
DFIa and STb

Kirpensteijn et al. (2002) Tumour mitotic index Increased mitotic index reduces DFI
Hammer et al. (1995)
Moore et al. (2007)

Lascelles et al. (2005) Post-operative infection Post-operative infection after limb-sparing surgery can increase ST

Misdorp and Hart (1979) Increased tumour size Increasing tumour size significantly associated with pulmonary metastasis and poor prognosis
Forrest et al. (1992)
Misdorp and Hart (1979) Extension of tumour into

adjacent soft tissue
Poor prognosis

Berg et al. (1995) Percentage of tumour that
is necrotic

Significant direct correlation with ST. Percentage of tumour that is necrotic strongly predictive of
local tumour control but no correlation with time for metastasisPowers et al. (1991)

Misdorp and Hart (1979) Histological subtype Fibrosarcomatous subtype has a more favourable prognosis
Loukopoulos and Robinson (2007)
Loukopoulos and Robinson (2007) Age Dogs 6 5 years old have shorter DFI compared to older dogs. The mitotic index is higher in tumours

from young dogs
Moore et al. (2007)
Spodnick et al. (1992)
Bergman et al. (1996) Tumour location: humerus Dogs with tumours involving the humerus have shorter DFI and ST

Kirpensteijn et al. (2002) Histological grade Higher grades associated with decreased ST and DFI. Grade I and II tumours have a significantly
better prognosis relative to grade III

Kirpensteijn et al. (2002) Serum alkaline
phosphatase

Increased plasma levels of this enzyme associated with shorter DFI and ST
Selvarajah et al. (2009)
Hillers et al. (2005)
Garzotto et al. (2000)
Vail et al. (2002)
Ehrhart et al. (1998)
Moore et al. (2007)

Dickerson et al. (2001) Tumour location: mandible More favourable prognosis. Dogs treated with surgery alone had 1 year survival rate of 71%, which
is higher than for dogs with appendicular OSStraw et al. (1996)

Bergman et al. (1996) Bodyweight Dogs of lower body weight (<40 kg) had significantly longer DFI and ST
Lascelles et al. (2005)
Moore et al. (2007)

Kirpensteijn et al. (2002) Vascular invasion Reduced DFI

a DFI, disease-free interval.
b ST, survival time.
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and predictive subgroups thus greatly facilitates the delivery of
optimal therapy. Although still at the developmental stage, gene
expression profiles have been used in such patient stratification
(Selvarajah et al., 2009).

Elevated total alkaline (TALP) and bone alkaline phosphatase
(BALP) concentrations are known prognostic indicators for canine
OS. Dogs with normal pre-treatment TALP and BALP levels survived
significantly longer than did animals with increased pre-treatment
levels of this enzyme (Garzotto et al., 2000). Although the pre-
operative elevation of alkaline phosphatase can be used as a prog-
nostic biomarker in dogs, there are discrepancies as to its use post-
operatively in predicting metastases or tumour recurrence.

To date, the molecular markers that have been investigated for
canine OS reflect the various genetic alterations of the tumour with
respect to disease progression. Few appear prognostically useful
because of lack of independent validation and significant further
investigation is required in this area.

TP53 tumour suppressor

Tumour suppressor genes encode proteins that prevent or re-
tard cell division, and their mutation contributes to the develop-
ment and progression of cancer. Commonly mutated tumour
suppressors found in canine OS include phosphatase and tensin
homolog (PTEN) and tumour protein 53 (TP53). Although PTEN
mutations and subsequent down-regulation of protein expression
are present in a majority of canine cell lines and tumours, no prog-
nostic significance to this event has been reported (Levine et al.,
2002). However, TP53 mutational inactivation has been described
in both in vitro models and in spontaneous OS in the dog (van Leeu-
wen et al., 1997; Johnson et al., 1998).

Elevated levels of TP53 protein are commonly encountered in
tissues harbouring cells containing the mutation. In 84% of appen-
dicular and 56% of axial cases of canine OS, there is elevated TP53
expression (Sagartz et al., 1996; Loukopoulos et al., 2003). In one
independent study population, TP53 had mutated in approxi-
mately 40% of tumours from both axial and appendicular sites; this
mutation status had prognostic value as dogs with mutated TP53
had significantly shorter ST that correlated with elevated serum
alkaline phosphatase concentration and tumour histological grade
(Kirpensteijn et al., 2008). To date, it remains unclear if the TP53
mutation occurs in the metastases as well as in the primary tu-
mour (van Leeuwen et al., 1997; Kirpensteijn et al., 2008), although
it is quite possible that other events, rather than this mutation,
contribute to tumour spread (Vousden, 2002). The TP53 mutation
may be an independent prognostic indicator and predictor of a
more malignant phenotype of neoplasm which could be used in
prospective patient evaluation.

