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RESUMO 

 

 A disciplina de oncologia veterinária tem assistido a enormes progressos nos últimos 

anos e a doença oncológica constitui hoje a principal causa de morte de animais de estimação 

seniores. Novos e sofisticados tratamentos estão hoje disponíveis no tratamento da doença 

oncológica fruto de avanços tecnológicos e da alteração de atitudes dos proprietários de 

animais domésticos que cada vez mais os encaram como membros da família exigindo assim 

o melhor tratamento disponível e com fortes preocupações relativas à qualidade de vida dos 

mesmos. 

 O papel da enzima COX tem vindo a ser demonstrado de uma forma crescente na 

carcinogénese tanto em pessoas como em animais domésticos sendo um importante fator de 

prognóstico em vária neoplasias e potencialmente um alvo terapêutico. 

 O objetivo deste estudo consistiu em analisar as expectativas de proprietários de 

animais de companhia com doença oncológica relativamente a serviços veterinários e avaliar 

se elas difeririam da população geral de donos de animais de companhia. Nesse sentido foi 

utilizada a metodologia SERVQUAL, um instrumento popularmente utilizado em marketing 

de serviços, para avaliar expectativas e perceções de consumidores e, assim, quantificar 

indiretamente a satisfação desses mesmos consumidores. De facto, esta metodologia é 

comumente utilizada em serviços de saúde quer como ferramenta de gestão, quer como 

ferramenta de investigação científica. Através da análise de inquéritos SERVQUAL 

distribuídos a proprietários de animais de companhia submetidos a tratamentos oncológicos e 

tratamentos não oncológicos concluiu-se que o primeiro grupo possuía expetativas específicas 

sobre o que constituiria um serviço veterinário ideal atribuindo maior importância a questões 

relacionadas com a ´segurança´ as quais não foram correspondidas pela equipa veterinária que 

por sua vez atribuíram maior importância a questões relacionadas com a tangibilidade dos 

serviços. Esta melhor compreensão das necessidades dos donos de animais com cancro 

permite melhor ajustar os serviços veterinários gerando maiores satisfações e melhores 

“compliances” e resultados dos tratamentos. 

 A COX-2 é uma enzima diretamente implicada em diversas etapas da carcinogénese 

tais como a iniciação, a promoção, a invasão, a inibição da apoptose e a metastização. Os anti-
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inflamatórios com as suas propriedades de inibição da COX-2 são potencialmente candidatos 

óbvios a serem incluídos em terapêuticas de cancro providenciando analgesia e consequente 

melhoria da qualidade de vida (QoL) e, simultaneamente, atividade anticancerígena. Neste 

trabalho são revistas as ações da COX-2 nas diversas etapas chave da carcinogénese e é 

apresentada uma revisão sistemática sobre o valor prognóstico das COX em diversas 

neoplasias malignas do cão e do gato. Através da análise da literatura constatou-se que a 

expressão de COX-2 está associada a uma diminuição da sobrevida total no melanoma 

canino, no osteossarcoma canino e nos tumores mamários da cadela, mas não nos 

mastocitomas, carcinomas da próstata e carcinomas nasais. Esta revisão permitiu também 

constatar a escassez de estudos complementares para cada tipo de neoplasia e ausência de 

estudos para diversos grupos de neoplasias comuns, assim como identificar algumas falhas 

metodológicas em vários estudos potencialmente conduzindo a riscos de “bias”. 

 De seguida investigámos os mecanismos de ação da COX-2 em 2 grupos de neoplasias 

importantes em cães: mastocitomas e melanomas- onde demonstrámos a associação da 

expressão da COX-2 com variáveis clinico-patológicas de agressividade elucidando o papel 

da COX-2 na carcinogénese destas 2 neoplasias apontando para a contribuição na 

angiogénese e alteração no microambiente inflamatório peri-tumoral no caso dos melanomas 

e proliferação e angiogénese nos mastocitomas. Embora a bibliografia publicada não tenha 

não tenha associado a COX-2 a um prognóstico negativo nos mastocitomas caninos, o nosso 

trabalho encontrou uma associação entre a intensidade da expressão de COX-2 e a menor 

sobrevida total em cães com mastocitomas. 

 Finalmente descrevemos um estudo observacional onde a ação de um inibidor COX-2 

específico- firocoxib- utilizado sozinho, ou combinado num esquema metronómico com 

clorambucil, foi avaliada num conjunto de 30 neoplasias em estádio avançado constatando-se 

atividade clínica com registo de 1 remissão completa e 2 remissões parciais, com um bom 

perfil de segurança e com melhorias significativas dos scores de QoL. 

 Em conclusão, demonstrámos as especificidades das expectativas dos donos de 

animais de companhia e a importância dos clínicos se ajustarem às suas necessidades de 

forma a melhor garantir o cumprimento dos planos de tratamento. Identificámos a COX-2 

como um importante fator de prognóstico em várias neoplasias malignas caninas e 

identificámos a utilidade potencial do uso de inibidores COX-2 no tratamento e melhoria da 

qualidade de vida de animais com neoplasias em estádio clínico avançado. A expressão de 

COX-2 poderá de futuro ser usada na clínica como marcador de previsão de agressividade em 
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neoplasias de prognóstico incerto tais como mastocitomas de grau intermédio e o uso de 

inibidores COX-2 no tratamento de diversas neoplasias caninas deverá ser equacionado e 

avaliado em ensaios clínicos randomizados avaliando como resultados finais a resposta 

clínica ou a melhoria da qualidade de vida dos animais. 

 

 

 





xvii 
 

ABSTRACT 

 

 Veterinary oncology field has experienced huge progresses in recent years and 

oncologic disease constitutes today the leading cause of death among senior pets. New and 

sophisticated therapies are readily available today for the treatment of oncologic disease 

resulting from technologic advances and from an attitude shift of pet owners that now regard 

them as members of the family and so demand the best medical care available and with 

special concern on Quality of Life issues. 

 COX-2 enzyme role in carcinogenesis has been increasingly demonstrated both in 

people as well as in animals being an important prognostic factor in several neoplasia and 

potentially constituting a therapeutic target. 

 The goal of this work consisted in analysing pet owner’s expectations towards 

veterinary services and evaluate if they differ from general pet owner population. For that we 

used the SERVQUAL methodology, a popular marketing instrument used to evaluate 

consumer’s expectations and perceptions allowing to indirectly estimate service satisfaction. 

In fact this methodology is already routinely used in health care either as a management or 

research tool. Through SERVQUAL questionnaires distributed to pet owners of animals with 

oncologic disease and non-oncologic disease we concluded that the former had different 

expectations regarding an optimum veterinary care service giving extra importance to items 

related with assurance which were not recognized by the veterinary staff who in turn gave 

higher importance to questions related to the tangible dimension. This better understanding of 

the needs of pet owners with cancer will allow for better adjustment of veterinary services 

offer making way to better client satisfaction, better treatment compliance rates and better 

outcomes of treatments. 

 COX-2 is an enzyme directly implicated in several hallmarks of carcinogenesis such 

as initiation, promotion, invasion, apoptosis inhibition and metastization.  NSAIDs with its 

COX-2 inhibitory properties are obvious potential candidates to be included in cancer therapy 

providing analgesia with consequent improve in QoL and at the same time having anti-cancer 

activity. In this work we reviewed COX-2 role in several key steps of carcinogenesis and we 

performed a systematic review on the prognostic value of COX in several malignant 

neoplasias in the dog and cat. Through review of the literature we observed that COX-2 is 

associated with an overall decrease in survival in canine melanoma, canine osteosarcoma and 
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canine mammary tumours, but not in canine mast cell tumours, prostatic carcinoma and nasal 

carcinoma. This systematic review also allowed to highlight the scarcity of complementary 

prognostic studies for each type of neoplasia and the absence of any study in particular 

important groups of neoplasias and also permitted to identify methodologic limitations of 

published studies potentially leading to increased risk of bias. 

 Next we investigated mechanisms of action of COX-2 in 2 important neoplasias in 

dogs: mast cell tumours and melanomas. Here we showed the association between COX-2 

expression and several clinic-pathological variables of aggressiveness enlightening the role of 

COX-2 in these 2 cancers: acting on angiogenesis and peritumoural inflammatory 

microenvironment modification in melanomas and proliferation and angiogenesis in mast cell 

tumours. Although published literature hadn´t found association between COX-2 expression 

and diminished OS in canine mast cell tumours our work did find such association when 

taking in account COX-2 intensity of expression. 

 Finally we described an observational study where the action of firocoxib (a COX-2 

specific inhibitor) used alone or combined with chlorambucil in a metronomic regimen, was 

evaluated in 30 end stage various types of canine neoplasia. Clinical response was observed 

and we recorded 1 complete remission and 2 partial remissions with a good safety profile and 

with significant improvements in QoL scores of patients. 

 In conclusion we demonstrated the specific needs and expectations of owners of pets 

with oncologic disease and the importance for the clinicians to make adjustments in order to 

meet those demands and achieve client satisfaction and compliance of treatment plans. We 

identified COX-2 as an important prognostic factor in several neoplasias and the potential role 

of COX-2 inhibitors in the treatment of these malignancies or as palliative care to improve 

QoL in end stage disease. COX-2 expression could in the future be used to help ascertain the 

clinical behaviour of neoplasias of  uncertain prognostic such as intermediate grade mast cell 

tumours and the use of COX-2 inhibitors in the treatment of canine malignancies should be 

contemplated and evaluated throw randomized clinical trials considering as final results 

clinical activity or improvements in QoL. 
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The field of small animal veterinary oncology has evolved dramatically in the past 

decades. Two main forces are contributing to this trend: first of all pets are increasing in 

number and the human-animal bond has increased in strength  where animals once considered 

only for working or guarding purposes are now considered  family members by a large 

majority of western households1.  In fact approximately half of US households have a resident 

pet2. This trend translated in to an increased demand for high quality veterinary services from 

pet owners3 and the increased prevalence of oncologic disease among pets caused by an 

increase in their life expectancy4,5 explained the development of the field of veterinary 

oncology. The other force behind veterinary oncology development, although in a much 

smaller scale, is the potential use of pet animals as a model for human disease. In fact pet 

animals poses several advantages when compared to laboratory animals to be used as animal 

model for human oncologic disease: larger life expectancy exposed to same environmental 

variables as humans, larger size amenable to better perform procedures such as surgery and 

better known physiology and pathology in which dogs, after humans,  are the species with 

more advanced health care6. This special interest in dogs as an animal model for human 

disease allowed for increased interest in research of dog oncologic disease and also allowed a 

bidirectional transfer of knowledge making therapies already available to treat human 

oncologic disease accessible to pet care. Some excellent examples of this bidirectional 

transference of knowledge include the use of xenogenic DNA cancer vaccines in dogs7,8, the 

development of Thyrosine Kinase Inhibitors9 to treat mast cell tumours in dogs and the advent 

of radiotherapy10 and chemotherapy treatment protocols11 adapted from the human field. 

Quality of Life (QoL) has gained much attention in the human medical field and is 

already been used to quantify treatment results12–14. The same trend is happening in veterinary 

field with several works published on QoL in animals with chronic disease15–19. As treatments 

evolve and achieve either cure or prolonged chronic stages and new treatments fail to increase 

OS, there is a shift from achieving larger quantity of living days to better quality of those 

same living days, especially in diseases associated with end of life decisions. Pet owners are 

more sensitive to issues pertaining QoL17 and more prone to decline treatments or suspend 

them if QoL is perceived or expected to decline with treatment and maybe willing to 

compromise opting for lower outcome treatments but associated with increased QoL15,16 , as 

already demonstrated in human oncology20. This is particularly relevant in veterinary 
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medicine where most of times there is a serious lack of evidence comparing different 

treatments, making harder the ability of the clinician to make informed counseling to pet 

owners. Another particular subject of interest in veterinary oncology field is the fact of 

treatment decision being made by proxy, that is, the owner. This raises several issues whereas 

emotions, stress and past experiences of the caregiver can influence the decision whether to 

pursue treatment or not. This concern once again has already been intensively studied in 

human field where caregivers need to make treatment decisions regarding non autonomous 

relative patients21 stressing the importance of evaluating proxies (owners) needs and 

expectations to better address them leading to better suitable treatment planning decisions and 

compliance. 

Analgesia is an important aspect of QoL in cancer patients22. COX inhibitors 

constitute an important component of multimodal analgesia therapeutic plans. As COX-2 end 

product- PGE2- is a known key player in several carcinogenesis hallmarks, NSAIDs could 

potentially become an interesting option in pets with cancer possibly contributing to increased 

survivals and better QoL. With the recent advent of metronomic chemotherapy treatment 

protocols renewed interest in COX inhibitors was demonstrated.  

In fact several evidence exists of the potential role of COX inhibitors in cancer treatment. 

COX first gained attention when a study found increased PGE2 levels in human colonic 

cancer23,24. Several studies were then produced on mice demonstrating that COX inhibitors 

interfered with mice colonic cancer carcinogenesis. Interestingly while both COX-1 and 

COX-2 inhibitors prevented new lesions development, only COX-2 inhibitors halted lesion 

progression25,26. 

Following epidemiological studies evidenced that people who routinely used NSAIDs 

had a lower incidence of cancer27 highlighting the cancer prevention properties of NSAIDs. 

The first real evidence of NSAIDs usefulness in clinical setting with oncologic patients came 

from a study that found that sulindac, an NSAID, caused lesions regression in people with 

FAP, a natural occurring model of progression from adenoma to colonic carcinoma28. 

Several studies further evidenced the association between PGE and several hallmarks 

of carcinogenesis including initiation, promotion, invasion, angiogenesis, apoptosis inhibition 

and metastasis29–34. Also COX-2 expression has been associated with several malignancy 

phenotypes in many animal cancers suggesting an active role in carcinogenesis35. 
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Although clinical trials demonstrating the therapeutic and especially prevention 

properties on NSAIDs in human cancers are lacking due to the need of large cohorts of 

patients and extensive follow up time needed, and concerns with increased risk of 

cardiovascular strokes associated with prolonged usage of selective COX-2 inhibitors, its used 

in advance cancer disease has already been investigated36 and got a boost with the advance of 

metronomic chemotherapy treatment regimens. By changing paradigms and using continuous 

low dosage chemotherapy in opposition to a MTD protocol, inhibition of angiogenesis could 

be achieved resulting in disease stabilization37. In fact in order to complement angiogenesis 

inhibition many protocols included the administration of a NSAID. In veterinary medicine the 

early works of Knapp et all.38 demonstrated the clinical action of piroxicam in canine cancer,  

namely TCC, pioneering the use in animal cancers later followed with its incorporation in 

metronomic protocols39. 

This thesis will first focus on evaluating pet owners expectations regarding cancer 

therapy followed by a review of the role of COX in carcinogenesis. A systematic review of 

the published literature on the prognostic value of COX  in dog and cat malignancies is then 

presented. The mechanisms of action of COX-2 is also investigated in two common 

malignancies in dogs- melanomas and mast cell tumours - followed by a chapter evaluating 

the clinical activity of firocoxib, a COX-2 inhibitor, alone or used in a metronomic protocol in 

several end stage dog cancers. 
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The present thesis had as main purposes: 

 

- To evaluate pet owners expectations regarding veterinary care of pets with a 

cancer bearing disease. 

 

- To review COX-2 mechanisms in carcinogenesis. 

 

- To evaluate the role of COX-1 and COX-2 as a prognostic factor in canine 

malignancies through a systematic review of the published literature. 

 

- To characterize the role of COX-2 in canine melanocytic tumours.  

 

- To characterize the role of COX-2 in canine mast cell tumours. 

 

- To analyse the clinical activity of a selective COX-2 inhibitor in several canine end 

stage cancers. 
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ABSTRACT 

 

Objective: To evaluate if owners of pets with cancer have different expectations and 

perceptions of veterinary services than general owners population and if those expectations 

are aligned with veterinary professionals expectations by using the SERVQUAL 

methodology. 

Design: Qualitative analysis of data obtained from questionnaires. 

Sample: 51 owners of pet with cancer, 68 owners from the general pet population and 

14 staff members. 

Procedures: Modified SERVQUAL questionnaires were filled by the 3 groups 

selected from a private veterinary hospital and later analysed. 

Results: Owners of oncologic pets had different expectations of an ideal service 

granting importance to Assurance questions (6.75 vs 6.5, p= 0.045) while showing unmet 

needs in Reliability and Empathy dimensions. Veterinarians failed to understand this 
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specificities and over evaluated characteristics of Tangible dimension (6.75 vs 6.25, 

p=0.027).  

Conclusion: Owners of pet with cancer seem to constitute a specific 

subpopulation with special needs and veterinary staff should invest resources towards 

Assurance instead of privileging Tangible aspects of veterinary services. By aligning 

professionals expectations with those of pet owners veterinarians can achieve better 

client satisfaction, improved compliance and stronger doctor-owner relationships.  

 

 

Key words: SERVQUAL, veterinary, oncology, expectations, perceptions.  
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INTRODUCTION 

 

For a while now, the quality of service provided to customers became a major concern 

in many different service industries including health care and veterinary care. Recent studies 

identified several challenges to the veterinary industry including differences in perception of 

the importance of veterinary services between veterinarians and pet owners1-4.  

In order to address service quality, a group of researchers developed, and later refined, 

a functional tool named SERVQUAL that aimed to measure the quality of a service, or at least 

what customers perceived as quality5-7. The researchers developed the scale with the 

knowledge that evaluating the quality of a service is much more complex than evaluating a 

product. They considered that the universe of service quality was composed by five different 

dimensions common to every business service industry 5. Those five dimensions included: 

Tangibles (physical facilities, equipment and appearance of personnel); Reliability (the 

ability to perform the promised service in a dependable and accurate fashion); 

Responsiveness (the willingness to help customers and provide prompt service); Assurance 

(the knowledge and courtesy of employees and their ability to inspire trust and confidence) 

and Empathy (the individualized attention the firm provides to its customers)6-7. 

At SERVQUAL’s final form, after the lengthy refinement process, the tool included a 

pair of 22 items the first of which focused on the participant’s expectations and the second on 

the participant’s perceptions about a given service 7.  

SERVQUAL is contextualized within what is considered functional quality (“caring”) 

of service, as opposed to technical quality (“curing”) which is based on the technical precision 

of procedures and involves an objective aspect of an event whereas functional quality 

implicates a subjective response from clients to what is presented to them 6. The manner in 

which the service is delivered to the customer (functional quality) is what is considered to be 

one of the most valuable determinants in whether a client intends to purchase a service or 

not5,6. Service clients (pet owners) are unable to evaluate the technical quality of a given 

service with the technical expertise of a veterinarian (e.g. the quality of a surgery performed 

or whether medical protocols are up to date). Even though technical quality can be measured, 

by the comparison of success rates of procedures for example, or even by the comparison of 

overall survival rates in particular diseases among different hospitals, this type of information 

is not usually available to medical patients or pet owners. As so, pet owners rely on evaluating 

and quantifying the functional component of service quality the one that customers are aware 
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of and can actually give their feedback on8,9. This includes aspects such as the promptness of 

the service, the physical quality of the facilities and sympathy of the staff and makes it 

possible for a pet owner to be more satisfied with a lesser technical quality service.  

