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Abstract. Neoplasms correspond to the large part of routine care of domestic animals, and,
among them, lymphoma represents the tumor with the highest incidence in domestic cats.
Due to its multifactorial etiology, being influenced by environmental factors and lifestyles
of the animals, we raised the hypothesis that exposure to tobacco smoke influences the
development of lymphoma in domestic cats. These animals are very close to the guardians,
in addition to hygiene habits (grooming), which favors the inhalation of smoke and
ingestion of tobacco particles that are deposited in the fur. According to studies, domestic
cats exposed to tobacco smoke have higher risks of developing lymphoma when compared
to non-exposed cats, and this higher index is directly related to the components found in
smoke. Nicotine, cotinine and NNAL(4-(methylnitrosamine)-1-(3-pyridil)-1-butanone) are
the main metabolites derived from tobacco and they have been used as urinary biomarkers.
Studies show that domestic cats that live in households with the presence of smokers
present relevant levels of urinary biomarkers when compared to animals not exposed to
environments with smokers. Nicotine levels in animals are directly proportional to the
number of cigarettes smoked by guardians and are related to the degree of exposure of
animals. Based on epidemiological research, exposure to smoke is related to the emergence
of neoplasms in domestic cats similar to that in humans, but it is necessary to develop new
research in the veterinary area.
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Influéncia da fumaca do cigarro na etiologia do linfoma em gatos
domésticos

Resumo. As neoplasias correspondem a grande parte do atendimento de rotina dos animais
domésticos, e, dentre elas, o linfoma representa o tumor de maior incidéncia em felinos.
Devido a sua etiologia multifatorial, sendo influenciada por fatores ambientais e estilos de
vida dos animais, levantou-se a hipétese de a exposi¢do a fumaca do cigarro exercer
influéncia no desenvolvimento do linfoma em felinos. Estes animais possuem grande
proximidade com os tutores, além de habitos de higiene (grooming), o que favorece a
inalacdo da fumaca e ingestdo de particulas do tabaco que se depositam no pelo. Segundo
estudos, felinos expostos a fumaga do tabaco apresentam riscos maiores de desenvolverem
linfoma quando comparados a gatos ndo expostos, e esse maior indice relaciona-se
diretamente aos componentes encontrados na fumaca. Sendo a nicotina, cotinina e NNAL
(4-(metilnitrosamina)-1-(3-piridil)-1-butanona) os principais metabolitos derivados do
tabaco que vem sendo utilizados como biomarcadores urinérios. Estudos demonstram que
felinos que habitam domicilios com presenca de fumantes, apresentam niveis relevantes de
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biomarcadores urinarios quando comparados a animais ndo expostos a ambientes com
fumantes. Os niveis de nicotina nos animais sdo diretamente proporcionais ao nimero de
cigarros fumados pelos tutores, estando relacionado ao grau de exposi¢do dos animais.
Com bases em pesquisas epidemioldgicas relaciona-se a exposi¢cdo a fumaga com o
aparecimento de neoplasias em felinos semelhante a que ocorre em humanos, porém é
necessario o desenvolvimento de novas pesquisas na area veterinaria.

Palavras-chave: Felino, fumaga, linfoma, neoplasia, nicotina

Influencia del humo del cigarrillo en la etiologia del linfoma en gatos
domeésticos

Resumen. Las neoplasias corresponden a gran parte del atendimiento rutinario de los
animales domésticos y, entre ellas, el linfoma representa el tumor con mayor incidencia en
felinos. Debido a su etiologia multifactorial, al estar influenciada por factores ambientales
y estilos de vida de los animales, se planted la hipotesis de que la exposicion al humo del
cigarrillo influye en el desarrollo del linfoma en felinos. Estos animales tienen una gran
proximidad con los tutores, ademéas de los habitos de higiene (acicalamiento), lo que
favorece la inhalacion de humo y la ingestion de particulas de tabaco que se depositan en
el pelo. Segln estudios, los felinos expuestos al humo del tabaco tienen un mayor riesgo
de desarrollar linfoma en comparacion con los gatos no expuestos, y este indice mas alto
esta directamente relacionado con los componentes que se encuentran en el humo. Nicotina,
cotinina y NNAL (4- (metilnitrosamina) - 1 - (3-piridil) -1-butanona) son los principales
metabolitos derivados del tabaco y se han utilizado como biomarcadores urinarios. Los
estudios muestran que los felinos que viven en hogares con fumadores presentan niveles
relevantes de biomarcadores urinarios en comparacién con los animales no expuestos a
ambientes con fumadores. Los niveles de nicotina en los animales son directamente
proporcionales al nimero de cigarrillos fumados por los guardianes, estando relacionado
con el grado de exposicion de los animales. Con base en investigaciones epidemioldgicas,
la exposicion al humo se relaciona con la aparicion de neoplasias en gatos similar a lo que
ocurre en humanos, sin embargo, es necesario desarrollar nuevas investigaciones en el area
veterinaria.