Angiogenic markers: vascular endothelial growth factor

Plasma vascular endothelial growth factor (VEGF) is associated
with more aggressive tumours in dogs (Wergin and Kaser-Hotz,
2004) and for OS, VEGF concentrations significantly correlate with
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DFI (Thamm et al., 2008). Similarly, VEGF expression in resected
human OS is an important negative prognostic factor (Bajpai
et al., 2009), and strong predictor of metastasis and poor survival
in the ‘chemo-naïve’ human neoplasm (Kaya et al., 2000). The VEGF
pathway has a number of critical members, particularly receptors
that play significant roles in angiogenesis and hence characterise
the malignant tumour phenotype. VEGF receptor (R)-3 negatively
correlates with ST and DFI in human OS (Abdeen et al., 2009),
and VEGFR-2 links with candidate genes associated with poor
prognosis in canine OS on pathway analysis (Selvarajah et al.,
2009).
Mesenchymal–epithelial transition factor

Mesenchymal–epithelial transition factor (MET) is a proto-
oncogene that encodes a protein also known as c-Met or hepato-
cyte growth factor receptor (HGFR). MET has many roles in neopla-
sia including an ability to activate oncogenic pathways and to
participate in angiogenesis and metastasis. MET is expressed in ca-
nine OS including lung metastases (Ferracini et al., 2000), and
expression of MET in primary tumours was found to predict for
metastasis via lymphatics (Fieten et al., 2009). MET mRNA is con-
stitutively expressed by both human and canine OS cell lines (De
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Maria et al., 2009), where stimulation with hepatocyte growth fac-
tor results in increased cellular proliferation and the formation of
larger in vitro cell colonies (MacEwen et al., 2003). Small molecule
inhibitors of MET have been shown in vitro to impair the invasive
properties of canine OS cells and may represent a future treatment
option (De Maria et al., 2009).

Cyclooxygenase-2

Cyclooxygenase (COX)-2 is an enzyme involved in apoptosis,
immune surveillance and in angiogenesis and has been implicated
in the production of prostaglandins in tumours including OS
(Mohammed et al., 2004). The value of COX-2 as a biomarker in hu-
man OS is debatable as a predictor of metastasis and ST (Dickens
et al., 2003; Rodriguez et al., 2008; Urakawa et al., 2009). In cases
of canine appendicular OS, dogs with tumours with strong expres-
sion of COX-2 had a significantly decreased overall ST (86 days) rel-
ative to dogs with tumours with minimal expression of this
enzyme (>300 days) (Mullins et al., 2004). However, since the
number of dogs investigated in this study was small, more exten-
sive studies will be required to validate this finding.

Ezrin

As outlined above, ezrin is a cytoskeletal linker protein, a mem-
ber of the ezrin–radixin–moesin (ERM) protein family, which has a
key role in the coordination of tumour metastasis (Hunter, 2004).
An immunohistochemical study on canine OS revealed that high
expression of this protein is associated with early metastases,
and hence poorer clinical outcome. Consistent with this finding, a
significant association between high ezrin expression and poor
outcome is reported in paediatric OS (Khanna et al., 2004). In other
studies of primary human OS, ezrin over-expression predicted lung
metastasis (Xu-Dong et al., 2009) and, when associated with ele-
vated alkaline phoshatase levels, predicted patients that responded
to chemotherapy but had poor overall survival relative to patients
with tumours that did not express this protein (Kim et al., 2009a).

Metalloproteinases

Metalloproteinases (MMP) are zinc-dependent enzymes com-
monly expressed in neoplasia and in inflammatory disease. In the
context of cancer, MMP have been implicated as biomarkers of
shorter DFI (Uchibori et al., 2006), and as predictors of survival fol-
lowing neo-adjuvant chemotherapy (Foukas et al., 2002). These en-
zymes also correlate with the invasive and metastatic forms of
human OS, and in particular, MMP-2 and -9 have been shown to
be highly expressed in three canine OS cell lines (Loukopoulos
et al., 2004). Primary OS in 30 dogs had greater MMP expression
in tumour than in stromal cells, suggesting a role for the enzyme
in malignancy (Lana et al., 2000). Although an elevated plasma
MMP-2 concentration has been linked with poor prognosis, its
inhibition with BAY 12-9566, in combination with doxorubicin
chemotherapy, did not improve ST in dogs with OS (Moore et al.,
2007).

Chemoresistance markers

ST for dogs with OS has remained static for the last decade de-
spite advances in chemotherapy and has been attributed in part to
the chemoresistance of the neoplasm. In treating human OS, two
well-characterised molecular markers of multi-drug resistance
are used: the drug resistance pump P-glycoprotein (P-gp), and
the multi-drug resistance-related protein 1 (MRP1). P-gp, a sub-
strate for MRP1, is expressed in canine OS cell lines resistant to
doxorubicin (Page et al., 2000) and in 66% of cases of canine OS
(Cagliero et al., 2004), but its prognostic or predictive value of ST
has not been determined. Recently, gene expression profiling of ca-
nine OS revealed up-regulation of transcripts associated with drug
resistance such as MGST1 (Selvarajah et al., 2009). Future elucida-
tion of the chemoresistance mechanisms operational in canine OS
will be key to circumventing this problem.
Therapeutic and toxicity biomarkers