The SERVQUAL instrument is used to quantify this functional component in which 

the measurement of service quality (Q) is achieved by subtracting the client’s perceptions (P) 

to his/her expectations (E):  Q= P-E 6. If the gap score is positive, it implies that the 

customer’s expectations were exceeded, synonym of a service with excellent quality and high 

levels of satisfaction. However, a negative score indicates the opposite. Expectations can be 

classified as predictions made by consumers about what is likely to happen during a 

transaction, whereas perception is the actual recognized experience. This instrument is used 

across a wide variety of business services with minor alterations to the original design which 

included several healthcare services such as clinics and hospitals8-10, nursing care 11, dental 

care 12 and clinical laboratories 13. In Veterinary Medicine, few studies addressed pet owner 

expectations and were limited to financial, information and communication aspects and none 

used the SERVQUAL methodology14-17.  

Regarding owners of pets with cancer, little to no information has been collected about 

their expectations in veterinary health care services. Human cancer patients 18 and care givers 

of people with cancer experience severe distress 19 and appear to show specific needs when 

compared with caregivers of people with other chronic diseases20,21 and that might also be 

true in owners of cancer bearing pets. Human patients with cancer also showed different 

expectations from their medical team 22.  The uncertainty of the future and well-being of a 

dear companion can cause a great amount of stress and grief to many individuals that consider 

their pets as integral members of the family23,24. Moreover, unmet communication  

expectations of pet owners can lead to deterioration of owner-veterinarian relation leading to 

poorer compliances and healthcare results 25. As cancer becomes more prevalent among 

veterinary patients and new treatment modalities become available leading to increasing 

overall survival, veterinarians will be challenged to deal more often with cancer bearing 

animal owners. Several studies in human medicine have addressed this issue. Several gaps 

have been detected and usually physicians weren´t aware of these gaps and tended to 

overestimate their performance scores and underestimate patients expectations leading to 

patient dissatisfaction26,27. Staff members tended to underestimate Reliability, Assurance, 

Responsiveness and Empathy and to overvalue Tangibles, when compared with patients26,27. 

We hypothesize that owners of pets with cancer might constitute a specific population 



Chapter 3 – Comparison of veterinary health services expectations and perceptions between 

oncologic pet owners, non-oncologic pet owners and veterinary staff by using the 

SERVQUAL methodology 

21 
 

among general pet owner population with special needs and expectations that might not be 

addressed by veterinary professionals.  

The final objective of this study is to analyse and compare expectations, perceptions 

and general service satisfaction between owners of pets treated for cancer and owners of pets 

presented for non-cancer disease in order to clarify if the former constitutes a specific group 

with special needs and expectations providing veterinarians information and tools to meet this 

population needs and ambitions. By identifying specific gaps between different groups of pet 

owners and veterinary professionals, specific recommendations and alterations could be 

performed to better adequate veterinary services to client needs. 

 

MATERIALS AND METHODS 

 

Study design 

 

The study consisted of modified SERVQUAL questionnaires delivered to pet owners 

and veterinary staff of a private veterinary hospital located in Porto, Portugal in a period 

ranging from 1 of January of 2013 to 28 of February of 2015. 

 

Study participants 

 

The sample consisted in oncologic pet owners (Oncologic group - OG) and non-

oncologic pet owners (General group - GG), all of which were attended by the same 

veterinary professional, the first author. The last group was composed by customers that 

brought their pets in for a variety of chronic conditions other than oncologic disease but that 

required hospitalization or regular appointments. First appointment or routine appointments 

were excluded as were referred clients. 

Owners were eligible for the oncologic group of this study if their pet had any type of 

cancer and/or were receiving any form or a combination of ongoing treatment (surgery or 

chemotherapy); prior knowledge of a cancer diagnosis was also required. Clients with pets 

ongoing chemotherapy treatment that had long duration or customers that visited the 

installations with their pets more than once during the extent of the study were asked to spare 

information only once at the beginning of treatment. Owners of pets only subjected to surgery 

were asked to answer the questionnaire in the recheck appointment just after surgery. 
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Potential pet owners participants were approached by an element of the hospital’s 

staff, usually by one of the study’s’ authors during the pet’s consultation regarding its health 

condition. Clients were explained the general purpose of the study. Those willing to 

participate in the study received a questionnaire to fill-up. Regarding the general group, 

owners were selected if their pets presented a non-oncologic chronic disease and did not 

present a history of cancer in the last 5 years. 

The staff of the veterinary hospital where the study was conducted were also invited to 

fill up the first section of the questionnaire, so that the veterinary professionals and owners 

expectations could be compared. 

 

Questionnaire design 

 

Each owner was asked to complete a modified SERVQUAL survey. Although most of 

the questionnaires were handed out by the authors of this study, a few were delivered by the 

desk clerk or by a nurse on duty, so that the customer would have the opportunity to fill-up the 

survey while they were waiting at the reception for a consultation with the hospital’s doctor. 

The SERVQUAL questionnaire included 22 pairs of items. The first pair was dedicated to the 

participant’s expectations while the second pair acknowledged the customer’s perspectives 

regarding the service that had just been provided. The five SERVQUAL dimensions were 

distributed by the following manner: Tangibles (item 1-4); Empathy (item 5-9); 

Responsiveness (item 10-13); Assurance (item 14-17); Reliability (item 18-22). 

 

Data analysis 

 

The classification of each item by the participant was made by selecting the most 

appropriate score using a 7-point Likert scale anchored on one end (1) by “Completely 

disagree” and on the other end (7) by “Completely agree”, with no verbal labels from 2 to 6. 

The standard SERVQUAL survey had to be adapted with terms that more accurately 

described a veterinary hospital’s environment and that were more fitting to the study. Terms 

such as “Veterinary hospital”, “Veterinary hospital employees” and “pet” were included. 

Other sentences were slightly altered to maintain the coherence of the whole statement. The 

final version of the survey is included in the “Supplementary data” section of this study. 

The attainment of results for both client expectations and perceptions was achieved by 
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calculating the median scores for each dimension and overall and comparing them between 

both client sample groups. The Service quality satisfaction measurement was obtained by 

application of the main formula- Q= P-E. 

The gaps among client expectations and the veterinary professionals’ notions of what 

their clients expect were obtained by calculating the median scores for all five service quality 

dimensions and comparing them between the two client groups and the group which 

contained the veterinary doctors and nurses.  

 

Statistical analysis 

 

 Data analysis was performed using SPSS 18 (IBM Corporation, USA). Differences in 

scores between groups were compared using Kruskal-Wallis and Mann-Witney tests. 

 

RESULTS 

 

Data from 51 OG owners, 68 GG owners and 14 veterinary staff (8 doctors and 6 nurses) 

were retrieved. 

 

Owner expectations 

 

Client expectations were compared between General and Oncologic group by 

calculating the median score amongst the distinct dimensions. Total Expectations Score was 

higher in OG although not statistically significant (145 vs 142.4; p= 0,251). For the OG, the 

highest median score can be attributed to the Empathy dimension (6,80), followed by the 

Assurance and Responsiveness dimensions, both with a median score of 6,75. Reliability 

achieved a median score of 6,50 while Tangibles obtained the lowest median score for the 

Oncologic group, with 6,25 (Table 3.1). As for the General group, the highest median score 

was also assigned to the Empathy dimension (6,60). Tangibles, Reliability and Assurance 

dimensions all obtained a median score of 6,50. The poorest outcome was related to the 

Responsiveness dimension, with a score of 6,25. The distribution of scores was compared 

among both groups regarding each dimension individually. The Oncologic group granted 

higher expectations to the Assurance dimension in comparison with the General group (p= 

0,045). The difference was statistically significant (significant at p<0,05). Also, the same 
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group tended to overvalue Tangibles (p= 0,055) and Responsiveness (p= 0,056) dimensions. 

The difference was not statistically significant for the Reliability (p= 0,171) and Empathy (p= 

0,132) dimensions. 

 

 OG GG P 

Total 145,00 [137,00; 151,00] 142,50 [134,25; 149,00] 0,251 

Tangibles 6,25 [5,50; 7,00] 6,50 [6,06; 7,00] 0,055 

Reliability 6,60 [6,20; 7,00] 6,50 [6,05; 6,80] 0,132 

Responsiveness 6,75 [6,00; 7,00] 6,25 [5,75; 6,75] 0,056 

Assurance 6,75 [6,25; 7,00] 6,50 [6,25; 6,75] 0,045 

Empathy 6,80 [6,40; 7,00] 6,60 [6,20; 6,95] 0,171 

Table 3.1 – Summarized information concerning the results obtained for client expectations. 

 

Owner perceptions 

 

Client perceptions were also compared among both sample groups (Table 2). Overall 

perceptions of participants of the OG and the GG did not differ- 150 vs 146; p= 0,206). 

In the OG, Responsiveness and Assurance were the dimensions with the highest 

median score, 7,00, followed by Empathy and Reliability, both with a score of 6,80. Finally, 

the Tangibles dimension obtained a median score of 6,75 (Table 2). In the GG, the highest 

median score can be attributed to the Empathy dimension, with 6,80, followed by the 

Tangibles and Assurance dimensions, both with a score of 6,75. Responsiveness obtained a 

median score of 6,63 for client perceptions, whereas Reliability presented the lowest score, 

with 6,60 (Table 3.2). Client perception scores were also compared between GG and OG and 

significant difference was obtained for both Responsiveness and Assurance dimensions, with 

a p-value of 0,042 and 0,005, respectively. 

 



Chapter 3 – Comparison of veterinary health services expectations and perceptions between 

oncologic pet owners, non-oncologic pet owners and veterinary staff by using the 

SERVQUAL methodology 

25 
 

 OG GG P 

Total 150,00 [142,00 ; 154,00] 146,00 [137,75; 154,00] 0,206 

Tangibles 6,75 [6,25; 7,00] 6,75 [6,25; 7,00] 0,962 

Reliability 6,80 [6,20; 7,00] 6,60 [6,20; 7,00] 0,743 

Responsiveness 7,00 [6,25; 7,00] 6,63 [6,00; 6,75] 0,042 

Assurance 7,00 [6,50; 7,00] 6,75 [6,25; 6,75] 0,005 

Empathy 6,80 [6,40; 7,00] 6,80 [6,40; 7,00] 0,531 

Table 3.2 – Summarized information concerning the results obtained for client perceptions. 

 

Service quality 

 

Service quality was calculated by applying for both test groups the formula: Q=P - E. 

These calculations were made in regard to the mean scores of each dimension and the global 

mean score.  

Overall service quality score was slightly higher in the General group (59.0) when 

comparing with the Oncologic group (56.8), but this difference was not statistically 

significant  (p=0.729). 

The OG presented some unmet expectations: the Reliability and Empathy dimensions 

presented negative values for Q (service quality), with scores of -0,071 and -0,016, 

respectively. The remaining dimensions obtained positive results with Assurance presenting a 

score of 0,069 and Responsiveness with 0,044. Tangibles achieved the highest service quality 

score for the OG, with 0,319 (Figure 3.1). The results are far more satisfying in the GG, were 

we can find positive scores for every dimension, meaning that the expectations of these 

clients were not only met, but exceeded. The dimension with the highest service quality score 

is Responsiveness, with 0,195, followed by Reliability, with 0,106 and Tangibles, with a score 

of 0,085. The Empathy and Assurance dimensions also obtained positive scores, with 0,59 and 

0,55, respectively. 
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Figure 3.1 – Service quality scores per dimension. 

 

 

Veterinary professionals and owners expectations 

 

Veterinary professionals exhibited higher expectation throughout all five dimensions 

with exception of empathy. The highest median score was attributed to the Reliability 

dimension, with 6,80, followed by the Tangibles, Responsiveness and Assurance dimensions, 

all with a score of 6,75. Finally, Empathy appears in last place, with 6,60 (Table 3.3; Figure 

3.2). 

 

 VET Median score OG Median score GG Median score 

Tangibles 6.75 6.25 6.5 

Reliability 6.6 6.6 6.5 

Responsiveness 6.75 6.75 6.25 

Assurance 6.75 6.75 6.5 

Empathy 6.8 6.8 6.6 

Table 3.3 – Summarized information regarding median scores per dimension for expectations for all sample 

groups. 
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Figure 3.2 – Expectation scores by dimension and group 

 

A Kruskal-Wallis test was performed comparing data from the OG expectations, the 

GG expectations and the Veterinary professionals expectations. Differences of distribution 

were noticeable among the Tangibles dimension (p= 0,027) and the Assurance dimension (p= 

0,014).  Consecutively, individual Mann-Whitney tests were performed between the veterinary 

professionals group and the General group, as well as amongst the veterinary professionals 

group and the Oncologic group for these two dimensions. Results exhibited statistical 

significant distribution differences for the Assurance dimension (p= 0,07), regarding the test 

that compared professionals to members of the GG. As for the test relating OG and veterinary 

professionals, significant statistical differences was noted only for the Tangibles dimension 

(p= 0,019). 

 

DISCUSSION 

 

Relatives of people suffering from cancer experience extreme stress and anguish 

making them a subpopulation with special needs and expectations and at risk, for example, for 

depression 28. The increasing strength of the human animal bond contributes to the fact that 

many people considered their pets family members 29 making them candidates for 

experiencing the same needs as people with diseased relatives30,31. Meanwhile the increasing 

prevalence of cancer in pets followed by the development of new treatment modalities 
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contributes to an increasing case load of veterinary cancer patients among veterinary care. 

Veterinary professionals need to deal with owner anxiety regarding their pets who, due to the 

chronicity of their disease, need to visit and communicate often with veterinary professionals 

putting a strain in doctor-owner relationship. So, it is of paramount importance that veterinary 

professionals know and meet their clients expectations and needs in order to increase owner 

satisfaction and decrease doctor frustration and anxiety associated with doctor-owner 

relationship aggravation and to acknowledge where improvements are needed from the owner 

perspective. 

This work confirmed the presence of 4 Gaps identified by the SERVQUAL 

methodology applied to veterinary services: different particular expectations between 

expectations of GG and OG (GAP 1); different perception of veterinary services between GG 

and OG (GAP 2); different service satisfaction among GG and OG (GAP 3); and unaligned 

expectations of what an excellent veterinary service constitutes for veterinary professionals 

and veterinary clients (GAP 4). 

There seems to be no significant difference in overall expectations between OG and 

GG meaning that generally speaking owners of pets with cancer are not more demanding than 

owners from the general population. The first gap- GAP 1- was detected between owners 

belonging to the general population and owners of pets treated for cancer. This last group had 

higher expectations in questions regarding assurance. It is of great relevance for these clients 

to be able to trust their veterinarian and to feel safe when leaving their pet at a veterinary 

hospital. Also, these clients believe hospital personnel should constantly act in a polite and 

respectful manner. Similarly, the veterinarian should present sufficient medical knowledge to 

answer any question they might have about their pet’s health condition. 

Owners of pets with cancer recognized Tangible as the least important dimension. In 

other words, the general appearance of facilities and staff is apparently less relevant than other 

features englobing service quality. This dimension was also less considered by the General 

group even though there was a statistical tendency to score higher. The lowest rank position in 

the General group is attributed to the Responsiveness dimension, where a tendency for lower 

scores was registered in comparison with the Oncologic group. When compared with other 

services industries both group owners assigned lower importance to the Reliability dimension 

which usually ranks first in many other service industries including health care 26. 

These results coincide partially with information found in other publications stating 

what clients expect from veterinary professionals; they anticipate kindness, sympathy and 
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their concerns to be heard and addressed16,32,33 all of which can be accounted inside the 

Empathy dimension of service quality, the highest rated dimension for the Oncologic group. 

Feeling respected as well as being able to communicate openly with the professional has also 

acquired enormous importance for owners 33 which are features that can be pertained in the 

Assurance dimension, another dimension highly classified by owners of pets with cancer. A 

big issue is that many of the studies made in this field employed questionnaires other than the 

one provided by the SERVQUAL methodology, making the results very difficult to compare 

among distinct research papers. Nevertheless, it is obvious that addressing client expectations 

can be very beneficial. A client with met expectations is a satisfied client, less prone to 

switching professionals34,35 and more willing to follow recommendations 34. Fulfilled client 

expectations increase satisfaction and compliance, decreases client turnover and also reduces 

the number of complaints and malpractice claims32, for it is believed that the majority of 

complaints in Veterinary medicine are due to poor communication between veterinarian and 

customer, inadequate information provided by the professional 36 and impolite behaviours 

while approaching the client 32. Resuming, meeting the customers’ expectations is 

undoubtedly advantageous for every party involved.  

Interestingly owners from the OG perceived veterinary services differently despite 

being attended by the same professionals and in the same facilities- GAP 2- scoring equally 

or higher in every dimension and statistically higher in Responsiveness and Empathy. 

Although negative emotions such as fear, distress are usually associated with a poorer 

perception of the service 37, in our study, the OG which would probably be associated with 

those negative emotions actually scored higher in perceptions of the service.  These difference 

could be attributed to the nature of the treatments: repeated visits and interactions associated 

with more intensive schedule follow up in the OG tend to increase client assessment of the 

service [37-38]. One other possible explanation was that hospital staff could have been more 

empathetic with members of OG actually providing a best service to these clients than to 

members of GG explaining the statistical significant differences in the Responsiveness and 

Empathy dimensions which are highly dependent on the performance of veterinary staff. 

Although OG members are perceived of having higher perceptions of service quality 

theoretically leading to increased satisfaction (Q=P – E) that was not the case observed. In 

fact two dimensions – Reliability and Empathy- revealed negative scores on the OG translated 

on needs not being fulfilled by the veterinary team. It seems that, although generally 

speaking, members of OG had higher perceptions of value individually, those weren´t enough 
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to compensate individually higher expectations- GAP3. This trend had also been observed in 

the human field where General Practice  patients (vs Hospital Patients), patients with little or 

no anxiety and patients with disease not affecting quality of life- attributes somehow similar 

to GG- were more likely to have expectations met.21,22 .Accordingly managers should address 

more resources to questions such as delivering a service on time and provide accurate clinical 

and non-clinical information to owners and veterinary professionals should invest more in 

developing bed side manner and emotional intelligence skills to increase empathy with their 

clients. 