Palabras clave: Felino, humo, linfoma, neoplasia, nicotina

Introduction

Currently, cancer is the leading cause of death in companion animals, accounting for 32% of deaths
in domestic cats. On the other hand, lymphoma is the most diagnosed neoplasm among these animals,
corresponding to one third of the tumors in this species and 90% of all hematopoietic neoplasms of
domestic cats. It begins in lymphoid tissue and may involve any organ or tissue (Withrow et al., 2020).

Lymphoma is of multifactorial etiology, since several factors may influence its emergence, being
generally related to feline leukemia virus and feline immunodeficiency virus, since most animals with
lymphoma test positive for the viruses described above (Cotter et al., 1975; Withrow et al., 2020).
However, the increased frequency of vaccination of these animals against feline leukemia has reduced
the prevalence of this infection in domestic cats, and the proportion of animals with lymphoma and
concomitant infection by feline leukemia virus have decreased substantially.

The therapeutic options for lymphoma in domestic cats include chemotherapy, indicated for systemic
disease, in addition to surgery and radiotherapy (associated or not with chemotherapy), for isolated cases
(Daleck et al., 2016; Sorenmo, 2003; Vail & Ogilvie, 2003).

The main objective of chemotherapy is to improve quality of life and prolong the survival time of
patients with lymphoma (Vail & Ogilvie, 2003). Chemotherapy is based on three steps: induction,
maintenance and reinduction of remission or rescue therapy. High doses are administered during
induction with shorter intervals between chemotherapy preparations. After remission, the maintenance
phase begins, in which the doses used are lower and the interval between the sessions is longer, whose
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objective is to maintain the clinical remission of the disease. Finally, rescue therapy is the attempt of
remission in a second or third time, using a more aggressive course of chemotherapy (Daleck et al.
2016). Chemotherapy drugs commonly used in the various protocols include doxorubicin,
cyclophosphamide, methotrexate, L-asparaginase, lomustine, vincristine and chlorambucil (\Vail, 2007).

Animals that do not receive treatment die in a period of four to six weeks, although in cats in which
polychemotherapy is made, an average survival of five to seven months is observed (Stell & Dobson,
2006; Vail & Ogilvie, 2003). This fact occurs due to the low rate of remission of the disease in the feline
species (50 to 70%), but those that manage to obtain complete remission reach a survival of up to two
years. Cures are still unusual (Stell & Dobson, 2006).

The initial response to chemotherapy is the most effective prognostic factor for domestic cats. Thus,
animals that possess complete remission have a longer survival than those that had partial remission. In
addition, the anatomical location of lymphoma is also an important prognostic factor, because those
animals with involvement of nasal lymphoma or peripheral lymph nodes have longer survival time when
compared to those whose lymphoma is in the kidneys or nervous system. According to the WHO, the
more advanced the neoplasm, with systemic involvement, the worse the prognosis (Morris & Dobson,
2001).

Influence of tobacco smoke on lymphoma induction

The feline leukemia virus, each time, has been playing a smaller role in the etiology of lymphoma in
this species, what raised some questions, by researchers, about the possible influence of environmental
factors and lifestyle on the risk of developing the disease in cats, as occurs in humans (Bertone et al.
2002). The effects of secondhand smoke on health among humans are well known, whereas the analysis
of epidemiological data suggests that the exposure of companion animals to tobacco smoke may be
associated with the development of certain malignant neoplasms, including lymphoma and squamous
cell carcinoma in domestic cats (Bertone et al., 2002; Smith et al., 2020), nose tumors (Reif et al., 1998)
and lung carcinomas in dogs (Reif et al., 1992).

