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Abstract

Background: Risk factors for oral squamous cell carcinoma (OSCC) in cats are derived

from a single study dated almost 20 years ago. The relationship between inflamma-

tion of oral tissues and OSCC is still unclear.

Objectives: To investigate previously proposed and novel potential risk factors for

OSCC development, including oral inflammatory diseases.

Animals: Hundred cats with OSCC, 70 cats with chronic gingivostomatitis (CGS),

63 cats with periodontal disease (PD), and 500 controls.

Methods: Prospective, observational case-control study. Cats with OSCC were com-

pared with an age-matched control sample of client-owned cats and cats with CGS

or PD. Owners of cats completed an anonymous questionnaire including demo-

graphic, environmental and lifestyle information.

Results: On multivariable logistic regression, covariates significantly associated with

an increased risk of OSCC were rural environment (OR: 1.77; 95% CI: 1.03-3.04;

P = .04), outdoor access (OR: 1.68; 95% CI: 1.07-2.63; P = .02), environmental

tobacco smoke (OR: 1.77; 95% CI: 1.05-3; P = .03), and petfood containing chemical

additives (OR: 1.98; 95% CI: 1.04-3.76; P = .04). Risk factors shared with CGS and

PD were outdoor access and petfood containing chemical additives, respectively. A

history of oral inflammation was reported in 35% of cats with OSCC but did not

emerge as a risk factor.

Conclusions and Clinical Importance: The study proposes novel potential risk factors

for OSCC in cats. Although a history of inflammatory oral disease was not signifi-

cantly more frequent compared with random age-matched controls, OSCC shared

several risk factors with CGS and PD.

ABBREVIATIONS: CGS, chronic gingivostomatitis; CI, confidence interval; ETS, environmental tobacco smoke; FeLV, feline leukemia virus; FIV, feline immunodeficiency virus; OR, odds ratio;

OSCC, oral squamous cell carcinoma; PD, periodontal disease.
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1 | INTRODUCTION

Squamous cell carcinoma is the most common oral tumor in cats,

accounting for 70% to 80% of oral neoplasms. Despite multimodal

treatment, the prognosis for this fast-growing, invasive tumor remains

grave. This is mainly due to the fact that oral squamous cell carcinoma

(OSCC) in cats is not detected until it has reached an advanced stage.

Thus, early diagnosis is crucial for improving the survival rate.1,2 Iden-

tification of environmental risk factors and screening surveillance of

the subjects at risk might effectively contribute to tumor prevention

and early detection, and this might translate in an increased opportu-

nity for treatment.

It is likely that changes in management, feeding, housing, and

treatment of cats have resulted in alternations to risk factors for

OSSC since earlier studies.3 The identified risk factors include envi-

ronmental tobacco smoke (ETS) and use of flea collar, possibly

because of oral carcinogen exposure during grooming.3 Additionally,

consumption of canned cat food and canned tuna has been linked to

the development of this disease.3 The proposed mechanisms for this

association include differences in the nutrient content of these foods;

alternatively, a high intake of canned cat food could result in poorer

dental hygiene, favoring tartar build-up, production of bacterial toxins

and oral inflammation, which might eventually promote neoplastic

transformation.3,4

There is an association between oral inflammation and cancer in

people and this was recently suggested in cats by the observation of

altered DNA methylation profile of tumor-related genes in cats with

stomatitis.5-8 Inflammatory lesions of the oral cavity have a high prev-

alence in elderly cats. It has been estimated that between 50% and

90% of cats older than 4 years of age have some form of oral disease,

with the most common being gingivitis, periodontal disease (PD) and

tooth resorption.9-12

Chronic gingivostomatitis (CGS) is another oral inflammatory disease

commonly encountered in cats, with a prevalence of 0.7-12%.13 Lesions

are characterized by a mixed proliferative and ulcerative phenotype and

are typically located lateral to the palatoglossal folds.9,13-15 The etiology

of CGS is elusive and the pathogenesis is characterized by inappropriate

immune response to an unknown antigenic stimulus, although underlying

viral and bacterial etiologies have been proposed, including feline

immunodeficiency virus (FIV), feline leukemia virus (FeLV), and feline

calicivirus.16,17

In order to re-evaluate the previously proposed risk factors and

to investigate further potential risk factors, including oral inflamma-

tion, we performed an observational epidemiological case-control

study on cats with confirmed OSCC. Results were compared with an

age-matched random sample of client-owned healthy cats and with

2 groups of cats having, respectively, CGS and PD.

2 | MATERIALS AND METHODS

2.1 | Retrospective study

The prospective epidemiological analysis was preceded by a retro-

spective analysis on all cases of OSCC diagnosed at the Pathology

Service of the Department of Veterinary Medical Sciences, University

of Bologna, from 2000 to date in order to contribute to the demo-

graphic characterization of the cats affected by this tumor with a

larger sample size. Information was retrieved from specimen submis-

sion forms or medical records, and included breed, age, sex, FIV/FeLV

status and history of oral inflammatory disease (dating back at least

1 year before diagnosis). Differences in the distribution of the above

variables according to tumor location were investigated.

