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Abstract
Records of referred cat cases received for diagnosis in the Department of Pa-
thology of the National Autonomous University of Mexico, School of Veterinary
Medicine and Animal Husbandry between 2006 and 2018, were reviewed to
examine frequency of occurrence of neoplasms and associated demographic
factors. To this end, the records of biopsies, necropsies and clinical informa-
tion were analyzed to obtain data on animal sex and age, as well as neoplasm
histotype, tissue of origin, and malignant/benign biological behavior. A total
of 685 neoplasm cases were diagnosed during the study period, which rep-
resented 37.7% of all referred histopathological domestic cat cases. Epithelial
neoplasms were the most prevalent (56% of cases), followed by mesen-
chymal tumors (27%), and hematopoietic and lymphoreticular neoplasms
(17%). The most common tumor type was carcinoma (31%), followed by
sarcoma (14%), adenocarcinoma (139%), lymphoma (13%), and adenoma
(6%). Squamous cell carcinoma was the most frequent form of carcinoma
(117 cases), followed by lymphoma (88 cases), and spindle cell sarcoma
(56 cases). Approximately 85% of all cases corresponded to malignant neo-
plasms. A relationship between sex and histogenesis was observed, but there
was no gender association with malignant behavior. Also, hematopoietic/
lymphoreticular tumors occurred more frequently at an early age, than other
types of neoplasms. To the extent of our knowledge, this is the first epidemio-
logical report indicating the most common neoplasms in a Mexican domestic
cat population.
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Introduction

Cancer is a common disease and one of the most important causes of death in
domestic animals.! Although precise data on the incidence of tumors in dogs and
cats is lacking, conservative estimates suggest that one in every ten dogs or cats
will develop a tumor during their lifetime. While human cancer records have exist-
ed and evolved since 1940, veterinary registers have been brief and sporadic.2>4
One of the oldest accounts, that considers a reference study of many years, is The
California Animal Neoplasm Registry, which started in 1963 to identify all diagnosed
neoplasms in animals in the San Francisco Bay Area and Alameda and Contra Costa
counties.>® At present, different worldwide records exist, showing that cancer is the
cause of death in approximately 15-30% of dog and 26% of cat populations. How-
ever, there are deviations from these numbers depending on the reported period
and the geographic region.” One of the largest studies in feline populations was
carried out in Switzerland by Graf et al (2015) and reports a 34.79% of neoplasm
cases in cats in a 43-year period (1965-2008).°> Another equally relevant report
was undertaken in the United Kingdom, analyzing over 9,000 feline cutaneous tu-
mors, where squamous cell, fibrosarcoma and basal cell carcinomas were the most
frequent types of neoplasms found between 2006 and 2013.” These registers
have paved the way for epidemiological and descriptive studies that have helped
us comprehend the severity of this disease for domestic cats.

The objective of the present study was to analyze archival data of cats cases
referred to the Department of Pathology of the National Autonomous University of
Mexico School of Veterinary Medicine (FMVZ-UNAM), a veterinary diagnostic refer-
ence center in the central area of the country. Data were evaluated to determine
the most frequently diagnosed feline neoplasms in this cohort, highlighting tumor
histogenesis (tissue of origin) and histotype (mainly sarcomas, carcinomas, and
lymphomas), as well as a possible association of frequency of presentation with an-
imal age and sex. To the best of our knowledge, there are not systematic registries
in Mexican Veterinary centers and/or epidemiological reports regarding the most
common neoplasms in Mexican domestic cats.

Materials and methods
A total of 13 years of records of feline cases referred to the FMVZ-UNAM Pathology
Department for histopathological analysis or post-mortem evaluation were exam-
ined, from which only tumor-related reports were selected. Data were compiled
considering sex and age of cats, as well as histogenesis, and tumor histotype. For
histogenesis classification, the type of the tumor cells was considered (polygonal
for epithelial, spindle for mesenchymal, and round cells for hematopoietic and
lymphoreticular types), according to what has been previously described.® Histo-
type was also considered (e.g. sarcomas, carcinomas, lymphomas, etc.), in addition
to the benign or malignant nature of the lesion. Due to the uneven frequency of
mixed breed (domestic shorthair) over purebred cats, this variable was not includ-
ed in the study. In addition, tumor anatomic location could only be ascertained for
lymphomas.