The final gap noted- GAP 4- consisted in the difference observed between client 

expectations of what they considered a quality veterinary service and what veterinary 

professionals consider a quality rich service. This last group clearly overrated tangible aspects 

of the service when compared to OG and also overrated Assurance dimension when compared 

to GG. This imbalance is well described in the human field41-43 may lead for healthcare 

professionals to invest resources in areas non solicited by their clients which could in turn be 

redirected to unmet areas described in GAP 3. Interestingly veterinary professionals showed 

the same tendency as human doctors to overvalue tangible aspects of services although they 

differ by not underestimating the other four dimensions 26. 

 

CONCLUSION 

 

Owners of pets with oncologic disease constitute a subgroup with particular 

specificities. Although there has been a notorious lack of research into the singular prospects 

of oncologic pet owners and veterinary clients overall, the studies that do exist conclude that 

the fulfilment of client’s expectations is incredibly advantageous. Therefore, it is of the utter 

importance that veterinarians adapt and improve their capacities in order to meet their 

customer’s expectations, this way contributing to the well-being of the veterinary practice. 

Hopefully this study will help to understand and fulfil the special needs of owners of pets with 

cancer helping to establish a better relation between veterinarian and owner, thus increasing 

compliance and clinical results while decreasing dissatisfaction and frustration of all parties 

caused by unmet and unaligned expectations. 

 

  



Chapter 3 – Comparison of veterinary health services expectations and perceptions between 

oncologic pet owners, non-oncologic pet owners and veterinary staff by using the 

SERVQUAL methodology 

31 
 

REFERENCES 

 

1.  Volk JO, Felsted KE, Thomas JG, Siren CW. Executive summary of the Bayer 

veterinary care usage study. J Am Vet Med Assoc. 2011;238(10):1275-1282.  

2.  Brown JP, Silverman JD. The current and future market for veterinarians and 

veterinary medical services in the United States. J Am Vet Med Assoc. 

1999;215(2):161-183. 

3.  Mellanby RJ, Rhind SM, Bell C, et al. Perceptions of clients and veterinarians on what 

attributes constitute “a good vet”. Vet Rec. 2011;168(23):616.  

4.  Martin F, Taunton A. Perceived importance and integration of the human-animal bond 

in private veterinary practice. J Am Vet Med Assoc. 2006;228(4):522-527.  

5.  Parasuraman A, Zeithaml V BL. A conceptual model of service quality and its 

implications for future research. J Mark. 1985;49(4):41-50. 

6.  Parasuraman A, Zeithaml V BL. SERVQUAL: a multiple item scale for measuring 

consumer perceptions of service quality. J Retail. 1988;64:12-40. 

7.  Parasuraman A, Berry L Z V. Refinement and Reassessementt of the SERVQUAL 

Scale. J Retail. 1991;67(4):420-450. 

8.  Babakus E, Mangold WG. Adapting the SERVQUAL scale to hospital services: an 

empirical investigation. Health Serv Res. 1992;26(6):767-786. 

9.  Deshwal P, Ranjan V, Mittal G. College clinic service quality and patient satisfaction. 

Int J Health Care Qual Assur. 2014;27(6):519-530. 

10.  Talib F, Azam M, Rahman Z. Service quality in healthcare establishments: a literature 

review. Int J Behav Healthc Res. August 2015. 

11.  Scardina SA. SERVQUAL: a tool for evaluating patient satisfaction with nursing care. 

J Nurs Care Qual. 1994;8(2):38-46. 

12.  Palihawadana D, Barnes BR. The measurement and management of service quality in 

dental healthcare. Health Serv Manage Res. 2004;17(4):229-236.  

13.  Ramessur V, Hurreeram DK, Maistry K. Service quality framework for clinical 

laboratories. Int J Health Care Qual Assur. 2015;28(4):367-381.  

14.  Coe JB, Adams CL, Bonnett BN. A focus group study of veterinarians’ and pet owners' 

perceptions of the monetary aspects of veterinary care. J Am Vet Med Assoc. 

2007;231(10):1510-1518.  

15.  Stoewen DL, Coe JB, MacMartin C, Stone EA, Dewey CE. Qualitative study of the 

information expectations of clients accessing oncology care at a tertiary referral center 

for dogs with life-limiting cancer. J Am Vet Med Assoc. 2014;245(7):773-783.  

16.  Stoewen DL, Coe JB, MacMartin C, Stone EA, E Dewey C. Qualitative study of the 

communication expectations of clients accessing oncology care at a tertiary referral 

center for dogs with life-limiting cancer. J Am Vet Med Assoc. 2014;245(7):785-795.  

17.  Case DB. Survey of expectations among clients of three small animal clinics. J Am Vet 

Med Assoc. 1988;192(4):498-502. 



Chapter 3 – Comparison of veterinary health services expectations and perceptions between 

oncologic pet owners, non-oncologic pet owners and veterinary staff by using the 

SERVQUAL methodology 

32 
 

18.  Teno JM, Lima JC, Lyons KD. Cancer patient assessment and reports of excellence: 

reliability and validity of advanced cancer patient perceptions of the quality of care. J 

Clin Oncol. 2009;27(10):1621-1626.  

19.  Ferrell B, Hanson J, Grant M. An overview and evaluation of the oncology family 

caregiver project: improving quality of life and quality of care for oncology family 

caregivers. Psychooncology. 2013;22(7):1645-1652.  

20.  Prouty CD, Mazor KM, Greene SM, et al. Providers’ perceptions of communication 

breakdowns in cancer care. J Gen Intern Med. 2014;29(8):1122-1130.  

21.  DuBenske LL, Wen K-Y, Gustafson DH, et al. Caregivers’ differing needs across key 

experiences of the advanced cancer disease trajectory. Palliat Support Care. 

2008;6(3):265-272.  

22.  Jenkins V, Catt S, Banerjee S, et al. Patients’ and oncologists' views on the treatment 

and care of advanced ovarian cancer in the U.K.: results from the ADVOCATE study. 

Br J Cancer. 2013;108(11):2264-2271.  

23.  Hamood WJ, Chur-Hansen A, McArthur ML. A qualitative study to explore 

communication skills in veterinary medical education. Int J Med Educ. 2014;5:193-

198.  

24.  Brønden LB, Rutteman GR, Flagstad A, Teske E. Study of dog and cat owners’ 

perceptions of medical treatment for cancer. Vet Rec. 2003;152(3):77-80. 

25.  Coe JB, Adams CL, Bonnett BN. A focus group study of veterinarians’ and pet owners' 

perceptions of veterinarian-client communication in companion animal practice. J Am 

Vet Med Assoc. 2008;233(7):1072-1080.  

26.  O’Connor SJ, Trinh HQ, Shewchuk RM. Perceptual gaps in understanding patient 

expectations for health care service quality. Health Care Manage Rev. 2000;25(2):7-

23. 

27.  Huang Y-Y, Li S-J. Understanding quality perception gaps among executives, frontline 

employees, and patients: the outpatient services in Taiwan hospitals. Qual Manag 

Health Care. 19(2):173-184.  

28.  Grassi L. Bereavement in families with relatives dying of cancer. Curr Opin Support 

Palliat Care. 2007;1(1):43-49.  

29.  Payne E, Bennett PC, McGreevy PD. Current perspectives on attachment and bonding 

in the dog-human dyad. Psychol Res Behav Manag. 2015;8:71-79.  

30.  Adams CL, Bonnett BN, Meek AH. Predictors of owner response to companion animal 

death in 177 clients from 14 practices in Ontario. J Am Vet Med Assoc. 

2000;217(9):1303-1309. 

31.  Tzivian L, Friger M, Kushnir T. Associations between stress and quality of life: 

differences between owners keeping a living dog or losing a dog by euthanasia. PLoS 

One. 2015;10(3):e0121081. 

32.  Shaw JR, Adams CL, Bonnett BN. What can veterinarians learn from studies of 

physician-patient communication about veterinarian-client-patient communication? J 

Am Vet Med Assoc. 2004;224(5):676-684. 

33.  Abood SK. Increasing adherence in practice: making your clients partners in care. Vet 



Chapter 3 – Comparison of veterinary health services expectations and perceptions between 

oncologic pet owners, non-oncologic pet owners and veterinary staff by using the 

SERVQUAL methodology 

33 
 

Clin North Am Small Anim Pract. 2007;37(1):151-164.  

34.  Lue TW, Pantenburg DP, Crawford PM. Impact of the owner-pet and client-

veterinarian bond on the care that pets receive. J Am Vet Med Assoc. 2008;232(4):531-

540.  

35.  Otani K, Waterman B, Faulkner KM, Boslaugh S, Dunagan WC. How patient reactions 

to hospital care attributes affect the evaluation of overall quality of care, willingness to 

recommend, and willingness to return. J Healthc Manag. 55(1):25-37. 

36.  Adams CL, Frankel RM. It may be a dog’s life but the relationship with her owners is 

also key to her health and well being: communication in veterinary medicine. Vet Clin 

North Am Small Anim Pract. 2007;37(1):1-17. 

37.  Vinagre H, Neves J. Emotional predictors of consumer’s satisfaction with healthcare 

public services. Int J Health Care Qual Assur. 2010;23(2):209-227.  

38.  Meggiolaro E, Berardi MA, Andritsch E, et al. Cancer patients’ emotional distress, 

coping styles and perception of doctor-patient interaction in European cancer settings. 

Palliat Support Care. July 2015:1-8.  

39.  Bowling A, Rowe G, McKee M. Patients’ experiences of their healthcare in relation to 

their expectations and satisfaction: a population survey. J R Soc Med. 2013;106(4):143-

149.  

40.  Bowling A, Rowe G, Lambert N, et al. The measurement of patients’ expectations for 

health care: a review and psychometric testing of a measure of patients' expectations. 

Health Technol Assess. 2012;16(30). 

41.  O’Connor SJ, Shewchuk RM, Carney LW. The great gap. Physicians’ perceptions of 

patient service quality expectations fall short of reality. J Health Care Mark. 

1994;14(2):32-39. 

42.  Jung HP, Wensing M, Olesen F, Grol R. Comparison of patients’ and general 

practitioners' evaluations of general practice care. Qual Saf Health Care. 

2002;11(4):315-319. 

43.  Friele RD, Reitsma PM, de Jong JD. Complaint handling in healthcare: expectation 

gaps between physicians and the public; results of a survey study. BMC Res Notes. 

2015;8(1):529.  

 

SUPPLEMENTARY DATA 

 

Veterinary Service Quality Questionnaire 

 

Based on your experience with veterinary hospitals and clinics, think about the 

characteristics a veterinary hospital must possess. Classify each item by selecting the most 

appropriate score in your opinion. If you strongly agree that a veterinary hospital should 

possess that feature, select the score “7”. If you strongly disagree that a veterinary hospital 



Chapter 3 – Comparison of veterinary health services expectations and perceptions between 

oncologic pet owners, non-oncologic pet owners and veterinary staff by using the 

SERVQUAL methodology 

34 
 

should possess that feature, select the score “1”. If your feelings are not strong, select one of 

the numbers in the middle. There are no wrong or right answers; we are just interested in the 

number that best shows your expectations about veterinary hospital services. 

 

1. Veterinary hospitals should have up-to-date equipment. 1   2   3   4   5   6   7 

2. Their physical facilities should be visually appealing.  1   2   3   4   5   6   7 

3. Their employees should be well dressed and appear neat. 1   2   3   4   5   6   7 

4. 
The support reading materials (pamphlets, certificates...) should have a 

professional and attractive appearance. 
1   2   3   4   5   6   7 

5. Veterinary hospitals are expected to give customers individual attention. 1   2   3   4   5   6   7 

5. 
Veterinary hospitals should provide their customers with an extended service 

hours ( 24 hour service, weekends)  
1   2   3   4   5   6   7 

7. 
Veterinary hospitals should solicit their customers’ ideas and opinions through 

surveys and try to implement them. 
1   2   3   4   5   6   7 

8. Veterinary hospitals should elect their pets’ well-being as their main concern. 1   2   3   4   5   6   7 

9. 
Veterinary hospital employees should know what the needs of their customers and 

pets are. 
1   2   3   4   5   6   7 

10. 
Veterinary hospital employees are expected to tell customers exactly when 

services will be performed. 
1   2   3   4   5   6   7 

11. 
Veterinary hospital employees are expected to provide prompt service to their 

customers. 
1   2   3   4   5   6   7 

12. 
Veterinary hospital employees should always be willing to help customers 

(transport pets, administrate medication, clear up doubts). 
1   2   3   4   5   6   7 

13. 
Getting in contact with the regular veterinary doctor should be quick and 

accessible. 
1   2   3   4   5   6   7 

14. Customers should be able to trust the employees of a veterinary hospital. 1   2   3   4   5   6   7 

15. 
Customers should be able to feel safe while their pet is at the care of veterinary 

hospital employees. 
1   2   3   4   5   6   7 

16. Veterinary hospital employees should be polite. 1   2   3   4   5   6   7 

17. 
Veterinary hospital employees should possess medical knowledge capable of 

answering their customer’s questions. 
1   2   3   4   5   6   7 

18. 
When a Veterinary hospital promises to perform a given service at a certain time 

(example: consultation, surgery), they should fulfil their promise. 
1   2   3   4   5   6   7 

19. 
When customers have problems, the veterinary hospital staff should demonstrate a 

genuine interest in solving it. 
1   2   3   4   5   6   7 

20. Veterinary hospitals should perform services correctly at the first attempt.  1   2   3   4   5   6   7 

21. 
Veterinary hospital employees should always be able to inform owners about the 

pet’s health condition and clinical progress. 
1   2   3   4   5   6   7 

22. 
Excellent veterinary hospitals should keep their records accurately (billing, 

estimations…).  
1   2   3   4   5   6   7 

 

Table 3.4 – Veterinary Service Quality Questionnaire 
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ABSTRACT 

 

Cancer is a leading cause of mortality among pets especially among senior patients 

and cancer therapy in the veterinary field has evolved enormously in past years. Treatment 

modalities such as radiation, chemotherapy and the use of specific molecular inhibitors are 

now common in the veterinary practice.  

Inflammation has a key role in cancer development and cancer pathogenesis shares 

several common pathways with inflammation. PGE2, the final product of cyclooxigenase 

activity, has a proven role in several key steps of cancer development such as proliferation, 

mutagenesis, tissue invasion, angiogenesis, apoptosis, immunosuppression and metastasis. 

As so COX inhibitors could have a role in cancer treatment and NSAIDS are now 

known to prevent some forms of human cancers. More recently special interest was dedicated 

to COX-2 inhibitors in cancer prevention and treatment. The increased risk of cardiovascular 

event described in human patients doesn´t occur in dogs making them an attractive option in 

some forms of dog cancers. 

NSAIDS have now a proven role in the treatment of canine bladder cancer, oral and 

nasal carcinomas and inflammatory mammary carcinomas. More recently, Cox inhibitors are 

being used in metronomic chemotherapy protocols combined with low dosage oral cytostatic 

drugs with the objective of halting angiogenesis and prevent tumor growth.  

mailto:fqueirog@utad.pt
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This paper will review the evidence on the use of Cox inhibitors in the treatment of 

veterinary cancer forms and its usefulness in the improvement on the quality of life of cancer 

bearing dogs. 

 

INTRODUCTION 

 

Cancer is a leading cause of mortality in pets especially among senior patients. It is 

estimated that 2 out of 3 dogs will develop a cancer during its lifetime1
. The field of 

veterinary oncology has evolved dramatically in the last decades whether by applying 

treatment modalities from the human field such as chemotherapy and radiotherapy and kinase 

inhibitors2,3, or by implementing innovative treatments with potential application in human 

medicine such as the canine melanoma vaccine4. In fact the dog is used as animal model of 

various forms of human cancer due to the surplus of spontaneous cancers cases in this species, 

the increased life expectancy when compared to other animal models such as the rat and the 

availability of similar treatment modalities5. 

NSAIDs are commonly used in veterinary medicine for their analgesic, anti-

inflammatory and antipyretic properties6,7. Recently advances from the human medical field 

prompted interest on the use of NSAIDs on cancer treatment and prevention in pets, 

especially dogs. 

 

Cancer and inflammation 

 

The relationship between cancer and inflammation is well known ever since Virchow 

hypothesized it in the year of 1863. The reaction of an organism to cancer does not involve a 

specific or unique response but rather share common pathways with inflammation. Over the 

past years many works supported this theory resulting in profound implications in cancer 

treatment and prevention. 

The role of NSAIDs (Non Steroidal Anti-Inflammatory Drugs) in cancer prevention 

was unveiled when a link was found between the routine use of common NSAIDs and lower 

prevalence of several forms of human cancer such as mammary, colon, prostatic8 and 
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pulmonary9. The therapeutic potential was found in people with Familiar Adenomatous 

Polyposis in which sulindac, a NSAID, caused regression of intestinal polyps, a premalignant 

lesion10. 

 

Cox-2 and cancer pathogenesis 

 

Cyclooxigenase is a key regulated enzyme involved in the production of 

prostaglandins from Arachidonic acid. Two isoforms of this enzyme are known: COX-1 

which is present in many tissues in a constitutive way and COX-2 which is expressed in an 

inductive way in response to inflammatory stimuli and oncogenes11. 

The first step in Cox pathway is the conversion of Arachidonic Acid (AA) into PGG2 

by its cycloxygenase activity. PGG2 is then converted into several different PGs: Prostacyclin 

E2 (PGE2), Prostacyclin D2 (PGd2), Prostacyclin F2 α (PGF2 α), prostacyclin I2 (PGI2) and 

thromboxane A2 (TXA2). PGs are potent inflammatory mediators but it is PGE2 that is 

commonly involved in cancer biology9. 

PGE2 is most abundant in several tumor types microenvironment12 and it is known 

that PGE2 acts in several keysteps in carcinogenesis, namely Tumour initiation, promotion 

and proliferation; Angiogenesis; Apoptosis; Tumour invasion and metastasis and 

immunosuppression13: 

Tumour initiation, promotion and proliferation 

PGE2 is thought to mediate the conversion of procarcinogens into carcinogens thus 

contributing to tumour initiation14. Several xenobiotics can be converted into mutagens by the 

perioxidase activity of COX15 contributing to tumour formation. PGE2 is also known to 

transactivate EGFR leading to mitogenic activity and tumour promotion16 and to produce 

reactive oxygen species which contribute to mutagenesis17. 

 

Angiogenesis 

The formation of new blood vessels from preexisting ones- angiogenesis- is a key step 

in tumour progression. The role of PGE2 in angiogenesis is well known. Increased expression 



Chapter 4 – Use of NSAIDS as part of an adjuvant or palliative therapy in animal cancer: a 

review. 

42 
 

of PGE2 is linked to increased levels of VEGF and PDGF which are potent  angiogenic 

factors and several NSAIDS are known to decrease angiogenesis18,19. PGE2 also contributes 

to increased survival and migration of endothelial cells and vascular sprouting20,21. 