2.2 | Prospective study

Cats with a cytological or histological diagnosis of OSCC over a

3-year period (2018-2020) were prospectively included upon comple-

tion of an anonymous online questionnaire by the owner, including

demographic information, lifestyle, diet, and living environment

(Appendix S1). Owners were asked to refer to the entire life frame of

the cat preceding the diagnosis of OSCC. If the cat had been adopted

less than 3 years before SCC diagnosis, the case was excluded from

the analysis.

Regarding coat color, a solid black coat was evaluated as a potential

risk factor, since nicotine is known to have a high affinity for melanin,

which is produced in the hair bulb and incorporated into the cortex of

darker hair.18-22 Cat food was classified as “market” (consisting in eco-

nomical preparations with a selling price below € 4.00-5.00/kg, with no

fixed ingredient formulation and sold by discount and mass-market

retailers) or “premium” (consisting in more costly preparations, with a sell-

ing price higher than € 4.00-5.00/kg, with fixed ingredient formulation

and sold in specialized stores). Cat food was also classified based on the

content of artificial additives (coloring agents, flavor enhancers and pre-

servatives) or not. In particular, brands that explicitly declared not to use

chemical additives in their products were considered as low exposure,

whereas all the others were considered high exposure. Parasite control

agents were classified based on the spectrum of action of the active

ingredients (endoparasiticide, ectoparasiticide, or both).

Enrolled cases had been referred to the Pathology Unit of the

Department of Veterinary Medical Sciences (University of Bologna,

Italy) from different veterinary facilities in Italy participating in a pro-

spective study for the assessment of genetic and epigenetic alter-

ations in OSCC (“Salice” project). Compilation of the questionnaire by

cat owners was required for inclusion.
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To create the control group, the same questionnaire was pro-

posed to random cat owners via social networks. Cats without a previ-

ous or concurrent diagnosis of OSCC were eligible for inclusion. In the

questionnaire, owners had to confirm that the cats had never suffered

from oral tumors. After collecting the information, controls were fil-

tered by age to match the OSCC sample. The choice of social net-

works for collecting control questionnaires was dictated by several

needs:

• the need of recruiting cases from a wider geographical area;

• the need of recruiting cats outside the context of veterinary clinics,

to avoid the selection of subgroups with specific diseases or

owners more attentive to the health of their cats;

• the need of keeping the compilation of questionnaires as much

anonymous and spontaneous as possible, and therefore potentially

more reliable.

During the same time interval (2018-2020), the owners of cats

referred to the odontostomatology units of the Department of Veteri-

nary Medical Sciences (University of Bologna) and “I Portoni Rossi”
and “Clinica Veterinaria Serenissima” private veterinary clinics for

CGS and PD were also prospectively requested to fill out the same

questionnaire.

Chronic gingivostomatitis was characterized by bilateral ulcerative

or ulcero-proliferative mucosal lesions located caudally to the dental

arch and lateral to the palatoglossal folds or in the oropharyngeal area,

extending to the gingiva in a part of cases. PD was characterized by

focal, multifocal, or generalized ulcerative lesions of the gingiva and

adjacent oral mucosa, associated with plaque and dental calculus

deposition.

2.3 | Statistical analysis

Summary statistics were presented as median (range) or as frequen-

cies and percentages.

For the retrospective analysis, differences in signalment (ie, breed

[purebred vs mixed], sex [male vs female], and age), FIV/FeLV status

(positive vs negative), and history of oral inflammatory disease (yes vs

no) according to tumor location (mandibular gingiva, maxillary gingiva,

tongue, other locations) were investigated by means of χ2 or Fisher’s
exact tests for categorical variables, or the Kruskal-Wallis test for con-

tinuous variables.

For the prospective analysis, the association of relevant demographic

characteristics and lifestyle factors with diagnosis (OSCC, CGS, and PD)

was assessed through binary logistic regression analysis; the effect size of

covariates was expressed by odds ratios (ORs) with 95% confidence inter-

vals (CIs), and the presence of systematic differences (ie, statistical signifi-

cance) was assessed using the 2-sided Wald test. The variables

considered in univariable regression analysis included breed (purebred,

mixed), haircoat length (short, long), haircoat color (solid black, other), sex,

reproductive status (intact, spayed/neutered), living environment (rural,

other), outdoor access (yes, no), cohabitation with other cats (yes, no),

indoor smoking owners (yes, no), type of diet (wet diet ≥50%, other),

exposure to chemical additives in cat food (low, high), cat food price cate-

gory (premium, market), diet including canned tuna (no, yes), diet including

homemade food (no, yes), use of antiparasitic products (none/occasional,

regular), antiparasitic action (endectocide, other), lack of vaccination (yes,

no), history of oral inflammatory diseases (yes, no [evaluated only in

OSCC and controls]), FIV and FeLV status (positive, negative).

