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1 | INTRODUCTION

2,5,6

Abstract

Cyclooxygenase (COX) isoforms-1 and -2 have been extensively investigated in can-
cer. Although COX-2 is the isoform most studied and has been described in several
malignancies associated with histologic criteria of malignancy and worse prognosis,
COX-1 has also been linked to some forms of cancer. With the present review our
aim was to summarize the current state of knowledge and clarify if and in which type
of tumours COX-1 and/or COX-2 expression have real prognostic implications. 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 neoplasia
in dogs and cats. Eighteen studies were analysed. COX-2 was shown to be a negative
prognostic factor in canine and feline mammary tumours, canine mast cell tumour,
canine melanoma, canine osteosarcoma and canine renal cell carcinoma. COX-1
showed a negative prognostic value in feline oral squamous cell carcinoma (SCC).
We found high heterogeneity among studies regarding COX immunohistochemical
evaluation methodology even in the same type of neoplasia pointing out the need
for its standardization at least by tumour type. The available data support the use of
COX-2 as a prognostic factor in canine (mammary carcinoma, mast cell tumour, mela-
noma, osteosarcoma and renal carcinoma) and feline (mammary carcinoma) cancers.
For COX-1, its use is advised in feline oral SCC.

KEYWORDS

cat, COX expression, COX-2, dog, neoplasia, prognosis, tumour

human life environment and are under the same cancer predisposing

risk factors, developing naturally occurring neoplastic disease, un-

In veterinary medicine, the incidence of cancer is increasing and
cancer constitutes nowadays a major cause of morbidity and mor-
tality in small animal practice. Some reasons that could explain this
occurrence are related with the advances in diagnostic and treat-
ment techniques, as well as the prophylactic-based clinical practice,
which has allowed the improvement of dogs and cats life expec-
tance (Szweda et al., 2020). Moreover, companion animals share the

like laboratory animals in which cancer has to be induced. All these
reasons point dogs and cats with cancer as an important biological
model for studying human cancer disease (Davis & Ostrander, 2014;
Gardner et al., 2016).

Cancer therapy has evolved enormously in recent years and
multimodal treatments are now commonly used. Furthermore, the

availability of common treatment modalities in the human field allow
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to better compare prognostic markers and treatment responses be-
tween species (Schiffman & Breen, 2015). However, even though all
the recent improvements in veterinary cancer therapy, it remains
truly important to identify molecular biomarkers that could upgrade
the efficacy of oncological diagnostics and provide more accurate
prognostic information in animals with tumours.

Cyclooxygenases, a group of enzymes involved in the transfor-
mation of arachidonic acid into prostaglandins, have been described
as promising biomarkers with increasing relevance in human and
veterinary oncology (Carvalho et al., 2018; Guimaraes et al., 2014;
Hashemi Goradel et al., 2019). Cyclooxygenase (COX)-1 is expressed
mainly constitutively, whereas COX-2 expression increases during
several pathological processes involving inflammation, pain, fever
and several neoplasias (Spugnini et al., 2005). COX-2 overexpression
was first described as being involved in human tumour progression,
demonstrating an important prognostic value in several human can-
cers (Méric et al., 2006). Although to a lesser extent than in human
medicine, a relevant number of recent studies have also identified
COX-2 overexpression in some malignancies in dogs and cats (Doré,
2011) making it a potential prognostic marker and therapeutic target.

To the best of our knowledge no systematic review has been per-
formed to better discriminate these studies on COX expression in
the veterinary field with the intent to identify research works that
clearly recognises COX isoenzymes as prognostic markers from
studies which merely describe COX expression in a particular neo-
plasia or an association with malignancy criteria but without evaluat-
ing the impact on overall survival (OS).

The aim of the present work was to determine whether COX-1 or
COX-2 expression have any value as a prognostic marker in canine
and feline malignant neoplasms. For this purpose, we reviewed pub-
lished observational studies analysing COX-1 or COX-2 expression
either by immunohistochemistry or molecular quantification and its
impact on OS.

2 | METHODS
2.1 | Search strategy and selection criteria

We searched PubMed using the following search terms, either as

n o« n o«

, “tumour”, “can-

» o« » o«
)

MeSH terms or free entries: “dog”, “cat”, “neoplasia

cer”, “cyclooxygenase” and “COX”". Studies were eligible if they ful-
filled all the following inclusion criteria: (1) were published in English,
French, Portuguese or Spanish; (2) were performed in dogs or cats
of any age or breed; (3) quantified COX-1 or COX-2 expression by
immunohistochemistry or molecular quantification in any malignant
neoplasia; (4) consisted of observational studies and (5) evaluated
COX association with OS. The study selection procedure was a two-
step process: Step 1 (scan read) consisted of title and abstract evalu-
ation, whereas in Step 2 the full study report was evaluated. Both
steps were performed by two authors working independently (HG
and TRM). Disagreements were solved by consensus. If consensus
could not be found, a third author (FLQ) had the final decision on the

inclusion of a particular study. The last search was performed on 20
of October, 2019.