Apoptosis 

Apoptosis is an important regulatory mechanism in the prevention of cancer 

development22. Cox-2 contributes to inhibit both the intrinsic and extrinsic pathways of 

apoptosis23 contributing to cell immortality of the cancer cells. By avoiding apoptosis cells are 

able to accumulate mutations and potentially progress to a more malignant phenotype 

explaining the continuum between the appearance of an adenoma, its progression to 

carcinoma in situ and later to metastasis14. 

Tissue invasion and metastasis 

These two hallmarks of cancer are the more aggressive patterns of cancer biology. 

Tissue invasiveness is mediated throw metalloproteinases who also are responsible for blood 

vessel invasion by cancer cells. Although the mechanisms are still unclear, COX-2 is 

associated with increased levels of metalloproteinases and cancer cells invasiveness and 

adhesion to adjacent tissues14. The use of COX-2 inhibitors as already proved to be useful in 

preventing metastasis of colon cancer in mice24. 

Immunosuppression 

Tumour growth is ultimately dependent on its capacity to evade immune system 

surveillance. PGE2 causes immunosuppression through several mechanisms which include 

decreased activity of NK cells, down regulation of regulatory cytokines, decreased activity of 

B and T cells and the production of IL-10 a known immunosuppressant14. The presence of 

macrophages in the periphery of the tumour is also associated with increased levels of PGE2 

and worst prognosis25,26. 
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Cox2 research in veterinary medicine 

 

Data from human epidemiological studies prompted interested on the use of COX-2 

inhibitors in veterinary medicine. COX-2 inhibitors were first introduced for pain 

management in dogs in search for a NSAID with a better security profile27. Since the first 

COX-2 inhibitor was commercialized- deracoxib27- others followed with the use of firocoxib 

in dogs and horses28,29 and robenacoxib approved for use in dogs and cats30,31. 

Although the clinical use of COX-2 inhibitors in human medicine lost some 

momentum due to reported cardiovascular side effects32,34 these are not a concern in the 

veterinary species where thrombotic disease is a rare event. Even so some concerns about 

gastrointestinal safety were raised35. 

Following human studies that documented COX-2 over expression in a series of 

malignancies several studies have documented COX-2 over expression in several canine 

malignancies with a special emphasis, although not exclusively, on epithelial ones. 

Mammary tumours 

Mammary tumours are the most common type of tumours in intact female dogs. 

Special interest has been dedicated to this type of canine cancer as it appears to be a good 

model for the human disease36. 

Mammary cancer is especially prevalent in countries where routine spay at young age 

is nor routinely performed because sex steroid hormones exposure is a known risk factor for 

development of mammary cancer in dogs and cats37. Surgery remains the gold standard 

treatment whereas chemotherapy is reserved for cases with sentinel lymph node involvement 

which are known to have a worst prognosis38,40. Other negative prognostic factors include 

advanced age at diagnosis41, tumour size larger than 3 cm in diameter40 and histological type 

where inflammatory carcinomas have the worst prognosis, followed by sarcomas and finally 

carcinomas and carcinomas in situ42. Additional pathologic features that appear to have a 

negative prognostic factor include high histologic index, vascular invasion, macrophage 

infiltration, expression of estrogen receptors, AgNOR index and microvessel density25,40,42,43. 

Cox-2 expression has also been found to be a negative prognostic factor in this type of 

cancer19,44,45 showing a correlation with angiogenesis and overall poor survival. In vitro 
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studies have shown cytotoxic effect of deracoxib, a Cox-2 inhibitor, on canine mammary 

tumour culture cells46 and in a murine xenographic model47. 

Clinical evidence on the usefulness of Cox-2 inhibitors in this disease setting is scarce 

but Cox-2 inhibitors remains an attractive potential option in canine mammary cancer 

specially in inflammatory mammary carcinoma cases48 where it appears to have a role in 

improving quality of life in affected dogs49. 

Squamous Cell Carcinoma (SCC) 

In dogs, SCC is a common neoplasia usually located in the skin and in the in oral 

cavity where it is the second most common malignant tumour after oral melanoma50. 

Aggressive surgery remains the gold standard treatment achieving good results especially in 

small, cranial located lesions51. Radiation therapy is sometimes used to help improve local 

control. Metastatic potential is considered low and adjuvant chemotherapy is not usually used.  

Cox-2 expression is highly present in SCC samples52,54 and piroxicam, a non-selective 

NSAID has been shown to have antitumoral effect in canine oral SCC. When used alone in 

the presence of gross disease it achieved a response rate of 17 % (1 CR and 1 PR in a series of 

17 dogs)55. However the combined use with either cisplatin56, carboplatin57 improved overall 

results. 

In cats, feline oral SCC is the most common oral neoplasia and with a very poor 

prognosis due to the difficulty in obtaining good surgical results in opposition to dogs58. 

Although Cox-1 and Cox-2 are both expressed in feline SCC59 the results of using Cox 

inhibitors in its treatment are less impressive than in the canine counterpart also because of 

concerns of renal toxicity associated with the chronic use of NSAIDs in this specie. 

Melanoma 

Melanomas are a common neoplasia in dogs and less common in cats. Traditionally 

they are divided according to their anatomic location: cutaneous, mucocutaneous, oral and 

digital (subungeal) melanomas.  

Cutaneous melanomas are common in aged dogs and have usually a benign behavior 

whereas oral, mucocutaneous and subungual lesions tend to have a malignant phenotype60. 

Surgery remains de mainstay of treatment on all forms, but special interest is dedicated to the 
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oral and subungual forms due to its aggressive pattern of behavior with common distal 

metastasis61 and poor response to adjuvant chemotherapy62. Also anatomic location is not 

always predictive of clinical behavior and several studies tried to identify prognostic factors 

indicative of malignant behavior such as KI67 index, mitotic index and nuclear atypia61. 

Interestingly Cox-2 overexpression is found in most oral melanomas (known for their usually 

malignant phenotype) and in cutaneous malignant melanomas but not benign melanocytomas 

suggesting that Cox-2 is involved in the acquisition of malignancy in this form of cancer63. 

These findings make NSAID therapy attractive in the future treatment of malignant 

melanomas in dogs but clinical trials are lacking to demonstrate their efficacy. 

Transitional Cell Carcinoma 

Historically Transitional Cell Carcinoma (TCC) in dogs was the first form of cancer 

where NSAIDs proved their efficacy in controlling disease growth64. TCC is the more 

common malignancy in the bladder of dogs and behaves locally aggressive65 and ultimately 

most dogs die of complications related to the disease. Surgery is the treatment of choice but  

adjuvant medical therapy is always recommended due to field effect on the uroepithelium and 

the fact that many lesions are not amenable to resection due to their location commonly 

involving the urinary bladder trigone65. 

Other protocols include the use of mitoxantrone, cisplatin, carboplatin and 

doxorubicine alone or combined with a NSAID56,66,67. In fact Cox-2 expression is well known 

in TCC68 and it appears that the therapeutic effects are a class effect with other NSAIDs 

besides piroxicam proving to have some clinical effect even in the presence of macroscopic 

disease69,70. 

NSAIDs are now routinely used in dogs with bladder and urethral carcinomas. 

Recently new approaches trying to use safer Cox-2 specific inhibitors instead of piroxicam 

are being conducted69,70. 

Prostatic carcinoma 

Prostatic carcinoma is a relatively uncommon neoplasia mostly affecting older 

dogs71,72. It has a highly aggressive behavior both locally and distal with common metastasis 

detected at diagnosis or at necropsy72.  
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The most common form of prostatic carcinoma is adenocarcinoma, but TCC, SCC and 

simple carcinomas are also found72. Again Cox-2 was found to be expressed in neoplastic 

prostatic tissues but not in normal prostatic tissue73 and another study found that dogs treated 

with NSAIDs (piroxicam or carprofen) lived significantly longer than untreated dogs74. 

Whether this is true for all forms of prostatic carcinoma, or just for the TCC, remains 

unknown. 

Nasal carcinoma 

Nasal carcinoma is relatively more common in dogs than in humans. Once more Cox-

2 expression is well present among canine nasal carcinomas75,76 although it appears to be of 

no prognostic significance77. Piroxicam is used alone as palliative treatment or in combination 

with conventional cytostatic drugs or toceranib although published studies included very few 

cases and have low evidence78,79. 

Colorectal carcinoma 

Colorectal carcinoma is an uncommon neoplasia in dogs and cats. Similar to what it is 

found in humans Cox-2 expression is also found in  these lesions80 and treatment with Cox-2 

inhibitors improves clinical status of dogs with colonic polyps81. However the usefulness of 

using Cox inhibitors in dogs with clinical disease remains unknown. 

 

Metronomic chemotherapy 

 

Recent interest has been dedicated for a novel model of chemotherapy named 

metronomic chemotherapy. Evidence from the human field found that continuous 

administration of low dosages of cytostatic drugs combines with NSAIDs and with no 

prolonged drug free intervals showed some efficacy in treating some forms of human 

malignancies82. The main underlying mechanism seems to involve the blockage of 

angiogenesis83,84 but direct cytotoxic effect and increased immune vigilance also seem to play 

a role85,86. 

Metronomic chemotherapy is attractive from a veterinary point of view due to its low 

cost, low toxicity and ease of administration. Few studies, unfortunately with low evidence, 

have shown some usefulness of metronomic chemotherapy protocols in some forms of dog 
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cancer. Combination of an alkylating- agent traditionally cyclosporine and more recently 

chlorambucil and lomustine- with a NSAID are the treatment protocols commonly used85,88. 

All clinical studies were performed in dogs; one retrospective study found that the use of 

cyclophosphamide combined with piroxicam in dogs with soft tissue sarcomas incompletely 

removed effectively delayed tumor recurrence89. Utilization of low dose chlorambucil showed 

some antitumoral activity in several spontaneous canine cancers: complete remission was 

observed in a mast cell tumour, a thyroid carcinoma and in a soft tissue sarcoma88. 

Metronomic chemotherapy seems to have a role in slow growing tumors where it 

seems to delay growth. Also the combined use of a NSAID helps improve the quality of life 

of affected animals and could be more easily accepted by animal owners than other apparently 

more aggressive treatment models. 

 

CONCLUSION 

 

The association of the fact that Cox-2 expression in several forms of animal cancer is 

associated with a worst prognosis and the human field experience where Cox inhibitors were 

found to prevent some forms of malignancy lead to the hypothesis that Cox-2 inhibitors could 

play a role in cancer treatment in pets. The absence of cardiovascular side effects in dogs, one 

of the main reasons that delayed further investigation in the human field, and the development 

of metronomic chemotherapy protocols makes Cox-2 inhibitors an attractive option in pet 

cancer treatment. Further higher evidence studies could and should be implemented in order 

to ascertain the true action of NSAIDs in pet cancer treatment. The fact that many researchers 

indicate spontaneous animal cancers as good models for study the correspondent human 

disease could also make these studies interesting from the human medical field point of view 

as they could be the starting point for similar human clinical investigations. 
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ABSTRACT 

 

COX-2 has been described in several malignancies associated with histologic criteria of 

malignancy and possibly worse prognosis. 

We searched PubMed database for prognostic studies using predefined inclusion criteria in 

order to ascertain the prognostic value of COX-1 and COX-2 in malignant neoplasias in dogs and cats. 

Thirteen studies were retrieved and analysed. 

COX-2 was shown to be a negative prognostic factor in canine mammary cancer, canine 

melanoma and canine osteosarcoma. COX-1 showed a negative prognostic value in feline oral SCC. 

The use of COX-1 and COX-2 as a diagnostic and prognostic factor is supported by clinical 

evidence in specific malignant neoplasia. 
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INTRODUCTION 

 

Animal cancer constitutes a major cause of mortality and morbidity among cats and dogs.  

Cancer therapy has evolved enormously in recent years and multimodal treatments are now commonly 

used in veterinary care. Moreover, dogs and cats are commonly used as an animal model for human 

cancer disease due to the manifestation of a naturally occurring disease in opposition of induced 

disease in laboratory animals, and the availability of common treatments modalities with the human 

field allowing to better compare prognostic markers and treatment responses1. 

More recently specific molecular inhibitors have gained increased attention in veterinary 

oncology therapeutics. The presence of increased levels or aberrant forms of molecular markers 

constitute important prognostic markers and possibly of therapeutic interest2,3. 

Cyclooxygenases are a group of enzymes involved in the transformation of arachidonic acid 

into prostaglandins. COX-1 is expressed mainly constitutively whereas COX-2 is expressed in an 

induced way such as in the inflammatory processes and several neoplasias4. COX-2 overexpression 

was first described as having prognostic value in several human cancers5. Other studies have also 

identified COX-2 overexpression in several malignancies in dogs and cats6 making them a potential 

therapeutic target, but to the best of our knowledge no systematic review has been performed to better 

discriminate these studies and identify research that clearly identifies COX-2 as a prognostic marker 

from studies which merely describe COX-2 expression in a particular neoplasia or an association with 

malignancy criteria but without evaluating the impact on Overall Survival (OS). 

To determine whether COX-1 or COX-2 expression have any value as a prognostic marker in 

canine and feline malignant neoplasia we reviewed published observational studies analysing COX-1 

or COX-2 expression either by immunohistochemistry or molecular quantification and its impact on 

OS. 

 

METHODS 

 

Search strategy and selection criteria 

 

The last search was performed on 12 of August of 2016. We searched PubMed using the 

following search terms, either as MeSH terms or free entries: “dog”, “cat”, “neoplasia”, “tumour”, 

“cancer”, “cyclooxygenase” and “COX”. Studies were eligible if: 1) were published in English, 

French, Portuguese or Spanish; 2) were performed in dogs or cats of any age or breed; 3) quantified 
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COX-1 or COX-2 expression by immunohistochemistry or molecular quantification in any malignant 

neoplasia; 4) consisted of observational studies and 5) evaluated OS. The study selection procedure 

was a two-step process: step one (scan read) consisted of title and abstract evaluation whereas in step 

two the full study report was read. Both steps were performed by two authors working independently 

(HG and ML). Disagreements were solved by consensus. If consensus couldn’t be found a third author 

(FQ) had the final decision on the inclusion of a particular study. 

Data collected from studies included type of study and population, type of neoplasia, type of 

COX evaluated and method of measurement and study results. Data was collected to a standardized 

data collection sheet. For bias assessment a methodological classification was used to ascertain the 

risk of bias as proposed by Laupacis and colleagues7. Again, the data collection and risk of bias 

assessment was performed by the two authors (HG and ML) working independently. The final report 

was written according to the recommendations suggested in the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) statement8,9. 

 

RESULTS 

 

The database search yield 255 results. After reading the title and abstract 15 were considered 

relevant. After full text reading two extra articles were excluded for not meeting the inclusion criteria 

and 13 articles were included for final review10–22 (Fig.5.1). No extra articles were considered relevant 

after consulting the references lists of selected studies. A flowchart of the selection process is shown 

in fig.1. A summary of selected studies is described in table 5.1. 
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Figure 5.1 – PRISMA flowchart of selected studies. 

 

 

 

 

 

 

  

A total of 255 results identified 

through PubMed searching 
3 non-english/ french/ 

spanish/ portuguese 

excluded 

67 non-dog / cat 

population excluded 

15 articles remaining 

for full-text assessment 

10 non-cancer 

population excluded 

10 non-original 

articles excluded 

45 non-prognostic 

studies excluded 

74 without cox 

evaluation excluded 

31 studies lacking 

survival time excluded 

2 full-text non 

prognostic articles 

excluded 
13 studies included in 

this systematic review 
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YEAR / 

AUTHOR 
STUDY TUMOUR 

COX 

EVALUA

TION 

COX 

MEASURING 

BIOLOGICAL 

VALUE 
RELEVANCE 

2016 

Carvalho, M I 

Prospective 

 

109 female dogs  

 

Treated with 

surgery 

Canine 

mammary 

tumours 

COX-2 
Immunohisto-

chemistry 

COX-2 score 

(% cells x 

intensity) >6 

High COX-2 score associated 

with short OS (p< 0.001) ) but 

failed to show an independent 

prognostic value 

2013 

Vascellari, M 

Prospective 

 

51 dogs 

• 18 male 

• 30 female 

• 3 unknown 

 

Surgery +- 

chemotherapy 

Cutaneous 

MCTs 
COX-2 

Immunohisto-

chemistry 

(78% positive) 

 

 

qPCR 

COX-2 score 

and COX-2 

RNA levels 

COX-2 score and COX-2 RNA 

level  

didn’t statistically differ 

between dogs alive and dead at 

the end of study (median 

follow up of 18 months; p= 

0.786 and p= 0.949). 

2012 

Bommer, N X 

Retrospective 

 

7 cats 

• 4 male 

• 3 female 

 

Treated with 

meloxicam 

TCC of the 

urinary 

bladder 

COX-1 

COX-2 

Immunohisto-

chemistry 

(71% positive) 

Positive vs 

negative 

• COX-2 negative cats had 

longer OS. 

 

• No statistical significance 

reported. 

2012 

Lavalle, G E 

Prospective 

 

29 female dogs 

 

Carboplatin vs COX 

inhibitor 

Canine 

mammary 

tumours 

COX-2 

Immunohisto-

chemistry 

(100% 

positive) 

COX-2 score 

≥6 

High COX-2 score associated 

with decreased OS (p= 0.08). 

2011 

Belshaw, Z 

Retrospective 

 

42 dogs 

• 17 male 

• 25 female 

 

Treated with 

radiotherapy 

Nasal 

carcinomas 
COX-2 

Immunohisto-

chemistry 

(90% positive) 

COX-2 score 

≥ 2 

No correlation between COX-2 

score and survival (p= 0.331; 

r= -0.514). 

http://www.linguee.pt/ingles-portugues/traducao/female+dog.html
http://www.linguee.pt/ingles-portugues/traducao/unknown.html


Chapter 5 – The role of COX expression in the prognostication of overall survival of canine 

and feline cancer: a systematic review 

64 
 

YEAR / 

AUTHOR 
STUDY TUMOUR 

COX 

EVALUA

TION 

COX 

MEASURING 

BIOLOGICAL 

VALUE 
RELEVANCE 

2011 

Martínez, C 

M 

Retrospective 

 

57 dogs 

• 33 male 

• 24 female 

 

Treatment not 

reported 

Canine 

melanocytic 

neoplasms 

COX-2 

Immunohisto-

chemistry 

(88% positive) 

COX-2 

extension 

(range: 1-4) 

High COX-2 associated with 

decreased OS (HR 2.762; p= 

0.004) and correlated with 

recurrence (p<0.001; r= 0.574) 

and metastasis (p=0.009; r= 

0.421). 