By sharing the same living environment with humans, domestic cats are exposed to many of the same
environmental contaminants as their guardians, including exposure to tobacco smoke in the environment
(Bukowski & Wartenberg, 1997). Furthermore, the proximity relationship with the guardians facilitates
the absorption of smoke constituents by contact with contaminated clothing and skin (Smith et al., 2017).
Bertone et al. (2002) reported that domestic cats exposed to tobacco smoke have a significantly higher
risk of developing lymphoma when compared to those living in non-smoking environments. These
authors observed that this risk is directly associated with the duration and amount of exposure to this
smoke. Thus, animals that had been exposed to smoke for more than five years and those living in
households where one or more cigarette packs were smoked per day, had a significant increase of three
times in the risk of developing this tumor compared to animals without family exposure. This was the
first study to correlate household exposure to tobacco smoke and the risk of lymphoma in cats or other
domestic animals.

Although no clear mechanism has been proposed to explain the association between active smoking
or secondhand smoking and the development of non-Hodgkin lymphoma in humans, we believe that
several tobacco components can be carcinogenic to lymphoid tissue and cause mutation in lymphocyte
precursors (Adami et al., 1998). More than 40 mutagenic agents and carcinogens existing in inhaled
cigarette smoke have been identified, many of which have been implicated in human carcinogenesis
(Husgafvel-Pursiainen et al., 2000; Romano et al., 1997).

The routes of exposure of companion animals to the components of tobacco smoke are through
inhalation of smoke in the air, transdermal absorption of particles and residues that can be concentrated
in the fur and skin after contact with carpets, furniture, bedding and the ingestion of particles deposited
in the skin during sanitization (Bukowski & Wartenberg, 1997). Especially cats, as they have the habit
of licking themselves when performing grooming, becoming one of the main sources of exposure
(Bukowski & Wartenberg, 1997; Smith et al., 2020). In vitro studies using human tissues have shown
that tobacco smoke has a direct carcinogenic effect on mucosa gastric cells (Tayler & Piper, 1977).
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Similarly, Smith et al. (2020) reported that the ingestion of toxins and carcinogens present in tobacco
ambient smoke increase the likelihood of developing gastrointestinal lymphoma in cats.

It has been reported that domestic cats exposed to tobacco smoke have an increased expression of
the oncogenic P53 gene, one of those responsible for the increased risk of lymphoma (Bertone-Johnson
et al., 2008). According to Daleck et al. (2016), this is one of the tumor suppressor genes, responsible
for negatively regulating cell growth and when mutated they lose their function leading to uncontrolled
growth, being the most often mutated in neoplasms.

Previous studies were conducted using questionnaires with the guardians of domestic cats,
investigating the relationship between exposure to tobacco smoke and the occurrence of neoplasms
(Bertone-Johnson et al., 2008; Snyder et al., 2004). Although they are low cost and easy to perform, it
is often necessary to trust that owners are being true in their answers, in addition to not being able to
guantify the exposure to tobacco smoke (Smith et al., 2017).

Biomarkers have been used to make a biological monitoring about exposure to certain chemical
agents in order to quantify the researched substance or even its metabolites, in biological environment
such as saliva, blood, urine, among others. Thus, tobacco biomarkers can be used to measure systemic
exposure to cigarette constituents by smokers or nonsmokers (Amorim, 2003; Barros, 2016). Urinary
biomarkers of tobacco include nicotine, cotinine and 4-(methylnitrosamino)-1-(3-pyridil)-1-butanol
(NNAL) and have been widely used in the assessments of human populations, including smokers,
nonsmokers and people exposed to tobacco smoke (Hukkanen et al., 2005).

As humans, cats exposed to domestic tobacco smoke metabolize nicotine in cotinine and demonstrate
urinary cotinine concentrations that increase the higher the exposure (Bertone-Johnson et al., 2008).
Such urinary biomarkers provide information about exposure but are not carcinogenic. Nitrosamines
are also derived from nicotine and are found in tobacco smoke, and NNAL (4-(methylnitrosamine)-1-
(3-pyridil)-1-butanone) is the main carcinogenic metabolite, thus being useful in the study of diseases
associated with smoke inhalation (McNiel et al., 2007). Despite of urinary cotinine (a metabolite of
nicotine) is increased in cats from smoking households (McNiel et al., 2007), its half-life is only 10 to
14 hours, and therefore, as a biomarker, it reflects only recent exposure to tobacco smoke, not being
useful for long-term exposure studies (Eliopoulos et al., 1996). Nicotine is the main constituent of
tobacco smoke and is used as a biomarker. Such a metabolite can be absorbed directly from the
environment by the fur and by systemic circulation when smoke is absorbed by the body (Al-Delaimy
2002).