Therapeutic and toxicity biomarkers monitor the ongoing ef-
fects of a compound on a patient. Haematology, serology, urine
biochemistry, blood gas analysis and histopathology are currently
used to monitor patients for adverse effects on cardiac, renal and
hepatic function (Barabas et al., 2008). Molecular approaches
may be able to precisely determine the effect of particular thera-
pies during OS progression. These could include markers of bone
remodelling, such as the collagen breakdown products N- and C-
telopeptide, which could monitor dogs undergoing anti-resorptive
therapies (Lacoste et al., 2006; Fan et al., 2007; Lucas et al., 2008).
Similarly, serum concentrations of cardiac troponin I (cTnI), a sen-
sitive and specific marker of cardiomyocyte death, could be used to
monitor dogs on post-operative chemotherapy, especially animals
receiving the known cardiotoxin doxorubicin (Selting et al., 2004).
Studies to discover novel therapeutic and toxicity biomarkers can
be performed in parallel with clinical trials where the serial assess-
ment of various molecular markers is being carried out.
Integrative platforms for biomarker discovery: pitfalls and
prospects

State-of-the-art technologies will be required to carry out non-
invasive, in vivo serial assessment of disease progression, therapeu-
tic response and drug toxicity in dogs with OS. The advent of high-
throughput ‘genomic’ assessment has raised questions as to
whether single or multiple markers are most appropriate. In most
circumstances, given tumour heterogeneity and the variation in
stage of development, single biomarkers are unlikely to be suffi-
ciently sensitive and specific and it is likely that panels of biomark-
ers will be required.

We have recently published the novel correlation of gene
expression profiling with prognosis for canine OS (Selvarajah
et al., 2009). The differences in gene expression profile between
two survival groups were minor (<100 genes) compared to similar
studies of human OS, where large numbers of candidate genes
were identified (Nakano et al., 2003; Srivastava et al., 2006; Walt-
ers et al., 2008). The genes that were found to have prognostic sig-
nificance in the canine study had roles in cell proliferation, drug
resistance and in metastasis, which, taken together, reflect tumour
malignancy. The study also identified subgroups of animals that
correlate highly with ST. Although the sample size was small, these
findings provide initial insights that merit further investigation
and cross-validation with studies in humans.

The immunohistochemical labelling of particular proteins in tu-
mours provide information regarding tumour nature and behav-
iour. However, limitations in the numbers of specific, labelling
antibodies that can be used in dogs restrict the usefulness of this
methodology. Tissue arrays consisting of panels of >100 ‘out-
come-linked’ tumour tissue punctures on a single slide can be used
to screen for novel biomarkers. Such an approach can be used to
screen large numbers of patients and can determine if particular
proteins are co-expressed. Multiple ‘spots’ within an OS tumour
have to be assessed, because of the heterogeneous nature of this
neoplasm and because expression of a protein marker in a single
spot may not represent its expression in the tumour as a whole.
Although prognostic biomarker discovery using immunohisto-
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chemistry is increasingly popular, standardised methods across
veterinary laboratories including antigen retrieval methods, types
of antibodies used (polyclonal or monoclonal), incubation periods
and staining evaluation criteria have not been established.

Despite advances in diagnostic imaging, micrometastases pres-
ent at the onset of disease are frequently not detected. Methods
need to be developed to detect neoplastic cells in the circulation
and thus predict metastatic disease based on the primary tumour
protein expression ‘signature’. In this context, in vitro metastatic
sub-clone models are useful in elucidating key transcripts and sig-
nalling pathways important in the survival of metastatic cells. The
gene profiling of such models of canine OS are underway and it is
anticipated these will identify pathogenic mechanisms and targets
for therapy. Although in vitro models are frequently used in the dis-
covery of biomarkers for OS, different cell lines may contain differ-
ent genetic alterations and activated signalling pathways, raising
questions as to how closely these mimic the in vivo situation.

Comparative genomic hybridisation cytogenetic array analysis
(Thomas et al., 2005), cDNA/oligonucleotide microarray gene
expression profiling, protein profiling using mass spectrometry,
and miRNA profiling are all currently used to investigate canine
OS and in the future, cancer lipidomic (Wenk, 2005; Fernandis
and Wenk, 2009) and metabolomic (Kim et al., 2009b) profiling ap-
proaches could be used in the pursuit of novel biomarkers.
Conclusions

The study of spontaneously occurring tumours of the dog, such
as OS, provides invaluable translational opportunities for human
medicine, particularly in the potential discovery of novel, ‘bridging
biomarkers’. The few molecular biomarkers with predictive and
prognostic value so far identified in dogs require validation on a
larger scale which can be achieved given appropriate collaboration
between the pharmaceutical industry, biomedical and veterinary
scientists within academia, and veterinarians working in clinical
settings. An exciting decade of biomarker discovery using high-
throughput methodologies is now anticipated, and it is hoped that
this will result in more effective, individually tailored, treatment
and management protocols for affected dogs.
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