 

2010 

Queiroga, F L 

Prospective 

 

27 female dogs 

 

Treated with 

surgery 

Canine 

mammary 

tumours 

COX-1 

COX-2 

Immunohisto-

chemistry 

(100% COX-1 

and COX-2 

positive) 

COX score > 6 

• High COX-2 associated with 

decreased DFI (p= 0.03) and 

OS (p= 0.04) but failed to 

show an independent 

prognostic value (RR=6.79; p= 

0.067 and RR= 6.92; p= 

0.068). 

 

• COX-2 not associated with 

OS (p= 0.58). 

2009 

Lavalle, G E 

Prospective 

 

46 female dogs 

 

Treatment not 

reported 

 

 

Canine 

mammary 

tumours 

COX-2 

Immunohisto-

chemistry 

(100% COX-2 

positive) 

COX-2 score 

≥ 6 

High COX-2 score associated 

with decreased OS (p= 0.01). 

2007 

Hayes, A M 

Retrospective 

 

54 cats 

 

Surgery +- NSAID, 

steroids and 

antibiotics 

Oral SCC 
COX-1 

COX-2 

Immunohisto-

chemistry 

(100% COX-1 

positive; 67% 

COX-2 

positive) 

COX-1 and 

COX-2 

extension, 

intensity and 

distribution 

pattern 

• COX-1 diffuse distribution 

pattern is predictive for 

survival (HR= 1; p= 0.014). 

 

• COX-2 with no prognostic 

value. 

2006 

Millanta, F 

Prospective 

 

28 female dogs 

47 female cats 

Canine and 

feline 

mammary 

tumours 

COX-2 

Immunohisto-

chemistry 

(100% canine; 

96% feline) 

COX-2 score 

≥2 (0-3) 

High COX-2 score associated 

with decreased OS (p=0.03 in 

dogs; p=0.002 in cats). 

2005 

Queiroga, F L 

Prospective 

 

25 female dogs 

Spontaneous 

CMT 

 

COX-2 
Enzyme-

immunoassay 
60 ng/g 

High COX-2 levels were 

associated with decreased OS 

(p< 0.001) and and DFI (p< 

0.001). 
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YEAR / 

AUTHOR 
STUDY TUMOUR 

COX 

EVALUA

TION 

COX 

MEASURING 

BIOLOGICAL 

VALUE 
RELEVANCE 

2004 

Mullins, M N 

Retrospective 

 

44 dogs 

• 24 male 

• 20 female 

Appendicular 

osteosarcoma 
COX-2 

Immunohisto-

chemistry 

(77% positive) 

COX-2 score 

= strong 

(range: 

negative, poor, 

moderate, 

strong) 

Strong COX-2 score was 

associated with decreased OS 

(p= 0.01). 

2004 

Sorenmo, K 

U 

Retrospective 

 

35 dogs 

 

Surgery + 

doxorubicine 

Prostatic 

carcinoma 

COX-1 

COX-2 

Immunohisto-

chemistry 

(94% COX-1 

positive; 88% 

COX-2 

positive) 

COX-2 

staining 

intensity 

No association between 

tumour-staining intensity and 

survival times. 

Table 5.1 – Summary of selected studies. 

 

 

 

Characteristics of included studies 

 

Of the 13 selected studies 6 were retrospective10,11,13,16,20,22 and 7 were prospective 

studies12,14,15,17–19,21. 11 studies were performed in dogs10,12,14–22 and 3 studies in feline patients11,13,17, 

totalling 493 dogs and 108 cats. Nine different types of tumour were studied: canine mammary 

tumours12,14,15,17–19, feline mammary tumours17, canine mast cell tumours21, feline transitional cell 

carcinoma11, canine nasal carcinoma10, canine melanoma16, feline oral squamous cell carcinoma13, 

canine osteosarcoma22 and canine prostatic carcinoma20. Nine studies evaluated COX-2 only10,12,14–

17,19,21,22 and four studies evaluated both COX-1 and COX-211,13,18,20. The most common method used 

to determine COX expression was immunohistochemistry (11 studies) 10–18,20,22 whereas one study 

combined immunohistochemistry with quantitative PCR21 and another measured COX-2 levels by 

enzyme-immunoassay19. COX-2 positivity was ascertained differently in the several studies using 

immunohistochemistry: one study classified samples as positive or negative11, another used COX 

extension only16 and another evaluated intensity, extension and pattern of distribution13. However, the 

majority of studies (9)10,12,14,15,17,18,20–22 used scoring systems based on a combination of extension and 

intensity of staining. Seven studies defined a score grading system raging 0-1210,12,14,15,18,20,21 but 

different methodologies were used to define extension of expression: two studies12,18 used a 

methodology described by Doré et al.23, three other studies14,15,20 shared an alternative method 

described by Krajewsa et al.24 while two other studies10,21 used different methodologies and with 

distinct cut-off scores points. Finally, two studies used an alternative 4 tier score17,22. 
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Regarding COX-1, one study classified positive vs negative samples11, one study evaluated 

extension, intensity and distribution pattern13 and two others used a score system ranging 0-12 similar 

to ones used in COX-218,20. 

COX-2 expression was associated with a poorer prognosis in canine and feline mammary 

tumours, canine melanomas and canine osteosarcomas. COX-2 was not found of prognostic 

importance in canine prostatic carcinoma, canine mast cell tumours, canine nasal carcinomas treated 

with radiation therapy and feline oral SCC. One study reported two sole cats with TCC COX-2 

negative that had the highest median OS (no formal statistic test reported). 

COX-1 expression showed a positive prognostic value in feline oral SCC and failed to show 

relevance in canine mammary tumours and canine prostatic carcinomas. 

Table 5.2 reports the risk of bias for the different studies. Major issues pertained to lack of 

representation of full spectrum of disease, use of a subjective method of COX measurement 

(immunohistochemistry) performed in a non-blinded way in retrospective studies and the lack of 

adjustment for confounding prognostic variables. 
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YEAR / 

AUTHOR 

Representative and well-

defined sample of patients at 

a similar point in the course 

of the disease? 

Follow-up 

sufficiently long 

and complete? 

Were objective and 

unbiased criteria 

used in a blinded 

way? 

Was there adjustment 

for important prognostic 

factors? 

2016 

Carvalho, M I 
+ + + + 

2013 

Vascellari, M 
+ + + + 

2012 

Bommer, N X 
- + - - 

2012 

Lavalle, G E 
- - + - 

2011 

Belshaw, Z 
- + - - 

2011 

Martínez, C M 
+ + - + 

2010 

Queiroga, F L 
+ + + + 

2009 

Lavalle, G E 
- + + - 

2007 

Hayes, A M 
+ + + + 

2006 

Millanta, F 
- + - - 

2005 

Queiroga, F L 
+ + + - 

2004 

Mullins, M N 
+ + - - 

2004 

Sorenmo, K U 
+ + - + 

Table 5.2 – Risk of bias. 
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DISCUSSION 

 

The fact that inflammation and cancer share many common pathways25,26, that chronic 

inflammatory states can lead to cancer development27 and the recent findings in human medicine 

literature suggesting that the chronic use of NSAID is associated with lower incidence of cancer28 has 

led to an increased interest in COX as a prognostic marker with potential therapeutic value in cancer. 

Our systematic review showed that COX-1 and COX-2 have been evaluated as a prognostic tool in 

several canine and feline malignancies. 

 

Canine Mammary Tumours 

 

COX-2 has been found to be associated with histologic criteria of malignancy and 

aggressiveness in canine mammary tumours18,29. COX-2 inhibitors are already incorporated in 

metronomic chemotherapy protocols in women30 and therapeutic protocols in bitches15,31. Six studies 

have evaluated the prognostic value of COX-2 in canine mammary tumours12,14,15,17–19 and one 

evaluated the role of COX-118. All studies found COX-2 overexpression to be associated with 

decreased OS. These studies showed sufficient evidence of the role of COX-2 as a negative prognostic 

factor in canine mammary cancer, although only two studies performed adjustments for variables of 

confusion and didn’t find COX-2 as an independent prognostic factor12,18.  As for COX-1 this same 

study18 found it to be of no prognostic value. 

 

Canine cutaneous Mast Cell Tumours 

 

Canine mast cell tumours are the most common skin neoplasia in dogs and with a wide range 

spectrum of clinical behaviour specially in tumours of intermediate grade, and so new prognostic 

markers could be of extreme value32. Vascellari et al.21 evaluated 51 dogs with cutaneous mast cell 

tumours of various grades for COX-2 expression by immunohistochemistry and qPCR. The study was 

prospective, with a representative population of all grades of MCT and with an adequate follow up 

time. The use of an objective method for quantification of COX-2 (qPCR) contributed to the low risk 

of bias in this study. They found COX-2 to be of no prognostic value. 
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Feline Transitional Cell Carcinoma 

 

TCC is a relatively uncommon disease in cats33 and a disease where NSAIDs have a proven 

value in the treatment of canine disease34. In their study, Bommer et al.11 evaluated a small number of 

cats for COX-1 and COX-2. The small population prevented any statistical significance regarding the 

prognostic value of COX-1 and COX-2, but the author reported a median survival time of 123 days for 

COX-2 positive cats (n= 5) and 375 days for COX-2 negative cats (n=2). All seven cats were positive 

for COX-1 preventing any conclusion regarding its prognostic value. The retrospective nature of the 

study combined with the small number of patients treated in different ways poses this study with a 

high risk of bias. 

 

Canine Nasal Carcinoma 

 

Nasal carcinoma has poor prognosis and few prognostic factors are described in medical 

literature35. A single study looked into the role of COX-2 in canine nasal cell carcinoma36. Although 

this study had a high risk of bias due to its retrospective nature and small representation of the disease 

population (only dogs treated with radiotherapy) it did not found a correlation between COX-2 

expression and OS, suggesting little value of COX-2 as prognostic factor. 

 

Canine Melanoma 

 

Canine melanoma is a relatively common canine neoplasia. While melanoma located in the 

skin generally has a good prognostic, oral and nail bed melanomas are considered of poor 

prognostic37,38. Additional to anatomic location several other pathological prognostic markers have 

been identified, with mitotic index and Ki67 being the most popularly used38. COX-2 has been 

identified in canine melanomas and associated with clinicopathological characteristics of 

malignancy16,39,40. Martínez et al.16 described that melanomas with higher COX-2 scores had a 

significant lower OS and COX-2 was found to be of independent prognostic value. These findings 

show sufficient evidence of the prognostic impact of COX-2 in canine melanomas. 
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Feline oral Squamous Cell Carcinoma 

 

Feline oral SCC is a grave disease with poor prognosis41. Hayes and colleagues13 found COX-

2 to be of no prognostic value while COX-1 pattern of distribution was found to be an independent 

negative prognostic factor. This study had a moderate risk of bias due to the subjectiveness associated 

with the classification of the distribution pattern used to evaluate COX-1. 

 

Canine appendicular Osteosarcoma 

 

When analysing COX-2 expression Mullins et al.22 found that COX-2 overexpression was 

associated with decreased OS in dogs with appendicular osteosarcoma although this was a 

retrospective study and multivariate analysis was not performed. This study shows that COX-2 may be 

considered as a negative prognostic factor in canine osteosarcoma. 

 

Canine Prostatic Carcinoma 

 

Prostatic carcinoma in dogs is an aggressive disease where COX-2 is consistently expressed 

and where COX inhibitors are routinely used in treatment42,43. 

One study evaluated the role of COX-1 and COX-2 in dogs with prostatic carcinoma20. No 

association was found between COX1 and COX-2 intensity and OS, excluding them from being 

relevant prognostic factors in this disease. 

 

COX-2 overexpression was detected in all neoplasias in the selected studies. In fact, COX-2 

and its end product PGE2 have long been associated with several hallmarks of cancer such as 

promotion, invasion, apoptosis inhibition and metastasis44, and consistently described as associated 

with other characteristics and markers of malignancy in various canine and feline cancers6 suggesting 

it could be used as an important prognostic marker and potential therapeutic target. Very few studies 

looked into the prognostic value of COX-1 probably due to its ubiquitary expression in several 

neoplasias both benign and malignant, but one study reported the importance to analyse the staining 

pattern and it would be interesting to analyse this in other neoplasia. Unfortunately, most studies used 

an immunohistochemistry score to report COX levels, which is inherently subjective apart from the 

fact that score methodology calculation and cut-off points differed between studies making it hard for 
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generalizations or, ideally, a meta-analysis performance. This constituted one of the main limitations 

of studies in our review alongside with small number of patients in each study and the lack of 

adjustments for confounding variables to ascertain the real and independent prognostic value of COX. 

This could be attributed to the general difficulty in enrolling large number of cases in veterinary 

studies, an essential requisite to adjust for confounding variables. 

 

CONCLUSION 

 

COX-2 showed to be of negative prognostic value in canine mammary cancer, canine 

melanoma and canine osteosarcoma. COX-1 distribution pattern also showed to be a negative 

prognostic factor in feline oral SCC. Further studies are needed to ascertain the prognostic value of 

COX in canine and feline malignancies, ideally with standardized measurement methods. 
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ABSTRACT 

 

COX-2 overexpression is associated with several hallmarks of carcinogenesis such as 

proliferation, angiogenesis, invasion and metastasis.  

Fifty cases of canine mast cell tumours (MCT) were retrospectively evaluated and 

submitted to immunohistochemistry for COX-2, CD31, Ki-67, MAC-387 and CD3. 

Furthermore its relationship with clinicopathological variables and Overall Survival (OS) was 

analysed. 

COX-2 intensity (p= 0.016), but not COX-2 extension nor score was associated with 

decreased OS and higher grades of malignancy according to Patnaik (p= 0.002) and Kiupel 

(p< 0.001) grading systems. Cox-2 intensity was also associated with higher Ki-67 scores (p= 

0.009), higher mitotic index (p= 0.022) and higher microvascularization density (p= 0.045). 

No association was observed for COX-2 intensity and CD3-T lymphocyte (p= 0.377) and 

macrophage infiltration (p= 0.261) by MAC-387 immunollabeling, suggesting an active role 

of COX-2 in MCT oncogenesis mainly through proliferation and angiogenesis stimulation 

making it a potentially clinical relevant prognosis marker and therapeutic target. 

 

Key words: Mast cell tumours; Cox-2; dog; proliferation; angiogenesis; inflammatory 

infiltrate; prognosis. 

 

INTRODUCTION 

 

Mast cell tumours (MCTs) are a common neoplasia in dogs and the most prevalent 

skin neoplasia in this specie.1–4No sex predisposition has been recorded but some specific 

breeds such as Boxer, Weimaraner and Labrador appear to have an increased disease 

prevalence.5 These tumours constitute a clinical challenge due to their wide spectrum of 

disease presentation ranging from non-aggressive, slow growing and indolent local disease to 

an aggressive and metastatic variant.6,7Although surgical treatment continues to be considered  

the mainstay treatment modality and usually curative in a large proportion of cases, other 

adjuvant treatment modalities are required for more aggressive disease types.7,8 Hence, 
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prognostic information is of paramount importance for the clinician to plan for adequate 

treatment options. 

Histological grade5,9, clinical staging10,11, breed12, anatomic location13,14 and 

proliferation markers15–19 are routinely used to try to ascertain individual clinical behaviour, 

but no single one can accurately predict clinical outcome. Recently COX-2 has gained 

relevance as an important prognostic marker in several malignancies. COX-2 end products, 

namely PGE2, are associated with several oncogenesis hallmarks such as cellular promotion, 

invasion, metastasis and apoptosis inhibition.20 COX-2 overexpression has been associated 

with a worse prognostic in several canine neoplasms such as melanoma,21 mammary 

tumours,22 nasal carcinoma23 and squamous cell carcinoma24, prompting the hypothesis of a 

therapeutical value of current available COX-2 inhibitors in the treatment of these 

malignancies. Although an initial study found low COX-2 expression in MCTs25, more recent 

investigations have described a high percentage of COX-2 overexpression in MCTs.17,26In 

fact, our team found a greater COX-2 intensity labelling in higher grade MCTs than in lower 

grade ones.26 

The aim of the present work was to study the role of COX-2 in dog MCTs by 

evaluating is contribution to angiogenesis, tumour proliferation and tumour inflammatory 

microenvironment and ascertain the prognostic value of COX-2 expression by investigating 

the relationship with several clinical and pathological variables including the Overall Survival 

(OS) time. 

 

MATERIALS AND METHODS 

 

In this study fifty (50) MCTs were retrospectively analysed. The samples for 

histopathology were fixed in 10% neutral buffered formalin, before being embedded in 

paraffin and cut in 3 μm sections, following routine methods. A histopathological diagnosis 

was made on haematoxylin and eosin stained sections, and tumours were graded in 

accordance with the methods proposed by Patnaik5 and Kiupel.9 Additionally, Toluidine Blue 

was also performed in all cases.  

The epidemiological and clinicopathological characteristics evaluated were age, sex, 

tumour anatomical location (head, trunk, abdomen, limbs and perineal), tumour size (cm), 
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skin ulceration, histological  growth pattern (infiltrative or not infiltrative),stroma (scant, 

moderate or abundant), presence of giant cells, nuclear atypia, mitotic index (MI), histological 

grade (Patnaik and Kiupel) and Toluidine Blue metachromasia. The mitotic index was 

assessed blinded by two pathologists (J.P and I.P) counting the number of mitoses per 10 high 

power fields (HPF, ×400) following the methods described by Romansik et al.27  

 

Immunohistochemical analysis 

 

For immunohistochemistry, 3 μm sections were prepared and the detection of COX-2, 

CD31; Ki-67; CD3 and MAC387 was carried out by the streptavidin biotin-peroxidase 

complex method with a commercial detection anti-mouse/anti-rabbit polyvalent system (Ultra 

Vision Detection System; Lab Vision Corporation, Fremont, USA) according the 

manufacturer’s instructions. Antigen retrieval was performed by microwave treatment for 3x5 

min at 750W in 0.01 M citrate buffer, pH = 6.0, followed by cooling for 20 min at room 

temperature. All sections were incubated with the primary specific antibody: COX-2 (Clone 

SP21, Transduction Laboratories, Lexington, Kentucky, USA; 1:40 dilution), CD31 (Clone 

JC70A, Dako, Glostrup, Denmark; 1:20 dilution), Ki-67 (Clone MIB-1, Dako, Glostrup, 

Denmark; 1:50 dilution) and MAC387 (Clone MCA874G, AbDSerotec, Kidlington, UK; 

1:100 dilution) for 24 hours at 4oC; CD3 (polyclonal antibody, Dako, Glostrup, Denmark, 

1:50 dilution) 2 hours at room temperature. The antibody reaction products were observed 

with the chromogen 3,3’-diaminobenzidine tetrachloride (DAB) at 0.05% with 0.01% H2O2 

(30%). After a final washing in distilled water, the sections were counterstained with 

haematoxylin, dehydrated, cleared and mounted. The primary antibody was replaced with 

phosphate buffered saline (PBS) for negative controls. The positive control used was macula 

densa of young dog kidney for COX-2; dog angiosarcoma for CD31; epidermis as internal 

positive control for Ki-67 and sections of canine lymph nodes for CD3 and MAC387. 
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Quantification of Immunoreactivity 

 

For COX-2 evaluation, a semiquantitative method previously described was used.21,28 

Briefly, the extension of COX-2 positivity was graded as 0 (0% positive tumour cells), 1 

(<10% positive tumour cells), 2 (10–50% positive tumour cells), 3 (51–80% positive tumour 

cells), and 4 (>80% positive tumour cells), and the intensity of COX-2 immunoreactivity was 

graded as 0=negative, 1=weak, 2=moderate, and 3=strong staining. The extension and 

intensity of COX-2 immunoreactivity were combined into a score as described previously.29,30 

Each COX-2 score represented the product of the percentage of positive tumour cells and 

staining intensity and ranged between 0 and 12. The final scores were defined as low (⩽6) or 

high (>6) COX-2 immunoreactivity. 