Covariates with a P-value <.1 on univariate test were included in

the multivariate (adjusted) regression model. There was no evidence

of significant interactions (ie, moderating effects) between covariates,

and no multi-collinearity issues were found.

All data were analyzed using Stata version 15 (StataCorp. 2001.

Statistical Software: Release 15. College Station, TX: Stata Corpora-

tion). The significance level was set at 5%, and pairwise deletion of

missing data was used.

3 | RESULTS

3.1 | Retrospective study

The total number of retrospectively collected OSCC cases was

594, including 526 mixed breed (90%) and 61 purebred cats (10%). In

7 cats, breed was not reported. In the purebred group, the most represen-

ted breeds were Persian (n = 29; 48%) Maine Coon (n = 12; 20%),

Chartreux (n = 8; 13%), and Siamese (n = 5; 8%). Males were 266 (44%)

and females were 328 (56%). The median age was 13 years (range, 1-21).

Data regarding tumor anatomic location were available in 567 (95%)

cases; in order of frequency, locations included tongue (n = 180; 32%),

mandibular gingiva (n = 178; 31%), maxillary gingiva (n = 132; 23%), cau-

dal oral mucosa (n = 30; 5%), vestibule (n = 27; 5%), and hard palate

(n = 20; 4%). Information regarding FIV and FeLV status was available in

101 (17%) and 102 (17%) cases, respectively. Among them, 13 cats (13%)

were FIV-positive and 3 (3%) were FeLV-positive. History of oral inflam-

mation was retrieved in 143 (24%) cases, with 44 (31%) cats reporting

recurrent gingivostomatitis, periodontitis, multiple dental extractions, or

eosinophilic granuloma.

There were no significant differences in the distribution of data

related to demographic information, FIV/FeLV status, and previous

oral diseases based on tumor anatomic location. However, cats with

mandibular OSCC had a percentage of oral diseases of 42% vs 32% of

the remaining cats (Table 1).

3.2 | Prospective study

3.3 | OSCC

The owners of 100 cats with OSCC completed the questionnaire.

There were 90 (90%) mixed-breed cats and 10 (10%) purebred cats,

represented by 5 Chartreux, 2 Siamese, and 1 each of Persian, Maine
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Coon, and Korat. Forty-six (46%) cats were neutered males and

54 (54%) were spayed females. The median age was 13 years (range,

5-21). The remaining data collected in the questionnaire are summa-

rized in Table 2.

3.4 | CGS

Seventy cases of CGS were included in the study. There were 2 (3%)

intact males, 34 (49%) neutered males, and 34 (49%) spayed females;

63 (90%) mixed-breed and 7 (10%) purebred cats, including Siamese

(n = 2), Chartreux (n = 1), Himalayan (n = 1), Norwegian Forest Cat

(n = 1), and Turkish Angora (n = 1). The median age was 9 years

(range, 2-15). The other data collected in the questionnaire are sum-

marized in Table 2.

3.5 | Periodontal disease

Sixty-three cats with PD were included in the study. There were

1 (2%) intact male, 36 (57%) neutered males, 2 (3%) intact females,

and 24 (38%) spayed females; 53 (84%) mixed-breed and 10 (16%)

purebred cats, including Persian (n = 3), Siamese (n = 2), Abyssinian

(n = 2), Canadian Sphynx (n = 1), and Maine Coon (n = 1). The median

age was 9 years (range, 2-18). The other data collected in the ques-

tionnaire are summarized in Table 2.

3.6 | Controls

The control sample included 500 cats, 7 (1%) intact males, 215 (43%)

neutered males, 8 (1%) intact females, and 270 (54%) spayed females.

There were 440 (88%) mixed-breed and 60 (12%) purebred cats; the

most represented breeds included Persian (n = 19), Siamese (n = 13),

Norwegian Forest Cat (n = 5), Maine Coon (n = 5), Chartreux (n = 3),

and British shorthair (n = 3). The median age was 13 years (range,

7-21). The other data collected in the questionnaire are summarized

in Table 2.

3.7 | Statistical analysis

On univariable logistic regression, compared with controls, covariates

significantly associated with an increased risk of developing OSCC

included rural living environment (OR = 2.02; 95% CI: 1.28-3.19;

P = .003), outdoor access (OR = 1.86; 95% CI: 1.2-2.8; P = .006), wet

diet ≥50% (OR = 1.81; 95% CI: 1.14-2.85; P = .01), consumption of

cat food brands with high chemical additives (OR = 2.08; 95% CI:

1.19-3.64; P = .01), consumption of market (low-cost) cat food brands

(OR 1.93; 95% CI: 1.24-3; P = .003), and positive FIV status (OR 2.44;

95% CI: 1-5.95; P = .05; Table 3).