Data collected from studies included type of study and popula-
tion, type of neoplasia, type of COX evaluated and method of mea-
surement and study results. Data were collected to a standardized
data collection sheet. For bias assessment, a methodological clas-
sification was used to ascertain the risk of bias based on the crite-
ria described by Laupacis et al. (1994) and the American College of
Veterinary Pathologists' Oncology Committee recommended guide-
lines for evaluation of prognostic studies (Webster et al., 2011).
Again, the data collection and risk of bias assessment were per-
formed by two authors (HG and FLQ) working independently and
disagreements were solved by consensus. The final report was writ-
ten according to the recommendations suggested in the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses state-
ment (Liberati et al., 2009; Moher et al., 2009).

3 | RESULTS

The database search yield 272 results. After reading the title and ab-
stract, 19 were considered relevant. After full-text reading one extra
article was excluded for not meeting the inclusion criteria and 18
articles were included for final review (Aradjo et al., 2016; Belshaw
et al., 2011; Bommer et al., 2012; Carvalho, Pires, et al., 2017,
Carvalho, Stoll, et al.,, 2017; De Campos et al., 2016; Gregério
et al., 2017; Hayes et al., 2007; Lavalle et al., 2009, 2012; Martinez
et al., 2011; Millanta et al., 2006; Mullins et al., 2004; Nobrega
et al., 2019; Queiroga et al., 2005, 2010; Sorenmo et al., 2004,
Vascellari et al., 2013). No extra articles were considered relevant
after consulting the references lists of selected studies. A flowchart
of the selection process is shown in Figure 1 and a summary of se-
lected studies is described in Table 1.

3.1 | Characteristics of included studies

Of the 18 selected studies, 10 were retrospective (Belshaw et al., 2011;
Bommeretal.,2012; Carvalho, Stoll, etal.,2017; De Campos et al.,2016;
Gregorio et al., 2017; Hayes et al., 2007; Martinez et al., 2011; Mullins
et al., 2004; Nébrega et al., 2019; Sorenmo et al., 2004) and eight were
prospective studies (Araujo et al., 2016; Carvalho, Pires, et al., 2017,
Lavalle et al., 2009, 2012; Millanta et al., 2006; Queiroga et al., 2005,
2010; Vascellari et al., 2013). Fifteen studies were performed in
dogs (Aratjo et al., 2016; Belshaw et al, 2011; Carvalho, Pires,
et al.,, 2017; Carvalho, Stoll, et al., 2017; Lavalle et al., 2009; Lavalle
et al., 2012; Martinez et al., 2011; Millanta et al., 2006; Mullins et al.,
2004; Nobrega et al., 2019; Queiroga et al., 2005; Queiroga et al., 2010;
Sorenmo et al., 2004; Vascellari et al., 2013) and four studies in cats
(Bommer et al., 2012; De Campos et al., 2016; Hayes et al., 2007,
Millanta et al., 2006), totalling 688 dogs and 145 cats. Eleven differ-
ent types of tumours were studied: canine mammary tumours (Aratjo
et al., 2016; Carvalho, Pires, et al., 2017; Lavalle et al., 2009, 2012;
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FIGURE 1 Preferred Reporting ltems
for Systematic Reviews and Meta-
Analyses flowchart of selected studies

A total of 272 results identified through
PubMed searching

2 non-english/ french/ portuguese/
spanish articles excluded

v

34 non-dog/ cat studies excluded

132 articles without COX
quantification excluded

1 non-observational study excluded

»| 84 studies lacking survival time
excluded

19 articles remaining for full-
text assessment

1 full-text non-prognostic article
excluded

A4

18 studies included in this
systematic review

Millanta et al., 2006; Queiroga et al., 2005, 2010), feline mammary
tumours (De Campos et al., 2016; Millanta et al., 2006), canine mast
cell tumours (Gregério et al., 2017; Vascellari et al., 2013), feline tran-
sitional cell carcinomas (Bommer et al., 2012), canine nasal carcinomas
(Belshaw et al., 2011), canine melanomas (Martinez et al., 2011), feline
oral squamous cell carcinomas (Hayes et al., 2007), canine osteosar-
comas (Mullins et al., 2004), canine prostatic carcinomas (Sorenmo
et al, 2004), canine cutaneous haemangiosarcomas (Nébrega
etal.,2019) and caninerenal cell carcinomas (Carvalho, Stoll, et al., 2017).
Fourteen studies evaluated COX-2 only (Araujo et al., 2016; Belshaw
et al., 2011; Carvalho, Pires, et al., 2017; Carvalho, Stoll, et al., 2017;
De Campos et al., 2016; Gregério et al., 2017; Lavalle et al., 2009,
2012; Martinez et al.,, 2011; Millanta et al., 2006; Mullins et al., 2004;
Nébrega et al., 2019; Queiroga et al., 2005; Vascellari et al., 2013) and
four studies evaluated both COX-1 and COX-2 (Bommer et al., 2012;
Hayes et al., 2007; Queiroga et al., 2010; Sorenmo et al., 2004). The