The analysis of histotype frequency was performed on nominal-scale variables,
both in absolute and relative numbers (measured as percentages). A contingency
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table was created to assess the association between histogenesis and biological
behavior of neoplasms (benign or malignant), using Pearson’s chi-square test.”
For each tumor histotype, descriptive statistics for age of presentation (in years)
were calculated (mean, median, standard deviation, and maximum and minimum
values).'011 The Kruskal Wallis test'© was used to compare both the histogenesis
categories (epithelial, mesenchymal and hematopoietic/lymphoreticular) and the
most frequent histotypes. Age was also grouped as kitten (<7 months), junior
(7 months to 2 years), prime (3-6 years), mature (7-10 years), senior (11-14
years) and geriatric (>15 years), following the American Association of Feline Prac-
titioners-American Animal Hospital Association (AAFP-AAHA) guidelines' for vari-
able comparisons. Odds ratios (OR) were calculated for variables sex and neoplastic
behavior (malignant/benign).® A p-value <0.05 was considered as significant. All
statistical analyses were completed using the SPSS v25 program for macOS (IBM).

Results

From 1,816 cases of domestic cats that where referred for histopathological diagno-
sis to the FMVZ-UNAM Pathology Department between 2006 and 2018, 685 were
neoplasms (37.7%), 109 of which were diagnosed by necropsy and 576 by biopsy.
The frequency of neoplastic cases was constant throughout the study years, with
an average of 37% neoplastic cases by year and a standard deviation of 5 cases
between years. The minimum percentage of tumor occurrence was 28% in 2014,
whilst the maximum was 44% in both 2006 and 2013 (Figure 1).

Females had a higher frequency of neoplasms (p < 0.01), mounting up to
close to 65% of all evaluated cases (Figure 2a). An association between sex and
histogenesis was noted, with a higher frequency of occurrence of epithelial neo-
plasms in females (79.9%, p < 0.001) (Figure 2b). However, there was no apparent
association between sex and malignant behavior (p > 0.05, OR = 1.21 [IC 95%
0.78-1.85)).

The mean age for neoplasm presentation in cats was 9.8 £ 4.2 years, with a
mean of 10.1 £ 4.1 years for benign and 9.7 £ 4.2 years for malignant tumors.
Figure 3 shows the frequency of presentation of tumor histotype according to age.
Data indicate that hematopoietic and lymphoreticular tumors appear earlier than
other types of tumors (7.8 years vs 9.6 to 11.4 years respectively, p < 0.001). A X2
test supported an increased risk of younger cats to develop lymphoma (mean age
7.8 years, p = 0.001).

When age was categorized, a higher frequency of neoplasm presentation was
seen for mature and senior cats, encompassing more than 65% of all tumor cases.
The prime group followed with 14.8% of cases, and the geriatric and junior groups
trailing with 12.2% and 5.4% respectively. Finally, kittens were affected in less than
1% of cases. No association between age group and biological behavior of tumors
was found (p = 0.59).

The predominant tissue of origin for diagnosed tumors was epithelial, making up
569% of cases, followed by mesenchymal neoplasms (26%) and hematopoietic and
lymphoreticularwith a 17% frequency of presentation each (Figure 4). Close to 85% of
caseswere malignantneoplasms, which were prevalentforall cellularlineages (TableT).
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Figure 1. Number of samples submitted for histopathological evaluation at the FMVZ-UNAM Pathology Department
between 2006 and 2018, and relative frequency of tumor occurrence.
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Figure 2. Distribution of neoplasms according to sex. A) Proportion of neoplasms in females and males. B) Distribution of
cell lineage by sex.
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Figure 3. Frequency of tumor type (histogenesis) according to age of cats.
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Figure 4. Distribution of neoplasms in cats according to the cellular lineage of origin.
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Table 1. Number and frequency of tumors according to cellular lineage and neoplastic behavior.