Risk factors significantly associated with CGS were rural living

environment (OR = 2.6; 95% CI: 1.55-4.38; P < .001), outdoor access

(OR = 3.34; 95% CI 1.93-5.78; P < .001), cohabitation with other cats

TABLE 1 Demographic information, FIV/FeLV status, and history of oral inflammation in 567 cats with oral squamous cell carcinoma
stratified based on tumor location

Variable

Mandibular

gingiva (n = 178)

Maxillary

gingiva (n = 132)

Tongue

(n = 180)

Other

locations (n = 77) P

Purebreda .1

Yes 15 (9%) 17 (13%) 23 (13%) 3 (4%)

No 160 (91%) 114 (87%) 154 (87%) 74 (96%)

Sex .54

Male 80 (45%) 65 (49%) 76 (42%) 31 (40%)

Female 98 (55%) 67 (51%) 104 (58%) 46 (60%)

Median age (range) [years] 13 (4-21) 13 (4-21) 12 (1-20) 13 (1-18) .18

FIV statusa .86

Positive 4 (11%) 2 (9%) 4 (17%) 2 (14%)

Negative 31 (89%) 21 (91%) 20 (83%) 12 (86%)

FeLV statusa >.99

Positive 1 (3%) 0 (0%) 0 (0%) 0 (0%)

Negative 34 (97%) 24 (100%) 24 (100%) 14 (100%)

History of oral

inflammationa
.12

Yes 22 (42%) 9 (24%) 7 (21%) 6 (33%)

No 30 (58%) 29 (76%) 27 (79%) 12 (67%)

aPercentage is based on the total number of cases with available information.

ZACCONE ET AL. 1401



TABLE 2 Data collected via an online anonymous questionnaire in a prospective epidemiological study on cats with oral squamous cell
carcinoma and chronic oral inflammatory disease

Variable OSCC (n = 100) CGS (n = 70) PD (n = 63) Controls (n = 500)

Purebred

Yes 10 (10%) 7 (10%) 10 (16%) 60 (12%)

No 90 (90%) 63 (90%) 53 (84%) 440 (88%)

Haircoat

Short 87 (87%) 61 (87%) 52 (83%) 400 (80%)

Long 13 (13%) 9 (13%) 11 (17%) 100 (20%)

Haircoat colora

Solid black 17 (17%) 8 (12%) 11 (17%) 59 (12%)

Other 83 (83%) 61 (88%) 52 (83%) 441 (88%)

Sex

Male 46 (46%) 36 (51%) 37 (59%) 222 (44%)

Female 54 (54%) 34 (49%) 26 (41%) 278 (56%)

Reproductive status

Intact 0 (0%) 2(3%) 3 (5%) 15 (3%)

Spayed/neutered 100 (100%) 68 (97%) 60 (95%) 485 (97%)

Median age (range) [years] 13 (5-21) 9 (2-15) 9 (2-18) 13 (7-21)

Living environmenta

Urban 25 (25%) 12 (17%) 21 (33%) 177 (35%)

Small town/suburb 37 (37%) 27 (39%) 24 (38%) 209 (42%)

Rural 37 (37%) 30 (44%) 18 (29%) 114 (23%)

Outdoor access

No 42 (42%) 20 (29%) 38 (60%) 286 (57%)

Yes 50 (50%) 44 (63%) 25 (40%) 200 (40%)

Outdoor only 8 (8%) 6 (8%) 0 (0%) 14 (3%)

Cohabitation with other catsa

No 34 (35%) 8 (12%) 18 (29%) 207 (41%)

Yes 63 (65%) 60 (88%) 45 (71%) 293 (59%)

Number of cigarettes smoked per day in house

0 69 (69%) 56 (79%) 49 (78%) 389 (79%)

1 to 10 18 (18%) 9 (13%) 9 (14%) 63 (13%)

>10 13 (13%) 5 (8%) 5 (8%) 48 (8%)

Dieta

Dry prevalent 32 (33%) 30 (43%) 20 (32%) 227 (45%)

Other 66 (67%) 39 (57%) 42 (68%) 273 (55%)

Chemical additives in cat fooda

Low 17 (18%) 17 (25%) 12 (20%) 151 (31%)

High 80 (82%) 50 (75%) 48 (80%) 341 (69%)

Cat food price categorya

Premium 44 (45%) 42 (63%) 42 (70%) 303 (62%)

Market 53 (55%) 25 (37%) 18 (30%) 189 (38%)

Canned tunaa

No 36 (36%) 31 (44%) 28 (44%) 226 (45%)