most common method used to determine COX expression was

immunohistochemistry as the only detection technique (16 studies;
Aradjo et al., 2016; Belshaw et al., 2011; Bommer et al., 2012; Carvalho,
Pires, et al., 2017; Carvalho, Stoll, et al., 2017; De Campos et al., 2016;
Gregorio et al., 2017; Hayes et al., 2007; Lavalle et al., 2009, 2012;
Martinez et al., 2011; Millanta et al., 2006; Mullins et al., 2004; Nébrega
et al., 2019; Queiroga et al., 2010; Sorenmo et al., 2004) whereas one
study combined immunohistochemistry with quantitative polymerase
chain reaction (qPCR; Vascellari et al., 2013) and another measured
COX-2 levels by enzyme immunoassay (Queiroga et al., 2005). COX-2
positivity was ascertained differently in the several studies using immu-
nohistochemistry: one study classified samples as positive or negative
(Bommer et al., 2012), another used COX-2 extension only (Martinez
et al., 2011), another evaluated intensity, extension and pattern of dis-
tribution (Hayes et al., 2007) and another ascertained labelling index
and labelling intensity (Nobrega et al., 2019). However, the major-
ity of studies (13; Aradjo et al., 2016; Belshaw et al., 2011; Carvalho,
Pires, et al., 2017; Carvalho, Stoll, et al., 2017; De Campos et al., 2016;
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TABLE 1 Summary of selected studies

Year/1st Author
2019/Nébrega, D.F.

2017/Carvalho, M.I.

2017/Carvalho, S.

2017/Gregbrio, H.

2016/Araljo, M.R.

2016/de Campos, C.B.

2013/Vascellari, M.

2012/Bommer, N.X.

2012/Lavalle, G.E.

2011/Belshaw, Z.

2011/Martinez, C.M.

2010/Queiroga, F.L.

2009/Lavalle, G.E.

2007/Hayes, A.M.

Study type/N/Treatment

Retrospective
60 dogs (30 male + 30 female)
Surgery

Prospective
109 female dogs
Surgery

Retrospective

30 dogs

Surgery + adjuvant therapy (e.g.
cytotoxic drugs or tyrosine kinase
inhibitors)

Retrospective
43 dogs
Surgery

Prospective
78 dogs
Surgery

Retrospective
37 female cats
Surgery

Prospective

51 dogs (18 males + 30 females + 3
unknown)

Surgery + chemotherapy

Retrospective
7 cats (4 males + 3 females)
Meloxicam + surgery

Prospective

29 female dogs

Surgery + carboplatin + COX inhibitors
(piroxicam or firocoxib)

Retrospective
42 dogs (17 males + 25 females)
Radiotherapy

Retrospective
41 dogs
No treatment information available

Prospective
27 female dogs
Surgery

Prospective

46 female dogs

Surgery

Retrospective

54 cats

Surgery + NSAID, steroids and/or
antibiotics

Tumour

Canine cutaneous haemangiosarcoma

Canine mammary tumours

Canine renal cell carcinoma

Canine mast cell tumours

Canine mammary tumours and paired
lymph nodes metastasis

Feline mammary tumours and paired
lymph nodes metastasis

Canine cutaneous mast cell tumours

Feline transitional cell carcinoma of
the urinary bladder

Canine mammary tumours

Canine nasal carcinoma

Canine melanocytic neoplasms
(oral + cutaneous)

Canine mammary tumours

Canine mammary tumours

Feline oral squamous cell carcinoma

Cox's type and detection technique

COX-2
Immunohistochemistry (80% of
positive expression)

COX-2
Immunohistochemistry

COX-2
Immunohistochemistry (77% of
positive expression)

COX-2
Immunohistochemistry (92% of
positive expression)

COX-2
Immunohistochemistry

COX-2
Immunohistochemistry

COX-2

Immunohistochemistry (78% of
positive expression)

Quantitative real-time polymerase
chain reaction (QPCR)

COX-1 and COX-2

Immunohistochemistry (100%
and 71% of positive expression
respectively)

COX-2
Immunohistochemistry (97% of
positive expression)

COX-2
Immunohistochemistry (90% of
positive expression)

COX-2

Immunohistochemistry

(88% and 75% of positive expression
in oral melanocytic tumours and
cutaneous melanocytic tumours
respectively)

COX-1 and COX-2
Immunohistochemistry (100% of
positive expression to both)

COX-2
Immunohistochemistry (100% of
positive expression)

COX-1 and COX-2

Immunohistochemistry (100%
and 67% of positive expression
respectively)
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Evaluation strategy and cut-off point

Labelling index (estimated % of immunolabelled cells) and labelling intensity (weak,
moderate or strong)
Cut-off point: not defined

COX-2 score (0-12) as a result of multiplying the estimated % of positive cells (0-4)
and the staining intensity (0-3) scores
Cut-off point: >6

Immunohistochemical score (0-12) as a result of multiplying the estimated % of
positive cells (0-4) and the staining intensity (0-3) scores
Cut-off point: >3

Immunohistochemical score (0-12) as a result of multiplying the estimated % of
positive cells (0-4) and the staining intensity (0-3) scores
Cut-off point: >6

COX-2 score (0-12) as a result of multiplying the estimated % of positive cells (0-4)
and the staining intensity (0-3) scores
Cut-off point: 26

COX-2 score (0-12) as a result of multiplying the estimated % of positive cells (0-4)
and the staining intensity (0-3) scores
Cut-off point: 26

COX-2 staining index (0-9) as a result of multiplying the estimated % of positive cells
(0-3) and the staining intensity (0-3) scores

COX-2 RNA expression levels

Cut-off point: not defined

Comparison between COX-2-positive versus. -negative expression
Cut-off point: not defined

COX-2 immunohistochemical score (0-12) as a result of multiplying the estimated %
of positive cells (0-4) and the staining intensity (0-3) scores
Cut-off point: 2 6