The assessment of microvessel density (MVD) by CD31 immunolabelling was based 

on a method applied in canine mammary tumours. 31,32 Under low-power magnification (40x), 

two hotspots were identified. Subsequently, under a 200x magnification the stained 

microvessels were counted. Three different fields were considered in each of these areas. The 

total number of microvessels was obtained by adding the number of stained microvessels of 

the three different fields considered in each of the vascular hotspot areas. 

To determine the Ki-67 index, two hot spot areas were identified. Ki-67 expression 

was evaluated by counting 1000 tumour cells with the help of a microscopic grid, at high 

magnification (400x) and the index was expressed as percentage, following recent 

recommendations.33  

For CD3 and MAC387 evaluation, cells staining positively were counted in three 

hotspot regions of the tumour firstly defined at low magnification, in 10 high-power fields, 

with 400x magnification. The number expressed for CD3+ T-lymphocytes and for tumour-

associated macrophages (TAMs) represents the mean values of standard error following a 

methodology previously used.32  

 

Follow-up data 

 

After surgical excision of the tumors, follow-up was carried out for a mean period of 

30 months (minimum 2 months, maximum 84 months). Overall Survival (OS) was defined as 
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the period between surgery and natural death due to the tumour or euthanasia in advanced 

stages of the disease (confirmed at necropsy). 

 

 

 

Statistical analysis 

 

The statistical software SPSS (Statistical Package for the Social Sciences) version 19.0 

was used for statistical analysis. The Chi-square test was used to study the presence of 

associations between categorical variables. Analysis of variance (ANOVA) was used for 

analysing distribution of continuous variables applying the Bonferroni test to compare 

multiple means. When the variables were categorized, the mean value of each variable was 

used as cut-off point, except for the mitotic index where the low MI class was established for 

MI<5 and high MI class for MI5 following recent recommendations.6,27 Survival curves 

were generated by the Kaplan–Meier method and the overall survival rates were compared 

using the Log Rank test. Cox proportional hazard model for multivariate analysis was also 

performed. In all statistical comparisons, P<0.05 was accepted as denoting significant 

differences.  

 

RESULTS 

 

In total 50 dogs with MCTs were included in this study. There were 24 males and 26 

females with a median age of 6.5 years. Seventeen dogs (34%) were of mixed breed and 30% 

(n=15) were Boxers. All MCTs were cutaneous with the  majority of them located in the 

limbs (n=20, 40%). Of the remaining MCTs, 6 (12 %) were located in the head, 4 (8 %) in the 

thoracic wall, 8 (16 %) in the abdominal wall and 7 (14 %) in the perineum. None of the 

MCTs located in the head were situated adjacent to a mucocutaneous transition area while all 

the limbs MCTs  were located distal to the hip or shoulder joint.  Mean diameter was 1.88 

1.27 cm and the maximum size registered was 6 cm. In 32 % cases (n= 16) tumours 

presented skin ulceration at first consultation. 
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Histologically, according to Patnaik grading system, 15 MCTs were grade I (30%), 17 

grade II (34%) and 18 grade III (18%). Kiupel’s classification revealed 25 low grade MCTs 

(50%) and 25 high grade MCTs (50%).  

Overall, mitotic index mean was 2.30 2.62 (range 0-9) with 82% (n=41), of MCTs 

classified with a low mitotic index (<5 MI).  

Overall mortality rate related to disease was 40% (n= 20):  5 % for Patnaik I (n= 1), 40 

% of Patnaik II (n= 4), 79 % of Patnaik III (n= 15), 8% of Kiupel low grade (n= 2), 72 % of 

Kiupel high grade (n= 18). 

 

Immunohistochemistry 

 

Ninety-two percent of cases (n= 46) showed immunolabelling to COX-2 in neoplastic 

cells. COX-2 expression was also observed in granulocytes and macrophages within the 

stromal infiltrate and there was occasional weak labelling of mast cells in normal skin. 

Positive immunoreaction was cytoplasmic, predominantly diffuse or granular and in 12 cases 

(24%) with a perinuclear pattern. In 58% of the tumours (n=29), COX-2 expression was 

present in more than 50% of tumour extension and especially at tumour periphery. Regarding 

COX-2 intensity, the majority of tumours (n=37; 74%) presented moderate to strong intensity 

of immunolabelling (Figure 7.1).  

CD31 expression was detected in endothelial cells and occasionally in macrophages 

(Figure 7.1). The mean  standard deviation number of microvessels observed was 

11.968.36 ranging from only 1 to 33. All MCTs stained positive for CD31. 

Ki-67 positive reaction was observed in the nucleus, with a granular pattern, in 

epidermis basal layer and in tumoural cells. Overall, mean Ki-67 score was 10.7211.66 

(range 1-50) with 70% (n= 35) of MCTs having 10% or less of Ki-67 labelled cells (Figure 

7.1). 

 



Chapter 7 – High COX-2 expression in canine mast cell tumours is associated with 

proliferation, angiogenesis and decreased overall survival. 

100 
 

 

Figure 7.1 – Mast cell tumour (Kiupel High grade; Patnaik grade 3) with high Cox-2 expression (A; bar 25µm), 

high microvascularization density by CD31 (B; bar 50 µm) and high Ki-67 expression (C; 25 µm). 

 

CD3+ T-lymphocytes showed cytoplasmic and/or membranous immunoreaction. The 

vast majority of the MCTs in this series (n=45, 90%) had a sparse infiltration of T-

lymphocytes although 8 % (n= 4) had a medium infiltration and one MCTs (2 %) showed 

high quantity of positive T-lymphocytes. 

A positive reaction for MAC387 was shown in intravascular monocytes and 

neutrophils present in ulcerated areas and in keratinocytes from the granulosum and corneum 

stratus of epidermis and follicle. A variable number of MAC387+ macrophages were 

observed diffusely between neoplastic cells. The mean number of macrophages was 

8.9218.48, ranging from 0 to 84. Eighteen MCTs failed to show any macrophage infiltration 

(36%). 

 

Association of immunohistochemically markers with clinicopathological variables 

 

High COX-2 intensity revealed a statistically significant association with higher 

histological grade according to Patnaik (P =0.002) and Kiupel (P <0.001)), high Ki-67 (P 

=0.009) and high microvessel density (P=0.045). COX-2 intensity was also statistically 

associated to the presence of skin ulceration (P=0.039), infiltrative growth pattern (P=0.021), 

presence of aberrant cells (P=0.008), a high MI (5 mitosis by 10 HPF) (P=0.022) but not 

with macrophages (P=0.261) and CD3+ T-lymphocytes infiltration (P= 0.377) (Table 7.1 and 

Table 7.2). Nor the extension or score of COX-2 immunoreactivity had any significant 

association with the clinical variables considered. 
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Several other associations with clinicopathological variables were identified for the 

other biomarkers analysed in this study. High microvessel density was associated with 

infiltrative growth pattern (p= 0.013) and abundance of stroma support (p= 0.046).  

An increased CD3+ T-lymphocytes expression was associated with ulceration (p= 

0.047), presence of multinucleated cells (p=0.016), toluidine blue metachromasia (p= 0.011) 

and Patnaik grade (p= 0.043).  

Ki-67 score was associated with increased aggressiveness demonstrated by an 

association with increased tumour size (p< 0.01), tumour ulceration (p= 0.002), infiltrative 

growth pattern (p= 0.001), stroma abundance (p= 0.018), presence of multinucleated cells (p< 

0.001), nuclear atypia (p=0.008), mitotic index (p< 0.001), toluidine blue metachromasia (p< 

0.001) and Patnaik (p< 0.001) and Kiupel (p< 0.001) histological grade. Increased presence of 

macrophage infiltration was associated with concomitant presence of multinucleated cells (p= 

0.011), nuclear atypia (p= 0.013), toluidine blue metachromasia (p= 0.002), higher mitotic 

index (p= 0.001) and histological grade by Patnaik (p= 0.016) and Kiupel (p= 0.01) grading 

systems (see Table 7.1). 
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 COX intensity MVD Ki-67 T-lymphocytes Macrophages 

Low high P low high P low high P Low 

(<10) 

Medium 

(10-50) 

High 

(>50) 

P low high P 

Tumour size 

1 

>1 and <cm3 

3 cm 

 

10 

2 

1 

 

13 

14 

10 

0.033  

15 

7 

4 

 

5 

6 

7 

NS 

0.101 

 

23 

8 

5 

 

0 

8 

6 

<0.001  

22 

15 

8 

 

1 

1 

2 

 

0 

0 

1 

NS 

0.208 

 

21 

13 

7 

 

2 

3 

4 

NS 

0.145 

Anatomical location 

Head 

Limbs 

Thorax 

Abdomen 

Perineal 

 

1 

7 

1 

2 

2 

 

5 

13 

3 

6 

5 

NS 

0.917 

 

3 

10 

2 

5 

4 

 

2 

7 

2 

2 

3 

NS 

0.965 

 

5 

14 

4 

7 

3 

 

1 

6 

0 

1 

5 

NS´ 

0.107 

 

4 

19 

4 

7 

7 

 

2 

1 

0 

1 

0 

 

0 

0 

0 

0 

1 

NS 

0.207 

 

5 

15 

4 

7 

6 

 

1 

5 

0 

1 

2 

NS 

0.775 

Ulceration 

Present 

Absent 

 

1 

12 

 

15 

22 

0.039  

8 

18 

 

8 

10 

NS 

0.354 

 

7 

29 

 

9 

5 

0.002  

12 

33 

 

3 

1 

 

1 

0 

0.047  

11 

30 

 

5 

4 

NS 

0.094 

Infiltrative growth pattern 

Present 

Absent 

 

4 

9 

 

26 

11 

0.021  

12 

14 

 

15 

3 

0.013  

16 

20 

 

14 

0 

<0.001  

25 

20 

 

4 

0 

 

1 

0 

NS 

0.157 

 

22 

19 

 

8 

1 

NS 

0.051 

Stroma 

Scarce 

Moderate 

High 

 

3 

9 

1 

 

21 

8 

8 

0.008  

9 

12 

5 

 

13 

3 

2 

0.046  

13 

16 

7 

 

11 

1 

2 

0.018  

20 

17 

8 

 

3 

0 

1 

 

1 

0 

0 

NS 

0.483 

 

18 

16 

7 

 

6 

1 

2 

NS 

0.273 

Multinucleated cells 

Present 

Absent 

 

1 

12 

 

19 

18 

0.008  

9 

17 

 

10 

8 

NS 

0.168 

 

8 

28 

 

12 

2 

<0.001  

15 

30 

 

4 

0 

 

1 

0 

0.016  

13 

28 

 

7 

2 

0.011 

Nuclear atypia 

present 

absent 

 

6 

7 

 

26 

11 

NS 

P=0.180 

 

15 

11 

 

15 

3 

NS 

0.073 

 

19 

17 

 

13 

1 

0.008  

27 

18 

 

4 

0 

 

1 

0 

NS 

0.210 

 

23 

18 

 

9 

0 

0.013 

Toluidine blue 

<25%cell  metachromasy 

5-50% cel metacromasy 

>50% cell metachromasy 

 

1 

2 

10 

 

14 

11 

12 

0.018  

8 

5 

13 

 

7 

5 

6 

NS 

0.540 

 

5 

10 

21 

 

10 

3 

1 

<0.001  

10 

13 

22 

 

4 

0 

0 

 

1 

0 

0 

0.011  

8 

12 

21 

 

7 

1 

1 

0.002 

Mitotic index 

<5 mitosys 10 HPF 

5 ,mitosys 10 HPF 

 

13 

0 

 

25 

12 

0.022  

21 

5 

 

12 

6 

NS 

0.288 

 

34 

4 

 

2 

10 

<0.001  

36 

9 

 

2 

2 

 

0 

1 

NS 

0.080 

 

35 

6 

 

3 

6 

0.001 

Kiupel 

   low 

   IHigh 

 

12 

1 

 

13 

24 

<0.001  

14 

12 

 

7 

11 

NS 

0.329 

 

25 

11 

 

0 

14 

<0.001  

25 

20 

 

0 

4 

 

0 

1 

0.062  

24 

17 

 

1 

8 

0.010 

Patnaik 

   I 

   II 

   III 

 

8 

5 

0 

 

7 

12 

18 

0.002  

10 

8 

8 

 

2 

8 

8 

NS 

0.135 

 

15 

16 

5 

 

0 

1 

13 

<0.001  

15 

17 

13 

 

0 

0 

4 

 

0 

0 

1 

0.043  

14 

16 

11 

 

1 

1 

7 

0.016 

Table 7.1 – Associations between the biomarkers studied and clinicopathological variables in canine mast cell 

tumours (N=50). 
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 MVD Ki-67 T-lymphocytes Macrophages 

 Low High P low high P Low (<10) Medium 

(10-50) 

High (>50) P low high P 

COX-2 intensity 

Low 

High 

 

10 

16 

 

2 

16 

0.045  

13 

23 

 

0 

14 

0.009  

13 

32 

 

0 

4 

 

0 

1 

NS 

0.377 

 

12 

29 

 

1 

8 

 

NS 

0.261 

MVD 

Low 

High 

    

20 

12 

 

6 

6 

NS 

0.453 

 

24 

15 

 

2 

2 

 

0 

1 

NS 

0.432 

 

22 

14 

 

4 

4 

NS 

0.563 

Ki-67 

Low 

High 

       

34 

11 

 

2 

2 

 

0 

1 

NS 

0.149 

 

33 

8 

 

3 

6 

0.004 

T-Lymphocytes 

Low 

Medium 

High 

           

39 

2 

0 

 

6 

2 

1 

0.018 

Table 7.2 – Chi-square associations between the biomarkers evaluated in canine mast cell tumours (N=50). 

 

Follow up data and Survival analysis 

 

Seven dogs were lost for follow up. None of the dogs included in this study received 

adjuvant chemotherapy after surgery. Our data revealed that tumours with high Patnaik or 

Kiupel histological grade, elevated MI, Ki-67 scores, T cells and macrophages counts and 

ulcerated tumours, displayed reduced OS (Table 7.3). Regarding COX-2 expression, 

univariate Kaplan Meier analysis revealed that high COX-2 intensity was related to prognosis 

(P=0.016) (Figure 7.2) but neither COX-2 extension (P=0.494) nor COX-2 score (p=0.196) 

had a significant association to a worse prognosis when taking in account OS. Regarding 

Patnaik grade II tumours in particularly  they were found to have significant lower OS than 

grade III tumours (p< 0.01) but didn´t statistically differ from grade I cases (p=0.12). Tumour 

location was also found to be associated with worst prognosis in our series (p= 0.006; Figure 

7.3). Perineal location had the worst prognosis with a median OS of 7.3 months. Of 8 MCTs 

with perineal location 6 were of Kiupel high grade and five of Patnaik grade III and seven of 

these dogs died of causes related to MCTs. Even when comparing perineal MCTs with MCTs 

located on limbs, the other group with lower survival, dogs with perineal MCTs had a 

significant lower OS (7.3 vs 47.7 months; p=0.009 respectively). 
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 Category N Events  Log-rank test Survival (%) 

Mean survival time 

(months) (95%CI) 

P 1 year 2 years 

Kiupel 1 22 2 76.86 (67.43-86.30) <0.001 90.9 90.9 

2 21 18 10.52(3.88-17.16) 42.9 14.3 

Patnaik 1 14 1 78.21(67.29-89.14) <0.001 92.9 92.9 

2 13 4 51.31(34.42-68.19) 69.2 69.2 

3 16 15 5.62(2.91-8.34) 25.0 6.3 

Mitosis count <5 31 9 60.90(48.18-73.62) <0.001 71.0 71.0 

>=5 12 11 7.00(1.76-12.24) 8.3 8.3 

Ki-67 Low 30 7 65.63(53.71-77.55) <0.001 76.7 76.7 

High 13 13 3.92(2.27-5.57) 7.7 0.0 

COX-2 intensity Negative/weak (low) 10 1 75.90(60.84-90.96) 0.016 90.0 90.0 

Moderate/strong (high) 33 19 38.21(24.78-51.64) 63.6 42.4 

T-lymphocytes Low(<10) 38 15 52.63(40.27-64.99) 0.010 68.4 60.5 

Medium (10-50) 4 4 4.25(1.11-7.39) 0.0 0.0 

High (>50) 1 1 3.00(3.00-3.00) 0.0 0.0 

Macrophages Low 36 14 52.8640.10-65.62) 0.031 66.7 61.1 

High 7 6 11.57(0.26-22.87) 85.7 14.3 

CD31 Low 23 9 53(37.17-68.82) NS 

0.160 

60.9 60.9 

High 16 10 29.68(13.60-45.77) 37.5 37.5 

Ulceration Absent 29 9 59.10(45.59-72.62) 0.004 69.0 69.0 

Present 14 11 14.14(4.76-23.53) 21.4 21.4 

Tumour location Perineal 8 6 52.10 (38.71- 65.47) 0.006   

Other 38 13 7.30 (0- 15.98)   

Table 7.3 – Kaplan Meier survival analysis with corresponding log-rank test P value for each prognostic 

variable. 
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Figure 7.2 – Kaplan–Meier overall survival curves comparing COX-2 intensity in 50 dogs with mast cell 

tumours. Cases with high Cox-2 intensity had significantly shorter overall survival intervals. 
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Figure 7.3 – Kaplan–Meier overall survival curves comparing tumour location in 50 dogs with mast cell 

tumours. Cases with perineal location had significantly shorter overall survival intervals. 

 

The multivariate analysis performed with Cox proportional hazard model revealed 

Kiupel high grade (Hazard ratio 18.896; p= 0.042), Ki-67 high score (Hazard ratio 4.816; p= 

0.039) and presence of skin ulceration (Hazard ratio 0.332; p=0.047) as independent 

predictors of OS. 