Yes 63 (64%) 39 (56%) 35 (56%) 274 (55%)

Homemade food

No 80 (80%) 59 (84%) 54 (86%) 419 (84%)

Yes 20 (20%) 11 (16%) 9 (14%) 81 (16%)
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(OR = 5.3; 95% CI: 2.48-11.32; P < .001), regular use of antiparasitic

products (OR = 2.92; 95% CI: 1.56-5.48; P = .001), use of spot-on

formulations (OR = 2.48; 95% CI: 1.4-4.41; P = .002), use of oral anti-

parasitic products (OR = 4.26; 95% CI: 1.38-13.11; P = .01), use of

endectocides vs ectocides (OR = 2.29; 95% CI: 1.27-4.13; P = .006),

lack of vaccination (OR = 2.72; 95% CI: 1.57-4.71; P < .001), positive

FIV status (OR = 9.49; 95% CI: 4.44-20.26; P < .001), and positive

FeLV status (OR = 5.36; 95% CI: 1.4-20.52; P = .01; Table 3).

Risk factors significantly associated with PD included male sex

(OR = 1.78; 95% CI: 1.05-3; P = .03), wet diet ≥50% (OR = 1.8; 95% CI:

1.02-3.13; P = .04), and use of endectocides vs ectocides (OR = 2.05;

95% CI: 1.12-3.72; P = .02; Table 3).

There was no significant difference between OSCC and CGS regard-

ing rural living environment (P = .43) and outdoor access (P = .19), nor

between OSCC and PD regarding wet diet ≥50% (P < .99).

On multivariable analysis, covariates retaining statistical signifi-

cance were rural living environment, outdoor access, indoor smoking,

and consumption of commercial cat food brands with high chemical

additives for OSCC; covariates associated with CGS included outdoor

access, cohabitation with other cats, endectocide antiparasitic drugs,

and positive FIV status, whereas male sex, cohabitation with other

cats, wet diet ≥50%, and consumption of cat food brands with high

chemical additives were associated with PD (Tables 4-6).

4 | DISCUSSION

Although there is abundant literature on OSCC in cats, none of the publi-

shed studies included samples of adequate size for a meaningful demo-

graphic characterization of the population affected by this tumor. Thus,

this prospective epidemiological study was preceded by a retrospective

analysis on almost 600 cases, collected over a 20-year period, to investi-

gate potential differences in demographic information, FIV/FeLV status,

and history of oral inflammation according to tumor location. Notably,

30% of cats were reported with a previous history of oral inflammatory

disease, with a higher percentage (42%) observed in cats with mandibular

tumors; however, no statistically significant differences were observed in

the investigated variables according to location.

TABLE 2 (Continued)

Variable OSCC (n = 100) CGS (n = 70) PD (n = 63) Controls (n = 500)

Parasite control

None/occasional 36 (36%) 13 (19%) 25 (40%) 200 (40%)

Regular 64 (64%) 57 (81%) 38 (60%) 300 (60%)

Antiparasitic drug formulationb

Spot-on drops 59 (59%) 52 (74%) 35 (56%) 276 (55%)

Collar 3 (3%) 1 (1%) 2 (3%) 27 (5%)

Oral products 4 (4%) 5 (7%) 1 (2%) 9 (2%)

Antiparasitic actionc

Ectocide 44 (76%) 29 (53%) 20 (53%) 199 (72%)

Endectocide 14 (24%) 26 (47%) 18 (47%) 78 (28%)

Trivalent vaccinea

Never given 12 (12%) 24 (35%) 16 (25%) 82 (16%)

Occasional/limited to the first years of life 52 (52%) 24 (35%) 26 (41%) 239 (48%)

Regular 36 (36%) 21 (30%) 21 (33%) 179 (36%)

History of oral inflammationa - -

No 64 (65%) 352 (70%)

Yes 34 (35%) 148 (30%)

FIV statusa

Negative 84 (91%) 46 (73%) 50 (94%) 385 (96%)

Positive 8 (9%) 17 (27%) 3 (6%) 15 (4%)

FeLV statusa

Negative 92 (100%) 59 (94%) 54 (100%) 395 (99%)

Positive 0 (0%) 4 (6%) 0 (0%) 5 (1%)