Immunohistochemical score (0-12) as a result of multiplying the estimated % of
positive cells (1-4) and the staining intensity (0-3) scores
Cut-off point: > 2

Evaluation of COX-2 extension/ % of positive cells (0-3)
Cut-off point: not defined

Immunohistochemical score (0-12) as a result of multiplying the estimated %
positive cells (0-4) and the staining intensity (0-3) scores
Cut-off point: >6

COX-2 score (0-12) as a result of multiplying the estimated % of positive cells (0-4)
and the staining intensity (0-3) scores
Cut-off point: 2 6

COX-1 and COX-2 immunohistochemical expression (extension, intensity and
distribution pattern)
Cut-off point: not defined

WILEY- -

Relevance

COX-2 labelling index (p =.35) and labelling intensity
(p =.63) were not associated with survival

High COX-2 expression (>6) was associated with
decreased OS (p <.001), but was not considered a reliable
independent predictor of prognosis

High COX-2 score (>3) was associated with decreased OS
(p =.011) and considered as an independent prognostic
factor (p =.006)

COX-2 staining intensity and % of positive cells were not
associated with OS (p >.05)

High COX-2 intensity was associated with decreased OS
(p =.016)

COX-2 extension and COX-2 score were not associated
with OS (p =.494 and p =.196 respectively)

COX-2 score was not associated with OS (p >.05)

High COX-2 scores (26) were associated with decreased
OS with a value trending towards significance (p =.089)

COX-2 expression score and COX-2 RNA expression levels
did not show a significant association with mortality
(p =.786 and p =.949 respectively)

Cats diagnosed with COX-2-positive tumours exhibited
shorter survival times than those who had COX-2-
negative tumours (mean survival time = 123 days vs.
375 days)

High COX-2 scores (26) were associated with decreased
OS (p =.08)

COX-2 score and survival did not show a significant
correlation (r = -.154; p =.331)

High COX-2 expression was associated with decreased OS
(p <.001) and considered as an independent prognostic
factor (HR = 2.762; p =.004)

High COX-2 expression (>6) was associated with
decreased DFS (p =.03) and OS (p =.04), but did not
prove to be a significant independent prognostic factor
(p =.067 and p =.068 respectively)

COX-1 expression was not associated with DFS or OS

High COX-2 scores (26) were associated with decreased
0OS (p =.01)

COX-1 diffuse distribution pattern was considered a
predictive factor for survival (HR = 1; p =.014)
COX-2 evaluation was not associated with survival

(Continues)
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TABLE 1 (Continued)

Year/1st Author Study type/N/Treatment

2006/Millanta, F. Prospective

28 female dogs
47 female cats
Surgery

2005/Queiroga, F.L. Prospective

25 female dogs
Surgery + antibiotics and steroids

2004/Mullins, M.N. Retrospective

44 dogs (24 males + 20 females)
Surgery + doxorubicin

2004/Sorenmo, K.U. Retrospective

35 dogs

Treatment with versus. without COX
inhibitors (piroxicam or carprofen) and
other adjuvant therapies

Abbreviations: DFS, disease free survival; OS, overall survival.

Gregorio et al., 2017; Lavalle et al., 2009, 2012; Millanta et al., 2006;
Mullins et al., 2004; Queiroga et al., 2010; Sorenmo et al., 2004;
Vascellari et al., 2013) used scoring systems based on a combination of
extension and intensity of staining. Ten studies defined a score grading
system ranging 0-12 (Aradjo et al., 2016; Belshaw et al., 2011; Carvalho,
Pires, et al., 2017; Carvalho, Stoll, et al., 2017; De Campos et al., 2016;
Gregorio et al., 2017; Lavalle et al., 2009, 2012; Queiroga et al., 2010;
Sorenmo et al., 2004) based on the methodologies used to define ex-
tension of expression described by other authors (Doré et al., 2003;
Queiroga et al., 2007). Nevertheless, one study established a score
grading scheme between 0 and 9 (Vascellari et al., 2013), another de-
termined a system that compromised score values between 0 and 16
(Mullins et al., 2004) and, finally, one study used an alternative four-tier
score (Millanta et al., 2006) as reported by Ristimaki et al. (2002).

Regarding COX-1, one study classified positive versus negative
samples (Bommer et al., 2012), one study evaluated extension, in-
tensity and distribution pattern (Hayes et al., 2007) and two others
used a score system ranging 0-12 (Queiroga et al., 2010; Sorenmo
et al., 2004) similar to ones used in COX-2.

Results of the studies retrieved for analysis revealed that
COX-2 detection was associated with a poorer prognosis in canine
(Carvalho, Pires, et al., 2017; Lavalle et al., 2009, 2012; Millanta
et al.,, 2006; Queiroga et al., 2005, 2010) and feline mammary tu-
mours (De Campos et al., 2016; Millanta et al., 2006), canine mast
cell tumours (Gregério et al., 2017), canine melanomas (Martinez
et al., 2011), canine osteosarcomas (Mullins et al., 2004) and ca-
nine renal cell carcinomas (Carvalho, Stoll, et al., 2017). COX-2
was not found of prognostic significance in feline oral SCC (Hayes
et al., 2007), canine nasal carcinomas (Belshaw et al., 2011), canine
prostatic carcinomas (Sorenmo et al., 2004), canine cutaneous hae-
mangiosarcomas (Nébrega et al., 2019) and in one study in canine

mammary tumours (Aradjo et al., 2016) and canine mast cell tumours

Tumour

Canine and feline mammary tumours

Canine mammary tumours

Canine appendicular osteosarcoma

Canine prostatic carcinoma

Cox's type and detection technique

COX-2

Immunohistochemistry (100%
and 96% of positive expression
in canine and feline patients
respectively)