 

DISCUSSION 

 

The purpose of this study was to evaluate the prognostic value of COX-2 in canine 

MCTs and elucidate its possible mechanism of action in MCT carcinogenesis by analysing its 

association with several clinicopathological features in these tumours. Mast cell tumours 

constitute a heterogeneous population with a highly variable clinical behaviour making it 
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important the use of new prognostic markers, as no single one proved to be reliable in 

predicting disease outcome alone.  

Ki-67, Kiupel grade and presence of ulceration showed to be of importance on 

predicting overall survival. Our study also confirmed the difficulty in differentiating Patnaik 

grade II tumours from grade I tumours in terms of OS described in other studies34.  

Our results however found a strong association between Ki-67 and MI in contrast with 

a previous work35. Although other studies found Ki-67 index and MI to be independently 

associated with survival18, in our study multivariate analysis confirmed independent 

prognostic value of Ki-67 alongside with Kiupel grade and presence of ulceration. 

As for tumour location there are some conflicting results in the literature with some 

authors describing a worst prognosis for tumours located in the inguinal or perineal region36 

while others didn´t find such association.37,38 Our results found perineal MCTs to be 

associated with a worse prognosis. Although this might simply reflect that perineal MCTs 

might prove to be more challenging in surgical removal our results showed that perineal 

tumours had a more aggressive phenotype on presentation, being mostly of high grade and 

with a lower OS even when compared with limb located MCTs (another group considered to 

be surgically challenging) suggesting that they might constitute indeed a subpopulation with 

more aggressive behaviour.  

In the last decade COX-2 expression has been extensively studied in dog malignancies 

and found to be of prognostic value in several neoplasias. However, only recently COX-2 

expression has been studied in canine MCTs and with conflicting results.17,39,40  

The percentage of COX-2 positive MCTs (92%) in the present study is in accordance 

with a recent work, which detected 78% COX-2 positive in those tumours. 17 However that 

team failed to reach any relationship between COX-2 expression and prognosis. In our work, 

we found that only COX-2 intensity but neither COX-2 extension nor COX-2 score was 

associated with prognosis which could explain the dissimilarities between both works. For the 

first time COX-2 pathways role in cancer hallmarks were investigated, namely, tumour 

proliferation, angiogenesis T lymphocyte and macrophage infiltrate. 

MCTs with high COX-2 intensity presented predominantly a high histological grade 

of malignancy, being associated with a worse prognosis. There was also an association 

between COX-2 expression and MI and Ki-67 proliferation index which already had been 
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proven to have negative prognostic value.19,41 These findings imply a role of COX-2 in MCT 

proliferation. PGE2 is implicated in tumour proliferation in several other malignancies 42 and 

that appears to be the case in MCTs. The mechanism of PGE2-induced tumour proliferation is 

not completely clear, but seems to involve stimulation of b-catenin/TCF-4 activity and Ras-

MAPK signalling in colorectal cancers43 although multiple pathways may be involved, such 

as EGFR-, ERK-, PI3K-, cAMP, according to a study in murine skin tumourigenesis.44 

Moreover, high COX-2 intensity immunostaining was also associated with histological grades 

defined by Patnaik and Kiupel grading systems, suggesting that COX-2 could be an indicator 

of MCTs aggressiveness.  

The association between high COX-2 intensity and microvascularization density  

hypothesizes the role of COX-2 in promoting angiogenesis as CD31 (Platelet Endothelial Cell 

Adhesion Molecule 1- PECAM 1) is associated with endothelial cell migration and 

angiogenesis promotion.45 The role of COX-2 in angiogenesis in other canine malignancies 

has already been established.22,42,46 PGE2, the main end product of COX2, promotes 

angiogenesis directly and indirectly: COX-2 can induce cells to produce VEGF which in turns 

activates endothelial cells proliferation and migration and COX-2 can activate immune cells 

to produce angiogenic factors.47,48 COX-2 overexpression has already been associated with 

increased levels of VEGF and microvessel density in human and animal cancers22,49,50 and the 

present work suggests that it also has a role in canine MCT progression threw angiogenesis.  

Inflammatory infiltrates have a controversial role in carcinogenesis halting or 

increasing tumour progression and invasion.51 These contradictory roles are dependent on the 

type of inflammatory cells present, their location within the tumour and complex interactions 

between these cells and tumour microenvironment. Intratumoural macrophages  may be 

polarized within a range between two distinct phenotypes - M1 and M2.52  Tumour associated 

macrophages frequently present characteristics of M2- phenotype macrophages which are 

associated with neoangiogenesis, tumour proliferation  and consequently a worse prognosis in 

several different neoplasias.52 In canine cancers, increased macrophage infiltration has already 

been proven to have a negative prognostic value in canine mammary tumours.53 Our study 

also found an association between macrophage infiltration and markers of tumour 

proliferation and higher histological grade, but no association was found with angiogenesis. 

Interestingly, this association didn´t appear to be mediated by COX 2 pathways, as no relation 

was found between the two variables, even though PGE2 being known to contribute to 
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macrophage differentiation towards phenotype M2, increasing tumour aggressiveness in some 

forms of cancer.54  

The prognostic value of T lymphocyte infiltration is usually dependent on CD4+: 

CD8+ T-cell subtype ratios. An infiltrate rich in CD4+CD25+ regulatory T cells is a poor 

prognosis marker, but infiltration by CD8+ cytotoxic T cells is a good prognosis indicator.51 In 

human tumour cells PGE2 is known to induce suppression of antigen-presenting dendritic 

cells, leading to a reduced activation of anti-tumour cytotoxic CD8+ T-cells.55In this study, T-

lymphocyte infiltration was associated with higher histological grade and ulceration, but not 

with high COX-2 intensity. Of the MCTs here analysed, 90% (n=45) had scarce T-

lymphocyte infiltration, and of these, 71% (32/45) presented high COX-2 expression. This 

observation could be explained by indirect PGE2-mediated supression of cytotoxic T-

lymphocytes as shown by Ahmadi et al.55 However, the apparent association between high 

COX-2 intensity and scarce T-lymphocyte infiltration in our results lacks statistical 

significance. In order to confirm this, a wider range of MCTs series including more tumours 

with moderate and dense T-lymphocyte infiltration would be required, as well as mechanistic 

studies to assess how COX-2 signalling affects T-lymphocyte CD4+  and CD8+ subsets in 

canine MCTs. 

 

CONCLUSION 

 

COX-2 appears to have an important role in MCT carcinogenesis. COX-2 expression 

in MCTs should be quantified not by measuring marking extension or COX-2 score 

quantification, but by analysing intensity of expression. 

COX-2 positive MCTs had a higher number of microvessels and a high proliferative 

index comparatively to tumours with low COX-2 immunoexpression, supporting the 

hypothesis that some of the underlying pathways involved in its biological aggressiveness, 

including those related to angiogenesis and tumour proliferation, might be related with COX-

2-dependent mechanisms. 
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ABSTRACT 

 

Background: End stage cancer constitutes a challenge to clinicians as common 

therapeutic modalities such as chemotherapy and surgery are of limited value. Quality of Life 

is also a major concern shared both by clinicians and pet owners. Metronomic chemotherapy 

has shown clinical activity in several neoplasia including end stage and heavily pre-treated 

cancers and without significant compromises in Quality of Life (QoL). 

Methods: Retrospective study evaluating clinical efficacy and effect on QoL of 

firocoxib alone or combined with chlorambucil in 30 dogs with advanced stage cancer. 

Results: Treatment with firocoxib alone or combined was well tolerated with few 

adverse effects noted. The overall Clinical Benefit Rate was 53 % with 1 Complete 

Remission, 2 Partial Remissions and 11 Stable Disease. No differences were noted between 

both treatment groups in Progression Free Interval (p= 0.462) and Overall Survival (p=0.882). 

Significant improvements in QoL were observed in treated animals (P=0.005). 

Conclusion: Firocoxib alone or combined with chlorambucil is well tolerated and 

seems to have activity against a variety of neoplasia and contributes to increase of QoL in 

animals with advanced oncologic disease. Further prospective studies are needed to clarify 

their role in each specific neoplasia. 

 

INTRODUCTION 

 

Cancer has become a major cause of illness and death in pets1. Surgery remains the 

main treatment modality and the best chance of achieving disease cure or control in several 

malignancies2. Conventional chemotherapy specially when used in the adjuvant setting has a 

proven beneficial effect in several forms of cancer and is routinely used in the clinical setting 

nowadays.  

Great interest has been demonstrated recently about Quality of Life (QoL) in pets with 

chronic disease3 including cancer4. Cancer and its treatment have a major impact in dogs and 

their owners life and the expectations regarding this issue might have influence on the 

decision of the owner in pursuing treatment4. QoL issues gain extra pertinence in advanced 
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disease where expectations regarding treatment efficacy are low or in diseases where recent 

and alternative therapies seem to have reach a plateau in terms of overall survival. In these 

cases treatment objectives shift from increasing the quantity of living days to quality of those 

same living days.  

Nonsteroidal anti-inflammatory drugs (NSAID) due to its anti-inflammatory and 

analgesic properties have long been contemplated in cancer therapeutic protocols5,6. While its 

analgesic action could contribute to increase QoL in cancer patients7, its PGE2 production 

inhibition interferes with several hallmarks of carcinogenesis including apoptosis, 

angiogenesis, invasiveness and metastasis8 making them candidates to be used in cancer 

therapeutic protocols in people9. In fact they have  already proven some antitumour effect in 

dogs with Transitional Cell Carcinoma10,11, Inflammatory Carcinoma (IC)12 and Oral 

Squamous Cell Carcinoma13,14. 

Metronomic chemotherapy was recently described in veterinary medicine and is 

defined as the continuous administration of a low dosage cytostatic, usually an alkylating 

agent such as cyclophosphamide or chlorambucil, combined with a Cyclooxygenase (COX) 

inhibitor15. These protocols differ from conventional or classic chemotherapy by the use of 

dosages well below the Maximum Tolerable Dosage (MTD) and the absence of a resting 

period. Chemotherapy used in a MTD is considered ineffective in preventing angiogenesis a 

key step in carcinogenesis16. In contrast, metronomic chemotherapy works mainly through 

angiogenesis inhibition17 although other mechanism such as immunomodulation17,18 and direct 

cytotoxic effect were also proposed19  being in fact a multitargeted treatment modality. 

Metronomic protocols have been tried with some success in human patients even though 

many of such patients were end stage heavily pre-treated17,18,20-24. 

In veterinary patients there are fewer studies evaluating its efficacy and only in dogs. 

One study found comparable responses in dogs with hemangiosarcoma treated with 

cyclophosphamide, piroxicam and etoposide compared with the group treated with 

doxorubicin24. Another retrospective study found an increase in Overall Survival (OS) in dogs 

with dirty margins soft tissue sarcomas treated with piroxicam and cyclophosphamide when 

compared to dogs who didn´t receive adjuvant therapy25. More recently another study found 

chlorambucil, another alkylating agent, to be a viable and interesting alternative to 

cyclophosphamide (sometimes associated with haemorrhagic cystitis even under metronomic 

dosages), with antitumor activity and a better safety profile, in several dog cancers26. 
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Lomustine was also evaluated and proved to be a suitable alternative to cyclophosphamide 

but with higher toxicity27. 

Firocoxib is a COX-2 specific inhibitor largely used for orthopaedic pain control in 

veterinary medicine. Its COX-1 sparing effect potentially gives firocoxib a safer 

gastrointestinal profile and it already proved to have some antitumoral activity in bladder 

cancer28 and pre-neoplasic skin lesions29. The aim of this study was to confirm whether 

firocoxib alone or combined with chlorambucil could prove to be a suitable and safe option in 

the treatment of a particular subset of patients with several advanced cancer forms, either by 

improving survival or increasing QoL. 

 

PATIENTS AND METHODS 

 

Patients 

 

This study was conducted at Hospital Veterinário do Porto and Centro Hospitalar 

Veterinário do Porto and included dogs with malignant tumours, histologically confirmed by 

biopsy, clinically at end stage or advanced neoplastic disease that had not received prior 

chemotherapy treatment and were not adequate to curative surgery. 

Each animal was evaluated and the tumour was staged accordingly with its 

histological type before initiating therapy. In all cases, Cox-2 immunohistochemical detection 

was also performed by the  streptavidine-biotine-peroxidase complex method with a 

commercial detection system (Ultra Vision Detection System; Lab Vision Corporation, 

Fremont, California, USA) following the manufacturer’s instructions, according to previous 

described methodology30. Positive cases were considered when more than 10% of tumoural 

cells expressed Cox-2. 
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Methods 

 

Firocoxib plus chlorambucil treatment was proposed to all owners but some declined 

and opted for firocoxib alone. Reasons for refusing treatment with chlorambucil included the 

presence of young children and /or pregnant owner at home in contact with the dog, and 

concerns regarding extra toxicity of chlorambucil.  

Dogs were treated with firocoxib 5 mg/kg orally once daily alone or combined with 

chlorambucil 4 mg/m2 orally once daily rounded to the nearest 2 mg to avoid splitting 

commercially available 2 mg pills. The dosage of chlorambucil was based on a previous study 

that evaluated its safety and efficacy in dogs with various types of cancer26.  

Toxicity was evaluated using Veterinary Cooperative Oncology Group - common 

terminology criteria for adverse events31 and treatment response was evaluated using tumour 

volume measurement according to the following criteria: Complete Remission (CR) - 

complete eradication of tumour; Partial Remission (PR) - ≥ 50% tumour reduction; Stable 

Disease (SD) - < 50% tumour reduction or < 25 % increase; Progressive Disease (PD) - ≥ 

25% increase in tumour volume26. Clinical Response was defined as percentage of dogs that 

achieved CR, PR or SD. 

Progression Free Interval (PFI) was defined as the time elapsed between initiation of 

treatment and detection of PD. Overall Survival (OS) defined the time between beginnings of 

therapy until death of the animal or study end.  

Follow-up was recorded from the beginning of treatment until death of the animal or 

end of study. Additionally, the owners were asked to fill a questionnaire evaluating quality of 

life before and 2-3 weeks after treatment32 which comprised 21 individual questions (Likert 

scale 1-5) pertaining different aspects of QoL and a final question classifying overall quality 

of life at that moment ranging 1-100. Overall quality of life variation (ΔQoL) was calculated 

subtracting overall QoL score at 2-3 weeks post treatment time from initial before treatment 

presentation time. 
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Statistical analysis 

 

Kaplan-Meier survival plots and corresponding log-rank tests were used to analyse 

DFI and OS whereas Wilcoxon signed-rank test and Mann Witney U test was performed to 

compare QoL scores before and after treatment and between groups respectively. Kruskal 

Wallis test was used to analyse changes in QoL scores between different neoplasia groups. In 

all cases, p < 0.05 denotes the presence of a statistically significant difference. 

 

RESULTS 

 

In all, 30 dogs were included in the study (21 female: 9 male) from 8 different tumours 

types: thyroid carcinoma (n=2), hemangiosarcoma (n=2), chondrosarcoma (n=1), rectal 

carcinoma (n=1), oral squamous cell carcinoma (n=1), oral melanoma (n=6), transitional cell 

carcinoma (TCC) (n=2) and mammary carcinoma (n=15). Mammary cancers included 

metastatic non-operable disease with all the animals presenting distant metastasis at lungs 

(n=7) and inflammatory mammary carcinomas (n=8) (Table8.1). Median age of subjects was 

10.0 yr. All cases were positive to Cox-2, except for the 2 hemangiosarcomas. 

 

Treatment response 

 

The response to therapy was variable and is summarized in Table 1. Overall 

Remission Rate (RR) was 10 %. Median Progression Free Interval (PFI) and median Overall 

Survival (OS) for all animals was 53 (95 % confidence interval 0-130) and 74 (95 % 

confidence interval 50- 98) days respectively (Fig.8.1 and Fig.8.2). Clinical benefit (PR+CR 

+SD) was recorded in 53 % of animals. 
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Table 8.1 – Clinical response by treatment and tumor histological typeF-Firocoxib; FC – Firocoxib and 

Clorambucil; ¥ – Unknown data; *Censored at day 32 when treatment was changed due to treatment failure.  
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Figure 8.1 –. Kaplan-Meyer curve of median Progression Free Interval (PFI) in the animals included on the 

study. Medium PFI was 53 days. 
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Figure 8.2 – Kaplan-Meier curve of median Overall Survival (OS) in the animals included on the study. Medium 

OS was 92 days. 
 

A CR was recorded in a dog with oral malignant melanoma treated with chlorambucil 

and firocoxib, with an OS of 94 weeks when it was euthanized due to severe cognitive 

dysfunction and still in remission. Partial Remissions (PR) were recorded in a dog with a 

subcutaneous hemangiosarcoma (treated with chlorambucil and firocoxib) for 21 weeks and a 

dog with a thyroid carcinoma (treated with firocoxib) for 8 weeks when it was lost for follow 

up. Stable Disease (SD) was recorded in 2 dogs with oral melanoma (94 and 90 weeks), 1 dog 

with oral Squamous Cell Carcinoma (8 weeks), 3 dogs with metastatic mammary cancer (6, 

13 and 147 weeks), 2 dogs with inflammatory mammary carcinoma (8 and 11 weeks), a dog 

with rectal carcinoma (8 weeks), one dog with TCC (34 weeks) and a dog with thyroid 

carcinoma (15 weeks). There were no statistical significant differences between group treated 

with firocoxib and group treated with firocoxib + chlorambucil regarding PFI (p= 0.462) and 

OS (p=0.882) (Fig.8.3 and Fig.8.4). 
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Figure 8.3 – Progression free interval (PFI) Kaplan-Meier curves comparing the two groups of treatment 

(Firocoxib vs Firocoxib + Chlorambucil). There is no difference between group treated with firocoxib and group 

treated with firocoxib + chlorambucil regarding PFI. 
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Figure 8.4 – Overall survival (OS) Kaplan-Meier curves comparing the two groups of treatment (Firocoxib vs 

Firocoxib + Chlorambucil). There is no difference between group treated with firocoxib and group treated with 

firocoxib + chlorambucil regarding OS. 

 

This case series includes a relatively large number of inflammatory mammary 

carcinoma cases (n=8) with a median OS of 56 days. Interestingly, the 2 cases with the longer 

survivals (84 and 92 days) had been subjected to debulking surgery.  

 

Toxicity 

 

Median treatment duration was 62 days with a maximum treatment duration of 517 

days. Four dogs were treated for over one year which included two dogs treated with 

firocoxib alone and two dogs treated with firocoxib combined with chlorambucil. 
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Two cases of toxicity related to treatment were recorded and included a grade 4 gastric 

ulceration (12 year dog with chondrosarcoma treated with firocoxib for 7 weeks), 1 grade 2 

azotaemia (11 year old dog with melanoma treated with firocoxib for 33 weeks). No 

hematologic toxicities were recorded. 