Abbreviations: CGS, chronic gingivostomatitis; OSCC, oral squamous cell carcinoma; PD, periodontal disease.
aPercentage is based on the total number of cases with available information.
bMore than 1 formulation per cat admitted. Percentage calculated on the total number of cats.
cPercentage calculated on the total number of cats undergoing regular parasite control with known antiparasitic drugs.
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The prospective epidemiological study paralleled a research pro-

ject for the development of a molecular diagnostic test for OSCC in

cats. The main goal was to provide an update on environmental risk

factors for this tumor in comparison with the previously published

paper, dating back almost 2 decades.3 The identification of potential

risky behaviors might eventually contribute to the prevention of a dis-

ease that is unfortunately still incurable. A second aim was to

investigate the possible relationship between oral inflammatory dis-

eases and OSCC development, considering the increasing evidence of

a link between chronic oral inflammation and OSCC in humans.23,24

The biological link resides in the expression of genes that are impli-

cated in both modulation and secretion of inflammatory mediators,

and in survival and proliferation of cancer cells. Moreover, partially

TABLE 3 Univariable logistic regression for the evaluation of risk factors associated to the development of oral squamous cell carcinoma and
chronic oral inflammatory lesions in cats

Variable

OSCC CGS PD

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Purebred 0.82 (0.40-1.65) .57 0.82 (0.36-1.86) .63 1.38 (0.67-2.86) .38

Long haircoat 0.6 (0.32-1.11) .11 0.59 (0.28-1.23) .16 0.85 (0.43-1.68) .63

Solid black haircoat 1.53 (0.85-2.76) .16 0.98 (0.45-2.15) .96 1.58 (0.78-3.2) .2

Male sex 1.07 (0.69-1.64) .77 1.33 (0.8-2.19) .27 1.78 (1.05-3) .03a

Neutering - - 1.05 (0.23-4.7) .95 1.62 (0.45-5.75) .46

Rural living environment 2.02 (1.28-3.19) .003a 2.6 (1.55-4.38) <.001a 1.35 (0.75-2.43) .31

Outdoor access 1.86 (1.2-2.8) .006a 3.34 (1.93-5.78) <.001a 0.88 (0.52-1.5) .64

Cohabitation with other cats 1.31 (0.83-2.06) .24 5.3 (2.48-11.32) <.001a 1.77 (0.99-3.14) .05

Indoor smoking 1.57 (0.98-2.53) .06 0.88 (0.47-1.63) .68 1 (0.53-1.88) .99

Wet diet ≥50% 1.81 (1.14-2.85) .01a 1.1 (0.7-1.84) .7 1.78 (1.02-3.13) .04a

Chemical additives in cat food 2.08 (1.19-3.64) .01a 1.3 (0.73-2.33) .37 1.77 (0.92-3.43) .09

Low-cost cat food 1.93 (1.24-3) .003a 0.9 (0.53-1.52) .68 0.69 (0.38-1.23) .21

Canned tuna in diet 1.44 (0.92-2.25) .11 1.04 (0.63-1.72) .89 1.03 (0.61-1.75) .91

Homemade food in diet 1.29 (0.75-2.23) .36 0.96 (0.49-1.92) .92 0.86 (0.41-1.82) .7

Regular parasite control 1.18 (0.76-1.85) .46 2.92 (1.56-5.48) .001a 1.01 (0.59-1.73) .96

Endectocide antiparasitic drugs 0.85 (0.45-1.61) .62 2.29 (1.27-4.13) .006a 2.05 (1.12-3.72) .02a

Lack of vaccination 0.7 (0.36-1.33) .27 2.72 (1.57-4.71) <.001a 1.74 (0.94-3.21) .08

History of oral inflammation 1.26 (0.8-2) .32 - - - -

Positive FIV status 2.44 (1-5.95) .05a 9.49 (4.44-20.26) <.001a 1.54 (0.43-5.51) .51

Positive FeLV status - - 5.36 (1.4-20.52) .01a - -

Note: Analyses were relative to 500 control cats.

Abbreviations: CGS, chronic gingivostomatitis; OSCC, oral squamous cell carcinoma; PD, periodontal disease.
aSignificant.

TABLE 4 Multivariable logistic regression for the evaluation of
risk factors associated to the development of oral squamous cell
carcinoma in cats

Variable OR (95% CI) P

Rural living environment 1.77 (1.03-3.04) .04a

Outdoor access 1.68 (1.07-2.63) .02a

Indoor smoking 1.77 (1.05-3) .03a

Wet diet ≥50% 1.58 (0.96-2.6) .07

Chemical additives in cat food 1.98 (1.04-3.76) .04a

Low-cost cat food 1.36 (0.81-2.31) .24

Positive FIV status 2 (0.75-5.32) .16

Note: Analyses were relative to 500 control cats.
aSignificant.

TABLE 5 Multivariable logistic regression for the evaluation of
risk factors associated to the development of caudal gingivostomatitis
in cats

Variable OR (95% CI) P

Rural living environment 1.51 (0.98-2.34) .06

Outdoor access 2.3 (1.26-4.25) .01a

Cohabitation with other cats 4.86 (2.04-11.59) <.001a

Regular parasite control 0.65 (0.27-1.53) .32

Endectocide antiparasitic drugs 2.61 (1.28-5.29) .01a

Lack of vaccination 1.73 (0.87-3.44) .12

Positive FIV status 6.05 (2.39-15.3) <.001a

Positive FeLV status 3.03 (0.54-16.86) .21

Note: Analyses were relative to 500 control cats.
aSignificant.
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similar epigenetic alterations have been identified between OSCC and

stomatitis in cats.8 Thus, the shared risk factors between OSCC and

2 groups of cats with chronic oral inflammatory disease were further

evaluated.