COX-2
Enzyme immunoassay (EIA)

COX-2
Immunohistochemistry (77% of
positive expression)

COX-1 and COX-2

Immunohistochemistry (94%
and 88% of positive expression
respectively)

(Vascellari et al., 2013). One study with seven cats with bladder TCC
described two cats harbouring a negative COX-2 expression tumours
which experimented prolonged OS, but no formal statistic test was
reported (Bommer et al., 2012).

Our analysis revealed that COX-1 expression showed a pos-
itive prognostic value in feline oral SCC (Hayes et al., 2007) but
failed to show an impact on prognosis in canine mammary tumours
(Queiroga et al., 2010) and canine prostatic carcinomas (Sorenmo
et al., 2004).

Several factors contributed to bias in the selected studies, such
as lack of representation of the full spectrum of disease, use of a
subjective method for COX measurement (immunohistochemistry)
performed in a non-blinded way in retrospective studies and lack
of adjustment for confounding prognostic variables. Only three
studies were classified with a low risk of bias. These studies were
related to canine mammary tumours (Carvalho, Pires, et al., 2017),
renal carcinomas (Carvalho, Stoll, et al., 2017) and mast cell tu-
mours (Vascellari et al., 2013). Table 2 reports the risk of bias for
the different studies.

3.2 | Canine mammary tumours

Seven studies assessed the prognostic value of COX-2 in canine
mammary tumours (Aradjo et al., 2016; Carvalho, Pires, et al., 2017,
Lavalle et al., 2009, 2012; Millanta et al., 2006; Queiroga et al., 2005,
2010) and one evaluated the role of COX-1 (Queiroga et al., 2010).
Six studies found COX-2 overexpression to be associated with de-
creased OS (Carvalho, Pires, et al., 2017; Lavalle et al., 2009, 2012;
Millanta et al., 2006; Queiroga et al., 2005, 2010). These stud-
ies showed sufficient evidence of the role of COX-2 as a negative

prognostic factor in canine mammary cancer, although only two
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Evaluation strategy and cut-off point

Immunohistochemical score (0-3) based on estimated % of positive cells and

staining intensity
Cut-off point: 2 2

COX-2 concentration (ng/g)
Cut-off point: > 60 ng/g

Immunoreactivity score (0-16) as a result of multiplying the estimated % of positive

cells (0-4) and the staining intensity (0-4) scores
Cut-off point: not defined

Staining index (0-12) as a result of multiplying the estimated % of positive cells (0-4)

and the staining intensity (1-3) scores
Cut-off point: not defined

studies performed adjustments for variables of confusion and did
not find COX-2 as an independent prognostic factor (Carvalho, Pires,
etal.,, 2017; Queiroga et al., 2010). One study did not identify COX-2
as a prognostic factor for this tumour type, but the small number of
cases classified with high COX-2 score (n = 6) may explain this finding
(Araujo et al., 2016). As for COX-1, Queiroga et al. (2010) found it to

be of no prognostic value.

TABLE 2 Risk of bias

Representative and well-defined
sample of patients at a similar point

Year/1st Author in the course of the disease?

2019/Nébrega, D.F.
2017/Carvalho, M.I.
2017,/Carvalho, S.

2017/Gregoério, H.

2016,/Aratjo, M.R.
2016/de Campos, C.B. - -
2013/Vascellari, M. +
2012/Bommer, N.X. =
2012/Lavalle, G.E. -
2011/Belshaw, Z. +
2011/Martinez, 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. =

+ o+ o+ + o+

I + 4+ 4+ o+

+ o+ o+ + o+ o+ o+ o+ o+

Follow-up
sufficiently long and
complete?

WILEY-

Relevance

High COX-2 levels were associated with decreased OS
(p =.03 in dogs and p =.002 in cats)

High COX-2 levels (>60) were associated with decreased
DFS (p <.001) and OS (p <.001)

Strong COX-2 expression was associated with decreased
OS (p =.0107), when the evaluation was carried out
based on the following categories: negative (0), poor (1-
3), moderate (4-7) and strong (8-16)

COX staining intensity was not associated with survival
time (p >.05)

3.2.1 | Feline mammary tumours

Two studies appraised the prognostic value of COX-2 in feline
mammary tumours (De Campos et al., 2016; Millanta et al., 2006).
According to Millanta et al. (2006), high COX-2 levels were signifi-
cantly associated with decreased OS. The other study (De Campos

et al., 2016) seemed to reinforce this premise, but only led to a value

Were objective and
unbiased criteria used in a
blinded way?

Was there adjustment
for important prognostic
factors?
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trending towards significance for the same association, albeit with
considerably higher risk of bias.