McNiel et al. (2007) measured urinary biomarker levels in domestic cats exposed to environmental
tobacco smoke. A total of 19 animals from the households in which there were smokers were selected,
and after collecting urine, the levels of nicotine, cotinine and NNAL were measured. The researchers
observed that the values of these biomarkers were high compared to animals that inhabited non-smoking
households. They also reported that eight of the 19 animals had undetectable urinary levels of NNAL,
suggesting that there is a relationship between exposure to ambient tobacco smoke with NNAL levels,
i.e., those animals with undetectable urinary concentrations of NNAL had lower exposure to smoke than
cats with measurable urinary concentrations of NNAL.

In humans, the measurement of nicotine concentration in hair is well related to exposure to tobacco
smoke (Al-Delaimy, 2002), while in dogs, they have shown a positive association with the exposure
reported by guardians (Knottenbelt et al., 2012).

Studies conducted by Smith et al. (2017) demonstrated the presence of constituents of tobacco smoke
in the pets’ fur exposed to internal environments with smokers. This group of researchers demonstrated
that the level of nicotine in fur was higher in cats exposed when compared to animals not exposed to
tobacco smoke, allowing nicotine in the fur to be used as a biomarker in these animals. This level of
nicotine was positively associated with the number of cigarettes smoked daily by the owners, similar to
the reports in humans (Nafstad et al., 1995; Okoli et al., 2007; Tzatzarakis et al., 2012).

Although inhalation may be the main route of exposure to tobacco ambient smoke in cats, we
speculate that their meticulous hygiene behavior, due to their constant habit of licking, may lead to
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increased exposure to carcinogen through the oral route. Nicotine is found in hair and domestic surfaces,
both of which can serve as a source of exposure for pets (Matt et al., 2004; Smith et al., 2017).

When comparing the nicotine levels found in cat’s fur with that described in the literature in dogs
exposed to tobacco ambient smoke, Smith et al. (2017) observed that the values found in cats were
higher. One hypothesis for these values is the licking habit of cats, which could result in higher nicotine
ingestion, later deposited in the fur nail through systemic circulation (Al-Delaimy, 2002), associated
with a more intimate contact with guardians than dogs.

However, Smith et al. (2020) analyzed nicotine biomarkers in cat’s fur in order to investigate the
association between exposure to tobacco smoke and gastrointestinal lymphoma, using sick animals and
healthy animals, and unlike other researchers (Bertone et al., 2002), they did not find differences
between the two groups of animals, justifying the need for further research. In a recent study, the authors
demonstrated that nicotine values > 0.1ng/mg in cat's fur, suggest that they had exposure to
environmental tobacco smoke, with specificity of 98% and sensitivity of 69% (Smith et al., 2017).

Thus, we understand that carcinogenesis is a complex and multifactorial process, which involves
genetic mutations, including the activation of oncogenes and the inactivation of tumor suppressor genes,
leading to a loss of normal cellular homeotase. Many environmental and genetic factors, including
exposure to tobacco smoke and chronic inflammation of the mucosa may therefore play a role in the
development of gastrointestinal lymphoma. The number of interaction factors involved and the
prolonged time during which the accumulation of mutations makes it more difficult to identify risk
factors, so more studies using biomarkers of exposure to tobacco smoke in cats are necessary (Smith et
al., 2020).

Based on epidemiological information, we assume that exposure to cigarette smoke is related to the
appearance of certain neoplasms in cats similar to what occurs in humans (Bertone et al., 2002);
however, additional research is needed (Mcniel et al., 2007).

Final considerations

Given the above, we conclude that exposure to chemical carcinogens present in tobacco smoke may
constitute a risk factor for the development of lymphoma in domestic cats. However, further research is
needed to establish a greater cause-and-effect relationship, so that prevention and early diagnosis
measures can be delineated for this type of tumor in domestic cats.
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