 

Quality of life 

 

Questionnaires regarding QoL evaluation were retrieved and evaluated in 17 cases: 2 

thyroid carcinomas, 5 metastatic mammary tumours, 2 oral melanomas, 5 inflammatory 

mammary carcinomas, 1 chondrossarcoma, 1 oral SCC and 1 rectal carcinoma.  

Significant increases were noted in the quality of life of patients receiving treatment. 

When asked to assign a score of total quality of life (0-100) owners assign a significant higher 

score after treatment: pre-treatment median score 40 and post-treatment median score of 60 

(p=0.005) (Fig.8.5). When considering the two treatment groups individually, firocoxib 

treated group showed statistically significant increase in QoL score (p= 0.043) whereas the 

firocoxib+chlorambucil group showed a statistic tendency but failed to be significant (p= 

0.068). Animals treated with firocoxib + chlorambucil had an initial lower QoL score but 

when analysing the difference between final and initial QoL scores (ΔQoL) there were no 

differences between treatment groups (p=0.301, Mann Whitney U test). There were also no 

difference in overall ΔQoL between animals of different groups of neoplasia (p=0.407, 

Kruskal Wallis test) although the small number of subjects in some disease groups limited this 

assumption. The highest increases in QoL were recorded in the following questions: “he is 

more depressed and less responsive”, “he´s painful” and “he is panting even when resting”. 

The cases with overall higher increases of QoL were registered in the dog with 

chondrosarcoma (Δ= 80%) and a dog with metastatic mammary cancer (Δ= 40%). 
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Figure 8.5 – Global effects of treatment (Firocoxib vs Firocoxib + Chlorambucil) in animals’ quality of life. 

 

DISCUSSION 

 

The treatment of end stage cancer in veterinary and human medicine is many times 

unrewarding. In dogs, no systematic effective treatment has proven efficacy in most of end 

stage cancer resulting in an immediate need of innovative treatments for these cases.  

Metronomic chemotherapy may prove to be a viable alternative. Prediction of benefit 

with this therapy is difficult due to lack of validated biomarkers that could better precise 

which patients and with which treatment would benefit most.  

In this study, firocoxib alone or combined with chlorambucil showed some antitumor 

activity in different subset of patients with large macroscopic disease traditionally more 
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resistant to medical treatment. Responses included CR (3%), PR (7%) and SD (37%). 

Firocoxib alone or combined with chlorambucil was well tolerated and significant improves 

in QoL perceived by the owners, were registered in both cases. This fact alone combined with 

the easiness of oral administration protocols, makes these attractive treatment protocols for 

dogs with advanced cancer, where alternative effective treatments are scarce and especially 

when owners might be more reluctant in pursuing aggressive treatment modalities at an 

expense of QoL of their pet. Although the treatment groups were not either stratified or 

randomized regarding tumour types or subjects characteristics we did not find differences in 

PFI or OS between them as was the case in another study26. Further studies will be necessary 

to address this question. The dogs included in this study all had advanced disease with low 

OS expectancy which could account for the difficulty in finding differences between the 2 

populations. 

With the exception of the hemangiosarcomas cases, all samples expressed COX-2. 

COX-2 overexpression is associated with aggressiveness and poor prognosis in a large 

number of neoplasia, which corroborates with the fact of these being advanced stage cancers 

and making it a potential therapeutic target. PGE2, the main end-product of the COX-2 

pathway has a known role in several carcinogenesis key steps such as promotion, invasion, 

apoptosis inhibition and metastasis8,33-36  making COX-2 a suitable target for cancer treatment 

and prevention.  

COX-2 selective inhibitors were first introduced in veterinary medicine for their 

analgesic properties and safer profile37-40 which are valuable features in a subpopulation 

usually characterised by advanced age and comorbidities. The combination of an alkylating 

agent in a metronomic chemotherapy protocol theoretically increases inhibition of 

angiogenesis, antitumor immune activity and also has some residual direct cytotoxic effect17. 

This last effect could explain the remissions observed here and in other works26 whereas 

angiogenesis inhibition would probably only explain cases of disease stabilization which in 

turn makes it harder for assess treatment efficacy and highlighting the need for prospective 

clinical trials. However the observed case of an hemangiosarcoma COX-2 negative with a PR 

could be explained by the sole action of chlorambucil or by a COX independent action of 

firocoxib as already described in other NSAIDS41. One could also theorize that the response 

seen in this case could be to the fact that it’s a highly angiogenic tumour provably more 

sensible to the anti-angiogenic effects of metronomic chemotherapy. The mentioned dog 
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showed a PR after treatment with FC in a previously rapidly progressive disease which 

remained stable for 21 weeks with an OS of 71 weeks in a tumour type known for its 

aggressiveness and poor median OS. One similar study26 made mention to dramatic responses 

to chlorambucil in a few dogs treated with chlorambucil for hemangiosarcoma.  

Another interesting observation was that the oral melanomas that entered in remission 

and the 2 inflammatory mammary carcinomas with longer survival had been submitted to 

debulking surgery raising the hypothesis that treatment with NSAID or metronomic protocols 

could achieve better results in residual disease setting. OS of inflammatory mammary 

carcinomas was comparable with published literature42,43 but our results, although analyzed in 

a small population, may suggest that surgery may constitute a viable treatment option in a 

subset of patients. Although the low number of cases makes it impossible to draw any 

conclusion it would be interesting to analyze in a larger population the effects of metronomic 

chemotherapy in an adjuvant setting as it has already proven beneficial in people with 

colorectal cancer44. 

The increase in QoL scores registered was another positive effect of animals treated 

with both protocols. Owners are increasingly concerned with QoL matters3,4 and more 

proactive in the decision making process and are usually more willing to comply with 

treatments not associated with poor QoL4.  

One important bias that must be considered is that many animals in this study were of 

older age and that the increase in QoL observed might be from pain relief action of firocoxib 

in osteoarthritis, a common disease in old age dogs although none of the cases were 

previously diagnosed with osteoarthritis. Directly linked with increased QoL was the low 

incidence of toxicity associated with both treatment protocols. Firocoxib long term safety had 

already been established in other studies including populations of geriatric dogs37,39, but it’s 

important to notice that in this case the population observed consisted of “non healthy” 

animals with advance oncologic disease and still exhibited a low rate of toxicities. The 

addition of chlorambucil didn´t appear to add extra toxicity namely hematological ones. 

As previously mentioned most of the anti-cancer effects of NSAIDs are mediated by 

PGE2 inhibition. As so selective COX-2 inhibitors, as is the case of firocoxib, are considered 

superior to non-selective COX inhibitors45 and potentially safer40 although gastrointestinal 

and renal side effects are still a concern specially in a subpopulation characterized by 
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increased age, comorbidities and polymedication. Piroxicam is still used in cancer treatment 

in dogs due to the early work of Knapp e collaborators14. Even though it appears to exist a 

class effect of NSAIDS in cancer treatment, specificities and differences also exist between 

different NSAIDS46. As so it will be important do compare different NSAIDS in the future 

regarding efficacy and safety where the new generation COX-2 specific inhibitor could have 

an advantage. 

 

CONCLUSION 

 

Firocoxib alone or combined with chlorambucil appears to be a safe, effective and 

viable treatment alternative in some dogs with advanced or end stage cancer disease and 

contribute to an increase in QoL in these patients. More studies are needed to compare its 

efficacy with other treatment modalities and assert the prospect of combining it with other 

therapy agents either simultaneously or after completion of classic treatments (eg following 

conventional chemotherapy). By using less toxic drugs, administered in a more convenient 

oral form allowing for the animals to be treated in an outpatient way, makes metronomic 

chemotherapy an attractive treatment for clinicians and pet owners. 

In the future, relevance will be given to biomarkers who could help predict which 

cases could benefit most from metronomic chemotherapy. Also metronomic chemotherapy 

could also prove to be useful in other settings rather than end stage disease and its role in 

early stage cancers should also be investigated rather than using it only in advance disease 

namely following or at the same time as MTD chemotherapy to prevent relapses and 

rebounding.  

These data suggest potentially antitumor activity of firocoxib alone or combined with 

chlorambucil in a subset of patients that warrants further evaluation in a larger population and 

in randomized clinical trials.  
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General discussion and conclusion 

 

Cancer constitutes a significant share of caseload attended in veterinary practices, 

especially among older pets1. Having a pet with cancer carries a significant emotional distress 

to pet owners2 potentially making them a specific subpopulation among pet owners with 

distinctive needs. Human patients with cancer are already known to have specific needs3 and 

the recent trend of pets being considered family members raised the hypothesis that the same 

would be true for owners of pets with cancer. 

The SERVQUAL questionnaire is an instrument already used in various areas of 

human healthcare helping to ascertain patients expectations and needs and its fulfilment to 

better acknowledge the general satisfaction of the medical service4. The final SERVQUAL 

model divides customer expectations and perceptions in five dimensions: tangibles, 

responsiveness, reliability, assurance and empathy4,5. Owners of pets with cancer differed 

from the general population by giving more emphasis on questions pertaining the Assurance 

dimension and the veterinary team failed to recognize this need opting to over valuate the 

tangible dimension. This out of touch relationship is concerning when it is known that a 

stronger physician-patient relationship has mutual benefits6. Veterinary clinicians should then 

direct efforts to full fill those demands by transmitting trust and confidence and being 

knowledgeable to clients. By filling this GAP the veterinarian-pet owner relationship gets 

fortified which leads to stronger clinic results with better treatment compliances and lesser 

stress to the veterinary staff team. Also, empathy was the highest scored dimension in owners 

of pets with cancer. Having a pet with cancer carries a large emotional burden to its owners 

where subjects like QoL7 and End of Life8 gain extra importance. Pet owners are less 

willingly to pursue treatments at cost of QoL and the veterinarian needs to recognise this as it 

pertains directly to the empathy dimension. Although new treatments are allowing 

veterinarians to prolong pets OS, the quality of that same extended life needs to be addressed. 

This problem has already gained attention in human studies9. Clearly pet owners demand an 

alternative therapeutic plan especially when in presence of end stage disease where treatments 

are less prone to achieve increases in OS and the clinical goal should be shifted to improve 

QoL rather than increasing OS. 
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COX inhibitors have long been empirically used in cancer treatment for their analgesic 

properties and were often used as a palliative treatment. Ever since the mechanism of action 

of PGE2, the main end product of COX-2, has been elucidated it was noted that inflammation 

and cancer shared many pathways10–12 and NSAIDs started to  be contemplated as true 

therapeutic options against cancer13,14. Actually PGE2 is involved in all carcinogenesis main 

steps: initiation, promotion, invasion, apoptosis inhibition and metastasis. The next step was 

to find COX-2 overexpression in malignancies which has been consistently reported and 

reviewed15. In fact and in contrast with COX-1 whose expression is somewhat ubiquitous, 

COX-2 is overexpressed in canine malignancies including mammary tumours16, mast cell 

tumours17, squamous cell carcinoma18, melanoma19, transitional cell carcinoma20, prostatic 

carcinoma21, nasal22 and colonic carcinomas23, among others15 .The next logical step was to 

identify COX-2 expression with clinicopathological variables of disease aggressiveness. We 

reviewed and described this association which was described in canine mammary tumours 

(initiation and proliferation)24. Our work also showed that COX-2 was also associated with 

angiogenesis and inflammatory peritumoural microenvironment in canine melanomas25, while 

in mast cell tumours it was related with proliferation and angiogenesis. Our series of canine 

melanomas showed an association between COX-2 and increased angiogenesis measured by 

quantification of neovessels (by Factor VIII immunohistochemistry) and in a lesser extent 

with VEGF. Angiogenesis is a crucial key step in melanoma disease progression26 and 

alternative pathways exist that could explain tumour evasion to anti-angiogenic therapies27. 

Although our work suggests a COX-2 role in melanoma angiogenesis it seems to also involve 

an alternative pathway alternative to VEGF.  Cancer angiogenesis is a complex subject that 

came to light with the acknowledge of treatment resistance to anti-VEGF drug 

bevacizumab27. VEGF is a known subsequential product of COX-2 action and overexpression 

of this enzyme is known to increase angiogenesis through augmented levels of VEGF28. 

However COX-2 contributes to angiogenesis in various other ways29. In fact many tumours 

use alternative pathways of angiogenesis30 and our work suggests that COX-2 promoted 

angiogenesis in canine melanoma could involve some of these alternative pathways. It seems 

that an anti-angiogenic treatment in this disease could contemplate anti-VEGF and anti-COX-

2 treatment simultaneously in order to achieve a potential higher efficacy. COX-2 was also 

found to be associated with canine melanoma proliferation (by Ki67 immunolabelling). The 

role of PGE 2 in cancer promotion is complex but seems to involve, among others,  cyclins 

and consequent cell cycle progression31. Finally COX-2 also showed to be implicated with the 
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tumour micro-inflammatory environment being associated with a higher number of 

lymphocytes T and macrophages.  T Cell lymphocytes infiltration are associated with a worse 

prognosis in melanoma due to immunosuppressive properties of T regulatory cells32,33. The 

tumour inflammatory microenvironment gains extra relevance in canine melanoma where a 

xenogenic vaccine is already approved to be used in canine oral melanoma34. Whether these T 

cell lymphocytes could interfere with vaccine action and whether COX-2 inhibition could be 

used as an adjuvant treatment to vaccine constitutes an interesting future research field.  

As for canine mast cell tumours our studies implicated COX-2 role in carcinogenesis 

demonstrating an association between COX-2 intensity and OS. Furthermore its role seems to 

be achieved by acting on proliferation and angiogenesis, but not in inflammatory 

microenvironment. Mast cell tumours are c-Kit driven neoplasias and c-Kit mutation and 

overexpression are known to be associated with increased proliferation35 and angiogenesis 

measured by MVD36 and mediated by increased levels of VEGF37. Normal peritumoural mast 

cells are already know to produce VEGF  and thus contributing to cancer angiogenesis in 

sarcomas38 and the fact that anti-VEGF therapy in these tumours didn´t achieve angiogenesis 

halting led to the proposal of anti-VEFG plus anti-COX-2 combined therapy in order to 

prevent tumour angiogenesis39. C-Kit inhibitors are already routinely used in the treatment of 

canine mast cell tumours40 and our results point to the possibility of joint treatment with Kit 

inhibitors and COX-2 inhibitors that needs to be evaluated in terms of safety and efficacy on 

clinical trials. 

The work in these two neoplasia types reinforces the potential different mechanism of 

action of COX-2 in carcinogenesis which makes it harder to generalize results and treatment 

recommendations but at the same time opens a vast field of future potential research on the 

role of COX-2 in cancer. 

Next we evaluated the true value of COX-2 as a prognostic marker through a 

systematic review where it was found to be valuable in canine mammary tumours, melanomas 

and osteosarcomas whereas in canine mast cell tumours, prostatic carcinomas and nasal 

carcinomas it failed to be of prognostic value. Our systematic review demonstrated that  

further studies are lacking in important groups of neoplasias such as sarcomas and 

hematopoietic neoplasias while the tumours investigated, apart from canine mammary 

tumours, exhibited only single studies. In deed our original work on mast cell tumours 

showed an association between COX-2 intensity and a decrease in OS in opposition to one 
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other single study who didn´t find such association between this enzyme and OS although a 

different method to quantify COX expression had been used. This limitation was also pointed 

in our systematic review: the lack of a standard method to quantify COX expression can make 

different studies results comparison harder if not impossible and increase the risk of bias and, 

above all, prevents the conduction of a meta-analysis. There is an identified need for 

additional prognostic markers in veterinary oncology. Some neoplasia such as mammary 

tumours or intermediate grade mast cell tumours presents with a wide range of clinical 

behaviour and patient selection for additional adjuvant therapy is difficult. Also metronomic 

chemotherapy will also demand additional prognostic markers to identify optimum treatment 

candidates. In both cases COX-2 expression could have an important role. 

After demonstrating the role of PGE2 in carcinogenesis, the overexpression of COX-2 

in several malignancies and its association with aggressive disease phenotypes, the next 

logical step would be to evaluate the clinical activity of COX-2 blocking by NSAIDs. 

Although some case reports in the human literature already documented clinical activity of 

NSAIDs in cancer41,42 higher evidenced studies such as randomized clinical trials are lacking. 

With the advent of metronomic chemotherapy the use of NAIDs in cancer treatment got a 

renovated impulse43–48. In veterinary field Knapp et all.49 pioneered studies on the use of 

piroxicam in canine transitional cell carcinoma which constitutes today a valuable treatment 

alternative for the disease in dogs and constituting a good example of an animal model of 

human disease50,51. The use of metronomic protocols by combining a COX-2 inhibitor and an 

alkylating agent has also been investigated with good promise although the studies available 

are of low evidence52–57. Our work analysed the effect of firocoxib alone or combined with 

chlorambucil on a group of various end stage neoplasia with 3 objectives: evaluate clinical 

activity, evaluate treatment safety profile and evaluate its contribution to the QoL of dogs 

treated. We did find clinical activity both on firocoxib alone and combined with chlorambucil 

observing 1 CR and 2 PR in 30 treated dogs. No significant side effects were reported and 

significant increases in QoL scores were observed. Although the low numbers of subjects 

distributed among several types of cancers and the limited level of evidence caused due to the 

fact of being an observational study rather than a clinical trial prevented any clear conclusions 

regarding increases in OS or PFI, the fact that we registered 3 remissions points out to the 

need to further investigate firocoxib in a larger and prospective clinical trial. The measuring 

of the study results by the QoL also showed that firocoxib could be promising in improving 

wellbeing of dogs with end stage disease. This finding is of extreme importance given the fact 
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that owner of pets with cancer give extra importance to QoL and by valuing empathetic 

aspects of veterinary care they expect veterinarians to recognise it and address it. 

In conclusion our work suggests that COX-2 has an important role in several canine 

malignant neoplasia either as a prognostic marker or as a therapeutic target and that COX-2 

inhibitors could have a potential clinical role alone or combined in metronomic chemotherapy 

protocols in the treatment of end stage cancers and with interesting results in improving QoL 

which constitutes an increasing demand of pet owners.  

Our systematic review also identified the need for standardized technics of COX- 2 

expression measurement and the need of further studies either to complement existing 

research in a given neoplasia or in non-researched neoplasias. 

Our work also didn’t register substantial side effect with the prolonged use of COX 

inhibitors in dogs who were mostly of older age and with comorbidities and that were treated 

for substantial periods of time with some of them for over a year. The use of COX inhibitors 

in dogs for prolonged periods is facilitated by the absence of cardiovascular disease events 

that were observed in early studies in people34,58,59 and its benefits seem to outweigh its risks 

in this subset of patients. 

In the future standardized methods of COX quantification will be needed to better 

classify its role in carcinogenesis and prognostic and randomized clinical trials will better 

determine which animals are better candidates for this therapy. 
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