3.2.2 | Canine mast cell tumours

Vascellari et al. (2013) evaluated 51 dogs with cutaneous mast cell
tumours of various grades for COX-2 expression by immunohisto-
chemistry and gPCR. The study was prospective with a representative
population of all grades of MCT and with an adequate follow-up time
(minimum of 12 months). The use of an objective method for quantifi-
cation of COX-2 (qPCR) contributed to the low risk of bias in this study.
They found COX-2 to be of no prognostic value. Contrariwise, Gregério
etal. (2017), in a more recent study, described COX-2 intensity, but not
extension or score, as a negative prognostic factor for canine cutane-
ous mast cell tumours. These results were obtained in univariate analy-

sis and the risk of bias was considered higher in this study.

3.2.3 | Feline transitional cell carcinoma

Bommer et al. (2012) evaluated a small number of cats with urinary
bladder TCC for COX-1 and COX-2 expression. The small population
prevented any statistical significance regarding the prognostic value
of COX-1 and COX-2, but the authors 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 prevent-
ing 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.

3.2.4 | Canine nasal carcinoma

A single study looked into the role of COX-2 in canine nasal cell
carcinoma (Belshaw et al., 2011). This study found that the major-
ity of nasal carcinomas (adenocarcinoma, papillary carcinoma, TCC
and anaplastic carcinoma) expressed COX-2 but no association was
found between COX-2 score and OS.

3.2.5 | Canine melanoma
Martinez et al. (2011) described that melanomas with higher COX-2

scores had a significant lower OS and COX-2 was found to be of in-

dependent prognostic value.

3.2.6 | Feline oral SCC

Hayes et al. (2007) found COX-2 to be of no prognostic value, while
COX-1 pattern of distribution was found to be an independent nega-

tive prognostic factor.

3.2.7 | Canine appendicular osteosarcoma

When analysing COX-2 expression, Mullins et al. (2004) found
that COX-2 overexpression was associated with decreased OS in
dogs with appendicular osteosarcoma, despite the retrospective
nature of the study and the fact that multivariate analysis was not
performed.

3.2.8 | Canine prostatic carcinoma

One study evaluated the role of COX-1 and COX-2 in dogs with pro-
static carcinoma (Sorenmo et al., 2004). No association was found
between COX-1 and COX-2 intensity and OS, excluding them from

being relevant prognostic factors in this disease.

3.2.9 | Canine cutaneous haemangiosarcoma

Nébrega et al. (2019) showed a frequent COX-2 expression in these
neoplasms, contrary to what was previously described by Heller
et al. (2005) who did not identify positive staining for COX-2 in any
of the 19 canine haemangiosarcomas studied.

The authors did not find a correlation between the COX-2 im-
munolabelling and survival, which prevented COX-2 expression from
having prognostic value.

3.2.10 | Canine renal cell carcinoma

Carvalho, Stoll, et al. (2017) also described an association between
COX-2 expression and survival. In this study, although COX-2 stain-
ing and the percentage of positive cells were not associated with
OS, high COX-2 score was significantly associated with OS and was
even considered as an independent prognostic factor at multivariate

analysis.

4 | DISCUSSION

The scientific knowledge supporting that inflammation and can-
cer share many common pathways (Demaria et al., 2010; Raposo
et al., 2015), associated with the fact that chronic inflammatory
states can lead to cancer development (Pesic & Greten, 2016),
plus the findings in human medicine literature suggesting that the
chronic use of NSAID is associated with lower incidence of cancer
(Cooper et al., 2010) has led to an increased interest in investigat-
ing COX as a prognostic marker with potential therapeutic value
in the veterinary oncology setting. This systematic review showed
that both isoforms of COX (COX-1 and COX-2) have been evalu-
ated as a prognostic biomarker in several canine and feline ma-
lignancies in a total of 18 studies, attesting the relevance of the

subject in veterinary oncology.
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Biomarkers are biological molecules that signal a process,
condition or disease and have multiple purposes such as risk as-
sessment, staging, therapeutic response assessment and progno-
sis (Henry & Hayes, 2012). Ideally, a biomarker should help the
clinician to classify a patient into a specific group with individu-
alized treatment and prognostic specificities. Several biomark-
ers are already used in veterinary oncology mainly to ascertain
prognosis. These include markers of several hallmarks to carcino-
genesis such as Ki-67 (proliferation; Aradjo et al., 2016; Carvalho
et al.,, 2016; Carvalho, Pires, et al., 2017; Gregorio et al., 2017;
Martinez et al., 2011; Millanta et al., 2006; Vascellari et al., 2013),
BRAF (promotion; Mochizuki et al., 2015) and VEFG (angiogene-
sis; Carvalho, Pires, et al., 2017; De Campos et al., 2016; Millanta
et al., 2006; Nobrega et al., 2019).

Cyclooxygenase-2 expression has been mainly used to deter-
mine prognosis of particular malignancies as it is involved in several
hallmarks of carcinogenesis which in theory makes it an indicator of
worse prognosis. Moreover, heightened interest arises from the fact
that it constitutes a target for currently available non-steroidal anti-
inflammatory drugs, which can prove the clinical benefit of this type
of therapy and the importance of COX-2 as a potential biomarker of
therapeutic response (Szweda et al., 2020).