Compared with earlier studies, we examined a larger sample in

terms of both number of cases and controls. Furthermore, the control

cases had been previously enrolled among subjects with chronic renal

failure, leading to possible bias because of the restricted number of

cases and the link between chronic kidney disease and uremia-

associated stomatitis.3,25 To minimize bias, in the present study we

elected to enroll a random, age-matched control sample, recruited

outside of veterinary healthcare facilities.

Regarding oral inflammatory diseases, we included 2 homoge-

neous groups of cats with CGS and PD, representing the most fre-

quent non-neoplastic feline oral diseases in the clinical setting. The

etiology of CGS is still uncertain; the most likely hypothesis is that it

can derive from an inappropriate immune response to oral antigenic

stimulation. Possible triggers include food allergies and infections by

several viral (eg, feline calicivirus, FeLV, FIV, feline herpesvirus) and

bacterial (eg, Bartonella, plaque-associated Gram-negative bacteria)

agents.13-15,17,26-28 Among the reported predisposing factors, there

are cohabitation with other cats, outdoor access, and straying.9,10,29

The etiology of PD is even less characterized, but it also appears

to be linked to immune imbalances, with alteration of the oral micro-

biome and proliferation of Gram-positive anaerobic bacteria in dental

calculi. FIV and FeLV infections can also predispose to the onset of

PD, because of viral-induced immune suppression.30-32 PD is one of

the most common clinical finding in cats, this may be partly due

to an increasing awareness of pet owners.33 However, the greater

consumption of soft food has been considered the main factor

responsible for the decline of dental health in cats.34-36 Conversely,

the consumption of dry food is protective for plaque control by

virtue of its physical properties (consistency, abrasiveness, and

chewability).33,36

The present study confirmed most of the proposed risk fac-

tors for CGS, given that subjects within this group were more often

FIV- or FeLV-positive, not routinely vaccinated, with outdoor access,

living in a rural environment and cohabiting with other cats. For this

category, a more frequent use of antiparasitic products was further

observed, both as spot-on and oral formulations and with an

endectocide spectrum, most likely related to the outdoor lifestyle of

these animals. Furthermore, the reduced use of vaccines might have

aided the transmission of agents involved in the pathogenesis of this

disease.

Again, in agreement with the literature, among the risk factors

identified for PD there was a low consumption of dry food. However,

since the main treatment for this disease is tooth extraction, it

remains to be established whether this dietary choice really repre-

sents the cause of this condition, or it is rather a consequence. Fur-

thermore, multivariable regression analysis identified a higher

consumption of commercial cat foods containing chemical additives

as an additional independent risk factor.

Regarding OSCC, the survey highlighted multiple risk factors.

Among those previously reported, we were able to confirm exposure

to ETS. However, it must be emphasized that only 31% of subjects

with OSCC had smoking owners, so for two-thirds of cases it is

assumed that other factors were involved in tumorigenesis. In addi-

tion, it should be remembered that subjects could have been exposed

to combustion products other than those of tobacco and not explicitly

investigated in the questionnaire (eg, open field combustion of bio-

mass, indoor wood burning, air-borne particulate matter). An addi-

tional risk factor that was confirmed in the present study is the

consumption of canned cat food or, in our case, a diet consisting of

half or more of wet industrial cat food. Analytic studies are warranted

to investigate the carcinogenetic role of contaminants (eg, heavy

metals, mycotoxins) or additives (eg, cassia gum, sodium nitrite, and

chemical antioxidant such as butylated hydroxytoluene and

hydroxyanisole) in cat food.37 In the impossibility of performing such

analysis, we relied on 2 further distinct indicators: price range, which

was divided into 2 macro-categories (“market” and “premium”) and
the declared absence of chemical compounds by the producer. It

should be noted that, according to the Code of Good Labelling Prac-

tice for Pet Food, produced by the European Pet Food Industry Fed-

eration, there is no obligation to declare additives with no legal

maximum limit.38 Additives of the functional groups “preservatives,”
“antioxidants,” “flavorings,” and “colorants” need not be declared by

name but can be declared by only the respective functional group.

This applies even when the level of the additive exceeds the rec-

ommended maximum level.37 Therefore, we considered as low expo-

sure only brands that explicitly declared not to use chemical additives

in their products. A further limit for this classification is given by the

fact that cats' diet is often variable and commonly includes different

brands, so the data are based on an estimation of the most consumed

commercial food brands during life. Nevertheless, relevant results

emerged from these classifications, since both the consumption of pet

food with high chemical additives and a market price range turned out

to be significant risk factors in univariable analysis. Consumption of

commercial food with chemical additives was further confirmed in

multivariable survival analysis and was shared with the group of cats

with PD.