Neoplastic behavior
o Count 73 311
Epithelial i
Proportion 0.19 0.81 3.4054E-36
Count 27 156
Mesenchymal )
. Proportion 0.15 0.85 1.5721E-13
Cellular lineage o
hematopoietic/ Count 5 113
lymphoreticular Proportion  0.04 096 1.053E-27
Total Count 105 580
Proportion 0.15 0.85

Statistical differences (p<0.05) between neoplastic behavior within cellular lineage are marked in bold.

The most frequent histotype was carcinoma, which comprised 30.5% of
all cases, followed by sarcoma (13.7%), adenocarcinoma (13.1%), lymphoma
(12.8%), and adenoma (5.8%) (Table 2). Figure 5 shows representative hematoxy-
lin-eosin stained slides used for histological classification of neoplasms. Overall, the
most common neoplasm was squamous cell carcinoma with a total of 117 cases
or 56% of carcinomas and 17% of all analyzed neoplasms, followed by lympho-
ma with 88 cases (12.8%), and spindle cell sarcoma with 56 cases (9.2%). Of
all adenocarcinomas, 80% were in the mammary gland, with the tubulopapillary
form representing the majority of cases (50%), followed by the tubular form (ap-
proximately 30%). Due to this high proportion of mammary neoplasms, a sex-bias
was observed with adenocarcinomas prevailing in female cats (p <0.01) (Figure 6).

Lymphomas were also classified according to their anatomical region of origin,
with the gastrointestinal (alimentary) presentation being the most frequent (40%),
followed closely by the multicentric form (32%), while other types were significant-
ly less represented (Figure 7). Three of the multicentric lymphomas presented bone
marrow invasion and secondary leukemia. The age group was significantly different
between anatomical origin categories, with mediastinal lymphoma being the most
frequent in younger cats (p = 0.0001) and alimentary lymphoma in older cats
(Table 3). The extranodal types of lymphoma represented only 16% of lymphoma
cases (2.4% hepatic [n=2], 5.9% renal [n=5], 5.9% cutaneous [n=5], pulmonary
1.19% [n=1], and splenic 1.1% [n=1]). Finally, the most frequent adenomas were
those with tubulopapillary presentation, complex adenoma, and papillary adenoma
(11% each).

Discussion

Cancer is a prominent disease in companion animals and one of the leading causes
of pet mortality.!® Classification of neoplasms based on tissue and cellular origin,
in addition to the association between frequency of presentation and demographic
characteristics, can contribute to guide diagnostic and therapeutic options in vet-
erinary clinics. In the domestic cat cohort included in this study, neoplasms rep-
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Table 2. Cellular origin, number of cases, frequency and age of presentation,
of the five predominant neoplasms in cats.

Carcinoma Epithelial 30.50% 10.0 (<1-21) 10.0 (3.9)
Sarcoma Mesenchymal 94 13.70% 10.0 (1-18) 9.6 (3.4)

Adenocarcinoma  Epithelial 90 13.10% 11.0 (1-26) 10.8 (3.7)
Lymphoma Hematopoietic 88 12.80% 8.0 (<1-21) 7.8 (5.2)*
Adenoma Epithelial 40 5.80% 11.0 (4-18) 11.4 (3.3)