One of the aspects that we identified as a possible origin of
bias was the method of identification and quantification of COX.
Quantification of COX in tissue samples can be performed by im-
munohistochemistry—a semi-quantitative method—or molecular
quantification which constitutes a truly quantitative and there-
fore objective method. The former has the advantage of being
performed in routine paraffin-embedded samples allowing to
be carried out in regular laboratories with stored samples. This
may be the reason why the vast majority of the studies used this
methodology. However, quantifying a protein through colour in-
tensity and extension is inherently subjective as it depends on the
observer, the antibody used and the tissue processing technique,
which translates into a final result that is categorical as opposed
to a continuous result obtained from a truly quantitative method
that in turn favours statistical analysis. In addition, the delinea-
tion of the respective range for these categorical results is not
standardized which makes the comparison between studies hard
to perform. In order to avoid these pitfalls, guidelines for immuno-
histochemistry have been proposed (Ramos-Vara et al., 2008) and
digital-assisted immunohistochemistry (Rizzardi et al., 2016) and
other methods such as ELISA (Queiroga et al., 2005) and qPCR
(Vascellari et al., 2013) have been used. In our results, all but two
studies used semi-quantitative immunohistochemistry. Vascellari
et al. (2013) used gPCR to quantify COX-2 on mast cell tumours
samples and Queiroga et al. (2005) used ELISA to detect COX-2 on
mammary tumour samples. These methodologies clearly contrib-
uted to a decreased risk of bias on both studies.

In canine mammary tumours, COX-2 has been found to be associ-
ated with histologic criteria of malignancy and aggressiveness (Doré
et al., 2003; Queiroga et al., 2010, 2011). COX-2 inhibitors are al-

ready incorporated in metronomic chemotherapy protocols in women
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(Perroud et al., 2013) and therapeutic protocols in female dogs (Lavalle
et al., 2012; M. Souza et al., 2009). Selected studies (Carvalho, Pires,
et al., 2017; Lavalle et al., 2009, 2012; Millanta et al., 2006; Queiroga
etal., 2005, 2010) showed evidence enough to use COX-2 as a negative
prognostic marker in canine mammary malignant tumours, although
some caution should be taken as canine mammary cancer constitutes
a large spectrum of disease with different histologic types and none of
the studies addressed specific histological types individually.

As for feline mammary tumours they are often associated with
malignant behaviour (Zappulli et al., 2005) and COX-2 is frequently
expressed in these neoplasms (Sayasith et al., 2009). COX-2 inhib-
itors are being used in queens, but current results have failed to
demonstrate prognostic benefit in this species (Borrego et al., 2009).
The two studies that addressed the role of COX-2 in feline mammary
disease (De Campos et al., 2016; Millanta et al., 2006) evidenced the
prognostic value of this biomarker in feline populations.

Although COX-2 has been identified as a potential negative prog-
nostic factor in feline mammary cancer, further studies are needed,
particularly based on a multivariate analysis, to draw conclusions
with stronger evidence.

Canine mast cell tumours are the most common skin neoplasia in
dogs and they can have a wide range spectrum of clinical behaviour
specially in tumours of intermediate grade, so new prognostic mark-
ers could be of extreme value (Blackwood et al., 2012). Two studies
had conflicting conclusions on the role of COX-2 in OS. These oppo-
site results could be explained through the unequal representation
of neoplasms by tumour grade, according to Patnaik grading system,
in the two studies. The most recent study (Gregoério et al., 2017)
had a more uniform distribution (30.0% grade |, 34.0% grade Il
and 36.0% grade Ill) in comparison with the first one described
(Vascellari et al., 2013; 52.8% grade |, 41.5% grade Il and 5.7% grade
I11). The lower percentage of grade Ill mast cell tumours, obtained by
Vascellari et al. (2013), may have influenced COX-2 expression and
consequently its association with survival. Despite that fact, COX-2
score and COX-2 extension did not show a significant association
with the prognosis in both studies, so to date there is only evidence
of the prognostic value of COX-2 intensity in these neoplasms.

These results suggest the potential role of COX-2 in the progno-
sis of mast cell tumours, proposing COX-2 intensity evaluation as the
most accurate approach to perform, instead of COX-2 score quanti-
fication as has been frequently done for other tumours. More stud-
ies are needed to precisely clarify the role of COX-2 in MCTs either
by analysing specific Patnaik grades (Patnaik et al., 1984) or by using
the new proposed grading scheme by Kiupel (Kiupel et al., 2011).

Feline TCC is a relatively uncommon disease in cats (Cannon &
Allstadt, 2015). COX inhibitors are routinely used with efficacy in
canine disease variant (Knapp et al., 1994; McMillan et al., 2011)
causing special interest in evaluating the role of COX in feline dis-
ease. However, the small number on animals enrolled in the single
study selected (Bommer et al., 2012) prevented any conclusions on
its prognostic role in feline TCC.

Nasal carcinoma has a poor prognosis in dogs. Several prognostic

factors have been identified such as epistaxis (Rassnick et al., 2006),
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age (>10 years; LaDue et al., 1999), duration of clinical signs (LaDue
et al., 1999) and clinical stage (LaDue et al., 1999). The single study
that addressed COX-2 expression in canine nasal carcinoma failed to
prove a role for COX-2 as a prognostic factor in this disease (Belshaw
etal, 2011).