A slight tendency to a greater development of OSCC in subjects

using flea collars has been reported3; in the present study, it was not

TABLE 6 Multivariable logistic regression for the evaluation of
risk factors associated to the development of periodontal disease
in cats

Variable OR (95% CI) P

Male sex 1.8 (1.03-3.15) .04a

Cohabitation with other cats 1.9 (1.03-3.52) .04a

Wet diet ≥50% 1.8 (1-3.24) .05a

Chemical additives in cat food 1.98 (1.01-3.91) .05a

Endectocide antiparasitic drugs 1.41 (0.97-2.04) .07

Lack of vaccination 1.66 (0.86-3.21) .13

Note: Analyses were relative to 500 control cats.
aSignificant.

ZACCONE ET AL. 1405



possible to identify any significant association related to the type, for-

mulation, or frequency of administration of antiparasitic products.

However, it is likely that antiparasitic compounds have changed over

years and it is possible that those used in the past were more toxic

and are no longer on the market. Additionally, the use of antiparasitic

collars is not frequent for cats in our country, and spot-on drops are

the most widespread formulation in this species.

A high affinity of nicotine for melanin, which is incorporated into

the cortex of darker hair, has been assumed in people.18-21 For this

reason, the possible association between black haircot and increased

risck of OSCC was investigated. However, although the percentage of

dark-coated cats was higher in OSCC, no significant increase in tumor

risk was observed in the present study. Fifty percent of the purebred

cats in the OSCC group were represented by Chartreux, vs 5% of the

control group; this higher prevalence could depend either on the blue

color (a dilution of black) of the coat of these subjects or on a genetic

breed predisposition.

Another group of risk factors investigated in our study is inherent

to the living environment. According to our results, cats with OSCC

lived most frequently in rural areas and had outdoor access; both risk

factors were shared with the CGS group. A further risk factor in com-

mon with CGS was a positive FIV status. An association between FIV

and OSCC has been hypothesized.39,40 It remains to be determined

whether outdoor access in a rural environment could expose cats to

higher levels of potentially carcinogenetic contaminants or whether

this should be interpreted as a connection between CGS and OSCC.

In several cats with OSCC, previous episodes of oral diseases

were reported, including severe CGS, caudal stomatitis, multiple den-

tal extractions, oral ulcers and, in a few cases, oral eosinophilic granu-

loma. This pointed us toward a possible relationship between oral

inflammation and carcinogenesis. However, based on the results of

the survey, it was not possible to confirm this hypothesis, since the

prevalence of previous oral problems in OSCC (35%) was only slightly

higher than that of the control population (30%). Though it must be

remembered that the questionnaire generically enquired the presence

or absence of dental problems or oral inflammation. This did not allow

to differentiate between the accumulation of tartar, a common prob-

lem in elderly cats such as those of the control population, and more

severe lesions affecting the oral mucosa.

The results of this study suffer from the limitations inherent in

observational epidemiological studies.

In addition, studies based on questionnaires might raise concerns

regarding data consistency because of lack of interest of the respon-

dents, level of education, time requirements, or sense of guilt. Ano-

nymity should decrease the latter possibility and provide more reliable

results. Finally, since the questionnaire was addressed to a wide audi-

ence of owners, exceedingly specific questions were avoided, which

may have hampered a deeper understanding of the relationship

between OSCC and oral diseases.

Papillomavirus infection was hypothesized to be another risk fac-

tor for OSCC in cats, considering its confirmed carcinogenic effect for

human squamous cell carcinoma, and its presumptive causative role in

a subset of cutaneous squamous cell carcinomas. However, results

from different research groups were controversial, and its role in

OSCC development has not yet been ultimately clarified.41-43 Another

factor that might be worthy of consideration is the oral microbiota,

which has been associated with both feline and human oral inflamma-

tory diseases and human oral cancer.44,45 To the authors' knowledge,

no information about feline oral microbiota in OSCC is currently

available.

In conclusion, OSCC is likely a multifactorial disease, with several

different risk factors contributing to its development. Our results

were only partially consistent with those previously reported and

included lifestyle risk factors (rural living environment, outdoor

access), exposure to tobacco smoke and a predominantly wet diet,

based on low-cost commercial food and containing chemical additives.

Although the prevalence of previous inflammatory oral disease was

not significantly higher in OSCC compared with a random age-

matched control group, OSCC shared several risk factors with both

CGS and PD. Further investigations on larger cohorts, along with

molecular epidemiological studies, are warranted to ultimately exclude

the existence of a biological link between these diseases.
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