* Significant difference between histotypes (p = 0.001). SD= standard deviation

Figure 5. Histopathological features of the most frequently observed neoplasms. A) Mammary adenoma. Regular
cords lined by one or two layers of epithelial cells and separated by a fine fibrovascular stroma. Neoplastic
cells are cuboidal with poor cytoplasm and minimal atypia. B) Tubular carcinoma. Tubules lined by cuboidal
epithelium with large, vesicular nuclei with a prominent nucleolus. There is a discrete intratubular neutrophilic
infiltrate. C) Squamous cell carcinoma. Nest of cells with abundant eosinophilic cytoplasm with distinct borders
and large vesicular nuclei with a single prominent nucleolus. These cells are immersed in desmoplastic tissue.
D) Hemangiosarcoma. Polygonal cells surrounding discrete vascular channels, showing prominent nucleoli and
numerous mitoses. E) Soft tissue sarcoma. Spindle-shaped tumor cells, with moderate eosinophilic cytoplasm,
poorly defined; the nuclei are oval, with granular chromatin and prominent nucleoli. F) Mediastinal lymphoma.
Monomorphic neoplastic lymphoid cells arranged in a solid mantle, supported by a scarce fibrovascular stroma.
The cells have scarce cytoplasm, oval nuclei with finely granular chromatin, evident nucleoli, and frequent
atypical mitoses. There are multifocal areas of necrosis.
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Figure 6. Most frequent neoplasm histotype distribution by sex.
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Figure 7. Anatomic localization and frequency of presentation of feline lymphoma.
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Table 3. Distribution of lymphoma by anatomical location and age of cats.

Anatomical location m Age (years)

n % Mean SD Min Max
Alimentary 34 40% 10.0 3.88 0.3 17.0
Multicentric 28 32% 6.5 6.0 0.3 20.0
Mediastinal 9 12% 2.2 2.0 0.5 7.0
Extranodal 14 16% 6.8 5.3 3.0 16.0
Total 85 100%

SD: standard deviation; Min: minimum; Max: maximum.

resented 37.7% of all referred histopathological cases. The predominant tumor
histogenesis was epithelial, followed by mesenchymal and lymphoreticular, similar
to results from cat groups studied by Graf et al in Switzerland,® and by Zambelli et
al in South Africa.'# A predominance of malignant behavior was found in this study
for tumors of all tissues of origin (Table 2). However, no differences in malignancy
were observed when considering mean age of presentation. This result paralleled
the report by Manuali et al in a shorthair cat population in ltaly.'> In addition, a
higher frequency of cancer was observed in females than in males (p <0.001), co-
inciding with previous reports.'* ' The overall similar outcomes from these studies
indicate that regional discrepancies between histogenesis, age of presentation, and
sex-bias are limited.

Squamous cell carcinoma was the most common neoplasm in cats from this
work, making up 17% of cases (n=117), a result that is comparable to that found
in other studies.'®!7-1° Manuali et al. found this histotype as the most common
malignancy among skin (28.8%), oral cavity and tongue tumors (46%).!> Other
studies in cats focusing on cutaneous neoplasms in the head, neck and oral mu-
cosa also found a predominant presentation of this histotype.”2922 Nonetheless,
when all anatomical regions are considered, this predominance can change, since
Graf et al noted in a Swiss feline cancer registry from 1965 to 2008, that this type
of tumor placed fourth with just 9.9% of all cases, below adenomas/adenocarcino-
ma (19.19%), fibroma/fibrosarcoma (18.4%) and lymphoma (15.6%)°. The most
common age of presentation for squamous cell carcinoma in this study was 7-10
years (mature cats), deviating slightly from previous reports describing an older age
of occurrence (11-14 years).” 171823 The frequency of squamous cell carcinoma in
older cats was half of that observed for mature cats in this study. Since this type of
neoplasm is strongly related to sunlight exposure,'”'® we can speculate than the
lifestyle and the outdoor habits in the studied cat population could be a reason for
the high occurrence and early presentation of this type of tumor, contrary to the
largely indoor cat populations found in other countries. Indeed, the low prevalence
of squamous cell carcinoma reported in the Graf et al study?® could be associated
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with differences in temperature and sunlight exposure between Mexico and Swit-
zerland. On the other hand, Zimbelli et al also found this neoplasm to be highly rep-
resented in South African cats correlating with a greater ultraviolet light exposure. 1%,