Canine melanoma is a relatively common canine neoplasia.
While melanoma located in the skin generally has a good prognosis,
oral and nail bed melanomas are considered to have a poor prog-
nosis (Smedley et al., 2011; Spangler & Kass, 2006). Additional to
anatomic location, several other pathological prognostic markers
have been identified, with mitotic index and Kié7 being the most
popularly used (Smedley et al., 2011). COX-2 has been identified in
canine melanomas and associated with clinicopathological charac-
teristics of malignancy (Gregorio et al., 2016; Martinez et al., 2011;
Pires et al., 2010) Although findings from one single study (Martinez
et al., 2011) showed sufficient evidence of the prognostic impact of
COX-2 in canine melanomas, it should be noted that no differen-
tiation between oral and cutaneous melanocytic lesions was made
in this study. Given the different prognosis described for each an-
atomical location, it would have been interesting if the prognostic
assessment of COX-2 was done separately for each group. This could
potentially prove helpful identifying the small subset of oral mela-
nomas with better prognosis and likewise identify the less common
malignant cutaneous melanomas.

Feline oral SCC is a serious disease with poor prognosis (Bilgic
et al., 2015). One study (Hayes et al., 2007) identified a possible role
of COX-1 in the carcinogenesis of feline oral SCC and showed to
have a moderate risk of bias due to the subjectivity associated with
the classification of the distribution pattern used to evaluate COX-1.

Osteosarcomas are tumours with aggressive biological behaviour
in dogs and humans and are generally associated with a poor progno-
sis (Simpson et al., 2017). One study (Mullins et al., 2004) looked at
the role of COX-2 as prognostic factor and found it to be a possible
negative prognostic marker in canine osteosarcoma. The high risk of
bias precludes its use as a prognostic factor without further studies
being developed.

Prostatic carcinoma in dogs is an aggressive disease where
COX-2 is consistently expressed and where COX inhibitors are rou-
tinely used in treatment (L'Eplattenier et al., 2007). The results from
one selected study (Sorenmo et al., 2004) did not find an association
between COX-1 and COX-2 expression and OS. This study had a high
risk of bias due to retrospective nature of the study and heteroge-
neity of the studied population with regard to clinical staging and
treatments performed.

Cutaneous haemangiosarcoma is a neoplasia that has been as-
sociated with exposure to ultraviolet radiation in dogs. Although
prognosis is good for localized superficial lesions, a much worse
prognosis is described for deep and invading lesions (Smith, 2003).
One study (Nobrega et al., 2019) addressed the role of COX-2 as
prognostic marker. This study had a high risk of bias due to its retro-
spective nature and due to the subjective evaluation of COX-2 ex-
pression, mainly with regard to its labelling intensity. Further studies

of a prospective nature are needed to properly assess the prognostic

value of this biomarker in canine cutaneous haemangiosarcoma, but
currently there is not enough evidence to support COX-2 as a bio-
marker in canine cutaneous haemangiosarcoma.

Canine renal cell carcinoma has been considered the most fre-
quent primary renal tumour in dogs (Bryan et al., 2006). The prog-
nostic value of histological features, as the mitotic index, has already
been reported (Edmondson et al., 2015). One study (Carvalho, Stoll,
et al., 2017) with low risk of bias found COX-2 score as an indepen-
dent negative prognostic factor. Although ideally further studies
should corroborate these results, there is enough evidence to sup-
port COX-2 score as a biomarker of prognosis in this disease.

Cyclooxygenase-2 overexpression was detected in all neoplasms
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 metastasis (Wang &
Dubois, 2010), and consistently described as associated with other
characteristics and markers of malignancy in various canine and fe-
line cancers (Doré, 2011), 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 ubiqui-
tary expression in several neoplasms both benign and malignant, but
one study reported the importance to analyse the staining pattern
(Hayes et al., 2007) and it would be interesting to analyse this in
other neoplasms. Unfortunately, most studies used an immunohisto-
chemistry 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 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 confound-
ing 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.

Finally, we described a difference in the prognostic value of
COX-2 expression according to the tumour histotype. A possible
explanation may be related to the role of COX-2/PGE, pathway in
the carcinogenesis process (Szweda et al., 2020). One can hypoth-
esize that when it is involved in steps associated with increase tu-
mour aggressiveness such as invasion and metastasis in opposition
to tumour initiation, for example, its expression would be associated
more clearly with prognosis. In addition, in other tumours other met-
abolic pathways could have a more important role in carcinogenesis
bypassing the relevance of COX-2 in those same tumours. Even so,
further studies on the oncogenesis and pathogenesis are needed to

fully clarify this issue.

5 | CONCLUSION

In this review, we analysed the role of COX-1 and -2 as prognos-
tic factors in canine and feline malignant neoplasms. We concluded

that COX-2 showed to be of negative prognostic value in canine and



GREGORIO ET AL.

feline mammary tumours and in canine mast cell tumour, melanoma,
osteosarcoma and renal cell carcinoma. Additionally, COX-1 distribu-
tion pattern also showed to be a negative prognostic factor in feline
oral SCC. We also found that the main obstacles to more widespread
use of COX as prognostic marker was the subjectivity associated
with COX quantification which unquestionably contributes to the
increased risk of bias in many studies and inherently hinders repro-
ducibility among pathologists.

The findings of the present study prove the rationality of the
use of COX enzymes (mostly COX-2) to predict the survival of an-
imals especially in tumours with a wide spectrum of disease such
as mammary cancer, where they can prove to be useful to better
discriminate more aggressive forms of disease. Further studies still
are needed to ascertain the prognostic value of COX in other ca-
nine and feline malignancies, ideally with standardized measurement

methods.
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