Adenocarcinomas are frequently reported in female cats because of the high
incidence of mammary gland neoplasms.?* The range of incidence varies according
to geographic regions, which also relates to spay practices and age at the time of
surgery.2> These neoplasms are generally aggressive and have a poor prognosis.2®
In this study, adenocarcinomas were the second most common tumor in female
cats, representing 18.3% of cases, of which close to 80% were of mammary origin.
This is in agreement with the study of Graf et al, that places mammary carcino-
ma as the most frequent neoplasm, comprising 19.1% of the cases and a higher
odds ratio in female cats.2> Moreover, Morris et al found mammary carcinomas to
place just below lymphoma and skin tumors, accounting for 17% of cases.?* The
reported age of presentation for mammary carcinomas ranges between 10 and 12
years,?/?8 while it varied between 7 and 14 years of age in our study. In male cats,
mammary tumors make up for 1-5% of cases;?* the 1.4% observed in our study
falls directly into this range. There are studies that relate incidence of mammary tu-
mors to neutering practices,”* unfortunately, our study lacks data concerning repro-
ductive status (intact vs. spayed), as most records did not include this information.

Another important neoplasm found in this study was lymphoma. Lymphoma
has been reported as the most common neoplasm in cats;2° however, accord-
ing to this and other studies, 34141525 epithelial neoplasms are more prevalent.
Nevertheless, a significant incidence of lymphoma in cats from this study can still
be appreciated, particularly in young cats. Lymphoma represents a diverse group
of lesions that vary in terms of cell type, grade of dissemination, and anatomic
localization.? To understand its behavior and establish prognostic factors, a va-
riety of classifications need to be made taking into account morphologic criteria,
immunophenotyping, and more recently genotyping, a practice mainly adopted
from human medicine and applied to veterinary cases.®! At present, the most com-
mon classification for lymphoma developed by a panel of experts from the World
Health Organization (WHO), attempts to standardize its nomenclature and cor-
relate it with the prognosis.>2229.31-34 Alimentary (40%) and multicentric (33%)
lymphomas were the predominant types of lymphoma in this study. These two
types are consistently reported as the most frequent lymphomas in cats around
the world.1>2931.34-36 One exception is the study by Wolfesberger et al,2® where
alimentary lymphoma was also found to be the most common presentation, but
there was no report of multicentric lymphoma in their 30-case revision. In fact,
extranodal lymphoma was the second most common form in their study, contrary
to our findings where this type of tumor was found in only 16% of lymphoma
cases. In Brazil, studies confirmed an important presence of multicentric and/or
mediastinal lymphoma in cats, with a correlation with the prevalence of feline leu-
kemia virus (FelV).>/8 Since data regarding the prevalence of this viral pathogen
in Mexico is limited, FelV cannot be discarded as a potential cause of the high fre-
quency of mediastinal and multicentric cases reported in this study. The mean age
of presentation of lymphoma was 7.8 £ 5.2 years, similar to that observed by Graf
et al who found this neoplasm to be the most frequent tumor type in young cats.”*
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A relationship between age of presentation and anatomical site was also found in
this study, with mediastinal, multicentric and extranodal locations being particularly
frequent in junior and prime cats. These results are in accordance with previous re-
ports.*%? Interestingly, during the period comprised in this study, no cases of nasal
or ocular lymphomas were diagnosed, despite their relatively regular observation in
other North American studies.

Conclusions

Cancer registries in veterinary centers allow a better understanding of the epide-
miological characteristics of different neoplasms, and point out discrepancies that
may occur between regions, which can support better diagnosis and treatment.
This study shows that cancer is a significant health problem of domestic cats from
central Mexico City, which could reflect the situation throughout the city and pos-
sibly the country. Squamous cell carcinoma was identified as the most frequent
neoplasm, with an earlier age of presentation than previously reported. This may
be related to both the lifestyle of cats in the region and significant exposure to so-
lar radiation. Epithelial neoplasms were more common in females than in males,
with adenocarcinomas in the mammary gland as the most prevalent type; further
studies should evaluate an association with neutering practices in our country. Lym-
phoma was also highly represented in the studied cat cohort, particularly alimen-
tary lymphoma, just as in other studies throughout the world. Nevertheless, other
less-reported presentations, such as multicentric lymphoma, were also observed,
which may be associated with FelV prevalence in Mexico. The compiled data in this
study serves as a foundation for future research on specific neoplasms known to
have a significant presence in cat populations.
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